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TOSHIBA TMP87CH75/M75

Document Change Notification

The purpose of this notification is to inform customers about the launch of the Pb-free version of the
device. The introduction of a Pb-free replacement affects the datasheet. Please~understand that this
notification is intended as a temporary substitute for a revision of the datasheet:

Changes to the datasheet may include the following, though net-all\of{thém may apply to this
particular device.

1. Part number
Example: TMPxxxxxxF - TMPxxxxxxFG

All references to the previous part number weré Jeft unchanged i body text. The new
part number is indicated on the prelims pages4cover page and’this notification).

2. Package code and package dimensiong
Example: LQFP100-P-1414-0.50C > _LQFP100-P-1414-0.50F

All references to the previous packagecodé and package dimensions were left unchanged
in body text. The new ones are-indicated on the prelims pages:

3. Addition of notes on lead'solderability
Now that the deviceis’Pb-free, notes on lead solderability have been added.

4. RESTRICTIONS ON PRODUCT USE

The previous (ebsolete) provision might beleft unchanged on page 1 of body text. A new
replacement is included on the next page.

5. Publication date of the/datasheet

The publication date at thelower right corner of the prelims pages applies to the new
device.
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TOSHIBA

TMP87CH75/M75

1. Part number

2. Package code

and dimensions

Previous Part Number | Previous Package Code
) . 9 New Part Number | New Package Code OTP
(in Body Text) (in Body Text)
TMP87CH75F P-QFP100-1420-0.65A TMP87CH75FG QFP100-P-1420-0:65A_| TMP87PM75FG
TMP87CM75F P-QFP100-1420-0.65A TMP87CM75FG QFP100-P-1420-0.65A )¥| TMP87PM75FG

RESTRICTIONS ON PRODUCT USE

*: For the dimensions of the new package, see the attached Package Dimensions diagram.

3. Addition of notes on lead solderability

The following solderability test is conducted on the new device,

Lead solderability of Pb-free devices (with the G suffix)

Test Test Conditions Remark

(1) Use of Lead (Pb)
-solder bath temperature = 230°C
-dipping time = 5 seconds
-the number of times = once
-use of R-type flux
(2) Use of Lead (Pb)-Free
-solder bath temperature = 245°C
-dipping time = 5 seconds
-the number of times = once
-use of R-type flux

4. RESTRICTIONS ON PRODUCT.USE
The following replaces the “RESTRICTTONS ON PRODUCT USE” on page 1 of body text.

Leads with over 95% seolder.coverage

Solderability till lead forming-are acceptable.

The information contained herein is subject to change without notice.

TOSHIBA is continually working to\improve the quality and reliability.of its products. Nevertheless, semiconductor
devices in general can malfunction er _fail due to their inherent-electrical sensitivity and vulnerability to physical
stress. It is the responsibility 6fthe buyer, when utilizing 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 4oss’of human life, bodily-injury or damage to property.

In developing yout 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 Semiconducter Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc.

The TOSHIBA products listed in this document-are intended for usage in general electronics applications (computer,
personal equipment, 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 loss of human life or bodily injury
(“Unintendéd tsage’)) Unintended Usage include atomic energy control instruments, airplane or spaceship
instruments;—~transportation instruments, traffic signal instruments, combustion control instruments, medical
instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in his document shall
be madg'at the)customer’s own risk.

The-products-described in this doeument shall not be used or embedded to any downstream products of which
manufacture; use and/or sale are prohibited under any applicable laws and regulations.

The-information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed’by TOSHIBAfor any infringements of patents or other rights of the third parties which may result from its
use. No license is granted by implication or otherwise under any patents or other rights of TOSHIBA or the third
parties.

Pleasé contact your sales representative for product-by-product details in this document regarding RoHS
compatibility. Please use these products in this document in compliance with all applicable laws and regulations that
regulate the inclusion or use of controlled substances. Toshiba assumes no liability for damage or losses occurring
as a result of noncompliance with applicable laws and regulations.

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

5. Publication date of the datasheet

The publication date of this datasheet is printed at the lower right corner of this notification.

II 2008-03-06

20070701-EN




TOSHIBA TMP87CH75/M75

(Annex)
Package Dimensions

QFP100-P-1420-0.65A

Unit: mm
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TOSHIBA Under Development TMP87CH/M75

CMOS 8-Bit Microcontroller
TMP87CH75F, TMP87CM75F

The 87CH75/87CM75 are the high speed and high performance 8-bit single chip mi¢rocomputers. These MCU
contain 8-bit A/D conversion inputs and a VFT (Vacuum Fluorescent Tube) driver on a chip,

Part No. RAM Package TP MCU
TMP87CH75F 512 x 8-bit
............................. et P-QFP100-1420-0.65A TMP87PM75F
TMP87CM75F 1K x 8-bit
Features
@ 8-bit single chip microcomputer TLCS-870 Series P-QFP100-1420-0.65A

@ Instruction execution time: 0.5 us (at 8 MHz), 122 us (at 32.7684Hz)
@412 basic instructions
@ Multiplication and Division (8 bits x 8 bits , 16 bits + 8 bits)
® Bit manipulations
(Set/Clear/Complement/Load/Store/Test/Exclusive OR)
® 16-bit data operations
® 1-byte jump/subroutine-call (Short relative jump/Vector<¢all)
@15 interrupt sources (External: 6, Internal: (9) TMP87CH75F
® All sources have independent latches each, TMP87CM75F
TMP87PM75F
and nested interrupt control is availablé.

® 3 edge-selectable externalinterruptswith neise reject

@ High-speed task switching by registefr bank'changeover
@ 13 Input/Output ports (89 pins)

® Hight current output: 16 pins (typ: 200mA)

030619EBP1

@ The informatjon contained herein is subject to change without notice.

@ The information/contained herein is presented only-asa_guide for the applications of our products. No responsibility is
assumed by TOSHIBA for any infringements of patents or/other rights of the third parties which may result from its use. No
license is granted by.implication or otherwisé under any patent or patent rights of TOSHIBA or others.

@ TOSHIBA “is continuallyworking to imprave 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 responsibility of the buyer, when-utilizing TOSHIBA products, to compl}y with the standards of safety in
making a sate design for the entire-system, and to avoid situations in which a malfunction or failure of such TOSHIBA
products-could_cause loss of-human fife, 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 mest recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set
forth in the—"Handling Guide fof Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

@ The TOSHIBA products listed in_this document are intended for usage in general electronics applications (computer,
personab.equipment, 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 loss of human life or bodily injury
("Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship instruments,
transportation instruments, traffic signal instruments, combustion control instruments, medical instruments, all types of
safety.dkevices, 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.

@ TOSHIBA products should not be embedded to the downstream products which are” prohibited to be produced and
sold, under any law and regulations.

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

87CH75-1 2004-10-01



TOSHIBA Under Development TMP87CH/M75

@ Two 16-bit Timer/Counters
® Timer, Eventcounter, programmable pulse generator output,
Pulse width measurement, External trigger timer, Window modes.
@ Two 8-bit Timer/Counters
® Timer, Event counter, Capture (Pulse width/duty measurement), PWM output, Programmable divider
output modes
@ Time Base Timer (Interrupt frequency: 1Hz to 1634 kHz)

@ Divider output function (frequency: 1kHzto 8 kHz)
@ Watchdog Timer

® Interrupt source/reset output (programmable)
@ 8-bit Serial Interface
® With 8 bytes transmit/receive data buffer
® Internal/external serial clock, and 4/8-bit mode
@ Serial bus Interface
® 12C-bus, 8-bit SIO modes
@ 8-bit successive approximate type A/D converter with sample-and hold
® 16 analog inputs
® Conversion time: 23 us at 8 MHz
@ Vacuum Fluorescent Tube Driver (automatic display)
® Programmable grid scan
® High breakdown voltage ports (max. 40V x 51 bits)
@ Dual clock operation
® Single/Dual-clock mode (option)
@ Five Power saving operating modes
® STOP mode: Oscillation stops! Battery/Capacitor back<up. Port output hold/High-impedance.
® SLOW mode: Low power consumption operation using low-frequency clock (32.768 kHz).
® IDLE1 mode: CPU stops, and Periphetals operate usinghigh-frequency clock. Release by interrupts.
® IDLE2 mode: CPU stops, and Penipherals operate using high-and low-frequency clock. Release by
interrupts.
® SLEEP mode:{CPU stops, and-Peripherals operatedusing low-frequency clock. Release by interrupts.
@ Wide operating voltage: 2.7t0 5.5V at 32.768kHz, 4.5%t0 5.5V at 8 MHz/32.768 kHz
@ Emulation Pod: BM87CM75F0A

87CH75-2 2004-10-01



TMP87CH/M75

Under Development

TOSHIBA

Pin Assignments (Top View)

P-QFP100-1420-0.65A

50 FT—-<«— vpD

49 [TT1-«— VAREF
A8 [TT J-.— yaSS

47 I <> p57(A
46 T J-«> [p56 (A
45 T -’ P55 (A
44 [TT ] PSANA
43 T <> p53(A
42 [TT 14> ps52 (Al
A DT <> psi (A

(0A) 09d ‘e =TTl §
(LA) 19d wm[—IT]ZS
(TA) 79d <> [TTES
(EA) €£9d - IV S
(FA) 79d <= [ZT1]SS
(SA) S9d <> [EZTT]9S
(9N) 99d <e>»[TT]LS
(LA) L9d «>»[TIT]8S
(8A) 0£d <> [IT]6S
(6A) | Ld -e»[—TT]09
(0LA) 2Ld <w»IT]L9
(LLA) €Ld >[I 9
(ZLA) 7£d <>»[TT]€9
(ELA) S/Ld ->CTIOr 9
(FLA) 9/Ld <w»[TT]S9
(SLA) LLd «>»[TIT]99
(9LA) 08d - [TT]L9
(LLA) 18d -»[TT]89
(8LA) 78d <e»[TT]69
(6LA) £8d - [IT]0Z
(0ZA) ¥8d w»[IT|LL
(LZA) S8d - [IT]2L
(ZZA) 98d w>CTT]EL
(ETA) £8d < [ITVL
(FZA) 06d -»[TT]SL
(SZTA) 16d - [TIT]9L
(92A) 76d wCTTLL
(LZA) £€6d w»[TT]8L
(82A) 76d - [IT]6L
(6ZA) S6d = [TT]08
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N1 1)

EEEBEITRITS
22222222
DNLdg2L44
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(V30) P96 ->»["TT] g1
(V31) P97 ->["T1T] 82
(V32) PDO ->»[TT] 83
(V33) PD1 ->»[T1T] 84
(V34) PD2 ->[TT] 85
(V35) PD3 <>[TT] 86
(V36) PD4 ->»[T1T] 87

(V37) PD5 ->»[TT] 88
(vV38) PD6 -e>[TT] 89

(V39) PD7 ->»[T1T] 90

(V41) PE1 -e>»[TT] 92

(v42) PE2 ->»[TT] 93
(V43) PE3 ->[TT] 94

(V44) PE4 <>[TT] 95
(v45) PES <e»[—TT] 96
(V46) PE6 <e>—TT] 97
(V47) PE7 <e>[—TT] 98
(V48) PFO <>[—TT] 99

(V49)PF10:D:100\—NM<1‘m&D'\wU\O\—NmQ‘m@l\wmz

[T—T<>0€d (015/129)

HT <> 24d (0SA)

All VDDs should be connected-externally-for keeping the same voltage level.

