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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better
and more reliable, but there is aways the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1

These materials are intended as areference to assist our customersin the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectual property rights, or any other rights, belonging to Renesas Technology
Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any
third-party'srights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corporation without notice due to product improvements or
other reasons. It istherefore recommended that customers contact Renesas Technology Corporation
or an authorized Renesas Technology Corporation product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

When using any or al of theinformation contained in these materials, including product data, diagrams,
charts, programs, and algorithms, please be sure to evaluate all information as atota system before
making afinal decision on the applicability of the information and products. Renesas Technology
Corporation assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for usein adevice
or system that is used under circumstances in which human lifeis potentially at stake. Please contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor
when considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in
whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be
exported under a license from the Japanese government and cannot be imported into a country other
than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products
contained therein.
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When using this document, keep the following in mind:
1.

2.

Notice

This document may, wholly or partially, be subject to change without notice.

All rights are reserved: No one is permitted to reproduce or duplicate, in any form, the whol

or part of this document without Hitachi’'s permission.

Hitachi will not be held responsible for any damage to the user that may result from acci
or any other reasons during operation of the user’s unit according to this document.

den

Circuitry and other examples described herein are meant merely to indicate the characterist

and performance of Hitachi's semiconductor products. Hitachi assumes no responsibility

for

any intellectual property claims or other problems that may result from applications based ot

the examples described herein.

No license is granted by implication or otherwise under any patents or other rights of an
party or Hitachi, Ltd.

MEDICAL APPLICATIONS: Hitachi's products are not authorized for use in MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi's sales
company. Such use includes, but is not limited to, use in life support systems. Buyers of

y thi

Hitachi's products are requested to notify the relevant Hitachi sales offices when planning to

use the products in MEDICAL APPLICATIONS.




Preface
The H8S/2245 Series is a series of high-performance microcontrollers with a 32-bit H8S/2000
CPU core, and a set of on-chip peripheral functions required for system configuration.

The H8S/2000 CPU can execute basic instructions in one state, and is provided with sixteen 1
general registers with a 32-bit internal configuration, and a concise and optimized instruction <
The CPU can handle a 16 Mbyte linear address space (architecturally 4 Gbytes). Programs b
on the high-level language C can also be run efficiently.

The address space is divided into eight areas. The data bus width and access states can be ¢
for each of these areas, and various kinds of memory can be connected fast and easily.

On-chip memory consists of large-capacity ROM and RAM. PROM (ZTAT™*) and mask RON
versions are available, providing a quick and flexible response to conditions from ramp-up thrc
full-scale volume production, even for applications with frequently changing specifications.

On-chip peripheral functions include a 16-bit timer pulse unit (TPU), 8-bit timers, watchdog tim
(WDT), serial communication interface (SCI), A/D converter, and I/O ports.

In addition, an on-chip data transfer controller (DTC) is provided, enabling high-speed data
transfer without CPU intervention.

Use of the H8S/2245 Series enables compact, high-performance systems to be implemented

This manual describes the hardware of the H8S/2245 Series. Refer to the H8S/2600 Series a
H8S/2000 Series Programming Manual for a detailed description of the instruction set.

Note: * ZTAT is a trademark of Hitachi, Ltd.
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Main Revisions and Additions in this Edition

Page Item Revision
3,4 Table 1-1 Overview Product type names added
67 3.1.1 Operating Mode Selection Description amended
79, 80 Figure 3-3 H8S/2244 Memory Map in Each Operating Figure added

Mode
81, 82 Figure 3-4 H8S/2243 Memory Map in Each Operating Figure added

Mode
87 Figure 3-7 H8S/2240 Memory Map in Each Operating Figure added

Mode
94 4.2.5 State of On-Chip Supporting Modules after Reset  Added

Release
125 5.6.3 Operation (1) Selection of Interrupt Source Description amended
140 6.2.5 Bus Control Register L (BCRL), Bit5 Table amended
144 6.3.4 Advanced Mode, Area 7 Description added
158 Wait Control (2) Pin Wait Insertion Using WAIT Pin Description amended
163, 164 Figures 6-16 and 6-17 Example of Idle Cycle Operation  Figure amended

(1) and (2)
165 6.6.1 Operation - Added

(3) Relationship Between Chip Select (CS) Signal

and Read (RD) Signal
165 Figure 6-18 Relationship Between Chip Select (CS) Added

and Read (RD)
166 Table 6-5 Pin States in Idle Cycle Contents amended
173 7.1.1 Features Contents added
174 7.1.2 Block Diagram Note (*) added
180 7.2.7 DTC Enable Register (DTCER) Description added
191 7.3.6 Repeat Mode Description added
200 7.5 Usage Notes, DTCE Bit Setting Added
274 9.1.1 Features Contents added
320 9.4.5 PWM Modes Description added
349 9.7 Usage Notes, Interrupts and Module Stop Mode Added
351 10.1.1 Features Contents added
362 Figure 10-2 Count Timing for Internal Clock Input Figure amended
363 Figure 10-3 Count Timing for External Clock Input Figure amended
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Page ltem Revision
365 Figure 10-7 Timing of External Reset Figure amended
367 10.4.2 A/D Converter Activation Added
374 10.6.6 Interrupts and Module Stop Mode Added
392 12.1.1 Features Contents added
405, 407 12.2.7 Serial Status Register, Bits 7, 6, 2 Table amended
425 Figure 12-5 Sample Serial Transmission Flowchart Description added
434 Figure 12-10 Sample Multiprocessor Serial Description added
Transmission Flowchart
442 Figure 12-15 Sample SCI Initialization Flowchart Note (*) added
464 Figure 13-2 Schematic Diagram of Smart Card Figure amended
Interface Pin Connections
467 13.3.4 Register Settings, SCR Setting Description added
469 Table 13-5 Examples of Bit Rate B (bit/s) for Various Contents added
BRR Settings
470 Table 13-6 Examples of BRR Settings for Bit Rate Contents added
B (bits/s)
474 Figure 13-5 Relation Between Transmit Operation and Figure added
Internal Registers
476 Fixing Clock Output Level Description and figure
added
483 14.1.1 Features Contents added
499 14.5 Interrupts Contents and table added
505 15.1 Overview Type names added
509 16.1 Overview Type names added
511 16.2.1 Bus Control Register L (BCRL), Bit5 Table amended
512 Table 16-2 Operating Modes and ROM Area Contents added
530to 532 17.3.2 External Clock Input Added
External Clock, Note on External Clock Switchover
550to 579 Section 19 Electrical Characteristics Contents amended
749 Appendix E Pin States at Power-On Added
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Section 1 Overview

1.1 Overview

The H8S/2245 Series is a series of microcomputers (MCUs: microcomputer units), built around
the H8S/2000 CPU, employing Hitachi's proprietary architecture, and equipped with peripheral
functions on-chip.

The H8S/2000 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/30C
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip peripheral functions required for system configuration include data transfer controller
(DTC) bus masters, ROM and RAM memory, a 16-bit timer-pulse unit (TPU), 8-bit timer,
watchdog timer (WDT), serial communication interface (SCI), A/D converter, and 1/O ports.

The on-chip ROM is either PROM (ZTAT™*) or mask ROM, with a capacity of 128 kbytes,

64 kbytes, or 32 kbytes. ROM is connected to the CPU via a 16-bit data bus, enabling both byte
and word data to be accessed in one state. Instruction fetching has been speeded up, and
processing speed increased.

Seven operating modes, modes 1 to 7, are provided, and there is a choice of address space an
single-chip mode or external expansion mode.

The features of the H8S/2245 Series are shown in Table 1-1.

Note: * ZTAT™ is a trademark of Hitachi, Ltd.
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Table 1-1  Overview

Item Specification

CPU e General-register machine

O Sixteen 16-bit general registers (also usable as sixteen 8-bit registers
or eight 32-bit registers)

» High-speed operation suitable for realtime control
O Maximum clock rate: 20 MHz
O High-speed arithmetic operations
8/16/32-bit register-register add/subtract : 50 ns
16 x 16-bit register-register multiply 11000 ns
32 + 16-bit register-register divide 11000 ns
« Instruction set suitable for high-speed operation
O Sixty-five basic instructions
O 8/16/32-bit move/arithmetic instructions
O Unsigned/signed multiply and divide instructions
O Powerful bit-manipulation instructions
* Two CPU operating modes
O Normal mode : 64-kbyte address space
0 Advanced mode : 16-Mbyte address space

Bus controller « Address space divided into 8 areas, with bus specifications settable
independently for each area

« Chip select output possible for each area

+ Choice of 8-bit or 16-bit access space for each area (CS0 to CS3)
e 2-state or 3-state access space can be designated for each area

* Number of program wait states can be set for each area

e Burst ROM directly connectable

« External bus release function

Data transfer » Can be activated by internal interrupt or software

controller (DTC) » Multiple transfers or multiple types of transfer possible for one activation
source

« Transfer possible in repeat mode, block transfer mode, etc.

* Request can be sent to CPU for interrupt that activated DTC

16-bit timer-pulse  « 3-channel 16-bit timer on-chip

unit (TPU) e Pulse I/O processing capability for up to 8 pins'

« Automatic 2-phase encoder count capability
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Table 1-1

Overview (cont)

Item Specification
8-bit timer «  8-bit up-counter (external event count capability)
2 channels

Two time constant registers
Two-channel connection possible

Watchdog timer

Watchdog timer or interval timer selectable

Serial
communication
interface (SCI)
3 channels

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function

Smart card interface function

A/D converter

Resolution: 10 bits

Input: 4 channels

Single or scan mode selectable

Sample and hold circuit

A/D conversion can be activated by external trigger or timer trigger

I/O ports

75 1/O pins, 4 input-only pins

Memory

PROM or mask ROM
High-speed static RAM

Product Name ROM RAM

H8S/2246 128 kbytes 8 kbytes
H8S/2245 128 kbytes 4 kbytes
H8S/2244 64 kbytes 8 kbytes
H8S/2243 64 kbytes 4 kbytes
H8S/2242 32 kbytes 8 kbytes
H8S/2241 32 kbytes 4 kbytes
H8S/2240 — 4 kbytes

Interrupt controller

Nine external interrupt pins (NMI, IRQO to IRQ7)
34 internal interrupt sources
Three priority levels settable

Power-down state

Medium-speed mode
Sleep mode

Module stop mode
Software standby mode
Hardware standby mode
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Table 1-1  Overview (cont)

Item

Specification

Operating modes

Seven MCU operating modes

External Data Bus

CPU
Operating On-Chip Initial Maximum
Mode Mode Description ROM Value Value
1 Normal On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode
2* On-chip ROM enabled  Enabled 8 bits 16 bits
expansion mode
3* Single-chip mode Enabled —
4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode
5 On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode
6* On-chip ROM enabled  Enabled 8 bits 16 bits
expansion mode
7* Single-chip mode Enabled —
Note: * Cannot be used in the H8S/2240.
Clock pulse » Built-in duty correction circuit
generator
Packages « 100-pin plastic QFP (FP-100B)
e 100-pin plastic TQFP (TFP-100B)
Product lineup Model
Mask ROM Version  ZTAT ™ Version ROM/RAM (Bytes) Packages
HD6432246 HD6472246 128 k/8 k FP-100B
HD6432245 — 128 ki4 k TFP-1008
HD6432244 — 64 k/8 k
HD6432243 — 64 k/4 k
HD6432242 — 32 k/8 k
HD6432241R — 32 k/4 k
HD6432240 — —Jak
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1.2 Internal Block Diagram

Figure 1-1 shows an internal block diagram.

Port A

Port B

Port C

Port 3

Port 5
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Note: * There is no ROM in the H8S/2240.
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Figure 1-1 Block Diagram
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1.3 Pin Description

1.3.1 Pin Arrangement

Figure 1-2 shows the pin arrangement of the H8S/2245 Series.
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Figure 1-2 H8S/2245 Series Pin Arrangement (FP-100B, TFB-100B: Top View)
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1.3.2 Pin Functions in Each Operating Mode
Table 1-2 shows the pin functions in each of the operating modes.
Table 1-2  Pin Functions in Each Operating Mode

Pin No. Pin Name

FP-1008B, PROM
TFP-100B Mode 1 Mode2* Mode3*  Mode 4 Mode 5 Mode 6 * Mode 7*  Mode

1 P1,/ P1,/ P1,/ P1,/ P1,/ P1,/ P1,/ NC
TIOCCO/  TIOCCO/  TIOCCO/  TIOCCO/  TIOCCO/  TIOCCO/  TIOCCO/
TCLKA  TCLKA  TCLKA  TCLKA/A,, TCLKA/A,, TCLKA/A,, TCLKA

2 P1,/ P1,/ P1,/ P1,/ P1,/ P1,/ P1,/ NC
TIOCDO/  TIOCDO/  TIOCDO/  TIOCDO/  TIOCDO/  TIOCDO/  TIOCDO/
TCLKB  TCLKB  TCLKB  TCLKB/A,, TCLKB/A,, TCLKB/A,, TCLKB

3 P1,/TIOCA1 P1,/TIOCA1 P1,/TIOCA1 P1,/TIOCA1 P1,/TIOCA1 P1,/TIOCA1 P1,/TIOCAL NC

4 P1,/ P1/ P1,/ P1/ P1/ P1,/ P1/ NC
TIOCB1/  TIOCBL/  TIOCB1/  TIOCBL/  TIOCB1/  TIOCB1/  TIOCBL/
TCLKC ~ TCLKC  TCLKC  TCLKC  TCLKC  TCLKC  TCLKC

5 P1/ P1,/ P1,/ P1/ P1,/ P1,/ P1/ NC
TIOCA2  TIOCA2  TIOCA2  TIOCA2  TIOCA2  TIOCA2  TIOCA2

6 P1,/ P1,/ P1,/ P1,/ P1,/ P1,/ P1,/ NC
TIOCB2/  TIOCB2/  TIOCB2/  TIOCB2/  TIOCB2/  TIOCB2/  TIOCB2/
TCLKD  TCLKD  TCLKD  TCLKD  TCLKD  TCLKD  TCLKD

7 VSS VSS VSS VSS VSS VSS VSS VSS
8 P3,/TXD0  P3,/TXD0 P3,/TxD0  P3,/TxDO P3,/TxD0 P3,/TxD0 P3,/TxD0 NC
9 P3,/TXD1  P3,/TxD1 P3,/TxD1 P3,/TxD1 P3,/TxD1 P3,/TxD1 P3,/TxD1 NC
10 P3,/RXDO  P3,/RXD0  P3,/RXD0  P3,/RXDO P3,/RxD0  P3,/RXD0  P3,/RXD0 NC
11 P3,RxD1 P3,/RxD1 P3,/RxD1 P3,/RxD1 P3,/RxD1 P3,/RxD1 P3,/RxD1 NC
12 P3,/SCKO/ P3,/SCKO/ P3,/SCKO/ P3,/SCKO/ P3,/SCKO/ P3,/SCKO/ P3,/SCKO/ NC
IRQ4 IRQ4 IRQ4 IRQ4 IRQ4 IRQ4 IRQ4
13 P3,/SCKL/ P34/SCK1/ P3,/SCK1/ P3,/SCKL/ P3y/SCK1/ P3/SCK1/ P3,/SCK1/ NC
IRQ5 IRQ5 IRQ5 IRQ5 IRQ5 IRQ5 IRQ5
14 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC
15 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC
16 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC

Note: * Cannot be used in the H8S/2240.
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Table 1-2  Pin Functions in Each Operating Mode (cont)

Pin No. Pin Name
FP-100B, PROM
TFP-100B Mode 1 Mode2*  Mode 3*  Mode 4 Mode 5 Mode 6 * Mode 7  Mode
17 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC
18 Vss Vss Vss Vss Vss Vss Vss Vss
19 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC
20 PE:/Dg PE,/Dg PEg PE:/Dg PE,/Dg PE/Dg PE; NC
21 PE/Ds PE/Ds PEg PE/Ds PE/Ds PE/Dg PE¢ NC
22 PE,/D, PE./D, PE, PE,/D, PE./D, PE./D, PE, NC
23 Dg Dg PD, Dg Dg Dg PD, D,
24 Dy Dy PD, Dy Dy Dg PD, D,
25 DlO DlO PDZ DlO DlO DlO PDZ 2
26 Dy, D, PD, Dy, D, D, PD, 3
27 DlZ DlZ PDA D12 DlZ D12 PD4 D4
28 D13 D13 PDS D13 D13 D13 PDS D5
29 Dy, D, PDg Dy, D, D, PDg s
30 Dys Dys PD;, Dys Dys Dis PD, D;
31 Vss Vss Vss Vss Vss Vss Vss Vss
32 A, PC,/A, PC, A, A, PC,/A, PC, 0
33 A PC,/A, PC, A A PC,/A, PC, A
34 A, PC,/A, PC, A, A, PC,/A, PC, ,
35 A, PC,/A, PC, A, A, PC,/A, PC, .
36 A, PC,/A, PC, A, A, PC,/A, PC, A,
37 A PC./A, PC, A A, PCJ/A, PC, s
38 A, PC/A, PC, A, A PCy/A, PC, .
39 A, PC,/A, PC, A, A, PC,/A, PC, A,
40 Vee Vee Vee Vee Vee Vee Vee cc
41 Ag PB,/A, PB, Ag A PB,/A, PB, "
42 A, PB,/A, PB, A, A, PB,/A, PB, OE

Note: * Cannot be used in the H8S/2240.
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Table 1-2

Pin Functions in Each Operating Mode (cont)

Pin No. Pin Name
FP-1008B, PROM
TFP-100B Mode 1 Mode2*  Mode3*  Mode 4 Mode 5 Mode 6 * Mode 7  Mode
43 AL PB,/A,,  PB, A Ay, PB,/A,,  PB, Ay,
44 Ay PB,/A,,  PB, Ay A, PB,A,,  PB, A,
45 A, PBJA,  PB, A, A, PBJA,  PB, A,
46 A PB,J/A,,  PB, A AL PB,J/A,,  PB, AL
47 A PBy/A,,  PB, A A PByJ/A,,  PB, A
48 A PB,/A,;  PB, A A PB,/A,;  PB, A
49 Vss Vss Vss Vss Vss Vss Vss Vss
50 PA, PA, PA, A A PAJA,,  PA, A
51 PA, PA, PA, A Ay PAJA,  PA, Ve
52 PA, PA, PA, A A, PAJA,,  PA, Vee
53 PA, PA, PA, A A PAJA,,  PA, NC
54 P5,/TxD2  P5,/TxD2  P5,/TxD2 P5,/TxD2 P5,/TxD2 P5,/TxD2 P5,/TxD2 NC
55 P5,/RXD2 P5,/RXD2 P5,/RxD2 P5,/RxD2 P5,/RxD2 P5,/RxD2 P5,/RxD2 NC
56 P5,/SCK2 P5,/SCK2 P5,/SCK2 P5,/SCK2 P5,/SCK2 P5,/SCK2 P5,/SCK2 NC
57 MD, MD, MD, MD, MD, MD, MD, Vs
58 MD, MD, MD, MD, MD, MD, MD, Ves
59 P5, P5, P5, P5, P5, P5, P5, NC
60 WDTOVF WDTOVF WDTOVF WDTOVF WDTOVF WDTOVF WDTOVF NC
61 MD, MD, MD, MD, MD, MD, MD, Ves
62 RES RES RES RES RES RES RES Vep
63 NMI NMI NMI NMI NMI NMI NMI A,
64 STBY STBY STBY STBY STBY STBY STBY Vgg
65 Vee Vee Vee Vee Vee Vee Vee Vee
66 XTAL XTAL XTAL XTAL XTAL XTAL XTAL NC
67 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL NC
68 Vss Vss Vss Vss Vss Vss Vss Vss

Note: * Cannot be used in the H8S/2240.
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Table 1-2

Pin Functions in Each Operating Mode (cont)

Pin No. Pin Name
FP-1008B, PROM
TFP-100B Mode 1 Mode2*  Mode 3*  Mode 4 Mode 5 Mode 6 * Mode 7*  Mode
69 PF./g PF./g PF,/g PF./g PF./g PF,/g PF./g NC
70 AS AS PF, AS AS AS PF, NC
71 RD RD PF, RD RD RD PF, NC
72 HWR HWR PF, HWR HWR HWR PF, NC
73 LWR LWR PF,/IRQ3 LWR LWR LWR PF,/IRQ3 NC
74 PF,/WAIT/ PF,/WAIT/ PF,/IRQ2 PF,/WAIT/ PF,/WAIT/ PF,/WAIT/ PF,/IRQ2 CE
BREQO/ BREQO/ BREQO/ BREQO/ BREQO/
IRQ2 IRQ2 IRQ2 IRQ2 IRQ2
75 PF,/BACK/ PF,/BACK/ PF,/IRQ1 PF,/BACK/ PF,/BACK/ PF,/BACK/ PF,/IRQ1 PGM
IRQT IRQ1 IRQ1 IRQ1 IRQ1
76 PF,/BREQ/ PF/BREQ/ PF,/IRQ0 PF,/BREQ/ PF,/BREQ/ PF,/BREQ/ PF,/IRQ0 NC
IRQO IRQO IRQO IRQO IRQO
77 AV AV AV AV AV AV AV Vee
78 Vier Vier Vier Veer Vier Vier Vier Vee
79 P4,/ANO  P4,/ANO  P4,/ANO  P4,/ANO  P4,/ANO  P4,/ANO  P4,/ANO  NC
80 P4,/AN1  P4,/AN1  P4,/AN1  P4,/AN1  P4,/AN1  P4,/AN1 P4,/AN1 NC
81 P4,/AN2  P4,/AN2  P4,JAN2  P4,JAN2  P4,/JAN2  P4,/JAN2  P4,/AN2  NC
82 P4,/AN3  P4,/AN3  P4,/AN3  P4,/AN3  P4,/AN3  P4,/AN3  P4,/AN3 NC
83 AVgq AV g AVq AVq AV AVq AVq Ves
84 Vss Vss Vss Vss Vss Vss Vss Vss
85 P2, P2, P2, P2, P2, P2, P2, NC
86 P2, P2, P2, P2, P2, P2, P2, NC
87 P2,/TMRIO P2,/TMRIO P2,/TMRIO P2,/TMRIO P2,/TMRIO P2,/TMRIO P2,/TMRIO NC
88 P2,/TMCIO P2,/TMCI0O P2,/TMCI0O P2,/TMCI0O P2,/TMCI0O P2,/TMCI0O P2,/TMCIO NC
89 P2,/TMRI1 P2,/TMRI1 P2,/TMRI1 P2,/TMRI1 P2,/TMRI1 P2,/TMRI1 P2,/TMRI1 NC
90 P2,/TMCI1 P25/TMCI1 P2,/TMCI1 P2,/TMCI1 P2/TMCI1 P2/TMCI1 P2/TMCI1 NC
91 P2,/TMO0 P2,/TMO0 P2,/TMO0 P2,/TMO0 P2,/TMO0 P2,/TMO0 P2,/TMO0 NC

Note: * Cannot be used in the H8S/2240.
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Table 1-2  Pin Functions in Each Operating Mode (cont)

Pin No. Pin Name
FP-1008B, PROM
TFP-100B Mode 1 Mode2* Mode3* Mode 4 Mode 5 Mode 6 * Mode7*  Mode
92 p2,/TMO1 P2,/TMO1 P2,/TMO1 P2,/TMO1 P2,/TMO1 P2,/TMO1 P2,/TMO1 NC
93 PG,/IRQ6/ PG,/IRQ6/ PG,IRQ6/ PG,IRQ6/ PG,IRQ6/ PG,IRQ6/ PG,IRQ6/ NC
ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG
94 PG,IRQ7 PG,/IRQ7 PG,/IRQ7 PG,/CS3/ PG,/CS3/ PG,/CS3/ PG,/IRQ7 NC
IRQ7 IRQ7 IRQ7
95 PG, PG, PG, PG,/CS2 PG,/CS2 PG,[CS2 PG, NC
9% PG, PG, PG, PG,/CS1T PG,CS1 PG,CS1 PG, NC
97 PG,/CSO PG,CS0 PG, PG,/CSO PG,CSO PG,CSO PG, NC
98 Vee Vee Vee Vee Vee Vee Vee Vee
99 P1,/ P1,/ P1,/ P1,/ P1,/ P1,/ P1,/ NC
TIOCAO TIOCAO TIOCAO TIOCAO/A,, TIOCAO/A,, TIOCAO/A,, TIOCAO
100 P1,/ P1,/ P1,/ P1,/ P1,/ P1,/ P1,/ NC
TIOCBO  TIOCBO  TIOCBO  TIOCBO/A,, TIOCBO/A,, TIOCBO/A,, TIOCBO
Note: * Cannot be used in the H8S/2240.
11
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1.3.3

Table 1-3 outlines the pin functions.

Table 1-3

Type

Pin Functions

Pin Functions

Symbol

Pin No.

FP-100B, TFP-100B 1/O

Name and Function

Power

VCC

40, 65, 98

Input

Power supply: All V. pins should be
connected to the system power

supply.

VSS

7,18, 31,49,68,84 Input

Ground: All V¢ pins should be
connected to the system power

supply (0 V).

Clock

XTAL

66

Input

Connects to a crystal oscillator.
See section 17, Clock Pulse
Generator, for typical connection
diagrams for a crystal oscillator and
external clock input.

EXTAL

67

Input

Connects to a crystal oscillator.
The EXTAL pin can also input an
external clock.

See section 17, Clock Pulse
Generator, for typical connection
diagrams for a crystal oscillator and
external clock input.

69

Output

System clock: Supplies the system
clock to an external device.

12
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Table 1-3  Pin Functions (cont)

Pin No.
Type Symbol FP-100B, TFP-100B 1/O Name and Function

Operating mode MD, to 61, 58, 57 Input  Mode pins: These pins set the
control MD, operating mode.
The relation between the settings of
pins MD, to MD, and the operating
mode is shown below. These pins
should not be changed while the
H8S/2245 Series is operating.

Operating
MD, MD, MD, Mode

0 0

0

1 Mode 1
0 Mode 2*
1 Mode 3*
0

1

0

Mode 4
Mode 5
Mode 6*
1 Mode 7*

Note: * Cannot be used in the
H8S/2240.

|

w

System control RE 62 Input  Reset input: When this pin is driven
low, the chip is reset. The type of
reset can be selected according to
the NMI input level. At power-on, the
NMI pin input level should be set

high.

STBY 64 Input  Standby: When this pin is driven low,
a transition is made to hardware
standby mode.

BREQ 76 Input  Bus request: Used by an external
bus master to issue a bus request to
the H8S/2245 Series.

BREQO 74 Output Bus request output: The external bus
request signal used when an internal
bus master accesses external space
in the external bus-released state.

BACK 75 Output Bus request acknowledge: Indicates
that the bus has been released to an
external bus master.

13
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Table 1-3  Pin Functions (cont)
Pin No.
Type Symbol  FP-100B, TFP-100B 1/O Name and Function
Interrupts NMI 63 Input  Nonmaskable interrupt: Requests a
nonmaskable interrupt. When this pin
is not used, it should be fixed high.
IRQ7to 94,93, 13, 12, Input  Interrupt request 7 to 0: These pins
IRQO* 73t0 76 request a maskable interrupt.
Address bus A, to 2,1,100, 99, Output Address bus: These pins output an
o 53 to 50, 48 to 41, address.
3910 32
Data bus D, to 30to 19, 17 to 14 I/0 Data bus: These pins constitute a

D, bidirectional data bus.

Bus control CS3 to 94 to 97 Output Chip select: Signals for selecting

CSOo areas 30 0.

AS 70 Output Address strobe: When this pin is low,
it indicates that address output on the
address bus is enabled.

RD 71 Output Read: When this pin is low, it
indicates that the external address
space can be read.

HWR 72 Output High write: A strobe signal that writes
to external space and indicates that
the upper half (D, to D;) of the data
bus is enabled.

LWR 73 Output Low write: A strobe signal that writes
to external space and indicates that
the lower half (D, to D,) of the data
bus is enabled.

WAIT 74 Input  Wait: Requests insertion of a wait

state in the bus cycle when
accessing external 3-state address
space.

Note: * IRQS3 cannot be used in modes 1, 2, 4, 5, and 6, or in the H8S/2240.

14
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Table 1-3  Pin Functions (cont)

Pin No.
Type Symbol FP-100B, TFP-100B 1/O Name and Function
16-bit timer- TCLKDto 6,4,2,1 Input  Clock input D to A: These pins input
pulse unit TCLKA an external clock.
(TPU)
TIOCAO, 99,100,1,2 I/0 Input capture/output compare match
TIOCBO, A0 to DO: The TGROA to TGROD
TIOCCO, input capture input or output compare
TIOCDO output, or PWM output pins.
TIOCA1, 3,4 I/0 Input capture/output compare match
TIOCB1 Al and B1: The TGR1A and TGR1B
input capture input or output compare
output, or PWM output pins.
TIOCA2, 5,6 I/0 Input capture/output compare match
TIOCB2 A2 and B2: The TGR2A and TGR2B
input capture input or output compare
output, or PWM output pins.
8-bit timer TMOO, 91, 92 Output Compare match output: The compare
TMO1 match output pins.
TMCIO, 88, 90 Input  Counter external clock input: Input
TMCI1 pins for the external clock input to the
counter.
TMRIO, 87, 89 Input  Counter external reset input: The
TMRI1 counter reset input pins.
Watchdog WDTOVF 60 Output Watchdog timer: The counter
timer (WDT) overflow signal output pin in
watchdog timer mode.
Serial TxD2, 54,9,8 Output Transmit data (channel 0, 1, 2):
communication TxD1, Data output pins.
interface (SCI)/ TxDO
_Smart Card RxD2, 55, 11, 10 Input Receive data (channel 0, 1, 2):
interface RxD1, Data input pins.
RxDO
SCK2, 56, 13, 12 I/0 Serial clock (channel 0, 1, 2):
SCK1, Clock 1/0O pins.
SCKO

RENESAS
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Table 1-3  Pin Functions (cont)

Pin No.
Type Symbol  FP-100B, TFP-100B 1/O Name and Function
A/D converter  AN3to 8210 79 Input  Analog 3 to 0: Analog input pins.
ANO
ADTRG 93 Input  A/D conversion external trigger input:
Pin for input of an external trigger to
start A/D conversion.
AV . 77 Input  This is the power supply pin for the
A/D converter.
When the A/D converter is not used,
this pin should be connected to the
system power supply (+5 V).
AV 83 Input  This is the ground pin for the A/D
converter.
This pin should be connected to the
system power supply (0 V).
Vs 78 Input  This is the reference voltage input pin
for the A/D converter.
When the A/D converter is not used,
this pin should be connected to the
system power supply (+5 V).
I/O ports P1,to 6to 1, 100, 99 I/O Port 1: An 8-bit I/O port. Input or
P1, output can be designated for each bit
by means of the port 1 data direction
register (P1DDR).
P2, to 92 to 85 I/O Port 2: An 8-bit I/O port. Input or
P2, output can be designated for each bit
by means of the port 2 data direction
register (P2DDR).
P3; to 13t08 I/0 Port 3: A 6-bit I/O port. Input or
P3, output can be designated for each bit
by means of the port 3 data direction
register (P3DDR).
P4, to 8210 79 Input  Port 4: A 4-bit input port.
P4,
P5, to 59, 56 to 54 I/O Port 5: A 4-bit 1/0O port. Input or
P5, output can be designated for each bit

by means of the port 5 data direction
register (P5DDR).

16
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Table 1-3  Pin Functions (cont)

Pin No.
Type Symbol FP-100B, TFP-100B 1/O Name and Function
I/O ports PA; to 53 to 50 I/0 Port A: A 4-bit I/O port. Input or

PA*! output can be designated for each bit
by means of the port A data direction
register (PADDR).

PB, to 48to 41 I/0 Port B: An 8-bit I/O port. Input or

PB,*? output can be designated for each bit
by means of the port B data direction
register (PBDDR).

PC, to 39to 32 I/O Port C: An 8-bit I/O port. Input or

PC,*? output can be designated for each bit
by means of the port C data direction
register (PCDDR).

PD, to 30to 23 I/0 Port D: An 8-bit I/O port. Input or

PD,*? output can be designated for each bit
by means of the port D data direction
register (PDDDR).

PE, to 22t0 19,17 to 14 I/O Port E: An 8-bit I/O port. Input or

PE, output can be designated for each bit
by means of the port E data direction
register (PEDDR).

PF, to 69 to 76 I/0 Port F: An 8-bit I/O port. Input or

PF,*® output can be designated for each bit
by means of the port F data direction
register (PFDDR).

PG, to 97 to 93 I/0 Port G: A 5-bit I/0 port. Input or

PG, output can be designated for each bit

by means of the port G data direction
register (PGDDR).

Notes: 1. Cannot be used in modes 4 and 5 in the H8S/2240.
2. Cannot be used in the H8S/2240.
3. PF, to PF; cannot be used in the H8S/2240.

RENESAS

17



Section 2 CPU

2.1 Overview

The H8S/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture tl
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-
general registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is
ideal for realtime control.

2.1.1 Features

The H8S/2000 CPU has the following features.

Upward-compatible with H8/300 and H8/300H CPUs
0 Can execute H8/300 and H8/300H object programs

General-register architecture

00 Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit
registers)

Sixty-five basic instructions

O 8/16/32-bit arithmetic instructions

O Multiply and divide instructions

O Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [@ERN]

Register indirect with displacement [@(d:16,ERn) or @(d:32,ERN)]

Register indirect with post-increment or pre-decrement [@ERN+ or @—ERnN]
Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]

Immediate [#xx:8, #xx:16, or #xx:32]

Program-counter relative [@(d:8,PC) or @(d:16,PC)]

Memory indirect [@ @aa:8]

OooOoo0oogooOooao

16-Mbyte address space
O Program: 16 Mbytes
O Data: 16 Mbytes (4 Gbytes architecturally)

19
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» High-speed operation

O All frequently-used instructions execute in one or two states
0 Maximum clock rate : 20 MHz

O 8/16/32-bit register-register add/subtract : 50 ns

O 8 x 8-bit register-register multiply 1600 ns

O 16 + 8-bit register-register divide : 600 ns

0 16 x 16-bit register-register multiply : 1000 ns

O 32 + 16-bit register-register divide : 1000 ns

* Two CPU operating modes
O Normal mode
0 Advanced mode

» Power-down state
O Transition to power-down state by SLEEP instruction
0 CPU clock speed selection

2.1.2 Differences between H8S/2600 CPU and H8S/2000 CPU
The differences between the H8S/2600 CPU and the H8S/2000 CPU are as shown below.

* Register configuration
The MAC register is supported only by the H8S/2600 CPU.
» Basic instructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H8S/2600 CPU.

* Number of execution states
The number of execution states of the MULXU and MULXS instructions.

Internal Operation

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21

There are also differences in the address space, EXR register functions, power-down state, etc.,
depending on the product.

20
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2.1.3 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

» More general registers and control registers
O Eight 16-bit expanded registers, and one 8-bit control registers, have been added.

» Expanded address space
O Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
O Advanced mode supports a maximum 16-Mbyte address space.

» Enhanced addressing

O The addressing modes have been enhanced to make effective use of the 16-Mbyte addre
space.

» Enhanced instructions
O Addressing modes of bit-manipulation instructions have been enhanced.
O Signed multiply and divide instructions have been added.
O Two-bit shift instructions have been added.
O Instructions for saving and restoring multiple registers have been added.
O A test and set instruction has been added.

» Higher speed
0 Basic instructions execute twice as fast.

214 Differences from H8/300H CPU
In comparison to the H8/300H CPU, the H8S/2000 CPU has the following enhancements.

» Additional control register
O One 8-bit control register has been added.

» Enhanced instructions
O Addressing modes of bit-manipulation instructions have been enhanced.
O Two-bit shift instructions have been added.
O Instructions for saving and restoring multiple registers have been added.
0 Atest and set instruction has been added.

» Higher speed
O Basic instructions execute twice as fast.
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2.2 CPU Operating Modes

The H8S/2000 CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total addres:
space (architecturally a maximum 16-Mbyte program area and a maximum of 4 Gbytes for
program and data areas combined). The mode is selected by the mode pins of the microcontrolle

4{ Normal mode Maximum 64 kbytes, program
and data areas combined

CPU operating modes li

Maximum 16-Mbytes for

—' Advanced mode | program and data areas
combined

Figure 2-1 CPU Operating Modes

(1) Normal Mode: The exception vector table and stack have the same structure as in the H8/30C
CPU.

Address Space A maximum address space of 64 kbytes can be accessed.

Extended Registers (En)The extended registers (EO to E7) can be used as 16-bit registers, or as
the upper 16-bit segments of 32-bit registers. When En is used as a 16-bit register it can contain
any value, even when the corresponding general register (Rn) is used as an address register. If t
general register is referenced in the register indirect addressing mode with pre-decrement (@—Ri
or post-increment (@Rn+) and a carry or borrow occurs, however, the value in the corresponding
extended register (En) will be affected.

Instruction Set: All instructions and addressing modes can be used. Only the lower 16 bits of
effective addresses (EA) are valid.
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Exception Vector Table and Memory Indirect Branch Addressesin normal mode the top area
starting at H'0000 is allocated to the exception vector table. One branch address is stored per 1
bits (figure 2-2). The exception vector table differs depending on the microcontroller. For details
of the exception vector table, see section 4, Exception Handling.

H'0000
H'0001
H'0002
H'0003

H'0004 |

H'0005

H'0006 |

H'0007

H'0008 |

H'0009

H'000A |

H'000B

- Power-on reset exception vector ---

- Manual reset exception vector ---

(Reserved for system use)  --- .
\ Exception

vector table

Exception vector 1

Exception vector 2

O

Figure 2-2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JIMP and JSR instructions us
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In normal mode the operand is a 16-bit word operand, providing a 1
bit branch address. Branch addresses can be stored in the top area from H'0000 to H'OOFF. Notf
that this area is also used for the exception vector table.
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Stack Structure: When the program counter (PC) is pushed onto the stack in a subroutine call,
and the PC and condition-code register (CCR) are pushed onto the stack in exception handling,
they are stored as shown in figure 2-3. The extended control register (EXR) is not pushed onto tt
stack. For details, see section 4, Exception Handling.

\/\ \/\

SP—~ | PC B SP—~ CCR
(16 bits) CCR"
PC

\/\ (16 bits)

(@) Subroutine Branch (b) Exception Handling

Note: * Ignored when returning.

Figure 2-3 Stack Structure in Normal Mode
(2) Advanced Mode

Address Spacelinear access is provided to a 16-Mbyte maximum address space (architecturally
a maximum 16-Mbyte program area and a maximum 4-Gbyte data area, with a maximum of 4
Ghytes for program and data areas combined).

Extended Registers (En)The extended registers (EO to E7) can be used as 16-bit registers, or as
the upper 16-bit segments of 32-bit registers or address registers.

Instruction Set: All instructions and addressing modes can be used.
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Exception Vector Table and Memory Indirect Branch Addressesin advanced mode the top
area starting at H'00000000 is allocated to the exception vector table in units of 32 bits. In each
bits, the upper 8 bits are ignored and a branch address is stored in the lower 24 bits (figure 2-4)
For details of the exception vector table, see section 4, Exception Handling.

H'00000000 Reserved N
~ Power-on reset exception vector o
H'00000003
H'00000004 | | Reserved |
~ Manual reset exception vector ]
H'00000007
H'00000008
71 > Exception vector table
H'0000000B | o
(Reserved for system use)
H'0000000C | ]
H'00000010 [ Reserved |
o Exception vector 1 o

Figure 2-4 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions us
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In advanced mode the operand is a 32-bit longword operand, provid
a 32-bit branch address. The upper 8 bits of these 32 bits are a reserved area that is regarded ¢
H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF. Note that tt
first part of this range is also the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in
subroutine call, and the PC and condition-code register (CCR) are pushed onto the stack in
exception handling, they are stored as shown in figure 2-5. The extended control register (EXR) i
not pushed onto the stack. For details, see section 4, Exception Handling.

\/\ \/‘\

sP—~ | R geﬁsﬁeﬁrfvﬁeiq 777777777777 SP — CCR
pPC PC
(24 bits) (24 bits)

\/\ \/_\

(@) Subroutine Branch (b) Exception Handling

Figure 2-5 Stack Structure in Advanced Mode
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2.3 Address Space

Figure 2-6 shows a memory map of the H8S/2000 CPU. The H8S/2000 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode.

H'0000 H'00000000
HFFFF Program area
H'OOFFFFFF Data area
Cannot be
used by the
H8S/2245
Series
H'FFFFFFFF
(@) Normal Mode (b) Advanced Mode
Figure 2-6 Memory Map
27
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2.4 Register Configuration

2.4.1 Overview

The CPU has the internal registers shown in figure 2-7. There are two types of registers: general
registers and control registers.

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0
| PC |

76543210
EXR [T]-[-]-]-[12]i]i0]

76543210
CCR [ 1|ulH[U[N|Z]Vv|C]|

Legend

SP: Stack pointer H: Half-carry flag
PC: Program counter uU: User bit

EXR: Extended control register N: Negative flag
T: Trace bit Z: Zero flag

12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag

I: Interrupt mask bit
ul: User bit or interrupt mask bit

Note: * This register does not affect operations in the H8S/2245 Series.

Figure 2-7 CPU Registers
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2.4.2 General Registers

The CPU has eight 32-bit general registers. These general registers are all functionally alike an
can be used as both address registers and data registers. When a general register is used as a
register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are |
as 32-bit registers or address registers, they are designated by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and |
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) an
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 2-8 illustrates the usage of the general registers. The usage of each register can be selel
independently.

» Address registers

» 32-bit registers » 16-bit registers « 8-bit registers
E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers

(RO to R7)
RL registers
(ROL to R7L)

Figure 2-8 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2-9 shows the
stack.

/\/

Free area

SP (ER7) —»

Stack area

/\/

Figure 2-9 Stack

2.4.3 Control Registers

The control registers are the 24-bit program counter (PC), 8-bit extended control register (EXR),
and 8-bit condition-code register (CCR).

(1) Program Counter (PC): This 24-bit counter indicates the address of the next instruction the
CPU will execute. The length of all CPU instructions is 2 bytes (one word) so the least significant
PC bit is ignored. (When an instruction is read, the least significant PC bit is regarded as 0.)

(2) Extended Control Register (EXR):This 8-bit register does not affect operation in the
H8S/2245 Series.

Bit 7—Trace Bit (T): This bit is reserved. It does not affect operation in the H8S/2245 Series.

Bits 6 to 3—ReservedThese bits are reserved. They are always read as 1.
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Bits 2 to 0—Interrupt Mask Bits (12 to 10): These bits are reserved. They do not affect operation
in the H8S/2245 Series.

(3) Condition-Code Register (CCR):This 8-bit register contains internal CPU status
information, including an interrupt mask bit (1) and half-carry (H), negative (N), zero (2),
overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masks interrupts other than NMI when set to 1. (NMI is accepted
regardless of the | bit setting.) The | bit is set to 1 by hardware at the start of an exception-
handling sequence. For details, refer to section 5, Interrupt Controller.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details, refer to section 5, Interrupt Controller.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, this flag is set to 1 if there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
set to 1 if there is a carry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if there is a carry or
borrow at bit 27, and cleared to 0 otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, anc
XORC instructions.

Bit 3—Negative Flag (N): Stores the value of the most significant bit (sign bit) of data.
Bit 2—Zero Flag (2): Set to 1 to indicate zero data, and cleared to 0 to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to 0 at other
times.

Bit 0—Carry Flag (C): Setto 1 when a carry occurs, and cleared to 0 otherwise. Used by:

e Add instructions, to indicate a carry
» Subtract instructions, to indicate a borrow
« Shift and rotate instructions, to indicate a carry

The carry flag is also used as a bit accumulator by bit manipulation instructions.
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Some instructions leave some or all of the flag bits unchanged. For the action of each instruction
on the flag bits, refer to Appendix A.1, List of Instructions.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

24.4 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears the
trace bit in EXR to 0, and sets the interrupt mask bits in CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV.L instruction executed immediately
after a reset.
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2.5 Data Formats
The CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2, ..., 7) of byte

operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-b
BCD data.

25.1 General Register Data Formats

Figure 2-10 shows the data formats in general registers.

Data Type General Register Data Image
1-bit data RnH 7 0
|7l6]5|4]3[2]1[o]  Dontcare |
1-bit data R ... 7 0
| Dontcare |7]6[5]4[3]2[1]0]
4-bit BCD data RnH 7 43 O
| Upper | Lower |  Dontcare |
4-bit BCD data R ... 7 43 0
| Dontcare | Upper | Lower |
Byte data RnH 7 o
] onieae
MSB Lss T
Byte data R 7 0
. Don't care |
""""""""""" MSB LSB

Figure 2-10 General Register Data Formats
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Data Type General Register Data Image

Word data Rn 15 0
MSB LSB

Word data En

15 0

MSB LSB

Longword data ERnN

31 16 15 0

MSB En Rn LSB

Legend

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure 2-10 General Register Data Formats (cont)
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252 Memory Data Formats

Figure 2-11 shows the data formats in memory. The CPU can access word data and longword c
in memory, but word or longword data must begin at an even address. If an attempt is made to
access word or longword data at an odd address, no address error occurs but the least significa
bit of the address is regarded as 0, so the access starts at the preceding address. This also app
instruction fetches.

Data Type Data image
Address /\/
0
1-bit data AddressL| 7|6 |54 |13|2|1]|0
Byte data Address L [MSB: @ i . ISB
Word data Address2M MSB: ¢+ 1
Address 2M + 1 ELSB
Longword data Address 2N [MSB: ¢+ 1 1
Address2N+1| @ 1
Address 2N + 2
Address 2N + 3 fLSB

Figure 2-11 Memory Data Formats

When SP(ER7) is used as an address register to access the stack, the operand size should be:
size or longword size.
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2.6 Instruction Set

2.6.1 Overview

The H8S/2000 CPU has 65 types of instructions. The instructions are classified by function in
table 2-1.

Table 2-1 Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5
POP*!, PUSH** WL
LDM, STM L
MOVFPE, MOVTPE*? B
Arithmetic ADD, SUB, CMP, NEG BWL 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS B
Logic operations AND, OR, XOR, NOT BWL 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc*?, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP — 9
Block data transfer EEPMOV — 1

Total: 65 types
Notes: B-byte size; W-word size; L-longword size.
1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L
ERn, @-SP.

2. Bcc is the general name for conditional branch instructions.
3. Cannot be used in the H8S/2245 Series.
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Instructions and Addressing Modes

2.6.2

Table 2-2 indicates the combinations of instructions and addressing modes that the H8S/2000

can use.
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2.6.3 Table of Instructions Classified by Function

Tables 2-3 to 2-10 summarize the instructions in each functional category. The notation used in
the tables is defined below.

Operation Notation

Rd General register (destination)*
Rs General register (source)*

Rn General register*

ERnN General register (32-bit register)
(EAd) Destination operand

(EAS) Source operand

EXR Extended control register

CCR Condition-code register

N (negative) flag in CCR

Z (zero) flag in CCR

V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#MM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

- Division

O Logical AND

O Logical OR

O Logical exclusive OR

- Move

- NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-hit registers (ERO to ER7).
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Table 2-3  Data Transfer Instructions

Instruction Size *

Function

MOV B/W/L  (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.

MOVFPE B Cannot be used in the H8S/2245 Series.

MOVTPE B Cannot be used in the H8S/2245 Series.

POP WI/L @SP+ - Rn
Pops a register from the stack. POP.W Rn is identical to MOV.W @SP+,
Rn. POP.L ERn is identical to MOV.L @SP+, ERn.

PUSH Wi/L Rn - @-SP
Pushes a register onto the stack. PUSH.W Rn is identical to MOV.W Rn,
@-SP. PUSH.L ERn is identical to MOV.L ERn, @-SP.

LDM L @SP+ - Rn (register list)
Pops two or more general registers from the stack.

STM L Rn (register list) -~ @-SP

Pushes two or more general registers onto the stack.

Note: * Size refers to the operand size.

B: Byte
W: Word
L:  Longword
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Table 2-4  Arithmetic Operations Instructions

Instruction Size * Function

ADD B/W/L Rd*Rs - Rd, Rd*#IMM - Rd

SUB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Immediate byte data
cannot be subtracted from byte data in a general register. Use the SUBX
or ADD instruction.)

ADDX B Rd+Rs+C - Rd, Rd+#IMM+C - Rd

SUBX Performs addition or subtraction with carry or borrow on byte data in two
general registers, or on immediate data and data in a general register.

INC BW/L Rd*1l-Rd, Rd+2 - Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands
can be incremented or decremented by 1 only.)

ADDS L Rd+1 - Rd, Rd+2 - Rd, Rd+4 - Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.

DAA B Rd decimal adjust - Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to the CCR to produce 4-bit BCD data.

MULXU B/W Rd x Rs - Rd
Performs unsigned multiplication on data in two general registers: either
8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

DIVXU B/W Rd+Rs - Rd

Performs unsigned division on data in two general registers: either 16
bits + 8 bits - 8-bit quotient and 8-bit remainder or 32 bits + 16 bits —
16-bit quotient and 16-bit remainder.

Note: * Size refers to the operand size.

B: Byte
W: Word
L:  Longword
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Table 2-4

Arithmetic Operations Instructions (cont)

Instruction Size * Function

DIVXS B/W Rd+Rs - Rd
Performs signed division on data in two general registers: either 16 bits +
8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits - 16-bit
quotient and 16-bit remainder.

CMP B/W/L Rd-Rs, Rd-#MM
Compares data in a general register with data in another general register
or with immediate data, and sets CCR bits according to the result.

NEG B/W/L 0-Rd - Rd
Takes the two's complement (arithmetic complement) of data in a
general register.

EXTU WI/L Rd (zero extension) - Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.

EXTS WI/L Rd (sign extension) - Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by extending the sign bit.

TAS B @ERd -0, 1 - (<bit 7> of @Erd)

Tests memory contents, and sets the most significant bit (bit 7) to 1.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2-5 Logic Operations Instructions

Instruction Size * Function

AND B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/WI/L Rd ORs - Rd, Rd O#IMM - Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT BW/L = (Rd) - (Rd)
Takes the one's complement of general register contents.

Table 2-6  Shift Operations Instructions

Instruction Size * Function

SHAL B/W/L  Rd (shift) - Rd

SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shift is possible.

SHLL B/W/L  Rd (shift) - Rd

SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.

ROTL B/W/L  Rd (rotate) -~ Rd

ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.

ROTXL B/W/L  Rd (rotate) - Rd

ROTXR Rotates general register contents through the carry flag.

1-bit or 2-bit rotation is possible.

Note: * Size refers to the operand size.
B: Byte
wW: Word
L: Longword

43
RENESAS



Table 2-7

Instruction

Bit-Manipulation Instructions

Size*

Function

BSET

B

1 - (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BCLR

0 - (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory operand to 0. The
bit number is specified by 3-bit immediate data or the lower three bits of
a general register.

BNOT

= (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)

Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BTST

- (<bit-No.> of <EAd>) - Z

Tests a specified bit in a general register or memory operand and sets or
clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

BAND

BIAND

C O(<bit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

C O~ (<bit-No.> of <EAd>) - C

ANDs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BOR

BIOR

C O(<bit-No.> of <EAd>) -~ C
ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

C O[~ (<hit-No.> of <EAd>)] - C

ORs the carry flag with the inverse of a specified bit in a general register
or memory operand and stores the result in the carry flag.

The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.

B:
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Table 2-7  Bit-Manipulation Instructions (cont)

Instruction  Size* Function

BXOR B C O (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIXOR B C O [- (<bit-No.> of <EAd>)] - C
Exclusive-ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in the carry
flag.
The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory operand to the
carry flag.

BILD B = (<bit-No.> of <EAd>) -~ C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C - (<bhit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B - C - (<hit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in a general
register or memory operand.
The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.

B:

Byte
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Table 2-8 Branch Instructions
Instruction Size Function
Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High cOoz=0
BLS Low or same coz=1
BCC(BHS) Carry clear Cc=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal zZ=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONNDOV)=0
BLE Less or equal ZONOV)=1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
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Table 2-9  System Control Instructions

Instruction Size *

Function

TRAPA —

Starts trap-instruction exception handling.

RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to a power-down state.
LDC B/W (EAs) - CCR, (EAs) - EXR
Moves the source operand contents or immediate data to CCR or EXR.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.
STC B/W CCR - (EAd), EXR - (EAd)
Transfers CCR or EXR contents to a general register or memory.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.
ANDC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP — PC+2 - PC

Only increments the program counter.

Note: * Size refers to the operand size.

B: Byte
W: Word
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Table 2-10 Block Data Transfer Instruction

Instruction Size

Function

EEPMOV.B —

EEPMOV.W —

if R4L # 0 then
Repeat @ER5+ - @ERG6+
R4L -1 - RA4L
UntilR4L =0
else next;

if R4 # 0 then
Repeat @ER5+ - @ERG6+
R4-1 - R4
UntilR4 =0
else next;

Transfers a data block according to parameters set in general registers
RA4L or R4, ER5, and ER6.

R4L or R4: size of block (bytes)
ERS: starting source address
ERG6: starting destination address

Execution of the next instruction begins as soon as the transfer is
completed.
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2.6.4 Basic Instruction Formats

The H8S/2245 Series instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op field), a register field (r field), an effective address extension (EA field), and a
condition field (cc).

Figure 2-12 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op n m ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op m m

MOV.B @(d:16, Rn), Rm, etc.
EA (disp)

(4) Operation field, effective address extension, and condition field

op cc EA (disp) BRA d:16, etc

Figure 2-12 Instruction Formats (Examples)

(1) Operation Field: Indicates the function of the instruction, the addressing mode, and the
operation to be carried out on the operand. The operation field always includes the first four bits
the instruction. Some instructions have two operation fields.

(2) Register Field: Specifies a general register. Address registers are specified by 3 bits, data
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register
field.

(3) Effective Address ExtensionEight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement.

(4) Condition Field: Specifies the branching condition of Bcc instructions.
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2.6.5 Notes on Use of Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify a bit in the
byte, then write the byte back. Care is required when these instructions are used to access regist
with write-only bits, or to access ports.

The BCLR instruction can be used to clear flags in the on-chip registers. In an interrupt-handling
routine, for example, if it is known that the flag is set to 1, it is not necessary to read the flag ahec
of time.

2.7 Addressing Modes and Effective Address Calculation

2.7.1 Addressing Modes

The CPU supports the eight addressing modes listed in table 2-11. Each instruction uses a subst
of these addressing modes. Arithmetic and logic instructions can use the register direct and
immediate modes. Data transfer instructions can use all addressing modes except program-coun
relative and memory indirect. Bit manipulation instructions use register direct, register indirect, or
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table 2-11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERn)
4 Register indirect with post-increment @ERnN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate H#xX:8/#xX: 16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @@aa:8

(1) Register Direct—Rn: The register field of the instruction specifies an 8-, 16-, or 32-bit

general register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit
registers. RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specifie
as 32-bit registers.
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(2) Register Indirect—@ERN: The register field of the instruction code specifies an address
register (ERn) which contains the address of the operand on memory. If the address is a progra
instruction address, the lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (H'0

(3) Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn)A 16-bit or 32-bit
displacement contained in the instruction is added to an address register (ERn) specified by the
register field of the instruction, and the sum gives the address of a memory operand. A 16-bit
displacement is sign-extended when added.

(4) Register Indirect with Post-Increment or Pre-Decrement—@ERnN+ or @-ERn:

» Register indirect with post-increment—@ERN+
The register field of the instruction code specifies an address register (ERn) which contains t
address of a memory operand. After the operand is accessed, 1, 2, or 4 is added to the addr
register contents and the sum is stored in the address register. The value added is 1 for byte
access, 2 for word transfer instruction, or 4 for longword transfer instruction. For word or
longword transfer instruction, the register value should be even.

» Register indirect with pre-decrement—@-ERn
The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the register fie
in the instruction code, and the result becomes the address of a memory operand. The resul
also stored in the address register. The value subtracted is 1 for byte access, 2 for word tran
instruction, or 4 for longword transfer instruction. For word or longword transfer instruction,
the register value should be even.

(5) Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:Jhe instruction code contains the
absolute address of a memory operand. The absolute address may be 8 bits long (@aa:8), 16 k
long (@aa:16), 24 bits long (@aa:24), or 32 bits long (@aa:32).

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1
(H'FFFFFF). For a 16-bit absolute address the upper 16 bits are a sign extension. A 32-bit abso
address can access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).

Table 2-12 indicates the accessible absolute address ranges.
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Table 2-12 Absolute Address Access Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 bits (@aa:8) H'FFO0O0 to H'FFFF H'FFFFOO0 to H'FFFFFF

16 bits (@aa:16)  H'0000 to HFFFF  H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF

32 bits (@aa:32) H'000000 to H'FFFFFF

Program instruction 24 bits (@aa:24)
address

(6) Immediate—#xx:8, #xx:16, or #xx:32The instruction contains 8-bit (#xx:8), 16-bit
(#xx:16), or 32-hit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying ¢
vector address.

(7) Program-Counter Relative—@(d:8, PC) or @(d:16, PC)This mode is used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended an
added to the 24-bit PC contents to generate a branch address. Only the lower 24 bits of this brar
address are valid; the upper 8 bits are all assumed to be 0 (H'00). The PC value to which the
displacement is added is the address of the first byte of the next instruction, so the possible
branching range is —126 to +128 bytes (-63 to +64 words) or —32766 to +32768 bytes (—16383 tc
+16384 words) from the branch instruction. The resulting value should be an even number.

(8) Memory Indirect—@ @aa:8: This mode can be used by the JMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The upper bits of the absolute address are all assumed to b
so the address range is 0 to 255 (H'0000 to H'00OFF in nhormal mode, H'000000 to H'0O000FF in
advanced mode). In normal mode the memory operand is a word operand and the branch addre:
is 16 bits long. In advanced mode the memory operand is a longword operand, the first byte of
which is assumed to be all 0 (H'00).

Note that the first part of the address range is also the exception vector area. For further details,
refer to section 4, Exception Handling.
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\/_\ \/_\

Specified —~ Specified —~ Reserved
by @aa8 | Branch address  ----- by @aa:8

\/\

Branch address

(@) Normal Mode (b) Advanced Mode

Figure 2-13 Branch Address Specification in Memory Indirect Mode

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or instruction code to be fetch
at the address preceding the specified address. (For further information, see section 2.5.2, Men
Data Formats.)

2.7.2 Effective Address Calculation

Table 2-13 indicates how effective addresses are calculated in each addressing mode. In norme
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit address
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2.8 Processing States

2.8.1 Overview

The CPU has five main processing states: the reset state, exception handling state, program
execution state, bus-released state, and power-down state. Figure 2-14 shows a diagram of the
processing states. Figure 2-15 indicates the state transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normal
processing flow in response to a reset, interrupt, or trap

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

The external bus has been released in response to a bus
request signal from a bus master other than the CPU.

Sleep mode
Power-down state Software standby
mode
CPU operation is stopped
to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode etc.

Figure 2-14 Processing States
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End of bus request

Bus request
Program execution
state
End of bus SLEEP
request Bus instruction
t with
reques SLEEP \ SsBy = 0
Y instruction
with
Bus-released state SSBY =1
Request for 1 |
gt /) Sxckon : B
handling handling Sleep mode

Interrupt
request
Exception-handling state
A External interrupt Software standby mode

RES = high

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low. A transition can also be made to the reset state when the watchdog timer overflows.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure 2-15 State Transitions

2.8.2 Reset State

When theRES input goes low all current processing stops and the CPU enters the reset state. All
interrupts are masked in the reset state. Reset exception handling starts vitiE$hstymal
changes from low to high.

The reset state can also be entered by a watchdog timer overflow. For details, refer to section 11
Watchdog Timer.
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2.8.3

The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to a reset, interrupt, or trap instruction. The CPU fetches a start address

Exception-Handling State

(vector) from the exception vector table and branches to that address.

(1) Types of Exception Handling and Their Priority

Exception handling is performed for resets, interrupts, and trap instructions. Table 2-14 indicate
the types of exception handling and their priority. Trap instruction exception handling is always

accepted, in the program execution state.

Exception handling and the stack structure depend on the interrupt control mode set in SYSCR.

Table 2-14 Exception Handling Types and Priority

Priority Type of Exception Detection Timing Start of Exception Handling

High Reset Synchronized with clock  Exception handling starts

A immediately after a low-to-high
transition at the RES pin, or
when the watchdog timer
overflows.

Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the
exception-handling end of the current instruction or
sequence*’ current exception-handling

sequence

Trap instruction When TRAPA instruction  Exception handling starts when
is executed a trap (TRAPA) instruction is

Low executed*?

Notes: 1. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,

or immediately after reset exception handling.

2. Trap instruction exception handling is always accepted, in the program execution state.
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(2) Reset Exception Handling

After theRES pin has gone low and the reset state has been enteredRBSigoes high again,

reset exception handling starts. When reset exception handling starts the CPU fetches a start
address (vector) from the exception vector table and starts program execution from that address.
All interrupts, including NMI, are disabled during reset exception handling and after it ends.

(3) Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack pointt
(ER7) and pushes the program counter and other control registers onto the stack. Next, the CPU
alters the settings of the interrupt mask bits in the control registers. Then the CPU fetches a start
address (vector) from the exception vector table and program execution starts from that start
address.

Figure 2-16 shows the stack after exception handling ends.

J\J\

SP— CCR SP— CCR
*
CCR PC
, PC (24 bits)
(16 bits)
Normal mode Advanced mode

Note: *Ignored when returning.

Figure 2-16 Stack Structure after Exception Handling (Examples)
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284 Program Execution State

In this state the CPU executes program instructions in sequence.

2.8.5 Bus-Released State

This is a state in which the bus has been released in response to a bus request from a bus mas
other than the CPU. While the bus is released, the CPU halts except for internal operations.

There is one bus masters other than the CPU — the data transfer controller (DTC).

For further details, refer to section 6, Bus Controller.

2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in wh
the CPU does not stop. There are three modes in which the CPU stops operating: sleep mode,
software standby mode, and hardware standby mode. There are also two other power-down
modes: medium-speed mode, and module stop mode. In medium-speed mode the CPU and ott
bus masters operate on a medium-speed clock. Module stop mode permits halting of the operat
of individual modules, other than the CPU. For details, refer to section 18, Power-Down State.

Sleep Mode:A transition to sleep mode is made if the SLEEP instruction is executed while the
software standby bit (SSBY) in the standby control register (SBYCR) is cleared to 0. In sleep
mode, CPU operations stop immediately after execution of the SLEEP instruction. The contents
CPU registers are retained.

Software Standby Mode:A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit in SBYCR is set to 1. In software standby mode, the
CPU and clock halt and all MCU operations stop. As long as a specified voltage is supplied, the
contents of CPU registers and on-chip RAM are retained. The I/O ports also remain in their
existing states.

Hardware Standby Mode: A transition to hardware standby mode is made wheRTB& pin

goes low. In hardware standby mode, the CPU and clock halt and all MCU operations stop. The
on-chip supporting modules are reset, but as long as a specified voltage is supplied, on-chip RA
contents are retained.
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2.9 Basic Timing

2.9.1 Overview

The H8S/2000 CPU is driven by a system clock, denoted by the symbol @. The period from one
rising edge of @ to the next is referred to as a "state." The memory cycle or bus cycle consists of
one, two, or three states. Different methods are used to access on-chip memory, on-chip
supporting modules, and the external address space.

29.2 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data bus is 16 bits wide, permitting both byte and
word transfer instruction. Figure 2-17 shows the on-chip memory access cycle. Figure 2-18 show
the pin states.

Internal address bus X

Internal read signal '\

Read ! !
access | 1
Internal data bus : {  Readdata )
) Internal write signal A\ \/
Write !
access /

Internal data bus

\

>_

Write data
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Figure 2-17 On-Chip Memory Access Cycle
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Address bus Unchanged

AS High

RD High

FWR, TWR T

Data bus 3High-impedan(:e statei

Figure 2-18 Pin States during On-Chip Memory Access
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293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data bus is either 8 bits or 16 b
wide, depending on the particular internal 1/O register being accessed. Figure 2-19 shows the
access timing for the on-chip supporting modules. Figure 2-20 shows the pin states.

Bus cycle
: T1 : T2
e~

Internal address bus >< Address ><
Internal read signal N\ /

Read

access ! / \
Internal data bus : \ Read data >—
Internal write signal 3 \ 3/

Write | 1 ‘

access ! f 3
Internal data bus 1 < Write data >—

Figure 2-19 On-Chip Supporting Module Access Cycle
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Bus cycle

Address bus | Unchénged |
AS Hijgh
RD High
HWR, LWR High
Data bus High-impedance state

Figure 2-20 Pin States during On-Chip Supporting Module Access

294 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in a two-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refe
section 6, Bus Controller.
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Section 3 MCU Operating Modes

3.1 Overview

3.1.1 Operating Mode Selection

Except for the H8S/2240, all H8S/2245 Series products have seven operating modes (modes 1
7). The H8S/2240 has three operating modes (modes 1, 4, and 5). These modes enable selecti
the CPU operating mode, enabling/disabling of on-chip ROM, and the initial bus width setting, b
setting the mode pins (Mo MD,).

Table 3-1 lists the MCU operating modes.

Table 3-1 MCU Operating Mode Selection

MCU CPU External Data Bus

Operating Operating On-chip Initial Max.

Mode MD, MD, MD, Mode Description ROM Width Width

0 0 0 0 — — — —

1 1 Normal On-chip ROM disabled, Disabled 8 bits 16 bits
expanded mode

2* 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits
expanded mode

3* 1 Single-chip mode —

4 1 0 0 Advanced On-chip ROM disabled, Disabled 16 bits 16 bits
expanded mode

5 1 8 bits 16 bits

6* 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits

expanded mode

7* 1 Single-chip mode —
Note: * Cannot be used in the H8S/2240.

The CPU's architecture allows for 4 Ghytes of address space, but the H8S/2245 Series actually
accesses a maximum of 16 Mbytes.

Modes 1, 2, and 4 to 6 are externally expanded modes that allow access to external memory an
peripheral devices.

The external expansion modes allow switching between 8-bit and 16-bit bus modes. After progr
execution starts, an 8-bit or 16-bit address space can be set for each area, depending on the bt
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controller setting. If 16-bit access is selected for any one area, 16-bit bus mode is set; if 8-bit
access is selected for all areas, 8-bit bus mode is set.

Note that the functions of each pin depend on the operating mode.

The H8S/2245 Series can be used only in modes 1 to 7. This means that the mode pins must be
set to select one of these modes. Do not change the inputs at the mode pins during operation.

3.1.2 Register Configuration

The H8S/2245 Series has a mode control register (MDCR) that indicates the inputs at the mode
pins (MD, to MD,), and a system control register (SYSCR) that controls the operation of the
H8S/2245 Series. Table 3-2 summarizes these registers.

Table 3-2  Register Configuration

Name Abbreviation R/W Initial Value Address *
Mode control register MDCR R Undetermined H'FF3B
System control register SYSCR R/W H'01 H'FF39

Note: * Lower 16 bits of the address.
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3.2 Register Descriptions

3.2.1 Mode Control Register (MDCR)

Bit : 7 6 5 4 3 2 1 0
— — — — — MDS2 | MDS1 | MDSO

Initial value: 1 0 0 0 0 —* — —*

R/W : — — — — — R R R

Note: * Determined by pins MD, to MDy.

MDCR is an 8-bit read-only register that indicates the current operating mode of the H8S/2245
Series.

Bit 7—Reserved:Read-only bit, always read as 1.
Bits 6 to 3—ReservedRead-only bits, always read as 0.

Bits 2 to 0—Mode Select 2 to 0 (MDS2 to MDSOY.hese bits indicate the input levels at pins

MD, to MD, (the current operating mode). Bits MDS2 to MDSO correspond tg tllMD,,.

MDS2 to MDSO0 are read-only bits-they cannot be written to. The mode pin ttMdD,) input

levels are latched into these bits when MDCR is read. These latches are canceled by a power-
reset, but are retained after a manual reset.

3.2.2 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0
— — INTM1 | INTMO | NMIEG — — RAME

Initial value: 0 0 0 0 0 0 0 1

R/W : R/W — R/W R/W R/W — — R/W

SYSCR is an 8-bit readable/writable register that selects the interrupt control mode, the detecte
edge for NMI, and enable or disable the on-chip RAM.

SYSCR is initialized to H'01 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Reserved:This bit can be read or written, but does not affect operation.

Bit 6—Reserved:Read-only bit, always read as 0.
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Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM1, INTMO): These bits select the control
mode of the interrupt controller. For details of the interrupt control modes, see section 5.4.1,
Interrupt Control Modes and Interrupt Operation.

Bit 5 Bit 4 Interrupt

INTM1 INTMO Control Mode Description

0 0 0 Control of interrupts by | bit (Initial value)
1 1 Control of interrupts by | bit, U bit, and ICR

1 0 — Setting prohibited
1 — Setting prohibited

Bit 3—NMI Edge Select (NMIEG): Selects the valid edge of the NMI interrupt input.

Bit 3

NMIEG Description

0 An interrupt is requested at the falling edge of NMI input (Initial value)
1 An interrupt is requested at the rising edge of NMI input

Bits 2 and 1—ReservedRead-only bits, always read as 0.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized when the reset status is released. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

Note: When the DTC is used, the RAME bit should not be cleared to 0.
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3.3 Operating Mode Descriptions

3.3.1 Mode 1

The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is disabled
8-bit bus mode is set, immediately after a reset.

Ports B and C function as an address bus, port D functions as a data bus, and part of port F car
bus control signals. However, note that if 16-bit access is designated by the bus controller, the &
mode switches to 16 bits and port E becomes a data bus.

3.3.2 Mode 2

The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is enabled,
8-bit bus mode is set immediately after a reset.

Ports B and C function as input ports immediately after a reset. They can each be set to output
addresses by setting the corresponding bits in the data direction register (DDR) to 1. Port D
functions as a data bus, and part of port F carries bus control signals. However, note that if 16-k
access is designated by the bus controller, the bus mode switches to 16 bits and port E become
data bus.

The amount of on-chip ROM that can be used on the H8S/2246, H8S/2245, H8S/2244, and
H8S/2243 is limited to 56 kbytes.

Note: Mode 2 cannot be used in the H8S/2240.

3.3.3 Mode 3

The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is enabled,
external addresses cannot be accessed.

All I/O ports are available for use as input-output ports.

The amount of on-chip ROM that can be used on the H8S/2246, H8S/2245, H8S/2244, and
H8S/2243 is limited to 56 kbytes.

Note: Mode 3 cannot be used in the H8S/2240.
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3.34 Mode 4
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabl

Pins P1to P1, and ports A, B and C function as an address bus, ports D and E function as a datz
bus, and part of port F carries bus control signals. PigtoFA}, function as input ports

immediately after a reset. They can each be set to output address use by setting the correspondi
bits in the data direction register (DDR) to 1.

The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. However, note that if
8-bit access is designated by the bus controller for all areas, the bus mode switches to 8 bits.

3.3.5 Mode 5

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabl

Pins P4 to P4, and ports A, B and C function as an address bus, ports D functions as a data bus,
and part of port F carries bus control signals. Pindd®R1, function as input ports immediately

after a reset. They can each be set to output address use by setting the corresponding bits in the
data direction register (DDR) to 1.

The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. However, note that if at
least one area is designated for 16-bit access by the bus controller, the bus mode switches to 16
bits and port E becomes a data bus.

3.3.6 Mode 6
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enable

Pins P1to P1, and ports A, B and C function as input ports immediately after a reset. They can
each be set to output addresses by setting the corresponding bits in the data direction register
(DDR) to 1. Port D functions as a data bus, and part of port F carries bus control signals.

The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. However, note that if at
least one area is designated for 16-bit access by the bus controller, the bus mode switches to 16
bits and port E becomes a data bus.

Note: Mode 6 cannot be used in the H8S/2240.
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3.3.7 Mode 7

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enab

but external addresses cannot be accessed.
All I/O ports are available for use as input-output ports.

Note: Mode 7 cannot be used in the H8S/2240.

3.4 Pin Functions in Each Operating Mode

The pin functions of ports 1, and A to F vary depending on the operating mode.

their functions in each operating mode.

Table 3-3  Pin Functions in Each Mode

Table 3-3 show

Port Mode 1 Mode 2 ** Mode 3*> Mode 4 Mode 5 Mode 6 **> Mode 7*>

Port1 P1,toP1, P*YT P*YT P*YT P*YTIA  P*YTIA  P*YTIA  P*YT

Port A PA, to PA, P P P A A P*YA P

Port B A P*YA P A A P*/A P

Port C A P*/A P A A P*YA P

Port D D D P D D D P

Port E P**/D P**/D P P*'/D P**/D P*/D P

PortF PF, P/C** P/C*! P*'/C P/C** P/C*! P/C*! P*'/C
PF,toPF, C C P C C C P
PF, to PF, P*/C P*/C P*'/C P*!/C P**/C

Legend

P: 1/O port

T: Timer I/O

A: Address bus output

D: Data bus I/O

C: Control signals, clock I/O

Notes: 1. After reset
2. Cannot be used in the H8S/2240.
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3.5 Memory Map in Each Operating Mode

The H8S/2246, H8S/2245, H8S/2244, H8S/2243, H8S/2242, H8S/2241, and H8S/2240 memory
maps are shown in figures 3-1 to 3-7.

The address space is 64 kbytes in modes 1 to 3 (normal modes), and 16 Mbytes in modes 4 to 7
(advanced modes).

The on-chip ROM size is 128 kbytes in the H8S/2246 and H8S/2245, and 64 kbytes in the
H8S/2244 and H8S/2243, but only 56 kbytes are available in modes 2 and 3 (normal modes).

The on-chip ROM size in the H8S/2242 and H8S/2241 is 32 kbytes.

The address space is divided into eight areas for modes 4 to 6. For details, see section 6, Bus
Controller.
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(normal expanded mode
with on-chip ROM disabled)

H'0000

H'E400

H'FBFF
H'FC00
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 1

External address
space

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal 1/0O registers

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'DFFF
H'E000

H'E400

H'FBFF
H'FC00
H'FE3F

H'FFO8

HFF28
H'FFFF

Mode 2

On-chip ROM

External address
space

On-chip RAM*

External address
space

Internal 1/O registers

External address
space

Internal 1/O registers

Mode 3

(normal single-chip mode)

H'0000

H'DFFF

H'E400

H'FBFF

H'FE40
HFFO7

H'FF28
H'FFFF

On-chip ROM

On-chip RAM

‘ Internal I/0 registers‘

‘ Internal 1/0 registers‘

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3-1 H8S/2246 Memory Map in Each Operating Mode
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Mo

des4and 5

(advanced expanded modes
with on-chip ROM disabled)

H'000000

~
=

External address
space

H'FFDCO00

H'FFFBFF

On-chip RAM*3

H'FFFCO00
H'FFFE3F

External address
space

Internal 1/O registers

H'FFFFO8

External address
space

H'FFFF28
H'FFFFFF

Internal 1/O registers

((
)

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

H'000000

H'00FFFF
H'010000

H'O1FFFF

On-chip ROM

On-chip ROM/
external address
space*!

H'020000 |

(

I~
=

space

H'FFDCO00

H'FFFBFF

On-chip RAM*3

H'FFFCO00

External address
space

H'FFFE3F

Internal I/O registers

H'FFFFO8

External address
space

H'FFFF28
H'FFFFFF

Internal I/O registers

External address_| .

Mode 7

(advanced single-chip mode)

H'000000

H'00FFFF
H'010000

On-chip ROM

On-chip ROM/
reserved area*?

H'O1FFFF

H'FFDCO00

On-chip RAM

H'FFFBFF

H'FFFE40
H'FFFFO7

HFFFF28
HFFFFFF

‘ Internal 1/0 registers‘

‘ Internal I/O registers

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE
bit is cleared to 0, it is on-chip ROM.
2. This area is reserved when the EAE bit in BCRL is set to 1, and on-chip ROM when
the EAE bit is cleared to 0.
3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
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Figure 3-1 H8S/2246 Memory Map in Each Operating Mode (cont)
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(normal expanded mode
with on-chip ROM disabled)

H'0000

H'E400

H'EC00

HFBFF
H'FCO00
H'FE3F

H'FF08

H'FF28
H'FFFF

Mode 1

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal I/O registers

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'DFFF
H'E000

H'E400

H'ECO0

HFBFF
H'FC00
H'FE3F

H'FF08

HFF28
H'FFFF

Mode 2

On-chip ROM

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal 1/O registers

Mode 3
(normal single-chip mode)

H'0000

On-chip ROM
H'DFFF
H'EC00

On-chip RAM
H'FBFF
H'FE40 ‘ Internal /0 registers‘
H'FFO7
H'FF28 .
H'FEEFE ‘ Internal 1/0 reglsters‘

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3-2 H8S/2245 Memory Map in Each Operating Mode
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Modes 4 and 5

(advanced

expanded modes

with on-chip ROM disabled)

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

Mode 7

(advanced s

ingle-chip mode)

H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
External address
Space H'OOFFFF| | HOOFFFF | |
H'010000 H'010000
On-chip ROM/ On-chip ROM/
external address reserved area*?
space*l
H'01FFFF H'01FFFF
4 . H020000__External address_ .
N N T space N
HFFDCO0| peserved arear3 HFFDC00 Reserved area*3
H'FFECO00 i *3 H'FFECO00 . %3 H'FFECO00 i
H'EFFBEE On-chip RAM H'EFEBEE On-chip RAM S On-chip RAM
H'FFFCO0O0 | External address H'FFFCO00| External address
H'FFFE3F | SPace _ H'FFFE3F|Pace , HEEFE40 :
Internal I/O registers Internal I/O registers T ‘Internal 110 reglsters‘
H'FFFFO8 | External address H'FFFFO8| External address
space space
H'FFFF28 - H'FFFF28 : H'FFFF28 ‘ , ‘
Internal I/O registers
H'EEEEEE g H'EFFEER Internal I/O registers HEFFEER Internal I/O registers
Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE
bit is cleared to 0, it is on-chip ROM.
2. This area is reserved when the EAE bit in BCRL is set to 1, and on-chip ROM when
the EAE bit is cleared to 0.
3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
Figure 3-2 H8S/2245 Memory Map in Each Operating Mode (cont)
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(normal expanded mode
with on-chip ROM disabled)

H'0000

H'E400

H'FBFF
H'FC00
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 1

External address
space

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal 1/0O registers

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'DFFF
H'E000

H'E400

H'FBFF
H'FC00
H'FE3F

H'FFO8

HFF28
H'FFFF

Mode 2

On-chip ROM

External address
space

On-chip RAM*

External address
space

Internal 1/O registers

External address
space

Internal 1/O registers

Mode 3

(normal single-chip mode)

H'0000

H'DFFF

H'E400

H'FBFF

H'FE40
HFFO7

H'FF28
H'FFFF

On-chip ROM

On-chip RAM

‘ Internal I/0 registers‘

‘ Internal 1/0 registers‘

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3-3 H8S/2244 Memory Map in Each Operating Mode
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Mo

des 4 and 5

(advanced expanded modes
with on-chip ROM disabled)

H'000000

~
=

External address
space

H'FFDCO00

H'FFFBFF

On-chip RAM*2

H'FFFC00
H'FFFE3F

External address
space

Internal I/O registers

H'FFFFO8

External address
space

H'FFFF28
H'FFFFFF

Internal I/O registers

((
)

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

H'000000

H'00FFFF

On-chip ROM

H'010000

H'O1FFFF

External address
space/reserved
area*l

H'020000 |

I~
=

H'FFDCO00

H'FFFBFF

On-chip RAM*2

H'FFFC00
H'FFFE3F

External address
space

Internal I/0O registers

H'FFFFO8

External address
space

H'FFFF28
H'FFFFFF

Internal I/O registers

External address_|_.
T space N

Mode 7
(advanced single-chip mode)

H'000000

On-chip ROM
H'00FFFF
H'FFDCO00

On-chip RAM
H'FFFBFF
H'FFFE40 .
H'EFFE07 ‘Internal 110 reglsters‘
H'FFFF28 :
H'EEFEFE ‘ Internal /O registers ‘

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE

bit is cleared to O, it is reserved.
2. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
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(normal expanded mode
with on-chip ROM disabled)

H'0000

H'E400

H'ECO0

H'FBFF
H'FCO00
H'FE3F

H'FFO08

H'FF28
H'FFFF

Mode 1

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal 1/0O registers

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'DFFF
H'E000

H'E400

H'ECO0

H'FBFF
H'FC00
H'FE3F

H'FFO8

HFF28
H'FFFF

Mode 2

On-chip ROM

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal 1/O registers

External address
space

Internal 1/O registers

Mode 3
(normal single-chip mode)

H'0000

On-chip ROM
H'DFFF
H'ECO00

On-chip RAM
H'FBFF
HFE40 ‘ Internal I/O registers‘
H'FFO7
H'FF28 :
H'EEFE ‘ Internal 1/0 reglsters‘

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3-4 H8S/2243 Memory Map in Each Operating Mode

RENESAS

81




Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

Mode 6

(advanced

expanded mode

with on-chip ROM enabled)

Mode 7

(advanced single-chip mode)

H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
External address
space H'00FFFF H'00FFFF
H'010000
External address
space/reserved
area*l
H'01FFFF
L L H'OZOOOOVQExternaI address_L.
N N | space N
HFFDC00 Reserved area*2 HFFDCO0 Reserved area*?2
HFFECO0| . 2 H'FFEC00 . o H'FFEC00 o
H'EEFBEE On-chip RAM H'FEEBEE On-chip RAM H'EFFBEE On-chip RAM
H'EFFCO00 | External address H'EEFFCO00| External address
H'FFFE3F | -SPac€ , H'FFFE3F[-Pace , H'EEFE40 :
Internal 1/O registers Internal 1/O registers HEFEFO7 ‘Internal 110 reglsters‘
H'FFFFO08 | External address H'FFFFO8| External address
space space
H'FFFF28 i H'FFFF28 : H'FFFF28 :
Internal 1/O registers
H'EEFEEE g H'EFEEER Internal 1/O registers H'FFFFFF‘ImemaI 110 reglsters‘
Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE
bit is cleared to O, it is reserved.
2. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
Figure 3-4 H8S/2243 Memory Map in Each Operating Mode (cont)
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Mode 1 Mode 2
(normal expanded mode (normal expanded mode
with on-chip ROM disabled) with on-chip ROM enabled)

Mode 3
(normal single-chip mode)

H'0000 H'0000 H'0000
On-chip ROM On-chip ROM
H'7FFF H'7FFF
External address H'8000
space

Reserved area

H'DFFF
H'EOQO | External address
space
H'E400 H'E400 H'E400
On-chip RAM* On-chip RAM* On-chip RAM

H'FBFF H'FBFF H'FBFF
H'FCOO0 | External address H'FCO00 | External address
H'FE3F | SPace - H'FE3F [->Pace - H'FE40 )

Internal I/O registers Internal I/O registers H'EFO7 ‘Internal 110 reglsters‘
H'FFO8 | External address H'FFO8 | External address

space space
H'FF28 - H'FF28 . H'FF28 .

Internal 1/O registers ‘ ‘
H'FEEF g HEEEF Internal I/O registers HFEEF Internal I/O registers

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3-5 H8S/2242 Memory Map in Each Operating Mode

83
RENESAS




H'000000

H'FFDCO00

H'FFFBFF
H'FFFC00
H'FFFE3F | -SPac€ ,

Internal 1/O registers

H'FFFFO8

H'FFFF28
HFFFFFF

Modes 4 and 5

(advanced expanded modes
with on-chip ROM disabled)

External address
space

~
<

((

On-chip RAM*2

External address

External address
space

Internal I/O registers

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

H'000000

H'007FFF

On-chip ROM

H'008000

H'00FFFF

Reserved area

H'010000

H'O1FFFF

H'020000 |

H'FFFBFF
H'FFFC00
HFFFE3F
H'FFFFO8
HFFFF28

External address
space/reserved
area*l

On-chip RAM*2

External address
space

Internal 1/O registers

External address
space

:External addressvﬁ
T space N
H'FFDCO00

HFFFFFF

bit is cleared to O, it is reserved.
2. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Internal I/O registers

Mode 7
(advanced single-chip mode)

H'000000

On-chip ROM
H'007FFF
H'FFDCO00

On-chip RAM
H'FFFBFF
H'FFFE40 ,
H'EFEFO7 ‘Internal I/0 reglsters‘
H'FFFF28 :
H'EFEEEE ‘ Internal /0 registers ‘

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE

Figure 3-5 H8S/2242 Memory Map in Each Operating Mode (cont)
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Mode 1 Mode 2 Mode 3
(normal expanded mode (normal expanded mode

with on-chip ROM disabled) ~ with on-chip ROM enabled) (normal single-chip mode)

H'0000 H'0000 H'0000
On-chip ROM On-chip ROM
H'7FFF H'7FFF
External address H'8000
space

Reserved area

H'DFFF
H'EOOO | External address
space
' H'E400
H'E400 Reserved area* Reserved area*
H'ECO00 H'ECO00 H'ECO00
On-chip RAM* On-chip RAM* On-chip RAM
H'FBFF H'FBFF H'FBFF
H'FCO0O0 | External address H'FCO0 | External address
H'FE3F | SPace - H'FE3F [->Pace - H'FE40 )
Internal I/O registers Internal I/O registers H'EFO7 ‘Internal 110 reglsters‘
H'FFO8 | External address H'FFO8 | External address
space space
H'FF28 ) H'FF28 . H'FF28 .
Internal I/O registers ‘ ‘
HEFEE g HFEEF Internal I/O registers H'FEEF Internal I/O registers

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3-6 H8S/2241 Memory Map in Each Operating Mode
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H'000000

H'FFDCO00

H'FFECO00

H'FFFBFF
H'FFFCO0O | External address

H'FFFE3F
H'FFFF08 | External address

H'FFFF28 |1nternal 1/0 registers
H'FFFFFF

Notes: 1.

Modes 4 and 5

(advanced expanded modes
with on-chip ROM disabled)

External address
space

~
<

~
<

Reserved area*?

On-chip RAM*2

space

Internal 1/O registers

space

Mode 6
(advanced expanded mode
with on-chip ROM enabled)

H'000000

On-chip ROM

H'007FFF
H'008000

Reserved area

H'00FFFF
H'010000

External address
space/reserved
area*1

H'O1FFFF

H'020000_|_External addressvﬁ

T space
H'FFDCO00

Reserved area*?

H'FFEC00 . o
H'EFEBFF On-chip RAM

H'FFFCO00| External address

H'FFFE3F[-Pace ,
Internal 1/O registers

H'FFFF08| External address

space
H'FFFF28 .
H'FEEFFE Internal I/O registers

bit is cleared to O, it is reserved.
2. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Mode 7
(advanced single-chip mode)

H'000000
On-chip ROM
H'007FFF
H'FFEC00 .
~chip RAM
e

H'FFFE40 ‘ . ‘
H'EFFFO7 Internal I/O registers

H'FFFF28

H'EFFFEE ‘ Internal 1/O registers

When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE

Figure 3-6 H8S/2241 Memory Map in Each Operating Mode (cont)
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Mode 1 Modes 4 and 5

(normal expanded mode (advanced expanded modes
with on-chip ROM disabled) with on-chip ROM disabled)
H'0000 H'000000
External address
space External address
space
H'E400 Reserved area* == ==
H'ECO00 H'FFDCO00
On-chip RAM* Reserved area*
n-chi
P H'FFEC00 On-chip RAM*
H'FBFF H'FFFBFF P
H'ECO00 | External address H'FFFCO00 | External address
H'FE3F P2 : H'FFFE3F [ SPace :
Internal 1/O registers Internal 1/O registers
H'FFO8 | External address H'FFFFO08 | External address
' space . space
H'FF28 [\ nternal 110 registers HFFFF28 | 1hiemal 110 registers
H'FFFF H'FFFFFF

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3-7 H8S/2240 Memory Map in Each Operating Mode (Modes 1, 4, and 5 Only)
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Section 4 Exception Handling

4.1 Overview

411 Exception Handling Types and Priority

As table 4-1 indicates, exception handling may be caused by a reset, trap instruction, or interrug
Exception handling is prioritized as shown in table 4-1. If two or more exceptions occur
simultaneously, they are accepted and processed in order of priority. Trap instruction exceptior
are accepted at all times, in the program execution state. See appendix D.1, Port States in Eact
Mode.

Exception handling sources, the stack structure, and the operation of the CPU vary depending ¢
the interrupt control mode set by the INTMO and INTM1 bits of SYSCR.

Table 4-1  Exception Handling Types and Priority

Priority Exception Handling Type Start of Exception Handling

High Reset Starts immediately after a low-to-high transition at the
RES pin, or when the watchdog timer overflows.

Interrupt Starts when execution of the current instruction or
exception handling ends, if an interrupt request has
been issued**

Trap instruction (TRAPA)*? Started by execution of a trap instruction (TRAPA)
Low

Notes: 1. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

2. Trap instruction exception handling requests are accepted at all times in program
execution state.

4.1.2 Exception Handling Operation

Exceptions originate from various sources. Trap instructions and interrupts are handled as
follows:

1. The program counter (PC) and condition code register (CCR) are pushed onto the stack.
2. The interrupt mask bits are updated.

3. A vector address corresponding to the exception source is generated, and program executio
starts from that address.

For a reset exception, steps 2 and 3 above are carried out.

89
RENESAS



4.1.3 Exception Sources and Vector Table

The exception sources are classified as shown in figure 4-1. Different vector addresses are
assigned to different exception sources.

Table 4-2 lists the exception sources and their vector addresses.

Power-on reset
Reset

Manual reset

Exception External interrupts: NMI, IRQ7 to IRQO

Interrupts . . .
sources P Internal interrupts: 34 interrupt sources in

on-chip supporting modules

Trap instruction

Figure 4-1 Exception Sources

In modes 6 and 7, the on-chip ROM available for use on the H8S/2246 and H8S/2245 after a
power-on reset is the 64-kbyte area comprising addresses H'000000 to H'OOFFFF. Care is requir
when setting vector addresses. In this case, clearing the EAE bit in BCRL enables the 128-kbyte
area comprising addresses H'000000 to H'01FFFF to be used for the on-chip ROM.
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Table 4-2

Exception Source

Exception Vector Table

Vector Number

Vector Address **

Normal Mode

Advanced Mode

Power-on reset

0

H'0000 to H'0001

H'0000 to H'0003

Manual reset

H'0002 to H'0003

H'0004 to H'0007

Reserved for system use

H'0004 to H'0006

H'0008 to H'000B

H'0006 to H'0007

H'000C to H'000F

H'0008 to H'0009

H'0010 to H'0013

H'000A to H'000B

H'0014 to H'0017

H'000C to H'000D

H'0018 to H'001B

External interrupt

NMI

H'000E to H'000F

H'001C to H'001F

Trap instruction (4 sources)

H'0010 to H'0011

H'0020 to H'0023

© | 00| N O | WIN|F

H'0012 to H'0013

H'0024 to H'0027

[EnY
o

H'0014 to H'0015

H'0028 to H'002B

[EEN
[ERN

H'0016 to H'0017

H'002C to H'002F

Reserved for system use

[EnY
N

H'0018 to H'0019

H'0030 to H'0033

[EnY
w

H'001A to H'001B

H'0034 to H'0037

[y
N

H'001C to H'001D

H'0038 to H'003B

[EnY
a1

H'0O01E to H'001F

H'003C to H'003F

External interrupt

IRQO

[EnY
(o2}

H'0020 to H'0021

H'0040 to H'0043

IRQ1

[EEY
~

H'0022 to H'0023

H'0044 to H'0047

IRQ2

[EnY
o

H'0024 to H'0025

H'0048 to H'004B

IRQ3

[EnY
©

H'0026 to H'0027

H'004C to H'004F

IRQ4

N
o

H'0028 to H'0029

H'0050 to H'0053

IRQ5

N
=

H'002A to H'002B

H'0054 to H'0057

IRQ6

N
N

H'002C to H'002D

H'0058 to H'005B

IRQ7

N
w

H'002E to H'002F

H'005C to H'005F

Internal interrupt*?

