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TOSHIBA TENTATIVE THrSETSASHe
CMOS 8-Bit Microcontroller

TMP86FS49UG

Product No. FLASH RAM PACKAGE Mask MCU
TMP86FS43UG BOK bytes 2K bytes P-LQFP64-1010-0.500 TMP86GH49/CM49

1.1 Features

1. 8-bit single chip microcomputer TLCS-870/C series
- Instruction execution time :

0.25 ps (at 16 MHz)
122 us (at 32.768 kHz)

- 132 types & 731 basic instructions
2. 24dinterrupt sources (External : 5 Internal ; 19)

w

Input / Output ports (56pins)

Time Base Timer
‘Watchdog Timer

16-bit timer counter: 1 ch

A

- Timer, External trigger, Window, Pulse width measurement, Event counter, PPG(Programmable Pulse
Generator) output modes

7. 16-bit timer counter : 1ch
~ Timer, Event counter, Window modes
8. B8-bit timer counter : 4ch
Timer, Event counter, PWM(Pulse width modulation) output, PDO(Programmable Divider Output) cut-
put and PPG(Programmable Pulse Generator) modes -
9. 8-bit UART: 2ch
10. High-Speed SIO: 2¢h

11. Serial Bus Interface(I>C Bus): 1ch

This product uses the Super Flash® technology under the licence of Sillicon Storage Technology,Inc. Super Flash® is registered
trademark of Sillicon Storage Technology,Inc.

Purchase of TOSHIBA I2C components conveys a license under the Philips I2C Patent Rights to use these components in an

2C system, provided that the system conforms to the I°C Standard Specification as defined by Philips.

030619EBP1

- The information contained herein is subject to change without notice.

= The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed b
TOSHIBA for any infringements of patents or other rights of the third parties which may resuit from its use. No license is granted by impli-
cation or otherwise under any patent or patent rights of TOSHIBA or others.

* TOSHIBA s continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in general can
malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibfiity of the buyer, when
utifizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire system, and to avoid situations
in which a malfunction or failure of such TOSHIBA products could cause loss of human life, bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most
recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for
Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” efc..

= The TOSHIBA preducts listed in this document are intended for usage in general electronics applications (computer, personal equip-
ment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products are neither
intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a malfunction or failure of
which may cause |0ss of human life or bedily injury { “Unintended Usage” ). Unintended Usage include atomic energy control instru-
ments, airplane or spaceship instruments, fransportation instruments, traffic signal instruments, combustion control instruments, medical
instruments, all types of safely devices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made at the
customer’ s own risk.

* The products described in this document are subject to the foreign exchange and foreign trade laws.

. TOCISHIB? ?roducts should not be embedded to the downstream products which are prohibited to be produced and sold, under any law
and reguiations.

« For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapler entitled Quality and
Reliability Assurance/Handling Precautions.
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1.1 Features

TMP86FS48UG

TENTATIVE

12. 10-bit successive approximation type AD converter

Analog inputs: 16ch
13.Key On Wake Up : 4ch
14. Clock operation
Single clock mode
Dual clock mode
15. Low power consumption operation
STOP mode: Oscillation stops. (Battery/Capacitor back-up.)

SLOW1 mode: Low power consumption operation using low-frequency clock.(High-frequency clock
stop.)

SLOW2 mode: Low power consumption operation using low-frequency clock.(High-frequency clock
osciilate.)

IDLEO mode: CPU stops, and only the Time-Based-Timer(TBT) on peripherals operate using high fre-
quency clock. Release by falling edge of the source clock which is set by TBTCR<TBTCK.>,

IDLE1 mode: CPU stops and peripherals operate using high frequency clock. Release by interru-
puts(CPU restarts).

IDLE2 mode: CPU stops and peripherals operate using high and low frequency clock. Release by inter-
ruputs. (CPU restarts).

SLEEPO mode: CPU stops, and only the Time-Based-Timer(TBT) on peripherals operate using low fre-
quency clock.Release by falling edge of the source clock which is set by TBRTCR<TBTCK>.

SLEEP1 mode: CPU stops, and peripherals operate using low frequency clock. Release by interru-
put.{CPU restarts).

SLEEP2 mode: CPU stops and peripherals operate using high and low frequency clock. Release by
interruput,

16. Wide operation voltage:

45V-5.5Vat 16.0MHz /32.768 kHz
3.0V~-3.6V at 8MHz/32.768 kHz=

Page 2



TMPBEFS49UG

TOSHIBA TENTATIVE

1.2 Pin Assignment
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P32 —1rise 2T PE2(AIND2)
P33 1360 21 FTT I PE1(AIND1T)
P34 i 20T PEO(AINDO)
P35 ez YETT AVDD
P38 1763 O 1BETT_1VAREF
P e ew o umy e FIIIPOTINT2)
BZFFEFOTCTNE-QOC T OO oW
¢XZBociMaEiEaaa o
T EcEpESaESSE
&g ezesteb
k [,94 =
SN s
g

Figure 1-1 Pin Assignment
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1.3 Block Diagram

High—frequency closk
oscillator

Low-frequengy clock
oscillator

Timing Generator

Standby Controller

Time Base Timer

CFU (TLGS-870/0)

10-bit AD Converter(17

Interrupt Controlier

ch}
Wi W A
BO B a Serial Bus Interface (SBD
CE [*] E
HL H L
= - Koy On Wakeup
I v
® i UART (2 oh)
155
PSW
EI' 16-8it Timer/Counter
{TC1)
16-Bit Timer/Counter
2(TC2
RAM{2KEBytes) 8bit Timer/Counter (dah)
FLASH(60KBytes) HSIO(2eh)

Pt

Watch Dog Timer

P2

P3

P4

=

153

PT

Figure 1-2 Block Diagram
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1.4 Pin Names and Functions

Table 1-1 Pin Names and Functions {1/3)
Pin Name Pin Number Input/Output Functions
PoO7 17 I0 | PORTO?
INT2 1 | External interrupt 2 input
P08 15 10 | PORTOB
SCK1 10 | Serial clock inputfoutput 1
P05 15 10 | PORTOS
SO1 O | Serial data ocutput 1
P04 14 10 | PORTO4
Sh1 | | Serial data input 1
Po3 13 10 | PORTO3
INT1 | | Extemal interrupt 1 input
Po2 12 10 | PORTO2
D1 O | UART data output 1
P01 10 | PORTO1
RxD1 " I | UART data input 1
BOOT I | Sertal PROM mode control input
P00 10 10 | PORTOD
INTO | { External interrupt 0 input
P17 10 | PORT17
TC6 51 | | Timer counter 6 input
PDOGIFWMEPPGE 0O | PDOB/PWMS/PPGS output
P16 10 | PORT18
TCS5 50 I | Timer counter § input
PDOSIPWMS 0 | PDOS/PWMS output
P15 IO | PORT1S
TC2 49 I | Timer counter 2 input
INT3 I | Extemal interrupt 3 input
P14 10 | PORT14
TC4 48 I | Timer counter 4 input
PDO4PWMA/PPG4 O | PDO4/PWM4/PPG4 output
P13 10 | PORT13
TC3 47 | | Timer counter 3 input
PDO3/PWM2 O | PDO3/PWM3 output
P12 46 10 | PORT12
PPG I | PPG Qutput
P11 45 10 | PORTM
Vo O | Divider output
P10 “ 10 | PORT10 *
TC1 i | Timer counter {1 input
P22 o PORT22
7 Resonator connecting pins(32.768kHz} for inputting external
XTCUT o]
clock
Pt o PORT21
] Rescnator connecting pins(32.768kHz} for inputting external
XTIN 1
clock
P20 IO | PORT20
INT5 9 1 | Extemal interrupt 5 input
STOP 1 | STOP mede release signal input
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Table 1-1 Pin Names and Functions (2/3)
Pin Name Fin Mumker InputQutput Functions
P37 64 10 | PORT37
P36 63 I0 | PORT36
P35 62 10 | PORT35
P34 B1 10 | PORT34
P33 60 10 | PORT33
P32 59 10 | PORT32
P31 58 10 | PORT31
P30 57 10 | PORT30
P47 43 10 | PORT47
P46 a2 10 | PORT46
SCK2 IS | Serial clock input/output 2
P45 a1 10 | PORT45
502 O | Serial data output 2
P44 40 10 | PORT44
812 | | Serial data input 2
P43 39 10 | PORT43
P42 18 10 | PORT42
TxD2 O | UART data output 2
P41 a7 IO | PORT41%
RxD2 I | UART data input2
P40 36 IG | PORT40
P54 56 IC | PORTS4
P53 55 10 | PORTS3
P52 54 IO | PORTS2
P51 53 10 | PORTS
SbA 10 | 12C bus seral data input/output
P50 50 10 | PORTSQ
SCL 10 | 12C bus serial clock inputioutput
P&7 10 | PORTE7
AINO7 27 I | AD converter analog input 7
STOP3 | | STOPS input
P&g 10 | PORTG6
AINOB 26 | | AD converter analog input 6
STOP2 I | STOPZ input
P65 10 | PORTGS
AINDS 25 | | AD converter analog input &
STOP1 I | STOP1 input
P64 IO | PORTE4
AINO4 24 | | AD converter analcg input 4
STOFO I | STOPO input
P63 23 1G | PORTE3
AINO3 I | AD converter analog input 3
P&2 29 10 | PORTE2
AIND2 | | AD converter analog input 2
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Table 1-1 Pin Names and Functions (3/3)

Pin Name Pin Number Input/Cutput Functions

P&1 21 10 | PORTB1

AINO1 I | AD converter analog input 1

P&0 20 10 | PORTB0

AINOD I | AD converter analog input O

P77 35 10 | PORT77

AIN1T | | AD converter analog input 17

P76 24 10 | PORT76

AIN18 | | AD converter analeg input 16

P75 a3 10 | PORT75

AlN15 I | AD converter analog input 15

P74 32 10 | PORT74

AlN14 I | AD converter analog input 14

P73 31 10 | PORT73

AIN13 I | AD converter analog input 13

P72 30 10 | PORT72

AIN12 I | AD converter analog input 12

P71 29 10 | PORT71

AlNT1 I | AD converter analog input 11

P70 28 10 | PORTYO

AIN1D I | AD converter analog input 10

XIN 2 [ | Resonator connecting pins for high-frequency clock

XoUuT 3 O | Resaonator connecting pins for high-frequency clock

RESET B I | Reset signal input
Test pin for out-going test and the Serial PROM mode contrel

TEST 4 I | pin. Usually fix to low level. Fix to high level when the Serial
PROM mode starts,

VAREF 18 I | Analog reference voltage input {High}

AVDD 19 I | AB circuit power supply

VDD 5 1| +5v

VES 1 I | O(GND)
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2. Operational Description

2.1 CPU Core Functions

The CPU core consists of a CP1, a system clock controller, and an interrupt controller,

This section provides a description of the CPU core, the program memory, the data memory, and the reset circuit.

2.1.1 Memory Address Map

The TMP86FS49UG memory consists of 4 blocks: FLASH, RAM, DBR (Data buffer register) and SFR
(Special function register). They are all mapped in 64-Kbyte address space. Figure 2-1 shows the
TMPR6FS45UG memory address map. The general-purpose registers are not assigned to the RAM address
space.

00Q0y
SFR { : 64 byte
003Fy
00404
RAM 2Kbyte
' FLASH: includes;
083F ' Program memory
- ' Vector table
P ! RAM: Random access memory includes:
- ) Data memory
OF80y Stack
DBR : 128byle SFR:  Special function register includes:
: I/O ports
OF F F A \ Peripheral control registers
I 1 Peripheral status registers
' ' System control registers
Pl ! Program status word
o 1 PBR: Databuffer register includes:
. : Peripheral status registers
" L | ]
1000,
: 60Kbyte
FLASH -
FFA:OH
Vector tabie for vector ca:! instructions
Vector table for interrupts .
. FF;‘:FH

Figure 2-1 Memory Address Map
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2.1.2 Program Memory (FLASH)

The TMP86FS49UG has a 60K x 8 bits {Address 1000H te FFFFH) of program memory (FLASH ). A pro-
gram code placed on the internal RAM can be excutable when a certain procedure is executed ( See "2.3.2
Address trap reset "),

2.1.3 Data Memory (RAM)

Data memory consists of internal data memory (Internal FLASH or RAM). The TMP86FS49UG has 2Kbyte
{Address 0040H to 083FH) of internal RAM. The first 192 bytes (0040H to 00FFH) of the internal RAM are
located in the direct area; instructions with shorten operations are available against such an area.

The data memory contents become unstable when the power supply is turned on; therefore, the data memory
should be initialized by an initialization routine.

Example :Clears RAM to “00H”. (TMP86FS49UG)

LD HL, 0040H ; Start address setup
LD AH ; Initial value {0CH) setup
LD BC, OTFFH
SRAMCLR: LD (HL), A
INC HL
DEC BC
JRS F, SRAMCLR

2.2 System Clock Controller

The system clock controller consists of a clock generator, a timing generator, and a standby controller.

Timing generator control register

Clock [ TBTCR
g generator ------- ! T 003514
' o — <
High-freguency | ! Timing h Standby coniroller
clock oscillator generator

‘_)‘ vlr Jr Jv Jy ‘ Oosiag‘g%%m |ODTQSHYISER2|

System control registers

Low-frequency M
clock oscillator System clocks

A

................................

Clock generator control

Figure 2-2 System Colck Control
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2.2.1 Clock Generator

The clock generator generates the basic clock which provides the system clocks supplied to the CPU core
and peripheral hardware. It contains two oscillation circuits: One for the high-frequency clock and one for the
low-frequency clock. Power consumption can be reduced by switching of the standby controller to low-power
operation based on the low-frequency clock.

The high-frequency (fc) clocks and low-frequency (f5) clock can easily be obtained by connecting a resona-
tor between the XIN/XOUT and XTIN/XTOUT pins respectively. Clock input from an external oscillator is
also possible. In this case, external clock is applied to XIN/XTIN pin with XOUT/XTOUT pin not connected.

Frommmmmmoonoes High-frequency clogk ~---==-=======~ N prmmmome s Low-frequency clock ~-rremrerennen N
XN XouT XIN X%T L XTIN XToUT ~ XTIN XTOUT
3 1 ; ©Open) 1+ I i (Open) 1
E(a) Crystal/Ceramic {b) External oscillator : E (c} Crystal {d) Externai oscillator S
1 resonator ' : :
Bor tn rn v n r vr o m o o P W e e R Y B U AR P W YR T R W MY R W M SR W A% M W M VM W AL PR RN W AN o Tt i o e o W W A e B e e M ek e kML e o bk n b e v e e A e At e e e T e e e Pl

Figure 2-3 Examples of Resonator Connection

Note: The function to monitor the basic clock directly at external is not provided for hardware, however, with dis-
abling all interrupts and watchdeg timers, the oscillation frequency can be adjusted by monitoring the puise
which the fixed frequency is outputted to the port by the program.

The system to require the adjustment of the oscillation frequency should create the program for the adjust-
ment in advance.

2.2.2 Timing Generator

The timing generator generates the various system clocks supplied to the CPU core and peripheral hardware
from the basic clock (fc or f5). The timing generator provides the following functions.

Generation of main system clock

Generation of divider output (DVO) pulses

Generation of source clocks for time base timer

Generation of source clocks for watchdog timer : "

Generation of internal source clocks for timer/counters

SNEC RN S

Generation of warm-up clocks for releasing STOP mode

2.22.1 Configuration of timing generator

The timing generator consists of a 2-stage prescaler, a 21-stage divider, a main system clock generator,
and machine cycle counters,

An input clock to the 7th stage of the divider depends on the operating mode, DV7CK (Bit4 in
TBTCR), that is shown in Figure 1-5. As reset and STOP mode started/canceled, the prescaler and the
divider are cleared to “0~,
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: l Main system clock generator I....IQ_QL‘E....,I Machine cycle counters
% _
SYSCICy &
DVTCK
Dividaer
H'gh’ffegggmz) 214 2 lsl4]s 7 1 a | 9 [10}11]12|13]14|15}16|17]18] 10| 20}21
. . h 4
Low-frequency Musiti- s | Multiplexer
clock fs * plexer - 80
81 .
# A0 o>
»i a1 vl | Warm-up
controller
Watchdog
timer
Timet! 1
counters

Time base
timer

Serial
interface

Divider
output cireuit

\AAAMA \f!f""f{!f YYYY ¥YY
AN s PN b

o

Figure 2-4 Configuration of Timing Generator

A )
AAdAAAL AAbhA Jun{]T*

Timing Generator Control Register

TBTCR 7 6 5 4 3 2 1 0
(0036H) | (DVOEN)I (DVOCK) | DV7CK | (TBTEN)l (TBTCK) (initial vatue; 000D 0000)
T i . 3
DVTCK Selection of input fo the 7th stage 0: fo/2° [He] RAW

of the divider 1:fs

Note 1: In single clock mode, do not set DV7CK to “1".

Note 2: Do not set “1” on DV7CK while the low-frequency clock is not operated stably.

Note 3: fe: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don’t care

Note 4: in SLOWA1/2 and SLEEP1/2 muodes, the DV7CK setting is ineffective, and fs is input to the 7th stage of the divider.

Note 5: When STOP mede is entered from NORMAL1/2 mode, the DV7CK setting is ineffective during the warm-up period after
release of STOP mode, and the 6th stage of the divider is input to the 7th stage during this period.

2.2.2.2 Machine cycle

Instruction execution and peripheral hardware operation are synichronized with the main system clock.
A

The minimum instruction execution unit is called an “machine cycle”. There are a total of 10 different
types of instructions for the TLCS-870/C Series: Ranging from 1-cycle instructions which require one
machine cycle for execution to 10-cycle instructions which require 10 machine cycles for execution. A
machine cycle consists of 4 states (80 to S3), and each state consists of one main system clock.
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1ifc or 1/fs [s]

Main system clock —] l

51 82

]
State | so

e BAZCHING CYCIE e

Figure 2-5 Machine Cycle

2.2.3 Operation Mode Control Circuit

The operation mode control circuit starts and stops the oscillation circuits for the high-frequency and low-
frequency clocks, and switches the main system clock. There are two operating modes: Single clock and dual
clock. These modes are controlled by the system control registers (SYSCR1 and SYSCR2).

Figure 2-6 shows the operating mode transition diagram,

2.2.3.1 Single-clock mode

Only the oscillation circuit for the high-frequency clock is used, and P21 (XTIN} and P22 (XTOUT)
pins are used as input/output ports. The main-system clock is obtained from the high-frequency clock. In
the single-clock mode, the machine cycle time is 4/fc [s].

(1) NORMAL1 mode

In this mode, both the CPU core and on-chip peripherals operate using the high-frequency clock.
The TMP86FS49UG is placed in this mode after reset.

(2) IDLE1 mode

In this mode, the imternal oscillation circuit remains active. The CPU and the watchdog timer are
halted; however on-chip peripherals remain active (Operate using the high-frequency clock).

IDLEI mode is started by SYSCR2<IDLE>, and IDLE1 mode is released to NORMALI mode by
an interrupt request from the on-chip peripherals or external interrupt inputs. When the IMF (Inter-
rupt master enable flag) is “I” (Interrupt enable), the execution will resume with the acceptance of
the interrupt, and the operation will return to normal after the interrupt service is completed. When
the IMFE is “0” (Interrupt disable), the execution will resume with the instruction which follows the
IDLE1 mode start instruction.

(3) |IDLEO mode n

In this mode, all the circuit, except oscillator and the timer-base-timer, stops operatior,
This mode is enabled by settirg “1” on bit TGHALT on the system control register 2 (SYSCR2).

When IDLEO mode starts, the CPU stops and the timing generator stops feeding the clock to the
peripheral circuits other than TBT. Then, upon detecting the falling edge of the source clock selected
with TBTCR<TBTCK>, the timing generator starts feeding the clock to all peripheral circuits.
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When returned from IDLEO mode, the CPU restarts operating, entering NORMAILL mode back
again, IDLED mode is entered and returned regardless of how TBTCR<TBTEN: is set. When IMF =
“17, EF6é (TBT interrupt individual enable flag) = “1”, and TBTCR<TBTEN> = *1”, interrupt pro-
cessing is performed. When IDLEO mode is entered while TBTCR<TBTEN> = “1”, the INTTBT
interrupt latch is set after returning to NORMAL1 mode.

2.2.3.2 Dual-cloeck mode

Both the high-frequency and low-frequency oscillation circuits are used in this mode. P21 (XTIN) and
P22 (XTOUT) pins cannot be used as input/output ports. The main system clock is obtained from the
high-frequency clock in NORMALZ and IDLE2 modes, and is obtained from the low-frequency clock in
SLOW and SLEEP modes. The machine cycle time is 4/fc [s] in the NORMAL?2 and IDLE2 modes, and
4/fs [s] (122 ms at fs = 32.768 kHz) in the SLOW and SLEEP modes.

The TLCS-870/C is placed in the signal-clock mode during reset. To use the dual-clock mode, the low-
frequency oscillator should be turned on at the start of a program.

(1) NORMAL2 mode

In this mode, the CPU core operates with the high-frequency clock. On-chip peripherals operate
using the high-frequency clock and/or low-frequency clock.

(2) SLOW2 mode

In this mode, the CPU core operates with the low-frequency clock, while both the high-frequency
clock and the low-frequency clock are operated. On-chip peripherals are triggered by the low-fre-
quency clock. As the SYSCK on SYSCR2 becomes “07, the hardware changes into NORMAL2
mode. As the XEN on SYSCR2 becomes “0”, the hardware changes into SLOW1 mode. Do not clear
XTEN to “0” during SLOW2 mode.

(3) SLOW1 mode

This mode can be used to reduce power-consumption by turning off oscillation of the high-fre-
quency clock. The CPU core and on-chip peripherals operate using the low-frequency clock.

Switching back and forth betweenr SLOW1 and SLOW2 modes are performed by XEN bit on the
system control register 2 (SYSCR2). In SLOW1 and SLEEP modes, the input clock to the 1st stage
of the divider is stopped; output from the 1st to 6th stages is also stopped.

(4} IDLEZ mode

Int this mode, the internal oscillation circuit remain active. The CPU and the watchdog timer are
halted; however, on-chip peripherals remain active (Operate using the high-frequency clock and/or
the low—frequency clock). Starting and releasing of IDLE2 mode are the same as for IDLE1 mode,
except that operation returns to NORMAL2 mede,

(5) SLEEP1 mode

In this mode, the internal oscillation circuit of the low-frequency clock remains active, The CPU,
the watchdog timer, and the internal oscillation circuit of the high-frequency clock are halted; how-
ever, on-chip peripherals remain active (Operate using the low-frequency clock). Starting and releas-
ing of SLEEP mode are the same as for IDLE] mode, except that operation returns to SLOW mode,
In SLOW and SLEEP modes, the input clock to the 1st stage of the divider is stopped; output from
the 1st to 6th stages is also stopped.
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{6) SLEEP2 mode

The SLEEP2 mode is the idle mode corresponding to the SLOW2 mode. The status under the
SLEEP2 mode is same as that under the SLEEP1 mode, except for the oscillation circuit of the high-
frequency clock.

(7) SLEEPO mode

In this mode, all the circuit, except oscillator and the timer-base-timer, stops operation. This mode
is enabled by setting “1” on bit TGHALT on the system control register 2 (SYSCR2).

When SLEEP0 mode starts, the CPU stops and the timing generator stops feeding the clock to the
peripheral circuits other than TBT. Then, upon detecting the falling edge of the source clock selected
with TBRTCR<TBTCK>, the timing generator starts feeding the clock to all peripheral circuits.

When returned from SLEEPO mode, the CPU restarts operating, entering SLOW1 mode back
again. SLEEP0 mode is entered and returned regardless of how TRTCR<TBTEN:> is set. When IMF
= “1”, EF6 (TBT interrupt individual enable flag) = *1”, and TBTCR<TBTEN> = “1”, interrupt pro-
cessing is performed. When SLEEPO mode is entered while TBTCR<TBTEN> = “1”, the INTTBT
interrupt latch is set after returning to SLOW1 mode.

2.2.3.3 STOP mode

In this mode, the internal oscillation circuit is turned off, causing all system operations to be halted. The
internal status immediately prior to the halt is held with a lowest power consumption during STOP mode.

STOP mode is started by the system control register 1 (SYSCR1), and STOP mode is released by a
inputting (Either level-sensitive or edge-sensitive can be programmably selected) to the STOP pin. Afier
the warm-up period is completed, the execution resumes with the instruction which follows the STOP
mode start instruction.

[,Ekgg Reset release | RESET
F-y
SYSCR2<TGHALT> ="" Note 2
SYSCR2<IDLE> = "1" 4 SYSCRISSTOP> = 1"
IDLEA [ NORMAL1 ”
mode > mode «
nterrupt X STOP pin input
(a) Single-clock mode SYSCRRXTEN> = "0° SYSCR2<XTEN= = "{"
SYSCR2<IDLE> = "{" SYSCR1<STOP> ="1"
IDLEZ [ NGRMALZ > ]
mode » mode -
Internzpt c ETOP pin input
SYSCR2<SYSCK> = "0" SYSCR2<SYSCK> = 4"
STOP
SYSCR2<IDLE> = "{" .
SLEEPZ [* SLoW2
made mode
intersupt ’'Y .
SYSCR2<XEN> = "1" SYSCRZ<XEN> = "0"
. _SYSCR2<IDLE> = "{¥ X SYSCR1<STOP> ="
SLEEP1 { b SLOWH1 ]
mode > mode
Inferrupt T STOF pin input
b} Dual-clock mode
() Duale Note 2 SYSCR2<TGHALT=> ="1{*
h A
SLEEPO
made

Note 1: NORMAL1 and NORMAL2 modes are generically called NORMAL; SLOW+1 and SLOW?2 are called SLOW; IDLEO, IDLEA
and IDLEZ2 are called IDLE; SLEEPOQ, SLEEP1 and SLEEP2 are called SLEEP.
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Nole 2: The mode is released by falling edge of TBTCR<TRTCK> setting.
Figure 2-6 Operating Mode Transition Diagram
Oscillator o ovel
" - ther Machine Cycle
Operating Mode High Low CPU Core TBT Peripherals Time
Frequency | Frequency
RESET Reset Reset Resst
NORMAL1 Operate 4ffe [s]
Oscillation Operate
Single clock | IDLE1 Stop Operate
IDLEO Hailt
Halt ~
STOP Stop Halt
NORMALZ Qperate with
high frequency 4ffc [s]
IDLE2 Halt
Ostill ation -
SLOW2 Operate with
low frequency Operate
Dual dock | SLEEPZ Oscillation Talt Operats
- Affs [s]
SLOWI Operate with
tow frequency
SLEEP1 Stop
SLEEPO Halt
Halt -
S5TOP Stop Halt
System Contro! Register 1
SYSCRA1 7 & 5 4 3 2 1 0
(0038H) | STOP | RELM | RETM | OUTEN | WUT | | | (Initial value: 0000 00**)
0: CPU core and peripherals remain active
STOP STOP mode start 1: CPU core and petipherals are halted {Start STOP mode)
Release method for STOP 0: Edge-sensitive release
RELM L
mede 1: Level-sensitive release
RETM Operating mode after STOP 0: Return to NORMAL1/2 mode
mode 1: Return to SLOW1 mode
N 0: High impedance
OUTEN Port cutput during STOP mode 1: Output kept RAN
Return to NORMAL mode Return o SLOW mede
00 3 x 28 3% 2'%s
Warm-up time at releasing
o1 16 13
WUT STOP made 2'%c 2fs
10 3 x 2Me 3 % 284s
1 2% 2%
Note 1: Always set RETM to “0” when transiting from NORMAL mode to STOP mode. Always set RETM to “1” when transiting
from SLOW maode to STOP mode.
Note 2; When STOP mode is released with RESET pin input, a retumn is made to NORMAL1 regardless of the RETM contents.
Note 3: fe: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don't care
Note 4: Bits 1 and 0 in SYSCR1 are read as undefined data when a read instruction is executed.
Note 5: As the hardware becomes STOP mede under QUTEN = “07, input value is fixed te "0"; therefore it may cause interrupt
request on account of falling edge.
Note 6: When the key-on wakeup is used, the edge realease can not function according to some conditions. Itis recommended to
set the fevel realease (RELM = “1").
Note 7: Port P20 is used as STOP pin. Therefore, when stop mode is started, OUTEN does not affect to P20, and P20 becomes
High-Z mode.
Note 8: The warmig-up time should be set correctly for using oscillator.
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System Control Register 2

SYSCR2 r 6 5 4 3 2 1 0
{0038H) | XEN I XTEN I SYSCKl IDLE [ lTGHALTl ' ! (Initial valus: 1000 *0*)
0: Tumn off oscillation

XEN High-frequency oscillator control

-

: Tumn on oscillation

: Tum off oscillation
: Turn on oscillation

2o

XTEN Low-frequency oscillator control

Main system clock select
SYSCK | (Write)main system clock moni-

=]

: High-frequency clock

tor (Read) 1: Low-frequency clock RW
IDLE CPU and watchdog timer control | 0: CPU and watchdog timer remain active
(IDLE1/2 and SLEEP1/2 modes) | 1: CPL and watchdog timer are stopped ($tart IDLE1/2 and SLEEP1/2 modes)
0: Feeding clock to all peripherals from TG
T trol {IDLEO 0
TanaLr | 1o control (IDLE0 and SLEEPO | . o\ feeding clock to periphsrals except TBT from TG,

modes)

(Start IDLEQ and SLEEPO modes)

Note 1: A reset is applied if both XEN and XTEN are cleared fo "0", XEN is cleared to "0” when SYSCK = "0", or XTEN is cleared
to “0” when SYSCK = “1".

Note 2. *: Don't care, TG: Timing generator
Note 3: Bits 3, 1 and 0 in SYSCR2 are always read as undefined value.
Note 4: Do not set IDLE and TGHALT to “1" simultanecusly.

Note 5: Because returning from IDLEQ/SLEEPO to NORMAL1/SLOW1 is executed by the asynchronous internal clock, the period
of IDLEQ/SLEEPO mode might be shorter than the period setting by TBTCR<TBTCK>.

Note 6: When IDLE1/2 or SLEEP1/2 mode is released, IDLE is automatically cleared to “0°.
Note 7: When [DLEQ or SLEEPO mode is released, TGHALT is automatically cleared to “0".

Note 8: Before seiting TGHALT to “1”, be sure to stop peripherals. If peripherals are not stopped, the interrupt latch of peripherals
may be set after IDLEQ or SLEEPQ mode is released.

2.2.4 Operating Mode Control

2241 STOP mode

STOP mode is controlled by the system control register 1, the STOP pin input .
The STOP pin is also used both as a port P20 and an INT5 (external interrupt input 5) pin.

STOP mode is started by setting STOP (Bit7 in SYSCRI) to “1”. During STOP mode, the following
status is maintained.

1. Oscillations are turned off, and all internal operations are halted.

2. The data memory, registers, the program status word and port output latches are all held i the
status inr effect before STOP mode was entered.

3. The prescaler and the divider of the timing generator are cleared to “0™,

4. The program counter holds the address 2 ahead of the instruction (e.g,, [SET (SYSCR1).7])
which started STOP mode.

“

STOP mode includes a level-sensitive mode and an edge-sensitive mode, either of which can be
selected with the RELM (Bit6 in SYSCR1).

Note 1: During STOP period (from start of STOP mode te end of warm up), due to changes in the external
interrupt pin signal, interrupt latches may be set to “1” and interrupts may be accepted immediately
after STOP mode is released. Before starting STOP mode, therefore, disable interrupts. Also, before
enabling interrupts after STOP mode is released, clear unnecessary interrupt fatches.

(1) Level-sensitive release mode (RELM = “1")

In this mode, STOP mode is released by setting the STOP pin high. This mode is used for capacitor
backup when the main power supply is cut off and long term battery backup.
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When the STOP pin input is high, executing an instruction which starts STOP mode will not place
in STOP mode but instead will immediately start the release sequence (Warm up), Thus, to start
STOP mode in the level-sensitive release mode, it is necessary for the program to first confirm that
the STOF pin input is low. The following two methods can be used for confirmation.

1. Testing a port P20.
2. Using am external interrupt input INT5 (INT5 is a falling edge-sensitive input).

Example 1 :Starting STOP mode from NORMAL mode by testing a port P20,

LD {SYSCR1), 0t010000B ; Sets up the level-sensitive release mode
SSTOPH: TEST {P2PRD). 0 ; Wait until the STGP pin input goes low level

JRS F, 38TOPH

DI 1 IMF <0

SET (SYSCR1). 7 ; Starts STOP mode

Example 2 :Starting STOP mode from NORMAL mode with an INT3 interrupt.

PINTS: TEST {P2PRD)}. 0 ; To reject noise, STOP mode does not start if
JRS F, SINTS port P20 is at high
LD {SYSCR1}, 010100008 ; Sets up the level-sensitive release mode,
DI JIMF <0
SET (SYSCR1).7 ; Starts STOP mode
SINTS: RETI

STOP pin
L N
Iee :
A4
XOUT pin '
1 H Y 13
NORMAL ; STOP ! ‘ NORMAL
operation E operation »id Warm up ath operation
@ﬂﬁm_blf program that the STOP mode is released by the hardware.
§¥gg pménput is low and start Always released if the STOP
mode. pin input is high.

Figure 2-7 Level-sensitive Release Mode

Note 1: In this case of changing to the level-sensitive mode from the edge-sensitive mode, the release
mode is not switched until a rising edge of the STOP pin input is detected.

{2) Edge-sensitive release mode (RELM = "0")

I this mode, STOP mode is released by a rising edge of the STOP pin input. This is used in appli-
cations where a relatively short program is executed repeatedly at periodic intervals, This periodic
signal (for example, a clock from a low-power consumption oscillator) is input to the STOP pin. In
the edge-sensitive release mode, STOP mode is started everr when the STOP pin input is high level.

Example :Starting STOP mode from NORMAL mode
Di JIMF 0
LD {SYSCR1), 100100008 ; Starts after specified to the edge-sensitive release mode
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STOP pin \
F{d
Lt d
L£L
XOUT pin i
NORMAL . STOP : 7 N y STOP
v v 3 ! . =
operafion _7“"_ operation — & Warm up e ORM AL’M operation
STOP mode started aperation
by the program.

STOP mode is refeased by the hardware at the rising
edge of STOP pin input,

Figure 2-8 Edge-sensitive Release Mode

STOP mode is released by the following sequence.

1. Inthe dual-clock mode, when returning to NORMAL?2, both the high-frequency and low-
frequency clock oscillators are turned on; when returning to SLOW 1 mode, only the low-
frequency clock oscillator is turned on. Ini the single-clock mode, only the high-frequency
clock oscillator is turned on.

2. A warm-up period is inserted to allow oscillation time to stabilize. During warm up, all
internal operations remain halted. Four different warm-up times can be selected with the
WUT (Bits 2 and 3 in SYSCR1} in accordance with the resonator characteristics.

3. When the warm-up time has elapsed, normal operation resumes with the instruction follow-
ing the STOP mode start instruction. The start is made after the prescaler and the divider of
the timing generator are cleared to “07.

Table 2-1  Warm-up Time Example (at fc = 16.0 MHz, fs = 32.768 kHz)

Warm-up Time [ms]
WUT
Return to NORMAL Mode Return to SLOW Mode
00 12.288 750
01 4.005 250
10 3.072 5.85
1 1,024 1.98

Note: The warm-up time is obtained by dividing the basic clock by the divider. Therefore, the warm-up
time may include a certain amount of error if there is any fluctuation of the oscillation frequency
when STOP mode is released. Thus, the warm-up time must be considered as an approximate
value.

STOP mode can also be released by inputting low level on the RESET pin, which immediately per-
forms the normal reset operation.

Note: When STOP mode is released with a low hold voltage, the following cautions must be observed.
The power supply voltage must be at the operating voltage level before releasing STOP mode.
The RESET pin input must also be “H" level, rising together with the power supply voltage. In this
case, if an external time constant circuit has been connected, the RESET pin input voltage will
increase at a slower pace than the power supply voltage. At this time, there is a danger that a
reset may occur if input voltage level of the RESET pin drops below the non-inverting high-level
input voltage (Hysteresis input).
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2.2.4.2 |DLE1/2 mode and SLEEP1/2 mode

IDLE1/2 and SLEEP1/2 modes are controlled by the system control register 2 (SYSCR2) and maskable
interrupts. The following status is maintained during these modes.

1. Operation of the CPU and watchdog timer (WDT) is halted. On-chip peripherals continue to
operate.

2. The data memory, CPU registers, program status word and port output latches are all held in the
status in effect before these modes were entered.

3. The program counter holds the address 2 ahead of the instruction which starts these modes.

Y

Starting IDLE1/2
and SLEEP1/2 modes
by instruction

¥

CPU and WDT are halted

Y
Reset input
| No
Yes

Normal )

Resst

release mode

No

Yes (Interrupt release moda)

interrupl processing

—

Execution of the
instruction which follows
the IDLE1/2 and SLEEP1/2
mades start instruction

<

Figure 2-10 IDLE1/2 and SLEEP1/2 Modes

(1) Start the IDLE1/2 and SLEEP1/2 modes

When IDLE1/2 and SLEEP1/2 modes start, set SYSCR2<IDLE> to “1”, After IMF is set to "0",
set the individual interrupt enable flag (EF) which releases IDLE1/2 and SL.EEP1/2.

(2) Release the IDLE1/2 and SLEEP1/2 modes

IDLE1/2 and SLEEP1/2 modes include a normal release mode and an interrupt release mode.
These modes are selected by interrupt master enable flag (IMF). After releasing IDLE1/2 and
SLEEP1/2 modes, the SYSCR2<IDLE> is automatically cleared to “0” and the operation mode is
returned to the mode preceding IDLE1/2 and SLEEP1/2 modes.

IDLE1/2 and SLEEP1/2 modes can also be released by inputting low level on the RESET pin. After
releasing reset, the operation mode is started from NORMAL 1 mode.
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(3) Normal release mode (IMF = "0")

IDLE1/2 and SLEEP1/2 modes are released by any interrupt source enabled by the individual
interrupt enable flag (EF). After the interrupt is generated, the program operation is resumed from the
instruction following the IDLE1/2 and SLEEP1/2 modes start instruction. Normally, the interrupt
tatches (IL) of the interrupt source used for releasing must be cleared to “0” by load instructions.

(4) Interrupt release mode (IMF =“1")

IDLE1/2 and SLEEP1/2 modes are released by any interrupt source emabled with the individual
interrupt enable flag (EF) and the interrupt processing is started. After the interrupt is processed, the
program operation is resumed from the instruction following the instruction, which starts IDLE1/2
and SLEEP1/2 modes.

Note: When a watchdog timer interrupts is generated immediately before IDLLE1/2 and SLEEP1/2 mode
are started, the watchdog timer interrupt will be processed but IDLE1/2 and SLEEP1/2 mode will
not be started.
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2243

IDLEO and SLEEPO modes (IDLEO, SLEEPO)

IDLEQ and SLEEP0 modes are controlled by the system control register 2 (SYSCR2) and the time base
timer control register (TBTCR). The following status is maintained during IDLEO and SLEEP(Q modes.

1. Timing generator stops feeding clock to peripherals except TBT.

2. The data memory, CPU registers, prograin status word and port output latches are all held in the
status in effect before IDLEO and SLEEP0 modes were entered.

3. The program counter holds the address 2 ahead of the instruction which starts IDLEO and

SLEEPO modes.

Note: Before starting IDLEO or SLEEPO mode, be sure to stop (Disable) peripherals.

(Normatl release mode)

Figure 2-12

Y

Stopping peripherais
by instruction

v

Starting IDLEQ and SLEEPG
modes by nstruction

|

CPU and WDT are haited

Resef input
No

BT
sourcs clock
falling

TBTCR<TBTEN>
s mqn
Yes
TBT interrupt
enable
Yes

Reset

Yes {interrupt release mode)

Interrupt processing

——

Execution of the
instruction which foliows
the IDLEQ and SLEEPO

modes start instruction

<

IDLEO and SLEEPO Modes

(1) Start the IDLEO and SLEEPO modes

Stop (Disable) peripherals such as a timer counter.
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When IDLEO and SLEEPO modes start, set SYSCR2<TGHALT> to “1”.

(2) Release the IDLEO and SLEEPC modes

IDLEO and SLEEP) modes include a normal release mode and an interrupt release mode.

These modes are selected by interrupt master flag (IMF), the individual interrupt enable flag of
TBT and TBRTCR<TBTEN>.

After releasing IDLEO and SLEEP(Q modes, the SYSCR2<TGHALT> is automatically cleared to
“0” and the operation mode is returned to the mode preceding IDLEOQ and SLEEP(Q modes. Before
starting the IDLEO or SLEEPO mode, when the TBTCR<TBTEN> is set to “1”, INTTBT interrupt
tatch is set to 17,

IDLEOQ and SLEEPQ modes can also be released by inputting low level on the RESET pin. After
releasing reset, the operation mode is started from NORMALI mode.

Note: IDLEO and SLEEPO modes start/release without reference to TBTCR<TBTEN> setting.

(3) Normal release mode {(IMF - EF7 - TBTCR<TBTEN> = “0")

IDLEQ and SLEEPOQ modes are released by the source clock falling edge, which is setting by the
TBTCR<TBTCK> without reference to individual interrupt enable flag (EF). After the falling edge
is detected, the program operation is resumed from the instruction following the IDLEC and SLEEP0)
modes start instruction.

(4) Interrupt release mode (IMF - EF7 - TBTCR<TBTEN> ="17}

IDLE® and SLEEPO modes are released by the source clock falling edge, which is setting by the
TBTCR<TBTCK> at INTTBT interrupt source enabled with the individual interrupt enable flag (EF)
and INTTBT interrupt processing is started.

Note 1: Because returning from IDLEQ, SLEEPO to NORMAL1, SLOW1 is executed by the asynchro-
nous internat clock, the period of IDLEQ, SLEEPO mode might be the shorter than the period set-
ting by TBTCR<TBTCIK>.

Note 2: When a watchdog imer interrupt is generated immediately before IDLEQ/SLEEPO mode is
started, the watchdog timer interrupt will be processed but IDLEC/SLEEPO mode will not be
started.
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Figure 2-13 IDLEO and SLEEPO Modes Start/Release
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2244 SLOW mode

SLOW mode is controlled by the system control register 2 (SYSCR2).
The following is the methods to switch the mode with the warm-up counter (TC4, TC3).

{1} Switching from NORMALZ2 mode to SLOW1 mode

First, set SYSCK (Bit5 in SYSCR2) to switch the main system clock to the low-frequency clock
for SLOW?2 mode.

Next, clear XEN (Bi#t7 in SYSCR2) to turn off high-frequency oscillation.

Note: The high-frequency clock can be continued oscillation in order to retum to NORMAL2 mode from
SLOW mode quickly. Always turn off oscillation of high-frequency clock when switching from
SLOW mode to stop mode.

When the low-frequency clock oscillation is unstable, wait until oscillation stabilizes before per-
forming the above operations. The timer/counter 6, 5, 4, 3 (TC6, TC3, TC4, TC3) can conveniently
be used to confirm that low-frequency clock oscillation has stabilized.

Example 1 :Switching from NORMAL?Z2 mode to SLOW1 mode.

SET (SYSCR2). 5 s SYSCR2<SYSCK> <1
(Switches the main system clock to the low-frequency
clock for SLOW2)

CLR (S¥YSCR2). 7 i SYSCR2<XEN> <— 0

{Tums off high-frequency osdillation)

Example 2 :Switching to the SLOW1 mode after low-frequency clock has stabilized.

SET (SYSCR2). 6 s SYSCR2<XTEN> < 1

LD (TC3CR}, 43H ; Sets mode for TC4, TC3 (16-bit TC, fs for source)

LD (TC4CRY), 05H

LDW (TTREG3), 8000H ; Sets warm-up time (Depend on oscillater accompanied)

Di JIMF =10

SET (E'RH). 1 i Enables INTTC4

El i IMF €1

SET (TC4CR). 3 ; Starts TC4, 3
PINTTC4: CLR (TC4CR). 3 ; Stops TC4, 3

SET (SYSCR2). 5 s SYSCR2<SYSCK> < 1

: {Switches the main system clock to the low-frequency clock)
CLR (SYSCR2). 7 s SYSCR2<XEN> €0
{Tumns off high-frequency oscillation)

RETI *

VINTTC4: ow PINTTC4 ; INTTC4 vector table

{2) Switching from SLOW1 mode to NORMALZ mode

First, set XEN (Bit7 in SYSCR2) to turn on the high-frequency oscillation. When time for stabili-
zation (Warm up) has been taken by the timer/counter 4, 3 (TC4, TC3), clear SYSCK (Bit5 in
SYSCR2) to switch the main system clock to the high-frequency clock.
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Note: After SYSCK is cleared to “0”, executing the instructions is continiued by the low-frequency clock
for the period synchronized with low-frequency and high-frequency clocks.

High-frequency clock mmm
Low-frequency clogk ML————W
Mainsystemciock  b——0J W UTLILILTET
SYSCK I |

Noie: SLOW mode can also be released by inputting fow level on the RESET pin, which immediately performs the reset opera-
tion. After reset, TMPB6FS49UG are placed in NORMAL1 mode.

Example :Switchinrg from the SLOW1 mode to the NORMAL?2 mode (fc = 16 MHz, warm-up time is 4.0 ms).

SET {(SYSCR2). 7 3 SYSCR2<XEN> <— 1 (Starts high-frequency oscillation)
LD (TC3CR), 63H 3 Sets mode for TC4, TC3 (16-bit TC, fc for source)
LD {TC4CRY), 05H
LD (TTREG4), OF8H ; Sets warm-up time
D IMF <0
SET {EIRM}. 1 ; Enables INTTC4
El S IMF 4= 1
SET {TC4CR). 3 ; Starts TC4, 3
PINTTC4: GCLR (TC4CR). 3 ; Stops TC4, 3
CLR {SYSCR2). 5 ; 8YSCR2<SYSCK> <— 0
(Switches the main system clock to the high-frequency clock)
RETI
VINTTC4: Dw PINTTC4 ; INTTC4 vecior table
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2.3 Reset Circuit

The TMP86FS49UG have four types of reset generation procedures: An external reset input, an address trap reset,
a watchdog timer reset and a system clock reset, Table 2-2 shows on-chip hardware initialization by reset action.

The malfunction reset circuit such as watchdog timer reset, address trap reset and system clock reset is not initial-
ized when power is turned on. The RESET pin car reset state at the maximum 24/fc [s] (1.5 ps at 16.0 MHz) when
power is turned on.

Table 2-2 nitializing Internal Status by Reset Action

On-~chip Hardware Initial Value On-chip Hardware Initial Value
Program counter PC) (FFFEH)
i SP)| Notinitialized
Stack pointer =P ot niisze Prescaler and divider of timing generator \]
General-purpose registers s
(W.A B.C,D,E H,L, IX, I¥) Not initialized
Jump status flag (JF)| Notinitislized { Watchdog timer Enable
Zero flag (ZF}{ Not initialized
Carry flag (CF)| Notinitialized
Half canry flag (HF}| Not initialized
Cutput latches of /O ports Refer to YO port circuitry
Sign flag {SF}| Notinitialized
Overflow flag {VF}| Notinitialized
Interrupt master enable fiag {IMF) 1]
Interrupt individual enable flags  {EF) 0 ) Refer to each of control
Control registers )
Interrupt latches (L 0 register
RAM Not initialized

2.3.1 External Reset Input

The RESET pin contains a Schmiltt trigger (Hysteresis) with an internal pull-up resistor.

When the RESET pin is held at “L” level for at least 3 machine cycles (12/fc [s]) with the power supply volt-
age within the operating voltage range and oscillation stable, a reset is applied and the internal state is initial-
ized.

When the RESET pin input goes high, the reset operation is released and the program execution starts at the
vector address stored at addresses FFFEH to FFFFH.

VDD
RESET Internal reset
Watchdog timer reset |
Malfunction
reset output i Address trap reset |
circuit
Sysiem clock resat |

Figure 2-15 Reset Circuit
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2.3.2 Address trap reset

If the CPU should start looping for some cause such as noise and an attempt be made to fetch an instruction
from the on-chip RAM (when WDTCR1<ATAS> is set to *“1”), DBR or the SFR area, address trap reset will
be generated. The reset time is about 8/fc to 24/fc [s] (0.5 to 1.5 ps at 16.0 MHz).

Note: The operating mode under address trapped is alternative of reset or interrupt. The address trap arez is alter-
native.

Instruction P a {Resel release X instruction at address
execution

| Address trap is occurrad

3 1
+ 1
E ]
£ H
Internal reset | ; :
: :
13 H
E 1]
1} 1

o Do e
< " »
|

dclo12iicls] o 16/ [s]

£
?
i
E
]
Py

oo

]
k

8/ic to 24/fc [s]

MNote 1: Address "a” is in the SFR or on-chip RAM (WDTCR1<ATAS> = “1") space.
Note 2: During reset release, reset vector *r" is read out, and an instruction at address “r” is fetched and decoded.

Figure 2-16 Address Trap Reset

2.3.3 Watchdog timer reset

Refer to 2.4 “Watchdog Timer”.

2.3.4 System clock reset

Clearing both XEN and XTEN (Bits 7 and 6 in SYSCR2) to “07, clearing XEN to “0” when SYSCK = “0”,
or clearing XTEN to “0” when SYSCK = “1” stops system clock, and causes the microcomputer to deadlock.
This can be prevented by automatically generating a reset signal whenever XEN = XTEN = “0”, XEN =
SYSCK =“0”, or XTEN = “0”/SYSCK = “1” is detected to continue the oscillation. The reset time is about 8/
fc to 24/fc [s] (0.5 to 1.5 us at 16.0 MHz).
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3. Interrupt Control Circuit

The TMP86FS49UG has a total of 24 interrupt sources excluding reset, of which 0 source levels are multiplexed.
Interrupts can be nested with priorities. Four of the internal interrupt sources are non-maskable while the rest are

maskable,

Interrupt sources are provided with interrupt latches (IL), which hold interrupt requests, and independent vectors.
The interrupt latch is set to “1” by the generation of its interrupt request which requests the CPU to accept its inter-
rupts, Interrupts are enabled or disabled by software using the interrupt master enable flag (IMF) and interrupt enable
fiag (EF). If more than one interrupts are generated simultancously, interrupts are accepted in order which is domi-
nated by hardware. However, there are no prioritized interrupt factors among non-maskable interrupts.

Interrupt Factors Enable Condition '“::'t’;pt A\;i{::s Priority
Intemal/External (Reset) Non-maskable - FFFEH 1
Intemal INTSWI (Software interrupt) Non-maskable - FFFCH 2
internal ,I:t::zﬁfi: {Executed the undefined instruction Non-maskable _ FFFCH 2
Internal INTATRAP (Address trap intemrupt) Non-maskable L2 FFFAH 2
Internal INTWDT {Watchdog timer interrupt) Non-maskahle IL3 FFF&H 2
External INTO IMF+« EF4 =1, INTCEN = 1 L4 FFFG 5
Internal INTTCA IMF+ EFS =1 ILS FFF4 6
Extemnal INT1 IMF~ EF6 =1 L6 FFF2 7
Internal INTTBT IMF+ EF7 = 1 IL7 FFFD 8
Extemal INT2 IMF* EF8 =1 iLe FFEE 9
Internal INTTC4 IMF+ EF9 =1 IL9 FFEC 10
Internal INTTCS IMF+= EF10 == 1 IL10 FEEA 11
Internal INTSBI IMF+ EF11 =1 IL11 FFE8 12

External INT3 IMF+« EF12 =1 iL12 FFE& 13
Internal INTSION IMF+ EF13 =1 fL13 FFE4 14
Internal INTS102 IMF« EF14 =1 IL14 FFE2 15
Internal INTADG IMF* EF15 =1 IL15 FFED 16
Internal INTRXD1 IMF+« EF16 =1 IL18 FFBE 17
Internal INTTXDM IMFe EF17 = 1 IL17 FFBC 18
Internal INTTCE IMFe EF18 =1 iL18 FFBA 19
Internal INTTCS IMF+ EF19 =1 IL19 FFBB 20
Internal INTRXD2 IMF+ EF20 =1 IL20 FFB& 21
Internal INTTXD2 IMF+ EF21 =1 IL21 FFB4 22
Internal INTTC2 IMF« EF22 =1 IL22 FFB2 23
External INTS IMF+ EF23 =1 [L23 FFBO 24
- Reserved IMF- EF24 =1 IL24 FFAE 25
- Reserved IMF+ EF25 = 1 IL25 FFAC 28
- Reserved IMF« EF26 =1 1L26 FFAA 27
- Reserved IMF+ EF27 =1 IL27 FFAB 28
- Reserved IMF- EF28 =1 IL28 FFAB 29
- Reserved IMF+« EF29 =1 IL29 FFA4 30
- Reserved IMF+ EF30 =1 IL30 FFA2 3
- Reserved INiF= EF31 =1 1131 FFAD 32

Note 1: To use the address trap interrupt (INTATRAP), clear WDTCR1<ATOUT> to “0" (It is set for the ‘reset request” after reset
is cancelled). For details, see “Address Trap”.
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3.1 Interrupt latches (IL20to 1L2} TMPEGFS49UG

TENTATIVE

3.1 Interrupt latches (IL24 to IL2)

An interrupt latch is provided for each interrupt source, except for a software interrupt. When interrupt request is
generated, the latch is set to *17, and the CPU is requested to accept the interrupt if its interrupt is enabled. All inter-
rupt latches are initialized to “0” during reset.