Note:

2004-10-01
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TOSHIBA Under Development TMP87CH/M75

Block Diagram

1/O Ports
A
r A\
P67 P77 P87 P97 PD7 PE7 PF2
to to to to to to to
P60 P70 P80 P30 PDO PEOQ PFQ
S I I I Ik I
[V I I . oa oo = A .
VDD [~ P P7 P8 PS L PO/ L_RE\Y L PF |
B ¥ Tk TR TR TR TR
VFT Poewr VKK ——> VFT driver circuit (automatic display)
Supply
IlL 0 4 U RN U
T ™~
1T 1T 1T 1
P S W | Stack Pointer | Data Memory Program.Counter
— \
RAM
A|LU| IFIa:sI | Rlss %______(___)_ _____ —
— . Program
Register banks
Reset l/O RESET Memoty(ROM)
System Controller P
Test Pin TEST
N
<| Interrupt Controller | |
~—> Standby Controller T T T T T T RegiS:t.er
r Inst.
Timing Generator | Time Base 165bit 8-bit Serial De?oder
Hiah Timer Timer/Counters || | Timer/Counters Interfaces
Resonator XIN 9 | sib1 | 51007
Connectiong | XOUT frequ Clock Te | Q2 1cs J\rcd | ichus
Pins Low Generator Watchdeg
r: frequ Timer
Y
N2 N Jd L
[
T
8-bit
P2 AD ’P’I m /P3
Converter
—
— —
L S 2 2 Lo L L
P22 VAREF/ /PA7(AIN7) P57 (AIN17) P17, PO7 P32
to  VASS to to to to to
P20 P40 (AINO) P50 (AIN10) P10 P00 P30
(S J
10 '
Ports 1/0 Ports

87CH75-4 2004-10-01
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Pin Function

Pin Name Input/ Output Function
PO7 to PO3 /o Two 8-bit programmable input / output
................................................................ ports (tri-state).
P02 (501 VO (Output) | Each bit of these ports can be individually | SIOT serial data Outptt
P01 (SI1) Vo (input) | cOnfigured as an input or an output | ¢\ Lo rodidinout
................................................................ Undersftware Control.
P00 (SCK1) 1/0 (I/0) When used as a SIO input/output' an S1O serial-clock input/output
External interrupt input, a timer / counter | External interruptinput 4 or
P17 (INT4/7C3) . prinp - Timer /Counter 3 input
........................................ |nput, the Iatch must besetto 0 ) When
P16 (INT2) /0 (Input) | used as PPG output or divider output, the-| External interruptinput2_~._
latch must be set to “1”. External interrupt input 3 or
PISUNTSITCN) il ] Timer/Counter input . "
Timer counter~4_ input or 8-bit
P14 (TC4/PDO/PWM) 1/0 (1/0) programmablée divider output or 8-bit
................................................................. PWM output ) o)
P13 (DVO) 1/0 (Output) Divider output
"""""""""""""""""""""""""""""""""" Timer counter 2 input or Programmabie’
P12TC2/PPG) ) vowo 1 AN | pulse geheratoroutput |
P11 (INT1) External intérrupt input 1
........................................ VO (Input)
P10 (INTO) External interrupt input 0
3-bit input/outputport with latch’ Resonator/connectiong pins (32.768 kHz).
PZZ(XOUT) ......................... "O(O“tp“t) Wh P d p ) | For inputting external clock, XTIN is used
en used “asinput port, or éxterna and XOUT is opened.
P21 (XTIN) interrdptinput, STOP mode release signal
e e VO (Input) . i e [ s e
I input) the latch must be set to “1”. xternal interrupt input 5 or STOP mode
P20 (INT5/STOP) P rélease signal input
3-bit programmable input/output ports ] ;
PS2OCKO) i VO (/0) . |(Sink open drain). SI00serial clockinput/output .
P31 (SDA/SO0) I/O Ead} bit of these ports can’be-individually | |2¢ bus serial data input / output or SIO0
configured as an input ‘or an_output .
........................................... (r010utpUt); 11, der software control. serialdataoutput
When used as a 12C_inputfoutput, the |12C bus serial clock input / output or SIO0
P30 (SCL/SI0) 170 (11Q/Input) tateh must be set to™ 1" serial data input
Two 8-bit/programmaple input / output
ports (tri-state):
PA7 (AIN7) to P40 (AINO) #O linput) Each bit of-these ports can be )
................................................................ individuallay configured as an input or an | A/D converter analog inputs
P57 (AIN17) to outputunder software’control.
I/O (Input) | When used-as'analog input, the P4CR and
P50 (AIN10) PUY | P5CR must be set to "0
P67 (V7) to P60 (V0) Six|8-bit high breakdown voltage output
P77 (V15) to P70, (V8) portswith the latch.
P87 (V23) te P80 (V16) When\ used as a VFT driver output, the
P97 (V31) to P90 (V24) lateh must be cleared to “0”.
........................................ /0 (Gutput) VET driver output
PD7 (V39)to PDO0 (V32)
PE7 (V47) toPEO (V40)
3-bit high breakdown voltage output
ports with the latch.
PF2 (V50) to PEO (V48)

When used as a VFT driver output, the
latch must be cleared to "0".

87CH75-5
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TMP87CH/M75

Pin Name Input/ Output Function
Resonator connecting pins for high-frequency clock.
XIN, XOuT Input, output | For inputting external clock, XIN is used and XOUT is openad.

Reset signal input or watchdog timer output / address-trap-reset output / system-

RESET /0 clock-reset outputed.

TEST Input Test pin for out-going test. Be tied to low.
VDD, VSS (Note) +5V, 0V (GND)

VKK Power Supply | VFT driver power supply

VAREF, VASS Analog reference voltage inputs (High, Low)

Note: All VDDs should be connected externally for keeping the same voltage level|

87CH75-6
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TOSHIBA
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TMP87CH/M75

OPERATIONAL DESCRIPTION

1.

1.1

CPU CORE FUNCTIONS

The CPU core consists of a CPU, a system clock controller, an interrupt controller,;and a watchdog timer.
This section provides a description of the CPU core, the program memory (ROM), the data memory
(RAM), and the reset circuit.

Memory Address Map
The TLCS-870 Series is capable of addressing 64K bytes of memory. Figure 1>1.shows the memory address
maps of the 87CH75/M75. In the TLCS-870 Series, the memory is organized 4-address spaces (ROM, RAM,
SFR, and DBR). It uses a memory mapped I/O system, and all I/O registers are mapped in the SFR/DBR
address spaces. There are 16 banks of general-purpose registers. The.register banks are also.assigned to
the first 128 bytes of the RAM address space.

RAM

DBR

ROM

0000y
003F 64 bytes
0040

128 bytes
QOBF |.ovvovrn.
00C0

i | 896bytes
043F |

P =
0F80

128 bytes
OFFF
8000

i 232512bytes |
T a—

P\35.192 bytes <2
FEBF |
FFCO
FEDE| 32bytes
FEDF L. 222
EFFF 32 bytes

87CM75

0000y
: 64 bytes
003F
0940 Register banks
: 128 bytes (8registers x 16 banks)
(01021 PO
00C0
384 bytes | Note: )
: ROM;  Read Only Memory includes :
02'3 Fob | Programy/mémiory
/ : : RAM; —Random Access Memory includes :
. Data memory.
N - Stack
X ~ General-purpose register banks
OF80 SFR; Special Function Register includes :
: I1Oports
128 bytes Peripheral control registers
: Peripheral status registers
OFFF System control registers
ot = Interrupt control registers
P Program Status Word
CO00 | I\DBR;  Data Buffer Register includes :

FEQD

FFBE

FFEO | o, j

FEDF p2bytes

FFFF 32 bytes
87CH75

116128 bytes T

)
U(
Ly
©
N
=2
<
—+
®
w
)]
Y

Vector table for vector call
instructions (16 vectors)
Vector table for interrupts/|

SIO data buffer
VFT display data buffer

Entry area for
page call
instructions

reset (16 vectors)

Figure 1-1. Memory Address Maps

87CH75-7
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1.2 Program Memory (ROM)

The 87CH75 has a 16K x 8-bit (addresses CO00H-FFFFy), the 87CM75 has a 32K x 8-bit (address 8000-
FFFFH) of program memory (mask programmed ROM).
Addresses FFOOH-FFFFy in the program memory can also be used for special purposes.

(1)

Interrupt/Reset vector table (addresses FFEO4-FFFFy)

This table consists of a reset vector and 16 interrupt vectors (2 bytes/vector).—~Thése vectors store a
reset start address and interrupt service routine entry addresses.

(2) Vectortable for vector call instructions (addresses FFCOH-FFDF )
This table stores call vectors (subroutine entry address, 2 bytes/vector) forthe vector call instructions
[CALLV n]. There are 16 vectors. The CALLV instruction increases memory efficiency when utilized
for frequently used subroutine calls (called from 3 or more locations).

(3) Entry area (addresses FFOO4-FFFFR) for page call instructions
This is the subroutine entry address area for the page call instructions [CALLP/ n]. “Addresses FFOOy-
FFBFH are normally used because address FFCOy-FFFFy\are used for the vector tables;

Programs and fixed data are stored in the program memory.~The instruction to be executed next is read
from the address indicated by the current contents of the program counter/(PC).-There are relative jump
and absolute jump instructions. The concepts of page or bank boundaries are not used in the program

memory concerning any jump instruction.

The relationship between (the
jump instructions and the PC.

Example:

@ 5-bit PC-relative jump [JRS cc, $+2 +d]
E8C4AH: JRS T, $+2+08H

When JF = 1, the jump is made'to E8CER,
which is 08y added to the contents\of the
PC. (The PC contains the address/of the
instruction being executed +2;
therefore, in this_case/ the )PC contents
are E8C4H +2/=E8CBH.)

8-bit PC-relative’jump [JR ¢cc, $ +2 +d]
E8C4H : JR ~Z,$.+2 +80H

When ZF =1, the jump is made to-E8464,

which-is/FF80H (- 128) added to the

currentcontents of the PC.

164bit absolute jump [JP  a]

E8C4AH ) JP 0C235H
An_unconditional jump is\made to
address C2354. “The \absolute jump
instruction can jump-anywhere within
the entire 64K-byte space.