24
t
91

H'0030 to H'0031
g
H'00B6 to H'00B7

H'0060 to H'0063
a
H'016C to H'016F

Notes: 1. Lower 16 bits of the address.

2. For details of internal interrupt vectors, see section 5.3.3, Interrupt Exception Handling
Vector Table.
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4.2 Reset

4.2.1 Overview
A reset has the highest exception priority.

When theRES pin goes low, all processing halts and the H8S/2245 Series enters the reset state.
reset initializes the internal state of the CPU and the registers of on-chip supporting modules.
Immediately after a reset, interrupt control mode 0 is set.

Reset exception handling begins whenRIES pin changes from low to high.

The level of the NMI pin at reset determines whether the type of reset is a power-on reset or a
manual reset.

The H8S/2245 Series can also be reset by overflow of the watchdog timer. For details see sectio
11, Watchdog Timer.

4.2.2 Reset Types

A reset can be of either of two types: a power-on reset or a manual reset. Reset types are shown
table 4-3.

The internal state of the CPU is initialized by either type of reset. A power-on reset also initializes
all the registers in the on-chip peripheral modules, while a manual reset initializes all the register:
in the on-chip supporting modules except for the bus controller and I/O ports, which retain their
previous states.

With a manual reset, since the on-chip supporting modules are initialized, ports used as on-chip
supporting module I/O pins are switched to 1/O ports controlled by DDR and DR.

Table 4-3 Reset Types

Reset Transition

Conditions Internal State
Type NMI RES CPU On-Chip Supporting Modules
Power-on reset High Low Initialized Initialized
Manual reset Low Low Initialized Initialized, except for bus controller

and I/O ports

A reset caused by the watchdog timer can also be of either of two types: a power-on reset or a
manual reset.
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4.2.3 Reset Sequence
The H8S/2245 Series enters the reset state whRBHi@in goes low.

To ensure that the H8S/2245 Series is reset, holRERepin low for at least 20 ms at power-up.
To reset the H8S/2245 Series during operation, hol&B$epin low for at least 20 states. See
appendix D.1, Port States in Each Mode.

When theRES pin goes high after being held low for the necessary time, the H8S/2245 Series
starts reset exception handling as follows:

1. The internal state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bit is setto 1 in CCR.

2. The reset exception handling vector address is read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 4-2 and 4-3 show examples of the reset sequence.

Vector Internal Fetch of first program
fetch  processing instruction

N

s

Internal )
address bus >< (1)

Internal read

signal ‘
Internal write ; ; - 1 1
signal | . High | |
() (@) |
Internal data { (2) :, { (4) ) D—

bus

(1) Reset exception handling vector address ((1) = H'0000)

(2) Start address (contents of reset exception handling vector address)
(3) Start address ((3) = (2))

(4) First program instruction

Figure 4-2 Reset Sequence (Modes 2 and 3)
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Internal Fetch of first

Vector fetch processing program instruction

Address bus & >< ®) X 6 X:
N
T
. - (@ (®

(1) (3) Reset exception handling vector address ((1) = H'000000, (3) = H'000002)
(2) (4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Note: * 3 program wait states are inserted.

Figure 4-3 Reset Sequence (Mode 4)

424 Interrupts after Reset

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt request
including NMI, are disabled immediately after a reset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).

4.2.5 State of On-Chip Supporting Modules after Reset Release

After reset release, MSTPCR is initialized to H'3FFF and all modules except the DTC enter
module stop mode. Consequently, on-chip supporting module registers cannot be read or written
to. Register reading and writing is enabled when module stop mode is exited.
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4.3 Interrupts

Interrupt exception handling can be requested by nine external sources (NMI, IRQ7 to IRQO) an
34 internal sources in the on-chip supporting modules. Figure 4-4 classifies the interrupt source:
and the number of interrupts of each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
16-bit timer-pulse unit (TPU), 8-bit timer, serial communication interface (SCI), data transfer
controller (DTC), and A/D converter. Each interrupt source has a separate vector address.

NMI is the highest-priority interrupt. Interrupts are controlled by the interrupt controller. The
interrupt controller has two interrupt control modes and can assign interrupts other than NMI to
three priority/mask levels to enable multiplexed interrupt control.

For details of interrupts, see section 5, Interrupt Controller.

External NMI (1)
interrupts IRQ7 to IRQO (8)

Interrupts
WDT* (1)
TPU (13)
Internal 8-bit timer (6)
interrupts SCI (12)
DTC (1)

A/D converter (1)

Notes: Numbers in parentheses are the numbers of interrupt sources.

* When the watchdog timer is used as an interval timer, it generates
an interrupt request at each counter overflow.

Figure 4-4 Interrupt Sources and Number of Interrupts
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4.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instructior
exception handling can be executed at all times in the program execution state.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vectc
number from 0 to 3, as specified in the instruction code.

Table 4-4 shows the status of CCR after execution of trap instruction exception handling.

Table 4-4  Status of CCR after Trap Instruction Exception Handling

CCR
Interrupt Control Mode I ul
0 1 —
1 1 1
Legend
1: Settol

—: Retains value prior to execution.
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4.5 Stack Status after Exception Handling

Figure 4-5 shows the stack after completion of trap instruction exception handling and interrupt

exception handling.

SP —»

(16 bits)

\_/—\

Note: * Ignored on return.

Figure 4-5 (1) Stack Status after Exception Handling (Normal Modes)

SP —m»

CCR

,,,,,,,,,, PC P

\_/—\

Figure 4-5 (2) Stack Status after Exception Handling (Advanced Modes)

RENESAS




4.6 Notes on Use of the Stack

When accessing word data or longword data, the H8S/2245 Series assumes that the lowest add!
bit is 0. The stack should always be accessed by word transfer instruction or longword transfer
instruction, and the value of the stack pointer (SP, ER7) should always be kept even. Use the
following instructions to save registers:

PUSHW Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

POPW Rn (or MOV.W @SP+, Rn)
POP.L ERn (or MOV.L @SP+, ERn)

Setting SP to an odd value may lead to a malfunction. Figure 4-6 shows an example of what
happens when the SP value is odd.

CCR SP-» R1L H'FFFEFA
SP —»- H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
sP»| 1 | 1 [ ]
fffffffffffffffffffffffffffffffffffffffffffffffffff H'FFFEFF

TRAPA instruction executed MOV.B R1L, @-ER7
—_— B —

SP set to HFFFEFF  Data saved above SP Contents of CCR lost

Legend CCR: Condition code register
PC: Program counter
R1L: General register R1L
SP: Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode
is 0, in advanced mode.

Figure 4-6 Operation when SP Value is Odd
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Section 5 Interrupt Controller

51 Overview

5.1.1 Features

The H8S/2245 Series controls interrupts by means of an interrupt controller. The interrupt
controller has the following features:

Two interrupt control modes

O Either of two interrupt control modes can be set by means of the INTM1 and INTMO bits il
the system control register (SYSCR).

Priorities settable with ICR

O An interrupt control register (ICR) is provided for setting interrupt priorities. Three priority
levels can be set for each module for all interrupts except NMI.

Independent vector addresses

O All interrupt sources are assigned independent vector addresses, making it unnecessary
the source to be identified in the interrupt handling routine.

Nine external interrupts

O NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or falling
edge can be selected for NMI.

O Falling edge, rising edge, or both edge detection, or level sensing, can be selected for IR
to IRQO.

DTC control
0 DTC activation is performed by means of interrupts.
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51.2

A block diagram of the interrupt controller is shown in Figure 5-1.

Block Diagram

| INTM1 INTMO

SYSCR|
NMIEG ‘ L

NMI input =  NMI input unit - Interrupt
request

IRQ input ——— IRQ input unit  —— Vector

ISR
number
ISCR ﬁ Priority
determination

I, Ul

Internal interrupt

CPU

| CCR

ICR

request
WOVI to TEI
Interrupt controller

Legend

ISCR :IRQ sense control register
IER . IRQ enable register

ISR . IRQ status register

ICR . Interrupt control register

SYSCR : System control register
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5.1.3 Pin Configuration

Table 5-1 summarizes the pins of the interrupt controller.

Table 5-1  Interrupt Controller Pins

Name Symbol /0

Function

Nonmaskable interrupt ~ NMI

Input

Nonmaskable external interrupt; rising or

falling edge can be selected

External interrupt
requests 7to 0

IRQ7 to IRQO Input

Maskable external interrupts; rising, falling, or
both edges, or level sensing, can be selected

5.14 Register Configuration

Table 5-2 summarizes the registers of the interrupt controller.

Table 5-2  Interrupt Controller Registers

Name Abbreviation R/IW Initial Value Address  **
System control register SYSCR R/W H'01 H'FF39
IRQ sense control register H ISCRH R/W H'00 H'FF2C
IRQ sense control register L ISCRL R/W H'00 H'FF2D
IRQ enable register IER R/W H'00 H'FF2E
IRQ status register ISR R/(W)*? H'00 H'FF2F
Interrupt control register A ICRA R/W H'00 H'FECO
Interrupt control register B ICRB R/W H'00 H'FEC1
Interrupt control register C ICRC R/W H'00 H'FEC2

Notes: 1. Lower 16 bits of the address.
2. Can only be written with 0 for flag clearing.
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5.2 Register Descriptions

5.2.1 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0
— — INTM1 | INTMO | NMIEG — — RAME

Initial value: 0 0 0 0 0 0 0 1

R/W : R/W — R/W R/W R/W — — R/W

SYSCR is an 8-bit readable/writable register that selects the interrupt control mode, and the
detected edge for NMI.

Only bits 5 to 3 are described here; for details of the other bits, see section 3.2.2, System Contro
Register (SYSCR).

SYSCR is initialized to H'01 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 5 and 4—Interrupt Control Mode 1 and O (INTM1, INTMO): These bits select one of two
interrupt control modes for the interrupt controller.

Bit 5 Bit 4

Interrupt
INTM1 INTMO Control Mode  Description
0 0 0 Interrupts are controlled by | bit (Initial value)
1 1 Interrupts are controlled by | and Ul bits and ICR
1 0 — Setting prohibited
1 — Setting prohibited

Bit 3—NMI Edge Select (NMIEG): Selects the input edge for the NMI pin.

Bit 3

NMIEG Description

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input
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5.2.2 Interrupt Control Registers A to C (ICRA to ICRC)

Bit : 7 6 5 4 3 2 1 0
ICR7 ICR6 ICRS ICR4 ICR3 ICR2 ICR1 ICRO

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The ICR registers are three 8-bit readable/writable registers that set the interrupt control level fo
interrupts other than NMI.

The correspondence between ICR settings and interrupt sources is shown in table 5-3.
The ICR registers are initialized to H'00 by a reset and in hardware standby mode.

Bit n—Interrupt Control Level (ICRn):

Bit n
ICRn Description
0 The corresponding interrupt requests have priority level O (low priority)  (Initial value)
1 The corresponding interrupt requests have priority level 1 (high priority)
(n=71t00)
Table 5-3  Correspondence between Interrupt Sources and ICR Settings
Bits
Register 7 6 5 4 3 2 1 0
ICRA IRQO IRQ1 IRQ2 IRQ4 IRQ6 DTC Watchdog —
IRQ3 IRQ5 IRQ7 timer
ICRB — A/D TPU TPU TPU — — —
converter channel 0 channel 1 channel 2
ICRC 8-bit timer 8-bit timer — SCI SCI SCI — —
channel 0 channel 1 channel 0 channel 1 channel 2
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5.2.3 IRQ Enable Register (IER)

Bit : 7 6 5 4 3 2 1 0
IRQ7E | IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQLE | IRQOE

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ7 to IRQO.

IER is initialized to H'00 by a reset and in hardware standby mode.

Bits 7 to 0—IRQ7 to IRQO Enable (IRQ7E to IRQOE): These bits select whether IRQ7 to
IRQO are enabled or disabled.

Bitn
IRQNE Description

0 IRQn interrupts disabled (Initial value)

1 IRQn interrupts enabled

(n=7100)

5.24 IRQ Sense Control Registers H and L (ISCRH, ISCRL)

ISCRH
Bit : 15 14 13 12 11 10 9 8
IRQ7SCB | IRQ7SCA| IRQ6SCB | IRQ6SCA | IRQ5SCB | IRQ5SCA | IRQ4SCB | IRQ4SCA
Initial value: 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
ISCRL
Bit : 7 6 5 4 3 2 1 0
IRQ3SCB | IRQ3SCA| IRQ2SCB | IRQ2SCA | IRQ1SCB | IRQ1SCA | IRQOSCB | IRQOSCA
Initial value: 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The ISCR registers are 16-bit readable/writable registers that select rising edge, falling edge, or
both edge detection, or level sensing, for the input atIRiQ3 to IRQO.

The ISCR registers are initialized to H'0000 by a reset and in hardware standby mode.
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Bits 15 to 0: IRQ7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to IRQ0 Sense Control A and
B (IRQOSCA, IRQOSCB)

Bits 15t0 0
IRQ7SCBto  IRQ7SCA to
IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ7 to IRQO input low level
(initial value)
Interrupt request generated at falling edge of IRQ7 to IRQO input
1 0 Interrupt request generated at rising edge of IRQ7 to IRQO input

Interrupt request generated at both falling and rising edges of
IRQ7 to IRQO input

5.25 IRQ Status Register (ISR)

Bit : 7 6 5 4 3 2 1 0
IRQ7F | IRQ6F | IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQIF | IRQOF

Initial value: 0 0 0 0 0 0 0 0

RIW © O RIWY*  RIAW)*  RIW)*  RIW)*  RIW)*  RIW)*  RIW)* RIW)*

Note: * Only 0 can be written, to clear the flag.

ISR is an 8-bit readable/writable register that indicates the status of IRQ7 to IRQO interrupt
requests.

ISR is initialized to H'00 by a reset and in hardware standby mode.
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Bits 7 to 0—IRQ; to IRQ, flags (IRQ7F to IRQOF): These bits indicate the status of IRQ7 to
IRQO interrupt requests.

Bitn
IRQnF  Description

0 [Clearing conditions] (Initial value)
e Cleared by reading IRQnF flag when IRQnF = 1, then writing 0 to IRQnF flag

* When IRQn interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high

* When IRQn interrupt exception handling is executed when falling, rising, or both-edge
detection is set (IRQNSCB =1 or IRQNSCA = 1)

¢« When DTC is activated by IRQn interrupt while DISEL bit of MRB in DTC is 0.

1 [Setting conditions]

+  When IRQn input goes low when low-level detection is set (IRQNSCB = IRQNSCA =
0)

« When a falling edge occurs in IRQn input when falling edge detection is set
(IRQNSCB =0, IRQNSCA = 1)

«  When arising edge occurs in IRQn input when rising edge detection is set
(IRQNSCB =1, IRQNSCA = 0)

» When a falling or rising edge occurs in TRQn input when both-edge detection is set
(IRQNSCB = IRQNSCA = 1)

(n=71t00)
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5.3 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ7 to IRQO) and internal interrupts (3
sources).

531 External Interrupts

There are nine external interrupts: NMI and IRQ7 to IRQO. Of these, NMI and IRQ2 to IRQO car
be used to restore the H8S/2245 Series from software standby mode.

NMI Interrupt:  NMI is the highest-priority interrupt, and is always accepted by the CPU
regardless of the status of the CPU interrupt mask bits. The NMIEG bit in SYSCR can be used t
select whether an interrupt is requested at a rising edge or a falling edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.

IRQ7 to IRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal at pins
IRQ7 to IRQO. Interrupts IRQ7 to IRQO have the following features:

* Using ISCR, it is possible to select whether an interrupt is generated by a low level, falling
edge, rising edge, or both edges, at pR137 to IRQO.

» Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with IER.

» The interrupt control level can be set with ICR.

» The status of interrupt requests IRQ7 to IRQO is indicated in ISR. ISR flags can be cleared t
0 by software.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5-2.

IRQNE

IRQNSCA, IRQNSCB
¢ IRQNF

IRQn interrupt
Edge/level }
O|D detection circuit 1S Q request

IRQninput R

Clear signal

Note: n: 7to 0

Figure 5-2 Block Diagram of Interrupts IRQ7 to IRQO
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Figure 5-3 shows the timing of setting IRQnF.

IRQn
input pin

IRQNF |

Figure 5-3 Timing of Setting IRQnF
The vector numbers for IRQ7 to IRQO interrupt exception handling are 23 to 16.

Detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been set
input or output. However, when a pin is used as an external interrupt input pin, do not clear the
corresponding DDR to 0 and use the pin as an I/O pin for another function. Interrupt request flag:
IRQ7 to IRQO are set when the setting condition is met, regardless of the IER setting, and
therefore only the necessary flags should be checked.

5.3.2 Internal Interrupts
There are 34 sources for internal interrupts from on-chip supporting modules.

» For each on-chip supporting module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If any one of these is set t
1, an interrupt request is issued to the interrupt controller.

« The interrupt control level can be set by means of ICR.

« The DTC can be activated by a TPU, 8-bit timer, SCI, or other interrupt request. When the
DTC is activated by an interrupt, it is not affected by the interrupt control mode and interrupt
mask bits.

5.3.3 Interrupt Exception Handling Vector Table

Table 5-4 shows interrupt exception handling sources, vector addresses, and interrupt priorities.
For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of the ICR. The situation when two or more
modules are set to the same priority, and priorities within a module, are fixed as shown in table
5-4.
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Table 5-4  Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector Address *

Origin of
Interrupt Vector Normal Advanced
Interrupt Source Source Number  Mode Mode ICR Priority
NMI External 7 H'000E H'001C High
IRQO pin 16 H'0020  H'0040 icra7 A
IRQ1 17 H'0022 H'0044 ICRA6
IRQ2 18 H'0024 H'0048 ICRA5
IRQ3 19 H'0026 H'004C
IRQ4 20 H'0028 H'0050 ICRA4
IRQ5 21 H'002A H'0054
IRQ6 22 H'002C  H'0058 ICRA3
IRQ7 23 H'002E H'005C
SWDTEND (software DTC 24 H'0030 H'0060 ICRA2
activation interrupt end)
WOVI (interval timer) Watchdog 25 H'0032 H'0064 ICRAL
timer
Reserved — 26 H'0034 H'0068 ICRAO
— 27 H'0036 H'006C ICRB7
ADI (A/D conversion end) A/D 28 H'0038 H'0070 ICRB6
Reserved — 29 H'003A H'0074
30 H'003C H'0078
31 H'003E H'007C
TGIOA (TGROA input TPU 32 H'0040 H'0080 ICRB5
capture/compare match) channel 0
TGIOB (TGROB input 33 H'0042 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0044 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'0046 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0048 H'0090
Reserved — 37 H'004A H'0094
38 H'004C  H'0098
39 H'004E H'009C Low
Note: * Lower 16 bits of the start address.
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Table 5-4  Interrupt Sources, Vector Addresses, and Interrupt Priorities (cont)

Vector Address *

Origin of
Interrupt Vector Normal Advanced
Interrupt Source Source Number  Mode Mode ICR Priority
TGI1A (TGR1A input TPU 40 H'0050 H'00A0 ICRB4 High
capture/compare match) channel 1 A
TGI1B (TGR1B input 41 H'0052 H'00A4
capture/compare match)
TCI1V (overflow 1) 42 H'0054 H'00A8
TCI1U (underflow 1) 43 H'0056 H'00AC
TGI2A (TGR2A input TPU 44 H'0058 H'00BO ICRB3
capture/compare match) channel 2
TGI2B (TGR2B input 45 H'O05A  H'00B4
capture/compare match)
TCI2V (overflow 2) 46 H'005C  H'00B8
TCI2U (underflow 2) 47 H'005E H'00BC
Reserved — 48 H'0060 H'00CO ICRB2
49 H'0062 H'00C4
50 H'0064 H'00C8
51 H'0066 H'00CC
52 H'0068 H'00D0
53 H'0O06A  H'00D4
54 H'006C  H'00D8
55 H'006E H'00DC
— 56 H'0070 H'00EO ICRB1
57 H'0072 H'00E4
58 H'0074 H'00E8
59 H'0076 H'00EC
— 60 H'0078 H'00FO0 ICRBO
61 H'007A  H'O0F4
62 H'007C  H'OOF8
63 H'007E H'00FC Low

Note: * Lower 16 bits of the start address.
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Table 5-4  Interrupt Sources, Vector Addresses, and Interrupt Priorities (cont)

Vector Address *

Origin of
Interrupt Vector Normal Advanced

Interrupt Source Source Number  Mode Mode ICR Priority
CMIAO (compare match A)  8-bittimer 64 H'0080 H'0100 ICRC7 High
CMIBO (compare match B)  channel0 g5 H0082  H'0104 A
OVIO0 (overflow 0) 66 H'0084 H'0108
Reserved — 67 H'0086 H'010C
CMIAL (compare match A)  8-bittimer 68 H'0088 H'0110 ICRC6
CMIBL1 (compare match B) channell — gq HO08A  HO0114
OVI1 (overflow 1) 70 H'008C  H'0118
Reserved — 71 H'008E H'011C
Reserved — 72 H'0090 H'0120 ICRC5

73 H'0092 H'0124

74 H'0094 H'0128

75 H'0096 H'012C

76 H'0098 H'0130

7 H'009A H'0134

78 H'009C  H'0138

79 H'009E  H'013C
ERIO (receive error 0) SCI 80 H'00A0 H'0140 ICRC4
RXIO (reception completed 0) €hannel0 g4 H'00A2  H'0144
TXIO (transmit data empty 0) 82 H'00A4 H'0148
TEIO (transmission end 0) 83 H'00A6 H'014C
ERI1 (receive error 1) SCI 84 H'00A8 H'0150 ICRC3
RXI1 (reception completed 1) channel 1 gg H'00AA  H'0154
TXI1 (transmit data empty 1) 86 H'0O0AC  H'0158
TEIL (transmission end 1) 87 H'O0AE  H'015C
ERI2 (receive error 2) SCI 88 H'00BO H'0160 ICRC2
RXI2 (reception completed 2) hannel 2 gq HO0B2  H0164
TXI2 (transmit data empty 2) 90 H'00B4  H'0168
TEI2 (transmission end 2) 91 H'00B6 H'016C Low
Note: * Lower 16 bits of the start address.
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5.4 Interrupt Operation

54.1 Interrupt Control Modes and Interrupt Operation
Interrupt operations in the H8S/2245 Series differ depending on the interrupt control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby state
the case of IRQ interrupts and on-chip supporting module interrupts, an enable bit is provided for
each interrupt. Clearing an enable bit to 0 disables the corresponding interrupt request. Interrupt
sources for which the enable bits are set to 1 are controlled by the interrupt controller.

Table 5-5 shows the interrupt control modes.

The interrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bits in SYSCR, the priorities set in ICR, and the masking state indicated
by the | and Ul bits in the CPU’s CCR.

Table 5-5 Interrupt Control Modes

Interrupt SYSCR Priority Interrupt
Control Mode INTM1 INTMO Setting Registers Mask Bits Description

0 0 0 ICR I Interrupt mask control is
performed by the | bit.
Priority can be set with ICR.

1 1 ICR I, Ul 3-level interrupt mask control
is performed by the | and Ul
bits.

Priority can be set with ICR.
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Figure 5-4 shows a block diagram of the priority decision circuit.

| Ul
ICR
Interrupt acceptance i
Interrupt — control and 3 5;3.%%%? Vector
source  ——"3level mask control number

Interrupt control modes
Oand 1

Figure 5-4 Block Diagram of Interrupt Control Operation
(1) Interrupt Acceptance Control and 3-Level Control

Interrupt acceptance control and 3-level mask control is performed by means of the | and Ul bits
in CCR, and ICR (control level).

Table 5-6 shows the interrupts selected in each interrupt control mode.
Table 5-6  Interrupts Selected in Each Interrupt Control Mode

Interrupt Mask Bits

Interrupt Control Mode I ul Selected Interrupts

0 0 * All interrupts (control level 1 has priority)
1 * NMI interrupts

1 0 * All interrupts (control level 1 has priority)
1 0 NMI and control level 1 interrupts

NMI interrupts

Legend
* . Don't care
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(2) Default Priority Determination
When an interrupt is selected its priority is determined and a vector number is generated.

If the same value is set for ICR, acceptance of multiple interrupts is enabled, and so only the
interrupt source with the highest priority according to the table 5-7 and has a vector number
generated.

Interrupt sources with a lower priority than the accepted interrupt source are held pending.
Table 5-7 shows operations and control signal functions in each interrupt control mode.
Table 5-7  Operations and Control Signal Functions in Each Interrupt Control Mode

Interrupt Acceptance

Interrupt Control Setting Control 3-Level Control Default Priority
Mode INTM1 INTMO | ul ICR Determination
0 0 0 O IM — PR O

1 1 O IM IM PR O

Legend
O : Interrupt operation control performed
IM : Used as interrupt mask bit

PR : Sets priority.
— : Not used.
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5.4.2 Interrupt Control Mode O

Enabling and disabling of IRQ interrupts and on-chip supporting module interrupts can be set by
means of the | bit in the CPU’s CCR, and ICR. Interrupts are enabled when the | bit is cleared tc
and disabled when set to 1. Control level 1 interrupt sources have higher priority.

Figure 5-5 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interr
reguest is sent to the interrupt controller.

[2] When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt request
are held pending. If a number of interrupt requests with the same control level setting are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5-4 is selected.

[3] The I bit is then referenced. If the | bit is cleared to 0, the interrupt request is accepted. If the
bit is set to 1, only an NMI interrupt is accepted, and other interrupt requests are held pendin

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of 1
current instruction has been completed.

[5] The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

[6] Next, the | bit in CCR is set to 1. This masks all interrupts except NMI.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt hand|
routine starts at the address indicated by the contents of that vector address.
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1

| Program execution status |

-

Interrupt generated?

ending

1=0

Yes

[
| Save PC and CCR |

1

| |

Y

Read vector address |

1

|Branch to interrupt handling routine|

Figure 5-5 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 0
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5.4.3 Interrupt Control Mode 1

Three-level masking is implemented for IRQ interrupts and on-chip supporting module interrupts
by means of the | and Ul bits in the CPU’s CCR, and ICR.

» Control level O interrupt requests are enabled when the | bit is cleared to 0, and disabled whe
setto 1.

» Control level 1 interrupt requests are enabled when the | bit or Ul bit is cleared to 0, and
disabled when both the | bit and the Ul bit are set to 1.

For example, if the interrupt enable bit for an interrupt request is set to 1, and H'20, H'00, and H
are set in ICRA, ICRB, and ICRC, respectively, (i.e. IRQ2 and IRQ3 interrupts are set to control
level 1 and other interrupts to control level 0), the situation is as follows:

 When | =0, all interrupts are enabled

(Priority order: NMI > IRQ2 > IRQ3 > IRQO ...)
« Whenl=1and Ul =0, only NMI, IRQ2, and IRQ3 interrupts are enabled
« When | =1and Ul =1, only NMI interrupts are enabled

Figure 5-6 shows the state transitions in these cases.

10

'}

Only NMI, IRQ2, and
IRQ3 interrupts enabled

1-0 ul-0
Exception handling execution Exception handling execution
orl<1,Ul-1 orUl<1

Only NMI interrupts enabled

All interrupts enabled <1 Ul-0

Figure 5-6 Example of State Transitions in Interrupt Control Mode 1

Figure 5-7 shows a flowchart of the interrupt acceptance operation in this case.
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(1]

(2]

(3]

(4]

(5]

[e]

If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interru
reqguest is sent to the interrupt controller.

When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt requests
are held pending. If a number of interrupt requests with the same control level setting are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5-4 is selected.

The | bit is then referenced. If the | bit is cleared to 0, it is not affected by the Ul bit.

An interrupt request set to interrupt control level 0 is accepted when the | bit is cleared to 0. If
the | bit is set to 1, only an NMI interrupt is accepted, and other interrupt requests are held
pending.

An interrupt request set to interrupt control level 1 has priority over an interrupt request set to

interrupt control level 0, and is accepted if the | bit is cleared to O, or if the | bits is set to 1 and
the Ul bit is cleared to 0.

When both the | bit and the Ul bit are set to 1, only an NMI interrupt is accepted, and other
interrupt requests are held pending.

When an interrupt request is accepted, interrupt exception handling starts after execution of tt
current instruction has been completed.

The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

Next, the I and Ul bits in CCR are set to 1. This masks all interrupts except NMI.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt handlir
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Y

| Program execution status|

o

Interrupt generated?

Hold pending

A

Control level 1
interrupt?
Yes

Y

| Save PC and CCR |

1

| o1, Ul1 |

1

| Read vector address |

|Branch to interrupt handling routine|

Figure 5-7 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 1

119
RENESAS




Interrupt Exception Handling Sequence

544

Figure 5-8 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode 0 is set in advanced mode, and the program area and stack area at

in on-chip memory.

aunnoy Buipuey 1dnusiul Jo uononsul IS4 T) ¥-dS )

((z7) (071) = (€T)) Ssaippe Lels sunnos Buiipuey ydnusiu| (€1) z-dS ()

(swua1u090 ssalppe (‘paIndaxa J0N) ssalppe yalajald uononnsu| ()

10199A) ssaippe Hess aunnos Buypuey idnuaw (z21) (0T) (‘panoaxa 10N) 8pod uonanasul (y) (z)

ssalppe 101987 (TT) (6) (‘ssaippe uinal ay) ‘Od panes ayl Jo SJUSJU0D au SI SIyL

"D panes pue Od pares  (g) (9) "paInoaxa J10N) ssaippe yolayaid uononisuy| (1)

| ” | | , ” | | ” snqere
—{ o0 — [ony—{©® — © }—— [0 —{ @ — o
| | | i /_” i i i feubis ayum
, , , | , , , reusalu|
| | ” ” , i ” jeubis peai
| \ | | | B | ,, Jeusau|
| | | | | | ” ” ” snq ssalppe
N e X e Y o Y o ® o b

| i |
| | |
| | |
! ! ! Teubis 1sanbai
I I I 1dnuia|
T T T
| | |
| | |

E
B
(e

-

yoreseid  uonessdo TOETNILEY soelrs
uononasul aunnod reusaiu|
991M18s 1dnusu|

uonelado yoiayaud uondNIISUl JO pud J0) Hepn
fewsau|  uononAsu| uopyeulwa1ap [9A3] ydnuiaiu|
aoueldadoe
1dnuiaiu|

Interrupt Exception Handling

Figure 5-8
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5.4.5 Interrupt Response Times

The H8S/2245 Series is capable of fast word transfer instruction to on-chip memory, and the
program area is provided in on-chip ROM and the stack area in on-chip RAM, enabling high-
speed processing.

Table 5-8 shows interrupt response times - the interval between generation of an interrupt reque
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5-8 are explained in table 5-9.

Table 5-8 Interrupt Response Times

Normal Mode Advanced Mode
No. Execution Status INTM1=0 INTM1=0
1 Interrupt priority determination** 3 3
Number of wait states until executing 1to 19+2-S 1to 19+2-S
instruction ends*?
3 PC, CCR stack save 2-Sy 2-S¢
4 Vector fetch S, 2-S,
5 Instruction fetch** 2-S, 2:S,
6 Internal processing** 2 2
Total (using on-chip memory) 11t0 31 12 to 32

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.

Table 5-9  Number of States in Interrupt Handling Routine Execution Statuses

Object of Access

External Device

8 Bit Bus 16 Bit Bus

Internal 2-State 3-State 2-State 3-State
Symbol Memory  Access Access Access Access
Instruction fetch S, 1 4 6+2m 2 3+m
Branch address read S,
Stack manipulation Sy
Legend
m : Number of wait states in an external device access.
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5.5 Usage Notes

55.1 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupts, the disabling becomes effective
after execution of the instruction.

In other words, when an interrupt enable bit is cleared to 0 by an instruction such as BCLR or
MOV, if an interrupt is generated during execution of the instruction, the interrupt concerned will
still be enabled on completion of the instruction, and so interrupt exception handling for that
interrupt will be executed on completion of the instruction. However, if there is an interrupt
request of higher priority than that interrupt, interrupt exception handling will be executed for the
higher-priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared.

Figure 5-9 shows and example in which the CMIEA bit in 8-bit timer TCR is cleared to 0.

TCR write cycle by CPU CMIA exception handling
-y—————————————————————————— p———-———————————————————————

address bus

Internal
write signal

CMIEA

Internal >< TCR address ><

CMFA

CMIA
interrupt signal

Figure 5-9 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to 0 while
the interrupt is masked.
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5.5.2 Instructions that Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts including NMI are disabled and the next instruction is
always executed. When the | bit or Ul bit is set by one of these instructions, the new value
becomes valid two states after execution of the instruction ends.

5.5.3 Interrupts during Execution of EEPMOV Instruction
Interrupt operation differs between the EEPMOV.B instruction and the EEPMOV.W instruction.

With the EEPMOV.B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in th
case is the address of the next instruction.

Therefore, if an interrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1: EEPMOV.W
MOV.W R4,R4
BNE L1
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5.6 DTC Activation by Interrupt

5.6.1 Overview
The DTC can be activated by an interrupt. In this case, the following options are available:

* Interrupt request to CPU
« Activation request to DTC
» Selection of a number of the above

For details of interrupt requests that can be used with to activate the DTC, see section 7, Data
Transfer Controller.

5.6.2 Block Diagram

Figure 5-10 shows a block diagram of the DTC and interrupt controller.

\ L
Interrupt request vector
request Selection [ nu?nber
circuit
IRQ "
interrupt ﬂ S_eleclt
signal .
Clear signal Control logic DTC
] Interrupt source DTCER
On-chip clear signal Clear signal
supporting
module
DTVECR
ISWD.TE | CPU interrupt
clear signa request vector
Determination of number
. CPU
priority 1. Ul
Interrupt controller - !
Figure 5-10 Interrupt Control for DTC
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5.6.3 Operation
The interrupt controller has three main functions in DTC control.

(1) Selection of Interrupt Source:Interrupt sources can be specified as DTC activation requests
or CPU interrupt requests by means of the DTCE bit of DTCEA to DTCEF in the DTC.

After a DTC data transfer, the DTCE bit can be cleared to 0 and an interrupt request sent to the
CPU in accordance with the specification of the DISEL bit of MRB in the DTC.

When the DTC has performed the specified number of data transfers and the transfer counter v
is zero, the DTCE bit is cleared to 0 and an interrupt request is sent to the CPU after the DTC d.
transfer.

(2) Determination of Priority: The DTC activation source is selected in accordance with the
default priority order, and is not affected by mask or priority levels. See section 7.3.3, DTC
Vector Table, for the respective priorities.

(3) Operation Order: If the same interrupt is selected as a DTC activation source and a CPU
interrupt source, the DTC data transfer is performed first, followed by CPU interrupt exception
handling.

Table 5-10 summarizes interrupt source selection and interrupt source clearance control accord
to the settings of the DTCE bit of DTCEA to DTCEF in the DTC and the DISEL bit of MRB in
the DTC.

Table 5-10 Interrupt Source Selection and Clearing Control

Settings
DTC Interrupt Source Selection/Clearing Control
DTCE DISEL DTC CPU
0 * X A
1 0 A X
1 O JAN

Legend

A : The relevant interrupt is used. Interrupt source clearing is performed.
(The CPU should clear the source flag in the interrupt handling routine.)

O : The relevant interrupt is used. The interrupt source is not cleared.

X : The relevant bit cannot be used.

Don't care

*

(4) Usage Note:SCI and A/D converter interrupt sources are cleared when the appropriate DTC
register is read or written to, and are independent of the DISEL bit.
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Section 6 Bus Controller

6.1 Overview

The H8S/2245 Series has a built-in bus controller (BSC) that manages the external address spe
divided into eight areas. The bus specifications, such as bus width and number of access states
can be set independently for each area, enabling multiple memories to be connected easily.

The bus controller also has a bus arbitration function, and controls the operation of the internal |
masters: the CPU, and data transfer controller (DTC).

6.1.1 Features
The features of the bus controller are listed below.

* Manages external address space in area units
O In advanced mode, manages the external space as 8 areas of 128-kbytes/2-Mbytes
O In normal mode, manages the external space as a single area
O Bus specifications can be set independently for each area
O Burst ROM interface can be set

« Basic bus interface
0 Chip select S0 to CS3) can be output for areas 0 to 3
O 8-bit access or 16-hit access can be selected for each area
0 2-state access or 3-state access can be selected for each area
O Program wait states can be inserted for each area

* Burst ROM interface
0 Burst ROM interface can be set for area 0
O 1-state or 2-state burst access can be selected

 Idle cycle insertion
O Anidle cycle can be inserted in case of an external read cycle between different areas

O Anidle cycle can be inserted in case of an external write cycle immediately after an
external read cycle

* Bus arbitration function
O Includes a bus arbiter that arbitrates bus mastership among the CPU, and DTC

¢ Other features
0 External bus release function
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6.1.2 Block Diagram

Figure 6-1 shows a block diagram of the bus controller.

CS0to CS3 - Internal
Area decoder __ address bus
Q
ABWCR (___
External bus control signals ASTCR :
BCRH [
BCRL [

e S—
BACK Bus Internal control

BREQO <+ controller signals

— Bus mode signal

Q

Internal data bus

CArA _ Wait
WAIT controller WCRH
WCRL
~+—— CPU bus request signal
L . -+~—— DTC bus request signal
Bus arbiter .
— CPU bus acknowledge signal
— DTC bus acknowledge signal
Figure 6-1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration

Table 6-1 summarizes the pins of the bus controller.

Table 6-1 Bus Controller Pins

Name Symbol /0 Function

Address strobe AS Output  Strobe signal indicating that address output on
address bus is enabled.

Read RD Output  Strobe signal indicating that external space is
being read.

High write HWR Output  Strobe signal indicating that external space is
to be written, and upper half (D5 to D) of data
bus is enabled.

Low write LWR Output  Strobe signal indicating that external space is
to be written, and lower half (D, to D,) of data
bus is enabled.

Chip select 0 CSOo Output  Strobe signal indicating that area 0 is selected.

Chip select 1 CSt Output  Strobe signal indicating that area 1 is selected.

Chip select 2 CS2 Output  Strobe signal indicating that area 2 is selected.

Chip select 3 CS3 Output  Strobe signal indicating that area 3 is selected.

Wait WAIT Input Wait request signal when accessing external
3-state access space.

Bus request BREQ Input Request signal that releases bus to external
device.

Bus request acknowledge BACK Output  Acknowledge signal indicating that bus has
been released.

Bus request output BREQO Output  External bus request signal used when internal

bus master accesses external space when
external bus is released.
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6.1.4 Register Configuration

Table 6-2 summarizes the registers of the bus controller.

Table 6-2  Bus Controller Registers

Initial Value
Power-On Manual
Name Abbreviation R/W  Reset Reset Address **
Bus width control register ABWCR R/W HFF/H'00**> Retained H'FEDO
Access state control register ASTCR R/W  HFF Retained H'FED1
Wait control register H WCRH R/W  HFF Retained H'FED2
Wait control register L WCRL R/W  HFF Retained H'FED3
Bus control register H BCRH R/W  HDO Retained H'FED4
Bus control register L BCRL R/W H'3C Retained H'FED5

Notes: 1. Lower 16 bits of the address.

2. Determined by the MCU operating mode.
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6.2 Register Descriptions

6.2.1 Bus Width Control Register (ABWCR)

Bit : 7 6 5 4 3 2 1 0
| ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO |
Modes 1, 2, 3,5,6, 7

Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
Mode 4

Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

ABWCR is an 8-bit readable/writable register that designates each area for either 8-bit access c
16-bit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal I/O registers is fixed regardless of the settings in ABWCR.

In normal mode, the settings of bits ABW7 to ABW1 have no effect on operation.

After a power-on reset and in hardware standby mode, ABWCR is initialized to H'FF in modes 1
2,3,and 5, 6, 7, and to H'00 in mode 4. Itis not initialized by a manual reset or in software
standby mode.

Bits 7 to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO0):These bits select whether the
corresponding area is to be designated for 8-bit access or 16-bit access. In normal mode, only |
of area 0 is enabled, and the ABWO bit selects whether external space is to be designated for 8
access or 16-bit access .

Bit n
ABWn Description

0 Area n is designated for 16-bit access

1 Area n is designated for 8-bit access

(n=71to00)

131
RENESAS



6.2.2 Access State Control Register (ASTCR)

Bit : 7 6 5 4 3 2 1 0
AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO

Initial value : 1 1 1 1 1 1 1 1

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

ASTCR is an 8-bit readable/writable register that designates each area as either a 2-state acces:
space or a 3-state access space.

ASTCR sets the number of access states for the external memory space. The number of access
states for on-chip memory and internal 1/O registers is fixed regardless of the settings in ASTCR.

In normal mode, the settings of bits AST7 to AST1 have no effect on operation.

ASTCR is initialized to H'FF by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

Bits 7 to 0—Area 7 to 0 Access State Control (AST7 to ASTOyhese bits select whether the
corresponding area is to be designated as a 2-state access space or a 3-state access space. In
normal mode, only part of area 0 is enabled, and the ASTO bit selects whether external space is
be designated for 2-state access or 3-state access.

Wait state insertion is enabled or disabled at the same time.

Bit n
ASTn Description
0 Area n is designated for 2-state access
Wait state insertion in area n external space is disabled
1 Area n is designated for 3-state access (Initial value)
Wait state insertion in area n external space is enabled
(n=71to00)
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6.2.3 Wait Control Registers H and L (WCRH, WCRL)

WCRH and WCRL are 8-bit readable/writable registers that select the number of program wait
states for each area.

In normal mode, only part of area is 0 is enabled, and bits W01 and WO0O select the number of
program wait states for the external space . The settings of bits W71, W70 to W11, and W10 ha
no effect on operation.

Program waits are not inserted in the case of on-chip memory or internal 1/O registers.

WCRH and WCRL are initialized to H'FF by a power-on reset and in hardware standby mode.
They are not initialized by a manual reset or in software standby mode.

(1) WCRH
Bit : 7 6 5 4 3 2 1 0
W71 W70 W61 W60 W51 W50 w41 W40
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70)These bits select the number of
program wait states when area 7 in external space is accessed while the AST7 bit in ASTCR is
to 1.

Bit 7 Bit 6
w71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed
(Initial value)
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Bits 5 and 4—Area 6 Wait Control 1 and 0 (W61, W60)These bits select the number of
program wait states when area 6 in external space is accessed while the AST6 bitin ASTCR is s
to 1.

Bit 5 Bit 4
w6l W60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed

(Initial value)

Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50)These bits select the number of
program wait states when area 5 in external space is accessed while the AST5 bitin ASTCR is s
to 1.

Bit 3 Bit 2
w51 W50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits 1 and 0—Area 4 Wait Control 1 and 0 (W41, W40)These bits select the number of
program wait states when area 4 in external space is accessed while the AST4 bitin ASTCR is s
to 1.

Bit 1 Bit 0
w41l W40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed
(Initial value)
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(2) WCRL
Bit

Initial value :
R/W

7 6 5 4 3 2 1 0
w31 W30 w21 W20 w11 w10 wo1 W00
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30)These bits select the number of
program wait states when area 3 in external space is accessed while the AST3 bit in ASTCR is

to 1.
Bit 7 Bit 6
w31 W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)

Bits 5 and 4—Area 2 Wait Control 1 and 0 (W21, W20)These bits select the number of
program wait states when area 2 in external space is accessed while the AST2 bit in ASTCR is

to 1.
Bit 5 Bit 4
w21 w20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed
(Initial value)
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Bits 3 and 2—Area 1 Wait Control 1 and 0 (W11, W10)These bits select the number of
program wait states when area 1 in external space is accessed while the AST1 bitin ASTCR is s

to 1.
Bit 3 Bit 2
w1l w10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, W00)These bits select the number of
program wait states when area 0 in external space is accessed while the ASTO bitin ASTCR is s

to 1.
Bit 1 Bit 0
w01 W00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0 is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area O is accessed
(Initial value)
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6.2.4 Bus Control Register H (BCRH)

Bit : 7 6 5 4 3 2 1 0
ICIS1 ICISO |[BRSTRM|BRSTS1|BRSTSO — — —

Initial value : 1 1 0 1 0 0 0 0

R/W : R/W R/W R/W R/W R/W (RIW) (RIW) (R/W)

BCRH is an 8-bit readable/writable register that selects enabling or disabling of idle cycle
insertion, and the memory interface for area 0.

BCRH is initialized to H'DO by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

Bit 7—Idle Cycle Insert 1 (ICIS1): Selects whether or not one idle cycle state is to be inserted
between bus cycles when successive external read cycles are performed in different areas.

Bit 7

ICIS1 Description

0 Idle cycle not inserted in case of successive external read cycles in different areas.
1 Idle cycle inserted in case of successive external read cycles in different areas.

(Initial value)

Bit 6—Idle Cycle Insert 0 (ICIS0): Selects whether or not one idle cycle state is to be inserted
between bus cycles when successive external read and external write cycles are performed .

Bit 6
ICISO Description
0 Idle cycle not inserted in case of successive external read and external write cycles.
1 Idle cycle inserted in case of successive external read and external write cycles.
(Initial value)
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Bit 5—Burst ROM Enable (BRSTRM): Selects whether area 0 is used as a burst ROM
interface. In normal mode, the selection can be made from the entire external space .

Bit 5

BRSTRM Description

0 Area 0 is basic bus interface (Initial value)
1 Area 0 is burst ROM interface

Bit 4—Burst Cycle Select 1 (BRSTS1)Selects the number of burst cycles for the burst ROM
interface.

Bit 4

BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)

Bit 3—Burst Cycle Select 0 (BRSTS0)Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTSO  Description

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

Bits 2 to 0—ReservedOnly 0 should be written to these bits.
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6.2.5 Bus Control Register L (BCRL)

Bit : 7 6 5 4 3 2 1 0
BRLE |BREQOE| EAE — — ASS — WAITE

Initial value : 0 0 1 1 1 1 0 0

R/W : R/W R/W R/W RW)  (RIW) R/W (RIW) R/W

BCRL is an 8-bit readable/writable register that performs selection of the external bus release si
protocol, selection of the area partition unit and enabling or disablWRAAT pin input.

BCRL is initialized to H'3C by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

Bit 7—Bus Release Enable (BRLE)Enables or disables external bus release.

Bit 7
BRLE Description
0 External bus release is disabled. BREQ, BACK, and BREQO can be used as 1/10
ports.
(Initial value)
1 External bus release is enabled.

Bit 6—BREQO Pin Enable (BREQOE): Outputs a signal that requests the external bus master
to drop the bus request signBREQ) in the external bus release state, when an internal bus
master performs an external space access.

Bit 6

MDescription

0 BREQO output disabled. BREQO can be used as I/0 port. (Initial value)
1 BREQO output enabled.
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Bit 5—External Address Enable (EAE): Selects whether addresses H'010000 to H'O1FFFF are
to be internal addresses or external addresses.

This setting is invalid in normal mode.

Bit 5

EAE Description

0 Addresses H'010000 to H'01FFFF are in on-chip ROM (H8S/2246 and H8S/2245) or
areserved area* (H8S/2244, H8S/2243, H8S/2242, and H8S/2241).

1 Addresses H'010000 to H'01FFFF are external addresses (external expansion mode)
or a reserved area* (single-chip mode). (Initial value)

Note: * Reserved areas should not be accessed.

Bits 4 and 3—ReservedOnly 1 should be written to these bits.

Bit 2—Area Partition Unit Select (ASS): Selects the area partition unit.

Bit 2

ASS Description

0 Area partition unit is 128 kbytes (1 Mbit)

1 Area partition unit is 2 Mbytes (16 Mbits) (Initial value)

Bit 1—Reserved:Only 0 should be written to this bit.

Bit 0—WAIT Pin Enable (WAITE): Selects enabling or disabling of wait input by WIAIT
pin.

Bit 0

WAITE Description

0 Wait input by WAIT pin disabled. WAIT pin can be used as 1/O port. (Initial value)
1 Wait input by WAIT pin enabled
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6.3 Overview of Bus Control

6.3.1 Area Partitioning

In advanced mode, the bus controller partitions the 16 Mbytes address space into eight areas, C
7, in 128-kbyte or 2-Mbyte units, and performs bus control for external space in area units. In

normal mode, it controls a 64-kbyte address space comprising part of area 0. Figure 6-2 shows
outline of the memory map.

Chip select signal€dS0 to CS3) can be output for areas 0 to 3.

H'000000 Area 0 H'000000 H'0000
H'01FFFF (128kbytes) [T Area 0 o
H'020000 Area 1 (2Mbytes) :
H'03FFFE (128kbytes) H'1FFFFF I'.
H'040000 Area 2 H200000 :
H'O5FFFF (128kbytes) Area 1 '.
H'060000 Area 3 (2Mbytes) \

. 128kbytes H'3FFFFF \
H'O7FFFF ( ytes) H100000 :
H'080000 Area 4 Area 2 .

- 128kbytes rea !
H'09FFFF ( ytes) (@Mbytes) .
H'0A0000 Area 5 H'SEFEEE L _HEEFF
H'OBFFFF (128kbytes) H'600000
H'0C0000 Area 6 Area 3
H'ODFFFF (128kbytes) (2Mbytes)

H'0E0000 H7FFFFF
H'800000
Area 4
(2Mbytes)
H'9FFFFF
H'A00000
Area 5
2Mbytes
preat H'BFFFFF e
(15Mbytes) H'C00000
Area 6
(2Mbytes)
H'DFFFFF
H'E00000
Area 7
(2Mbytes)
HFFFFFF . HFFFFFE
(1) Advanced mode (2) Advanced mode (3) Normal mode
When ASS =0 When ASS =1

Figure 6-2 Overview of Area Partitioning
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6.3.2 Bus Specifications

The external space bus specifications consist of three elements: (1) bus width, (2) number of
access states, and (3) number of program wait states.

The bus width and number of access states for on-chip memory and internal I/O registers are
fixed, and are not affected by the bus controller.

(1) Bus Width: A bus width of 8 or 16 bits can be selected with ABWCR. An area for which an
8-bit bus is selected functions as an 8-bit access space, and an area for which a 16-bit bus is
selected functions as al6-bit access space.

If all areas are designated for 8-bit access, 8-bit bus mode is set; if any area is designated for 16
access, 16-bit bus mode is set. When the burst ROM interface is designated, 16-bit bus mode is
always set.

(2) Number of Access Statestwo or three access states can be selected with ASTCR. An area
for which 2-state access is selected functions as a 2-state access space, and an area for which 2
state access is selected functions as a 3-state access space.

With the burst ROM interface, the number of states is one or two regardless of the ASTCR settini
When 2-state access space is designated, wait insertion is disabled.

(3) Number of Program Wait States:When 3-state access space is designated by ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL.
From 0 to 3 program wait states can be selected.

Table 6-3 shows the bus specifications for each basic bus interface area.
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Table 6-3  Bus Specifications for Each Area (Basic Bus Interface)

ABWCR ASTCR WCRH WCRL Bus Specifications (Basic Bus Interface)

ABWn ASTn wnl WnO Bus Width Access States Program Wait
States
0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 2 0
1 0 0 3 0
1 1
1 0 2
1 3

6.3.3 Memory Interfaces

The H8S/2245 Series memory interfaces comprise a basic bus interface that allows direct
connection of ROM, SRAM, and so on; and a burst ROM interface that allows direct connection
of burst ROM.

An area for which the basic bus interface is designated functions as normal space, and an area
which the burst ROM interface is designated functions as burst ROM space.
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6.3.4 Advanced Mode

The initial state of each area is basic bus interface, 3-state access space. The initial bus width is
selected according to the operating mode. The bus specifications described here cover basic iter
only, and the sections on each memory interface should be referred to for further details.

Area 0: Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, all of area 0 is
external space. In ROM-enabled expansion mode, the space excluding on-chip ROM is external
space.

When area 0 external space is accessed;S$hesignal can be output.
Either basic bus interface or burst ROM interface can be selected for area 0.

The size of area 0 is switched between 128 kbytes and 2 Mbytes according to the state of the AS
bit.

Areas 1 to 6:In external expansion mode, all of area 1 to 6 is external space.

When area 1 to 3 external space is accesse@SthandCS3 pin signals respectively can be
output.

Only the basic bus interface can be used for areas 1 and 6.

The size of areas 1 to 6 is switched between 128 kbytes and 2 Mbytes according to the state of tl
ASS bit.

Area 7: Area 7 includes the on-chip RAM and internal I/O registers. In external expansion mode,
the space excluding the on-chip RAM and internal 1/O registers is external space. The on-chip
RAM is enabled when the RAME bit in the system control register (SYSCR) is set to 1; when the
RAME bit is cleared to 0, the on-chip RAM is disabled and the corresponding space becomes
external space.

Only the basic bus interface can be used for the area 7.

The size of area 7 is switched between 15 Mbytes and 2 Mbytes according to the state of the AS
bit.
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6.3.5 Areas in Normal Mode

In normal mode, a 64-kbyte address space comprising part of area 0 is controlled. Area
partitioning is not performed in normal mode. In ROM-disabled expansion mode, the space
excluding the on-chip RAM and internal I/O registers is external space. In ROM-enabled
expansion mode the space excluding the on-chip ROM, on-chip RAM, and internal I/O registers
external space. The on-chip RAM is enabled when the RAME bit in the system control register
(SYSCR) is set to 1; when the RAME bit is cleared to 0, the on-chip RAM is disabled and the
corresponding addresses become external space .

When external space is accessed (8@ signal can be output.

In normal mode, the basic bus interface or burst ROM interface can be selected.
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6.3.6 Chip Select Signals

The H8S/2245 Series can output chip select sigA®g {o CS3) to areas 0 to 3, the signal being
driven low when the corresponding external space area is accessed. In normal mode(Sdly the
signal can be output.

Figure 6-3 shows an example@n (n = 0 to 3) output timing.

Enabling or disabling of th€Sn signal is performed by setting the data direction register (DDR)
for the port corresponding to the particulzn pin.

In ROM-disabled expansion mode, {680 pin is placed in the output state after a power-on reset.
PinsCS1 to CS3 are placed in the input state after a power-on reset, and so the corresponding
DDR should be set to 1 when outputting sigi@8s to CS3.

In ROM-enabled expansion mode, p&0 to CS3 are all placed in the input state after a power-
on reset, and so the corresponding DDR should be set to 1 when outputtingGgral€'s3.

For details, see section 8, I/O Ports.

Bus cycle
: T, T, T,
o L
Address bus x Area n external address x
CSn

Figure 6-3 CSn Signal Output Timing (n = 0 to 3)
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6.4 Basic Bus Interface

6.4.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL (see table 6-
3).

6.4.2 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and when accessing external space, controls whether 1
upper data bus (to D) or lower data bus (Jto D) is used according to the bus specifications
for the area being accessed (8-bit access space or 16-bit access space) and the data size.

8-Bit Access SpaceFigure 6-4 illustrates data alignment control for the 8-bit access space. With
the 8-bit access space, the upper data bugdm,) is always used for accesses. The amount of
data that can be accessed at one time is one byte: a word transfer instruction is performed as tv
byte accesses, and a longword transfer instruction, as four byte accesses.

Upper data bus Lower data bus
(D1s Dg, D7 Do,

Byte size [ ]

Word si 1st bus cycle | : : : : : : :
orasize | 2ndbuscycle | ]

[ 1st bus cycle
2nd bus cycle
3rd bus cycle

| 4th bus cycle

Longword size

Figure 6-4 Access Sizes and Data Alignment Control (8-Bit Access Space)
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16-Bit Access SpaceFigure 6-5 illustrates data alignment control for the 16-bit access space.
With the 16-bit access space, the upper data byysdD;) and lower data bus (o D,) are used

for accesses. The amount of data that can be accessed at one time is one byte or one word, and
longword transfer instruction is executed as two word transfer instructions.

In byte access, whether the upper or lower data bus is used is determined by whether the addres
even or odd. The upper data bus is used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
D15 Dg, Dy Do,
Byte size e+ Even address [0
Byte size » Odd address ]
Word size I
Longword 1st bus cycle o o
size 2nd bus cycle N
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6.4.3 Valid Strobes

Table 6-4 shows the data buses used and valid strobes for the access spaces.

In a read, th&D signal is valid without discrimination between the upper and lower halves of the
data bus.

In a write, theHWR signal is valid for the upper half of the data bus, and.¥W& signal for the
lower half.

Table 6-4 Data Buses Used and Valid Strobes

Access Read/ Valid Upper Data Bus  Lower data bus
Area Size Write  Address  Strobe (D,sto Dy) (D,to D)
8-bit access  Byte Read — RD Valid Invalid
space Write  — HWR Hi-Z
16-hit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Hi-Z
Odd LWR Hi-Z Valid
Word  Read — RD Vallid Valid
Write — HWR, LWR Valid Valid

Note: Invalid: Input state; input value is ignored.
Hi-Z: High impedance.
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6.4.4 Basic Timing

(1) 8-Bit 2-State Access Spac€&igure 6-6 shows the bus timing for an 8-bit 2-state access space.
When an 8-bit access space is accessed , the upper hat (B) of the data bus is used.

TheLWR pin is fixed high. Wait states cannot be inserted.

~—————— Buscycle ——————*
Ty T2
o]
Address bus >< b
CSn 3
AS | | |
o 1
Read D15 to Dg 3 3 < Valid 3 )
Dy to Dg : ‘ { Invalid | }—
AWR | |
Write ; ! ;
D15 to D8 ‘%—< i Valid >7
D; to Dg ‘ 1 High impedance —‘—
Note: n=0to 3

Figure 6-6 Bus Timing for 8-Bit 2-State Access Space
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(2) 8-Bit 3-State Access Spac€igure 6-7 shows the bus timing for an 8-bit 3-state access
space. When an 8-bit access space is accessed, the upperstalpof the data bus is used.

The LWR pin is fixed high. Wait states can be inserted.

Y

- Bus cycle

Address bus ><

Read D5 to Dg

D7 to DO

LWR

D7 to Dy i— High impedance -

Write

Note: n=0to 3

Figure 6-7 Bus Timing for 8-Bit 3-State Access Space
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(3) 16-Bit 2-State Access SpacEigures 6-8 to 6-10 show bus timings for a 16-bit 2-state access
space. When a 16-bit access space is accessed, the uppertalbDbof the data bus is used
for the even address, and the lower halft®D,) for the odd address.

Wait states cannot be inserted.

- Buscycle ———————®
Ty T2
@
Address bus >< :X
CSn 3
AS ! | !
o |
Read D;5to Dg 3 3 < Valid 3 >_
D, to Dg : ‘ { Invalid | —
AWR 1 i
[WR | High |
Write
Dy5to Dg ~—< © valid >7
D to Dy L High impedance ———
Note: n=0to 3

Figure 6-8 Bus Timing for 16-Bit 2-State Access Space (1) (Even Address Byte Access)
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-————— Buscycle ————————»
| T | T, |
2
Address bus >< B
CSn
AS 3 | |
RD 3 3
Read D15 to Dg { Invalid | —
D- to Dy ] { vald '}—
AWR | High |
LWR |
Write | |
Dy5 to Dg High impedance —
D- to Dg H " Valid >—
Note: n=0to 3

Figure 6-9 Bus Timing for 16-Bit 2-State Access Space (2) (Odd Address Byte Access)
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(%)
Address bus
D15 to Dg
D7 to DO
H
D15 to Dg
D7 to DO

Read
Write

RENESAS

Figure 6-10 Bus Timing for 16-Bit 2-State Access Space (3) (Word Access)

Note: n=0to 3

154




(4) 16-Bit 3-State Access Spac€igures 6-11 to 6-13 show bus timings for a 16-bit 3-state
access space. When a 16-bit access space is accessed, the uppgrtbd)Df the data bus is
used for the odd address, and the lower halftd[D,) for the even address.

Wait states can be inserted.

Y

~ Bus cycle

Address bus ><

Read Dj5to Dg

D7 to DO

HWR

Write

Valid

Dis5to Dg *—<

D7 to Dg : High impedance

Note: n=0to 3

Figure 6-11 Bus Timing for 16-Bit 3-State Access Space (1) (Even Address Byte Access)
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T3

Bus cycle
T2

Ty

Address bus

S| | o
m“
©
2| | >
g | =
s | B
©
g >
g
=) E
T )
=3
T
© o I I © o
a a a a
5 ¢ E & ¢
= 2 L e e e
=] N 3 N
a B8 a B
E 2
x =

Note: n=0to 3

Bit 3-State Access Space (2) (Odd Address Byte Access)

Figure 6-12 Bus Timing for 16
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T3

Bus cycle
T2

Address bus

Write

Note: n=0to 3

Figure 6-13 Bus Timing for 16-Bit 3-State Access Space (3) (Word Access)
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6.4.5 Wait Control

When accessing external space, the H8S/2245 Series can extend the bus cycle by inserting one
more wait states (). There are two ways of inserting wait states: (1) program wait insertion and
(2) pin wait insertion using th&/ AIT pin.

(1) Program Wait Insertion

From 0O to 3 wait states can be inserted automatically between stetd and Jstate on an
individual area basis in 3-state access space, according to the settings of WCRH and WCRL.

(2) Pin Wait Insertion Using WAIT Pin

Setting the WAITE bit in BCRL to 1 enables wait insertion by means dMAET pin. Program
wait insertion is first carried out according to the settings in WCRH and WCRL. Then, if the
WAIT pin is low at the falling edge of @ in the lastdr T,, state, a J state is inserted. If the
WAIT pin is held low, T, states are inserted until it goes high.

This is useful when inserting four or morg States, or when changing the number péfates for
different external devices.

The WAITE bit setting applies to all areas.
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Figure 6-14 shows an example of wait state insertion timing.

By program wait By WAIT pin

WAIT

Address bus :>< Xi

AS

Fo |
Read
Data bus < Read data >—
HWR, LWR
Write
Data bus 4< Write data >>

Note: | indicates the timing of WAIT pin sampling.

Figure 6-14 Example of Wait State Insertion Timing

The settings after a power-on reset are: 3-state access, 3 program wait state insertion, and WA
input disabled. When a manual reset is performed, the contents of bus controller registers are
retained, and the wait control settings remain the same as before the reset.
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6.5 Burst ROM Interface

6.5.1 Overview

With the H8S/2245 Series, external space area 0 can be designated as burst ROM space, and b
ROM interfacing can be performed. The burst ROM space interface enables 16-bit configuration
ROM with burst access capability to be accessed at high speed.

Area 0 can be designated as burst ROM space by means of the BRSTRM bit in BCRH.
Consecutive burst accesses of a maximum of 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.

6.5.2 Basic Timing

The number of states in the initial cycle (full access) of the burst ROM interface is in accordance
with the setting of the ASTO bit in ASTCR. Also, when the ASTO bit is set to 1, wait state

insertion is possible. One or two states can be selected for the burst cycle, according to the settir
of the BRSTS1 bit in BCRH. Wait states cannot be inserted. When area 0 is designated as burst
ROM space, it becomes 16-bit access space regardless of the setting of the ABWO bit in ABWCF

When the BRSTSO bit in BCRH is cleared to 0, burst access of up to 4 words is performed; when
the BRSTSO bit is set to 1, burst access of up to 8 words is performed.

The basic access timing for burst ROM space is shown in figure 6-15 (a) and (b). The timing
shown in figure 6-15 (@) is for the case where the ASTO and BRSTSL1 bits are both set to 1, and
that in figure 6-15 (b) is for the case where both these bits are cleared to 0.
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Address bus

CSo

RD

Full access

Burst access

T, Ty

\/

Only lower ad/d\ress changed

B

-

Data bus —< Read data >—< Read data >—< Read data >‘

Figure 6-15 (a) Example of Burst ROM Access Timing (When AST0 = BRSTS1 =1)
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Full access Burst access

Ty Tz Ty LE

: ( \/ } :
Address bus ><Only lower ad/d{ess changed
CS0

Data bus 4< Read data ><Read data><Read data>i

Figure 6-15 (b) Example of Burst ROM Access Timing (When ASTO = BRSTS1 = 0)

6.5.3 Wait Control

As with the basic bus interface, either program wait insertion or pin wait insertion usWg\ifie
pin can be used in the initial cycle (full access) of the burst ROM interface. See section 6.4.5, We

Control.

Wait states cannot be inserted in a burst cycle.
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6.6 Idle Cycle

6.6.1 Operation

When the H8S/2245 Series accesses external space , it can insert a 1-state idlg bgtvee@n

bus cycles in the following two cases: (1) when read accesses between different areas occur
consecutively, and (2) when a write cycle occurs immediately after a read cycle. By inserting an
idle cycle it is possible, for example, to avoid data collisions between ROM, with a long output
floating time, and high-speed memory, I/O interfaces, and so on.

(1) Consecutive Reads between Different Areas

If consecutive reads between different areas occur while the ICIS1 bit in BCRH is setto 1, an id
cycle is inserted at the start of the second read cycle. This is enabled in advanced mode.

Figure 6-16 shows an example of the operation in this case. In this example, bus cycle Ais are
cycle from ROM with a long output floating time, and bus cycle B is a read cycle from SRAM,
each being located in a different area. In (a), an idle cycle is not inserted, and a collision occurs
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycle is inserted,
and a data collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

Ty T, T3 T 1o
o LT LI LI LT L o [ LT LT L LT LI L

Address bus j X X: Address bus j bt

CS (area A) 3 CS (area A)
CS (area B) !

CS (area B)

o s - 1T

Data bus | “@_ Data bus

i

‘ Data
Long output | collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1=0) (Initial value ICIS1 = 1)

Figure 6-16 Example of Idle Cycle Operation (1)
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(2) Write after Read

If an external write occurs after an external read while the ICISO bit in BCRH is set to 1, an idle
cycle is inserted at the start of the write cycle. This is enabled in advanced mode and normal

mode.

Figure 6-17 shows an example of the operation in this case. In this example, bus cycle A is a rea
cycle from ROM with a long output floating time, and bus cycle B is a CPU write cycle. In (a), an
idle cycle is not inserted, and a collision occurs in cycle B between the read data from ROM and
the CPU write data. In (b), an idle cycle is inserted, and a data collision is prevented.

Bus cycle A Buscycle B

T, T, T3, T, T

Snininininiy

Address bus j( bt X:

CS (area A) |

L

CS (area B) i
I 1
1

HWR

, BuscycleA ~ BuscycleB
T, T, T T, T, T,

o [ LT L LI UL L

Address bus j( ‘X X:
CS (area A) |

CS(areaB) i

RD | |
AR s s

Data bus j—( i )—(

-

' Data
Long output

collision

floating time

(a) Idle cycle not inserted
(ICIS0 =0)

(b) Idle cycle inserted
(Initial value ICISO = 1)

Figure 6-17 Example of Idle Cycle Operation (2)
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(3) Relationship between Chip Selec(S) Signal and Read RD) Signal

Depending on the system’s load conditions,RResignal may lag behind th@sS signal. An
example is shown in figure 6.18.

In this case, with the setting for no idle cycle insertion (a), there may be a period of overlap
between the bus cycle RD signal and the bus cycle @S signal.

Setting idle cycle insertion, as in (b), however, will prevent any overlap betweRbthedCS
signals.

In the initial state after reset release, idle cycle insertion (b) is set.

, BuscycleA  Buscycle B . Buscycle A Bus cycle B

Address bus :b( X x: Address bus j lX

CS (area A) : CS (area A)

CS (area B) i k CS (area B) i
m /T ‘ |

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICISs1=0) (Initial value ICIS1 = 1)

Figure 6.18 Relationship between Chip Selec€f) and Read RD)
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6.6.2 Pin States in Idle Cycle
Table 6-5 shows pin states in an idle cycle.

Table 6-5 Pin States in Idle Cycle

Pins Pin State

A, 0 A, Contents of next bus cycle
D, to D, High impedance

CSn High

AS High

RD High

HWR High

LWR High
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6.7 Bus Release

6.7.1 Overview

The H8S/2245 Series can release the external bus in response to a bus request from an extern:
device. In the external bus released state, the internal bus master continues to operate as long
there is no external access.

If an internal bus master wants to make an external access in the external bus released state, it
issue a bus request off-chip.

6.7.2 Operation

In external expansion mode, the bus can be released to an external device by setting the BRLE
in BCRL to 1. Driving theBREQ pin low issues an external bus request to the H8S/2245 Series.
When theBREQ pin is sampled, at the prescribed timing B»CK pin is driven low, and the
address bus, data bus, and bus control signals are placed in the high-impedance state, establis
the external bus-released state.

In the external bus released state, an internal bus master can perform accesses using the interr
bus. When an internal bus master wants to make an external access, it temporarily defers
activation of the bus cycle, and waits for the bus request from the external bus master to be
dropped.

If the BREQOE bit in BCRL is set to 1, when an internal bus master wants to make an external
access in the external bus released stat&RI#)O pin is driven low and a request can be made
off-chip to drop the bus request.

When theBREQ pin is driven high, th8 ACK pin is driven high at the prescribed timing and the
external bus released state is terminated.

In the event of simultaneous external bus release request, and external access request generat
the order of priority is as follows:

(High) External bus release > Internal bus master external access (Low)
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6.7.3 Pin States in External Bus Released State
Table 6-6 shows pin states in the external bus released state.

Table 6-6 Pin States in Bus Released State

Pins Pin State

A, 0 A, High impedance
D, to D, High impedance
CSn High impedance
AS High impedance
RD High impedance
HWR High impedance
LWR High impedance
168
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6.7.4 Transition Timing

Figure 6-19 shows the timing for transition to the bus-released state.

CPU
CPU cycle External bus released state cycle

TO T1T2
S0 N O A O O O

High impedarice

Address bus >< Address /

High impedarjce

Data bus :

—
High impedance V_
—

High impedance

n
High impedaﬁce

AWR, LWR |
BREQ \ i /
BACK ' Minimum | /o

| 1state | \
(1] (2] (3] [4] (5]

[1] Low level of BREQ pin is sampled at rise of T, state.

[2] BACK pin is driven low at end of CPU read cycle, releasing bus to external bus master.
[38] BREQ pin state is still sampled in external bus released state.

[4] High level of BREQ pin is sampled.

[5] BACK pin is driven high, ending bus release cycle.

Figure 6-19 Bus-Released State Transition Timing
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6.7.5 Usage Note

When MSTPCR has been set to H'FFFF or H'EFFF and a transition has been made to sleep moc
the external bus release function is stopped. If the external bus release function is to be used in
sleep mode, H'FFFF or H'EFFF should not be setin MSTPCR.

6.8 Bus Arbitration

6.8.1 Overview
The H8S/2245 Series has a bus arbiter that arbitrates bus master operations.

There are two bus masters, the CPU and DTC, which perform read/write operations when they
have possession of the bus. Each bus master requests the bus by means of a bus request signa
bus arbiter determines priorities at the prescribed timing, and permits use of the bus by means of
bus request acknowledge signal. The selected bus master then takes possession of the bus and
begins its operation.

6.8.2 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, sends «
request acknowledge signal to the bus master making the request. If there are bus requests from
more than one bus master, the bus request acknowledge signal is sent to the one with the highe:
priority. When a bus master receives the bus request acknowledge signal, it takes possession of
bus until that signal is canceled.

The order of priority of the bus masters is as follows:
(High) DTC > CPU (Low)

An internal bus access by an internal bus master, and external bus release, can be executed in
parallel.

In the event of simultaneous external bus release request, and internal bus master external acce
request generation, the order of priority is as follows:

(High) External bus release > Internal bus master external access (Low)
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6.8.3 Bus Transfer Timing

Even if a bus request is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the bus is not necessarily transferre
immediately. There are specific times at which each bus master can relinquish the bus.

CPU: The CPU is the lowest-priority bus master, and if a bus request is received from the DTC,
the bus arbiter transfers the bus to the bus master that issued the request. The timing for transfi
the bus is as follows:

« The bus is transferred at a break between bus cycles. However, if a bus cycle is executed in
discrete operations, as in the case of a longword-size access, the bus is not transferred betw
the operations.

» Ifthe CPU is in sleep mode, it transfers the bus immediately.
DTC: The DTC sends the bus arbiter a request for the bus when an activation request is genere

The DTC can release the bus after a vector read, a register information read (3 states), a single
transfer, or a register information write (3 states). It does not release the bus during a register
information read (3 states), a single data transfer, or a register information write (3 states).

6.8.4 External Bus Release Usage Note

External bus release can be performed on completion of an external bus cy®® Jipeal
remains low until the end of the external bus cycle. Therefore, when external bus release is
performed, th&D signal may change from the low level to the high-impedance state.

6.9 Resets and the Bus Controller

In a power-on reset, the H8S/2245, including the bus controller, enters the reset state at that po
and an executing bus cycle is discontinued.

In a manual reset, the bus controller’s registers and internal state are maintained, and an execu
external bus cycle is completed. In this c&BAIT input is ignored and write data is not
guaranteed.
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Section 7 Data Transfer Controller

7.1 Overview

The H8S/2245 Series includes a data transfer controller (DTC). The DTC can be activated by a
interrupt or software, to transfer data.

7.1.1 Features

» Transfer possible over any number of channels
O Transfer information is stored in memory
0 One activation source can trigger a number of data transfers (chain transfer)

* Wide range of transfer modes
O Normal, repeat, and block transfer modes available
O Incrementing, decrementing, and fixing of source and destination addresses can be selec

« Direct specification of 16-Mbyte address space possible
O 24-bit transfer source and destination addresses can be specified

» Transfer can be set in byte or word units

* A CPU interrupt can be requested for the interrupt that activated the DTC
O An interrupt request can be issued to the CPU after one data transfer ends

O An interrupt request can be issued to the CPU after the specified data transfers have
completely ended

» Activation by software is possible

e Module stop mode can be set

O The initial setting enables DTC registers to be accessed. DTC operation is halted by setti
module stop mode.
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7.1.2 Block Diagram
Figure 7-1 shows a block diagram of the DTC.

The DTC's register information is stored in the on-chip RAM*. A 32-bit bus connects the DTC to
the on-chip RAM (1 kbyte), enabling 32-bit/1-state reading and writing of the DTC register
information and hence helping to increase processing speed.

Note: * When the DTC is used, the RAME bit SYSCR must be set to 1.

Internal address bus
‘ ‘ On-chip
Interrupt controller ~ DTC RAM
c
o |
T
s g% g 2
Interrupt W o Wl = o
request) }9985 D S @ %EE C> E |
n Al (PR c Si<|mAun Qo
Lo Q —x|x 2
=3 | O <|0|O o !
B g
o !
[
O ] U
CPU interrupt Internal data bus
request
Legend
MRA, MRB : DTC mode registers A and B
CRA, CRB : DTC transfer count registers A and B
SAR : DTC source address register
DAR : DTC destination address register
DTCERA to DTCERF : DTC enable registers A to F
DTVECR : DTC vector register
Figure 7-1 Block Diagram of DTC
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7.1.3 Register Configuration
Table 7-1 summarizes the DTC registers.

Table 7-1 DTC Registers

Name Abbreviation R/W Initial Value ~ Address *!

DTC mode register A MRA —*2  Undefined —x3

DTC mode register B MRB —*2  Undefined —*3

DTC source address register SAR —*2  Undefined —x3

DTC destination address register DAR —*2  Undefined —*3

DTC transfer count register A CRA —*2  Undefined —*3

DTC transfer count register B CRB —*2  Undefined —x3

DTC enable registers DTCER R/W  H'00 H'FF30 to H'FF35
DTC vector register DTVECR R/W  H'00 H'FF37

Module stop control register MSTPCR R/W  H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.

2. Registers within the DTC cannot be read or written to directly.

3. Register information is located in on-chip RAM addresses H'F800 to H'FBFF. It cannot
be located in external space. When the DTC is used, do not clear the RAME bit in

SYSCR to 0.
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7.2 Register Descriptions

7.2.1 DTC Mode Register A (MRA)

Bit : 7 6 5 4 3 2 1 0
SM1 SMO DM1 DMO MD1 MDO DTS Sz

Initial value: Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined
R/W : — — — — — — — —

MRA is an 8-hit register that controls the DTC operating mode.

Bits 7 and 6—Source Address Mode 1 and 0 (SM1, SMQJhese bits specify whether SAR is
to be incremented, decremented, or left fixed after a data transfer.

Bit 7 Bit 6
SM1 SMO Description
0 — SAR is fixed
1 0 SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 SAR is decremented after a transfer

(by -1 when Sz = 0; by -2 when Sz = 1)

Bits 5 and 4—Destination Address Mode 1 and 0 (DM1, DMO)hese bits specify whether
DAR is to be incremented, decremented, or left fixed after a data transfer.

Bit5 Bit 4
DM1 DMO Description
0 — DAR is fixed
1 0 DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 DAR is decremented after a transfer
(by —1 when Sz = 0; by —2 when Sz = 1)
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Bits 3 and 2—DTC Mode (MD1, MDO): These bits specify the DTC transfer mode.

Bit 3 Bit 2

MD1 MDO Description

0 0 Normal mode
1 Repeat mode

1 0 Block transfer mode
1 —

Bit 1—DTC Transfer Mode Select (DTS):Specifies whether the source side or the destination
side is set to be a repeat area or block area, in repeat mode or block transfer mode.

Bit 1

DTS Description

0 Destination side is repeat area or block area
1 Source side is repeat area or block area

Bit 0—DTC Data Transfer Size (Sz):Specifies the size of data to be transferred.

Bit 0

Sz Description

0 Byte-size transfer
1 Word-size transfer
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7.2.2 DTC Mode Register B (MRB)

Bit : 7 6 5 4 3 2 1 0
CHNE | DISEL — — — — — —

Initial value: Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

RIW : — — — — — — — —

MRB is an 8-bit register that controls the DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. With chain transfer, a
number of data transfers can be performed consecutively in response to a single transfer reques

In data transfer with CHNE set to 1, determination of the end of the specified number of transfers
clearing of the interrupt source flag, and clearing of DTCER is not performed.

Bit 7

CHNE Description

0 End of DTC data transfer (activation waiting state is entered)

1 DTC chain transfer (new register information is read, then data is transferred)

Bit 6—DTC Interrupt Select (DISEL): Specifies whether interrupt requests to the CPU are
disabled or enabled after a data transfer.

Bit 6

DISEL Description

0 After a data transfer ends, the CPU interrupt is disabled unless the transfer counter is
0 (the DTC clears the interrupt source flag of the activating interrupt to 0)

1 After a data transfer ends, the CPU interrupt is enabled (the DTC does not clear the

interrupt source flag of the activating interrupt to 0)

Bits 5 to 0—ReservedThese bits have no effect on DTC operation, and should always be written
with 0 in a write.
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7.2.3 DTC Source Address Register (SAR)

Bit 23 22 21 20 19 --- 4 3 2 1 0

Initial value:  Unde- Unde- Unde-Unde- Unde- --- Unde- Unde-Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined

RW - - - — — --- —_ = = = —

SAR is a 24-bit register that designates the source address of data to be transferred by the DTC
For word-size transfer, specify an even source address.

7.2.4 DTC Destination Address Register (DAR)

Bit 23 22 21 20 19 --- 4 3 2 1 0

Initial value:  Unde- Unde- Unde-Unde- Unde- --- Unde- Unde-Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined

RW ¢ - = - - — --- —_ = = = =

DAR is a 24-bit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.

7.2.5 DTC Transfer Count Register A (CRA)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

L LTI T[T ] ] ]

Initial value:  Unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde-Unde- Unde- Unde- Unde-Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined
RW | - = - - - - - - - - - — - — - —

-« CRAH —»=-+——————————— CRAL ——»

CRA is a 16-bit register that designates the number of times data is to be transferred by the DT

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65536). It is
decremented by 1 every time data is transferred, and transfer ends when the count reaches H'0

In repeat mode or block transfer mode, the CRA is divided into two parts: the upper 8 bits
(CRAH) and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL
functions as an 8-bit transfer counter (1 to 256). CRAL is decremented by 1 every time data is
transferred, and the contents of CRAH are sent when the count reaches H'00. This operation is
repeated.
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7.2.6 DTC Transfer Count Register B (CRB)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LT LT LT[ 1] ]

Initial value:  Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined
RW ¢ - - - - - - - - - - - - - - — —

CRB is a 16-bit register that designates the number of times data is to be transferred by the DTC
block transfer mode. It functions as a 16-bit transfer counter (1 to 65536) that is decremented by
every time data is transferred, and transfer ends when the count reaches H'0000.

7.2.7 DTC Enable Registers (DTCER)

Bit : 7 6 5 4 3 2 1 0
DTCE7 | DTCE6 | DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCEL1 | DTCEO

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The DTC enable registers comprise six 8-bit readable/writable registers, DTCERA to DTCERF,
with bits corresponding to the interrupt sources that can activate the DTC. These bits enable or
disable DTC service for the corresponding interrupt sources.

The DTC enable registers are initialized to H'00 by a reset and in hardware standby mode.

Bit n—DTC Activation Enable (DTCEn)

Bit n

DTCEn Description

0 DTC activation by this interrupt is disabled (Initial value)
[Clearing conditions]
1. When DISEL = 1 and data transfer ends
2. When the specified number of transfers end

1 DTC activation by this interrupt is enabled

[Holding condition]
When DISEL = 0 and the specified number of transfers have not ended

(n=71t00)

A DTCE bit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bits is shown in table 7-3, together with the vector number
generated for each interrupt controller.
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For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR. If all interrupts
are masked, multiple activation sources can be set at one time by writing data after executing a
dummy read on the relevant register.

7.2.8 DTC Vector Register (DTVECR)

Bit : 7 6 5 4 3 2 1 0
SWDTE | DTVEC6| DTVEC5|DTVEC4|DTVEC3|DTVEC2 | DTVEC1|DTVECO

Initial value: 0 0 0 0 0 0 0 0

R/W  RI(W)* R/W R/W R/W R/W R/W R/W R/W

Note: * A value of 1 can always be written to the SWDTE bit, but O can only be written after 1
is read.

DTVECR is an 8-bit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

DTVECR is initialized to H'00 by a reset and in hardware standby mode.

Bit 7—DTC Software Activation Enable (SWDTE): Enables or disables DTC activation by
software. The SWDTE bit is cleared by writing O after reading 1.

Bit 7

SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing condition]
When DISEL = 0 and the specified nhumber of transfers have not ended

1 DTC software activation is enabled

[Holding conditions]

1. When DISEL = 1 and data transfer ends

2. When the specified number of transfers end
3. During data transfer due to software activation

Bits 6 to 0—DTC Software Activation Vectors 6 to 0 (DTVEC6 to DTVECO)These bits
specify a vector number for DTC software activation.

The vector address is expressed as H'0400 + ((vector number) << 1). <<1 indicates a one-bit le
shift. For example, when DTVECG6 to DTVECO = H'10, the vector address is H'0420.
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7.2.9 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/IW R/IW R/IW RIW RIW RIW R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP14 bit in MSTPCR is set to 1, the DTC operation stops at the end of the bus cycl
and a transition is made to module stop mode. However, 1 cannot be written in the MSTP14 bit
while the DTC is operating. For details, see section 18.5, Module Stop Mode.

MSTPCR is initialized to H'3FFF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 14—Module Stop (MSTP14):Specifies the DTC module stop mode.

Bit 14

MSTP14  Description

0 DTC module stop mode cleared (Initial value)
1 DTC module stop mode set
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7.3 Operation

7.3.1 Overview

When activated, the DTC reads register information that is already stored in memory and transfi
data on the basis of that register information. After the data transfer, it writes updated register
information back to memory. Pre-storage of register information in memory makes it possible tc
transfer data over any required number of channels. Setting the CHNE bit to 1 makes it possibl
to perform a number of transfers with a single activation.

Figure 7-2 shows a flowchart of DTC operation.

Read DTC vector

—
i

Y

Read register information

Y

Data transfer

v

Write register information

Next transfer

No ¥

Clear an activation flag Clear DTCER

Interrupt
End exception handling

Figure 7-2 Flowchart of DTC Operation
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The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,
decremented, or left fixed.

Table 7-2 outlines the functions of the DTC.

Table 7-2 DTC Functions

Address Registers

Transfer Transfer

Transfer Mode Activation Source Source Destination
« Normal mode * IRQ 24 bits 24 bits
0 One transfer request transfers one ¢ TPl'J TGl
byte or one word e 8-bit timer CMI
O Memory addresses are incremented e SCI TXl or RXI
or decremented by 1 or 2 « A/D converter ADI
O Up to 65,536 transfers possible « Software

* Repeat mode

0 One transfer request transfers one
byte or one word

0 Memory addresses are incremented
or decremented by 1 or 2

O After the specified number of transfers
(1 to 256), the initial state resumes and
operation continues

* Block transfer mode

0 One transfer request transfers a block
of the specified size

O Block size is from 1 to 256 bytes or
words

O Up to 65,536 transfers possible

0 A block area can be designated at either
the source or destination

7.3.2 Activation Sources

The DTC operates when activated by an interrupt or by a write to DTVECR by software. An
interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTCEI
bit. An interrupt becomes a DTC activation source when the corresponding bit is setto 1, and a
CPU interrupt source when the bit is cleared to 0.

At the end of a data transfer (or the last consecutive transfer in the case of chain transfer), the

activation source or corresponding DTCER bit is cleared. Table 7-3 shows activation source and
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DTCER clearance. The activation source flag, in the case of RXIO, for example, is the RDRF fla

of SCIO.

Table 7-3  Activation Source and DTCER Clearance

When the DISEL Bit Is 0 and
the Specified Number of
Activation Source  Transfers Have Not Ended

When the DISEL Bit Is 1, or when

the Specified Number of Transfers

Have Ended

Software activation The SWDTE bit is cleared to 0

The SWDTE bit remains setto 1

An interrupt request is issued to the CPU

Interrupt activation  The corresponding DTCER bit

remains set to 1

The activation source flag is

cleared to 0

to0

A request is issued to the CPU for the
activation source interrupt

The corresponding DTCER bit is cleared

The activation source flag remains set to 1

Figure 7-3 shows a block diagram of activation source control. For details see section 5, Interru

Controller.

Source flag cleared

Y

On-chip
supporting
module

Clear
controller

Clear

DTCER

Y

Select

A

Clear request

IRQ interrupt
Interrupt

request
DTVECR

-
o

Selection circuit

DTC

Interrupt controller

-

CPU

Interrupt mask

Figure 7-3 Block Diagram of DTC Activation Source Control

When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If there is more than one activation source at the sal
time, the DTC operates in accordance with the default priorities.
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7.3.3 DTC Vector Table
Figure 7-4 shows the correspondence between DTC vector addresses and register information.

Table 7-4 shows the correspondence between activation sources, vector addresses, and DTCEFR
bits. When the DTC is activated by software, the vector address is obtained from: H'0400 +
(DTVECR][6:0] << 1) (where << 1 indicates a 1-bit left shift). For example, if DTVECR is H'10,
the vector address is H'0420.

The DTC reads the start address of the register information from the vector address set for each
activation source, and then reads the register information from that start address. The register
information can be placed at predetermined addresses in the on-chip RAM. The start address of
the register information should be an integral multiple of four.

The configuration of the vector address is the same in both normal and advanced modes, a 2-by1
unit being used in both cases. These two bytes specify the lower bits of the address in the on-ch
RAM.
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Table 7-4  Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of
Interrupt Vector Vector

Interrupt Source Source Number Address DTCE * Priority
Write to DTVECR Software DTVECR H'0400+ — High

DTVECR A

[6:0]

<1
IRQO External pin 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEA5
IRQ3 19 H'0426 DTCEA4
IRQ4 20 H'0428 DTCEA3
IRQ5 21 H'042A DTCEA2
IRQ6 22 H'042C DTCEAl
IRQ7 23 H'042E DTCEAO
ADI (A/D conversion end) A/D 28 H'0438 DTCEB6
TGIOA (GROA compare match/ TPU 32 H'0440 DTCEBS5
input capture) channel 0
TGIOB (GROB compare match/ 33 H'0442 DTCEB4
input capture)
TGIOC (GROC compare match/ 34 H'0444 DTCEB3
input capture)
TGIOD (GROD compare match/ 35 H'0446 DTCEB2
input capture)
TGI1A (GR1A compare match/ TPU 40 H'0450 DTCEB1
input capture) channel 1
TGI1B (GR1B compare match/ 41 H'0452 DTCEBO
input capture)
TGI2A (GR2A compare match/ TPU 44 H'0458 DTCECY?
input capture) channel 2
TGI2B (GR2B compare match/ 45 H'045A DTCEC6
input capture) Low

Note: * DTCE bits with no corresponding interrupt are reserved, and should be written with O.
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Table 7-4  Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs (cont)

Origin of
Interrupt Vector Vector
Interrupt Source Source Number Address DTCE Priority
CMIAO 8-bit timer 64 H'0480 DTCED3 High
CMIBO channel 0 65 Ho482  DTCED2 A
CMIAL 8-bit timer 68 H'0488 DTCED1
CMIB1 channel 1 69 H048A  DTCEDO
RXI0 (reception complete 0) SCI 81 H'04A2 DTCEE3
TXIO (transmit data empty 0)  channel 0 82 H04A4  DTCEE2
RXI1 (reception complete 1) SCI 85 H'04AA DTCEE1
TXI1 (transmit data empty 1)~ channel 1 86 HO4AC  DTCEEO
RXI12 (reception complete 2) SCI 89 H'04B2 DTCEF7
TXI2 (transmit data empty 2) ~ channel 2 90 H04B4  DTCEF6 Low
D D
DTC vector Register information / o .
address | start address Register information
Next transfer[
~N_ ~N_

Figure 7-4 Correspondence between DTC Vector Address and Register Information
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7.3.4 Location of Register Information in Address Space

Figure 7-5 shows how the register information should be located in the address space.

Locate the MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start addres
of the register information (contents of the vector address). In the case of chain transfer, registe
information should be located in consecutive areas.

Locate the register information in the on-chip RAM (addresses: H'FFF800 to H'FFFBFF).