The interrupt latches are located on address 002EH, 002FH, 003CH and 003DH in SFR area. Except for IL3 and
IL2, each latch can be cleared to “0” individually by instruction. (However, the read-modify-write instructions such
as bit manipulation or operation instructions cannot be used. Interrupt request would be cleared inadequately if inter-
rupt is requested while such instructions are executed.) Thus interrupt request can be canceled/initialized by soft-
ware.

Interrupt latches are not set to “1” by an instruction. Since interrupt latches can be read, the status for interrupt
requests can be monitored by software.

Note: Before manipulating each interrupt latch (IL), be sure to clear the interrupt master enable flag (IMF) to "0" {to dis-
able interrupts). The interrupl enable flags (EFs) and interrupt latches (iLs) must be manipulated under the following
conditions; otherwise operation cannot be guaranteed.

1. After the DIl instruction is executed.
2. The IMF is automatically cleared to "0" when an interrupt is accepted. However, when interrupt nesting is
enabled, be sure to manipulate the EFs and ILs before setting the IMF to "1" (to enable interrupts),

Example 1 :Clears interrupt latches

Dl VIMF <0
LDW @LL), 1110100000111111B VIL12,IL10t0 IL6 <0
El 3 IMF €—1

Example 2 :Reads interrupt latchess

LD WA, {ILL) W ILH, A<—ILL

Example 3 :Tests interrupt latches
TEST (LL). 7 1 IFIL7 = 1 then jump
JR F. SSET

3.2 Interrupt enable register (EIR)

The interrupt enable register (EIR) enables and disables the acceptance of interrupts, except for the non-maskable
interrupts (Software interrupt, undefined instruction interrupt, address trap interrupt and watchdog interrupt). Non-
maskable interrupt is accepted regardless of the contents of the EIR.

The EIR consists of an interrupt master enable flag (IMF) and the individual interrupt enable flags (EF). These
registers are located on address 002CH, 002DH, 003AH and 003BH in SFR area, and they can be read and written
by an instructions (Including read-modify-write instructions such as bit manipulation or operation instructions),

3.2.1 Interrupt master enable flag (IMF) .

The interrupt enable register (IMF) enables and disables the acceptance of the whole maskable interrupt.
While IMF = “0”, all maskable interrupts are not accepted regardless of the status on each individual interrupt
enable flag (EF). By setting IMF to “17, the interrupt becomes acceptable if the individuals are enabled. When
an interrupt is accepted, IMF is cleared to “0” after the latest status on IMF is stacked. Thus the maskable inter-
rupts which follow are disabled. By executing return interrupt instruction [RET/RETN)], the stacked data,
which was the status before interrupt acceptance, is loaded on IMF again,

The IMF is located on bit0 inm EIRL (Address: 003AH in SFR), and can be read and written by an instruction.
The IMF is normally set and cleared by [EI] and [DI] instruction respectively. During reset, the IMF is initial-
ized to “0”.
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3.2.2 Individual interrupt enable flags (EF24 to EF4)

Each of these flags enables and disables the acceptance of its maskable interrupt. Setting the corresponding
bit of an individual interrupt enable flag to “1”* enables acceptance of its interrupt, and setting the bit to “0” dis-
ables acceptance. During reset, all the individual interrupt enable flags (EF20 to EF4) are initialized to “0” and
all maskable interrupts are not accepted until they are set to “1”.

Note: Before manipulating each interrupt latch (IL}, be sure to clear the interrupt master enable flag (IMF) to "0" (to
disable interrupts). The interrupt enable flags (EFs) and interrupt latches (ILs) must be manipulated under the
following conditions; otherwise operation cannot be guaranteed.

1. After the DI instruction is executed.
2. The IMF is automatically cleared to "0" when an interrupt is accepted. However, when interrupt nesting is
enabled, be sure to manipulate the EFs and ILs before sefting the IMF to "1" (lo enable interrupts).

Example 1 :Enables interrupts individually and sets IMF

ol [IMF ¢—0

LDW (EIRL}, 1110100010100000B . EF15 to EF13, EF11, EF7, EF5 <— 1
: Note: IMF is not set.

El ; IMF <1

Example 2 :C compiler description example
unsigned int _io (3AH) EIRL; #* 3AH shows EIRL address */

=i
EIRL = 101000008;

_E);
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3.2 Interrupt enable register (EIR)

TENTATIVE

TMP8EFS43UG

Interrupt Latches

{Initial value; 0000CCD0000Q00™)

1L 1% 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
{0D30DH,
003CH) IL15 [ 114 | 1113 | Az | was | L0 | we | e ) W7 | we | W5 | w4 [ w3 | 12
ILH (003DH) ILL (GD3CH)
{Initial value: GO00000000000000)
EiL 15 18 13 12 1 10 9 8 7 5 5 4 3 2 1 0

(002FH, 002EH) [ 159 | 130 [ iz | IL28 l iL27 | IL26| IL25| |1.24| IL23 | 1L22| IL21 | 1L20 ’ IL1a | IL1B| IL17 | iL16]

ILD (002FH)

ILE {002EH)

at RD

IL20~IL2 Interrupt latches

0; No interrupt request
1: Interrupt request

at WR
0: Clears the interrupt request
1: {Interrupt latch is not set.)}

RIW

Note 1: To clear any one of bits IL7 to [L4, be sure to write *1" into IL2 and 11.3.

Note 2: Before manipulating each interrupt latch (IL), be sure to clear the interrupt master enable flag (IMF) to "0" (to disable inter-
rupts). The interrupt enable flags (EFs) and interrupt latches (ILs) must be manipulated under the following conditions;

otherwise operation cannot be guaranteed.
1. After the Dl instruction is executed.

2. The IMF is automatically cleared to "0" when an interrupt is accepted. However, when interrupt nesting is enabled, be
sure to manipulate the EFs and ILs before setting the IMF to "1" (to enable interrupts).

Note 3: Do not clear IL with read-modify-write instructions such as bit operations.

Interrupt Enable Registers

{Initial value: 000000000000***0)}

EIR 15 14 13 12 i1 10 9 8 7 [ -1 4 3 2 1 g
(0O3BH, -
003AH) EF15 | EF14 | EF13 | EF12 | EF11 | EF10 | EF9 | EF8 EF7 EF6 EFS EF4 IMF

EIRH (D03BH) EIRL (003AH)
{Initial value: 0000000000000000)
EEIR 15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
{002DH,
002CH) EF31 ] EF30 | EF29 | EF28 | EF27 | EF26 | EF25 | EF24 | EF23 | EF22 | EF21 | EF20 | EF19 | EF18{ EF17 | EF18
EIRD {002DH) EtRE {002CH)
EF20-EF4 Individual-interrupt enable flag | 0: 0: Disables the acceptance of each maskable interrupt,
(Specified for each bit) 1: 1. Enables the acceptance of each maskable interrupt.
RIW
0: 0: Disables the acceptance of ail maskable interrupts
IMF Interrupt master enable flag 1:  1: Enables the acceptance of all maskable interrupts

Note 1: *: Don't care

Note 2: Do not set IMF and the interrupt enable flag (EF15 to EF4) to “1” at the same time.

Note 3; Before manipulating each interrupt latch {IL), be sure to clear the interrupt master enable flag {(IMF) to "0” {to disable inter-
rupts). The interrupt enable flags (EFs) and interrupt latches (ILs) must be manipulated under the following conditions;

otherwise operation cannot be guaranteed.
1. After the DI instruction is executed.

2. The IMF is automatically cleared to "0" when an interrupf is accepted. However, when interrupt nesting is enabled, be
sure to manipulate the EFs and ILs before setting the IMF fo *1" (to enable interrupts).

Page 36



TOSHIBA TENTATIVE THPoRroasie

3.3 Interrupt Sequence

An interrupt request, which raised interrupt latch, is held, until interrupt is accepted or interrupt latch is cleared to
“0” by resetting or an instruction. Interrupt acceptance sequence requires 8 machine cycles (2 ms @16 MHz) after
the completion of the current instruction. The interrupt service task terminates upon execution of an interrupt return
instruction [RETI] (for maskable interrupts) or [RETN] (for non-maskable interrupts). Figure 3-1 shows the timing
chart of interrupt acceptance processing.

3.3.1 Interrupt acceptance processing is packaged as follows.

a. The interrupt master enable flag (IMF) is cleared to “0” in order to disable the acceptance of any fol-
lowing interrupt.
b. The interrupt latch (IL) for the interrupt source accepted is cleared to “0”.

¢. The contents of the program counter (PC) and the program status word, including the interrupt master
enable flag (IMF), are saved {Pushed) on the stack in sequence of PSW + IMF, PCH, PCL. Mean-
while, the stack pointer (SP) is decremented by 3.

d. The entry address (Interrupt vector) of the corresponding interrupt service program, loaded on the vec-
tor table, is transferred to the program counter.

€. The instruction stored at the entry address of the interrupt service program is executed.

Note:When the contents of PSW are saved on the stack, the contents of IMF are also saved.

interrupt service task

TS S T T S T T

1-maching cycle %

¥

fiderruplt
reguest

interrupt
lateh {iL}

IrAF

Execute x Execite Exonlio
instruction instruction X Interrupt acceptance instruction Execute RETE instruction

,-1

Note 1: a: Return address entry address, b: Entry address, ¢: Address which RETI instruction is stored

Note 2: On condition that interrupt is enabled, it takes 38/fc [s] or 38/fs [s] at maximum (If the interrupt latch is set at the first
machine cycle on 10 cycle instruction) to start interrupt acceptance processing since its interrupt latch is set.

Figure 3-1 Timing Chart of Interrupt Acceptance/Return Interrupt Instruction

Example: Correspondence between vector table address for INTTBT and the entry address of the interrupt
service program

Vector table address Entry address
Interrupt
v sarvice
program
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3.2 Interrupt Sequence

TMP86FS49UG

TENTATIVE

A maskable interrupt is not accepted until the IMF is set to “1” even if the maskable interrupt higher than the

level of current servicing interrupt is requested.

In order to utilize nested interrupt service, the IMF is set to “1” in the interrupt service program. In this case,

acceptable interrupt sources are selectively enabled by the individual interrupt enable flags.

To avoid overloaded nesting, clear the individual interrupt enable flag whose interrupt is currently serviced,

before setting IMF to “1”. As for non-maskable interrupt, keep interrupt service shorten compared with length
between interrupt requests; otherwise the status canmot be recovered as non-maskable interrupt would simply
nested,

332

Saving/restoring general-purpose registers

During interrupt acceptance processing, the program counter {PC) and the program status word (PSW,

includes IMF) are automatically saved on the stack, but the accumulator and others are not. These registers are
saved by software if necessary. When multiple interrupt services are nested, it is also necessary to avoid using

the same data memory area for saving registers. The following methods are used to save/restore the general-
purpose registers.

3.3.21

Using PUSH and POP instructions

If only a specific register is saved or interrupts of the same source are nested, general-purpose registers
can be saved/restored using the PUSH/POP instructions.

Example :Save/store register using PUSH and POP instructions

PINT0c: PUSH WA ; Save WA register
(interrupt processing)
POP WA 1 Restore WA register
RET! s RETURN
.......................................... Addrass
............................................................... (Example)
NN e B i T s b5
SR A SR A ROV I N b-4
SP —» w SP —3 b-3
PCL PCL PCL b-2
PoH 1 L PCH T R b-1
PSW Psw = I N b

£ Atexesution of
PLISH instruction

=) At execution of
POR instruction

—

At acceptance of
an interrupt

At execution of
RETI instruction

3.3.2.2 Using data transfer instructions

To save only a specific register without nested interrupts, data transfer instructions are available.
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Example :Save/store register using data transfer instructions
PINTxoc LD {GSAVA), A ; Save A register
(interrupt processing)
LD A, (GSAVA) ; Restore A register
RETI s RETURN

Main task

inferrupt Interrupt
acceptance _ Servicetask

1 Baving
registers

..................... -
Interrupt relum

Saving/Resioring general-purpose registers using PUSH/POP data transfer instruction

Figure 3-2 Saving/Restoring General-purpose Registers under Interrupt Processing

3.3.3 Interrupt return

Interrupt return instructions [RETI)/[RETN] perform as follows.

[RETIYIRETN] Interrupt Return

1. Pregram counter (PC) and program status word
(PSW, includes IMF) are restored from the stack.
2. Stack pointer (SP) is incremented by 3.

As for address trap interrupt (INTATRAP), it is required to alter stacked data for program counter (PC) to
restarting address, during interrupt service program.

Note: If [RETN] is executed with the above data unaltered, the program returns to the address frap area and

INTATRAP occurs again.When interrupt acceptance processing has completed, stacked data for PCL and
PCH are located on address (SP + 1) and (8P + 2) respectively.

Example 1 :Returning from address trap interrupt (INTATRAP) service program 4

PINTxx: POP WA ; Recover SP by 2
LD ‘WA, Retumn Address
PUSH WA ; Alter stacked data

(interrupt processing}

RETN ; RETURN
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3.4 Software Interrupt (INTSW) TMPSEFS4SUG

TENTATIVE

Example 2 :Restarting without returning interrupt
(I this case, PSW (Includes IMF) before interrupt acceptance is discarded.)

PINT>ex: ING gp ; Recover SP by 3
INC SP ;
NC SP H

(interrupt processing)
LD EIRL, data ; Set IMF to “1" or clear it to "0"

JP Restart Address ; Jump into restarting address

Interrupt requests are sampled during the final cycle of the instruction being executed. Thus, the next inter-
rupt can be accepted immediately after the interrupt return instruction is executed.

Mote 1: It is recommended that stack pointer be return to rate before INTATRAP (Increment 3 times), if return inter-
rupt instruction [RETN] is not utilized during interrupt service program under INTATRAP (such as Example
2).

Note 2: When the interrupt processing time is longer than the interrupt request generation time, the interrupt service
task is performed but not the main task.

3.4 Software Interrupt (INTSW)

Executing the SWI instruction generates a software interrupt and immediately starts interrupt processing (INTSW
is highest prioritized interrupt).

Use the SWI instruction only for detection of the address error or for debugging.

3.4.1 Address error detection

FFH is read if for some cause such as noise the CPU attempts to fetch an instruction from a non-existent
memory address during single chip mode. Code FFH is the SWT instruction, so a software interrupt is gener-
ated and an address error is detected. The address error detection range can be further expanded by writing
FFH to unused areas of the program memory. Address trap reset is generated in case that an instruction is
fetched from RAM, SFR or DBR areas. '

3.4.2 Debugging

Debugging efficiency can be increased by placing the SW1 instruction at the software break point setting
address,

3.5 Undefined Instruction Interrupt (INTUNDEF)

Taking code which is not defined as authorized instruction for instruction causes INTUNDEF. INTUNDEF is gen-
erated when the CPU fetches such a code and tries to execute it. INTUNDEF is accepted even if non-maskable inter-
rupt is in process. Contemporary process is broken and INTUNDEF interrupt process starts, soon after it is
requested.

o

Note: The undefined instruction interrupt (INTUNDEF) forces CPU to jump into vector address, as software interrupt
(SWI) does.

3.6 Address Trap Interrupt (INTATRAP)

Fetching instruction from unauthorized area for instructions (Address trapped area) causes reset output or address
trap interrupt (INTATRAP). INTATRAP is accepted even if non-maskable interrupt is in process. Contemporary
process is broken and INTATRAP interrupt process starts, soon after it is requested.

Note: The operating mode under address trapped, whether to be reset output or interrupt processing, is selected on
watchdog timer control register (WDTCR).
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3.7 External Interrupts

The TMP86FS49UG have 5 external interrupt inputs. These inputs are equipped with digital noise reject circuits
(Pulse inputs of less tham a certain time are eliminated as noise).

Edge selection is also possible with INT0 to INTS5. The INTO/P0D pin can be configured as either an external inter-
rupt input pin or an input/output port, and is configured as an input port during reset,

Edge selection, noise reject control and INT0/P00 pin function sclection are performed by the external interrupt
control register (EINTCR).

seconday

. Enable Conditions Edge Digital Noise Reject
function

Source Pin

Pulses of less than 2/fc [s] are eliminaled as
noise. Pulses of 7/fc [s] or more are considered
IMF =1, EF4 =1, Falling edge to be signals. In the SLOW or the SLEEP mode,
INTOEN =1 pulses of less than 1/fs [s] are eliminated as
noige. Pulses of 3.5/s [s] or more are consid-
ered to be signals.

INTO INTQ PoC

Pulses of less than 15/fc or 63/fc [s] are elimi-
nated as noise. Pulses of 45/fc or 193/fc [s] or
mere are considered to be signals. In the SLOW
or the SLEEP mode, pulses of less than 1/fs [s]
are eliminated as noise, Pulses of 3.5/fs [s} or
more are considered to be signals.

Falling edge
INT1 INT1 P03 IMF*EF&=1 or
Rising edge

Pulses of less than ¥/c [s] are eliminated as
noise. Pulses of 25/fc [s] or more are considered
te be signals. In the SLOW or the SLEEP mode,
pulses of less than 1/s [s] are eliminated as
noise. Pulses of 3.5/fs [s] or more are consid-
ored to be signals,

Falfling edge
INT2 INT2 PO7 IMF-EF8=1 or
Rising edge

Pulses of less than 7/fc [s] are eliminated as
noise. Pulses of 25/fc [s] or more are considered
to be signals. In the SLOW or the SLEEP mode,
pulses of less than 1/s [s] are eliminated as
neise. Pulses of 3.5/7s [5] or more are consid-
ered {o be signals.

Falling edge
INT3 INT3 P15 IMF-EF12=1 or
Rising edge

Pulses of less than 2ffc [s] are eliminated as
neise. Pulses of 7/fc [s] or more are considerad
fo be signals. In the SLOW or the SLEEP made,
pulses of less than 1/s [s] are eliminated as
noise. Pulses of 3.5/fs [s] or more are consid-
ered to be signals.

INTS NTE P20is05 | IMFEF23=1 Falling edge

Note 1: In NORMAL1/2 or IDLE1/2 mode, if a signal with no noise is input on an external interrupt pin, it takes a maximum of "sig-
nal establishment time + 6/fs[s]" from the input signal's edge to set the interrupt latch.

Note 2: When INTOEN = "0", IL4 is not set even if a falling edge is detected on the INTO pin input.

Note 3: When a pin with more than one function is used as an output and a change occurs in data or input/output status, an inter-
rupt request signal is generated in a pseudo manner. In this case, it is necessary to perform appropriate processing such
as disabling the interrupt enable flag.
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3.7 External Interrupts
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External Interrupt Control Register

EINTCR 7 -] 5 4 3 2 1 0
(0037H) | INTING l INTOEN | - - | INT3ES | INT2ES | INT1ES | ! (Initial value: 00** 000%)
. L 0: Pulses of less than 63/fc [s] are eliminated as noise
INTINC Noise reject time select 1: Pulses of less than 15/fc [s] are eliminated as noise RIW
—_— . . 0: POD inputfoutput port
INTOEN POOAINTO pin configuration 1: INTG pin (Port P00 should be set to an input mode) RIW
a: Risi
INT3 ES INT3 edge select Rising edge RIW
1: Falling edge
INT2 ES INT2 edge select o Rlsn_ng edge RW
1: Falling edge
0: Rising edge
INT1 ES INT1 edge select N RW
1: Falling edge

Note 1: fo: High-frequency clack [Hz], *: Bon't care

Note 2: When the system clock frequency is switched between high and low or when the external interrupt control register
(EINTCRY) is overwritten, the noise canceller may not operate normally. It is recommended that external interrupts are dis-
abled using the interrupt enable register {(EIR).

Note 3: The maximum fime from medifying INT1NC until a noise reject time is changed is 2%4c.
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4. Special Function Register (SFR)

The TMP86FS49UG adopts the memory mapped I/O system, and all peripheral control and data transfers are per-
formed through the special function register (SFR) or the data buffer register (DBR). The SFR is mapped on address
0000H to 003FH, DBR is mapped on address 0F80H to OFFFH.

This chapter shows the arrangement of the special function register (SFR) and data buffer register (DBR) for

TMPR6FS49UG.
41 SFR

Address Read Write
0000H PODR

0001H P1DR

0002H P2DR

0003H P3DR

0004H P4ADR

0005H P5DR

0006H P6DR

0007H P7DR

0008H POOUTCR

0009H P1CR

000AH P40OUTCR

000BH POPRD -
000CH PZ2PRD -
000DH P3PRD -
D0OEH P4PRD -
00OFH PSPRD -
0010H TC1DRAL

GO11H TC1DRAH

00i2H TC1DRBL

0013H TC1DRBH

0014H TTREG3

0015H TTREG4

6016H TTREGS

0017H TTREGS

0018H PWREG3

0018H PWREG4

001AH PWREGS

001BH PWREGSE R
001CH ADCCR1

001DH ADCCR2

O01EH ADCDR2 -
001FH ADCDR1 -
0020H SIO1CR

002tH SIO1SR -
o022H S101RDB SIO1TDB
0023H TC2CR

0024H TC2DRL

0025H TC2DRH
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TMPBEFS49UG

Address Read | Wiite
0026H TC1CR
0027H TC3CR
0028H TC4CR
0029H TCSCR
002AH TCECR
002BH SIO2RDB S102TDB
002CH EIRE
002DH EIRD
002EH ILE
002FH ILD
0030H Reserved
0031H SI02CR
0032H SI028R -
0033H Reserved
0034H - WDTCR1
0035H - WDTCR2
0036H TBTCR
0037H EINTCR
0038H SYSCR1
0039H SYSCR2
003AH EIRL
003BH EIRH
003CH ILL
003DH ILH
0D3EH Reserved
003FH PSW

Note 1: Do not access reserved areas by the program.

Mote 2: — ; Cannot be accessed.

Note 3: Write-only registers and interrupt Jatches cannot use the read-moedify-write instructions (Bit manipulation instructions such

as SET, CLR, ete. and logical operation instructions such as AND, OR, etc.).

Page 44



TOSHIBA

TENTATIVE

TMP86FS49UG

42 DBR

Address Read | Write
OF80H Reserved

OF81H Reserved

OF82H Reserved

OF83H Reserved

OF84H Reserved

0F85H Reserved

0F86H Reserved

OF87H Reserved

OFaaH Reserved

OF89H Reserved

OF8AH Reserved

OF8BH Reserved

OF8CH Reserved

OF8DH Reserved

OFBEH Reserved

0F8FH Reserved

0Fg0H SBISRA SBICRA
0F91H SBIDBR

0F92H - 12CAR
0F83H SBISRB SBICRB
0F94H -

OF95H UART1SR UART1CR1
OF96H - UART1CR2
OFS7H RDBUF1 TOBUF1
DF9BH UART2SR UART2CR1
0F98H - UART2CR2
OF9AH RDBUF2 TDBUF2
OF9BH PECR1

OF9CH P&CR2

OF9DH P7CR1

OFSEH P7CR2

OF9FH - STCPCR
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TMPBEFS43UG

Address Read Write
OFAOH Reserved
OFATH Reserved
OFA2H Reserved
OFA3H Reserved
OFA4H Reserved
OFASH Reserved
OFAGH Reserved
OFATH Reserved
OFABH Reserved

- OFASH Reserved
OFAAH Reserved
oFABH Reserved
OFACH Reserved
QFADH Reserved
OFAEH Reserved
OFAFH Reserved
OFBGH Reserved
GFB1H Reserved
OFBzH Reserved
OFB3H Reserved
OFB4H Reserved
OFBSH Reserved
OFB&H Reserved
OFB7H Reserved
OFBEH Reserved
0FBSH Reserved
QOFBAH Reserved
OFBBH Reserved
OFBCH Reserved
OFBDH Reserved
OFBEH Reserved
OFBFH Reserved
OFCCH Reserved
OFC1H Reserved
OFCZH Reserved
0FC3H Reserved
0FC4H Reserved
0FCEH Reserved
0FCeH Reserved
OFC7H Reserved
OFCE&H Reserved
OFCBH Reserved
OFCAH Reserved
OFCBH Reserved
OFCCH Reserved
OFCEH Reserved
OFCEH Reserved
OFCFH Reserved
OFDOH Reseyved
OFD1H Reserved
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Address Read | Write
OFD2H Reserved
OFD3H Reserved
OFD4H Reserved
OFDS5H Reserved
OFD&H Reserved
OFD7H Reserved
OFDEH Reserved
OFDeH Reserved
OFDAHM Reserved
OFDBH Reserved
OFDCH Reserved
OFDDH Reserved
OFDEH Reserved
OFDFH Reserved
OFEOH Reserved
OFE1H Reserved
OFE2H Reserved
OFE3H Reserved
OFE4H Reserved
OFESH Reserved
OFEGH Reserved
OFE7H Reserved
OFESH Reserved
OFESH Reserved
OFEAH Reserved
OFEBH Reserved
OFECH Reserved
OFEDH Reserved
OFEEH Reserved
OFEFH Reserved
OFFOH Reserved
OFF1H Reserved
OFF2H Reserved
OFF3H Reserved
OFF4H Reserved
OFF5H Reserved
OFFeH Reserved
O0FF7H Reserved
OFFEH Reserved
OFF8H Reserved
OFFAH Reserved
OFFBH Reserved
OFFCH Reserved
OFFDH Reserved
OFFEH Reserved
OFFFH FLSCR

Note 1: Do not access reserved areas by the program.
Note 2: — ; Cannot be accessed.

Note 3: Write-only registers and interrupt latches cannot use the read-modify-write instructions {Bit manipulation instructions such
as SET, CLR, etc. and logical operation instructions such as AND, OR, etc.}).
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5. 1/O Ports

The TMP86FS49UG has 8 parallel input/output ports (56 pins) as follows.

Primary Function Secendary Functions
Part PO B-bit KO port External interrupt, serial interface input/output and UART input/output,
Port P1 8-bit IO port External interrupt and timer counter input/output.
Porl P2 3-bit 1O port :::::;zf::::[yi r:\:.;s::;n.nﬂtor connections, external internept input, STOP mode
Poit P3 B-hit /O port
Port P4 8-bit 1/0 port Serial interface input/output and UART input/output,
Port P5 4-bit /1O port Serial bus interface input/output,
Port P& B-bit KO port Analog input and STOP mode release signal input,
Port P7 B-bit KO port Analog input.

Each output port contains a latch, which holds the output data. All input ports do not have latches, so the external
input data should be externally held until the input data is read from outside or reading should be performed several
timer before processing. Figure 5-1 shows input/output timing examples.

External data is read from an I/0 port in the 51 state of the read cycle during execution of the read instruction. This
timing cannot be recognized from outside, so that transient input such as chattering must be processed by the pro-

gram.

Output data changes in the S2 state of the write cycle during execution of the instruction which writes to an I/O
port,

Fetch cycle Fetch cycle Read cycle

50 51 52 83 S0 51 82 83 30 81 82 83

Instruction execution cycle Example: LD A, (x) |

Input strobe . .... . I I

Data input ___

{a) Input timing

Fetch cycle Fetch cycle Write cycle

S0 81 &2 83 S0 81 32 83 80 51 S2 S3

Instruction execution cycle Example: LD (x), A |
Output strobe ..... I—l_ b
Data output Old X New

(b) Output timing

Note: The positions of the read and write cycles may vary, depending on the instruction.

Figure 5-1 Input/Output Timing (Example)
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5.1

Port PO (P07 to POO0)

Port PO is an 8-bit input/output port.
Port P0 is also used as an external interrupt input, a serial interface input/output and an UART Input/output.

When used as an input port, an external interrupt input, a serial interface input/output and an UART input/output,
the corresponding output latch (PODR) should be set to "1".

During reset, the PODR is initialized to "1", and the POOUTCR is initialized to "0".

It can be selected whether cutput circuit of PO port is a C-MOS output or a sink open drain individually, by setting
POOUTCR. When a corresponding bit of POOUTCR is "0". the cutput circuit is selected to a sink open drain and
when a corresponding bit of POOUTCR is "1", the output circuit is selected to a C-MOS output.

When used as an input port, an external interrupt input, a serial interface input and an UART input, the corre-
sponding output control (POOUTCR) should be set to "0" after PODR is set to "1".

PO port output latch {PODR) and PO port terminal input (POPRD) are located on their respective address.

When read the output latch data, the PODR should be read. When read the terminal input data, the POPRD register
should be read.

Table 5-1 Register Programming for Multi-function Ports (P07 to P00)

Programmed Value
Function
PODR POCUTCR

Port input, external input, serial interface input or g -
UART input
Port “0” output “0” Erogramming
Part *1” autput, serial interface output or UART e for each applica-
output 1 tions

it p—
OUTEN
POOUTCRI

POOUTCRI input

-~

Data input (POPRD) < <] (x]
Output latch read (PODR) <€ <
Data sutput (PODR) >|' D a|' D_D ("] Poi

Output Iatch‘|

Control output
Control input «

Note: i=7t00

Figure 5-2 Port 0 and POOUTCR "
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PODR 7 6 5 4 3 2 1 0
{0000H) Po7 P05 P05 PO4 PO3 Po2 POt POO
- it RICLRTY
RAW INTz | 5ER 501 i NT1 | TxD1 | Rxpr | g | Onitialvalue )
POOUTCR | | | | | ] | | | (it vatue: 0000 0000)
{0008H)

0: Sink open-drain output

POOUTCR | Port PO output circuit control {Set for each bit individually) 1: C-MOS output

R/W

POPRD | PO7 | P08 | POS | P04 | P03 | P02 | PO | POQ |
(0GOBH)
Read only
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5.2 PortP1 (P17 to P10)

Port P1 is an 8-bit input/output port which can be configured as an input or output in one-bit unit.

Port P1 is also used as a timer/counter input/output, arr external interrupt input and a divider output.

Input/output mede is specified by the P1 control register (P1CR).

During reset, the P1CR is initialized to "0" and port P1 becomes an input mode. And the P1DR is initialized to "0".

When used as an input port, a timer/counter input and an external interrupt input, the corresponding bit of PICR
should be set to "0".

When used as an output port, the corresponding bit of PICR should be set to "1".

When used as a timer/counter output and a divider output, PIDR is set to "1" beforehand and the corresponding bit
of P1CR should be setto "1".

When P1CR is "1", the content of the corresponding output latch is read by reading P1DR.

Table 5-2 Register Programming for Multi-function Ports

Programmed Value

Function
P1DR P1CR
Port input, timer/counter input or extemal intermept R vpr
input
Port 0" output “" “"

“qr

I3
-
2

Port "1” output, a fimer oufput or a divider output

Note: Asterisk (*} indicates “1” or “0” either of which can be selected.

STOP J )
OUTEN
P1ICRi —»|D Q

P1CRi input 4———<}——

Data input (P1DR) =

-

1

Data output (P1IDR) ———D Q .
Output latch

B /L
L

h 4

Contro! output

N

Control input

Note: i=7to 0

Figure 5-3 Port 1 and P1CR

Note: The port set fo an input mode reads the terminal input data. Therefore, when the input and output modes are used
together, the content of the output fatch which is specified as input mode might be changed by executing a bit
Manipulaticn instructicon.
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7 6 5 4 3 2 1 0
P1DR P17 P16 P15 P14 P13 P12 Pt P10
©001H) | TC8 TC5 TC2 TC4 TC3 FFG | Dvo | Toi
RV PYWMS PWMS5 INT3 PWM4 PWM3 {Initial value: 0000 Q000)
PDOS PDOS PDO4 PDO3
PPGE PPG4
P1CR 7 6 5 4 3 2 t 0
(0009H) | | 1 | ] | | | 1 (initial value: 0600 0000)
0: Input mode RIW

PICR 11O control for port P1 (Specified for each bit) 1: Output mode
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5.3 Port P2 (P22 to P20)

Port P2 is a 3-bit input/output port.

It is also used as an external interrupt, a STOP mode release signal input, and low-frequency crystal osciltator con-

nection pins. When used as an input port or a secondary function pins, respective output latch (P2DR) should be set
to ‘Sl!’.

During reset, the P2DR is initialized to “1”.

A low-frequency crystal oscillator (32.768 kHz) is connected to pins P21 (XTIN) and P22 (XTOUT) in the dual-
clock mode. In the single-clock mode, pins P21 and P22 can be used as normal input/output ports.

It is recommended that pin P20 should be used as an external interrupt input, a STOP mode release signal input, or
an input port, Ifit is used as an output port, the interrupt latch is set on the falling edge of the output pulse.

P2 port output latch (P2DR) and P2 port terminal input (P2PRD) are located on their respective address.

When read the output latch data, the P2DR should be read and when read the terminal input data, the P2PRD reg-
ister should be read. If a read instruction is executed for port P2, read data of bits 7 {o 3 are unstable.

Data input (P20PRD) /\]/‘ 'ﬂ—

Data input (P20)
Data output (P20) D Q
Qutput latch

:

S Z

{ ] P20 (NTS, STOP)

Contorl input

g
Data input (P21PRD) <}—~ﬁ\}

Output latch read (P21) «—

Osc. enable

% { ] P21 (xTinvg
kY

i

Data ocutput (P21) —— Q
Output latch

Data input (P22PRD) « <|—<j~ﬂ

QOutput latch read (P22) <—

]

‘I [ ] P22 (xToum)

Data output (P22) — Q +
Output latch
STOP i I:
QUTEN
XTEN
fs 4—@

Figure 5-4 Port 2

7 6 5 4 3 2 1 0
PZDR
(0002H) P22 P21 E - "
RV XTOUT XTIN INTS (Initial value: 11])
STOP
P2PRD E [ P2z [ P2t | Pao |
(000CH) ‘ : :
Read only

Note: Port P20 is used as STOP pin. Therefore, when stop mode is started, OUTEN does not affect to P20, and P20 becomes
high-Z mode.
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5.4 Port P3 (P37 to P30) (Large Current Port)

Port P3 is an 8-bit input/output port.

When used as an input port, the corresponding output latch (P3DR) should be set to "1".

During reset, the P3DR is initialized to "1".

P3 port output latch (P3DR) and P3 port terminal input (P3PRD) are located on their respective address.

When read the output latch data, the P3DR should be read. When read the terminal input data, the P3PRD register
should be read.

STOP————J
QUTEN

Data input (P3PRD) <

A
i

Qutput latch read (P3DR) < /\14

™~

Data output {P3DR) —— D Q P P3i
Note: i=7100
Figure 5-5 Port 3

P3DR 7 6 5 4 3 2 1 0
(00°3H)| P37 | P35 | P35 ] P34 | P33 | P32 | P31 | P30 I(Initialva!ue:1111 1111
RAW
P3PRD P37 | P36 | P35 ] P24 | P33 | P32 | P31 | P30 |
{ODODH)
Read only
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5.5 Port P4 (P47 to P40)

Port P4 is an 8-bit input/output port.
Port P4 is also used as a serial interface input/output and an UART input/output.

When used as an input pott, a serial interface input/output and an UART input/output, the corresponding output
latch (P4DR) should be set to "1".

During reset, the PADR is initialized to "1", and the PAOUTCR is initialized to "0".

It can be selected whether output circuit of P4 port is a C-MOS output or a sink open drain individually, by setting
P4OUTCR. When a corresponding bit of PAOUTCR is "0". the output circuit is selected to a sink open drain and
when a corresponding bit of P4AOUTCR is "1", the output circuit is selected to a C-MOS output.

When used as an input port, a serial interface input and an UART input, the corresponding output control
(P4OUTCR) should be set to "0" after PADR is set to "1".

P4 port output latch (P4DR) and P4 port terminal input (P4PRD) are located on their respective address.

When read the output latch data, the PADR should be read. When read the terminal input data, the PAPRD register
should be read.

Table 5-3 Register Programming for Multi-function Ports (P47 to P40)

Pragrammed Value
Function
P4DR P4CGUTCR
Port input UART input or serial interface input " “o"
Port “0" output “0" Programming
Port “1" autput UART output or sesial interface apr for ea‘fh applica-
output tions
SToP———{ >
OUTEN
P4OUTCRI ‘;I oD Q I
I—
P40UTCRI input «—
Data input (P4PRD) < <1r =
Output latch read (P4DR) Q
Data output (P4DR) —»l_D_Q'——D__‘ : 'I:l P4i

Qutput IatchJ

Control output
Control input <

Note: i=71tc 0

Figure 5-6 Port 4
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PADR 7 6 5 4 3 2 1 1]
(0004H) P47 P46 P45 P44 P43 P42 P41 P40
— Initial valus: 1111 1411
RW oz | so2 si2 TXDz | RXD2 {Initial value )
P4OUTCR | | ] | i | | | | (Initial value: 0000 GOOD)
(000AH)

0: Sink open-drain output

P4QUTCR | Port P4 output circuit control {Set for each bit individually} 1: C-MOS output

P4PRD [ | Pa6 | P45 | P44 | P43 | P42 | P41 | P40 |
(000EH)
Read only
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5.6 Port P5 (P574 to P50) (Large Current Port)

Port P5 is an 5-bit input/output port.

Port P5 is also used as an [°C Bus input/output.

When used as an input port and 12C Bus input/output, the corresponding output latch (P5DR) should be set to "1",

During reset, the PSDR is initialized to "1".

P5 port output latch (PSDR) and P53 port terminal input (P5PRD) are located on their respective address.

When read the output latch data, the PSDR should be read. When read the terminal input data, the P5PRD register

should be read.

If a read instruction is executed for port P3, read data of bit 7 to 5 are unstable.

Data input (P5PRD) «

STOP ——
OCUTEN —OD:
1
N

Output latch read (P5DR) <

~1

<~
Data output (P5DR) —————»D Q N

L/

Qutput Eatch_‘|

Control output

\V

Control input

Note: i=4to0
Figure 5-7 Port 5

PSDR 7 6 5 4 3 2 1 Q
(0005H) P54 P53 P52 P51 P50
R SDA sCL
PSPRD | | ps+ | pss | ps2 | Pst [ Pso |
(COOFH) ‘ :
Read only

{Initial value: **1 1111)
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5.7 Port P6 (P67 to P60)

Port P6 is an 8-bit input/output port which can be configured as an input or output in one-bit unit.
Port P6 is also used as an analog input and key-on wakeup input.
Input/output mede is specified by the P6 conirol register (P6CR1) and P6 input control register (P6CR2).

During reset, the P6CR1 is initialized to "0" the P6CR2 is initialized to "1" and port P6 becomes an input mode.
And the P6DR is initialized 1o 0",

When used as an output port, the corresponding bit of P6CR1 should be set to "1".

When used as an input port and a key-on wakeup input , the corresponding bit of P6CR1 should be set to "0" and
then, the corresponding bit of P6CR2 should be set to "1".

When used as an analog input, the corresponding bit of P6CR1 should be set to "0" and then, the corresponding bit
of P6CR2 should be set to "0".

When P6CR1 is "1", the content of the corresponding output latch is read by reading P6DR.

Table 5-4 Register Programming for Multi-function Ports

Pregrammed Value
Function
P&DR P&CR1 P&CR2
Port input or key-on wakeup input > “o" “r
Analog input * 0" ‘0"
Part “0” output “" “1° *
Port *1” output “1" 1 *

Note: Asterisk (*) indicates “1” or “0” either of which can be selected.

Table 5-5 Values Read from PSDR and Register Programming

Conditions
Values Read from P6DR
PBCRA1 P6CR2

“ g g

Q" “1" Terminal input data
s

“1" Cutput latch contents
g
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PBCR2i
PBCR2i input

PECRA1i

PBCR1i input
Control input

Data input (PEDRI)

Data output (P6DRi)

STOP
OUTTEN

Analog input

AINDS
SAIN

Key-on wakeup
STOPKEN

PECR2j
P6CR2] input

PBCR1j

PBCR1j input
Data input (PEDRj)

Data output (P6DR})

STOP
OUTTEN

Analog input

AINDS
SAIN

Note 1:i=31t00,j=7to4, k=310

=] ——

el
=

a) P63 to P60

(]

N2

1

il

Note 2: STOP is bit7 in SYSCR1.

Note 3; SAIN is AD input select signal.

b} P67 to P64

Note 4: STOPKEN is input select signal in a key-on wakeup.

Figure 5-8 Port 6, P6CR1 and P6CR2
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7 8 5 4 3 2 1 0
PSDR
{0008H) PE7 P&6 PB5 PB4 P63 P62 P61 P60
RIVY amo7 | Amos | ANos | amnos | aiNos | Aoz | AINot | AINDO | (nitial value: 0000 0000)
stopa | sTop2 | sTop1 | sToPo
PSCR1 7 8 5 4 3 2 1 0
{0F9BH) | | | | | | | | | {Initial value: 0000 DOOO)
PGCR1 | IO control for port 6 (Specified for each bit) 0: Input mode RAW
P P 1: Qutput mode
PBCR? 7 6 5 4 3 2 1 0
{OFICH) | | | | | | | | | (initial value: 1111 1111}
0: Analog input
P&CR2 P6 port input control (Specified for each bit) 1: Port input, external interrupt input or key-on wakeup RW
input

Note 1: The port placed in input mode reads the pin input state. Therefore, when the input and output modes are used together,
the cutput latch contents for the port in input mode might be changed by executing a bit manipulation instruction.

Note 2: When used as an analog inport, be sure to clear the corresponding bit of PECR2 to disable the port input.
Note 3: Do not set the output mode (P6CR1 = "17) for the pin used as an analog input pin.

Note 4: Pins not used for analog input can be used as IO ports. During AD conversion, output instructions should not be executed
to keep a precision. In addition, a variable signal should not be input to a port adjacent to the analog input during AD con-
version.
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5.8 Port P7 (P77 to P70)

Port P7 is an 8-bit input/output port which can be configured as an input or output it one-bit unit.
Port P7 is also used as an analog input.
Input/output mode is specified by the P7 control register (P7CR1) and P7 input control register (P7CR2).

During reset, the P7CR1 is initialized to "0" the P7CR2 is initialized to "1" and port P7 becomes an input mode,
And the P7DR is initialized to "0".

When used as an output port, the corresponding bit of P7CR1 should be set to "1".

When used as an input port, the corresponding bit of P7CR1 should be set to "0" and then, the corresponding bit of
P7CR2 should be set to "1".

When used as an analog input, the corresponding bit of P7CR1 should be set to "0" and then, the corresponding bit
of P7CR2 should be set to "0".

When P7CR1 is "1", the content of the corresponding output latch is read by reading P7DR.

Table 5-6 Register Programming for Multi-function Ports

Programmed Value
Funiction
P7DR P7CR1 P7CR2

Port input external interrupt input or key-on wakeup . o ags
input

Analog input * o “0°
Port “0” output “o" " >
Fort 1" output 1" "t *

Note: Asterisk (*} indicates “1" or “0" either of which can be selected.

Table 5-7 Values Read from P7DR and Register Programming

Conditicns
Values Read from F7DR
P7CR1 PTCR2

g g g

“o" " Terminal input data
nge

" Qutput Jatch contents
uge
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P7CR2I —— D a
P7CR2i input

[\
L/

A

P7CR1i — D Q

P7CR1i input
Control input

A

A

MERES B

Data output (°F7DR)) ———b  Q . ™ [eri

STOP
OUTTEN

Anaiog input

AINDS
SAIN o

A

Data input (P7DRi)

Ll
Y

Note 1:1=7to 0
MNote 2: STOP is bit7 in SYSCR1.
Note 3; SAIN is AD input select signal,

Figure 5-9 Port 7, P7TCR1 and P7CR2

P7DR 7 6 5 4 3 2 1 o

{0007H} P77 P76 P75 P74 P73 P72 P71 P70
RAW AIN17 | AIN1G | AINIS | AIN14 | AINTZ | AIN1Z | AINT1 AIN1D

(Initial value: 0000 000Q)

P7CRA 7 & 5 4 3 2 1 0
(OF9DH) | i i | | ] | | | {initial valus: 0000 0000}

PPCR1 | 110 control for port P7 {Specified for each bit 0: Input mode RAW

or po (Specif it 1: Output mode
P7CR2 7 & 5 4 3 2 1 0
(oFeEH) | [ | [ | | | | | Gnitial value: 1111 1111)
0: Analog input "
P7CR2 P7 poert input control {Specified for each bit) 1: Port input, external interrupt input or key-on wakeup RAN

input

Note 1: The port placed in input mode reads the pin input state. Therefore, when the input and cutput modes are used together,
the output latch contents for the port in input mode might be changed by executing a bit manipulation instruction.

Note 2: When used as an analog inport, be sure to clear the corresponding bit of P7CR2 to disable the port input.
Note 3: Do not set the output mode {P7CR1 = “17) for the pin used as an analog input pin.

Noie 4: Pins not used for analog input can be used as IO ports. During AD conversion, output instructions should not be executed
to keep a precision. In addition, a variable signal should not be input to a pert adjacent to the analog inpul during AD con-
version.
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6. Time Base Timer (TBT)

6.1 Time Base Timer

The time base timer generates time base for key scanning, dynamic displaying, etc. It also provides a time base
timer interrupt (INTTBT).

An INTTBT is generated on the first falling edge of source clock (The divider output of the timing generator) after
the time base timer has been enabled. The divider is not cleared by the program; therefore, only the first interrupt
may be generated ahead of the set interrupt period (Figure 6-2).

The interrupt frequency (TBTCK) must be selected with the time base timer disabled. (The interrupt frequency
must not be changed with the disable from the enable state.) Both frequency selection and enabling can be performed
simultaneously.

MPX

foi22 or fs/218—]
foi22 or fs/2 1]
fo/218 or fajgSrmmsmsd
fcr21% or fsi2S—
o213 or fsr2B——
fo/212 or fsf2 i
foi2t or fel2®——
fer2® or falZr-————

v Source clock | Falling edge + |DLED, SLEEFO
detector ™ release request

----—1 ) » INTTBT
s interrupt request
A

ITHTMMmMQgOmI

3

TBTCK TBTEN
| TBTCR

Time base timer control register

Figure 6-1 Time Base Timer Configuration

Source clock _| !_, !_I !_
TBTEN _1

t

INTTBT :
¥

)

| [

>
) ' Interrupt period

Enable TBT

— -~

Figure 6-2 Time Base Timer Interrupt

Example :Sets the time base timer frequency to fe/216 [Hz] and enables an INTTRT interrupt.

LD (TBTCR), 000000108 ; TBTCK « 010
LD (TBTCR), 000010108 ; TBTEN 1
DI JIMF < 0

SET (ERL). 7

El
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Time Base Timer Control Register

7 6 5 4 3 2 1 0
TBTCR -
(0036H) (DVOEN) (DVOCK) (DV7CK) | TBTEN TBTCK {Initial value: DOOO 0000)
TETEN | csatis - Enatl
NORMAL1/2 Mode, IDLE1/2 Mode SLOW, SLEEP
DV7CK =0 DV7CK =1 Mode
000 for22 fs/21% fsf2"®
oo1 for221 fsi21® fs/2'3
TRTCK | Tine base timer interrupt 010 fo/21® ‘ fs/2® - o
frequency select [Hz] 011 ) fafob _
100 fe/213 fs/28 -
101 for212 fsi2* -
1o forzM fsi2® -
m fo/2® fsi2 -

Note: fc; High-frequency clock [Hz], fs; Low-frequency clock [Hz), *; Don't care

Table 8-1 Time Base Timer Interrupt Frequency (Example : fc = 16.0 MHz, fs = 32.768 kHz)

Time Base Timer interrupt Frequency [Hz]
TBTCK NCRMAL1/2, IDLE1/2 Mode NORMAL1/2, IDLE1/2 Mode
SLOW, SLEEP Mode
DV7CK=0 DV7CK=1
00c 1.91 1 1
001 7.63 4 4
010 244.14 128 -
o1 876.56 512 -
100 1953.13 1024 -
101 3506.25 2048 -
110 7812.5 4096 -
M 31250 16384 -
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6.2 Divider Output (DVO)

Approximately 50% duty pulse can be output using the divider output circuit, which is useful for piezoelectric
buzzer drive. Divider output is from pin P30 (DVO). Divider output is from pin P30 (DVO). The P30 output latch
(P3DR) should be set to “17.

Note: Selection of divider output frequency must be made while divider cutput is disabled. Also, in other words, when

changing the state of the divider output frequency from enabled to disable, do not change the setting of the divider
output frequency.

Divider Output Control Register

7 & 5 4 3 2 1 ]
TBTCR "
ozsh) | DVOEN DvoCK (DV7CK) | (TBTEN) (TBTCK) (Initial value: 0000 0000)
Divider output 0: Disable
DVOEN enable/disable 1: Enable R
NORMAL1/2, IDLE1/2 Mode SLOW, SLEEP
DV7CK =0 DV7CK =1 Mode
13 5 5
DVOCK Divider output (DVO}) o0 fer2 fs/2 fsi2 RIW
frequency selection [Hz] 01 fer212 fs/2* fsi2?
10 ferelt fsi2® fa/2®
1 for210 fs/2? fsf2?

Example :1.95 kHz pulse output (fc = 16.0 MHz)
LD {TBTCR}, 000000008 : DVOCK « "0¢"
LD {TBTCR}, 100000008 : DVOEN « ™"

Table 6-2 Divider Output Frequency (Example: at fc = 16.0 MHz, fs = 32.768 kHz)

Divider Qutput [Hz]
DVOCK NORMAL1/2, IDLE1/2 Mode SLOW, SLEEP
DV7CK=0 DV7CK =1 Made
00 1.953 % 1.024 k 1.024 k
o1 3.905 k 2048k 2,048k
10 7843k 4.096 k 4,096 k
11 15.625 k 8.192K at9zk
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QOutput latch

Data output > > | DVO pin

fer21? or fsr2® >—3A
fc/2'2 or fsf2* —1B
fer2™ or fsf2® 2~—1C
te/2'0 or fsf2? D

Port output latch J | |

DVOEN | P |_
DVOCK DVOEN Lo
b
1

DVO pin output | || l I | | | I |' | | |
Divider outpul control register

{a) Configuration (b) Timing Chart

Figure 6-3 Divider Output
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7. Watchdog Timer (WDT)

The watchdog timer is a fail-safe system to rapidly detect the CPU malfunctions such as endless looping caused by
noise or the like, or deadlock and resume the CPU to the normal state,

The watchdog timer signal for detecting malfunction can be selected either a internal reset generate or a non-

maskable interrupt request. However, selection is possible only once after resct. At first the internal reset generate
is selected.

‘When the watchdog timer is not being used for malfunction detection, it can be used as a timer to generate an inter-
rupt at fixed intervals.

Note: Care must be given in system design so as to protect the Watchdog timer from disturbing noise. Otherwise the
Watchdog Timer may not fully exhibit its functionality.

7.1 Watchdog Timer Configuration

MPX Reset release signal from T.G.
fc/22% or fei215 —p{ A Binary counters T_
fof22! or fsf21® —»{ B Clock R
fdzis or fle” — O Y Overflow WDT Oulput Int |
fol2¥ or fsf29 —>»{ D 1 2 = Hema
ﬁ Cleﬂ, _D_ 8 Q_l>_> reset
2L Interrupt request
2 @ _—JD D s INTWDT
Intemal reset >
Q
S R
WDTEN Wit it
riting riting
WDTT disable code | clear code woTouT

Controller

0034H ' 0035H '

WDTCR1 WDTCR2 MPX: Multiplexer

Watchdog timer control registers

Figure 7-1 Watchdog Timer Configuration
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7.2 Watchdog Timer Control

Figure 7-1 shows the watchdog tirner control registers (WDTCR1, WDTCR?2). The watchdog timer is automati-
cally enabled after reset.

7.2.1 Malfunction detection methods using the watchdog timer

The CPU malfunction is detected as follows.

1. Setting the detection time, selecting output, and clearing the binary counter.
2. Repeatedly clearing the binary counter within the setting detection time

If the CPU malfunctions such as endless looping or deadlock occur for any cause, the watchdog timer output
will become active at the rising of an overflow from the binary counters unless the binary counters are cleared.
At this time, when WDTOUT = 1 a reset is generated, reset the internal hardware, When WDTOUT =0, a
watchdog timer interrupt (INTWDT) is generated.

The watchdog timer temporarily stops counting in STOP mode including warm-up or IDLE mode, and auto-
matically restarts (continues counting) when the STOP/IDLE mode is released.

Note: The waichdog timer consists of an internal divider and a two-stage binary counter. When clear code 4EH is
written, only the binary counter is cleared, not the internal divider. Depending on the timing at which clear
code 4EH is written on the WDTCR2 register, the overflow time of the binary counter may be at minimum 3/4
of the time set in WDTCR1<WDTT>. Thus, write the clear code using a shorter cycle than 3/4 of the time set
in WDTCR1<WDTT>.