Address ROM
8000 contents
A00D
€000
D000)~= =
: Example: Therelationship
: between ROM Contents
FFOO and Call group
: instructions/Interrupt/
Reset
FF7B |\ \..ioro|  CALLP 7BH ; PCeFF7By
FFBE
PFCOCY . call vector (L) | |56 CALLV OH ; PCe«C8564
FFC1 call vector (H) c8
FFC2
FFDF
FFEO |interruptvector (L)} 68 INT5 i PCe D368y
FFE1 |interrupt vector (H)| D3
FFE2
FFFD
FFFE | resetvector(l) |3E RESET ; PCeCO3Ey
FFFF reset vector (H) co

Figure 1-2.

Program Memory Map

In the TLCS-870 Series, the same instruction used to access the data memory (e. g. [LD A, (HL) ]) is also
used to read out fixed data (ROM data) stored in the program memory. The register-offset-PC-relative
addressing (PC + A) instructions can also be used, and the code conversion, table look-up and n-way
multiple-direction jump processing can easily be programmed.

87CH75-8
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Example 1 : Loadsthe ROM contents at the address specified by the HL register pair
contents into the accumulator (HL= A000,):
LD A, (HL) ; A<ROM (HL)

Example2 : Converts BCD to 7-segment code (common anode LED). When A = 05y, 924 is
output to port PO after executing the following program,

LD (P0), (PC+A)
ADD A, TABLE-$-4 ; PO <«ROM (TABLE + A)
JRS T, SNEXT
TABLE : DB 0COH, OF9H, 0A4H, OBOH, 99H, 92H, 82H, 0D8H, 80H, 98H
SNEXT :
Notes:  "$”isa header address of ADD instruction.
DB is a byte data difinition instruction. SHLC A
Example 3 : N-way multiple jump in accordance with the contents of P (PCrA)
accumulator (0=A=<3): [/, Y LN g _‘2‘ _______
SHLC A ; ik AZ00y) then PCeC234, 78
P (PC+A) if A= 014 then PC<C378 a3
iTA=02, then PCeDA37 -_____5_7& ______
if A=03y then PC—E180y 50
DwW 0C234H, 0C378H, 0DA37H, OE1BOH E1
| Note : DW is a word data definition instruction. | T~

1.3 Program Counter (PC)

The program counter (PC) is a 16-bit register which indicatésthe-program-memory address where the
instruction to be executed next is stored._ After reset, theluser defined reset vector stored in the vector
table (addresses FFFF and FFFER) is loaded into the PC ; therefore, program execution is possible from
any desired address. For example,\when)C0y and 3EH are stored’at addresses FFFFy and FFFEQ,
respectively, the execution starts from address CO3Ey aftepreset.

The TLCS-870 Series utilizes pipelined processing (instruction pre-fetch); therefore, the PC always
indicates 2 addresses in advance. \Forexample, while a‘1-byte.instruction stored at address C123y is being
executed, the PC contains €125

MSB LSB
+ + +
1514131211109 8 /7 /6 5°4\3 2~1_0 PC Contents :X a X atl X a+2 X a+3 X:

Program Counter (PC)
PCH | PC, Instruction"Execution X a-2 X a-1 X a X a+1

(a) Configuration (b) Timing chart of PC Contents and Instruction Execution

Figure 1-3.~Program Counter

1.4 Data Memory(RAM)
The 87CH75have a 512 x 8-bits (addresses 00404-023Fy), and the 87CM75 have a 1K x 8bit (address 0040y
t0°043Fy) of data memory (staticRAM):Figure 1-4 shows the data memory map.
Addresses00004-00FFare uséd as a direct addressing area to enhance instructions which utilize this
addressing-mode; therefore, addresses 00404-00FFy in the data memory can also be used for user flags or
user counters. General-pufrpose register banks (8 registers x 16 banks) are also assigned to the 128 bytes
of addresses 00401-00BF. Access as data memory is still possible even when being used for registers. For
example, when the contents of the data memory at address 0040y is read out, the contents of the
accumulator in the bank 0 are also read out. The stack can be located anywhere within the data memory
except the register bank area. The stack depth is limited only by the free data memory size. For more
details on the stack, see section ” 1.7 Stack and Stack Pointer”.
The 87CH75/M75 cannot execute programs placed in the data memory. When the program counter
indicates a data memory address, a bus error occurs and an address-trap-reset applies. The RESET pin
goes low during the address-trap-reset.
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Example 1 If bit 2 at data memory address 00C0y is “1”, 00y is written to data memory at
address 00E3y; otherwise, FFy is written to the data memory at address 00E3n:
TEST (00COH).2 ;if (00COy) » = 0then jump
JRS T,SZERO
CLR (00E3H) ; (00E3p) « 00y
JRS T,SNEXT
SZERO : LD (00E3H), OFFH ; (00E3y) «FFy
SNEXT :
Example 2 Increments the contents of data memory at address-Q0F5H, and clears to 004 when
10y is exceeded:
INC (00F5H) i (00F54) < (QO0FSy)+ 1
AND (0OF5H), OFH i (0OF5y;) « (0OFS1) AOF

The data memory contents become unstable when the power-supply is turned on;/therefore, the data
memory should be initialized by an initialization routine. ( Note that the general-purpuse registers are
mapped in the RAM ; therefore, do not clear RAM at the currentbank addresses.

Example1 Clears RAM to “004" except the bank0: (87CH75)
LD HL, 0048H ~.Sets start address ta HL register pair
LD A, H ; “Setsinitial data (00y)-to"A register
LD BC, 01F7H ;. Sets number of byte to BCregister pair
SRAMCLR : LD (HL+), A
DEC BC
JRS F, SRAMCLR
Example2 Clears RAM 10 "00H" \except the bank 0:(87CM75/PM75)
LD HL, 0048H ; Sets start address to HL register pair
LD A, H . Setsinitial data (004) to A register
LD BC, 03F7H +_Sets number of byte to BC register pair
SRAMCLR : LD (HL+), A
DEC BC
JRS F, SRAMCLR
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Address
0040y

0050
0060
0070
0080
0090
00A0
00BO
00Co
00D0
00EO
00F0
0100
0110
0120
0130

0140

0230
0240

0250

0420
0430

01 2 3 4 5 6 7

8 9 A B C D E F

_Register bank 0

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

_Register bank 14

Register bank 1

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

_Register bank 15

Direct addressing area

Note :

The 87CH75 does

not have this area
(02404-043Fy) of

RAM.

Figure 1-4. Data Memory Map
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1.5 General-purpose Register Banks
The general-purpose registers are mapped into addresses 00404-00BF in the data memory as shown in
Figure 1-4. There are 16 register banks, and each bank contains eight 8-bit registers W, A, B, C, D, E, H,
and L. Figure 1-5 shows the general-purpose register bank configuration.

—

— bank 15 (00B8 to 00BFy)
—! bank 14 (00B0 to 00B7}) Exavvp'e : Baf;ko
: ! bank 13 (00A8 to 00AFy) g
w oA bank 12 (00A0 to 00A7};) .(9931.%!?.5.(992‘9&!?.
""" B i c : (0043, (0042,
............. - bank 4 (0060 to 0067 D E
D | E - bank 3 (0058 to 005F) (0045, : (Q0444)
............. feveneen] - bank 2 (0050 to 0057p) Hoo L
H L — bank 1 (0048 to 004F) (0047,) (0046
- bank 0 (0040 to 0047y)
(a) Configuration (b) Addressassignments of registers

Figure 1-5. General-purpose Register Banks

In addition to access in 8-bit units, the registers'can also be/accessed in 16-bit units as the register pairs
WA, BC, DE, and HL. Besides its function as a-general-purpdse register,the register also has the following
functions:

(1) A,WA
The A register functions as an 8<bit accumulator and WA the register pair functions as a 16-bit
accumulator (W is high byte~and A is low byte). ~Registers other than A can also be used as
accumulators for 8-bit operations:

Examples @ ADD" A, B ;  AddsB.contents to A contents and stores the resultinto A.
@ SUB WA, 1234H ; |Subtracts 12344 from WA contents and stores the result into WA.
@ SUB_E/ A ; Subtracts/A contents from E contents, and stores the result into E.
(2) HL,DE

The HL and DE specify a memory address. The HL register pair functions as data pointer (HL) / index
register (HL + d) / base register (HL + C), and.the DE register pair function as a data pointer (DE). The
HL also-has an /auto-post- increment and auto-pre-decrement functions. This function simplifies
multiple digitdata processing, software LIFO (last-in first-out) processing, etc.

Example 1)) ® LD A (HL) ; Loads the memory contents at the address specified by HL into A.

@ LD [ A, (HD+52H) ; Loads the memory contents at the address specified by the value
obtained by adding 52y to HL contents into A.

(©) LD~_A, (HL+C) ; Loads the memory contents at the address specified by the value
obtained by adding the register C contents to HL contents into A.

@ LD A, (HL+) ; Loads the memory contents at the address specified by HL into A.
Then increments HL.

® LD A, (-HL) ; Decrements HL. Then loads the memory contents at the address

specified by new HLinto A.

The TLCS-870 Series can transfer data directly memory to memory, and operate directly between
memory data and memory data. This facilitates the programming of block processing.
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Example 2 : Block transfer

LD B, m ; m=n-1(n: Number of bytes to transfer)
LD HL, DSTA ; Setsdestination address to HL
LD DE, SRCA ; Setssource address to DE
SLOOP : LD (HL), (DE) ; (HL) «(DE)
INC HL
INC DE
DEC B

JRS F, SLOOP

(3) B,C,BC
Registers B and C can be used as 8-bit buffers or counters, and the BC register pair €an_be used as a
16-bit buffer or counter. The C register functions as an_offset régister for register-offset index
addressing (refer to example 1 @ above) and as a divisorregisterfor the division/instruction [DIV gg,

Cl.
Example 1 : Repeat processing
LD B, n —Sets nas the number of repetitionsto B
SREPEAT : processmg (n_+ 1times processing)
DEC B
JRS F, SREPEAT

Example2 : Unsigned integer division(16-bit + 8-bit)
DIV WA, C ; Divides'the WA contents by the C contents, places the
quotient inA and the remainderinW.

The general-purpose register banks areselected by the 4-bit register bank selector (RBS). During reset,
the RBS is initialized to “0”. The bank selected by the RBS/is called the current bank.

Together with the flag, the RBS is\assigned to address 003Fy in the SFR as the program status word (PSW).
There are 3 instructions [LD RBS, n], TPUSH PSW] and [POP-PSW] to access the PSW. The PSW can be also
operated by the memory aceess instruction.

Example 1/;/ Incrementing the RBS
INE (003FH) ¢ RBS/«RBS + 1

Example 2 : “Reading the RBS
LD A, (003FH) 7 A& PSW (A3 < RBS, A7 z<Flags)

Highly efficient programming and high-speed.task switching are possible by using bank changeover to
save registers during interrupt and to'transfer parameters during subroutine processing.