Lower address

) 0 1 2 3
Register I I
information —» | MRA SAR
start address
MRB DAR Register information
Chain CRA CRB
transfer
—* | MRA SAR
Register information
MRB DAR for 2nd transfer in
chain transfer
CRA CRB
4 bytes

\/_\

Figure 7-5 Location of DTC Register Information in Address Space
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7.3.5 Normal Mode

In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have endec

CPU interrupt can be requested.

Table 7-5 lists the register information in normal mode and figure 7-6 shows memory mapping in

normal mode.

Table 7-5 Register Information in Normal Mode

Name Abbreviation

Function

DTC source address register SAR

Designates source address

DTC destination address register DAR

Designates destination address

DTC transfer count register A CRA Designates transfer count
DTC transfer count register B CRB Not used
N N
SAR —» > <— DAR
Transfer
~ ~

Figure 7-6 Memory Mapping in Normal Mode
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7.3.6 Repeat Mode

In repeat mode, one operation transfers one byte or one word of data.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended, tl
initial states of the transfer counter and the address register specified as the repeat area are
restored, and transfer is repeated. In repeat mode the transfer counter value does not reach H'C
and therefore CPU interrupts cannot be requested when DISEL = 0.

Table 7-6 lists the register information in repeat mode and figure 7-7 shows memory mapping in
repeat mode.

Table 7-6  Register Information in Repeat Mode

Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Designates transfer count
DTC transfer count register B CRB Not used

Me N Me N

SAR or DAR or
DAR ‘ SAR

Transfer

~N

Figure 7-7 Memory Mapping in Repeat Mode
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7.3.7 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. A block area is specified for
either the transfer source or the transfer destination.

The block size is 1 to 256. When the transfer of one block ends, the initial state of the block size
counter and the address register specified as the block area is restored. The other address regis
is then incremented, decremented, or left fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have endec
CPU interrupt is requested.

Table 7-7 lists the register information in block transfer mode and figure 7-8 shows memory
mapping in block transfer mode.

Table 7-7  Register Information in Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Block size count

DTC transfer count register B CRB Transfer count
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H First block

B M
SAR or B ] B DAR or
DAR ™ <:> Block area - g5AR

- -| Transfer

I~ N ~_ @

nth block
~N_
Figure 7-8 Memory Mapping in Block Transfer Mode
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7.3.8 Chain Transfer

Setting the CHNE bit to 1 enables a number of data transfers to be performed consecutively in
response to a single transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data
transfers, can be set independently,

Figure 7-9 shows the memory map for chain transfer.

/\_/
Source
/\_/ /\_/
. . ' ) Destination
Register information
CHNE =1
DTC vector Register information
address start address
Register information
CHNE =0
7 Source
N L
) Destination
/\/

Figure 7-9 Chain Transfer Memory Map

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL bit to 1, and the interrupt
source flag for the activation source is not affected.
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7.3.9 Operation Timing

Figures 7-10, 7-11, and 7-12 show examples of DTC operation timings.

° JUgyyyryyyyyyL
DTC activation \
request /

DTC \
request /

Data transfer

Vector read

-~
s O (OO e 0
- -

Transfer Transfer
information read information write

Figure 7-10 DTC Operation Timing (Example in Normal Mode or Repeat Mode)

o JUUUyrUrryr UL
DTC activation

request / \

DTC request / \

Data transfer

Vector read

-~
s O OO0 OO0

-y~ -
Transfer Transfer
information read information write

Figure 7-11 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)
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o Juudryiuyryiurryryruyu

DTC activation
request J \
DTC
request J \_
Data transfer Data transfer
Vector read - -
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write

Figure 7-12 DTC Operation Timing (Example of Chain Transfer)

7.3.10 Number of DTC Execution States

Table 7-8 lists execution statuses for a single DTC data transfer, and table 7-9 shows the numbe
of states required for each execution status.

Table 7-8 DTC Execution Statuses

Register Information Internal
Vector Read  Read/Write Data Read Data Write  Operations
Mode I J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

N: Block size (initial setting of CRAH and CRAL)
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Table 7-9  Number of States Required for Each Execution Status

On- On- On-
Chip Chip Chip I/O

Object to be Accessed RAM ROM Registers External Devices

Bus width 32 16 8 16 8 16

Access states 1 1 2 2 2 3 2 3

Execution Vector read S, — 1 — — 4 6+2m 2 3+m

status Register S, 1 — — — — — — —
information
read/write
Byte data read Sy 1 1 2 2 2 3+tm 2 3+m
Word data read Sy 1 1 4 2 4 6+2m 2 3+m
Byte data write S, 1 1 2 2 2 3+tm 2 3+m
Word data write S, 1 1 4 2 4 6+2m 2 3+m
Internal operation S, 1

m: Number of wait states in external device access

The number of execution states is calculated from the formula below. Nojeriedns the sum
of all transfers activated by one activation event (the number in which the CHNE bit is set to 1,
plus 1).

Number of execution states = 48y (J - S+K- S +L-$)+ M-S,

For example, when the DTC vector address table is located in on-chip ROM, normal mode is se
and data is transferred from the on-chip ROM to an internal I/O register, the time required for th
DTC operation is 13 states. The time from activation to the end of the data write is 10 states.
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7.3.11  Procedures for Using DTC

Activation by Interrupt: The procedure for using the DTC with interrupt activation is as follows:
[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.

[2] Set the start address of the register information in the DTC vector address.

[3] Set the corresponding bit in DTCER to 1.

[4] Set the enable bits for the interrupt sources to be used as the activation sources to 1. The DT
is activated when an interrupt used as an activation source is generated.

[5] After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC is to continue
transferring data, set the DTCE bit to 1.

Activation by Software: The procedure for using the DTC with software activation is as follows:
[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.

[3] Check that the SWDTE bit is 0.

[4] Write 1 to SWDTE bit and the vector number to DTVECR.

[5] Check the vector number written to DTVECR.

[6] After the end of one data transfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE bit is cleared to 0. If the DTC is to continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE bit is held at 1 and a CPU interrupt is requested.

7.3.12 Examples of Use of the DTC
(1) Normal Mode
The first example shows how the DTC can be used to receive 128 bytes of data via the SCI.

[1] Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM1 =
1, DMO = 0), normal mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can have
any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI RDR address in SAR, the start address of the RAM area where the data will be received
DAR, and 128 (H'0080) in CRA. CRB can be set to any value.
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[2] Set the start address of the register information at the DTC vector address.
[3] Set the corresponding bit in DTCER to 1.

[4] Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the
reception complete (RXI) interrupt. Since the generation of a receive error during the SCI
reception operation will disable subsequent reception, the CPU should be enabled to accept
receive error interrupts.

[5] Each time reception of one byte of data ends on the SCI, the RDRF flag in SSR is setto 1, a
RXI interrupt is generated, and the DTC is activated. The receive data is transferred from RLC
to RAM by the DTC, and then DAR is incremented and CRA is decremented. The RDRF flac
is automatically cleared to O.

[6] When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag is held at 1, t
DTCE bit is cleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.

(2) Software Activation

The second example shows how the DTC can be used to transfer a block of 128 bytes of data k
means of software activation. The transfer source address is H'1000 and the destination addres
H'2000. The vector number is H'60, so the vector address is H'04CO.

[1] Set MRA to incrementing source address (SM1 = 1, SMO = 0), incrementing destination
address (DM1 = 1, DMO = 0), block transfer mode (MD1 = 1, MDO = 0), and byte size (Sz =
0). The DTS bit can have any value. Set MRB for one block transfer by one interrupt (CHNE
0). Set the transfer source address (H'1000) in SAR, the destination address (H'2000) in DAI
and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

[2] Set the start address of the register information at the DTC vector address (H'04CO0).

[3] Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activate:
by software.

[4] Write 1 to the SWDTE bit and the vector number (H'60) to DTVECR. The write data is H'EO.

[5] Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. This is presumably because an interrupt occurred between ste
3 and 4 and led to a different software activation. To activate this transfer, go back to step 3.

[6] If the write was successful, the DTC is activated and a block of 128 bytes of data is transferre

[7] After the transfer, an SWDTEND interrupt occurs. The interrupt handling routine should clea
the SWDTE bit to 0 and perform other wrap-up processing.
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7.4 Interrupts

An interrupt request is issued to the CPU when the DTC finishes the specified number of data
transfers, or a data transfer for which the DISEL bit was set to 1. In the case of interrupt activatio
the interrupt set as the activation source is generated. These interrupts to the CPU are subject to
CPU mask level and interrupt controller priority level control.

In the case of activation by software, a software activated data transfer end interrupt (SWDTE
ND) is generated.

When one data transfer ends, or the specified number of data transfers end, with the DISEL bit s
to 1, after the end of the data transfer the SWDTE bit remains set to 1 and an SWDTEND interru
is generated.

The interrupt handling routine should clear the SWDTE bit to 0.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit is set to 1.

7.5 Usage Notes

Module Stop: When the MSTP14 bit in MSTPCR is set to 1, the DTC clock stops, and the DTC
enters the module stop state. However, 1 cannot be written in the MSTP14 bit while the DTC is
operating.

On-Chip RAM: The MRA, MRB, SAR, DAR, CRA, and CRB registers are all located in on-chip
RAM. When the DTC is used, the RAME bit in SYSCR must not be cleared to 0.

DTCE Bit Setting: For DTCE bit setting, use bit manipulation instructions such as BSET and
BCLR. If all interrupts are masked, multiple activation sources can be set at one time by writing
data after executing a dummy read on the relevant register.
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Section 8 1/O Ports

8.1 Overview

The H8S/2245 Series has 11 1/O ports (ports 1, 2, 3, 5, and A to G), and one input-only port (po
4).

Table 8-1 summarizes the port functions. The pins of each port also have other functions.

Each port includes a data direction register (DDR) that controls input/output (not provided for the
input-only port), a data register (DR) that stores output data, and a port register (PORT) used to
read the pin states.

Ports A to E have a built-in MOS input pull-up function, and in addition to DR and DDR, have a
MOS input pull-up control register (PCR) to control the on/off state of MOS input pull-up.

Ports 3 and A include an open-drain control register (ODR) that controls the on/off state of the
output buffer PMOS.

Ports 1 and A to F can drive a single TTL load and 90 pF capacitive load, and ports 2, 3, 5, and
can drive a single TTL load and 30 pF capacitive load. All the I/O ports can drive a Darlington
transistor when in output mode. Ports 1, and A to C can drive an LED (10 mA sink current).

Port 2 and the interrupt input pinRQO0 to IRQ7) are Schmitt-triggered inputs.
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8.2 Port 1

8.2.1 Overview

Port 1 is an 8-bit I/O port. Port 1 pins also function as TPU I/O pins (TCLKA, TCLKB, TCLKC,
TCLKD, TIOCAO, TIOCBO, TIOCCO, TIOCDO, TIOCAL, TIOCB1, TIOCA2, and TIOCB2) and
an address bus output function. Port 1 pin functions change according to the operating mode.

Figure 8-1 shows the port 1 pin configuration.

Port 1 pins Pin functions in modes 1 to 3 and 7*
— P17 (I/0)/TIOCB2 (I/O)/TCLKD (input) P17 (I/0)/TIOCB2 (/O)/TCLKD (input)
a—» P15 (I/O)/TIOCA2 (I/O) P1s (/O)/TIOCA2 (I/O)
e P15 (/0)/TIOCB1 (I/0)/TCLKC (input) P1s (/O)/TIOCBL1 (I/0)/TCLKC (input)
—» P1, (I/O)/TIOCAL (I/O) P14 (/O)/TIOCAL (I/O)

Port 1

—» P13 (/0)/TIOCDO (I/O)/TCLKB (input)/Azs (output) P13 (/O)/TIOCDO (I/O)/TCLKB (input)
—» P15 (/0)/TIOCCO (I/O)/TCLKA (input)/Azz (output) P12 (O)/TIOCCO (I/O)/TCLKA (input)
e P1; (I/0)/TIOCBO (I/O)/Az1 (output) P11 (I/O)/TIOCBO (1/O)

e P1 (I/0)/TIOCAO (I/0)/Az0 (output) P1o (I/O)/TIOCAO (1/O)

Pin functions in modes 4 to 6*

P17 (I/0)/TIOCB2 (/O)/TCLKD (input)

P1g (/O)/TIOCA2 (I/O)

P15 (I/0)/TIOCB1 (/O)/TCLKC (input)

P14 (/O)/TIOCAL (I/O)

P13 (input)/TIOCDO (I/0)/TCLKB (input)/A2s (output)
P1, (input)/TIOCCO (I/O)/TCLKA (input)/Azz (output)
P1; (input)/TIOCBO (I/0)/A21 (output)

P1o (input)/TIOCAO (1/0)/A20 (output)

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S5/2240.

Figure 8-1 Port 1 Pin Functions
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8.2.2 Register Configuration
Table 8-2 shows the port 1 register configuration.

Table 8-2 Port 1 Registers

Name Abbreviation R/W Initial Value Address *
Port 1 data direction register P1DDR \W H'00 H'FEBO
Port 1 data register P1DR R/W H'00 H'FF60
Port 1 register PORT1 R Undefined H'FF50

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1DDR)

Bit : 7 6 5 4 3 2 1 0
|P17DDR| P16DDR| P15DDR| P14DDR| P13DDR|P12DDR | PllDDR| PlODDR|

Initial value : 0 0 0 0 0 0 0 0

R/W : W W W W W W W W

P1DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1. P1DDR cannot be read; if it is, an undefined value will be read.

P1DDR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after a manual reset, and in software standby mode. As the TPU is initialized by a
manual reset, the pin states are determined by the P1DDR and P1DR specifications.

Whether the address output pins maintain their output state or go to the high-impedance state in
transition to software standby mode is selected by the OPE bit in SBYCR.

e Modeslto3and7

The corresponding port 1 pins are output ports when P1DDR is set to 1, and input ports when
cleared to 0.

Note: Modes 2, 3, and 7 cannot be used in the H8S/2240.

* Modes 4to6

The corresponding port 1 pins are address outputs when P13DDR to P1ODDR are set to 1, ar
input ports when cleared to 0.

The corresponding port 1 pins are output ports when P17DDR to P14DDR are set to 1, and
input ports when cleared to 0.

Note: Mode 6 cannot be used in the H8S/2240.
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Port 1 Data Register (P1DR)

Bit : 7 6 5 4 3 2 1 0
P17DR | P16DR | P15DR | P14DR | P13DR | P12DR | P11DR | P10DR

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

P1DR is an 8-bit readable/writable register that stores output data for the port 1 piosRE)1L

P1DR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its pric
state after a manual reset, and in software standby mode.

Port 1 Register (PORT1)

Bit : 7 6 5 4 3 2 1 0
P17 P16 P15 P14 P13 P12 P11 P10

Initial value : —* —* — —* = _* _* _*

R/W : R R R R R R R R

Note: * Determined by state of pins P17 to P1lo.

PORT1 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 1 pins (R& P1) must always be performed on P1DR.

If a port 1 read is performed while P1DDR bits are set to 1, the P1DR values are read. If a port :
read is performed while P1DDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORT1 contents are determined by the
states, as P1DDR and P1DR are initialized. PORT1 retains its prior state after a manual reset, ¢
in software standby mode.
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8.2.3 Pin Functions

Port 1 pins also function as TPU I/O pins (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAQO,
TIOCBO, TIOCCO, TIOCDO, TIOCA1, TIOCB1, TIOCA2, and TIOCB2), and address output
pins (A,;to A,p). Port 1 pin functions are shown in table 8-3.

Table 8-3  Port 1 Pin Functions

Pin Selection Method and Pin Functions
P1, /TIOCB2/ The pin function is switched as shown below according to the combination of
TCLKD the TPU channel 2 setting (by bits MD3 to MDO in TMDR?2, bits IOB3 to IOBO

in TIOR2, and bits CCLR2 to CCLRO in TCR2), bits TPSC2 to TPSCO in
TCRO, and bit P17DDR.

TPU Channel

2 Setting Table Below (1) Table Below (2)

P17DDR — 0 1

Pin function TIOCB2 output P1, input P1, output
TIOCB2 input**

TCLKD input*?

Notes: 1. TIOCB2 input when input capture is set (IOB3 to IOB0 = B'10xx) in
normal operating mode (MD3 to MDO = B'0000).

2. TCLKD input when the TCRO setting is: TPSC2 to TPSC0 = B'111.

TCLKD input when channel 2 is set to phase counting mode (MD3
to MDO = B'01xx).

TPU Channel
2 Setting 2) Q) 2) 2) Q) 2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx | B'0101 to
B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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Table 8-3

Pin

Port 1 Pin Functions (cont)

Selection Method and Pin Functions

P1,/TIOCA2

The pin function is switched as shown below according to the combination of

the TPU channel 2 setting (by bits MD3 to MDO in TMDR?2, bits IOA3 to IOAO
in TIOR2, and bits CCLR2 to CCLRO in TCR2), and bit P16DDR.

TPU Channel

2 Setting Table Below (1) Table Below (2)

P16DDR — 0 1

Pin function TIOCAZ2 output P1, input P1, output
TIOCA2 input**

Note: 1. TIOCAZ input when input capture is set (IOA3 to IOAO = B'10xx) in
normal operating mode (MD3 to MDO = B'0000).

TPU Channel
2 Setting 2) (1) (2) (1) (1) (2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'lxxx | B'0101 to
B'0111
CCLR2 to — — — — Other B'001
CCLRO than
B'001
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don't care
Note: 2. TIOCB2 output is disabled.
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Table 8-3

Port 1 Pin Functions (cont)

Pin Selection Method and Pin Functions
P1,/TIOCB1/ The pin function is switched as shown below according to the combination of
TCLKC the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOB3 to IOBO
in TIOR1, and bits CCLR2 to CCLRO in TCR1), bits TPSC2 to TPSCO0 in TCRO
and TCR2, and bit P15DDR.
TPU Channel
1 Setting Table Below (1) Table Below (2)
P15DDR — 0 1
Pin function TIOCBL1 output P1, input P1, output
TIOCBL input**
TCLKC input*?
Notes: 1. TIOCB1 input when input capture is set (IOB3 to IOB0 = B'10xx) in
normal operating mode (MD3 to MDO = B'0000).
2. TCLKC input when either the TCRO or TCR2 setting is: TPSC2 to
TPSCO =B'110.
TCLKC input when channel 2 is set to phase counting mode (MD3
to MDO = B'01xx).
TPU Channel
1 Setting @) 1) ) ) 1) 2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx | B'0101 to
B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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Table 8-3  Port 1 Pin Functions (cont)

Pin Selection Method and Pin Functions

P1,/TIOCAL The pin function is switched as shown below according to the combination of
the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOA3 to IOAO
in TIOR1, and bits CCLR2 to CCLRO in TCR1), and bit P14DDR.

TPU Channel

1 Setting Table Below (1) Table Below (2)

P14DDR — 0 1

Pin function TIOCAZ1 output P1, input P1, output
TIOCA1 input**

Note: 1. TIOCAL input when input capture is set (IOA3 to IOAO = B'10xx) in

normal operating mode (MD3 to MDO = B'0000).

TPU Channel
1 Setting 2 1) 1) 1) 2
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'Ixxx |B'0101 to
B'0111
CCLR2 to — — — Other B'001
CCLRO than
B'001
Output — Output PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don't care
Note: 2. TIOCBL1 output is disabled.
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Table 8-3  Port 1 Pin Functions (cont)

Pin Selection Method and Pin Functions
P1,/TIOCDO/ The pin function is switched as shown below according to the combination of
TCLKB/A,, the operating mode, TPU channel 0 setting (by bits MD3 to MDO in TMDRO,

bits IOD3 to 10DO0 in TIOROL, and bits CCLR2 to CCLRO in TCRO), bits TPSC2
to TPSCO in TCRO to TCR2, and bit P13DDR.

Operating

Mode Modes 1, 2, 3, 7** Modes 4, 5, 6**

TPU Channel Table Table Table Table

0 Setting Below (1) Below (2) Below (1) Below (2)

P13DDR — 0 1 0 1 0 1

Pin function TIOCDO P1, P1, |TIOCDO A, P1, A,

output input | output| output | output | input | output

TIOCDO TIOCDO
input*?2 input*?

TCLKB input*?

Notes: 1. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

2. TIOCDO input when input capture is set (IOD3 to IODO = B'10xx) in
normal operating mode (MD3 to MDO = B'0000).

3. TCLKB input when the TCRO, TCR1, or TCR2 setting is: TPSC2 to
TPSCO =B'101.

TCLKB input when channel 1 is set to phase counting mode (MD3
to MDO = B'01xx).

TPU Channel
0 Setting 2) Q) 2 2) Q) 2
MD3 to MDO B'0000 B'0010 B'0011
IOD3 to IOD0O | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx | B'0101 to
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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Table 8-3

Pin

Port 1 Pin Functions (cont)

Selection Method and Pin Functions

P1,/TIOCCO/
TCLKA/A,,

The pin function is switched as shown below according to the combination of
the operating mode, TPU channel 0 setting (by bits MD3 to MDO in TMDRO,
bits IOC3 to IOCO0 in TIOROL, and bits CCLR2 to CCLRO in TCRO), bits TPSC2
to TPSCO in TCRO to TCR2, and bit P12DDR.

Operating

Mode Modes 1, 2, 3, 7** Modes 4, 5, 6**

TPU Channel Table Table Table Table

0 Setting Below (1) Below (2) Below (1) Below (2)

P12DDR — 0 1 0 1 0 1

Pin function TIOCCO P1, P1, |TIOCCO A, P1, A,

output input | output | output | output | input | output

TIOCCO TIOCCO
input*?2 input*?

TCLKA input*?

Notes: 1. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

2. TIOCCO input when input capture is set (IOC3 to IOCO = B'10xx) in
normal operating mode (MD3 to MDO = B'0000).

3. TCLKA input when the TCRO, TCR1, or TCR2 setting is: TPSC2 to
TPSCO = B'100.

TCLKA input when channel 1 is set to phase counting mode (MD3
to MDO = B'01xx).

TPU Channel
0 Setting 2) 1) ) 1) 1) 2
MD3 to MDO B'0000 B'001x | B'0010 B'0011
I0C31t0 IOCO | B'0000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'lxxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'101
CCLRO than
B'101
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output** | output
x: Don't care

Note: 4. TIOCDO output is disabled.

When BFA =1 or BFB =1 in TMDRO, output is disabled and setting
(2) applies.
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Table 8-3

Port 1 Pin Functions (cont)

Pin Selection Method and Pin Functions
P1,/TIOCBO/ The pin function is switched as shown below according to the combination of
A, the operating mode, TPU channel 0 setting (by bits MD3 to MDO in TMDRO,
bits IOB3 to I0OBO0 in TIOROH, and bits CCLR2 to CCLRO in TCRO), and bit
P11DDR.
Operating
Mode Modes 1, 2, 3, 7*! Modes 4, 5, 6**
TPU Channel Table Table Table Table
0 Setting Below (1) Below (2) Below (1) Below (2)
P11DDR — 0 1 0 1 0 1
Pin function TIOCBO P1, P1, |TIOCBO| A, P1, A,
output input | output | output | output | input | output
TIOCBO TIOCBO
input*? input*?2
Notes: 1. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
2. TIOCBO input when input capture is set (IOB3 to IOB0 = B'10xx) in
normal operating mode (MD3 to MDO = B'0000).
TPU Channel
0 Setting 2 1) (2 (2) 1) 2
MD3 to MDO B'0000 B'0010 B'0011
IOB3to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx | B'0101 to
B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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Table 8-3

Pin

Port 1 Pin Functions (cont)

Selection Method and Pin Functions

P1,/TIOCA0/
AZO

The pin function is switched as shown below according to the combination of
the operating mode, TPU channel 0 setting (by bits MD3 to MDO in TMDRO,
bits IOA3 to IOA0 in TIOROH, and bits CCLR2 to CCLRO in TCRO), and bit

P10DDR.

Operating

Mode Modes 1, 2, 3, 7** Modes 4, 5, 6**

TPU Channel Table Table Table Table

0 Setting Below (1) Below (2) Below (1) Below (2)

P10DDR — 0 1 0 1 0 1

Pin function TIOCAO P1, P1, |TIOCAQ A, P1, A

output input | output | output | output | input | output

TIOCAO TIOCAO
input*?2 input*?

Notes: 1. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

2. TIOCAO input when input capture is set (IOA3 to IOAO0 = B'10xx) in
normal operating mode (MD3 to MDO = B'0000).

TPU Channel
0 Setting 2) (1) 2 1) 1) 2
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'lxxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'001
CCLRO than
B'001
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*®| output
x: Don't care
Note: 3. TIOCBO output is disabled.
217

RENESAS




8.3 Port 2

8.3.1 Overview

Port 2 is an 8-bit I/O port. Port 2 pins also function as 8-bit timer 1/O pins (TMRIO, TMCIO,
TMOO, TMRI1, TMCI1, and TMOL1). Port 2 pin functions are the same in all operating modes.
Port 2 uses Schmitt-triggered input.

Figure 8-2 shows the port 2 pin configuration.

Port 2 pins

— P2, (I/0)/ TMO1 (output)
— P2, (I/0)/ TMOO (output)
~— P2- (I/O)/ TMCI1 (input)
Port 2 ~— P2, (I/0)/ TMRI1 (input)
— P2, (I/O)/ TMCIO (input)
— P2, (I/0)/ TMRIO (input)
—» P2, (I/O)

- P2, (I/O)

Figure 8-2 Port 2 Pin Functions

8.3.2 Register Configuration
Table 8-4 shows the port 2 register configuration.

Table 8-4 Port 2 Registers

Name Abbreviation R/W Initial Value Address *
Port 2 data direction register P2DDR w H'00 H'FEB1
Port 2 data register P2DR R/W H'00 H'FF61
Port 2 register PORT2 R Undefined H'FF51

Note: * Lower 16 bits of the address.
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Port 2 Data Direction Register (P2DDR)

Bit : 7 6 5 4 3 2 1 0
|P27DDR| P26DDR| P25DDR| P24DDR| P23DDR | P22DDR | P21DDR| P20DDR|

Initial value : 0 0 0 0 0 0 0 0

R/W : W W W W W W ' W

P2DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 2. P2DDR cannot be read; if it is, an undefined value will be read.

Setting a P2DDR bit to 1 makes the corresponding port 2 pin an output pin, while clearing the bi
to 0 makes the pin an input pin.

P2DDR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after a manual reset, and in software standby mode. As the 8-bit timer is initialized by
manual reset, the pin states are determined by the P2DDR and P2DR specifications.

Port 2 Data Register (P2DR)

Bit : 7 6 5 4 3 2 1 0
P27DR | P26DR | P25DR | P24DR | P23DR | P22DR | P21DR | P20DR

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

P2DR is an 8-bit readable/writable register that stores output data for the port 2 piosRBR

P2DR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its pric
state after a manual reset, and in software standby mode.

Port 2 Register (PORT2)

Bit : 7 6 5 4 3 2 1 0
P27 P26 P25 P24 P23 P22 P21 P20

Initial value : —* —* — —* —* —* —* —*

R/W : R R R R R R R R

Note: * Determined by state of pins P27 to P2o.

PORT2 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 2 pins (R2 P2) must always be performed on P2DR.

If a port 2 read is performed while P2DDR bits are set to 1, the P2DR values are read. If a port :
read is performed while P2DDR bits are cleared to 0, the pin states are read.
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After a power-on reset and in hardware standby mode, PORT2 contents are determined by the p
states, as P2DDR and P2DR are initialized. PORT?2 retains its prior state after a manual reset, ar

in software standby mode.

8.3.3

Port 2 pins also function as 8-bit timer 1/O pins (TMRIO, TMCIO, TMOO, TMRI1, TMCI1, and

Pin Functions

TMO1). Port 2 pin functions are shown in table 8-5.

Table 8-5 Port 2 Pin Functions
Pin Selection Method and Pin Functions
P2,/TMO1 The pin function is switched as shown below according to the combination of
the bits OS3 to OS0 in TCSR1 of the 8-bit timer, and bit P27DDR.
0S3to OSO All 0 Any 1
P27DDR 0 1 —
Pin function P2, input P2, output TMOL1 output
P2,/TMO0 The pin function is switched as shown below according to the combination of
bits 0S3 to OS0 in TCSRO, and bit P26DDR.
0S3to OSO All O Any 1
P26DDR 0 1 —
Pin function P2, input P2, output TMOO output
P2,/TMCI1 This pin is used as the 8-bit timer external clock input pin when external clock
is selected with bits CKS2 to CKS0 in TCR1.
The pin function is switched as shown below according to the combination of
bit P25DDR.
P25DDR 0 1
Pin function P2 input P2, output
TMCI1 input
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Table 8-5

Port 2 Pin Functions (cont)

Pin Selection Method and Pin Functions
P2,/ TMRI1 This pin is used as the 8-bit timer counter reset pin when bits CCLR1 and
CCLRO in TCR1 are both set to 1.
The pin function is switched as shown below according to the combination of
bit P24DDR.
P24DDR 0 1
Pin function P2, input P2, output
TMRIL input
P2,/TMCI, This pin is used as the 8-bit timer external clock input pin when external clock
is selected with bits CKS2 to CKS0 in TCRO.
The pin function is switched as shown below according to the combination of
bit P23DDR.
P23DDR 0 1
Pin function P2, input P2, output
TMCIO input
P2,/ TMRIO This pin is used as the 8-bit timer counter reset pin when bits CCLR1 and
CCLRO in TCRO are both set to 1.
The pin function is switched as shown below according to the combination of
bit P22DDR.
P22DDR 0 1
Pin function P2, input P2, output
TMRIO input
P2, The pin function is switched as shown below according to the combination of
bit P21DDR.
P21DDR 0 1
Pin function P2, input P2, output
P2, The pin function is switched as shown below according to the combination of

bit P20DDR.
P20DDR 0 1
Pin function P2, input P2, output

RENESAS
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8.4 Port 3

8.4.1 Overview

Port 3 is a 6-bit I/O port. Port 3 pins also function as SCI I/O pins (TxD0, RxD0, SCKO, TxD1,
RxD1, and SCK1) and interrupt input pid®Q4, IRQ5). Port 3 pin functions are the same in all
operating modes. The interrupt input pilR@4, IRQ5) are Schmitt-triggered inputs.

Figure 8-3 shows the port 3 pin configuration.

Port 3 pins

~—» P3¢ (I/0)/SCK1(I/0)/IRQS5 (input)
~— P3, (I/0)/SCKO(I/0)/IRQ4 (input)
Port3 [ ™ P35 (1/0)/RxD1 (input)
~— P3, (1/0)/RxDO0 (input)
~— P3, (I/0)/TxD1 (output)

— P3,(I/0)/TxDO (output)

Figure 8-3 Port 3 Pin Functions

8.4.2 Register Configuration

Table 8-6 shows the port 3 register configuration.

Table 8-6  Port 3 Registers

Name Abbreviation R/W Initial Value **  Address *?
Port 3 data direction register P3DDR w H'00 H'FEB2
Port 3 data register P3DR R/W H'00 H'FF62
Port 3 register PORT3 R Undefined H'FF52
Port 3 open drain control register P30ODR R/W H'00 H'FF76

Notes: 1. Value of bits 5to 0.
2. Lower 16 bits of the address.
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Port 3 Data Direction Register (P3DDR)

Bit : 7 6 5 4 3 2 1 0

— — P35DDR|P34DDR|P33DDR |P32DDR | P31DDR|P30DDR
Initial value : Undefined Undefined 0 0 0 0 0 0
R/W : — — w w w w w w

P3DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 3. Bits 7 and 6 are reserved. P3DDR cannot be read; if it is, an undefined value will
read.

Setting a P3DDR bit to 1 makes the corresponding port 3 pin an output pin, while clearing the bi
to 0 makes the pin an input pin.

P3DDR is initialized to H'00 (bits 5 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode. As the SCI is initialize
by a reset and in standby mode, the pin states are determined by the P3DDR and P3DR
specifications.

Port 3 Data Register (P3DR)

Bit : 7 6 5 4 3 2 1 0

— — P35DR | P34DR | P33DR | P32DR | P31DR | P30DR
Initial value :  Undefined Undefined 0 0 0 0 0 0
R/W : — — R/W R/W R/W R/W R/W R/W

P3DR is an 8-bit readable/writable register that stores output data for the port 3 piosRB)3
Bits 7 and 6 are reserved; they return an undetermined value if read, and cannot be modified.

P3DR is initialized to H'00 (bits 5 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode.
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Port 3 Register (PORT3)

Bit : 7 6 5 4 3 2 1 0
— — P35 P34 P33 P32 P31 P30

Initial value : Undefined Undefined —* —* —* —* —* —*

R/W : — — R R R R R R

Note: * Determined by state of pins P35 to P3o.

PORT3 is an 8-bit read-only register that shows the pin states. Writing of output data for the port
pins (P3 to P3) must always be performed on P3DR.

Bits 7 and 6 are reserved; they return an undetermined value if read, and cannot be modified.

If a port 3 read is performed while P3DDR bits are set to 1, the P3DR values are read. If a port 3
read is performed while P3DDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORT3 contents are determined by the p
states, as P3DDR and P3DR are initialized. PORT3 retains its prior state after a manual reset, ar
in software standby mode.

Port 3 Open Drain Control Register (P30DR)

Bit : 7 6 5 4 3 2 1 0

— — P350DR|P340DR|P330DR|P320DR |P310DR|{P300DR
Initial value :  Undefined Undefined 0 0 0 0 0 0
R/W : — — R/W R/W R/W R/W R/W R/W

P30DR is an 8-bit readable/writable register that controls the PMOS on/off status for each port 3
pin (P3 to P3).

Bits 7 and 6 are reserved; they return an undetermined value if read, and cannot be modified.

Setting a P30ODR bit to 1 makes the corresponding port 3 pin an NMOS open-drain output pin,
while clearing the bit to 0 makes the pin a CMOS output pin.

P30ODR is initialized to H'00 (bits 5 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode.
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8.4.3 Pin Functions

Port 3 pins also function as SCI I/O pins (TxD0, RxD0O, SCKO, TxD1, RxD1, and SCK1) and
interrupt input pinsIRQ4, IRQ5). Port 3 pin functions are shown in table 8-7.

Table 8-7 Port 3 Pin Functions

Pin Selection Method and Pin Functions

P3,/SCKL/IRQ5  The pin function is switched as shown below according to the combination of
bit C/A in the SCI1 SMR, bits CKEO and CKEL1 in SCR, and bit P35DDR.

CKE1l 0 1
C/IA 0 1 —
CKEO 0 1 — —
P35DDR 0 1 — — —
Pin function P3; P3; SCK1 SCK1 SCK1
input pin |output pin** output pin** output pin** input pin
IRQS5 interrupt input pin*?

Notes: 1. When P350DR =1, the pin becomes on NMOS open-drain output.
2. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.

P3,/SCKO/IRQ4  The pin function is switched as shown below according to the combination of
bit C/A in the SCIO SMR, bits CKEO and CKEL in SCR, and bit P34DDR.

CKE1l 0 1
C/A 0 1 _
CKEO 0 1 — —
P34DDR 0 1 — — —
Pin function P3, P3, SCKO SCKO SCKO
input pin |output pin** output pin** output pin*' input pin
IRQ4 interrupt input pin*?

Notes: 1. When P340DR =1, the pin becomes an NMOS open-drain output.
2. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.
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Table 8-7

Port 3 Pin Functions (cont)

Pin Selection Method and Pin Functions
P3,/RxD1 The pin function is switched as shown below according to the combination of
bit RE in the SCI1 SCR, and bit P33DDR.
RE 0 1
P33DDR 0 1 —
Pin function P3, input pin P3, output pin* RxD1 input pin
Note: * When P330DR = 1, the pin becomes an NMOS open drain output.
P3,/RxD0 The pin function is switched as shown below according to the combination of
bit RE in the SCIO SCR, and bit P32DDR.
RE 0 1
P32DDR 0 1 —
Pin function P3, input pin P3, output pin* RxDO input pin
Note: * When P320DR = 1, the pin becomes an NMOS open drain output.
P3,/TxD1 The pin function is switched as shown below according to the combination of
bit TE in the SCI1 SCR, and bit P31DDR.
TE 0 1
P31DDR 0 1 —
Pin function P3, input pin P3, output pin* TxD1 output pin*
Note: * When P310DR = 1, the pin becomes an NMOS open drain output.
P3,/TxD0O The pin function is switched as shown below according to the combination of
bit TE in the SCI0 SCR, and bit P30DDR.
TE 0 1
P30DDR 0 1 —
Pin function P3, input pin P3, output pin* TxDO output pin*
Note: * When P300DR = 1, the pin becomes an NMOS open drain output.
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8.5 Port 4

8.5.1 Overview

Port 4 is an 8-bit input-only port. Port 4 pins also function as A/D converter analog input pins
(ANO to AN3). Port 4 pin functions are the same in all operating modes. Figure 8-4 shows the pt
4 pin configuration.

Port 4 pins

-—— P45 (input)/AN3 (input)
~—— P4, (input)/AN2 (input)
Port 4
~—— P4, (input)/AN1 (input)

~—— P4, (input)/ANO (input)

Figure 8-4 Port 4 Pin Functions

8.5.2 Register Configuration

Table 8-8 shows the port 4 register configuration. Port 4 is an input-only port, and does not have
data direction register or data register.

Table 8-8 Port 4 Registers

Name Abbreviation R/W Initial Value Address *
Port 4 register PORT4 R Undefined H'FF53
Note: * Lower 16 bits of the address.
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Port 4 Register (PORT4)

Bit : 7 6 5 4 3 2 1 0
— — — — P43 P42 P41 P40

Initial value : Undefined Undefined Undefined Undefined — —* —* —* —*

R/W : — — — — R R R R

Note: * Determined by state of pins P43 to P4o.

The pin states are always read when a port 4 read is performed.

Bits 7 to 4 are reserved; they return an undetermined value if read.

8.5.3 Pin Functions

Port 4 pins also function as A/D converter analog input pins (ANO to AN3).
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8.6 Port 5

8.6.1 Overview

Port 5 is a 4-bit I/O port. Port 5 pins also function as SCI I/O pins (TxD2, RxD2, and SCK2). Por
5 pin functions are the same in all operating modes. Figure 8-5 shows the port 5 pin configuratic

Port 5 pins

~— P5; (1/0)

~—» PS5, (I/0)/SCK2(l/O
Port 5 2 (19 (/0)

~+— P5, (1/0)/RxD2 (input)

~— P5, (1/0)/TxD2 (output)

Figure 8-5 Port 5 Pin Functions

8.6.2 Register Configuration

Table 8-9 shows the port 5 register configuration.

Table 8-9  Port 5 Registers

Name Abbreviation R/W Initial Value ** Address **
Port 5 data direction register P5DDR W H'0 H'FEB4
Port 5 data register P5DR R/W H'O H'FF64
Port 5 register PORT5 R Undefined H'FF54

Notes: 1. Value of bits 3to 0.
2. Lower 16 bits of the address.
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Port 5 Data Direction Register (P5DDR)

Bit : 7 6 5 4 3 2 1 0

— — — — P53DDR [P52DDR | P51DDR|P50DDR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — w w w w

P5DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 5. Bits 7 to 4 are reserved. PSDDR cannot be read,; if it is, an undefined value will be
read.

Setting a PSDDR bit to 1 makes the corresponding port 5 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P5DDR is initialized to H'O (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode. As the SCI is initializec
by a reset and in standby mode, the pin states are determined by the PSDDR and P5DR
specifications.

Port 5 Data Register (P5DR)

Bit : 7 6 5 4 3 2 1 0
— — — — P53DR | P52DR | P51DR | P50DR

Initial value : Undefined Undefined Undefined Undefined 0 0 0 0

R/W : — — — — R/W R/W R/W R/W

P5DR is an 8-bit readable/writable register that stores output data for the port 5 piosREbH
Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

P5DR is initialized to H'O (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode.
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Port 5 Register (PORT5)

Bit : 7 6 5 4 3 2 1 0
— — — — P53 P52 P51 P50

Initial value :  Undefined Undefined Undefined Undefined —* —* —* —*

R/W : — — — — R R R R

Note: * Determined by state of pins P53 to P5o.

PORTS5 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 5 pins (6 P5%) must always be performed on P5DR.

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

If a port 5 read is performed while PSDDR bits are set to 1, the P5DR values are read. If a port *
read is performed while P5SDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORT5 contents are determined by the
states, as P5DDR and P5DR are initialized. PORTS5 retains its prior state after a manual reset, ¢
in software standby mode.
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8.6.3 Pin Functions

Port 5 pins also function as SCI I/O pins (TxD2, RxD2, and SCK2). Port 5 pin functions are
shown in table 8-10.

Table 8-10 Port 5 Pin Functions

Pin Selection Method and Pin Functions

P5, The pin function is switched as shown below according to bit P53DDR.
P53DDR 0 1
Pin function P5, input pin P5, output pin

P5,/SCK2 The pin function is switched as shown below according to the combination of
bit C/A in the SCI2 SMR, bits CKEO and CKEL in SCR, and bit P52DDR.
CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P52DDR 0 1 — — —
Pin function P5, P5, SCK2 SCK2 SCK2

input pin | output pin | output pin | output pin | input pin

P5,/RxD2 The pin function is switched as shown below according to the combination of
bit RE in the SCI2 SCR, and bit P51DDR.
RE 0 1
P51DDR 0 1 —
Pin function P5, input pin P5, output pin RxD2 input pin
P5,/TxD2 The pin function is switched as shown below according to the combination of
bit TE in the SCI2 SCR, and bit P5S0DDR.
TE 0 1
P50DDR 0 1 —
Pin function P5, input pin P5, output pin TxD2 output pin
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8.7 Port A

8.7.1 Overview

Port A is an 4-bit I/O port. Port A pins also function as address bus outputs. The pin functions
change according to the operating mode.

Port A has a built-in MOS input pull-up function that can be controlled by software.

Figure 8-6 shows the port A pin configuration.

Port A pins Pin functions in modes 1, 2, 3, and 7*
" PA3/Ag PA; (1/0)
- PA/Asg PA, (1/0)
Port A
- PA)/Ay; PA, (1/0)
> PAu/Asg PA, (1/0)
Pin functions in modes 4 and 5 Pin functions in mode 6*
Aqg (output) PAgz (input)/A,g (output)
A g (output) PA, (input)/A,g (output)
A7 (output) PA; (input)/A, (output)
A (output) PAq (input)/A,g (output)
Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Figure 8-6 Port A Pin Functions
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8.7.2 Register Configuration
Table 8-11 shows the port A register configuration.

Table 8-11 Port A Registers

Name Abbreviation R/W Initial Value **  Address *?
Port A data direction register PADDR W H'0 H'FEB9
Port A data register PADR R/W H'0 H'FF69
Port A register PORTA R Undefined H'FF59
Port A MOS pull-up control register PAPCR R/W H'0 H'FF70
Port A open-drain control register PAODR R/W H'0 H'FF77

Notes: 1. Value of bits 3to 0.
2. Lower 16 bits of the address.

Port A Data Direction Register (PADDR)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | — |PA3DDR|PA2DDR|PA1DDR|PAODDR|
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — W W W W

PADDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port A. Bits 7 to 4 are reserved. PADDR cannot be read; if it is, an undefined value will be
read.

PADDR is initialized to H'O (bits 3 to 0) by a power-on reset and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode. The OPE bit in SBYCR
is used to select whether the address output pins retain their output state or become high-
impedance when a transition is made to software standby mode.

e Modes1,2,3,and 7

Setting a PADDR bit to 1 makes the corresponding port A pin an output port, while clearing
the bit to 0 makes the pin an input port.

Note: Modes 2, 3, and 7 cannot be used in the H8S/2240.

* Modes 4 and 5

The corresponding port A pins are address outputs irrespective of the value of bits PA3DDR t
PAODDR.
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« Mode 6

Setting a PADDR bit to 1 makes the corresponding port A pin an address output while clearir
the bit to 0 makes the pin an input port.

Note: Mode 6 cannot be used in the H8S/2240.

Port A Data Register (PADR)

Bit : 7 6 5 4 3 2 1 0
— — — — PA3DR | PA2DR | PA1DR | PAODR

Initial value :  Undefined Undefined Undefined Undefined 0 0 0 0

R/W : — — — — R/W R/W R/W R/W

PADR is an 8-bit readable/writable register that stores output data for the port A pirie (PA
PA).

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

PADR is initialized to H'O (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode.

Port A Register (PORTA)

Bit : 7 6 5 4 3 2 1 0
— — — — PA3 PA2 PA1 PAO

Initial value :  Undefined Undefined Undefined Undefined = —* —* —* —*

R/W : — — — — R R R R

Note: * Determined by state of pins PAz to PAo.

PORTA is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port A pins (R£o PAy)) must always be performed on PADR.

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

If a port A read is performed while PADDR bits are set to 1, the PADR values are read. If a port
read is performed while PADDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTA contents are determined by the
states, as PADDR and PADR are initialized. PORTA retains its prior state after a manual reset,
and in software standby mode.
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Port A MOS Pull-Up Control Register (PAPCR)

Bit : 7 6 5 4 3 2 1 0

— — — — PA3PCR|PA2PCR|PA1PCR|PAOPCR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — R/W R/W R/W R/W

PAPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port A on an individual bit basis.

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

Bits 3 to 0 are valid in modes 1, 2, 3, 6, and 7, and all the bits are invalid in modes 4 and 5. Whel
a PADDR bit is cleared to 0 (input port setting), setting the corresponding PAPCR bit to 1 turns o
the MOS input pull-up for the corresponding pin.

PAPCR is initialized to H'0 (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode.

Port A Open Drain Control Register (PAODR)

Bit : 7 6 5 4 3 2 1 0

— — — — PA3SODR|PA20DR|PA10ODR|PAOODR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — R/W R/W R/W R/W

PAODR is an 8-bit readable/writable register that controls whether PMOS is on or off for each
port A pin (PA to PA).

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.
All bits are valid in modes 1, 2, 3, and 7.

Setting a PAODR bit to 1 makes the corresponding port A pin an NMOS open-drain output, while
clearing the bit to 0 makes the pin a CMOS output.

PAODR is initialized to H'0 (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode.

236
RENESAS



8.7.3 Pin Functions

Modes 1, 2, 3 and 7tn mode 1, 2, 3, and 7, port A pins function as 1/O ports. Input or output can
be specified for each pin on an individual bit basis. Setting a PADDR bit to 1 makes the
corresponding port A pin an output port, while clearing the bit to 0 makes the pin an input port.

Note: Modes 2, 3, and 7 cannot be used in the H8S5/2240.

Port A pin functions in modes 1, 2, 3, and 7 are shown in figure 8-7.

~— PA; (I/O)
— PA, (I/O)
Port A
~—» PA; (I/O)

= PA, (I/O)

Figure 8-7 Port A Pin Functions (Modes 1, 2, 3, and 7)

Modes 4 and 5:In modes 4 and 5, the lower 4 bits of port A are designated as address outputs
automatically.

Port A pin functions in modes 4 and 5 are shown in figure 8-8.

— A9 (output)
— A;g (output)
Port A
— A7 (output)

— A (output)

Figure 8-8 Port A Pin Functions (Modes 4 and 5)
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Mode 6: In mode 6, port A pins function as address outputs or input ports. Input or output can be
specified on an individual bit basis. Setting a PADDR bit to 1 makes the corresponding port A pin
an address output, while clearing the bit to 0 makes the pin an input port.

Note: Mode 6 cannot be used in the H8S/2240.

Port A pin functions in mode 6 are shown in figure 8-9.

When PADDR =1 When PADDR =0

~— A4 (Output) PA; (input)

— A, o (output) PA, (input)
Port A

~— A, (output) PA/ (input)

— Ao (output) PAq (input)

Figure 8-9 Port A Pin Functions (Mode 6)

8.7.4 MOS Input Pull-Up Function

Port A has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 1, 2, 3, 6, and 7, and cannot be used in modes 4 anc
MOS input pull-up can be specified as on or off on an individual bit basis.

When a PADDR bit is cleared to 0, setting the corresponding PAPCR bit to 1 turns on the MOS
input pull-up for that pin.

The MOS input pull-up function is in the off state after a power-on reset, and in hardware standby
mode. The prior state is retained after a manual reset, and in software standby mode.

Note: Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
Table 8-12 summarizes the MOS input pull-up states.

Table 8-12 MOS Input Pull-Up States (Port A)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode  Reset Standby Mode  Operations
1t03,6,7 PA;to PA, OFF ON/OFF
4,5 PA, to PA, OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PADDR = 0 and PAPCR = 1; otherwise off.
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8.8 Port B

8.8.1 Overview

Port B is an 8-bit I/O port. Port B has an address bus output function, and the pin functions char
according to the operating mode.

Port B has a built-in MOS input pull-up function that can be controlled by software.

Figure 8-10 shows the port B pin configuration.

Port B pins Pin functions in modes 1, 4, and 5
— PB;/Ag A5 (output)
> PBg/Ay Ay4 (output)
~— PB5/As;3 A3 (output)
- PB,/A> A, (output)
POrtB | o » PB3/Aq1 A1, (output)
e PBy/Ajg Aj, (output)
— PB;/Ag Ag (output)
—w— PBy/Ag Ag (output)
Pin functions in modes 2 and 6* Pin functions in modes 3 and 7*
PB- (input)/A;5 (output) PB- (I/0)
PBg (input)/A,4 (output) PBg (I/0)
PBs (input)/A,3 (output) PBs (1/0)
PBy, (input)/A;5 (output) PB, (I/0O)
PBj (input)/A,; (output) PB; (I/0)
PB, (input)/A;o (output) PB, (I/0)
PB;, (input)/Ag (output) PB, (1/O)
PBg (input)/Ag (output) PBy (I/0)
Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Figure 8-10 Port B Pin Functions

239
RENESAS



8.8.2 Register Configuration
Table 8-13 shows the port B register configuration.

Table 8-13 Port B Registers

Name Abbreviation R/W Initial Value Address  *
Port B data direction register PBDDR W H'00 H'FEBA
Port B data register PBDR R/W H'00 H'FF6A
Port B register PORTB R Undefined H'FF5A
Port B MOS pull-up control register PBPCR R/W H'00 H'FF71

Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

Bit : 7 6 5 4 3 2 1 0
|PB7DDR| PBGDDR| PBSDDR| PB4DDR|PB3DDR|PBZDDR | PBlDDR|PBODDR|

Initial value : 0 0 0 0 0 0 0 0

R/W : W W W W W W W W

PBDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port B. PBDDR cannot be read; if it is, an undefined value will be read.

PBDDR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
prior state after a manual reset, and in software standby mode. The OPE bit in SBYCR is used tc
select whether the address output pins retain their output state or become high-impedance when
transition is made to software standby mode.

* Modes 1,4,and 5
The corresponding port B pins are address outputs irrespective of the value of the PBDDR bit

* Modes 2 and 6

Setting a PBDDR bit to 1 makes the corresponding port B pin an address output, while clearir
the bit to 0 makes the pin an input port.

Note: Modes 2 and 6 cannot be used in the H8S/2240.

e Modes 3 and 7

Setting a PBDDR bit to 1 makes the corresponding port B pin an output port, while clearing
the bit to 0 makes the pin an input port.

Note: Modes 3 and 7 cannot be used in the H8S/2240.
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Port B Data Register (PBDR)

Bit : 7 6 5 4 3 2 1 0
PB7DR | PB6DR | PB5DR | PB4DR | PB3DR | PB2DR | PB1DR | PBODR

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PBDR is an 8-bit readable/writable register that stores output data for the port B pits PR.
PBDR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prif
state after a manual reset, and in software standby mode.

Port B Register (PORTB)

Bit : 7 6 5 4 3 2 1 0
PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO

Initial value : —* —* —* —* — — —* %

R/W : R R R R R R R R

Note: * Determined by state of pins PB7 to PBo.

PORTB is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port B pins (P® PB) must always be performed on PBDR.

If a port B read is performed while PBDDR bits are set to 1, the PBDR values are read. If a port
read is performed while PBDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTB contents are determined by the
states, as PBDDR and PBDR are initialized. PORTB retains its prior state after a manual reset,
in software standby mode.
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Port B MOS Pull-Up Control Register (PBPCR)

Bit : 7 6 5 4 3 2 1 0
PB7PCR| PB6PCR|PB5PCR|PB4PCR|PB3PCR |PB2PCR|PB1PCR|PBOPCR

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PBPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port B on an individual bit basis.

When a PBDDR bit is cleared to O (input port setting) in mode 2, 3, 6, or 7, setting the
corresponding PBPCR bit to 1 turns on the MOS input pull-up for the corresponding pin.

PBPCR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after a manual reset, and in software standby mode.

8.8.3 Pin Functions

Modes 1, 4, and 5in modes 1, 4, and 5, port B pins are automatically designated as address
outputs.

Port B pin functions in modes 1, 4, and 5 are shown in figure 8-11.

— A5 (output)
— Ay, (output)
— A3 (output)
Port B — A, (output)
— Ay, (output)
— Ao (output)

— Ay (output)

— Ag (output)

Figure 8-11 Port B Pin Functions (Modes 1, 4, and 5)
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Modes 2 and 6:ln modes 2 and 6, port B pins function as address outputs or input ports. Input o
output can be specified on an individual bit basis. Setting a PBDDR bit to 1 makes the
corresponding port B pin an address output, while clearing the bit to 0 makes the pin an input pc

Note: Modes 2 and 6 cannot be used in the H8S/2240.

Port B pin functions in modes 2 and 6 are shown in figure 8-12.

When PBDDR =1 When PBDDR =0
— A, (output) PB- (input)
— A, , (output) PBg (input)
~— A, . (output) PBs (input)
PortB [ ™ Az (output) PB, (input)
~— A, (output) PB; (input)
— A, (output) PB, (input)
= Ay (output) PB; (input)
~— Ao (output) PBy (input)

Figure 8-12 Port B Pin Functions (Modes 2 and 6)

Modes 3 and 7:In modes 3 and 7, port B pins function as I/O ports. Input or output can be
specified for each pin on an individual bit basis. Setting a PBDDR bit to 1 makes the
corresponding port B pin an output port, while clearing the bit to 0 makes the pin an input port.

Note: Modes 3 and 7 cannot be used in the H8S/2240.

Port B pin functions in modes 3 and 7 are shown in figure 8-13.

> PB, (I/O)
> PBj (I/O)
~—» PBg (I/O)
portg |+ o PB4 (FO)
> PB, (I/O)
<> PB, (I/0)

- PB, (I/O)

> PB, (I/O)

Figure 8-13 Port B Pin Functions (Modes 3 and 7)
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8.8.4 MOS Input Pull-Up Function

Port B has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 2, 3, 6, and 7, and can be specified as on or off on a
individual bit basis.

When a PBDDR bit is cleared to 0 in mode 2, 3, 6, or 7, setting the corresponding PBPCR bit to :
turns on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a power-on reset, and in hardware standby
mode. The prior state is retained after a manual reset, and in software standby mode.

Note: Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
Table 8-14 summarizes the MOS input pull-up states.

Table 8-14 MOS Input Pull-Up States (Port B)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode  Reset Standby Mode  Operations
1,4,5 OFF OFF
2,3,6,7 ON/OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PBDDR = 0 and PBPCR = 1; otherwise off.
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8.9 Port C

8.9.1 Overview

Port C is an 8-bit I/0 port. Port C has an address bus output function, and the pin functions chat
according to the operating mode.

Port C has a built-in MOS input pull-up function that can be controlled by software.

Figure 8-14 shows the port C pin configuration.

Port C pins Pin functions in modes 1, 4, and 5
- PC,/A; A7 (output)
- PCq/Aq Ag (output)
- PCg/Ag As (output)
potc [ PC,/A, Ay (output)
- PC,/A, Ag (output)
— PC,/A, A, (output)
—» PC,/A; A, (output)
~—» PCy/A, A (output)
Pin functions in modes 2 and 6* Pin functions in modes 3 and 7*
PC5 (input)/ A7 (output) PC, (1/0)
PCg (input)/ Ag (output) PCs (1/0)
PC; (input)/ A5 (output) PCs (1/0)
PC, (input)/ A4 (output) PC, (1/0)
PC; (input)/ A3 (output) PC; (1/0)
PC, (input)/ A, (output) PC, (1/0)
PC, (input)/ A4 (output) PC, (1/0)
PCy (input)/ Ag (output) PC, (/0)
Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Figure 8-14 Port C Pin Functions
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8.9.2 Register Configuration
Table 8-15 shows the port C register configuration.

Table 8-15 Port C Registers

Name Abbreviation R/W Initial Value Address  *
Port C data direction register PCDDR W H'00 H'FEBB
Port C data register PCDR R/W H'00 H'FF6B
Port C register PORTC R Undefined H'FF5B
Port C MOS pull-up control register PCPCR R/W H'00 H'FF72

Note: * Lower 16 bits of the address.

Port C Data Direction Register (PCDDR)

Bit : 7 6 5 4 3 2 1 0
|PC7DDR| PC6DDR| PCSDDR| PC4DDR|PCSDDR|PC2DDR|PClDDR|PCODDR|

Initial value : 0 0 0 0 0 0 0 0

R/W : w w W W W w w w

PCDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port C. PCDDR cannot be read; if it is, an undefined value will be read.

PCDDR is initialized to H'00 by a power-on reset and in hardware standby mode. It retains its
prior state after a manual reset, and in software standby mode. The OPE bit in SBYCR is used tc
select whether the address output pins retain their output state or become high-impedance when
transition is made to software standby mode.

e Modes 1, 4,and 5
The corresponding port C pins are address outputs irrespective of the value of the PCDDR bhit

* Modes 2 and 6

Setting a PCDDR bit to 1 makes the corresponding port C pin an address output, while clearir
the bit to 0 makes the pin an input port.

Note: Modes 2 and 6 cannot be used in the H8S/2240.

e Modes 3 and 7

Setting a PCDDR bit to 1 makes the corresponding port C pin an output port, while clearing
the bit to 0 makes the pin an input port.

Note: Modes 3 and 7 cannot be used in the H8S/2240.
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Port C Data Register (PCDR)

Bit : 7 6 5 4 3 2 1 0
PC7DR | PC6DR | PC5DR | PC4DR | PC3DR | PC2DR | PC1DR | PCODR

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PCDR is an 8-bit readable/writable register that stores output data for the port C pites RE{L

PCDR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its pri
state after a manual reset, and in software standby mode.

Port C Register (PORTC)

Bit : 7 6 5 4 3 2 1 0
PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO

Initial value : —* —* —* —* —* _* _* _*

R/W : R R R R R R R R

Note: * Determined by state of pins PC7 to PCo.

PORTC is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port C pins (P PG) must always be performed on PCDR.

If a port C read is performed while PCDDR bits are set to 1, the PCDR values are read. If a port
read is performed while PCDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTC contents are determined by the
states, as PCDDR and PCDR are initialized. PORTC retains its prior state after a manual reset,
in software standby mode.
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Port C MOS Pull-Up Control Register (PCPCR)

Bit : 7 6 5 4 3 2 1 0
|PC7PCR| PCBPCR| PCSPCR| PC4PCR| PC3PCR|PC2PCR | PClPCR|PCOPCR|

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PCPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port C on an individual bit basis.

When a PCDDR bit is cleared to 0 (input port setting) in mode 2, 3, 6, or 7, setting the
corresponding PCPCR bit to 1 turns on the MOS input pull-up for the corresponding pin.

PCPCR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after a manual reset, and in software standby mode.

8.9.3 Pin Functions

Modes 1, 4, and 5in modes 1, 4, and 5, port C pins are automatically designated as address
outputs.

Port C pin functions in modes 1, 4, and 5 are shown in figure 8-15.

— A (output)
— Ag (output)
— Ag (output)
Port C — A, (output)
— As (output)
— A, (output)

— A; (output)

— Ag (output)

Figure 8-15 Port C Pin Functions (Modes 1, 4, and 5)
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Modes 2 and 6:ln modes 2 and 6, port C pins function as address outputs or input ports. Input o
output can be specified on an individual bit basis. Setting a PCDDR bit to 1 makes the
corresponding port C pin an address output, while clearing the bit to 0 makes the pin an input p«

Note: Modes 2 and 6 cannot be used in the H8S/2240.

Port C pin functions in modes 2 and 6 are shown in figure 8-16.

When PCDDR =1 When PCDDR =0
~— A, (output) PC; (input)
~— Ag (output) PCg (input)
~— A- (output) PCs (input)

Port C ~— A, (output) PC, (input)
— A, (output) PC; (input)
~— A, (output) PC, (input)
— A, (output) PC; (input)
A, (output) PCy (input)

Figure 8-16 Port C Pin Functions (Modes 2 and 6)

Modes 3 and 7:In modes 3 and 7, port C pins function as 1/O ports. Input or output can be
specified for each pin on an individual bit basis. Setting a PCDDR bit to 1 makes the
corresponding port C pin an output port, while clearing the bit to 0 makes the pin an input port.

Note: Modes 3 and 7 cannot be used in the H8S/2240.

Port C pin functions in modes 3 and 7 are shown in figure 8-17.

- PC,(I/0)
- PCg (I/0)
~— PC;(I/O)
portc |+ o PCa(VO)
> PC,(I/0)
- PC, (I/0)
—w PC, (I/O)

> PC, (I/0)

Figure 8-17 Port C Pin Functions (Modes 3 and 7)
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8.94 MOS Input Pull-Up Function

Port C has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 2, 3, 6, and 7, and can be specified as on or off on a
individual bit basis.

When a PCDDR bit is cleared to 0 in mode 2, 3, 6, or 7, setting the corresponding PCPCR bit to .
turns on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a power-on reset, and in hardware standby
mode. The prior state is retained after a manual reset, and in software standby mode.

Note: Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
Table 8-16 summarizes the MOS input pull-up states.

Table 8-16 MOS Input Pull-Up States (Port C)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode  Reset Standby Mode  Operations
1,4,5 OFF OFF
2,3,6,7 ON/OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PCDDR = 0 and PCPCR = 1; otherwise off.
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8.10 Port D

8.10.1 Overview

Port D is an 8-bit I/0 port. Port D has a data bus 1/O function, and the pin functions change
according to the operating mode.

Port D has a built-in MOS input pull-up function that can be controlled by software.

Figure 8-18 shows the port D pin configuration.

Port D pins Pin functions in modes 1, 2, 4, 5, and 6*
-« PD,/D;s D,5 (1/0)
- PD¢/D;, Dy, (I/O)
~— PDg/Dy; D43 (I/O)
borth | ™ PDa/Di Dy, (I/0)
- PD,/D;; Dy (I/O)
- PD,/D;, Dy (I/O)
l—= PD;/Dg Dy (I/O)
= PD,/Dg Dg (I/0)

Pin functions in modes 3 and 7*

PD; (I/O)
PDy (I/O)
PD; (I/O)
PD, (I/O)
PD; (I/0)
PD, (I/O)
PD, (I/O)
PD, (I/O)

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Figure 8-18 Port D Pin Functions
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8.10.2  Register Configuration
Table 8-17 shows the port D register configuration.

Table 8-17 Port D Registers

Name Abbreviation R/W Initial Value Address *
Port D data direction register PDDDR W H'00 H'FEBC
Port D data register PDDR R/W H'00 H'FF6C
Port D register PORTD R Undefined H'FF5C
Port D MOS pull-up control register PDPCR R/W H'00 H'FF73

Note: * Lower 16 bits of the address.

Port D Data Direction Register (PDDDR)

Bit : 7 6 5 4 3 2 1 0
PD7DDR|PD6DDR|PD5DDR|PD4DDR|{PD3DDR|PD2DDR|PD1DDR|{PDODDR

Initial value : 0 0 0 0 0 0 0 0

R/W : W W w W W w w w

PDDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port D. PDDDR cannot be read; if it is, an undefined value will be read..

PDDDR is initialized to H’'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after a manual reset, and in software standby mode.

e Modes 1, 2,4,5,and 6
The input/output direction specification by PDDDR is ignored, and port D is automatically
designated for data 1/O.

Note: Modes 2 and 6 cannot be used in the H8S/2240.

e Modes3and 7

Setting a PDDDR bit to 1 makes the corresponding port D pin an output port, while clearing
the bit to 0 makes the pin an input port.

Note: Modes 3 and 7 cannot be used in the H8S/2240.
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Port D Data Register (PDDR)

Bit : 7 6 5 4 3 2 1 0
PD7DR | PD6DR | PD5DR | PD4DR | PD3DR | PD2DR | PD1DR | PDODR

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PDDR is an 8-bit readable/writable register that stores output data for the port D pits (PD
PD,).

PDDR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its pri
state after a manual reset, and in software standby mode.

Port D Register (PORTD)

Bit : 7 6 5 4 3 2 1 0
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

Initial value : —* —* — —* _* _* _ _ *

R/W : R R R R R R R R

Note: * Determined by state of pins PD7 to PDg.

PORTD is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port D pins (P® PD,) must always be performed on PDDR.

If a port D read is performed while PDDDR bits are set to 1, the PDDR values are read. If a port
read is performed while PDDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTD contents are determined by the
states, as PDDDR and PDDR are initialized. PORTD retains its prior state after a manual reset,
and in software standby mode.
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Port D MOS Pull-Up Control Register (PDPCR)

Bit : 7 6 5 4 3 2 1 0
|PD7PCR| PD6PCR| PD5PCR| PD4PCR|PD3PCR|PD2PCR| PD1PCR|PDOPCR|

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PDPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port D on an individual bit basis.

When a PDDDR bit is cleared to 0 (input port setting) in mode 3 or 7, setting the corresponding
PDPCR bit to 1 turns on the MOS input pull-up for the corresponding pin.

PDPCR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after a manual reset, and in software standby mode.

8.10.3 Pin Functions

Modes 1, 2, 4, 5, and 6in modes 1, 2, 4, 5, and 6, port D pins are automatically designated as
data I/O pins.

Note: Modes 2 and 6 cannot be used in the H8S/2240.

Port D pin functions in modes 1, 2, 4, 5, and 6 are shown in figure 8-19.

~— D5 (/0)
= Dy (/0)
— D5 (I/O)
potp [+ P2 (VO)
= Dy, (/O)
> Dy, (/O)
<= D, (I0)
<> D, (I0)

Figure 8-19 Port D Pin Functions (Modes 1, 2, 4, 5, and 6)

Modes 3 and 7:In modes 3 and 7, port D pins function as 1/O ports. Input or output can be
specified for each pin on an individual bit basis. Setting a PDDDR bit to 1 makes the
corresponding port D pin an output port, while clearing the bit to 0 makes the pin an input port.

Note: Modes 3 and 7 cannot be used in the H8S/2240.
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Port D pin functions in modes 3 and 7 are shown in figure 8-20.

~— PD, (I/0)
~— PDg (I/O)
- PD (I/O)
portp [ o PDs (o)
= PD, (I/0)
—m PD, (I/O)
< PD, (I/0)

< PD, (I/0)

Figure 8-20 Port D Pin Functions (Modes 3 and 7)

8.10.4 MOS Input Pull-Up Function

Port D has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 3 and 7, and can be specified as on or off on an
individual bit basis.

When a PDDDR bhit is cleared to 0 in mode 3 or 7, setting the corresponding PDPCR bit to 1 turl
on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a power-on reset, and in hardware standk
mode. The prior state is retained after a manual reset, and in software standby mode.

Note: Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
Table 8-18 summarizes the MOS input pull-up states.

Table 8-18 MOS Input Pull-Up States (Port D)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode  Reset Standby Mode  Operations
1,2,4t06 OFF OFF
3,7 ON/OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PDDDR = 0 and PDPCR = 1; otherwise off.
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8.11 Port E

8.11.1 Overview

Port E is an 8-bit I/O port. Port E has a data bus 1/O function, and the pin functions change
according to the operating mode and whether 8-bit or 16-bit bus mode is selected.

Port E has a built-in MOS input pull-up function that can be controlled by software.

Figure 8-21 shows the port E pin configuration.

Port E pins Pin functions in modes 1, 2, 4, 5, and 6*
- PE,/D; PE, (/0)/D; (/O)
- PE/Dj PEg (1/0)/Dg (1/0)
> PE;/Dg PE; (1/0)/Ds (1/0)
bortE [+ PE4/Dy PE, (I/0)/D, (1/O)
- PE,/D, PE; (I/0)/D5 (I/O)
e PE,/D, PE, (I/0)/D, (I/O)
- PE,/D, PE; (/0)/D, (I/O)
= PE,/D, PE, (/0)/D, (1/O)

Pin functions in modes 3 and 7*

PE, (1/0)
PEs (1/0)
PE; (1/O)
PE, (1/0)
PE, (I/0)
PE, (I/0)
PE, (1/0)
PE, (1/0)

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Figure 8-21 Port E Pin Functions
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8.11.2  Register Configuration
Table 8-19 shows the port E register configuration.

Table 8-19 Port E Registers

Name Abbreviation R/W Initial Value Address *
Port E data direction register PEDDR W H'00 H'FEBD
Port E data register PEDR R/W H'00 H'FF6D
Port E register PORTE R Undefined H'FF5D
Port E MOS pull-up control register PEPCR R/W H'00 H'FF74

Note: * Lower 16 bits of the address.

Port E Data Direction Register (PEDDR)

Bit : 7 6 5 4 3 2 1 0
|PE7DDR| PE6DDR| PE5DDR| PE4DDR|PE3DDR|PE2DDR| PE1DDR|PEODDR|

Initial value : 0 0 0 0 0 0 0 0

R/W : W W W W W W W W

PEDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port E. PEDDR cannot be read; if it is, an undefined value will be read.

PEDDR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after a manual reset, and in software standby mode.

* Modes 1, 2, 4,5, and 6
When 8-bit bus mode has been selected, port E pins function as 1/O ports. Setting a PEDDR
to 1 makes the corresponding port E pin an output port, while clearing the bit to 0 makes the
pin an input port.
When 16-bit bus mode has been selected, the input/output direction specification by PEDDR
ignored, and port E is designated for data /0.
For details of 8-bit and 16-bit bus modes, see section 6, Bus Controller.

Note: Modes 2 and 6 cannot be used in the H8S/2240.

e Modes3and 7

Setting a PEDDR bit to 1 makes the corresponding port E pin an output port, while clearing t
bit to 0 makes the pin an input port.

Note: Modes 3 and 7 cannot be used in the H8S/2240.
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Port E Data Register (PEDR)

Bit : 7 6 5 4 3 2 1 0
PE7DR | PE6DR | PESDR | PE4DR | PE3DR | PE2DR | PE1DR | PEODR

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PEDR is an 8-bit readable/writable register that stores output data for the port E pittsREE

PEDR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prio
state after a manual reset, and in software standby mode.

Port E Register (PORTE)

Bit : 7 6 5 4 3 2 1 0
PE7 PE6 PES PE4 PE3 PE2 PE1 PEO

Initial value : —* —* — —* _* _* _* _*

R/W : R R R R R R R R

Note: * Determined by state of pins PE7 to PEo.

PORTE is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port E pins (P& PE) must always be performed on PEDR.

If a port E read is performed while PEDDR bits are set to 1, the PEDR values are read. If a port E
read is performed while PEDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTE contents are determined by the
states, as PEDDR and PEDR are initialized. PORTE retains its prior state after a manual reset, a
in software standby mode.
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Port E MOS Pull-Up Control Register (PEPCR)

Bit : 7 6 5 4 3 2 1 0

| PE7PCR| PE6PCR| PE5PCR| PE4PCR| PE3PCR | PE2PCR | PElPCR|PEOPCR|
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PEPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port E on an individual bit basis.

When a PEDDR bit is cleared to O (input port setting) when 8-bit bus mode is selected in mode
2,4,5, or 6, orin mode 3 or 7, setting the corresponding PEPCR bit to 1 turns on the MOS inpu
pull-up for the corresponding pin.

PEPCR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after a manual reset, and in software standby mode.

8.11.3 Pin Functions

Modes 1, 2, 4, 5, and 6in modes 1, 2, 4, 5, and 6, when 8-bit access is designated and 8-bit bus
mode is selected, port E pins are automatically designated as 1/O ports. Setting a PEDDR bit to
makes the corresponding port E pin an output port, while clearing the bit to 0 makes the pin an
input port.

When 16-bit bus mode is selected, the input/output direction specification by PEDDR is ignored
and port E is designated for data 1/O.

Note: Modes 2 and 6 cannot be used in the H8S/2240.
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Port E pin functions in modes 1, 2, 4, 5, and 6 are shown in figure 8-22.

Port E

8-bit bus mode

PE,
PEg
PE;
PE,
PE,
PE,
PE,
PE,

(1/0)
(1/0)
(/0)
(1/0)
(1/0)
(/0)
(1/0)
(1/0)

16-bit bus mode

D (I/O)
Ds (1/0)
D (1/0)
D, (I/0)
D; (I/O)
D, (1/0)
D, (I/0)
Dy (I/0)

Figure 8-22 Port E Pin Functions (Modes 1, 2, 4, 5, and 6)

Modes 3 and 7:In modes 3 and 7, port E pins function as I/O ports. Input or output can be
specified for each pin on a bit-by-bit basis. Setting a PEDDR bit to 1 makes the corresponding pc
E pin an output port, while clearing the bit to 0 makes the pin an input port.

Note: Modes 3 and 7 cannot be used in the H8S/2240.

Port E pin functions in modes 3 and 7 are shown in figure 8-23.

Port E

PE; (1/O)
PEg (1/0)
PEs (1/0)
PE, (1/0)
PE; (1/O)
PE, (1/0)
PE, (1/O)
PE, (I/O)

Figure 8-23 Port E Pin Functions (Modes 3 and 7)
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8.11.4 MOS Input Pull-Up Function

Port E has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 1, 2, 4, 5, and 6 when 8-bit bus mode is selected, o
mode 3 or 7, and can be specified as on or off on an individual bit basis.

When a PEDDR bit is cleared to 0 in mode 1, 2, 4, 5, or 6 when 8-bit bus mode is selected, or ir
mode 3 or 7, setting the corresponding PEPCR bit to 1 turns on the MOS input pull-up for that p

The MOS input pull-up function is in the off state after a power-on reset, and in hardware standkt
mode. The prior state is retained after a manual reset, and in software standby mode.

Note: Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
Table 8-20 summarizes the MOS input pull-up states.

Table 8-20 MOS Input Pull-Up States (Port E)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode  Reset Standby Mode  Operations
3,7 OFF ON/OFF
1,2,4to 6 8-bitbus
16-bit bus OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PEDDR = 0 and PEPCR = 1, otherwise off.
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8.12 Port F

8.12.1 Overview

Port F is an 8-bit I/O port. Port F pins also function as bus control signal input/outpuains (
RD, HWR, LWR, WAIT, BREQO, BREQ, andBACK), the system clock () output pin and
interrupt input pinsIRQO to IRQ3).

The interrupt input pinsIRQO to IRQ3) are Schmitt-triggered inputs.

Figure 8-24 shows the port F pin configuration.

Port F pins Pin functions in modes 1, 2, 4, 5, and 6*
—» PF,/g PF- (input)/a(output)
—= PF4/AS AS (output)
—w= PF;/RD RD (output)
Port F ~— PF,/HWR HWR (output)
~— PF,/| WR/IRQ3 LWR (output)
~— PF,/WAIT/BREQO/IRQ2 PF, (IIO)/WAIT (input)/BREQO (output)/IRQ2 (input)
~=— PF,/BACK/IRQ1 PF, (/0)/BACK (output)/IRQ1 (input)
~— PF,/BREQ/IRQO PFq (1/0)/BREQ (input)/IRQO (input)

Pin functions in modes 3 and 7*

PF; (input)/g (output)
PF (1/0)

PF5 (I/0)

PF, (/0)

PF5 (/0)/IRQ3 (input)
PF, (/0)/IRQ2 (input)
PF; (VO)/IRQT (input)
PF, (/0)/IRQO (input)

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Figure 8-24 Port F Pin Functions
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8.12.2  Register Configuration
Table 8-21 shows the port F register configuration.

Table 8-21 Port F Registers

Name Abbreviation R/W Initial Value Address ~ **
Port F data direction register PFDDR w H'80/H'00*? H'FEBE
Port F data register PFDR R/W H'00 H'FF6E
Port F register PORTF R Undefined H'FF5E

Notes: 1. Lower 16 bits of the address.
2. |Initial value depends on the mode.

Port F Data Direction Register (PFDDR)

Bit : 7 6 5 4 3 2 1 0
PF7DDR| PF6DDR|PF5DDR|PF4DDR|PF3DDR|PF2DDR |PF1DDR|{PFODDR
Modes 1, 2,4, 5,6

Initial value : 1 0 0 0 0 0 0 0
R/W : w w w w w w

Modes 3 and 7

Initial value : 0 0 0 0 0 0 0 0
R/W : w w w w w w w w

PFDDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port F. PFDDR cannot be read; if it is, an undefined value will be read.

PFDDR is initialized by a power-on reset, and in hardware standby mode, to H'80 in modes 1, 2
4,5, and 6, and to H'00 in modes 3 and 7. It retains its prior state after a manual reset, and in
software standby mode. The OPE bit in SBYCR is used to select whether the bus control outpus
pins retain their output state or become high-impedance when a transition is made to software
standby mode.

* Modes 1,2,4,5 and 6
Pin PE functions as the g output pin when the corresponding PFDDR bit is set to 1, and as a
input port when the bit is cleared to 0.

The input/output direction specified by PFDDR is ignored for pingd®PF, which are
automatically designated as bus control outps& RD, HWR, andLWR).
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For pins PEto PR, setting a PFDDR bit to 1 makes the corresponding port F pin an output
port, while clearing the bit to 0 makes the pin an input port.

Note: Modes 2 and 6 cannot be used in the H8S/2240.

e Modes 3 and 7

Setting a PFDDR bit to 1 makes the corresponding port F pitoFfRg an output port, or in
the case of pin RFthe g output pin. Clearing the bit to 0 makes the pin an input port.

Note: Modes 3 and 7 cannot be used in the H8S/2240.

Port F Data Register (PFDR)

Bit : 7 6 5 4 3 2 1 0

| PF7DR | PF6DR| PF5DR | PFADR | PF3DR | PF2DR | PF1DR | PFODR |
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PFDR is an 8-bit readable/writable register that stores output data for the port F pitasRRJ-

PFDR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its priol
state after a manual reset, and in software standby mode.

Port F Register (PORTF)

Bit : 7 6 5 4 3 2 1 0
PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO

Initial value : —* —* —* —* —* _* _ _

R/W : R R R R R R R R

Note: * Determined by state of pins PF7 to PFo.

PORTF is an 8-bit read-only register that shows the pin states. Writing of output data for the port
F pins (PE to PR) must always be performed on PFDR.

If a port F read is performed while PFDDR bits are set to 1, the PFDR values are read. If a port F
read is performed while PFDDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORTF contents are determined by the p
states, as PFDDR and PFDR are initialized. PORTF retains its prior state after a manual reset, a
in software standby mode.
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8.12.3  Pin Functions

Port F pins also function as bus control signal input/output pifsRD, HWR, LWR, WAIT,

BREQO, BREQ, andBACK), the system clock () output pin and interrupt input @iR( to

IRQ 3). The pin functions differ between modes 1, 2, 4, 5, and 6, and modes 3 and 7. Port F pin
functions are shown in table 8-22.

Table 8-22 Port F Pin Functions

Pin Selection Method and Pin Functions

PF./o The pin function is switched as shown below according to bit PF7DDR.
PF7DDR 0 1
Pin function PF, input pin @ output pin

PF,/AS The pin function is switched as shown below according to the operating mode
and bit PF6DDR.
Operating
Mode Modes 1, 2, 4, 5, 6* Modes 3 and 7*
PF6DDR — 0 1
Pin function AS output pin PF, input pin PF, output pin
Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
PF./RD The pin function is switched as shown below according to the operating mode
and bit PF5DDR.
Operating
Mode Modes 1, 2, 4, 5, 6* Modes 3 and 7*
PF5DDR — 0 1
Pin function RD output pin PF, input pin PF, output pin
Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S5/2240.
PF,/HWR The pin function is switched as shown below according to the operating mode
and bit PF4DDR.
Operating
Mode Modes 1, 2, 4, 5, 6* Modes 3 and 7*
PFADDR — 0 1
Pin function HWR output pin PF, input pin PF, output pin

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S5/2240.
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Table 8-22 Port F Pin Functions (cont)

Pin Selection Method and Pin Functions

PF./LWR/IRQ3 The pin function is switched as shown below according to the operating mode
and bit PF3DDR.

Operating Modes Modes

Mode 1,2,4,5, 6% 3and 7*?

PF3DDR — 0 1

Pin function LWR output pin PF, input pin PF, output pin
IRQ3 interrupt input pin**

Notes: 1. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.

2. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

PF,/WAIT/ The pin function is switched as shown below according to the operating mode,
BREQO/IRQ2 and the BREQOE bit, WAITE bit in BCRL, and PF2DDR bit.
Operating
Mode Modes 1, 2, 4, 5, 6*2 Modes 3 and 7*2
BREQOE 0 1 —
WAITE 0 1 — —
PF2DDR 0 1 — — 0 1
Pin function PF, PF, WAIT | BREQO PF, PF,
input pin |output pin input pin |output pin| input pin |output pin
IRQ2 interrupt input pin**

Notes: 1. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.

2. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
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Table 8-22 Port F Pin Functions (cont)

Pin Selection Method and Pin Functions

PF./BACK/IRQ1  The pin function is switched as shown below according to the operating mode,
and the BRLE bit in BCRL and PF1DDR bit.

Operating
Mode Modes 1, 2, 4, 5, 6*° Modes 3 and 7*2
BRLE 0 1 —
PF1DDR 0 1 — 0 1
Pin function PF, PF, BACK PF, PF,
input pin | output pin | output pin | input pin | output pin
IRQ1 interrupt input pin**

Notes: 1. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.

2. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

PF,/BREQ/IRQ0 The pin function is switched as shown below according to the operating mode,
and the BRLE bit in BCRL and PFODDR bit.

Operating
Mode Modes 1, 2, 4, 5, 6*? Modes 3 and 7*2
BRLE 0 1 —
PFODDR 0 1 — 0 1
Pin function PF, PF, BREQ PF, PF,
input pin | output pin | input pin input pin | output pin
IRQO interrupt input pin**

Notes: 1. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.

2. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
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8.13 Port G

8.13.1 Overview

Port G is a 5-bit I/0 port. Port G pins also function as bus control signal outpu€hs(CS3).
The A/D converter input pinADTRG), and interrupt input pindBQ6, IRQ7). The interrupt input
pins (RQ6, IRQ7) are Schmitt-triggered inputs.

Figure 8-25 shows the port G pin configuration.

Port G pins

= PG,/CSO

- PG3/CST

PortG |«—= PG,/CS2
-=—» PG,/CS3/IRQ7
~=—» PG,/ADTRG/IRQ6

Pin functions in modes 3 and 7*

Pin functions in modes 1 and 2*

PG, (input)/CSO0 (output)

PG, (I/0)

PG, (I/0)

PG, (/0)/IRQ7 (input)

PG, (I/O)/ADTRG (input)/TRQ6 (input)

Pin functions in modes 4 to 6*

PG, (I/0) PG, (input)/CSO (output)
PG; (1/0) PG; (input)/ CS1 (output)
PG, (I/0) PG, (input)/CS2 (output)

PG, (I/0)/TRQ7 (input)
PG, (I/0)/ADTRG (input)/TRQ6 (input)

PG, (input)/CS3 (output)/IRQ7 (input)
PG, (/0)/ADTRG (input)/IRQ6 (input)

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
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8.13.2  Register Configuration
Table 8-23 shows the port G register configuration.

Table 8-23 Port G Registers

Name Abbreviation R/W Initial Value* * Address **
Port G data direction register PGDDR w H'00/H'10*® H'FEBF
Port G data register PGDR R/W H'00 H'FF6F
Port G register PORTG R Undefined H'FF5F

Notes: 1. Value of bits 4 to 0.
2. Lower 16 bits of the address.
3. Initial value depends on the mode.

Port G Data Direction Register (PGDDR)

Bit : 7 6 5 4 3 2 1 0
— — — PG4DDR|PG3DDR|PG2DDR|PG1DDR|PGODDR

Modes 1, 4, 5

Initial value :  Undefined Undefined Undefined 1 0 0 0 0
R/W : — — — w w w w w
Modes 2, 3,6, 7

Initial value :  Undefined Undefined Undefined 0 0 0 0 0
R/W : — — — w w w w w

PGDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port G. PGDDR cannot be read, and bits 7 to 5 are reserved. If PGDDR is read, an
undefined value will be read.

PGDDR is initialized by a power-on reset, and in hardware standby mode, to H'10 (bits 4 to 0) ir
modes 1, 4, and 5, and to H'00 (bits 4 to 0) in modes 2, 3, 6, and 7. It retains its prior state after
manual reset, and in software standby mode. The OPE bit in SBYCR is used to select whether 1
bus control output pins retain their output state or become high-impedance when a transition is

made to software standby mode.

Note: Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
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e Modes1,2,4,5 and 6
Pins PG to PG function as bus control output pirgS, to CS;) when the corresponding
PGDDR bhits are set to 1, and as input ports when the bits are cleared to 0.

Pin PG is an output port when the corresponding PGDDR bit is set to 1, and an input port
when the bit is cleared to 0.

Note: Modes 2 and 6 cannot be used in the H8S/2240.

e Modes3and 7

Setting a PGDDR bit to 1 makes the corresponding port G pin an output port, while clearing
the bit to 0 makes the pin an input port.

Note: Modes 3 and 7 cannot be used in the H8S/2240.

Port G Data Register (PGDR)

Bit : 7 6 5 4 3 2 1 0
— — — PG4DR | PG3DR | PG2DR | PG1DR | PGODR

Initial value : Undefined Undefined Undefined 0 0 0 0 0

R/W : — — — R/W R/W R/W R/W R/W

PGDR is an 8-bit readable/writable register that stores output data for the port G pits (PG
PG).

Bits 7 to 5 are reserved; they return an undetermined value if read, and cannot be modified.

PGDR is initialized to H'00 (bits 4 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode.

Port G Register (PORTG)

Bit : 7 6 5 4 3 2 1 0
— — — PG4 PG3 PG2 PG1 PGO

Initial value : Undefined Undefined Undefined — —* —* —* —* —*

R/W : — — — R R R R R

Note: * Determined by state of pins PG4 to PGo.

PORTG is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port G pins (P® PG) must always be performed on PGDR.

Bits 7 to 5 are reserved; they return an undetermined value if read, and cannot be modified.
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If a port G read is performed while PGDDR bits are set to 1, the PGDR values are read. If a por
read is performed while PGDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTG contents are determined by the
states, as PGDDR and PGDR are initialized. PORTG retains its prior state after a manual reset,
and in software standby mode.

8.13.3  Pin Functions

Port G pins also function as bus control signal output (86 {o CS3) the A/D converter input
pin (ADTRG), and interrupt input pind€Q6, IRQ7). The pin functions are different in modes 1
and 2, modes 3 and 7, and modes 4 to 6. Port G pin functions are shown in table 8-24.

Table 8-24 Port G Pin Functions

Pin Selection Method and Pin Functions

PG,/CSO The pin function is switched as shown below according to the operating mode
and bit PG4DDR.
Operating
Mode Modes 1, 2, 4, 5, 6* Modes 3 and 7*
PG4DDR 0 1 0 1

Pin function PG, input pin [CSO output pin PG, input pin | PG, output pin
Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S5/2240.

PG,/CS1 The pin function is switched as shown below according to the operating mode
and bit PG3DDR.
Operating
Mode Modes 1, 2, 3, 7* Modes 4 to 6*
PG3DDR 0 1 0 1

Pin function PG, input pin | PG, output pin| PG, input pin [CS1 output pin
Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

PG,/CS2 The pin function is switched as shown below according to the operating mode
and bit PG2DDR.
Operating
Mode Modes 1, 2, 3, 7* Modes 4 to 6*
PG2DDR 0 1 0 1

Pin function PG, input pin | PG, output pin| PG, input pin |CS2 output pin
Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
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Table 8-24 Port G Pin Functions (cont)

Pin

Selection Method and Pin Functions

PG,/CS3/IRQ7

The pin function is switched as shown below according to the combination of
operating mode and bit PG1DDR.

Operating

Mode Modes 1, 2, 3, 7*? Modes 4 to 6*2

PG1DDR 0 1 0 1

Pin function PG, input pin | PG, output pin| PG, input pin |[CS3 output pin
IRQ?7 interrupt input pin**

Notes: 1. When this pin is used as an external interrupt input, it should not be

used as an input/output pin with other functions.
2. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

PG,/ADTRG/IRQ6 The pin function is switched as shown below according to the combination of
bits TRGS1 and TRGSO in the A/D ADCR and bit PGODDR.

PGODDR

0

1

Pin function

PG, input

PG, output

ADTRG input pin**

IRQ6 interrupt input pin*?

Notes: 1. ADTRG input when TRGSO = TRGS1 = 1.
2. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.
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Section 9 16-Bit Timer Pulse Unit (TPU)

9.1 Overview

The H8S/2245 Series has an on-chip 16-bit timer pulse unit (TPU) that comprises three 16-bit
timer channels.

9.1.1 Features
* Maximum 8-pulse input/output

» Atotal of 8 timer general registers (TGRs) are provided (four for channel 0 and two each for
channels 1, and 2), each of which can be set independently as an output compare/input cap!
register

TGRC and TGRD for channel 0 can also be used as buffer registers
» Selection of 7 or 8 counter input clocks for each channel

» The following operations can be set for each channel:

O Waveform output at compare match: Selection of 0, 1, or toggle output

O Input capture function: Selection of rising edge, falling edge, or both edge detection

O Counter clear operation: Counter clearing possible by compare match or input capture

O Synchronous operation: Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture possible
Register simultaneous input/output possible by counter synchronous operation

O PWM mode: Any PWM output duty can be set
Maximum of 7-phase PWM output possible by combination with synchronous operation

» Buffer operation settable for channel O
O Input capture register double-buffering possible
O Automatic rewriting of output compare register possible

» Phase counting mode settable independently for each of channels 1, and 2
O Two-phase encoder pulse up/down-count possible

» Fast access via internal 16-bit bus
O Fast access is possible via a 16-bit bus interface

273
RENESAS



13 interrupt sources

O For channel 0 four compare match/input capture dual-function interrupts and one overflow
interrupt can be requested independently

O For channels 1, and 2, two compare match/input capture dual-function interrupts, one
overflow interrupt, and one underflow interrupt can be requested independently

Automatic transfer of register data

O Block transfer, 1-word data transfer, and 1-byte data transfer possible by data transfer
controller (DTC) activation

A/D converter conversion start trigger can be generated

0 Channel 2 to 0 compare match A/input capture A signals can be used as A/D converter
conversion start trigger

Module stop mode can be set

O As the initial setting, TPU operation is halted. Register access is enabled by exiting module
stop mode.