Example :Sets the watchdog timer detection time to 2t fs] and resets the CPU malfunction.

LD {(WDTCRZ2), 4EH ; Clears the binary counters
LD {WDTCR1), 000011018 ; WDTT <— 10, WDTOUT <«— 1
LD {(WDTCR2), 4EH \Clears the binary counters (always clear immediately before and after
: changing WDTT)
Within 3/4 of WDT
detection time
LD (WDTCR2), 4EH ; Clears the binary counters
Within 3/4 of WDT
detection time
LD {WDTCR2}, 4EH ; Clears the binary counters
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Watchdog Timer Register 1
WDTCRA 7 6 5 4 3 2 1 0
{0034H) , (ATAS) | (ATOUT) | WDTEN | WDTT WDTOUT | (Initial valus: **11 1001)
WOTEN Watchdog timer enabled/dis- 0; Disable (It is necessary to write the disable code o WDTCR2)
able 1: Enable
NORMAL1/2 mode
SLOW mode
DV7CK=0 DVYCK~=1
25 17 17
WDTT Watchdog timer detection time oo 2% 2% R s White
is] 01 22%fc 215415 21544 oniy
10 22 2% 213
" 2"%c 2V 215
WDTOUT | Watchdog timer output select O: Interrupt request
1! Interrupt reset generate

Note 1: WDTOUT cannot be set to “1” by program after clearing WDTOUT to "0".
Note 2: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don't care
Note 3: WDTCR1 is a write-only register and must not be used with any of read-modify-write instructions.

Note 4: The watchdeg timer must be disabled or the counter must be cleared immediately before entering to the STOP mode.
When the counter is cleared, the counter must be cleared again immediately after releasing the STOP mode.

Note 5: To disable the watchdog timer, always write "4EH” (Clear code) to WDTCR2 for clearing the binary counter befere writing
"0" to WDTEN, and then wrlte “B1H" (Disable code) to WDTCR2,
Also, immediately before these procedure, disable the interrupt mater flag (IMF) by DI instruction.

Watchdog Timer Register 2
WDTCR2 7 6 5 4 3 2 1 o]
(0035H) } {Initial valug: **** ***
4EH: Watchdog timer binary counter clear {Clear code}
WDTCR2 Watchdog timer control code B1H: Watchdog timer disable (Disable code) Vrite
write register D2H: Enable assigning address trap area ohiy
Orthers: Invalid

Note 1: The disable code is invalid unless written when WDTEN = 0.

Note 2: *: Don't care ’

Note 3. The binary counter of the watchdog timer must not be cleared by the interrupt task.
Note 4: Write clear code 4EH within 3/4 of the time set in WDTCR1<WDTT>.

7.2.2 Watchdog timer enable

The watchdog timer is enabled by setting WDTEN (Bit3 in WDTCR1) to “1”. WDTEN s initialized to “1”
during reset, so the watchdog timer operates immediately after reset is released.

7.2.3 Watchdog timer disable .

To disable the watchdog time, write “4EH” (Clear code) to WDTCR?2 for clearing the binary counter before
writing “0” to WDTEN, and then write “B1H” (Disable code) to WDTCR2, The watchdog timer is not dis-
abled if this procedure is reversed and the disable code is written to WDTCR2 before WDTEN is cleared to
“0”. Also, immediately before these procedure, disable the interrupt master flag (IMF) by DI instruction. Dur-
ing disabling the watchdog timer, the binary counters are cleared to “0”.
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Example :Disables watchdog timer

DI JIMF <0
LD (WDTCR2), G4EH ; Clear the binary coutner

LD (WDTCR1), 0B10tH ; WDTEN <— 0, WDTCR2 €— Disable code
Ei  IMF =1

Table 7-1 Watchdog Timer Detection Time (Example: fc = 16.0 MHz, fs = 32.768 kHz)

Watchdog Timer Detection Time [s]
WDTT NORMAL1/2 Mode
SLOW Mode
DV7CK=90 DV7CK =1
00 2.097 4 4
01 524.288 m 1 1
10 131.072 m 250 m 250 m
1 32,768 m 62.5m 62.5m

7.3 Watchdog Timer Interrupt (INTWDT)

This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. If a watch-
dog timer interrupt or a software interrupt is already accepted, however, the new watchdog timer interrupt waits until
the previous interrupt procesging is completed (The end of the [RETN] instruction execution).

The stack pointer {(SP) should be initialized before using the watchdog timer output as an interrupt source with
WDTOUT.

Example :Watchdog timer interrupt setting up
Lo SP, 023FH ; Sets the stack pointer

LD (WDTCR1}, 00001000B s WDTOUT <— 0

7.4 Watchdog Timer Reset

If the watchdog timer output becomes active, a reset is generated, to reset the internal hardware. The reset time is
about 8/fc to 24/fc [s] (0.5 to 1.5 ps at fo = 16.0 MHz).

Note: The high-frequency clock oscillator also turms on when a watchdog timer reset is generated in SLOW mode. The
reset outpuf time is 8/fc to 24/fc [s]. Therefore, the reset time may include a certain amount of error if there is any
fluctuation of the oscillation frequency at starting the high-frequency clock oscillation. Thus, the reset time must be

considered an approximated value.
o
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e g N e Y s Y Yy O
Binary counter _T_X 2 )@( 0 X i X 2 X 3 X e

Overflow

INTWOT interrupt

v

Writes 4EH fo WDTCR2 Reset generate

internal reset

Figure 7-2 Watchdog Timer Interrupt/Reset

7.5 Address Trap

The Watchdog Timer Control Register 1, 2 shares its addresses with the control registers in case of address trap.
These control registers for address trap are shown on as follows.

Watchdog Timer Control Register 1

WDTCR1 7 6 5 4 3 2 1 0
(0034H) | ATAS | ATOUT | (WDTEN)l (WDTT) (WDTOUT) | (Initial value: **11 1001)

0: No address trap
t:Address trap (after seiting ATAS to *1", itis neceaary to write the control code

D2H to WDTCR2) Wite
only

Selection of address trap in inter-

ATAS nal RAM

Selection of opertion at address | 0: Interrupt
trap 1: Internal reset generate

ATOUT

Watchdog Timer Control Register 2

WDTCR2 7 ] 5 4 3 2 1 0
(0035H) ! i \ | (Initial valug: **** =)

Watchdog fimer control code D2H: Address trapped area valid set (ATRAP control cede)

4EH: Watchdog timer binary counter clear (WDT clear code) Wite
WDTCR2 d add| tr -
::l ; d:"ss apped area con- | o1 \watehdog timer disable (WDT disable code) only
Others: Invalid

7.5.1 Selection of address trap in internal RAM (ATAS)

Using WDTCR1<ATAS>, address trap or no address trap can be selected for the internal RAM area. To exe-
cute an instruction in the internal RAM area, set “0” in WDTCRI1<ATAS>. Setting in' WDTCRI1<ATAS>
becomes valid afier control code D2H is written in WDTCR2. Executing an instruction in the SFR/DBR area
generates an address trap unconditionally regardless of the setting in WDTCRI<ATAS>.

7.5.2 Selection of operation at address trap (ATOUT)

As the operation at address frap either interrupt generation or intermal reset generate can be selected by
WDTCRI1<ATOUT>.
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16-Bit Timer/Counter 1

8.

8.1 Configuration
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Figure 8-1 Timer/Counter 1 (TC1)
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8.2 Control

The timer/counter 1 is controlled by a timer/counter 1 control register (TC1CR) and two 16-bit timer registers
(TC1DRA and TC1DRB).

Timer Registers

15 14 13 12 11 10 9 8 7 8 g 4 3 2 1 0
TC1DRA TC1DRAH (0011H} | TCiDRAL (0010H) ]
(0011H, 0010H)
RV { Initial Value : 1111 1111 1111 1111)
TC1DRB TC1DREBH (0013H) I TC1DRBL (0012H} |
{0313H, 0012H)
Read
(Wite: PPG out- { tnitial Value : 1111 111 1111 1111)

put mode only)

Note: TC1DRB should not be written except PPG mode.
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TC1 Control Register

7 -} 5 4 3 2 1 0
ACAP1
TCICR MCAP1
{0026H) TFF1 METT1 TC15 TC1CK TC1M { Initial Value ; 0000 0000)
RIW MPPG1
00: Timerexterna} trigger timer/event counter made
TCIM TC+* operating mode 01: Window mode
select 10: Pulse width measurement mode
11: PPG (Programmable pulse generate) output mode
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2
DV7CK =0 DV7CK =1 mode
0o 1 3 3
Te1eK LCZ‘; source clock sefect fei2 fs/2 fsi2
01 for2” fof2” -
10 fei2® foi2? -
11 Extemal clock (TC1 pin input)
Ex- Win-
Timer trigger Event dow Pulse | PPG RIW
00:Stop and counter clear (o] Q e} O e} o
18 TC1 start control 01:Command start O x x x x (o]
10:External tigger start at the rising edge x Q 0 Q (o] [e]
11:External trigger start at the falling edge x O o} o] C O
ACAP1 | Auto capture control 0: Auto-capture disable 1:Auto-capture enable
Pulse width measure- _
MCAP1 ment mode control 0:Double edge capture 1:Single edge capture
Extemnal trigger timer — .
METT1 mode contral 0:Trigger start 1:Trigger start and stop
MPPG1 | PPG output control 0:Continuous pulse generation 1:0ne-shot
TFF1 Time F/F1 control 0:Clear 1:Set

Note 1: fe: High-frequency clock [Hz], fs: Low-frequency clock [Hz]

Note 2: The timer register consists of two shift registers. A value set in the timer register is put in effect at the rising edge of the
first source clock pulse that occurs after the upper data (TC1DRAH and TC1DRBH) are written. Therefore, the lower byte
must be written before the upper byte (it is recommended that a 16-bit access instruction be used in writing). Writing only
the lower data (TC1DRAL and TC1DREL) does not put the setfing of the timer register in effect.

Note 3: Set the mode, source clock, PPG control and timer F/F control when TC1 stops (TC1S = 00).
Note 4: Auto-capture can be used in only fimer, event counter, and window modes.

Note 5: Values to be loaded to timer registers must satisfy the following condition.
TC1DRA > TC1DRB > 1 {PPG output mode), TC1DRA > 1 {others)

Note 6: Always write “0” to TFF1 except PPG output mode.
Note 7: Writing to the TC1DRB is not possible unless TC1 is set to the PPG output mode.

Note 8: On entering STOP mode, the TC1 start controf (TC18) is cleared to “00” automnatically. So, the timer stops. Once the
STOP mode has been released, to start using the timer counter, set TC1S again.
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8.3 Function
Timer/counter 1 has six operating modes: timer, external trigger timer, event counter, window, pulse width mea-
surement, programmable pulse generator cutput mode.
8.3.1 Timer mode

In this mode, counting up is performed using the internal clock. The contents of TCIDRA are compared with
the contents of up counter. If a match is found, an INTTC1 interrupt is generated, and the counter is cleared to
“0”, Counting up resumes after the counter is cleared. The current contents of up counter can be transferred to
TC1DRB by setting TCICR<ACAP1> to “1” (Auto capture function).

Table 8-1 Source Clock (internal clock) for Timer/Counter 1
{(Example: at fc = 16 MHz, fs = 32.768kHz)
NORMAL1/2, IDLE1/2 Mode
SLOW1/2, SLEEP1/2 Mode
Te1CK DV7CK =0 DV7CK =1
. Maximum Time ) Maximum Time " Maximum Time
Resolution fus}] Setting [s] Resolution [us] Setting [5] Resolution [ks] Setting [s}
00 128 839 244.14 16.0 244.14 16.0
01 8.0 0.524 8.0 0.524 - -
10 0.5 3277 m 0.5 3277 m - -

Example 1 :Sets the timer mode with source clock fe/21! [Hz] and generates an interrupt 1 second later
(at fc = 16 MHz, DV7CK = 0)

LDW {TC1DRA), 1E84H : Sets the timer register (1 s + 214c = 1E84H)
DI JIMF ="0°
SET (EIRL). 5 ; Enable INTTC1
El JIMF =1
LD {TC1CR), D0O000OCR ; TFF1 70", TC1CK ~*007, TC1M ™ *00”
LD (TCACR), 000100008 : Starts TC1
Example 2 :Auto-capture
LD (TC1CRY), 040100008 ; ACAP1 " "1” (Capture}
LD WA, (TC1DRB}) . Reads the capture value
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Command start

Source clock Ill:ll'lll[ll!llllllIlllllllllllll'li
)
Up counter (X2 X3 X4) =00 2 X XXX
h

TC1DRA 2 X n ®

INTTC1 interrupt

Match detect W Counter clear

{a) Timer mode

v S N I I I P B B
Up counter X oz X ot X m xm”xmxjt_)( T T X o X

Capture Capture

TC1DRE . Xvm-1 X¥ m Y mer X me2 X :2 X no1 X ¥n X n+t X

ACAP1 I

{b) Auto capture

Figure 8-2 Timer Mode Timing Chart
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8.3.2 External trigger timer mode

In this mode, counting up is started by an external trigger. This trigger is the edge of the TC1 pin input.
Either the rising or falling edge can be selected with TC18S. Source clock is an internal clock. The contents of
TCIDRA is compared with the contents of up counter. If a match is found, an INTTCI interrupt is generated,
and the counter is cleared to “0™ and halted. The counter is restarted by the selected edge of the TC1 pin input.

When TCICR<METT 1> is “1”, inputting the edge to the reverse direction of the trigger edge to start count-
ing clears the counter, and the counter is stopped. Inputting a constant pulse width can generate interrupts.
When TCICR<METT1> is “0”, the reverse directive edge input is ignored. The TC1 pin input edge before a

match detection is also ignored.

The TC1 pin input has the noise rejection; therefore, pulses of 4/fc [s] or less are rejected as noise. A pulse
width of 12/fc [s] or more is required for edge detection in NORMAL1/2 or IDLE1/2 mode. The noise rejec-
tion circuit is turned off in SLOW1/2 and SLEEP1/2 modes. But, a pulse width of one machine cycle or more

is required.

Example 1 :Detects rising edge in TC1 pin input and generates an interrupt 100 ms later.

{(at fc = 16 MHz, DV7CK = 0)

LDW (TCIDRA), D0C8H
DI

SET (EIRL). 5

El

LD (TC1CR}, 000010008
LD (TCACRY), 001010008

Example 2 :Generates an interrupt, inputting “L” level pulse (pulse width: 4 ms or more) to the TC1 pin.

{(at fc = 16 MHz))

LDW (TC1DRA), 01FaH

Dl

SET (EIRL). 5

E

Lp (FCICR), 000001008
tD {TC1CR), 011101008

; 100 ms + 2%fc = CBH

IMF = 0"

; INTTC interrupt enable

P IMF =47

i TFF1 =407, TC1CK = 10", TC1M = "00”
; TC1 external trigger start, METT1 ="0"

;4 ms « 27ffc = D1F4H

1 IMF = 0"

1 INTTCA interrupt enable

L IME =+1”

; TFF1="0", TC1CK ="10", TC1M ="00"
: TC1 external frigger start, METT1 =1

Page 80



TMP86FS49UG

TOSHIBA TENTATIVE

At the rising
Count start Count start  ©dge(TC18=10)

TC1 pin input T Trigger I T Trigger
Internal clock l | I | I l I | I | I | I | I | I | l | I | I I I I I | I | I | ' l | l | | | l
upcone 360 6 & 0 : 0 6 .

A

TC1DRA = .

Match detect Count clear

INTTC1 interrupt er

{a) Trigger start (METT1 =0)

At the rising

Count start Count clear Count start edge(TC15=10)

TC1 pin input T Trigger l Trigger T Frigger {

Iatemnal clock Illlllllll Il'llllllll'llllilll |||||I||
T 3 3 3 S = © SR 0 2 (£ S () 0 S

- —
TC1DRA @ n

INTTC1 interrupt

Match detect Ll_r Count clear

MNofe: m<n
{b) Trigger start and Stop (METT1 =1)

Figure 8-3 External Trigger Timer Mode Timing Chart
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8.3.3 Event counter mode

I this mode, events are counted at the edge of the TC1 pin input (either the rising or falling edge can be
selected with the external trigger TC1CR<TC15>). The contents of TC1DRA are compared with the contents
of up counter. If a match is found, an INTTC1 interrupt is generated, and the counter is cleared. After the
counter is cleared, the up counter starts counting by TC1 input edge. Match detect is executed on other edge of
count-up. A match can not be detected and INTTC1 is not generated when the pulse is still in same state. Two
or more machine cycles are required for both the “H” and “L” levels of the pulse width,

Setting TCICR<ACAP1> to “1” transfers the current contents of up counter to TC1DRB (Auto-capture
function).

Count start TC15=10
¢ at the rising edge

TC1 pin input __l_ﬂ_l_l_\_l Ll § |__|_| : I—|

' H : H I

Up counter 1] X 1 X 2 X :: X n-1 X:"x 0 :X 1 X 2

T n F
TC1DRA 2 X o 4

D
1)
INTTC interrupt E Match detect \ n Counter clear

Figure 8-4 Event Counter Mode Timing Chart

Table 8-2 Timer/Counter 1 External Clock Source

Minimum Input Pulse Width [s]

NORMAL1/2, IDLE1/2 SLOW1/2, SLEEP1/2
Mode Mode

"H" width 2%c 2%fs

“L" width 23fc 2%fs
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8.3.4 Window mode

In this mode, counting up is performed on the rising edge of the pulse that is the logical AND-ed product of
the TC1 pin input (Window pulse) and an internal clock. The contents of TC1DRA are compared with the con-
tents of up counter. If a match is found, an INTTC]1 interrupt is generated, and the counter is cleared. It is pos-
sible to select either positive logic or negative logic for the TC1 pin input (by using the T'C1 start control
TCICR<TC18>).

The maximum frequency that can be applied to the pin must be such that the related count can be analyzed
by program. To put another way, the frequency of the applied pulse must be sufficiently low, compared with
that of the internally set source clock.

Cound start Count stop Count start

Command starl b

TS pin input 'L | |

Internal clock

Up counter T o X X3 XX 5 XeXe(EX®)
: F Y
TC1DRA 7 X 7 b

INTTC1 interrupt Match detect w Counter clear

(a) Positive logic (at TC18 =10)
Command stari Gount start Count stop Count start

Y A A Y

TG pin input

Internal clock

Up counter

TC1DRA

Match detect
INTTC1 interrupt : atch dete 'MI—L

(b) Negative logic @t TC15= 11} Counter clear

Figure 8-5 Window Mode Timing Chart

8.3.5 Pulse width measurement mode

In this mode, counting is started by the external trigger (Set to external trigger start by TC1CR<TC18>). The
trigger can be selected either the rising or falling edge of the TC1 pin input. The source clock is used an inter-
nal clock. On the next falling (Rising) edge, the counter contents are transferred to TC1DRB and an INTTCI1
interrupt is generated. The counter is cleared when the single edge capture mode (TCICR<MCAP1> =*“1") is
set. When double edge capture (TCICR<MCAP1> = “0”) is set, the counter continues and, at the next rising
(Falling) edge, the counter contents are again transferred to TC1DRB. If a falling (Rising) edge capture value
is required, it is necessary to read out TC1DRB contents until a rising (Falling) edge is detected. Falling or ris-
ing edge is selected with the external trigger TC1CR<TC1S>, and single edge or double edge is selected with
TCICR<MCAPI1>.

Note: Be sure to read the captured value from TC1DRB before the next frigger edge is detected. If fail to read it, it
becomes undefined. It is recommended that a 16-bit access instruction be used to read from TC1DRB.

Note: If either the falling or rising edge is used in capturing values, the counter stops at “1” after a value has been
captured until the next edge is detected. So, the value captured next will become “1” larger than the value
captured right after capturing starts.
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Example :Duty measurement {resolution fe/2? [Hz])

PINTTC1:

SINTTC1:

VINTTCA:

CLR
LD
DI
SET
El
LD

CPL
JRS
LD
LD
RETI
LD
LD

RETI

Dw

TC1 pin
INTTCA

INTTC1SW

(INTTC1SW). 0
(TC1CR), 000001108

{EIRL). 5

(TG1CR), 001001108

(INTTC1SW). 0

F, SINTTG

Wa, (TC1DRBL)
(HPULSE), WA

 INTTC1 service switch initial setting

; Sets the TC1 mode and source clock

;3 IMF =“0"

; Enables INTTCA

VIMF =17

; Starts TC1 with an external trigger at MCAP1 =0

1 Inverts INTTC1 service switch

; Reads TC1DRB ("H" level pulse width}

WA, (TC1DRBL) ; Reads TC1DRB (Period)
{WIDTH), WA
i Duty calculation

PINTTCA + INTTCA Interrupt vector

s WIDTH N

Pt .

: HPULSE : :

P S—— ]

I

:
[
L
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Count start Count start

TC1 pin input T 3 ="10"
pin inpu Trigger W

,J—LH_I—I_I_LI_LI_L

Up counter nna @Q ",l

Capture

Internal clock

wum ek e o)

TCIDRB i

INTTCH interrupt n I—I

[Application] "H" or "L" level putse width measurement

{a) Single edge capture {(MCAP1S="1")

Count start Count start

TCA pin input f 4

Internal clock

[
=

1

|

Up counter 0nE Bﬂ 2D X3 X5 (X5, @@"‘@ﬂ 2
' Caplure Caplure

TC1DRE ¥ ;XV m

1
INTTCA interrupt I"I I-I

[Application] (1) Period/frequency measurement
{(2) Duty measurement

|

{b) Double edge capture (MCAP15="0"}

Figure 8-6 Pulse Measurement Mode Timing Chart
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8.3.6 Programmable pulse generate (PPG) output mode

The PPG output mode is intended to output pulses having an arbitrary duty cycle selected using two timer
registers.

The timer starts at an edge (Rising or falling edge, that is, the same edge type as selected with the external
trigger edge select bits (TC1CR<TC1S5>) or on a command. Its source clock is an internal clock. Once the
timer starts running, the timer F/F1 is inverted when the counter matches TC1DRB, generating the INTTC1
interrupt. The counter keeps up-counting, and when counter matches TC1DRA, the timer F/F1 is inverted, gen-
erating an INTTC1 interrupt. If TCICR<MPPG1> was previously set to “1” (One shot), TC18 is cleared to
“00” automatically, causing the timer to stop. If TC1CR<MPPG1> was previously cleared to “0” (Continuous
pulse generation), the counter is cleared, resulting in the counter keeping to run and the PPG output being con-
tinued. If TC1CR<TC18> is reset to “00” (One-shot-based autematic stop is included) during PPG output, the
PPG pin holds the same level that it does just before the counter stops. In PPG output mode, set the output fatch
of port to “1”. The timer F/F1 is cleared to “0” at a reset. In addition, a positive or negative pulse can be output
because the output level can be set up at a start, using TC1CR<TFF1>>. The PPG pin outputs an inversion of the
timer F/F1 output level. It is impossible to write to TC1DRE unless the PPG output mode is set.

Note 1: To change the content of the timer register when the timer is running, change it to a sufficiently large value,
compared with the current count. If the timer register content is changed to a value smaller than the current
couni when the timer is running, it is likely that unintended pulses may be output.

Note 2: Do not change TC1CR<TFF 1> when the timer is running.

TC1CR<TFF1> can be set correctly only at initfalization (after a reset). When the timer is stopped during
PPG output, if the PPG output is at a logic state opposite to the PPG that when the timer starls, it will
become impossible to set TC1CR<TFF1> correctly (An attempt to program TC1CR<TFF1> will cause a
state opposite to the programmed one to be set in the hit). Once the timer has stopped, putting the PPG
output securely on an arbitrary level requires initializing the timer F/F1. To initialize it, put TC1CR<TC1M>
in the timer mode again (It is unnecessary to start the timer mode}, and then put it in the PPG output mode
again. At the same time, set TC1CR<TFF1>.

Nate 3: To restart the PPG output mode, it is necessary to initialize timer F/F1. To initialize timer F/F1, Change to
the timer mode once (the timer mode need not be restarted), Then set to the PPG output mode and also set
TFF1 again.

Example :Pulse output “H” level 800 ms, “L” level 200 ms (at fc = 16 MHz)

Port setting
LD (TC1CR), 10004011B ; Sets the PPG output mode
LW (TC1DRA}, 07DOH : Sets the period (1 ms + 23/fc = 07DOH)
LW (TC1DRB), 0180H : Sets "L" level pulse width (200 ps + 2%/fc = 0196H)
LD {TC1CR), 10611011B ; Starts

Dutput latch

Data outpit >4 D Q

R
| .
TFF1 > 1_]:3—> Set
TCACR write strobe 5 . 555 pin
Internal reset %Q}“> Clear Q p
Match detect Toggle
Timer F/F1

MPX: Multiplexer

Figure 8-7 PPG Output
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Command start

Up counter —__I‘J:XZXEX: n Xn+1 myox 1 2 n Xn+1 o) 1 2
TC1DRB :)( - 3

. Match \ \

TC1DRA :X m & Q

PRG1 pin outpput

INTTC1 interrupt I‘I I—l n i_l Note: m > n

{(a) Continuous pulse generation (with TG18=01)

Count start
TCA pin input -

N Trigger

:

Internal clock I:llll'!l]llllllllllllllIlllllll
1
1

INTTC interrupt !

Up counter o X X : { n Xn+1) 0
[ ]

TCIDRB :X -

: Match

TCIDRA :X m }?

PPG1 pin outpput

1 ]
1 1

Note:m=>n
INTTC1 interrupt

[Application] One shot pulse output
{b) One-shot (with TG1S=10)

Figure 8-8 PPG Output Mode Timing Chart
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9. 16-Bit Timer/Counter 2

9.1 Configuration

(Note 2}
TC28
TCz ~—
pin L Port l [T
Cf2% faf2is »—p A Clear
/2?3 £5/25 i B
fci28 —»iC Window
I Pt B
for2® —»p )
Tirnarzevent Y 16-bit up counter
fo 3 »E counter -
s >—mF Hatch INTTC2
S TC2ZM interrupt
gy TC2S
TC2CK f
TCZ2CR TC2DR
TC2 control register 16-bit mer register 2

Note 1: MPX: Multiplexer
CMP: Gomparator

Note 2: Whet contro! inputfoutput is used, [FO port sefting should de set correctly. For details, refer to "2.2 /0 ports®.

Figure 9-1 Timer/Counter 2 (TC2A)
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9.2 Control
The timer/counter 2 is controlled by a timer/counter 2 control register (TC2CR) and a 16-bit timer register 2
(TC2DR).
TC2DR 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
(0025H, | TC2DRH {0025H) TC2DRL (0024H)
0024H) (Initial vafue: 1911 1111 1111 1111) RIW
TC2CR 7 6 5 4 3 2 1 1]
{0023H) | | Tczs | TC2CK | | TC2m | gnitial value: 00 00°0)
TC2 operating mode O:Timer/event counier mode
TC2M select 1:Window mode RIW
NORMAL1/2, IDLE1/2 mode sLow1z| sSLEEP
DV7CK=0 DVFCK =1 mode mode
o fere®d fe/215 fs/215 fs/21%
oo fere!3 fs/25 fs/28 fs/25
010 8 8 - -
TC2CK ;f,j source clock select foc/2 fcl2 RAN
on fo/2® for2® - -
100 . — fo _
101 fs fs - -
110 Reserved
111 Extemnal cleck (TCZ pin input)
TC2S | TC2 start control ?2:::; and counter clear R

Note 1: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don't care

Note 2: When writing to the Timer Register 2 {TC2DR), always write to the lower side (TC2DRL) and then the upper side
(TC2DRH) in that order. Writing to only the lower side (TC2DRL) or the upper side (TC2DRH) has no effect.

Note 3: The timer register 2 (TC2DR) uses the value previously set in it for coincidence detection until data is written to the upper
side (TC2DRHM) after writing data to the lower side (TC2DRL).

Note 4: Set the mode and source clock when the TC2 stops (TC2S = 0).

Note 5: Values to be loaded to the timer register must satisfy the following condition.
TC2DR > 1 (TC2DR15 to TC2DR11 > 1 at warm up)

Note 6; If a read instruction is executed for TC2CR, read data of bit 7, 6 and 1 are unstable,

Note 7: On entering STOP mode, the TC2 start control (TC2S) is cleared to "0" automatically. So, the timer stops. Once the STOP
mode has been released, to start using the timer counter, set TC2S again.

Note 8: The high-frequency clock (fc) canbe selected only when the time mode at SLOW2 mode is selected.
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9.3 Function

The timer/counter 2 has three operating modes: timer, event counter and window modes.

And when warm-up for switching from SLOW to NORMAL?Z, the timer/counter2 is used as a time mode.

9.3.1 Timer mode
In this mode, the internal clock is used for counting up. The contents of TC2DR are compared with the con-
tents of up counter. If a match is found, a timer/counter 2 interrupt (INTTC2) is generated, and the counter is
cleared. Counting up is resumed after the counter is cleared.
When fc is selected for source clock at SLOW mode, lower 11-bits of TC2DR are ignored and generated a
interrupt by matching upper 5-bits. Though, in this situation, it is necessary to set TC2DRH only.
Table §-1  Source Clock (Internal clock) for Timer/Counter 2 (at fc = 16 MHz, DV7CK=0)
NORMAL1/2, IDLE1/2 mods SLOW1/2 Mode SLEEP1/2 Mode
DV7CK =0 DV7CK =1
TezcK Resolution | _MIMUM | pecoution | _Maximum
; Mandmum ; Maximum Time Settin Time Setting
Resoluon | __ Setiing Resolution Time Sating eting !
000 524.3 [ms] 9.54 [h] 1.0} 18.2[n] 1[s] 18.20]h] 1.0[s] 18.2[h]
001 512.0 [pts] 33.6[s] 0.98 [ms] 1.07 [min] 0.98 [ms] 1.07 [min] 0.98 [ms] 1.07 [min]
010 16.0 [{ls] 1.05[s] 16.0 [pis] 1,05 [s] - - - -
01 0.5 [Ls] 32.8 [ms] 0.5[1s] 32.8 [ms] - - - -
62.5 [ns]
100 - - - - {Note) - - -
101 30.5 {ps] 2.0[s) 30.5 [ms] 2018 - - - -

Note: When fc is selected as the source clock in timer mode, it is used at warm-up for switching from SLOW2 mode to NORMAL2
mode.

Example :Sets the timer mode with source clock fc/23 [Hz] and generates an interrupt every 25 ms (at fc = 16 MHz,

DV7CK=0).
LDW {TC2DRY), C350H ; Sets TC2DR (25 ms + 2¥/fc = C360H)
ol 1 IMF = 0"
SET {EIRE). 6 ; Enables INTTC2 intereupt
El s IMF ="1"
LD (TC2CRY), 000011008 ;: TC2CK <—"011", TC2M <—"g"
LD (TC2CR), 001011008 ; Starts TC2
A
Count start

Source clock

mmﬂ_

S € € 6 ) G =00 € 3 6 & 0

Match detect
n ¢

1

Counter 4]

Cstmier clear

Timer register2 - [

INTTCZ2 interrupt

Figure 9-2 Timer Mode Timing Chart
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9.3.2 Event counier mode

Inx this mode, events are counted on the rising edge of the TC2 pin input. The contents of TC2DR are com-
pared with the contents of the up counter. If a match is found, an INTTC2 interrupt is generated, and the
counter is cleared. The minimum input pulse width of TC2 pin is shown in Table 9-2, Two or more machine
cycles are required for both the “H” and “L” levels of the pulse width. Match detect is executed on the falling
edge of the TC2 pin. A match can not be detected and INTTC?2 is not generated when the pulse is still in a fall-
ing state.

Example :Sets the event counter mode and generates an INTTC2 interrupt 640 counts later.

Low (TC2DR), 640 ; Sets TC2DR

DI 1 IMF = 0*

SET (EIRE), 6 ; Enables INTTC2 interrupt

El P IMF ="1"

Lo {TC2CR), 000111008 i TC2CK <= "111", TC2M —"0"
LD {TC2CR), 001111008 ; Starts TC2

Table 9-2 Timer/Counter 2 External Clock Source

Minimum Input Pulse Width [s]

NORMAL1/2, IDLE1/2 mode SLOW1/2, SLEEP1/2 mode
“H* width 2%fc 2%
“L" wicth 2%ic 23fs

Gount start

TC2 pin input 'IHI' l IIII HIHI

v

Courter XX E @C 0.6 G 8 ©
'; Match detect Countar clear

Timer register 2 @G n )
i

INTTC2 interrupt : &n/

Figure 9-3 Event Counter Mode Timing Chart
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9.3.3 Window mode

In this mode, counting up performed on the rising edge of an internal clock during TC2 external pin input
(Window pulse) is “H” level. The contents of TC2DR are compared with the contents of up counter. If a match
found, an INTTC?2 interrupt is generated, and the up-counter is cleared.

The maximum applied frequency (T'C2 input) must be considerably slower than the selected internal clock.

Note: In the window mode, before the SLOW/SLEEP mode is entered, the timer should be halted by setting
TC2CR<TC25> to "0".

Example :Generates an interrupt, inputting “H” level pulse width of 120 ms or more. (at fc = 16 MHz, DV7CK = 0)

LDW (TC2DR), COEAH ; Sets TC2DR {120 ms + 2%/ = 00EAH)
DI s IMF = "0"

SET (EIRE). 6 ; Enables INTTCZ interrupt

El § IMF ="1"

LD {TC2CR), 000001018 ; TC2CK 4—"001", TC1M <—"{"

LD (TC2CR), 061001018  Starts TC2

TC2 pin input I
H
!nternalciuck]lllllllll]l[lllgl‘lllllllill[Ill
Gaunter g {n-3) n-2 (- 1XnXoX 1 X2 X3)
-~
n L]

TC2DR X

‘ t
INTTCZ interrupt Match detec Ln, Counter clear

Figure 9-4 Window Mode Timing Chart
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10. 8-Bit Timer/Counter (TC3, TC4)

10.1 Configuration

PWM mode
Ovarflow ! }——-—-——-—
{ain ™ op Fsf2? meebb] A i /_J INTTC4
cl2" or - .
fi2? —lg v s Y B-oit Cloar _ r—
G ~3iR B;J cournter
foiz® i G TC4S
fof2? ——ip] g
f; ] 2 ] /\ PO, PPG mode
" ? A
fei2 —F 16-bit v b Toggle
fc e 4[] mode 8 s o
TC4 pin —mH Tobit i >° 1 |
it 4 N
TCAM -domrrmen 2 \ mode i Timer, event Sat PE)OMF‘_WM:H
) 1 + A S | counter mode Clear PPG4 pin
TC4S g / i
e < TC4CK R —‘I__D_ Tirner FIF4
' TCACR | | TTREG4 I PWREGH I PV, PPG mode
PDO, PWM. PPG mode
1l il
16-bit
mode

TC3S r—i )
PAWM mode 1
Clear ! _ NTTCS
2t or 523 A P
T 1. " .

mzﬁ —HE Y v up counter Overiion 16-bit mode

fdz- e I I P . PDO mode

fof2? —» 0 .

;:;‘2 :i l—"\ > Togyle

f [ / 16-bit mode Q -i>o-{:]

TC3 pin BH Timer, event $iSet BEEsE

s counter mode oar pin

TCIM — ry :

TS ToseK l_"'\> / i Y Timer F/F3

TEFS

! PWM mode PDO, PWM mode

16-bit mode

TCICR " TIREG3 “ PWREG3 I

o1

Figure 10-1 8-Bit Timer 3, 4

10.2 Control

The timer/counter 3 is controlled by a timer/counter 3 control register (TC3CR) and two 8-bit timer registers
(TTREG3 and PWREG3).
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Timer Register

TTREGS 7 s s 4 3 2 1 0
(0014H) | | (Initial value: 1111 1111)
RV - ' : '

PWREG3 _ 7 .
(0018H) | : | Onitial value: 1111 1141)

Note 1: Do not change the timer register (TTREG3) while timer/counter is operating.
Note 2: Do not change the timer register (PWREG3) while timerfcounter is operating, except 8-bit PWM and 16-bit PWM modes.

Timer/Counter 3 Control Register

TC3CR 7 ] 5 4 3 2 1 0
{0027H) | TFF3 { TC3CK | TCas | TC3aM {Initial value: DOOO 0000)
TFF3 Timer F/F3 control 0: Clear
1: Set
NORMAL1/2 and IDLE1/2 modes SLOW1/2 and
DV7CK =0 DV7CK =1 SLEEF1/2 modes
000 fer2 1528 fs2®
001 for2? for2? -
"0 for28 for2® -
TC3CK TC3 source clock select [Hz]
011 for2® fo/2® -
100 fs fs fs RN
101 for2 fo/2 -
110 fc fc fc
11 TC3 pin input

0; Stop and counter clear

TC38 TC3 start control 1: Command start

000: 8-bit timerfevent counter made

001; 8-bit programmable divider output (PDO) mode
TC3M TC3 operating mode select 010: 8-bit pulse width modulation (PWM) mode

011: 16-bit mode (Mode selection is controlted by TC4M)
1" Reserved

Note 1: fe: High-frequency clock [Hz], fs: Low-frequency clock [Hz]

Note 2: During TC3 operation, do not change TC3M, TC3CK and TFF3.

Note 3: When TC3 operation is stopped (TC3S = “1" /& "07), do not change TC3M, TC3CK and TFF3. Butitis possible to change
TC3M, TC3CK and TFF3 at the start timing (TC3S = “0" &£ “17).

Note 4: When used as 16-bit mode, the operating mode is selecled by TCACR<TC4M=>, and TC3M should be set to “011".

Note 5: When used as 16-bit mode, only the source clock is selected by TC3CK, and start of operation and control of F/F are con-
trolled by TC4UR<TC43> and TCACR<TFF4>, i

Note 6: Selecting source clock depends on the operating mode, refer to Table 10-1 and Table 10-2 for details.

Note 7: Value of timer register depends on the operating mode, refer to Table 10-3 for details.

Note 8; When used as the SLOW and SLEEP mades, the “fs” of TC3 source clock can use only “fc warm-up counter” mode.

The timer/counter 4 is controlled by a timer/counter 4 control register (TC4CR) and two 8-bit timer registers
{TTREG4 and PWREG4).
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Timer Register

TTREG4 7 [} 5 4 3 2 1 0

o015H) | : | tnitial value: 112 1111)
RIW ’ ' ' ' - ’

PWREG4 ‘ _ _ _
{0019H) | j l (Initial value: 1111 1111
‘ ‘

Note 1: Do not change the timer register (TTREG4) while timer/counter is operating.
Note 2: Do not change the timer register (FWREG4) while timer/counter is operating, except 8-bit PWM and 16-bit PWM modes.

Timer/Counter 4 Control Register

TCACR 7 6 5 4 3 2 1 0
(0028M) | TFF4 | TCACK | TC4S | TCAM (Initial value: 0000 0000}
TFF4 | Timer F/F4 control 0: Clear
1: Set
NORMAL1/2 and IDLE1/2 modes SLOW1/2 and
DV7CK =0 DV7CK =1 SLEEP1/2 modes
000 fei2! fsfa® fsf2
001 for2” rl -
010 /25 5 -
TC4CK TC4 source clock select [Hz] for2 fei2

o1 fo/2® fer2® -
100 fs fs fs
101 fo/2 fer2 - RAW
10 fo fe -
m TC4 pin input

0: Stop and counter clear

TC4S TC4 start control

1: Command start

000: B-bit timer/event counter mode

00%: 8-bit programmable divider output (PD{3) mode

010: B-bit pulse width modulation (PWM) mode

TC4M TC4 operating mode select 011: Reserved

100: 16-bit timer/event counter mode

101: Warm-up counter mode

110: 16-bit programmable divider cutput {P0O) mode

111: 16-bit programmable pulse generate {PPG) output mods

Note 1: fe: High-frequency clock [Hz], fs: Low-frequency clock [Hz)
Note 2: During TC4 operation, do not change TC4M, TC4CK and TFF4.

Note 3: When TC4 operation is stopped (TC4S = *“1” /& “0"), do not change TC4M, TC4CK and TFF4. But it is possible to change
TC4M, TC4CK and TFF4 at the start timing (TC4S = 0" /E "1").

I
Note 4: When TC4M is selected to “1**" {16-bit mede), the source clock is automatically selected to the overflowing signal of TC3
counter. .

Note 5: When used as 16-bit mode, the cperating mode is selected by TC4M, and TC3CR<TC3M> should be set to "011”.

Note 6: When used as 16-bit mode, only the source clock is selected by TC3CR<TC3CK>, and start of operation and control of F/
F are controlled by TC45S and TFF4.

Note 7: Selecting source clock depends on the operating mode, refer to Table 10-1 and Table 10-2 for details.
Note 8: Value of timer register depends on the operating mode, refer to Table 10-3 for details.
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Table 10-1 Operating Mode and Available Scurce Clock (under NORMAL1/2 mode, IDLE1/2 mode)

for2M TCI

Operating Mode or fera? ferab fol2® fs fo/2 fc pin

fai2? input
8-bit timer O 0 Q o) - - - -
8-bit event counter - - - - - - - fe)
8-bit PDO o] o] 0 o) - - - _
8-bit PVvWM O O O O O 0 @] -
16-bit timer O 0 o} o} - - - -
18-bit event counter - - - - - - - le)
\Warm-up counter - - - - Q - - -
16-bit PWM O o} O o o} O O -
16-bit PPG o) fo) o fo) - - - _

Note 1: For 16-bit operation (16-bit timer/event counter, warm-up counter, 16-bit PWWM and 16-bit PPG), set its source clock on

lower bits (TC3CK).
Note 2: i = 3, 4 (8-bit mode}
i =3 (16-hit mode)

Table 10-2 Operating Mode and Available Source Clock (under SLOW1/2 mode, SLEEP1/2 mode)

fo/2! TCi

Operating Mode or fer2? fes25 fof2® fs fef2 fo pin

fe/23 input
B-bit timer 0 - - - - - - _
8-bit event counter - - - - - - - e}
8-hit PDO o - - - - - - -
8-hit PWM O - - - (o) - - -
16-bit timer O - - - - - - -
16-hit event counter - - - - - - - e
Warm-up counter - - - - - - O -
16-bit PWM -~ - - o - - -
16-bit PPG 0 - - - - - - -

Note 1: For 16-bit operation (16-bit timer/event counter, warm-up counter, 16-bit PWWM and 16-bit PPG), set its source clock on

lower bits (TC3CK).
Note 2: i = 3, 4 (8-bit mode)
1= 3 (16-bit mode)
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Table 10-3 Restriction against the Rate for Comparing Registers

Operating Mode

Authorized Rate for Register

8-bit timer/event counter

1 £ {TTREGN) £ 255

8-bit PDO 1 £ (TTREGN) £ 265
8-bit PWM 2 £ (PWREGN) £ 254
16-hit timerfevent counter 1 £ (TTREG4, 3) £ 65535

fc warm-up counter

256 £ (TTREG4, 3) £ 65535

16-bit PWM 2 £ (PWREG4, 3) £ 65534
16-bit PPG 1£ (PWREGA, 3) < (TTREG4, 3) £ 65535 and (PWREG4, 3} + 1 < (TTREG4, 3)
Note: n=3,4

10.3 Function

Timer/counter 3, 4 have eight operating modes: 8-bit timer, 8-bit event cointer, 8-bit programmable divider output
mode, 8-bit pulse width modulation output mode, 16-bit timer, 16-bit event cointer, warm-up counter mode,16-bit
pulse width modulation output mode, 16-bit programmable pulse generator output mode.

16-bit timer mode can use timer counter 3 and 4 by cascade connection.

10.3.1 8-bit timer mode (Timer/counter 3, 4)

In this mode, counting up is performed using the internal clock. The contents of TTREG] are compared with
the contents of up counter. If a match is found, an INTTCj interrupt is generated, and the counter is cleared to

“0”. Counting up resumes after the counter is cleared,

Note 1: In the fimer mode, always write TCJCR<TFFj> to “0”. f TFFjis set to “1”, unexpected pulse may be output
from "PDG/PWMj/PPGj pin.
Note 2: In the timer mede, do not change the setting of timer registers (TTREG]) while timer/counter is operating.
Since TTREG;] is configured as one-stage register, a newly set value Is immediately reflected on the timer

register.
Note 3:j=3, 4

Table 10-4 Timer/Counter 3, 4 Source Clock (Internal clock)

Source Clock Resolution Maximum Time Setting
NORMAL V2 and IDLEV2 Modes SLOWW;"" SLEEPVZ | atre=te MHz | Atfs=32768KHz | Atfc=18 MHz | Atfs = 32768 kHz
DV7CK=0 DV7CK =1 odes
fore¥ [Hz) fsi2? fHz] fs/23 [Hz] 128 [us] 244.14 [[s] 32,6 [ms] 62.3 [ms]
for2? fof2? - 8 [Ms] - 20 [ms]| -
fc/2’ for2’ - 2 [Hs] - 510 [pis] -
fo/z® for2® - 500 [ns] - 127.5 [Ms] -
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Example :Sets the timer mode with source clock fo/2’ [Hz] and generates an interrupt 80 ps later (at fc = 16

MHz).
LDW {TTREG4), DAH ; Sets the timer register {80 |ls + 27fe = 0AH)
DI
SET (EIRH), 1 ; Enables INTTC4 interrupt
Et
LD (TC4CR), 00010000B ; Sets the 8-bit timer mode and source cdock (fc!27)
LD (TC4CR}, 000110008 ; Starts TC4

TCACR<TC4S> |

Counter 0 X1X2K3£ n-1X{nXo¥ 1 2
: {1

E(d

L

]
internal .
source clock I | I | I | I | I | ' I I [ I | I | I | I | ! | I | l l I: I I | | l

EO0ER O K

TIREG4 2 X n " Q

H—

" Match detect Counter clear

INTTC4 interrupt

Match detect

Caunter clear

¥

¥

Figure 10-2 8-Bit Timer Mode Timing Chart (in case of timer/counter 4)

10.3.2 8-bit event counter mode (Timer/counter 3, 4)

In this mode, events are counted on the falling edge of TCj pin input. The contents of TTREG] are compared
with the contents of up counter. If a match is found, an INTTCj interrupt is generated, and the counter is

cleared. The maximum applied frequency is for2t [Hz] in NORMAL1/2 or IDLE1/2 mode and fs/2* [Hz] in
SLOW1/2 or SLEEP1/2 mode. Two or more machine cycles are required for both the “H” and “L” levels of the

pulse width.

Note 1: In the event counter mode, always write TCJCR<TFFj> to "0". If TFFj is set to 1", unexpected pulse may be

output from PDOj/PWWI/PPG] pin.

Note 2: In the event counter mode, do not change the setting of timer registers (TTREG])) while timer/counter is
operating. Since TTREG] is configured as one-stage register, a newly set value is immediately reflected on

the timer register.
Note3:i=3,4

TC4CR<TC4S> |

.

TC4 pin input I]Ill IIII”'I“I['IIIIIII'I

TTREG4 2 )( n ::

Counter o: I)( 1 .)@Q 2 I 0
it ¢ 2!; ¢

T L1
E Match detect Counter
INTTC4 interrupt '

clear

Match Counter
detect clear

Figure 10-3 Event Counter Mode Timing Chart (in case of timer/counter 4)
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10.3.3 8-bit programmable divider output (PDO) mode (Timer/counter 3, 4)

The internal clock is used for counting up. The contents of TTREG] are compared with the contents of the up
counter. Timer F/Fj output is toggled and the counter is cleared each time a match is found. Timer F/Fj output
is inverted and output to the PDOj pin. When used as this mode, respective output latch should be set to “17”.
This mode can be used for 50% duty pulse output. Timer F/Fj can be initialized by program, and it is initialized
to “0” during reset. An INTTC; interrupt is generated each time the PDOj output is toggled.

Example :Output a 1024 Hz pulse (at fc = 16 MHz = “0”, in case of TC4)

LD (TTREG4), 3DH ; (111024 + 27/ )+ 2 = 3DH
LD {TC4CR}, 000t0001B ; Sets the 8-bit PDO mode and source clock (fc.'27)
Lo (TC4CR), 600110018 ; Starts TC4

Note 1: In the programmable divider output (PDO) mode, do not change the setting of timer registers (TTREG;))
while timer/counter is operating. Since TTREG] is configured as one-stage register, a newly set value is
immediately reflacted on the timer register.

Note 2: If PDO output is stopped during output operation, the output state is maintained at the state immediately
before timer/counter is stepped. For changing the level of PDO] pin, modify TCJCR<TTFj> after timer/
counter has been stopped. Do not execute halt of timer/counter and modification of TFFj simultanecusly.

Example: Fixes PDOj output at high level after timer/counter is stopped
CLR (TCJCR}. 3 ; Stops timer/counter
CLR (TCICR}. 7 ; Sets PDQ] output to high level output

Note 3:j=3,4
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Figure 10-4 8-Bit PDO Mode Timing Chart (in case of timer/counter 4)
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10.3.4 8-bit pulse width modulation (PVWM) output mode (Timer/counter 3, 4)

PWM output with a resolution of § bits is possible. The internal clock is used for counting up. The comtents
of PWREGiI are compared with the contents of up counter. If a match is found, the timer F/Fi output is toggled.
The counter continues counting. And, when an overflow occurs, the timer F/Fi output is again toggled and the
counter is cleared. Timer F/Fi output is inverted and output to the PWMi pin. An INTTCI interrupt is generated
when an overflow occurs.

In PWM mode, because PWREGI becomes a 2-stage registers with shift register, it is possible to change the
setting value of PWREGH while timer/counter is operating. Therefore, output can be altered continuously. The
shifi operation of PWREGI to shift register is executed at the INTTCi timing. While timer/counter is operating,
the data by read instruction is not a setting value of PWREGI but a value of shift register. Thereofre, after writ-
ing to PWREGH, the reading data of PWREGI is previous value till INTTCH is generated.

While timer/counter stops, written value to PWREGI is shifted to shift register immediately.

Note 1: In PWM mode, write to the timer register PWREGH immediately after an INTTCi interrupt is generated (Nor-
mally during the INTTCi interrupt service routine). If writing to PWREGH and INTTCi interrupt occur at the
same fime, the unstable value being written is shifted. This may cause pulses different from the set value to
he output until the next INTTCi interrupt is generated.

Note 2: If PWM output is stopped during output operation, the output state is maintained at the state immediately
hefore timer/counter is stopped. For changing the fevel of PWMi, modify TCICR<TTFi> after timer/counter
has been stopped. Do not execute halt of timer/counter and modification of TFFi simultanecusly.

Example: Fixes PWMI autput at high level after timer/counter is stopped
CLR (TCjCR). 3 ; Stops timer/counter
CLR (TC|CR).7 ; Sets PWMi output to high level output

Note 3: Before starfing STOP mode, disable PWM output. When the timer/counter is enabled and fc, fo/2 or fs is
selected as the source clock, pulse is cutput from PAWM pin during warm-up after releasing STOP mode.

Note 4:i=3, 4
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Table 10-5 PWM Qutput Mode

Source Clock Resolution Maximum Setting Time
NORWALTZ and IDLEV2 Modes SLOW1/2 and Atfc=16 MHz | Atfs=232768 kHz| Atfc=16 MHz | Atfs= 32768 kHz
DVICK =0 DV7CK = 4 SLEEP1/2 Modes
a2 [Hz] fs/2® [Hz] fs/23 [Hz] 128 [Us)|  244.14 [)s] 32.8 [ms] 62.5 [ms]
for2? foiz’ - 8 [ps] - 2.05 [ms] -
fo/2® foi2® - 2 [ps] - 512 [Js] -
fes2d e - 500 [nsj - 128 [Uis] -
fs fs fs 30.5 [[is] 30.6 [LLs) 7.81 [ms] 7.81 [ms]
fo/z folz - 125 [ns] - 32 [ps] -
fc fc - 62.5 [ns] - 16 [Hs] -

10.3.5 16-bit timer mode (Timer/counter 3 and 4)

In this mode, counting up is performed using the internal clock.

Timer/counter 3 and 4 are also available as a 16-bit timer mode by cascade connection,

16-bit timer mode of timer/counter 3 and 4
If a match is found, the INTTC4 interrupt is generated and the counter is cleared to “0”. Counting up resumes
after the counter is cleared. The timer register should write to the TTREG3 more first than TTREG4. The timer
register must not write only either TTREG3 or TTREG4.

Note 1: In the timer mode, always write TCJCR<TFFj> to "0". § TFF| is set to “1”, unexpected pulse may be output
from PDCYPWM/PPG] pin.

Note 2: In the timer mode, do not change the setting of timer registers (TTREG]) while timer/counter is operating.
Since TTREG;] is configured as one-stage register, a newly set value is immediately reflected on the timer
register.