During interrupt, the PSW is automatically saved onto the stack. The bank used before the interrupt was
accepted is restored automatically-by-executing an interrupt return instruction [RETI//[RETN] ; therefore,
there issno-need for the'RBS save/restore software processing.

The TLCS-870 Series supports.a-maximum of 15 interrupt sources. One bank is assigned to the main
pregram, and one bankcan.be assigned to each source. Also, to increase the efficiency of data memory
usage;-assign the same bank'to'interrupt sources which are not nested.

Example: Saving/restoring registers during interrupt task using bank changeover.
PINT1 : LD RBS, n ; RBS «n (Bank changeover)

RETI ; Maskable interrupt return (Bank restoring)
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1.6 Program Status Word (PSW)
The program status word (PSW) consists of a register bank selector (RBS) and four flags, and the PSW is
assigned to address 003F in the SFR.
The RBS can be read and written using the memory access instruction (e. g. [LD A, (003FH)], [LD (003FH),
Al, however the flags can only be read. When writing to the PSW, the change specified by the instruction
is made without writing data to the flags. For example, when the instruction [LD (003FH), O5H] is
executed, “5" is written to the RBS and the JFissetto “1”, but the other flags are notaffected.
[PUSH PSW] and [POP PSW] are the PSW access instructions.

1.6.1 Register Bank Selector (RBS)

. . . . 7 4 2 1
The register bank selector (RBS) is a 4-bit register used EN\D 3 - 0

to select general-purpose register banks. For example, JF ZF CF HF " RBS

when RBS=2, bank 2 is currently selected. During ~—— 7

reset, the RBS is initialized to “0". Figure.1-6. PSW (Flags, RBS) Configuration
1.6.2 Flags

The flags are configured with the upper 4 bits : a zero flag, a €arry flag, a half/carry flag and-a jump status
flag. The flags are set or cleared under conditions specified by the instruction:_These flags except the
half carry flag are used as jump condition “cc” for,conditional jump instructions [JR-cg, $+ 2 + d]/[JRS cc,
$ +2 +d]. After reset, the jump status flag is initialized to."1", other flags are notaffected.

(1) Zero flag (ZF)
The ZF is set to “1" if the operation result'or the transfer data is 004/(for 8-bit operations and data
transfers)/00004 (for 16-bit operations); otherwise the ZFis-cleared to 0",
During the bit manipulation instruction[SET, CLR, and/CPL], the ZF is set to “1" if the contents of the
specified bitis “0”; otherwise the’ZFiscleared to “0”.
This flag is set to “1" when the \upper 8 bits of the product.aré 004 during the multiplication
instruction [MUL], and when 00y forthetemainder during the division instruction [DIV]; otherwise it
is cleared to “0”.

(2) Carry flag (CF)
The CF is set to “1” whén/a’carry out of the MSB-(most'significant bit) of the result occurred during
addition or when-ahorrow into the MSB of the result occurred during subtraction; otherwise the CF
is cleared to/”0"”. During division, thisflag issetto 41" when the divisor is 00y (divided by zero error),
or when the quotient is-1004 or higher-(overflow error); otherwise it is cleared. The CF is also
affected during-the shift/rotate instructions [SHLC, SHRC, ROLC, and RORC]. The data shifted out
from a register is setto'the CF.
This flag jsialso a 1-bit register (a boolean-accumulator) for the bit manipulation instructions.
Set/clear/complement are possible with the/CF manipulation instructions.

Example1 : Bit manipulatian

LD CF, (0007H).5 ;. (0001y), « (0007)5 3 (009AL)
XOR CF, (009AH).0
LD (0001H) . 2, CF
Example2 : Arithmetic rightshift
LD CF,A.7
RORC A

(3) Half carry flag (HF)
The HF isset to “1” when a carry occurred between bits 3 and 4 of the operation result during an 8-
bit addition, or when a borrow occurred from bit 4 into bit 3 of the result during an 8-bit
subtraction; otherwise the HF is cleared to “0”. This flag is useful in the decimal adjustment for BCD
operations (adjustments using the [DAA r], or [DAS r] instructions).
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Example : BCD operation
(The A becomes 47 after executing the following program when A = 19y, B =28y)
ADD A, B ; Ae41y, HF <1
DAA A ; Ae<41y + 06y = 47, (decimal-adjust)

(4) Jump status flag (JF)
Zero or carry information is set to the JF after operation (e. g. INC, ADD, CMP,TEST).
The JF provides the jump condition for conditional jump instructions/[JRS\T/F, $ +2 +d], [JR T/F,
$ +2+d] (T or Fis a condition code). Jump is performed if the JFis “1"for.a true condition (T), or the
JFis “0" for a false condition (F).
The JF is set to “1” after executing the load/exchange/swap/nibble rotaté/jump instruction, so that
[JRST,$+2+dland [JRT, $ + 2 +d] can be regarded as an unconditional jump instruction.

Example : Jump status flag and conditional jump instraction

INC A

JRS T, SLABLE1 ;/dump when a carry is caused by, the immediately
: preceding operation instruction’

LD A, (HL)

JRS T, SLABLE2 ~Fissetto “1” by theiimmediately preceding
: instruction, making ityan unconditional jump
instruction.

Example :The accumulator and flags will become'as shown below after executing the following instructions
when the WA register pair, the HL-register pair, the data-memaory-at address 00C5y, the carry flag
and the half carry flag contents being “219AK", “00C541", “D7x™, “1" and “0", respectively.

Instruction Acc. after Flag.after .execu.tion Instruction Acc. after Flag.after _execu.tion
execution | JET ZF €F HF execution | JF : zF ! CF : HF

ADDC A, (HL) 72 o i) INC_ VA 98 oioit1io
SUBB A, (HL) Q 1010 ROLC\ A 35 1010
CMP A, (HL) 9A 0 0 1 0 RORC A <D 0 0 0 0
AND A, (HL) 92 0 0 1 0 ADD WA, 0F508H 16A2 1 0 1 0
LD A, (HL) D7 1 0 1 0 MUL W, A 13DA 0 0 1 0
ADD A, 66H 00 1 1 1 1 SET A5 BA 1 1 1 0

1.7 Stack and Stack'Pointer

1.7.1 Stack
The stack “provides the area in-which-the return address or status, etc. are saved before a jump is
performed to the prgcessing \routine during the execution of a subroutine call instruction or the
acceptance of an interrupt./On.asubroutine call instruction, the contents of the PC (the return address) is
saved; on an interrupt adceptance, the contents of the PC and the PSW are saved (the PSW is pushed first,
followed by PCH and PC|). Therefore, a subroutine call occupies two bytes on the stack; an interrupt
occupies three bytes.
When returning from the processing routine, executing a subroutine return instruction [RET] restores the
contents to the PC from the stack; executing an interrupt return instruction [RETI] / [RETN] restores the
contents to the PC and the PSW (the PC| is popped first, followed by PCH and PSW).
The stack can be located anywhere within the data memory space except the register bank area,
therefore the stack depth is limited only by the free data memory size.
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1.7.2 Stack Pointer (SP)
The stack pointer (SP) is a 16-bit register containing the address - e
M

of the next free locations on the stack.

15 14 13 12 11109 8 7 6 5 4 3 2 1 0
Stack-Painter (SP)

The SP is postdecremented when a subroutine call or a push
instruction is executed, or when an interrupt is accepted; and

the SP is preincremented when a return or a pop instruction is
executed. Figure 1-8 shows the stacking order.

The SP is notinitialized hardware-wise but requires initialization by-an initialize routine (sets the highest
stack address). [LD SP, mn], [LD SP, gg] and [LD gg, SP] are the SP-access-instructions (mn ; 16-bit
immediate data, gg ; register pair).

Figure 17, Stack Pointer

Example 1 :Toinitialize the SP

LD SP, 023FH ;. SP«023F(,
Example 2 : To read the SP
LD HL, sP ; HE&SP
At acceptance
. of interrupt )
At execution of or At execution of
a CALL/CALLV/CALLP at execution of At execution of a RETVRETN
instruction aSWI instruction a REFinstruction instruction

0040y
: stack
SP before 023F 023F 023D . depth
execution : ﬁ
* * ‘4 023F
Sauon (043F)

(a)—Stacking order (b) Stack depth

Figure 1-8.~Stack

1.8 System Clock Controller
The system clock controller consists of a clock generator, a timing generator, and a stand-by controller.

Timing generator control register

TBTCR

N Clock /...,
P generator 00364 O
_' XIN |t
I D. : High-frequency ; Timing
| i i Stand-by controller
_‘ T I::I : clock oscillaton generator
Xout é
L KRR
| S S
1

System clocks

Low-frequency fs 0038y

SYSCR1

0039y
| | syscra

System control registers

clock oscillator

Clock generator control

Figure 1-9. System Clock Controller
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1.8.1 Clock Generator

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

The high-frequency (fc) and low-frequency (fs) clocks can be easily obtained by connecting a resonator
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 the XIN/XTIN/pin with/the, XOUT/XTOUT pin not

connected.
jTTTTTT T High-frequency clock "=~~~ =======73 i Low-frequency clock ~==~~~"="="""73
1 1 1 1
' XIN XOUT XIN XOUT ' | XTIN XTOUT XTIN XTOUT |
1 1 1 1
: I Ll
| (open) | i (open) |
1 1 1 1
! ] L L] !
i i i i
: o :
1 1 1 1
A e N i
i (a) Crystal/Ceramic (b) External oscillator | : () Crystal (d). External oscillator H
i resonator ¢ i i

Figure 1-10. Examples-of-Resonator Connection

Note :  Accurate Adjustment of the Oscillation Frequency;
Although no hardware to externally.and'directlymonitor the'\basic clock pulse is not provided,
the oscillation frequency can-be adjusted by providing a program to output fixed frequency
pulses to the port while disabling)all interrupts and-moenitoring this pulse. With a system
requiring adjustment of the oscillation frequency, the adjusting program must be created

beforehand.
Example: To output the high=frequency oscillation-frequency adjusting monitor pulse to P13
(DVO) pitv.
SFCCHK: LD —(P1CR), 00001000B ; Configures port P13 as an output
SET  (P1)3 < P13 output latch « 1 output waveform ,
LD~ ATBTCR), 111000008 ;. Enabtles divider output | l |
JRS ~T1,% i— Loops-endless : /1024 :

1.8.2 Timing-Generator
The timing generator generates from the basicclock the various system clocks supplied to the CPU core
and peripheral hardware. The timing generator provides the following functions :

@ Generation of main system clock

@-Generation of divider.output (DVO) pulses

@ Generatién of source clocks for time base timer

@/’ Generation ofsource clacks for watchdog timer

® Generatiortofinternal source clocks for timer/counters TC1 - TC4
® Generation of internal clocks for serial interfaces SIO and HSO

@ Generation of source clocks for VFT driver circuit

Generation of warm-up clocks for releasing STOP mode

®© Generation of a clock for releasing reset output

(1) Configuration of Timing Generator
The timing generator consists of a 21-stage divider with a divided-by-4 prescaler, a main system clock
generator, and machine cycle counters. An input clock to the 7th stage of the divider depends on
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the operating mode and DV7CK (bit 4 in TBTCR) shown in Figure 1-11 as follows.
During reset and upon releasing STOP mode, the divider is cleared to “0”, however, the prescaler is
not cleared.