Table 9-1 lists the functions of the TPU.
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Table 9-1 TPU Functions (1)

ltem Channel 0 Channel 1 Channel 2

Count clock o/l o/l o/l
ol4 al4 al4
2/16 /16 /16
2164 /64 /64
TCLKA 2/256 2/1024
TCLKB TCLKA TCLKA
TCLKC TCLKB TCLKB
TCLKD TCLKC

General registers TGROA TGR1A TGR2A
TGROB TGR1B TGR2B

General registers/ TGROC — —

buffer registers TGROD

I/O pins TIOCAO TIOCA1 TIOCA2
TIOCBO TIOCB1 TIOCB2
TIOCCO
TIOCDO

Counter clear

TGR compare match or

TGR compare match or

TGR compare match or

function input capture input capture input capture

Compare Ooutput O O O

match loutput O O O

output Toggle o 5 5
output

Input capture O O O

function

Synchronous O O O

operation

PWM mode O O O

Phase counting — O O

mode

Buffer operation O — _

Legend
O : Possible
— : Not possible
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Table 9-1 TPU Functions (2)

ltem Channel 0 Channel 1 Channel 2

DTC activation TGR compare match or TGR compare match or TGR compare match or

input capture input capture input capture

A/D converter trigger TGROA compare match TGR1A compare match TGR2A compare match

or input capture

or input capture

or input capture

Interrupt sources

5 sources

Compare match or
input capture OA

Compare match or
input capture 0B

Compare match or
input capture 0C

Compare match or
input capture 0D

Overflow

4 sources

3

Compare match or
input capture 1A

Compare match or
input capture 1B

Overflow
Underflow

4 sources

Compare match or
input capture 2A

Compare match or
input capture 2B

Overflow
Underflow
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9.1.2 Block Di

agram

Figure 9-1 shows a block diagram of the TPU.
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Figure 9-1 Block Diagram of TPU
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9.1.3

Pin Configuration

Table 9-2 shows the pin configuration of the TPU.

Table 9-2 TPU Pins
Channel  Name Symbol 1/O Function
All Clock input A TCLKA Input  External clock A input pin
(Channel 1 phase counting mode A phase
input)
Clock input B TCLKB Input  External clock B input pin
(Channel 1 phase counting mode B phase
input)
Clock input C TCLKC Input  External clock C input pin
(Channel 2 phase counting mode A phase
input)
Clock input D TCLKD Input  External clock D input pin
(Channel 2 phase counting mode B phase
input)
0 Input capture/output TIOCAO 1/O TGROA input capture input/output compare
compare match AO output/PWM output pin
Input capture/output TIOCBO 1/O TGROB input capture input/output compare
compare match BO output/PWM output pin
Input capture/output TIOCCO 1/O TGROC input capture input/output compare
compare match CO output/PWM output pin
Input capture/output TIOCDO 1/O TGROD input capture input/output compare
compare match DO output/PWM output pin
1 Input capture/output TIOCA1 1/O TGRI1A input capture input/output compare
compare match Al output/PWM output pin
Input capture/output TIOCB1 1/O TGR1B input capture input/output compare
compare match B1 output/PWM output pin
2 Input capture/output TIOCA2 /O TGR2A input capture input/output compare
compare match A2 output/PWM output pin
Input capture/output TIOCB2 1/O TGR2B input capture input/output compare
compare match B2 output/PWM output pin
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9.14

Register Configuration

Table 9-3 summarizes the TPU registers.

Table 9-3 TPU Registers

Channel Name Abbreviation R/W Initial Value ~ Address ~ **

0 Timer control register 0 TCRO R/W H'00 H'FFDO
Timer mode register 0 TMDRO R/W H'CO H'FFD1
Timer 1/O control register OH TIOROH R/W H'00 H'FFD2
Timer I/O control register OL TIOROL R/W H'00 H'FFD3
Timer interrupt enable register 0 TIERO R/W H'40 H'FFD4
Timer status register 0 TSRO R/(W)*? H'CO H'FED5
Timer counter O TCNTO R/W H'0000 H'FFD6
Timer general register OA TGROA R/W H'FFFF H'FFD8
Timer general register OB TGROB R/W H'FFFF H'FFDA
Timer general register 0C TGROC R/W H'FFFF H'FFDC
Timer general register 0D TGROD R/W H'FFFF H'FFDE

1 Timer control register 1 TCR1 R/IW H'00 H'FFEO
Timer mode register 1 TMDR1 R/W H'CO H'FFE1
Timer I/O control register 1 TIOR1 R/W H'00 H'FFE2
Timer interrupt enable register 1 TIER1 R/W H'40 H'FFE4
Timer status register 1 TSR1 R/(W) ** H'CO H'FFE5
Timer counter 1 TCNT1 R/W H'0000 H'FFE6
Timer general register 1A TGR1A R/W H'FFFF H'FFE8
Timer general register 1B TGR1B R/W H'FFFF H'FFEA

2 Timer control register 2 TCR2 R/W H'00 H'FFFO
Timer mode register 2 TMDR2 R/IW H'CO H'FFF1
Timer 1/O control register 2 TIOR2 R/W H'00 H'FFF2
Timer interrupt enable register 2 TIER2 R/W H'40 H'FFF4
Timer status register 2 TSR2 R/(W) ** H'CO H'FFF5
Timer counter 2 TCNT2 R/IW H'0000 H'FFF6
Timer general register 2A TGR2A R/W H'FFFF H'FFF8
Timer general register 2B TGR2B R/IW H'FFFF H'FFFA
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Table 9-2 TPU Registers (cont)

Channel Name Abbreviation R/W Initial Value  Address  **
All Timer start register TSTR R/W H'00 H'FFCO
Timer synchro register TSYR R/W H'00 H'FFC1
Module stop control register MSTPCR R/W H'3FFF H'FF3C
Notes: 1. Lower 16 bits of the address.

2. Can only be written with O for flag clearing.
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9.2 Register Descriptions

9.2.1 Timer Control Register (TCR)

Channel 0: TCRO

Bit : 7 6 5 4 3 2 1 0
CCLR2 | CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Channel 1: TCR1
Channel 2: TCR2

Bit : 7 6 5 4 3 2 1 0

— CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO
Initial value : 0 0 0 0 0 0 0 0
R/W : — R/W R/W R/W R/W R/W R/W R/W

The TCR registers are 8-bit registers that control the TCNT channels. The TPU has three TCR

registers, one for each of channels 0 to 2. The TCR registers are initialized to H'00 by a reset, a
in hardware standby mode.

TCNT operation should be stopped when making TCR settings.
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Bits 7, 6, 5—Counter Clear 2, 1, and 0 (CCLR2, CCLR1, CCLRO)These bits select the

TCNT counter clearing source.

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another
channel performing synchronous
clearing/synchronous operation **

1 0 0 TCNT clearing disabled
TCNT cleared by TGRC compare match/input
capture *?
1 0 TCNT cleared by TGRD compare match/input
capture *?

1 TCNT cleared by counter clearing for another
channel performing synchronous
clearing/synchronous operation **

Bit 7 Bit 6 Bit 5
Channel Reserved **CCLR1 CCLRO Description
1,2 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation **

Notes: 1. Synchronous operation setting is performed by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

3. Bit 7 is reserved in channels 1and 2. It is always read as 0 and cannot be modified.
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Bits 4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGO)These bits select the input clock edge.
When a both-edges count is selected, a clock divided by two from the input clock can be selecte
(e.g. 9/4 both edges = g/2 rising edge). If phase counting mode is used on channels 1, and 2, tf
setting is ignored and the phase counting mode setting has priority.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count at rising edge (Initial value)
1 Count at falling edge

1 — Count at both edges

Note: Internal clock edge selection is valid when the input clock is @/4 or slower. If g/1 is selected
for the input clock, this setting is ignored and a rising-edge count is selected.

Bits 2, 1, and 0—Time Prescaler 2, 1, and 0 (TPSC2 to TPSCQOhese bits select the TCNT
counter clock. The clock source can be selected independently for each channel. Table 9-4 sho
the clock sources that can be set for each channel.

Table 9-4 TPU Clock Sources

Internal Clock External Clock
Channel g/1 ol4 2/16 2/64 /256 /1024 TCLKA TCLKB TCLKC TCLKD
0 O O O O O O O O
1 O O O O O O O
2 O O O O O O O O
Legend
O : Setting

Blank : No setting
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Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description

0 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on @/4
1 0 Internal clock: counts on /16
1 Internal clock: counts on g/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input
Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on @/4
1 0 Internal clock: counts on g/16
1 Internal clock: counts on /64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on @/256

1 Setting prohibited
Note: This setting is ignored when channel 1 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on @/4
1 0 Internal clock: counts on g/16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on @/1024

Note: This setting is ignored when channel 2 is in phase counting mode.
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9.2.2 Timer Mode Register (TMDR)

Channel 0: TMDRO

Bit : 7 6 5 4 3 2 1 0
— — BFB BFA MD3 MD2 MD1 MDO

Initial value : 1 1 0 0 0 0 0 0

R/W : — — R/W R/W R/W R/W R/W R/W

Channel 1: TMDR1
Channel 2: TMDR2

Bit : 7 6 5 4 3 2 1 0
— — — — MD3 MD2 MD1 MDO

Initial value : 1 1 0 0 0 0 0 0

R/W : — — — — R/W R/W R/W R/W

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mod
for each channel. The TPU has three TMDR registers, one for each channel. The TMDR registe
are initialized to H'CO by a reset, and in hardware standby mode.

TCNT operation should be stopped when making TMDR settings.
Bits 7 and 6—ReservedRead-only bits, always read as 1.

Bit 5—Buffer Operation B (BFB): Specifies whether TGRB is to operate in the normal way, or
TGRB and TGRD are to be used together for buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is not generated.

In channels 1 and 2, which have no TGRD, bit 5 is reserved. It is always read as 0 and cannot t
modified.

Bit 5

BFB Description

0 TGRB operates normally (Initial value)
1 TGRB and TGRD used together for buffer operation
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Bit 4—Buffer Operation A (BFA): Specifies whether TGRA is to operate in the normal way, or
TGRA and TGRC are to be used together for buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is not generated.

In channels 1, and 2, which have no TGRC, bit 4 is reserved. It is always read as 0 and cannot b
modified.

Bit 4

BFA Description

0 TGRA operates normally (Initial value)
1 TGRA and TGRC used together for buffer operation

Bits 3 to 0—Modes 3 to 0 (MD3 to MDO)These bits are used to set the timer operating mode.

Bit 3 Bit 2 Bit 1 Bit 0
MD3*' MD2** MD1 MDO Description

0 0 0 0 Normal operation (Initial value)
1 Reserved
1 0 PWM mode 1
1 PWM mode 2
1 0 0 Phase counting mode 1
1 Phase counting mode 2
1 0 Phase counting mode 3
1 Phase counting mode 4
1 * * * _

*: Don't care
Notes: 1. MD3 is a reserved bit. In a write, it should always be written with 0.

2. Phase counting mode cannot be set for channel 0. In this case, 0 should always be
written to MD2.
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9.2.3 Timer 1/0O Control Register (TIOR)

Channel 0: TIOROH
Channel 1: TIOR1
Channel 2: TIOR2

Bit : 7 6 5 4 3 2 1 0
I0B3 10B2 I0B1 I0BO I0A3 I0A2 IOAl I0A0

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Channel 0: TIOROL

Bit : 7 6 5 4 3 2 1 0
I0D3 I0D2 I0D1 I0ODO I0C3 I0C2 I0C1 10CO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the
register operates as a buffer register.

The TIOR registers are 8-bit registers that control the TGR registers. The TPU has four TIOR
registers, two for channel 0 and one each for channels 1, and 2. The TIOR registers are initialize
to H'00 by a reset, and in hardware standby mode.

Care is required since TIOR is affected by the TMDR setting. The initial output specified by TIOI
is valid when the counter is stopped (the CST bit in TSTR is cleared to 0). Note also that, in PW
mode 2, the output at the point at which the counter is cleared to 0 is specified.
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Bits 7 to 4— 1/0O Control B3 to BO (IOB3 to IOBO0)
I/O Control D3 to DO (IOD3 to I0DO0):
Bits IOB3 to I0BO specify the function of TGRB.
Bits IOD3 to I0DO specify the function of TGRD.

TIOROH
Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 |10B1 I0B0O Description
0 0 0 0 0 TGROB is Output disabled (Initial value)
1 output njtial outputis 0 O output at compare match
1 0 compare output 1 output at compare match
register
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROB is Capture input Input capture at rising edge
1 input source is Input capture at falling edge
r TIOCBO pin
1 * captu € OCBO P Input capture at both edges
register
1 * * Setting prohibited
*: Don't care
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TIOROL
Bit7 Bit6 Bit5 Bit4
Channel 10D3 10D2 IOD1 IODO Description

(Initial value)

0 output at compare match

1 output at compare match

Toggle output at compare
match

0 0 0 0 0 TGROD is Output disabled
1 output nitial output is 0

1 0 compare  oyput

registerx*

1 0 0 Output disabled
1 Initial output is 1

1 0 output

1

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 0 0 0 TGROD is Capture input

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

1 input source is
1 . capture  TIOCDO pin
register~*
1 * * Seetting
prohibited

Note: 1. When the BFB bitin TMDRO is set to 1 and TGROD is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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TIOR1

Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 IOB1 I0OBO Description
1 0 0 0 0 TGR1B is Output disabled (Initial value)
1 output njtial outputis O O output at compare match
1 compare  output 1 output at compare match
register
Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1B is Capture input Input capture at rising edge
1 input source is ' Input capture at falling edge
1 * capture TIOCBL pin Input capture at both edges
register
1 * Setting prohibited
*: Don't care
TIOR2
Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 IOB1 IOBO Description
2 0 0 0 0 TGR2B is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
1 0 compare  output 1 output at compare match
register
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2B is Capture input Input capture at rising edge
1 input source is Input capture at falling edge
o . capture TIOCB2 pin
1 register Input capture at both edges
*: Don't care
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Bits 3 to 0— I/O Control A3 to A0 (IOA3 to IOAQ)
I/O Control C3 to CO (IOC3 to I0CO0):

IOA3 to IOAQ specify the function of TGRA.

IOC3 to I0CO specify the function of TGRC.

TIOROH
Bit3 Bit2 Bitl BitO
Channel 10A3 I0A2 I0A1 IOAO0 Description

(Initial value)

0 output at compare match

1 output at compare match

Toggle output at compare
match

0 0 0 0 0 TGROA is Output disabled
1 output njtial output is 0
71 0 compare  oytput
register
1
1 0 0 Output disabled
1 Initial output is 1
1 0 output
1

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 0 0 0 TGROA is Capture input

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

1 input source is
71 . capture  TIOCAO pin
register
1 * * Setting prohibited
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TIOROL

Bit3 Bit2 Bitl BitO

Channel 10C3 I10C2 IOC1 I0OCO Description
0 0 0 0 0 TGROC is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
1 0 con_wparel output 1 output at compare match
register*
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROC is Capture input Input capture at rising edge
1 input source is Input capture at falling edge
1 * cap_ture . TIOCCO pin Input capture at both edges
register*
1 * * Setting prohibited
*: Don’t care
Note: 1. When the BFA bit in TMDRO is set to 1 and TGROC is used as a buffer register, this

setting is invalid and input capture/output compare is not generated.
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TIOR1

Bit3 Bit2 Bitl Bit0
Channel 10A3 I0A2 I0A1 I0OAO0 Description
1 0 0 0 0 TGR1A is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
1 0 compare  output 1 output at compare match
register
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1Ais Capture input Input capture at rising edge
1 input source is Input capture at falling edge
1 * capture TIOCAL pin Input capture at both edges
register
1 * * Setting prohibited
*: Don't care
TIOR2
Bit3 Bit2 Bitl BitO
Channel 10A3 I0A2 IOAl IOAO0 Description
2 0 0 0 0 TGR2A is Output disabled (Initial value)
1 output pjtial outputis 0 0 output at compare match
1 0 compare  output 1 output at compare match
register
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2A is Capture input Input capture at rising edge
1 input source is Input capture at falling edge
N capture  TIOCAZ pin
1 register Input capture at both edges

RENESAS
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9.24 Timer Interrupt Enable Register (TIER)

Channel 0: TIERO

Bit : 7 6 5 4 3 2 1 0
TTGE — — TCIEV | TGIED | TGIEC | TGIEB | TGIEA

Initial value : 0 1 0 0 0 0 0 0

R/W : R/W — — R/W R/W R/W R/W R/W

Channel 1: TIER1
Channel 2: TIER2

Bit : 7 6 5 4 3 2 1 0
TTGE — TCIEU | TCIEV — — TGIEB | TGIEA

Initial value : 0 1 0 0 0 0 0 0

R/W : R/W — R/W R/W — — R/W R/W

The TIER registers are 8-bit registers that control enabling or disabling of interrupt requests for
each channel. The TPU has three TIER registers, one for each channel. The TIER registers are
initialized to H'40 by a reset, and in hardware standby mode.
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Bit 7—A/D Conversion Start Request Enable (TTGE):Enables or disables generation of A/D
conversion start requests by TGRA input capture/compare match.

Bit 7

TTGE Description

0 A/D conversion start request generation disabled (Initial value)
1 A/D conversion start request generation enabled

Bit 6—Reserved:Read-only bit, always read as 1.

Bit 5—Underflow Interrupt Enable (TCIEU): Enables or disables interrupt requests (TCIU) by
the TCFU flag when the TCFU flag in TSR is set to 1 in channels 1 and 2.

In channel 0 bit 5 is reserved. It is always read as 0 and cannot be modified.

Bit 5

TCIEU Description

0 Interrupt requests (TCIU) by TCFU disabled (Initial value)
1 Interrupt requests (TCIU) by TCFU enabled

Bit 4—Overflow Interrupt Enable (TCIEV): Enables or disables interrupt requests (TCIV) by
the TCFV flag when the TCFV flag in TSR is set to 1.

Bit 4

TCIEV Description

0 Interrupt requests (TCIV) by TCFV disabled (Initial value)
1 Interrupt requests (TCIV) by TCFV enabled

Bit 3—TGR Interrupt Enable D (TGIED): Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bit in TSR is set to 1 in channel 0.

In channels 1, and 2, bit 3 is reserved. It is always read as 0 and cannot be modified.

Bit 3

TGIED Description

0 Interrupt requests (TGID) by TGFD bit disabled (Initial value)
1 Interrupt requests (TGID) by TGFD bit enabled
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Bit 2—TGR Interrupt Enable C (TGIEC): Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bit in TSR is set to 1 in channel O.

In channels 1, and 2, bit 2 is reserved. It is always read as 0 and cannot be modified.

Bit 2

TGIEC Description

0 Interrupt requests (TGIC) by TGFC bit disabled (Initial value)
1 Interrupt requests (TGIC) by TGFC bit enabled

Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR is set to 1.

Bit 1

TGIEB Description

0 Interrupt requests (TGIB) by TGFB bit disabled (Initial value)
1 Interrupt requests (TGIB) by TGFB bit enabled

Bit 0—TGR Interrupt Enable A (TGIEA): Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bitin TSR is set to 1.

Bit 0

TGIEA Description

0 Interrupt requests (TGIA) by TGFA bit disabled (Initial value)
1 Interrupt requests (TGIA) by TGFA bit enabled
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9.25 Timer Status Register (TSR)

Channel 0: TSRO

Bit : 7 6 5 4 3 2 1 0
— — — TCRV TGFD TGFC TGFB TGFA

Initial value : 1 1 0 0 0 0 0 0

R/W : — — — R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)*

Note: * Can only be written with O for flag clearing.

Channel 1: TSR1
Channel 2: TSR2

Bit : 7 6 5 4 3 2 1 0
TCFD — TCFU TCFV — — TGFB | TGFA

Initial value : 1 1 0 0 0 0 0 0

R/W : R — R/(W)*  R/(W)* — — R/I(W)*  R/(W)*

Note: * Can only be written with O for flag clearing.

The TSR registers are 8-bit registers that indicate the status of each channel. The TPU has thre
TSR registers, one for each channel. The TSR registers are initialized to H'CO by a reset, and ir
hardware standby mode.
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Bit 7—Count Direction Flag (TCFD): Status flag that shows the direction in which TCNT
counts in channels 1, and 2.

In channel O bit 7 is reserved. It is always read as 1 and cannot be modified.

Bit 7

TCFD Description

0 TCNT counts down

1 TCNT counts up (Initial value)

Bit 6—Reserved:Read-only bit, always read as 1.

Bit 5—Underflow Flag (TCFU): Status flag that indicates that TCNT underflow has occurred
when channels 1 and 2 are set to phase counting mode.

In channel O bit 5 is reserved. It is always read as 0 and cannot be modified.

Bit 5

TCFU Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFU after reading TCFU = 1

1 [Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Bit 4—Overflow Flag (TCFV): Status flag that indicates that TCNT overflow has occurred.

Bit 4

TCFV Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFV after reading TCFV =1

1 [Setting condition]
When the TCNT value overflows (changes from H'FFFF to H'0000 )
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Bit 3—Input Capture/Output Compare Flag D (TGFD): Status flag that indicates the
occurrence of TGRD input capture or compare match in channel 0.

In channels 1, and 2, bit 3 is reserved. It is always read as 0 and cannot be modified.

Bit 3

TGFD Description

0 [Clearing conditions] (Initial value)
*  When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC is O
*  When 0 is written to TGFD after reading TGFD =1

1 [Setting conditions]

*  When TCNT = TGRD while TGRD is functioning as output compare register

*« When TCNT value is transferred to TGRD by input capture signal while TGRD is
functioning as input capture register

Bit 2—Input Capture/Output Compare Flag C (TGFC): Status flag that indicates the
occurrence of TGRC input capture or compare match in channel 0.

In channels 1, and 2, bit 2 is reserved. It is always read as 0 and cannot be modified.

Bit 2

TGFC Description

0 [Clearing conditions] (Initial value)
*  When DTC is activated by TGIC interrupt while DISEL bit of MRB in DTC is O
e When 0 is written to TGFC after reading TGFC = 1

1 [Setting conditions]

e« When TCNT = TGRC while TGRC is functioning as output compare register
¢ When TCNT value is transferred to TGRC by input capture signal while TGRC is
functioning as input capture register
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Bit 1—Input Capture/Output Compare Flag B (TGFB): Status flag that indicates the
occurrence of TGRB input capture or compare match.

Bit 1

TGFB Description

0 [Clearing conditions] (Initial value)
* When DTC is activated by TGIB interrupt while DISEL bit of MRB in DTC is O
*  When 0 is written to TGFB after reading TGFB = 1

1 [Setting conditions]

«  When TCNT = TGRB while TGRB is functioning as output compare register

¢ When TCNT value is transferred to TGRB by input capture signal while TGRB is
functioning as input capture register

Bit 0—Input Capture/Output Compare Flag A (TGFA): Status flag that indicates the
occurrence of TGRA input capture or compare match.

Bit 0
TGFA Description
0 [Clearing conditions] (Initial value)
« When DTC is activated by TGIA interrupt while DISEL bit of MRB in DTC is 0
e When 0 is written to TGFA after reading TGFA =1
1 [Setting conditions]
*  When TCNT = TGRA while TGRA is functioning as output compare register
«  When TCNT value is transferred to TGRA by input capture signal while TGRA is
functioning as input capture register
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9.2.6 Timer Counter (TCNT)

Channel 0: TCNTO (up-counter)
Channel 1: TCNT1 (up/down-counter*)
Channel 2: TCNT2 (up/down-counter*)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value : o o o0 o o o o o o o o o o o o o
R/IW : R/W R/W R/W R/W R/W R/WR/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W

Note: * These counters can be used as up/down-counters only in phase counting mode. In other
cases they function as up-counters.

The TCNT registers are 16-bit counters. The TPU has three TCNT counters, one for each chani
The TCNT counters are initialized to H'0000 by a reset, and in hardware standby mode.

The TCNT counters cannot be accessed in 8-bit units; they must always be accessed as a 16-b
unit.

9.2.7 Timer General Register (TGR)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value : 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/WR/W R/W R/IW R/W R/W R/W R/W R/W R/W R/W

The TGR registers are 16-bit registers with a dual function as output compare and input capture
registers. The TPU has 8 TGR registers, four for channel 0 and two each for channels 1, and 2.
TGRC and TGRD for channel 0 can also be designated for operation as buffer registers*. The
TGR registers are initialized to H'FFFF by a reset, and in hardware standby mode.

The TGR registers cannot be accessed in 8-bit units; they must always be accessed as a 16-bit

Note: * TGR buffer register combinations are TGRA—TGRC and TGRB—TGRD.
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9.2.8 Timer Start Register (TSTR)

Bit : 7 6 5 4 3 2 1 0
— — — — — CST2 CST1 CSTO

Initial value : 0 0 0 0 0 0 0 0

R/W : — — — — — R/W R/W R/W

TSTR is an 8-bit readable/writable register that selects operation/stoppage for channels 0 to 2.
TSTR is initialized to H'00 by a reset, and in hardware standby mode.

TCNT counter operation should be stopped when setting the operating mode in TMDR or the
TCNT count clock in TCR.

Bits 7 and 3—ReservedShould always be written with 0.

Bits 2 to 0—Counter Start 2 to 0 (CST2 to CSTO0)These bits select operation or stoppage for
TCNT.

Bit n

CSTn Description

0 TCNTn count operation is stopped (Initial value)
1 TCNTn performs count operation

n=2to0
Note: If O is written to the CST bit during operation with the TIOC pin designated for output, the
counter stops but the TIOC pin output compare output level is retained. If TIOR is written to
when the CST bit is cleared to 0, the pin output level will be changed to the set initial output
value.
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9.2.9 Timer Synchro Register (TSYR)

Bit : 7 6 5 4 3 2 1 0

— — — — — SYNC2 | SYNC1 | SYNCO
Initial value : 0 0 0 0 0 0 0 0
R/W : — — — — — R/W R/W R/W

TSYR is an 8-bit readable/writable register that selects independent operation or synchronous
operation for the channel 0 to 2 TCNT counters. A channel performs synchronous operation wh
the corresponding bit in TSYR is set to 1.

TSYR is initialized to H'00 by a reset, and in hardware standby mode.
Bits 7 and 3—ReservedShould always be written with 0.

Bits 2 to 0—Timer Synchro 2 to 0 (SYNC2 to SYNCO)These bits select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, synchronous presetting of multiple chHaandls*
synchronous clearing through counter clearing on another chaanelpossible.

Bit n
SYNCn Description

0 TCNTn operates independently (TCNT presetting/clearing is unrelated to
other channels) (Initial value)
1 TCNTn performs synchronous operation

TCNT synchronous presetting/synchronous clearing is possible

n=2t0
Notes: 1. To set synchronous operation, the SYNC bits for at least two channels must be set to 1.

2. To set synchronous clearing, in addition to the SYNC bit , the TCNT clearing source
must also be set by means of bits CCLR2 to CCLRO in TCR.
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9.2.10 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/IW R/IW R/IW RIW RIW RIW R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP13 bit in MSTPCR is set to 1, TPU operation stops at the end of the bus cycle ar
a transition is made to module stop mode. For details, see section 18.5, Module Stop Mode.

MSTPCR is initialized to H'3FFF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 13—Module Stop (MSTP13):Specifies the TPU module stop mode.

Bit 13

MSTP13  Description

0 TPU module stop mode cleared

1 TPU module stop mode set (Initial value)
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9.3 Interface to Bus Master

9.3.1 16-Bit Registers

TCNT and TGR are 16-bit registers. As the data bus to the bus master is 16 bits wide, these
registers can be read and written to in 16-bit units.

These registers cannot be read or written to in 8-bit units; 16-bit access must always be used.

An example of 16-bit register access operation is shown in figure 9-2.

Internal data bus
H

master : L l[:

> Module
> data bus

Bus interface

VANDAN

N

TCNTH TCNTL

Figure 9-2 16-Bit Register Access Operation [Bus Mastes TCNT (16 Bits)]

9.3.2 8-Bit Registers

Registers other than TCNT and TGR are 8-bit. As the data bus to the CPU is 16 bits wide, these
registers can be read and written to in 16-bit units. They can also be read and written to in 8-bit
units.

Examples of 8-bit register access operation are shown in figures 9-3, 9-4, and 9-5.

Internal data bus
H

master : L [ Bus interface

> Module

7S
b

U

TCR

VANDAN

Figure 9-3 8-Bit Register Access Operation [Bus Master TCR (Upper 8 Bits)]
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Internal data bus

H

master L Bus interface

> Module
> data bus

VANDAN

H

{

TMDR

Figure 9-4 8-Bit Register Access Operation [Bus Master TMDR (Lower 8 Bits)]

Internal data bus

H
master :: L ::

> Module

s
b

N

TCR TMDR

Bus interface

VANDAN

Figure 9-5 8-Bit Register Access Operation [Bus Master TCR and TMDR (16 Bits)]
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9.4 Operation

9.4.1 Overview
Operation in each mode is outlined below.

Normal Operation: Each channel has a TCNT and TGR register. TCNT performs up-counting,
and is also capable of free-running operation, synchronous counting, and external event countir

Each TGR can be used as an input capture register or output compare register.

Synchronous Operation:When synchronous operation is designated for a channel, TCNT for
that channel performs synchronous presetting. That is, when TCNT for a channel designated fo
synchronous operation is rewritten, the TCNT counters for the other channels are also rewritten
the same time. Synchronous clearing of the TCNT counters is also possible by setting the timer
synchronization bits in TSYR for channels designated for synchronous operation.

Buffer Operation

* When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the relevant channel is
transferred to TGR.

* When TGR is an input capture register

When input capture occurs, the value in TCNT is transfer to TGR and the value previously
held in TGR is transferred to the buffer register.

PWM Mode: In this mode, a PWM waveform is output. The output level can be set by means of
TIOR. A PWM waveform with a duty of between 0% and 100% can be output, according to the
setting of each TGR register.

Phase Counting Mode:In this mode, TCNT is incremented or decremented by detecting the
phases of two clocks input from the external clock input pins in channels 1, and 2. When phase
counting mode is set, the corresponding TCLK pin functions as the clock pin, and TCNT perforn
up- or down-counting.

This can be used for two-phase encoder pulse input.
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9.4.2 Basic Functions

Counter Operation: When one of bits CST0 to CST2 is setto 1 in TSTR, the TCNT counter for
the corresponding channel starts counting. TCNT can operate as a free-running counter, periodic
counter, and so on.

« Example of count operation setting procedure
Figure 9-6 shows an example of the count operation setting procedure.

[1] Selectthe counter
< Operation selection > clock with bits

TPSC2 to TPSCO in
TCR. At the same
time, select the
Select counter clock [1] input clock edge
with bits CKEG1
and CKEGO in
TCR.

C Periodic counter > C Free-running counter > [2] For periodic counter

operation, select
the TGR to be used
as the TCNT
clearing source with
bits CCLR2 to
CCLRO in TCR.

Select counter clearing source | [2]

Select output compare register | [3] [3] Designate the TGR

selected in [2] as an
output compare
register by means
Set period [4] of TIOR.

[4] Set the periodic

Start count operation [5] Start count operation [5] ?rcéjgtilzgle%';trzﬁ
<Periodic counter> <Free-running counter> [5] Setthe CST bitin

TSTR to 1 to start
the count operation.

Figure 9-6 Example of Counter Operation Setting Procedure
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Free-running count operation and periodic count operation

Immediately after a reset, the TPU’s TCNT counters are all designated as free-running
counters. When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts u
count operation as a free-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV bit in TSR is set to 1. If the value of the corresponding TCIEV bitin TIER is 1 at
this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from
H’0000.

Figure 9-7 illustrates free-running counter operation.

TCNT value
H'FFFF

H'0000 Time

CST bit

TCFV

Figure 9-7 Free-Running Counter Operation

When compare match is selected as the TCNT clearing source, the TCNT counter for the
relevant channel performs periodic count operation. The TGR register for setting the period i
designated as an output compare register, and counter clearing by compare match is selecte
by means of bits CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts
up-count operation as periodic counter when the corresponding bit in TSTR is set to 1. Wher
the count value matches the value in TGR, the TGF bit in TSR is set to 1 and TCNT is cleare
to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an
interrupt. After a compare match, TCNT starts counting up again from H’0000.
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Figure 9-8 illustrates periodic counter operation.

TCNT value Counter cleared by TGR
mpare match
TGR b ooo oo l_C ~~_COmpare match
H'0000 . Time
CST bit ;
Flag cleared by software or
» DTC activation

TGF

Figure 9-8 Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle output from the
corresponding output pin using compare match.

« Example of setting procedure for waveform output by compare match
Figure 9-9 shows an example of the setting procedure for waveform output by compare matct

ecti [1] Select initial value O output or 1 output, and
Output selection compare match output value 0 output, 1

output, or toggle output, by means of TIOR.
The set initial value is output at the TIOC
pin until the first compare match occurs.

Select waveform output mode | [1]

[2] Set the timing for compare match
generation in TGR.

[3] Setthe CST bitin TSTR to 1 to start the
Set output timing 2] count operation.

Start count operation [3]

i

<Waveform output>

Figure 9-9 Example Of Setting Procedure For Waveform Output By Compare Match
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» Examples of waveform output operation
Figure 9-10 shows an example of 0 output/1 output.

In this example TCNT has been designated as a free-running counter, and settings have bee
made so that 1 is output by compare match A, and 0 is output by compare match B. When tf
set level and the pin level coincide, the pin level does not change.

TCNT value

= =
]S CTT T T, SN ool (R o

L = T T T B LT BT e LT

H'0000 T : Time
, ~No change

~ i ™~ 1 output
TIOCA —, : : P

TIOCB ~~ No change ~~No change 0 output
o O

Figure 9-10 Example of 0 Output/1 Output Operation
Figure 9-11 shows an example of toggle output.

In this example TCNT has been designated as a periodic counter (with counter clearing
performed by compare match B), and settings have been made so that output is toggled by |
compare match A and compare match B.

TCNT value

Time

TIOCB Toggle output

TIOCA m—Toggle output

Figure 9-11 Example of Toggle Output Operation
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Input Capture Function: The TCNT value can be transferred to TGR on detection of the TIOC
pin input edge.

Rising edge, falling edge, or both edges can be selected as the detected edge.

« Example of input capture operation setting procedure
Figure 9-12 shows an example of the input capture operation setting procedure.

< Inbut selecti > [1] Designate TGR as an input capture register by
npLit selection means of TIOR, and select rising edge, falling
edge, or both edges as the input capture
source and input signal edge.
Select input capture input [1] [2] Setthe CST bitin TSTR to 1 to start the count
operation.
Start count [2]

i

<Input capture operation>

Figure 9-12 Example of Input Capture Operation Setting Procedure
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» Example of input capture operation
Figure 9-13 shows an example of input capture operation.

In this example both rising and falling edges have been selected as the TIOCA pin input
capture input edge, falling edge has been selected as the TIOCB pin input capture input edg
and counter clearing by TGRB input capture has been designated for TCNT.

Counter cleared by TIOCB
TCNT value ,/ input (falling edge)
H'0180 D

H'0160

H'0010
H'0005

H'0000

TIOCA

TGRA

H'0180

Figure 9-13 Example of Input Capture Operation

313
RENESAS



9.4.3 Synchronous Operation

In synchronous operation, the values in a number of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.
Channels 0 to 2 can all be designated for synchronous operation.

Example of Synchronous Operation Setting Procedurerigure 9-14 shows an example of the
synchronous operation setting procedure.

Synchronous operation)

selection
Set synchronous 1]
operation
CSynchronous presettin@ CSynchronous clearing>
Set TCNT [2] Clearing No
sourcegeneration
channel?
Yes
Select counter [3] Set synchronous [4]
clearing source counter clearing
\ \
Start count [5] Start count [5]
Y l
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setto 1the SYNC bits in TSYR corresponding to the channels to be designated for synchronous
operation.

[21 When the TCNT counter of any of the channels designated for synchronous operation is
written to, the same value is simultaneously written to the other TCNT counters.

[3] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare,
etc.

[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing
source.

[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure 9-14 Example of Synchronous Operation Setting Procedure
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Example of Synchronous OperationFigure 9-15 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels C
2, TGROB compare match has been set as the channel O counter clearing source, and synchror
clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGROB compare match, is performe
for channel 0 to 2 TCNT counters, and the data set in TGROB is used as the PWM cycle.

For details of PWM modes, see section 9.4.6, PWM Modes.

Synchronous clearing by TGROB compare match

TCNTO to TCNT2 values
TGROB [-----==n=mnmmmmmmmmemme s ----

TGR1B
TGROA
TGR2B
TGR1A
TGR2A
H'0000

Time

TIOCOA

TIOC1A

TIOC2A

Figure 9-15 Example of Synchronous Operation

315
RENESAS



9.4.4 Buffer Operation
Buffer operation, provided for channel O enables TGRC and TGRD to be used as buffer registers

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Table 9-5 shows the register combinations used in buffer operation.

Table 9-5 Register Combinations in Buffer Operation

Channel Timer General Register Buffer Register
0 TGROA TGROC
TGROB TGROD

 When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel
transferred to the timer general register.

This operation is illustrated in figure 9-16.

Compare match signal

Timer general —\|

Buffer register K
g register |1 Comparator ( TCNT

Figure 9-16 Compare Match Buffer Operation
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* When TGR is an input capture register

When input capture occurs, the value in TCNT is transferred to TGR and the value previousl
held in the timer general register is transferred to the buffer register.

This operation is illustrated in figure 9-17.

Input capture
signal

Buffer register Timer general TONT
register

Figure 9-17 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure:Figure 9-18 shows an example of the buffer
operation setting procedure.

C Buffer operation > [1] Designate TGR as an input capture register or
‘ output compare register by means of TIOR.

Select TGR function [1] [2] Designate TGR for buffer operation with bits

‘ BFA and BFB in TMDR.
[3] Setthe CST bitin TSTR to 1 to start the count
Set buffer operation [2] operation.

Start count [3]

'

<Buffer operation>

Figure 9-18 Example of Buffer Operation Setting Procedure
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Examples of Buffer Operation

* When TGR is an output compare register
Figure 9-19 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings used
in this example are TCNT clearing by compare match B, 1 output at compare match A, and 0
output at compare match B.
As buffer operation has been set, when compare match A occurs the output changes and the
value in buffer register TGRC is simultaneously transferred to timer general register TGRA.
This operation is repeated each time compare match A occurs.
For details of PWM modes, see section 9.4.5, PWM Modes.

TCNT value

TGROB |- < << < << mw e s H'0520

TGROAY}.......... ;

H'0000 Time

TGROC H'0200; H'0450 H'0520

X
Transfer :\‘ ;\

TGROA

H'0200 . i H'0450

TIOCA _—\—,—l ’—L

Figure 9-19 Example of Buffer Operation (1)
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* When TGR is an input capture register
Figure 9-20 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC.
Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected as the TIOCA pin input capture input edge.
As buffer operation has been set, when the TCNT value is stored in TGRA upon occurrence
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value

HIOF Q7 | - - - = = e o o e e o o oo o o e oo e

O =

H'0532 | == f oo T

H'0000 Time

TIOCA

TGRA H'0532 >< H'OF07 E H'09FB

TGRC x H'0532 >< H'OF07

Figure 9-20 Example of Buffer Operation (2)
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9.45 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0, 1, or toggle output can be
selected as the output level in response to compare match of each TGR.

Designating TGR compare match as the counter clearing source enables the period to be set in
register. All channels can be designated for PWM mode independently. Synchronous operation i
also possible.

There are two PWM modes, as described below.

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bits IOA3 to IOA0 and IOC3 to IOCO in TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits IOB3 to IOBO and IOD3 to IODO in TIOR is output at compare matches B
and D. The initial output value is the value set in TGRA or TGRC. If the set values of paired
TGRs are identical, the output value does not change when a compare match occurs.

In PWM mode 1, a maximum 4-phase PWM output is possible.

PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty register
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a synchronization register compare match, the output value of each pin is the initic
value set in TIOR. If the set values of the cycle and duty registers are identical, the output
value does not change when a compare match occurs.

In PWM mode 2, a maximum 7-phase PWM output is possible by combined use with
synchronous operation.

The correspondence between PWM output pins and registers is shown in table 9-6.

320

RENESAS



Table 9-6

PWM Output Registers and Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGROA TIOCAO TIOCAO
TGROB TIOCBO
TGROC TIOCCO TIOCCO
TGROD TIOCDO
1 TGR1A TIOCA1 TIOCA1
TGR1B TIOCB1
2 TGR2A TIOCA2 TIOCA2
TGR2B TIOCB2

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.

RENESAS
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Example of PWM Mode Setting ProcedureFigure 9-21 shows an example of the PWM mode
setting procedure.

[1] Select the counter clock with bits TPSC2 to
< PWM mode > TPSCO in TCR. At the same time, select the
| input clock edge with bits CKEG1 and CKEGO
in TCR.

Select counter clock [1]
[2] Use bits CCLR2 to CCLRO in TCR to select
‘ the TGR to be used as the TCNT clearing
2] source.

Select counter clearing source

‘ [3] Use TIOR to designate the TGR as an output
compare register, and select the initial value
Select waveform output level | [3] and output value.

‘ [4] Setthe cycle in the TGR selected in [2], and
set the duty in the other the TGR.

Set TGR 4]
‘ [5] Select the PWM mode with bits MD3 to MDO
in TMDR.
Set PWM mode (5] [6] Setthe CST bitin TSTR to 1 to start the count
‘ operation.
Start count [6]
<PWM mode>

Figure 9-21 Example of PWM Mode Setting Procedure
Examples of PWM Mode Operation:Figure 9-22 shows an example of PWM mode 1 operation.

In this example, TGRA compare match is set as the TCNT clearing source, 0 is set for the TGRA
initial output value and output value, and 1 output is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in TGRB registers a
the duty.
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TCNT value
Counter cleared by

,/ TGRA compare match
TORA |mmmm e A

TGRB |-cooer T T
H'0000

TIOCA J J J |

Figure 9-22 Example of PWM Mode Operation (1)
Figure 9-23 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGR1B compare m
is set as the TCNT clearing source, and 0 is set for the initial output value and 1 for the output
value of the other TGR registers, to output a 5-phase PWM waveform.

In this case, the value set in TGR1B is used as the cycle, and the values set in the other TGRs
the duty.

Counter cleared by TGR1B
TCNT value / compare match Y

TGRIB |- o cmm e .
TGRIA |emcmc e o e
TGROD | <o T AN S R

TGROC [---vmmommmome o p oo ; . ;

TGROB |-ccoooo 2 [ R S < N D R A <
TGROA |---_<7-- . ! !

H'0000

_______________________________________________________

__________

TIOCAO — !

TIOCBO

TIOCCO

TIOCDO

TIOCAL _‘ _‘

Figure 9-23 Example of PWM Mode Operation (2)
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Figure 9-24 shows examples of PWM waveform output with 0% duty and 100% duty in PWM
mode.

TCNT value TGRB rewritten
TGRA |----oomomeee- e
oRE 5 O “TGRB
""""""" T TGRB rewritten” | rewnten 1.
H'0000 : | L : I Time
o, ,
TIOCA | 0% duty -
Output does not change when cycle register and duty register
compare matches occur simultaneously
TCNT value
TGRB rewritten
TGRA |------------ B e e s
TGRB oo § TGRB rewritten
H|OOOO E ......................................... I. : | Tlme
! 100% duty I_I
TIOCA :
Output does not change when cycle register and duty
register compare matches occur simultaneously
TCNT value
TGRA |-ccccecaao-- e e e e e e i
: TGRB rewritten
TGRB | : O
! TGRB rewritten
H'0000 : | |~ Time
i 100% dut 0% du 5
TIOCA J . Y id ;

Figure 9-24 Example of PWM Mode Operation (3)
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9.4.6 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputs is detected ant
TCNT is incremented/decremented accordingly. This mode can be set for channels 1, and 2.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO0 and b
CKEGL1 and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of
TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions can b
used.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurs while TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag provides an indication o
whether TCNT is counting up or down.

Table 9-7 shows the correspondence between external clock pins and channels.
Table 9-7  Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 is set to phase counting mode TCLKA TCLKB
When channel 2 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting Mode Setting Proceduréiigure 9-25 shows an example of the
phase counting mode setting procedure.

[1] Select phase counting mode with bits MD3
Phase counting mode to MDO in TMDR.

‘ [2] Setthe CST bitin TSTR to 1 to start the
count operation.

Select phase counting mode | [1]

Start count [2]

v

<Phase counting mode>

Figure 9-25 Example of Phase Counting Mode Setting Procedure

325
RENESAS



Examples of Phase Counting Mode Operationin phase counting mode, TCNT counts up or
down according to the phase difference between two external clocks. There are four modes,
according to the count conditions.

« Phase counting mode 1

Figure 9-26 shows an example of phase counting mode 1 operation, and table 9-8 summarize
the TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2) S S — . ——

TCLKB (channel 1) ‘|||||| |||||
TCLKD (channel 2) oo oo \ i ‘ i ‘

TCNT value

| |
I ! I
;Down-count !

EUp-(‘ZOL:mt ‘

Time

Figure 9-26 Example of Phase Counting Mode 1 Operation

Table 9-8  Up/Down-Count Conditions in Phase Counting Mode 1

TCLKA (Channel 1)

TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level = Up-count
Low level 1

EY Low level

1 High level

High level RS Down-count
Low level £

= High level

1 Low level

Legend

_{ :Rising edge
"t :Falling edge
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» Phase counting mode 2

Figure 9-27 shows an example of phase counting mode 2 operation, and table 9-9 summariz
the TCNT up/down-count conditions.

TCLKA (Channel 1)
TCLKC (Channel 2) [ N L L

TCLKB (Channel 1) ! ; ! ! 3
TCLKD (Channel 2) | !

TCNT value ! 1 | 1

Time
Figure 9-27 Example of Phase Counting Mode 2 Operation
Table 9-9  Up/Down-Count Conditions in Phase Counting Mode 2
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level 4 Don't care
Low level Ra Don't care
4 Low level Don't care
R High level Up-count
High level R Don't care
Low level 4 Don't care
4 High level Don't care
Ra Low level Down-count
Legend
_4  :Rising edge
‘1 :Falling edge
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« Phase counting mode 3

Figure 9-28 shows an example of phase counting mode 3 operation, and table 9-10 summatriz
the TCNT up/down-count conditions.

TCLKA (channel 1)

TCLKC (channel 2) | | [ |

TCLKB (channel 1)
TCLKD (channel 2)

TCNT value

[ —

Down-count
UIO ~count \\ |

| ] ] |

Time

Figure 9-28 Example of Phase Counting Mode 3 Operation

Table 9-10 Up/Down-Count Conditions in Phase Counting Mode 3

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level 4 Don't care
Low level 1 Don't care
= Low level Don't care
RS High level Up-count
High level 1 Down-count
Low level = Don't care
4 High level Don't care
1 Low level Don't care
Legend

4 :Rising edge
't :Falling edge
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* Phase counting mode 4

Figure 9-29 shows an example of phase counting mode 4 operation, and table 9-11 summar
the TCNT up/down-count conditions.

TCLKA (channel 1) J
TCLKC (channel 2)

L LT

TCLKD (channel 2)
TCNT value

TCLKB (channel 1) |

Time
Figure 9-29 Example of Phase Counting Mode 4 Operation

Table 9-11  Up/Down-Count Conditions in Phase Counting Mode 4
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level 4 Up-count
Low level R
4 Low level Don't care
R High level
High level R Down-count
Low level 4
4 High level Don'’t care
R Low level
Legend

_4  :Rising edge

"1_ :Falling edge
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9.5 Interrupts

9.5.1 Interrupt Sources and Priorities

There are three kinds of TPU interrupt source: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disablec
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at this time, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Relative channel priorities can be changed by the interrupt controller, but the priority order within
a channel is fixed. For details, see section 5, Interrupt Controller.

Table 9-12 lists the TPU interrupt sources.

Table 9-12 TPU Interrupts

Interrupt DTC
Channel Source Description Activation Priority
0 TGIOA TGROA input capture/compare match Possible High
TGIOB TGROB input capture/compare match Possible A
TGIOC TGROC input capture/compare match Possible
TGIOD TGROD input capture/compare match Possible
TCIoV TCNTO overflow Not possible
1 TGI1A TGR1A input capture/compare match Possible
TGI1B TGR1B input capture/compare match Possible
TCl1V TCNT1 overflow Not possible
TCI1U TCNT1 underflow Not possible
2 TGI2A TGR2A input capture/compare match Possible
TGI2B TGR2B input capture/compare match Possible
TCI2V TCNT2 overflow Not possible
TCI2U TCNT2 underflow Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.
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Input Capture/Compare Match Interrupt: An interrupt is requested if the TGIE bit in TIER is

set to 1 when the TGF flag in TSR is set to 1 by the occurrence of a TGR input capture/compare
match on a particular channel. The interrupt request is cleared by clearing the TGF flag to 0. Th
TPU has 8 input capture/compare match interrupts, four for channel 0, and two each for channe
1, and 2.

Overflow Interrupt: An interrupt is requested if the TCIEV bit in TIER is set to 1 when the
TCFV flag in TSR is set to 1 by the occurrence of TCNT overflow on a particular channel. The
interrupt request is cleared by clearing the TCFV flag to 0. The TPU has three overflow interrupt
one for each channel.

Underflow Interrupt: An interrupt is requested if the TCIEU bit in TIER is set to 1 when the
TCFU flag in TSR is set to 1 by the occurrence of TCNT underflow on channel. The interrupt
request is cleared by clearing the TCFU flag to 0. The TPU has two underflow interrupts, one e
for channels 1, and 2.

9.5.2 DTC Activation

DTC Activation: The DTC can be activated by the TGR input capture/compare match interrupt
for a channel. For details, see section 7, Data Transfer Controller.

A total of 8 TPU input capture/compare match interrupts can be used as DTC activation source:s
four for channels 0, and two each for channels 1, and 2.

9.5.3 A/D Converter Activation
The A/D converter can be activated by the TGRA input capture/compare match for a channel.

If the TTGE bit in TIER is set to 1 when the TFGA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, a request to start A/D conversion i
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at this time, A/D conversion is started.

In the TPU, a total of three TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.
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9.6 Operation Timing

9.6.1 Input/Output Timing

TCNT Count Timing: Figure 9-30 shows TCNT count timing in internal clock operation, and
figure 9-31 shows TCNT count timing in external clock operation.

: I

Internal clock Falling edge Rising edge

N \

input clock ——— —_—

TCNT N-1 >< N >< N+1 >< N+2

Figure 9-30 Count Timing in Internal Clock Operation

’ U UL

External clockw Falling edge Rising edge Falling edge

TCNT

input clock —m —_

TCNT N-1 >< N >< N+1 >< N+2

Figure 9-31 Count Timing in External Clock Operation
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Output Compare Output Timing: A compare match signal is generated in the final state in
which TCNT and TGR match (the point at which the count value matched by TCNT is updated).
When a compare match signal is generated, the output value set in TIOR is output at the output
compare output pin (TIOC pin). After a match between TCNT and TGR, the compare match
signal is not generated until the TCNT input clock is generated.

Figure 9-32 shows output compare output timing.

- J Uy

TCNT
input clock

TCNT N >< N+1

TGR

Compare
match signal

TIOC pin ><

Figure 9-32 Output Compare Output Timing

Input Capture Signal Timing: Figure 9-33 shows input capture signal timing.

Input capture
input

Input capture
signal

TCNT >< N >< N+1 >< N+2 >< ><:

TGR >< N >< N+2

Figure 9-33 Input Capture Input Signal Timing
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Timing for Counter Clearing by Compare Match/Input Capture: Figure 9-34 shows the
timing when counter clearing by compare match occurrence is specified, and figure
9-35 shows the timing when counter clearing by input capture occurrence is specified.

I O O I A
Compare
match signal

Counter

clear signal

TCNT N >< H'0000
TGR N

Figure 9-34 Counter Clear Timing (Compare Match)

Input capture
signal

|
,
,
Counter clear H
,
:
,

signal
TCNT N 5 >< H'0000
TGR >< N

Figure 9-35 Counter Clear Timing (Input Capture)
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Buffer Operation Timing: Figures 9-36 and 9-37 show the timing in buffer operation.

Sy

1]
TCNT n >< n+1
Compare
match signal
TGRA, 5
TGRB n | >< N
TGRC, :
TGRD N :
Figure 9-36 Buffer Operation Timing (Compare Match)
. JU U UL YUY L

Input capture
signal

TCNT

TGRA,
TGRB

TGRC,
TGRD

o

N ><N+l

I

N+1

/LY

/L

Figure 9-37 Buffer Operation Timing (Input Capture)
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9.6.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare Match¥igure 9-38 shows the timing for setting
of the TGF flag in TSR by compare match occurrence, and TGl interrupt request signal timing.

- J oy

TCNT input
clock

TCNT N >< N+1

TGR N

Compare
match signal

TGF flag

TGl interrupt

Figure 9-38 TGl Interrupt Timing (Compare Match)
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TGF Flag Setting Timing in Case of Input Capture: Figure 9-39 shows the timing for setting of
the TGF flag in TSR by input capture occurrence, and TGl interrupt request signal timing.

- J LU UL L
Input capture

signal

TCNT N

TGR

L
\

TGF flag

TGl interrupt

Figure 9-39 TGl Interrupt Timing (Input Capture)
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TCFV Flag/TCFU Flag Setting Timing: Figure 9-40 shows the timing for setting of the TCFV
flag in TSR by overflow occurrence, and TCIV interrupt request signal timing.

Figure 9-41 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
TCIU interrupt request signal timing.

g 1 O

TCNT input
clock

TCNT

H'FFFF >< H'0000
(overflow)

Overflow
signal

TCFV flag

TCIV interrupt

Figure 9-40 TCIV Interrupt Setting Timing

° Sy e

TCNT
input clock

TCNT

(underflow) H'0000 >< H'FFFF

Underflow signal

TCFU flag

TCIU interrupt

Figure 9-41 TCIU Interrupt Setting Timing
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Status Flag Clearing Timing: After a status flag is read as 1 by the CPU, it is cleared by writing
0 to it. When the DTC is activated, the flag is cleared automatically. Figure 9-42 shows the timin
for status flag clearing by the CPU, and figure 9-43 shows the timing for status flag clearing by t
DTC.

TSR write cycle

T1 T2

[
g JU UYL E L
Address >< TSR address ><
Write signal
Status flag
Interrupt
request
signal

Figure 9-42 Timing for Status Flag Clearing by CPU

DTC DTC
read cycle write cycle

T1 T2 T1 T2 |

- J Uy

Destination
Address >< Source address address ><
Status flag |
Interrupt
request
signal

Figure 9-43 Timing for Status Flag Clearing by DTC Activation
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9.7 Usage Notes

Note that the kinds of operation and contention described below occur during TPU operation.

Input Clock Restrictions: The input clock pulse width must be at least 1.5 states in the case of
single-edge detection, and at least 2.5 states in the case of both-edge detection. The TPU will nc
operate properly with a narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 9-44 shows the input cloc

conditions in phase counting mode.

Phase
differ-

. Overlap | ence |Overlap, ence |

Phase
differ-

TCLKA 3
(TCLKC) ;

Pulse width

| |

3 Pulse width 1

TCLKB }

(TCLKD) |

Pulse width

Pulse width

Notes: Phase difference and overlap : 1.5 states or more

Pulse width

. 2.5 states or more

Figure 9-44 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode

Caution on Period Setting:When counter clearing by compare match is set, TCNT is cleared in
the final state in which it matches the TGR value (the point at which the count value matched by
TCNT is updated). Consequently, the actual counter frequency is given by the following formula:

2
(N+1)

Where f

: Counter frequency

@ : Operating frequency

N : TGR set value
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Contention between TCNT Write and Clear Operations:If the counter clear signal is
generated in the T2 state of a TCNT write cycle, TCNT clearing takes precedence and the TCN
write is not performed.

Figure 9-45 shows the timing in this case.

TCNT write cycle

T1 T2
e
g S
Address >< TCNT address ><

Write signal

Counter clear
signal

TCNT N >< H'0000

Figure 9-45 Contention between TCNT Write and Clear Operations
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Contention between TCNT Write and Increment Operations:If incrementing occurs in the T2
state of a TCNT write cycle, the TCNT write takes precedence and TCNT is not incremented.

Figure 9-46 shows the timing in this case.

TCNT write cycle
Tl T2
e

’ JU ULy UL
Address >< TCNT address ><
Write signal
TCNT input
clock
TCNT N >< P M

TCNT write data

Figure 9-46 Contention between TCNT Write and Increment Operations
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Contention between TGR Write and Compare Match:If a compare match occurs in the T2
state of a TGR write cycle, the TGR write takes precedence and the compare match signal is
inhibited. A compare match does not occur even if the same value as before is written.

Figure 9.47 shows the timing in this case.

TGR write cycle

e
. S
Address >< TGR address ><
Write signal
gc;ma;g . ________ '« Inhibited
TCNT N >< N+1
TGR N >< M

TGR write data

Figure 9-47 Contention between TGR Write and Compare Match
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Contention between Buffer Register Write and Compare Matchif a compare match occurs in
the T2 state of a TGR write cycle, the data transferred to TGR by the buffer operation will be the
data prior to the write.

Figure 9-48 shows the timing in this case.

TGR write cycle
S O
Address BUZ(EB rrggsalsster ><
Write signal
Compare ,—\
match signal

Buffer register write data
Buffer -
register N M
TGR >< N

Figure 9-48 Contention between Buffer Register Write and Compare Match
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Contention between TGR Read and Input Capturelf the input capture signal is generated in
the T1 state of a TGR read cycle, the data that is read will be the data after input capture transfe

Figure 9-49 shows the timing in this case.

TGR read cycle

PL,’,L,‘
. J Uy Ly
Address >< TGR address ><
Read signal
Input capture
signal
TGR X >< M
Internal >< M ><
data bus

Figure 9-49 Contention between TGR Read and Input Capture
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Contention between TGR Write and Input Capture: If the input capture signal is generated in
the T2 state of a TGR write cycle, the input capture operation takes precedence and the write to
TGR is not performed.

Figure 9-50 shows the timing in this case.

TGR write cycle
T1 T2 ‘
. JU Uy
Address >< TGR address ><
Write signal
Input capture —\
signal
TCNT Y
\
TGR >< M
Figure 9-50 Contention between TGR Write and Input Capture
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Contention between Buffer Register Write and Input Capture:If the input capture signal is
generated in the T2 state of a buffer write cycle, the buffer operation takes precedence and the
write to the buffer register is not performed.

Figure 9-51 shows the timing in this case.

Buffer register write cycle

\‘l”‘i’\
. L L

Buffer register ><
address

Address

Write signal

Input capture

signal

TCNT N

TGR M : >< N
Buffer >< M
reglster

Figure 9-51 Contention between Buffer Register Write and Input Capture
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Contention between Overflow/Underflow and Counter Clearing:If overflow/underflow and
counter clearing occur simultaneously, the TCFV/TCFU flag in TSR is not set and TCNT clearing
takes precedence.

Figure 9-52 shows the operation timing when a TGR compare match is specified as the clearing
source, and H'FFFF is set in TGR.

- L L LU
TCNT input
clock

TCNT H'FFFF >< H'0000

Counter
clear signal

TGF

Disabled —  ;---mmmoomoommoomomoones

TCFV

Figure 9-52 Contention between Overflow and Counter Clearing
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Contention between TCNT Write and Overflow/Underflow: If there is an up-count or down-
count in the T2 state of a TCNT write cycle, and overflow/underflow occurs, the TCNT write
takes precedence and the TCFV/TCFU flag in TSR is not set .

Figure 9-53 shows the operation timing in the case of contention between a TCNT write and
overflow.

TCNT write cycle

| T1 | T2 |

- ™ \
° JL
Address >< TCNT address ><
Write signal )

TCNT write data
»

TCNT HEFFF \ M
TCFV flag i

Figure 9-53 Contention between TCNT Write and Overflow

Multiplexing of I/O Pins: In the H8S/2245 Series, the TCLKA input pin is multiplexed with the
TIOCCO I/O pin, the TCLKB input pin with the TIOCDO I/O pin, the TCLKC input pin with the
TIOCBL1 /O pin, and the TCLKD input pin with the TIOCB2 I/O pin. When an external clock is
input, compare match output should not be performed from a multiplexed pin.

Interrupts and Module Stop Mode: If module stop mode is entered when an interrupt has been
requested, it will not be possible to clear the CPU interrupt source or DTC activation source.
Interrupts should therefore be disabled before entering module stop mode.

349
RENESAS



Section 10 8-Bit Timers

10.1 Overview

The H8S/2245 Series includes an 8-bit timer module with two channels (TMRO and TMR1). Ea
channel has an 8-bit counter (TCNT) and two time constant registers (TCORA and TCORB) tha
are constantly compared with the TCNT value to detect compare match events. The 8-bit timer

module can thus be used for a variety of functions, including pulse output with an arbitrary duty

cycle.

10.1.1  Features

» Selection of four clock sources

The counters can be driven by one of three internal clock signals (2/8, 8/64, or /8192) or ar
external clock input (enabling use as an external event counter).

» Selection of three ways to clear the counters
The counters can be cleared on compare match A or B, or by an external reset signal.

» Timer output control by a combination of two compare match signals

The timer output signal in each channel is controlled by a combination of two independent
compare match signals, enabling the timer to generate output waveforms with an arbitrary d
cycle or PWM output.

» Provision for cascading of two channels

O Operation as a 16-bit timer is possible, using channel 0 for the upper 8 bits and channel 1
for the lower 8 bits (16-bit count mode).

0 Channel 1 can be used to count channel 0 compare matches (compare match count mod

» Three independent interrupts
Compare match A and B and overflow interrupts can be requested independently.

* Module stop mode can be set

O As the initial setting, 8-bit timer operation is halted. Register access is enabled by exiting
module stop mode.
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10.1.2  Block Diagram

Figure 10-1 shows a block diagram of the 8-bit timer module.

External clock source

Internal clock sources

TMCIO o/8
TMCI1 /64
/8192
Y v ¥
Clock 1
Clock select Clock 0
s
J TCORAO TCORA1 >
Compare match Al K) K)
Compare match A0| Comparator AO Comparator Al |
TMOO <~ Overflow 1 I (W (W 5
TMRIO —» Overflow 0 | Ttento ] Tttt K
Clear 0
/ Clear 1 / ‘ ‘ g
Qo
Compare match Bl | =
Compare match BO |Comparator BO Ii' Comparator Bl| £
TMO1 ~ Control logic L 2
TMRI1 — (ﬁ (ﬁ
| TCORBO TCORBL [ >
— | Tcsro | TCsR1 K >
|
| TCRO |:| TCR1 |C>
—= CMIAO
— CMIBO
— OVIO
—CMIAl
——————————=CMIB1
= OVI1
Interrupt signals
Figure 10-1 Block Diagram of 8-Bit Timer
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10.1.3  Pin Configuration
Table 10-1 summarizes the input and output pins of the 8-bit timer.

Table 10-1 Input and Output Pins of 8-Bit Timer

Channel Name Symbol 1/0 Function

0 Timer output pin O TMOO Output Outputs at compare match
Timer clock input pin 0 TMCIO Input Inputs external clock for counter
Timer reset input pin 0 TMRIO Input Inputs external reset to counter

1 Timer output pin 1 TMO1 Output Outputs at compare match
Timer clock input pin1 ~ TMCI1 Input Inputs external clock for counter
Timer reset input pin1 ~ TMRI1 Input Inputs external reset to counter

10.1.4  Register Configuration
Table 10-2 summarizes the registers of the 8-bit timer module.

Table 10-2 8-Bit Timer Registers

Channel Name Abbreviation R/W Initial Value ~ Address  **
0 Timer control register O TCRO R/W H'00 H'FFBO
Timer control/status register 0 TCSRO R/(W)** H'00 H'FFB2
Time constant register AO TCORAO R/W H'FF H'FFB4
Time constant register BO TCORBO R/W H'FF H'FFB6
Timer counter O TCNTO R/W H'00 H'FFB8
1 Timer control register 1 TCR1 R/W H'00 H'FFB1
Timer control/status register 1 TCSR1 R/(W)**> H'10 H'FFB3
Time constant register Al TCORA1 R/W H'FF H'FFB5
Time constant register B1 TCORB1 R/W H'FF H'FFB7
Timer counter 1 TCNT1 R/W H'00 H'FFB9
All Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address
2. Only 0 can be written to bits 7 to 5, to clear these flags.

Each pair of registers for channel 0 and channel 1 is a 16-bit register with the upper 8 bits for
channel 0 and the lower 8 bits for channel 1, so they can be accessed together by word transfer
instruction.
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10.2  Register Descriptions

10.2.1  Timer Counters 0 and 1 (TCNTO, TCNT1)

TCNTO TCNT1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W RIW RIW R/IW R/IW R/W R/W R/W R/W R/W R/W R/W R/W R/IW

TCNTO and TCNTL1 are 8-bit readable/writable up-counters that increment on pulses generated
from an internal or external clock source. This clock source is selected by clock select bits CKS2
to CKSO of TCR. The CPU can read or write to TCNTO and TCNT1 at all times.

TCNTO and TCNT1 comprise a single 16-bit register, so they can be accessed together by word
transfer instruction.

TCNTO and TCNT1 can be cleared by an external reset input or by a compare match signal.
Which signal is to be used for clearing is selected by clock clear bits CCLR1 and CCLRO of TCR.

When a timer counter overflows from H'FF to H'00, OVF in TCSR is set to 1.
TCNTO and TCNTL1 are each initialized to H'00 by a reset and in hardware standby mode.
10.2.2 Time Constant Registers A0 and A1 (TCORAO, TCORA1)

TCORAO TCORA1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W RIW RIW RIW R/W R/IW R/W R/W R/W R/W R/W

TCORAO and TCORAL1 are 8-bit readable/writable registers. TCORAQO and TCORA1 comprise a
single 16-bit register so they can be accessed together by word transfer instruction.

TCORA is continually compared with the value in TCNT. When a match is detected, the
corresponding CMFA flag of TCSR is set. Note, however, that comparison is disabled during the
T2 state of a TCOR write cycle.
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The timer output can be freely controlled by these compare match signals and the settings of
output select bits 0S1 and OSO0 of TCSR.

TCORAO and TCORAL1 are each initialized to H'FF by a reset and in hardware standby mode.

10.2.3 Time Constant Registers BO and B1 (TCORBO, TCORB1)

TCORBO TCORB1

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W RIW R/W RIW RIW RIW RIW RIW RIW R/W

TCORBO0 and TCORBL1 are 8-hit readable/writable registers. TCORB0 and TCORB1 comprise &
single 16-bit register so they can be accessed together by word transfer instruction.

TCORB is continually compared with the value in TCNT. When a match is detected, the
corresponding CMFB flag of TCSR is set. Note, however, that comparison is disabled during the
T2 state of a TCOR write cycle.

The timer output can be freely controlled by these compare match signals and the settings of
output select bits OS3 and OS2 of TCSR.

TCORBO and TCORBL1 are each initialized to H'FF by a reset and in hardware standby mode.

10.2.4  Time Control Registers 0 and 1 (TCRO, TCR1)

Bit : 7 6 5 4 3 2 1 0
CMIEB | CMIEA | OVIE | CCLR1 | CCLRO | CKS2 CKS1 CKSO0

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TCRO and TCR1 are 8-bit readable/writable registers that select the clock source and the time ¢
which TCNT is cleared, and enable interrupts.

TCRO and TCR1 are each initialized to H'00 by a reset and in hardware standby mode.

For details of this timing, see section 10.3, Operation.
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Bit 7—Compare Match Interrupt Enable B (CMIEB): Selects whether CMFB interrupt
requests (CMIB) are enabled or disabled when the CMFB flag of TCSR is set to 1.

Bit 7

CMIEB Description

0 CMFB interrupt requests (CMIB) are disabled (Initial value)
1 CMFB interrupt requests (CMIB) are enabled

Bit 6—Compare Match Interrupt Enable A (CMIEA): Selects whether CMFA interrupt
requests (CMIA) are enabled or disabled when the CMFA flag of TCSR is set to 1.

Bit 6

CMIEA Description

0 CMFA interrupt requests (CMIA) are disabled (Initial value)
1 CMFA interrupt requests (CMIA) are enabled

Bit 5—Timer Overflow Interrupt Enable (OVIE): Selects whether OVF interrupt requests
(OVI) are enabled or disabled when the OVF flag of TCSR is set to 1.

Bit 5

OVIE Description

0 OVF interrupt requests (OVI) are disabled (Initial value)
1 OVF interrupt requests (OVI) are enabled

Bits 4 and 3—Counter Clear 1 and 0 (CCLR1 and CCLRO)These bits select the method by
which TCNT is cleared: by compare match A or B, or by an external reset input.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clear is disabled (Initial value)
1 Clear by compare match A

1 0 Clear by compare match B
1 Clear by rising edge of external reset input
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Bits 2 to 0—Clock Select 2 to 0 (CKS2 to CKSO)hese bits select whether the clock input to
TCNT is an internal or external clock.

Three internal clocks can be selected, all divided from the system clock (2): /8, 2/64, and @/81
The falling edge of the selected internal clock triggers the count.

When use of an external clock is selected, three types of count can be selected: at the rising ed
the falling edge, and both rising and falling edges.

Some functions differ between channel 0 and channel 1.

Bit 2 Bit 1 Bit O
CKS2 CKS1 CKSO Description

0 0 0 Clock input disabled (Initial value)
1 Internal clock, counted at falling edge of @/8
1 0 Internal clock, counted at falling edge of @/64
1 Internal clock, counted at falling edge of /8192
1 0 0 For channel 0: count at TCNT1 overflow signal*
For channel 1: count at TCNTO compare match A*
1 External clock, counted at rising edge
1 0 External clock, counted at falling edge
1 External clock, counted at both rising and falling edges

Note:* If the count input of channel 0 is the TCNT1 overflow signal and that of channel 1 is the
TCNTO compare match signal, no incrementing clock is generated. Do not use this setting.
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10.2.5 Timer Control/Status Registers 0 and 1 (TCSRO0, TCSR1)

TCSRO

Bit : 7 6 5 4 3 2 1 0
CMFB CMFA OVF ADTE 0S3 0S2 0OSs1 0Sso

Initial value : 0 0 0 0 0 0 0 0

R/W : R/(W)*  R/(W)* R/(W)* R/W R/W R/W R/W R/W

TCSR1

Bit : 7 6 5 4 3 2 1 0
CMFB CMFA OVF — 0S3 0S2 0OSs1 0Sso

Initial value : 0 0 0 1 0 0 0 0

R/W : R/I(W)*  RI(W)* R/(W)* — R/W R/W R/W R/W

Note: * Only O can be written to bits 7 to 5, to clear these flags.

TCSRO and TCSR1 are 8-bit registers that display compare match and overflow statuses, and
control compare match output.

TCSRO is initialized to H'00, and TCSR1 to H'10, by a reset and in hardware standby mode.

Bit 7—Compare Match Flag B (CMFB): Status flag indicating whether the values of TCNT and
TCORB match.

Bit 7

CMFB Description

0 [Clearing conditions] (Initial value)
e Cleared by reading CMFB when CMFB = 1, then writing 0 to CMFB
e When DTC is activated by CMIB interrupt while DISEL bit of MRB in DTC is O

1 [Setting condition]
Set when TCNT matches TCORB
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Bit 6—Compare Match Flag A (CMFA): Status flag indicating whether the values of TCNT and
TCORA match.

Bit 6
CMFA Description

0 [Clearing conditions] (Initial value)
e Cleared by reading CMFA when CMFA = 1, then writing 0 to CMFA
*  When DTC is activated by CMIA interrupt while DISEL bit of MRB in DTC is O

1 [Setting condition]
Set when TCNT matches TCORA

Bit 5—Timer Overflow Flag (OVF): Status flag indicating that TCNT has overflowed (changed
from H'FF to H'00).

Bit 5

OVF Description

0 [Clearing condition] (Initial value)
Cleared by reading OVF when OVF = 1, then writing O to OVF

1 [Setting condition]

Set when TCNT overflows from H'FF to H'00

Bit 4—A/D Trigger Enable (ADTE) (TCSRO Only): Selects enabling or disabling of A/D
converter start requests by compare-match A.

In TCSR1, this bit is reserved: it is always read as 1 and cannot be modified.

Bit 4

ADTE Description

0 A/D converter start requests by compare match A are disabled (Initial value)
1 A/D converter start requests by compare match A are enabled
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Bits 3 to 0—Output Select 3 to 0 (OS3 to OS0)These bits specify how the timer output level is
to be changed by a compare match of TCOR and TCNT.

Bits OS3 and OS2 select the effect of compare match B on the output level, bits OS1 and OS0
select the effect of compare match A on the output level, and both of them can be controlled
independently.

Note, however, that priorities are set such that: toggle output > 1 output > 0 output. If compare
matches occur simultaneously, the output changes according to the compare match with the higt
priority.

Timer output is disabled when bits OS3 to OSO0 are all 0.

After a reset, the timer output is O until the first compare match event occurs.

Bit 3 Bit 2

0s3 0Ss2 Description

0 0 No change when compare match B occurs (Initial value)
1 0 is output when compare match B occurs

1 0 1 is output when compare match B occurs
1 Output is inverted when compare match B occurs (toggle output)

Bit 1 Bit 0

Os1 0so Description

0 0 No change when compare match A occurs (Initial value)
1 0 is output when compare match A occurs

1 0 1 is output when compare match A occurs
1 Output is inverted when compare match A occurs (toggle output)
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10.2.6  Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/IW R/IW R/W R/W R/IW RIW R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP12 bit in MSTPCR is set to 1, the 8-bit timer operation stops at the end of the b
cycle and a transition is made to module stop mode. Registers cannot be read or written to in
module stop mode. For details, see section 18.5, Module Stop Mode.

MSTPCR is initialized to H'3FFF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 122—Module Stop (MSTP12):Specifies the 8-bit timer stop mode.

Bit 12

MSTP12  Description

0 8-bit timer module stop mode cleared

1 8-bit timer module stop mode set (Initial value)
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10.3  Operation

10.3.1 TCNT Incrementation Timing
TCNT is incremented by input clock pulses (either internal or external).

Internal Clock: Three different internal clock signals (2/8, @/64, or @/8192) divided from the
system clock (@) can be selected, by setting bits CKS2 to CKS0 in TCR. Figure 10-2 shows the
count timing.

. e e o e O e

Internal clock _|

Clock input
to TCNT ()()

((
)

(( (C
TCNT N-1 X K N i X N1
)] )]

Figure 10-2 Count Timing for Internal Clock Input

External Clock: Three incrementation methods can be selected by setting bits CKS2 to CKSO in
TCR: at the rising edge, the falling edge, and both rising and falling edges.

Note that the external clock pulse width must be at least 1.5 states for incrementation at a single
edge, and at least 2.5 states for incrementation at both edges. The counter will not increment
correctly if the pulse width is less than these values.

Figure 10-3 shows the timing of incrementation at both edges of an external clock signal.
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External clock
input { |

Clock input

to TCNT ( -
f f

TCNT N-1 X . N X /N
)] ))

Figure 10-3 Count Timing for External Clock Input

10.3.2 Compare Match Timing

Setting of Compare Match Flags A and B (CMFA, CMFB):The CMFA and CMFB flags in

TCSR are set to 1 by a compare match signal generated when the TCOR and TCNT values ma
The compare match signal is generated at the last state in which the match is true, just before tl

timer counter is updated.

Therefore, when TCOR and TCNT match, the compare match signal is not generated until the

next incrementation clock input. Figure 10-4 shows this timing.

TCNT
TCOR
Compare match

signal

CMF

Ju e

N X N+1

[

\

Figure 10-4 Timing of CMF Setting

363
RENESAS




Timer output timing: When compare match A or B occurs, the timer output changes a specified

by bits OS3 to OS0 in TCSR. Depending on these bits, the output can remain the same, change
0, change to 1, or toggle.

Figure 10-5 shows the timing when the output is set to toggle at compare match A.

g e e s s I o O e O
Compare match A ,—l ,—l
signal \

Timer output pin |

Figure 10-5 Timing of Timer Output

Timing of Compare Match Clear: The timer counter is cleared when compare match A or B

occurs, depending on the setting of the CCLR1 and CCLRO bits in TCR. Figure 10-6 shows the
timing of this operation.

o B O

Compare match

signal

\

TCNT N X

H'00

Figure 10-6 Timing of Compare Match Clear
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10.3.3  Timing of External RESET on TCNT

TCNT is cleared at the rising edge of an external reset input, depending on the settings of the
CCLR1 and CCLRO bits in TCR. The clear pulse width must be at least 1.5 states. Figure 10-7
shows the timing of this operation.

o S e

External reset
input pin |

Clear signal

TCNT N-1 X N X H'00

Figure 10-7 Timing of External Reset

10.3.4  Timing of Overflow Flag (OVF) Setting

The OVF in TCSR is set to 1 when the timer count overflows (changes from H'FF to H'00). Figu
10-8 shows the timing of this operation.

o A O

TCNT HFE X H'00

Overflow signal

\

OVF

Figure 10-8 Timing of OVF Setting
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10.3.5  Operation with Cascaded Connection

If bits CKS2 to CKSO in either TCRO or TCR1 are set to B’100, the 8-bit timers of the two
channels are cascaded. With this configuration, a single 16-bit timer could be used (16-bit timer
mode) or compare matches of the 8-bit channel 0 could be counted by the timer of channel 1
(compare match counter mode). In this case, the timer operates as below.

16-Bit Counter Mode: When bits CKS2 to CKSO0 in TCRO are set to B'100, the timer functions
as a single 16-bit timer with channel 0 occupying the upper 8 bits and channel 1 occupying the
lower 8 bits.

e Setting of compare match flags
O The CMF flag in TCSRO is set to 1 when a 16-bit compare match event occurs.
O The CMF flag in TCSR1 is set to 1 when a lower 8-bit compare match event occurs.

e Counter clear specification
O If the CCLR1 and CCLRO bits in TCRO have been set for counter clear at compare match,
the 16-bit counter (TCNTO and TCNT1 together) is cleared when a 16-bit compare match
event occurs. The 16-bit counter (TCNTO and TCNT1 together) is cleared even if counter
clear by the TMRIO pin has also been set.
O The settings of the CCLR1 and CCLRO bits in TCR1 are ignored. The lower 8 bits cannot
be cleared independently.

e Pin output
O Control of output from the TMOO pin by bits OS3 to OS0 in TCSRO is in accordance with
the 16-bit compare match conditions.

0 Control of output from the TMOL1 pin by bits OS3 to OS0 in TCSR1 is in accordance with
the lower 8-bit compare match conditions.

Compare Match Counter Mode: When bits CKS2 to CKS0 in TCR1 are B'200, TCNT1 counts
compare match A’s for channel 0.

Channels 1 and 0 are controlled independently. Conditions such as setting of the CMF flag,
generation of interrupts, output from the TMO pin, and counter clear are in accordance with the
settings for each channel.

Note on Usagelf the 16-bit counter mode and compare match counter mode are set
simultaneously, the input clock pulses for TCNTO and TCNTL1 are not generated and thus the
counters will stop operating. Software should therefore avoid using both these modes.
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10.4  Interrupt Sources

10.4.1 Interrupt Sources and DTC Activation

There are three 8-bit timer interrupt sources: CMIA, CMIB, and OVI. Their relative priorities are
shown in Table 10-3. Each interrupt source is set as enabled or disabled by the corresponding
interrupt enable bit in TCR, and independent interrupt requests are sent for each to the interrupt
controller. It is also possible to activate the DTC by means of CMIA and CMIB interrupts.

Table 10-3 8-Bit Timer Interrupt Sources

Channel Interrupt Source Description DTC Activation Priority
0 CMIAO Interrupt by CMFA Possible High
CMIBO Interrupt by CMFB Possible
oVvIo Interrupt by OVF Not possible
1 CMIAL Interrupt by CMFA Possible
CMIB1 Interrupt by CMFB Possible
ovili Interrupt by OVF Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.

10.4.2  A/D Converter Activation
The A/D converter can be activated only by channel 0 compare match A.

If the ADTE bit in TCSRO is set to 1 when the CMFA flag is set to 1 by the occurrence of channe
0 compare match A, a request to start A/D conversion is sent to the A/D converter. If the 8-bit
timer conversion start trigger has been selected on the A/D converter side at this time, A/D
conversion is started.
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10.5 Sample Application

In the example below, the 8-bit timer is used to generate a pulse output with a selected duty cycls
as shown in figure 10-9. The control bits are set as follows:

[1] In TCR, bit CCLR1 is cleared to 0 and bit CCLRO is set to 1 so that the timer counter is
cleared when its value matches the constant in TCORA.

[2] In TCSR, bits OS3 to OS0 are set to B'0110, causing the output to change to 1 at a TCORA
compare match and to 0 at a TCORB compare match.

With these settings, the 8-bit timer provides output of pulses at a rate determined by TCORA witf
a pulse width determined by TCORB. No software intervention is required.

Figure 10-9 Example of Pulse Output
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10.6  Usage Notes

Application programmers should note that the following kinds of contention can occur in the 8-bi
timer.

10.6.1  Contention between TCNT Write and Clear

If a timer counter clock pulse is generated during the T2 state of a TCNT write cycle, the clear
takes priority, so that the counter is cleared and the write is not performed.

Figure 10-10 shows this operation.

TCNT write cycle by CPU
T1 T2

N
° B e e

Address >< TCNT address ><

Internal write signal | |

Counter clear signal | |

TCNT N >< H'00

Figure 10-10 Contention between TCNT Write and Clear

369
RENESAS



10.6.2 Contention between TCNT Write and Increment

If a timer counter clock pulse is generated during the T2 state of a TCNT write cycle, the write
takes priority and the counter is not incremented.

Figure 10-11 shows this operation.

TCNT write cycle by CPU
T1 T2

D
ﬂ B T e

Address >< TCNT address ><

Internal write signal | |

TCNT input clock | |

TCNT N >< v M

Counter write data

Figure 10-11 Contention between TCNT Write and Increment
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10.6.3  Contention between TCOR Write and Compare Match

During the T2 state of a TCOR write cycle, the TCOR write has priority even if a compare matct
event occurs.

Figure 10-12 shows this operation.

TCOR write cycle by CPU
T1 T2

R
g B e e

Address >< TCOR address ><

Internal write signal | |

TCNT N >< N+1

TCOR N >< M

Compare match signal i :\\

Disabled

Figure 10-12 Contention between TCOR Write and Compare Match
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10.6.4  Contention between Compare Matches A and B

If compare match events A and B occur at the same time, the 8-bit timer operates in accordance
with the priorities for the output statuses set for compare match A and compare match B, as shov
in table 10-4.

Table 10-4 Timer Output Priorities

Output Setting Priority
Toggle output High
1 output

0 output T

No change Low

10.6.5  Switching of Internal Clocks and TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 10-5 shows the
relationship between the timing at which the internal clock is switched (by writing to the CKS1
and CKSO bits) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulse is detected. If clock switching causes a change from high to low level, as shown in case 3 i
table 10-5, a TCNT clock pulse is generated on the assumption that the switchover is a falling
edge. This increments TCNT.

The erroneous incrementation can also happen when switching between internal and external
clocks.
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Table 10-5 Switching of Internal Clock and TCNT Operation

Timing of
Switchover by
Means of CKS1
No. and CKSO Bits TCNT Clock Operation

1 Switching from Clock before

1 .
low to low* switchover _|

Clock after
switchover

TCNT clock

TCNT N X

N+1 X

CKS bit write

2 Switching from Clock before

low to high*? switchover _| | |

Clock after
switchover

TCNT clock

TCNT N X N1 X

N2 X

CKS bit write

3 Switching from Clock before

high to low** switchover _| |

Clock after
switchover

TCNT clock

TCNT N X~ X N+2 X

CKS bit write
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Table 10-5 Switching of Internal Clock and TCNT Operation (cont)

Timing of
Switchover by
Means of CKS1

No. and CKSO Bits TCNT Clock Operation
4 Switching from Clock before !
high to high switchover _,—\_, | | ; |
Clock after ‘
switchover
TCNT clock
TCNT

CKS bit write

Notes: 1. Includes switching from low to stop, and from stop to low.
2. Includes switching from stop to high.
3. Includes switching from high to stop.

4. Generated on the assumption that the switchover is a falling edge; TCNT is
incremented.

10.6.6  Interrupts and Module Stop Mode

If module stop mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or DTC activation source. Interrupts should therefore be disabled
before entering module stop mode.
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Section 11 Watchdog Timer

11.1 Overview

The H8S/2245 Series has a single-channel on-chip watchdog timer (WDT) for monitoring syster
operation. The WDT outputs an overflow sign®IlfTOVF) if a system crash prevents the CPU
from writing to the timer counter, allowing it to overflow. At the same time, the WDT can also
generate an internal reset signal for the H8S/2245 Series.

When this watchdog function is not needed, the WDT can be used as an interval timer. In inten
timer operation, an interval timer interrupt is generated each time the counter overflows.

11.1.1  Features
WDT features are listed below.
» Switchable between watchdog timer mode and interval timer mode

*  WDTOVF output when in watchdog timer mode

If the counter overflows, the WDT outpdDTOVF. It is possible to select whether or not
the entire H8S/2245 Series is reset at the same time. This internal reset can be a power-on 1
or a manual reset.

« Interrupt generation when in interval timer mode
If the counter overflows, the WDT generates an interval timer interrupt.

» Choice of eight counter clock sources.
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11.1.2 Block Diagram

Figure 11-1 shows a block diagram of the WDT.

(interrupt request
signal)

Legend

TCSR : Timer control/status register

Interrupt
control

Overflow

Reset
control

y

A

Clock

Clock
select

/512
«——2/2048
-—2/8192
- 2/32768

Internal clock

sources

|RSTCSR |<JT TCNT |<»|

TCNT  : Timer counter

RSTCSR: Reset control/status register

-« /131072 |
Bus |

Module bus

interface )|

Note: * The type of internal reset signal depends on a register setting. Either power-on reset or manual
reset can be selected.

Internal bus
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11.1.3  Pin Configuration
Table 11-1 describes the WDT output pin.

Table 11-1 WDT Pin

Name Symbol 110 Function

Watchdog timer overflow WDTOVF Output Outputs counter overflow signal in watchdog
timer mode

11.1.4 Register Configuration

The WDT has three registers, as summarized in table 11-2. These registers control clock select
WDT mode switching, and the reset signal.

Table 11-2 WDT Registers

Address **
Name Abbreviation  R/W Initial Value Write *? Read
Timer control/status register TCSR R/(W)*® H'18 H'FFBC HFFBC
Timer counter TCNT R/W H'00 H'FFBC H'FFBD
Reset control/status register RSTCSR R/(W)*® H'1F H'FFBE HFFBF

Notes: 1. Lower 16 bits of the address.
2. For details of write operations, see section 11.2.4, Notes on Register Access.
3. Only a write of 0 is permitted to bit 7, to clear the flag.
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11.2  Register Descriptions

11.2.1  Timer Counter (TCNT)

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TCNT is an 8-bit readable/writable* up-counter.

When the TME bit is set to 1 in TCSR, TCNT starts counting pulses generated from the internal
clock source selected by bits CKS2 to CKSO0 in TCSR. When the count overflows (changes from
H'FF to H'00), either the watchdog timer overflow sighdXTOVF) or an interval timer
interrupt (WOVI) is generated, depending on the mode selected by tH& Wiflin TCSR.

TCNT is initialized to H'00 by a reset, in hardware standby mode, or when the TME bit is cleared
to 0. It is not initialized in software standby mode.

Note: * TCNT is write-protected by a password to prevent accidental overwriting. For details see
section 11.2.4, Notes on Register Access.

11.2.2  Timer Control/Status Register (TCSR)

Bit : 7 6 5 4 3 2 1 0
OVF WT/T TME — — CKS2 CKS1 CKSO0

Initial value : 0 0 0 1 1 0 0 0

R/W . RIW)*  RW RIW — — RIW RIW RIW

Note: * Can only be written with 0O for flag clearing.

TCSR is an 8-bit readable/writable* register. Its functions include selecting the clock source to be
input to TCNT, and the timer mode.

TCR is initialized to H'18 by a reset and in hardware standby mode. It is not initialized in software
standby mode.

Note: * TCSR is write-protected by a password to prevent accidental overwriting. For details see
section 11.2.4, Notes on Register Access.
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Bit 7—Overflow Flag (OVF): Indicates that TCNT has overflowed from H'FF to H'00, when in
interval timer mode. This flag cannot be set during watchdog timer operation.

Bit 7
OVF Description
0 [Clearing condition]
Cleared by reading TCSR when OVF = 1, then writing 0 to OVF (Initial value)
1 [Setting condition]

Set when TCNT overflows (changes from H'FF to H'00) in interval timer mode

Bit 6—Timer Mode Select (WTAT): Selects whether the WDT is used as a watchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
(WOVI) when TCNT overflows. If used as a watchdog timer, the WDT generatSéDR®VF

signal when TCNT overflows.

Bit 6
WTAT Description
0 Interval timer: Sends the CPU an interval timer interrupt request (WOVI)
when TCNT overflows (Initial value)
1 Watchdog timer: Generates the WDTOVF signal when TCNT overflows*

Note: * For details of the case where TCNT overflows in watchdog timer mode, see section 11.2.3,
Reset Control/Status Register (RSTCSR).

Bit 5—Timer Enable (TME): Selects whether TCNT runs or is halted.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT counts

Bits 4 and 3—ReservedRead-only bits, always read as 1.
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Bits 2 to 0: Clock Select 2 to 0 (CKS2 to CKSO0): These bits select one of eight internal clock
sources, obtained by dividing the system clock (g), for input to TCNT.

Bit 2 Bit 1 Bit 0 Description

CKS2 CKS1 CKSO Clock Overflow period (when g = 20 MHz) *
0 0 0 @/2 (initial value)  25.6 ps
1 /64 819.2 ys
1 0 2/128 1.6 ms
1 2/512 6.6 ms
1 0 0 /2048 26.2 ms
1 2/8192 104.9 ms
1 0 2/32768 419.4 ms
1 /131072 1.68s
Note: * The overflow period is the time from when TCNT starts counting up from H'00 until overflow
occurs.

11.2.3 Reset Control/Status Register (RSTCSR)

Bit : 7 6 5 4 3 2 1 0

WOVF RSTE RSTS — — — — —
Initial value: 0 0 0 1 1 1 1 1
R/W : RI(W)* R/W R/W — — — — —

Note: * Can only be written with O for flag clearing.

RSTCSR is an 8-bit readable/writable* register that controls the generation of the internal reset
signal when TCNT overflows, and selects the type of internal reset signal.

RSTCSR is initialized to H'1F by a reset signal fromRIES pin, but not by the WDT internal
reset signal caused by overflows.

Note: * RSTCSR is write-protected by a password to prevent accidental overwriting. For details
see section 11.2.4, Notes on Register Access.
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Bit 7—Watchdog Overflow Flag (WOVF): Indicates that TCNT has overflowed (changed from
H'FF to H'00) during watchdog timer operation. This bit is not set in interval timer mode.