Note 3:j=3,4

Table 10-6 Source Clock of 16-Bit Timer Mode

Source Clock Resolution Maximum Setting Time
NORTALYZ and DLE12 Modes Sfé::::ézma:;es Atfc=16 MHz | Atfs=32.768 kHz | Atfc=16 MHz | Atfs=32.768 kHz
DV7CK =0 DV7CK =1
fereM 1823 [Hz] fs/2% [Hz] 128 [us]| 24414 [ps) 839 |[s] 16 [s]
for2’ foi2’ - 8  [us] - 524.3 [ms] -
for2s for2® - 2 [ps] - 131.1 [ms] |+ -
feiz® fes2® - 500 [ns] - 32.8 [ms] -
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Example :Set the 16-bit timer mode with source clock fc/2” [Hz] and generates an interrupt 300 [ms)] later (at fc

= 16 [MHz])
Low (TTREG3), 927CH ; Sets the timer register (300 ms < 27/fc = 927CH)
Dt
SET {EIRH). 1 ; Enable INTTC4 interrupt
El
LD {TC3CR}, 13H ; Seis the 16-bit timer mode {Lower) and source clock
LD {TC4CR), 04H ; Sets the 16-bit timer mode (Uppen
LD {TC4CR), OCH 1 Starts timer/counter
TC4CR<TC45> [ |

Internal :
sourceclockIII:II||||||||||||||||I|||_||—||'h||—lrl

Counter 0 X1 X2 X3 )Q mn-1¥mY oYX 1 2 mn -t Ymn 0
T
1

TTREGS : 4 ¥
(Lower) ZX ! ' 45 s
TTREG4 - 4 4
(Upper) » A"

It it
! " Match detect Counter clear * Match detect Counter clear E
INTTC4 interrupt : '

i [
L) Ll

Figure 10-6 16-Bit Timer Mode Timing Chart (in case of timer/counter 3 and 4)

10.3.6 16-bit event counter mode (Timer/counter 3 and 4)

In this mede, event are counted on the falling edge of the TC3 pin input. Timer/counter 3 and 4 are also
available as a 16-bit event counter mode by cascade conmection.

16-bit event counter mode of timer/counter 3 and 4
If a match is found, the INTTC4 interrupt is generated and the counter is cleared to “0”. After the counter is

cleared, counting up resumes every falling edge of TC3 input. The maximum applied frequency is fo/2t [Hz] i
NORMAL1/2 or IDLE1/2 mode and fs/2* [Hz] in SLOW1/2 or SLEEP1/2 mode. Two or more machine cycles

are required for both the “H” and “L” levels of the pulse width. The timer register should write to the TTREG3
more first than TTREG4. The timer register must not write only either TTREG3 or TTREG4.

Note 1: In the event counter mode, always write TCJCR<TFFj> to "07. If TFFj is set to “1", unexpected pulse may be
output from PDOJPWMj/PPG] pin.

Note 2: In the event counter mode, do not change the setling of timer registers (TTREG]) while timetfcounter is
operating. Since TTREG;] is configured as one-stage register, a newly sef value is immediately reflected on
the timer register.

Note 3:j=3, 4

10.3.7 16-bit pulse width modulation (PWM) output mode (Timer/counter 3 and 4)

PWM output with a resolution of 16 biis is possible. Timer/counter 3 and 4 are also available as a 16-bit
PWM output mode by cascade connection.
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16-bit PWM output mode of timer/counter 3 and 4

The contents of PWREG3/4 are compared with the contents of up counter. If a match is found, the timer F/F4
output is toggled. The counter continues counting. And, when an overflow occurs, the timer F/F4 output is
again toggled and the counter is cleared. Timer F/F4 output is inverted and output to the PWMA pin. An
INTTC4 interrupt is generated when an overflow occurs. When used as PWM4 pin, respective output latch
should be set to “1”. In PWM mode, because PWREG4/3 each becomes a 2-stage registers with shift register,
it is possible to change the setting value of PWREG4/3 while timer/counter is operating, Therefore, output can
be altered continuously. The shift operation of PWREG4/3 to shift register is executed at the INTTC4 timing.
While timer/counter is operating, the data by read instruction is not a setting value of PWREG4/3 but a value of
shift register. Therefore, after writing to PWREGA4/3, the reading data of these registers is previous value till
INTTC4 is generated.

While timer/counter stops, written value to PWREG4/3 is shifted to shift register immediately. When writing
to PWREG4/3, always write to the lower side (PWREG3) and then the upper side (PWREGH4) in that order.
Writing to only lower side (PWREGS3) or the upper side (PWREG4) has no effect.

Note 1: In PWM mode, write to the timer registers PWREG4, PWREG3 immediately after an INTTC4 interrupt is
generated (Normally during the INTTC4 interrupt service routing). If writing to PWREG4, PWREG3 and
INTTC4 interrupt occur at the same time, the unstable value being written is shifted. This may cause pulses
different from the set value to be output until the next INTTC4 interrupt is generated.

Note 2: If PWM output is stopped during output operation, the output state is maintained at the state immediately
before timer/counler is stopped. For changing the level of PwM4, modify TC4CR<TTF4> after timer/counter
has been stopped. Do not execute hall of timer/counter and modification of TFF4 simultaneously.

Example: Fixes P\Wiw4 output at high level after timer/counter is stopped
CLR (TC4CR). 3 ; Stops timer/counter
CLR (TC4CR).7 ; Sets PWM4 output to high level output

Note 3: Before starting STOP mode, disable PWM output. When the timer/counter is enabled and fc, fc/2 or fs is
selected as the source clock, pulse is output from PWM pin during warm up after releasing STOP mode.

Table 10-7 16-Bit PWM Output Mode

Source Clock Resolution Maximum Setting Time

NORMALTZ and DLEV2 Modes SLOW1/2 and Atfc=16MHz | Atfs=32.768kHz | Atfc=16MHz | Atfs=32768kHz " -
DV7CK = 0 DV7CK = 1 SLEEP1/2 Modes

ferat fs/2% [Hz] fsi2® 128 [s] 244.14 [[s] 8.39 [s] 16 [s]

fer2’ fei2? - 8 [Ms} - 5243 [ms] -

fes2® fer2® - 2 [us} - 131.1 [ms] -

for2® fo/2d - 500 [ns] - 32.8 [ms] -

fs fs fs 30.5 [|s] 30.5 [Ms] 2 [s} 2 [s]

for2 fo/2 - 125 [ns] - 8.2 [ms] -

fc fc - 625 [ns] - 4,1 [ms} -

Example :Extract the pulse, whose term and “high” width is 32.768 ms and 1 ms respectively, from PWM4 pin
with 16-bit PWM mode (at fc =16 MHz )

LDwW {PWREG3), 07D0H ; Sets pulse width

LD {TC3CR}, 33H ; Sets the 16-bit PWM made (Lower) and source clock (fc/2%)
LD {TC4CR}, 056H : Sets the TFF4 to “1” and sets the 16-bit PWM mode (Upper)
LD {TC4CR}, 05EH ; Starts timer/counter
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Figure 10-7 16-Bit PWM Mode Timing Chart (in case of timer/counter 3 and 4)

10.3.8 16-bit programmable pulse generate (PPG) output mode
(Timer/counter 3 and 4)

PPG output with a resolution of 16 bits is possible. Timet/counter 3 and 4 are also available as a 16-bit PPG
output mode by cascade connection.
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16-bit PPG output mode of timer/counter 3 and 4

First, the contents of PWREG3/4 are compared with the contents of up counter. If a match is found, the timer
F/F4 output is toggled. Next, timer F/F4 is again toggled and the counter is cleared by matching with TTREG3/
4. The INTTC4 interrupt is generated at this time.

When used as PPG4 pin, respective output latch should be set to “1”. During reset, the F/F4 is initialized to “0™.
'The F/F4 output is configured by TC4CR<TFF4=>, Therefore, the PPG4 can output either output high or output
low at first time. The timer register should write to the PWREG3/TTREG3 more first than PWREG4/
TTREG4. The timer register must not write only either PWREG3/TTREG3 or PWREG4/TTREG4.

Example :Extract the pulse, whose term and “high” width is 16.385 ms and 1 ms respectively, from PPG4 pin
with 16-bit PPG mode (at fc = 16 MHz)

LDW (PWREG3I), 07DOH ; Sets pulse width

LDW (TTREGS3), 8002H ; Sets pulse term

LD (TC3CR), 33H : Sets the 18-bit PPG mode (Lowet) and source clock {fo/2%)
LD (TCACR), 057H ; Sets the TFF4 to “1” and sets the 16-bit PPG mode (Upper)
LD (TC4CR), 05FH ; Starts timer/counter

Note 1: In the programmable pulse generate (PPG) mode, do not change the setting of timer registers (PWREGI,
TTREGI) while timer/counter is operating. Since PWREGI, TTREGI are configured as one-stage register, a
newly set value is immediately reflected on the timer register.

Note 2: If PPG oulput is stopped during output operafion, the output state is maintained at the state immediately
before timer/counter is stopped. For changing the level of PPG4, modify TCACR<TTF4> after timer/counter
has been stopped. Do not execute halt of timer/counter and modification of TFFj simultaneously.

Example: Fixes PPG4 output at high level after timer/counter is stopped
CLR (TC4CR). 3 ; Stops timer/counter
CLR (TCACR).7 . Sets PPG4 output to high level output

Note 3:i=3,4
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Figure 10-8 16-Bit PPG Mode Timing Chart (in case of timer/counter 3 and 4)
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10.3.2 Warm-up counter mode

In this mode, the warm-up period for switching the main system clock can be generated. Timer/counter 3 and
4 are used as a 16-bit timer by cascade connection.

There are 2 modes in warm-up counter mode, one is a mode from NORMAIL to SLOW and the other is a
mode from SLOW to NORMAL.

Note 1: In the warm-up mode, always write TCICR<TFFi> to 0", If TFFiis set fo “1”, unexpected pulse may be out-

put from PDOVPWMI/PPGI pin.

Note 2: In the warm-up mode, the lower 8 bits of TTREGm, TTREGN are ignored and an interrupt is generated by
matching the upper 8 bits,
Note3:i=3,4

10.3.9.1 Warm-up counter mode for low frequency
(NORMAL1 — NORMALZ -» SLOW2Z — SLOW1)
In this mode, it can obtain the warm-up period till the oscillation for low frequency (fs) is stabilized.
Before timer/counter is started, turn on low-frequency oscillation by setting SYSCR2<XTEN> to “1”.

After timer/counter is started by setting TCmCR<TCmS>, the contents of TTREGm, TTREGn are
compared with the contents of up counter. If a match is found, an INTTCm interrupt is generated, and the
counter is cleared to “0”.

In the interrupt service program, stop the timer/counter and change the system clock to low-frequency
clock by setting SYSCR2<SYSCK> to “1”.
After that, halt the high-frequency oscillation by clearing SYSCR2<XEN> to “0”.

Table 10-8 Warm-up Period for Low-frequency Osclllation (at fs = 32.768 kHz)

Min (at TTREGm, TTREGn = 0100H) Max (at TTREGm, TTREGn = FFOOH)

7.81 ms 1.99s

Note: m=4,n=3
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Example :Switching to the SLOW1 mode after low-frequenicy clock has stabilized by using TC4, 3.

SET (SYSCR2). 6 ; SYSCR2<XTEN> <—"1"
LD (TC3CR), 43H ; TFF3 ="0", fs for source clock, sets 16-bit mode
LD {TC4CR), 05H ; TFF4 ="0", sets warm-up counter mode
LD (TTREG3), 8000H 1 Sets warm-up time (Depend on oscillator characteristics)
DI 3 IMF < 0"
SET (EIRH}. 1 ; Enables INTTC4
El 3 IMF 1"
SET (TC4CR). 3 ; Starts TC4, 3
PINTTC4: CLR (TCACR). 3 ; Stops TC4, 3
SET (SYSCR2). 5 ; SYSCR2<SYSCK> < 17
{Switches the main system clock to the low-frequency
clock)
CLR (SYSCR2). 7 ;::}SCR.".<XEN> <— “0° (Turns off low-frequency oscilla-
RETE
VINTTC4: Dw PINTTC4 ; INTTC4 vector table

10.3.8.2 Warm-up counter mode for high frequency
(SLOW1 —» SLOWZ —» NORMALZ — NORMAL1)
In this mode, it can obtain the warm-up period till the oscillation for high frequency (fc) is stabilized.
Before timer/counter is started, turm on high-frequency oscillation by setting SYSCR2<XEN=> to “1”.

After timer/counter is started by setting TCmCR<TCmS>, the contents of TTREGm, TTREGn are
compared with the contents of up counter. If a match is found, an INTTCm interrupt is generated, and the
counter is cleared to “0”.

I the interrupt service program, stop the timer/counter and change the system clock to high-frequency
clock by clearing SYSCR2<SYSCK=> to “0”.

After that, halt the low-frequency oscillation by clearing SYSCR2<XTEN> to “0”.

Table 10-9 Warm-up Period for High-frequency Oscillation (at fc = 16.MHz)

Min (at TTREGm, TTREGn = 0100H) Max (at TTREGm, TTREGn = FFOOH)

16 Lis 4.08 ms
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Example :Switching to the NORMAL1 mode after high-frequency clock has stabilized by using TC4, 3.

PINTTC4:

VINTTC4:

SET

LD

LD

LD

pI

SET

El

SET

CLR

CLR

CLR

RETI

DW

(SYSCR2). 7

(TC3CR), 63H
{TCACR), 05H

(TTREG3), OF800H

{EIRH). 1

{TC4CR). 3

(TC4CR}. 3

{SYSCR2). 5

{8YSCR2).6

PINTTC4

; SYSCR2<XEN> — “1"

s TFF3="0", fcfor source clock, sets 16-bit mode

; TFF4 =¥0°, sets warm-up counier mode

; Sets warm-up time (Depend on oscillator characteristics)
3 IMF «— “0"

; Enables INTTC4

i IMF €— 1"

s Starts TC4, 3

; Stops TC4, 3

3 SYSCR2<8YSCK> 0"
{Switches the main system clock to the high-frequency
clock)

; SYSCR2<XTEN> <— *0" {Turns off high-frequency oscilla-
tion}

; INTTC4 vector table
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11. 8-Bit Timer/Counter (TC5, TC6)

11.1 Configuration

PWH mode
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Figure 11-1 8-Bit Timer 5, 6

11.2 Control .

The timer/counter 5 is controlled by a timer/counter 5 control register (FC5CR) and two 8-bit timer registers
(TTREGS5 and PWREGS).
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Timer Register

TTREGS 7 [ 5 4 3 2 1 0

(0D16H) | i I (Initial value: 1111 1111)
RAV ; - ' ‘ - :

PWREGS ‘ _ ' _ .
(001AH) | | (Initial value: 1141 1111}
RIW ) : : ) i '

Note 1. Do not change the timer register (TTREGS) while timer/counter is operating.
Note 2: Do not change the timer register (PWREGS) while timer/counter is operating, except 8-bit PYWM and 16-hit PWM modes.

Timer/Counter 5 Control Register

TCSCR 7 6 5 4 3 2 1 0
(0029H) | TFF5 | TC5CK | TC58 | TC5M {Initial value; 0000 0000}
TFF5 Timer F/F5 control 0: Clear
1: Set
NORMAL1/2 and IDLE/2 modes SLOW1/2 and
DV7CK = 0 DV7CK =1 SLEEP1/2 modes
000 fes2M fs/23 fsr2?
oo fes2? fore? -
010 5 5 _
TC5CK | TC5 source clock select [Hz] fel2 fef2
o1 fci2® fo/2? -
100 fs fs fs RAW
101 fo/2 fo2 -
110 fc fo fc
M TCS pin input

0; Stop and counter clear

TCES TGS start control 1: Command start

000: 8-bit timerfevent counter mode

001: 8-bit programmable divider output (PDQ) mode
TCSM TCE operating mede select 010: 8-bit pulse width modulation (FWM) mode

011: 16-bit mode (Mode selection is controlled by TCBM)
1** Reserved

Note 1: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz]
Note 2: During TC5 operation, do not change TC5M, TC5CK and TFF5.

Note 3: When TC5 operation is stopped (TC5S = "1 /E "07), do not change TC5M, TC5CK and TFF5. Butitis possible to change
TC5M, TC5CK and TFF5 at the start timing (TC5S = “0" &£ “1").

Note 4: When used as 16-bit mode, the operating mode is sefected by TC6CR<TCBM>, and TC5M should be set to "011".

Note 5: When used as 16-bit mede, only the source clock is selected by TC5CK, and start of operation and centrol of F/F are con-
trolfed by TC6CR<TCES> and TC6CR<TFF6>.

Note &: Selecting source clock depends on the operating mode, refer to Table 11-1 and Table 11-2 for details.
Note 7: Value of timer register depends on the operating mode, refer to Tahte 11-3 for details.
Note 8: When used as the SLOW and SLEEP modes, the "fs" of TC5 source clock can use only "fc warm-up counter' mode.

The timer/counter 6 is controlled by a timer/counter 6 control register (TC6CR) and two 8-bit timer registers
(TTREGS and PWREGSE).
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Timer Register

TTREGE 7 , ] 5 , 4 3 - 2 , 1 0

(0017H) | : ; I (Initial value: 1111 1119)
R i . : : :

PWREGS _ ' ‘ ‘ ‘
{001BH) | ; |(In|'tia| value: 1111 1111)
RIW :

Nate 1: Do not change the timer register (TTREGS) while timer/counter is operating.
Note 2: Do not change the timer register (PWREGE) while timerfcounter is operating, except 8-bit PWM and 16-hit PWM modes.

Timer/Counter 6 Controt Register

TCBCR 7 [} 5 4 3 2 1 0
©02AH) | rrFe | TCack | Tces | TCaM (Initial value: 0000 0000)
TFFe Timer F/F& contro} 0: Clear
1: Set
NORMAL1/2 and IDLE1/2 modes SLOW1/2 and
DV7CK=0 DV7CK=1 SLEEP1/2 modes
000 fera™t falzd fof23
004 fer2? fosz” -
010 5 5 -
TCE6CK TC6 source clock select [Hz] fei2 fo/2
i1 for2® forz® -
100 fs fs fs
101 fef2 fel2 - RIW
110 fo fo —
M1 TC6 pin input

0; Stop and counter clear

TCBS TC# start controt 1: Command start

000: 8-bit fimer/fevent counter mode

001: B-bit programmable divider output (PDO) mode

010: B-bit puise width modutation (PWM) mode

011; Reserved

100: 16-bit timerfevent counter mode

101: Warm-up counter mode

110: 18-bit programmable divider output {PDO) made

111; 16-bit programmable pulse generate {PPG) output mode

TCeM TC6 operating mode select

Note 1: fe: High-frequency clock [Hz], fs: Low-frequency clock [Hz]
Note 2: During TC6 operation, do nct change TC6M, TC6CK and TFF6.

Note 3: When TC6 operation is stopped (TC6S = “1” A& “0”), do not change TC6M, TC6CK and TFF6. But it is possible to change
TC6M, TCBCK and TFF6 at the start fiming (TC6S = "0" /£ “1"). .

Note 4; When TCEM is selected to “1**" (16-bit mode), the source clock is automatically selected to the overflowing signal of TC5
counter.

Note 5: When used as 16-bit mode, the operating mode is selected by TC6M, and TCSCR<TC5M> should be set to “0117.

Note 6: When used as 16-hit mode, only the source clock is sefected by TCSCR<TCSCK>, and start of operation and control of F/
F are controlled by TC8S and TFF&.

Note 7: Selecting source clock depends on the operating mode, refer to Table 11-1 and Table 11-2 for details.
Note 8: Value of timer register depends on the operating mode, refer to Table 11-3 for details.
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Table 11-1 Operating Mode and Available Source Clock (under NORMAL1/2 mode, IDLE1/2 mode)

fer2' TCi

Operating Mode ar fefz’ foi2® foiz? fs fel2 fc pin

fsr2? input
B8-bit timer O C o O - - - -
B-bit event counter - - - - - - - o]
8-hit PDO (@] O o] 0 - - - -
B-bit PYWM O O o} o} O O O -
16-bit timer O O o o - - - -
16-bit event counter - - - - - - - fe)
Warm-up counter - - - - [e] - - -
16-hit PAWM @] (@) (@] fe] O o) fe) -
16-bit PPG Q (o) (e} [} - - - -

Note 1: For 16-bit operation {16-bit timer/event counter, warm-up counter, 16-bit PWWM and 16-bit PPG), set its source clock on

lower bits (TC5CK).
Note 2: i = 5, 6 (8-bit mode)
i = § (16-bit mode)

Table 11-2 Operating Mode and Available Source Clock (under SLOW1/2 mode, SLEEP1/2 mode)

for2 TG

Operating Mode ar for2? fci2s foio® fs fo/2 fe pin

fs/23 input
8-bit timer O - - - - — — -
8-bit event counter - - - - - - - 0
8-bit PDO o - - - - - - _
8-bit PYwM o] - - - o) - - -
16-bit timer lo] - - - - - - -
16-bit event counter - - - - - - - e}
Warm-up counter - - - - - - o -
16-bit PYWM 0 - - - o - - -
16-bit PPG O - - - - _ _ _

Note 1: For 16-bit operation (16-bit timerfevent counter, warm-up counter, 16-bit PWWM and 16-bit PPG), set its source clock on

lower bils {TC5CK).
Note 2: i = 5, 6 (8-bit mode}
i = § (16-bit mode)
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Table 11-3 Restriction against the Rate for Comparing Registers

Operating Mode

Authorized Rate for Register

8-bit imer/event counter

1 £ (TTREGH) £ 255

8-hit PDO

1 £ (TTREGn) £ 255

8-bit PYWM

2 £ (PWREGN) £ 254

t6-bit timer/fevent counter

1% (TTREGS, 5) £ 65535

fc wartn-up counter

256 £ (TTREGS, 5) £ 65535

16-bit PVWM 2 £ (PWREGS, 5) £ 65534
16-bit PPG 1£ (PWREGS, 5) < (TTREGS, 5)£ 65535 and {(PWREGS, 5) + 1 < (TTREGS, 5)
Note: n=5,6

11.3 Function

Timer/counter 5, 6 have eight operating modes: 8-bit timer, 8-bit event cointer, 8-bit programmable divider output
mode, 8-bit pulse width modulation output mode, 16-bit timer, 16-bit event cointer, warm-up counter mode,16-bit
pulse width modulation output mode, 16-bit programmable pulse generator output mode.

16-bit timer mode can use timer counter 5 and 6 by cascade connection.

11.3.1 8-bit timer mode (Timer/counter 5, 6)

In this mode, counting up is perfermed using the internal clock. The contents of TTREG] are compared with
the contents of up counter. If a match is found, an INTTC;j interrupt is generated, and the counter is cleared to

“0”. Counting up resumes after the counter is cleared.

Note 1: In the timer mode, always write TCJCR<TFFj> to “0”. If TFFjis set to “1", unexpected pulse may be output
from PDC/PWW/PPG] pin.
Note 2: In the imermode, do not change the setting of timer registers (TTREG]) while timer/counter is operating.
Since TTREG] is configured as one-stage register, a newly set value is immediately reflected on the timer

register.
MNote 3:j=5,6

Table 11-4 Timer/Counter 5, 6 Scurce Clock {Internal clock)

Source Clock Resolution Maximum Time Setting
HORMALY/2 and DLEV2 Mades SLOW”ZH:"" SLEEPZ | atfe=16 MHz | Atfs=32768KHz | Atlc=16MHz | Atfs = 32768 kHz
DV7CK =0 DV7CK = 1 odes
foi2' [Hz] fa/2° [Hz] fs/2° [Hz] 128 [us] 244.14 [us] 32.6 [ms] 62.3 [ms]
foi2” for2” - 8 [us] - 2.0 [ms]| , -
fere’ for2® - 2 [Ms] - 510 {ps] -
fo/2® fo/2® - 500 [ns] - 1275 [Us] -
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Example :Sets the timer mode with source clock fc/2” [Hz] and generates an interrupt 80 ps later (at fc = 16

MHz).
LDwW (TTREGS), 0AH ; Sets the fimer register (80 [ls + 27ff¢ = DAH)
o]
SET (EIRE). 2 ; Enables INTTCS interrupt
El
LD (TC6CR), 000100008 ; Sets the 8-bit timer mode and source clock (fe/2")
LD (TCBCR), 000110008 ; Starts TC6

TCBCR<TCHS> ; | —

Internat

source clock gl l l | I f I l | l l | l | ! i | i ! I I | i I
Counter 0 X‘E X 2 X 3 )Q: }(n—1 nX0xX 1 X 2 % Kn—1 nXoxX 1 @(
: % ({3 .

TREGS 2 X n y & " 5

Match detect Counter clear " jatch detect Counter clear
INTTCS interrupt

{==]

% ¥

Figure 11-2 8-Bit Timer Mode Timing Chart (in case of timer/counter 6)

11.3.2 8-bit event counter mode (Timer/counter 5, 6)

In this mode, events are counted on the falling edge of TCj pin input. The contents of TTREGj are compared
with the contents of up counter. If a match is found, an INTTCj interrupt is generated, and the counter is

cleared. The maximum applied frequency is fo/2* [Hz] in NORMAL1/2 or IDLE1/2 mode and fs/2* [Hz] in
SLOW1/2 or SLEEP1/2 mode. Two or more machine cycles are required for both the “H” and “L* levels of the
pulse width.

Note 1: In the event counter mode, always write TCJCR<TFFj= to “07. If TFF| Is set to “1”, unexpected pulse may be
output from PDC/PWMIPRG] pin.

Note 2: In the event counter mode, do not change the setting of timer registers (TTREG]) while imer/counter is
operating. Since TTREG; is configured as one-stage register, a newly set value is immediately reflected on
the timer register,

Note 3:j=5,6

TCBOR<TCES> ] ',—_

TCE pin input [I!l! lll llllllllll

t 1 3 L X E
¢ 1 ] T £ 3 E
I 1

r ]
E )
Counter o K @é nA1XnXoX 1 X 2 "Ya-1Xn¥o¥ 1 Y2 8
’ H

' it it
TTREGS . " v
X - —

1
! Match detect Counter Match Counter
1 clgar defect clear

INTTCS interrupt

Figure 11-3 Event Counter Mode Timing Chart (in case of timer/counter 6)
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11.3.3 8-bit programmable divider output (PDO) mode (Timer/counter 5, 6)

The internal clock is used for counting up. The contents of TTREG] are compared with the contents of the up
counter. Timer F/Fj output is toggled and the counter is cleared each time a match is found. Timer F/Fj output
is inverted and output to the PDOj pin. When used as this mode, respective ouiput latch should be set to <17
This mode can be used for 50% duty pulse output. Timer F/Fj can be initialized by program, and it is initialized
to “0” during reset. An INTTC;j interrupt is generated each time the PDOj output is toggled.

Example :Output a 1024 Hz pulse (at fc = 16 MHz = “0”, in case of TC6)

LD (TTREGS), 23DH ; (111024 + 27/c } + 2 = 3DH
LD (TC6CRY), 000100018 ; Sets the 8-bit PDO mode and source clock (fo/27)
LD (TCBCR), 0007110048 ; Starts TCB

Note 1: In the programmable divider cutput (PDQ) mode, do not change the setting of fimer registers (TTREG))
while timer/counter is operating. Since TTREG] is configured as one-stage register, a newly set value is
immediately reflected on the timer register.

Note 2: If PDO output is stopped during output operation, the output state is maintained at the state immediately
before timer/counter is stopped. For changing the level of PDO] pin, modify TCJCR<TTFj> after timer/
counter has been stopped. Do not execute halt of timer/counter and modification of TFFj simultaneousiy.

Example: Fixes PDGj output at high level after fimer/counter is stopped
CLR (TCjCR). 3 ; Stops timer/counter
CLR (TCJCR). 7 ; Sets PDOj output to high level output

Note3:j=5,6

Page 121



11. 8-Bit Timer/Counter {TC5, TC6)

11.3 Function

TMP86FS49UG

TENTATIVE

wdnassiur 901 INI

‘paddoys gL syl usym m H
b
SUIRUE [2Ad| INAIND ‘ ; : ' M N
3
/1” " wd 9004
F
f E ? 1 E k "
' H H 1 E E £
3 H 1 E E E
198 /4 : m _ _ : 94/4 JBlIE
f P
H
M ! Peep yotely Mﬁ&mw Uoleiy 19818p yorep J 199190 YMNEW m
“ Q w RENTH]
;
H
"
IBuno
 EEOMOOMEONNCEO0 UGGH s

H
H
H
H
H

BRI L,

<8dd41>H380L

_ <5931>d0801

Figure 11-4 8-Bit PDO Mocde Timing Chart (in case of timer/counter 6)
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11.3.4 8-bit pulse width modulation (PWM) output mode (Timer/counter 5, 6)

PWM output with a resolution of 8 bits is possible. The internal clock is used for counting up. The contents
of PWREGi are compared with the contents of up counter. If a match is found, the timer F/Fi output is toggled.
The counter continues counting. And, when an overflow occurs, the timer F/Fi output is again toggled and the
counter is cleared. Timer F/Fi output is inverted and output to the PWM; pin. An INTTCi interrupt is generated
when an overflow occurs.

In PWM mode, because PWREGI becomes a 2-stage registers with shift register, it is possible to change the
setting value of PWREGi while timer/counter is operating. Therefore, output can be altered contimuously. The
shift operation of PWREGi to shift register is executed at the INTTCi timing. While timer/counter is operating,
the data by read instruction is niot a setting value of PWREGI but a value of shift register. Thereofre, after writ-
ing to PWREGI, the reading data of PWREGI s previous value till INTTCi is generated.

While timer/counter stops, writterr value to PWREGI is shifted to shift register immediately.

Note 1: In PWM mode, write to the timer register PWREGH immediately after an INTTCi interrupt is generated (Nor-
mally during the INTTCi interrupt service routine). If writing o PWREGI and INTTCi interrupt occur at the
same time, the unstable value being written Is shifted. This may cause pulses different from the set value to
be output until the next INTTCI inferrupt is generated.

Note 2: If PYWM output is stopped during output operation, the output state is maintained at the state immediately
before timer/counter is stopped. For changing the level of PWMi, modify TCICR<TTFi> after timer/counter
has been stopped. Do not execute halt of timer/counter and modification of TFFi simultaneously.

Example: Fixes PWMi output at high level after timer/counter is stopped
CLR (TC|CR). 3 ; Stops timer/counter
CLR (TC|CR).7 ; Sets PWMi output to high level output

Note 3: Before starting STOP mode, disable PWM output. When the timer/counter is enabled and fc, fo/2 or fs is
selected as the source clock, pulse is output from PYWM pin during warm-up after releasing STOP mode.

Note 4:1=5,6
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Figure 11-5 8-Bit PWM Mode Timing Chart (in case of timer/counter 6)
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Table 11-5 PWM Output Mode

Source Clock Resolution Maximum Setting Time
Ng::):-:f and IDL;:?:T:S SLSESP“Y :fma::es Atfc=16 MHz | Atfs=32.768 kHz | Atfc=16 MHz | Atfs = 32.768 kHz

fef2" [Hz) fs/2* [Hz] fs2° [Hz] 128 [ps] 244,14 [Lis] 32.8 [mg] 62.5 [ms]
fel2? fcf2’ - 8 [Ls] - 2.05 [ms] -
foi28 foi2® - 2 [us] - 512 [Us] -
fci2® fore® - 500 [ns] - 128 [Ms] -
fs fs fs 30.5 [s] 30.5 [Lls} 7.81 [ms] 7.81 [ms)
fc/2 fer2 - 125 [ns] - 32 {us] -
fo fc - 62.5 [ns] - 16 [JAs] -

11.3.5 16-bit timer mode (Timer/counter 5 and 6)

In this mode, counting up is performed using the internal clock.
Timer/counter 5 and 6 are also available as a 16-bit timer mode by cascade connection.

16-bit timer mode of timer/counter 5 and 6
If a match is found, the INTTCS interrupt is generated and the counter is cleared to “0”. Counting up resumes
after the counter is cleared. The timer register should write to the TTREGS more first than TTREGS6. The timer
register must not write only either TTREGS or TTREGS.

Note 1: In the fimer mode, always write TCJCR<TFFj> to “0”. If TFFj is set to *1”, unexpected pulse may be output
from PDOJ/PWMJPPG] pin,

Note 2: In the timer mode, do not change the setting of timer registers (TTREG]) while timer/counter is operating.
Since TTREG; is configured as one-stage register, a newly set value is immediately reflected on the timer
register.

Note3:j=5,6

Table 11-6 Source Clock of 16-Bit Timer Mode

Source Clock Resolution Maximum Setling Time
N;):::;L:z and IDLE;;ZZTTS Sféé):::ézMa::es Atfc=16MHz | Atts=32788kHz | Atfc= 16 MHz | Atfs = 32.768 kHz
fer fs/2® [Hz] f8/23 [Hz] 128 [us]| 24414 [us] 839 [s] 16 [s]
fer2? fof2? - 8 [us] - 524.3 [ms] -
fol2® foi2’ - 2 [Ms] - 1311 [ms] | " -
for2® foi2® - 500 [ns] - 32.8 [ms] -
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Example :Set the 16-bit timer mode with source clock fc/2” [Hz] and generates an interrupt 300 [ms] later (at fc

= 16 [MHz])
LDw (TTREGS), 927CH ; Sets the timer register (300 ms <+ 27ffic = 827CH)
DI
SET (EIRE}. 2 ; Enable INTTCS interrupt
El
LD (TC5CR), 13H ; Sets the 16-bit timer mode (Lower) and source clock
LD {TCBCRY), 04H ; Sets the 16-bit timer mode (Upper)
LD {TCBCR), OCH ; Starts timer/counter
TCBCR<TCES> f
) ,
internal :
source clock ; SI[llI'!lllﬂiililllllilllll
: :
Counter 5 1 X 2 X8 xt -1 e 0 e XEX
TTREGS i :
7 [
{Lower) :X . 5‘, A 7
i 1
TTREGE 7 X - W ) t
(Upper) . 4§ y
! ¥ Malch detect Counter clear s“ Match detect Counter clear:
INTTCS interrupt : " ;
t iy

Figure 11-6 16-Bit Timer Mode Timing Chart (in case of timer/counter 5 and 6)

11.3.6 16-bit event counter mode (Timer/counter 5 and 6)

In this mode, event are counted on the falling edge of the TC5 pin input. Timer/counter 5 and 6 are also
available as a 16-bit event counter mode by cascade connection.

16-bit event counter mode of timer/counter 5 and 6
If a match is found, the INTTC6 interrupt is generated and the counter is cleared to “0”. After the counter is
cleared, counting up resumes every falling edge of TC5 input. The maximum applied frequency is fo/2t [Hz] in
NORMAL1/2 or IDLE1/2 mode and fs/2* [Hz] in SLOW1/2 or SLEEP1/2 mode. Two or more machine cycles

are required for both the “H” and “L” levels of the pulse width. The timer register should write to the TTREGS
more first than TTREGS. The timer register must mot write only either TTREGS or TTREG6.

Note 1: In the event counter mode, always write TCJCR<TFFj> to “0”. If TFFj is set to “4”, unexpected pulse may be
output from PDOJPWMI/PPG] pin.

Note 2: In the event counter mode, do not change the setting of timer registers (TTREG;) while timer/counter is
operating. Since TTREG] is configured as one-stage register, a newly set value is immediately reftected on
the timer ragister,

Note 3:j=5,6
11.3.7 16-bit pulse width modulation (PWM) output mode (Timer/counter 5 and 6)

PWM output with a resolution of 16 bits is possible. Timer/counter 5 and 6 are also available as a 16-bit
PWM output mode by cascade connection.
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16-bit PWM output mode of timet/counter 5 and 6

The contents of PWREGS5/6 are compared with the contents of up counter. If a match is found, the timer F/F6
output is toggled. The counter continues counting. And, when an overflow occurs, the timer F/F6 output is
again toggled and the counter is cleared. Timer F/F6 output is inverted and output to the PWM6 pin. An
INTTC6 interrupt is generated when an overflow occurs. When used as PWMS pin, respective output latch
should be set to “1”. In PWM mode, because PWREG6/5 each becomes a 2-stage registers with shift register,
it is possible to change the setting value of PWREG6/5 while timer/counter is operating, Therefore, output can
be altered continuously. The shift operation of PWREG6/S to shift register is executed at the INTTC6 timing.
While timer/counter is operating, the data by read instruction is not a setting value of PWREG6/S but a value of
shift register. Therefore, after writing to PWREG6/3, the reading data of these registers is previous value till
INTTCS is generated.

While timer/counter stops, written value to PWREG6/S s shifted to shift register immediately. When writing
to PWREG6/5, always write to the lower side (PWREGS) and then the upper side (PWREGS) in that order.
Writing to only lower side (PWREGS3) or the upper side (PWREG6) has no effect.

Note 1: In PWM mode, write to the timer registers PWREGS, PWREGS immediately after an INTTCS interrupt is
generated {Normally during the INTTCS interrupt service routine). If writing to PWREGS, PWREGS and
INTTCS interrupt occur at the same time, the unstable value being written is shifted. This may cause pulses
different from the set value to be output until the next INTTCB interrupt is generated.

Note 2: If PWM output is stopped during output operation, the output state is maintained at the state immediately
before timerfcounter is stopped. For changing the level of PWWs, modify TC6CR<TTF6> afler timer/counter
has been stopped. Do not execute halt of timer/counter and modification of TFF6 simultaneously.

Example: Fixes PWM6 output at high level after timer/counter is stopped
CLR (TCBCR). 3 ; Stops timer/counter
CLR (TCBCR). 7 : Sets PWME autput to high level output

Note 3: Before starting STOP mode, disable PYWM output. When the timer/counter is enabled and fc, fc/2 or fs is
selected as the source clock, pulse is output from PWM pin during warm up after releasing STOP mode.

Table 11-7 16-Bit PWM Qutput Mode

Source Clock Resolution Maximum Setling Time
NORMAL1/2 and 1DLE12 Modes SLOWA/2 and Atfc=16 MHz | Atfs =32.768 kHz | Atfc=16 MHz | Atfs=32.768 kHz '
DVICK =0 DVTCK = 1 SLEEP1/2 Modes
fe2 fs/2% [Hz) fs/23 128 [[s] 244.14 [Js] 8.39 [s] 16 [s]
fel2? foi2’ - 8 [Us] - 524.3 fme] -
fes28 foiz® - 2 [us] ~- 131.1 [ms] -
foiz® fes2® - 500 [ns] - 32.8 [ms] -
fs fs fs 30.5 [Js] 30.5 [us] 2 [g] 2 [s]
fe/2 fci2 - 125 [ns] - 8.2 [ms] -
fc fc - 62.5 [ns] - 4.1 [ms] -

Example ‘Extract the pulse, whose term and “high” width is 32.768 ms and 1 ms respectively, from PWM? pin
with 16-bit PWM mode (at fc = 16 MHz )

LDW (PWREGS), 07DOH 1 Sets pulse width

LD (TC5CR), 33H ; Sets the 16-bit PVWM mode (Lower) and source clock (fe/2%)
LD (TC6CR), 056H , Sets the TFF6 to *1” and sets the 16-bit PYWM mode (Upper)
LD {TC6CR), D5EH . Starts timerfcounter
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Figure 11-7 16-Bit PWM Mode Timing Chart (in case of timer/counter 5 and 6)

11.3.8 16-bit programmable puise generate (PPG) output mode
(Timer/counter 5 and 6)

PPG output with a resolution of 16 bits is possible. Timer/counter 5 and 6 are also available as a 16-bit PPG
output mode by cascade connection.
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16-bit PPG output mode of timer/counter 5 and 6

First, the contents of PWREGS/6 are compared with the contents of up counter. If a match is found, the timer
F/F6 output is toggled. Next, timer F/F6 is again toggled and the counter is cleared by matching with TTREGS/
6. The INTTC6 interrupt is generated at this time.

When used as PPG6 pin, respective output latch should be set to “1”. During reset, the F/F6 is initialized to “07”.
The F/F6 output is configured by TC6CR<TFF6>. Therefore, the PPG6 can output either output high or output
low at first time. The timer register should write to the PWREGS/TTREGS more first than PWREGS/
TTREGS. The timer register must not write only either PWREGS5/TTREGS or PWREG6/TTREGS.

Example :Extract the pulse, whose term and “high” width is 16.3835 ms and 1 ms respectively, from PPG6 pin
with 16-bit PPG mode (at fc = 16 MHz)

LW (PWREGS), 07DOH ; Sets pulse width

LEWW (TTREGS5}, 8002H ; Sets pulse term

LD (TC5CR), 33H ; Sets the 16-bit PPG mode (Lower) and source clock (fe/2%)
LD {TCBCR), 057H ; Sets the TFF6 to “1" and sets the 16-bit PPG mode {Upper)
LD {TCBCR), 05FH ; Starts timer/counter

Note 1: In the programmable pulse generate (PPG) mode, do not change the setting of timer registers (PWREGI,
TTREGI) while timer/counter Is operating. Since PWREGI, TTREGI are configured as one-stage register, a
newly set value is immediately reflected on the timer register.

Note 2: If PPG output is stopped during output operation, the output state is maintained at the state immediately
before timer/counter is stopped. For changing the level of FPGS, modify TCBCR<TTF6> after timer/counter
has been stopped. Do not execute halt of fimer/counter and modification of TFFj simultaneously.

Example: Fixes PPG6 output at high level after timerfcounter is stopped
CLR (TCBCR).3 | Stops timerfcounter
CLR (TCEBCR).7 ; Sets PPG6 output to high level output

Note 3:i=5,6
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Figure 11-8 16-Bit PPG Mode Timing Chart (in case of timer/counter 5 and 6)
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11.3.9 Warm-up counter mode

In this mode, the warm-up period for switching the main system clock can be generated. Timer/counter 5 and
6 are used as a 16-bit timer by cascade connection.

There are 2 modes in warm-up counter mode, one is a mode from NORMAL to SLOW and the other is a
mode from SLOW to NORMAL.,

Note 1: In the warm-up mode, always write TCICR<TFFi> to “0”. If TFFiis set to “1”, unexpected pulse may be out-
put from PDOYPWMiI/PPGI pin.

Note 2: In the warm-up made, the lower 8 bits of TTREGm, TTREGn are ignored and an interrupt is generated by
matching the upper 8 bits,

Note 3:i=5,6

11.3.9.1 Warm-up counter mode for low frequency
{(NORMAL1 —» NORMALZ2 -» SLOW2 — SLOW1)
In this mode, it can obtain the warm-up period till the oscillation for low frequency (fs) is stabilized.
Before timer/counter is started, turn on low-frequency oscillation by setting SYSCR2<XTEN:> to “1”.

After timer/counter is started by setting TCmCR<TCmS>>, the contents of TTREGm, TTREGH are
compared with the contents of up counter. If a match is found, an INTTCm interrupt is generated, and the
counter is cleared to “0”,

Ir the interrupt service program, stop the timer/counter and change the system clock to low-frequency
clock by setting SYSCR2<SYSCK> to “1”.
Afier that, halt the high-frequency oscillation by clearing SYSCR2<XEN> to “0”.

Table 11-8 Warm-up Period for Low-frequency Oscillation (at fs = 32.768 kHz)

Min {at TTREGm, TTREGn = 0100H) Max (at TTREGm, TTREGn = FFO0H)

7.81 ms 198 s

Note: m=6,n=5
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Example :Switching to the SLOW1 mode after low-frequency clock has stabilized by using TCS, 5.

SET {SYSCR2). 6 ; SYSCR2<XTEN> 4—“1"

LD (YC5CR), 43H s TFF& ="0%, fs for source clock, sets 18-bit mode

LD {TC6CR), 05H ; TFF6 =“0", sets warm-up counter mode

LD (TTREGS), 8000H ; Sets warm-up time {Depend on oscillator characteristics)

o] 3 IMF €« “0"

SET (FIRE). 2 ; Enables INTTC6

El 7 IMF £—"1"

SET (TCECR). 5 ; Starls TCB, 5

PINTTCS: CLR (TCBCR). 5 ; Stops TC6, 5

SET (SYSCR2). 5 ) SYSCR2<SYSCK> «—"1”
(Switches the main system clock to the low-frequency
clock)

1 SYSCR2<XEN> <— “0” (Turns off low-frequency oscilla-

CLR (SYSCR2). 7
tion)

RETI

VINTTCE: Dw PINTTCS + INTTCS6 vector table

11.3.9.2 Warm-up counter mode for high frequency
(SLOW1 — SLOW2 —» NORMAL2 — NORMAL1)
In this mode, it can obtain the warm-up period till the oscillation for high frequency (fc) is stabilized.
Before timer/counter is started, turn on high-frequency oscillation by setting SYSCR2<XEN> to “1”.

After timer/counter is started by setting TCmCR<TCmS>, the contents of TTREGm, TTREGn are
compared with the contents of up counter. If a match is found, an INTTCm intertupt is generated, and the
counter is cleared to <07,

In the interrupt service program, stop the timer/counter and change the system clock to high-frequency
cleck by clearing SYSCR2<SYSCK> to “0™.

After that, halt the low-frequency oscillation by clearing SYSCR2<XTEN> to “0”.

Table 11-9 Warm-up Period for High-frequency Osciltation (at fo = 16 MHz)

Min (at TTREGm, TTREGN = 0100H) Max (at TTREGm, TTREGn = FFO0H)

16 s 4.08 ms
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Example :Switching to the NORMAL 1 mode after high-frequency clock has stabilized by using TC6, 5.

PINTTCS:

VINTTCE:

SET

LD

LD

LD

DI

SET

El

SET

CLR

CLR

CLR

RETI

DW

{SYSCR2),7

{TC5CR}, 63H
{TCBCR}, 05H

{TTREGS), OF800H

(EIRE). 2

(TCBCR). 5

{TCGCR}. 6

{SYSCR2). 5

(SYSCR2). 6

PINTTC6

} SYSCR2<XEN> «—*1"

; TEFS ="0", fe for source clock, sets 16-bit mode

; TFF6 ="0", sets warm-up counter mode

; Sets wam-up time (Depend on oscillator characteristics)
; IMF 0"

; Enables INTTC6

3 IMF €17

; Starts TC6, 5

; Stops TCB, 5

 SYSCR2<SYSCK> «— 0"
(Switches the main system clock to the high-frequency
clock)

1 SYSCR2<XTEN=> <— “0" {Tumns off high-frequency oscilla-
tion)

+ INTTCB vector table
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12. UART 1 (Asynchronous serial interface 1)

12.1 Configuration

[

UART1 controt register 2 Transmit data buffer 1 Receive data buffer 1
1 UARTICR1 I ! TDBUF1 | RDBUF1
H
¥
A3 A2 Shift register
BN R = SN |
” Parity bit l
B Stop bit
Transmit Shift register Receive
INTTXD1 « control cohirel
circuit cireyit -
-—-I Noise rejection circuit ’-——{'_j RXD1
F. 3
x &
INTRXD1 ¢ {1 TxD1
Y
Transmitfraceive clock M AR g6
et taleiaeiabebets Bl bbb b P B f2?
% : X G foi28
13 >eA , g
fcl26  >rB - iy A :Lz
fof52 > C " ; ¥ v
104 >+{D pY—>| Counter l : RT1SR UARTICR2
fc/208  >+E X i LA - I l ‘
fofdl16  SF ) UART1 status register
INTTC3 ¢ :
98 X Baud rate generator i | @ ﬁ

MPX: Multiplexer

Figure 12-1 UART1
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12.2 Control
UART is controlled by the UART control registers (WART1CR1, UART1CR2). The operating status can be mon-
itored using the UART status register (UART1SR).

UART+* Centrol Registers

UART1CR1 7 6 5 4 3 2 1 0
{OF95H) I_TXE | RXE | STBT | EVEN | PE | BRG {tnitial valus: 0000 0COD)

(=]

: Disable

TXE Transfer cperation : Enable

-t

: Disable

: Enable

: 1 bit

: 2 hits

: Odd-numbered parity
: Even-numbered parity

: No parity

1: Parity

000: /13 [He]
001: fc/26

010: fo/52

011: fe/104

100: fe/208

101: fo/416

110: TC3 (INTTC3)
111 fe/98

RXE Receive operation

STBT Transmit stop bit length

= Ol = O

EVEN Even-numbered parity

Write
only

ol = o

PE Parity addition

BRG Transmit clock select

Note 1: When operations are disabled by setting TXE and RXE bit to “0", the setting becomes valid when data fransmit or receive
complete. When the transmit data is stored in the transmit data buffer, the data are not transmitted. Even if data transmit
is enabled, until new data are written to the transmit data buffer, the current data are not transmitted.

Note 2: The transmit clock and the parify are common to transmit and receive.
Note 3: UART1CR1<RXE> and UART1CR1<TXE> should be sef to “0” before UART1CR1<BRG> is changed.

UARTICR2 7 3 5 4 3 2 1 0
(OF96H) | RXDNC STOPBR | (Initiaf value: **** *000)

00: Mo noise rejection (Hysteresis input)

RXDNG Selection of RXD input noise 01: Rejects pulses sharter than 31/fc [s] as noise

rejection time 10; Rejects pulses shorter than 63/fc [s] as noise Write
11: Rejects pulses shorter than 127/c [s] as noise only
. . 0: 1 bit
STCPBR Receive stop bit length 1: 2 bits

Note: When UART1CR2<RXDNC> = *01", pulses longer than 96/fc [s] are always regarded as signals; when
UART1CRZ<RXDNC> = “10", longer than 192/fc [s]; and when UART1CR2<RXDNC> = “11”, longer than 384/fc [s].

4
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UART1 Status Register and Data Buffer Registers

UART1SR 7 6 5 4 3 2
{OF95H) | PERR I FERR | OERR | RBFL [ TEND TBEP Initial value: 0000 11*%)
. 0: No parity ervor
il
PERR Parity error flag 1: Parity error
0: No frami
FERR Framing error flag ° r?mlng erer
1: Framing error
:N
OCERR Cwverrun error fiag ©: No overrun error
1: Overrun error Read
. 0: Receive data buffer empty only
RBFL Receive data buffer full flag 1: Recaive data buffer ful
. 0: Transmitting
D
TEN Transmit end flag 1: Transmit end
5 0: Transmit data buffer full
TBEP Transmit data buffer empty flag 1: Transmit data buffer empty

Note: When an INTTXD is genarated TBEP is set to “1” automatically,

UART1 Receive Data Buffer

| {Initial value: D000 0000) Read only

RDBUF1 T 3 5 4 3 2
(OF97H) |

UART1 Transmit Data Buffer
TDBUF1 7 6 5 4 3 2

(OF97H) |

—] {Initial value: 0000 0000) Wite only
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12.3 Transfer Data Format

In UARTI, an one-bit start bit (Low level), stop bit (Bit length selectable at high level, by UARTICRI<STBT=),
and parity (Select parity in UART1CR1<PE>; even- or odd-numbered parity by UART1CRI1<EVEN>) are added to
the transfer data. The transfer data formats are shown as follows.

Table 12-1 Transfer Data Format

PE | STBT Frame Length
e ] 2 ] s oo g e | w0 | 11 ] 12|

0 g —\ start { Bito X Bit1 X----X Btg X Bz ) Stopt

© 1 v T\ s s Y B X----Y Bie X 8z Y sopt stop2
T T\ s { o Y m X----X B X Bir X Party Y siopt

1 1 _\ Start W— ~:X Bit6 X Bif7 X Parity y Siop1  Stop2

Note: In order to switch the transmit data format, perform transmit operations in the following sequence except for the ini-
fial setting.

Without parity/1 STOP bit

7N

With parity/1 STOP bit Without parity/2 STOP bit

N .

With parity/2 STOP bit
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12.4 Transfer Rate

The baud rate of UART'L is set of UART1CR1<BRG>. The example of the baud rate are shown as follows.

Table 12-2 Transfer Rate

Source Clock

BRG

16 MHz 8 MHz 4 MHz
000 76800 [baud] 38400 [baud] 19200 [baud]
o001 38400 19200 9600
010 19200 9600 4800
o011 9600 4800 2400
100 4800 2400 1200
101 2400 1200 600

When TC3 is used as the UART1 transfer rate (when UART 1CR1<BRG> = “110”), the transfer clock and transfer
rate are determined as follows:

TC3 source clock

‘Transfer clock =
TTREGS setvalue
Transrer clock
Transfer rate =
18

12.5 Data Sampling

The UART receiver keeps sampling input using the clock selected by UART1CRI<BRG> until a start bit is
detected in RXD1 pin input. RT clock starts detecting “L.” level of the RXD1 pin. Once a start bit is detected, the
start bit, data bits, stop bit(s), and parity bit are sampled at three times of RT7, RTS8, and RT9 during one receiver
clock interval (RT clock). (RTO is the position where the bit supposedly starts.) Bit is determined according to
majority tule (The data are the same twice or more out of three samplings).