@® Inthessingle-clock mode
A divided-by-256 of high-frequency clock (fc/28) is input to the 7th stage of the divider.

@ Inthe dual-clock mode
During NORMAL2 or IDLE2 mode (SYSCK =0), an input-clock to'the \7th stage of the divider
can be selected either “fc/28" or “fs” with DV7CK.
During SLOW or SLEEP mode (SYSCK =1), “fs” is automatically.input to the 7th stage. To
input clock to the 1st stage is stopped ; output from the\lst to 6th stages is also stopped.

. " lock select fi | t >machinecycles
.| mainsystem clock selector machine.cycle counters L > states
SYSCK & '
DV7CK fm
prescaler divider s divider
High-frequency_ f¢ fc/a f22 1A
clock 12 112]3]4]|5(6 Y= 7|89 [10]11]12]13[14|15}16]12]18[19{20(21
B
Low-frequenc fs r
clock q Y fs MPX Reset circuit
Stand-by
gramn controller
Timer/ .
counters Watchdog
Timer
é
Time Base
Timer
Serial
interfaces
V.FTQriver Divider
circuit output circuit
Note : MPX; Multiplexer
Figure 1-11. Configuration of Timing Generator
3 2 1 -
TBTCR  |©voen] . oveck) | pvrck | gsrem | (TBTCK) | | (nitialvalue: 0% Oxxx)
(00364) - -
Selection of input clock to | 0: fc/28 [Hz] | |
| DAZeK |the 7th stage ofthe divider 1:fs RIW

Notel : fc; high-frequency clock [Hz], fs; low-frequency clock [Hz], * ; don’t care
Note 2/ / Do nat set DVYCK to “1” in the single-clock mode.
Note 3 Do nat set DV/CK to “1” before low-frequency clock is stable in the dual-clock mode.

Figure 1-12. Timing Generator Control Register

(2) Machine Cycle

Instruction execution and on-chip peripheral hardware operation are synchronized with the main
system clock. The minimum instruction execution unit is called an “machine cycle”. There are a total
of 10 different types of instructions for the TLCS-870 Series: ranging from 1-cycle instructions which
require one machine cycle for execution to 10-cycle instructions which require 10 machine cycles
forexecution.

A machine cycle consists of 4 states (S0 - S3), and each state consists of one main system clock.
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1|/fc or 1/fs [s]

|

[}
Main System Clock—l |

1 Y S e N e
=]

S1 52 53 so | st |\os2 /)| s3]

I
]
state | 5o
!
1

]
r«——Machine cycle——— >

( 0.545 at fc=8MHz )
122 s at fs=32.768 kHz

Figure 1-13. Machine Cycle
1.8.3 Stand-by Controller
The stand-by controller 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-cleck and dual-clock.
These modes are controlled by the system control registers(SYSCR1, SYSCR2).
Figure 1-14 shows the operating mode transition diagram’ and Figure 145 shows_the system control
registers. Either the single-clock or the dual-clock mode can be selected by an option during/reset.

(1) Single-clock mode
Only the oscillation circuit for the high-frequency clock’is used, and P2 1\{XTINY and P22 (XTOUT) pins
are used as input/output ports. In the single-clock mode, the machijne cycletime is 4/fc [s] (0.5 us at
fc=8 MHz).

@® NORMAL1 mode
In this mode, both the CPU-core and on-chip peripherals operate using the high-frequency
clock. In the case where the)single-clock mode-has been selected as an option, the
87CH75/M75 are placed. inthismode after reset.

@ IDLE1 mode

In this mode, the internaloscillation circuit remains active. The CPU and the watchdog timer
are halted; howeyer, on-chip peripherals-remain active (operate using the high-frequency
clock).1DLE1 mode“is'started by setting/IDLE bit in the system control register 2 (SYSCR2),
and IDLE1/mede is released to NORMAL1) mode by an interrupt request from the on-chip
peripherals or external interruptinputs. When IMF (interrupt master enable flag) is “1"
(interrupt enable), the execution will.resume upon acceptance of the interrupt, and the
operation will return to normal afterthe interrupt service is completed. When IMF is “0”
(interrupt disable), the executionwill resume with the instruction which follows IDLE mode
start instruction.

® STOP1 mode

In/this mode, the internaloscillation circuit is turned off, causing all system operations to be
halted. The internal status immediately prior to the halt is held with the lowest power
consumption/during-this mode. The output status of all output ports can be set to either
output hold orhigh-impedance under software control.

STOP1 mode is started by setting STOP bit in the system control register 1 (SYSCR1), and
STOP1 mode is released by an input (either level-sensitive or edge-sensitive can be
programmably selected) to the STOP pin. After the warming-up period is completed, the
execution resumes with the next instruction which follows the STOP mode start instruction.
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(2) Dual-clock 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 NORMAL2 and IDLE2 modes, and is obtained from the low-frequency clock
in SLOW and SLEEP modes. The machine cycle time is 4/fc [s] (0.5 us at fc # 8 MHz)in NORMAL2 and
IDLE2 modes, and 4/fs [s] (122 us at fs=32.768 kHz) in SLOW and SLEEP ‘modes. Note that the
87PM75 is placed in the single-clock mode during reset. To use the dual-clock mode, the low-
frequency oscillator should be turned on by executing [SET (SYSCR2).XTEN] instruction.

@ NORMAL2 mode
In this mode, the CPU core is operated using the high-frequency clock. The on-chip
peripherals are operated on the high-frequency clock and/erlow-frequency-clock. In case
that the dual-clock mode has been selected as an,option;the 87CH75/M75 are placed in this
mode after reset.

@ SLOW mode
This mode can be used to reduce power-consumption by turning off oscillation/ of the high-
frequency clock. The CPU core and on-chip peripherals are operated \using the low-
frequency clock.
Switching back and forth between NORMAL2/and SLOW modes is’performed by the system
control register 2.

@ IDLE2 mode
In this mode, the internal oscillation circuits remain active."The CPU and the watchdog timer
are halted; however, on-chip peripherals operate -using the high-frequency clock and/or the
low-frequency clock. Starting and releasing of IDLE2 mod¢  are the same as for IDLE1 mode,
except that operation returnsto/NORMAL2 mode.

@ SLEEP mode
In this mode, theinternal-oscillation circuit of the low-frequency clock remains active. The
CPU, the watchdogd timer, and the internal.oscillation circuit of the high- frequency clock are
halted;-however;-on-chip peripherals-operate using the low-frequency clock. Starting and
relgasing of SLEEP mode is the same/as fon IDLE1 mode, except that operation returns to
SLOW mode.

® STOP2 mode
Asin STOP1 mode, all system operations are halted in this mode.
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RESET1

reset release

software software
IDLE1 <O — NORMAL1 STOP1
mode - mode mode
interrupt STOP pin input
(a) Single-clock mode
RESET2
reset release
software
IDLE2 <R ORMAL2
mode mode
interrupt .
(;:i STOPpin STOP2
input - g mode
software el ,,/
SLEEP SLOW Pis
mode fode _><7) software
interrupt
(b) _\Dual-clock mode
Note 1: NORMAL1 "and NORMAL2 modes_are
generically called NORMAL,; STOP1_and
STOP2-are-called STOP; “and-IDLE1, IDLE2
and SLEEP are called IDLE.
Note2: The 87PM75 doesn’t have RESET2 mode:

) Frequency On-chip Machine cycle
Operating mode CPU core
High-frequency|-tow-frequency Peripherals time
+ | RESET1 reset reset
§ turning.en f
v NORMALT oscillation turning off operate operate 4/fcs]
% IDLEY oscillation (Note 1)
£ : halt
@ |sToP1 turning off halt —
oscillation
RESET2 reset reset
turning on : t
NORMAL2 High-frequency operate a/f
< oscillation (High and/or Low) clsl
2 pLE2 turning on halt (Note 1)
i oscillation
T _|stow turning off Low-frequency | Low-frequency
a 4/fs [s]
SLEEP oscillation (Note 2)
: halt
turning off hal —
STOP2 oscillation alt
Note 1: The Vacuum Fluorescent Tube (VFT) driver circuit are halted.

Figure 1-14. Operating Mode Transition Diagram
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System Control Register 1

2
YSCR1 "
(Soos?,csH) | STOP | RELM | RETM |OUTEN | WUT (Initial value: 0000 00%x)
0 : CPU core and peripherals remain active
STOP STOP mode start 1 : CPU core and peripherals are halted
(start STOP mode)
RELM Release method 0 : Edge-sensitive release
for STOP mode 1: Level-sensitive release
RETM Operating mode 0 : Return to NORMAL mode
after STOP mode 1 : Return to SLOW mode
OUTEN Port output control 0 : High-impedance
during STOP mode 1 : Remain unchanged
Warming-up time at 00: 3x2"/f¢c _or 3x2"%/fs [s]
wut releasingST%P mode 01: 2%/ ~or 2811
9 1* 1 Reserved
Note 1:  Alwaysset RETM to "0” when transiting from NORMAL1mode to STOP1 mode and-from Normal2
mode to STOP2 mode.
Always set RETM to “1” when transiting fromSLOW mode to STOP2 mode,
Note2:  When STOP mode is released with RESET\pin input, a return is made to NORMAL mode regardiess
of the RETM contents.
Note3: fc ; high-frequencyclock [Hz]
fs ; low-frequency clock [ JHz]
* ; don’t care
Note4:  Bits 1and0inSYSCR1 arereadinasundefined datawhen a read instruction is executed.
Note5:  When the STOP mode js started'by specifying OUTEN-= 0", the internal input of port is fixed to

“0” and the interrupt of the falling edge may be set.