Bit 7

WOVF Description

0 [Clearing condition] (Initial value)
Cleared by reading TCSR when WOVF = 1, then writing 0 to WOVF

1 [Setting condition]

Set when TCNT overflows (changes from H'FF to H'00) during watchdog timer
operation

Bit 6—Reset Enable (RSTE):Specifies whether or not a reset signal is generated in the
H8S/2245 Series if TCNT overflows during watchdog timer operation.

Bit 6

RSTE Description

0 Reset signal is not generated if TCNT overflows* (Initial value)
1 Reset signal is generated if TCNT overflows

Note: * The modules within the H8S/2245 Series are not reset, but TCNT and TCSR within the
WDT are reset.

Bit 5—Reset Select (RSTS)Selects the type of internal reset generated if TCNT overflows
during watchdog timer operation.

For details of the types of resets, see section 4, Exception Handling.

Bit 5

RSTS Description

0 Power-on reset (Initial value)
1 Manual reset

Bits 4 to 0—ReservedRead-only bits, always read as 1.
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11.2.4  Notes on Register Access

The watchdog timer's TCNT, TCSR, and RSTCSR registers differ from other registers in being
more difficult to write to. The procedures for writing to and reading these registers are given
below.

Writing to TCNT and TCSR: These registers must be written to by a word transfer instruction.
They cannot be written to with byte instructions.

Figure 11-2 shows the format of data written to TCNT and TCSR. TCNT and TCSR both have th
same write address. For a write to TCNT, the upper byte of the written word must contain H'5A
and the lower byte must contain the write data. For a write to TCSR, the upper byte of the written
word must contain H'A5 and the lower byte must contain the write data. This transfers the write
data from the lower byte to TCNT or TCSR (see figure 11-2).

TCNT write
15 8 7 0
Address: HFFBC H'SA | Write data
TCSR write
15 8 7 0
Address: H'FFBC H'AS Write data

Figure 11-2 Format of Data Written to TCNT and TCSR
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Writing to RSTCSR: RSTCSR must be written to by word transfer instruction to address
H'FFBE. It cannot be written to with byte instructions.

Figure 11-3 shows the format of data written to RSTCSR. The method of writing 0 to the WOVF
bit differs from that for writing to the RSTE and RSTS bits.

To write 0 to the WOVF flag, the write data must have H'A5 in the upper byte and H'00 in the
lower byte. This clears the WOVF bit to 0, but has no effect on the RSTE and RSTS bits. To wri
to the RSTE and RSTS bits, the upper byte must contain H'5A and the lower byte must contain
write data. This writes the values in bits 6 and 5 of the lower byte into the RSTE and RSTS bits
but has no effect on the WOVF flag.

Writing 0 to WOVF bit
15 8 7 0
Address: HFFBE HAS H00
Writing to RSTE and RSTS bits
15 8 7 0
Address: H'FFBE H'S5A Write data

Figure 11-3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSRThese registers are read in the same way as other
registers. The read addresses are H'FFBC for TCSR, H'FFBD for TCNT, and H'FFBF for
RSTCSR.
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11.3  Operation

11.3.1 Watchdog Timer Operation

To use the WDT as a watchdog timer, set thelW#&hd TME bits to 1. Software must prevent
TCNT overflows by rewriting the TCNT value (normally be writing H'00) before overflows
occurs. This ensures that TCNT does not overflow while the system is operating normally. If
TCNT overflows without being rewritten because of a system crash or other erl@iD¥@VF
signal is output. This is shown in figure 11-4. TWOTOVF signal can be used to reset the
system. The@VDTOVF signal is output for 132 states when RSTE = 1, and for 130 states when
RSTE =0.

If TCNT overflows when 1 is set in the RSTE bit in RSTCSR, a signal that resets the H8S/2245
Series internally is generated at the same time a&BOVF signal. This reset can be selected

as a power-on reset or a manual reset, depending on the setting of the RSTS bit in RSTCSR. Th
internal reset signal is output for 518 states.

If a reset caused by a signal input toRES pin occurs at the same time as a reset caused by a
WDT overflow, theRES pin reset has priority and the WOVF flag in RSTCSR is cleared to 0.

TCNT count

WDT overflow

[ e e (R
A
A
A 1
// ' H

WT/T=1  H'00 written WOVF=1 | WT/IT=1 H'00 written

TME=1 to TCNT WDTOVF and . TME=1 to TCNT

internal reset are
generated !
WDTOVF signal }
(- |

132 states*2 |

Internal reset signal**

518 states
Legend

WT/IT : Timer mode select bit
TME : Timer enable bit
WOVF : Watchdog timer overflow

Notes: 1. The internal reset signal is generated only if the RSTE bit is set to 1.
2. 130 states when the RSTE bit is cleared to 0

Figure 11-4 Watchdog Timer Operation
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11.3.2 Interval Timer Operation

To use the WDT as an interval timer, clear the Wit in TCSR to 0 and set the TME bit to 1.
An interval timer interrupt (WOVI) is generated each time TCNT overflows, provided that the
WDT is operating as an interval timer, as shown in figure 11-5. This function can be used to
generate interrupt requests at regular intervals.

TCNT count

A
HEE Overflow Overflow Overflow Overflow

H'00 % ‘ ¢ ‘ ‘ = Time
WT/IT=0 WoVvI WOVI WOVI WOVI
TME=1
Legend
WOVI: Interval timer interrupt request generation
Figure 11-5 Interval Timer Operation
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11.3.3  Timing of Setting Overflow Flag (OVF)

The OVF flag is set to 1 if TCNT overflows during interval timer operation. At the same time, an
interval timer interrupt (WOVI) is requested. This timing is shown in figure 11-6.

e T LT LT LT LT LT

TCNT % H'FF >< H'00

Overflow signal
(internal signal)

)
\«

OVF ( |
))

Figure 11-6 Timing of Setting of OVF
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11.3.4  Timing of Setting of Watchdog Timer Overflow Flag (WOVF)

The WOVF flag is set to 1 if TCNT overflows during watchdog timer operation. At the same time
the WDTOVF signal goes low. If TCNT overflows while the RSTE bit in RSTCSR is setto 1, an
internal reset signal is generated for the entire H8S/2245 Series chip. Figure 11-7 shows the tirr
in this case.

,z, LT L L L LT L L

TCNT \\ H'FF >< H'00 \\

Overflow signal i
(internal signal) (( SS :
WOVF | SS

I~ I
Z—~ I

WDTOVF signal |<7 132 states 4;,7

(

Internal reset )
. e E—

signal |<— 518 states

((
))

| -

-

Figure 11-7 Timing of Setting of WOVF
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11.4  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
The interval timer interrupt is requested whenever the OVF flag is setto 1 in TCSR.

11.5 Usage Notes

11.5.1 Contention between Timer Counter (TCNT) Write and Increment

If a timer counter clock pulse is generated during the T2 state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 11-8 shows this operation.

TCNT write cycle

Address ><

TCNT input clock
pulse

Internal write signal

TCNT N ><

Counter write data

Figure 11-8 Contention between TCNT Write and Increment

11.5.2 Changing Value of CKS2 to CKSO

If bits CKS2 to CKSO0 in TCSR are written to while the WDT is operating, errors could occur in
the incrementation. Software must stop the watchdog timer (by clearing the TME bit to 0) before
changing the value of bits CKS2 to CKSO0.
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11.5.3  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, or vice versa, while the WDT is
operating, errors could occur in the incrementation. Software must stop the watchdog timer (by
clearing the TME bit to 0) before switching the mode.

11.5.4 System Reset bWDTOVF Signal

If the WDTOVF output signal is input to tHRES pin of the H8S/2245 Series, the H8S/2245
Series will not be initialized correctly. Make sure thatWi®TOVF signal is not input logically

to theRES pin. To reset the entire system by means oIRETOVF signal, use the circuit shown
in figure 11-9.

H8S/2245

Reset input 9 RES

Reset signal to entire system <—@;¢ WOTOVE

Figure 11-9 Circuit for System Reset bWDTOVF Signal (Example)

11.5.,5 Internal Reset in Watchdog Timer Mode

The H8S/2245 Series is not reset internally if TCNT overflows while the RSTE bit is cleared to O
during watchdog timer operation, but TCNT and TSCR of the WDT are reset.

TCNT, TCSR, and RSTCR cannot be written to whileWH@TOVF signal is low. Also note that
a read of the WOVF flag is not recognized during this period. To clear the WOVF falg, therefore
read TCSR after th&/ DTOVF signal goes high, then write 0 to the WOVF flag.
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12.1

Section 12 Serial Communication Interface (SCI)

Overview

The H8S/2245 Series is equipped with a 3-channel serial communication interface (SCI). All thr
channels have the same functions. The SCI can handle both asynchronous and clocked
synchronous serial communication. A function is also provided for serial communication betwee
processors (multiprocessor communication function).

12.11

Features

SCI features are listed below.

Choice of asynchronous or clocked synchronous serial communication mode

Asynchronous mode

O

Serial data communication executed using asynchronous system in which synchronizatio
is achieved character by character

Serial data communication can be carried out with standard asynchronous communicatio
chips such as a Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous
Communication Interface Adapter (ACIA)

A multiprocessor communication function is provided that enables serial data
communication with a number of processors

Choice of 12 serial data transfer formats

Data length : 7 or 8 bits

Stop bit length . 1or2bits

Parity : Even, odd, or none

Multiprocessor bit :lor0

Receive error detection : Parity, overrun, and framing errors

Break detection . Break can be detected by reading the RxD pin level

directly in case of a framing error

Clocked Synchronous mode

O

Serial data communication synchronized with a clock

Serial data communication can be carried out with other chips that have a synchronous
communication function

One serial data transfer format
Data length : 8 bits
Receive error detection : Overrun errors detected
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Full-duplex communication capability

O The transmitter and receiver are mutually independent, enabling transmission and receptic
to be executed simultaneously

O Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data

On-chip baud rate generator allows any bit rate to be selected

Choice of LSB-first or MSB-first transfer (8 bits length)
0 Can be selected regardless of the communication mode*

Note: * Descriptions in this section refer to LSB-first transfer.

Choice of serial clock source: internal clock from baud rate generator or external clock from
SCK pin

Four interrupt sources

O Four interrupt sources — transmit-data-empty, transmit-end, receive-data-full, and receive
error — that can issue requests independently

O The transmit-data-empty interrupt and receive data full interrupts can activate data transfel
controller (DTC) to execute data transfer

Module stop mode can be set

O As the initial setting, SCI operation is halted. Register access is enabled by exiting module
stop mode.
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12.1.2

Block Diagram

Figure 12-1 shows a block diagram of the SCI.

Q
Q
8
3] Internal
Module data bus € data bus
(2]
>
y JooE
| rRorR | | TOR | SCMR | BRR —
Al U SSR -0
RD— | RsR | || TsR SCR B:ﬁsr;?;f -~ o/4
] SMR g PP
Transmission/ - 2/64
reception control
TXD = - _ ]
Parity generation t Clock
Parity check
External clock
SCK-=
= TEI
= TXI
Legend = RXI
SCMR : Smart Card mode register ~ERI
RSR : Receive shift register
RDR : Receive data register
TSR : Transmit shift register
TDR : Transmit data register
SMR : Serial mode register
SCR : Serial control register
SSR : Serial status register
BRR : Bit rate register
Figure 12-1 Block Diagram of SCI
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12.1.3  Pin Configuration

Table 12-1 shows the serial pins for each SCI channel.

Table 12-1 SCI Pins

Channel  Pin Name Symbol I/0 Function

0 Serial clock pin 0 SCKO I/O SCIO clock input/output
Receive datapin0  RxDO Input SCIO receive data input
Transmit data pin 0  TxDO Output SCIO0 transmit data output

1 Serial clock pin 1 SCK1 I/O SCI1 clock input/output
Receive datapinl RxD1 Input SCI1 receive data input
Transmit data pin 1 TxD1 Output SCI1 transmit data output

2 Serial clock pin 2 SCK2 I/O SCI2 clock input/output
Receive data pin2  RxD2 Input SCI2 receive data input
Transmit data pin2  TxD2 Output SCI2 transmit data output
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12.1.4  Register Configuration

The SCI has the internal registers shown in table 12-2. These registers are used to specify
asynchronous mode or clocked synchronous mode, the data format , and the bit rate, and to col
transmitter/receiver.

Table 12-2 SCI Registers

Channel Name Abbreviation R/W Initial Value ~ Address  **
0 Serial mode register 0 SMR 0 R/W H'00 H'FF78
Bit rate register 0 BRR O R/W H'FF H'FF79
Serial control register 0 SCRO R/W H'00 H'FF7A
Transmit data register 0 TDRO R/W H'FF H'FF7B
Serial status register 0 SSRO R/(W)** H'84 H'FF7C
Receive data register 0 RDR 0 R H'00 H'FF7D
Smart card mode register 0 SCMRO0 R/W H'F2 H'FF7E
1 Serial mode register 1 SMR1 R/W H'00 H'FF80
Bit rate register 1 BRR1 R/W H'FF H'FF81
Serial control register 1 SCR1 R/W H'00 H'FF82
Transmit data register 1 TDR1 R/W H'FF H'FF83
Serial status register 1 SSR1 R/(W)** H'84 H'FF84
Receive data register 1 RDR1 R H'00 H'FF85
Smart card mode register 1 SCMR1 R/W H'F2 H'FF86
2 Serial mode register 2 SMR2 R/W H'00 H'FF88
Bit rate register 2 BRR2 R/W H'FF H'FF89
Serial control register 2 SCR2 R/W H'00 H'FF8A
Transmit data register 2 TDR2 R/W H'FF H'FF8B
Serial status register 2 SSR2 R/(W)*?  H'84 H'FF8C
Receive data register 2 RDR2 R H'00 H'FF8D
Smart card mode register 2 SCMR2 R/W H'F2 H'FF8E
All Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.
2. Can only be written with O for flag clearing.
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12.2  Register Descriptions

12.2.1 Receive Shift Register (RSR)

Bit : I 6 5 4 3 2 1 0

RIW — — — — — — — —

RSR is a register used to receive serial data.

The SCI sets serial data input from the RxD pin in RSR in the order received, starting with the
LSB (bit 0), and converts it to parallel data. When one byte of data has been received, it is
transferred to RDR automatically.

RSR cannot be directly read or written to by the CPU.

12.2.2 Receive Data Register (RDR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
R/W

RDR is a register that stores received serial data.

When the SCI has received one byte of serial data, it transfers the received serial data from RSR
RDR where it is stored, and completes the receive operation. After this, RSR is receive-enabled.

Since RSR and RDR function as a double buffer in this way, enables continuous receive
operations to be performed.

RDR is a read-only register, and cannot be written to by the CPU.

RDR is initialized to H'00 by a reset, and in standby mode or module stop mode.
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12.2.3  Transmit Shift Register (TSR)

Bit : 7 6 5 4 3 2 1 0

RIW — — — — — — — —

TSR is a register used to transmit serial data.

To perform serial data transmission, the SCI first transfers transmit data from TDR to TSR, then
sends the data to the TxD pin starting with the LSB (bit 0).

When transmission of one byte is completed, the next transmit data is transferred from TDR to
TSR, and transmission started, automatically. However, data transfer from TDR to TSR is not
performed if the TDRE bit in SSR is set to 1.

TSR cannot be directly read or written to by the CPU.

12.2.4  Transmit Data Register (TDR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TDR is an 8-hit register that stores data for serial transmission.

When the SCI detects that TSR is empty, it transfers the transmit data written in TDR to TSR ar
starts serial transmission. Continuous serial transmission can be carried out by writing the next
transmit data to TDR during serial transmission of the data in TSR.

TDR can be read or written to by the CPU at all times.

TDR is initialized to H'FF by a reset, and in standby mode or module stop mode.
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12.2.5 Serial Mode Register (SMR)

Bit : 7 6 5 4 3 2 1 0
C/A CHR PE O/E STOP MP CKS1 | CKSO

Initial value : 0 0 0 0 0 0 0 0

R/W : RIW R/W R/W R/W R/W R/W R/W R/W

SMR is an 8-bit register used to set the SCI's serial transfer format and select the baud rate
generator clock source.

SMR can be read or written to by the CPU at all times.
SMR is initialized to H'00 by a reset, and in standby mode or module stop mode.

Bit 7—Communication Mode (C/A): Selects asynchronous mode or clocked synchronous mode
as the SCI operating mode.

Bit 7

C/A Description

0 Asynchronous mode (Initial value)
1 Clocked synchronous mode

Bit 6—Character Length (CHR): Selects 7 or 8 bits as the data length in asynchronous mode. In
clocked synchronous mode, a fixed data length of 8 bits is used regardless of the CHR setting.

Bit 6

CHR Description

0 8-bit data (Initial value)
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted, and it is not possible
to choose between LSB-first or MSB-first transfer.
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Bit 5—Parity Enable (PE): In asynchronous mode, selects whether or not parity bit addition is
performed in transmission, and parity bit checking in reception. In clocked synchronous mode,
parity bit addition and checking is not performed, regardless of the PE bit setting.

Bit 5

PE Description

0 Parity bit addition and checking disabled (Initial value)
1 Parity bit addition and checking enabled*

Note:* When the PE bit is set to 1, the parity (even or odd) specified by the O/E bit is added to
transmit data before transmission. In reception, the parity bit is checked for the parity (even
or odd) specified by the O/E bit.

Bit 4—Parity Mode (O/E): Selects either even or odd parity for use in parity addition and
checking.

The OE bit setting is only valid when the PE bit is set to 1, enabling parity bit addition and
checking, in asynchronous mode. Th& @it setting is invalid in clocked synchronous mode, and
when parity addition and checking is disabled in asynchronous mode.

Bit 4

O/E Description

0 Even parity** (Initial value)
1 Odd parity*?

Notes: 1. When even parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is even.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is even.

2. When odd parity is set, parity bit addition is performed in transmission so that the total

number of 1 bits in the transmit character plus the parity bit is odd.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is odd.
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Bit 3—Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP bits setting is only valid in asynchronous mode. If clocked synchronous mode is set tt
STOP bit setting is invalid since stop bits are not added.

Bit 3

STOP Description

0 1 stop bit: In transmission, a single 1 bit (stop bit) is added to the end of a transmit
character before it is sent. (Initial value)

1 2 stop bits: In transmission, two 1 bits (stop bits) are added to the end of a transmit

character before it is sent.

In reception, only the first stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis 1, it is treated as a stop bit; if it is O, it is treated as the start bit of the next transmit
character.

Bit 2—Multiprocessor Mode (MP): Selects multiprocessor format. When multiprocessor format
is selected, the PE bit andEXit parity settings are invalid. The MP bit setting is only valid in
asynchronous mode; it is invalid in clocked synchronous mode.

For details of the multiprocessor communication function, see section 12.3.3, Multiprocessor
Communication Function.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected
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Bits 1 and 0—Clock Select 1 and 0 (CKS1, CKSOT:hese bits select the clock source for the
baud rate generator. The clock source can be selected from g, @/4, @/16, and @/64, according tc
setting of bits CKS1 and CKSO.

For the relation between the clock source, the bit rate register setting, and the baud rate, see
section 12.2.8, Bit Rate Register.

Bit 1 Bit 0

CKs1 CKSO0 Description

0 0 @ clock (Initial value)
1 @/4 clock

1 0 2/16 clock
1 2/64 clock

12.2.6  Serial Control Register (SCR)

Bit : 7 6 5 4 3 2 1 0
TIE RIE TE RE MPIE TEIE CKE1l CKEO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

SCR is a register that performs enabling or disabling of SCI transfer operations, serial clock out
in asynchronous mode, and interrupt requests, and selection of the serial clock source.

SCR can be read or written to by the CPU at all times.
SCR is initialized to H'00 by a reset, and in standby mode or module stop mode.

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables transmit data empty interrupt
(TXI) request generation when serial transmit data is transferred from TDR to TSR and the TDR
flag in SSR is set to 1.

Bit 7

TIE Description

0 Transmit data empty interrupt (TXI) requests disabled* (Initial value)
1 Transmit data empty interrupt (TXI) requests enabled

Note: * TXI interrupt request cancellation can be performed by reading 1 from the TDRE flag, then
clearing it to 0, or clearing the TIE bit to 0.
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Bit 6—Receive Interrupt Enable (RIE): Enables or disables receive data full interrupt (RXI)
request and receive error interrupt (ERI) request generation when serial receive data is transferre
from RSR to RDR and the RDRF flag in SSR is setto 1.

Bit 6

RIE Description

0 Receive data full interrupt (RXI) request and receive error interrupt (ERI) request
disabled* (Initial value)

1 Receive data full interrupt (RXI) request and receive error interrupt (ERI) request
enabled

Note:* RXI and ERI interrupt request cancellation can be performed by reading 1 from the RDRF
flag, or the FER, PER, or ORER flag, then clearing the flag to O, or clearing the RIE bit to O.

Bit 5—Transmit Enable (TE): Enables or disables the start of serial transmission by the SCI.

Bit 5

TE Description

0 Transmission disabled** (Initial value)
1 Transmission enabled*?

Notes: 1. The TDRE flag in SSR is fixed at 1.

2. In this state, serial transmission is started when transmit data is written to TDR and the
TDRE flag in SSR is cleared to 0.

SMR setting must be performed to decide the transfer format before setting the TE bit
to 1.

Bit 4—Receive Enable (RE)Enables or disables the start of serial reception by the SCI.

Bit 4

RE Description

0 Reception disabled** (Initial value)
1 Reception enabled*?

Notes: 1. Clearing the RE bit to O does not affect the RDRF, FER, PER, and ORER flags, which
retain their states.
2. Serial reception is started in this state when a start bit is detected in asynchronous
mode or serial clock input is detected in clocked synchronous mode.
SMR setting must be performed to decide the transfer format before setting the RE bit
to 1.
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Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE bit setting is only valid in asynchronous mode when the MP bit in SMR is set to 1.

The MPIE bit setting is invalid in clocked synchronous mode or when the MP bit is cleared to 0.

Bit 3

WDescription

0 Multiprocessor interrupts disabled (normal reception performed) (Initial value)
[Clearing conditions]
*  When the MPIE bit is cleared to 0
*  When MPB= 1 data is received

1 Multiprocessor interrupts enabled*

Receive interrupt (RXI) requests, receive error interrupt (ERI) requests, and setting
of the RDRF, FER, and ORER flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * When receive data including MPB = 0 is received, receive data transfer from RSR to RDR,
receive error detection, and setting of the RDRF, FER, and ORER flags in SSR , is not
performed. When receive data including MPB = 1 is received, the MPB bit in SSR is set to
1, the MPIE bit is cleared to 0 automatically, and generation of RXI and ERI interrupts
(when the TIE and RIE bits in SCR are set to 1) and FER and ORER flag setting is enabled.

Bit 2—Transmit End Interrupt Enable (TEIE): Enables or disables transmit end interrupt
(TEI) request generation when there is no valid transmit data in TDR in MSB data transmission.

Bit 2

FDescription

0 Transmit end interrupt (TEI) request disabled* (Initial value)
1 Transmit end interrupt (TEI) request enabled

Note: * TEI cancellation can be performed by reading 1 from the TDRE flag in SSR, then clearing it
to 0 and clearing the TEND flag to 0, or clearing the TEIE bit to O.
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Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEOQ)These bits are used to select the SCI clock
source and enable or disable clock output from the SCK pin. The combination of the CKE1 and
CKEDO bits determines whether the SCK pin functions as an 1/O port, the serial clock output pin, o
the serial clock input pin.

The setting of the CKEO bit, however, is only valid for internal clock operation (CKE1 = 0) in
asynchronous mode. The CKEO bit setting is invalid in clocked synchronous mode, and in the ca
of external clock operation (CKEL = 1). Note that the SCI's operating mode must be decided usir
SMR before setting the CKE1 and CKEO bits.

For details of clock source selection, see table 12.9 in section 12.3, Operation.

Bit 1 Bit 0
CKE1 CKEO Description
0 0 Asynchronous mode Internal clock/SCK pin functions as I/O port**
Clocked synchronous Internal clock/SCK pin functions as serial clock
mode output
1 Asynchronous mode Internal clock/SCK pin functions as clock output*?
Clocked synchronous Internal clock/SCK pin functions as serial clock
mode output
1 0 Asynchronous mode External clock/SCK pin functions as clock input*®
Clocked synchronous External clock/SCK pin functions as serial clock
mode input
1 Asynchronous mode External clock/SCK pin functions as clock input*®
Clocked synchronous External clock/SCK pin functions as serial clock
mode input

Notes: 1. Initial value
2. Outputs a clock of the same frequency as the bit rate.
3. Inputs a clock with a frequency 16 times the bit rate.

12.2.7 Serial Status Register (SSR)

Bit : 7 6 5 4 3 2 1 0
TDRE RDRF | ORER FER PER TEND MPB MPBT

Initial value : 1 0 0 0 0 1 0 0

R/W : R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Note: Only 0 can be written, to clear the flag.
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SSR is an 8-bit register containing status flags that indicate the operating status of the SCI, and
multiprocessor bits.

SSR can be read or written to by the CPU at all times. However, 1 cannot be written to flags
TDRE, RDRF, ORER, PER, and FER. Also note that in order to clear these flags they must be
read as 1 beforehand. The TEND flag and MPB flag are read-only flags and cannot be modified

SSR is initialized to H'84 by a reset, and in standby mode or module stop mode.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that data has been transferred from
TDR to TSR and the next serial data can be written to TDR.

Bit 7
TDRE Description
0 [Clearing conditions]
e When 0 is written to TDRE after reading TDRE = 1
e When the DTC is activated by a TXI interrupt and write data to TDR
1 [Setting conditions] (Initial value)

*  When the TE bitin SCR is 0
* When data is transferred from TDR to TSR and data can be written to TDR

Bit 6—Receive Data Register Full (RDRF)indicates that the received data is stored in RDR.

Bit 6

RDRF Description

0 [Clearing conditions] (Initial value)
e When 0 is written to RDRF after reading RDRF = 1
¢ When the DTC is activated by an RXI interrupt and read data from RDR

1 [Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR
Note: RDR and the RDRF flag are not affected and retain their previous values when an error is
detected during reception or when the RE bit in SCR is cleared to 0.
If reception of the next data is completed while the RDRF flag is still set to 1, an overrun
error will occur and the receive data will be lost.
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Bit 5—Overrun Error (ORER): Indicates that an overrun error occurred during reception,
causing abnormal termination.

Bit 5

ORER Description

0 [Clearing condition] (Initial value)**
When 0 is written to ORER after reading ORER =1

1 [Setting condition]
When the next serial reception is completed while RDRF = 1**

Notes: 1. The ORER flag is not affected and retains its previous state when the RE bitin SCR is

cleared to 0.

The receive data prior to the overrun error is retained in RDR, and the data received
subsequently is lost. Also, subsequent serial reception cannot be continued while the
ORER flag is set to 1. In clocked synchronous mode, serial transmission cannot be
continued, either.

Bit 4—Framing Error (FER): Indicates that a framing error occurred during reception in
asynchronous mode, causing abnormal termination.

Bit 4
FER Description
0 [Clearing condition] (Initial value)**
When 0 is written to FER after reading FER = 1
1 [Setting condition]
When the SCI checks the stop bit at the end of the receive data when reception ends,
and the stop bit is 0 *2
Notes: 1. The FER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.
2. In 2-stop-bit mode, only the first stop bit is checked for a value of 0; the second stop bit
is not checked. If a framing error occurs, the receive data is transferred to RDR but the
RDREF flag is not set. Also, subsequent serial reception cannot be continued while the
FER flag is set to 1. In clocked synchronous mode, serial transmission cannot be
continued, either.
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Bit 3—Parity Error (PER): Indicates that a parity error occurred during reception using parity
addition in asynchronous mode, causing abnormal termination.

Bit 3

PER Description

0 [Clearing condition] (Initial value)**
When 0 is written to PER after reading PER = 1

1 [Setting condition]

When, in reception, the number of 1 bits in the receive data plus the parity bit does not
match the parity setting (even or odd) specified by the O/E bit in SMR*?
Notes: 1. The PER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.
2. If a parity error occurs, the receive data is transferred to RDR but the RDRF flag is not
set. Also, subsequent serial reception cannot be continued while the PER flag is set to
1. In clocked synchronous mode, serial transmission cannot be continued, either.

Bit 2—Transmit End (TEND): Indicates that there is no valid data in TDR when the last bit of
the transmit character is sent, and transmission has been ended.

The TEND flag is read-only and cannot be modified.

Bit 2
TEND Description
0 [Clearing conditions]
* When 0 is written to TDRE after reading TDRE =1
* When the DTC is activated by a TXI interrupt and write data to TDR
1 [Setting conditions] (Initial value)

*  When the TE bitin SCRis 0
* When TDRE =1 at transmission of the last bit of a 1-byte serial transmit character

Bit 1—Multiprocessor bit (MPB): When reception is performed using multiprocessor format in
asynchronous mode, MPB stores the multiprocessor bit in the receive data.

MPB is a read-only bit, and cannot be modified.

Bit 1

MPB Description

0 [Clearing condition] (Initial value)*
When data with a 0 multiprocessor bit is received

1 [Setting condition]

When data with a 1 multiprocessor bit is received

Note: * Retains its previous state when the RE bit in SCR is cleared to 0 with multiprocessor
format.
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Bit 0—Multiprocessor Bit Transfer (MPBT): When transmission is performed using
multiprocessor format in asynchronous mode, MPBT stores the multiprocessor bit to be added to
the transmit data.

The MPBT bit setting is invalid in clocked synchronous mode, when multiprocessor format is not
used, and when the operation is not transmission.

Bit 0

MPBT Description

0 Data with a O multiprocessor bit is transmitted (Initial value)
1 Data with a 1 multiprocessor bit is transmitted

12.2.8 Bit Rate Register (BRR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BRR is an 8-bit register that sets the serial transfer bit rate in accordance with the baud rate
generator operating clock selected by bits CKS1 and CKSO0 in SMR.

BRR can be read or written to by the CPU at all times.
BRR is initialized to H'FF by a reset, and in standby mode or module stop mode.

As baud rate generator control is performed independently for each channel, different values can
be set for each channel.

Table 12-3 shows sample BRR settings in asynchronous mode, and table 12-4 shows sample BF
settings in clocked synchronous mode.
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Table 12-3 BRR Settings for Various Bit Rates (Asynchronous Mode)
g (MHz)
2 2.097152 2.4576 3
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 003 1 148 —-0.04 1 174 —-0.26 1 212 0.03
150 1 103 016 1 108 021 1 127 0.00 1 155 0.16
300 0 207 016 O 217 021 O 255 0.00 1 77 0.16
600 0 103 016 O 108 021 O 127 000 O 155 0.16
1200 0 51 016 O 54 -0.70 0 63 0.00 O 77 0.16
2400 0 25 016 O 26 114 O 31 000 O 38 0.16
4800 0 12 016 O 13 -2.48 0 15 000 O 19 —-2.34
9600 — — — 0 6 -2.48 0 7 0.00 O 9 -2.34
19200 — — — — — — 0 3 000 O 4 -2.34
31250 0 1 0.00 — — — — — — 0 2 0.00
38400 — — — — — — 0 1 0.00 — — —
2 (MHz)
3.6864 4 4.9152 5
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 070 2 70 0.03 2 86 031 2 88 -0.25
150 1 191 000 1 207 016 1 255 0.00 2 64 0.16
300 1 95 0.00 1 103 016 1 127 0.00 1 129 0.16
600 0 191 000 O 207 016 O 255 0.00 1 64 0.16
1200 0 95 000 O 103 016 O 127 000 O 129 0.16
2400 0 a7 0.00 O 51 016 O 63 0.00 O 64 0.16
4800 0 23 000 O 25 016 O 31 000 O 32 -1.36
9600 0 11 000 O 12 016 O 15 000 O 15 1.73
19200 0 5 0.00 — — — 0 7 0.00 O 7 1.73
31250 — — — 0 3 000 O 4 -1.70 0O 4 0.00
38400 0 2 000 O 2 851 O 3 000 O 3 1.73
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Table 12-3 BRR Settings for Various Bit Rates (Asynchronous Mode) (cont)

@ (MHz)
6 6.144 7.3728 8
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 —0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 016 1 159 0.00 1 191 0.00 1 207 0.16
600 1 77 016 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 0.16 O 159 0.00 O 191 0.00 O 207 0.16
2400 0 77 0.16 0 79 0.00 O 95 0.00 O 103 0.16
4800 0 38 016 O 39 000 O 47 000 O 51 0.16
9600 0 19 -234 0 19 0.00 O 23 0.00 O 25 0.16
19200 0 9 -234 0 9 0.00 O 11 0.00 O 12 0.16
31250 0 5 000 O 5 240 — — — 0 7 0.00
38400 0 4 -234 0 4 0.00 O 5 0.00 O 6 —6.99
@ (MHz)
9.8304 10 12 12.288
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 —-0.26 2 177 -0.25 2 212 0.03 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 0.00 1 129 016 1 155 016 1 159  0.00
1200 0 255 0.00 1 64 016 1 77 016 1 79 0.00
2400 0 127 000 O 129 016 O 155 016 O 159  0.00
4800 0 63 0.00 O 64 0.16 0 77 0.16 0 79 0.00
9600 0 31 000 O 32 -1.36 O 38 016 O 39 0.00
19200 0 15 0.00 O 15 173 0 19 -234 0 19 0.00
31250 0 9 -1.70 0 9 0.00 O 11 0.00 O 11 2.40
38400 0 7 000 O 7 1.73 0 9 -234 0 9 0.00
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Table 12-3 BRR Settings for Various Bit Rates (Asynchronous Mode) (cont)

g (MHz)
14 14.7456 16 17.2032
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 0.70 3 70 0.03 3 75 0.48
150 2 181 016 2 191  0.00 2 207 016 2 223  0.00
300 2 90 016 2 95 0.00 2 103 016 2 111 0.00
600 1 181 016 1 191 000 1 207 016 1 223 0.00
1200 1 90 016 1 95 0.00 1 103 016 1 111 0.00
2400 0 181 016 O 191 000 O 207 016 O 223  0.00
4800 0 90 016 O 95 000 O 103 016 O 111 0.00
9600 0 45 -093 0 47 000 O 51 016 O 55 0.00
19200 0 22 -093 0 23 000 O 25 0.16 O 27 0.00
31250 0 13 000 O 14 -1.70 O 15 000 O 16 1.20
38400 — — — 0 11 000 O 12 016 O 13 0.00
2 (MHz)
18 19.6608 20
Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%)
110 3 79 -0.12 3 86 031 3 88 -0.25
150 2 233 016 2 255 0.00 3 64 0.16
300 2 116 0.16 2 127 000 2 129 0.16
600 1 233 016 1 255 0.00 2 64 0.16
1200 1 116 016 1 127 000 1 129 0.16
2400 0 233 016 O 255 0.00 1 64 0.16
4800 0 116 0.16 O 127 000 O 129 0.16
9600 0 58 —0.69 0 63 000 O 64 0.16
19200 0 28 102 0 31 0.00 O 32 -1.36
31250 0 17 0.00 O 19 -1.70 0 19 0.00
38400 0 14 -2.34 0 15 000 O 15 1.73

Note: As far as possible, the setting should be made so that the error is no more than 1%.
Legend
—: Can be set, but there will be a degree of error.
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Table 12-4

BRR Settings for Various Bit Rates (Clocked Synchronous Mode)

@ (MHz)

2 4 8 10 16 20
Bit Rate
(bit/s) n N n N n N n N n N n N
110 3 70 — — — — — — — — — —
250 2 124 2 249 3 124 — — 3 249 — —
500 1 249 2 124 2 249 — — 3 124 — —
1k 1 124 1 249 2 124 — — 2 249 — —
25k 0 199 1 99 1 199 1 249 2 99 2 124
5k 0 99 0 199 1 99 1 124 1 199 1 249
10 k 0 49 0 99 0 199 0 249 1 99 1 124
25k 0 19 0 39 0 79 0 99 0 159 0 199
50 k 0 9 0 19 0 39 0 49 0 79 0 99
100 k 0 4 0 9 0 19 0 24 0 39 0 49
250 k 0 1 0 3 0 7 0 9 0 15 0 19
500 k 0 0* 0 1 0 3 0 4 0 7 0 9
1M 0 0* 0 1 — — 0 3 0 4
25M — — 0 o* — — 0 1
5M — — 0 o*

Note: As far as possible, the setting should be made so that the error is no more than 1%.

Legend

Blank : Cannot be set.
— : Can be set, but there will be a degree of error.
* . Continuous transmission/reception is not possible.
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The BRR setting is found from the following formulas.
Asynchronous mode:

N = 2 x10°P -1

64 x 221x B

Clocked synchronous mode:

(%]
N = x10°-1
8x22n—1xB

Where B: Bit rate (bit/s)
N: BRR setting for baud rate generator(8l < 255)
@. Operating frequency (MHz)
n: Baud rate generator input clock (n =0 to 3)
(See the table below for the relation between n and the clock.)

SMR Setting
n Clock CKS1 CKSO0
0 ] 0 0
1 ol4 0 1
2 2/16 1 0
3 /64 1 1

The bit rate error in asynchronous mode is found from the following formula:

10°
Error (%) = { ox ~1}% 100

(N+1)xBx64x 2!
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Table 12-5 shows the maximum bit rate for each frequency in asynchronous mode. Tables 12-6
and 12-7 show the maximum bit rates with external clock input.

Table 12-5 Maximum Bit Rate for Each Frequency (Asynchronous Mode)

2 (MHz) Maximum Bit Rate (bit/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
19.6608 614400 0 0
20 625000 0 0
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Table 12-6 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

2 (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
19.6608 4.9152 307200
20 5.0000 312500
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Table 12-7 Maximum Bit Rate with External Clock Input (Clocked Synchronous Mode)

2 (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
2 0.3333 333333.3
4 0.6667 666666.7
6 1.0000 1000000.0
8 1.3333 1333333.3
10 1.6667 1666666.7
12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0
20 3.3333 3333333.3
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12.2.9 Smart Card Mode Register (SCMR)

Bit : 7 6 5 4 3 2 1 0
— — — — SDIR SINV — SMIF

Initial value : 1 1 1 1 0 0 1 0

R/W : — — — — R/W R/W — R/W

SCMR selects LSB-first or MSB-first by means of bit SDIR. With an 8-bit length, LSB-first or
MSB-first transfer can be selected regardless of the serial communication mode. The descriptic
in this chapter refer to LSB-first transfer.

For details of the other bits in SCMR, see 13.2.1, Smart Card Mode Register (SCMR).
SCMR is initialized to H'F2 by a reset, and in standby mode or module stop mode.
Bits 7 to 4—ReservedRead-only bits, always read as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selects the serial/parallel conversion
format.

The transfer format is valid for 8-bit data.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored in RDR LSB-first

1 TDR contents are transmitted MSB-first

Receive data is stored in RDR MSB-first

Bit 2—Smart Card Data Invert (SINV): When the smart card interface operates as a hormal
SCI, 0 should be written in this bit.

Bit 1—Reserved:Read-only bit, always read as 1.

Bit 0—Smart Card Interface Mode Select (SMIF):When the smart card interface operates as a
normal SCI, 0 should be written in this bit.

417
RENESAS



12.2.10 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/IW R/IW R/IW RIW RIW RIW R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the corresponding bit of bits MSTP7 to MSTP5 is set to 1, SCI operation stops at the end ¢
the bus cycle and a transition is made to module stop mode. For details, see section 18.5, Modul
Stop Mode.

MSTPCR is initialized to H'3FFF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Module Stop (MSTP7): Specifies the SCI channel 2 module stop mode.

Bit 7
MSTP7 Description

0 SCI channel 2 module stop mode cleared

1 SCI channel 2 module stop mode set (Initial value)

Bit 6—Module Stop (MSTP6): Specifies the SCI channel 1 module stop mode.

Bit 6
MSTP6 Description

0 SCI channel 1 module stop mode cleared

1 SCI channel 1 module stop mode set (Initial value)

Bit 5—Module Stop (MSTP5): Specifies the SCI channel 0 module stop mode.

Bit5
MSTP5 Description

0 SCI channel 0 module stop mode cleared
1 SCI channel 0 module stop mode set (Initial value)
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12.3  Operation

12.3.1  Overview

The SCI can carry out serial communication in two modes: asynchronous mode in which
synchronization is achieved character by character, and clocked synchronous mode in which
synchronization is achieved with clock pulses.

Selection of asynchronous or clocked synchronous mode and the transmission format is made
using SMR as shown in table 12-8. The SCI clock is determined by a combination oAthi¢ C/
in SMR and the CKE1 and CKEO bits in SCR, as shown in table 12-9.

Asynchronous mode
» Data length: Choice of 7 or 8 bits

» Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 stop bits (the
combination of these parameters determines the transfer format and character length)

» Detection of framing, parity, and overrun errors, and breaks, during reception

* Choice of internal or external clock as SCI clock source
O When internal clock is selected:

The SCI operates on the baud rate generator clock and a clock with the same frequency
the bit rate can be output

O When external clock is selected:

A clock with a frequency of 16 times the bit rate must be input (the on-chip baud rate
generator is not used)

Clocked synchronous mode
» Transfer format: Fixed 8-bit data
» Detection of overrun errors during reception

» Choice of internal or external clock as SCI clock source
O When internal clock is selected:
The SCI operates on the baud rate generator clock and a serial clock is output off-chip
O When external clock is selected:
The on-chip baud rate generator is not used, and the SCI operates on the input serial clo
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Table 12-8 SMR Settings and Serial Transfer Format Selection

SMR Settings

SCI Transfer Format

Multi-
Bit7 Bit6 Bit2 Bit5 Bit3 Data processor Parity  Stop Bit
C/A CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous 8-bitdata No No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 — 0 Asynchronous 8-bitdata Yes No 1 bit
_ 1 mode (multi- 2 bits
1 — 0 processor 7-bit data 1 bit
format)
— 1 2 bits
1 — — — — Clocked 8-bitdata No None

synchronous mode

Table 12-9 SMR and SCR Settings and SCI Clock Source Selection

SMR SCR Setting

Bit 7 Bitl BitO

C/IA CKE1 CKEO

SCI Transmit/Receive clock

Clock
Mode Source

SCK Pin Function

0 0 0 Asynchronous  Internal SCI does not use SCK pin
1 mode Outputs clock with same frequency as bit
rate
1 0 External Inputs clock with frequency of 16 times
1 the bit rate
1 0 0 Clocked Internal Outputs the serial clock
1 synchronous
1 0 mode External Inputs the serial clock
1
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12.3.2  Operation in Asynchronous Mode

In asynchronous mode, characters are sent or received, each preceded by a start bit indicating
start of communication and one or two stop bits indicating the end of communication. Serial
communication is thus carried out with synchronization established on a character-by-character
basis.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication. Both the transmitter and the receiver also have a double-buffered structure, so
that data can be read or written during transmission or reception, enabling continuous data
transfer.

Figure 12-2 shows the general format for asynchronous serial communication.

In asynchronous serial communication, the transmission line is usually held in the mark state (hi
level). The SCI monitors the transmission line, and when it goes to the space state (low level),
recognizes a start bit and starts serial communication.

One serial communication character consists of a start bit (low level), followed by data (in LSB-
first order), a parity bit (high or low level), and finally one or two stop bits (high level).

In asynchronous mode, the SCI performs synchronization at the falling edge of the start bit in
reception. The SCI samples the data on the 8th pulse of a clock with a frequency of 16 times the
length of one bit, so that the transfer data is latched at the center of each bit.

Idle state
(mark state)
1 LSB MSB 1
Seriall 3 | po | p1 | D2 | D3| D4 |D5|D6| D7 |OL]| 1 1
data
Start Parity| Stop bit
bit Transmit/receive data bit

1 bit 7 or 8 bits 1 bit, 1or
ornone 2 bits

One unit of transfer data (character or frame)

Figure 12-2 Data Format in Asynchronous Communication
(Example with 8-Bit Data, Parity, Two Stop Bits)
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Data Transfer Format: Table 12-10 shows the data transfer formats that can be used in
asynchronous mode. Any of 12 transfer formats can be selected according to the SMR setting.

Table 12-10 Serial Transfer Formats (Asynchronous Mode)

SMR Settings Serial Transfer Format and Frame Length
CHR | PE | MP |STOP| 1 2 3 4 5 6 7 8 9 10 11 12
0 0 0 o ||s] 8-bit data [srop
0 0 0 1 || s | 8-bit data [srorfsTop
0 1 0 o ||s] 8-bit data [ P [stop
0 1 0 1 || s | 8-bit data | P [stodstop
1 0 0 o ||s] 7-bit data [srop
1 0 0 1 || s | 7-bit data |s1op|sTop
1 1 0 o ||s] 7-bit data [ P [stop
1 1 0 1 || s | 7-bit data | P [sropstop
0 — 1 o ||s] 8-bit data | e [sToP
0 — 1 1 || s | 8-bit data | wps [sTop|sTop
1 — 1 o ||s] 7-bit data | e [sTop
1 — 1 1 ||s | 7-bit data | wes[stop[stop
Legend
S :Startbit
STOP : Stop bit
P :Paitybit

MPB : Multiprocessor bit
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Clock: Either an internal clock generated by the on-chip baud rate generator or an external cloc
input at the SCK pin can be selected as the SCI's serial clock, according to the setting Af the C/
bit in SMR and the CKE1 and CKEO bits in SCR. For details of SCI clock source selection, see
table 12-9.

When an external clock is input at the SCK pin, the clock frequency should be 16 times the bit r:
used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this case is equal to the bit rate, and the phase is such that the
rising edge of the clock is in the middle of the transmit data, as shown in figure 12-3.

iy L

0 DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | O/1 1 1

1 frame

— o
-

Figure 12-3 Relation between Output Clock and Transfer Data Phase
(Asynchronous Mode)

Data Transfer Operations:

» SClinitialization (asynchronous mode)
Before transmitting and receiving data, you should first clear the TE and RE bits in SCR to 0,
then initialize the SCI as described below.
When the operating mode, transfer format, etc., is changed, the TE and RE bits must be clez
to 0 before making the change using the following procedure. When the TE bit is cleared to (
the TDRE flag is set to 1 and TSR is initialized. Note that clearing the RE bit to O does not
change the contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.
When an external clock is used the clock should not be stopped during operation, including
initialization, since operation is uncertain.
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Figure 12-4 shows a sample SCI initialization flowchart.

< Start initialization > [1] Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,
‘ TEIE, and MPIE, and bits TE and
| Clear TE and RE bits in SCR to 0 | RE, to 0.
‘ When the clock is selected in
Set CKE1 and CKEO bits in SCR L asynchronous mode, it is output
(TE, RE bits 0) (1] immediately after SCR settings are
made.

\
Set data transfer format in
SMR and SCMR 2]
\ [3] Write a value corresponding to the
Set value in BRR [3] bit rate to BRR. Not necessary if an
external clock is used.

[2] Setthe data transfer format in SMR
and SCMR.

P Wait

- [4] Wait at least one bit interval, then
No set the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and
MPIE bits.

Setting the TE and RE bits enables
the TxD and RxD pins to be used.

1-bit interval elapsed?

Set TE and RE bits in
SCR to 1, and set RIE, TIE, TEIE, [4]
and MPIE bits

<Transfer completion>

Figure 12-4 Sample SCI Initialization Flowchart
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Serial data transmission (asynchronous mode)
Figure 12-5 shows a sample flowchart for serial transmission.
The following procedure should be used for serial data transmission.

| Initialization | 11 [1] SCl initialization:
I The TxD pin is automatically

< . > designated as the transmit data
Start transmission .
output pin.

}4— After the TE bit is setto 1, a frame

| Read TDRE flag in SSR | 2] of 1s is output, and transmission is
enabled.

No [2] SCI status check and transmit data
write:
Read SSR and check that the

Yes TDRE flag is set to 1, then write
transmit data to TDR and clear the

Write transmit data to TDR TDRE flag to 0.
and clear TDRE flag in SSR to 0

[3] Serial transmission continuation
procedure:
To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,

All data transmitted?

Yes then write data to TDR, and then
- i3] clear the TDRE flag to 0. Checking
and clearing of the TDRE flag is
Read TEND flag in SSR automatic when the DTC is

activated by a transmit data
empty interrupt (TXI) request, and
data is written to TDR.

[4] Break output at the end of serial
transmission:
To output a break in serial
[4] transmission, set DDR for the port
corresponding to the TxD pin to 1,
clear DR to 0, then clear the TE bit
in SCR to 0.

Break output?

Clear DR to 0 and
set DDR to 1

E—

Clear TE bitin SCRt0 0 |

<End>

Figure 12-5 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

[1] The SCI monitors the TDRE flag in SSR, and if is 0, recognizes that data has been written to
TDR, and transfers the data from TDR to TSR.

[2] After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission.

If the TIE bit is set to 1 at this time, a transmit data empty interrupt (TXI) is generated.
The serial transmit data is sent from the TxD pin in the following order.

[a] Start bit:
One 0-bit is output.

[b] Transmit data:
8-bit or 7-bit data is output in LSB-first order.

[c] Parity bit or multiprocessor bit:
One parity bit (even or odd parity), or one multiprocessor bit is output.

A format in which neither a parity bit nor a multiprocessor bit is output can also be
selected.

[d] Stop bit(s):
One or two 1-bits (stop bits) are output.

[e] Mark state:
1 is output continuously until the start bit that starts the next transmission is sent.

[3] The SCI checks the TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to 0, the data is transferred from TDR to TSR, the stop bit is sent,
and then serial transmission of the next frame is started.
If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the
“mark state” is entered in which 1 is output continuously. If the TEIE bit in SCR is setto 1 at
this time, a TEI interrupt request is generated.
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Figure 12-6 shows an example of the operation for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 it (« bit bit  bit (« bit bit 1
) )
0o | Do | D1 p7 (o1 | 1 | o | Do | D1 D7 | o | 1 |dlestate
I ( (mark state)
| ) ‘ )
| L
| )
TDRE ! « |
[ | R [
TEND ! (« L
; ) ™) i
TXI interrupt Data written to TDR and TXI interrupt

request generated TDRE flag cleared to 0 in
i TXI interrupt service routine

1 frame

request generated

-y~

TEl interrupt
request generated

Figure 12-6 Example of Operation in Transmission in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)
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» Serial data reception (asynchronous mode)
Figure 12-7 shows a sample flowchart for serial reception.
The following procedure should be used for serial data reception.

| Intiaization | w [] SClinitialization:
\ The RxD pin is automatically
C Start reception > designated as the receive data
input pin.

-

[2] [3] Receive error processing and

Read ORER, PER, and break detection:
FER flags in SSR

2 .
2l If a receive error occurs, read the

ORER, PER, and FER flags in

SSR to identify the error. After
Yes performing the appropriate error
3] processing, ensure that the

ORER, PER, and FER flags are

C Error processing > all cleared to 0. Reception cannot
be resumed if any of these flags
are setto 1. In the case of a
framing error, a break can be

PEROFEROORER=1

(Continued on next page)

i 4 .
Read RDRF flag in SSR | (4] detected by reading the value of
the input port corresponding to
No the RxD pin.
[4] SCI status check and receive
Yes data read :

Read SSR and check that RDRF
=1, then read the receive data in

Read receive data in RDR, and
clear RDRF flag in SSR {0 0 RDR and clear the RDRF flag to

0. Transition of the RDRF flag
from 0 to 1 can also be identified
by an RXl interrupt.

All data received? 5] [5] Serial reception continuation

procedure:
To continue serial reception,
before the stop bit for the current

Clear RE bit in SCR to 0 frame is received, read the
\ RDRF flag, read RDR, and clear
<End> the RDRF flag to 0. The RDRF

flag is cleared automatically
when the DTC is activated by an
RXI interrupt and the RDR value
is read.

Figure 12-7 Sample Serial Reception Data Flowchart
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(3]

C Error processing >

No
ORER=1

Yes

Overrun error processing

-
-

No

Break?

Yes
A

| | Clear RE bitin SCRto 0

Framing error processing

-

No
PER=1

Yes

Parity error processing

|

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure 12-7 Sample Serial Reception Data Flowchart (cont)
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In serial reception, the SCI operates as described below.

[1] The SCI monitors the transmission line, and if a O stop bit is detected, performs internal
synchronization and starts reception.

[2] The received data is stored in RSR in LSB-to-MSB order.

[3] The parity bit and stop bit are received.
After receiving these bits, the SCI carries out the following checks.

[a] Parity check:
The SCI checks whether the number of 1 bits in the receive data agrees with the parity
(even or odd) set in the Bbit in SMR.

[b] Stop bit check:
The SCI checks whether the stop bit is 1.
If there are two stop bits, only the first is checked.

[c] Status check:

The SCI checks whether the RDRF flag is 0, indicating that the receive data can be
transferred from RSR to RDR.

If all the above checks are passed, the RDRF flag is set to 1, and the receive data is stored in
RDR.

If a receive error* is detected in the error check, the operation is as shown in table 12-11.

Note: * Subsequent receive operations cannot be performed when a receive error has occurred.
Also note that the RDRF flag is not set to 1 in reception, and so the error flags must be
cleared to 0.

[4] If the RIE bit in SCR is set to 1 when the RDRF flag changes to 1, a receive data full interrupt
(RXI) request is generated.
Also, if the RIE bit in SCR is set to 1 when the ORER, PER, or FER flag changesto 1, a
receive error interrupt (ERI) request is generated.
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Table 12-11 Receive Errors and Conditions for Occurrence

Receive Error Abbreviation  Occurrence Condition Data Transfer

Overrun error ORER When the next data reception is Receive data is not
completed while the RDRF flag transferred from RSR to
in SSRissetto 1 RDR.

Framing error FER When the stop bit is 0 Receive data is transferred

from RSR to RDR.

Parity error PER When the received data differs  Receive data is transferred
from the parity (even or odd) set from RSR to RDR.
in SMR

Figure 12-8 shows an example of the operation for reception in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit " bit  bit bit " bit  bit 1
) )
0o | po | b1 b7 |o1| 1| o | bo| D1 D7 | o1 | o |!dlestate
(mark state)

RDRF ( "
) A A R
FER ( "
) ) 1
RXI interrupt RDR data read and RDRF
request generated  flag cleared to 0 in RXI ERI interrupt request
| interrupt service routine generated by framing

! error
‘
!
‘
‘
!
‘

1 frame
P~

Figure 12-8 Example of SCI Operation in Reception
(Example with 8-Bit Data, Parity, One Stop Bit)
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12.3.3  Multiprocessor Communication Function

The multiprocessor communication function performs serial communication using the
multiprocessor format, in which a multiprocessor bit is added to the transfer data, in asynchronou
mode. Use of this function enables data transfer to be performed among a number of processor:
sharing transmission lines.

When multiprocessor communication is carried out, each receiving station is addressed by a
unigue ID code.

The serial communication cycle consists of two component cycles: an ID transmission cycle
which specifies the receiving station , and a data transmission cycle. The multiprocessor bit is us
to differentiate between the ID transmission cycle and the data transmission cycle.

The transmitting station first sends the ID of the receiving station with which it wants to perform
serial communication as data with a 1 multiprocessor bit added. It then sends transmit data as ds
with a 0 multiprocessor bit added.

The receiving station skips the data until data with a 1 multiprocessor bit is sent.

When data with a 1 multiprocessor bit is received, the receiving station compares that data with i
own ID. The station whose ID matches then receives the data sent next. Stations whose 1D does
not match continue to skip the data until data with a 1 multiprocessor bit is again received. In this
way, data communication is carried out among a number of processors.

Figure 12-9 shows an example of inter-processor communication using the multiprocessor forma
Data Transfer Format: There are four data transfer formats.

When the multiprocessor format is specified, the parity bit specification is invalid.

For details, see table 12-10.

Clock: See the section on asynchronous mode.
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Transmitting
station
Y Serial transmission line
! 1 1 1
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID=03) (ID=04)
Serial ‘
data | | [ moa [ 0| ] Haa |
| (MPB=1) | (MPB= 0)!
ID transmission cycle= Data transmission cycle=
receiving station Data transmission to
specification receiving station specified by 1D

Legend
MPB: Multiprocessor bit

Figure 12-9 Example of Inter-Processor Communication Using Multiprocessor Format

(Transmission of Data H'AA to Receiving Station A)

Data Transfer Operations:

Multiprocessor serial data transmission

Figure 12-10 shows a sample flowchart for multiprocessor serial data transmission.

The following procedure should be used for multiprocessor serial data transmission.
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| Initialization |
\
( Start transmission >

}47

| Read TDRE flag in SSR |

No

Yes

Write transmit data to TDR and
set MPBT bit in SSR

Clear TDRE flag to 0

All data transmitted?

Yes

—
-

Read TEND flag in SSR

Break output?

Clear DR to 0 and set DDR to 1

PE—

Clear TE bitin SCR to 0 |

<End>

(1]

(2]

(3]

(4]

(1]

(2]

(3]

(4]

SCl initialization:

The TxD pin is automatically
designated as the transmit data
output pin.

After the TE bitis setto 1, a
frame of 1s is output, and
transmission is enabled.

SCI status check and transmit
data write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR. Set the
MPBT bitin SSRto 0 or 1.
Finally, clear the TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission,
be sure to read 1 from the TDRE
flag to confirm that writing is
possible, then write data to TDR,
and then clear the TDRE flag to
0. Checking and clearing of the
TDRE flag is automatic when the
DTC is activated by a transmit
data empty interrupt (TXI)
request, and data is written to
TDR.

Break output at the end of serial
transmission:

To output a break in serial
transmission, set the port DDR to
1, clear DR to 0, then clear the
TE bit in SCR to 0.
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In serial transmission, the SCI operates as described below.

[1] The SCI monitors the TDRE flag in SSR, and if is 0, recognizes that data has been written to
TDR, and transfers the data from TDR to TSR.

[2] After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission.

If the TIE bit is set to 1 at this time, a transmit data empty interrupt (TXI) request is generatec
The serial transmit data is sent from the TxD pin in the following order.

[a] Start bit:
One 0-bit is output.

[b] Transmit data:
8-bit or 7-bit data is output in LSB-first order.

[c] Multiprocessor bit
One multiprocessor bit (MPBT value) is output.

[d] Stop bit(s):
One or two 1-bits (stop bits) are output.

[e] Mark state:
1 is output continuously until the start bit that starts the next transmission is sent.

[3] The SCI checks the TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to O, data is transferred from TDR to TSR, the stop bit is sent, anc
then serial transmission of the next frame is started.
If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then th
mark state is entered in which 1 is output continuously. If the TEIE bit in SCR is set to 1 at th
time, a transmission end interrupt (TEI) request is generated.
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Figure 12-11 shows an example of SCI operation for transmission using the multiprocessor
format.

Multi-
proce- Multi-
Start Data ssor Stop Start Data proces- Stop
1 bit (« bit bit bit (« sor bit  bit 1
7 7 Idle stat
0 | Do | D1 D7 o1 | 1 | 0o | DO | D1 D7 | o1 | 1 € state
( ( (mark state)
| ) ‘ )
! L
| )
TDRE ! B !
[ A 7 [
TEND ! [« Lo
j )) R A
TXI interrupt Data written to TDR TXI interrupt ]
request generated  and TDRE flag cleared to  request generated TEl interrupt
! 0 in TXI interrupt service request generated
) routine !
1 frame

—y———————————————————————————————————

Figure 12-11 Example of SCI Operation in Transmission
(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit)

» Multiprocessor serial data reception
Figure 12-12 shows a sample flowchart for multiprocessor serial reception.
The following procedure should be used for multiprocessor serial data reception.
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Initialization

| ol

C Start reception

)

| Read MPIE bit in SCR

| @

| Read ORER and FER flags in SSR |

FEROORER=1
No

Read RDRF flag in SSR

(3]

No
Yes

Read receive data in RDR

This station's ID?

Yes

—
e}

Read ORER and FER flags in SSR

Yes
FEROORER= 1
No

Y

Read RDRF flag in SSR

*

Read receive data in RDR

All data received?

y B

(1]

(2]

(3]

[4]

(5]

Clear RE bitin SCRto 0

next page)

<End>

SCl initialization:

The RxD pin is automatically
designated as the receive data
input pin.

ID reception cycle:
Set the MPIE bit in SCR to 1.

SCI status check, ID reception
and comparison:

Read SSR and check that the
RDRF flag is set to 1, then read
the receive data in RDR and
compare it with this station’s ID.
If the data is not this station’s ID,
set the MPIE bit to 1 again, and
clear the RDRF flag to O.

If the data is this station’s ID,
clear the RDRF flag to O.

SCI status check and data
reception:

Read SSR and check that the
RDREF flag is set to 1, then read
the data in RDR.

Receive error processing and
break detection:

If a receive error occurs, read the
ORER and FER flags in SSR to
identify the error. After
performing the appropriate error
processing, ensure that the
ORER and FER flags are all
cleared to 0.

Reception cannot be resumed if
either of these flags is set to 1.

In the case of a framing error, a
break can be detected by reading
the RxD pin value.

C Error processing )

(Continued on

Figure 12-12 Sample Multiprocessor Serial Reception Flowchart
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(5] C Error processing >

ORER=1

Yes

Overrun error processing

Yes

Break?

No

Y
Framing error processing | | Clear RE bitin SCRto 0

-l
-}

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure 12-12 Sample Multiprocessor Serial Reception Flowchart (cont)
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Figure 12-13 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop Start Data (Datal) Stop
1 bit [« MPB  bit bit (« MPB  bit 1
) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state

4 4 (mark state)

MPIE

RDRF ,—l
T/

RDR X D1
value
MPIE=0  RXIl interrupt RDR data read If not this station's ID, RXI interrupt request is
request and RDRF flag MPIE bit is set to 1 not generated, and RDR
(multiprocessor cleared to 0 in again retains its state
interrupt) RXI interrupt
generated service routine
(a) Data does not match station's ID
Start Data (ID2) Stop Start Data (Data2) Stop
1 bit [« MPB  bit bit [« MPB  bit 1
) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
4 4 (mark state)
MPIE |

'y

] L

T/

RDR
value ID1 X ID2 X Data2
MPIE =0 RXI interrupt RDR data read and Matches this station's ID, MPIE bit setto 1
request RDREF flag cleared  so reception continues, and again
(multiprocessor to 0 in RXI interrupt  data is received in RXI
interrupt) service routine interrupt service routine

generated

(b) Data matches station's ID

Figure 12-13 Example of SCI Operation in Reception
(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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12.3.4  Operation in Clocked Synchronous Mode

In clocked synchronous mode, data is transmitted or received in synchronization with clock
pulses, making it suitable for high-speed serial communication.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication by use of a common clock. Both the transmitter and the receiver also have a
double-buffered structure, so that data can be read or written during transmission or reception,
enabling continuous data transfer.

Figure 12-14 shows the general format for clocked synchronous serial communication.

One unit of transfer data (character or frame) ‘
| *

|
[ -
|t Lt
|

*
Serial
clock ‘ ‘
' LsB MSB |

Ségti:' A >< Bit0>< Bitl>< Bit2>< Bit3>< Bit4>< Bit5>< Bit6>< Bit7>< A
. . ‘

Don'’t care Don'’t care

Note: * High except in continuous transfer

Figure 12-14 Data Format in Synchronous Communication

In clocked synchronous serial communication, data on the transmission line is output from one
falling edge of the serial clock to the next. Data confirmation is guaranteed at the rising edge of
the serial clock.

In clocked serial communication, one character consists of data output starting with the LSB and
ending with the MSB. After the MSB is output, the transmission line holds the MSB state.

In clocked synchronous mode, the SCI receives data in synchronization with the rising edge of th
serial clock.
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Data Transfer Format: A fixed 8-bit data format is used.
No parity or multiprocessor bits are added.

Clock: Either an internal clock generated by the on-chip baud rate generator or an external seri
clock input at the SCK pin can be selected, according to the setting ofAtEt@ SMR and the
CKEL1 and CKEO bits in SCR. For details of SCI clock source selection, see table 12-9.

When the SCI is operated on an internal clock, the serial clock is output from the SCK pin.

Eight serial clock pulses are output in the transfer of one character, and when no transfer is
performed the clock is fixed high. When only receive operations are performed, however, the
serial clock is output until an overrun error occurs or the RE bit is cleared to 0. If you want to
perform receive operations in units of one character, you should select an external clock as the
clock source.

Data Transfer Operations:

» SClinitialization (clocked synchronous mode)

Before transmitting and receiving data, you should first clear the TE and RE bits in SCR to 0,
then initialize the SCI as described below.

When the operating mode, transfer format, etc., is changed, the TE and RE bits must be clez
to 0 before making the change using the following procedure. When the TE bit is cleared to (
the TDRE flag is set to 1 and TSR is initialized. Note that clearing the RE bit to O does not
change the contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.

Figure 12-15 shows a sample SCI initialization flowchart.
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C Start initialization

| Clear TE and RE bits in SCRto 0 |

Set CKE1 and CKEQO bits in SCR
(TE, RE bits 0)

Set data transfer format in
SMR and SCMR

Set value in BRR

Wait

(1]

(2]

(3]

1-bit interval elapsed?

Set TE and RE bits in SCR to 1, and
set RIE, TIE, TEIE, and MPIE bits

<Transfer start>

No

(4]

(1]

(2]

(3]

(4]

Set the clock selection in SCR. Be sure
to clear bits RIE, TIE, TEIE, and MPIE,
TE and RE, to 0.

Set the data transfer format in SMR
and SCMR.

Write a value corresponding to the bit
rate to BRR. Not necessary if an
external clock is used.

Wait at least one bit interval, then set
the TE bit or RE bitin SCR to 1.

Also set the RIE, TIE, TEIE, and MPIE
bits.

Setting the TE and RE bits enables the
TxD and RxD pins to be used.

Note: In simultaneous transmit and receive operations, the TE and RE bits should both
be cleared to 0 or set to 1 simultaneously.

Figure 12-15 Sample SCI Initialization Flowchart
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Serial data transmission (clocked synchronous mode)
Figure 12-16 shows a sample flowchart for serial transmission.
The following procedure should be used for serial data transmission.

Initialization |
\
C Start transmission >

e

Read TDRE flag in SSR |

Yes

Write transmit data to TDR and
clear TDRE flag in SSRto 0

All data transmitted?

(1]

(2]

No

(3]

Read TEND flag in SSR

Clear TE bitin SCRto 0

<End>

No

(1]

(2]

(3]

SCl initialization:

The TxD pin is automatically
designated as the transmit data output
pin.

SCI status check and transmit data
write:

Read SSR and check that the TDRE
flag is set to 1, then write transmit data
to TDR and clear the TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission, be
sure to read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR, and then clear the
TDRE flag to 0.

Checking and clearing of the TDRE
flag is automatic when the DTC is
activated by a transmit data empty
interrupt (TXI) request, and data is
written to TDR.

Figure 12-16 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

[1] The SCI monitors the TDRE flag in SSR, and if is 0, recognizes that data has been written to
TDR, and transfers the data from TDR to TSR.

[2] After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit is set to 1 at this time, a transmit data empty interrupt (TXI) is
generated.

When clock output mode has been set, the SCI outputs 8 serial clock pulses. When use of an
external clock has been specified, data is output synchronized with the input clock.

The serial transmit data is sent from the TxD pin starting with the LSB (bit 0) and ending with
the MSB (bit 7).

[3] The SCI checks the TDRE flag at the timing for sending the MSB (bit 7).

If the TDRE flag is cleared to 0, data is transferred from TDR to TSR, and serial transmission
of the next frame is started.

If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, the MSB (bit 7) is sent, and the
TxD pin maintains its state.

If the TEIE bit in SCR is set to 1 at this time, a TEI interrupt request is generated.
[4] After completion of serial transmission, the SCK pin is fixed.

Figure 12-17 shows an example of SCI operation in transmission.
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Transfer direction
-

Serial clock ;

Serial data >< Bit0>< Bit 1 ><j::>< Bit7>< Bit 0 >< Bit 1 ><:: X Bit6 >< Bit 7
((
))

é

TDRE : "
i ! y J y S
TEND !
! (( ((
' ) ) i
TXI interrupt Data written to TDR ~ TXI interrupt TEl interrupt
request generated and TDRE flag request generated request generated

. clearedto 0 in TXI ;
1 interrupt service routine
: ‘
‘ 1 frame ‘

Figure 12-17 Example of SCI Operation in Transmission

» Serial data reception (clocked synchronous mode)
Figure 12-18 shows a sample flowchart for serial reception.
The following procedure should be used for serial data reception.
When changing the operating mode from asynchronous to clocked synchronous, be sure to
check that the ORER, PER, and FER flags are all cleared to 0.
The RDREF flag will not be set if the FER or PER flag is set to 1, and neither transmit nor
receive operations will be possible.
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(1]

| Initialization | [1]
\
C Start reception >
-
| Read ORER flag in SSR | 2]
(3]

No < Error processing >
4
(Continued below) [4]

Read RDRF flag in SSR | [4]
No
Yes
Read receive data in RDR, and [5]
clear RDRF flag in SSR to 0
All data received? [5]

| Clear RE bitin SCRto 0 |

<End>

Error processing >

(3] (
|

| Overrun error processing |

| Clear ORER flag in SSRt0 0

<End>

SCl initialization:

The RxD pin is automatically
designated as the receive data
input pin.

[2] [3] Receive error processing:

If a receive error occurs, read the
ORER flag in SSR , and after
performing the appropriate error
processing, clear the ORER flag
to 0. Transfer cannot be resumed
if the ORER flag is set to 1.

SCI status check and receive
data read:

Read SSR and check that the
RDREF flag is set to 1, then read
the receive data in RDR and
clear the RDRF flag to 0.
Transition of the RDRF flag from
0 to 1 can also be identified by
an RXI interrupt.

Serial reception continuation
procedure:

To continue serial reception,
before the MSB (bit 7) of the
current frame is received, finish
reading the RDRF flag, reading
RDR, and clearing the RDRF flag
to 0. The RDRF flag is cleared
automatically when the DTC is
activated by a receive data full
interrupt (RXI) request and the
RDR value is read.

Figure 12-18 Sample Serial Reception Flowchart
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In serial reception, the SCI operates as described below.

[1] The SCI performs internal initialization in synchronization with serial clock input or output.

[2] The received data is stored in RSR in LSB-to-MSB order.

After reception, the SCI checks whether the RDRF flag is 0 and the receive data can be
transferred from RSR to RDR.

If this check is passed, the RDRF flag is set to 1, and the receive data is stored in RDR. If a
receive error is detected in the error check, the operation is as shown in table 12-11.

Neither transmit nor receive operations can be performed subsequently when a receive errol
has been found in the error check.

[3] If the RIE bit in SCR is set to 1 when the RDRF flag changes to 1, a receive data full interrup

(RXI) request is generated.

Also, if the RIE bit in SCR is set to 1 when the ORER flag changes to 1, a receive error
interrupt (ERI) request is generated.

Figure 12-19 shows an example of SCI operation in reception.

e~ N A
clock
Sertal X Bit7 >< Bit0 ><j X Bit 7 >< Bito X Bit1 ><j

RDRF ] j
| A |
ORER | i
| 1 A
RXI interrupt request 1 RDR data read and 1 RXl interrupt request  ERI interrupt request
generated . RDRF flag clearedto O | generated generated by overrun
| in RXI interrupt service error
| routine !
! 1 frame 1

Figure 12-19 Example of SCI Operation in Reception

Simultaneous serial data transmission and reception (clocked synchronous mode)
Figure 12-20 shows a sample flowchart for simultaneous serial transmit and receive operatio

The following procedure should be used for simultaneous serial data transmit and receive
operations.
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[1] SCl initialization:
The TxD pin is designated as the
\ transmit data output pin, and the
< Start transmission/reception ) RxD pin is designated as the
receive data input pin, enabling
S simultaneous transmit and receive
operations.

| Initialization | [1]

| Read TDRE flag in SSR | 2]

[2] SCI status check and transmit data

write:

No Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the

Yes TDRE flag to 0.
Transition of the TDRE flag from 0
Write transmit data to TDR and to 1 can also be identified by a TXI

clear TDRE flag in SSR to 0 interrupt.

[3] Receive error processing:
™ If a receive error occurs, read the
ORER flag in SSR , and after
performing the appropriate error
processing, clear the ORER flag to
0. Transmission/reception cannot be
resumed if the ORER flag is set to 1.

Read ORER flag in SSR |

[4] SCI status check and receive data
read:
Read SSR and check that the
RDRF flag is set to 1, then read the
Read RDREF flag in SSR | [4] receive data in RDR and clear the
RDREF flag to 0. Transition of the
RDRF flag from 0 to 1 can also be
identified by an RXI interrupt.

Error processing

No

[5] Serial transmission/reception
Yes continuation procedure:
To continue serial transmission/
) ) reception, before the MSB (bit 7) of
Read receive data in RDR, and the current frame is transmitted,
clear RDRF flag in SSR to 0 read 1 from the TDRE flag to
confirm that writing is possible.
Then write data to TDR and clear
the TDRE flag to 0. Also, before the
[5] MSB (bit 7) of the current frame is
received, finish reading the RDRF
flag, reading RDR, and clearing the
RDRF flag to 0.
Checking and clearing of the TDRE
Clear TE and RE bits in SCR to 0 flag is automatic when the DTC is
activated by a transmit data empty
interrupt (TXI) request and data is
written to TDR. Also, the RDRF flag
<End> is cleared automatically when the
DTC is activated by a receive data
full interrupt (RXI) request and the
RDR value is read.

All data received?

Note: When switching from transmit or receive operation to simultaneous
transmit and receive operations, first clear the TE bit and RE bit to
0, then set both these bits to 1 simultaneously.

Figure 12-20 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
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12.4  SCI Interrupts

The SCI has four interrupt sources: the transmit-end interrupt (TEI) request, receive-error interrt
(ERI) request, receive-data-full interrupt (RXI) request, and transmit-data-empty interrupt (TXI)
request. Table 12-12 shows the interrupt sources and their relative priorities. Individual interrupt
sources can be enabled or disabled with the TIE, RIE, and TEIE bits in the SCR. Each kind of
interrupt request is sent to the interrupt controller independently.

When the TDRE flag in SSR is set to 1, a TXI interrupt request is generated. When the TEND fl:
in SSR is set to 1, a TEI interrupt request is generated. A TXI interrupt can activate the DTC to
perform data transfer. The TDRE flag is cleared to 0 automatically when data transfer is
performed by the DTC. The DTC cannot be activated by a TEI interrupt request.

When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated. When the ORER
PER, or FER flag in SSR is set to 1, an ERI interrupt request is generated. An RXI interrupt can
activate the DTC to perform data transfer. The RDRF flag is cleared to 0 automatically when da
transfer is performed by the DTC. The DTC cannot be activated by an ERI interrupt request.
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Table 12-12 SCI Interrupt Sources

Interrupt DTC
Channel Source Description Activation Priority *
0 ERI Interrupt due to receive error Not High
(ORER, FER, or PER) possible A
RXI Interrupt due to receive data full Possible
state (RDRF)
TXI Interrupt due to transmit data empty state  Possible
(TDRE)
TEI Interrupt due to transmission end (TEND)  Not
possible
1 ERI Interrupt due to receive error Not
(ORER, FER, or PER) possible
RXI Interrupt due to receive data full Possible
state (RDRF)
TXI Interrupt due to transmit data empty Possible
state (TDRE)
TEI Interrupt due to transmission end Not
(TEND) possible
2 ERI Interrupt due to receive error Not
(ORER, FER, or PER) possible
RXI Interrupt due to receive data full Possible
state (RDRF)
TXI Interrupt due to transmit data empty Possible
state (TDRE)
TEI Interrupt due to transmission end Not
(TEND) possible Low

Note:* This table shows the initial state immediately after a reset. Relative priorities among
channels can be changed by means of ICR.

A TEl interrupt is requested when the TEND flag is set to 1 while the TEIE bit is setto 1. The
TEND flag is cleared at the same time as the TDRE flag. Consequently, if a TEI interrupt and a
TXI interrupt are requested simultaneously, the TXI interrupt may be accepted first, with the resul
that the TDRE and TEND flags are cleared. Note that the TEI interrupt will not be accepted in

this case.
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12.5 Usage Notes
The following points should be noted when using the SCI.
Relation between Writes to TDR and the TDRE Flag

The TDRE flag in SSR is a status flag that indicates that transmit data has been transferred fror
TDR to TSR. When the SCI transfers data from TDR to TSR, the TDRE flag is set to 1.

Data can be written to TDR regardless of the state of the TDRE flag. However, if new data is
written to TDR when the TDRE flag is cleared to 0, the data stored in TDR will be lost since it he
not yet been transferred to TSR. It is therefore essential to check that the TDRE flag is set to 1
before writing transmit data to TDR.

Operation when Multiple Receive Errors Occur Simultaneously

If a number of receive errors occur at the same time, the state of the status flags in SSR is as
shown in table 12-13. If there is an overrun error, data is not transferred from RSR to RDR, and
the receive data is lost.

Table 12-13 State of SSR Status Flags and Transfer of Receive Data

SSR Status Flags Receive Data Transfer
RDRF ORER FER PER RSR to RDR Receive Error Status
1 1 0 0 X Overrun error
0 0 1 0 O Framing error
0 0 0 1 O Parity error
1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 O Framing error + parity error
1 1 1 1 X Overrun error + framing error +

parity error

Notes: O: Receive data is transferred from RSR to RDR.
X: Receive data is not transferred from RSR to RDR.
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Break Detection and Processing (Asynchronous Mode OnlyyWhen framing error (FER)

detection is performed, a break can be detected by reading the RxD pin value directly. In a break
the input from the RxD pin becomes all Os, and so the FER flag is set, and the parity error flag
(PER) may also be set.

Note that, since the SCI continues the receive operation after receiving a break, even if the FER
flag is cleared to O, it will be set to 1 again.

Sending a Break (Asynchronous Mode Only)The TxD pin has a dual function as an I/O port
whose direction (input or output) is determined by DR and DDR. This can be used to send a brec

Between serial transmission initialization and setting of the TE bit to 1, the mark state is replaced
by the value of DR (the pin does not function as the TxD pin until the TE bit is set to 1).
Consequently, DDR and DR for the port corresponding to the TxD pin are first set to 1.

To send a break during serial transmission, first clear DR to 0, then clear the TE bit to 0.

When the TE bit is cleared to 0, the transmitter is initialized regardless of the current transmissior
state, the TxD pin becomes an I/O port, and 0 is output from the TxD pin.

Receive Error Flags and Transmit Operations (Clocked Synchronous Mode Only):

Transmission cannot be started when a receive error flag (ORER, PER, or FER) is setto 1, even
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 before starting
transmission.

Note also that receive error flags cannot be cleared to 0 even if the RE bit is cleared to 0.

Receive Data Sampling Timing and Reception Margin in Asynchronous Mode:
In asynchronous mode, the SCI operates on a basic clock with a frequency of 16 times the transf
rate.

In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. Receive data is latched internally at the rising edge of the 8th pulse of tt
basic clock. This is illustrated in figure 12-21.
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16 clocks

i T —
8 clocks
0 7 15
Internal basic m
clock

(Fgfxcg;ve data _1 : Start bit i | DO i 3
Synchronization ; - ; ; ; ;
sampling timing ! v !
Data sampling - L
timing H H
Figure 12-21 Receive Data Sampling Timing in Asynchronous Mode
Thus the reception margin in asynchronous mode is given by formula (1) below.
1 D-0.5
M=|(05-— )—-(L-0.5) F—Q (1 + F) |x 100%
2N
... Formula (1)

Where M : Reception margin (%)

: Ratio of bit rate to clock (N = 16)

: Clock duty (D =0t0 1.0)

: Frame length (L = 9 to 12)

: Absolute value of clock rate deviation

mrr O 2

Assuming values of F = 0 and D = 0.5 in formula (1), a reception margin of 46.875% is given by
formula (2) below.

WhenD=05and F=0,

1
M=(05- —— ) x100%
2x16

= 46.875% ... Formula (2)

However, this is only the computed value, and a margin of 20% to 30% should be allowed in
system design.
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Restrictions Concerning TDR Updating

* When an external clock source is used as the serial clock, the transmit clock should not be
input until at least 5 g clock cycles after TDR is updated by the CPU and DTC. Misoperation
may occur if the transmit clock is input within 4 g clocks after TDR is updated. (Figure 12-22)

« When RDR is read by the DTC, be sure to set the activation source to the relevant SCI
reception end interrupt (RXI).

SCK 3

Serial data >< po X p1 X D2 X p3 X p4 X D5 X D6 X D7><:

Note: When operating on an external clock, set t >4 clocks.

Figure 12-22 Example of Clocked Synchronous Transmission by DTC
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Section 13 Smart Card Interface

13.1 Overview

SCI supports an IC card (Smart Card) interface conforming to ISO/IEC 7816-3 (Identification
Card) as a serial communication interface extension function.

Switching between the normal serial communication interface and the Smart Card interface is
carried out by means of a register setting.

13.1.1 Features

Features of the Smart Card interface supported by the H8S/2245 are as follows.

* Asynchronous mode
O Data length: 8 bits
O Parity bit generation and checking
O Transmission of error signal (parity error) in receive mode
O Error signal detection and automatic data retransmission in transmit mode
O Direct convention and inverse convention both supported

* On-chip baud rate generator allows any bit rate to be selected

» Three interrupt sources

O Three interrupt sources (transmit data empty, receive data full, and transmit/receive error
that can issue requests independently

O The transmit data empty interrupt and receive data full interrupt can activate the data
transfer controller (DTC) to execute data transfer
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13.1.2

Figure 13-1 shows a block diagram of the Smart Card interface.

Block Diagram

(0]
(5]
I}
Module data bus oy dlnternal
2 ata bus
>
M
RDR | | TDR SCMR BRR L
Ly T SSR -0
RO »[] RsR | [] TsR SCR Baudrate = 2/4
SMR generator | g/16
Transmission/
%D reception control - 2/64
Parity generation| 4 { Clock
Parity check
SCK =
= TXI
= RXI
Legend = ERI
SCMR : Smart Card mode register
RSR  : Receive shift register
RDR : Receive data register
TSR : Transmit shift register
TDR : Transmit data register
SMR  : Serial mode register
SCR : Serial control register
SSR : Serial status register
BRR : Bit rate register
Figure 13-1 Block Diagram of Smart Card Interface
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13.1.3  Pin Configuration

Table 13-1 shows the Smart Card interface pin configuration.

Table 13-1 Smart Card Interface Pins

Channel  Pin Name Symbol /0 Function

0 Serial clock pin 0 SCKO I/0 SCIO0 clock input/output
Receive data pin 0 RxDO Input SCIO receive data input
Transmit data pin 0 TxDO Output SCIO0 transmit data output

1 Serial clock pin 1 SCK1 I/0 SCI1 clock input/output
Receive data pin 1 RxD1 Input SCI1 receive data input
Transmit data pin 1 TxD1 Output SCI1 transmit data output

2 Serial clock pin 2 SCK2 I/0 SCI2 clock input/output
Receive data pin 2 RxD2 Input SCI2 receive data input
Transmit data pin 2 TxD2 Output SCI2 transmit data output

RENESAS
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13.1.4  Register Configuration

Table 13-2 shows the registers used by the Smart Card interface. Details of SMR, BRR, SCR,
TDR, RDR, and MSTPCR are the same as for the normal SCI function: see the register
descriptions in section 12, Serial Communication Interface.

Table 13-2 Smart Card Interface Registers

Channel  Name Abbreviation R/W Initial Value Address  **

0 Serial mode register 0 SMRO R/W H'00 H'FF78
Bit rate register 0 BRRO R/W H'FF H'FF79
Serial control register 0 SCRO R/W H'00 H'FF7A
Transmit data register 0 TDRO R/W H'FF H'FF7B
Serial status register 0 SSRO R/(W)*?* H'84 H'FF7C
Receive data register 0 RDRO R H'00 H'FF7D
Smart card mode SCMRO R/W H'F2 H'FF7E
register 0

1 Serial mode register 1 SMR1 R/W H'00 H'FF80
Bit rate register 1 BRR1 R/W H'FF H'FF81
Serial control register 1 SCR1 R/W H'00 H'FF82
Transmit data register 1 ~ TDR1 R/W H'FF H'FF83
Serial status register 1 SSR1 R/(W)*?* H'84 H'FF84
Receive data register 1 RDR1 R H'00 H'FF85
Smart card mode SCMR1 R/W H'F2 H'FF86
register 1

2 Serial mode register 2 SMR2 R/W H'00 H'FF88
Bit rate register 2 BRR2 R/W H'FF H'FF89
Serial control register 2 SCR2 R/W H'00 H'FF8A
Transmit data register 2  TDR2 R/W H'FF H'FF8B
Serial status register 2 SSR2 R/(W)*?* H'84 H'FF8C
Receive data register 2 RDR2 R H'00 H'FF8D
Smart card mode SCMR2 R/W H'F2 H'FF8E
register 2

All Module stop control MSTPCR R/W H'3FFF H'FF3C
register

Notes: 1. Lower 16 bits of the address.
2. Can only be written with 0 for flag clearing.
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13.2  Register Descriptions

Registers added with the Smart Card interface and bits for which the function changes are
described here.

13.2.1 Smart Card Mode Register (SCMR)

Bit L7 6 5 4 3 2 1 0
- | — | — | — | sor | sn | — | smF|

Initial value : 1 1 1 1 0 0 1 0

RIW S _ — — RW  RW — RIW

SCMR is an 8-bit readable/writable register that selects the Smart Card interface function.
SCMR is initialized to H'F2 by a reset, and in standby mode or module stop mode.
Bits 7 to 4—ReservedRead-only bits, always read as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selects the serial/parallel conversion
format.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored in RDR LSB-first

1 TDR contents are transmitted MSB-first

Receive data is stored in RDR MSB-first

Bit 2—Smart Card Data Invert (SINV): Specifies inversion of the data logic level. This

function is used together with the SDIR bit for communication with an inverse convention card.
The SINV bit does not affect the logic level of the parity bit. For parity-related setting procedures

see section 13.3.4, Register Settings.

Bit 2

SINV Description

0 TDR contents are transmitted as they are (Initial value)
Receive data is stored as it is in RDR

1 TDR contents are inverted before being transmitted

Receive data is stored in inverted form in RDR
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Bit 1—Reserved:Read-only bit, always read as 1.

Bit 0—Smart Card Interface Mode Select (SMIF):Enables or disables the Smart Card interface
function.

Bit O

SMIF Description

0 Smart Card interface function is disabled (Initial value)
1 Smart Card interface function is enabled

13.2.2  Serial Status Register (SSR)

Bit L7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER | ERS | PER | TEND | MPB | MPBT |
Initial value : 1 0 0 0 0 1 0 0
RIW . RIW)*  RIW)*  RIW)*  RIW)*  RI(W)* R R RIW

Note: * Only 0 can be written to bits 7 to 3, to clear these flags.

Bit 4 of SSR has a different function in Smart Card interface mode. Coupled with this, the setting
conditions for bit 2, TEND, are also different.

Bits 7 to 5—Operate in the same way as for the normal SCI. For details, see section 12.2.7, Seric
Status Register (SSR).

Bit 4—Error Signal Status (ERS): In Smart Card interface mode, bit 4 indicates the status of the
error signal sent back from the receiving end in transmission. Framing errors are not detected in
Smart Card interface mode.

Bit 4

ERS Description

0 [Clearing condition] (Initial value)
« Upon reset, and in standby mode or module stop mode
e When 0 is written to ERS after reading ERS = 1

1 [Setting condition]

When the low level of the error signal is sampled

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its previous
state.
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Bits 3 to 0—Operate in the same way as for the normal SCI. For details, see section 12.2.7, Ser
Status Register (SSR).

However, the setting conditions for the TEND bit, are as shown below.

Bit 2

TEND Description

0 [Clearing conditions] (Initial value)
¢ When 0 is written to TDRE after reading TDRE = 1
« When the DTC is activated by a TXI interrupt and write data to TDR

1 [Setting conditions]

« Upon reset, and in standby mode or module stop mode
e When the TE bit in SCR is 0 and the ERS bit is also 0
e« When TDRE =1 and ERS = 0 (normal transmission) 2.5 etu after transmission of a
1-byte serial character when GM = 0
*  When TDRE =1 and ERS = 0 (normal transmission) 1.0 etu after transmission of a
1-byte serial character when GM = 1
Note: etu: Elementary Time Unit (time for transfer of 1 bit)

13.2.3  Serial Mode Register (SMR)

Bit : 7 6 5 4 3 2 1 0
| GM | CHR | PE | OFE | STOP | MP | CKSL | CKSO |

Initial value : 0 0 0 0 0 0 0 0

Set value* : GM 0 1 O/E 1 0 CKS1  CKSO

R/W © RW R/W R/W R/W R/W R/W R/W R/W

Note: * When the smart card interface is used, be sure to make the 0 or 1 setting shown for bits 6,
5,3,and 2.

The function of bit 7 of SMR changes in smart card interface mode.
Bit 7—GSM Mode (GM): Sets the smart card interface function to GSM mode.

This bit is cleared to 0 when the normal smart card interface is used. In GSM mode, this bitis s
to 1, the timing of setting of the TEND flag that indicates transmission completion is advanced
and clock output control mode addition is performed. The contents of the clock output control
mode addition are specified by bits 1 and 0 of the serial control register (SCR).
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Bit 7
GM Description

0 Normal smart card interface mode operation (Initial value)
« TEND flag generation 12.5 etu after beginning of start bit
e Clock output ON/OFF control only

1 GSM mode smart card interface mode operation
« TEND flag generation 11.0 etu after beginning of start bit

« High/low fixing control possible in addition to clock output ON/OFF control (set by
SCR)
Note: etu: Elementary time unit (time for transfer of 1 bit)

Bits 6 to 0—Operate in the same way as for the normal SCI.

For details, see section 12.2.5, Serial Mode Register (SMR).

13.2.4  Serial Control Register (SCR)

Bit L7 6 5 4 3 2 1 0

| TE | RE | TE | RE | MPIE | TEE | CKEL | CKEO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

In smart card interface mode, the function of bits 1 and 0 of SCR changes when bit 7 of the seria
mode register (SMR) is set to 1.

Bits 7 to 2—Operate in the same way as for the normal SCI.
For details, see section 12.2.6, Serial Control Register (SCR).

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEOQ)These bits are used to select the SCI clock
source and enable or disable clock output from the SCK pin.

In smart card interface mode, in addition to the normal switching between clock output enabling
and disabling, the clock output can be specified as to be fixed high or low.
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SCMR SMR SCR Setting

SMIF C/A, GM CKE1 CKEO SCK Pin Function

0 See the SCI

1 0 0 0 Operates as port 1/0O pin

1 0 0 1 Outputs clock as SCK output pin

1 1 0 0 Operates as SCK output pin, with output fixed
low

1 1 0 1 Outputs clock as SCK output pin

1 1 1 0 Operates as SCK output pin, with output fixed
high

1 1 1 1 Outputs clock as SCK output pin

13.3  Operation

13.3.1 Overview
The main functions of the Smart Card interface are as follows.

» One frame consists of 8-bit data plus a parity bit.

* Intransmission, a guard time of at least 2 etu (Elementary Time Unit: the time for transfer of
one bit) is left between the end of the parity bit and the start of the next frame.