RXD1 pin \ Start bit A Bito
RTO 1 2 3 4 56 7 8 9101112131415 0 1 2 3 45 6 7 8 9 1011
RT clock
l l l [ | |
Internal receive data \ Start bit /( Bit0 IR

a) Without noise rejection circuit

RXD1pin |\ Start bit A Bitd X

RTO 1 2 3 4 56 7 8 9101112131415 0 1 2 3 4 5 6 7 8 9 1011

RT clock

[ 1 |
Internal receive data \ Start bit l l l A Bit0 'R’

b) With noise rejection circuit

Figure 12-2 Data Sampling
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12.6 STOP Bit Length

Select a transmit stop bit length (1 bit or 2 bits) by UART1CR1<STBT>.

12.7 Parity

Set parity/no parity by UART1CR1<PE>; set parity fype (Odd- or even-numbered} by UARTICRI<EVEN>.

12.8 Transmit/Receive

12.8.1 Data transmit

Set UART1CRI1<TXE> to “1”. Read UARTISR to check UART1SR<TBEP> = “1”, then write data in
TDBUF] (Transmit data buffer). Writing data in TDBUF1 zero-clears UART1SR<TBEP>, transfers the data
to the transmit shift register and the data are sequentially output from the TXD1 pin. The data output include a
one-bit start bit, stop bits whose mumber is specified in UART1CR1<STBT> and a parity bit if parity addition
is specified. Select the data transfer baud rate using bits 0 to 2 in UART1ICR1. When data transmit starts,
transmit buffer empty flag UART1SR<TBEP> is set to “1” and an INTTXD1 interrupt is generated.

While JART1CRI1<TXE> = “0” and from when “1” is written to UART1CR1<TXE> to when send data are
written to TDBUF1, the TXD1 pin is fixed at high level. When transmitting data, first read UART1SR, then
write data in TDBUF1. Otherwise, UART 1SR<TBEP> is not zero-cleared and transmit does not start.

12.8.2 Data receive

Set UART1CR1<RXE> to “1”, When data are received via the RXD1 pin, the receive data are transferred to
RDBUF1 (Receive data buffer). At this time, the data transmitted includes a start bit and stop bit(s) and a parity
bit if parity addition is specified. When stop bit(s) are received, data only are extracted and transferred to
RDBUF1 (Receive data buffer). Then the receive buffer full flag UART1SR<RBFL> is set and an INTRXDI
interrupt is generated. Select the data transfer baud rate using bits 0 to 2 in UARTICRI. o

If an overrun error (OERR) occurs when data are received, the data are not transferred to RDBUF1 (Receive
data buffer) but discarded; data in the RDBUF1 are not affected.

Note:When a receive operation is disabled by setting UART1CR1<RXE> bit to “0”, the setting becomes valid when

data receive is completed. However, if a framing error occurs in data receive, the receive-disabling sefling
may not become valid. If a framing error occurs, be sure to perform a re-receive operation.

12.9 Status Flag/Interrupt Signal

12.9.1 Parity error

‘When parity determined using the receive data bits differs from the received parity bit, the parity error flag
UART1SR<PERR> is set to “1”. The UART1SR<PERR> is cleared to “0” when the RDBUF1 is read after
reading the UART1SR.
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RXD1 pin X Parity y Stop

¥ ¥
Shift register 0RO X pxxxx(* X 1xxxx0

UART1SR<PERR> i/ Reading UART1SR then
H RDBUF1 clears PERR.

INTRXD1 ﬂ

Figure 12-3 Generation of Parity Error

12.9.2 Framing error

When “0” is sampled as the stop bit in the receive data, framing error flag UART1SR<FERR> is sct to “1”.
The UART1SR<FERR> is cleared to “0” when the RDBUF1 is read after reading the UART1SR.

RXD1 pin X Final bit X Stop
L4 l
Shift register X X ot X Txxxx0
UART1SR<FERR> / Reading UART1SR then
: RDBUF1clears FERR.
INTRXD1 n

Figure 12-4 Generation of Framing Error

12.9.3 Overrun error

When all bits in the next data are received while unread data are still in RDBUF1, overrun error flag
UART1SR<OERR> is set to “1”. In this case, the receive data is discarded; data in RDBUF1 are not affected.
The UART1SR<OERR> is cleared to “0” when the RDBUF1 is read after reading the UART1SR.

UART1SR<RBFL>
RXD1 pin X Finalbit Y stop
b h 4
Shift register XA X xxXAxG* X TxxxxQ
R
UART1SR<QERR> if Reading UART1SR then
: RDBUF1clears CERR.
INTRXD1 ﬁ

Figure 12-5 Generation of Overrun Error
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12.9.4 Receive data buffer full

Loading the received data in RDBUF1 sets receive data buffer full flag UARTISR<RBFL>. The
UART1SR<RBFL> is cleared to “0” when the RDBUF1 is read after reading the UART1SR.

RXD1 pin X Final bit Y stop
v hJ
Shift register 0™ X XRxx X Fxuxx(
!y
RDBUF1 yyyy X XXXX
UART1SR<RBFL> / Reading UART1SR then
? RDBUF1clears RBFL.
INTRXD1 n

Figure 12-6 Generation of Receive Buffer Full

12.9.5 Transmit data buffer empty

When no data is in the transmit buffer TDBUF1, UART1SR<TBEP> is set to “1”, that is, when data in
TDBUF]1 are transferred to the transmit shift register and data transmit starts, transmit data buffer empty flag
UART1SR<TBEP> is set to “1”. The UART1SR<TBEP> is ¢cleared to “0” when the TDBUF1 is written after
reading the UART1SR.

i Data write l Data write
XXXK X YYYY --- )( 2227

Shift register e XV 1xxxx0§ X oo X e K oix X et X ‘1yyyy{}:)<:
S T e ) T

TXD1 pin Ay Start i 4 BitD -« X Fimalbit Y Stop N\ Stat [
UART1SR<TBEP> ~__/_\ . Y

s Afiér reading UART1SR writing
INTTXDA1 rl . n TDBUF1 clears TBEP.

TDBUF1

Figure 12-7 Generation of Transmit Buffer Empty

12.9.6 Transmit end flag

When data are transmitted and no data is in TDBUF1 (UART1SR<TBEP> = “1”): transmit end flag
UARTI1SR<TEND: is set to “1”. The UART1SR<TEND?> is cleared to “0” when the data transmit is stated
after writing the TDBUF1.
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Transmii clock ﬂ n, ﬂ ﬂ ﬂ ﬂ ﬂ

Shift register HRXK X XY X i X Tyyyy0 X “1yyyy
: s "
1 ] 1
1 (] )

TXD1 pin X ) stop N st i Bit0
¢ Data writing to TDBUF1 ¢ :
H i

UART1SR<TBEP> : \ f
: :

INTTXD1 / \

Figure 12-8 Generation of Transmit Buffer Empty
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13. UART 2 (Asynchronous serial interface 2)

13.1 Configuration

UART2 control register 2 Transmit data buffer 2 Receive data buffer 2
| UARTZCR1 i | TDBUF2 | RDBUF2
‘ ,
% :
3 42 ! Shift ragister !
s > I—
P Parity bit l

n Stop bit
Transmit Shift register Receive
INTTXDZ « conirol control

clrguit circuit - = -
——-| Noise rejection circuit |——1] RXD2
A

A A
INTRXD2 ¢ {1 TXD2
Y
Transmit/receive clock M AP fomt
et Ehbi bt R bbbl : P B fo2’
. : X @l fci28
13 >HA ; ‘S
folos >HB : ] 4 ,‘
52 >R M ¥ v 2
o104 >mD p —»{ Counter l ; UART2SR i I UART2CR2 |
/208 S-lE ¥ ‘
fcld16 }_:_ [ : UART2 status register
INTTCS 7+C :
w96 ] Baud rate generator ! @ ﬁ

MPX: Muitiplexer

Figure 13-1 UART2
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13.2 Control

UART is controlled by the UART control registers ((JART2CR1, UART2CR2). The operating status can be mon-
itored using the UART status register (UART2SR).

UART2 Control Registers

UART2CR1 7 8 > : : : : :
(OFeeH) | txe | mxe [ stB7 | Even [ Pe | BRG (Initial value: 0000 000)
i 0: Disable
TXE Transfer operation 1: Enable
] ) 0: Disable
RXE Receive operation 1: Enable
. ] 0: 1 bit
STET Transmit stop bit length 1: 2 bits

: Odd-numbered parity

EVEN Even-numbered parity : Even-numbered parity

: No parity

: Parity

000: fo/13 [Hz]
po1: fo/2s

010 fo/52

011: fe/104

100: fc/208

101: fo/416

110: TCS (INTTCS)
111 fc/96

PE Parity addition only

2 ol = 0o

BRG Transmit clock select

Note 1: When operations are disabled by setting TXE and RXE bit to "0”, the setting becomes valid when data transmit or receive
complete. When the transmit data is stored in the fransmit data buffer, the data are not transmited. Even if data transmit
is enabled, until new data are written to the transmit data buffer, the current data are not transmitted.

Note 2: The transmit clock and ihe parity are common te transmit and receive.

Note 3: UART2CRT<RXE> and UART2CR1<TXE> should be set to “0” before UART2CR1<BRG> is changed.

UART2CR2 7 6 5 4 3 2 1 o
{OFg9H) RXDNC STOPBR | (Initial value: **** *000)

00: Mo noise rejection (Hysteresis input)

RXDNG Selection of RXD input noise 01: Rejects pulses sharter than 31/c [s] as noise

rejection time 10: Rejects pulses shorter than 83/f¢ [3] as noise Write
11: Rejects pulses shorter than 127/fc [s] as noise only
0; 1 bit

STOPBR Receive stop hit length

1: 2 hits

Note: When UARTZ2CR2<RXDNC> = "01°, pulses longer than 96/ffc [s] are always regarded as signals; when
UART2CR2<RXDNC> = 10", longer than 192/fc [s]; and when UARTZCR2<RXDNC> = “11", longer than 384/fc [s].

o
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UART?2 Status Register and Data Buffer Registers

UART2SR 7 6 5 4 3 2 ! 0
(0F98H) | PERR | FERR | OERR | RBFL | TEWD TBEP | (Initia) value: 5000 11*%)
14 i
PERR Parity error flag 1 ::nsj lt:rr;rror
o0: i
FERR Framing emor flag . g;;:?:;u;?;:ror
0: No averrun error
OERR Qverrun error flag 1: Overrun error
: Read
- " only
REFL | Receive data buffer full fiag 2: E:::::: :::: l;zg::ﬁur;:pty
TEND | Transmitend fiag :’ ;:::2:::"::(1
TBEP Transmit data buffer empty flag 2 ;::::rmn:: ::: E::: :Jr:_llpty

Note: When an INTTXD is generated TBEP is set to *1” automatically.

UART2 Receive Data Buffer

RDBUFZ 7 [} 5 4 3 2 1 0
(OFSAH) | (Initial value: 0000 0000} Read only

UARTZ2 Transmit Data Buffer

TODBUEZ 7 6 5 4 3 2 1 0
(OF9AH}) | {Initial value: 0000 000Q) Write only
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13.3 Transfer Data Format

In UART2, an one-bit start bit (Low level), stop bit (Bit length selectable at high level, by UART2CRI<STBT>),
and parity (Select parity in UART2CR1<PE>; even- or odd-numbered parity by UART2CRI1<EVEN>) are added to
the transfer data. The transfer data formats are shown as follows.

Table 13-1 Transfer Data Format

PE | STBT Frame Lengih
e b2 1 3 J -~ 8 1 9 | 0 | 11 | 12|

0 ¢ "N stat [ om0 ¥ Bit1 X----) B X Btz Y Stopt

o v N\ st [ B0 Y Bt X----Y mitc Y Bir Y stopt Stopz
Y0 ] T \Ustn {sio X et X----X Bie X &z X Parity ¥ Stop

t 1 N\ start_ { B0 ¥ st X----¥ e X Bz X Parity ¥ Siopt Stop2

Note: In order to switch the transmit data format, perform transmit operafions in the following sequence except for the ini-
fiaf setting.

Without parity/1 STOP bit

N,

With parity/1 STOP bit Without parity/2 STOP bit

With parity/2 STOP bit
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13.4 Transfer Rate

The baud rate of UART2 is set of UART2CR1<BRG=>. The example of the baud rate are shown as follows.

Table 13-2 Transfer Rate

Source Clock

BRG

16 MHz 8 MHz 4 MHz
000 78800 [baud) 38400 [baud] 16200 [baud]
001 38400 19200 9600
010 19200 9600 4800
o1 8600 4800 2400
100 4800 2400 1200
101 2400 1200 600

When TC5 is used as the UART?2 transfer rate (when UART2CR1<BRG> = “1107), the transfer clock and transfer
rate are determined as follows:

TCS source clock

Transfer clock =
TTREGS set value
Transrer clock
Transfer rate = p"

13.5 Data Sampling

The UART receiver keeps sampling input using the clock selected by UART2CRI<BRG> until a start bit is
detected in RXD2 pin input. RT clock starts detecting “L” level of the RXD2 pin. Once a start bit is detected, the
start bit, data bits, stop bit(s), and parity bit are sampled at three times of RT7, RT'8, and RT9 during one receiver
clock interval (RT clock). (RTO is the position where the bit supposedly starts.) Bit is determined according to
majority rule (The data are the same twice or more out of three samplings).

RXD2 pin \ Start bit A Bitd
RTO1 2 3 4 56 7 8 9101112131415 0 1 2 3 4 5 6 7 8 9 1011
RT clock
l l l L] |
Internal receive data \ Start bit A Bit0 YV

a) Without noise rejection circuit

RXDzpin |\ Start bit A B0 X

RTO1 2 3 4 56 7 8 9101112131415 0 1 2 3 45 67 8 9 101

RT clock

||
Internal receive data \ Start bit l l 'l' ,( Bit0 YVYY

b} With noise rejection circuit

Figure 13-2 Data Sampling
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13.6 STOP Bit Length

Select a transmit stop bit length (1 bit or 2 bits) by UART2CRI<STBT>.

13.7 Parity
Set parity/no parity by UART2CR1<PE>; set parity type (Odd- or even-numbered) by UART2CRI<EVEN>,

13.8 Transmit/Receive

13.8.1 Data transmit

Set UART2CRI<TXE> to “1”. Read UART2SR to check UART2SR<TBEP> = “1”, then write data in
TDBUF2 (Transmit data buffer). Writing data in TDBUF2 zero-clears UART2SR<TBEP>, transfers the data
to the transmit shift register and the data are sequentially output from the TXD?2 pin. The data output include a
one-bit start bit, stop bits whose number is specified in UART2CR1<STBT> and a parity bit if parity addition
is specified. Select the data transfer baud rate using bits 0 to 2 in UART2CR1. When data transmit starts,
transmit buffer empty flag UARTZSR<TBEP> is set to “1” and an INTTXD?2 interrupt is generated.

While UART2CRI<TXE> = “0” and from when “1” is written to UART2CR1<TXE> to when send data are
written to TDBUF2, the TXD2 pin is fixed at high level. When transmitting data, first read UART2SR, then
write data in TDBUF2. Otherwise, UART2SR<TBEP> is not zero-cleared and transmit does not start.

13.8.2 Data receive

Set UART2CR1<RXE> to “1”. When data are received via the RXD2 pin, the receive data are transferred to
RDBUF2 (Receive data buffer). At this time, the data transmitted includes a start bit and stop bit(s) and a parity
bit if parity addition is specified. When stop bit(s) are received, data only are extracted and transferred to
RDBUF?2 (Receive data buffer). Then the receive buffer full flag UART2SR<RBFL> is set and an INTRXD2
interrupt is generated. Select the data transfer baud rate using bits 0 to 2 in UART2CRI1. o

If an overrun error (OERR} occurs when data are received, the data are not transferred to RDBUF2 (Receive
data buffer) but discarded; data in the RDBUF2 are not affected.

Note:When a receive operation is disabled by setting UART2CR1<RXE> bit to “0”, the setling becomes valid when

data receive is completed. However, if a framing error occurs in data receive, the receive-disabling setting
may not become valid. If a framing error occurs, be sure to perform a re-receive operation.

13.9 Status Flag/Inferrupt Signal

13.9.1 Parity error

When parity determined using the receive data bits differs from the received parity bit, the parity error flag
UART2SR<PERR:> is set to “1”. The UART2SR<PERR> is cleared to “0” when the RDBUF2 is read after
reading the UART2SR.
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RXD2 pin X Parity y Stop
¥ A 4
Shift register KOtRO** X poacx0* X TeooxQ
UART25R<PERR> / Reading UART2SR then
: RDBUF2 clears PERR.
INTRXDz ﬂ

Figure 13-3 Generation of Parity Error

13.9.2 Framing error

When “0” is sampled as the stop bit in the receive data, framing error flag UART2SR<FERR> is set to “1”,
The UART2SR<FERR> is cleared to “0” when the RDBUF2 is read after reading the UART2SR.

RXDz pin Y Final bit X sep T
k3
Shiit register X0 X po v iy X 1xxxx0
UART2SR<FERR> / Reading UART2SR then
g RDBUF2clears FERR.
INTRXD2 n

Figure 13-4 Generation of Framing Error

13.9.3 Overrun error

When all bits in the next data are received while unread data are still in RDBUF2, overrun error flag
UART2SR<QERR:> is set to “1”. In this case, the receive data is discarded; data in RDBUF2 are not affected.
The UART2SR<OERR: is cleared to “0” when the RDBUF2 is read after reading the UART2SR.

LUART2SR<RBFL>
RXD2 pin X Final bit Y stop
k4 h A
Shift register Xxx 0™ X XXRX O™ X Txxxx
iy
UART2SR<OERR> i Reading UART2SR then
i RDBUFzclears OERR.
INTRXD2 ﬂ

Figure 13-5 Generation of Overrun Error
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13.9.4 Receive data buffer full

Loading the received data in RDBUF2 sets receive data buffer full flag UART2SR<RBFL>. The
UART2SR<RBFL:> is cleared to “0” when the RDBUF2 is read after reading the UART2SR.

RXD2 pin ¥ Final bit Y swp
v b2
Shift register X0 X XXXx0* X 1xxxx0
v
RDBUF2 yYYY X oox
UART2SR<RBFL> / Reading UART2SR then
: RDBUFzclears RBFL.
INTRXD2 N

Figure 13-6 Generation of Receive Buffer Full

13.9.5 Transmit data buffer empty

When ne data is in the transmit buffer TDBUF2, UART2SR<TBEP= is set to “17, that is, when data in
TDBUF?2 are transferred to the transmit shift register and data transmit starts, transmit data buffer empty flag
UART2SR<TBEP> is set to “1”, The UART2SR<TBEP> is cleared to “0” when the TDBUF2 is written after
reading the UART2SR.

i Data write l Data write
YOO X Yyyy -~ X zz72

Shift register g )(‘r 1xxxx0§ X *{xRXK )C -~—:X ey X b X Tyyyy@C
T i - T b

TXDz pin Ay stat i i B0 --- Y Finaibt Y stop N Stat i/
UART2SR<TBEP> __/—\ - f \

: Aftér reading UART2SR writing
INTTXD2 n L n TDBUF2 clears TBEP.

TDBUF2

Figure 13-7 Generation of Transmit Buffer Empty

13.9.6 Transmit end flag

When data are transmitted and no data is in TDBUF2 (UART2SR<TBEP> = “17), transmit end flag
UART2SR<TEND: is set to “1”, The UART2SR<TEND:> is cleared to “0” when the data transmit is stated
after writing the TDBUF2.
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Transmit clock n n ﬂ ﬂ n H ﬂ

1 1 ]

Shift register R X X X i X 1yyyyo D( “1yyyy
) i |
1 ] 1
1 1 1}

XDz pin X ) stp N sen £ Bito
J Data writing to TDBUF2 ‘L

UART2SR<TBEP>

s o

INTTXD2

Figure 13-8 Generation of Transmit Buffer Empty
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14. HSIO1 (High-Speed Synchronous Serial Interface)

The serial interfaces connect to an external device via 811, SO1, and SCKI1 pins.

When these pins are used as serial interface, the output latches for each port.

14.1 Configuration

@@

E SIO1CR SIMCR

Internal data bus %

S1017DB
£ T T 1 ] H E] T
_ﬁ H 1 1 L H I 1 |
L . Shitt clock i L Shift register on transmitter

4 F T 1 1 T 3 .
| Control circuit ] I—>| o SO1 pin
; ] £ L I L L E {Nots) .
FaY MSB/LSB {Serial data output)
Por

selection o {Nme,l——t:lSH pin

Shift register on receiver {Serial data input)
SI01RDB
T T 1

1

T T ¥ i T

Yy vy

i

ToBUS

4 o] Po:t T o
“ 1 (Nole} pin
INTSIOA Internal clack ; l . .

(Serial data output)
interrupt  input

Note: Set the register of port correchly for the port assigned as serial interface ping.
For details, see the description of the inputfoutput port confrol register.

Figure 14-1 Serial Interfaces
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14.2 Control

The SIO is controlled using the serial interface control register (SIO1CR). The operating status of the serial inter-
face can be inspected by reading the status register (SIO1CR).

Serial Interface Control Register

SI0MCR 7 6 5 4 3 2 1 0
(0D20H)
SI0s SIOINH SIOM SIODIR SCK {Initial value: 0000 D000}
. 0: Stop
§ tart/stop of t
3108 pecify start/stop of transfer 1 Syart
0 -

NH | Forcibly stops transfer (Not
siol reibly stops transfer (Note 1) | . ¢ ibly stop (Automatically cleared to "0" afier stopping)

00: Transmit mode

01: Receive mode

10; Transmit/receive mode
11: Reserved

SIOM Selects transfer mode

0: M5B {Transfer beginning with bit7}

DIR | Selects directi
SIo stects direction of transfer 1: LSB (Transfer beginning with bit0)

NORMAL1/2 or IDLE1/2 modes
SLOW/SLEEP
TBTCR TBTCR mode RAN
<DV7CK> = "0" <DV7CK>="1"
000 for212 Y fsi2t
co1 fe/2f fes2? Reserved
7

scK Selects serial clock o10 fe/2 fei2” Reserved
ot fc/28 fos2B Reserved
100 for2® fei2s Reserved
101 fcizt for2? Reserved
110 for23 foro3 Reserved
111 External clock {Input from SCK1 pin)

Note 1: When SIO1CR<SIOINH> is set to *1”, 81I01CR<SIOS>, SIO1SR register, SIO1RDB register and SIO1TDB register are
initialized. )

Note 2: Transfer mode, direction of transfer and serial clock must be select during the transfer is stopping {when SIO1SR<SIOF>
"o,

Note 3: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don't care
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Serial Interface Status Register

SIO1SR 7 8 5 4 3 2 1 0
{0021H)

SIOF SEF TXF RXF TXERR | RXERR (Initial value: 0010 00*%)

Serial transfer operation status | 0: Transfer finished
SEOF . .
monitor 1: Transfer in prograss
SEF | Number of clocks monitor 0: 8 clocks
1:1to 7 clocks Read
! 0: Data exisis in transmit buffer only
TXF Transmit buffer empty flag 1: No data exists in transmit buffer
0: No data exists in receive buffer
fwe b
RXF Recelve buffer full flag 1: Data exists in receive buffer

Read

0: — (Mo error exist}

1: Transmit buffer under run accurs in an external clock mode
Wiite

0: Clear the flag

1: — (A write of "1" {o this bit is ignored)

Read

Q: ~ {No error exist)

1: Receive buffer over run cceurs in an extemnal clock mode
\Write

0: Clear the flag

1: = (A write of "1" to this bit is ignored)

TXERR Transfer operation errer flag

RIW

RXERR Receive operation error flag

Note 1: The operation efror flag (TXERR and RXERRY) are nof automatically cleared by stopping transfer with SIO1CR<SIOS>
"0". Therefore, set these bits to "0" for clearing these ervor flag. Or set SIO1CR<SIOINH> to "1".

Note 2: * Don't care

Receive buffer register

SIOMRDB 7 <] 5 4 3 2 1 0 Read only
(0022H)

{Initial value: 0000 Q00Q)

Transmit buffer register

SIOMTDR 7 -] 5 4 3 2 1 o Wite only
(0022H)

(Initial valug; ™<= *=)

Note 1: SIO1TDB is write only register. A bit manipulation should not be performed on the transmit buffer register using a read-
modify-write instruction.

Note 2: The SIO1TDB should be written after checking SIO1SR<TXF> "1". When SIC1SR<TXF> is "0", the writing data can't be
transferred to SIO1TDB even if write instruction Is executed to SIO1TDB

Note 3: *: Don't care

14.2.1 Serial clock

14.2.1.1 Clock source

The serial clock can be selected by using SIO1CR<SCK>, When the serial clock is changed, the writing
instruction to SIOICR<SCK> should be executed while the iransfer is stopped (when SIO1SR<SIOF>
“055)

(1) internal clock
Setting the SIO1ICR<SCK> to other thar “111” outputs the clock (Shown in Table 2.8.2) as serial

clock outputs from SCKI pin. At the before beginning or finishing of a transfer, SCK1 pin is kept in
high level.
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When writing (in the transmit mode) or reading (in the receive mode) data can not follow the serial
clock rate, an automatic-wait function is executed to stop the serial clock automatically and hold the
next shift operation until reading or writing is completed. The maximum time from releasing the
automatic-wait function by reading or writing a data is 1 cycle of the selected serial clock until the
serial clock comes out from SCK1 pin.

SIO1CR<SIOS> ! Automatically wait

I —
SCKT pin output HHII”II!I'”I Il’l!ll!llll””
$O1 pin \a7XasXasxpaXasyazXa 1 Ao (B7XpeXEsXe B axeere e
SIO1TDB XE X B

Automatic wait is released by writing SIO1TDB

Figure 14-2 Automatic-wait Function (Example of transmit mode)

Table 14-1 Serial Clock Rate (fc = 16 MHz, fs = 32.768kHz)

NORMAL1/2, IDLE1/2 Mode SLOW1/2, SLEEP1/2 Mode
TBTCR<DV7CK> ="0" TBTCR<DV7CK> ="1"

Serial Clock Baud Rate
SCK Serial Clock Baud Rate Serial Clock Baud Rate
000 fo/212 3.906 kbps fs/24 2048 bps fafot 2048 bps
00t [ 62.5 kbps jor28 62.5 kbps Reserved -
010 fef27 125 kbps fero? 125 kbps Reserved -
on foi2® 250 kbps fc/2® 250 kbps Reserved -
100 [ 500 kbps fc/o8 500 kbps Reserved -
10t [ 1.00 Mbps for2t 1.00 Mbps Reserved -
110 fo/2? 2.00 Mbps 23 2,00 Mbps Reserved

(2) External clock
When an external clock is selected by setting SIO1CR<SCK> to “1117%, the clock via the SCK1 pin
from an external source is used as the serial clock.

To ensure shift operation, the serial clock pulse width must be 4/fc or more for both “H” and “L.”
levels.

KT pin '\ 7 ~_ /S

1SCKL, ISCKL > 4ffc

Figure 14-3 External Clock
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14.2.1.2 Shift edge

The leading edge is used to transmit data, and the trailing edge is used to receive data.

(1) Leading edge shift

Data is shifted on the leading edge of the serial clock (falling edge of the SCK1 pin input/output).

(2) Trailing edge shift

Data is shifted on the trailing edge of the serial clock (rising edge of the SCK1 pin input/output).

SIO1CR<$IOS> [
SCKT pin 2 R 2 R S DR S B 2 D 2 A 2 B

Shift register 01234567& ~0123456 X 012345 ¥ *~o01234 X 0123 X veprz X et X oo X
| Shift out

01 pin \ Bz X st ¥ mis X B X 8@ K B2 X Bit X 80

(&) Leading edge shift (Example of MS8 transfer)

SIO1CR<$108> [
SR pin L4 L+ L+ L+ L+ L+ L3 L3
Si1 pin X ez X st X Bas X 8w X mts X Bz X B X aw

Shift register suvmress N0 quasnss W0 gpens W0gzen Y0 gsayeee X 34567+ ¥ 234567 X 1234567 X 01234567

(b} Trailing edge shift (Example of MSB transfer)

Figure 14-4 Shift Edge

14.2.2 Transfer bit direction
Transfer data direction can be selected by using SIO1CR<SIODIR>. The transfer data direction can't be set
individually for transmit and receive operations.

‘When the data direction is changed, the writing instruction to SIO1CR<SIODIR> should be executed while
the transfer is stopped (when SIO1CR<SIOF> “07)
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SIGCR<SIOS> [

SEKT pin ?\!+|%E¥E+}+I+I§|
SIO1TDB :)( A ) -

S01 pin Nooar X oA XA Xoar X oA X oAz X oar X Ao

{a) MSB transfer

SIO1CR<5I0S> !

SCKT pin §\|+|§i¥|+|%|+|+|
SIO1TOB ::XA )swft t

S01 pin N a0 X oA X oAz X oAz X A X a5 X A X AT

{b) LSB transfer

Figure 14-5 Transfer Bit Direction (Example of transmit mode)

14.2.2.1 Transmit mode

(1) MSB transmit mode

MSB transmit mode is selected by setting SIOICR<SIODIR> to “0”, in which case the data is
transferred sequentially beginning with the most significant bit (Bit7).

(2) LSB transmit mode
LSB transmit mode is selected by setting SIO1CR<SIODIR> to “17, in which case the data is
transferred sequentially beginning with the least significant bit (Bit0).

14.2.2.2 Receive mode

(1) MSB receive mode

MSB receive mode is selected by setting SIO1CR<SIODIR> to “0”, in whjch case the data is
received sequentially beginning with the most significant bit (Bit7).

(2) LSB receive mode

LSB receive mode is selected by setting SIO1CR<SIODIR> to “17, in which case the data is
received sequentially beginning with the least significant bit (Bit0).
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14.2.2.3 Transmit/receive mode

(1) MBSB transmitireceive mode
MSB transmit/receive mode are selected by setting SIO1ICR<SIODIR> to “0” in which case the
data is transferred sequentially beginning with the most significant bit (Bit7) and the data is received
sequentially beginning with the most significant (Bit7).
{2) LSB transmit/receive mode
LSB transmit/receive mode are selected by sefting SIO1CR<SIODIR> to “1%, in which case the
data is transferred sequentially beginning with the least significant bit (Bit0) and the data is received
sequentially beginning with the least significant (Bit0).
14.2.3 Transfer modes

Transmit, receive and transmit/receive mode are selected by using SIOLCR<SIOM:>,

14.2.3.1 Transmit mode

Transmit mode is selected by writing “00” to SIO1CR<SIOM>.

(1) Starting the transmit operation

Transmit mode is selected by setting “00” to SIOICR<SIOM:=>. Serial clock is selected by using
SIO1CR<SCK>. Transfer direction is selected by using SIOICR<SIODIR>.

When a transmit data is written to the transmit buffer register (SIOITDB), SIO1SR<TXF> is
cleared to “0”. '

After SIO1ICR<SIOS> is set to “1”, SIO1SR<SIOF> is set synchronously to “1” the falling edge of
SCK1 pin.

The data is transferred sequentially starting from SO1 pin with the direction of the bit specified by
SI01CR<SIODIR>, synchronizing with the SCK1 pin's falling edge.

SIO1SR<SEF=> is kept in high level, between the first clock falling edge of SCK1 pin and eighth
clock falling edge.

SIO1SR<TXF> is set to “1” at the rising edge of pin after the data wriften to the SIQ1TDB is
transferred to shift register, then the INTSIO1 interrupt request is generated, synchronizing with the
next falling edge o SCK1 pin.

Note 1: In internal clock operation, when SIO1CR<SIOS> is set to "1", transfer mode does not start
without writing a transmit data to the transmit buffer register (SIO1TDB).

Note 2: In internal clock operation, when the SIO1CR<SIOS> is setto "1", SIC1TDB is tnansferred to
shift register after maximum 1-cycle of serial clock frequency, then a serial clock Is output from
SCK1 pin.

Note 3: In external ciock operation, when the falling edge is input from SCK1 pin after SI01CR<SIOS> is
setto "1", SIO1TDB is transferred to shift register immediately.

(2) During the transmit operation

When data is written to SIO1TDB, SIO1SR<TXF=> is cleared to “0”.

In internal clock operation, in case a next transmit data is not written to SIO1TDB, the serial clock
stops to “H” level by an automatic-wait function when all of the bit set in the SIOITDB has been
transmitted. Automatic-wait function is released by writing a transmit data to SIO1TDB. Ther, trans-
mit operation is restarted after maximum 1-cycle of serial clock.
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When the next data is written to the SIO1TDB before termination of previous 8-bit data with
SIO1SR<TXF> *“1”, the next data is contimuously transferred after trapsmission of previous data.

In external clock operation, after SIO1SR<TXF> is set to “17, the transmit data must be written to
SIOITDB befors the shift operation of the next data begins.

If the transmit data is not written to SIO1TDB, transmit error occurs immediately after shift opera-
tion is started. Then, INTSIO1 interrupt request is generated after SIO1SR<TXERR> is set to “1”.

(3) Stopping the transmit operation

There are two ways for stopping transmits operation.

= The way of clearing SIO1CR<SIOS>.
When SIOICR<SIOS> is cleared to “07, transmit operation is stopped after all transfer of the
data is finished. When transmit operation is finished, SIO18R<SIOF> is cleared to “0” and
S01 pinis kept in high level.
In external clock operation, SIO1CR<SIOS> must be cleared to “0” before SIO1SR<SEF> is
set to “1* by beginning next transfer.

« The way of setting SIO1CR<SIOINH=.
Transmit operation {s stopped immediately after SIO1CR<SIOINH> is set to “1”. Inx this
case, SIOICR<SIOS>, SIO1SR register, SIO1RDB register and SIO1TDB register are ini-
tiatized,

Clearing SIOS

:
iy

SIO1CR=<SI0S> I

SI01SR<SIOF> Start shift Start shift
operation ¥ operation

H
1]
:
'
| _ Start shift
¥ " operation

SIO1SR<SEF>

rof————p |
Automatic wait

SCK1 pin outout

801 pin B7§R

SIO1SR<TXF> l ’ [ ! i

INTSIO1

interrupt r ﬂ r "

request \ \

SI01TDB A X 8 X C
Wiiting transmit  Writing transmit Whiting transmit
data A data B data C

Figure 14-6 Example of Internal Clock and MSB Transmit Mode

o
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, Writing transmit data |
- >
H

Clearing S108

I
D—

Start shift | Start shift | _ Startshift
operation | operation f operation

' L

-
-

SIO1CR<SIOS>

H
H
H
1

L]
¥
H
H
H
H
i
L]
i

H
1
El
i
i
1
SIO1SR<SIOF> :
]
t

L

SIO18R<8EF>

SIO1SR<TXF> _!

INTSIO r r ' r

interrupt

request \ \

3101TDB <SI0S> A X B X C
Whriting transmit  Wting transmit Wiiting transmit
data A data B data C

Figure 14-7 Exaple of External Clock and MSB Transmit Mode

SCK1 pin l I

SIO1SR<SICF=> l

801 pin X /

i tSoDH L
e —

Affe = 'SQDH = 8/ic

(4) Transmit error processing

Transmit errors occur o the following situation.

» Shift operation starts before writing next transmit data to SIO1TDB in external clock opera-
tion.
If transmit errors occur during transmit operation, SIO1SR<TXERR> is set to “1” immedi-
ately after starting shift operation. Synchronizing with the next serial cldck falling edge,
INTSIO!1 interrupt request is generated.
If shift operation starts before writing data to SIO1TDD after SIO1CR<SIOS> is set to “17,
SIO1SR<TXERR:> is set to “1” immediately after shift operation is started and then
INTSIO1 interrupt request is generated.
8101 pin is kept in high level when SIOTSR<TXERR> is set to “1”. When transmit error
occurs, transmit operation must be forcibly stop by writing SIO1CR<SIOINH> to “1”. In
this case, SIO1CR<SIOS>, SIO1SR register, SIO1RDB register and SIOITDB register are
initialized.
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SIO1CR<SIOS>

1

O\

SIOISR<SIOF> Start shift Start shift Start shifi
operation W__ operation ¥ operation
SI018R<SEF> L.' ]
SCK1 pin ”H””
SO1 pin ATYASK ASK adX asxazda 1XaoKE7 {aaBsyBs aaXBaXB1Xen
SIOM1SR<TXF>
SIO1SR<TXERR> / /

fl f A\l

B f / / Unknown

INTSICH

interrupt

request \

SIO1TDB A X

Writing transmit  Whiting fransmit

SI01CR

<SIOINH> data A dafa B
14.2.3.2 Receive mode

The receive mode is selected by writing “01” to SIO1CR<SIOM>.

(1) Starting the receive operation

Receive mode is selected by setting “01” to SIOICR<SIOM:>. Serial clock is selected by using
SIO1CR<8CK>. Transfer direction is selected by using SIO1CR<SIODIR™>.

After SIO1CR<SIOS> is set to “1”, 8I01SR<SIOF> is set synchronously to “1” the falling edge of
SCK1 pirm.

Synchronizing with the SCK1 pin's rising edge, the data is received sequentially from SI1 pin with
the direction of the bit specified by SBIIDIR<SIODIR=~.

SIOQISR<SEF:> is kept in high level, between the first clock falling edge of SCK1 pin and eighth
clock falling edge.

When 8-bit data is received, the data is transferred to SIO1RDB from shift register. INTSIO1 inter-
rupt request is generated and SIO1SR<RXF> is set to “1”

Note: Ininternal clock operation, when the SIO1CR<SIOS> is set to "1", the serial clock is generated
from SCKT pin after maximum 1-cycle of serial clack frequency.

o

@)

During the receive operation

The SIO1SR<RXF> is cleared to “0” by reading a data from SIO1RDB.

In the internal clock operation, the serial clock stops to “H” level by an automatic-wait function
when the all of the 8-bit data has been received. Automatic-wait function is released by reading a
received data from SIO1RDEB. Then, receive operation is restarted after maximum I-cycle of serial
clock.

In external clock operation, after SIO1SR<RXF> is set to “17, the received data must be read from
SIOIRDB, before the next data shift-in operation is finished.
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If received data is not read out from SIOIRDB receive error occurs immediately after shift opera-
tion is finished. Then INTSIO1 interrupt request is generated after SI01SR<RXERR> is set to “17.

(3} Stopping the receive operation

There are two ways for stopping the receive operation.

* The way of clearing SIO1CR<SIOS>.
When SIO1CR<SIOS> is cleared to “0”, receive operation is stopped after all of the data is
finished to receive. When receive operation is finished, SIO1SR<SIOF> is cleared to “0”.
In external clock operation, SIO1CR<SIOS> must be cleared to “0” before SIO1SR<SEF> is
set to 17 by starting the next shift operation.

* The way of setting SIO1CR<SIOINH>,
Receive operation is stopped immediately after SIO1CR<SIQINH> is set to “1”, In this case,
SIOICR<SIOS>, SIO1SR register, SIO1RDB register and SIO1TDB register are initialized.

Clearing SI0S

SIO1CR<SIOS> _J I
SIO1SR<SIOF> Start shift Start shift ! Start shift
operation f operation :[ operation

SICt1SR<SEF> i

5CK7T pin

SI1 pin

SIO1SR<RXF>

INTSICH
interrupt

'
1
request ¢
X

SIO1RDB

|
\
A X B X

Wiriting transmit - Writing transmit Wiriting transmst
data A dats B data C

Figure 14-8 Example of Internal Clock and MSB Receive Mode
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Reading raceived data

- L
- >

Clearing SIOS

l
D—

A
Y

SI01CR<5I08> I

B
'
B,
i
¥
t
v
i
[
H
i
1
]
]
)
]
1
1

81018R<SIOF> ) )
Start shift Start shift Start shift L_—
aperation f operation operation '

SIO1SR<SEF> I :

3CK1 pin

Si1 pin E@@@@@@%@@@@@@@@@@@@@@@m

SI018R<RXF> ’
INTSIO1
interrupt r " r ﬂ r
request ¢ \ \ \
SIO1RDB X A X B X.c
Writing fransmit Writing transmit Writing transmit
data A data B data C

Figure 14-9 Example of External Clock and MSB Receive Mode

{4} Receive error processing

Receive errors occur on the following situation. To protect SIOIRDB and the shift register con-
tents, the received data is ignored while the SIO1SR<RXERR> is “17.

= Shift operation is finished before reading out received data from SIO1RDB at
SIO1SR<RXF> is “1” in an external clock operation.
If receive error occurs, set the SIO1CR<SIOS> to “0” for reading the data that received =
immediately before error occurence. And read the data from SIO1RDB. Data in shift register
(at errors occur) can be read by reading the SIO1RDB again.
When SIO1SR<RXERR> is cleared to “0” after reading the received data, SIO1SR<RXF> is
cleared to “0”,
After clearing SIO1CR<SIOS> to “0”, when 8-bit serial clock is input to SCK1 pin, receive
operation is stopped. To restart the receive operation, confirm that SIO1SR<SIOF> is
cleared to “0”.
If the receive error occurs, set the SIO1CR<SIQINH> to “1” for stopping the receive opera-
tion immediately. In this case, SIOICR<SIOS>, SIO18R register, SIO1RDB register and
SIO1TDB register are initialized.
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SIG1CR<5I0S> ; {
\\_ﬂ

SIO1SR<SIOF> Start shift Start shif Start shit L
operation ¥ operation f oparation

SIO1SR<SEF> L |
s pin E@@@@@@@“@@@@@@G%@@@@@@@ &

SIO1SR<RXF> I ;

S1018R<RXERR> l
Write a "0" afier reading the

_iNTSlO'l taceived data when a receive
interrupt erEnY DOCUTS.

|
req J
X

SIO1RDB

A B

Writing transmit ~ Writing transmit
data A dataB

Figure 14-10 Example of Receive Error Processing

Note: If receive emor is not corrected, an inlerrupt request does not generate after the error occurs.

14.2.3.3 Transmit/receive mode

The transmit/receive mode are selected by writing “10” to SIO1CR<SIOM>.

(1) Starting the fransmit/receive operation

Transmit/receive mode is selected by writing “10” to SIO1CR<SIOM>. Serial clock is selected by
using SIO1CR<SCK>. Transfer direction is selected by using SIO1CR<SIODIR>,

When a transmit data is written to the transmit buffer register (SIOITDB), SIO1SR<TXF> is
cleared to “0”.

After SIO1ICR<SIOS> is set to “17, SIO1SR<SIOF> is set synchronously to the falling edge of
SCK1 pin.

The data is transferred sequentially starting from SO1 pin with the direction of the bit specified by
SIO1CR<SIODIR>, synchronizing with the SCKT pin's falling edge. And receiving operation also
starts with the direction of the bit specified by SIO1CR<SIODIR>, synchronizing with the SCKI
pin's rising edge.

SIO18R<SEF> is kept in high level between the first clock falling edge of SCK1 pin and eighth
clock falling edge.

SIO1SR<TXF> is set to “1” at the rising edge of SCK1 pin after the data written to the SIO1TDB is
transferred to shift register. When 8-bit data has been received, the received data is transferred fo
SIOIRDB from shift register, then the INTSIO1 interrupt request occurs, synchronizing with setting
SIO1ISR<RXF> to “1”.

Note 1: In internal clock operation, when the SIO1CR<S8I0S> is set to "1", SI01TDB is transferred to
shift register after maximum 1-cycle of serial clock frequency, then a serial clock is output from
SCK1 pin.

Note 2: In external ¢lock operation, when the falling edge is input from SCK1 pin after SIO1CR<SI0S> is
set to "1", SIO1TDB is transferred to shift register immediately. When the rising edge is input
from SCK1 pin, receive operation also starts.
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(2) During the transmit/receive operation

When data is written to SIO1TDB, SIQ1SR<TXF> is cleared to “0” and when a data is read from
SIOIRDB, SIO1SR<RXF> is cleared to “07.

In internal clock operation, in case of the condition described below, the serial clock stops to “H”
level by an automatic-wait function whemn all of the bit set in the data has been transmitted.

» Next transmit data is not written to SIO1TDB afier reading a received data from SIOIRDB.
» Received data is not read from SIO1RDB after writing a next transmit data to SIO1TDB.
» Neither SIO1TDB nor SIO1RDB is accessed afier transmission.

The automatic wait function is released by writing the next transmit data to SIO1TDB after reading
the received data from SIO1RDB, or reading the received data from SIO1RDB after writing the next
data to SIO1TDB.

Then, transmit/receive operation is restarted after maximum 1 cycle of serial clock.

In external clock operation, reading the received data from SIO1RDB and writing the next data to
SIO1TDE must be finished before the shift operation of the next data begins.

If the transmit data is not written to SIO1TDB after SIO1SR<TXF> is set to “17, transmit error
occurs immediately after shift operation is started. When the transmit error occurred,
SIO1SR<TXERR> is set to “1”.

If received data is not read out from SIOIRDB before next shift operation starts after setting
SIOQ1SR<RXF> to “17, receive error occurs immediately after shift operation is finished. When the
receive error has occurred, SIO1SR<RXERR> is set to “1”.

(3) Stopping the transmit/receive operation

There are two ways for stopping the transmit/receive operation.

» The way of clearing SIO1CR<SIOS>,
When SIO1CR<SIOS> is cleared to “0”, transmit/receive operation is stopped after all trans-
fer of the data is finished. When transmit/receive operation is finished, SIO1SR<SIOF> is
cleared to “0” and SO1 pin is kept in high level. o
In external clock operation, SIO1CR<SIOS> must be cleared to “0” before SIO1SR<SEF> is
set to “1” by beginning next fransfer.

» The way of setting SIO1CR<SIOINH>.
Transmit/receive operation is stopped immediately after SIO1CR<SIOINH=> is set to “1”. In
this case, SIO1CR<SIOS>, SIO1SR register, SIO1RDB register and SIO1TDB register are
initialized.

Page 168



TOSH IBA TENTATIVE TMPBEFS49UG

Clearing SICS

SIO1CR<SIOS> | i |
51015R<SIOF> Start shift Start shift | Startshift
oparation f operation f operation

SIO1SR<SEF>

SCK1 pin output

S01 pin
Si1 pin
INTSION
interrupt
request
X
SIO1SR<TXF> | I ! I
SIO1TDB X A X 8 A ¢
Writing transmit Writing trangmit Writing transmis
data A data B data C
BI00128R<RXF> I ! 1 ] ! !
$10012RDB X D A E XF
Reading received Reading received Reading received
data D data E data ¥

Figure 14-11 Example of Internal Clock and MSB Transmit/Receive Mode
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SIO1CR<SIOS>
SIO1SR<SIOF>
SIO1SR<SEF>

. SCKA pin output
S01 pin

81 pin

INTSIO1
intermupt
request
SIO1SR<TXF>

SI01TDB

SI01SR<RXF>

SIO1RDB

. Reading recelved data

' Whiling transmit data

[l

T, Clearing SI05

i

B

|

Y

M

Starf shift
oparation

Start shift
operafion

;

Start shift
operation

P EERET LS EEEEE Bt

P EEEEREREEEERENPEEERRERE
HEREROEREERERNRNGE

AP

1
3
5
1
)
]
1
i
1
1
i
]
1
1

1

[

z::\l.___._:.---w

L
{

XA X B

X ¢

VWriting transmit
‘data B

J

Writing transmit
data A

Wiriting transmit
data C

I

1

R
X0

X E

XF

Reading received ‘
data D

v

Reading received
data E

Reading received
data F

Figure 14-12 Example of External Clock and MSB Transmit/Receive Mode

(4) Transmit/receive error processing

Transmit/receive errors occur on the following situation. Corrective action is different, which

errors occur transmits or receives.

(2) Transmit errors

Transmit errors occur on the following situation.

= Shift operation starts before writing next transmit data to SIO1TDB in external clock op-

eration.

If transmit errors occur during transmit operation, SIO1SR<TXERR> is set to “1” im-

mediately after starting shift operation. And INTSIO1 interrupt request is generated af-
ter all of the 8-bit data has been received.
If shift operation starts before writing data to SIO1TDB after SIO1CR<SIOS> is set to
“1”, SIO1SR<TXERR> is set immediately after starting shift operation. And INTSIO1
interrupt request is generated after all of the 8-bit data has been received.
SO1 pin is kept im high level when SIO1SR<TXERR> is set to “1”. When transmit error
occurs, transmit operation must be forcibly stop by writing SIO1CR<SIOINH> to “1”

after the received data is read from SIO1RDB. In this case, SIOICR<SIOS>, SIOISR
register, SIOIRDB register and SIO1TDB register are initialized.
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SIOtCR<SIOS> |

SIO1SR=SIOF> Start shift Start shift Start shift |—
operation ¥ operation ¥ operation f

SI01SR<SEF> ]

SCK1 pin output

/]
- .

SI1 pin

INTSIOT
interrupt
request

SIO1SR<TXF> % | l |

SIO1SR<TXERR>

sI01TD8 XA X B

Winting transmit Writing fransmit
data A dafa B

SIO1SR<RXF> I I M

i

\Unknown

\...._‘__’/

SIO1RDB X D X E AR\
Reading receivad Reading received Reading received
data D data E ' dala ¥

SIO1CR<SIOINH>

Figure 14-13 Example of Transmit/Receive (Transmit) Error Processing

(b) Receive errors

Receive errors occur on the following situation, To protect SIOIRDB and the shift register
contents, the received data is ignored while the SIO1SR<RXERR> is “1”,

= Shift operation is finished before reading out received data from SIO1RDB at
SIOISR<RXF> is *“1” in an external clock operation.
If receive error occurs, set the SIO1CR<SI0S> to “0” for reading the data that received
immediately before error occurence. And read the data from SIO1RDB. Data in shift
register (at errors occur) can be read by reading the SIOIRDB again,
When SIO1SR<RXERR> is cleared to “0” after reading the received data,
SIO1SR<RXF> is cleared to “0”.
After clearing SIO1CR<8108> to “0”, when 8-bit serial clock is input to SCK1 pin, re-
ceive operation is stopped. To restart the receive operation, confirm that
STO1SR<SIOF> is cleared to “0”.
If the received error occurs, set the STOTCR<SIOINH> to “1” for stopping the receive
operation immediately. I this case, SIO1CR<8I0S>, SIQ18R register, SIO1RDB reg-
ister and SIO1TDB register are initialized.
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siowcrssios> |
SIO1SR<SIOF> [ smishit | Stari shit Start shift /‘}\

operation ¥ operation ¥ operation

SI018R<SEF>

SCK1 pin output
i

SOt pin W@@@@@@@@@@@@@@@@@@‘% 3
Sit pin @@@@@@@@@@@@@@@@@@@5@@@9 ko

INTSION
interrupt
request " "
SI018R<TXF> [ [ IJ—J J—, ’ I ) l
S101TDB X A X B X C X Unknown
Whriting transmit Vriting transrnit Whiting fransmit
data A data B data C
SIO1SR<RXF> |
A
SI01SR<RXERR> \
SIO1RDB XD XEW{ X ooH

Reading received  Reading received
data D data

SIO1CR<SIOINH>

Figure 14-14 Example of Transmit/Receive (Receive) Error Processing

Note: If receive error is not corrected, an interrupt request does not generate after the error
OCCUrs.

SCK1 pin 1

SIO18R<SIOF>

SO1 pin X

]
l 'SODH !
H ]

4ffc < t5ODH < 8if¢

Figure 14-15 Hold Time of the End of Transmit/Receive Mode
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15. HSIO2 (High-Speed Synchronous Serial Interface)

The serial interfaces connect to an external device via 812, SO2, and SCK2 pins.

When these pins are used as serial interface, the output latches for each port.

156.1 Configuration

@@

I S1I02CR l SI02CR

Internal data bus S

5102TDB
. T t 1 Y H H T
—::I 1 I ' ) 3 1 I |

. Shift clock { L ’ ?hafi {egaster on transmitter

. ) H 3 [ ) Port .
! Control circuit i L Note) 502 pin

7 'MSB!LSS ‘ S—— : : : — {Serial data output}
selection o l4—| (N;e,[—( | Sz pin

Shift register on receiver {Seriai data input)
SI02RDB
H H T

Yy

h 4

To BUS

v = ‘@D 5CRZ pin

| {Mote} <
INTSIOZ Internal clock ) {Serial data outpuf)
interrupt  input

Note: Set the register of port correctly for the port assigned as serial interface pins.
For details, see the description of the input/output port contral register.

Figure 15-1 Serial Interfaces
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15.2 Control

The SIO is controlled using the serial interface control register (SIO2CR). The operating status of the serial inter-
face can be inspected by reading the status register (SIO2ZCR).