System Control Register 2

TMP87CH/M75

YSCR2 o
?OOS?,(;;H) | XEN | XTEN | SYSCK| IDLE | (Initial value: 10/100 ***x)
XEN High-frequency)ascillator [ 0 : Turn offoscillation
control 1 / Furnonoscillation
XTEN Low‘frequency oscillatory 0 s Tufn off oscillation
control . Turnor oscillation
Mai t locK_select RW
ain_system clock_selec .
. . 0—:-High-fi lock
SYSCK [(write)/fmain system clock . igh-Trequency cloc
h 1 : Low-frequency clock
monitor (read)
0 : CPU and watchdog timer remain active
IDLE IDLE mode start
1 : CPU and watchdog timer are stopped (start IDLE mode)
Note 1y | Aresetis applied (RESET-pin output goes low) if both XEN and XTEN are cleared to “0”.
Note 2 ; Do not clear XENte_"0” when SYSCK =0, and do not clear XTEN to “0” when SYSCK =1.
Note3:  WDT;watchdog timer,* ; don’t care
Note4:  Bits 3-04n/SYSCR2 are’always read in as "1” when a read instruction is executed.
Note5:  Anoptionalinitial value can be selected for XTEN. Always specify when ordering ES (engineering
sample).
XTEN | operating mode after reset
0 Single-clock mode (NORMAL1)
1 Dual-clock mode (NORMAL2)
Note6:  The instruction for specifying Masking Option (Operation Mode) in ES Order sheet is described in
ADDITIONAL INFORMATION “Notice for Masking Option of TLCS-870 series” section 8.
Figure 1-15. System Control Registers
87CH75-22 2004-10-01
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1.8.4 Operating Mode Control

(1) STOP mode (STOP1, STOP2)
STOP mode is controlled by the system control register 1 (SYSCR1) and 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 (bit 7 in SYSCR1) to “1”. During STOP mode, the following'status/is maintained.

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

@ The data memory (except for DBR), registers and port output fatches are all held in the
status in effect before STOP mode was entered. The portoutputcan/be select either output
hold or high-impedance by setting OUTEN ( bit 4 in SYSCRT).

@ The divider of the timing generator is cleared to “0"

@ The program counter holds the address of the instruction-felfowing the instruction which
started STOP mode.

STOP mode includes a level-sensitive release mode and an-edge-sensitive release. mode, €ither of
which can be selected with RELM (bit 6 in SYSCR1).

a. 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 back-up when the main power supplyis cut off and for long term battery back-up.
When the STOP pin input is high, executing.an instruction which starts the STOP mode will not
place in the STOP mode but instead will immediately start the release’sequence (warm-up).
Thus, to start the STOP mode in the level-sensjtive release made/ it is necessary for the program
to first confirm that the STOP pin input is low. ,The fellowing method can be used for
confirmation:
® Using an external interruptinputINT5 (INT5 isafalling edge-sensitive input).

Example : Starting STOP modewith-an INT5 interrupt.
PINT5 : TEST (R2).0 ; Toreject noise, STOP mode does not start if
port P20 is at high

4IRS F, SINTS

LD (SYSCR1), 010000008 ; Sets up the level-sensitive release mode.

SET (SYSCR1) .7, ; Starts STOP mode

LDW (IL);4111011101010111B ; IL11,7,5, 3«0 (Clears interrupt latehes)
SINT5« RETI

qoram N\ Fo N

xouteir— ([ AR RRARRRAARRRA0
1

NORMAL | STOP i NORMAL

R

NN MY

operation operation 5 ‘ Warm-up >~ operation
Confirm by program that the STOP mode is released by the hardware.
STOPpin input s low and Always released if the STOP
start STOP mode. L. oo
pininputis high

Figure 1-16. Level-sensitive Release Mode

Note : When changing to the level-sensitive release mode from the edge-sensitive release mode, the release mode is
not switched until a rising edge of the STOP pin input is detected.
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b. Edge-sensitive release mode (RELM =0)
In this mode, STOP mode is released by a rising edge of the STOP pin input. This is used in
applications 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 even when the STOP pin input is high.

Example : Starting STOP mode operation in the edge-sensitive release¢ mode

PINT5 : LD  (SYSCR1), 000000008 ; OUTEN. &0 (specifies high-impedance)
DI i IMF «0O(disables interrupt service)
SET  (SYSCR1).STOP ; STOP «\(activates' stop mode)
LDW (IL), 1111011101010111B ; ILY1Z, 5;:3 <0 (Clears interrupt latehes)
El ; - IMF <=1 (enables interrupt service)

STOP pin E \_;;—7§LV'” \ ( \
xouren ([T SO L TNINTAS I

NORMAL STOP ; ) ! ! STOP
operation operation < Werm-up > NORMAL o operation
/ operation /
STOP mode started
by the program.

STOP mode is relgased by the hardware at the rising
edgeof STOP pin input,

Figure 1-17. Edge-sensitive Release Mode

STOP mode is released by the following sequence:

@ In the dual-clock mgdes Wher'returning to/NORMAL2, both the high-frequency and low-
frequency clock oscillators are turned on ; when returning to SLOW mode, only the low-
frequency clock oscillater /is turned on.\ When\returning to Normal 1, only the high-
frequency cloc¢koscillator is turned on.

@ A warming-up petiod jis inserted to allow oscillation time to stabilize. During warm-up, all
internal operations-remain halted, Two different warming-up times can be selected with
WUT( bits 2-and 3/in SYSCR1)-as-determined by the resonator characteristics.

When-the warming-up time has.elapsed, normal operation resumes with the instruction
following-the STOP mode start instruction (e.g. [SET (SYSCR1). 7]). The start is made after
the divider of the timing generator is cleared to “0”

@

Table 1-1. Warming-up Time example

Return to NORMAL1 mode Return to SLOW mode
WUT, At fc = 4.194304'MHz At fc=8 MHz WUT At fs = 32.768 kHz
3x2"/fc/) [s] 375 ms] 196.6 [ms] 3x2%/fs [s] 750 [ms]
219 /4¢ 125 65.5 2%/ 1s 250

Note : The warming-up time is obtained by dividing the basic clock by the divider:
therefore, the warming-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
warming-up time must be considered an approximate value.

STOP mode can also be released by setting the RESET pin low, which immediately performs the
normal reset operation.

In this case, even if the setting is to return to the SLOW mode, it starts from the NORMAL mode.
(if the initial XTEN of 87CH75/M75 are set to “1” by mask option, they start from the NORMAL2
mode. In case of 87PM75, starts from NORMAL1 mode.
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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 the
STOP mode. The RESET pin input must also be high, rising together with the power
supply voltage. In this case, if an external time constant circuit hasbeen connected, the
RESET pin input voltage will increase at a slower rate 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 (hystéresis input).

(2) IDLE mode (IDLE1, IDLE2, SLEEP)
IDLE mode is controlled by the system control register

2 and maskable interrupts. The following status is 7
maintained during IDLE mode. Starting IDLE mode

. . . by instruction
@ Operation of the CPU and watchdog timer is [

halted. The on-chip peripherals continue to CPU, WDT are’halted

operate.
Reset input

@ The data memory, CPU registers and port
output latches are all held in the status in
effect before IDLE mode was entered|/

@ The program counter holds the address of

Reset

No (high)
the instruction following the/instruction
which started IDLE mode. Inferrupt request
Example : Starting IDLE mode. Normal ) Yes
elease mode

SET (SYSCR2) . 4 ; ~IDLE&1

No

IDLE mode includes a normal release mode and an
interrupt release mode. Selection-is_made with the
interrupt master enable flag (IMF); Releasing the IDLE
mode returns from IDLE1 to'NORMAL1, from IDLEZ to
NORMAL2, and from SLEEP to.SLOW mode.

Yes (Interrupt release mode)

Interrupt processing

—]

Execution of the

a. Normal rélease modé (IMF = “0") i”#{;}‘;‘;‘g‘ﬂ‘ﬂ:g: :fc’a”r‘;‘”s
IDLE mode is released by any jnterrupt source instruction
enabled by thé individual interrupt enable flag
(EF) or an external interrupt 0-(INTO pin) request. <L

Execution resumes with the instruction following
the IDLE mode start instruction.(e.g. [SET Figure 1-19. IDLE Mode
(SYSCR2).4]).
The.interrupt latch (IL) of th¢ interrupt source releasing the IDLE mode must be cleared to “0” by
loadinstruction.

b.Interrupt release mode (tMF="%1")
IDLE-mode is released and interrupt processing is started by any interrupt source enabled with
the individual intetruptenable flag (EF) or an external interrupt 0 (INTO pin) request. After the
interrupt is processed, the execution resumes from the instruction following the instruction
which started IDLE mode.

IDLE mode can also be released by setting the RESET pin low, which immediately performs the reset
operation. Afterreset, the 87CH75/M75 are placed in NORMAL mode.
The 87PM75 is placed in NORMAL1 mode after reset release.

Note : When a watchdog timer interrupt is generated immediately before IDLE mode is
started, the watchdog timer interrupt will be processed but IDLE mode will not be
started.
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(3) SLOW mode

SLOW mode is controlled by the system control register 2 and the timer/counter 2.

a. Switching from NORMAL2 mode to SLOW mode

First, set SYSCK (bit 5 in SYSCR2) to switch the main system clock to the low-frequency clock.
Next, clear XEN (bit 7 in SYSCR2) to turn off high-frequency oscillation.

Note : The high frequency clock can be continued oscillation in-orderto_return 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
performing the above operations. The timer/counter 2 (TC2) can/conveniently be used to
confirm that low-frequency clock oscillation has stabilized-

Example1 : Switching from NORMAL2 mode to SLOW mode.

SYSCKe=1_ (Switches the main system clock to the
low-frequency ctock)

;)\ XENeO (turns off high-frequencyoscillation)

Example2 : Switching to SLOW mode after low/frequencyclock oscillation has stabijlized.

SET (SYSCR2).5 B
CLR (SYSCR2).7
LD (TC2CR), 14H ;
LDW (TREG2), 8000H
SET (EIRH) . EF14
LD (TC2CR),~34H ;
PINTTC2 : LD (TC2CR), 1QH H
SET (SYSCR2) . 5
CLR (SYSCR2) .7 ;
RETI
VINTTC2 : Dw RPINTTC2 ;

b. Switching from SLOW mode to NORMAL2 mede

Sets TC2 mode
(timer mode, source/cloek : Ts)

; ~Sets warming-up time

(according to Xtal characteristics)

; Enable INTTC2 interrupt

Starts T€2

Stops TC2

5 SYSCKe1

XEN«0Q

INTTC2 vector table

First, set XEN-(bit 7/jn SYSCR2) to turn on_the-high-frequency oscillation. When time for
stabilization (warm=up) Has been taken by/the timer/counter 2 (TC2), clear SYSCK (bit 5 in
SYSCR2) to switch the-main system clock\tothe/high-frequency clock.

clock.

Note 1: “After the SYSCK is cleared-t0-“0", the CPU core operate using low frequency clock
when_the main system-clock is switching from low frequency clock to high frequency

Note’'2 : SLOW mode can also be.released by setting the RESET pin low, which immediately
performs the reset operation. After reset, the 87CH75/M75 are placed in NORMAL2
mode (The PM75 is placed in NORMAL1 mode).

Example ) Switching fromSLOW mode to NORMAL2 mode (fc =8 MHz, warming-up time is about

7.9 ms).