« If a parity error is detected during reception, a low error signal level is output for one etu
period, 10.5 etu after the start bit.

» If the error signal is sampled during transmission, the same data is transmitted automatically
after the elapse of 2 etu or longer.

* Only asynchronous communication is supported; there is no clocked synchronous
communication function.
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13.3.2  Pin Connections
Figure 13-2 shows a schematic diagram of Smart Card interface related pin connections.

In communication with an IC card, since both transmission and reception are carried out on a
single data transmission line, the TxD pin and RxD pin should be connected with the LSI pin. The
data transmission line should be pulled up to thepdwer supply with a resistor.

When the clock generated on the Smart Card interface is used by an IC card, the SCK pin output
input to the CLK pin of the IC card. No connection is needed if the IC card uses an internal clock.

LSI port output is used as the reset signal.

Other pins must normally be connected to the power supply or ground.

Vce
TxD %
L /0
RxD Data line
SCK 5 CLK
Clock line
Rx (port) - RST
H8S/2245 Reset line IC card
Connected equipment

Figure 13-2 Schematic Diagram of Smart Card Interface Pin Connections

Note: If an IC card is not connected, and the TE and RE bits are both set to 1, closed
transmission/reception is possible, enabling self-diagnosis to be carried out.
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13.3.3 Data Format

Figure 13-3 shows the Smart Card interface data format. In reception in this mode, a parity chec
is carried out on each frame, and if an error is detected an error signal is sent back to the
transmitting end, and retransmission of the data is requested. If an error signal is sampled durin
transmission, the same data is retransmitted.

When there is no parity error

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp

Transmitting station output

A
Y

When a parity error occurs

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp DE

Transmitting station output

B - >

Receiving station

Legend output
Ds : Start bit
DO to D7 : Data bits
Dp : Parity bit
DE . Error signal

Figure 13-3 Smart Card Interface Data Format
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The operation sequence is as follows.

[1] When the data line is not in use it is in the high-impedance state, and is fixed high with a pull-
up resistor.

[2] The transmitting station starts transfer of one frame of data. The data frame starts with a start
bit (Ds, low-level), followed by 8 data bits (DO to D7) and a parity bit (Dp).

[3] With the Smart Card interface, the data line then returns to the high-impedance state. The dat
line is pulled high with a pull-up resistor.

[4] The receiving station carries out a parity check.

If there is no parity error and the data is received normally, the receiving station waits for
reception of the next data.

If a parity error occurs, however, the receiving station outputs an error signal (DE, low-level)
to request retransmission of the data. After outputting the error signal for the prescribed lengtf
of time, the receiving station places the signal line in the high-impedance state again. The
signal line is pulled high again by a pull-up resistor.

[5] If the transmitting station does not receive an error signal, it proceeds to transmit the next datz
frame.

If it does receive an error signal, however, it returns to step [2] and retransmits the erroneous
data.
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13.3.4 Register Settings
Table 13-3 shows a bit map of the registers used by the smart card interface.

Bits indicated as 0 or 1 must be set to the value shown. The setting of other bits is described
below.

Table 13-3 Smart Card Interface Register Settings

Bit
Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMR GM 0 1 O/E 1 0 CKS1 CKSO
BRR BRR7 BRR6 BRRS5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR TIE RIE TE RE 0 0 CKE1l* CKEO
TDR TDR7 TDR6 TDRS TDR4 TDR3 TDR2 TDR1 TDRO
SSR TDRE RDRF ORER ERS PER TEND 0 0
RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
SCMR — — — — SDIR SINV — SMIF

Notes: — : Unused bit.
*: The CKE1 bit must be cleared to 0 when the GM bit in SMR is cleared to 0.

SMR Setting: The GM bit is cleared to 0 in normal smart card interface mode, and setto 1 in
GSM mode. The @ bit is cleared to 0 if the IC card is of the direct convention type, and set to 1
if of the inverse convention type.

Bits CKS1 and CKSO select the clock source of the on-chip baud rate generator. See section
13.3.5, Clock.

BRR Setting: BRR is used to set the bit rate. See section 13.3.5, Clock, for the method of
calculating the value to be set.

SCR Setting: The function of the TIE, RIE, TE, and RE bits is the same as for the normal SCI.
For details, see section 12, Serial Communication Interface.

Bits CKE1 and CKEDO specify the clock output. When the GM bit in SMR is cleared to 0, set the:
bits to H'00 if a clock is not to be output, or to H'01 if a clock is to be output. When the GM bit ir
SMR is set to 1, clock output is performed. The clock output can also be fixed high or low.
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Smart Card Mode Register (SCMR) Setting:
The SDIR bit is cleared to 0 if the IC card is of the direct convention type, and set to 1 if of the
inverse convention type.

The SINV bit is cleared to O if the IC card is of the direct convention type, and setto 1 if of the
inverse convention type.

The SMIF bit is set to 1 in the case of the Smart Card interface.

Examples of register settings and the waveform of the start character are shown below for the tw
types of IC card (direct convention and inverse convention).

« Direct convention (SDIR = SINV = ®/= 0)

@@ A zZ zZ A Z Z Z A A Z (2 Stae

Ds | DO D1 | D2 | D3 D4 D5 | D6 D7 | Dp

With the direct convention type, the logic 1 level corresponds to state Z and the logic O level tc
state A, and transfer is performed in LSB-first order. The start character data above is H'3B.

The parity bit is 1 since even parity is stipulated for the Smart Card.

+ Inverse convention (SDIR = SINV = BE 1)

@ A z zZ A A A A A A Z (2 State

Ds | Dr D6 | D5 D4 D3 D2 D1 DO | Dp

With the inverse convention type, the logic 1 level corresponds to state A and the logic 0O level
to state Z, and transfer is performed in MSB-first order. The start character data above is H'3F

The parity bit is 0, corresponding to state Z, since even parity is stipulated for the Smart Card.

With the H8S/2245 Series, inversion specified by the SINV bit applies only to the data bits, D7
to DO. For parity bit inversion, the Bbit in SMR is set to odd parity mode (the same applies
to both transmission and reception).
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13.3.5 Clock

Only an internal clock generated by the on-chip baud rate generator can be used as the
transmit/receive clock for the smart card interface. The bit rate is set with BRR and the CKS1 a
CKSO bits in SMR. The formula for calculating the bit rate is as shown below. Table 13-5 shows
some sample bit rates.

If clock output is selected by setting CKEO to 1, a clock with a frequency of 372 times the bit rate
is output from the SCK pin.

a
B= x 10°

1488x 221 x (N + 1)

Where: N = Value set in BRR @N < 255)
B = Bit rate (bit/s)
@ = Operating frequency (MHz)
n = See table 13-4

Table 13-4 Correspondence between n and CKS1, CKSO

n CKs1 CKSO0
0 0 0
1 1
2 1 0
3 1

Table 13-5 Examples of Bit Rate B (bit/s) for Various BRR Settings (When n = 0)

g (MHz)
N 10.00 10.714 13.00 14.285 16.00 18.00 20.00
0 13441 14400 17473 19200 21505 24194 26882
1 6720 7200 8737 9600 10753 12097 13441
2 4480 4800 5824 6400 7168 8065 8961

Note: Bit rates are rounded to the nearest whole number.
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The method of calculating the value to be set in the bit rate register (BRR) from the operating
frequency and bit rate, on the other hand, is shown below. N is an integers @55, and the
smaller error is specified.

1]
N = x10f -1

1488x 221 x B

Table 13-6 Examples of BRR Settings for Bit Rate B (bit/s) (When n = 0)

2 (MHz)
7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00 20.00
bitts N Error N Error N Error N Error N Error N Error N Error N Error
9600 O 0.00 1 30 1 25 1 899 1 000 1 1201 2 1599 2 6.60

Table 13-7 Maximum Bit Rate at Various Frequencies (Smart Card Interface Mode)

g (MHz) Maximum Bit Rate (bit/s) N n

7.1424 9600 0 0
10.00 13441 0 0
10.7136 14400 0 0
13.00 17473 0 0
14.2848 19200 0 0
16.00 21505 0 0
18.00 24194 0 0
20.00 26882 0 0

The bit rate error is given by the following formula:

Error (%) = ( e x 1P —1)x 100

1488x 21 x B x (N + 1)
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13.3.6  Data Transfer Operations

Initialization: Before transmitting and receiving data, initialize the SCI as described below.
Initialization is also necessary when switching from transmit mode to receive mode, or vice vers

[1] Clear the TE and RE bits in SCR to 0.
[2] Clear the error flags ERS, PER, and ORER in SSR to 0.

[3] Set the OF bit and CKS1 and CKSO bits in SMR. Clear th&a GZHR, and MP bits to 0, and
set the STOP and PE bits to 1.

[4] Set the SMIF, SDIR, and SINV bits in SCMR.

When the SMIF bit is set to 1, the TxD and RxD pins are both switched from ports to SCI pin
and are placed in the high-impedance state.

[5] Set the value corresponding to the bit rate in BRR.

[6] Set the CKEO bit in SCR. Clear the TIE, RIE, TE, RE, MPIE, TEIE and CKEL1 bits to 0.
If the CKEO bit is set to 1, the clock is output from the SCK pin.

[7] Wait at least one bit interval, then set the TIE, RIE, TE, and RE bits in SCR. Do not setthe T
bit and RE bit at the same time, except for self-diagnosis.
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Serial Data Transmission:As data transmission in smart card mode involves error signal
sampling and retransmission processing, the processing procedure is different from that for the
normal SCI. Figure 13-4 shows a flowchart for transmitting, and figure 13-5 shows the relation
between a transmit operation and the internal registers.

[1] Perform Smart Card interface mode initialization as described above in Initialization.
[2] Check that the ERS error flag in SSR is cleared to O.
[3] Repeat steps [2] and [3] until it can be confirmed that the TEND flag in SSR is set to 1.

[4] Write the transmit data to TDR, clear the TDRE flag to 0, and perform the transmit operation.
The TEND flag is cleared to 0.

[5] When transmitting data continuously, go back to step [2].
[6] To end transmission, clear the TE bit to 0.
With the above processing, interrupt servicing or data transfer by the DTC is possible.

If transmission ends and the TEND flag is set to 1 while the TIE bit is set to 1 and interrupt
requests are enabled, a transmit data empty interrupt (TXI) request will be generated. If an error
occurs in transmission and the ERS flag is set to 1 while the RIE bit is set to 1 and interrupt
requests are enabled, a transfer error interrupt (ERI) request will be generated.

The timing for setting the TEND flag depends on the value of the GM bit in SMR. The TEND
flag set timing is shown in figure 13-6.

If the DTC is activated by a TXI request, the number of bytes set in the DTC can be transmitted
automatically, including automatic retransmission.

For details, see Interrupt Operations and Data Transfer Operation by DTC below.
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( Start >

| Initialization |

( Start transmission )

No
@m?

Yes

No
TEND=1?
Yes

Write data to TDR,
and clear TDRE flag
inSSRto 0

All data transmitted?

Error processing >

Yes
<—< Error processing >

No
TEND=1?

Yes

| Clear TE bitto 0 |

|
( End )

Figure 13-4 Example of Transmission Processing Flow
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TDR TSR
(shift register)
® ostawre .
@ bRwren | Daal || Dpami | ; ins
TDR to TSR Data 1 Data 1 ; Data remains in TDR

. Data 1 . .
(3) Serial data output Data 1 - 1/0 signal line output

In case of normal transmission: TEND flag is set
In case of transmit error: ERS flag is set
Steps (2) and (3) above are repeated until the TEND flag is set

Note: When the ERS flag is set, it should be cleared until transfer of the last bit (D7 in LSB-first
transmission, DO in MSB-first transmission) of the next transfer data to be transmitted has
been completed.

Figure 13-5 Relation Between Transmit Operation and Internal Registers

/0 data Ds | D0 | D1|D2|D3|D4|D5|D6|D7|Dp| |DE! |
Guard
TXI time
(TEND interrupt) 12.5etu i
When GM =0 j
When GM =1 11.0etu
Legend
Ds : Start bit
DO to D7 : Data bits
Dp : Parity bit
DE : Error signal

Figure 13-6 TEND Flag Generation Timing in Transmission Operation
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Serial Data Reception:Data reception in Smart Card mode uses the same processing procedure
as for the normal SCI. Figure 13-7 shows an example of the transmission processing flow.

[1] Perform Smart Card interface mode initialization as described above in Initialization.

[2] Check that the ORER flag and PER flag in SSR are cleared to 0. If either is set, perform the
appropriate receive error processing, then clear both the ORER and the PER flag to 0.

[3] Repeat steps [2] and [3] until it can be confirmed that the RDRF flag is set to 1.
[4] Read the receive data from RDR.
[5] When receiving data continuously, clear the RDRF flag to 0 and go back to step [2].

[6] To end reception, clear the RE bit to 0.

( Start )

| Initialization

( Start reception >

ORER =0 and No
PER =
Yes
<—< Error processing >

RDRF=17?

No

Yes

Read RDR and clear
RDRF flag in SSRt0 0

All data received?

Yes
| Clear RE bitto O |

Figure 13-7 Example of Reception Processing Flow
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With the above processing, interrupt servicing or data transfer by the or DTC is possible.

If reception ends and the RDRF flag is set to 1 while the RIE bit is set to 1 and interrupt requests
are enabled, a receive data full interrupt (RXI) request will be generated. If an error occurs in
reception and either the ORER flag or the PER flag is set to 1, a transfer error interrupt (ERI)
request will be generated.

If the DTC is activated by an RXI request, the receive data in which the error occurred is skipped
and only the number of bytes of receive data set in the DTC are transferred.

For details, see Interrupt Operation and Data Transfer Operation by DTC below.

If a parity error occurs during reception and the PER is set to 1, the received data is still
transferred to RDR, and therefore this data can be read.

Mode Switching Operation: When switching from receive mode to transmit mode, first confirm
that the receive operation has been completed, then start from initialization, clearing RE bit to O
and setting TE bit to 1. The RDRF flag or the PER and ORER flags can be used to check that the
receive operation has been completed.

When switching from transmit mode to receive mode, first confirm that the transmit operation has
been completed, then start from initialization, clearing TE bit to 0 and setting RE bit to 1. The
TEND flag can be used to check that the transmit operation has been completed.

Fixing Clock Output Level: When the GSM bit in SMR is set to 1, the clock output level can be
fixed with bits CKE1 and CKEOQ in SCR. At this time, the minimum clock pulse width can be
made the specified width.

Figure 13-8 shows the timing for fixing the clock output level. In this example, GSM is setto 1,
CKELl is cleared to 0, and the CKEO bit is controlled.

Specified pulse width
34—»3

I

SCK J

Specified pulse width
34—»3

f

SCR write
(CKEO =0)

NIEN
NN

I
?

SCR write
(CKEO =1)

Figure 13-8 Timing for Fixing Clock Output Level

Interrupt Operation: There are three interrupt sources in smart card interface mode: transmit
data empty interrupt (TXI) requests, transfer error interrupt (ERI) requests, and receive data full
interrupt (RXI) requests. The transmit end interrupt (TEI) request is not used in this mode.
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When the TEND flag in SSR is set to 1, a TXI interrupt request is generated.
When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated.

When any of flags ORER, PER, and ERS in SSR is set to 1, an ERI interrupt request is generat
The relationship between the operating states and interrupt sources is shown in table 13-8.

Table 13-8 Smart Card Mode Operating States and Interrupt Sources

Interrupt DTC

Operating State Flag Enable Bit Source Activation
Transmit Mode  Normal TEND TIE TXI Possible

operation

Error ERS RIE ERI Not possible
Receive Mode Normal RDRF RIE RXI Possible

operation

Error PER, ORER RIE ERI Not possible

Data Transfer Operation by DTC: In smart card mode, as with the normal SCI, transfer can be
carried out using the DTC. In a transmit operation, the TDRE flag is also set to 1 at the same tin
as the TEND flag in SSR, and a TXI interrupt is generated. If the TXI request is designated
beforehand as a DTC activation source, the DTC will be activated by the TXI request, and trans
of the transmit data will be carried out. The TDRE and TEND flags are automatically cleared to (
when data transfer is performed by the DTC. In the event of an error, the SCI retransmits the sa
data automatically. However, the ERS flag is not cleared automatically when an error occurs, ar
so the RIE bit should be set to 1 beforehand so that an ERI request will be generated in the eve
of an error, and the ERS flag will be cleared.

When performing transfer using the DTC, it is essential to set and enable the DTC before carryi
out SCI setting. For details of the DTC setting procedures, see section 7, Data Transfer Controll
(DTC).

In a receive operation, an RXI interrupt request is generated when the RDRF flag in SSR is set
1. If the RXI request is designated beforehand as a DTC activation source, the DTC will be
activated by the RXI request, and transfer of the receive data will be carried out. The RDRF flag
cleared to 0 automatically when data transfer is performed by the DTC. If an error occurs, an erl
flag is set but the RDRF flag is not. Consequently, the DTC is not activated, but instead, an ERI
interrupt request is sent to the CPU. Therefore, the error flag should be cleared.
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13.3.7  Operation in GSM Mode

Switching the Mode: When switching between smart card interface mode and software standby
mode, the following switching procedure should be followed in order to maintain the clock duty.

* When changing from smart card interface mode to software standby mode

[1] Set the data register (DR) and data direction register (DDR) corresponding to the SCK pin to
the value for the fixed output state in software standby mode.

[2] Write O to the TE bit and RE bit in the serial control register (SCR) to halt transmit/receive
operation. At the same time, set the CKEL1 bit to the value for the fixed output state in softwar
standby mode.

[3] Write 0 to the CKEO bit in SCR to halt the clock.

[4] Wait for one serial clock period.
During this interval, clock output is fixed at the specified level, with the duty preserved.

[5] Write H'00 to SMR and SCMR.

[6] Make the transition to the software standby state.

* When returning to smart card interface mode from software standby mode
[7] Exit the software standby state.

[8] Set the CKEL bit in SCR to the value for the fixed output state (current SCK pin state) when
software standby mode is initiated.

[9] Set smart card interface mode and output the clock. Signal generation is started with the
normal duty.

Software

Normal operation standby Normal operation
-y P |- |-

? oot

(1] [2] [3] (4] [5] [6] (71 (8] [9]

Figure 13-9 Clock Halt and Restart Procedure
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Powering On: To secure the clock duty from power-on, the following switching procedure should
be followed.

[1] The initial state is port input and high impedance. Use a pull-up resistor or pull-down resistol
to fix the potential.

[2] Fix the SCK pin to the specified output level with the CKE1 bit in SCR.
[3] Set SMR and SCMR, and switch to smart card mode operation.

[4] Set the CKEDO bit in SCR to 1 to start clock output.

13.4 Usage Notes
The following points should be noted when using the SCI as a Smart Card interface.

Receive Data Sampling Timing and Reception Margin in Smart Card Interface Moden
Smart Card Interface mode, the SCI operates on a basic clock with a frequency of 372 times th
transfer rate.

In reception, the SCI samples the falling edge of the start bit using the basic clock, and perform:
internal synchronization. Receive data is latched internally at the rising edge of the 186th pulse
the basic clock. This is illustrated in figure 13-10.

372 clocks

186 clocks
|-

0 185 371/0 185 371 0

z NIV
e _

Synchro-

nization i . ‘
sampling ___: l (O (( L
timing I )] D
Data

sampling ( (( (( (
timing ) )] )] )

DO D1

Start bit

(
)
(( (
IR )

- A
=

((
))

Figure 13-10 Receive Data Sampling Timing in Smart Card Mode

479
RENESAS



Thus the reception margin in asynchronous mode is given by the following formula.

1 0D — 0.5
M =0(0.5 - ———— ) — (L-0.5) F————— (1 + Bx 100%

2N N

Where M: Reception margin (%)
N: Ratio of bit rate to clock (N = 372)
D: Clock duty (D =0 to 1.0)
L: Frame length (L = 10)
F: Absolute value of clock frequency deviation

Assuming values of F = 0 and D = 0.5 in the above formula, the reception margin formula is as
follows.

When D =0.5and F=0,
M =(0.5-1/2x 372)x 100%
= 49.866%

Retransfer Operations: Retransfer operations are performed by the SCI in receive mode and
transmit mode as described below.

« Retransfer operation when SCl is in receive mode
Figure 13-11 illustrates the retransfer operation when the SCI is in receive mode.

[1] If an error is found when the received parity bit is checked, the PER bit in SSR is automaticall
set to 1. If the RIE bit in SCR is enabled at this time, an ERI interrupt request is generated. Th
PER bit in SSR should be kept cleared to 0 until the next parity bit is sampled.

[2] The RDRF bit in SSR is not set for a frame in which an error has occurred.
[3] If no error is found when the received parity bit is checked, the PER bit in SSR is not set to 1.

[4] If no error is found when the received parity bit is checked, the receive operation is judged to
have been completed normally, and the RDRF flag in SSR is automatically set to 1. If the RIE
bit in SCR is enabled at this time, an RXI interrupt request is generated.

If DTC data transfer by an RXI source is enabled, the contents of RDR can be read

automatically. When the RDR data is read by the DTC, the RDRF flag is automatically clearec
to 0.

[5] When a normal frame is received, the pin retains the high-impedance state at the timing for
error signal transmission.
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Transfer

‘47 nth transfer frame H“i Retransferred frame 4+7 frame n+1

1Ds|D0|D1|D2|Ds|D4|D5|De|D7|Dp|-E,—|Ds|D0|D1|D2|D3|D4|D5|D€>|D7|Dpr—E)|Ds|Do|D1|D2|Ds|D4|

RDRF

e by

by i3

PER

Figure 13-11 Retransfer Operation in SCI Receive Mode

» Retransfer operation when SCl is in transmit mode
Figure 13-12 illustrates the retransfer operation when the SCI is in transmit mode.

[6] If an error signal is sent back from the receiving end after transmission of one frame is
completed, the ERS bit in SSR is set to 1. If the RIE bit in SCR is enabled at this time, an EF
interrupt request is generated. The ERS bit in SSR should be kept cleared to O until the next
parity bit is sampled.

[7]1 The TEND bit in SSR is not set for a frame for which an error signal indicating an abnormality
is received.

[8] If an error signal is not sent back from the receiving end, the ERS bit in SSR is not set.

[9] If an error signal is not sent back from the receiving end, transmission of one frame, including
a retransfer, is judged to have been completed, and the TEND bit in SSR is set to 1. If the Tl
bit in SCR is enabled at this time, a TXI interrupt request is generated.

If data transfer by the DTC by means of the TXI source is enabled, the next data can be writt
to TDR automatically. When data is written to TDR by the DTC, the TDRE bit is
automatically cleared to O.

Transfer
-~+—— nth transfer frame — Retransferred frame ————» frame n+1

-IDS|DO|Dl|D2|D3|D4|D5|D6|D7|Dp|—|D_E'—|Ds|DO|D1|D2|D3|D4|D5|D6|D7|DpI&le bolp1|p2p3jp4

J TDRE |_|

4 Transfer to TSR from TOR 4 Transfer to TSR from TOR A Transfer to TSR
: from TDR
TEND ;
A kg
FER/ERS
kg bg

Figure 13-12 Retransfer Operation in SCI Transmit Mode
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Section 14 A/D Converter

14.1 Overview

The H8/2245 Series incorporates a successive approximation type 10-bit A/D converter that
allows up to four analog input channels to be selected.

14.1.1 Features

A/D converter features are listed below
* 10-bit resolution

e Four input channels

» Settable analog conversion voltage range

0 Conversion of analog voltages with the reference voltage pip) &¢ the analog reference
voltage

» High-speed conversion
O Minimum conversion time: 6.7 us per channel (at 20 MHz operation)

» Choice of single mode or scan mode
O Single mode: Single-channel A/D conversion
0 Scan mode: Continuous A/D conversion on 1 to 4 channels

» Four data registers
O Conversion results are held in a 16-bit data register for each channel

e Sample and hold function

* Three kinds of conversion start
O Choice of software or timer conversion start trigger (TPU or 8-bit timeADIRG pin

e A/D conversion end interrupt generation
O A/D conversion end interrupt (ADI) request can be generated at the end of A/D conversio

* Module stop mode can be set

O As the initial setting, A/D converter operation is halted. Register access is enabled by
exiting module stop mode.
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14.1.2

Block Diagram

Figure 14-1 shows a block diagram of the A/D converter.

Module data bus Internal data bus
()
[8)
g
9]
1)
(2] >
c @
§e]
IS
AVce ™ IS
= A|lA|A|A AlA
, _1sgl |D|D|D|D D|D
Vit —  10-bit D/A < |1%3]l. D |D|D|D c|c
o o R R|R|R S| R
@ A B|C|D R
AVss — ™1 o
(8]
>
N
ANO — ™ -+
= O @T—> - -
AN1 —» ) 3 : 2/8
%— ; ! Comparator Control circuit
AN —= 5| |
s | |
Sample-and- la— 0/16
AN3 hold circuit
A
ADI
interrupt
ADTRG
Conversion start
trigger from 8-bit
timer or TPU
ADCR : A/D control register
ADCSR : A/D control/status register
ADDRA : A/D data register A
ADDRB : A/D data register B
ADDRC : A/D data register C
ADDRD : A/D data register D
Figure 14-1 Block Diagram of A/D Converter
484

RENESAS




14.1.3  Pin Configuration
Table 14-1 summarizes the input pins used by the A/D converter.

The AV.c and AV pins are the power supply pins for the analog block in the A/D converter. The
V ¢ pin is the A/D conversion reference voltage pin.

Table 14-1 A/D Converter Pins

Pin Name Symbol /0 Function

Analog power supply pin AV Input Analog block power supply

Analog ground pin AV Input Analog block ground and A/D conversion
reference voltage

Reference voltage pin Vot Input A/D conversion reference voltage

Analog input pin O ANO Input Analog input channel O

Analog input pin 1 AN1 Input Analog input channel 1

Analog input pin 2 AN2 Input Analog input channel 2

Analog input pin 3 AN3 Input Analog input channel 3

A/D external trigger input pin ADTRG Input External trigger input for starting A/D
conversion
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14.1.4  Register Configuration
Table 14-2 summarizes the registers of the A/D converter.

Table 14-2 A/D Converter Registers

Name Abbreviation R/W Initial Value Address  **
A/D data register AH ADDRAH R H'00 H'FF90
A/D data register AL ADDRAL R H'00 H'FF91
A/D data register BH ADDRBH R H'00 H'FF92
A/D data register BL ADDRBL R H'00 H'FF93
A/D data register CH ADDRCH R H'00 H'FF94
A/D data register CL ADDRCL R H'00 H'FF95
A/D data register DH ADDRDH R H'00 H'FF96
A/D data register DL ADDRDL R H'00 H'FF97
A/D control/status register ADCSR R/(W)*?2  H'00 H'FF98
A/D control register ADCR R/W H'3F H'FF99
Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.
2. Bit 7 can only be written with O for flag clearing.
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14.2  Register Descriptions

14.2.1  A/D Data Registers A to D (ADDRA to ADDRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| — | — | — | — | — | — |

Initial value : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W : R R R R R R R R R R R R R R R R

There are four 16-bit read-only ADDR registers, ADDRA to ADDRD, used to store the results of
A/D conversion.

The 10-bit data resulting from A/D conversion is transferred to the ADDR register for the selecte
channel and stored there. The upper 8 bits of the converted data are transferred to the upper by
(bits 15 to 8) of ADDR, and the lower 2 bits are transferred to the lower byte (bits 7 and 6) and
stored. Bits 5 to 0 are always read as 0.

The correspondence between the analog input channels and ADDR registers is shown in table .
3.

ADDR can always be read by the CPU. The upper byte can be read directly, but for the lower
byte, data transfer is performed via a temporary register (TEMP). For details, see section 14.3,
Interface to Bus Master.

The ADDR registers are initialized to H'0000 by a reset, and in standby mode or module stop
mode.

Table 14-3 Analog Input Channels and Corresponding ADDR Registers

Analog Input Channel A/D Data Register
ANO ADDRA
AN1 ADDRB
AN2 ADDRC
AN3 ADDRD
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14.2.2  A/D Control/Status Register (ADCSR)

Bit : 7 6 5 4 3 2 1 0
ADF ADIE ADST SCAN CKS — CH1 CHO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/(W)* R/W R/W R/IW R/W R/W R/W R/W

Note: * Only O can be written to bit 7, to clear this flag.

ADCSR is an 8-bit readable/writable register that controls A/D conversion operations and shows
the status of the operation.

ADCSR is initialized to H'00 by a reset, and in hardware standby mode or module stop mode.

Bit 7—A/D End Flag (ADF): Status flag that indicates the end of A/D conversion.

Bit 7

ADF Description

0 [Clearing conditions] (Initial value)
* When 0 is written to the ADF flag after reading ADF = 1
¢ When the DTC is activated by an ADI interrupt and ADDR is read

1 [Setting conditions]

¢ Single mode: When A/D conversion ends
e Scan mode: When A/D conversion ends on all specified channels

Bit 6—A/D Interrupt Enable (ADIE): Selects enabling or disabling of interrupt (ADI) requests
at the end of A/D conversion.

Bit 6

ADIE Description

0 A/D conversion end interrupt (ADI) request disabled (Initial value)
1 A/D conversion end interrupt (ADI) request enabled
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Bit 5—A/D Start (ADST): Selects starting or stopping on A/D conversion. Holds a value of 1
during A/D conversion.

The ADST bit can be set to 1 by software, a timer conversion start trigger, or the A/D external
trigger input pin ADTRG).

Bit 5

ADST Description

0 * A/D conversion stopped (Initial value)
1 « Single mode: A/D conversion is started. Cleared to 0 automatically when

conversion on the specified channel ends

e Scan mode: A/D conversion is started. Conversion continues sequentially on the
selected channels until ADST is cleared to O by software, a reset, or
a transition to standby mode or module stop mode.

Bit 4—Scan Mode (SCAN): Selects single mode or scan mode as the A/D conversion operating
mode. See section 14.4, Operation, for single mode and scan mode operation. Only set the SC/
bit while conversion is stopped (ADST = 0).

Bit 4

SCAN Description

0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS): Sets the A/D conversion time. Only change the conversion time
while conversion is stopped (ADST = 0).

Bit 3

CKsS Description

0 Conversion time = 266 states (max.) (Initial value)
1 Conversion time = 134 states (max.)

Bit 2—Reserved: This bit can be read or written, but should only be written with 0.
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Bits 1 to 0—Channel Select 1 and 0 (CH1, CHOY.ogether with the SCAN bit, these bits select
the analog input channel(s).

Only set the input channel while conversion is stopped.

Bit 1 Bit 0 Description

CH1 CHO Single Mode (SCAN = 0) Scan Mode (SCAN =1)
0 0 ANO (Initial value) ANO

1 AN1 ANO, AN1
1 0 AN2 ANO to AN2

1 AN3 ANO to AN3

14.2.3  A/D Control Register (ADCR)

Bit : 7 6 5 4 3 2 1 0

TRGS1 | TRGSO — — — — — —
Initial value : 0 0 1 1 1 1 1 1
R/W : R/W R/W — — — — — —

ADCR is an 8-bit readable/writable register that enables or disables external triggering of A/D
conversion operations.

ADCR is initialized to H'3F by a reset, and in hardware standby mode or module stop mode.

Bits 7 and 6—Timer Trigger Select 1 and 0 (TRGS1, TRGS0)Select enabling or disabling of
the start of A/D conversion by a trigger signal. Only set bits TRGS1 and TRGSO0 while conversior
is stopped.

Bit 7 Bit 6
TRGS1 TRGSO Description

0 0 Start of A/D conversion by external trigger is disabled (Initial value)
1 Start of A/D conversion by external trigger (TPU) is enabled

1 0 Start of A/D conversion by external trigger (8-bit timer) is enabled
1 Start of A/D conversion by external trigger pin is enabled

Bits 5 to 0—Reserved: These bits are reserved; they are always read as 1 and cannot be
modified.
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14.2.4  Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/IW R/IW R/W R/W R/IW RIW R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP9 bit in MSTPCR is set to 1, A/D converter operation stops at the end of the bu:
cycle and a transition is made to module stop mode. Registers cannot be read or written to in
module stop mode. For details, see section 18.5, Module Stop Mode.

MSTPCR is initialized to H'3FFF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 9—Module Stop (MSTP9): Specifies the A/D converter module stop mode.

Bit 9

MSTP9 Description

0 A/D converter module stop mode cleared

1 A/D converter module stop mode set (Initial value)
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14.3 Interface to Bus Master

ADDRA to ADDRD are 16-bit registers, and the data bus to the bus master is 8 bits wide.
Therefore, in accesses by the bus master, the upper byte is accessed directly, but the lower byte
accessed via a temporary register (TEMP).

A data read from ADDR is performed as follows. When the upper byte is read, the upper byte
value is transferred to the CPU and the lower byte value is transferred to TEMP. Next, when the
lower byte is read, the TEMP contents are transferred to the CPU.

When reading ADDR. always read the upper byte before the lower byte. It is possible to read on
the upper byte, but if only the lower byte is read, incorrect data may be obtained.

Figure 14-2 shows the data flow for ADDR access.

Upper byte read

Module data bus
Bus master ~ Bus interface

(H'AA)
TEMP
(H'40)
ADDRNH ADDRnNL
H'AA H'40
( ) ( ) (n=AtoD)

Lower byte read

Bus master . Module data bus
4= Bus interface

(H'40)
TEMP
(H'40)
ADDRNH ADDRnNL
(H'AA) (H'40)
(n=AtoD)

Figure 14-2 ADDR Access Operation (Reading H'AA40)
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14.4  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It has two
operating modes: single mode and scan mode.

14.4.1  Single Mode (SCAN = 0)

Single mode is selected when A/D conversion is to be performed on a single channel only. A/D
conversion is started when the ADST bit is set to 1, according to the software or external trigger
input. The ADST bit remains set to 1 during A/D conversion, and is automatically cleared to 0
when conversion ends.

On completion of conversion, the ADF flag is set to 1. If the ADIE bit is set to 1 at this time, an
ADI interrupt request is generated. The ADF flag is cleared by writing O after reading ADCSR.

When the operating mode or analog input channel must be changed during analog conversion,
prevent incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST
can be set at the same time as the operating mode or input channel is changed.

Typical operations when channel 1 (AN1) is selected in single mode are described next. Figure
14-3 shows a timing diagram for this example.

[1] Single mode is selected (SCAN = 0), input channel AN1 is selected (CH1 =0, CHO = 1), the
A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST = 1).

[2] When A/D conversion is completed, the result is transferred to ADDRB. At the same time th
ADF flag is set to 1, the ADST bit is cleared to 0, and the A/D converter becomes idle.

[3] Since ADF =1 and ADIE = 1, an ADI interrupt is requested.

[4] The A/D interrupt handling routine starts.

[5] The routine reads ADCSR, then writes 0 to the ADF flag.

[6] The routine reads and processes the connection result (ADDRB).

[7] Execution of the A/D interrupt handling routine ends. After that, if the ADST bit is set to 1,
A/D conversion starts again and steps [2] to [7] are repeated.
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conversion | Set- | Set*
starts |
ADST
\/‘1 | Clear* | Clear*
ADF / ‘> /
State of channel 0 (ANO) | idie 7
State of channel 1 (AN1) [ Idle [ AID conversion TN Idle [ AID conversion 2 Idle
State of channel 2 (AN2) [ Idie ] \
State of channel 3 (AN3) | Idle / /
ADDRA [ l
\ | Read conversion result \ | Read conversion result
ADDRB X A/D conversion result1 X A/D conversion result 2
ADDRC
ADDRD

Note: * Vertical arrows ( |) indicate instructions executed by software.

Figure 14-3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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14.4.2 Scan Mode (SCAN = 1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST bit is set to 1 by a software, timer or external trigger input, A/D conversion starts on the
first channel in the group (ANO). When two or more channels are selected, after conversion of t
first channel ends, conversion of the second channel (AN1) starts immediately. A/D conversion
continues cyclically on the selected channels until the ADST bit is cleared to 0. The conversion
results are transferred for storage into the ADDR registers corresponding to the channels.

When the operating mode or analog input channel must be changed during analog conversion,
prevent incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST
can be set at the same time as the operating mode or input channel is changed.

Typical operations when three channels (ANO to AN2) are selected in scan mode are described
next. Figure 14-4 shows a timing diagram for this example.

[1] Scan mode is selected (SCAN = 1), analog input channels ANO to AN2 are selected (CH1 =
CHO = 0), and A/D conversion is started (ADST = 1)

[2] When A/D conversion of the first channel (ANO) is completed, the result is transferred to
ADDRA. Next, conversion of the second channel (AN1) starts automatically.

[3] Conversion proceeds in the same way through the third channel (AN2).

[4] When conversion of all the selected channels (ANO to AN2) is completed, the ADF flag is set
to 1 and conversion of the first channel (ANO) starts again. If the ADIE bit is set to 1 at this
time, an ADI interrupt is requested after A/D conversion ends.

[5] Steps [2] to [4] are repeated as long as the ADST bit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops. After that, if the ADST bit is set to 1, A/D conversion
starts again from the first channel (ANO).
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| Continuous A/D conversion execution |
I 1

| Set*! | Clear*t
ADST
| Clear*
ADE M I
A/D conversion time
e
State of channel 0 (ANO) [ 1dle [ AID conversion 1§ Idle | AID conversion 4§, [ Idle ]
State of channel 1 (AN1) | Idle YA/D conversion 2§, I(Q? YAJD conversion 5*2__Idle ]
State of channel 2 (AN2) [ Tdle YAID conversion 3 Tdle ]
State of channel 3 (AN3) [ I Tdle I [ ]
\ Transfer

ADDRA A/D conversion result 1 A/D conversion result 4

ADDRB X [ A/D conversion result 2

ADDRC X A/D conversion result 3

ADDRD

Notes: 1. Vertical arrows (| ) indicate instructions executed by software.
2. Data currently being converted is ignored.

Figure 14-4 Example of A/D Converter Operation
(Scan Mode, Channels ANO to AN2 Selected)
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14.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analo
input at a timeg after the ADST bit is set to 1, then starts conversion. Figure 14-5 shows the A/L
conversion timing. Table 14-4 indicates the A/D conversion time.

As indicated in figure 14-5, the A/D conversion time inclugesnd the input sampling time. The
length of { varies depending on the timing of the write access to ADCSR. The total conversion
time therefore varies within the ranges indicated in table 14-4.

In scan mode, the values given in table 14-4 apply to the first conversion time. In the second ar
subsequent conversions the conversion time is fixed at 256 states when CKS = 0 or 128 states

when CKS = 1.

o |

Address bus

—_ ~—~
%35}

Write signal

Input sampling
timing 0
ADF
()()
[5) tspL
tcony
Legend
Q) : ADCSR write cycle
(2) : ADCSR address
tp : A/D conversion start delay
tsp : Input sampling time

tcony : A/D conversion time

Figure 14-5 A/D Conversion Timing
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Table 14-4 A/D Conversion Time (Single Mode)

CKS=0 CKs=1
ltem Symbol Min Typ Max Min Typ Max
A/D conversion start delay tp 10 — 17 6 — 9
Input sampling time tepL — 63 — — 31 —
A/D conversion time teony 259 — 266 131 — 134

Note: Values in the table are the number of states.

14.4.4  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGS1 and TRGSO bits are setto 11 in
ADCR, external trigger input is enabled at KlBTRG pin. A falling edge at thaADTRG pin sets

the ADST bitto 1 in ADCSR, starting A/D conversion. Other operations, in both single and scan
modes, are the same as if the ADST bit has been set to 1 by software. Figure 14-6 shows the
timing.

ADTRG

Internal trigger signal

ADST

A/D conversion

l‘

Figure 14-6 External Trigger Input Timing
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14.5 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
request can be enabled or disabled by the ADIE bit in ADCSR.

The DTC can be activated by an ADI interrupt. Having the converted data read by the DTC in
response to an ADI interrupt enables continuous conversion to be achieved without imposing a
load on software.

The A/D converter interrupt source is shown in table 14-5.
Table 14-5 A/D Converter Interrupt Source

Interrupt Source Description DTC Activation

ADI Interrupt due to end of conversion Possible

14.6 Usage Notes
The following points should be noted when using the A/D converter.
Setting Range of Analog Power Supply and Other Pins:

(1) Analog input voltage range
The voltage applied to analog input pins ANO to AN3 during A/D conversion should be in the
range AV;s< ANn < AV ..

(2) Relation between AV, AVggand Vg, Veg

As the relationship between AV, AVssand Ve, Vss Set AVgs = Vgs. If the A/D converter is
not used, the AY; and AVgg pins must on no account be left open.

(3) V¢ input range
The analog reference voltage input at the pn set in the range ¥< AV ..

Note: If conditions (1), (2), and (3) above are not met, the reliability of the device may be
adversely affected.

Notes on Board Designin board design, digital circuitry and analog circuitry should be as
mutually isolated as possible, and layout in which digital circuit signal lines and analog circuit
signal lines cross or are in close proximity should be avoided as far as possible. Failure to do s
may result in incorrect operation of the analog circuitry due to inductance, adversely affecting A/
conversion values.

Also, digital circuitry must be isolated from the analog input signals (ANO to AN3), analog
reference power supply (), and analog power supply (AY by the analog ground (AM).
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Also, the analog ground (AM should be connected at one point to a stable digital groupd (V
on the board.

Notes on Noise Countermeasuregt protection circuit connected to prevent damage due to an
abnormal voltage such as an excessive surge at the analog input pins (ANO to AN3) and analog
reference power supply (¥ should be connected between A¥nd AVgs as shown in figure

14-7.

Also, the bypass capacitors connected tq.Adnd V. and the filter capacitor connected to ANO
to AN3 must be connected to AY

If a filter capacitor is connected as shown in figure 14-7, the input currents at the analog input pir
(ANO to AN3) are averaged, and so an error may arise. Also, when A/D conversion is performed
frequently, as in scan mode, if the current charged and discharged by the capacitance of the
sample-and-hold circuit in the A/D converter exceeds the current input via the input impedance
(Ry), an error will arise in the analog input pin voltage. Careful consideration is therefore require
when deciding the circuit constants.

ANO to AN3

AVsg

/\_/

Notes: Values are reference values.
1.

10 pF 0.01 pF

2. Rj,: Input impedance

Figure 14-7 Example of Analog Input Protection Circuit
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Table 14-6 Analog Pin Specifications

Item Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 10* kQ

Note: * When V.. =4.0Vto 55V and g <12 MHz

10 kQ
ANO to To A/ID
AN3 A converter
l 20 pF

Note: Values are reference values.

Figure 14-8 Analog Input Pin Equivalent Circuit

A/D Conversion Precision Definitions:H8S/2245 Series A/D conversion precision definitions
are given below.

Resolution
The number of A/D converter digital output codes

Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value B'0000000000 (H'000) to
B'0000000001 (H'001) (see figure 14-10).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H'3FF) (see
figure 14-10).

Quantization error
The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 14-9).

Nonlinearity error

The error with respect to the ideal A/D conversion characteristic between the zero voltage ar
the full-scale voltage. Does not include the offset error, full-scale error, or quantization error.

Absolute precision

The deviation between the digital value and the analog input value. Includes the offset error
full-scale error, quantization error, and nonlinearity error.
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Digital output

Ideal A/D conversion —»
H'3FF — characteristic

H'3FE

t

— Quantization error

H'001 [—
H'000 | | | ( | | |
1 2 1022 1023 g
1024 1024 1024 1024
Analog

input voltage

502

Figure 14-9 A/D Conversion Precision Definitions (1)
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Digital output

Full-scale error

l

Ideal A/D conversion
characteristic

error

characteristic

/"L— Nonlinearity

-—-— Actual A/D conversion

L

Offset error

FS

Analog
input voltage

Figure 14-10 A/D Conversion Precision Definitions (2)
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Permissible Signal Source Impedancdi18S/2245 Series analog input is designed so that
conversion precision is guaranteed for an input signal for which the signal source impedance is 1
kQ or less. This specification is provided to enable the A/D converter's sample-and-hold circuit
input capacitance to be charged within the sampling time; if the sensor output impedance exceec
10 kQ, charging may be insufficient and it may not be possible to guarantee the A/D conversion
precision.

However, if a large capacitance is provided externally, the input load will essentially comprise
only the internal input resistance of 1Q,kand the signal source impedance is ignored.

However, since a low-pass filter effect is obtained in this case, it may not be possible to follow an
analog signal with a large differential coefficient (e.g., 5 mV/usec or greater).

When converting a high-speed analog signal, a low-impedance buffer should be inserted.

Influences on Absolute PrecisionAdding capacitance results in coupling with GND, and
therefore noise in GND may adversely affect absolute precision. Be sure to make the connectior
to an electrically stable GND such as &V

Care is also required to insure that filter circuits do not communicate with digital signals on the
mounting board, so acting as antennas.

H8/2245 Series
A/D converter

Sensor output equivalent circuit

impedance
t0 10 kQ 10 kQ

Sensor input ——/A\AA l .
Cin = l

Low-pass ' ! L
! filter —WT ; 15pF l l
+ Cto 0.1 uF '

20 pF

Note: Values are reference values.

Figure 14-11 Example of Analog Input Circuit
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Section 15 RAM

15.1 Overview

The H8S/2246, H8S/2244, and H8S/2242 have 8 kbytes of on-chip high-speed static RAM, and
the H8S/2245, H8S/2243, H8S/2241, and H8S/2240 have 4 kbytes. The on-chip RAM is
connected to the CPU by a 16-bit data bus, enabling both byte data and word data to be access
in one state. This makes it possible to perform fast word data transfer.

The on-chip RAM on the H8S/2246, H8S/2244, and H8S/2242 is located in addresses H'E400 t
H'FBFF (6 kbytes) in normal mode (modes 1 to 3), and in addresses H'FFDCO00 to H'FFFBFF (8
kbytes) in advanced mode (modes 4 to 7).

The on-chip RAM on the H8S/2245, H8S/2243, H8S/2241, and H8S/2240 is located in addresse
H'ECO00 to H'FBFF (4 kbytes) in normal mode (modes 1 to 3), and in addresses H'FFECO00 to
H'FFFBFF (4 kbytes) in advanced mode (modes 4 to 7).

The on-chip RAM can be enabled or disabled by means of the RAM enable bit (RAME) in the
system control register (SYSCR).
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15.1.1 Block Diagram

Figure 15-1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

A

Internal data bus (lower 8 bits)

H'FFDCO0 H'FFDCO1
H'FFDCO2 H'FFDCO3
H'FFDCO4 H'FFDCO5
H'FFFBFE H'FFFBFF

Figure 15-1 Block Diagram of RAM (Example with H8S/2246 in Advanced Mode)

15.1.2 Register Configuration
The on-chip RAM is controlled by SYSCR. Table 15-1 shows the register configuration.

Table 15-1 Register Configuration

Name Abbreviation R/W Initial Value Address *

System control register SYSCR R/W H'01 H'FF39

Note:* Lower 16 bits of the address.
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15.2  Register Descriptions

15.2.1 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0
— — INTM1 | INTMO | NMIEG — — RAME

Initial value : 0 0 0 0 0 0 0 1

R/W : — — R/W R/W R/W — — R/W

The on-chip RAM is enabled or disabled by the RAME bit in SYSCR. For details of other bits in
SYSCR, see section 3.2.2, System Control Register (SYSCR).

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized when the reset state is released. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

Note: Do not clear the RAME bit to 0 when the DTC is used.

15.3 Operation

When the RAME bit is set to 1, accesses to H8S/2246, H8S/2244, and H8S/2242 addresses
H'FFDCOO0 to H'FFFBFF, and H8S/2245, H8S/2243, H8S/2241, and H8S/2240 addresses
H'FFECO00 to H'FFFBFF, are directed to the on-chip RAM. When the RAME bit is cleared to O,
the off-chip address space is accessed.

Since the on-chip RAM is connected to the CPU by an internal 16-bit data bus, it can be written
and read in byte or word units. Each type of access can be performed in one state.

Even addresses use the upper 8 bits, and odd addresses use the lower 8 bits. Word data must
at an even address.
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Section 16 ROM

16.1 Overview

The H8S/2246 and H8S/2245 have 128 kbytes of on-chip ROM (PROM or mask ROM). The
H8S/2244 and H8S/2243 have 64 kbytes of on-chip ROM (mask ROM). The H8S/2242 and
H8S/2241 have 32 kbytes of on-chip ROM (mask ROM). The ROM is connected to the CPU by
16-bit data bus. The CPU accesses both byte data and word data in one state, making possible
rapid instruction fetches and high-speed processing.

The on-chip ROM is enabled or disabled by setting the mode ping (W}, and MD) and bit
EAE in BCRL.

The PROM version of the H8S/2245 Series (H8S/2246) can be programmed with a general-
purpose PROM programmer, by setting PROM mode.
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16.1.1 Block Diagram

Figure 16-1 shows a block diagram of the on-chip ROM.

Internal data bus (upper 8 bits)

A

Internal data bus (lower 8 bits)

H'000000 H'000001
H'000002 H'000003
H'OOFFFE H'OOFFFF
H'010000 H'010001
H'010002 H'010003 When EAE= 0
H'O1FFFE H'O1FFFF

Figure 16-1 Block Diagram of ROM (Example with H8S/2246 in Modes 6, 7)

16.1.2  Register Configuration
The on-chip ROM is controlled by BCRL. The register configuration is shown in table 16-1.

Table 16-1 Register Configuration

Initial Value
Name Abbreviation R/W Power-On Reset Manual Reset Address *
Bus control register L  BCRL R/W H'3C Retained H'FED5

Note: * Lower 16 bits of the address.
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16.2  Register Descriptions

16.2.1 Bus Control Register L (BCRL)

Bit : 7 6 5 4 3 2 1 0
BRLE |BREQOE| EAE — — ASS — WAITE

Initial value : 0 0 1 1 1 1 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BCRL is an 8-bit readable/writable register that performs selection of the external bus release si
protocol, selection of the area partition unit, and enabling or disablWgAdT pin input.

BCRL is initialized to H'3C by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

Enabling or disabling of part of the on-chip ROM area can be selected by means of the EAE bit
BCRL. For details of the other bits in BCRL, see 6.2.5, Bus Control Register L.

Bit 5—External Address Enable (EAE): Selects whether addresses H'010000 to H'O1FFFF are
to be internal addresses or external addresses.

This setting is invalid in normal mode.

Bit 5
EAE Description
0 Addresses H'010000 to H'01FFFF are in on-chip ROM (in the H8S/2246 and
H8S/2245) or a reserved area (in the H8S/2244, H8S/2243, H8S/2242, and
H8S/2241).
1 Addresses H'010000 to H'01FFFF are external addresses (external expansion mode)
or a reserved area* (single-chip mode).
(Initial value)
Note: * Reserved areas should not be accessed.
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16.3  Operation

The on-chip ROM is connected to the CPU by a 16-bit data bus, and both byte and word data cal
be accessed in one state. Even addresses are connected to the upper 8 bits, and odd addresse:
the lower 8 bits. Word data must start at an even address.

The on-chip ROM is enabled and disabled by setting the mode ping WD), and MD) and bit
EAE in BCRL. These settings are shown in table 16-2.

In the H8S/2246, H8S/2245, H8S/2244, and H8S/2243 normal mode, a maximum of 56 kbytes of
ROM can be used.

Table 16-2 Operating Modes and ROM Area

Mode Pin Setting BCRL On-Chip ROM
H8S/2246 H8S/2244  H8S/2242
and and and
Operating Mode MD , MD, MD, EAE H8S/2245 H8S/2243 H8S/2241
Mode 1 Normal expanded 0 0 1 — Disabled Disabled Disabled
mode with on-chip
ROM disabled
Mode 2 Normal expanded 1 0 — Enabled Enabled Enabled
mode with on-chip (56 kbytes) (56 kbytes) (32 kbytes)
ROM enabled
Mode 3 Normal single-chip 1
mode
Mode 4 Advanced expanded 1 0 0 — Disabled Disabled Disabled
mode with on-chip
ROM disabled
Mode 5 Advanced expanded 1
mode with on-chip
ROM disabled
Mode 6 Advanced expanded 1 0 0 Enabled Enabled Enabled
mode with on-chip (128 kbytes) (64 kbytes) (32 kbytes)
ROM enabled 1 Enabled
(64 kbytes)
Mode 7 Advanced single-chip 1 0 Enabled
mode (128 kbytes)
1 Enabled

(64 kbytes)

In H8S/2246 and H8S/2245 modes 6 and 7, the on-chip ROM available after a power-on reset is
the 64-kbyte area comprising addresses H'000000 to H'OOFFFF.
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16.4 PROM Mode

16.4.1 PROM Mode Setting

The PROM version of the H8S/2245 Series suspends its microcontroller functions when placed
PROM mode, enabling the on-chip PROM to be programmed. This programming can be done
with a PROM programmer set up in the same way as for the HN27C101 EPROMIX.5 V).

Use of a 100-pin/32-pin socket adapter enables programming with a commercial PROM
programmer.

Note that the PROM programmer should not be set to page mode as the H8S/2245 Series does
support page programming.

Table 16-3 shows how PROM mode is selected.

Table 16-3 Selecting PROM Mode

Pin Names Setting
MD,, MD,, MD, Low
STBY

PA,, PA, High

16.4.2  Socket Adapter and Memory Map

Programs can be written and verified by attaching a 100-pin/32-pin socket adapter to the PRON
programmer. Table 16-4 gives ordering information for the socket adapter, and figure 16-2 show
the wiring of the socket adapter. Figure 16-3 shows the memory map in PROM mode.
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H8S/2245 Series

EPROM socket

HN27C101
FP-100B, TFP-100B Pin Pin (32 Pins)

62 RES Vpp 1
23 PDg EOq 13
24 PDy EOq 14
25 PD, EO, 15
26 PD3 EO3 17
27 PDy4 EO, 18
28 PDs EOs 19
29 PDg EOg 20
30 PD; EO; 21
32 PCo EAq 12
33 PC, EA, 11
34 PC, EA, 10
35 PC3 EA3 9
36 PC, EA,4 8
37 PCs EAg 7
38 PCgq EAg 6
39 PC; EA; 5
41 PBg EAg 27
63 NMI EAg 26
43 PB, EA1p 23
44 PB3 EAqp 25
45 PB, EA; 4
46 PBs EA13 28
47 PBg EAL4 29
48 PB; EAss 3
50 PAy EAsg 2
74 PF, CE 22
42 PB; OE 24
75 PF, PGM 31

40, 65, 98 Vee Vee 32
77 AVce
78 Vet
51 PA;
52 PA,

7,18, 31 Vss Vss 16

49, 68, 84
83 AVgg
64 STBY Vpp : Programming power
57 MDg supply (12.5 V)
58 MD; EO;to EQq : Data ian_n/output
e Shato Sk s it

CE : Chip enable
Note: Pins not shown in this figure should be left open. PGM : Program
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Figure 16-2 Wiring of 100-Pin/32-Pin Socket Adapter
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Table 16-4 Socket Adapter

Microcontroller Package Socket Adapter
H8S/2246 100 pin QFP (FP-100B) HS2245ESHS1H
100 pin TQFP (TFP-100B) HS2245ESNS1H

Addresses in
MCU mode

H'000000

On-chip PROM

H'O1FFFF

Addresses in
PROM mode

H'00000

H'1FFFF

Figure 16-3 Memory Map in PROM Mode
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16.5 Programming

16.5.1  Overview

Table 16-5 shows how to select the program, verify, and program-inhibit modes in PROM mode.

Table 16-5 Mode Selection in PROM Mode

Pins

Mode CE OE PGM V., V., EO,t0EO, EA, to EA,
Program L H L Ve Voo Datainput Address input
Verify L L H Voo Vee Data output Address input
Program-inhibit L L L Vop Vee High impedance Address input

L H H

H L L

H H H

L : Low voltage level

H : High voltage level
VoV, Voltage level
V. : V¢ voltage level

Programming and verification should be carried out using the same specifications as for the
standard HN27C101 EPROM.

However, do not set the PROM programmer to page mode does not support page programming.
PROM programmer that only supports page programming cannot be used. When choosing a
PROM programmer, check that it supports high-speed programming in byte units. Always set
addresses within the range H'00000 to H'1FFFF.

16.5.2  Programming and Verification

An efficient, high-speed programming procedure can be used to program and verify PROM data.
This procedure writes data quickly without subjecting the chip to voltage stress or sacrificing data
reliability. It leaves the data H'FF in unused addresses. Figure 16-4 shows the basic high-speec
programming flowchart. Tables 16-6 and 16-7 list the electrical characteristics of the chip during
programming. Figure 16-5 shows a timing chart.
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Set programming/
verification mode
Ve = 6.0V£0.25V,
Vpp = 12.5V+0.3V

Y

Address =0

Address + 1 - address

Set read mode

Vee=5.0V£0.25V
Vep =Vec

Figure 16-4 High-Speed Programming Flowchart
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Table 16-6 DC Characteristics in PROM Mode

(When Ve = 6.0V £0.25V, o= 125V £ 0.3V, s = 0V, T, = 25°C * 5°C)

(Preliminary)

Test

ltem Symbol Min Typ Max Unit  Conditions
Input high voltage  EO; to EO,, EA V, 24 — Ve+03 V

to EA,, OE, CE,

PGM
Input low voltage EO, to EOQ,, EA; A -03 — 0.8 \Y

to EA,, OE, CE,

PGM
Output high voltage EO, to EO, Vou 24 —  — \Y loy =—200 pA
Output low voltage EO, to EOQ, Vo, — — 045 \Y lo. = 1.6 MA
Input leakage EO, to EOQ,, EA; [ 1] —_ - 2 MA V=
current to EA,, OE, CE, 5.25V/0.5V

PGM
V¢ current lec —  — 40 mA
Ve current lop — — 40 mA
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Table 16-7 AC Characteristics in PROM Mode

(When Ve = 6.0V +£0.25V, \jp= 12.5 V £ 0.3 V, T = 25°C + 5°C)

(Preliminary)

Test

ltem Symbol Min  Typ Max Unit Conditions
Address setup time tas 2 — — us Figure 16-5**
OE setup time tocs 2 S — us

Data setup time tos 2 — — us

Address hold time tan 0 — — us

Data hold time ton 2 — — ps

Data output disable time toe*? — — 130 ns

V., setup time typs 2 — — us

Programming pulse width tow 0.19 0.20 0.21 ms

PGM pulse width for overwrite programming tgp,** 019 — 525 ms

V¢ setup time tycs 2 — — ps

CE setup time tees 2 S — us

Data output delay time tor 0 — 150 ns

Notes: 1. Input pulse level: 0.8 Vto 2.2V
Input rise time and fall time < 20 ns
Timing reference levels; Input: 1.0 V, 2.0 V;
Output: 0.8V, 2.0V

2. t,: is defined to be when output has reached the open state, and the output level can no

longer be referenced.
3. topy is defined by the value shown in the flowchart.
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Verify

Program

Address

Output data

Data

Note: * topyy is defined by the value shown in the flowchart.

Figure 16-5 PROM Programming/Verification Timing
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16.5.3 Programming Precautions

» Program using the specified voltages and timing.
The programming voltage ¢ in PROM mode is 12.5 V.
If the PROM programmer is set to Hitachi HN27C101 specificatiopsw be 12.5 V.
Applied voltages in excess of the specified values can permanently destroy the MCU. Be
particularly careful about the PROM programmer’s overshoot characteristics.

» Before programming, check that the MCU is correctly mounted in the PROM programmer.
Overcurrent damage to the MCU can result if the index marks on the PROM programmer,
socket adapter, and MCU are not correctly aligned.

» Do not touch the socket adapter or MCU while programming. Touching either of these can
cause contact faults and programming errors.

» The MCU cannot be programmed in page programming mode. Select the programming mod
carefully.

» The size of the H8S/2246 PROM is 128 kbytes. Always set addresses within the range
H'00000 to H'1FFFF. During programming, write H'FF to unused addresses to avoid
verification errors.
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16.5.4  Reliability of Programmed Data

An effective way to assure the data retention characteristics of the programmed chips is to bake
them at 150°C, then screen them for data errors. This procedure quickly eliminates chips with
PROM memory cells prone to early failure.

Figure 16-6 shows the recommended screening procedure.

Program chip and verify data

Y
Bake chip for 24 to 48 hours at
125°C to 150°C with power off

Y

Read and check program

Y

( Mount )

Figure 16-6 Recommended Screening Procedure

If a series of programming errors occurs while the same PROM programmer is being used, stop
programming and check the PROM programmer and socket adapter for defects.

Please inform Hitachi of any abnormal conditions noted during or after programming or in
screening of program data after high-temperature baking.
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Section 17 Clock Pulse Generator

17.1 Overview

The H8S/2245 Series has a built-in clock pulse generator (CPG) that generates the system cloc
(2), the bus master clock, and internal clocks.

The clock pulse generator consists of an oscillator circuit, a duty adjustment circuit, a medium-
speed clock divider, and a bus master clock selection circuit.

17.1.1  Block Diagram

Figure 17-1 shows a block diagram of the clock pulse generator.

SCKCR
SCK2 to SCKO
Medium-
speed
divider  |@/2 to 9/32 |Bus master
clock
selection
EXTAL . Duty circuit
Oscillator . ‘ _
o adjustment -
circuit S
XTAL — circuit
System clock to @ pin Internal clock Bus master clock
to supporting modules  to CPU and DTC

Figure 17-1 Block Diagram of Clock Pulse Generator
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17.1.2  Register Configuration

The clock pulse generator is controlled by SCKCR and LPWCR. Table 17-1 shows the register
configuration.

Table 17-1 Clock Pulse Generator Register

Name Abbreviation R/W Initial Value Address  *
System clock control register SCKCR R/W H'00 H'FF3A
Low power control register LPWCR R/W H'00 H'FF44

Note:* Lower 16 bits of the address.
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17.2  Register Descriptions

17.2.1  System Clock Control Register (SCKCR)

Bit : 7 6 5 4 3 2 1 0
PSTOP — — — — SCK2 SCK1 | SCKO

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W — — — R/W R/W R/W

SCKCR is an 8-bit readable/writable register that performs g clock output control and medium-
speed mode control.

SCKCR is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—g Clock Output Disable (PSTOP):Controls @ output.

Description
Bit 7 Software Hardware
PSTOP Normal Operation Sleep Mode Standby Mode Standby Mode
0 @ output @ output Fixed high High impedance
(initial value)
1 Fixed high Fixed high Fixed high High impedance

Bit 6—Reserved:This bit can be read or written to, but only 0 should be written.
Bits 5 to 3—ReservedRead-only bits, always read as 0.

Bits 2 to 0—System Clock Select 2 to 0 (SCK2 to SCKOJhese bits select the clock for the bus
master.

Bit 2 Bit 1 Bit O
SCK2 SCK1  SCKoO Description

0 0 0 Bus master is in high-speed mode (Initial value)
1 Medium-speed clock is /2
1 0 Medium-speed clock is g/4
1 Medium-speed clock is a/8
1 0 0 Medium-speed clock is g/16
1 Medium-speed clock is /32
1 J— J—
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17.2.2  Low Power Control Register (LPWCR)

Bit : 7 6 5 4 3 2 1 0
— — RFCUT — — — — —

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

LPWCR is an 8-bit readable/writable register that controls the oscillator's built-in feedback
resistor when using external clock input.

LPWCR is initialized to H’'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 6 and 7—ReservedThese bits can be read or written to, but do not affect operation.

Bit 5—Built-in Feedback Resistor Control (RFCUT): Selects whether the oscillator's built-in
feedback resistor and duty adjustment circuit are used with external clock input. Do not access tr
bit when a crystal oscillator is used.

When an external clock is input, a temporary transition should be made to software standby mod
after setting this bit. When software standby mode is entered, it is possible to select use or hon-u
of the oscillator’s built-in feedback resistor and duty adjustment circuit. Software standby mode
should then be exited by means of an external interrupt.

Bit 5
RFCUT Description
0 Oscillator's built-in feedback resistor and duty adjustment circuit are used
(Initial value)
1 Oscillator's built-in feedback resistor and duty adjustment circuit are not used

Bits 4 to 0—ReservedThese bits can be read or written to, but do not affect operation.
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17.3  Oscillator

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock.

17.3.1  Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected as shown in the example in figure
17-2. Select the damping resistangeaBtording to table 17-2. An AT-cut parallel-resonance
crystal should be used.

CLl
N
EXTAL
L M
L T
XTAL | AWt W
Ry Co Ci1=Cpp = 10 to 22pF

Figure 17-2 Connection of Crystal Resonator (Example)
Table 17-2 Damping Resistance Value

Frequency (MHz) 2 4 8 12 16 20
R, (Q) 1k 500 200 0 0 0

Crystal resonator: Figure 17-3 shows the equivalent circuit of the crystal resonator. Use a cryste
resonator that has the characteristics shown in table 17-3 and the same resonance frequency a
system clock (2).

CL

L Rs
XTAL EXTAL

AT-cut parallel-resonance type

o—
S —

Figure 17-3 Crystal Resonator Equivalent Circuit

Table 17-3 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 12 16 20
R, max (Q) 500 120 80 60 50 40
C, max (pF) 7 7 7 7 7 7
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Note on Board DesignWhen a crystal resonator is connected, the following points should be
noted:

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 17-4.

When designing the board, place the crystal resonator and its load capacitors as close as possib
to the XTAL and EXTAL pins.

Avoid 4>SigpaIA SignaIB
C H8S/2245
i [ 1T ‘ XTAL
=) |
[ T : : EXTAL
Cu ] ]

Figure 17-4 Example of Incorrect Board Design
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17.3.2  External Clock Input

Circuit Configuration: An external clock signal can be input as shown in the examples in figure
17-5. If the XTAL pin is left open, make sure that stray capacitance is no more than 10 pF.

In example (b), make sure that the external clock is held high in standby mode.

EXTAL ﬂ_ﬂ_l_l_ External clock input

XTAL Open

(a) XTAL pin left open

EXTAL ; J_|_|_|_|_|_ External clock input
XTAL

(b) Complementary clock input at XTAL pin

Figure 17-5 External Clock Input (Examples)
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External Clock: The external clock signal should have the same frequency as the system clock

(2).
Table 17-4 and figure 17-6 show the input conditions for the external clock.
Table 17-4 External Clock Input Conditions

Vee=27V V=27V Vo =50V

to5.5V t0 5.5 V* + 10%
Item Symbol Min Max Min Max Min Max Unit Test Conditions
External clock  tg, 40 — 30 — 20 — ns Figure 17-6
input pulse
width low level
External clock  tg,, 40 — 30 — 20 — ns
input pulse
width high level
External clock  t., — 10 — 7.5 — 5 ns
rise time
External clock  t.,, — 10 — 7.5 — 5 ns
fall time
Clock pulse te 04 0.6 04 0.6 04 06 t,, @=5MHz Figure
width low level 80 — 80 — 80 — ns g<5MHz 19-4
Clock pulse ten 04 0.6 04 0.6 04 06 t,, @=25MHz
width high level 80 — 80 — 8 — ns B<5MHz

Note: * Does not apply to the HD6472246.

Table 17-5 and figure 17-6 show the external clock input conditions when the duty adjustment
circuit is not used. When the duty adjustment circuit is not used, the g output waveform depends
on the external clock input waveform, and therefore no specifications are provided.

530
RENESAS



Table 17-5 External Clock Input Conditions when Duty Adjustment Circuit Is Not Used

Vee=27V V=27V Vo =50V

to5.5V to 5.5 Vv* + 10%
ltem Symbol Min Max Min Max Min Max Unit Test Conditions
External clock  t.,, 50 — 375 — 25 — ns Figure 17-6
input pulse
width low level
External clock  tg, 50 — 375 — 25 — ns
input pulse
width high level
External clock  tg,, — 10 — 7.5 — 5 ns
rise time
External clock  t.,, — 10 — 7.5 — 5 ns
fall time

Notes: When the duty adjustment circuit is not used, the maximum operating frequency falls
according to the input waveform.
(Example: When t,, =t = 25 ns and t.,, = t.,; = 5 ns, the clock cycle time = 60 ns, and
therefore the maximum operating frequency = 16.7 MHz.)
* Does not apply to the HD6472246.

texH texe

EXTAL

Figure 17-6 External Clock Input Timing
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Note on External Clock Switchover:When using two or more external clocks (e.g. 10 MHz and
32 kHz), input clock switchover should be carried out in software standby mode.

A sample external clock switching circuit is shown in figure 17-7, and sample external clock
switchover timing in figure 17-8.

H8S/2245

External clock switchover request

Port output

Control External interrupt signal

circuit

A4

External interrupt

External clock switchover signal

External clock 1

EXTAL

Selector

External clock 2

Figure 17-7 Sample External Clock Switching Circuit
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Figure 17-8 Sample External Clock Switchover Timing
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17.4  Duty Adjustment Circuit

When the oscillator frequency is 5 MHz or higher, the duty adjustment circuit adjusts the duty
cycle of the clock signal from the oscillator to generate the system clock ().

17.5 Medium-Speed Clock Divider

The medium-speed clock divider divides the system clock to generate @/2, a/4, @/8, @/16, and @/-

17.6 Bus Master Clock Selection Circuit

The bus master clock selection circuit selects the system clock (@) or one of the medium-speed
clocks (a/2, @/4, or g/8, @/16, and @/32) to be supplied to the bus master, according to the setting
of the SCK2 to SCKO bits in SCKCR.
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Section 18 Power-Down Modes

18.1 Overview

In addition to the normal program execution state, the H8S/2245 Series has power-down modes
which operation of the CPU and oscillator is halted and power dissipation is reduced. Low-powe
operation can be achieved by individually controlling the CPU, on-chip supporting modules, and
S0 on.

The H8S/2245 Series operating modes are as follows:

(1) High-speed mode

(2) Medium-speed mode
(3) Sleep mode

(4) Module stop mode

(5) Software standby mode
(6) Hardware standby mode

Of these, (2) to (6) are power-down modes. Sleep mode is a CPU mode, medium-speed mode |
CPU and bus master mode, and module stop mode is an on-chip supporting module mode
(including bus masters other than the CPU). A combination of these modes can be set.

After a reset, the H8S/2245 Series is in high-speed mode.

Table 18-1 shows the conditions for transition to the various modes, the status of the CPU, on-c
supporting modules, etc., and the method of clearing each mode.
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Table 18-1 Operating Modes

Operating  Transition  Clearing CPU Modules
Mode Condition  Condition Oscillator Registers Registers  1/0O Ports
High speed Control register Functions High Functions High Functions High speed
mode speed speed
Medium- Control register Functions Medium Functions  High/  Functions  High speed
speed mode speed medium

speed **
Sleep mode Instruction Interrupt Functions Halted Retained High Functions High speed

speed
Module stop Control register Functions High/  Functions Halted Retained/ Retained
mode medium reset *2

speed

Software Instruction  External Halted Halted Retained Halted Retained/ Retained
standby interrupt reset *2
mode
Hardware Pin Halted Halted Undefined Halted Reset High
standby impedance
mode

Notes: 1. The bus master operates on the medium-speed clock, and other on-chip supporting

modules on the high-speed clock.

2. The SCI and A/D are reset, and other on-chip supporting modules retain their state.

18.1.1 Register Configuration

Power-down modes are controlled by the SBYCR, SCKCR, and MSTPCR registers. Table 18-2

summarizes these registers.

Table 18-2 Power-Down Mode Registers

Name Abbreviation R/W Initial Value Address *
Standby control register SBYCR R/W H'08 H'FF38
System clock control register SCKCR R/W H'00 H'FF3A
Module stop control register H MSTPCRH R/W H'3F H'FF3C
Module stop control register L MSTPCRL R/W H'FF H'FF3D

Note: * Lower 16 bits of the address.
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18.2  Register Descriptions

18.2.1 Standby Control Register (SBYCR)

Bit : 7 6 5 4 3 2 1 0

SSBY STS2 STS1 STSO OPE — — —
Initial value : 0 0 0 0 1 0 0 0
R/W : R/W R/W R/W R/W R/W — — —

SBYCR is an 8-bit readable/writable register that performs software standby mode control.

SBYCR is initialized to H'08 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Software Standby (SSBY):Specifies a transition to software standby mode. Remains set
to 1 when software standby mode is released by an external interrupt, and a transition is made
normal operation. The SSBY bit should be cleared by writing 0 to it.

Bit 7

SSBY Description

0 Transition to sleep mode after execution of SLEEP instruction (Initial value)
1 Transition to software standby mode after execution of SLEEP instruction

Bits 6 to 4—Standby Timer Select 2 to 0 (STS2 to STSO)hese bits select the time the MCU
waits for the clock to stabilize when software standby mode is cleared by an external interrupt.
With crystal oscillation, refer to table 18-4 and make a selection according to the operating
frequency so that the standby time is at least 8 ms (the oscillation stabilization time). With an
external clock, any selection can be made.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Standby time = 8192 states (Initial value)
1 Standby time = 16384 states
1 0 Standby time = 32768 states
1 Standby time = 65536 states
1 0 0 Standby time = 131072 states
1 Standby time = 262144 states
1 0 Reserved
1 Standby time = 16 states
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Bit 3—Output Port Enable (OPE): Specifies whether the output of the address bus and bus

in software standby mode.

Bit 3

OPE Description

0 In software standby mode, address bus and bus control signals are high-impedance

1 In software standby mode, address bus and bus control signals retain output state

(Initial value)

Bits 2 to 0—ReservedRead-only bits, always read as 0.

18.2.2  System Clock Control Register (SCKCR)
Bit : 7 6 5 4 3 2 1 0

PSTOP — — — — SCK2 SCK1 SCKO

Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W — — — R/W R/W R/W

SCKCR is an 8-bit readable/writable register that performs g clock output control and medium-
speed mode control.

SCKCR is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—@ Clock Output Disable (PSTOP):Controls g output.

Description
Bit 7 Normal Operating Software Standby Hardware Standby
PSTOP Mode Sleep Mode Mode Mode
0 @ output (initial value) @ output Fixed high High impedance
1 Fixed high Fixed high Fixed high High impedance

Bits 6—Reserved:This bit can be read or written to, but only 0 should be written.

Bits 5 to 3—ReservedRead-only bits, always read as 0.
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Bits 2 to 0—System Clock Select (SCK2 to SCKOT:hese bits select the clock for the bus
master.

Bit 2 Bit 1 Bit 0
SCK2 SCK1  SCKoO Description

0 0 0 Bus master in high-speed mode (Initial value)
1 Medium-speed clock is 8/2
1 0 Medium-speed clock is a/4
1 Medium-speed clock is a/8
1 0 0 Medium-speed clock is /16
1 Medium-speed clock is g/32
1 J— J—

18.2.3 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/IW RIW RIW RIW RIW RIW R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

MSTPCR is initialized to H'3FFF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 15 to 0—Module Stop (MSTP 15 to MSTP 0)These bits specify module stop mode. See
table 18-3 for the method of selecting on-chip supporting modules.

Bits 15 to O
MSTP15 to MSTPO Description

0 Module stop mode cleared

1 Module stop mode set
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18.3 Medium-Speed Mode

When the SCK2 to SCKO bits in SCKCR are set to 1, the operating mode changes to medium-
speed mode at the end of the bus cycle. In medium-speed mode, the CPU operates on the
operating clock (a/2, o/4, @/8, 8/16, or @/32) specified by the SCK2 to SCKO bits. The bus mastel
other than the CPU (DTC) also operate in medium-speed mode. On-chip supporting modules ott
than the bus masters always operate on the high-speed clock ().

In medium-speed mode, a bus access is executed in the specified number of states with respect
the bus master operating clock. For example, if @/4 is selected as the operating clock, on-chip
memory is accessed in 4 states, and internal 1/O registers in 8 states.

Medium-speed mode is cleared by clearing all of bits SCK2 to SCKO to 0. A transition is made to
high-speed mode and medium-speed mode is cleared at the end of the current bus cycle.

If a SLEEP instruction is executed when the SSBY bit in SBYCR is cleared to 0, a transition is
made to sleep mode. When sleep mode is cleared by an interrupt, medium-speed mode is restor

If a SLEEP instruction is executed when the SSBY bit in SBYCR is set to 1, a transition is made
to software standby mode. When software standby mode is cleared by an external interrupt,
medium-speed mode is restored.

When theRES pin is driven low, a transition is made to the reset state, and medium-speed mode i
cleared. The same applies in the case of a reset caused by overflow of the watchdog timer.

When theSTBY pin is driven low, a transition is made to hardware standby mode.
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Figure 18-1 shows the timing for transition to and clearance of medium-speed mode.

Medium-speed mode

~

a

supporting module
clock
Bus master clock

Internal address < SCKCR >< >< >< SCKCR >< >< >
bus

Internal write signal

Figure 18-1 Medium-Speed Mode Transition and Clearance Timing

18.4  Sleep Mode

If a SLEEP instruction is executed when the SSBY bit in SBYCR is cleared to 0, the CPU enters
sleep mode. In sleep mode, CPU operation stops but the contents of the CPU'’s internal register
are retained. Other supporting modules do not stop.

Sleep mode is cleared by a reset or any interrupt, and the CPU returns to the normal program
execution state via the exception handling state. Sleep mode is not cleared if interrupts are
disabled, or if interrupts other than NMI are masked by the CPU.

When theSTBY pin is driven low, a transition is made to hardware standby mode.
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18.5 Module Stop Mode

18.5.1 Module Stop Mode
Module stop mode can be set for individual on-chip supporting modules.

When the corresponding MSTP bit in MSTPCR is set to 1, module operation stops at the end of
the bus cycle and a transition is made to module stop mode. The CPU continues operating
independently.

Table 18-3 shows MSTP bits and the corresponding on-chip supporting modules.

When the corresponding MSTP bit is cleared to 0, module stop mode is cleared and the module
starts operating again at the end of the bus cycle. In module stop mode, the internal states of
modules other than the SCI and A/D are retained.

After reset clearance, all modules other than DTC are in module stop mode.

When an on-chip supporting module is in module stop mode, read/write access to its registers is
disabled.

If a transition is made to sleep mode when all modules are stopped (MSTPCR = H'FFFF) or
modules other than the 8-bit timers are stopped (MSTPCR = H'EFFF), operation of the bus
controller and I/O ports is also halted, enabling current dissipation to be further reduced.
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Table 18-3 MSTP Bits and Corresponding On-Chip Supporting Modules

Register Bit Module
MSTPCRH  MSTP15 —
MSTP14  Data transfer controller (DTC)
MSTP13  16-bit timer pulse unit (TPU)
MSTP12  8-bit timer
MSTP11 —
MSTP10 —
MSTP9 A/D converter
MSTP8 —

MSTPCRL MSTP7 Serial communication interface (SCI) channel 2
MSTP6 Serial communication interface (SCI) channel 1

MSTP5 Serial communication interface (SCI) channel 0
MSTP4 —
MSTP3 —
MSTP2 —
MSTP1 —
MSTPO —
Note: Bits 15, 11, 10, 8 and bits 4 to 0 can be read or written to, but do not affect operation.

18.5.2  Usage Notes

DTC Module Stop Mode: Depending on the operating status of the DTC, the MSTP14 bit may
not be set to 1. Setting of the DTC module stop mode should be carried out only when the DTC
not activated.

For details, refer to section 7, Data Transfer Controller (DTC).

On-Chip Supporting Module Interrupts: Relevant interrupt operations cannot be performed in
module stop mode. Consequently, if module stop mode is entered when an interrupt has been
requested, it will not be possible to clear the CPU interrupt source or DTC activation source.
Interrupts should therefore be disabled before entering module stop mode.

Writing to MSTPCR: MSTPCR should only be written to by the CPU.
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18.6  Software Standby Mode

18.6.1 Software Standby Mode

If a SLEEP instruction is executed when the SSBY bit in SBYCR is set to 1, software standby
mode is entered. In this mode, the CPU, on-chip supporting modules, and oscillator all stop.
However, the contents of the CPU’s internal registers, RAM data, and the states of on-chip
supporting modules other than the SCI and A/D, and I/O ports, are retained. Whether the addres
bus and bus control signals are placed in the high-impedance state or retain the output state can
specified by the OPE bit in SBYCR.

In this mode the oscillator stops, and therefore power dissipation is significantly reduced.

18.6.2 Clearing Software Standby Mode

Software standby mode is cleared by an external interrupt (NMI pin, of@tsto IRQ2), or by
means of th&ES pin orSTBY pin.

Clearing with an Interrupt: When an NMI or IRQO to IRQ2 interrupt request signal is input,

clock oscillation starts, and after the elapse of the time set in bits STS2 to STSO0 in SYSCR, stabl
clocks are supplied to the entire H8S/2245 Series chip, software standby mode is cleared, and
interrupt exception handling is started.

When clearing software standby mode with an IRQO to IRQ2 interrupt, set the corresponding
enable bit to 1 and ensure that no interrupt with a higher priority than interrupts IRQO to IRQ2 is
generated. Software standby mode cannot be cleared if the interrupt has been masked on the CI
side or has been designated as a DTC activation source.

Clearing with the RES Pin: When theRES pin is driven low, clock oscillation is started. At the
same time as clock oscillation starts, clocks are supplied to the entire H8S/2245 Series chip. Not
that theRES pin must be held low until clock oscillation stabilizes. WhenRES pin goes high,

the CPU begins reset exception handling.

Clearing with the STBY Pin: When theSTBY pin is driven low, a transition is made to hardware
standby mode.
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18.6.3  Setting Oscillation Stabilization Time after Clearing Software Standby Mode
Bits STS2 to STS0 in SBYCR should be set as described below.

Using a Crystal Oscillator: Set bits STS2 to STSO so that the standby time is at least 8 ms (the
oscillation stabilization time).

Table 18-4 shows the standby times for different operating frequencies and settings of bits STS
to STSO.

Table 18-4 Oscillation Stabilization Time Settings

20 16 12 10 8 6 4 2
STS2 STS1 STSO Standby Time MHz MHz MHz MHz MHz MHz MHz MHz Unit

0O 0 0  8192states 041 051 068 08 1.0 13 20 41 ms
16384 states 082 1.0 13 16 20 27 41

1 0 32768 states 16 20 27 33 41 55 |8.2]|164
1 65536 states 3.3 4.1 55 6.6 164 32.8
1 0 0 131072 states 6.6 | 8.2 |[10.9][13.1] 16.4 21.8 32.8 655
1 262144 states  |13.1]16.4 21.8 262 32.8 436 656 131.2
1 0 Reserved — — — — — — — — —
1 16 states 08 10 13 16 20 27 40 80 ps

E: Recommended time setting

Using an External Clock: Any value can be set. Normally, use of the minimum time is
recommended.

18.6.4  Software Standby Mode Application Example

Figure 18-2 shows an example in which a transition is made to software standby mode at the
falling edge on the NMI pin, and software standby mode is cleared at the rising edge on the NM

pin.

In this example, an NMI interrupt is accepted with the NMIEG bit in SYSCR cleared to 0 (falling
edge specification), then the NMIEG bit is set to 1 (rising edge specification), the SSBY bit is se
to 1, and a SLEEP instruction is executed, causing a transition to software standby mode.

Software standby mode is then cleared at the rising edge on the NMI pin.

545
RENESAS



osaittor | || | [ || [ 1] 1] ( il
))

- [JUUUUUY HIUUUL
NMI —* ( +

)
NMIEG
SSBY

NMI exception Software standby mode e NMI exception
handling (power-down mode) Oscillation handling
NMIEG=1 stabilization
SSBY=1 time

SLEEP instruction tosc2

Figure 18-2 Software Standby Mode Application Example

18.6.5 Usage Notes

I/0 Port Status: In software standby mode, 1/O port states are retained. If the OPE bit is set to 1,
the address bus and bus control signal output is also retained. Therefore, there is no reduction in
current dissipation for the output current when a high-level signal is output.

Current Dissipation during Oscillation Stabilization Wait Period: Current dissipation
increases during the oscillation stabilization wait period.
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18.7 Hardware Standby Mode

18.7.1 Hardware Standby Mode
When theSTBY pin is driven low, a transition is made to hardware standby mode from any mode

In hardware standby mode, all functions enter the reset state and stop operation, resulting in a
significant reduction in power dissipation. As long as the prescribed voltage is supplied, on-chip
RAM data is retained. 1/O ports are set to the high-impedance state.

In order to retain on-chip RAM data, the RAME bit in SYSCR should be cleared to 0 before
driving theSTBY pin low.

Do not change the state of the mode pins §MOMD,) while the H8S/2245 Series is in hardware
standby mode.

Hardware standby mode is cleared by means TR pin and thRES pin. When the§TBY

pin is driven high while th&ES pin is low, the reset state is set and clock oscillation is started.
Ensure that thRES pin is held low until the clock oscillation stabilizes (at least 8 ms—the
oscillation stabilization time—when using a crystal oscillator). WheR#Egpin is subsequently
driven high, a transition is made to the program execution state via the reset exception handling
state.

18.7.2  Hardware Standby Mode Timing
Figure 18-3 shows an example of hardware standby mode timing.

When theSTBY pin is driven low after thRES pin has been driven low, a transition is made to
hardware standby mode. Hardware standby mode is cleared by driv8ibBNepin high,
waiting for the oscillation stabilization time, then changingRRS pin from low to high.
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oseitator | | | [ || [ ]]]]] AT
RES }

STBY * +
& - -
Oscillation Reset
stabilization exception
time handling

Figure 18-3 Hardware Standby Mode Timing (Example)

18.8 g Clock Output Disabling Function

Output of the @ clock can be controlled by means of the PSTOP bit in SCKCR and DDR for the
corresponding port. When the PSTOP bit is set to 1, the g clock stops at the end of the bus cycle
and g output goes high. g clock output is enabled when the PSTOP bit is cleared to 0. When DD
for the corresponding port is cleared to 0, g clock output is disabled and input port mode is set.
Table 18-5 shows the state of the g pin in each processing mode.

Table 18-5 g Pin State in Each Processing Mode

DDR 0 1

PSTOP — 0 1
Hardware standby mode High impedance

Software standby mode High impedance Fixed high

Sleep mode High impedance @ output Fixed high
Normal operating mode High impedance @ output Fixed high
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Section 19 Electrical Characteristics

19.1  Absolute Maximum Ratings
Table 19-1 lists the absolute maximum ratings.

Table 19-1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Ve -0.3t0 +7.0 \%
Programming voltage Vop -0.3t0 +13.5 \%
Input voltage (except port 4) Vi, —0.3to V. +0.3 Y,
Input voltage (port 4) V., —0.3t0 AV, +0.3 \%
Reference voltage Voo —0.3t0 AV, +0.3 \%
Analog power supply voltage AV —-0.3t0 +7.0 \Y
Analog input voltage Vo —0.3t0 AV, +0.3 \%
Operating temperature Tonr Regular specifications: —20 to +75 °C
Wide-range specifications: —40 to +85 °C
Storage temperature Ty -55to +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
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19.2  Power Supply Voltage and Operating Frequency Ranges
Power supply voltage and operating frequency ranges (shaded areas) are shown in table 19-2.
Table 19-2 Power Supply Voltage and Operating Frequency Ranges

Condition A: All H8S/2245 Series products
Vee=2.7V1055V, A= 2.7 V1055V, V4= 2.7 V10 AVsg, Vs = AVgs =
0V, g = 32 kHz to 10 MHz, .= —20°C to +75°C (regular specifications),
T,=-40°C to +85°C (wide-range specifications)

Condition B: HD6432246, HD6432245, HD6432244, HD6432243, HD6432242, HD6432241R,
HD6412240
Vee=27V1055V, Al =2.7 V1055V, V4= 2.7 V10 AVsg, Vs = AVes =
0V, @ = 32 kHz to 13 MHz, .= —20°C to +75°C (regular specifications),
T,=-40°C to +85°C (wide-range specifications)

Condition C: All H8S/2245 Series products
Vee = 5.0 V £10%, AV = 5.0 V £10%, V= 4.5 V 10 AVsg, Ves= AVgs= 0V,
@ =2 MHz to 20 MHz, T=-20°C to +75°C (regular specifications),
T,=-40°C to +85°C (wide-range specificatipns
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Clock Supply |Crystal Resonator
Method Connection External Clock Input
DTC
TPU CPU I/O Ports
Operating SCI Bus controller 8-Bit Timers
Modules All Modules A/D Converter Interrupt Controller WDT
Condition A — -
N N
Z20M Z20M
10M |---- 10M |F----
2M p---- ‘ 2M bk
2kl | } 32K f---- |
‘ ! i | 1 i
0 2.7 4.5 5.5 0 2.7 4.5 5.5
Vee (V) Vee (V)
Condition B = —
N
Z20M | T 20M+
T13ME---- T13ME----
10M 10M |
2ZMf---- ; 2M f
s2kf | 32k [---- ‘
| 1 i | ! i
0 2.7 4.5 5.5 0 2.7 45 5.5
Vee (V) Vee (V)
Condition C =
T 20M |-emmmmmmomeeee
T 13M
10M
2M fmmmmmmem e ‘
32k 3 |
! | i
0 2.7 4.5 55
Vee (V)
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19.3 DC Characteristics
Table 19-3 lists the DC characteristics. Table 19-4 lists the permissible output currents.
Table 19-3 DC Characteristics

Conditions: Vb =5.0 V + 10%, AV.c = 5.0 V + 10%, Y = 4.5V 10 AV, Vss= AVgs= 0 V¥,
T,=-20to +75°C (regular specifications),T—40 to +85°C (wide-range

specifications)

ltem Symbol  Min Typ Max Unit Test Conditions
Schmitt Port 2, Vo 1.0 — — Y,
trigger input ~ IRQO to IRQ7 v, _ _ Ve x0.7 V
voltage V.-V~ 04 _ _ v
Input high RES, STBY, V, Vee—07 — Ve +t0.3 V
voltage NMI, MD,

to MD,

EXTAL Vee Xx0.7 — V+0.3 V

Port 1, 3, 5, 2.0 — V103 V

AtoG

Port 4 2.0 — AV, +0.3 V
Input low RES, STBY, V, -0.3 — 0.5 \Y
voltage MD, to MD,

NMI, EXTAL, -0.3 — 0.8 \Y,

Port 1, 3t0 5,

Ato G
Output high All output pins V, Vee-05 — — \% loy =—200 pA
voltage 3.5 S — Vo g =-1mA
Output low All output pins V, — — 0.4 \% o, = 1.6 MA
voltage Port1, Ato C — — 10 V. l,=10mA
Input RES | 1in | — — 10.0 MA V=
leakage STBY. NMI _ _ 1.0 0.5t0 V.05V
current MD, to MD,

Port 4 — — 1.0 HA V, =

0.5t0 AV, —0.5 V

Note: 1. If the A/D converter is not used, do not leave the AV, AV, and V., pins open.
Connect AV . and V,,to V., and connect AV to V.

ref
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Table 19-3 DC Characteristics (cont)

Conditions: Vb =5.0 V + 10%, AV.c = 5.0 V + 10%, Y = 4.5V t0 AV, Vss= AVgs= 0 V¥,
T,=-20to +75°C (regular specifications),T—40 to +85°C (wide-range

specifications)
Item Symbol  Min Typ Max Unit Test Conditions
Three-state Port1to 3, OO0 — — 1.0 AV, =
leakage 5At0G 0.5t0 V. -0.5V
current
(off state)
Input pull-up  PortAtoE -, 50 — 300 pA V=0V
MOS current
Input RES Ci, — — 80 pF V,=0V
capacitance NMI _ _ 50 pF f=1MHz
—_— T,=25°C
All input pins — — 15 pF
except RES
and NMI
Current Normal le*? — 50 75 mA =20 MHz
dissipation*>  operation (5.0V) (5.5V)
Sleep mode — 35 55 mA =20 MHz
5.0V) (5.5V)
All module — 35 — mA  Reference value
stop mode (5.0V) f=20 MHz
Medium speed — 25 — mA  Reference value
(2/32) mode 5.0V) f=20 MHz
Sleep, all — 5.0 10 mA f=20MHz
module stop B.0V)(5V)
and medium
speed (a/32)
mode
Standby — 0.01 5.0 MA  T,<50°C
mode** — — 200 50°C<T,
Analog power During A/D Al — 1.2 2.0 mA
supply current conversion
Idle — 0.01 5.0 HA
Reference During AID Al — 0.5 0.8 mA  V,=50V
current conversion
Idle — 0.01 5.0 HA
RAM standby voltage Vaam 2.0 — — \Y
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Notes: 1.
2.
3.
4,
554

If the A/D converter is not used, do not leave the AV, AV, and V., pins open.
Connect AV and V, to V., and connect AV to V.