Serial Interface Control Register

SI02CR 7 -] 5 4 3 2 1 0
{0031H) | s108 | SIOJNH| SIOM | SIODERl SCK (Initial value: 0000 000O)
. 0: Stop
1 S
8108 pecify start/stop of transfer 1- Stort
0:—

SIOINH | Forcibly stops transfer (Note 1) | . ¢ iy stop (Autematically cleared to "0" after stopping)

00: Transmit mode

01; Receive mode

10: Transmitireceive mode
11: Reserved

SIOM Selects fransfer mode

0: MSB {Transfer beginning with bit7)

3] lects direction of transf - oL
SIODIR Sele Ireciion of transier 1: LSB (Transfer beginning with bit0}

NORMAL1/2 or IDLE1/2 modes
SLOW/SLEEP
TBTCR TBTCR mode RAW
<DV7CK=>="Q" <DV7CK> ="1"
000 fef2t? fsi2* fsi2*
001 for2® fes2® Reserved
7 7
8CK Selects serial clock 010 fo/2 foi2 Reserved
011 fof26 fes28 Reserved
100 for28 fci2® Reserved
101 for2t fe/2? Reserved
110 fo/2® foi2® Reserved
m External clock {Input from SCK1 pin)

Note 1: When SIQ2CR<SIOINH> is set to "1", SIO2CR<SI0S>, SIO2SR register, SIO2RDB register and SIO2TDB register are
initialized.

Note 2: Transfer mode, direction of transfer and serial clock must be select during the transfer is stopping (when SIO28R<SIOF>
WOI')‘

Note 3: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz), *: Don't care
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Serial Interface Status Register

SI02%R 7 6 5 4 3 2 1 i}
(0032H) | SIOF | SEF | ™F | RxF [ TxeRR | Rxerr ] ‘ ! (Initial value: 0010 00*)
SIOF Serial fransfer operation status | 0; Transfer finished
monitor 1: Transfer in progress
1}
SEF Number of clocks monitor 8 clocks
1: 1to 7 clocks Read
0: Data exists in transmit buffer only
it b
TXF Transmit buffer empty flag 1: No data exisés in transmit buffer
RXE Receive buffer full flag 0: No data exists in receive buffer

-

: Data exists in receive buffer

Read

0: — (No error exist}

1: Transmit buffer under run occurs in an external clock mode
Write

0: Clear the flag

1: — (A write of 1" to this bit is ignored)

Read

0: — (No envor exist)

1: Receive buffer over run occurs in an external clock mede
Wite

0: Clear the flag

1: — (A write of 1" fo this bit is ignored)

TXERR Transfer operation error flag

RiW

RXERR Receive operation error flag

Note 1: The operation error flag (TXERR and RXERRY) are not automatically cleared by stopping transfer with SIO2CR<SI0S>
"0". Therefore, set these bits to "0" for clearing these error flag. Or set SIO2CR<SIOINH> to "1".

Note 2: *: Don't care

Receive buffer register

SIO2RDB 7 6 5 4 3 2 1 0 Read only
(002BH) | | (Initial value: 0000 0000)

Transmit buffer register

S102TDB 7 B 5 4 3 2 1 0 Write only

(002BH) | ; (Initial value: = =)

Note 1: SIO2TDB is write only register. A bit manipulation should not be performed on the transmit buffer register using a read-
modify-write instruction.

Note 2: The SIO2TDB should be written after checking SIO2SR<TXF> "1". When SIO28R<TXF> is "0", the writing data can't be
transferred to SIO2TDB even if write instruction is executed to S102TDB .

Note 3: *: Don't care

15.2.1 Serial clock

15.2.1.1 Clock source 4

The serial clock can be selected by using SIO2CR<SCK>. When the serial clock is changed, the writing
instruction to SIO2CR<SCK> should be executed while the transfer is stopped (when SIO2SR<SIOF>
“05,)

(1) internal clock
Setting the SIO2CR<SCK> to other than “111” outputs the clock (Shown in Table 2.8.2) as serial

clock outputs from SCK2 pin. At the before beginning or finishing of a transfer, SCK2 pin is kept in
high level,
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When writing (in the transmit mode) or reading (in the receive mode) data can not follow the serial
clock rate, an automatic-wait function is executed to stop the serial clock automatically and hold the
next shift operation until reading or writing is completed. The maximum time from releasing the
automatic-wait function by reading or writing a data is 1 cycle of the selected serial clock until the
serial clock comes out from SCRZ pin.

SI02CR<SI0S> I Automatically wait

SCK2 pin output I]l[l””lll”li /”Iillilllllllllll
S02 pin \ATXAGKASKALXAIXAZXAIX A (B7XEeXE5XBaXB3XB2X B 1XB0

SIO2TDR "_“X A X B
T

Automatic wait is released by writing SIO2TDB

| e

Figure 15-2 Automatic-wait Function (Example of transmit mode)

Table 15-1 Serial Clock Rate (fc = 16 MHz, fs = 32.768kHz)

NORMAL1/2, IDLE1/2 Made SLOW1/2, SLEEP1/2 Mode
TBTCR<DV7CK> = "0" TBTCR<DV7CK>="1"
Serial Clock Baud Rate

SCK Serial Clock Baud Rate Serial Clock Baud Rate
000 for2t2 3.906 kbps far2t 2048 bps fsi2? 2048 bps
001 [ 82,5 kbps fof28 62,5 kbps Reserved -
010 fef27 125 kibps for2” 125 kbps Reserved -
011 foi2® 250 kbps for28 250 kbps Reserved -
100 fof28 500 kbps fof?® 500 kbps Reserved -
101 foiot 1.00 Mbps foi2* 1.00 Mbps Reserved -
110 o2 2.00 Mbps for2® 2.00 Mbps Reserved

(2) External clock

When an external clock is selected by setting SIO2CR<SCK>> to “1117, the clock via the SCK2 pin
from an external source is used as the serial clock.

To ensure shift operation, the serial clock pulse width must be 4/fc or more for both “H” and “L”
fevels.

.

$GRS pin \ % NS

tSCKL ISCKH

»
v
Y

ISCKL, 1SCKL & 4/

Figure 15-3 External Clock
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15.2.1.2 Shift edge

The leading edge is used to transmif data, and the frailing edge is used to receive data.

(1) Leading edge shift

Data is shifted on the leading edge of the serial clock (falling edge of the SCK2 pin input/output).

(2) Trailing edge shift

Data is shifted on the trailing edge of the serial clock (rising edge of the SCKZ pin input/output).

SI02CR<SI08> !
SGRE pin S B S D S D S S B 2 B A R

Shift register 01234567% *0123456 X =012345 X *v01234 X wwo1as X mema X wewepr X ameeg Y e
| shift out

S02 pin N\ B X mwe X Bis X B4 X sw X stz X But X B0

(a) Leading edge shift (Example of M3B transfer)

SI02CR<SI0S> [
= I o IR e N o TR O s P o T OO
SI2 pin X ez X s X sws X mwm X st X stz X Bt X B

Shift register X 7 X e X saree X aser X saserr X 23ase7 X 1234567+ X 01234567

(b} Trailing edge shift (Example of MSE fransfer)

Figure 15-4 Shift Edge

15.2.2 Transfer bit direction

Transfer data direction can be selected by using SIQ2CR<SIODIR>. The transfer data direction can't be set
individually for transmit and receive operations.

When the data direction is changed, the writing instruction to SIO2ZCR<SIODIR> should be executed while
the transfer is stopped (when SIO2CR<SIOF> “0”)
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SI02CR<5I0S> l

SERE pin {'\1\}|+!\‘rl%|+l%|+|
SI02TDB :)( A ) .

S02 pin N a7 X as X A X A X Az X a2 X A X m

{a) MSB transfer

SI02CR<SIOS> |

SCKR2 pin +\I+E{ri§|+lx’r|+|+|
SI02TDB :)( A ) -

$O2 pin Noao X oAt X a2z X Az X A X a5 X A X A7

{b) LSB transfer

Figure 15-5 Transfer Bit Direction (Example of transmit mode)

15.2.2.1 Transmit mode

(1) MSB transmit mode

MSB transmit mode is selected by setting SIO2CR<SIODIR> to “0”, in which case the data is
transferred sequentially beginning with the most significant bit (Bit7).

(2) LSB transmit mode

LSB transmit mode is selected by setting SIO2CR<SIODIR> to “1”, in which case the data is
transferred sequentially beginning with the least significant bit (Bit0).

15.2.2.2 Receive mode

(1} MSB receive mode

MSB receive mode is selected by setting SIO2CR<SIODIR> to “(”, in which case the data is
received sequentially beginning with the most significant bit (Bit7). J

(2) LSB receive mode

LSB receive mode is selected by setting SIO2CR<SIODIR> to “17, in which case the data is
received sequentially beginning with the least significant bit (Bit0).
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15.2.2.3 Transmit/receive mode

{1) MSB transmit/receive mode

MBSB transmit/receive mode are selected by setting SIO2CR<SIODIR> to “0” in which case the
data is transferred sequentially beginning with the most significant bit (Bit7) and the data is received
sequentially beginning with the most significant (Bit7).

(2) LSB fransmit/receive mode

LSB transmit/receive mode are selected by setting SIO2CR<SIODIR> to “1”, in which case the
data is transferred sequentially beginning with the least significant bit (Bit0) and the data is received
sequentially beginning with the least significant (Bit0).

15.2.3 Transfer modes

Transmit, receive and transmit/receive mode are selected by using SIO2CR<SIOM>,

15.2.3.1 Transmit mode

Transmit mode is selected by writing “00” to SIO2CR<SIOM>,

(1) Starting the transmit operation

Transmit mode is selected by setting “00” to SIO2CR<SIOM>. Serial clock is selected by using
SIO2CR<SCK>. Transfer direction is selected by using SIO2CR<SIODIR>,

When a fransmit data is written to the transmit buffer register (SIO2TDB), SIO2SR<TXF> is
cleared to “0”. '

After SIO2CR<SIOS> is set to “17, SIO2ZSR<SIOF> is set synchronously to “1” the falling edge of
SCKZ pin.

The data is transferred sequentially starting from SO2 pin with the direction of the bit specified by
S102CR<SIODIR>, synchronizing with the SCK2 pin's falling edge.

SIO2SR<SEF> is kept in high level, between the first clock falling edge of SCK2 pin and eighth
clock falling edge.

SIO28R<TXF> is set to “1” at the rising edge of pin after the data written to the SIO2TDB is
transferred to shift register, then the INTSIO2 interrupt request is generated, synchronizing with the
next falling edge on SCK2 pin.

Note 1: In internal clock operation, when SIO2CR<SIOS> is set to *1", transfer mode does not start
without writing a transmit datza to the transmit buffer register (SIO2TDB).

Note 2: In internal clock operation, when the SIO2CR<SIOS> is set to "1", SIO2TDB is tlj:‘ansferred to
shift register after maximum 1-cycle of serial clock frequency, then a serial clock Is output from
§CKz pin.

Note 3: In external clock operation, when the falling edge is input from SCKZ pin after SIO2CR<SI0S> is
set to "1", SIO2TDB is fransferred to shift register immediately.

(2) During the transmit operation

When data is written to SIO2TDB, SIO2ZSR<TXF> is cleared to “0”.

In internal clock operation, in case a next transmit data is not written to SIO2TDB, the serial clock
stops to “H” level by an automatic-wait functionr when all of the bit set in the SIOZTDB has been
transmitted. Automatic-wait function is released by writing a transmit data to SIO2TDB. Then, trans-
mit operation is restarted after maximum I-cycle of serial clock.
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When the next data is writterr to the SIO2TDB before termination of previous 8-bit data with
SIO2SR<TXF> “1%, the next data is continuously transferred after transmission of previous data.

In external clock operation, after SIO2SR<TXF> is set to “1”, the transmit data must be written to
SIO2TDB before the shift operation of the next data begins.

If the transmit data is not written to SIO2TDB, transmit error occurs immediately after shift opera-
tion is started. Then, INTSIO2 interrupt request is generated after SIO2ZSR<TXERR> is set to “1”.

(3) Stopping the transmit operation

There are two ways for stopping transmits operation.

* The way of clearing SIQ2CR<SI0S8>,
When SIO2CR<SI0S> is cleared to “0”, transmit operation is stopped after all transfer of the
data is finished. When transmit operation is finished, SIO2SR<SI0OF> is cleared to “0” and
SO2 pin is kept in high level.
In external clock operation, SIO2CR<SIOS> must be cleared to *“0” before SIO2SR<SEF> is
set to “1” by beginning next transfer.

= The way of setting SIO2CR<SIOINH>.
Transmit operation is stopped immediately after SIO2ZCR<SIOINH> is set to “1”. It this

case, SIO1CR<SIOS>, SIO28R register, SIO2RDB register and SIO2TDB register are ini-
tialized.

Cleaging $i08

SBIQ2CR<SI0S> I

SIO2SR<SIOF> Start shift Start shitt Start shift
operation f operation f operation
SIC2SR<SEF> | ‘
——— 1 | I
SCK2 pin cutout
PRERREE )
SI025R<TXF=>
INTSIO2
interrupt

o S VS W e
4 + )

Witing transmit  Wiiting transmit Writing transmit
data & data B data C

Figure 15-6 Example of Internal Clock and MSB Transmit Mode

"
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, Writing transmit data | Clearing 8108 |
Fid Ll >
SI02CR<SIOS> ! T : % l 3
t i i +
SI02SR<SIOF : — —
< > ] 1 1
| stasht | Start shift {1 Startshit .
operation Wi aperation ¢ ¥ operation ;
13 ¥
H
)
i

SI028R<SEF>
; L
1 3
i

v ——fEE60606HEEREB008EEEEE07
s M |

=

request r

ST)ZTDB <SIOS>fX A \X B \X c
4

Writing transmit  Wiiting transmit Writing transmit
data A data B data C

SI028R<TXF>

Figure 15-7 Exaple of External Clock and MSB Transmit Mode

SCK2 pin l I

SIO28R<SIOF> S____

502 pin X /

L tsopH

4/fc = 'SODH = 8/c

(4) Transmit error processing

Transmit errors occur on the following situation.

+ Shift operation starts before writing next transmit data to SIO2TDB in external clock opera-
tion.
I£ transmit errors occur during transmit operation, SIO2SR<TXERR> is set to “1” immedi-
ately after starting shift operation. Synchronizing with the next serial cléck falling edge,
INTSIO?2 interrupt request is generated.
If shift operation starts before writing data to SIO2TDB after SIO2ZCR<SIOS> is set to “17,
SIO2SR<TXERR> is set to “1” immediately after shift operation is started and then
INTSIO1 interrupt request is generated.
SI02 pin is kept in high level when SIO2SR<TXERR> is set to “1”. When transmit error
oceurs, transmit operation must be forcibly stop by writing SIO2CR<SIOINH> to “1”. In
this case, SIO2ZCR<SIOS>, SIO2SR register, SIO2RDB register and SIO2TDB register are
initialized.
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éIOZCR<SIOS> l |

SI028R<SIOF> Start shift Start shift Start shift r\
aperation f operation f aperation \ \

S1025R<SEF> U |

SCH2 pin

802 pin ATAAG AR ALK AZR AZX AT ATK BT XBORBEXB4 AR5 ARZ XA 314 BO,

SIO2SR<TXF>
SIO28R<TXERR>

INTSI02
interrupt

Jk ¢

request

|
AN

I/

SIGZTDB A B

{/ / Unknawn

ST

Writing fransmit  Whiting fransmit

SI020R data A data B

<SI0INH>

X
t !

15.2.3.2 Receive mode

The receive mode is selected by writing “01” to SIO2ZCR<SIOM>.

(1) Starting the receive operation

Receive mode is selected by setting “01” to SIO2CR<SIOM>. Serial clock is selected by using
SIO2CR<SCK>. Transfer direction is selected by using SIO2CR<SIODIR>.

After SIO2CR<SIOS> is set to “17, SIO2SR<SIOF=> is set synchronously to “1” the falling edge of

SCK2 pin.

Synchronizing with the SCK2 pin's rising edge, the data is received sequentially from SI2 pin with

the direction of the bit specified by SBIZDIR<SIODIR>.

SIOISR<SEF> is kept in high level, between the first clock falling edge of SCK2 pin and eighth

clock falling edge.

‘When 8-bit data is received, the data is transferred to SIO2RDB from shift register. INTSIQ2 inter-

rupt request is generated and SIO2SR<RXF> is set to “1”

Note: In internal clock operation, when the SI01CR<SIOS= is set to "1", the serial clock is generated

from SCK2 pin after maximum 1-cycle of serial clock frequency.

(2) During the receive operation

The SIO2SR<RXF> is cleared to “0” by reading a data from SIO2RDB.

w

In the intemal clock operation, the serial clock stops to “H” level by an antomatic-wait function
when the all of the 8-bit data has been received. Automatic-wait function is released by reading a
received data from SIOZRDB. Then, receive operation is restarted after maximum 1-cycle of serial

clock.

In external clock operation, after SIO2SR<RXF> is set to “1”, the received data must be read from

SIO2RDB, before the next data shift-in operation is finished.
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If received data is not read out from SIO2RDB receive error occurs immediately after shift opera-
tion is finished. Then INTSIOZ interrupt request is generated after SIO2SR<RXERR> is set to “17.

(3) Stopping the receive operation

There are two ways for stopping the receive operation.

= The way of clearing SIO2CR<SI0S>,
When SI02CR<SIOS> is cleared to “0”, receive operation is stopped after all of the data is
finished to receive. When receive operation is finished, SIO2SR<SIQF> is cleared to “0”,
I external clock operation, SIO2ZCR<SIOS> must be cleared to “0” before SIO2SR<SEF> is
set to “1” by starting the next shift operation.

+ The way of setting SIO2CR<SIOINH>.
Receive operation is stopped immediately after SIO2CR<SIOINH= is set to “1”. In this case,
SIO2CR<SIOS>, SIO2SR register, SIO2RDB register and SIQ2TDB register are initialized.

Clearing SIGS

SI02CR<SI0S> | i |
SI02SR=<SIOF> Start shift Start shift | Startshift
operation f operation 'f aperation

SI025R<3EF> i

SCK2 pin

Automatic wait

512 pin

BIO2SR<RXF>

INTSIO2
interrupt

/
[
request ¢
X

SIO2RDB

|
\ \

A X B X
v v

Writing transmit- Wiriting transmit Wiriting transmit
data A data B data C

Figure 15-8 Example of Internal Clock and MSB Receive Mode
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3102CR<8I0S> I E '

SIO2SR<SIOF> . ;
Start shilt ' Stari shift ; Start shift L,___________
operation i ¥ operation 1 aperation :

SI025R<SEF>

SCKZ pin

812 pin

SI025R<RXF>

INTSI02
interrupt
request

SIO2RDB

Reading recelved dafa

o P
o s

Clearing SIOS

Writing transmit Writing fransmit Wiriting transmit
data A data B data C

Figure 15-9 Example of External Clock and MSB Receive Mode

{4) Receive error processing

Receive errors occur on the following situation. To protect SIO2RDB and the shift register con-
tents, the received data is ignored while the SIO2SR<RXERR> is “17,

+ Shift operation is finished before reading out received data from SIO2RDB at
SIO2SR<RXF=> is “1” in an external clock operation.
If receive error occurs, set the SIO2CR<SIOS> to “0” for reading the data that received =
immediately before error occurence. And read the data from SIO2RDB. Data in shift register
(at errors occur) can be read by reading the SIO2RDB again.
‘When SIO2S8R<RXERR> is cleared to “0™ after reading the received data, SIO2SR<RXF> is
cleared to “0”.
After clearing SIO2CR<SIOS> to “07, when 8-bit serial clock is input to SCK2 pin, receive
operation is stopped. To restart the receive operation, confirm that SIO2SR<SIOF=> is
cleared to “0”.
If the receive error occurs, set the SIO2ZCR<SIOINH> to “1” for stopping the receive opera-
tion immediately. In this case, SIO2CR<SIOS>, SIOISR register, SIO2ZRDB register and
SIO2TDB register are initialized.
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SIO2CR<SIOS> ! ]
\\x

SI02SR<SIOF> | startsha Start shit Start shift .

operation f aperafion f operation

SIC25R<SEF~

L
sz pin ‘Wb@@@@@t \@@@@@@@*‘G (Oeareaearedesienics
|

SIO28R<RXF>

SIO28R<RXERR>

Winite a "0” aiter reading the
recehvid data whon a receive
BITRE QQCUrs,

INTSIOZ
interrupt

request /
v
A

SIO2RDB

A X B

Writing iransmit  Whiting transmit
data A data B

Figure 15-10 Example of Receive Error Processing

Note: If receive error is not corrected, an interrupt request does not generate after the error ocours.

15.2.3.3 Transmit/receive mode

The transmit/receive mode are selected by writing “10” to SIO2CR<SIOM>.

(1) Starting the transmit/receive operafion

Transmit/receive mode is selected by writing “10” to SIO2CR<SIOM>. Serial clock is selected by
using SIO2CR<SCK>>, Transfer direction is selected by using SIO2CR<SIODIR>.

When a transmit data is written to the transmit buffer register (SIOITDB), SIO2SR<TXF> is
cleared to “0”.

After SIO2CR<SIOS> is set to “17, SIOZSR<SIOF> is set synchronously to the falling edge of
SCKZ pin.

The data is transferred sequentially starting from SO2 pin with the direction of the bit specified by
SIO2CR<SIODIR>, synchronizing with the SCK2 pin's falling edge. And receiving operation also
starts with the direction of the bit specified by SIO2CR<SIODIR>, synchronizing with the SCK2
pin's rising edge.

SIO28R<SEF> is kept im high level between the first clock falling edge of SCK2 pin and eighth
clock falling edge.

SIO2SR<TXF> is set to “1” at the rising edge of SCK2Z pin after the data written to the SIO2TDB is
transferred to shift register. When 8-bit data has been received, the received data is transferred to
SIOZRDB from shift register, then the INTSIO2 interrupt request occurs, synchronizing with sefting
SIO2SR<RXF> to “17.

Note 1: In internal clock operation, when the SIO2CR<SIOS> is set to "1", SIO2TDB is transferred to
shift register after maximum 1-cycle of serial clock frequency, then a serial clock is output from
SCKz pin.

Note 2: In external clock operation, when the falting edge is input from SCKZ pin after SIO2CR<SIOS> is
set to "1, SIO2TDB is transferred to shift register immediately. When the rising edge is input
from SCKZ pin, receive operalion also starts.
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(2) During the transmit/receive operation

When data is written to SIO2TDB, SIO2SR<TXF> is cleared to “0” and when a data is read from
SIO2RDB, SIO2SR<RXF> is cleared to “0™.

In internal clock operation, in case of the condition described below, the serial clock stops to “H”
level by an automatic-wait function when all of the bit set in the data has been transmitted.

» Next transmit data is not written to SIO2TDB after reading a received data from SIO2RDB.
* Received data is not read from SIO2RDB after writing a next transmit data to SIO2TDB.
 Neither SIO2TDB nor SIO2RDB is accessed after transmission.

The automatic wait function is released by writing the next transmit data to SIO2TDB after reading
the received data from SIOZRDB, or reading the received data from SIO2RDB after writing the next
data to SIOZTDB.

Then, transmit/receive operation is restarted after maximum 1 cycle of serial clock.

In external clock operation, reading the received data from SIO2RDB and writing the next data to
SIO2TDB must be finished before the shift operation of the next data begins.

If the transmit data is not written to SIO2TDB after SIO2SR<TXF> is set to “1”, transmit error
occurs immediately after shift operation is started. When the transmit error occurred,
SIO2SR<TXERR> is set to “1”.

If received data is not read out from SIO2RDB before next shift operation starts after sctting
SIO2SR<RXF> to “17, receive error occurs immediately after shift operation is finished. When the
receive error has occurred, SIO2SR<RXERR> is set to “17.

(3) Stopping the transmit/receive operation

There are two ways for stopping the transmit/receive operation.

= The way of clearing SIO2CR<SIOS>,
When SIO2CR<S10S8> is cleared to “0”, fransmit/receive operation is stopped after all trans-
fer of the data is finished. When transmit/receive operation is finished, SIO2SR<SIOF> is
cleared to “0” and SO2 pin is kept in high level. .
I external clock operation, STO2CR<SIOS> must be cleared to “0” before SIO2SR<SEF=> is
set to “1” by beginning next transfer.

* The way of setting SIO2CR<SIOINH>.
Transmit/receive operation is stopped immediately after SIOZCR<SIQINH> is set to “17. In
this case, SIO2CR<SI0S8>, SIO28R register, SIO2ZRDB register and SIO2TDB register are
initialized.
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' Clearing 510 o
SIO2CR<SIOS> | ' [
SI028R<SI0F> Start shift Start shif : Start shift
operation f oparation W oOperation

SIO2SR<SEF> !

SCKZ pin output
§02 pin
5I2 pin
INTSIO2
interrupt
request
¥
SIO25R<TXF> | ’ |
SI02TDB X A Y] B Y z
Wiiting transmit Writing trangmit Writing transmit
data A data B data C
SI00128R<RXF> ! i [_‘
S10012RDB X D X E X F
Reading received Reading received Reading received
data D data E data F

Figure 15-11 Example of Internal Clock and MSB Transmit/Receive Mode
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SI02SR<RXF> l;| I 1
SIO2RDB X D X E X F

Reading received Reading received Reading received
data D dataE data F

Figure 15-12 Example of External Clock and MSB Transmit/Receive Mode

(4) Transmit/receive error processing -

Transmit/receive errors cccur on the following situation. Corrective action is different, which
errors occur transmits or receives.

(a) Transmit errors

Transmit errors occur on the following situation.

= Shift operation starts before writing next transmit data to SIO2TDB in external clock op-
eration.
If transmit errors occur during transmit operation, SIO2SR<TXERR>> is set to “1” im~
mediately after starting shift operation. And INTSIO?2 interrupt request is generated af-
ter all of the 8-bit data has been received.
If shift operation starts before writing data to SIO2TDB after SIO2CR<SIOS> is set to
“1”, SIO2SR<TXERR> is set immediately after starting shift operation. And INTSIO2
interrupt request is generated after all of the 8-bit data has been received.
S02 pin is kept in high level when SIO2ZSR<TXERR> is set to *“1”. When transmit error
occurs, transmit operation must be forcibly stop by writing SIO2CR<SIOINH> to “1”
after the received data is read from SIOZRDB. In this case, SIO2ZCR<SIOS>, SIO2ZSR
register, SIO2RDB register and SIO2TDB register are initialized.
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SI02CR<SI0S>

SI028R<SI0F> Start shifi Star shift Start shift
operafion ¥ operation ¥ operation

SIO2SR<SEF> |

SCKZ pin output

$02 pin AR IXKE e e ey / /
o A .

SI2 pin

INTSI102
interrupt
request

SIO25R<TXF> I U

SID2SR<TXERR> r | \
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\.____/
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SI02CR<SIOINH=>

Figure 15-13 Example of Transmit/Receive (Transmit) Error Processing

(b) Receive errors

Receive errors occur on the following situation. To protect SIOZRDB and the shift register
contents, the received data is ignored while the SIO2SR<RXERR> is “1”,

* Shift operaiion is finished before reading out received data from SIQ2RDB at
SIO28R<RXF> is “1” i an external clock operation.
If receive error occurs, set the SIO2CR<SIOS> to “0” for reading the data that received
immediately before error occurence. And read the data from SIO2RDB. Data in shift
register (at errors occur) can be read by reading the SIOIRDB again.
When SIO2SR<RXERR> is cleared to “0” after reading the received data,
SIOZSR<RXF> is cleared to “0”,
After clearing SIO2CR<SIOS> to “0”, when 8-bit serial clock is input to SCK2 pin, re-
ceive operation is stopped. To restart the receive operation, confirm that
SIO28R<SIOF> is cleared to “0%.
If the received error occurs, set the SIO2CR<SIOINH> to “1” for stopping the receive
operation immediately. In this case, SIO2ZCR<SIOS>, SIO2SR register, SIO2RDB reg-
ister and SIO2TDB register are initialized.
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Figure 15-14 Example of Transmit/Receive (Receive) Error Processing

Note: If receive error is not corrected, an interrupt request does not generate after the emor

QCCUrs.

SCK2 pin

SI028R<8IOF=>

$02 pin

o

—

tsopH

o e
I

RN

4/fic < tSODH < 8fc

Figure 15-15 Hold Time of the End of Transmit/Receive Mode
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16. Serial Bus Interface (SBI)

The TMP86FS49UG has an I-chanmel serial bus interface which employs an I°C bus (A bus system by Philips).

The serial interface is connected to an external devices through SDA and SCL.

Note 1: The serial bus interface can be used only in NORMAL1/2 and IBLE1/2 mode. It can not be used in IDLEQ,
SLOW1/2 and SLEEP0//2 mode.

Note 2: The serial bus interface can be used only in the Standard mode of 12C. The fast mode and the high-speed mode
can not be used.

16.1 Configuration

—» INTSBI interrupt request
»SCL ] scL
fc/4—>| Divider Input/
output
Transfer control
L h 4 control  (
T I*C bus circuit
Noise clock sysn. 4 AN
- canceller [ +Conz'ol €] Y
y Shift »I*C bus dlala Noiee |
register |« contro A N
gister [« T | cancetler [€ ’SD? —L1sDA
Y =7z |
SBICRB/ SBICRA/
SBISRE l2cAR | | sBIDBR | | SBERA
SBI control register B/ IC bus SBI data/ SBI control register A/
5Bl status register B address register  buffer register SBI status register A

Figure 16-1 Serial Bus Interface (SBl)

16.2 Control

The following registers are used for control the serial bus interface and monitor the operation status.
+ Serial bus interface control register A (SBICRA)
+ Serial bus interface control register B (SBICRB)
= Serial bus interface data buffer register (SBIDBR}

I2C bus address register (I2CAR)
« Serial bus interface status register A (SBISRA)
+ Serial bus interface status register B (SBISRB)

16.3 Software Reset

A serial bus interface circuit has a software reset function, when a serial bus interface circuit is locked by an exter-
nal noise, etc.

To reset the serial bus interface circuit, write “10”, “01” into the SWRST (Bitl, 0 in SBICRB).
And a status of software reset canbe read from SWRMON (Bit0 in SBISRB).
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16.4 The Data Format in the 12C Bus Mode

The data format of the I2C bus is shown below.

(&) Addressing format

le— 8bits —»|1]« 11t08bits »|1}e 1t08bits 1|

FTTTTT
R|A A A
S| Slave address | f|C Data c Data C|P
WK K K

I(— 1 >{< 1 or more —)I
(b) Addressing format (with restart)

l«— 8bits —»|1|& 1t08bits »|1| le— 8bits —»{1|e 1to8bits 1]

T T T T TTTTT1
R|A A RIA A
3| Slave address |/|C Data C (S| Slave address [/ E Data %P
W

I

K K
|<—-— 1 1orm0re—)| |<—- 1 —)I(— 1orm0re—)|

{c) Free data format

l«— sbits —»|1}€ 1to8bits »|1[« 1to8bits 1|

T T T T ETT
A A A

S Data C Data C Data ClP
K K K

I-( 1 or more —>|

Y

le— 1
S _ : Start condition
RAN : Directicn bit
ACK : Beknowledge bit
P : 8top condition

Figure 16-2 Data Format in of 12C Bus
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16.5 12C Bus Control

The following registers are used to control the serial bus interface (SBI) and monitor the operation status of the I
bus.

Serial Bus Interface Control Register A

SBICRA 7 6 5 4 3 2 1 0
{OFa0H) | BC | ACK | | SCK {Initial value: 0000 *000)
ACK=0 ACK =1
B vl I vt B
000: a 8 9 )
001; 1 1 2 1
BC Number of transferred bits | 010 2 2 3 2 ‘ﬁnt:
011; 3 3 4 3
100: 4 4 5 4
101: 5 5 8 5
110 6 6 7 &
11: 7 7 8 7
ACK Master mode Slave mode
o | fronetionanimese | o | e e |
1: Generate a clock pulse for an Count a clock pulse for an
acknowledgement, acknowledgement.
SCK n Atfe=16 MHz | Atfc=8MHz | Atfc=4MHz
000: 4 Reserved Reserved 100.0 kHz
001: 5 Reserved Reserved 55.6 kHz
Serial clock (fscl} selection [ gqq; 6 Reserved 58.8 kHz 29.4 kHz
SCK {Output on SCL pin) 011; 7 0.5 kHz 30.3 kHz 15.2 kHz “::te
{fscl = /(2™ fc + 8/fc)] 100 8 30.8 kHz 15.4 kHz 7.7 kHz '
101: 9 15.5 kidz 7.8 kkz 3.9kHz
[+ 10 7.8 kHz 3.9 kHz 1.9 kHz
111: Reserved
Note 1: fc: High-frequency ¢lock [Hz], *: Dont care
Note 2; Set the BC to "000" before switching to 8-bit SI0 bus mode,
Note 3: SBICRA cannot be used with any of read-modify-write instructions such as bit manipulation, ete.
Note 4: Do not set SCK as the frequency that is over 100 kHz.
n
Serial Bus Interface Data Buffer Register
SBIDBR 7 6 5 4 3 2 1 o
(OF91H) !  (Initial value: ¥ ) R\

MNote 1: For writing transmitted data, start from the MSB (Bif7).

Note 2: The data which was written into SBIDBR c¢an not be read, since a write data buffer and a read buffer are independent in
SBIDER. Therefore, SBIDBR cannot be used with any of read-modify-write instructions such as bit manipulation, etc.

Note 3: * Don't care
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12C bus Address Register
12CAR 7 B ] 4 3 2 1 0
(OF92H) Slave address s {Initial value: 0000 0000)
Al
$A8 | SAS | SA4 | 5A3 | SA2 | SA1 | SAD
SA Slave address selection
- — Write
ALS Address recognition mode spee- G:  Slave address recognition only
fication 1 Non slave address recognition

Note 1: I2CAR is write-only register, which cannol be used with any of read-modify-write instruction such as bit manipulation, etc.

Note 2: Do not set I2CAR to "00H" to avoid the incorrect response of acknowledgment in slave mode. If "00H" is set to I2CAR as
the Slave Address and received "01H" in slave mode, the device might transmit the acknowledgment incorrectly.

Serial Bus Interface Control Register B

SBICRB 7 B 5 4 3 2 1 0
{OF93H) | MST | TRX | BB | PIN | SBIM |SWRST1| SWRSTOl (Initial value: 0001 0000)
0: Slave
MST Master/slave selection
1:  Master
0: Receiver
TRX Transmitter/receiver selection

1:  Transmitter

0: Generate a stop condition when MST, TRX and PIN are "1"
1: Generate a start condition when M$T, TRX and PIN are "1"

o - Write
only

BB Start/stop generation

PIN Cancel interrupt service request
1:  Cancel interrupt service request

00:  Port mode (Serial bus interface output disable)

Serial bus interface operating 01:  Reserved

SBIM .
mode selection 10: 126 bus mode
1. Reserved
SWRST1
SWRSTO Software reset start bit Software reset starts by first writing "10" and next writing "01"

Note 1: Switch a mode to port after confirming that the bus is free.

Note 2: Switch a mode to 12C bus mode after confiming that the port is high level.
Note 3: SBICRB has write-only register and must not be used with any of read-modify-write instructions such as bit manipulation,
etc.

Note 4: When the SWRST (Bit1, 0 in SBICRB) is written to *10", "01” in 1°C bus mode, software reset is occurred. In this case, the
SBICRA, 12CAR, SBISRA and SBISRB registers are initialized and the bits of SBICRB except the SBIM (Bit3, 2 in SBI-
CRB) are also inifialized.

Serial Bus Interface Status Register A

SBISRA 7 5] 5 4 3 2 1 0
(0F90H) i SWRMCN | (Initial value: = 1)
0; During software reset Read
SWRMON Software reset monitor only
A HEE
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Serial Bus Interface Status Register B

SBISRB 7 6 5 4 3 2 1 0
(0F93H) | MST | TRX | BB | PIN | AL ] AAS | ADD | LRB | (Initial valug: 0001 0000)
MST Master/slave selection status 0: Slave
manitor 1 Master
TR Transmitter/receiver selection 0:  Recelver
status monitor 1. Transmitter
0. Bus free
BB Bus status monitor
1: Bus busy
PIN Interrupt service requests sta- 0:  Requesting interrupt service
tus monitor 1. Releasing interrupt service request Read
0. - anly
AL Arbitration lost detection manitor
1:  Arbitration lost detected
AAS Slave address match detection 0:  Not detect slave address match or "GEMERAL CALL"
manitor 1: Detect slave address match or "GENERAL CALL"
"GENERAL CALL" detection G: Mot detect "GENERAL CALL"
ADO .
manitor 1: Detect"GENERAL CALL"
0: Last receive bitis "0"
LRB Last received bit monitor
1: Last receiy bit is "1"

16.5.1 Acknowledgement mode specification

16.5.1.1 Acknowledgment mode (ACK = “1”)

To set the device as an acknowledgment mode, the ACK (Bit4 in SBICRA) should be set to “1”. When
a serial bus interface circuit is a master mode, an additional clock pulse is generated for an acknowledge
signal. I a slave mode, a clock is counted for the acknowledge signal.

In the master transmitter mode, the SDA pin is released in order to receive an acknowledge signal from
the receiver during additional clock pulse cycle. In the master receiver mode, the SDA pin is set to low
level generation an acknowledge signal during additicnal clock pulse cycle.

In a slave mode, when a received slave address matches to a slave address which is set to the I2CAR or
when a “GENERAL CALL" is received, the SDA pin is set to low level generating an acknowledge sig-
nal. After the matching of slave address or the detection of “GENERAL CALL?”, in the transmitter, the
SDA pin is released in order to receive an acknowledge signal from the receiver during additional clock
pulse cycle. In a receiver, the SDA pin is set to low level generation an acknowledge signal during addi-
tional clock pulse cycle after the matching of slave address or the detection of “GENERAL CALL”

The Table 16-1 shows the SCL and SDA pins status in acknowledgment mode,
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Table 16-1 SCL and SDA Pins Status in Acknowledgement Mode

Mode Pin Transmitter Receiver
SCL An additional clock pulse is generated.
Master SDA Released in order to receive | Set to low level generating an
an acknowledge signal, acknowledge signal
SCL A clock is counted for the acknowladge signal.
When slave address matches Set to low level generating an
Slave or a general call is detected acknowledge signal.
SDA
After maftching of slave Released in order fo receive Set to low level generating an
address or general call an acknowledge signal. acknewledge signal.

16.5.1.2 Non-acknowledgment mode (ACK = “0%)

To set the device as a non-acknowledgement mode, the ACK should be cleared to “0”.
In the master mode, a clock pulse for an acknowledge signal is not generated.

In the slave mode, a clock for a acknowledge signal is not counted.

16.5.2 Number of transfer bits

The BC (Bits7 to 3 in SBICRA) is used to select a number of bits for next transmitting and receiving data.

Since the BC is cleared to “000” by a start condition, a slave address and direction bit transmissions are
always executed in 8 bits. Other than these, the BC retains a specified value.

16.5.3 Serial clock

16.5.3.1 Clock source
The SCK (Bits2 to 0 in SBICRA) is used to select a maximum transfer frequency output from the SCL
pin int the master mode.
Four or more machine cycles are required for both high and low levels of pulse width in the external

clock which is input from SCL pin.

Note: Since the serial bus interface can not be used as the fast mode and the high-speed mode, do not set
SCK as the frequency that is over 100 kHz.
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SCK (Bits2 to O in the SBICRA)
tLow = 2"c oco
tHigH = 2"/fc + Bife 001
fsel = 1/(tLOW + tHIGH) 010
011
100
101
110

© o ~NO O MS

-
=]

]

L S et — ]
"tsokL 'tsckH '

tscKL. tSCKH > 4 toye

Note 1. fc = High-frequency clock
Note 2! teye = 4/fc (in NORMAL mode, IDLE mode)

Figure 16-3 Clock Source

16.5.3.2 Clock synchronization

In the I2C bus, in order to drive a bus with a wired AND, a master device which pulls down a clock
pulse to low will, in the first place, invalidate a clock pulse of another master device which generates a
high-level clock pulse.

The serial bus interface circuit has a clock synchronization function. This function ensures normal
transfer even if there are two or mere masters on the same bus.

The example explains clock synchronization procedures when two masters simultaneously exist on a
bus,

SCL pin {Master 1} \ /1 Wait \Count start ]

¥ B
1

4

4
!
!
!
I
SCL pin {(Master 2} ; Count restart ! //’: ) Count reset
)
!
1
)

S5CL {Bus}

a b

Figure 16-4 Clock Synchronization

As Master 1 pulls down the SCL pin to the low level at point “a”, the SCL line of the bus becomes the
low level. After detecting this situation, Master 2 resets counting a clock pulse in the high level and sets
the SCL pin to the low level.
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Master 1 finishes counting a clock pulse in the low level at point “b” and sets the SCL pin to the high
level. Since Master 2 helds the SCL line of the bus at the low level, Master 1 waits for counting a clock
pulse inn the high level. After Master 2 sets a clock pulse to the high level at point “c” and detects the SCL
line of the bus at the high level, Master 1 starts counting a clock pulse in the high level. Then, the master,
which has finished the counting a clock pulse in the high level, pulls down the SCL pin to the low level.

The clock pulse on the bus is determined by the master device with the shortest high-level period and
the master device with the longest low-level peried from among those master devices connected to the

bus.

16.5.4 Slave address and address recognition mode specification

When the serial bus interface circuit is used with an addressing format to recognize the slave address, clear
the ALS (Bit0 in I2CAR) to “07, and set the SA (Bits7 to 1 in I2CAR) to the slave address.

When the serial bus interface circuit is used with & free data format not to recognize the slave address, set the
ALS to “1”. With a free data format, the slave address and the direction bit are not recognized, and they are
processed as data from immediately after start condition.

16.5.5 Master/slave selection

To set a master device, the MST (Bit7 in SBICRB) should be set to “1”. To set a slave device, the MST
should be cleared to <07,

When a stop condition on the bus or an arbitration lost is detected, the MST is cleared to “0” by the hard-
ware,

16.5.6 Transmitter/receiver selection

To set the device as a transmitter, the TRX (Bit6 in SBICRB) should be set to "1". To set the device as a
receiver, the TRX should be cleared to “0”. When data with an addressing format is transferred in the slave
mode, the TRX is set to "1" by a hardware if the direction bit (R/W) sent from the master device is “1”, and is
cleared to “0” by a hardware if the bit is “0”. In the master mode, after an acknowledge signial is returned from
the slave device, the TRX is cleared to “0" by a hardware if a transmitted direction bit is “1”, and is set to "1"
by a hardware if it is “0”. When an acknowledge signal is not returned, the current condition is maintained.

When a stop condition on the bus or an arbitration lost is detected, the TRX is cleared to “0” by the hardware.
Table 16-2 shows TRX changing conditions i each mode and TRX value after changing

Table 16-2 TRX changing conditions in each mode

Mode Direction Bit Conditions TRX after Changing
Slave o A recelved slave address is o
Mode o the same value set to I2CAR o
g nqn
Master " ACK signal is returned
Mode uqu g

When a serial bus interface circuit operates in the free data format, a slave address and a direction bit are not
recognized. They are handled as data just after generating a start condition. The TRX is not changed by a hard-
ware.

16.5.7 Start/stop condition generation

When the BB (Bit5 in SBISRB) is “0”, a slave address and a direction bit which are set to the SBIDBR are
output on a bus after generating a start condition by writing “1” to the MST, TRX, BB and PIN. It is necessary
to set ACK to “1” beforehand.
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===
SCLpin v 1 2 3 4 5 8 7 8 9
1 ! e

SDApin _i_\j [ ae X a5 X e X aa X a2 X a1 X a0 X rRW/

Start condition .!-1 Slave address and the direction bit ‘_’_! Acknowledga signal

Figure 16-5 Start Condition Generation and Slave Address Generation

When the BB is “1”, sequence of generating a stop condition is started by writing “1” to the MST, TRX and
PIN, and “0” to the BB. Do not modify the contents of MST, TRX, BB and PIN until a stop condition is gener-
ated om a bus.

When a stop condition is generated and the SCL line on a bus is pulled-down to low level by another device,
a stop condition is generated after releasing the SCL line.

3G pin /v
X

. = ———
SDApin ! @

Step condition

Figure 16-6 Stop Condition Generation

The bus condition can be indicated by reading the contents of the BB (Bit5 in SBISRB). The BB is set to “1”
when a start condition on a bus is detected and is cleared to “0” when a stop condition is detected.

16.5.8 Interrupt service request and cancel
When a serial bus interface circuit is in the master mode and transferring a number of clocks set by the BC
and the ACK is complete, a serial bus interface interrupt request (INTSBI) is generated.,

In the slave mode, the conditions of generating INTSBI are follows:
= At the end of acknowledge signal when the received slave address matches to the value set by the
I2CAR
+ At the end of acknowledge signal when a “GENERAL CALL” is received

* At the end of transferring or receiving after matching of slave address or receiving of “GENERAL
CALL”

When a serial bus interface interrupt request occurs, the PIN (Bit4 in SBISRB) is cleared to “0”. During the
time that the PIN is “0%, the SCL pin is pulled-down to low level.

Either writing data to SBIDBR or reading data from the SBIDBR sets the PIN to “17,
The time from the PIN being set to “1” until the SCL pin is released takes tLOW, .

Although the PIN (Bit4 in SBICRB) can be set to “1” by the program, the PIN can niot be cleared to “0” by
the program.

Note:Regarding the status of PIN when the arbitration lost occurs, refer to Table 16-3.

16.5.9 Setting of I2C bus mode

The SBIM (Bit3 and 2 in SBICRB) is used to set 12C bus mode.
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Set the SBIM to “10” in order to set I2C bus mode. Before setting of 1°C bus mode, confirm serial bus inter-
face pins in a high level, and then, write “10” to SBIM, And switch a port mode after confirming that a bus is
free.

16.5.10Arbitration lost detection monitor

Since more than one master device can exist simultaneously on a bus, a bus arbitration procedure is imple-
mented in order to guarantee the contents of transferred data.

Data on the SDA line is used for bus arbitration of the I2C bus.

The following shows an example of a bus arbitration procedure when two master devices exist simulta-
neously on a bus. Master 1 and Master 2 output the same data until point “a”. After that, when Master 1 outputs
“1” and Master 2 outputs “07, since the SDA line of a bus is wired AND, the SDA line is pulled-down to the
low level by Master 2. When the SCL line of a bus is pulled-up at point *“b”, the slave device reads data on the
SDA line, that is data in Master 2. Data transmitted from Master 1 becomes invalid. The state in Master 1 is
called “arbitration lost”. A master device which loses arbitration releases the SDA pin and the SCL pin in order
not to effect data transmitted from other masters with arbitration. When more than one master sends the same
data at the first word, arbitration occurs continuously after the second word.

SCL (Bus) ' i
b
3 ]
SDA pin {Master 1) \_.../ m SDA pin bacomes *1" after losing arkitration.
SDA pin {Master 2) \ / \
SDA {Bug) \ / \

[y S F

Figure 16-7 Arbitration Lost

The serial bus interface circuit compares levels of a SDA line of a bus with its SDA pin at the rising edge of
the SCL line. If the levels are unmatched, arbitration is lost and the AL (Bit3 in SBISRB) is set to “1”.

When the AL is set to “17, the MST and TRX are cleared to “0”” and the mode is switched to a slave receiver
mode. Thus, the serial bus interface circuit stops output of clock pulses during data transfer after the AL is set
to 661”.

The AL is cleared to “0” by writing data to the SBIDBR, reading data from the SBIDBR or writing data to
the SBICRB.
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( 5CL pin

P T o 2 ) o 2 D
(" scL pin __ﬁ\ﬁ\./ 3‘\\- 11‘4‘\" ‘1’5 ‘\h ‘alﬁ‘\‘_ ’.r'? “u ,:‘8‘\\- t:'g\ I ':'

Master B }—»  Stop clock output

SDA pin D78 T Releasing SDA pin and SCL pin to high|level as losing arbitration.

hMaster A

AL I

) [

TRX I

Accessed ta 7
SRBIDBR or SRICRB

:IZJ\_/

INTSBI

Figure 16-8 Example of when a Serial Bus Interface Circuit is a Master B

16.5.118lave address match detection monitor

In the slave mode, the AAS (Bit2 in SBISRB) is set to “1” when the received data is “GENERAL CALL” or
the received data matches the slave address setting by I2CAR with an address recognition mode (ALS = 0).

When a serial bus interface circuit operates in the free data format (ALS = 1), the AAS is set to “1” after
receiving the first 1-word of data. :

The AAS is cleared to “0” by writing data to the SBIDBR or reading data from the SBIDBR.

16.5.12GENERAL CALL detection monitor

The ADO (Bitl in SBISRB) is set to “1” when all 8-bit received data is “0” immediately after a start condi-
tion in a slave mode. The ADO is cleared to “0” when a start or stop condition is detected on a bus,

16.5.13Last received bit monitor

The SDA value stored at the rising edge of the SCL is set to the LRB (Bit0 in SBISRB), In the acknowledge
mode, immediately after an INTSBI interrupt request is generated, an acknowledge signal is read by reading
the contents of the LRB.

w

16.6 Data Transfer of 12C Bus

16.6.1 Device initialization

For initialization of device, set the ACK in SBICRA to “1” and the BC to “0007. Specify the data length to 8
bits to count clocks for am acknowledge signal. Set a transfer frequency to the SCK in SBICRA.

Next, sef the slave address to the SA in [2CAR and clear the ALS to “0” to set an addressing format.
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Alfter confirming that the serial bus interface pin is high level, for specifying the default setting to a slave
receiver mode, clear “0” to the MST, TRX and BB in SBICRB, set “1” to the PIN, “10” to the SBIM, and “00”
to bits SWRST1 and SWRSTO.

Note: The initialization of a serial bus interface circuit must be complete within the time from all devices which are
connected to a bus have initialized to and device does not generate a start condition. If not, the data can not
be received correctly because the other device starts transferring before an end of the initialization of a serial
bus interface circuit.

16.6.2 Start condition and slave address generation

Confirm a bus free status (BB = 0).
Set the ACK to “1” and specify a slave address and a direction bit to be transmitted to the SBIDBR.

By writing “1* to the MST, TRX, BB and PIN, the start condition is generated on a bus and then, the slave
address and the direction bit which are set to the SBIDBR are output. An INTSBI interrupt request occurs at
the Sth falling edge of a SCL clock cycle, and the PIN is cleared to “0”. The SCL pin is pulled-down to the low
level while the PIN is “0”. When an interrupt request occurs, the TRX changes by the hardware according to
the direction bit only when an acknowledge signal is returned from the slave device.

Note 1: Do not write a slave address to be output to the SBIDBR while data is transferred. If data is wriiten to the
SBIDER, data to been outputting may be destroyed.

Note 2: The bus free must be confirmed by software within 98.0 ps (The shortest transmitting time according to the
I%C bus standard) after setting of the slave address to be outpul. Only when the bus free is confirmed, set
"1" to the MST, TRX, BB, and PIN to generate the start conditions. If the writing of slave address and set-
ting of MST, TRX, BB and PIN doesn't finish within 98.0 ps, the other masters may start the transferring and
he slave address data written in SBIDER may be broken.

| ]
] I
SDADIR TUTNL e X as W a X as X e U a X a0 X RJW'/{___\___;'
u ] Acknowletdge

'
1
1
"
v
Start condition Slave address + Direction bit

signal froma . -
slave device

PIN

INTSBI
interrupt request

Figure 16-9 Start Condition Generation and Slave Address Transfer

16.6.3 1-word data transfer

Check the MST by the INTSBI interrupt process after an I-word data transfer is completed, and determine
whether the mode is a master or slave.

16.6.3.1 When the MST is “1” (Master mode)

Check the TRX and determine whether the mode is a transmitter or receiver.

(1) When ihe TRX is “1” (Transmitter mode)

Test the LRB. When the LRB is “1”, a receiver does not request data. Implement the process to
generate a stop condition (Described later) and terminate data transfer.
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When the LRB is “07, the receiver requests next data. When the next transmitted data is other than
8 bits, set the BC, set the ACK to “1”, and write the transmitted data to the SBIDBR. After writing
the data, the PIN becomes “17, a serial clock pulse is generated for transferring a next 1 word of data
from the SCL pin, and then the 1 word of data is transmitted. After the data is transmitted, and an
INTSBI interrupt request occurs, The PIN become “0” and the SCL pin is set to low level. If the data
to be transferred is more than one word in length, repeat the procedure from the LRB test above.

SCL pin 1 2 3 4 5 5 7 8 9
Write to SBIDER j

SDA pin \ 07 X D6 X D5 X D4 X a3 X D2 X b1 X Lo ‘/\,..,...“;’;.cknow!edge

signal from a
PiN ]

receiver
INTSBI interrupi request { ’

* Figure 16-10 Example of when BC = “000”, ACK = “1”

(2} When the TRX is “0” (Receiver mode)

‘When the next transmitted data is other than of 8 bits, set the BC again. Set the ACK to “1” and
read the received data from the SBIDBR (Reading data is undefined immediately after a slave
address is sent). After the data is read, the PIN becomes “17. A serial bus interface circuit outputs a
serial clock pulse to the SCL to transfer next 1-word of data and sets the SDA pin to “0” at the
acknowledge signal timing.

An INTSBI interrupt request occurs and the PIN becomes “0”. Then a serial bus interface circuit
outputs a clock pulse for 1-word of data transfer and the acknowledge signal each time that received
data is read from the SBIDBR.