SET (SYSCR2) .7
LD (TC2CR), 10H ;
LD (TREG2 + 1), OF8H ;
SET (EIRH) . EF14
LD (TC2CR), 30H H

PINTTC2: LD (TC2CR), 10H
CLR (SYSCR2) .5 ;
RETI

VINTTC2 : DW PINTTC2

; XENe1 (turns on high-frequency oscillation)

Sets TC2 mode

(timer mode, source clock: fc)

Sets the warming-up time

(according to frequency and resonator characteristics)

; Enable INTTC2 interrupt

Starts TC2

; Stops TC2

SYSCKe0  (Switches the main system clock to the
high-frequency clcok)

; INTTC2 vector table

87CH75-28
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1.9

Interrupt Controller
The 87CH75/M75 each have a total of 15 interrupt sources: 6 externals and 9 internals. Nested interrupt
control with priorities is also possible. Two of the internal sources are pseudo non-maskable interrupts;
the remainder are all maskable interrupts.
Interrupt latches (IL) that hold the interrupt requests are provided for interrupt’sources. Each interrupt
vector isindependent.
The interrupt latch is set to when an interrupt request is generated and requests the CPU to accept
the interrupt. The acceptance of maskable interrupts can be selectively 'enabled and disabled by the
program using the interrupt master enable flag (IMF) and the individual intérrupt enable flags (EF).
When two or more interrupts are generated simultaneously, the interrupt_is accepted in the highest
priority order as determined by the hardware. Figure 1-22 shows the.interrupt controller.

111 "

Table 1-2. Interrupt Sources

Interrupt [Vectordable
Interrupt Source Enable Condition Latch Address Priority
IEn;cteerrr:’aalll (Reset) Non-Maskable — FFFEY High 0
Internal [ INTSW  (Software interrupt) Pseudo — FFFGH 1
Internal [ INTWDT (Watchdog Timer interrupt) non-maskable ILy FFFAY 2
External |[INTO (External interrupt 0) IMF =1, INTOEN =1 IL3 FFF8y 3
Internal [ INTTC1  (16-bit TC1interrupt) IMF~EF5=1 g FFF6y 4
External |INT1 (External interrupt 2) WMF: EF5=1 ILg FFF4y 5
Internal [ INTTBT  (Time Base Timer interrupt) IMF - EFg=1 Itg FFF2y 6
External |[INT2 (External interrupt 2) IMF - EF7 =1 ILy FFFOy 7
Internal [ INTTC3  (8-bit TC3 interrupt) IMF - EFg=1 ILg FFEEy 8
Internal [ INTSBI  (Serial Bus Interface interrupt) IMF - EFg =1 ILg FFECH 9
Internal [ INTTC4  (8-bit TC4 internupt) IMF - EFfg =1 IL1g FFEAH 10
External |[INT3 (External interrupt-3) IMF <EF71-=21 IL14 FFE8y 1
External |[INT4 (External/interrupt 4) IMF~EF3y2'= 1 ILy2 FFE6 12
Internal [ INTSIO1 /(Serialinterfacelinterrupt) IMFs EF13 =41 IL13 FFE4y 13
Internal [ INTTC2 / (16-bit TC2 interrupt) IMF - EFj4=1 IL14 FFE2y 14
External [INT5 (External interrupt 5) IME-EF15=1 IL15 FFEOY Low 15

(1) Interrupt Latches (H/15-2)
InterrUptlatches are provided for eachsource, except for a software interrupt. The latch is set to
when an-interrupt request is generated, and requests the CPU to accept the interrupt. The latch is
cleared-to "0% just after the interrupt is accepted. All interrupt latches are initialized to “0" during
reset/
Interrupt latches are assigned to addresses 003CH and 003Dy in the SFR. Each latch can be cleared to
“0"\individually /by an|instruction; however, the read-modify-write instruction such as bit
manipulation or operation_instructions cannot be used (Do not clear the IL, for a watchdog timer
intlerrupt to “0”). Thus;,.interrupt requests can be canceled and initialized by the program. Note
that interrupt latches cannot be set to “1” by any instruction.
The contents of interrupt latches can be read out by an instruction. Therefore, testing interrupt
requests by software is possible.

Example 1 :Clears interrupt latches

111 "

LDW (IL), 1110100000111111B i ILqa, ILyg - ILge=0
Example 2 :Reads interrupt latches
LD WA, (IL) s Welly, Aell,

87CH75-30 2004-10-01
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(2)

Example 3: Tests an interrupt latch
TEST (IL).7 ; ifILy = 1 then jump
JR F, SSET

Interrupt Enable Register (EIR)

The interrupt enable register (EIR) enables and disables the acceptance ofiinterrupts, except for the
pseudo non-maskable interrupts (software and watchdog timer interrupts):-. Pseudo non-maskable
interrupts are accepted regardless of the contents of the EIR; however,/the pseudo non-maskable
interrupts cannot be nested more than once at the same time.“For\example, the watchdog timer
interruptis not accepted during the software interrupt service.

The EIR consists of an interrupt master enable flag (IMF) and the individual interrupt enable flags
(EF). This register is assigned to addresses 003A and 003By in the SFR; and can be read and written
by an instruction (including read-modify-write instructions such-as-bit manipulation /instructions).

@ Interrupt Master enable Flag (IMF)
The interrupt master enable flag (IMF) enableS,and’ disables the acceptance of-allinterrupts,
except for pseudo non-maskable interrupts//Clearing this-flag\to 07 disables the
acceptance of all maskable interrupts. Setting te.”"1* enables the acceptanceofinterrupts.
When an interrupt is accepted, this flag is-cleared to “0” to_temporarily’ disable the
acceptance of maskable interrupts. After execution of the intérrupt.service program, this
flag is set to “1” by the maskable interrupt-return instruction [RETJ] to again enable the
acceptance of interrupts. If an/interruptrequest has already been occurred, interrupt
service starts immediately after execution of the [RETI] instruction.
Pseudo non-maskable interrupts are returned bythe [RETN].instruction. In this case, the IMF
is set to “1” only when pseudo.non‘maskable’interrupt\service is started with interrupt
acceptance enabled (IMF=_1)-Note that the IMFremains|"0” when cleared in the interrupt
service program.
The IMF is assigned to bit-0 at-address 003Ay in the SFR,.and can be read and written by an
instruction. The IMFishormally set and cleared by the [EI] and [DI] instructions, and the IMF
isinitialized to “0" during reset.

|Note :Do not'setIMF to “1”during non-maskable’/interrupt service programs.

@ Individual interruptEnable Flags (EFs = EFg4)
Thesé flags enable and disable the ‘acceptance of individual maskable interrupts, except for
an external interrapt 0. Setting-the corresponding bit of an individual interrupt enable flag
to “1” enables acceptance of an-interrupt, setting the bit to “0” disables acceptance.

Example 1 :Sets EF for individual interrupt enable, and sets IMF to “1”.

LDW (EIR), 1140100010100001B ;  EFq5-EFq3, EFyq, EF7, EFs, IMFe1
Example2:Sets an individual interrupt enable flag to “1”.
SET (EIRH).4 i EFppet

(003

IL H p o H H H H H H H H H
(003C, 003Dy) [(ILys P14 F iy B0 I Wq fllgo i Mg Mg [ Iy D llg ©Ils © Iy & I3 & L, |

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ILy; (003Dp) IL (003Cpy)
(Initial Value : 00000000 000000**)
I T T H T T T T : : — ......... .........
AE,go3BH) | EF45  EFqq | EFq3 i EFqp i EFqq i EFqq i EFg | EFg | EF; | EFg : EFs i EFg |  : IMF
EIRy (003Bp) EIR, (003Ap)

(Initial Value : 00000000 0000%x=*0)
Note 1: Do not use any read-modify-write instruction such as bit manipulation for clearing IL.
Note 2: Do not clear IL; to “"0” by an instruction.
Note 3: Do not set IMF to “1” during non-maskable interrupt service program.

Figure 1-23. Interrupt Latch (IL) and Interrupt Enable Register (EIR)
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1.9.1 Interrupt Sequence

An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to “0” by a
reset or an instruction. Interrupt acceptance sequence requires 8 machine cycles (4 s atfc=8 MHzin the
NORMAL mode) after the completion of the current instruction execution. The interrupt service task
terminates upon execution of an interrupt return instruction [RETI] (for maskable interrupts) or [RETN]
(for pseudo non-maskable interrupts).

(1) Interrupt acceptance processing

@® The interrupt master enable flag (IMF) is cleared to “0" to_temporarily disable the
acceptance of any following maskable interrupts. When a_non-maskable interrupt is
accepted, the acceptance of any following interrupts is temporarily disabled.

@ The interrupt latch (IL) for the interrupt source accepted iscleared to “0”.

@ The contents of the program counter (return address).and the program/status.word are
saved (pushed) on the stack. The contents of Stack-Pointer is cleareased by 3.

@ The entry address of the interrupt service program is-read from the vectortable, and the
entry address is loaded to the program counter,

® The instruction stored at the entry address of the'intefrupt service prograniis €xecuted.

PC

SP

Interrupt
signal

i

]

1

i T
Interrupt 1
latch ! /

]

]

Instruction
execution D X Interrupt acceptance X peruction XY RETI instruction execution

Interrupt service task

S I T N 2t I B

1 machine cycle

t

7/

D& € EID G w CX)

Notel : a7, return address, b ; entry address,/c ;- address which the RETI instruction is stored
Note2 : The maximum response time from when/an IL js set until an interrupt acceptance processing starts is
38/fc or38Ifs[s].

Figure 1-24.~Timing Chart of Interrupt-/Acceptance and Interrupt Return Instruction

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

Vector table address Entry address

A maskable interrupt is not accepted until the IMF is set to “1” even if a maskable interrupt of higher
priority than that of the current interrupt being serviced.

When nested interrupt service is necessary, 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.
However, an acceptance of external interrupt 0 cannot be disabled by the EF; therefore, if disablement is
necessary, either the external interrupt function of the INTO pin must be disabled with the INTOEN in the
external interrupt control register (EINTCR) or interrupt processing must be avoided by the program.
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When INTOEN =0, the interrupt latch IL3 is not set, therefore, the falling edge of the INTO pin input
cannot be detected.
Example 1 : Disables an external interrupt 0 using INTOEN
LD (EINTCR), 00000000B  ; INTOEN<—0
Example 2 : Disables the processing of external interrupt 0 under the software.control (using bit 0
at address 00F0y as the interrupt processing disable switch)

PINTO : TEST (OOFOH) . 0 ; Return without'interrupt processing if (00FOy)g = 1
JRS T, SINTO
RETI

SINTO : Interrupt processing }
RETI

VINTO : DW PINTO

(2) General-purpose registers save/restore processing
During interrupt acceptance processing, the program| counten and the program) status word are
automatically saved on the stack, but not the accumulator and-other registers. ;These registers are saved
by the program if necessary. Also, when nesting multiple-interrupt services, it is necessary-te avoid using
the same data memory area for saving registers.
The following method is used to save/restore thegeneral-purpose registers:

@ General-purpose register save/restore-by-register bank changeover:
The general-purpose registers can_be saved at high-speed by switching to a register bank
that is not in use. Normally, bank 0 is-used for the main-task and banks 1 to 15 are assigned
to interrupt service tasks.~To-increase the efficiency of data memory utilization, the same
bank is assigned for interrupt seurces which are not nested,
The switched bank is automatically restored by executing an interrupt return instruction
[RETI] or [RETN]. Therefore, itis not necessary-for a program to save the RBS.