Current dissipation values are for V,, min = V. -0.5 V and V, max = 0.5V with all
output pins unloaded and the on-chip pull-up transistors in the off state.

The values are for Vg, < Ve <4.5V, V,, min =V x 0.9, and V, max = 0.3 V.

lc depends on V. and f as follows:

lcc max = 2.0 (mA) + 0.67 (mA/(MHz x V)) x V. x f [normal mode]

lec max = 2.0 (mA) + 0.48 (mA/(MHz x V)) x V. x f [sleep mode]

lec max = 2.0 (mA) + 0.07 (mA/(MHz x V)) x V. x f [sleep, all module stop and medium
speed (2/32) mode]
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Table 19-3 DC Characteristics (cont)

Conditions: \be = 2.7 V10 5.5V, AV = 2.7 V10 5.5 V, V= 2.7 V t0 AV,

Vgs= AV = 0 V*1, T, = =20 to +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
Schmitt Port 2, Vo Ve x02 — — \Y
trigger input  IRQOto IRQ7 , — — Voo 0.7 V
voltage V' =V, Vgx007 — — v
Input high RES, STBY, V, Ve x09 — V103 V
voltage NMI, MD,
to MD,
EXTAL Vee Xx0.7 — Ve 403 V
Port 1, 3, 5, Ve x0.7 — V103 V
Ato G
Port4 Vee x0.7 — AV . +0.3 V
Input low RES, STBY, V, -0.3 — Ve x0.1 V
voltage MD, to MD,
NMI, EXTAL, -0.3 — Ve x02 V Vee<4.0V
Port1, 3to 5, _
Ato G 0.8 Vee=4.0t055V
Output high All output pins Vg, Ve-05 — — Y loy =—200 pA
voltage Vee-10 — — Vo g =-1mA
Output low All output pins V, — — 0.4 \% lo, =1.6 MA
voltage Port1,Ato C — — 10 V. V<4V
lo =5 mA
4V <V, <5V
lo. =10 mA
Input RES a0 — — 10.0 MA V=
current MD, to MD,
Port 4 — — 1.0 HA V, =
0.5to AV, —0.5V
Note: 1. If the A/D converter is not used, do not leave the AV ., AV, and V., pins open.

Connect AV and V

ref
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Table 19-3 DC Characteristics (cont)

Conditions: \,c=2.7V1t055V, A\ =2.7V1t055V, V=27V to AV,
Vgs= AV = 0 V¥, T, = —20 to +75°C (regular specifications),
T,=-40 to +85°C (wide-range specifications)

ltem Symbol  Min Typ Max Unit Test Conditions
Three-state Port1to 3, 0,0 — — 1.0 AV, =
leakage 5AtoG 0.5t0 V05V
current
(off state)
Input pull- Port AtoE I, 10 — 300 MA V., =27Vto
up current 55V,V,=0V
Input RES C. — — 80 pF V,=0V
capacitance  yMy _ _ 50 pF [=1MHz
—_— Ta =25°C
All input pins — — 15 pF
except RES
and NMI
Current Normal lec*? — 13 40 mA =10 MHz
dissipation*?  operation (3.0V) (5.5V)
— 18 52 f=13 MHz
(B.0V) (5.5V)
— 60 120 pA  f=32kHz,
Ve = 3.0 V#*°
Sleep mode — 9 28 mA =10 MHz
(B.0V) (5.5V)
— 12 37 f=13 MHz
(3.0V)(5.5V)
All module — 9 — mA  Reference value
stop mode (3.0V) f=10 MHz
— 12 — Reference value
3.0V) f=13 MHz
Medium speed — 6 — mA  Reference value
(2/32) mode (3.0V) f=10 MHz
— 8 — Reference value
3.0V) f=13 MHz
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Table 19-3 DC Characteristics (cont)

Conditions: \,c= 2.7V 1055V, A =27V 1t055V, V=27V to AV,
Vgs= AV = 0 V*1, T, = =20 to +75°C (regular specifications),
T, =-40 to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
Current Sleep, all It — 1.5 6.0 mA  f=10 MHz
dissipation*>  module stop (B.0V)(5V)
and medium — 25 15 f=13 MHz
speed (9/32) (3.0V) (5.5V)
mode
— 30 60 MA  f=32kHz,
Ve = 3.0 v*°
Standby — 0.01 5.0 MA  T,<50°C
mode** — — 200 50°C<T,
Analog power During AID Al — 0.4 1.0 mA  AV,=3.0V
supply current conversion _ 1.2 _ mA  AV_. =50V
. -« = 5.
Idle — 0.01 5.0 pA
Reference During AID Al — 0.3 0.6 mA V,=30V
power supply  conversion _ 05 _ mA V.=50V
. ref -
current
Idle — 0.01 5.0 pA
RAM standby voltage Vieam 2.0 — — \Y

Notes: 1. If the A/D converter is not used, do not leave the AV, AV, and V., pins open.
Connect AV . and V,to V., and connect AV to V.

2. Current dissipation values are for V,;, min = V. —-0.5 V and V,. max = 0.5V with all
output pins unloaded and the on-chip pull-up transistors in the off state.

3. The values are for Vg, <V <2.7 V, V,; min =V % 0.9, and V max = 0.3V.

4. |.. depends on V. and f as follows:
lec max = 2.0 (mA) + 0.67 (mA/(MHz xV)) x V. x f [normal mode]

lec max = 2.0 (mA) + 0.48 (MA/(MHz x V)) x V. x f [sleep mode]
lcc max = 2.0 (mA) + 0.07 (mA/(MHz xV)) x V. x f [sleep, all module stop and medium
speed (2/32) mode]

5. The current dissipation for 32 kHz operation is the value when the duty adjustment
circuit is stopped.
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Table 19-4 Permissible Output Currents

Conditions: \.c=2.7V 1055V, A =2.7t0 55V, Y;=2.7 V10 AV, Ves= AVgs=0V,
T,=-20to +75°C (regular specifications), Ta = —40 to +85°C (wide-range
specifications)

ltem Symbol Min Typ Max Unit
Permissible output Portl, Ato C lou — — 10 mA
low current (per pin) Other output pins — — 2.0 mA
Permissible output Total of 28 pins Sl — — 80 mA
low current (total) including port 1

and Ato C

Total of all output — — 120 mA

pins, including the

above
Permissible output All output pins —lon — — 2.0 mA
high current (per pin)
Permissible output Total of all output > —lon — — 40 mA
high current (total) pins

Notes: 1. To protect chip reliability, do not exceed the output current values in table 19-4.

2. When driving a darlington pair or LED, always insert a current-limiting resister in the
output line, as show in figures 19-1 and 19-2.

H8S/2245 Series

Port

Darlington Pair

Figure 19-1 Darlington Pair Drive Circuit (Example)
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H8S/2245 Series

600 Q
ANAN

Port1,Ato C

LED

Figure 19-2 LED Drive Circuit (Example)

19.4  AC Characteristics

Figure 19-3 show, the test conditions for the AC characteristics.

5V
RL
C=90pF: Portl, AtoF
C=30pF:Port2, 3,5 G
RL =24 kQ
RH =12 kQ

LSI output pin O , , lq

1/O timing test levels
C Ry e Low level: 0.8V

; « High level: 2.0V

Figure 19-3 Output Load Circuit
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19.4.1 Clock Timing
Table 19-5 lists the clock timing
Table 19-5 Clock Timing

Condition A: Vc=2.7Vt055V,A{.=2.7V1055V, V=27 V1o AV,
Vss=AVgs=0V, g =32 kHz to 10 MHz, = —20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition B: Vc=2.7t05.5V, A\c=2.7t05.5V, Y;=2.7 V t0 AV,
Vss=AVgs=0V, g = 32 kHz to 13 MHz, ;= -20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition C: W =5.0V +10%, AV =5.0V £ 10%, V= 4.5V to AV,
Vss=AVgss=0V, g =2to 20 MHz, J= -20 to +75°C (regular specifications),
T,=—-40 to +85°C (wide-range specifications)

Condition A Condition B Condition C

Test
ltem Symbol Min  Max Min  Max Min  Max Unit Conditions
Clock cycle time toe 100 31250 75 31250 50 500 ns Figure 19-4
Clock high pulse ten 35 — 25 — 20 — ns
width
Clock low pulse te 35 — 25 — 20 — ns
width
Clock rise time ter — 15 — 10 — 5 ns
Clock fall time te — 15 — 10 — 5 ns
Clock oscillator tosci 20 — 20 — 10 — ms  Figure 19-5
setting time at
reset (crystal)
Clock oscillator tosca 8 — 8 — 8 — ms Figure 18-2
setting time in
software standby
(crystal)
External clock toext 500 — 500 — 500 — ps Figure 19-5
output stabilization
delay time
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Figure 19-4 System Clock Timing

(C

(C

(C

Figure 19-5 Oscillator Settling Timing
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19.4.2

Control Signal Timing

Table 19-6 lists the control signal timing.

Table 19-6 Control Signal Timing

Condition A: Vee=2.7V105.5V, Alc=2.7 V1055V, \,;=2.7 V to AV,

Vss=AVgs=0V, g =32 kHz to 10 MHz, = —20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition B: V¢ =2.7Vt055V,A{:=2.7V1055V, V=27 V1o AV,
Vss=AVgs=0V, g = 32 kHz to 13 MHz, ;= -20 to +75°C (regular
specifications), T= —40 to +85°c (wide-range specifications)

Condition C: W =5.0V +10%, AV =5.0V £ 10%, V= 4.5V to AV,
Vss=AVgss=0V, g =2to 20 MHz, J= -20 to +75°C (regular specifications),
T,=—-40 to +85°C (wide-range specifications)

Condition A Condition B Condition C Test

ltem Symbol Min Max Min  Max Min  Max Unit Conditions

RES setup time trees 200 — 200 — 200 — ns  Figure 19-6

RES pulse width  taeqy 20 — 20 — 20 — teye

NMI reset setup tamirs 200 — 200 — 200 — ns

time

NMI reset hold tamir 200 — 200 — 200 —

time

NMI setup time tuwis 200 — 200 — 150 — ns Figure 19-7

NMI hold time tamn 10 — 10 — 10 —

NMI pulse width tamw 200 — 200 — 200 — ns

(exiting software

standby mode)

IRQ setup time tiros 200 — 200 — 150 — ns

IRQ hold time tiron 10 — 10 — 10 — ns

IRQ pulse width tirow 200 — 200 — 200 — ns

(exiting software
standby mode)
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RES \ /
tNMIRH

|
e ]

:<—> ( |
)] \
((
)]

s | tNMIH
NMI >< ¥ ><
! MW :
RQi X i X
(i=0to 2) ! tniéw 3
- tirgs : ' tirgn
5 E——
Edge input \ !
tirgs !

IRQ \
Level input ‘

Figure 19-7 Interrupt Input Timing
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19.4.3 Bus Timing
Table 19-7 lists the bus timing.
Table 19-7 Bus Timing

Condition A: Vc=2.7Vt055V,A{.=2.7V1055V, V=27 V1o AV,
Vss=AVgs=0V, g =32 kHz to 10 MHz, = —20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition B: Vc=2.7V1t055V,A{:.=27V1t055V, V=27 Vto AV,
Vss=AVgs=0V, g = 32 kHz to 13 MHz, ;= -20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition C: Wc=5.0V +10%, A\V.c =5.0 V + 10%, V= 4.5V to AV,
Vss=AVss=0V, g =2to 20 MHz, J=-20 to +75°C (regular specifications),
T,=—-40 to +85°C (wide-range specifications)

Condition A Condition B Condition C Test
ltem Symbol Min Max Min Max Min Max Unit Conditions
Address tao — 40 — 35 — 20 ns Figure 19-8
delay time to
Address tas 05x — 05x — 0.5 x — ns  Figure 19-12
setup time ty. — 30 ty.—20 ty. — 15
Address tan 05x — 05x — 0.5 x — ns
hold time ty. — 20 t,.—15 t,. — 10
CSdelay t.o — 40 — 35 — 20 ns
time
ASdelay t,q — 60 — 50 — 30 ns
time
RD delay  tqpgp, — 60 — 45 — 30 ns
time 1
RD delay  tqpqp, — 60 — 45 — 30 ns
time 2
Read data  tgps 30 — 30 — 15 — ns
setup time
Read data tp, 0 — 0 — 0 — ns
hold time
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Table 19-7 Bus Timing (cont)

Condition A: Vc=2.7Vto55V, A{.=2.7V1055V, V,=2.7 V1o AV,
Vss=AVgs=0V, g =32 kHz to 10 MHz, = —20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition B: V,c=2.7V1t055V,A{:.=27V1t055V, V=27 Vto AV,
Vss=AVgs=0V, g = 32 kHz to 13 MHz, . -20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition C: W =5.0V +10%, AV =5.0 V + 10%, V= 4.5V to AV
Vss=AVgss=0V, g =2to 20 MHz, J=-20 to +75°C (regular specifications),
T,=-40 to +85°C (wide-range specifications)

Condition A Condition B Condition C

Test
Item Symbol Min Max Min Max Min Max Unit Conditions
Read data t,.; — 1.0 x — 1.0 x — 1.0 x ns Figure 19-8
access t,. —50 tye — 55 tye —25 to
time 1 Figure 19-12
Read data  t,., — 1.5x% — 15x% — 1.5x% ns
access t,. —50 t,.—55 ty.—25
time 2
Read data  tycc, — 2.0x — 2.0 % — 2.0 x ns
access ty. —50 ty. —55 tye —25
time 3
Read data t,., — 2.5x — 2.5x — 2.5x ns
access t,. —50 tye — 55 tye —25
time 4
Read data  t,..s — 3.0 x — 3.0 x — 3.0 x ns
access t,. —50 t,.—55 ty.—25
time 5
WR delay  typo, — 60 — 45 — 30 ns
time 1
WRdelay  tymos — 60 — 50 — 30 ns
time 2
WR pulse  tyem 1.0x — 1.0x — 1.0x  — ns
width 1 t.,. — 40 t.,. — 30 ty. — 20
WRpulse  tyew, 15x — 15x — 15x  — ns
width 2 ty,c — 40 t,,. — 30 te,e — 20

cyc cyc cyc
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Table 19-7 Bus Timing (cont)

Condition A: Vc=2.7Vt055V,A{.=2.7V1t055V, V=27 V1o AV,
Vss=AVgs=0V, g =32 kHz to 10 MHz, = —20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition B: V;c=2.7Vt055V, AL.=2.7V1t055V, V;=2.7 V1o AV,
Vss=AVgs=0V, g = 32 kHz to 13 MHz, ;= -20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition C: V. =5.0V £ 10%, A\ =5.0 V £ 10%, Y,;=4.5V to AV,

Vss=AVss=0V, g =2to 20 MHz, J=-20 to +75°C (regular specifications),
T,=-40 to +85°C (wide-range specifications)
Condition A Condition B Condition C Test

ltem Symbol Min Max Min Max Min Max Unit Conditions

Write data  t,pp — 60 — 60 — 30 ns Figure 19-8

delay time to

Write data  t,s 0 — 0 — 0 — ns  Figure 19-12

setup time

Write data  t,p, 20 — 20 — 10 — ns

hold time

WAIT twrs 60 — 50 — 30 — ns Figure 19-10

setup time

WAIT hold  t,qy 10 — 10 — 5 — ns

time

BREQ toros 60 — 50 — 30 — ns  Figure 19-13

setup time

BACK tanco — 60 — 50 — 30 ns

delay time

Bus-floating tg,; — 100 — 80 — 50 ns

time

BREQO taroon — 60 — 50 — 30 ns Figure 19-14

delay time

566

RENESAS



Az to Ay
CS3to CSO
(read)

D;5 to Dy
(read)

D;5 to Dy
(write)
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Figure 19-9 Basic Bus Timing (Three-State Access)

D15 to DO

(write)
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A3 to A

S3 to CSO

[®]

RD

(read)

Dy5to Dy
(read)

=

HWR, L

(write)

D5 to Dy

(write)

WAIT

Figure 19-10 Basic Bus Timing (Three-State Access with One Wait State)
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Figure 19-11 Burst ROM Access Timing (Two-State Access)
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Figure 19-13 External Bus Release Timing

Figure 19-14 External Bus Request Output Timing

572

RENESAS



19.4.4  Timing of On-Chip Supporting Modules
Table 19-8 lists the timing of on-chip supporting modules.
Table 19-8 Timing of On-Chip Supporting Modules

Condition A: Vc=2.7V1t055V,A{.=2.7V1t055V, V;=2.7 Vto AV,
V¢s=AVgss=0V, g =32 kHz to 10 MHz (I/O port, TMR, WDT),
g =2to 10 MHz (TPU, SCI, A/D converter), ¥ —20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition B: V,c=2.7Vto55V,A{:=2.7V1t055V, V=27 V1o AV,
Vss=AVgs=0V, g = 32 kHz to 13 MHz (I/O port, TMR, WDT),
@ = 2to 13 MHz (TPU, SCI, A/D converter), ¥ -20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition C: \.c=5.0V +10%, AV =5.0V £ 10%, Y, =4.5V to AV,
Ves=AVgs=0V, g =2to 20 MHz, J= —20 to +75°C (regular specifications),
T,=-40 to +85°C (wide-range specifications)

Condition A Condition B Condition C

Test

Item Symbol Min Max Min Max Min Max Unit Conditions
I/0 Output data delay t,,p — 100 — 75 — 50 ns Figure
port time 19-15

Input data setup  tpgs 50 — 50 — 30 —

time

Input data hold torn 50 — 50 — 30 —

time
TPU Timer output troco — 100 — 75 — 50 ns Figure

delay time 19-16

Timer input setup  t;,q 50 — 40 — 30 —

time

Timer clock input =ty 50 — 0 — 30 — ns Figure

setup time 19-17

Timer  Single  ticuwm 15 — 15 — 15 — toye

clock edge

pulse  goin 25 — 25 — 25 —

. TCKWL " ' .
width edges
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Table 19-8 Timing of On-Chip Supporting Modules (cont)

Condition A: Vc=2.7V1t055V,A\{.=2.7V1t055V, V=27 Vto AV,
Vss=AVgs=0V, g =32 kHz to 10 MHz (I/O port, TMR, WDT),
@ =21to 10 MHz (TPU, SCI, A/D converter), ¥ —-20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition B: V,c=2.7Vt055V,A{.=2.7V1t055V, V=27 V1o AV,
Vss=AVgs=0V, g = 32 kHz to 13 MHz (I/O port, TMR, WDT),
@ = 2to 13 MHz (TPU, SCI, A/D converter), ¥ —-20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition C: \,c=5.0V +10%, A\ =5.0V £ 10%, {,; =4.5V to AV,
Vss=AVgs=0V, g =2to 20 MHz, J= —20 to +75°C (regular specifications),
T,=-40 to +85°C (wide-range specifications)

Condition A Condition B Condition C

Test
ltem Symbol Min Max Min Max Min Max Unit Conditions
8-bit Timer output trvon — 100 — 75 — 50 ns Figure
timer  delay time 19-18

Timer reset input  toyss 50 — 50 — 30 — ns Figure
setup time 19-20
Timer clock input  tgy,c 50 — 50 — 30 — ns Figure
setup time 19-19
Timer  Single | S 15 — 15 — 15 — toye
clock edge
pulse  goth ¢ 25 — 25 — 25 —
. TMCWL " . .
width edges
WDT  Overflow output  tyoup — 100 — 75 — 50 ns Figure
delay time 19-21
SCI Input  Asynchro- tg, 4 — 4 — 4 — t,. Figure
clock  nous 19-22
cycle  synchro- 6 — 6 — 6 —
nous
Input clock pulse  tggw 04 0.6 04 0.6 04 0.6 tseye
width
Input clock rise tscur — 15 — 15 — 15 toye
time
Input clock fall tscxs — 15 — 15 — 15
time
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Table 19-8 Timing of On-Chip Supporting Modules (cont)

Condition A: Vc=2.7V1t055V,A\{.=2.7V1t055V, V;=2.7 Vto AV,
V¢s=AVgss=0V, g =32 kHz to 10 MHz (I/O port, TMR, WDT),
g =2to 10 MHz (TPU, SCI, A/D converter), ¥ —20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition B: V,c=2.7Vto55V,A{:=2.7V1t055V, V;=2.7 V1o AV,
Vss=AVgs=0V, g = 32 kHz to 13 MHz (I/O port, TMR, WDT),
@ = 2to 13 MHz (TPU, SCI, A/D converter), ¥ -20 to +75°C (regular
specifications), T= —40 to +85°C (wide-range specifications)

Condition C: \.c=5.0V +10%, AV =5.0V £ 10%, Y, =4.5V to AV,
Ves=AVgs=0V, g =2to 20 MHz, J= —20 to +75°C (regular specifications),
T,=-40 to +85°C (wide-range specifications)

Condition A Condition B Condition C

Test
ltem Symbol Min Max Min Max Min Max Unit Conditions
SCI Transmit data tro — 100 — 75 — 50 ns Figure

delay time 19-23

Receive data taxs 100 — 7% — 50 — ns

setup time

(synchronous)

Receive data taxn 100 — 7% — 50 — ns

hold time

(synchronous)
A/D Trigger input tires 50 — 40 — 30 — ns Figure
con- setup time 19-24

verter
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Port1to 5, :
Ato G (read) >< ><

Port1to 3, 5, ><i
A to G (write) \

Figure 19-15 1/O Port Input/Output Timing

itroco !
- 1
Output compare ‘ 55 1
output* >< |
55 i
trics!

‘

Input capture
input*

Note: * TIOCAO to TIOCAZ2, TIOCBO to TIOCB2, TIOCCO, TIOCDO

Figure 19-16 TPU Input/Output Timing

576
RENESAS




trekwe trekwH

Figure 19-17 TPU Clock Input Timing

TMOO0, TMO1 ><

trmes trvcs
4>:—:<— [ —»:—:<—
— ‘ )] -
TMCIO, TMCI1 « /| 3\1
| )) L |

trmewL trmewH

Figure 19-19 8-Bit Timer Clock Input Timing

TMRIO, TMRI1 /

Figure 19-20 8-Bit Timer Reset Input Timing
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- . -l
WDTOVF \ /

Figure 19-21 WDT Output Timing

. sokw tscir Iscki
SCKO to SCK2 m
‘ tScyc

Figure 19-22 SCK Clock Input Timing

SCKO to SCK2 m

trxp
4.4—:47

TxDO to TxD2 >< >< m >< ><
Transmit data \ L

trxs! 'tRxH
| [ |
L

RxDO0 to RxD2 / \
Receive data \ /

Figure 19-23 SCI Input/Output Timing Synchronous Mode

Figure 19-24 A/D Converter External Trigger Input Timing

578
RENESAS




19.5 A/D Conversion Characteristics
Table 19-9 lists the A/D conversion characteristics.
Table 19.9 A/D Conversion Characteristics

Condition A: Vee=2.7V105.5V, Alc=2.7 V1055V, \,;=2.7 V t0 AVs,

Vss=AVgs=0V, g = 2 to 10 MHz, J= -20 to +75°C (regular specifications),

T,=-40 to +85°C (wide-range specifications)

Condition B: Vee=2.7V105.5V, Alc=2.7V105.5V, ;= 2.7 V to AV,

Vss=AVgss=0V, g =2to 13 MHz, J=-20 to +75°C (regular specifications),

T, =-40 to +85°C (wide-range specifications)

Condition C: \fe=5.0 V + 10%, A\ = 5.0 V + 10%, V= 4.5 VV to AV,

Vss=AVgs=0V, g =2to 20 MHz, J=-20 to +75°C (regular specifications),

T,=-40 to +85°C (wide-range specifications)

Condition A Condition B Condition C
Item Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 bits
Conversion time — — 13.4 — — 10.1 — — 6.7 us
Analog input — — 20 — — 20 — — 20 pF
capacitance
Permissible signal- — — 10%t — — 10%t — — 10%3 kQ
source impedance _ 5x2 _ _ 5*2 _ _ 5x4
Nonlinearity error — — 6.0 — — +6.0 — — +3.0 LSB
Offset error — — +4.0 — — +4.0 — — +2.0 LSB
Full-scale error — — +4.0 — — +4.0 — — +2.0 LSB
Quantization error — — +0.5 — — +0.5 — — +0.5 LSB
Absolute accuracy — — — +8.0 — — +8.0 — — +4.0 LSB

Notes: 1. 40<AV.,.<55V
2. 27TV <AV, <40V
3. <12 MHz
4. g>12 MHz

RENESAS
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19.6 Usage Notes

Although both the ZTAT and mask ROM versions fully meet the electrical specifications listed in
this manual, due to differences in the fabrication process, the on-chip ROM, and the layout
patterns, there will be differences in the actual values of the electrical characteristics, the operatil
margins, the noise margins, and other aspects.

Therefore, if a system is evaluated using the ZTAT version, a similar evaluation should also be
performed using the mask ROM version.
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Appendix A Instruction Set

Al Instruction List

Operand Notation

Rd General register (destination)*
Rs General register (source)*

Rn General register*

ERnN General register (32-bit register)
(EAd) Destination operand

(EAS) Source operand

EXR Extended control register

CCR Condition-code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\% V (overflow) flag in CCR

Cc C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Add

- Subtract

X Multiply

- Divide

O Logical AND

O Logical OR

O Logical exclusive OR

o Move

- Logical NOT (logical complement)
() <> Contents of effective address of the operand
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to

R7, EO to E7), and 32-bit registers (ERO to ER7).
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Condition Code Notation

Symbol
0 Changes according to the result of instruction
* Undetermined (no guaranteed value)
0 Always cleared to 0
Always set to 1
— Not affected by execution of the instruction
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Operation Code Map
Table A-2 shows the operation code map.
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A.3 Number of States Required for Instruction Execution

The tables in this section can be used to calculate the number of states required for instruction
execution by the H8S/2000 CPU. Table A-4 indicates the number of instruction fetch, data
read/write, and other cycles occurring in each instruction. Table A-3 indicates the number of sta
required for each cycle, depending on its size. The number of states required for execution of ar
instruction can be calculated from these two tables as follows:

Execution states =4 §+ Jx §+ Kx S +Lx S+ Mx §, + Nx §;

Examples: Advanced mode, program code and stack located in external memory, on-chip
supporting modules accessed in two states with 8-bit bus width, external devices accessed in th
states with one wait state and 16-bit bus width.

1. BSET #0, @FFFFC7:8
From table A-4:
I=L=2, J=K=M=N=0
From table A-3:
S=4, $=2
Number of states required for execution x 2 + 2x 2 = 12
2. JSR @@30
From table A-4:
I=J=K=2, L=M=N=0
From table A-3:
$=5=5=4

Number of states required for execution x 2 + 2x 4 + 2x 4 = 24
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Table A-3 Number of States per Cycle

Access Conditions

On-Chip Supporting

External Device

Module 8-Bit Bus 16-Bit Bus
On-Chip 8-Bit 16-Bit 2-State  3-State 2-State  3-State
Memory Bus Bus Access  Access Access  Access
Instruction fetch Sl 1 4 2 4 6 +2m 2 3+m
Branch addressread SJ
Stack operation SK
Byte data access SL 3+m
Word data access SM 4 4 6 +2m
Internal operation SN 1 1 1 1 1 1 1

Legend

m: Number of wait states inserted into external device access
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Table A-4 Number of Cycles in Instruction Execution

Branch
Instruction Address Stack Byte Data Word Data Internal
Fetch Read Operation  Access Access Operation
Instruction  Mnemonic | J K L M N
ADD ADD.B #xx:8,Rd
ADD.B Rs,Rd
ADD.W #xx:16,Rd
ADD.W Rs,Rd

ADD.L #xx:32,ERd
ADD.L ERs,ERd

ADDS ADDS #1/2/4,ERd

ADDX ADDX #xx:8,Rd
ADDX Rs,Rd

AND AND.B #xx:8,Rd
AND.B Rs,Rd
AND.W #xx:16,Rd
AND.W Rs,Rd
AND.L #xx:32,ERd
AND.L ERs,ERd

ANDC AND.B #xx:8,CCR
ANDC #xx:8,EXR

BAND BAND #xx:3,Rd
BAND #xx:3,@ERd
BAND #xx:3,@aa:8
BAND #xx:3,@aa:16
BAND #xx:3,@aa:32

e S S

Bcc BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8
BLS d:8
BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8
BEQ d:8
BVC d:8
BVS d:8
BPL d:8
BMI d:8
BGE d:8
BLT d:8
BGT d:8
BLE d:8
BRA d:16 (BT d:16)
BRN d:16 (BF d:16)

N DR RN RNNRNNMRNMNOMNMNNNMNNNNMNNDMNODMNEONODNEINRINWOWRNERERER(RR|IRPIP®WRN R R
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Table A-4 Number of Cycles in Instruction Execution (cont)

Branch
Instruction Address Stack Byte Data Word Data Internal
Fetch Read Operation  Access Access Operation

Instruction Mnemonic | J K L M N

Bcc BHI d:16
BLS d:16
BCC d:16 (BHS d:16)
BCS d:16 (BLO d:16)
BNE d:16
BEQ d:16
BVC d:16
BVS d:16
BPL d:16
BMI d:16
BGE d:16
BLT d:16
BGT d:16
BLE d:16

N T T = T e e

BCLR BCLR #xx:3,Rd
BCLR #xx:3,@ERd
BCLR #xx:3,@aa:8
BCLR #xx:3,@aa:16
BCLR #xx:3,@aa:32
BCLR Rn,Rd
BCLR Rn,@ERd
BCLR Rn,@aa:8
BCLR Rn,@aa:16
BCLR Rn,@aa:32

N N NN

NN NN

BIAND BIAND #xx:3,Rd
BIAND #xx:3,@ERd
BIAND #xx:3,@aa:8
BIAND #xx:3,@aa:16
BIAND #xx:3,@aa:32

[ =S

BILD BILD #xx:3,Rd
BILD #xx:3,@ERd
BILD #xx:3,@aa:8
BILD #xx:3,@aa:16
BILD #xx:3,@aa:32

T

BIOR BIOR #xx:8,Rd
BIOR #xx:8,@ERd
BIOR #xx:8,@aa:8
BIOR #xx:8,@aa:16
BIOR #xx:8,@aa:32

AW NN PRI ONDNDERPRPBERONDNDERERPBR ONDNDEDSEOGNDNDEINDNDDNDDNDDNDDNDDNDNDNDDNDDNDDNDDNDNDNDDN

[N S ==
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Table A-4 Number of Cycles in Instruction Execution (cont)

Instruction

Mnemonic

Instruction

Fetch

Branch
Address
Read

Byte Data Word Data Internal
Access Access

Operation

J K

M N

BIST

BIST #xx:3,Rd
BIST #xx:3,@ERd
BIST #xx:3,@aa:8
BIST #xx:3,@aa:16
BIST #xx:3,@aa:32

N N NN

BIXOR

BIXOR #xx:3,Rd
BIXOR #xx:3,@ERd
BIXOR #xx:3,@aa:8
BIXOR #xx:3,@aa:16
BIXOR #xx:3,@aa:32

T

BLD

BLD #xx:3,Rd
BLD #xx:3,@ERd
BLD #xx:3,@aa:8
BLD #xx:3,@aa:16
BLD #xx:3,@aa:32

T

BNOT

BNOT #xx:3,Rd
BNOT #xx:3,@ERd
BNOT #xx:3,@aa:8
BNOT #xx:3,@aa:16
BNOT #xx:3,@aa:32
BNOT Rn,Rd

BNOT Rn,@ERd
BNOT Rn,@aa:8
BNOT Rn,@aa:16
BNOT Rn,@aa:32

N N NN

N N NN

BOR

BOR #xx:3,Rd
BOR #xx:3,@ERd
BOR #xx:3,@aa:8
BOR #xx:3,@aa:16
BOR #xx:3,@aa:32

L

BSET

BSET #xx:3,Rd
BSET #xx:3,@ERd
BSET #xx:3,@aa:8
BSET #xx:3,@aa:16
BSET #xx:3,@aa:32
BSET Rn,Rd

BSET Rn,@ERd
BSET Rn,@aa:8
BSET Rn,@aa:16
BSET Rn,@aa:32

AW NN PEFP B OODNMNDNDPRPRPBARONMNDNDERERPIBRARONMNDNDEDSEONDNDPRPIAONDNDPRPRPID®DOGNONDNDPRPIBD_AO®NDDNDPR

N N NN

N N NN

RENESAS
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Table A-4 Number of Cycles in Instruction Execution (cont)

Branch
Instruction Address Stack Byte Data Word Data Internal
Fetch Read Operation  Access Access Operation

Instruction Mnemonic | J K L M N

BSR BSR d:8 Normal

Advanced

BSR d:16 Normal

N (BN

Advanced

BST BST #xx:3,Rd
BST #xx:3,@ERd
BST #xx:3,@aa:8
BST #xx:3,@aa:16
BST #xx:3,@aa:32

N N NN

BTST BTST #xx:3,Rd
BTST #xx:3,@ERd
BTST #xx:3,@aa:8
BTST #xx:3,@aa:16
BTST #xx:3,@aa:32
BTST Rn,Rd
BTST Rn,@ERd
BTST Rn,@aa:8
BTST Rn,@aa:16
BTST Rn,@aa:32

R S

R S

BXOR BXOR #xx:3,Rd
BXOR #xx:3,@ERd
BXOR #xx:3,@aa:8
BXOR #xx:3,@aa:16
BXOR #xx:3,@aa:32

[ S N

CMP CMP.B #xx:8,Rd
CMP.B Rs,Rd
CMP.W #xx:16,Rd
CMP.W Rs,Rd
CMP.L #xx:32,ERd
CMP.L ERs,ERd

DAA DAA Rd
DAS DAS Rd
DEC DEC.BRd

DEC.W #1/2,Rd
DEC.L #1/2,ERd

P R(NNP R RIRP(RPIP WP, NRRBEONMNDMEAMEO®NONNEDWOWNNDIER|[BMEOWNMDNDERE|NMIMIM|N

DIVXS DIVXS.B Rs,Rd 11
DIVXS.W Rs,ERd 19
DIVXU DIVXU.B Rs,Rd 11
DIVXU.W Rs,ERd 19
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Table A-4 Number of Cycles in Instruction Execution (cont)

Instruction

Mnemonic

Instruction

Fetch

Branch
Address
Read

Stack
Operation

Byte Data

Access

Word Data
Access

Operation

J K

M

N

EEPMOV

EEPMOV.B
EEPMOV.W

2n + 2*?2
2n + 2*?2

EXTS

EXTS.W Rd
EXTS.L ERd

EXTU

EXTU.W Rd
EXTU.L ERd

INC

INC.B Rd
INC.W #1/2,Rd
INC.L #1/2,ERd

JMP

JMP @ERnN
JMP @aa:24

JMP @@aa:8

Normal

Advanced

JSR

JSR @ERnN

Normal

Advanced

JSR @aa:24

Normal

Advanced

JSR @@aa:8

Normal

Advanced

N (R[NP NP

LDC

LDC #xx:8,CCR
LDC #xx:8,EXR
LDC Rs,CCR
LDC Rs,EXR
LDC @ERs,CCR
LDC @ERs,EXR

LDC @(d:16,ERs),CCR
LDC @(d:16,ERs),EXR
LDC @(d:32,ERs),CCR
LDC @(d:32,ERs),EXR

LDC @ERs+,CCR
LDC @ERs+,EXR
LDC @aa:16,CCR
LDC @aa:16,EXR
LDC @aa:32,CCR
LDC @aa:32,EXR

e e e = e

LDM

LDM.L @SP+,(ERn-ERn+1)
LDM.L @SP+,(ERn-ERn+2)
LDM.L @SP+,(ERn-ERn+3)

RENESAS
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Table A-4 Number of Cycles in Instruction Execution (cont)

Branch
Instruction Address Stack Byte Data Word Data Internal
Fetch Read Operation  Access Access Operation

Instruction Mnemonic | J K L M N

MOV MOV.B #xx:8,Rd
MOV.B Rs,Rd
MOV.B @ERs,Rd
MOV.B @(d:16,ERs),Rd
MOV.B @(d:32,ERs),Rd
MOV.B @ERs+,Rd
MOV.B @aa:8,Rd
MOV.B @aa:16,Rd
MOV.B @aa:32,Rd
MOV.B Rs,@ERd
MOV.B Rs,@(d:16,ERd)
MOV.B Rs,@(d:32,ERd)
MOV.B Rs,@-ERd
MOV.B Rs,@aa:8
MOV.B Rs,@aa:16
MOV.B Rs,@aa:32
MOV.W #xx:16,Rd
MOV.W Rs,Rd
MOV.W @ERs,Rd
MOV.W @(d:16,ERs),Rd
MOV.W @(d:32,ERs),Rd
MOV.W @ERs+,Rd
MOV.W @aa:16,Rd
MOV.W @aa:32,Rd
MOV.W Rs,@ERd
MOV.W Rs,@(d:16,ERd)
MOV.W Rs,@(d:32,ERd)
MOV.W Rs,@-ERd
MOV.W Rs,@aa:16
MOV.W Rs,@aa:32
MOV.L #xx:32,ERd
MOV.L ERs,ERd
MOV.L @ERs,ERd
MOV.L @(d:16,ERs),ERd
MOV.L @(d:32,ERs),ERd
MOV.L @ERs+,ERd
MOV.L @aa:16,ERd
MOV.L @aa:32,ERd
MOV.L ERs,@ERd
MOV.L ERs,@(d:16,ERd)
MOV.L ERs,@(d:32,ERd)

R R R R R R R PR R R P R R R

g W N A WN OO WDNEFEP W WOWDNEFP BADNDNP ODNMEPEBAADNDMNEEFPDNODNMPPRPAEDNDNMNE ODNERPRPRPRPBMADNDPRPPRP P
e e

N N NN N DN DN NN
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Table A-4 Number of Cycles in Instruction Execution (cont)

Branch
Instruction Address Stack Byte Data Word Data Internal
Fetch Read Operation  Access Access Operation

Instruction  Mnemonic | J K L M N
MOV MOV.L ERs,@-ERd 2 2 1
MOV.L ERs,@aa:16 3 2
MOV.L ERs,@aa:32 4 2

MOVFPE MOVFPE @:aa:16,Rd Cannot be used in the H8S/2245 Series

MOVTPE MOVTPE Rs,@:aa:16 Cannot be used in the H8S/2245 Series

MULXS MULXS.B Rs,Rd
MULXS.W Rs,ERd

11
19

MULXU MULXU.B Rs,Rd
MULXU.W Rs,ERd

11
19

NEG NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP NOP

NOT NOT.B Rd
NOT.W Rd
NOT.L ERd

OR OR.B #xx:8,Rd
OR.B Rs,Rd
OR.W #xx:16,Rd
OR.W Rs,Rd
OR.L #xx:32,ERd
OR.L ERs,ERd

ORC ORC #xx:8,CCR
ORC #xx:8,EXR

POP POP.W Rn
POP.L ERn

PUSH PUSH.W Rn
PUSH.L ERn

N PN e
[ S TSN

ROTL ROTL.B Rd
ROTL.B #2,Rd
ROTL.W Rd
ROTL.W #2,Rd
ROTL.L ERd
ROTL.L #2,ERd

ROTR ROTR.B Rd
ROTR.B #2,Rd
ROTR.W Rd
ROTR.W #2,Rd
ROTR.L ERd
ROTR.L #2,ERd

P R R R P R[RP R PR RPRRPINREPINREPINEPINOR NP RIRPRRPR(R[IP P RR R[N
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Table A-4 Number of Cycles in Instruction Execution (cont)

Instruction

Mnemonic

Branch
Address Stack
Read Operation

Word Data
Access

Internal
Operation

Instruction
Fetch

Byte Data
Access

J K L M N

ROTXL

ROTXL.B Rd
ROTXL.B #2,Rd
ROTXL.W Rd
ROTXL.W #2,Rd
ROTXL.L ERd
ROTXL.L #2,ERd

ROTXR

ROTXR.B Rd
ROTXR.B #2,Rd
ROTXR.W Rd
ROTXR.W #2,Rd
ROTXR.L ERd
ROTXR.L #2,ERd

RTE

RTE

2/3 ** 1

RTS

RTS

Normal

Advanced

SHAL

SHAL.B Rd
SHAL.B #2,Rd
SHAL.W Rd
SHAL.W #2,Rd
SHAL.L ERd
SHAL.L #2,ERd

SHAR

SHAR.B Rd
SHAR.B #2,Rd
SHAR.W Rd
SHAR.W #2,Rd
SHAR.L ERd
SHAR.L #2,ERd

SHLL

SHLL.B Rd
SHLL.B #2,Rd
SHLL.W Rd
SHLL.W #2,Rd
SHLL.L ERd
SHLL.L #2,ERd

SHLR

SHLR.B Rd
SHLR.B #2,Rd
SHLR.W Rd
SHLR.W #2,Rd
SHLR.L ERd
SHLR.L #2,ERd

SLEEP

SLEEP

RPlRr PR R P RP R PR RRPR(PRPRRPRRPRRRIPRPRRRRPLRRPRINININIRP PR RRRIR R PR R R R
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Table A-4 Number of Cycles in Instruction Execution (cont)

Instruction

Mnemonic

Branch

Instruction Address

Fetch

Read

Stack

Operation

Word Data
Access

Operation

J K

STC

STC.B CCR,Rd

STC.B EXR,Rd

STC.W CCR,@ERd
STC.W EXR,@ERd
STC.W CCR,@(d:16,ERd)
STC.W EXR,@(d:16,ERd)
STC.W CCR,@(d:32,ERd)
STC.W EXR,@(d:32,ERd)
STC.W CCR,@-ERd
STC.W EXR,@-ERd
STC.W CCR,@aa:16
STC.W EXR,@aa:16
STC.W CCR,@aa:32
STC.W EXR,@aa:32

e e e

STM

STM.L (ERn-ERn+1),@-SP
STM.L (ERn-ERn+2), @-SP
STM.L (ERn-ERn+3),@-SP

SuB

SUB.B Rs,Rd
SUB.W #xx:16,Rd
SUB.W Rs,Rd
SUB.L #xx:32,ERd
SUB.L ERs,ERd

SUBS

SUBS #1/2/4,ERd

SUBX

SUBX #xx:8,Rd
SUBX Rs,Rd

TAS

TAS @ERd

TRAPA

TRAPA #xx:2 Normal

2/3 **

Advanced

N

2/3 **

XOR

XOR.B #xx:8,Rd
XOR.B Rs,Rd
XOR.W #xx:16,Rd
XOR.W Rs,Rd
XOR.L #xx:32,ERd
XOR.L ERs,ERd

XORC

XORC #xx:8,CCR
XORC #xx:8,EXR

R IN W R NP P[NP R (PP O NPRPINDNDNDMDNDDEDSOONDMDNDOOOO®WNDNPR P

2

Notes: 1.
2.

2 when EXR is invalid, 3 when EXR is valid.
When n bytes of data are transferred.
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Appendix B Register Field

B.1 Register Addresses
Address  Register Module  Bus Width
(Low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name (Bit)
H’F800 MRA SM1 SMO DM1 DMO MD1 MDO DTS Sz DTC 16/32*
to MRB CHNE DISEL — — — — — —
H'FBFF SAR
DAR
CRA
CRB
H'FEBO  P1DDR P17DDR P16DDR P15DDR P14DDR P13DDR P12DDR P11DDR P10DDR Port1 8
H'FEB1 P2DDR P27DDR P26DDR P25DDR P24DDR P23DDR P22DDR P21DDR P20DDR Port 2
H'FEB2 P3DDR — — P35DDR P34DDR P33DDR P32DDR P31DDR P30DDR Port 3
H'FEB4 P5DDR — — — — P53DDR P52DDR P51DDR P50DDR Port5
H'FEB9 PADDR — — — — PA3DDR PA2DDR PA1DDR PAODDR Port A
H'FEBA PBDDR PB7DDR PB6DDR PB5DDR PB4DDR PB3DDR PB2DDR PB1DDR PBODDR Port B
H'FEBB PCDDR PC7DDR PC6DDR PC5DDR PC4DDR PC3DDR PC2DDR PC1DDR PCODDR Port C
H'FEBC PDDDR PD7DDR PD6DDR PD5DDR PD4DDR PD3DDR PD2DDR PD1DDR PDODDR Port D
H'FEBD PEDDR PE7DDR PE6DDR PESDDR PE4DDR PE3DDR PE2DDR PE1DDR PEODDR Port E
H'FEBE PFDDR PF7DDR PF6DDR PF5DDR PF4DDR PF3DDR PF2DDR PF1DDR PFODDR Port F
HFEBF PGDDR — — — PG4DDR PG3DDR PG2DDR PG1DDR PGODDR Port G
H'FECO ICRA ICRA7 ICRA6 ICRA5 ICRA4 ICRA3 ICRA2 ICRA1 — Interrupt 8
controller
H'FEC1 ICRB — ICRB6 ICRB5 ICRB4 ICRB3 — — —
H'FEC2 ICRC ICRC7 ICRC6 — ICRC4 ICRC3 ICRC2 |ICRC1 ICRCO
H'FEDO ABWCR ABW7 ABW6 ABWS5 ABW4 ABW3 ABW?2 ABW1 ABWO Bus 8
controller
H'FED1 ASTCR AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO
H'FED2 WCRH W71 W70 W61 W60 W51 W50 w41 w40
H'FED3  WCRL w31 W30 w21 W20 wi1 w10 wo1 W00
H'FED4 BCRH ICIS1 ICISO BRSTRM BRSTS1 BRSTSO — — —
H'FED5 BCRL BRLE BREQOE EAE — — ASS — WAITE
H'FF2C  ISCRH IRQ7SCB IRQ7SCAIRQ6SCB IRQ6SCA IRQ5SCB IRQ5SCA IRQ4SCB IRQ4SCA Interrupt 8
controller
H'FF2D  ISCRL IRQ3SCB IRQ3SCA IRQ2SCB IRQ2SCA IRQ1SCB IRQ1SCA IRQOSCB IRQOSCA
HFF2E  IER IRQ7E  IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQLE IRQOE
H'FF2F ISR IRQ7F  IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQIF IRQOF

Note: * Located in on-chip RAM. The bus width is 32 bits when the DTC accesses this area as
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Address  Register Module  Bus Width
(Low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name (Bit)
H'FF30 DTCEA DTCEA7 DTCEA6 DTCEA5 DTCEA4 DTCEA3 DTCEA2 DTCEA1l DTCEAO DTC 8
H'FF31 DTCEB DTCEB7 DTCEB6 DTCEB5 DTCEB4 DTCEB3 DTCEB2 DTCEB1 DTCEBO
H'FF32 DTCEC DTCEC7 DTCEC6 DTCEC5 DTCEC4 DTCEC3 DTCEC2 DTCEC1 DTCECO
H'FF33 DTCED DTCED7 DTCED6 DTCED5 DTCED4 DTCED3 DTCED2 DTCED1 DTCEDO
H'FF34 DTCEE DTCEE7 DTCEE6 DTCEE5 DTCEE4 DTCEE3 DTCEE2 DTCEE1l DTCEEO
H'FF35 DTCEF DTCEF7 DTCEF6 DTCEF5 DTCEF4 DTCEF3 DTCEF2 DTCEF1 DTCEFO
H'FF37 DTVECR SWDTE DTVEC6 DTVEC5 DTVEC4 DTVEC3 DTVEC2 DTVEC1 DTVECO
H'FF38 SBYCR  SSBY  STS2 STS1 STSO OPE — — — Power- 8
down state
HFF39 SYSCR — — INTM1 INTMO NMIEG — — RAME  MCU 8
H'FF3A SCKCR  PSTOP — — — — SCK2 SCK1 SCKO Clock 8
pulse
generator
H'FF3B  MDCR — — — — — MDS2 MDS1 MDSO MCU 8
H'FF3C MSTPCRH MSTP15 MSTP14 MSTP13 MSTP12 MSTP11 MSTP10 MSTP9 MSTP8 Power- 8
down state
H'FF3D MSTPCRL MSTP7 MSTP6 MSTP5 MSTP4 MSTP3 MSTP2 MSTP1 MSTPO
H'FF44 LPWCR — — RFCUT — — — — — Clock 8
pulse
generator
H'FF50 PORT1 P17 P16 P15 P14 P13 P12 P11 P10 Port 1 8
H'FF51 PORT2 P27 P26 P25 P24 P23 P22 P21 P20 Port 2
H'FF52 PORT3 — — P35 P34 P33 P32 P31 P30 Port 3
H'FF53 PORT4 — — — — P43 P42 P41 P40 Port 4
HFF54 PORT5S  — — — — P53 P52 P51 P50 Port 5
H'FF59 PORTA — — — — PA3 PA2 PAl PAO Port A
H'FF5A  PORTB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO Port B
H'FF5B  PORTC PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO Port C
H'FF5C  PORTD PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO Port D
H'FF5D  PORTE PE7 PE6 PES5 PE4 PE3 PE2 PE1 PEO Port E
H'FF5E  PORTF PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO Port F
H'FF5F PORTG — — — PG4 PG3 PG2 PG1 PGO Port G
H'FF60 P1DR P17DR P16DR P15DR P14DR P13DR P12DR P11DR P10DR Portl
H'FF61 P2DR P27DR P26DR P25DR P24DR P23DR P22DR P21DR P20DR Port2
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Address  Register Module  Bus Width

(Low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name (Bit)
H'FF62  P3DR — — P35DR P34DR P33DR P32DR P31DR P30DR Port3 8
H'FF64  P5DR — — — — P53DR P52DR P51DR P50DR Port5

H'FF69  PADR — — — — PA3DR PA2DR PA1DR PAODR PortA

HFF6A  PBDR PB7DR PB6DR PB5DR PB4DR PB3DR PB2DR PB1DR PBODR PortB
HFF6B  PCDR PC7DR PC6DR PC5DR PC4DR PC3DR PC2DR PC1DR PCODR PortC
H'FF6C  PDDR PD7DR PD6DR PD5DR PD4DR PD3DR PD2DR PDIDR PDODR PortD
H'FF6D  PEDR PE7DR PE6DR PES5DR PE4DR PE3DR PE2DR PEI1DR PEODR PortE
H'FF6E  PFDR PF7DR PF6DR PF5DR PF4ADR PF3DR PF2DR PFIDR PFODR PortF
H'FF6F PGDR —_ — —_ PG4ADR PG3DR PG2DR PG1DR PGODR PortG
HFF70 PAPCR — — — — PA3PCR PA2PCR PA1PCR PAOPCR Port A
HFF71  PBPCR PB7PCR PB6PCR PB5PCR PB4PCR PB3PCR PB2PCR PB1PCR PBOPCR Port B
H'FF72  PCPCR PC7PCR PC6PCR PC5PCR PC4PCR PC3PCR PC2PCR PC1PCR PCOPCR PortC
H'FF73  PDPCR PD7PCR PD6PCR PD5PCR PD4PCR PD3PCR PD2PCR PD1PCR PDOPCR Port D
H'FF74  PEPCR PE7PCR PE6PCR PE5PCR PE4PCR PE3PCR PE2PCR PE1PCR PEOPCR Port E

H'FF76 P30ODR  — — P350DR P340DR P330DR P320DR P310DR P300DR Port 3
H'FF77 PAODR — — — — PA3ODR PA20DR PA1ODR PAOODR Port A
H'FF78  SMRO C/A CHR PE O/E STOP MP CKS1 CKS0 SCIo 8
SMRO GM CHR PE OfE STOP MP CKS1 CKSO Smart card
interface 0
H'FF79  BRRO SCIo,
Smart card
interface 0
H'FF7A  SCRO TIE RIE TE RE MPIE TEIE CKE1 CKEO SCIO,
SCRO TIE RIE TE RE MPIE TEIE CKE1 CKEO Smart card
interface 0

H'FF7B  TDRO

H'FF7C  SSRO TDRE RDRF  ORER FER PER TEND MPB MPBT  SCIO
SSRO TDRE RDRF ORER ERS PER TEND MPB MPBT  Smart card

interface 0
HFF7D  RDRO sclo,
HFF7E  SCMRO — — — — SDR  SINV  — swip  Smartcard

interface 0
622
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Address  Register Module  Bus Width
(Low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name (Bit)
H'FF80  SMR1 C/A CHR PE OfE STOP  MP CKS1 CKSO  scCii 8
SMR1 GM CHR PE OE STOP MP CKS1 CKSO0 Smart card
interface 1
H'FF81 BRR1 SCI1,
Smart card
interface 1
H'FF82  SCR1 TIE RIE TE RE MPIE  TEIE CKE1 CKEO SCI1,
SCR1 TIE RIE TE RE MPIE  TEIE CKEL CKEo Smartcard
interface 1
H'FF83  TDR1
H'FF84  SSR1 TDRE RDRF ORER FER PER TEND  MPB MPBT  SCi1
SSR1 TDRE RDRF ORER ERS PER TEND MPB MPBT  Smart card
interface 1
H'FF85 RDR1 SCI1,
HFF86 SCMR1 — — - — SDIR  SINV. = — smip  Smartcard
interface 1
H'FF88  SMR2 C/A CHR PE OfE STOP  MP CKS1 CKSO SCI2
SMR2 GM CHR PE OfE STOP  MP CKS1  CKSO  Smart card
interface 2
H'FF89  BRR2 SCI2,
Smart card
interface 2
H'FFBA  SCR2 TIE RIE TE RE MPIE  TEIE CKE1 CKEO  SCI2,
SCR2 TIE RIE TE RE MPIE  TEIE CKEL CkEo Smartcard
interface 2
H'FF8B  TDR2
H'FF8C  SSR2 TDRE RDRF ORER FER PER TEND  MPB MPBT  SCI2
SSR2 TDRE RDRF ORER ERS PER TEND  MPB MPBT  Smart card
interface 2
H'FF8D RDR2 SCI2,
HFFSE SCMR2 — — — — SDIR SNV — smip  Smartcard
interface 2
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Address  Register Module  Bus Width

(Low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name (Bit)

H'FF90  ADDRAH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 AID 8
converter

H'FF91 ADDRAL AD1 ADO — — — — — —

H'FF92  ADDRBH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

H'FF93 ADDRBL AD1 ADO — — — — — —

H'FF94 ADDRCH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

H'FF95 ADDRCL AD1 ADO — — — — — —

H'FF96 ADDRDH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

H'FF97 ADDRDL AD1 ADO — — — — — —

H'FF98 ADCSR  ADF ADIE ADST SCAN  CKS — CH1 CHO

H'FF99 ADCR TRGS1 TRGSO — — — — — —

H'FFBO TCRO CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKs1 CKSO 8-bit timer 16
channel 0

HFFB1 TCR1 CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO 8-bit timer
channel 1

H'FFB2  TCSRO CMFB CMFA OVF ADTE 0S3 0Ss2 0s1 0Ss0 8-bit timer
channel 0

H'FFB3  TCSR1 CMFB CMFA OVF — 0S3 0S2 0Os1 OS0 8-bit timer
channel 1

H'FFB4  TCORAO 8-bit timer
channel 0

H'FFB5 TCORA1l 8-bit timer
channel 1

H'FFB6  TCORBO 8-bit timer
channel 0

H'FFB7 TCORB1 8-bit timer
channel 1

H'FFB8  TCNTO 8-bit timer
channel 0

H'FFB9  TCNT1 8-bit timer
channel 1

HFFBC TCSR OVF WT/T TME — — CKS2 CKS1 CKSO WDT 16

(write)

H'FFBC

(read)

H'FFBC  TCNT WDT

(write)

H’FFBD

(read)

H'FFBE RSTCSR WOVF RSTE RSTS — — — — — WDT

(write)

H'FFBF

(read)
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Address  Register Module  Bus Width
(Low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name (Bit)
H'FFCO TSTR — — — — — CST2 CST1 CSTO TPU 16
HFFC1 TSYR — — — — — SYNC2 SYNC1 SYNCO
H'FFDO TCRO CCLR2 CCLR1 CCLRO CKEGl1 CKEGO TPSC2 TPSC1 TPSCO TPUO 16
H'FFD1  TMDRO — — BFB BFA MD3 MD2 MD1 MDO
H'FFD2  TIOROH 10B3 10B2 10B1 10B0O I0A3 I0A2 I0A1 I0A0
H'FFD3  TIOROL 10D3 10D2 10D1 10D0 10C3 10C2 10C1 10CO
H'FFD4  TIERO TTGE — — TCIEV TGIED TGIEC TGIEB TGIEA
H'FFD5 TSRO — — — TCFV TGFD TGFC TGFB TGFA
H'FFD6 TCNTO
H'FFD8 TGROA
H'FFDA TGROB
H'FFDC TGROC
H'FFDE TGROD
H'FFEO TCR1 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSCl1 TPSCO TPU1 16
H'FFE1 TMDR1 — — — — MD3 MD2 MD1 MDO
H'FFE2 TIOR1 10B3 10B2 10B1 10B0O I0A3 I0A2 I0A1 I0A0
H'FFE4  TIER1 TTGE — TCIEU TCIEV — — TGIEB TGIEA
H'FFE5 TSR1 TCFD — TCFU TCFV — — TGFB TGFA
H'FFE6  TCNT1
H'FFE8 TGRI1A
H'FFEA TGRI1B
HFFFO  TCR2 — CCLR1 CCLRO CKEGl1 CKEGO TPSC2 TPSC1 TPSCO TPU2 16
H'FFF1  TMDR2 — — — — MD3 MD2 MD1 MDO
H'FFF2  TIOR2 10B3 10B2 10B1 10B0O I0A3 I0A2 I0A1 I0A0
HFFF4  TIER2 TTGE — TCIEU TCIEV —— — TGIEB TGIEA
HFFF5  TSR2 TCFD — TCFU TCFV — — TGFB TGFA
H'FFF6  TCNT2
H'FFF8  TGR2A
H'FFFA  TGR2B
625
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B.2 Register Descriptions

MRA—DTC Mode Register A H'F800—H'FBFF DTC
Bit : 7 6 5 4 3 2 1 0
| SM1 | SMO | DM1 | DMO | MD1 | MDO | DTS | Sz |

Initial value : Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Read/Write : — — — — — — - _
DTC Data
Transfer Size

0 | Byte-size
transfer

1 | Word-size
transfer

DTC Transfer Mode Select

0 | Destination side is repeat
area or block area

1 | source side is repeat area
or block area

DTC Mode —-

0 | 0 | Normal mode

Repeat mode

1
1 | 0 | Block transfer mode
1

Destination Address Mode

0 | — | DAR s fixed

1 | 0 | pARisincremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)

1 | DAR is decremented after a transfer
(by -1 when Sz = 0; by -2 when Sz = 1)

Source Address Mode

0 | — | SAR is fixed
1|0

SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)

1 | SAR is decremented after a transfer
(by -1 when Sz = 0; by -2 when Sz = 1)
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MRB—DTC Mode Register B H'F800—H'FBFF DTC

Bit : 7 6 5 4 3 2 1 0
lome|ose| — | — | — | — | = | = |

Initial value :  Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

Read/Write : — — — — — — _ —

DTC Interrupt Select

0 | After a data transfer ends, the CPU interrupt is
disabled unless the transfer counter is 0

1 | After a data transfer ends, the CPU interrupt is enabled

DTC Chain Transfer Enable
0 | End of DTC data transfer

1 | DTC chain transfer

SAR—DTC Source Address Register H'F800—H'FBFF DTC
Bit . 23 22 21 20 19 --- 4 3 2 1 0
Initial value : Unde- Unde- Unde-Unde- Unde- R Unde- Unde- Unde- Unde- Unde-

fined fined fined fined fined fined fined fined fined fined
Read/Write : —_ = = = — - - = = = —

Specifies transfer data source address

DAR—DTC Destination Address Register H'F800—H'FBFF DTC
Bit 23 22 21 20 19 --- 4 3 2 1 0
Initial value : Unde- Unde- Unde- Unde- Unde- . Unde- Unde- Unde- Unde- Unde-

fined fined fined fined fined fined fined fined fined fined
Read/Write : @ — — — — — - - - - = =

Specifies transfer data destination address
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CRA—DTC Transfer Count Register A H'F800—H'FBFF DTC

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

Read/Write : — — — — — - — — - = = = = = = =
-4—— CRAH ——»-«——— CRAL —»
\
Specifies the number of DTC data transfers
CRB—DTC Transfer Count Register B H'F800—H'FBFF DTC
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

Read/Write : — — — - - _ - - — - - = = = = =
\

Specifies the number of DTC block data transfers
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P1DDR—Port 1 Data Direction Register H'FEBO Port 1

Bit : 7 6 5 4 3 2 1 0

| P17DDR| P16DDR| P15DDR| P14DDR| P13DDR | P12DDR | PllDDR|P10DDR|
Initial value : 0 0 0 0 0 0 0 0
Read/Write : w w w w w w w w

Specify input or output for individual port 1 pins

P2DDR—Port 2 Data Direction Register H'FEB1 Port 2
Bit : 7 6 5 4 3 2 1 0
|P27DDR| P26DDR| P25DDR| P24DDR| P23DDR|P22DDR | P21DDR| P20DDR|
Initial value : 0 0 0 0 0 0 0 0
Read/Write : W w w w W w w w

Specify input or output for individual port 2 pins

P3DDR—Port 3 Data Direction Register H'FEB2 Port 3
Bit : 7 6 5 4 3 2 1 0
— — | P35DDR|P34DDR|P33DDR |P32DDR | P31DDR|P30DDR
Initial value :  Undefined Undefined 0 0 0 0 0 0
Read/Write : - _ W W W W W W

Specify input or output for individual port 3 pins
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P5DDR—Port 5 Data Direction Register H'FEB4 Port 5

Bit : 7 6 5 4 3 2 1 0

— — — — P53DDR [P52DDR | P51DDR [P50DDR
Initial value :  Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write : — — — — w W W W

Specify input or output for individual port 5 pins

PADDR—Port A Data Direction Register H'FEB9 Port A
Bit : 7 6 5 4 3 2 1 0

— — — — PA3DDR|PA2DDR [PA1DDR|{PAODDR
Initial value  :  Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write — —_ —_ — w W W W

Specify input or output for individual port A pins

PBDDR—Port B Data Direction Register H'FEBA Port B
Bit : 7 6 5 4 3 2 1 0
PB7DDR|PB6DDR|PB5DDR|PB4DDR|PB3DDR |[PB2DDR |PB1DDR|PBODDR
Initial value 0 0 0 0 0 0 0 0
Read/Write  : w w w w w w w w

Specify input or output for individual port B pins
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Bit

Initial value
Read/Write

Bit

Initial value :
Read/Write :

Bit

Initial value :
Read/Write :

PCDDR—Port C Data Direction Register H'FEBB Port C
7 6 5 4 3 2 1 0
PC7DDR|PC6DDR|PC5DDR|{PC4DDR|PC3DDR|PC2DDR|PC1DDR|PCODDR
0 0 0 0 0 0 0 0
w W w w W w w W
Specify input or output for individual port C pins
PDDDR—Port D Data Direction Register H'FEBC Port D
7 6 5 4 3 2 1 0
PD7DDR|PD6DDR|PD5DDR|{PD4ADDR|PD3DDR|PD2DDR |PD1DDR|{PDODDR
0 0 0 0 0 0 0 0
w W W W W W W W
Specify input or output for individual port D pins
PEDDR—Port E Data Direction Register H'FEBD Port E
7 6 5 4 3 2 1 0
PE7DDR|PE6DDR|PE5DDR|PE4ADDR|PE3DDR [PE2DDR |PE1DDR|PEODDR
0 0 0 0 0 0 0 0
w W W w W wW w W
Specify input or output for individual port E pins
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PFDDR—Port F Data Direction Register H'FEBE Port F

Bit : 7 6 5 4 3 2 1 0
|PF7DDR| PF6DDR| PF5DDR| PF4DDR| PFSDDR|PF2DDR | PFlDDR|PFODDR|
Modes 1, 2, 4,5, 6

Initial value : 1 0 0 0 0 0 0 0
Read/Write : w W W \Wj w W w W
Modes 3, 7
Initial value : 0 0 0 0 0 0 0 0
Read/Write : w w W w w W W W
Specify input or output for individual port F pins
PGDDR—Port G Data Direction Register H'FEBF Port G
Bit : 7 6 5 4 3 2 1 0
— — — PGADDR|PG3DDR|PG2DDR|PG1DDR|PGODDR
Modes 1, 4,5
Initial value  : Undefined Undefined Undefined 1 0 0 0 0
Read/Write — — — W w W W W
Modes 2, 3,6, 7
Initial value  :  Undefined Undefined Undefined 0 0 0 0 0
Read/Write — — — w w w w W
Specify input or output for individual port G pins
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ICRA—Interrupt Control Register A H’FECO Interrupt Controller
ICRB—Interrupt Control Register B H'FEC1 Interrupt Controller
ICRC—Interrupt Control Register C H'FEC2 Interrupt Controller
Bit 7 6 5 4 3 2 1 0
ICR7 ICR6 ICR5 ICR4 ICR3 ICR2 ICR1 ICRO
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
|
Sets the interrupt control level for interrupts
Correspondence between Interrupt Sources and ICR Settings
Bits
Register
7 6 5 4 3 2 1 0
ICRA |IRQO |IRQ1L |IRQ2 |IRQ4 |IRQ6 |DTC |Watchdog—
IRQ3 |IRQ5 |IRQ7 timer
ICRB |— A/D TPU TPU TPU — — —
converter|channel 0 [channel 1 | channel 2
ICRC [8-hit 8-bit — SCI SCI SCI — —
timer timer channel 0| channel 1ichannel 2
channel 0|channel 1
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ABWCR—Bus Width Control Register H’FEDO Bus Controller

Bit : 7 6 5 4 3 2 1 0
ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO
Modes 1, 2, 3,5,6, 7

Initial value : 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Mode 4

Initial value : 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Area 7 to 0 Bus Width Control

0 | Areanis designated for 16-bit access

1 | Areanis designated for 8-bit access

(n=71t00)
ASTCR—Access State Control Register H'FED1 Bus Controller
Bit : 7 6 5 4 3 2 1 0
AST7 AST6 ASTS AST4 AST3 AST2 AST1 ASTO
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Area 7 to 0 Access State Control

0 | Arean is designated for 2-state access

Wait state insertion in area n external space is disabled.

1 | Areanis designated for 3-state access

Wait state insertion in area n external space is enabled

(n=71t00)
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WCRH—Wait Control Register H H'FED2 Bus Controller
Bit 7 6 5 4 3 2 1 0
’ W71 ‘ W70 ‘ w61l ‘ W60 ‘ W51 ‘ W50 ‘ W41 ‘ W40 ‘
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
Area 4 Wait Control
0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0 |2 program wait states inserted
1 |3 program wait states inserted

Area 5 Wait Control

0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0 |2 program wait states inserted
1 | 3 program wait states inserted

Area 6 Wait Control

0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0 |2 program wait states inserted
1 |3 program wait states inserted

Area 7 Wait Control

0

Program wait not inserted

1 program wait state inserted

2 program wait states inserted

0
1
0
1

3 program wait states inserted
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WCRL—Wait Control Register L H'FED3 Bus Controller
Bit 7 6 5 3 2 1 0
’ w31l ‘ W30 ‘ w21 ‘ w20 ‘ W11 ‘ W10 ‘ w01 ‘ W00 ‘
Initial value : 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
Area 0 Wait Control
0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0 |2 program wait states inserted
1 |3 program wait states inserted
Area 1 Wait Control
0 |Program wait not inserted
1 |1 program wait state inserted
0 |2 program wait states inserted
1 |3 program wait states inserted
Area 2 Wait Control
0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0 |2 program wait states inserted
1 |3 program wait states inserted
Area 3 Wait Control
0 | O |Program wait not inserted
1 |1 program wait state inserted
1 | 0 |2 program wait states inserted
1 |3 program wait states inserted
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BCRH—Bus Control Register H H'FED4 Bus Controller

Bit : 7 6 5 4 3 2 1 0

| ICIS1 | ICISO |BRSTRM| BRSTSl| BRSTSO| — | — | — |
Initial value : 1 1 0 1 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Burst Cycle Select 0

0 | Max. 4 words in burst access

1 | Max. 8 words in burst access

Burst Cycle Select 1

0 | Burst cycle comprises 1 state

1 | Burstcycle comprises 2 states

Area 0 Burst ROM Enable

0 | Area0 is basic bus interface

1 | Area0is burst ROM interface

Idle Cycle Insert 0

0 | Idle cycle not inserted in case of successive external read and external write cycles

1 | Idle cycle inserted in case of successive external read and external write cycles

Idle Cycle Insert 1

0 | ldle cycle not inserted in case of successive external read cycles in different areas

1 | Idle cycle inserted in case of successive external read cycles in different areas
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BCRL—Bus Control Register L H’FED5 Bus Controller
Bit : 7 6 5 4 2 1 0

| BRLE |BREQOE| EAE — | — | ASS | — | WAITE |
Initial value : 0 0 1 1 1 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

WAIT Pin Enable

0 | Wait input by WAIT
pin disabled

1 | Wait input by WAIT
pin enabled

Area Partition Unit Select

0

Area partition unit is 128 kbytes (1 Mbit)

1

Area partition unit is 2 Mbytes (16 Mbits)

External Addresses H'010000 to H'O1FFFF Enable

0 | On-chip ROM (H8S/2246 and H8S/2245) or a reserved
area (H8S/2244, H8S/2243, H8S/2242, and H8S/2241)

1 External addresses (in external expansion mode) or
reserved area* (in single-chip mode)

BREQO Pin Enable

0 | BREQO output disabled

1 | BREQO output enabled

Bus Release Enable

0 External bus release is disabled

1 External bus release is enabled
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ISCRH

Bit

Initial value :
Read/Write :

ISCRL

Bit

Initial value :
Read/Write :

ISCRH — IRQ Sense Control Register H H'FF2C Interrupt Controller
ISCRL — IRQ Sense Control Register L H'FF2D Interrupt Controller
15 14 13 12 11 10 9 8
IRQ7SCB | IRQ7SCA| IRQ6SCB | IRQ6SCA | IRQ5SCB | IRQ5SCA | IRQ4SCB | IRQ4SCA
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
IRQ7 to IRQ4 Sense Control
7 6 5 4 3 2 1 0
IRQ3SCB | IRQ3SCA| IRQ2SCB | IRQ2SCA | IRQ1SCB [ IRQ1SCA | IRQOSCB | IRQOSCA
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
IRQ3 to IRQq Sense Control
IRQ,SCB|IRQ,SCA Interrupt Request Generation
0 0 IRQ,, input low level
1 Falling edge of IRQ,, input
1 0 Rising edge of IRQ,, input
1 Both falling and rising edges of IRQ,, input
(n=71to00)
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IER—IRQ Enable Register H'FF2E Interrupt Controller
Bit : 7 6 5 4 3 2 1 0
IRQ7E | IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQLE | IRQOE
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
IRQn Enable
0 | IRQn interrupt disabled
1 | IRQn interrupt enabled
(n=71to00)
ISR—IRQ Status Register H'FF2F Interrupt Controller
Bit : 7 6 5 4 3 2 1 0
IRQ7F | IRQ6F | IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQIF | IRQOF
Initial value : 0 0 0 0 0 0 0 0
Read/Write:  R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* RI(W)* R/(W)* R/(W)*

Indicate the status of IRQ7 to IRQO interrupt requests

Note: * Can only be written with O for flag clearing.
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DTCER—DTC Enable Registers H'FF30 to H'FF35 DTC

Bit : 7 6 5 4 3 2 1 0
DTCE7 | DTCE6 | DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

DTC Activation Enable

0 | DTC activation by this interrupt is disabled

[Clearing conditions]

* When the DISEL bit is 1 and data transfer has ended
* When the specified number of transfers have ended

1 | DTC activation by this interrupt is enabled

[Holding condition]

« When the DISEL bit is 0 and the specified number of transfers have not
ended

Correspondence between interrupt sources and DTCER bits

Register Bit

7 6 5 4 3 2 1 0
DTCERA | IRQO | IRQ1 | IRQ2 | IRQ3 | IRQ4 | IRQ5 | IRQ6 | IRQ7
DTCERB — ADI | TGIOA | TGIOB | TGIOC | TGIOD | TGI1A | TGI1B
DTCERC | TGI2A | TGI2B — — — — — —
DTCERD — — — — CMIAO | CMIBO | CMIAL | CMIB1
DTCERE — — — — RXIO | TXIO | RXI1 | TXI1
DTCERF | RXI2 | TXI2 — — — — — —
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DTVECR—DTC Vector Register H'FF37 DTC

Bit : 7 6 5 4 3 2 1 0
SWDTE | DTVEC6|DTVEC5|DTVEC4|DTVEC3|DTVEC2|DTVEC1|DTVECO
Initial value : 0 0 0 0 0 0 0 0

Read/Write: R/W)* RW RW RW RW RW RW RW

Sets vector number for DTC software activation

DTC Software Activation Enable

0 | DTC software activation is disabled
[Clearing condition]
When the DISEL bit is 0 and the specified number of transfers have not ended

1 | DTC software activation is enabled

[Holding conditions]

* When the DISEL bit is 1 and data transfer has ended
« When the specified number of transfers have ended
« During data transfer activated by software

Note: * A value of 1 can always be written to the SWDTE bit, but 0 can only be written after 1
is read.
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SBYCR—Standby Control Register H'FF38

Bit

Initial value :

: 7 6 5 4 3 2 1 0
’ SSBY \ STS2 \ sTs1 \ STSO \ OPE \ — ‘ — ‘ —
0 0 0 0 1 0 0 0
RIW RW RW RW RW — — _

Read/Write :

\; Output Port Enable

Power-Down State

0 | In software standby mode, address bus and bus
control signals are high-impedance

1 In software standby mode, address bus and bus
control signals retain output state

Standby Timer Select
0 | 0 | 0 | Standby time = 8192 states
1 | Standby time = 16384 states
1 | 0 | Standby time = 32768 states
1 | Standby time = 65536 states
1| 0 | 0 | Standby time = 131072 states
1 | Standby time = 262144 states
1 | 0 | Reserved
1 | Standby time = 16 states

Software Standby

0

Transition to sleep mode after execution of SLEEP instruction

1

Transition to software standby mode after execution of SLEEP instruction
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SYSCR—System Control Register H'FF39 MCU
Bit : 7 6 5 4 3 2 1 0
— — INTM1 | INTMO | NMIEG — — RAME
Initial value : 0 0 0 0 0 0 0 1
Read/Write : R/W — R/W R/W R/W — — R/W
RAM Enable*Q
0 | On-chip RAM disabled
1 | On-chip RAM enabled
Note: * When the DTC is used,
the RAME bit should
not be cleared to 0.
NMI Input Edge Select
0 | Falling edge
1 | Rising edge
Interrupt Control Mode Selection
0 | 0 | Interrupt control mode O
1 | Interrupt control mode 1
1 | 0 | Setting prohibited
1 | Setting prohibited
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SCKCR—System Clock Control Register H'FF3A Clock Pulse Generator
Bit : 7 6 5 4 3 2 1 0
’PSTOP‘ — ‘ — — ‘ — ‘ SCK2 ‘ SCK1 ‘ SCKO ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write :  R/W_ — — — — R/W R/IW R/IW

Bus Master Clock Select

0 | 0 | 0 | Busmasterisin high-speed mode
1 | Medium-speed clock is @/2
1 | 0 | Medium-speed clock is g/4
1 | Medium-speed clock is 2/8
1| 0 | 0 | Medium-speed clock is g/16
1 | Medium-speed clock is 2/32
1] —| —
g Clock Output Control
PSTOP | Normal Operation Sleep Mode Stai?jftgvglal\;li de St:nagg;vil\i/lrs de
0 @ output @ output Fixed high High impedance
1 Fixed high Fixed high Fixed high High impedance
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MDCR—Mode Control Register H'FF3B MCU

Bit : 7 6 5 4 3 2 1 0

| — | — | — | — | — | MDS?2 | MDS1 | MDSO0 |
Initial value : 1 0 0 0 0 —* —* —*
Read/Write : — — — — — R R R

Current mode pin operating mode

Note: * Determined by pins MD, to MD

MSTPCRH — Module Stop Control Register H H'FF3C Power-Down State
MSTPCRL — Module Stop Control Register L  H'FF3D Power-Down State
MSTPCRH MSTPCRL
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Specifies module stop mode

0 | Module stop mode cleared

1 | Module stop mode set

LPWCR—Low Power Control Register H'FF44 Clock Oscillator
Bit : 7 6 5 4 3 2 1 0
— — | RFCUT| — — — — —
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Control of Oscillator's Built-In Feedback Resistor in External Clock Input

0 | Oscillator's built-in feedback resistor and duty adjustment circuit are
used

1 | Oscillator's built-in feedback resistor and duty adjustment circuit are
not used
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PORT1—Port 1 Register H'FF50 Port 1
Bit 7 6 5 4 3 2 1 0
P17 P16 P15 P14 P13 P12 P11 P10
Initial value : —* —* —* —* —* —* —* —
Read/Write : R R R R R R R R
State of port 1 pins
Note: * Determined by the state of pins P17 to P1,.
PORT2—Port 2 Register H'FF51 Port 2
Bit 7 6 5 4 3 2 1 0
P27 P26 P25 P24 P23 P22 P21 P20
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port 2 pins
Note: * Determined by the state of pins P2 to P2,.
PORT3—Port 3 Register H'FF52 Port 3
Bit 7 6 5 4 3 2 1 0
— — P35 P34 P33 P32 P31 P30
Initial value : Undefined Undefined —* —* —* —* —* —*
Read/Write : — — R R R R R R
State of port 3 pins
Note: * Determined by the state of pins P3g to P3y.
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PORT4—Port 4 Register H'FF53 Port 4
Bit : 7 6 5 4 3 2 1 0
— — — — P43 P42 P41 P40
Initial value : Undefined Undefined Undefined Undefined ——* —* —* —*
Read/Write : — — — — R R R R
State of port 4 pins
Note: * Determined by the state of pins P45 to P4,
PORT5—Port 5 Register H'FF54 Port 5
Bit : 7 6 5 4 3 2 1 0
— — — — P53 P52 P51 P50
Initial value : Undefined Undefined Undefined Undefined — —* —* —* —*
Read/Write : — — — — R R R R
State of port 5 pins
Note: * Determined by the state of pins P53 to P5.
PORTA—Port A Register H'FF59 Port A
Bit : 7 6 5 4 3 2 1 0
— — — — PA3 PA2 PAl PAO
Initial value : Undefined Undefined Undefined Undefined ——* —* —* —*
Read/Write : — — — — R R R R

Note: * Determined by the state of pins PAz to PA,.
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PORTB—Port B Register H'FF5A Port B
Bit : 7 6 5 4 3 2 1 0
PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port B pins
Note: * Determined by the state of pins PB; to PBg.
PORTC—Port C Register H'FF5B Port C
Bit : 7 6 5 4 3 2 1 0
PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port C pins
Note: * Determined by the state of pins PC; to PCy.
PORTD—Port D Register H'FF5C Port D
Bit : 7 6 5 4 3 2 1 0
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
Initial value : —* —* —* —F —* —* —F —*
Read/Write : R R R R R R R R
State of port D pins
Note: * Determined by the state of pins PD; to PDy.
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PORTE—Port E Register H'FF5D Port E
Bit : 7 6 5 4 3 2 1 0
PE7 PEG6 PES PE4 PE3 PE2 PE1 PEO
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port E pins
Note: * Determined by the state of pins PE; to PE,.
PORTF—Port F Register H'FF5E Port F
Bit : 7 6 5 4 3 2 1 0
PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
Initial value : —* —* —* —* —* — —* —*
Read/Write : R R R R R R R R
State of port F pins
Note: * Determined by the state of pins PF; to PF.
PORTG—Port G Register H'FF5F Port G
Bit : 7 6 5 4 3 2 1 0
— — — PG4 PG3 PG2 PG1 PGO
Initial value : Undefined Undefined Undefined ——* —* —* —* —*
Read/Write : — — — R R R R R

State of port G pins

Note: * Determined by the state of pins PG4 to PG,
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P1DR—Port 1 Data Register H'FF60 Port 1

Bit : 7 6 5 4 3 2 1 0
P17DR | P16DR | P15DR | P14DR | P13DR | P12DR | P11DR | P10DR

Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port 1 pins (P17 to P1g)

P2DR—Port 2 Data Register H'FF61 Port 2
Bit : 7 6 5 4 3 2 1 0
P27DR | P26DR | P25DR | P24DR | P23DR | P22DR | P21DR | P20DR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port 2 pins (P27 to P2j)

P3DR—Port 3 Data Register H'FF62 Port 3
Bit : 7 6 5 4 3 2 1 0
— — P35DR | P34DR | P33DR | P32DR | P31DR | P30DR
Initial value : Undefined Undefined 0 0 0 0 0 0
Read/Write : — — R/W R/W R/W R/W R/W R/W

Stores output data for port 3 pins (P35 to P3)
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P5DR—Port 5 Data Register H'FF64 Port 5

Bit : 7 6 5 4 3 2 1 0
— — — — P53DR | P52DR | P51DR | P50DR

Initial value : Undefined Undefined Undefined Undefined 0 0 0 0

Read/Write : — — — — R/W R/W R/W R/W

Stores output data for port 5 pins (P53 to P5p)

PADR—Port A Data Register H'FF69 Port A
Bit : 7 6 5 4 3 2 1 0
— — — — PA3DR | PA2DR | PA1DR | PAODR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W

Stores output data for port A pins (PAz to PAg)

PBDR—Port B Data Register H'FF6A Port B
Bit : 7 6 5 4 3 2 1 0
PB7DR | PB6DR | PB5DR | PB4DR | PB3DR | PB2DR | PB1DR | PBODR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port B pins (PB; to PBy)
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PCDR—Port C Data Register H'FF6B Port C

Bit : 7 6 5 4 3 2 1 0
PC7DR | PC6DR | PC5DR | PC4DR | PC3DR | PC2DR | PC1DR | PCODR

Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port C pins (PC; to PCp)

PDDR—Port D Data Register H'FF6C Port D
Bit : 7 6 5 4 3 2 1 0
PD7DR | PD6DR | PD5DR | PD4DR | PD3DR | PD2DR | PD1DR | PDODR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port D pins (PD; to PDg)

PEDR—Port E Data Register H'FF6D Port E
Bit : 7 6 5 4 3 2 1 0
PE7DR | PE6DR | PE5DR | PE4ADR | PE3DR | PE2DR | PE1DR | PEODR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port E pins (PE; to PEg)
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PFDR—Port F Data Register H'FF6E Port F

Bit : 7 6 5 4 3 2 1 0
PF7DR | PF6DR | PF5DR | PF4DR | PF3DR | PF2DR | PF1DR | PFODR

Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port F pins (PF; to PFq)

PGDR—Port G Data Register H'FF6F Port G
Bit : 7 6 5 4 3 2 1 0
— — — PG4DR | PG3DR | PG2DR | PG1DR | PGODR
Initial value : Undefined Undefined Undefined 0 0 0 0 0
Read/Write : — — — R/W R/W R/W R/W R/W

Stores output data for port G pins (PG4 to PGg)

PAPCR—Port A MOS Pull-Up Control Register H'FF70 Port A
Bit : 7 6 5 4 3 2 1 0

— — — — PA3PCR|PA2PCR|PA1PCR|PAOPCR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W

Controls the MOS input pull-up function
incorporated into port A on a bit-by-bit
basis
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PBPCR—Port B MOS Pull-Up Control Register H'FF71 Port B

Bit : 7 6 5 4 3 2 1 0
|PB7PCR| PB6PCR| PBSPCR| PB4PCR| PB3PCR | PB2PCR | PBlPCR| PBOPCR|
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/IW R/W R/W R/W R/W

Controls the MOS input pull-up function incorporated into port B on a bit-by-bit basis

PCPCR—Port C MOS Pull-Up Control Register H'FF72 Port C
Bit : 7 6 5 4 3 2 1 0
|PC7PCR| PC6PCR| PC5PCR| PC4PCR| PCSPCR|PC2PCR| PClPCR|PCOPCR|
Initial value : 0 0 0 0 0 0 0 0
Read/Write : RIW RIW R/W RIW R/IW R/W RIW R/W

Controls the MOS input pull-up function incorporated into port C on a bit-by-bit basis

PDPCR—Port D MOS Pull-Up Control Register H'FF73 Port D
Bit : 7 6 5 4 3 2 1 0
|PD7PCR| PD6PCR| PD5PCR| PD4PCR|PD3PCR|PD2PCR|PDlPCR|PDOPCR|
Initial value : 0 0 0 0 0 0 0 0
Read/Write : RIW R/W R/W RIW RIW R/W RIW R/W

Controls the MOS input pull-up function incorporated into port D on a bit-by-bit basis
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PEPCR—Port E MOS Pull-Up Control Register H'FF74 Port E

Bit : 7 6 5 4 3 2 1 0
|PE7PCR| PE6PCR| PE5PCR| PE4PCR| PE3PCR|PE2PCR | PElPCR| PEOPCR|

Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/IW R/W R/W R/W R/IW

Controls the MOS input pull-up function incorporated into port E on a bit-by-bit basis

P30ODR—Port 3 Open Drain Control Register H'FF76 Port 3
Bit : 7 6 5 4 3 2 1 0
— — |P350DR|P340DR|P330DR|P320DR |P310DR|P300DR
Initial value : Undefined Undefined 0 0 0 0 0 0
Read/Write : — — R/W R/W R/W R/W R/W R/W

Controls the PMOS on/off status for each port 3 pin (P35 to P3g)

PAODR—Port A Open Drain Control Register H'FF77 Port A
Bit : 7 6 5 4 3 2 1 0
— — — — PA3ODR|PA20DR|PA1ODR|PAOODR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W

Controls the PMOS on/off status for
each port A pin (PAzto PAg)
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SMRO0O—Serial Mode Register 0 H'FF78 SCI0
Bit 7 6 5 4 3 2 1 0
| C/A | CHR | PE | O/E | STOP | MP | CKS1 | CKS0 |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/IW R/W R/IW RIW RIW RIW R/W RIW
|
Clock Select
0 | 0 | gclock
1 | @/4 clock
1| O | @/16 clock
1 | @/64 clock
Multiprocessor Mode
0 | Multiprocessor function disabled
1 | Multiprocessor format selected
Stop Bit Length
0 | 1 stop bit
1 | 2 stop bits
Parity Mode
0 | Even parity
1 | Odd parity
Parity Enable
0 | Parity bit addition and checking disabled
1 | Parity bit addition and checking enabled
Character Length
0 | 8-bit data
1 | 7-bit data*

Asynchronous Mode/Synchron

ous Mode Select

0 | Asynchronous mode

1 | Synchronous mode

RENESAS

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.
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SMRO—Serial Mode Register 0 H'FF78 Smart Card Interface 0

Bit : 7 6 5 4 3 2 1 0
| GM | CHR | PE | O/E | STOP | MP | CKS1 | CKSO0 |
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Clock Select

0 | 0 | gclock

1 | @/4 clock
1 | 0 | @/16 clock
1 | a/64 clock

Multiprocessor Mode

0 Multiprocessor function disabled

1 | Setting prohibited

Stop Bit Length

0 | Setting prohibited

1 | 2 stop bits

Parity Mode

0 | Even parity
1 | Odd parity

Parity Enable

0 | Setting prohibited

1 | Parity bit addition and checking enabled

Character Length
0 | 8-bitdata

1 | Setting prohibited

GSM Mode

0 | Normal smart card interface mode operation
» TEND flag generated 12.5 etu after beginning of start bit
» Clock output on/off control only

1 | GSM mode smart card interface mode operation
« TEND flag generated 11.0 etu after beginning of start bit
« Fixed high/low-level control possible (set in SCR) in addition to clock output on/off control

Note: etu (Elementary Time Unit): Interval for transfer of one bit
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BRRO—BIt Rate Register 0 H'FF79  SCI0, Smart Card Interface 0

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : RIW R/W RIW RIW RIW RIW RIW RIW

Sets the serial transfer bit rate

Note: See section 12.2.8, Bit Rate Register (BRR), for details.
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SCRO—Serial Control Register 0 H'FF7A SCIO

Bit : 7 6 5 4 3 2 1 0
’ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/IW R/IW R/W R/W RIW R/IW R/W
Clock Enable
0 | 0 | Asynchronous | Internal clock/SCK pin functions
mode as 1/0 port
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | Asynchronous | Internal clock/SCK pin functions
mode as clock output*1
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | 0 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
1 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input

Notes: 1. Outputs a clock of the same frequency as the bit rate.
2. Inputs a clock with a frequency 16 times the bit rate.