Read $BIDBR

S0L pin

............ ey rm iy p i g p g g
SDA pin D7 Y D6 { D5 { D4 4 D3 4 D2 % D1 % DO New D7
nnnnnnnnnnnn B e T A R R i i T LN

Acknowledge

N [ delies
1

t

INTSBI interrupt request

Figure 16-11 Example of when BC = “000”, ACK = “1”

To make the transmitter terminate transmit, clear the ACK to “0” before reading data which is 1-
word before the last data to be received. A serial bus interface circuit does not generate a clock pulse
for the acknowledge signal by clearing ACK. In the interrupt routine of end of fratismission, when
the BC is set to “001” and read the data, PIN is set to *“1” and generates a clock pulse for a 1-bit data
transfer. In this case, since the master device is a receiver, the SDA line on a bus keeps the high-
level. The transmitter receives the high-level signal as an ACK signal. The receiver indicates to the
transmitter that data transfer is complete.

After 1-bit data is received and an interrupt request has occurred, generate the stop condition to ter-
minate data transfer.
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SCL pin 1 2 3 4 5 5 7 8 7\
————————— e T e W R e e B e T R ol Rl o
SDA pi b7 f D6 ¢ D ¢4 D4 4 D3 ¢ D2 4 D1 s DO/
P ' Sl L -t ! K—Acknowiedgesignal
PIN l | u

sent o a transmitter
( :
]
INTSB! interrupt request I l H 5 n
H ]
A Glesrack oo A

before reading SBIDBR Set BC to "001"
before reading SBIDBR

Figure 16-12 Termination of Data Transfer in Master Receiver Mode

16.6.3.2 When the MST is “0” (Slave mode)

In the slave mode, a serial bus interface circuit operates either in normal slave mode or in slave mode
after losing arbitration.
In the slave mode, the conditions of generating INTSBI are follows:
» When the received slave address matches to the value set by the [2CAR
* When a “GENERAL CALL” is received
» At the end of transferring or receiving after matching of slave address or receiving of “GENERAL
CALL”

A serial bus interface circuit changes to a slave mode if arbitration is lost in the master mode. And an
INTSBI interrupt request occurs when word data transfer terminates after losing arbitration. The behavior
of INTSBI and PIN after losing arbitration are shown in Table 16-3.

Table 16-3 The Behavior of INTSBI and PIN after Losing Arbitration

When the Arbitration Lost Occurs during Trans- | When the Arbitration Lost Occurs during Trans-
mission of Slave Address as a Master mission of Data as a Master Transmit Mode

INTSBI INTSBI is generated at the termination of word data,

When the slave address matches the value set
by [2CAR, the PIN is cleared fo "0" by generating
of INTSBI, When the slave address doesn't
match the value set by 1I2CAR, the PIN keeps "1".

PIN PIN keeps "1".

When an INTSBI occurs, the PIN (bit 4 in the SBICRB) is reset, and the SCL pin is set to low level.
Either reading or writing from or to the SBIDBR or setting the PIN to “1” releases the SCL pin after tak-

ing t oy time.

Check the AL (Bit3 in the SBISR), the TRX (Bit6 in the SBISR), the AAS (Bit2 in the SBISR), and the
ADO (Bitl in the SRISR) and implements processes according to conditions listed in Table 16-4.
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Table 16-4 Operation in the Slave Mode

TRX

Conditions

Process

A serial bus interface circuit loses arbitra-
tion when transmitting a slave address.
And receives a slave address of which the
value of the direction bit sent from another
master is "1".

In the slave receiver mode, a serial bus
interface circuit receives a slave address
of which the value of the direction bit sent
from the master is "1".

Set the number of bits in 1 word to the BC

and write transmitted data to the SBIDBR.

In the slave transmitter mode, 1-word data
is transmitted,

Testthe LRB. If tha LRB is set to "1", set
the PIN to "1" since the receiver does not
request next data. Then, clear the TRX to
"0" to release the bus. If the LRB is set to
"0", set the number of bits in 1 word to the
BC and write transmitted data to the
SBIDBR since the receiver requests next
data.

1/0

A serial bus interface circuit loses arbitra-
tion when transmitting a slave address.
And receives a slave address of which the
value of the direction kit sent from another
master s "0" or receives a "GENERAL
CALL",

Read the SBIDBR for setting the PIM to
"1" (Reading dummy data) or write "1" to
the PIN.

A serial bus interface circuit loses arbitra-
tion when transmtitting a slave address or
data. And terminates transferring word
data,

A serial bus interface circuit is changed to
slave mode. To clear AL to "0", read the
SBIDBR or write the data to SBIDBR.

110

In the slave receiver mode, a serial bus
interface circuit receives a slave address
of which the value of the direction bit sent
from the master is "0" or receives "GEN-
ERAL CALL"

Read the SBIDBR for setiing the PIN to
1" (Reading dummy data) or write "1" fo
the PIN.

170

In the slave receiver mode, a serial bus
interface circuit terminates receiving of 1-
word data.

Set the number of bits in 1-word o the BC
and read received data from the SBIDBR,

Note: In the slave mode, if the slave address set in IZCAR is "00000000B", the TRX changes to ™" by receiving the start byte

data "00000001B"

16.6.4 Stop condition generation

‘When the BB is “1”, a sequence of generating a stop condition is started by setting “1” to the MST, TRX and
PIN, and clear “0” to the BB. Do not modify the contents of the MST, TRX, BB, PIN until a stop condition is

generated on a bus.

When a SCL. line on a bus is pulled-down by other devices, a serial bus interface circuit éen'erates a stop con-
dition after they release a SCL line.
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"G BR

" — MST
"1" — TRX }
"1"—= PIN

Stop condition

SCL pin /

¥
I
1
1
1
1
I
1

)

SDA pin \ 1 f \

PIN ]

8B {Read)

E

Figure 16-13 Stop Condition Generation

16.6.5 Restart

Restart is used to change the direction of data transfer between a master device and a slave device during
transferring data. The following explains how to restart a serial bus interface circuit.

Clear “0” to the MST, TRX and BB and set “1” to the PIN. The SDA. pin retains the high-level and the SCL
pin is released. Since a stop condition is not generated on a bus, a bus is assumed to be in a busy state from
other devices. Test the BB until it becomes “0” to check that the SCL pin of a serial bus interface circuit is
released. Test the LRB until it becomes “1” to check that the SCL line on a bus is not pulled-down to the low
level by other devices. After confirming that a bus stays in a free state, generate a start condition with proce-

dure 16.6.2.

In order to meet setup time when restarting, take at least 4.7 ps of waiting time by software from the time of
restarting to confirm that a bus is free until the time to generate a start condition.

Note:When restarting after receiving in master recever mode, because the device doesn't send an acknowledg-
ment as a last data, the level of SCL line can not be confirmed by reading LRB. Therefore, confirm the status

of SCL line by checking a status of port.

a0 BB

"0 — MST
Q" — TRX }
“1" — PIN

Y s BR

1" MST
1" — TRX }
*1" — PIN

|— 4.7ps (Min} —>V

/— Start condition

]

8CL. (Bus) \J
SCL pin
SDA pin
Y
LRB
BB [

Figure 16-14 Timing Diagram when Restarting
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17.10-Bit AD Converter (ADC)

The TMP86FS49UG have a 10-bit successive approximation type AD converter,

17.1 Configuration

The circuit configuration of the 10-bit AD converter is shown in Figure 17-1.

It consists of control registers ADCCR1 and ADCCR2, converted value registers ADCDR1 and ADCDR2, a DA
converter, a sample-and-hold circuit, a comparator, and a successive comparison circuit.

DA converter
R
VAREF I:I—;—[ip——-——w,—wv— ——————————————— W ] vss
. : Ri2 R Ri2
AVDD [ =k EE Referance A
Analog input multiplexer _Sample hold __ voltage
y circuit |
] |
e EMNE S :
! T .é;v f10
1 I 7
5 Analog
comparator
ANtz [} HSEN Shift clock I Successive approximate circuit
i
4“ A Control circuit | INTADG >
T AA Al
IREFON
SAIN| |AINDS AR 1 s | TEocF|ApeF
| AMD I ACK Y Y ¥ v
| Apccr1 | [ apccrz |[ abcort |[ apcorz

AD converter control register 1,2 AD conversion result register 1,2

Figure 17-1 AD Converter (ADC)

17.2 Register Configuration

The AD converter consists of the following four registers:
+ AD converter control register 1 (ADCCR1)
+ AD converter control register 2 (ADCCR?2)
* AD converted value register 1/2 (ADCDR1/ADCDR2)

17.2.1 AD converter control register 1 (ADCCR1)

w

This register selects the analog channels and operation mode (Software start or repeat) in which to perform
AD conversion and controls the AD converter as it starts operating.

17.2.2 AD converter control register 2 (ADCCR2)

This register sclects the AD conversion time and controls the connection of the DA converter (Ladder resis-
tor network).
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17.2.3 AD converted value register (ADCDR1)

This register is used to store the digital value after being converted by the AD converter.

17.2.4 AD converted value register (ADCDR2)

This register monitors the operating status of the AD converter.

The AD converter control register configurations are shown in as follows.

AD Converter Control Register 1

ADCCRA1 7 6 § 4 3 2 1 0
{001CH) | ADRS | AMD | AINDS | SAIN (Initial value; 0001 0000}

0: -

ADRS AD conversion start
1: Start

00: AD operation disable
01: Software start mode
10: Reserved

11: Repeat mode

AMD AD operating mode

0: Analog input enable

i t
AINDS Analog input control 1: Analog input disable

0000: AINCO
0001: AINCT
0010: AINO2
0011 AINO3 RV
0100: AINO4
0101: AINOS
0110: AINOS
0111: AINO7
1000: AIN10
1001: AINT1
1010: AIN12
1011: AIN13
1100: AIN14
1101: AIN1S
1110: AIN1G
1111: AINAT

SAIN Analog input channel select

Note 1; Select analog input when AD converter stops (ADCDR2<ADBF> = "0").

Note 2: When the analog input is all use disabling, the AINDS should be set to “1”.

Note 3: During conversion, do not perform output instruction to maintain a precision for all of the pins. And port near to analog
input, do not input intense signaling of change.

Note 4: The ADRS is automatically cleared to “0” after starting conversion.

Note 5: Do not set ADRS (ADCCR1 bit7) newly again during AD conversion. Before setting ADRS newly again, check EOCF
(ADCDR bit5) to see that the conversion is completed or walt until the interrupt signal (INTADC) is generated (e.g., inter-
rupt handling routine).

Note 6: After STOP or SLOW mode is started, AD converter control register 1 (ADCCR1} is all initialized.
Therefore, set the ADCCR1 newly again after exiting these modes.
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AD Converter Control Register 2

ADCCR2 7 8 S 4 3 2 1 0
(001DH) | I IREFON | DL | ACK | “gr | (Initial value: *00 000D)
DA converter Inputting current to the ladder resistor
IREFON (Ladder resistor} 0: Cennected only during AD conversion
connection control 1: Always connected
ACK C°"t‘i::'°" fo=18MHz | fe=8 MMz | fo=4 MHz | fc=2 MHz
000 39/fc - - - 19.5 s
001 Reserved
010 78ifc - - 19.5 s 30.0 1s RW
ACK AD conversion time select a1 156/fc - 19.5 s 39.0 s 78.0 s
100 312#c 19.5 s 380ps | 78o0ps | 1560 s
101 624f¢ 39.0 Us 78.0 Us 156.0 s -
110 1248fc 78.0 Us 156.0 |ls - -
1 Reserved
Note 1: Settings for “~" in the above table are inhibited.
Note 2: Set conversion time by analog reference voltage (VAREF) as follows.
VAREF = 4.510 5.5 V (15.6 us, or more)
VAREF = 3.0 10 3.6 V (31.2 ps, or more)
Note 3: Always set bit 0 in ADCCRZ to “0" and set bit4 in ADCCR2 to “1”.
Note 4: When a read instruction for ADCCR2, bit6 to 7 in ADCCR2 read in as undefined data.
Mote 5: fc: High-frequency clock [Hz]
Note 6: After STOP or SLOW mode Is started, AD converter control register 2 (ADCCR2) is all initialized.
Therefore, set the ADCCR2 newly again after exiting these modes.
AD Conversion Result Register
ADCDR1 7 8 5 4 3 2 1 0
(0O1FH) | ADO9 | AD0O8 | ADO7 | ADOB | ADOS | ADO4 | AD03 l ADO2 | (Initial value: 0000 00G*)
ADCDR2 7 8 5 4 3 2 1 4]
(001EH} | ADO1 | ADOO | EOCF | ADBF | : ! '  (Initial value: 0000 ****)
EGCF AD conversion end flag 0: Before or during conversicn
1: Conversion completed Read
. 0: During stop of AD conversion only
ADBF AD conversion busy flag 1: During AD conversion

Note 1: The EQCF is clearad to “0" when reading the ADCDR1.
Therefore, the AD cenversion result should be read to ADCDR2 more first than ADCDR1.

Note 2: ADBF is set to “1" when AD conversion starts and cleared to “0" when the AD conversion is finished. It also is cleared
upon entering standby mode (STOP or SLOW).

Note 3: If a read instruction is executed for ADCDRZ, read data of bit3 to 0 are unstable.
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17.3 AD Converter Operation

1. Set up the AD converter control register | {ADCCR1) as follows:

+ Choose the channel to AD convert using AD input channel select (SAIN).

» Specify analog input enable for analog input control (AINDS).

* Specify AMD for the AD converter contrel operation mode (software or repeat mode).
2. Setup the AD converter control register 2 (ADCCR2) as follows:

= Set the AD conversion time using AD conversion time (ACK). For details on how to set the conver-
sion time, refer to Note 2 for AD converter control register 2.

= Choose IREFON for DA converter control.

3. After setting up (1) and (2) above, set AD conversion start (ADRS) of AD converter control register 1
{ADCCR]1) to “1”. If software start mode has been selected, AD conversion starts immediately.

4. After an elapse of the specified AD conversion time, the AD converted value is stored in AD converted
value register 1 (ADCDR1) and the AD conversion finished flag (EOCF) of AD converted value register 2
{ADCDR2) is set to “1”, upon which time AD conversion interrupt INTADC is generated.

5. EOCEF is cleared to “0” by a read of the conversion result. However, if reconverted before a register read,
although EOCF is cleared the previous conversion result is retained until the next conversion is completed.

17.4 AD Converter Operation Modes

There are following two AD converter operation modes:
= Software start: AD conversion is performed once by setting AMD to “01” and ADRS to “1”,
* Repeat mode: AD conversion is performed repeatedly by setting AMD to “11” and ADRS to *1”.

17.4.1 Software start mode

After setting AMD (ADCCRI bits 6, 5) to “01” (software start mode), set ADRS (ADCCR1 bit7) to “1”.

AD conversion of the voltage at the analog input pin specified by SAIN (ADCCRI bits 0 to 3) is thereby
started,

After completion of the AD conversion, the conversion result is stored in AD converted value registers

(ADCDR1, ADCDR2) and at the same time EOCF {ADCDR2 bit53) is set to 1, the AD conversion finished
interrupt (INTADC) is generated. '

ADRS is automatically cleared afier AD conversion has started. Do not set ADRS (ADCCR1 bit7) newly
again (Restart) during AD conversion. Before setting ADRS newly again, check EOCF (ADCDR bit5) to see
that the comversion is completed or wait until the interrupt signal (INTADC) is generated (e.g., interrupt han-
dling routine).

ADRS |_1 H
Convert opgration |

A

ADCDRA indeterminate X First conversion resuit X Second conversion result

EOCF ]

A~ A

INTADG |_I ﬂ

AD conversion stan Convearsion EQCF cleared by reading
resuit read conversion resuit

Figure 17-2 Operation in Software Start Mode
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17.4.2 Repeat mode

AD conversion of the voltage at the analog input pin specified by SAIN (ADCCRI1 bits 0 to 3) is performed
repeatedly. In this mode, AD conversion is started by setting ADRS (ADCCR1 bit7) to “1* after setting AMD
(ADCCRI bits 5, 6) to “11”.

After completion of the AD conversion, the conversion result is stored in AD converted value registers
(ADCDRI1, ADCDR2) and at the same time EOCF (ADCDR2 bit5) is set to 1, the AD conversion finished
interrupt (INTADC) is generated.

I repeat mode, each time one AD conversion is completed, the next AD conversion is started. To stop AD
conversion, set AMD (ADCCR1 bits 5, 6) to “00” (Disable mode) by writing 0s. The AD convert operation is
stopped immediately. The converted value at this time is not stored in the AD converted value register.

AMD =11 | AMD = 00
ADRS =1 "]
L AD convert operation
Convert suspended, )
aperation / First conversion X Second conversion X Third conversion X Lonvarsian resutt is niot
KA & [y
ADRCDR1 Indeterminate X First conversion resuit XSecond conversion resuitX Third convejrsion result

INTADC H ﬂ ﬂ

AD conversion start EQCF cleared by reading AD conversion finished
conversion resuit

Figure 17-3 Operation in Repeat Mode

17.5 STOP and SLOW Modes during AD Conversion

When standby mode (STOP or SLOW mode) is entered forcibly during AD conversion, the AD convert operation
is suspended and the AD converter is initialized (ADCCR1 and ADCCR2 are initialized to initial value). Also, the
conversion result is indeterminate. (Conversion results up to the previous operation are cleared, so be sure to read
the conversion results before entering standby mode.) When restored from standby mode, AD conversion is not
automatically restarted, so it is necessary to restart AD conversion. Note that since the analog reference voltage is
automatically disconnected, there is no possibility of current flowing into the analog reference voltage.
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17.6 Analog Input Voltage and AD Conversion Result

Example :After selecting the conversion time of 19.5 ms at 16 MHz and the analog input channel AIN3 pin, perform AD
conversion once. After checking EOCE, read the converted value, store the lower 2 bits in address 009EH and
store the upper 8 bits in address 009FH on RAM. The operation mode is software start mode.

; AIN SELECT
LD (P6CR2), 000000008 ; PBCRZ hit3 =0
LD (P6CR1}, 600000008 ; PBCR1 hit3 =0
LD (ADCCR1}, 00100011B ; Selact AIN3
LD (ADCCR2)}, 110110008 ; Select conversion time (312/fc) and operation mode

; AD CONVERT START

SET (ADCCR1). 7 ; ADRS = 1
SLOOP TEST (ADCDR2}. 5 JEOCF=17
JRS T, SLOOP
: RESULT DATA READ
LD A, (ADCDR2)
LD (9EH), A
LD A, (ADCDR1)
LD {9FH), A

‘The analog input voltage is corresponded to the 10-bit digital value converted by the AD as shown in Figure 17-4.

AD conversion result A

3FFH - .

3FEH -+

3FDH+

03H -+

02H +

Q1H -+

VAREF —V§S

i ) {
i T 3

1 { f
T ¥ T T T T > X
] 1 2 3 1021 1022 1023 1024 1024

Analog input voitage "

Figure 17-4 Analog fnput Voltage and AD Conversion Result (Typ.)
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17.7 Precautions about AD Converter

17.7.1 Analog input pin voltage range

Make sure the analog input pins (AIN0O to AIN17) are used at voltages within VSS below VAREF. If any
voltage outside this range is applied to one of the analog input pins, the converted value on that pin becomes
uncertain. The other analog input pins also are affected by that.

17.7.2 Analog input shared pins

The analog input pins (AINOO to AIN17) are shared with input/output ports. When using any of the analog
inputs to execute AD conversion, do not execute input/output instructions for all other ports. This is necessary
to prevent the accuracy of AD conversion from degrading. Not only these analog input shared pins, some other
pins may also be affected by noise arising from input/output to and from adjacent pins.

17.7.3 Noise countermeasure

The internal equivalent circuit of the analog input pins is shown in Figure 17-5. The higher the output
impedance of the analog input source, more easily they are susceptible to noise. Therefore, make sure the out-

put impedance of the signal source in your design is kO or less. Toshiba also recommends attaching a capac-
itor external to the chip.

Internal resistance
AINx 5 k2 (yp) Analog comparator
E {1 AW
= - Internal capacitance =
Allowable signal -
source impedance ;; C =22 pF (yp.) ;; i
3 kb2 (max) DA converter

MNote) x = 17~00

Figure 17-5 Analog Input Equivalent Circuit and Example of Input Pin Processing
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18. Key-on Wakeup (KWU)

In the TMPB6FS49UG, the STOP mode must be released by not only STOP pin but also STOPO to STOP3 pins.
When the STOP mode is released by STOP(Q to STOP3 pins, the STOP pin needs to be used.

18.1 Configuration

STOP mode control INT5 «4— i} D St
S"IFOP mode |
release signa _D
(1: Release) °<i STOPD
(____C Kji—l ISTOF'1
(___C o<{—1] stor2
o] stors
1
s|s|s|s
T{T|T{T
STOPCR |ol|olo o
(CF9F) plefe e
3|z (1|0

Note: To use the Key-on Wake up function, corresponding shared 1/Opins must be input mode. Refer to "IfO Ports™ for detail.

Figure 18-1 STOP Mode Controi Circuit

Note 1: When the STOP mode is released by STOPG to 3 pin, the level of STOP pin should hald "L".

a) STOP bj STOPO~3
STOP pin | STOP pin "L"
-— Release STOP mode
R J————m
STOP mode STOPO pin I

«4—— Release STOPmode
STOP mode

Note: STOP pin doesn't have the control register such as STOPCR, so when STOP mode is relesed by STOPx {x: 0 o 3),
STOP pin should be used as STOP function.

18.2 Control ’

STOPO to STOP3 pins can be controlled by key-on wakeup control register (STOPCR). It can be configured as
enable/disable in 1-bit unit. When those pins are used for STOP mode release, configure corresponding 10 pins to
input mode beforehand.

STOP mode can be entered by setting up the system control register] (SYSCR1), and can be exited by detecting
the falling edge on STOPO to 3 pins, which are enabled by STOPCR, for releasing STOP mode (Note 1). Also, each
level of the STOPO to 3 can be confirmed by reading corresponding Port Data Register, check all STOPO to 3 pins
that is enabled by STOPCR before the STOP mode is staried (Note 2).

Note 1: When the STOP mode release by edge mode (SYSCR1<RELM> = "07), inhibit input from STOPO to STOP3 or
must be set “1” level into STOPG to STOP3 pins.
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Note 2: When the STOP pininput is high or STOPO to STOP3 pin input which is enabled by STOPCR is low, executing an
instruction which starts STOP mode will not place in STOP mode but instead will immediately start the release
sequence (Warm up).
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Key-on Wakeup Control Register

STOPCR 7 6 5 4 3 2 ; .
(OFSFH) | stops | stopz | stopt [ stora| - | - 1 = [ - (nitial value: 0000 *+)
STOP3 | STOP mode released by STOP3 pin | O Danie
1: Enable
STOP2 | STOP mode released by STOP2 pin | O Danie
1: Enable ite
" Dk only
STOP1 | STOP mode released by STOP1 pin | o Doani®
1: Enable
0: Di
STOPO | STOP mode released by STOPO pin | O D o0i®
1: Enable
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19. Flash Memory

The TMP86FS49UG has built-in 60-Kbyte flash memory (addresses: 1000H to FFFFH). In the MCU mode and
the serial PROM mode, the write operations to the flash memory are controlled via the flash memory control register

(FLSCR).

19.1 Control

The flash memory is controlled via the flash memory control register (FLSCR).

Ftash Memory Control Register

(Initial value : 1100 1+

R

7 8 5 4 3 2 1 ]
FLSCR —
(OFFFH}) -
FLSMD SEL
1100: Disable flash memory write
FLSMD Flash memery write enable control 0011: Enable flash memory write
Others: Reserved
BANKSEL Flash memory bank select control 0: Select BANKO({1000H-7FFFH}
{Serial PROM mode only} 1: Select BANK1(8000H-FFFFH)

Note 1: The flash memory can be written only when FLSMD="0011B". In other cases, any attempts to write to the flash memory
will be ineffective.

Note 2: FLSMD must be set to either "1100B" or "0011B", Do not set these bits to any other values.

Note 3: BANKSEL is effective only in the serial PROM moede. In the MCU mode, the flash memory is always accessed with actual
addresses at 1000M-FFFFH regardless of BANKSEL.

Note 4: Bits 2 to 0 in FLSCR are always read as undefined data.

19.2 Flash Memory Write Enable Control (FLSCR<FLSMD>)

The flash memory can be protected from inadvertent write due to program error or microcontrofler misoperation.
This write protection feature is realized by disabling flash memory write via the flash memory control register
(FLSCR). To write to the flash memory, set FLSCR<FLSMD> to "0011B". To disable flash memory write, set
FLSCR<FLSMD> to "1100B". After reset, FLSCR<FLSMD> is initialized to "1100B" to enable the write protec-
tion feature. Normally, FLSCR<FLSMD:> should be set to "1100B" except when the flash memory needs to be writ-

ten.

19.3 Flash Memory Bank Select Control (FLSCR<BANKSEL>)

In the serial PROM mode, a 2-Kbyte BOOT-ROM is mapped to addresses 7800H-7FFFH and the flash memory is
mapped into 2 banks at 8000H-FFFFH. Flash memory addressee 1000H-7FFFH are mapped to 9000H-FFFFH as
BANKO and flash memory addresses 8000H-FFFFH are mapped to 8000H-FFFFH as BANKI. FLSCR<BANK-
SEL> is used to switch between these banks. For example, to access flash memory address 7000H, set
FLSCR<BANKSEL> to "0" and then access FOOOH. To access flash memory address 9900H, set FLSCR<BANK-
SEL>to "1" and then access 9000H.

In the MCU mode, the flash memory is accessed with actual addresses at 1000H-FFFFH, In this case,
FLSCR<BANKSEL> is ineffective (i.e., its value has no effect on other operations).
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Table 19-1 Flash Memory Access

" FLSCR .
Operating Mode <BANKSEL> Access Area Specified Address
MCLU made Don't care 1000H~FFFFH
1]
(BANKD) 1000M~7FFFH 9000H~FFFFH
Serial PROM mode
1
(BANK1) 8000H~FFFFH

19.4 Accessing the Flash Memory Area

When the flash memory is to be written, Read and Fetch operations cannot be performed on the entire flash mem-
ory area. Therefore, to write to the flash memory, the flash memory writing mode or RAM loader mode of the serial
PROM mode is used. (For details about the flash memory writing mode, see "20. Serial PROM Mode".) 1t is also
possible to write to the flash memory by transferring a user write control program to the RAM area and executing it
there in the MCU mode, The flash memory can be written or read in units of 1 byte. Erase operations can be per-

formed either on the entire area (60K bytes) or in units of 4 Kbytes.

Read operations can be performed by a 1-byte transfer instruction. However, the command sequence method is

adopted for Write and Erase operations, requiring several-byte transfer instructions for each operation.

19.5 Command Sequence

The MCU mode and the serial PROM mode have six types of command sequence (JEDEC compatible), as shown
in Table 19-2. Addresses specified in each command sequence are identified with the low-order 12 bits (excluding
BA, SA, and FF7FH in Read-Protect). The high-order 4 bits are used to specify the flash memory area, as shown in

Table 19-3.

Table 19-2 Command Sequence

1st Bus Wite 2nd Bus Write 3rd Bus Write 4ih Bus Write Sth Bus Write 6th Bus Write
Command Cycle Cycle Cycle Cycle Cycle Cycle
Sequence
Add Data Add Data Add Data Add Data Add Data Add Data
BA Data
s 555H AD| - - - -
1 Byte-Program 555H AAH AAAH 55H H (Note 1) | (Note 1)
Sector-Erase SA
2 555H 0H 555H AA 30H
(4-Kbyte Erase) AAH AAAH 55H 555H 8 H AAAH 55H (Note 2)
Chip-Erase
3 (Al Erase) 555H AAH AAAH 55H 555H 80H §85H AAH AAAH 55M 555H 10H

4 Product ID Eniry 555H AAH AAAH 55H 555H 80H - - - -

Product ID Exit XXH FOH - - - - - - - - - -
5

Product ID Exit 555H AAH AAAH 55H 555H FOH - - - -, - -
<] Read-Protect 556H AAH ABAH 55H 555H ASH FF7FH 0oH - - - -

Note 1: Set the address and data 1o be written.
Note 2: The area to be erased is determined by the high-order 4 bits of the address,
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Table 19-3 Address Specification in Command Sequence

. FLSCR ,
Cperating Mode <BANKSEL> Specified Address
MCU mode Don't care YR
0
G
(BANKO) H~F"H
Serial PROM mode
1 e drk | dedek
(BANK1) BH~FH

19.5.1 Byte-Program

This command sequence programs the flash memory byte by byte. The address and data to be written are
specified in the 4th bus write cycle. Each byte can be programmed in approximately 30 ps. A next command
sequence cannot be executed until the Write operation has completed. To check for the completion of the Write
operation, perform Read operations repeatedly until the same data is read twice from the same address in the
flash memory. During the Write operation, any consecutive attempts to read from the same address will pro-
duce alternating "0"s and "1"s (toggling between O and 1) on bit 6 of the data.

19.5.2 Sector-Erase (4-Kbyte Erase)

This command sequence erases the flash memory in units of 4 Kbytes. The flash memory area to be erased is
specified by the high-order 4 bits of the 6th bus write cycle address. For example, in the MCU mode, to erase
4 Kbytes from 7000H to 7FFFH, specify one of the addresses in 7000H-7FFFH in the 6th bus write cycle. In
the serial PROM mode, to erase 4 Kbytes from 7000H to 7FFFH, set FLSCR<BANKSEL> to "0" and then
specify one of the addresses in FOOOH-FFFFH in the 6th bus write cycle. Sector-Erase is effective only in the
MCU mode and the serial PROM mode, and it cannot be used in the parallel PROM mode.

It takes approximately 15 ms to erase 4 Kbytes. A next command sequence cannot be executed until the
Erase operation has completed. To check for the completion of the Erase operation, perform Read operations
repeatedly until the same data is read twice from the same address in the flash memory. During the Erase oper-
ation, any consecutive attempts to read from the same address will produce alternating "0"s and "1"s (toggling
between 0 and 1) on bit 6 of the data. The Erase operation clears data to FFH.

19.5.3 Chip-Erase (All Erase)

This command sequence erases the entire flash memory in approximately 30 ms. A next command sequence
cannot be executed until the Erase operation has completed. To check for the completion of the Erase opera-
tion, perform Read operations repeatedly unti} the same data is read twice from the same address in the flash
memory. During the Erase operation, any conseculive attempts to read from the same address will produce
alternating "0"s and "1"s (toggling between 0 and 1) on bit 6 of the data. After the chip has been erased, all
bytes contain FFH.

19.5.4 Product ID Entry

This command sequence activates the Product 1D mode, In the Product II) mode, the vendor 1D, the flash 1D,
and the read protection status can be read from the flash memory.
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Table 19-4 Values To Be Read in the Product ID Mode

Address Meaning Read Value
0000H . Vendor [D 98H
0001H Flash macro [D 41H

OEH: 60 Kbytes
OBH: 48 Kbyles
07H: 32 Kbytes
0002H Flash size 05H: 24 Kbytes
03H4: 16 Kbyles
01H: 8 Kbyles

0OH: 4 Kbytes

FFH: Read protection OFF
FF7FH Read protection status

Other than FFH: Read protection ON

Note: The value at address 0002H (Flash size) is determined by the size of flash memory incorporated in each product. For
example, if the product has 60-Kbyte flash memory, "0EH" is read from address 0002H.

19.5.5 Product 1D Exit

This command sequence is used to exit the Product ID mode.

19.5.6 Read-Protect

This command sequence enables the read protection setting on the flash memory, When read protection is
enabled, the flash memory cantiot be read in the parallel PROM mode. In the serial PROM mode, the ﬂash
write and RAM loader commanids cannot be executed.

To enable the read protection setting in the serial PROM mode, set FLSCR<BANKSEL> to "1" before exe-
cuting the Read-Protect command sequence. To disable the read protection setting, it is necessary to execute
the Chip-Erase command sequence. Whether or not read protection is enabled can be checked by reading
FF7FH in the Product ID mode. For details, see Table 19-4.

It takes approximately 30 ps to set read protection on the flash memory. A next command sequence cannot
be executed until this operation has completed. To check for the completion of the Read-Protect operation, pet-
form Read operations repeatedly until the same data is read twice from the same address in the flash memory.
During the Read-Protect operation, any attempts to read from the same address will produce altermating "0"s

and "1"s (toggling between 0 and 1) on bit 6 of the data.

19.6 Toggle Bit (D8)

After the Byte-Program, Sector-Erase, Chip-Erase, or Read-Protect command sequence is executed, any consecu-
tive attempts to read from the same address will produce alternating "0"s and "1"s (toggling between 0 and 1) om bit
6 (D6) of the data until the corresponding operation has completed. Thus, this Toggle Bit provides a software mech-
anism to check for the completion of each operation. After the Byte-Program, Sector-Erase, Chip-Erase, or Read-
Protect command sequence is executed, perform Read operations repeatedly until the same data is read twice from
the same address in the flash memory. The initial read of the Toggle Bit will always produce a "1".
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19.7 Writing to the Flash Memory

To write to the flash memory, a write control program should be transferred to the RAM area and executed there
using the RAM loader mode in the serial PROM muode. It is also possible to write to the flash memory by transfer-
ring a user write control program to the RAM area and executing it there in the MCU mode. The procedures for writ-
ing to the flash memory by these methods are explained below.

Note 1: Befere writing to the flash memory via the RAM area, be sure to disable interrupts by setting the interrupt master
enable flag (IMF) to "0". This is normally done by executing a DI instruction at the head of the write control pro-
gram to be executed in the RAM area.

Note 2: When writing to the flash memory, do not intentionally use non-maskable interrupts {the watchdog timer must be
disabled if it is used). If a non-maskable interrupt occurs while the flash memory is being written, unexpected data
will be read from the flash memory (interrupt vector) and this may cause the microcontroller to misoperate.

19.7.1 How to write to the flash memory by executing a write control program in the RAM
area (RAM loader mode in the serial PROM mode)

(Steps 1 and 2 are controlled by the BOOT-ROM, and steps 3 through 10 are controlled by the write control
program executed in the RAM area,)

Transfer a write control program to the RAM area by using the RAM loader mode.
Jump to the RAM area.

Disable (DI) the interrupt master enable flag (IMF«"0™).

Set FLSCR<FLSMD:> to "0011B" (to enable flash memory write).

Execute the Chip-Erase or Sector-Erase command sequence.

A i

Read the same flash memory address twice.

(Repeat step 6 until the same data is read by two consecutive reads.)
Specify the bank to be written in FLSCR<BANKSEL>.
8. Exccute the Byte-Program command sequence,

N

9. Read the same flash memory address twice.
(Repeat step 9 until the same data is read by two consecutive reads.)
10. Set FLSCR<FLSMD=> to "1100B" (to disable flash memory write),

Note:In the case of using the RAM loader mode, the walchdog timer is disabled by the BOOT-ROM. It is therefore
net necessary to disable the watchdog timer in the RAM loader program.
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Example :This write control program executes Chip-Erase and then writes data 3FH to address FOOOH,

o] ; Disable interrupts (IMF«"0")
LD (FLSCR),0011_10008 , Enable flash memory write,
LG 1X,0F555H

LD IY,0FAAAH

LD HL,0F000H

; #ftitH Flash Memory Chip-Erase Process fHbHE

LD (1X),0AAH ; 1st Bus Write Cycle
LD (1Y), 55H : 2nd Bus Write Cycle
LD (1X),80H ; 3rd Bus Write Cycle
LD (1X),0AAH ; 4th Bus Wite Cycle
LD (hY),55H ; 6th Bus Wiite Cycle
LD (1X),10H ; 6th Bees Wite Cycle
sLOOP1: LD W, (IX)
CMP W(IY)
JR NZ,sLOOP1 ; Loop until the same vajue is read,
SET (FLSCR).3 ; Set BANK1,

; ¥t Flash Memory Byte-Program Process i

LD {1%),0AAH ; 15t Bus Write Cycle

iD {IY},55H ; 2nd Bus Wiite Cycle

LD {1X},0A0H ; 3rd Bus White Cycle

LD tHL),aFH ; 4th Bus Write Cycle, (FODOH)=3FH
sLOOP2: LD W{HL)

CMP Wi{HL)

JR NZ,sLOOP2 ; Loop until the same value is read.

LD {FLSCR},1100_1000B ; Disable flash memory write.
sLOOP3: JP sLOOP3

19.7.2 How to write to the flash memory by executing a user write control program in the
RAM area (MCU mode)

w

(Steps 1 and 2 are controlled by a program on the flash memory, and steps 3 through 11 are controlled by the
write control program executed in the RAM area.)

Transfer a write control program to the RAM area.

Jump to the RAM area.

Disable (DI) the interrupt master enable flag (IMF<-"0").

Disable the watchdog timer if it is used.

Set FLSCR<FLSMD> to "0011B" (to enable flash memory write).
Execute the Chip-Erase or Sector-Erase command sequence.

Mok w N

Read the same flash memory address twice.
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{Repeat step 7 until the same data is read by two consecutive reads.)
3. Execute the Byte-Program commanid sequence. (There is no need to specify the bank to be written.)
9. Read the same flash memory address twice.

(Repeat step 9 until the same data is read by two consecutive reads.)
10. Set FLSCR<FLSMD> to "1100B" (to disable flash memory write).
11. Jump to the flash area.

Example :This write control program executes Sector-Erase (1000H~1FFFH) and then writes data 3FH to
address 1000H.

]l ; Disable interrupts (IMF«"0")
LD (WDTCR2),4EH ; Clear the WODT binary counter,
LDW {(WDTCR1),0B101H ; Disable the WDT.

LD {FLSCR),0011_1000B ; Enable flash memory write.
LD 1X,0F555H

LD IY,0FAAAH

LD HL,1000H

1 #HiHE Flash Memory Seclor-Erase Process #HH

LD (1X),0A8H ; 1st Bus Write Cycle
LD (1Y),55H ; 2nd Bus Write Cycle
LD (1X),80H + 3rd Bus White Cycle
LD (1X),0AAH 1 4th Bus Write Gycle
LD (IY),55H ; 5th Bus Wiite Cycle
LD {HL),30H ; 6th Bus Wiite Cycle
sLOOP1: LD W(IX)
CMP W{IY)
JR NZ,sLOCP1 ; Loop until the same value is read.

1 #EEE Flash Memory Byte-Program Process #HH

LD {3, 0AAH ; 1st Bus Write Cycle
LD {IY},55H ; 2nd Bus Wite Cycle
LD {IX),0A0H ; 3rd Bus Write Cycle
LD {HL),3FH ; 4th Bus White Cycle, (1000H)=3FH
sLOOP2: LD W,(HL}
CMP W (HL) ’
JR NZ,sLOOP2 ; Loop until the same value s read,
LG (FLSCR),1100_1000B : Disable flash mernory write.
JP 8000H ; Jump to the flash area.
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20. Serial PROM Mode

20.1 QOutline

The TMP86FS49UG has a boot-ROM for programming to flash memory. This boot-ROM is a mask ROM that
contains a program to write the flash memory on-board. The boot-ROM is available in a serial PROM mode and it is
controlled by TEST pin, BOOT pin and RESET pin, and is communicated with UART. There are 7 operation modes
in a serial PROM mode: Flash memory writing mode, RAM loader mode, Flash memory SUM output mode, Product
discrimination code output mode, Flash memory status output mode, Flash memory erasing mode and Read protec-
tion setting mode. Operating area of serial PROM mode differs from that of MCU mode. The operating area of serial
PROM mode shows in " Table 20-1 Operating Area of Serial PROM Mode ".

Table 20-1 Operating Area of Serial PROM Mode

Parameter Min Max Unit
Operating vollage 4.5 55 A%
High frequency {Note) 2 16 MHz

Note: Even though included in above operating area, part of frequency can not be supported in serial PROM mode. For details,
refer to " Table 20-4 Operating Frequency and Baud Rate in Serial PROM Mode " on Page 231.

20.2 Memory Mapping

The Figure 20-1 shows a memory mapping of Serial PROM mode.

In serial PROM mode, the BOOT-ROM (Mask ROM) is mapped in address 7800H to 7FFFH and then the Flash
memery is mapped to divide into two banks. Therefore, when the RAM loader meode (60H) is used, it is necessary to
specify Flash memory address according to Figure 20-1 ( For detail of banks and control register, reffer to the chap-
ter of "Flash memory control register”.)

However, when the Flash writing mode (30H) is used, it is necessary to specify Flash memory address from
1000H to FFFFH mode (the same mapping as MCU mode) because BOOT-ROM changes the Flash memory

address.
0000H
[ 003FH 64 bytes
¢ 0040H
RAM : 2048 bytes
\ 083FH |
¢ OFGOH §
bBR 128 byles
oFFFH
¢ T800H
BootROM | | |
7FFFH [
~ 800OH .
92000H
Flash memory . 28672 bytes 32(;%% E:(s;i;as
: (BANKG)
\ FFFFH

Figure 20-1 Memory Address Maps
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20.3 Serial PROM Mode Setting

20.3.1 Serial PROM Mode Control Pins

To execute on-board programming, start the TMP86FS49UG in serial PROM meode. Setting of a serial
PROM mode is shown in Table 20-2,

Table 20-2 Serial PROM Mode Setting

Pin Setling
TEST pin High
BOOT/RXD1 pin High

RESET pin J_

Note: BOOT pin is RXD1 pin during a serial PROM mode.

20.3.2 Pin Function

In the serial PROM mode, TXD1 (P02) and RXD1 (P01) pins are used as a serial interface pin.

Pin Name Inputf Function Pin Name
(Serial PROM Mode) Output (MCU Mods)
TXD1 Qutput Serial data cutput PO2
BOOT/RXD1 Input Serial PROM mode control/Serial data input {Note 1) PO1
RESET Input Serial PROM mode control RESET
TEST Input Fixed to "High” TEST
VDD, AVDD 45V 55V
vss Pawer oV
Supply
VAREF tnput reference voltage or open.
POD, PO3 to PO7
P10 to P17
P20 1o P22
P30 to P37 o
10 Placed in High-Z state during serial PROM maode.
P40 1o P47
P50 fo P54
P&0 to P&7
P70 to P77
XIN Input Resonator connecting pins for high-frequency elock, (Note 2)
XOUT Output For inputting external clock, XIN is used and XQUT is opened.

Note 1: When the device is used as on-board writing and other parts are already mounted in place, be caréful no to affect these
communication control pins.

Note 2: Operating area of high frequency in serial PROM mode is from 2 MHz to 16 MHz.

To set a serial PROM mode, connect device pins as shown in Figure 20-2.
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TMP8EFS48 VBD{4.5 V10 5.5 V)
Q
VDD
AVDD |
VEREF |
TEST 0/0' Serial PROM mode
o MCU mode
77
— XIN
BOOTRXD1(PO1) je—t—
= TXDHPO2) T > External control
| I RESET j——
XOuT
GND V8S
R ¥ pull-up

Figure 20-2 Serial PROM Mode Port Setting

20.3.3 Activating Serial PROM Mode

The following is a procedure of setting of serial PROM mode. " Figure 20-3 Serial PROM Mode Timing "
shows a serial PROM mode timing.

Turn on the power to the VDD pin.

Set the RESET pin to low level.

Set the TEST pin to high level and pulled-up the BOOT/RXD1 pin.
Wait until the power supply and clock sufficiently stabilize.
Release the RESET. (Set to high level)

Input a matching data (5AH) to BOOT/RXID1 pin after waiting for setup sequence. For details of the
setup timing, refer to " 20.15 UART Timing " on Page 250 .

AN

VoD ;
TEST(Inpuf) 3
RESET{Input) /
PROGRAM Serial PROM mode
BOCT/RXD1(input) Setup time for serfal PROM mode(Rxsup)  _J \
> ——
' Matching data
input

Figure 20-3 Serial PROM Mode Timing
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20.4 Interface Specifications for UART

The following shows the UART communication format used in serial PROM mode.

Before on-board programming can be executed, the communication format on the external controller side must
also be set up in the same way as for this product.

Note that although the default baud rate is 9600 bps, it can be changed to other values as shown in Table 20-3. The
Table 20-4 shows an operating frequency and baud rate in serial PROM mode. Except frequency which is not
described in Table 20-4 can not use in serial PROM meode.

- Baud rate (Default): 9600 bps
- Data length: 8 bits

- Parity addition: None

- Stop bit length: 1 bit

Table 20-3 Baud Rate Modification Data

Baud rate modification data 04H 05H 06H 07H 0AH 18H 28H

Baud rate (bps) 76800 62500 57600 38400 31250 19200 9800
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Table 20-4 Operating Frequency and Baud Rate in Serial PROM Mode

Rerere”‘(’;pz)a“d Rate 76800 62500 57600 38400 31250 18200 5600
Note ) Baud Ra’g:”:diﬁcaﬁ°" 04H 05H 06H 07H 0AH 18H 28H
Ref, Fre- Area Baud
quency (MHz) rate (%) | {(bps} | (%) (bps) | (%) | (bpsy | (%) | (bps) [ (%) | (bps) | (%)} | (bps) | (%)
(MHz) {bps}
1 2 1.91~2.10 . - - - - - : . - - R = | 9615 | +0.16
4 3.82~4.19 - . - X - - - - | 312s0| o000 | 19231 +0.16 | 9615 | +0.18
z 419 3.82~4.19 - - - . . . - - | az7as | +4.75 | 20144 | +4.902 [ 10072 | +4.02
49152 | 470-5.16 - - - - - - |3sa00| ooo | - ~ [ 19200 o000 | ss00 | 000
® 5 4.70~5,16 - - - - - - 38063 | +1.73 - - 19531 | +1.73 8766 +1,73
B 5.87~6.45 - - - - - - - - - - - - 8375 -2.34
¢ 6144 | 587~6.45 - R - - - - - - - . . - | o800 | 0.00
5 7.3728 | 7.05-7.74 X - - | s7e00| 000 | - - - - | 19200 w00 | ssoo | o.00
5 8 7.64~8.39 - - |s2sc0| 000 | - - | ssa62| +0.16 | 31250 | 0.00 | 19231 | +0.18 | 9615 | +0.16
9.8304 | 9.40~10.32 | 76800 | 0.00 | - . R - | asao0] 000 | - - | 19200 oo0 | 9s00 | voo
7 10 940~1032 | 78125 | +173 | - - . - |asos3| #173| - - [1es31| +173 | oves | +1.73
12 11751290 | - . . - | s7e02| +0.16 | - - | 31250 oo0 | 18750 | -2.34 | 9375 | =234
8 12288 | 11.75~12.90 | - - - - | ssorr | +2s8 | - . | 32000 +2.40 | 1e200| 0.00 | 9600 | 0.0
126 | 11.75+1290 | - - | eooss| -385 | 60006 | w433 | - - | 20048 | -3.85 | 19531 | +1.73 | o766 | +1.73
9 147456 | 14.10~1548 | - - - - | s7600| owoo | 38ao0| owo | - - 119200 0.00 | 9600 | 0.00
10 16 15.27~16.77 | 76923 | +0.18 | 62500 | 0.00 | - - | 3sas2| +0.16 | 31250 | 0.00 | 18231 | +0.16 | 9615 | +0.16

Note 1: “Ref.Frequency” and “Area” show the high frequency area supported in serial PROM mode. Except the above frequency

can not be supported in serial PROM mode even though the high frequency is included in area from 2 MHz to 16 MHz,
Note 2: The total error of frequency must be kept within +/-3% so that the auto-detection of frequency is executed correctly.

Note 3: An external controller should transmit a matching data repeatedly till the TMP86FS49UG transmit an echo back data.
Above number indicates a transmission number of times of matching data till transmission of echo back data.
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20.5 Command

There are eight commands in serial PROM mode. After reset release, the TMP86FS49UG waits a matching data
(5AH).

Table 20-5 Command in Serial PROM Mode

Command Data Operation Mode Remarks
5AH Setup Matching data. Always start with this command after reset release.
30H Flash memory writing Writing to area from 1000H to FFFFH is enable.
60H RAM loader \Wiiting to area from Q050H to 082FH is enable.
S0H Flash memory SUM output The checksum of e::;r:] Za::pae:e;ygoar:; :::J; ::; :’::;H) is output in order
COH Preduct discrimination code output Product discrimination code, that is expressed by 13 bytes data, is output.
caH Flash memory status output The status of read protectl;'r:easn:afgls: r:zr:::,m_ those are exprassed by 7
FoH Flash memory erasing Erasing from 1000H to FFFFH is enable,
FAH Read protection setting Setting a read protection,

20.6 Operation Mode

There are seven operating modes in serial PROM mode: Flash memory writing mode, RAM loader mede, Flash
memory SUM output mode, Product discrimination code output mode, Flash memory status output mode, Flash
memory erasing mode and Read protection setting mode. For details about these modes, refer to “(1) Flash memory
writing mode” through “(7) Read protection setting mode”.

1. Flash memory writing mode

The data are written to the specified flash memory addresses. The controller should send the write data in
the Intel Hex format (Binary). o

If mo errors are encountered till the end record, the SUM of 60 Kbytes of flash memory is calculated and
the result is returned to the controller.

When the read protection is enabled, the flash memory writting mode can not execute, Therefore, excute
chip erase (erasing of all flash area) of the flash memory erasing mode for releasing the read protection
beforehand.

To execute the flash memory writing mode, the TMP86FS49UG checks the passwords except a blank
product. If the passwords did not match, the program is not executed.

Note : Before writing data, the flash memory should be erased.

2. RAM loader mode

The RAM loader transfers the data into the internal RAM that has been sent from the controller in Intel
Hex format. When the transfer has terminated normally, the RAM loader calculates the SUM and sends the
result to the controller before it starts executing the user program. After sending of SUM, the program
Jjumps to the start address of RAM in which the first transferred data has been written. This RAM loader
function provides the user’s own way to conirol on-beard programming,.

‘When the read protection is enabled, the RAM loader mode can not execute. Therefore, execute chip erase
(erasing of all flash area) of the flash memory erasing mode for releasing the read protectlon beforehand.

To execute the RAM loader mode, the TMP86FS49UG checks the passwords except a blank product. If
the passwords did not match, the program is not executed.

3. Flash memory SUM output mode
The SUM of 60 Kbytes of flash memory is calculated and the result is returned to the controller.
The boot ROM does not support the reading function of the flash memory. Instead, it has this SUM com-
mand to use. By reading the SUM, it is possible to manage Revisions of application programs.
4. Product discrimination code output mode
The product discrimination code is output as a 13-byte data, that includes the start address and the end
address of ROM (In case of TMP86FS49UG, the start address is 1000H and the end address is FFFFH).
Therefore, the controller can recognize the device information by using this function.
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5. Flash memory status output mode
The status of an area from FFEOH to FFFFH and a read protection are output. Those are expressed by 7
bytes data. Therefore, the controller can recognize the flash memory status.

6. Flash memory erasing mode
The flash memory can be erased by chip erase (erasing of all flash area) or sector erase (erasing of 4Kbyte
units). The data of an erased area is filled with FFH.
The read protection is released by executing chip erase.
To execute the flash memory erasing mode, the TMP86FS49UG checks the passwords except a blank prod-
uct. If the password did not match, the erasing is not executed.

7. Read protection setting mode
Disable the reading data from flash memory in parallel mode. And in serial PROM mede, the flash memory
writing mode and RAM loader mode are disabled, too. To release read protection, execute chip erase by the
flash memory erasing mode.

20.6.1 Flash Writing Mode (Operation command: 30H)

Table 20-6 shows flash memory writing mode process.

Table 20-6 Flash Writing Mode Process

Number of Bytas Transfer Data from External Controller Baud Rate Transfer Data from TMP86FS48UG to
Transferred 1o TMFBEFS49UG External Controfler
. - (Baud rate auto set)
1stb Matching data (5AR;
2: y by;ti atehing data (SAh) :ggg E": OK: Echo back data (SAH)
P Error: Nothing transmitted
3rd byte Baud rate modification data 9500 hps )
Table 20-3
44h byte (See a_ e ) 9600 brs OK: Echo back data
Y P Error: A1H x 3, A3H x 3, 62H x 3 (Note 1)
5th byt i 30H -
o | ommemcsmnasaa o | Chmanen st | o com ks ot
Y 9 Error: ATH ¥ 3, A3H x 3, 63H x 3 (Note 1]
7th byt Ad in whi )
8th byt: dr:::foﬁ ?:i:r‘rtw ?ﬁ:ﬁtm g:::g:: 2:: E:S: ::: OK: Nothing ransmitted
¥ g Error: Nothing transmitted
| e || Guesrenmene | o ot
y g Erraor; Nothing transmitted
s | e | emsootommon | cmemmne | o
ROM Py P & Error: Nothing transmitted
3 . - -
vl cibiimirioiil B ioceremtl B
Y pal 9 Error; Nothing tranemitted)
15th byte Password string (Note 5) Changed new baud rate )
i : OK: Nothing transmitted
m'th byte - Changed new baud rate Error; Nothing fransmitted
m'th + 1 byte .
. Intet He’(‘l\zg:;(b'"am Changed new baud rate .
n'th ~ 2 byte
. OK: SUM (High} (Note 3)
n'th - 1 byte Changed new baud rate Error: Nothing transmitted
) OK: SUM (Low) (Note 3)
th byt -
i byte Ghanged new baud rate Error: Nothing transmitted
N (Wait for the next operation)
n’th + 1 byte (command data) Changed new baud rate

Note 1: “xxH x 3" denotes that operation stops after sending 3 bytes of xxH. For details, refer to " 20.7 Error Code " on Page 242,
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Note 2;
Note 3:
Note 4.
Note &:

Note 6:

Note 7:

Refer to “" 20.9 Intel Hex Format (Binary) " on Page 244 .