Transmit End Interrupt Enable

0 | Transmit end interrupt (TEI) request disabled

1 | Transmit end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]

* When the MPIE bit is cleared to O
* When MPB= 1 data is received

1 | Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable
0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

1 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit data empty interrupt (TXI) requests disabled

1 | Transmit data empty interrupt (TXI) requests enabled
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SCRO—Serial Control Register 0 H'FF7A Smart Card Interface 0
Bit 7 6 5 4 3 2 1 0
’ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W RIW RIW R/W R/W R/W R/W R/IW
Clock Enable
SMCR | SMR SCR setting . .
— SCK pin function
SMIF |C/A,GM| CKE1 | CKEO
0 See SCI specification
1 0 0 0 Operates as port input
pin
1 0 0 1 Clock output as SCK
output pin
Fixed-low output as
! . 0 0 SCK output pin
1 1 0 1 Clock output as SCK
output pin
Fixed-high output as
1 ! 1 0 SCK output pin
1 1 1 1 Clock output as SCK
output pin
Transmit End Interrupt Enable
0 | Transmit end interrupt (TEI) request disabled
1 | Transmit end interrupt (TEI) request enabled

Transmit Interrupt Enable

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]
* When the MPIE bit is cleared to 0
* When MPB= 1 data is received

1 | Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0

Transmission disabled

1

Transmission enabled

Receive Interrupt Enable

0 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

1 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

0

Transmit data empty interrupt (TXI) requests disabled

1

Transmit data empty interrupt (TXI) requests enabled

RENESAS
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TDRO—Transmit Data Register O H'FF7B  SCIO, Smart Card Interface 0O

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores data for serial transmission
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SCIO

SSR0—Serial Status Register 0 H'FF7C
Bit : 7 6 5 4 3 2 1 0
‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value : 1 0 0 0 0 1 0 0
Read/Write :  R/(W)* R/(W)* R/I(W)* R/I(W)* R/(W)* R R R/W
Multiprocessor Bit Transfer
0 | Data with a 0 multiprocessor bit is transmitted
1 | Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]
When data with a 0 multiprocessor bit is received

1 | [Setting condition]
When data with a 1 multiprocessor bit is received

Transmit End

0 | [Clearing condition]

* When 0 is written to TDRE after reading TDRE =1
* When the DTC is activated by a TXI interrupt and write data to TDR

1 [Setting conditions]

*When TDRE =1 ai

* When the TE bitin SCRis 0

t transmission of the last bit of a 1-byte

serial transmit character

Parity Error

0 | [Clearing condition]
When 0 is written to PER after

reading PER = 1

1 | [Setting condition]
When, in reception, the number

of 1 bits in the receive data plus the parity bit

does not match the parity setting (even or odd) specified by the O/E bit in SMR

Framing Error

0 | [Clearing condition]

When 0 is written to FER after reading FER = 1

1 | [Setting condition]

When the SCI checks whether the stop bit at the end of the receive
data is 1 when reception ends, and the stop bit is 0

Overrun Error

0 | [Clearing condition]

When 0 is written to ORER after reading ORER =1

1 | [Setting condition]
When the next serial reception is completed while
RDRF =1

Receive Data Register Full

0 | [Clearing condition]
« When 0 is written to RDRF after reading RDRF = 1

* When the DTC is activated by an RXI interrupt and read data from RDR

1 | [Setting condition]
When serial reception ends normally and receive data is tran:
from RSR to RDR

sferred

Transmit Data Register Empty

0 | [Clearing condition]
« When 0 is written to TDRE after reading TDRE = 1
* When the DTC is activated by a TXI interrupt and write data to TDR

1 | [Setting condition]
* When the TE bitin SCRis 0

* When data is transferred from TDR to TSR and data can be written to TDR

Note: * Can only be written with O for flag clearing.
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SSRO—Serial Status Register 0

H'FF7C Smart Card Interface O

Bit : 4 3 2 1 0
‘ TDRE ‘ RDRF ‘ ORER ‘ ERS ‘ PER ‘ TEND ‘ MPB ‘ MPBT
Initial value : 1 0 0 0 0 1 0 0
Read/Write :  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R R/IW
Multiprocessor Bit Transfer
0 | Data with a 0 multiprocessor bit is transmitted
1 | Data with a 1 multiprocessor bit is transmitted
Multiprocessor Bit
0 | [Clearing condition]
When data with a 0 multiprocessor bit is received
1 | [Setting condition]
When data with a 1 multiprocessor bit is received
Transmit End
0 [Clearing condition]
* When 0 is written to TDRE after reading TDRE = 1
* When the DTC is activated by a TXI interrupt and write data to TDR
1 | [Setting conditions]
« On reset, or in standby mode or module stop mode
* When the TE bit in SCR is 0 and the ERS bit is 0
* When TDRE = 1 and ERS = 0 (normal transmission) 2.5 etu
after a 1-byte serial character is sent when GM = 0
* When TDRE = 1 and ERS = 0 (normal transmission) 1.0 etu
after a 1-byte serial character is sent when GM = 1
Note: etu: Elementary Time Unit (the time taken to transmit one bit)
Parity Error
0 | [Clearing condition]
When 0 is written to PER after reading PER = 1
1 | [Setting condition]
When, in reception, the number of 1 bits in the receive data plus the parity bit
does not match the parity setting (even or odd) specified by the O/E bit in SMR
Error Signal Status
0 | [Clearing condition]
« On reset, or in standby mode or module stop mode
* When 0 is written to ERS after reading ERS = 1
1 | [Setting condition]
When the error signal is sampled at the low level
Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its prior state.
Overrun Error
0 | [Clearing condition]
When 0 is written to ORER after reading ORER =1
1 | [Setting condition]
When the next serial reception is completed while RDRF = 1
Receive Data Register Full
0 | [Clearing condition]
* When 0 is written to RDRF after reading RDRF = 1
« When the DTC is activated by an RXI interrupt and read data from RDR
1 | [Setting condition]
When serial reception ends normally and receive data is transferred from RSR to RDR
Transmit Data Register Empty
0 | [Clearing condition]
* When 0 is written to TDRE after reading TDRE = 1
* When the DTC is activated by a TXI interrupt and write data to TDR
1 | [Setting condition]
* When the TE bitin SCR is 0
* When data is transferred from TDR to TSR and data can be written to TDR
Note: * Can only be written with O for flag clearing.
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RDRO—Receive Data Register 0 H'FF7D  SCIO, Smart Card Interface O

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R

Stores received serial data

SCMRO—Smart Card Mode Register 0 H'FF7E  SCIO, Smart Card Interface O
Bit : 7 6 5 4 3 2 1 0
| — | =] — ] — |sor|sw | — | swF]
Initial value : 1 1 1 1 0 0 1 0
Read/Write : — — — — R/W R/W — R/W

Smart Card J

Interface Mode Select

0 | Smart Card interface
function is disabled

1 | Smart Card interface
function is enabled

Smart Card Data Invert

0 | TDR contents are transmitted as they are
Receive data is stored in RDR as it is

1 | TDR contents are inverted before
being transmitted

Receive data is stored in RDR

in inverted form

Smart Card Data Direction

0 | TDR contents are transmitted LSB-first
Receive data is stored in RDR LSB-first

TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first

665
RENESAS



SMR1—Serial Mode Register 1 H'FF80
Bit : 7 6 5 4 3 2 1 0
| C/A | CHR | PE | O/E |STOP| MP | CKSs1 | CKSO|
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/IW R/IW R/IW R/IW R/W R/W R/W R/IW
|
Clock Select
0 | 0 | #clock
1 | @/4 clock
1| 0 | o/16 clock
1 | 2/64 clock
Multiprocessor Mode
0 | Multiprocessor function disabled
1 | Multiprocessor format selected

SCI1

Stop Bit Length

0 1 stop bit
1 | 2 stop bits
Parity Mode

0 Even parity

1 | Odd parity

Parity Enable

0 | Parity bit addition and checking disabled

1 | Parity bit addition and checking enabled

Character Length

0 8-bit data
1 7-bit data*
Note: *

Asynchronous Mode/Synchronous Mode Select

0 | Asynchronous mode

1 | Synchronous mode
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SMR1—Serial Mode Register 1 H’FF80 Smart Card Interface 1

Bit : 7 6 5 4 3 2 1 0
| GM | CHR | PE | O/E | STOP | MP | CKS1 | CKSO0 |
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Clock Select
0 | 0 | gclock

@/4 clock

1
1 | 0 | @/16 clock
1

/64 clock

Multiprocessor Mode

0 | Multiprocessor function disabled

1 | Setting prohibited

Stop Bit Length

0 | Setting prohibited

1 | 2 stop bits

Parity Mode

0 | Even parity
1 | Odd parity

Parity Enable

0 | Setting prohibited

1 | Parity bit addition and checking enabled

Character Length

0 8-bit data

1 | Setting prohibited

GSM Mode

0 | Normal smart card interface mode operation
» TEND flag generated 12.5 etu after beginning of start bit
* Clock output on/off control only

1 | GSM mode smart card interface mode operation
» TEND flag generated 11.0 etu after beginning of start bit
« Fixed high/low-level control possible (set in SCR) in addition to clock output on/off control

Note: etu (Elementary Time Unit): Interval for transfer of one bit
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BRR1—Bit Rate Register 1

H'FF81 SCI1, Smart Card Interface 1

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Sets the serial transfer bit rate

Note: See section 12.2.8, Bit Rate Register (BRR), for details.
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SCR1—Serial Control Register 1 H'FF82 SCI1

Bit : 7 6 5 4 3 2 1 0
’ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W RIW R/W R/W
Clock Enable
0 | 0 | Asynchronous | Internal clock/SCK pin functions
mode as /0 port
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | Asynchronous | Internal clock/SCK pin functions
mode as clock output*!
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | 0 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
1 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
Notes: 1. Outputs a clock of the same frequency as the bit rate.
2. Inputs a clock with a frequency 16 times the bit rate.
Transmit End Interrupt Enable
0 | Transmit end interrupt (TEI) request disabled
1 | Transmit end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]

« When the MPIE bit is cleared to 0
* When MPB= 1 data is received

Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

1 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit data empty interrupt (TXI) requests disabled

1 | Transmit data empty interrupt (TXI) requests enabled
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SCR1—Serial Control Register 1 H'FF82 Smart Card Interface 1

Bit : 7 6 5 4 3 2 1 0
’ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W RIW RIW RIW R/IW R/W RIW

Clock Enable
SMCR | SMR SCR setting
SMIF |C/A,GM| CKE1 | CKEO

SCK pin function

0 See SCI specification

1 0 0 ) Operates as port input
pin

1 0 0 1 Clock output as SCK
output pin
Fixed-low output as

1 1 0 0 H
SCK output pin

1 1 0 1 Clock output as SCK
output pin
Fixed-high output as

1 1 1 0 SCK output pin

1 1 1 1 Clock output as SCK
output pin

Transmit End Interrupt Enable

0 | Transmit end interrupt (TEI) request disabled

1 | Transmit end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]

* When the MPIE bit is cleared to 0
* When MPB= 1 data is received

1 | Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

1 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit data empty interrupt (TXI) requests disabled

1 | Transmit data empty interrupt (TXI) requests enabled
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TDR1—Transmit Data Register 1 H'FF83 SCI1, Smart Card Interface 1

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores data for serial transmission
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SSR1—Serial Status Register 1 H'FF84 SCI1

Bit : 7 6 5 4 3 2 1

‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value : 1 0 0 0 0 1 0
Read/Write :  R/(W)*  R/(W)* R/(W)* R/I(W)* R/I(W)* R R R/IW

Multiprocessor Bit Transfer

0 | Data with a 0 multiprocessor bit is transmitted

1 | Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]
When data with a 0 multiprocessor bit is received

1 | [Setting condition]
When data with a 1 multiprocessor bit is received

Transmit End

0 | [Clearing condition]
* When 0 is written to TDRE after reading TDRE = 1
* When the DTC is activated by a TXI interrupt and write data to TDR

1 | [Setting condition]

* When the TE bitin SCR is 0

* When TDRE = 1 at transmission of the last bit of a 1-byte
serial transmit character

Parity Error

0 | [Clearing condition]
When 0 is written to PER after reading PER = 1

1 | [Setting condition]
When, in reception, the number of 1 bits in the receive data plus the parity bit
does not match the parity setting (even or odd) specified by the O/E bit in SMR

Framing Error

0 | [Clearing condition]
When 0 is written to FER after reading FER = 1

1 | [Setting condition]
When the SCI checks whether the stop bit at the end of the receive
data is 1 when reception ends, and the stop bit is 0

Overrun Error

0 | [Clearing condition]

When 0 is written to ORER after reading ORER =1

1 | [Setting condition]

When the next serial reception is completed while RDRF = 1

Receive Data Register Full

0 | [Clearing condition]
* When 0 is written to RDRF after reading RDRF =1
« When the DTC is activated by an RXI interrupt and read data from RDR

1 | [Setting condition]
When serial reception ends normally and receive data is transferred
from RSR to RDR

Transmit Data Register Empty

0 | [Clearing condition]
* When 0 is written to TDRE after reading TDRE = 1
* When the DTC is activated by a TXI interrupt and write data to TDR

1 | [Setting condition]
* When the TE bitin SCR is 0
* When data is transferred from TDR to TSR and data can be written to TDR

Note: * Can only be written with O for flag clearing.
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SSR1—Serial Status Register 1

H'FF84 Smart Card Interface 1

Bit : 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘ ERS ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value : 1 0 0 0 0 1 0 0
Read/Write :  R/(W)*  R/(W)* R/(W)* R/(W)* R/I(W)* R R R/W

Multiprocessor Bit Transfer

0

Data with a 0 multiprocessor bit is transmitted

1

Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]
When data with a 0 multiprocessor bit is received

1 | [Setting conditions]
When data with a 1 multiprocessor bit is received

Transmit End

0 | [Clearing condition]

* When 0 is written to TDRE after reading TDRE = 1
* When the DTC is activated by a TXI interrupt and write data to TDR

1 [Setting conditions]

« On reset, or in standby mode or module stop mode

« When the TE bit in SCR is 0 and the ERS bit is 0

* When TDRE = 1 and ERS = 0 (normal transmission) 2.5 etu
after a 1-byte serial character is sent when GM = 0

* When TDRE = 1 and ERS = 0 (normal transmission) 1.0 etu
after a 1-byte serial character is sent when GM =1

Parity Error

Note: etu: Elementary Time Unit (the time taken to transmit one bit)

0 | [Clearing condition]

When 0 is written to PER after reading PER = 1

1 | [Setting condition]
When, in reception, the number

does not match the parity setting (even or odd) specified by the O/E bit in SMR

of 1 bits in the receive data plus the parity bit

Error Signal Status

0 | [Clearing condition]

« On reset, or in standby mode or module stop mode
« When 0 is written to ERS after reading ERS =1

1 | [Setting conditions]

When the error signal is sampled at the low level

Overrun Error

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its prior state.

0 | [Clearing condition]

When 0 is written to ORER after reading ORER =1

-

[Setting condition]

When the next serial reception is completed while RDRF = 1

Receive Data Register Full

0 | [Clearing condition]
* When 0 is written to RDRF after reading RDRF = 1

* When the DTC is activated by an RXI interrupt and read data from RDR

1 | [Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR

Transmit Data Register Empty

0 | [Clearing condition]
* When 0 is written to TDRE after reading TDRE = 1
» When the DTC is activated by a TXI interrupt and write data to TDR

1 | [Setting condition]
* When the TE bitin SCRis 0
» When data is transferred from TDR to TSR and data can be written to TDR

Note: * Can only be written with 0 for flag clearing.
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RDR1—Receive Data Register 1 H'FF85 SCI1, Smart Card Interface 1

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R R R

Stores received serial data

SCMR1—Smart Card Mode Register 1 H'FF86 SCI1, Smart Card Interface 1

Bit : 7 6 5 4 3 2 1 0

| — | = | = | — |sor[sn | — | swF|
Initial value : 1 1 1 1 0 0 1 0
Read/Write : — — — — R/W R/W — R/W

Smart Card J
Interface Mode Select

0 | Smart Card interface
function is disabled

1 | Smart Card interface
function is enabled

Smart Card Data Invert

0 | TDR contents are transmitted as they are
Receive data is stored in RDR as it is

1 | TDR contents are inverted before
being transmitted

Receive data is stored in RDR

in inverted form

Smart Card Data Direction

0 | TDR contents are transmitted LSB-first
Receive data is stored in RDR LSB-first

1 | TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
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SMR2—Serial Mode Register 2

H'FF88 SCI2
7 6 5 4 3 2 1 0
| C/IA | CHR | PE | O/E | STOP | MP | CKS1 | CKSO |
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

Clock Select

0 | 0 | gclock

1 | @/4 clock
1 | 0 | @/16 clock
1 | @/64 clock

Multiprocessor Mode

0 | Multiprocessor function disabled

1 | Multiprocessor format selected

Stop Bit Length

0 | 1 stop bit
1 | 2 stop bits
Parity Mode

0 | Even parity

1 | Odd parity
Parity Enable
0 | Parity bit addition and checking disabled
1 | Parity bit addition and checking enabled
Character Length
0 | 8-bit data
1 | 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.

Asynchronous Mode/Synchronous Mode Select

Asynchronous mode

Synchronous mode
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SMR2—Serial Mode Register 2 H'FF88 Smart Card Interface 2

Bit : 7 6 5 4 3 2 1 0
| GM | CHR | PE | O/E | STOP | MP | CKS1 | CKSO0 |
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Clock Select

0 | 0 | gclock

1 | @/4 clock
1 | 0 | @/16 clock
1 | a/64 clock

Multiprocessor Mode

0 Multiprocessor function disabled

1 | Setting prohibited

Stop Bit Length

0 | Setting prohibited

1 | 2 stop bits

Parity Mode

0 | Even parity
1 | Odd parity

Parity Enable

0 | Setting prohibited

1 | Parity bit addition and checking enabled

Character Length
0 | 8-bitdata

1 | Setting prohibited

GSM Mode

0 | Normal smart card interface mode operation
» TEND flag generated 12.5 etu after beginning of start bit
» Clock output on/off control only

1 | GSM mode smart card interface mode operation
« TEND flag generated 11.0 etu after beginning of start bit
« Fixed high/low-level control possible (set in SCR) in addition to clock output on/off control

Note: etu (Elementary Time Unit): Interval for transfer of one bit
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BRR2—Bit Rate Register 2 H'FF89 SCI2, Smart Card Interface 2

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Sets the serial transfer bit rate

Note: See section 12.2.8, Bit Rate Register (BRR), for details.
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SCR2—Serial Control Register 2

Bit

Initial value :
Read/Write :

678

H'FF8A

7 6 5 4 3 2 1 0
‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
0 0 0 0 0 0 0 0
R/IW R/IW RIW RIW RIW RIW R/W RIW
Clock Enable
0 | 0 | Asynchronous
mode
Synchronous
mode
1 | Asynchronous
mode
Synchronous
mode
1 | 0 | Asynchronous
mode
Synchronous
mode
1 | Asynchronous
mode
Synchronous
mode
Transmit End Interrupt Enable
0 | Transmit end interrupt (TEI) request disabled
1 | Transmit end interrupt (TEI) request enabled

SCI2

Internal clock/SCK pin functions
as I/0 port

Internal clock/SCK pin functions
as serial clock output

Internal clock/SCK pin functions
as clock output*1

Internal clock/SCK pin functions
as serial clock output

External clock/SCK pin functions
as clock input*2

External clock/SCK pin functions
as serial clock input

External clock/SCK pin functions
as clock input*2

External clock/SCK pin functions
as serial clock input

Notes: 1. Outputs a clock of the same frequency as the bit rate.

2. Inputs a clock with a frequency 16 times the bit rate.

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]
* When the MPIE bit is cleared to 0
* When MPB= 1 data is received

1 | Multiprocessor interrupts enabled
Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled
1 | Receive data full interrupt (RXI) request and

receive error interrupt (ERI) request enabled

Transmit Interrupt Enable

0

Transmit data empty interrupt (TXI) requests disabled

1

Transmit data empty interrupt (TXI) requests enabled
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SCR2—Serial Control Register 2 H'FF8A Smart Card Interface 2
Bit 7 6 5 4 3 2 1 0
’ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W RIW RIW R/W R/W R/W R/W R/IW
Clock Enable
SMCR | SMR SCR setting . .
— SCK pin function
SMIF |C/A,GM| CKE1 | CKEO
0 See SCI specification
1 0 0 0 Operates as port input
pin
1 0 0 1 Clock output as SCK
output pin
Fixed-low output as
! . 0 0 SCK output pin
1 1 0 1 Clock output as SCK
output pin
Fixed-high output as
1 ! 1 0 SCK output pin
1 1 1 1 Clock output as SCK
output pin
Transmit End Interrupt Enable
0 | Transmit end interrupt (TEI) request disabled
1 | Transmit end interrupt (TEI) request enabled

Transmit Interrupt Enable

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]
* When the MPIE bit is cleared to 0
* When MPB= 1 data is received

1 | Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0

Transmission disabled

1

Transmission enabled

Receive Interrupt Enable

0 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

1 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

0

Transmit data empty interrupt (TXI) requests disabled

1

Transmit data empty interrupt (TXI) requests enabled
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TDR2—Transmit Data Register 2 H'FF8B  SCI2, Smart Card Interface 2

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores data for serial transmission
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SSR2—Serial Status Register 2 H'FF8C SCI2

Bit

Initial value :
Read/Write :

: 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
1 0 0 0 0 1 0 0
RIW)*  RIW)* RIW)* RIW)* RIWY* R R RW

Multiprocessor Bit Transfer

0 | Data with a 0 multiprocessor bit is transmitted

1 | Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]
When data with a 0 multiprocessor bit is received

1 | [Setting condition]
When data with a 1 multiprocessor bit is received

Transmit End

0 | [Clearing condition]
« When 0 is written to TDRE after reading TDRE = 1

* When the DTC is activated by a TXI interrupt and write data to TDR

1 | [Setting condition]

« When the TE bitin SCR is 0

+ When TDRE = 1 at transmission of the last bit of a 1-byte
serial transmit character

Parity Error

0 | [Clearing condition]
When 0 is written to FER after reading FER = 1

1 | [Setting condition]
When, in reception, the number of 1 bits in the receive data plus the parity bit
does not match the parity setting (even or odd) specified by the O/E bit in SMR

Framing Error

0 | [Clearing condition]
When 0 is written to FER after reading FER = 1

1 | [Setting condition]
When the SCI checks whether the stop bit at the end of the receive
data is 1 when reception ends, and the stop bit is 0

Overrun Error

0 | [Clearing condition]
When 0 is written to ORER after reading ORER = 1

1 | [Setting condition]
When the next serial reception is completed while
RDRF =1

Receive Data Register Full

0 | [Clearing condition]
« When 0 is written to RDRF after reading RDRF = 1
* When the DTC is activated by an RXI interrupt and read data from RDR

1 | [Setting condition]
When serial reception ends normally and receive data is transferred
from RSR to RDR

Transmit Data Register Empty

0

[Clearing condition]
* When 0 is written to TDRE after reading TDRE = 1
* When the DTC is activated by a TXI interrupt and write data to TDR

[Setting condition]
* When the TE bitin SCRis 0
* When data is transferred from TDR to TSR and data can be written to TDR

Note: * Can only be written with O for flag clearing.
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SSR2—Serial Status Register 2

H'FF8C Smart Card Interface 2

Bit : 7 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘ ERS ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value : 1 0 0 0 0 1 0 0
Read/Write :  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R RW

Multiprocessor Bit Transfer

0 | Data with a 0 multiprocessor bit is transmitted
1 | Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]
When data with a 0 multiprocessor bit is received

i

[Setting condition]
When data with a 1 multiprocessor bit is received

Transmit End

0 | [Clearing condition]
» When 0 is written to TDRE after reading TDRE = 1
* When the DTC is activated by a TXI interrupt and write data to TDR

1 | [Setting conditions]

« On reset, or in standby mode or module stop mode

* When the TE bitin SCRis 0

* When TDRE =1 and ERS = 0 (normal transmission) 2.5 etu
after a 1-byte serial character is sent when GM =0

* When TDRE =1 and ERS = 0 (normal transmission) 1.0 etu
after a 1-byte serial character is sent when GM =1

Note: etu: Elementary Time Unit (the time taken to transmit one bit)

Parity Error

0

[Clearing condition]
When 0 is written to PER after reading PER = 1

[Setting condition]
When, in reception, the number of 1 bits in the receive data plus the parity bit
does not match the parity setting (even or odd) specified by the O/E bitin SMR

Error Signal Status

0 | [Clearing condition]
« On reset, or in standby mode or module stop mode
« When 0 is written to ERS after reading ERS =1

1 | [Setting conditions]
When the error signal is sampled at the low level

Overrun Error

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its prior state.

0 | [Clearing condition]
When 0 is written to ORER after reading ORER = 1

[

[Setting condition]
On of the next serial reception when RDRF= 1 completion

Receive Data Register Full

0 | [Clearing condition]

* When 0 is written to RDRF after reading RDRF = 1
* When the DTC is activated by an RXI interrupt and read data from RDR

1 | [Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR

Transmit Data Register Empty

0 | [Clearing condition]

» When 0 is written to TDRE after reading TDRE = 1
» When the DTC is activated by a TXI interrupt and write data to TDR

1 | [Setting condition]
* When the TE bit in SCR is 0

* When data is transferred from TDR to TSR and data can be written to TDR

Note: * Can only be written with O for flag clearing.
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RDR2—Receive Data Register 2 H'FF8D SCI2, Smart Card Interface 2

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R

Stores received serial data

SCMR2—Smart Card Mode Register 2 H'FFBE SCI2, Smart Card Interface 2
Bit : 7 6 5 4 3 2 1 0
’ — ‘ — ‘ — ‘ — ‘ SDIR ‘ SINV ‘ — ‘ SMIF ‘
Initial value : 1 1 1 1 0 0 1 0
Read/Write : — — — — R/W R/W — RIW

Smart Card j

Interface Mode Select

0 | Smart Card interface
function is disabled

1 | Smart Card interface
function is enabled

Smart Card Data Invert

0 | TDR contents are transmitted as they are
Receive data is stored in RDR as it is

1 | TDR contents are inverted before being
transmitted

Receive data is stored in RDR in
inverted form

Smart Card Data Direction

0 | TDR contents are transmitted LSB-first
Receive data is stored in RDR LSB-first

1 | TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
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ADDRAH
ADDRAL
ADDRBH
ADDRBL
ADDRCH
ADDRCL
ADDRDH
ADDRDL

Bit

Initial value :
Read/Write :

684

— A/D Data Register AH

A/D Data Register AL

— A/D Data Register BH

A/D Data Register BL

— A/D Data Register CH

A/D Data Register CL
A/D Data Register DH
A/D Data Register DL

H'FF90
H'FF91
H'FF92
H'FF93
H'FF94
H'FF95
H'FF96
H'FF97

A/D Converter
A/D Converter
A/D Converter
A/D Converter
A/D Converter
A/D Converter
A/D Converter
A/D Converter

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| — | — | — | — | — | — |
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R R R R R R R R R R R R R R R R

Stores the results of A/D conversion

Analog Input Channel A/D Data Register
ANO ADDRA
AN1 ADDRB
AN2 ADDRC
AN3 ADDRD
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ADCSR—A/D Control/Status Register H'FF98 A/D Converter

Bit : 7 6 5 4 3 2 1 0
| ADF | ADIE | ADST | SCAN | CKS | — | CH1 | CHO |
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/(W)* RW RW RW RW RW RW RW

I

Channel Select

Single Mode | Scan Mode
CH1| CHO
(SCAN=0) | (SCAN=1)
0 0 | ANO ANO
1 | AN1 ANO to AN1
1 0 AN2 ANO to AN2
1 | AN3 ANO to AN3

Group Select

0 | Conversion time= 266 states (max.)

1 | Conversion time= 134 states (max.)

Scan Mode

0 | Single mode

1 | Scan mode

A/D Start

0 | A/D conversion stopped

1 |+ Single mode: A/D conversion is started. Cleared to 0 automatically when
conversion ends

» Scan mode: A/D conversion is started. Conversion continues sequentially
on the selected channels until ADST is cleared to 0 by software, a reset,
or transition to standby mode or module stop mode

A/D Interrupt Enable

0 | A/D conversion end interrupt (ADI) request disabled

1 | A/D conversion end interrupt (ADI) request enabled

A/D End Flag
0 [Clearing conditions]
* When 0 is written to the ADF flag after reading ADF =1
* When the DTC is activated by an ADI interrupt, and ADDR is read

1 [Setting conditions]
* Single mode: When A/D conversion ends
* Scan mode: When one round of conversion has been performed on all specified channels

Note: * Can only be written with O for flag clearing.
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ADCR—A/D Control Register

Bit

Initial value :
Read/Write

686

H'FF99 A/D

7 6 5 4 3 2 1

TRGS1 | TRGSO — — — — —

0 0 1 1 1 1 1
R/W R/W — — — — —
Timer Trigger Select

TRGS1 | TRGS1 Description
0 0 Start of A/D conversion by external trigger
is disabled
1 Start of A/D conversion by external trigger (TPU)
is enabled
1 0 Start of A/D conversion by external trigger
(8-bit timer) is enabled
1 Start of A/D conversion by external trigger pin is

enabled
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TCRO—Time Control Register 0 H'FFBO 8-Bit Timer Channel 0

TCR1—Time Control Register 1 H'FFB1 8-Bit Timer Channel 1
Bit . 7 6 5 4 3 2 1 0
’ CMIEB ‘ CMIEA ‘ OVIE ‘ CCLR1 ‘ CCLRO ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : RW ~RW RW RW RW RW RW RW

Clock Select
0 0 0 Clock input disabled

1 Internal clock: counted at falling edge

of 8/8
1 0 Internal clock: counted at falling edge
of /64
1 Internal clock: counted at falling edge
of /8192

1 0 0 For channel 0:

Count at TCNT1 overflow signal*
For channel 1:

Count at TCNTO compare match A*

1 External clock: counted at rising edge

1 0 External clock: counted at falling edge

1 External clock: counted at both rising and
falling edges

Note: * If the count input of channel O is the TCNT1 overflow
signal and that of channel 1 is the TCNTO compare
match signal, no incrementing clock is generated.
Do not use this setting.

Counter Clear

0 0 Clear is disabled
1 Clear by compare match A
1 0 Clear by compare match B
1 Clear by rising edge of external reset input

Timer Overflow Interrupt Enable

0 OVF interrupt requests (OVI) are disabled

1 OVF interrupt requests (OVI) are enabled

Compare Match Interrupt Enable A

0 CMFA interrupt requests (CMIA) are disabled
1 CMFA interrupt requests (CMIA) are enabled

Compare Match Interrupt Enable B

0 CMFB interrupt requests (CMIB) are disabled
1 CMFB interrupt requests (CMIB) are enabled
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TCSRO—Timer Control/Status Register 0 H'FFB2 8-Bit Timer Channel 0

TCSR1—Timer Control/Status Register 1 H'FFB3 8-Bit Timer Channel 1
TCSRO Bit : 7 6 5 4 3 2 1 0
’ CMFB ‘ CMFA‘ OVF ‘ ADTE ‘ 0S3 ‘ 0S2 ‘ 0OSs1 ‘ 0OS0 ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write :  R/(W)* R/W)* R/(W)* RW RW  RW RW  RW
TCSR1 Bit . 7 6 5 4 3 2 1 0
’ CMFB ‘ CMFA‘ OVF ‘ — ‘ 0S3 ‘ OS2 ‘ OSs1 ‘ 0S0 ‘
Initial value : 0 0 0 1 0 0 0 0
Read/Write : R/(W)*  R/(W)* R/(W)* — RIW RIW R/W RIW

Output Select

0 0 | No change when compare match A
occurs

1 | Ois output when compare match A
occurs

1 0 | 1is output when compare match A
occurs

1 | Outputis inverted when compare
match A occurs (toggle output)

Output Select

0 0 | No change when compare match B occurs

0 is output when compare match B occurs

1
1 0 | 1is output when compare match B occurs
1

Output is inverted when compare match B occurs
(toggle output)

A/D Trigger Enable (TCSRO only)
0 A/D converter start requests by compare match A are disabled

1 A/D converter start requests by compare match A are enabled

Timer Overflow Flag

0 [Clearing condition]
Cleared by reading OVF when OVF = 1, then writing 0 to OVF

1 [Setting condition]
Set when TCNT overflows (changes from H'FF to H'00)

Compare Match Flag A

0 | [Clearing condition]
« Cleared by reading CMFA when CMFA = 1, then writing 0 to CMFA
* When the DTC is activated by a CMIA interrupt, while DISEL bit of MRB in DTC is 0.

1 | [Setting condition]
Set when TCNT matches TCORA

Compare Match Flag B

0 | [Clearing condition]
« Cleared by reading CMFB when CMFB = 1, then writing O to CMFB
* When the DTC is activated by a CMIB interrupt, while DISEL bit of MRB in DTC is 0.

1 | [Setting condition]
Set when TCNT matches TCORB

Note: * Only 0 can be written to bits 7 to 5, to clear these flags.

688
RENESAS



TCORAO—Time Constant Register AO H'FFB4 8-Bit Timer Channel 0

TCORA1—Time Constant Register Al H'FFB5 8-Bit Timer Channel 1
TCORAO TCORA1
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCORBO—Time Constant Register BO H'FFB6 8-Bit Timer Channel 0
TCORB1—Time Constant Register B1 H'FFB7 8-Bit Timer Channel 1
TCORBO TCORB1
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCNTO—Timer Counter O H'FFB8 8-Bit Timer Channel O
TCNT1—Timer Counter 1 H'FFB9 8-Bit Timer Channel 1
TCNTO TCNT1
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
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TCSR—Timer Control/Status Register H'FFBC (W) H'FFBC (R) WDT
Bit : 7 6 5 4 1
| OVF |WT/W| TME | — | — |CKSZ | CKS1 | CKSO|
Initial value : 0 0 0 1 1 0 0 0
Read/Write . R/(W)*  R/W RIW — — RW RIW RW
Clock Select ‘
CKS2(CKS1CKS0  Clock (Va:’:r:ﬂ,;"’;’ ggrm*z)
0 0 0 | @/2 (initial value)| 25.6us
1 | o/64 819.2us
1 0 | @/128 1.6ms
1 | @/512 6.6ms
1| 0 | 0| /2048 26.2ms
1 | 2/8192 104.9ms
1 | 0 | @/32768 419.4ms
1 | 2/131072 1.68s

Timer Enable

Note: * The overflow period is the time from when TCNT

starts counting up from H'00 until overflow occurs.

0

TCNT is initialized to H'00 and halted

1 TCNT counts

Timer Mode Select

0

Interval timer mode: Sends the CPU an interval timer interrupt request
(WOVI) when TCNT overflows

Watchdog timer mode: Generates the WDTOVF signal when
TCNT overflows

Overflow Flag

0

[Clearing condition]
Cleared by reading TCSR when OVF = 1, then writing 0 to OVF

1 [Setting condition]
Set when TCNT overflows from H'FF to H'00 in interval timer mode

Note: * Can only be written with O for flag clearing.

The method for writing to TCSR is different from that for general registers to prevent accidental overwriting.
For details see section 11.2.4, Notes on Register Access.
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TCNT—Timer Counter H'’FFBC (W) H'FFBD (R) WDT

Bit : 7 6 5 4 3 2 1 0

Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Note: The method for writing to TCNT is different from that for general registers to prevent
accidental overwriting. For details see section 11.2.4, Notes on Register Access.

RSTCSR—Reset Control/Status Register H'FFBE (W) H'FFBF (R) WDT
Bit : 7 6 5 4 3 2 1 0
WOVF RSTE RSTS — — — — —
Initial value : 0 0 0 1 1 1 1 1

Read/Write :  R/(W)* R/W R/W — — — — —

Reset Select

0 Power-on reset

1 Manual reset

Reset Enable

0 | Resetsignal is not generated if TCNT overflows*

1 | Resetsignal is generated if TCNT overflows

Note: * The modules H8S/2245 Series are not reset, but TCNT
and TCSR in WDT are reset.

Watchdog Timer Overflow Flag

0 | [Clearing condition]
Cleared by reading TCSR when WOVF = 1, then writing 0 to WOVF

1 | [Setting condition]
Set when TCNT overflows (changed from H'FF to H'00) during
watchdog timer operation

Note: * Can only be written with O for flag clearing.

The method for writing to RSTCSR is different from that for general registers to prevent
accidental overwriting. For details see section 11.2.4, Notes on Register Access.
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TSTR—Timer Start Register H'FFCO TPU

Bit : 7 6 5 4 3 2 1 0
— — — — — CST2 CST1 | CSTO

Initial value : 0 0 0 0 0 0 0 0

Read/Write : — — — — — R/W R/W R/W

Counter Start

0 | TCNT, count operation is stopped

1 | TCNT, performs count operation
(n=21t00)

Note: If 0 is written to the CST bit during operation with the TIOC pin designated for output,
the counter stops but the TIOC pin output compare output level is retained. If TIOR
is written to when the CST bit is cleared to 0, the pin output level will be changed to
the set initial output value.

TSYR—Timer Synchro Register H'FFC1 TPU
Bit : 7 6 5 4 3 2 1 0

| —_ | — | — | _ | — | SYNC2 | SYNCL1 | SYNCO |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — — — — — R/W R/W R/W

Timer Synchronization

0 | TCNTn operates independently (TCNT presetting/
clearing is unrelated to other channels)

1 | TCNTn performs synchronous operation
TCNT synchronous presetting/synchronous clearing
is possible

(n=2t00)

Notes: 1. To set synchronous operation, the SYNC bits for at least two channels must
be setto 1.
2. To set synchronous clearing, in addition to the SYNC bit , the TCNT clearing
source must also be set by means of bits CCLR2 to CCLRO in TCR.
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TCRO—Timer Control Register 0 H'FFDO TPUO
Bit : 7 6 5 4 3 2 1 0
| CCLR2 | CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/IW R/W R/W R/W R/W R/W R/W R/W
Time Prescaler
0 | 0 | O |Internal clock: counts on @/1
1 |Internal clock: counts on g/4
1 | 0 |Internal clock: counts on @/16
1 |Internal clock: counts on @/64
1 | 0 | O |External clock: counts on TCLKA pin input
1 |External clock: counts on TCLKB pin input
1 | 0 |External clock: counts on TCLKC pin input
1 |External clock: counts on TCLKD pin input

Clock Edge

0 | 0 | Countatrising edge

1 | Count at falling edge

1 | — | Count at both edges

Counter Clear
0 | 0 | O |TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

TCNT cleared by TGRB compare match/input capture

N
R|lo|r

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation

TCNT clearing disabled

TCNT cleared by TGRC compare match/input capture

TCNT cleared by TGRD compare match/input capture

=
= O |+ | O

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation

RENESAS
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TMDRO—Timer Mode Register 0 H'FFD1 TPUO
Bit : 7 6 5 4 3 2 1 0
— — BFB BFA MD3 MD2 MD1 MDO
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — RIW RIW RIW RIW RIW RIW
Mode
0 | 0| 0 | O |Normal operation
1 |Reserved
1|0 |PWMmode 1l
1 |PWM mode 2
1|0 | O |[Phase counting mode 1
1 |Phase counting mode 2
1 | 0 |Phase counting mode 3
1 |Phase counting mode 4
1] x| x| x|

* . Don't care

Notes: 1. MD3 is a reserved bit. In a write, it
should always be written with 0.

2. Phase counting mode cannot be set
for channels 0 and 3. In this case,
0 should always be written to MD2.

Buffer Operation Setting A

0

TGRA operates normally

1

TGRA and TGRC used together
for buffer operation

Buffer Operation Setting B

0

TGRB operates normally

1

TGRB and TGRD used together
for buffer operation
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TIOROH—Timer 1/O Control Register OH H'FFD2 TPUO
Bit 7 6 5 4 3 2 1 0
’ 10B3 ‘ 10B2 ‘ 10B1 ‘ 10BO ‘ I0A3 ‘ I0A2 ‘ I0A1 ‘ I0A0 ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
TGROA I/O Control ——————
0| 0|0 |0 |TGROA |Outputdisabled
T is output itial .
compare Initial outputis |0 output at compare match
register |0 Output
10 9 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial outputis |0 output at compare match
1 output
1]0 1 output at compare match
1 Toggle output at compare match
1|0/|0|0 |TGROA |Capture input Input capture at rising edge
1 isinput source is :
capture | TIOCAO pin Input capture at falling edge
1 | * |register Input capture at both edges
1= Setting prohibited
*: Don't care
TGROB I/0 Control ————
0| 0|0 |0 |TGROB |Outputdisabled
. |isoutput|, - .
1 compare Initial output is 0 output at compare match
register |0 output
110 9 1 output at compare match
1 Toggle output at compare match
1/0/|0 Output disabled
1 Initial output is 0 output at compare match
1 output
10 1 output at compare match
1 Toggle output at compare match
1|0 |0 |0 |TGROB |Capture input Input capture at rising edge
—isinput |source is -
1 capture | TIOCBO pin Input capture at falling edge
1|+ |register Input capture at both edges
1| * | * Setting prohibited

*: Don't care

RENESAS
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TIOROL—Timer I/O Control Register OL

Bit : 7 6 5 4

H'FFD3

3 2 1 0

3’ 10D3 ‘ 10D2 ‘ 10D1 ‘ 10D0 ‘ 10C3

‘ 10C2 ‘ 10C1 ‘ 10CO ‘

Initial value : 0 0 0 0
Read/Write : R/W R/W R/W R/W

0 0 0 0

RIW RIW RIW RIW

TGROC I/0 Control ———

TPUO

0| 0|0 |0 |TGROC |Outputdisabled
[ [isoutput [ -
1 compare Initial output is | 0 output at compare match
register | 0 Output
1[0 |9 1 output at compare match
1 Toggle output at compare match
1/0/|0 Output disabled
1 Initial output is | 0 output at compare match
1 output
1]0 1 output at compare match
1 Toggle output at compare match
1|0 |0 |0 TGROC | cCapture input Input capture at rising edge
- lisinput | source is :
1 \capture | Tocco pin Input capture at falling edge
i %
1 | * |register Input capture at both edges
1| * | * Setting prohibited

* : Don't care

Note: 1. When the BFA bit in TMDRO is set to 1 and TGROC is used as a buffer

register, this setting is invalid and input capture/output compare is not

generated.
TGROD I/O Control —
0| 0|0 |0 TGROD | Outputdisabled
[ |isoutput [ -
1 compare Initial outputis | O output at compare match
register | O output
1|0 9 1 output at compare match
1 Toggle output at compare match
1700 Output disabled
1 Initial output is | 0 output at compare match
1 output
1|0 1 output at compare match
1 Toggle output at compare match
1,00 |0 TGROD | Capture input Input capture at rising edge
——lisinput | source is -
1 capture | TIOCDO pin Input capture at falling edge
« |registerst
1 Input capture at both edges
1%~ Setting prohibited

*: Don't care

Note: 1. When the BFB bit in TMDRO is set to 1 and TGROD is used as a buffer
register, this setting is invalid and input capture/output compare is not

generated.

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the register operates as

a buffer register.
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TPUO

TIERO—Timer Interrupt Enable Register 0 H'FFD4
Bit : 7 6 5 4 3 2 1 0

’ TTGE ‘ — ‘ — ‘ TCIEV ‘ TGIED ‘ TGIEC ‘ TGIEB ‘ TGIEA ‘
Initial value : 0 1 0 0 0 0 0 0
Read/Write : R/W — — R/W R/W R/W R/W R/W

TGR Interrupt Enable A

0 | Interrupt requests (TGIA)

by TGFA bit disabled

1 | Interrupt requests (TGIA)

by TGFA bit enabled

TGR Interrupt Enable B

0

Interrupt requests (TGIB)
by TGFB bit disabled

Interrupt requests (TGIB)
by TGFB bit enabled

TGR Interrupt Enable C

0

Interrupt requests (TGIC) by
TGFC bit disabled

Interrupt requests (TGIC) by
TGFC bit enabled

TGR Interrupt Enable D

0 | Interrupt requests (TGID) by TGFD
bit disabled

1 | Interrupt requests (TGID) by TGFD
bit enabled

Overflow Interrupt Enable

0 | Interrupt requests (TCIV) by TCFV disabled

1 | Interrupt requests (TCIV) by TCFV enabled

A/D Conversion Start Request Enable

0

A/D conversion start request generation disabled

1

A/D conversion start request generation enabled

RENESAS
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TSRO—Timer Status Register 0 H'FFD5 TPUO

Bit : 7 6 5 4 3 2 1 0

] — \ — \ — \ TCFV \ TGFD \ TGFC \ TGFB \ TGFA \
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — — RIW)*  RIW)*  RIW)* RI(W)* RI(W)*

TGRA:Input Capture/Output Compare Flag

0 | [Clearing condition]

* When DTC is activated by TGIA interrupt
while DISEL bit of MRB in DTC is 0.

« When 0 is written to TGFA after reading
TGFA=1

1 | [Setting conditions]

« When TCNT = TGRA while TGRA is function-
ing as output compare register

« When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning
as input capture register

TGRB:Input Capture/Output Compare Flag

0 | [Clearing condition]

« When DTC is activated by TGIB interrupt while DISEL
bit of MRB in DTC is 0.

* When 0 is written to TGFB after reading TGFB = 1

1 | [Setting conditions]

* When TCNT = TGRB while TGRB is functioning as
output compare register

* When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

TGRC:Input Capture/Output Compare Flag

0 | [Clearing condition]

* When DTC is activated by TGIC interrupt while DISEL bit of MRB in
DTCis 0

* When 0 is written to TGFC after reading TGFC = 1

1 | [Setting conditions]

* When TCNT = TGRC while TGRC is functioning as output compare
register

* When TCNT value is transferred to TGRC by input capture signal
while TGRC is functioning as input capture register

TGRD:Input Capture/Output Compare Flag

0 | [Clearing condition]

* When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC
is0

* When 0 is written to TGFD after reading TGFD =1

1 | [Setting conditions]

* When TCNT = TGRD while TGRD is functioning as output compare register

« When TCNT value is transferred to TGRD by input capture signal while
TGRD is functioning as input capture register

Overflow Flag

0 | [Clearing condition]

When 0 is written to TCFV after reading TCFV =1

1 | [Setting conditions]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Note: * Can only be written with O for flag clearing.
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TCNTO—Timer Counter O H'FFD6 TPUO

Bit 15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1 O

Initalvalue : 0 0 0 O O O O O O O O O O O o0 O
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Up-counter
TGROA—Timer General Register 0A H'FFD8 TPUO
TGROB—Timer General Register 0B H'FFDA TPUO
TGROC—Timer General Register 0C H'FFDC TPUO
TGROD—Timer General Register 0D H'FFDE TPUO
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initalvaluge : 12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
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TCR1—Timer Control Register 1 H'FFEO TPU1

Bit : 7 6 5 4 3 2 1 0

’ — ‘ CCLRl‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — R/W R/W R/W R/W R/W R/W R/W

Time Prescaler

0 | 0 | 0 |Internal clock: counts on @/1
1 |Internal clock: counts on @/4
1 | 0 |Internal clock: counts on @/16
1 |Internal clock: counts on 2/64
1 | 0 | 0 |External clock: counts on TCLKA pin input
1 |External clock: counts on TCLKB pin input
1 | 0 |Internal clock: counts on @/256
1 | setting prohibited

Note: This setting is ignored when channel 1 is in phase
counting mode.

Clock Edge

0 | 0 | Countatrising edge

1 | Count at falling edge

1 | — | Count at both edges

Note: This setting is ignored when channel 1
is in phase counting mode.

Counter Clear

0 | 0 |TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

1
1 | O |TCNT cleared by TGRB compare match/input capture
1

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation
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TMDR1—Timer Mode Register 1 H'FFE1 TPU1
Bit : 7 6 5 4 3 2 1 0
—_ — — — MD3 MD2 MD1 MDO
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W
Mode
0|0 0 | Normal operation
1 |Reserved
0 | PWM mode 1
1 |PWM mode 2
1 0 |Phase counting mode 1
1 | Phase counting mode 2
0 |Phase counting mode 3
1 | Phase counting mode 4
1| * * |

RENESAS

Notes: MD3 is a reserved bit. In a write, it
should always be written with 0.

* . Don't care
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TIOR1—Timer I/O Control Register 1 H'FFE2 TPU1

Bit : 7 6 5 4 3 2 1 0
’ 10B3 ‘ 10B2 ‘ 10B1 ‘ 10BO ‘ I0A3 ‘ I0A2 ‘ I0A1 ‘ I0A0 ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
TGR1A I/O Control
0| 0| 0|0 |TGR1A |Outputdisabled
[ |isoutput -
1 compare Initial outputis | 0 output at compare match
register | 0 output
1|0 9 1 output at compare match
1 Toggle output at compare match
1010 Output disabled
1 Initial outputis | 0 output at compare match
1 output
1|0 1 output at compare match
1 Toggle output at compare match
1| 0|00 |TGR1A | cCapture input Input capture at rising edge
—Jisinput | source is -
1 | capture |TIOCAL pin Input capture at falling edge
1 | « |register Input capture at both edges
I O Setting prohibited
*: Don't care

TGR1B I/O Control

0] 0|0 |0 |TGR1B | Output disabled
1 is output [ | .
compare Bngﬁpzttnput is | 0 output at compare match
1 |0 |register 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial outputis | O output at compare match
1 output
110 1 output at compare match
1 Toggle output at compare match
110 |0 |0 |TGR1B | Capture input Input capture at rising edge
1 is input | source is )
capture | TIOCB1 pin Input capture at falling edge
1| * |register Input capture at both edges
1 x| > Setting prohibited

*: Don't care
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TIER1—Timer Interrupt Enable Register 1 H'FFE4 TPU1

Bit

Initial value :
Read/Write :

: 7 6 5 4 3 2 1 0
’ TTGE ‘ — ‘ TCIEU ‘ TCIEV ‘ — ‘ — ‘ TGIEB ‘ TGIEA ‘
0 1 0 0 0 0 0 0
RW — RW RW —  —  RW RW

TGR Interrupt Enable A

0 | Interrupt requests (TGIA)
by TGFA bit disabled

1 | Interrupt requests (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt requests (TGIB)
by TGFB bit disabled

1 | Interrupt requests (TGIB)
by TGFB bit enabled

Overflow Interrupt Enable
0 | Interrupt requests (TCIV) by TCFV disabled

1 | Interrupt requests (TCIV) by TCFV enabled

Underflow Interrupt Enable
0 | Interrupt requests (TCIU) by TCFU disabled

1 | Interrupt requests (TCIU) by TCFU enabled

A/D Conversion Start Request Enable

0

A/D conversion start request generation disabled

1

A/D conversion start request generation enabled
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TSR1—Timer Status Register 1 H'FFES5 TPU1

Bit : 7 6 5 4 3 2 1 0

’ TCFD ‘ — ‘ TCFU ‘ TCFV ‘ — ‘ — ‘ TGFB ‘ TGFA ‘
Initial value : 1 1 0 0 0 0 (o] 0
Read/Write : R — RI(W)*  R/(W)* — — R/(W)*  R/(W)*

o

TGRA Input Capture/Output Compare Flag

0 | [Clearing condition]

* When DTC is activated by TGIA interrupt while
DISEL bit of MRB in DTC is 0.

* When 0 is written to TGFA after reading
TGFA=1

1 | [Setting conditions]

* When TCNT = TGRA while TGRA is function-
ing as output compare register

* When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning
as input capture register

TGRB Capture/Output Compare Flag

0 | [Clearing condition]

* When DTC is activated by TGIB interrupt while DISEL
bit of MRB in DTC is 0.

« When 0 is written to TGFB after reading TGFB = 1

1 | [Setting conditions]

* When TCNT = TGRB while TGRB is functioning as
output compare register

« When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

Overflow Flag

0 | [Clearing condition]

When 0 is written to TCFV after reading TCFV = 1

1 | [Setting conditions]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Underflow Flag

0 | [Clearing condition]

When 0 is written to TCFU after reading TCFU = 1

1 | [Setting conditions]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Count Direction Flag
0 | TCNT counts down
1 | TCNT counts up

Note: * Can only be written with O for flag clearing.
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TCNT1—Timer Counter 1 H'FFEG6 TPU1

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvalve : 0 0 0 O O O O O O O O O O O 0 O
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Up/down-counter*

Note: * This timer counter can be used as an up/down-counter only in phase counting
mode or when performing overflow/underflow counting on another channel. In
other cases it functions as an up-counter.

TGR1A—Timer General Register 1A H'FFES8 TPU1
TGR1B—Timer General Register 1B H'FFEA TPU1
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initalvalve : 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
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TCR2—Timer Control Register 2 H'FFFO TPU2

Bit : 7 6 5 4 3 2 1 0

’ — ‘ CCLRl‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — R/W R/W R/W R/W R/W R/W R/W

Time Prescaler

0 | 0 | 0 |Internal clock: counts on @/1
1 |Internal clock: counts on @/4
1 | 0 |Internal clock: counts on @/16
1 |Internal clock: counts on @/64
1 | 0 | 0 |External clock: counts on TCLKA pin input
1 |External clock: counts on TCLKB pin input
1 | 0 |External clock: counts on TCLKC pin input
1 |Internal clock: counts on #/1024

Note: This setting is ignored when channel 2 is in phase
counting mode.

Clock Edge

0 | 0 | Countatrising edge

1 Count at falling edge

1 | — | Count at both edges

Note: This setting is ignored when channel 2
is in phase counting mode.

Counter Clear

0 | O |TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

1
1 | O |TCNT cleared by TGRB compare match/input capture
1

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation
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TMDR2—Timer Mode Register 2 H'FFF1 TPU2
Bit : 7 6 5 4 3 2 1 0
—_ — — — MD3 MD2 MD1 MDO
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W
Mode
0|0 0 |Normal operation
1 |Reserved
0 |PWM mode 1
1 |PWM mode 2
1 0 |Phase counting mode 1
1 |Phase counting mode 2
0 [Phase counting mode 3
1 |Phase counting mode 4
1| * * |

RENESAS

Notes: MD3 is a reserved bit. In a write, it

should always be written with 0.

* . Don't care
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TIOR2—Timer I/O Control Register 2 H'FFF2 TPU2
Bit 7 6 5 4 3 2 1 0
’ 10B3 ‘ 10B2 ‘ 10B1 ‘ 10BO ‘ I0A3 ‘ I0A2 ‘ I0A1 ‘ I0A0 ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/IW R/W R/W R/W R/W R/W
TGR2A I/O Control —M—
0| 0|0 |0 |TGR2A | Output disabled
T is output - -
compare :)nmatl ot:tput is | O output at compare match
i o]
1 | o |register utpu 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial output is 0 output at compare match
1|0 1 output 1 output at compare match
1 Toggle output at compare match
1) %100 |TGR2A | Capture input Input capture at rising edge
1 IS input |- source is Input capture at falling edge
capture | TIOCA2 pin P P g edg
1 | * |register Input capture at both edges
*:Don't care
TGR2B I/O Control
0| 0|0]|0|TGR2B | Outputdisabled
[ | is output . .
1 compare :)nmatl OLtJtput is | O output at compare match
1| o |register outpd 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial output is | O output at compare match
110 1 output 1 output at compare match
1 Toggle output at compare match
1| *|10|0|TGR2B | Capture input Input capture at rising edge
isinput | sourceis :
1 capture | TIOCB2 pin Input capture at falling edge
1 | * | register Input capture at both edges
* : Don't care
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TIER2—Timer Interrupt Enable Register 2 H'FFF4 TPU2

Bit : 7 6 5 4 3 2 1 0

’ TTGE ‘ — ‘ TCIEU ‘ TCIEV ‘ — ‘ — ‘ TGIEB ‘ TGIEA ‘
Initial value : 0 1 0 0 0 0 0 0
Read/Write :  R/W_ — R/W R/W — — RW  RW.

TGR Interrupt Enable A

0 | Interrupt requests (TGIA)
by TGFA bit disabled

1 | Interrupt requests (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt requests (TGIB)
by TGFB bit disabled

1 | Interrupt requests (TGIB)
by TGFB bit enabled

Overflow Interrupt Enable
0 | Interrupt requests (TCIV) by TCFV disabled

1 | Interrupt requests (TCIV) by TCFV enabled

Underflow Interrupt Enable
0 | Interrupt requests (TCIU) by TCFU disabled

1 | Interrupt requests (TCIU) by TCFU enabled

A/D Conversion Start Request Enable

0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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TSR2—Timer Status Register 2 H'FFF5 TPU2

Bit : 7 6 5 4 3 2 1 0

’ TCFD ‘ — ‘ TCFU ‘ TCFV ‘ — ‘ — ‘ TGFB ‘ TGFA ‘
Initial value : 1 1 0 0 0 0 (o] 0
Read/Write : R — RI(W)*  R/(W)* — — R/(W)*  R/(W)*

o

TGRA Input Capture/Output Compare Flag

0 | [Clearing condition]

* When DTC is activated by TGIA interrupt while
DISEL bit of MRB in DTC is 0.

* When 0 is written to TGFA after reading
TGFA=1

1 | [Setting conditions]

* When TCNT = TGRA while TGRA is function-
ing as output compare register

* When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning
as input capture register

TGRB Capture/Output Compare Flag

0 | [Clearing condition]

* When DTC is activated by TGIB interrupt while DISEL
bit of MRB in DTC is 0.

« When 0 is written to TGFB after reading TGFB = 1

1 | [Setting conditions]

* When TCNT = TGRB while TGRB is functioning as
output compare register

« When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

Overflow Flag

0 | [Clearing condition]

When 0 is written to TCFV after reading TCFV = 1

1 | [Setting conditions]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Underflow Flag

0 | [Clearing condition]

When 0 is written to TCFU after reading TCFU = 1

1 | [Setting conditions]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Count Direction Flag
0 | TCNT counts down
1 | TCNT counts up

Note: * Can only be written with O for flag clearing.
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TCNT2—Timer Counter 2 H'FFF6 TPU2

Bit .15 14 183 12 11 10 9 8 7 6 5 4 3 2 1 O

Iniialvave: 0 0o 0 0 0O O O O O O O O O O O O
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Up/down-counter*

Note: * This timer counter can be used as an up/down-counter only in phase counting
mode or when performing overflow/underflow counting on another channel. In
other cases it functions as an up-counter.

TGR2A—Timer General Register 2A H'FFF8 TPU2
TGR2B—Timer General Register 2B H'FFFA TPU2
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initialvalue: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
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Appendix C

I/O Port Block Diagrams

C.1l Port 1 Block Diagram
Reset
!
R
P1nDDR ° "
C T é
I ° =
WDDR1 © °
£ | |8
Re‘set é g
L
' Mode 1/2/3/7 o R ol E
P1nDR
P1, (‘3
Mode WDR1
( ':4/5/6 |
TPU module
~ Output compare
| output/PWM
| output enable
| Output compare
' output/PWM
! output
RDR1 1
RPOR1 }
™~ :
L~ ;
»Input capture
' input
Legend e
WDDR1 : Write to PLDDR
WDR1 : Write to P1DR
RDR1 :Read P1DR
RPORL1 : Read port 1
n=0orl
Figure C-1 (a) Port 1 Block Diagram (Pins Pdand P1)
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P1,

Reset
!
R
— Qoo | 2| |2
P1nDDR a a
C s a
S
‘ e Q
WDDR1 = k]
c IS
Reset Qo o
‘ £ S
I Mode 1/2/3/7 R 2
Q D[] =
P1nDR
Mode C
( 4/5/6 I
P WDR1
TPU module.
- Output compare
| output/PWM
' output enable
3 Output compare
. output/PWM
| output
RDR1 !
RPOR1 !
N |
L !
-L-rlnput capture
3 input
»External clock
" input
Legend [

WDDR1 : Write to PADDR
WDR1 : Write to P1DR
RDR1 :Read P1DR
RPORL1 : Read port 1
n=2or3

Figure C-1 (b) Port 1 Block Diagram (Pins P1land PL)
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Reset

R
e e— %ool | |
P1nDDR 3
c ©
I 5]
WDDR1 )
]
c
Re‘set E"
c
R £
Q D—
P1, P1nDR
C
\
WDR1
TPU module.
3 Output compare output/
' PWM output enable
: Output compare output/
. PWM output
RDR1 :
RPOR1 !
™~ ;
L [ !
* |nput capture input
Legend
WDDRL1 : Write to PLDDR
WDR1 : Write to PIDR
RDR1 :Read P1DR
RPORL1 : Read port 1
n=4or6
Figure C-1 (c) Port 1 Block Diagram (Pins Pland PJ)
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P1,

Reset

™~
L

R
Q D— |2
P1nDDR 2
C 8
\ 3
WDDR1 §
Reset 3
‘ £
R
Q D—
P1nDR
C
\
WDR1
TPU module
- Output compare output/
1 PWM output enable
3 Output compare output/
. PWM output
RDR1 :
RPOR1 !
'Lrlnput capture input

Legend

WDDR1 : Write to PLDDR
WDR1 : Write to P1DR
RDR1 :Read P1DR
RPORL1 : Read port 1
n=5or7

»External clock input

Figure C-1 (d)

Port 1 Block Diagram (Pins Pdand P1)
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C.2 Port 2 Block Diagram
Reset
|
R
Q D—1 |
P2nDDR 3
c ©
\ ©
WDDR2 °
©
Reset S
! 2
R E
P2 Q D
" ~ P2nDR
c
|
WDR2
RDR2
RPOR2
™
I/
Legend
WDDR2 : Write to P2DDR
WDR2 : Write to P2DR
RDR2 :Read P2DR
RPOR2 : Read port 2
n=0orl
Figure C-2 (a) Port 2 Block Diagram (Pins Pgand P2)
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P2,

Reset

Q
P2nDDR

\
WDDR2
Reset
\

Q
P2nDR

™
L~

I
WDR2

RDR2

RPOR2

Internal data bus

8-bit timer module

Legend

WDDR2 : Write to P2DDR
WDR2 : Write to P2DR
RDR2 :Read P2DR
RPOR2 : Read port 2
n=2or4

Figure C-2 (b) Port 2 Block Diagram (Pins P2and P2,)
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Reset

R
Q D—
P2nDDR ‘é
¢ f?
WDDR2 3
©
Reset c
! L
R £
) Q DI
" N P2nDR
C
\
WDR2
RDR2
RPOR2
™~
I/
8-bit timer module
= Counter external
' clock input
Legend Y Tmmmmmmmm
WDDR?2 : Write to P2DDR
WDR2 : Write to P2DR
RDR2 : Read P2DR
RPOR2 : Read port 2
n=3o0r5
Figure C-2 (c) Port 2 Block Diagram (Pins P2and P2)
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Reset
|

R

E——— % ool |
P2nDDR

C
I
WDDR2

Reset
|

R

Internal data bus

D—

Q
P2, P2nDR
C

|
WDR2

8-bit timer

- Compare-match
| output enable

- Compare-match output

RDR2

RPOR2

™~
L

Legend

WDDR2 : Write to P2DDR
WDR2 : Write to P2DR
RDR2 :Read P2DR
RPOR2 : Read port 2
n=6or7

Figure C-2 (d) Port 2 Block Diagram (Pins Pgand P2)
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C.3 Port 3 Block Diagram

Reset
!
R
S — PanooR| |
P3nDDR 2
C e}
\ g
WDDR3 3
*1 —
Reset g
| 9]
R =
Q D—
P3, P3r(1:DR
\
WDR3
*2 Reset
!
R
Q D
P3nODR
C
\
WODR3
RODR3
SCI module
: Serial transmit enable
- Serial transmit data
RDR3
RPOR3
™~
I/
Legend
WDDR3 : Write to P3DDR
WDR3  : Write to P3DR
WODR3 : Write to P3ODR
RDR3  :Read P3DR
RPOR3 : Read port 3
RODR3 : Read P30ODR
n=0orl
Notes: 1. Output enable signal
2. Open drain control signal
Figure C-3 (a) Port 3 Block Diagram (Pins Pgand P3)
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P3,

Reset
|

*1

R

Q
P3nDDR
C

I
WDDR3

Reset
|

AN

*2

R

Q
P3nDR
C

|
WDR3

Reset
\

R

Q D—

P3nODR
C

I
WODR3

RODR3

D——

D——

Internal data bus

SCI module

,,,,,,,,,,,

™~
L

RDR3

RPOR3

- Serial receive data
|

. enable

|
|
|
|
|
|
|
|
|
|
|
|
|
» Serial receive data

Legend

WDDR3 : Write to P3DDR
WDR3 : Write to P3DR
WODR3 : Write to P3ODR
RDR3 : Read P3DR
RPOR3 : Read port 3
RODR3 : Read P3ODR
n=2or3

Notes: 1. Output enable signal

2. Open drain control signal

Figure C-3 (b) Port 3 Block Diagram (Pins Pgand P3)

RENESAS

721




Reset
!
R
Q & Q D—
P3nDDR 9
C o
\ i)
<
v WDDR3 S
Reset g
‘ 9]
R <
Q D—
P3nDR
P3, \ o
! T
WDR3
*3 Reset
!
R
Di
P3nODR
C
\
WODR3
RODR3
SCI module
: Serial clock output
. enable
: Serial clock output
- Serial clock input
' enable
RDR3 |
RPOR3 | | |
™~ !
L~ |
Legend !
WDDR3 : Write to P3BDDR |
WDR3 : Write to P3DR »Serial clock input
WODRS3 : Write to PBODR e
RDR3 :Read P3DR Interrupt controller

RPOR3 : Read port 3 ol>—-i»|RQ interrupt input
RODRS3 : Read P30ODR :

n=4or5

Notes:

1. Priority order: Serial clock input > serial clock output > DR output
2. Output enable signal
3. Open drain control signal

722

Figure C-3 (c) Port 3 Block Diagram (Pins P3and P3)
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C4 Port 4 Block Diagram

Internal data bus

\V4
\a

P4,

A/D converter module

%Analog input

Legend 1
RPOR4 : Read port 4

n=0to3

Figure C-4 Port 4 Block Diagram (Pins P4to P4,)
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C.5 Port 5 Block Diagram
Reset
!
R
— Bso00R| |
P50DDR 2
o]
¢ E
WDDRO 3
Reset E
‘ 2
R £
Q D—
P5, PS(():DR
\
WDR5
SCI module
f Serial transmit data
| output enable
: Serial transmit data
RDRS5
RPOR5
™~
I/
Legend
WDDRS5 : Write to PSDDR
WDR5 : Write to PSDR
RDR5 :Read P5DR
RPORS5 : Read port 5
Figure C-5 (a) Port 5 Block Diagram (Pin P9
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Reset

Q
P51DDR

I
WDDR5

Reset

Internal data bus

Q
P51DR

|
WDR5 SCI module

RDR5

RPORS5

V

Legend

WDDRS5 : Write to PSDDR
WDR5 : Write to P5SDR
RDR5 : Read P5DR
RPORS5 : Read port 5

Figure C-5 (b) Port 5 Block Diagram (Pin P%)
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Reset

R
G% i Q D—
P52DDR a
C e}
\ g
WDDR5 3
Reset E
‘ 2
R £
Q D—
P52DR
; T
WDR5 SCI module
' Serial clock output
' enable
f Serial clock output
Serial clock input
. enable
RDR5 |
RPOR5 }
N |
L~ !
»Serial clock input
Legend N/
WDDRS5 : Write to PSDDR
WDR5 : Write to P5DR
RDR5 : Read P5DR
RPORS5 : Read port 5
Note: * Priority order: Serial clock input > serial clock output > DR output
Figure C-5 (c) Port 5 Block Diagram (Pin P
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Reset

Q D—]
P53DDR

I
WDDR5

Reset

P5;

Q
N P53DR

|
WDR5

RDR5

RPOR5

™
L~

Legend

WDDRS5 : Write to PSDDR
WDR5 : Write to P5DR
RDR5 : Read P5DR
RPORS5 : Read port 5

Internal data bus

Figure C-5 (d) Port 5 Block Diagram (Pin P5)
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C.6 Port A Block Diagram

Internal address bus

Reset
|
R
}o—o( Q D— | 4
PAnPCR 2
c ©
I <
WPCRA ©
<
RPCRA £
(0]
<
Mode
4/5*3 Reset
| |
S R
Di
PANnDDR
C
|
WDDRA
*1
Reset
|
R
Q D—
PA |—— Mode 1/2/3/7 PANDR
n Mode 4/5/6 C
I
WDRA
*2 Reset
|
R
Di
PANODR
C
T
WODRA
RODRA
RDRA
RPORA
N
V
Legend
WDDRA : Write to PADDR
WDRA : Write to PADR
WODRA : Write to PAODR
WPCRA : Write to PAPCR
RDRA : Read PADR Notes: 1. Output enable signal
RPORA : Read port A 2. Open drain control signal
RODRA : Read PAODR 3. Set priority
RPCRA : Read PAPCR
n=0to3

Figure C-6 Port A Block Diagram (Pins PA to PA,)
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C.7

Port B Block Diagram

PB,

-

Reset

Q
PBnPCR

I
WPCRB

RPCRB

Mode

1/4/5* Reset
\ !

S R

Q
PBnDDR
C

[
WDDRB

Reset
|

R

Mode 3/7
Mode 1/2/4/5/6

Q
PBNDR
C

I
WDRB

D

DI—

D

Internal data bus

Legend
WDDRSB :
WDRB
WPCRB :
RDRB
RPORB :
RPCRB

™~
L

Write to PBDDR

: Write to PBDR

Write to PBPCR

: Read PBDR

Read port B

: Read PBPCR
n=0to7

RDRB

RPORB

Note: * Set priority

Internal address bus

Figure C-7 Port B Block Diagram (Pin PB)

RENESAS

729




C.8 Port C Block Diagram

PC,

b——o(},

Reset
|

Q
PCnPCR

|
WPCRC

RPCRC

Mode
1/4/5* Reset

Mode 3/7
Mode 1/2/4/5/6

D——

Internal data bus

™

Legend

WDDRC :
: Write to PCDR

: Write to PCPCR
: Read PCDR

: Read port C

: Read PCPCR

WDRC
WPCRC
RDRC
RPORC
RPCRC

n=0to7

L

Write to PCDDR

Note: * Set priority

RDRC

RPORC

Internal address bus
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Figure C-8 Port C Block Diagram (Pin PGQ)
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C.9

Port D Block Diagram

Reset
\
R
P O( I Q D— g
PDnPCR 2
C 8
\ 3
WPCRD =
[
s
RPCRD S
©
c
Q
<
Reset
\
R
—(— -
— External address PDnDDR
write C
\
WDDRD
Reset
\
R
Q D
PD «— Mode 3/7 PDnDR
n Mode 1/2/4/5/6 C
\
WDRD
External address RDRD
upper write
External address
lower write
RPORD
N
I/
Legend External address upper read
WDDRD : Write to PDDDR
WDRD : Write to PDDR
WPCRD : Write to PDPCR
RDRD : Read PDDR External address lower read
RPORD : Read port D > -
RPCRD : Read PDPCR
n=0to7

Internal lower data bus

Figure C-9 Port D Block Diagram (Pin PDQ)
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C.10 Port E Block Diagram
Reset
!
R
b ok Q 2|3 2
PEnPCR o 2
C o s
j 3 3
WPCRE g =
] 3]
g s
RPCRE | |3 =
g g
o g
£ £
Reset
!
R
—C SenooR| |
— External address PEnDDR
write C
\
WDDRE
Reset
!
R
Q D—
PE +—Mode 3/7 PEnDR
n Mode 1/2/4/5/6 C
\
WDRE
RDRE
RPORE
™~
I/
Legend External address lower read
WDDRE : Write to PEDDR | >
WDRE : Write to PEDR
WPCRE : Write to PEPCR
RDRE :Read PEDR
RPORE : Read port E
RPCRE : Read PEPCR
n=0to7
Figure C-10 Port E Block Diagram (Pin PE)
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C.11 Port F Block Diagram
[2]
a
Re‘set <
©
R <
Q D— | &
PFODDR ]
C 5
I
Mode 1/2/4/5/6 WDDRF Bus controller
Reset ! BRLE bit
\ |
R |
PFO Q D— | |
~ PFODR ;
c 1
I |
WDRF 3
RDRF !
RPORF !
™~ |
L~ 1
OI> » Bus request input
Interrupt controler
OI> » IRQ interrupt input
Legend T TTmmmmmeees
WDDRF: Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F

Figure C-11 (a) Port F Block Diagram (Pin PE)
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PF,

Reset

Q
PF1DDR

I
WDDRF

Reset
\

—

Q
PF1DR

Mode 1/2/4/5/6

I
WDRF

Internal data bus

Bus controller

,,,,,,,,,,,,,

~BRLE bit
f Bus request

o]

Legend
WDDRF :
WDRF
RDRF
RPORF

™~
L

RDRF

RPORF

i acknowledge output

Interrupt controller

Write to PFDDR

: Write to PFDR
: Read PFDR
: Read port F
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Figure C-11 (b) Port F Block Diagram (Pin PF)
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Bus controller

~Wait enable

i Bus request output

' enable

(2]
3
Reset p
‘ I
R °
Q D E
PF2DDR i
C £
I
WDDRF
Reset !
| |
Mode 1/2/4/5/6 R :
PF; Q D— ||
PF2DR |
c 1
\ i
WDRF !
Mode 1/2/4/5/6 3
RDRF
RPORF
™~
I/
Legend Ol>
WDDREF : Write to PFDDR
WDRF : Write to PFDR i . .
RDRF : Read PFDR O[>—'HRQ interrupt input
RPORF : Read port F

Figure C-11 (c) Port F Block Diagram (Pin PE)
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PFs

Legend

WDDREF :
WDRF
RDRF
RPORF :

Reset
|
R
Q D—
PF3DDR 9
C o)
Mode 1/2/4/5/6 : I
WDDRF 3
Reset g
Mode 3/7 ! 9]
— R £
Q D
PF3DR
a c
Mode 1/2/4/5/6 ‘
WDRF
Bus controller
C)<:] - LWR output
RDRF
RPORF
™~
I/
Interrupt controller
ol> » IRQ interrupt input

Write to PFDDR

: Write to PFDR
: Read PFDR

Read port F
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Figure C-11 (d) Port F Block Diagram (Pin PE)
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PF,

Reset

Q
PF4DDR

Mode 1/2/4/5/6

I
WDDRF

Reset
Mode 3/7 \

— R

Q
PF4DR

I
Mode 1/2/4/5/6

I
WDRF

Internal data bus

Bus controller

,,,,,,,,,,,,,

RDRF

RPORF

Legend
WDDREF :
WDRF
RDRF
RPORF

™~
L

Write to PFDDR

. Write to PFDR
: Read PFDR
: Read port F

,,,,,,,,,,,,,

Figure C-11 (e) Port F Block Diagram (Pin PE)
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PFs

Reset

Bus controller

,,,,,,,,,,,,,

R
Q D— "
PF5DDR 2
Mode 1/2/4/5/6 ¢ 5
WDDRF °
©
Reset c
Mode 3/7 ! i}
Q DI—
PF5DR
o C
Mode 1/2/4/5/6 I
WDRF
RDRF
RPORF

Legend

WDDREF :
WDRF
RDRF
RPORF :

™~
L~

Write to PFDDR

. Write to PFDR
: Read PFDR

Read port F

,,,,,,,,,,,,,
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Figure C-11 (f) Port F Block Diagram (Pin PE)
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PFg

Reset

Bus controller

R
Q Dr—
PF6DDR 3
o
Mode 1/2/4/5/6 ¢ o
WDDRF !
T
Reset c
Mode 3/7 \ ]
| =
R =
Q D—
PF6DR
" c
Mode 1/2/4/5/6 :
WDRF
RDRF
RPORF

Legend

WDDRF :
WDRF
RDRF
RPORF :

™~
L

Write to PFDDR

: Write to PFDR
: Read PFDR

Read port F

Figure C-11 (g) Port F Block Diagram (Pin PF)
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Mode
1/2/4/5/6* Reset
! \

S R

PF7DDR
C

I
WDDRF

Reset
|

R

PF,

~ PF7DR
c

|
WDRF

D—

Internal data bus

RDRF

RPORF

™~
L

Legend

WDDRF : Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F

Note: * Set priority
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Figure C-11 (h) Port F Block Diagram (Pin PE)
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C.12 Port G Block Diagram

Reset
\

Q D
PGODDR

[
WDDRG

Reset
|

Internal data bus

PGq Q D
~ PGODR

I
WDRG

RDRG

RPORG

V

A/D converter

OI> = A/D converter external
© trigger input

Legend

WDDRG : Write to PGDDR
WDRG : Write to PGDR
RDRG :Read PGDR
RPORG : Read port G

Figure C-12 (a) Port G Block Diagram (Pin PG)
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PG,

Bus controller

Reset
\
R
Q DI—1 | 4
PG1DDR 3
c o
\ ©
WDDRG %
c
Mode 1/2/3/7 Repet g
| R =
Q D
PG1DR
] C
Mode 4/5/6 ‘
WDRG
RDRG
RPORG
N
L~
Legend OI>
WDDRG : Write to PGDDR
WDRG : Write to PGDR
RDRG :Read PGDR
RPORG : Read port G

Interrupt controller
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Figure C-12 (b) Port G Block Diagram (Pin PG)
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Reset

PG,

Q
PGNDDR

[
WDDRG

Reset
\

Mode 1/2/3/7
|

Q
PGnDR

I
Mode 4/5/6

I
WDRG

Internal data bus

Bus controller

RDRG

RPORG

Legend

WDDRG :
WDRG
RDRG
RPORG :
n=2or3

™~
L

Write to PGDDR

. Write to PGDR
: Read PGDR

Read port G

Figure C-12 (c¢) Port G Block Diagram (Pins PGand PG,)
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PG,

Mode Mode
1/4/5 2/3/6/7

Reset

S R

Di

PG4DDR
C

[
WDDRG

Reset
Mode 3/7 |
— R

D——

Q
PG4DR
C

l
WDRG

1
Mode 1/2/4/5/6

Internal data bus

Bus controller

RDRG

RPORG

™~
L

Legend

WDDRG : Write to PGDDR
WDRG : Write to PGDR
RDRG : Read PGDR
RPORG : Read port G

744

Figure C-12 (d) Port G Block Diagram (Pin PG)
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Appendix D Pin States

D.1 Port States in Each Mode

Table D-1 1/O Port States in Each Processing State

Program
MCU Hardware Software Bus Execution
Port Name Operating Power-On Manual Standby  Standby Release State
Pin Name Mode Reset Reset Mode Mode State Sleep Mode
P1,/TIOCB2/ 1to7 T kept T kept kept 1/0 port
TCLKD
P1,/TIOCA2
P1,/TIOCB1/
TCLKC
P1,/TIOCA1
P1,/TIOCDO/ 1to3,7 T kept T kept kept 1/0 port
TCLKB/A,,
P1,/TIOCCO/ 4t06 T kept T [DDR-OPE=0] T [DDR = 0]
TCLKA/A,, T Input port
P1,/TIOCBO/ [DDR - OPE = 1] [DDR =1]
Ay kept Address
P1,/TIOCA0O/ output
Ao
Port 2 lto7 T kept T kept kept 1/0 port
Port 3 lto7 T kept T kept kept 1/0 port
Port 4 lto7 T T T T T Input port
Port 5 lto7 T kept T kept kept 1/0 port
Port A 1t03,7 T kept T kept kept 1/0 port
4,5 L kept T [OPE =0] T Address
T output
[OPE =1]
kept
6 T kept T [DDR-OPE=0] T [DDR =0]
T Input port
[DDR - OPE = 1] [DDR =1]
kept Address
output
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Table D-1

I/O Port States in Each Processing State (cont)

Program
MCU Hardware Software Bus Execution
Port Name Operating Power-On Manual Standby  Standby Release State
Pin Name Mode Reset Reset Mode Mode State Sleep Mode
Port B 1,4,5 L kept T [OPE =0] T Address
T output
[OPE =1]
kept
2,6 T kept T [DDR-OPE=0] T [DDR = 0}
T Input port
[DDR - OPE =1] [DDR =1]
kept Address
output
3,7 T kept T kept kept 1/0 port
Port C 1,4,5 L kept T [OPE =0] T Address
T output
[OPE =1]
kept
2,6 T kept T [DDR-OPE=0] T [DDR = 0]
T Input port
[DDR - OPE =1] [DDR =1]
kept Address
output
3,7 T kept T kept kept 1/0 port
Port D 1,2,4t06 T T T T T Data bus
3,7 T kept T kept kept 1/0 port
Port E 1,2, 8hbit T kept T kept kept 1/0 port
4t06 bus
16 bit T T T T T Data bus
bus
3,7 T kept T kept kept 1/0 port
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Table D-1

I/O Port States in Each Processing State (cont)

Program
MCU Hardware Software Bus Execution
Port Name Operating Power-On Manual Standby Standby Release State
Pin Name Mode Reset Reset Mode Mode State Sleep Mode
PF./o 1,2,4t06  Clock [DDR=0] T [DDR = 0] [DDR = 0] [DDR = 0]
output Input port Input port Input port Input port
[DDR =1] [DDR = 1] [DDR =1] [DDR =1]
Clock H Clock output  Clock output
output
3,7 T kept T [DDR = 0] [DDR = 0] [DDR = 0]
Input port Input port Input port
[DDR = 1] [DDR =1] [DDR =1]
H Clock output  Clock output
PF,/AS 1,2,4t06 H H T [OPE= (] T AS, RD,
PFs/RD T HWR, LWR
PF,/HWR [OPE = 1]
PF,/LWR/ H
IRQ3
3,7 T kept T kept kept 1/0 port
PF,/WAIT/ 1,2,4t06 T kept T [BREQOE + [BREQOE + [BREQOE +
BREQO/ WAITE = 0] WAITE=0] WAITE=0]
IRQ2 kept kept 1/0 port
[BREQOE =1, [BREQOE =1,[BREQOE =1,
WAITE = 0] WAITE=0] WAITE=0]
kept BREQO BREQO
[BREQOE =0, [BREQOE =0, [BREQOE=0,
WAITE = 1] WAITE=1] WAITE=1]
T T WAIT
3,7 T kept T kept kept 1/0 port
PF,/BACK/ 1,2,4t06 T kept [BRLE = 0] L [BRLE = 0]
IRQ1 kept 1/0 port
[BRLE =1] [BRLE =1]
H BACK
3,7 T kept T kept kept 1/0 port
PF/BREQ/ 1,2,4t06 T kept T [BRLE = 0] T [BRLE = 0]
IRQO kept 1/0 port
[BRLE = 1] [BRLE =1]
T BREQ
3,7 T kept T kept kept 1/0 port
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Table D-1 1/O Port States in Each Processing State (cont)
Program
MCU Hardware Software Bus Execution
Port Name Operating Power-On Manual Standby  Standby Release State
Pin Name Mode Reset Reset Mode Mode State Sleep Mode
PG,/CSO 1,4,5 H kept T [DDR-OPE=0] T [DDR = 0]
T Input port
2,6 T [DDR - OPE = 1] [DDR = 1]
H CSo
(in sleep
mode, H)
3,7 T kept T kept kept 1/0 port
PG,/CS1 1t03,7 T kept kept kept 1/0 port
PG,/CS2 - -
PG,/CS3 4106 T kept T [DDR-OPE=0] T [DDR = 0]
RQO T Input port
[DDR - OPE = 1] [DDR = 1]
H CS1to CS3
PG,/ADTRG/ 1to7 T kept T kept kept 1/0 port
IRQ6
Legend:
H : High level
L : Low level
T : High impedance
kept : Input port becomes high-impedance, output port retains state
DDR : Data direction register
OPE : Output port enable
WAITE : Wait input enable
BRLE : Bus release enable
BREQOE : BREQO pin enable
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Appendix E Pin States at Power-On

Note that pin states at power-on depend on the state STHB¥ pin and NMI pin. The case in
which pins settle* from an indeterminate state at power-on, and the case in which pins settle* frt
the high-impedance state, are described below.

After reset release, power-on reset exception handling is started.

Note: * “Settle” refers to the pin states in a power-on reset in each MCU operating mode.

E.1l When Pins Settle from an Indeterminate State at Power-On

When the NMI pin level changes from low to high after powering on, the chip goes to the power-
on reset state after a high level is detected at the NMI pin. While the chip detects a low level at t
NMI pin, the manual reset state is established. The pin states are indeterminate during this inter
(Ports may output an internally determined value after powering on.)

The NMI setup time (§,s) is necessary for the chip to detect a high level at the NMI pin.

Vee /Z
j tosci -
STBY /
Manual r‘eset Power-on reset
NMI
_ /
RES /

(p mmMM’WWMMMMMM

v v
NMI =Low - NMI = High
RES = Low

Figure E-1 When Pins Settle from an Indeterminate State at Power-On
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E.2 When Pins Settle from the High-Impedance State at Power-On

When theSTBY pin level changes from low to high after powering on, the chip goes to the power-
on reset state after a high level is detected &8 pin. While the chip detects a low level at

the STBY pin, itis in the hardware standby mode. During this interval, the pins are in the high-
impedance state.

After detecting a high level at tl88BY pin, the chip starts oscillation.

/
Vee / t
STBY Y
- T Confirm tImin and tyms- —~
® A'MWMMWWWMWMMWMMMMW

Figure E-2 When Pins Settle from the High-Impedance State at Power-On
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Appendix F  Timing of Transition to and Recovery from
Hardware Standby Mode

Timing of Transition to Hardware Standby Mode

(1) To retain RAM contents with the RAME bit set to 1 in SYSCR, driveRifi& signal low at
least 10 states before tREBY signal goes low, as shown figure ERES must remain low
until STBY goes low (delay froSTBY fall to RES rise: minimum 0 ns).

STBY

ty = 10tcyc t,=20ns
R E———

0
m
w

Figure F-1 Timing of Transition to Hardware Standby Mode

(2) To retain RAM contents with the RAME bit cleared to 0 in SYSCR, or when RAM contents dt
not need to be retaineRES does not have to be driven low as in (1).

Timing of Recovery from Hardware Standby Mode

Drive theRES signal low and the NMI signal high approximately 100 ns or more b8iB&
goes high, and execute a power-on reset.

STBY

t=>100 ns tOSC

RES AN

tNMIRH

NMI / N

Figure F-2 Timing of Recovery from Hardware Standby Mode
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Appendix G Product Code Lineup

Package

Product Type Product Code Mark Code (Hitachi Package Code)

H8S/2246 Mask ROM version HD6432246 HD6432246FA 100 pin QFP (FP-100B)
HD6432246TE  100-pin TQFP (TFP-100B)

ZTAT™ version HD6472246 HD6472246FA  100-pin QFP (FP-100B)
HD6472246TE  100-pin TQFP (TFP-100B)

H8S/2245 Mask ROM version HD6432245 HD6432245FA  100-pin QFP (FP-100B)
HD6432245TE  100-pin TQFP (TFP-100B)

H8S/2244 HD6432244 HD6432244FA  100-pin QFP (FP-100B)
HD6432244TE  100-pin TQFP (TFP-100B)

H8S/2243 HD6432243 HD6432243FA  100-pin QFP (FP-100B)
HD6432243TE  100-pin TQFP (TFP-100B)

H8S/2242 HD6432242 HD6432242FA  100-pin QFP (FP-100B)
HD6432242TE  100-pin TQFP (TFP-100B)

H8S/2241 HD6432241R HD6432241RFA 100-pin QFP (FP-100B)
HD6432241RTE 100-pin TQFP (TFP-100B)

H8S/2240 ROMless version HD6412240 HD6412240FA  100-pin QFP (FP-100B)
HD6412240TE  100-pin TQFP (TFP-100B)
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Appendix H Package Dimensions

Figures H-1 and H-2 show the FP-100B and TFP-100B package dimensions of the H8/2245
Series.

Unit: mm
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Dimension including the plating thickness
Base material dimension

Figure H-1 FP-100B Package Dimensions
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Figure H-2 TFP-100B Package Dimensions
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HITACHI MICROCOMPUTER TECHNICAL UPDATE

DATE 11 October 2000 | No. | TN-H8*-190A/E

Correction of Documents of H8S/2200 Series and H8S/2345 Series

THEME Hardware Manual

CLASSIFICATION [ Spec change [ Limitation on Use
[ ] Supplement of Documents

PRODUCT NAME | Shown Below Lot No.etc. All Lots
REFERENCE Rev. |Effective Date
DOCUMENTS Shown Below —  |From Now

We would like to inform you about the flag clearing condition of the register of the on-chip watchdog
timer (WDTOQ), watch timer (WDT1), and PC break controller (PBC) that we have added note.

1. Watchdog Timer (WDT) [Product Name: H8S/2214 Series]
(Addition of Note)

Bit 7% Overflow Flag (OVF): A status flag that indicates that TCNT has overflowed from H'FF to H'00.

Bit 7

OVF Description

0 [Clearing condition] (Initial value)
Read TCSR when OVF = 1, then write 0 in OVFA *

1 [Setting condition]

When TCNT overflows (changes from H'FF to H'00)
When internal reset request generation is selected in watchdog timer mode, OVF is
cleared automatically by the internal reset.

Note: * When OVF is polled and the interval timer interrupt is disabled, OVF = 1 must be read
at least twice.

2. Watchdog Timer (WDT) [Product Name: H8S/2245 Series, H8S/2345 Series]
(Addition of Note)

Bit 7¥%2Overflow Flag (OVF): Indicates that TCNT has overflowed from H'FF to H'00, when in interval timer
mode. This flag cannot be set during watchdog timer operation.

Bit 7
OVF Description
0 [Clearing condition]
Cleared by reading TCSR when OVF =1, then writing O in OVF *  (Initial value)
1 [Setting condition]

Set when TCNT overflows (changes from H'FF to H’00) in interval timer mode

Note: * When OVF is polled and the interval timer interrupt is disabled, OVF = 1 must be read
at least twice.
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3. Watchdog Timer (WDTO0) and Watch Timer (WDT1)
[Product Name: H8S/2227 Series, H8S/2237 Series, H8S/2238 Series]
(Addition of Note)

Bit 7—Overflow Flag (OVF): A status flag that indicates that TCNT has overflowed from H'FF
to H'00.

Bit 7

OVF Description

0 [Clearing conditions] (Initial value)
» Write 0 in the TME bit (Only applies to WDT1)
* Read TCSR when OVF =1, then write 0 in OVFA *

1 [Setting condition]

When TCNT overflows (changes from H'FF to H'00)
When internal reset request generation is selected in watchdog timer mode, OVF is
cleared automatically by the internal reset.

Note: * When OVF is polled and the interval timer interrupt is disabled, OVF = 1 must be read
at least twice.

4. PC Break Controller (PBC)
[Product Name: H8S/2227 Series, H8S/2237 Series, H8S/2238 Series]
(Addition of Note)

Bit 7—Condition Match Flag A (CMFA): Set to 1 when a break condition set for channel A is
satisfied. This flag is not cleared to 0.

Bit 7
CMFA Description
0 [Clearing condition]
When 0 is written to CMFA after reading CMFA =1 * (Initial value)
1 [Setting condition]

When a condition set for channel A is satisfied

Note: * When CMFA is polled and the PC break interrupt is disabled. CMFA = 1 must be read
at least twice.

< Product Name >
H8S/2214 Series(WDTO), H8S/2227 Series(WDTO0, WDT1, PBC),

H8S/2237 Series(WDTO0, WDT1, PBC), H8S/2238 Series(WDTO, WDT1, PBC),
H8S/2245 Series(WDTO), H8S/2345 Series(WDTO)

< Reference Documents >
H8S/2214 Series Hardware Manual (4/3/00 Rev. 1.0 ADE-602-213)

H8S/2245 Series Hardware Manual (3/10/98 Rev. 2.0 ADE-602-100A)
H8S/2237 Series, H8S/2227 Series Hardware Manual (12/15/98 Rev. 2.0 ADE-602-154A)
H8S/2238 Series Hardware Manual (3/19/00 Rev. 2.0 ADE-602-176A)

H8S/2345 Series Hardware Manual (9/17/99 Rev. 3.0 ADE-602-129B)
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