Refer to “" 20.8 Checksum {(SUM) " on Page 242 .

Refer to “" 20.10 Passwords " on Page 244 .

If all data of addresses from FFEOH to FFFFH are “00H” or “FFH”, the passwords comparison is not executed because the
device is considered as blank product. However, it is necessary to specify the password count storage addresses and the
password comparison start address even though it is a blank product. If a password error occurs, the UART function of
TMPBEFS49UG stops without returning error code to the controller. Therefore, when a password errar oceurs, the
TMP86FS49UG should be reset by RESET pin input.

Iif the detecting a read protection or occuring a password error, the UART function of TMP86FS49UG stops without return-
ing error code to the controller.

If the error occours during transferring a password address or a password string, the UART function of TMP8BFS48UG
stops without returning error code to the controller.

Description of flash memory writing mode

1. The receive data in the st byte is the matching data. When the boot program starts in serial PROM
mode, This device waits for the matching data (5AH) to receive, Upon receiving the matching data, it
automatically adjusts the UART’s initial baud rate to 9,600bps.

2. When the device has received the matching data, the device transmits the data “SAH™ as an echo back
to the controller. If the device can not receive the matching data, the device does not transmit the echo
back data and waits for the matching data again with changing baud rate. Therefore, the controller
should send the matching data continuously until the device iransmits the echo back data. An external
controiler should transmit a matching data repeatedly till the device transmit an echo back data. The
transmission number of times of matching data varies by the frequency of device. For details, refer to
Table 20-4.

3. Thereceive data in the 3rd byte is the baud rate modification data. The seven kinds of baud rate mod-
ification data shown in Table 20-3 are available. Even if baud rate changing is no need, be sure to
send the initial baud rate data (28H: 9,600 bps).

4. When the 3rd byte data is one of the baud rate modification data corresponding to the device's operat-
ing frequency, the device sends the echo back data which is the same as received baud rate modifica-
tiom data. Then the baud rate is changed. If the 3rd byte data does not correspond to the baud rate
modification data, the device stops UART function afier sending 3 bytes of baud rate modification
error code: (62H). The changing of baud rate is executed after transmitting the echo back data.

5. The receive data in the 5th byte is the command data (30H) to write the flash memory.

6. When the 5th byte is one of the operation command data shown in Table 20-52, the device sends the
echo back data which is the same as received operation command data (in this case, 30H). If the 5th
byte data does not correspond to the operation command data, the device stops UART function after
sending 3 bytes of operation command error code: (63H).

7. The 7th byte is used as an upper bit (Bit15 to bit8} of the password count storage address, When the
receiving is executed correctly (No error), the device does not send any data. If the receiving error or
password error oceurs, the device does not sent any data and UART function.

8. The Sth byte is used as a lower bit (Bit7 to bit0) of the password count storage address. When the
recelving is executed correctly (No error), the device does not send any data, If the receiving error or
password error occurs, the device does not sent any data and UART function,

9. The 11th byte is used as an upper bit (Bitl5 to bit8) of the password comparison start address, When
the receiving is executed correctly (No error), the device does not send any data. If the receiving error
or password error occurs, the device does not sent any data and UART function,

10. The 13th byte is used as a lower bit (Bit7 to bit0) of the password comparison start address. When the
receiving is executed correctly (No error), the device does not send any data. If the receiving error or
password error occurs, the device does not sent any data and UART function.

11, The 15th through the m’th bytes are the password data. The mumber of passwords is the data (N) indi-
cated by the password count storage address. The password data are compared for N entries begin-
ning with the password comparison start address. The controller should send N bytes of password
data to the device. If the passwords do not match, the device stops UART function without returning
error code to the controller. If the data of addresses from FFEOH to FFFFH are all “FFH”, the com-
parison of passwords is not executed because the device is considered as a blank product.

12. The receive data in the m’th + 1 through n’th - 2 byte are received as binary data in Intel Hex format.
No received data are echoed back to the controller. The data which is niot the start mark (3AH for “:)
i Intel Hex format is ignored and does not send an error code to the controller until the device
receives the start mark. After receiving the start mark, the device receives the data record, that con-

Page 234

TMPBEFS49UG



TOSHIBA TENTATIVE THPSRrSSHe

sists of length of data, address, record type, writing data and checksum. After receiving the checksum
of data record, the device waits the start mark data (3AH) again, The data of data record is tempo-
rarily stored to RAM and then, is written to specified flash memory. Since afier receiving an end
record, the device starts to calculate the SUM, the controller should wait the SUM after sending the
end record. If receive error or Inte]l Hex format error occurs, the device stops UART function without
returning error code to the controller.

13. The n’th - 1 and the n’th bytes are the SUM value that is sent to the controller in order of the upper
byte and the lower byte, For details on how to calculate the SUM, refer to “* 20.8 Checksum (SUM) "
on Page 242, The SUM calculation is performed after detecting the end record, but the calculation is
not executed when receive error or Intel Hex format error has occurred. The time required to calculate
the SUM of the 60 Kbytes of flash memory area is approximately 500 ms at fc = 16 MHz. After the
SUM calculation, the device sends the SUM data to the controller. After sending the end record, the
controller can judge that the transmission has been terminated correctly by receiving the checksum.

14. After sending the SUM, the device waits for the next operation command data.

Note: Do not write only the address from FFEOH to FFFFH when all data of flash memory are the same data. if
these area are only wrillen, the next operation can not be executed because of password error.

20.6.2 RAM Loader Mode (Operation Command: 60H)

Table 20-7 shows RAM loader mode process.
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Table 20-7 RAM Loader Mode Process

Number of Bytes

Transfer Data from Extemal Control-

Transfer Data from TMPBBFS49UG to

Transfesred ler to TMP86FS49UG Baud Rate External Controller
. - (Baud rate auto set)
1st byt Matching data (5Al 9600 by
stbyte ing data (SAH) ps OK: Echo back data (5AH)
Znd byte - 9600 bps - -
Error: Nathing transmitted
Baud rate medification data -
3
d byte {See " 20.3 Serial PROM Mode Set- 9600 bps
ting " on Page 228) OK: Echo back data
] 9600
4th byt - 00 bps Error; ATH x 3, A3H x 3, 62H x 3 (Note 1)
byt i d -
y g Error: A1H x 3, A3H x 3, 63H x 3 (Note 1)
7th byte Address 15 to 08 in which fo store Changed new baud rate C N
Bth byte Password count (Note 4) Changed new baud rate OK: Nothing transmitted
4 9 Error: Nothing transmitted
9th by Address 07 1o 00 ich to st Chi d baud i
10t g;fe Password co::l;tw::lz:e 4; o Ch::g:d ::: b::d 2:2 OK: Nothing transmitied
9 Error: Nothing transmitted
Boot
| e | e ceememesn | Gamtenses | o v
Y pa ( ged n Error: Nothing transmitted
tath byte Address 07 to 00 in which to start Changed new baud rate C \
14th byte Password comparison (Note 4) Changed new baud rate OK: Nothing transmitted
Y P 9 Error: Nothing transmitted
15th byte Password string (Note 5) Changed new baud rate )
: OK: Nothing transmitted
' - b
m'th byte Changed new baud rate Error: Nothing transmitted
m'th + 1 byte Intsl Hex format (Binary)
: (Note 2) Changed new baud rate -
n'th - 2 byte
OK: SUM (High) (Note 3)
'th - 1 byt -
't e Changed new baud rate Error: Nothing transmitted
N OK: SUM (Low) (Note 3)
te -
n'th by Changed new baud rate Error: Nothing ransmitted
RAM - The program jumps to the start address of RAM in which the first transferred data has heen written.

Note 1: “xxH x 3" denotes that operation stops after sending 3 bytes of xxH. For details, refer to " 20.7 Error Code * on Page 242,
Note 2: Refer to ™ 20.9 Intel Hex Format (Binary) " on Page 244 .
Note 3: Refer to ™ 20.8 Checksum (SUM) " on Page 242 ,
Note 4: Refer to * 20.10 Passwords " on Page 244 .

Note 5: If all dala of addresses from FFEOH to FFFFH are “00H” or “FFH", the passwords comparison is not executed because the
device is considered as blank product. However, it is necessary to specify the password count storage addresses and the
password comparisen start address even though it is a blank product. If a password error ocours, the UART function of
TMP86FS49UG stops without returning error code to the controller. Therefore, when a password error occurs, the

TMP86FS49UG should be reset by RESET pin input,

o

Note 6: If the detecting a read protection or occurring a password error, the UART function of TMP86FS49UG stops without
retumning error code to the controller.
Note 7: If the error occurs during transferring a password address or a password string, the UART function of TMP88FS49UG

stops without returning error code to the controller.

Description of RAM loader mode

The process of the 1st byte through the 4th byte are the same as flash memory writing mode.
2. The receive data i the 5th byte is the RAM loader command data (60H) to write the user’s program

to RAM.

3. When the 5th byte is one of the operation command data shown in Table 20-5, the device sends the
echo back data which is the same as received operation command data (in this case, 60H). If the 5th
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byte data does not correspond to the operation command data, the device stops UART function after
sending 3 bytes of operation command error code: (63H).

4. The process of the 7th byte through the m’th byte are the same as flash memory writing mode.

5. The receive data in the m’th + 1 through n'th - 2byte are received as binary data in Intel Hex format.
No received data are echoed back to the controller.
The data which is not the start mark (3AH for “:”) in Intel Hex format is ignored and does not send an
error code to the controller until the device receives the start mark. After receiving the start mark, the
device receives the data record, that consists of length of data, address, record type, writing data and
checksum. After receiving the checksum of data record, the device waits the start mark data (3AH)
again, The data of data record is written to specified RAM by the receiving data. Since after receiving
an end record, the device starts to calculate the SUM, the controller should wait the SUM after send-
ing the end record. If receive error or Intel Hex format error oceurs, the UART function of
TMP86FS49UG stops without returning error code to the controller.

6. The n’th - 1 and the n*th bytes are the SUM value that is sent to the controller in order of the upper
byte and the lower byte. For details on how to calculate the SUM, refer to " 20.8 Checksum (SUM) "
on Page 242. The SUM calculation is performed afier detecting the end record, but the calculation is
not executed when receive error or Intel Hex format error has occurred.

The SUM is calculated by the data written to RAM, but the length of data, address, record type and
checksum in Intel Hex format are not included im SUM.

7. The boot program jumps to the first address that is received as data in Intel Hex format after sending
the SUM to the controller.

20.6.3 Flash Memory SUM Output Mode (Operation Command: 90H}

Table 20-8 shows flash memory SUM output mode process.

Table 20-8 Flash Memory SUM Output Process

Number of Bytes Transfer Data from External Control- Baud Rate Transfer Data from TMP86FS49UG to
Transferred ler to TMPBBFS43UG External Controller
\ - (Baud rate auto set)
1st byt Matching data (5,
z;?d by:e T (eA :zgg Eps OK: Echo back data {5AH)
¥ ps Error: Nothing transmitted
3rd byte Baud rate modification data 9600 bps -
byt (Sea Tabla 20-3) 0600 bos OK: Echo back data
4 P Error: ATH x 3, A3H x 3, 62H x 3 (Note 1)
Boot Sth byte Operation co d data (80H hanged new baud rate )
ROM Y peration command data {S0K) Chang OK: Echo back data (0H)
6th byte - Changed new baud rate
Error: ATH x 3, A3H x 3, 63H x 3 (Note 1)
OK: SUM (High) {Note 2)
Tth byte Changed new baud rate Error: Nothing fransmitied
OK: SUM (Low) (Note 2}
Bth byt -
yie Changed new baud rate Errer: Nothing transmitted
{Whait for the next operation)
9 Changed b -
i byte (Command data} anged new baud rate W

Note 1: “xxH x 3" denotes that operation stops after sending 3 bytes of xxH. For details, refer to " 20.7 Error Code * on Page 242 ".
Note 2: Refer to " 20.8 Checksum (SUM) " on Page 242.

Description of flash memory SUM output mode

1. The process of the 1st byte through the 4th byte are the same as flash memory writing mode.

2. The receive data in the 5th byte is the flash memory SUM command data (90H) to calculate the entire
flash memory.

3. When the 5th byte is one of the operation command data shown in Table 20-5, the device sends the
echo back data which is the same as received operation command data (in this case, 90H). If the 5th
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byte data does not correspond to the operation command data, the device stops UART function after
sending 3 bytes of operation command error code: (63H).

4. The 7th and the 8th bytes are the SUM value that is sent to the controller in order of the upper byte
and the lower byte. For details on how to caleulate the SUM, refer to “" 20.8 Checksum (SUM) " on
Page 242.

5. After sending the SUM, the device waits for the next operation command data.

20.6.4 Product Discrimination Code Output Mode (Operation Command: COH)

Table 20-9 shows product discrimination code output mode process.

Table 20-9 Product Discrimination Code Qutput Process

Number of Bytes Transfer Data from Extemal Controller Baud Rate Transfer Data from TMP86FS49UG to
Transferred to TMPBEFS49UG External Contreller
. - (Baud rate auto set)
t byt Matching data (5.
21: ) b’;: atching data (SAH) zggg :p: OK: Echo back data (5AH)
R Error: Nothing transmitted
3rd byte Baud rate modification data 9600 bps B
ble 20-3
a1 bt {Sea Table 20-3) 0600 bos OK: Echo back data
¥ P Error: ATH x 3, A3H x 3, 62H x 3 (Note 1)
:m Ey:: Operation command data (COH) g;::g:: ::uwv :::: lr:i OK: Echo back data (GOH)
4 g Error: ATH x 3, A3H x 3, 63H x 3 (Note 1)
7th byte Changed new baud rate 3AH Start mark
The number of transfer data
8 0,
th byle Changed new baud rate AH (from Sth to 18th byte)
9th byte Changed new baud rate 02H Length of address (2 bytes)
Boot 10th byte Changed new baud rate 1DH Reserved data
ROM 11th byte Changed new baud rate aaH Reserved data
12th byte Changed new baud rate 00H Reserved data
13th byte ~ Changed new baud rate 00H Reserved data
14th byte Changed new baud rate 01H The "”m;eggc':;) M block
15th byte Changed new baud rate 10H First address of ROM
16th byte Changed new baud rate 00H
17th byte Changed new baud rate FFH End address of ROM
18th byte Changed new baud rate FFH
Checksum of transferred data
9 D2
19th byte Changed new baud rate H (from 9th to 18th byte)
(Wait for the next operation)
20th byte (Command datz) Changed new baud rate L

Note: “xxH x 3" denoles that operation stops after sending 3 bytes of xxH. For details, refer to " 20.7 Error Code " on Page 242 .

Description of product discrimination code output mode

1. The process of the 1st byte through the 4th byte are the same as flash memory writing mode.

2. The receive data in the 5th byte is the product discrimination code output command data (COH).

3. When the 5th byte is one of the operation command data shown in " 20.5 Command ", the device
sends the echo back data which is the same as received operation command data (in this case, COH).

If the 5th byte data does not cerrespond to the operation command data, the device stops UART func-
tion after sending 3 bytes of operation command error code: (63H).
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4. The bytes from the 9th to 19th are the product discrimination code. For details, refer to " 20.11 Prod-
uct Discrimination Code " on Page 246 .

5. After sending the SUM, the device waits for the next operation command data.

20.6.5 Flash Memory Status Output Mode (Operation Command : C3H)

Table 20-10 shows Flash memory status output mode process.

Table 20-10 Flash Memory Status Output Process

Number of Bytes | Transter Data from Extemal Gon- Baud Rate Transfer Data from TMP86F548UG {o Exter-
Transferred troller to TMPBGFS49UG nal Controller

1st byte Matching data (SAH} 9600 bps - (Baud rate auto set)

2nd byte - 9600 bps OK: Echo back data (5AH)
Emor: Nothing transmitted

3rd byte Baud rate modification data 9600 bps -

{See Table 20-3)

4th byte - 9600 bps OK: Echo back data
Error: A1H x 3, A3H x 3, 62H x 3 (Note 1)

5th byte Qperation command data (C3H) | Changed new baud rate -

6th byte - Changed new baud rate Ol: Echo back data (C3H)
Emor: A1H x 3, A3H x 3, 63H x 3 (Note 1)

7th byte Changed new baud rate | 3AH Start mark

8th byte Changed new baud rate 04H The number of transfer data

(from 8th to 14th byte)
BOOT 9th byte Changed new baud rate 00H Status Code 1
ROM to

03H

10th byte Changed new baud rate 0OH Reserved data

11th byte Changed new baud rate 00H Reserved data

12th byte Changed new baud rate OOH Reserved data

13th byte Changed new baud rate 00H Checksum of transferred data
or {from Sth tc 12th byte)
FFH Status Code 1 Checksum
or 00H: 00H
FEH 01H: FFH
or 02H: FEH
FDH 03H: FDH

14th byte (Wait for the next operation) Changed new baud rate -

(Command data)

Note: "xxH x 3" denotes that operation stops after sending 3 bytes of xxH. For details, refer to " 20.7 Error Code ".

Description of Flash memory Status output mode

1. The process of the 1st byte through the 4th byte are the same as Flash memory writing mode.

2. The receive data in the 5th byte is the flash memory status output command data (C3H) to get the sta-
tus of flash memory.

3. When the 5th byte is one of the operation command data shown in Table 20-5, the device sends the
echo back data which is the same as received operation command data (in this case, C3H). If the 5th
byte data does not correspond to the operation command data, the device stops UART function after
sending 3 bytes of operation command error code: (63H).

4. The bytes from 9th to 13th are the status code. For details on the status code, refer to " 20.12 Flash
Memory Status Code ".

5. After sending the status code, the device waits for the next operation command data.
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20.6.6 Flash Memory Erasing Mode (Operation Command : FOH)

Table 20-11 shows Flash memory erasing mode process.

Table 20-11 Flash Erasing Mode Process

Number of Bytes | Transfer Data from External Con- Baud Rate Transfer Data from TMPB6F549UG to Exter-
Transferred troller to TMPBSFS48UG nal Controller
1st byte Matching data (54H) 9600 bps - (Baud rate auto set}
2nd byte - 9600 bps OK: Echo back data (5AH)
Ervor; Nothing transmitted
3rd byte Baud rate modification data 9600 bps B
(See Table 20-3)
4th byte - 9600 bps OK: Echo back data
Error: A1H x 3, A3H x 3, 62H x 3 {Note 1)
Sth byte QOperation command data (FOM) Changed new baud rate | -
6th byta - Changed new baud rate OK: Echo back data (FCH)
Error: ATH x 3, A3H x 3, 83H x 3 {Note 1)
Tth byte Address 15 to 08 in which to store | Changed new baud rate | -
gth byte Password count (Note 4, 5) Changed new baud rate OK: Nothing transmitted
Error; Nothing transmitted
Gth byte Address 07 to 00 In which to store | Changed new baud rate -
10th byte Password count (Note 4, 5} Changed new baud rate | OK: Nothing transmitted
Error: Nothing transmitted
BOOT | 11thbyte Address 15 to 08 in which to start | Changed new baud rate | -
ROM 12th byte Password comparison (Note 4, 5) Changed new baud rate OK: Nothing transmitted
Error: Nothing transmitted
13th byte Address 07 to 00 in which fo start Changed new baud rate -
14th byte Passward comparison (Note 4, 5) Changed new baud rate OK: Nothing transmitted
Error: Nothing transmitted
15th byte Password string (Note 4, 5) Changed new baud rate | -
m'th byte - Changed new baud rate OK: Nothing transmitted
Error: Nething transmitted
n'th-2 byte Erase area select data (Note 2) Changed new baud rate -
n'th-1 byte - Changed new baud rate OK: SUM {High) {Note 3)
' Error: Nothing transmitted
n'th byte - Changed new baud rate OK: SUM {Low) (Note 3)
Error: Nothing transmitted
n'th+1 byte {Wait for the next operation) Changed new baud rate -
(command data)
Note 1: "oxH x 3" denotes that operation stops after sending 3 bytes of xxH. For details, refer to " 20.7 Etror Code ".
Note 2: Refer to " 20.13 Erasing Flash Memory Area ",
Note 3: Refer to " 20.8 Checksum (SUM) ".
Note 4. Refer to " 20.10 Passwords ".
Note 5: The password strings should not send for the blank device,
Note 6: If the occurring a password error, the UART function of TMP86F S49UG stops without returning error code to the control-
ler.
Note 7: If the error occurs during transferring a password address or a password string, the UART function of TMP86FS48UG

stops without refurning error code to the controfler,

Description of Flash memory erasing mode

1. The process of the 1st byte through the 4th byte are the same as Fiash memory writing mode,

2. The receive data in the 5th byte is the command data (FOH) to erase the flash memory.

3. When the 5th byte is one of the operation command data shown in Table 20-5, the device sends the
echo back data which is the same as received operation command data (in this case, FOH). If the 5th
byte data does not correspond to the operation command data, the device stops UART function after
sending 3 bytes of operation command error code: (63H).
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4. The process of the 7th byte through the m’th byte are the same as flash memory writting mode.
However, the password strings should not send for the blank device. (Do not send the password
strings of dummy.)

5. The receive data in the n'th - 2 byte is the erase area select data. The upper 4-bit of this byte specifies
the start address of the erasing area. And the lower 4-bit of this byte specifies the end address of the
erasinig area. For details, refer to " 20.13 Erasing Flash Memory Area ".

6. The n'th - 1 and the n'th bytes are the SUM value that is sent to the controller in order of the upper
byte and the lower byte. For details on how to calculate the SUM, refer to " 20.8 Checksum (SUM) ".
The SUUM calculation is performed after detecting the end record, but the calculation is not executed
when receive error or Intel Hex format error has occurred. The time required to calculate the SUM of
the 60 Kbytes of flash memory area is approximately 500 ms at fc = 16 MHz. After the SUM calcula-
tion, the device sends the SUM data to the controller. After sending the end record, the controller can

judge that the transmission has been terminated correctly by receiving the checksum.

7. After sending the SUM, the device waits for the next operation command data.

20.6.7 Read Protection Setting Mode (Operation Command : FAH)

Table 20-12 shows Read protection setting mode process.

Table 20-12 Read Protection Setting Mode Process

Numberof Bytes | Transfer Data from External Con- Baud Rate Transfer Data from TMP86FS48UG to Exter-
Transferred troller to TMP86FS43UG nal Controller
1st byte Matching data (5AH) 9600 bps - (Baud rate auto set)
2nd byte - 9600 bps OK: Echo back data (5AH)
Error: Nothing transmitted
3rd byte Baud rate modification data 9600 bps -
(See Table 20-3)
4th byte - 9600 bps QOK: Echo back data
Error: ATH x 3, A3H x 3, 82H x 3 {Note 1)
&th byte Operation command data (FAH) Changed new baud rate -
6th byte - Changed new baud rate OK: Echo back data {(FAH)
Error: AMH x 3, A3H x 3, 63H x 3 {Note 1)
7th byte Address 15 o 08 in which fo store | Changed new baud rate -
8th byte password count {Note 2, 3) Changed new baud rate OK: Nothing transmiited
Error: Nothing transmitted
9th byte Address 07 to 00 in which fo store | Changed new baud rate -
gooT | 10th byte password count {Note 2, 3) Changed new baud rate OK: Nothing transmitted
ROM . Error: Nothing transmitted
11th byte Address 15 to 08 in which to start | Changed new baud rate -
12th byte password comparison {Note 2, 3} Changed new baud rate OK: Nothing transmiited
Error: Nothing transmitted
13th byte Address 07 o 00 in which fo start Changed new baud rate -
14th byte password comparisen (Note 2, 3) Changed new baud rate OK: Nothing transmitted
Error: Mothing transmitted
15th byte Password string (Note 2, 3) Changed new baud rate - .
m'th byte - Changed new baud rate CK: Nothing transmitted
Error; Nothing transmitted
n'th byte - Changed new bautd rate OK: FBH
Emor; Nothing transmitted
n'+1th byte (Wait for the next operation} Changed new baud rate -
{Command data)
Note 1: “xxH x 3" denotes that operation stops after sending 3 bytes of xxH. For details, refer to " 20.7 Error Code ".

Note 2: Refer to ” 20,10 Passwords ".

Note 3: If the read protection setting mode is executed for the blank preduct, the UART function of TMP86FS49UG stops without
returning error code to the coniroller. Then, if the password error ocours for the non blank product, the UART function
staps similarly.
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Note 4: If the error occurs during transferring a password address or a password string, the UART function of TMP86FS49UG
stops without returning error code to the controller.

Description of Read protection setting mode

1. The process of the 1st byte through the 4th byte are the same as Flash memory writing mode.
2. The receive data in the Sth byte is the command data (FAH) to set the read protection.

3. When the 5th byte is one of the operation command data shown in Table 20-5, the device sends the
echo back data which is the same as received operation command data (in this case, FAH). If the 5th
byte data does not correspond to the operation command data, the device stops UART function after
sending 3 bytes of operation command error code: {63H).

4. The process of the 7th byte through the m’th byte are the same as flash memory writting mode.

5. The receive data in the n'th byte is the status that is sent to the controller in order of the succeeding
read protection.

6. Afier sending the status, the device waits for the next operation command data.

20.7 Error Code

When the device detects an error, the error codes are sent to the controller.

Table 20-13 Error Code

Transmit Data Meaning of Transmit Data

62H, 62H, 62H Baud rate modification emor occurred.
83H, 63H, 63H Operating command error accurred.
A1H, A1H, ATH Framing erroer in received data occurred.
A3H, AZH, AZH Overrun emor in received data occurred.

Note: If password errar occurs, the TMP86FS49UG doesn’t send error codes.

20.8 Checksum (SUM)

20.8.1 Calculation method

SUM consists of byte + byte... + byte, the checksum of which is returned in word as the result.
Namely, data is read out in byte and checksum of which is calculated, with the result returned in word.

Example:

If the data to be calculated consists of the four bytes shown N

ATH to the left, SUM of the data is

B2H ATH + B2H + C3H + D4H = 02EAH
C3H SUM (HIGH)= 02h
v m SUM (LOW)= EAH

The SUM returned when executing the flash memory write command, RAM loader command, or flash mem-
ory SUM command is calculated in the manner shown above.
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20.8.2 Calculation data

The data from which SUM is calculated are listed in Table 20-14 below.

Table 20-14 Checksum Calculation Data

QOperating Mode Calculation Data Remarks
Flash memory writing mode Even when written to part of the flash area, data in the entire
Data in the entire area (80 Kbytes) of flash memory area (60 Kbytes) is calculated,
Flash memory SUM cutput memary The length of data, address, record type and checksum in Intel
mode Mex format are not included in SUM.
RAM loader mode Data written: to RAM The length of data, address, reco.rd type a.nd checksum in Intel
Hex fermat are not included in SUM.
Preduct Discrimination Code Checksum of transferred data (from $th to 18th For details, refer to * 20.11 Product Discrimination Code " on
Cutput mede byte) Page 246,
Flash Memory Status Output mode Checksum of transferred data (from 9th to 12th | For details, refer fo " Table 20-10 Flash Memeory Status Output
byte) Process "
. Data in the erased area of flash memory (the | For details, refer to ™ Table 20-11 Flash Erasing Mode Process
Flash Memory Erasing mode "
whole or part of memory)
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20.9 Intel Hex Format (Binary)

1. After receiving the checksum of a record, the device waits for the start mark data (3AH for “:) of the next
record. Therefore, the device ignores the data, which does not maich the start mark data after receiving the
checksum of a record.

2. Make sure that once the controller program has finished sending the checksum of the end record, it does not
send anything and waits for two bytes of data to be received (Upper and lower bytes of checksum). This is
because after receiving the checksum of the end record, the boot program calculates the checksum and
returns the calculated checksum in two bytes to the controller.

3. If areceive error or Intel Hex format error oceurs, the UART function of TMP86FS49UG stops without
returning error code to the controller. In the following cases, an Intel Hex format error occurs:

When the record type is not 00H, 01H, or 02H
When a SUM error occurred
When the data length of an extended record (Type = 02H) is not 02H

When the address of an extended record (Type = 02H) is larger than 1000H and after that, receives the
data record

When the data length of the end record (Type = 01H) is not 00H

20.10Passwords

The eight or more bytes consecutive data in flash memory area can be used as password. In password check,
TMP86FS49UG compares these data with data which are transmitted from the external controller. The area in which
passwords can be specified is located at addresses 1000H to FF9FH. The area from FFAQH to FFFFH can not be
specified as passwords area. The device compares the stored passwords with the passwords, which are received from
the controller. If all data of addresses from FFEOH to FFFFH are “00H” or “FFH”, the passwords compatison is not
executed because the device is considered as blank product. It is necessary to specify the password count storage
addresses and the password comparison start address even though it is a blank product. Table 20-15 shows the pass-
word setting in the blank product and non blank product.

Table 20-15 Password Setting in the Blank Product and Non Blank Product

Password Blank Praduct (Note 1) Non Blank Product

PNSA 1000H < PNSA < FFOFH 1000H < PNSA S FF9FH
(Password count storage addresses) - - - =

PCSA 1000H £ PCSA S FFOFH 1000H < PCSA <FFAG- N
{Password comparison start address) - - - - -

N
* <
(Password count) 85N
Setting of password No need (Note 5) Need (Note 2)

Note 1: When all data of addresses from FFEOH to FFFFH area are “00H” or “FFH", the device is judged as blank product.

Note 2. The same three or more bytes consecutive data can not be used as password. When the password includes the same
consecutive data (three or more bytes), the password error occurs. If the password error occurred, the UART function of
device stops without returning error code. ‘

Note 3: *: Don't care.

Note 4: When the password doesn't match the above condition, the password error oceurs. If the password error occurred, the
UART function of device stops without returning error code.

Note 5: In case of flash writing mode or as for RAM loader mode, the blank device receives Intel Hex format immediately after
receiving PCSA without receiving password strings. In this time, because the blank device ignores the data except the
start mark data (3AH for ") as Intel Hex format data, even if external controller fransmitted dummy password settings,
process operales correctly,

However, if the dummy password string contain data "3AH", the blank device detects it as start mark data mistakenly, and
blank device stops process without returning error code. Therefore, if these process becomes issue, the external control-
ler should not transmit the dummy password strings.

Note 6: As for flash erasing mode, the password count address (PNSA), the password comparison address (PCSA) and the
password strings should not send for the blank device.
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RXD pin f
UART |« {sott| 121 81H[ 07H[ 01+ [ 0211 03k | 04k [ 051 | 0sH] 0714 08H |
U~ y
Y
PNSA PCSA Password string
FLASH memory ;
(N
8012H | 08BH *’\
“08H" is treated
g107H [ otH “\ as the number of ~ Comparison
g108H [ ozr | | PAsSword:
8109H [ o3H \'
810AH | 04H >
— |
Example 810BM | 05H 8 bytes
Password string = 01H, 02H, 03H, 04H, 05H,  810DH| 07H
06H, 07H, 08H s10er | oot ||
/_\...J

20.10.1Password String

A string of passwords in the received data are compared with the data in the flash memory. In the following
cases, a password error occurs:

When the received data does not match the data in the flash memory

20.10.2Handling of Password Error

If a password error occurs, the UART function of TMP86FS49UG stops without returning error code to the
controller. Therefore, when a password error occurs, the TMP86FS49UG should be reset by RESET.

20.10.3Password Management during Program Development

If a program is modified many times while it is being developed, confusion may arise as to its password.
Therefore, we recommended that a fixed password be used in the program development stage,

Example :Using 8 bytes from address FOOOH for the password
Password Section code abs = OFQ00H

DB "CODE1234"
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20.11Product Discrimination Code

The product discrimination code is a 13-byte data, that includes the start address and the end address of ROM.
Table 20-16 shows the product discrimination code format.

Table 20-16 Product Discrimination Code Format

Data The Meaning of Data In Case of TMP86FS49UG
18t Start Mark (3AH) 3AH
2nd The number of transfer data (from 3rd to 12th byte) 0AH
3rd Length of address 02H
4th Reserved data 1DH
5th Reserved data 0oH
6th Reserved data 00H
7th Reserved data DOH
ath The number of ROM block Q1H
Sth Tite upper byte of the first address of RCM 10H
10th The lower byte of the first address of ROM 00H
11th The upper byte of the end address of ROM FFH

12th The lower byte of the end address of ROM FFH

13th Checksum of transferred data (from 3rd to 12th byte) D2H

20.12Flash Memory Status Code

The flash memory status code is a 7-byte data, that includes the read protection status and the status of the data
from FFEOH to FFFFH. Table 20-17 shows the flash memory status code.

Table 20-17 Flash Memory Status Code

Data The Meaning of Daia_ TN:SBCE::IZSSe;:UG
1st Start mark 3AH
2nd The number of transfer data (from 3rd fo &th byte) 04H
3rd Flash memory status code 1 Refer to below
2th Flash memory status code 2 Reserved
5th Flash memory status code 3 Reserved
6th Flash mernory status code 4 Reserved
Tth Checksum of transferred data (from 3rd to &6th byte) FDH to FFH or 00H
i
Flash Memory Status Code 1
7 6 5 4 3 2 1 0
| RPENA | BLANK | (Initial Value: 0000 0O0*)
RPENA The status of read pro- 0: Read protect is disabled.
tection 1: Read protect is enabled,
BLANK The: status of the data o All data are 00H or FFH from FFEOH to FFFFH.
from FFEOH to FFFFH. 1 The data includes the value except 30H or FFH from FFECH to FFFFH.
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Some operation commands are limited by flash memory status code 1. If a read protection is enabled, flash mem-
ory writing mode command and RAM loader mode command can not executed. It is necessary to erase all flash

memory for executing these command.

Product Read Protec-
RPENA BLANK Ftash Memory RAM Loader Checksum Discrimination | Product Status | Flash Memory ti; Settin
Writing Mode Made Qutput Mode Code Output Output Mode Erasing Mode Mode 9

Mode

i} 0 Q O O @] O O x

o 1 Pass Pass O C (@] Pass Pass

1 0 % x O Q O O b

1 1 ® X @] O @] Pass Pass

Note: O: The command can be executed without a password.

Pass: The command can be executed with a password,
X: The command can not be executed.

20.13Erasing Flash Memory Area

In the erasing flash memory mode, the area of erased flash memory is specified by n—2 byte data._

The start address of a erased flash memory area is specified by ERASTA and the end address is specified by
ERAEND.

IfERASTA is smaller tham or equal to ERAEND, sector erase {erasing of 4Kbyte units) is executed.

If ERASTA is bigger than ERAEND, chip erase (erasing of all flash area) is executed and a read protection is
released. Therefore, execute chip erase (not sector erase) for releasing the read protection.

Erase Area Select Data (n-2 byte data)

7 6 5 4 3 2 1 0
ERASTA | ERAEND
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0000:  from 00OGH
0001: from 1000H
0010: from 2000H
a011: from 3000H
0100:  from 4000H
0101:  from 500GH
The start addresses of a omo: from 600CH
ERASTA | erased flash memory on: from 7000H
area 1000: from 8000H
1001: fram 9000H
1010:  from ADOOM
1011: from BOGOH
1100: from CO00H
11071; from DOOOH
1110: from EOCGOH
1111: from FOOOH
0000:  to OFFFH
p0o01:  to 1FFFH
0010:  to 2FFFH
0011: to 3FFFH
0100:  to 4FFFH
0101:  to S5FFFH
The end addressofa | 110 10 6FFFH
ERAEND | erased flash memory on: ta 7FFFH
area 1000: o 8FFFH
1001:  to 9FFFH
1010:  to AFFFH
1011;  to BFFFH
1100; to CFFFH
1101: to DFFFH
110 to EFFFH
11: to FFFFH

Note: When the area which the MCU does not have is specified, the UART function of TMP8BFS49UG stops without
returning error code to the controller. Therefore, when a password error occurs, the TMP86FS48UG should be
reset by RESET pin input.
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20.14Flowchart
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20.15UART Timing

Table 20-18 UART Timing-1 (VDD = 4.5 V10 5.5 V, fc = 2 MHz to 16 MHz, Topr = -40 to 85°C)

The Number of Clock Required Minimum Time
Parameter Symbol
{fc) At fo= 2 MHz Atfc =16 MHz
Tirme from the reception of a maiching data until the output of an CMebi Approx. 930 465 s 58.1 ps
echo back
Time from the reception of a baud rate modification data until the
output of an echo back CMeb2 Approx. 980 490 pus 61.3 ps
Time from the reception of an operation command until the output CMeb3 Approx. 800 400 s 50 us
of an echo back
Calculation time of checksum CKsm Approx, 7864500 393s 491.5 us
Time erasing all flash memory CEall - 30 ms 30 ms
Tine erasing sector of flash memory((@4 kbytes) CEsec - 15 ms 15 ms

Table 20-19 UART Timing-2 (VDD =4.5V t0 5.5V, fc = 2 MHz to 16 MHz, Topr = -40 to 85°C)

The Number of Required Minimum Time
Parameter Symbol
Clock {fc) Atfc=2MHz | Atfo=16MHz
Time from reset release untl acceptance of start bit of RXD pin RXsup 2100 1.05 ms 131.3 ms
Time between a matching data and the next matching data CMtr1 28500 14.2 ms 1.78 ms
Time from the echo back of matchllng cllata until the acceptance of baud CMir2 380 190 s 23.8 s
rate todification data
Time fram the out : ificati i
ime from the output of echo back of haud.rate medification data untii the ChMir3 550 325 s 406 s
acceptance of an operation command
Time from the output of echo back of operation command until the accep-
tance of Password count storage addresses CMtrd 600 400 ps S0ps
, RXsup | Chitrz CMr3 Chtrd
JE— v ! y y : v v
RESET pin / ' : H ; : ; 4
] * 1 1 t E L3
v {BAH) 1 (28H) Vo (30H) ;
RXD pin | [H ”H : : b
: (5AH) : (28H) 1 : (30H)
TXD pin : HHHH : f 1 :
Cheb1 CMeb2 CMeb3
{5AH) (5AH) (5AH)
Ity
RXD pin | ”I ”H
TXD pin i »
¢ CMtr1 !
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21. Input/Output Circuit

21.1 Control pins

The input/output circuitries of the TMP86FS49UG control pins are shown below.

Cantrof Pin [{e] tnput/Output Circuitry Remarks
Ose.enable —):Do_ > fo
voo AWy VBD Relasonator connecting pins
XIN Input Ry 2Ry (high frequency)
XOouT Output Ri= 1.2 MO {typ.)
R =0.5 kO (typ.)
XIN XOuT
XTEN
Osc.enable—):[:)}_ > > fs
VDD W vOD Resaonater connecting pins
XTIN Input Ry =R {Low frequency)
XTOUT Qutput -0 R¢=6 M2 (typ.)
Rp = 220 kO {typ.)
XTIN XTOUT
VDD
R Rin Hysteresis input
e Inout b L_—| Pull-up resistor
¥ Rin = 220 k€2 (typ)
Address-frap-reset R = 100 € (typ.)
Watchdog-timer-reset
System-clock-reset
/1 uja}' . D
TEST Input ~ I R =100 2 (typ.)
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21.2 Input/Output Ports

Port i) Input/Qutput Circuitry Remarks
Initial *High-2"
VDD
Data output
_D Tri-state /O
P1 o ) Hysteresis input
Disable . R = 100 £ (typ.)
Pin input ’4
i RN
Initial "High-2*
_E Sink open drain output
P3 1o Data oltout High current cutput
. - R =100 £ (typ.)
Guiput latch input =
Pin input <
n <
Initial "High-Z"
Sink open drain output
P2 o Data autput Hysteresis input
Cutput latch input z R =100 2{typ.)
Pin input '4
P <
initial "High-Z*
Sink apen drain output
High current output
P5 11
© Data output ! Hysteresis input
Cutput latch inpui S R =100 Q(typ.)
Pin inpug &
i AN
initial "Migh-Z"
P-ch control )—%
[xata outpuf H——m—qp
Sink open drain output or
2] 1o Outnut latch nput —El C-MOS output
P4 Ulpit fatch inpu ‘__Do—| L Hysteresis input
Disable S = R =100  {typ.)
Pin input (Controf input) Q ’
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Port [l10] Input/Output Circuitry Remarks
Inttial "High-2"
Analog input
gme ® VD
Gata output
PB7
Pes Vo Qutput lateh input 1 Tri-state 1/0
P&5 L R =100 2 {typ.)
pa4 Disable R
Pin input <}
Key-on Wakeup Q
initial "High-Z*
Analog Input
9P CD DD
Ps3 Data Outpﬂt
Pe2
Tri-state 110
gg; o Qutput latch input _D R =100 Q (typ.)
7 =
P Disable FR
Pin input <
P <
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22 . Electrical Characteristics

22.1 Absolute Maximum Ratings

The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant.
Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down
or its performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when
designing products which include this device, ensure that no absolute maximum rating value will ever be exceeded.

(V8S=0V)
Parameter Symbol Pins Ratings Unit
Supply voltage Voo 0.3t06.5
Input voltage Vin -03toVpp+ 0.3 Vv
Output voltage VouT -0.310Vpp+0.3
loutt PO, P1, P4, P8, P7 ports 1.8
Output current (Per 1 pin) loutz PQ, P1, P4, P6, P7 ports 3.2
louts P3, P5 poris 30 mA
Zloumy PO, P1, P4, P6, P7 ports 60
Output current (Total)
oyt P3, P5 ports 80
Power dissipation [Topr = 85 °C] Pp 250 mwW
Soldering temperature (time) Tsld 260 (10 3)
Storage temperature Tatg -55to 125 °C
Operating temperature Topr -40 to 85
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22.2 Recommended Operating Conditions

The recommended operating conditions for a device are operating conditions under which it can be guaranteed that
the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions
for the device are always adhered to,

22.2.1 MCU mode (Flash Programming or erasing)

(Vg =0V, Topr=-101o 40°C)

Parameter Symbol Pins Ratings Min Max Unit
Supply voltage Vop NCRMAL1, 2 modes 4.5 5.5
ViHd Except hysteresis input Vpp % 0.70
Input high levet Vpp 4.5V Vop
Vinz Hysteresis input Vpp x 0.75 v
ViLt Except hysteresis input Vpp x 0.30
input Jow level Vpp = 4.5V 0
Vi Except hysteresis input Vpp x 0.25
Clock frequency fc XIN, XOUT 1.0 16.0 MHz

22.2.2 MCU mode (Except Flash Programming or erasing)

(Vgs =0V, Topr=-40to 85°C)

Parameter Symbol Pins Ratings Min Max Unit
NORMAL1, 2 modes
fe=16 MHz IDLEG, 1, 2 modes
Supply voltage
o _ SLOW1, 2 modes 4.5 55
(Condition 1} fs =32.768 KHz SLEEPO, 1, 2 modes
STOP mode
Voo NORMAL1, 2 mod
. , 2 modes
fe =8 MHz IDLED, 1, 2 modes
Supply voltage
" _ SLOW1, 2 modes 3.0 3.6
{Condition 2) fs = 32,768 KHz SLEEPO, 1. 2 modes y
STCP mode
Vi1 Except hysteresis input Vpp % 0.70
Vopz45V
Input high level Vinz | Hysteresis input Vpp x 0.75 Vop
V|H3 VDD <45V VDD % 0.90
Vit Except hysteresis input Vpp % 0.30
Vpp 245V
Input low level Viz Hysteresis input 0 Vpp % 0.25
ViLs Vpp<4.58V Vpgp x 0.10
fe XIN, XOUT Vpp=3.01036V 451055V 1.0 8.0
MHz
Clock frequency fc XIN, XOUT Vop=451t055V 1.0 16.0
fs XTIN, XTOUT Vpp=3.0t0 36V, 4.510 5.5V 30.0 34,0 kHz

Note 1: The Supply valtage (Vpp) is divided into two different voltage areas, Do not change Vp from Condition 1 to Condi-
tion 2 and vice versa while the MCU is operationg. If you wish to use Vg in a continuous range of 3.0V to
5.5V without stopping the MCU, please contact your local Toshiba office.

Page 256



TOSH I BA TE NTAT IVE TMP86FS49UG

22.2.3 Serial PROM mode

(Vag =0V, Topr=-10to 40 °C)

Parameter Symbol Pins Condition Min Max Unit
Supply valtage Voo NORMAL1, 2 modes 4.5 55
Ving Except hysteresis input Vpp * 0.70
Input high voltage Vopz45V Voo
Vibz Hysteresis input Vpp % 0.75 v
VL Except hysteresis input Vop = 0.30
Input low voltage Vpp 245V 0
VL2 Hysteresis input Vpp % 0.25
Clock frequency fc XIN, XOUT 2.0 16.0 MHz
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22.3 DC Characteristics

(Vgs =0V, Topr= 40 to 85 °C)

Parameter Symbol Pins Condition Min Typ. Max Unit
Hysteresis voltage Vhs | Hysteresis input - 0.9 - v
b4 TEST
VDD =55 V, V|N =550V
Input current iz | Sink open drain, tri-state port - - +2 WA
Ina | RESET, STOP
Input resistance Rin RESET puli-up 100 220 450
lio1 | Sink open drain port Vop =55V, Vour=55V - - 2
Cutput leakage current
hoz | Tri-state port Vpp =58V, Vour=55VIOV - - +2
Qutput high voltage Von | Tri-state port Vop=4.5V, loq =-0.7 mA 41 - -
V4
Output low voltage Voo | Except XOUT, P3, P5 Vpp=4.5V, g = 1.8 mA - - 0.4
High current port
tput I Vpp =45V, Vg 510V - -
Qutput low curren oL | (p3, Ps Port) =} oL 20
Supply cument in Whent: progf:a rr:] 55 o
NORMAL1, 2 modes Ve 255V operates on flas s 2
DD = memory
Supply current in Vin=58Vi0.2V 63 .5 mA
IDLE mode fe=16 MHz - ' :
fs=32.768 kHz
Supply current in IDLE
- 76 10
1, 2 modes
When a program
. operates on flash - 0.9 3
Supply current in lop memory
SLOW1 mode
Vpp=30V When a program
- 10 21
ViN=2.8Vi0.2v | operates on RAM
Supply current in fs = 32.768 kHz 45 16
SLEEP1 mode - ’ )
Supply current in a5 12 nA
SLEEPO mode - )
Supply current in Vpp =55V 05 10
STOP mode ViN=53V0.2V - )

Note 1: Typical values show those at Topr = 25°C and Vpp =5 V.
Note 2: Input current ({4, iyz): The current through pull-up or pull-down resistor is not included.
Note 3. Ipp does not include Ipgr.

Note 4: The supply currents of SLOW2 and SLEEP2 modes are equivalent to those of [DLE1 and IDLE2 modes.
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22.4 AD Characteristics

(Vs =0.0V, 4.5V <Vpp < 5.5V, Topr = -40 ta 85 °C)

Paramete Symbol Condition Min Typ. Max Unit
Analog reference voltage VAREF Aypp - 1.0 - Avpp
Power supply voliage of analog control A v,
circuit VDD DD v
Analog reference voltage range (Note 4) AVager 3.5 - -
Analog input voltage Vain Vs - VaREE
Power supply current of analog refer- Voo =Ayon = Varer 2 5.5V
IRer - 0.6 1.0 mA
ence voltage Vag = Aygg =00V
Non linearity error - - +2
Zera point error Voo =Avpp =50V, - - +2
Vsg = Avss = 0.0V LsB
Full scale error Vagep = 5.0V - - +2
Total error - - +2

(Vg =0V, 3.0V £Vpp < 3.6 V, Topr = 40 fo 85°C)

Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage VAREF Aypp-1.0 - Avop
F'.uw?r supply voltage of analog control Avoo Voo
cireuit v
Analeg reference voltage range (Note 4) | AVarer 25 - -
Analog input voltage Vain Vgg - VAREF

Vop = Avpp = Varer =36 V

P [ ent of analog refer-
ower supply curs g refer- Irer - 0.5 0.8 mA

ence voltage Ves = Aysg =0.0V
Nen linearity error - - *2
Zero point error Voo = Ao = 30 - ~ =2
Vs = Aygg = 0.0V LSB
Full scale error Vapsr =30V - ~ =
Total error - - 2

Note 1: The total error includes all errors except a quanitization error, and is defined as a maximum deviation from the ideal con-
version line.

Note 2: Conversion time is defferent in recommended value by power supply voltage.

Note 3: The voltage to be input on the AIN input pin must not exceed the range between Vagper and Vgg. If a voltage outside this
range Is input, conversion values will become unstable and conversion values of other channels will also be affected.

Note 4: Analog reference voltage range: AVapgr = Varer - Vss

Note §: When AD converter is not used, fix the AVDD and VAREF pin on the Vg level,
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22.5 AC Characteristics

(Vag =0V, Vpp = 4.5 V to 5.5 V, Topr = -40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
NORMALA1, 2 modes
0.25 - 4
IDLED, 1, 2 modes
Machine cycle time fey us
SLOWA, 2 modes
117.6 - 133.3
SLEEPY, 1, 2 modes
High-level clock pulse width twon For extemal ¢lock operation (XIN input) 3195 ns
Low-level clock pulse width two, | To=18MHz |
High-level clock pulse width twsH | Far extemal clock aperation (XTIN inpuf) 45.96 s
tow-level clock pulse width tyg, | B=3276BkHz ’
(Vs =0V, Vpp = 3.0 Vo 5.8 V, Topr = -40 to 85°C)
Paramete Symbol Condition Min Typ. Max Unit
NORMAL1, 2 mcdes
0.5 - 4
IDLEQ, 1, 2 modes
Machine cycle time tey us
SLOWM, 2 modes
1176 - 133.3
SLEEPO, 1, 2 modes
High-level clock pulse width bweH | Forextemal clock operation (XIN input) 625 "
Low-leve! clock pulse width bavcL fo=8MHz '
High-level clock pulse width tweH | For extemal clack operation (XTIN input)
i - 15.28 - ps
Low-level closk pulse width twse fs =32.768 kHz
22.6 Flash Characteristics
22.6.1 Write/Retention Characteristics
(Mes=0V)
Paramete Condition Min Typ- Maix, Unit
Number of guaranieed writes to flash memory | Vsg =0V, Topr =-10 to 40°C - - 100 Times
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22.7 Recommended Osciliating Conditions

XouT XTIN XTOUT

XIN
¢ l l S, = l l C,
(1) High-frequency Oscillation (2) Low-frequency Osclllation

Note 1. To ensure stable oscillation, the resonator position, load capacitance, etc. must be appropriate. Because these factors are
greatly affected by board patterns, please be sure to evaluate operation on the board on which the device will actually be
mounted.

Note 2: The product numbers and specifications of the resonators by Murata Manufacturing Co., Lid. are subject to change. For
up-to-date information, please refer to the following URL:
http:/iwww.murata.co.jp/searchfindex.htmil

22.8 Handling Precaution

- The solderability test conditions for lead-free products (indicated by the suffix G in product name) are shown

below.

1. When using the Sn-63Pb solder bath
Solder bath temperature = 230 °C
Dipping time = 5 seconds
Number of times = once
R-type flux used

2. When using the Sn-3.0Ag-0.5Cu solder bath
Solder bath temperature = 245 °C
Dipping time = 5 seconds
Number of times = once
R-type flux used

Note: The pass criteron of the above test is as follows:
Solderability rate until forming = 95 %

- When using the device (oscillator} in places exposed to high electric fields such as cathode-ray ubes, we recommend elec-
trically shielding the package in order to maintain normal operating condition.

Page 261




22. Electrical Characteristics
22.8 Handling Precaution

TE NTAT'VE TMP86FS49UG

Page 262



This is a technical document that describes the operating functions and electrical specifications of the 8-bit
microcontroller series TL.CS-870/C (L.SI).

Toshiba provides a variety of development tools and basic software to enable efficient software
development.

These development tools have specifications that support advances in microcomputer hardware (LSI) and
can be used extensively. Both the hardware and software are supported continuously with version updates.

The recent advances in CMOS LSI production technology have been phenomenal and microcomputer
systems for L.SI design are constantly being improved. The products described in this document may also
be revised in the future. Be sure to check the latest specifications before using.

Toshiba is developing highly integrated, high-performance microcomputers using advanced MOS
production technology and especially well proven CMOS technology.

We are prepared to meet the requests for custom packaging for a variety of application areas.
We are confident that our products can satisfy your application needs now and in the future.