Example : Register Bank-Changeover

PINTxx : 'LD RBS, n > ‘Switches to bank n (1 us at 8 MHz)
RETI ; Restores bank and Returns
main task main task
acceptance of “interrupt acceptance of jnterrupt
bank m | Interrupt service task Interrupt service task
m Switch tobank n by saving
[LD RBS, n]or registers
[ INC(GRBS) ]
n instruction
.......................
m interrupt return Restore t?ank .
automatically by restoring
[RETI]/[RETN] registers
inStruction ......................
interrupt return
(a) Saving/Restoring by register bank changeover (b) Saving/Restoring using push/pop or data transfer instructions

Figure 1-25. Saving/Restoring General-purpose Registers

87CH75-34 2004-10-01



TOSHIBA Under Development TMP87CH/M75

@ General-purpose register save/restore using push and pop instructions:
To save only a specific register, and when the same interrupt source occurs more than once,
the general-purpose registers can be saved/restored using push/pop instructions.
Example : Register save using push and pop instructions

PINTxx : PUSH WA ; Save WA register pair
interrupt processing

pop T wa T ; Restore WA register pajr

RETI ; Return
Address (example)

SP —»] 023AH
023B
023C
023D
023E
or R e 023

At acceptance At execution Atexecution At execution 6fan
of aninterrupt :> of a push :> of apop :> interruptreturn
instruction instruction instruction

@ General-purpose registers save/restore using data transfer instructions;

Data transfer instructions can be Used-to save only a specificgeneral-purpose register during
processing of a single interrupt-

Example : Saving/restoring aregisterusing data transfer instructions

PINTxc: LD/ (Gsava), ; SaveA register
interrupt processing
1 A (GSAVA) ; Restore Aregister
RETI ~_Return from interrupt service

The interrupt return instructions [RETI}7 [RETN] performthe following operations.

[RETI}Y Maskable interrupt return [RETN] Non-maskable interrupt return

@ The contents’/of the program counter and the [<D—The contents of the program counter and

program status word are restored from-the program status word are restored from the
stack. stack.

@ The'stack pointer is incremented 3 times. @ The stack pointer is incremented 3 times.

@ _The.interruptmaster enable flag/issetto “1”. ® The interrupt master enable flag is set to “1”

only when a non-maskable interrupt is
accepted in interrupt enable status. However,
the interrupt master enable flag remains at “0”
when so clear by an interrupt service program.

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

Note : When the interrupt processing time is longer than the interrupt request generation
time, the interrupt service task is performed but not the main task.
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1.9.2 Software Interrupt (INTSW)
Executing the [SWI] instruction generates a software interrupt and immediately starts interrupt
processing (INTSW is highest prioritized interrupt). However, if processing of@non-maskable interrupt is
already underway, executing the SWI instruction will not generate a software interrupt but will result in
the same operation as the [NOP] instruction. Thus, the [SWI] instruction/behaves like the [NOP]
instruction.
Use the [SWI] instruction only for detection of the address error or for debugging:

@® Address Error Detection
FFH is read if for some cause such as noise the CPU attemptsto fetch an instruction from a
non-existent memory address. Code FFy is the SWI instruction; so a software interrupt is
generated and an address error is detected. The address error detection range can be
further expanded by writing FF4 to unused areas of the program memory. the-address trap
reset is generated in case that an instruction is fetched from/RAM or SFR areas.

Note : The fetch data from addresses 7F80y to ZFFFy (test ROM area) for'87CH75/M75 is not
llFFH”_

@ Debugging
Debugging efficiency can be increased by placing the SWI instruction.at.the software break
point setting address.
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1.9.3 External Interrupts
The 87CH75/M75 each have six external interrupt inputs (INTO, INT1, INT2, INT3, INT4 and INT5). Four of
these are equipped with digital noise rejection circuits (pulse inputs of less than a certain time are
eliminated as noise). Edge selection is also possible with INT1, INT2, INT3 and INT4.

The INTO/P10 pin can be configured as either an external interrupt input pin or(an input/output port, and

is configured as an input port during reset.

Edge selection, noise rejection control and INTO/P10 pin function selection,are performed by the external
interrupt control register (EINTCR). When INTOEN =0, the IL3 willnot be set éven if the falling edge of
INTO pin input is detected.

Table 1-3 (a). External Interrupts

S Pi Secondary Enable Edge Secondary function pin
ource n function pin | conditions rising falling both

INTO INTO P10 IIRIIITFOEIJI =1 - O - - (hysteresisinput)

INT1 INT1 P11 IMF-EF5=1 | INT1ES=0 [ INT1ESZ 1 - Pulses of(l€ss than 15/fc or 63/fc [s]
are eliminated asnoise. Pulses of
equal.to.or more than48/fc or
192/fc [s}are.regarded as be
signals.

INT2 INT2 P16 IMF-EF;=1 [INT2ES=0_[ INT2ES=1 - For falling or rising edge, pulses of

INT2W =0 less than 7/fc [s] are eliminated as
noise. Pulses of equal to or more
than)24/fc [s] are regarded as
signals.

IMF - EF7=1 - - INT2W =1 [ Noise cancellation conditions are

INT2W =1 Note 2)\ [aslisted in Table 1.4. They are
applied to the INT2 pin whenitis
used for both edge interrupts.

INT3 INT3 P15/TC1 IMF=EF17=1{4NT3ES=0 [ INT3ES=1 = For falling or rising edge, pulses

INT3W =<0 less than 7/fc [s] are cancelled as
noise. Pulses equal to or more
than 24/fc [s] are regarded as
signals. Same applies to pin TC1
(at one edge)

IMF/-EFqq=1 7 - INT3W =1 [ Noise cancellation conditions are

INT3W =1 Note 2) |aslistedinTable 1.4. They are
applied to the INT3 pin whenitis
used for both edge interrupts.

INT4 INT4 P17/TC3 IMF - EE11="1{INT4ES=0 [ INT4ES =1 - For falling or rising edge, pulses

INTAW =0 less than 7/fc [s] are cancelled as
noise. Pulses equal to or more
than 24/fc [s] are regarded as
signals. Same applies to pin TC3
(at one edge)

IMF<Efqq=1 - - INTAW =1 [ Noise cancellation conditions are

INFAW =1 Note 2) [aslistedin Table 1.4. They are
applied to the INT4 pin is used for
both edge interrupts. To detect
remote control signals using timer
3in capture mode, the INT4 piniis
used for both edge interrupts.

INT5 INT5 P20/STOP | IMF-EFq5=1 - O - - (hysteresis input)
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Note 1:  The noise rejection function is turned off for INTO, INT1, INT2, INT3, INT4, INT5 used in SLOW and SLEEP
modes. Also, the noise reject times are not constant for pulses input while transiting between operating
modes (NORMAL2< SLOW)

Note2:  To detect the edge at which an interrupt is generated, read bit 6 (INT2EDT) in EINTCR2 (#0025y), bit 6
(INT3EDT) in EINTCR3 (#0026y), bit 6 (INT4EDT) in EINTCR4 (#0024y), that is, at\the beginning of the
interrupt processing routine. INT2EDT, INT3EDT, INT4EDT is valid only for both-edge interrupts
(INT2W =1, INT3W =1, INT4W =1). INT2EDT, INT3EDT, INT4EDT is set to (1/by an/interrupt as the non-
selected edge, cleared to 0 after read automatically.

For both-edge interrupts, rising or falling edge is selected by setting/modifying-bit 2 (INT2ES), bit 3
(INT3ES), bit 4 (INT4ES) in EINTCR (#0037}).

When rising edge is selected (INT3ES =0), bit 6 in INT3EDT (#0026 _is-set to 1 when a falling edge is
detected at the INT3 pin. (That is, remains 0 if rising edge is detected.)

When falling edge is selected (INT3ES =1), bit 6 in INT3EDT;#0026-is set to 1 when a_rising-edge is
detected at the INT3 pin. (That is, remains 0 at falling edge.)

Note 3 : The noise rejection function is also affected for timer/counterinput (TET and TC3 pins).

Note4:  Noise cancellation/pulse receive conditions for timer/counter are as described below:

@ TC1pin: When the P15 pin is used for T€1 input-, INT3W must be cleared-ta “0". ) Do not

change INT3W to “1”.

@ TC3pin: When INTSW =0, less than 7/fcs] (noise cancellation) and24/f¢ [s}.0r more (pulse

receive). Forwhen INT3W'=1, seeTable 1.4.

Note5: If a noiseless signal is input to the external-interrupt pin in the NORMAL 1/2 or IDLE 1/2 mode, the

maximum time from the edge of input signal untiltheIL is set is as follows/:

1. INT1 pin 49/f¢ [s] (whep INTTNC = 1)
193/fc [s] (when\INT1NC=,0)
2.INT2 pin 25/fc¢ [s] (when#0025 : INT2W = 0/ falling or rising edge)

25/fc [s] (when #0025y :

(26/fc) x 8.5 + 19/fc [s] (when #0025 :
(27/fc) x 8.5 + 19/fc-[s] (when #0025 :
(28/fc) x 8.5 + 19/fc [s] {when #0025 :
(29/fc) x 8.5 + 19/fc [s] (when #0025y :
(210/fc) x 8.5+ 19/fc-[s] {when #0025 :
(211/f¢) X 85 4 19/f¢, [s] (when #0025 :
(212/f¢) x 8.54 19/1¢ [s] (when #0025 -
25/fc [s] (when #0026 ;
25/fc [s] (when #0026 ¢
(26/fc) x 8.5 + 19/fc [s] (when #0026 :
(27Hc¢) %.8.5 + 19/fc [s] (when-#00264 :
(28/fc) x 8.5 + 19/fc [s] (When#0026 :
(29/fc) x 8.5 + 19/fc [s] (when #0026y :
(2"0/fc) x 8.5 + 19/fc/[s] (when #0026 :
(211/fc) x 8.5 + 19/f¢ [s] (when #0026 :
(212/fc) x 8.5 + 19/Tc.[s] (when #0026 :
25/fc[s] twhen #0024 :
25/fc [s] (when #0024 :
(26/fc) x'8.5 * 19/fc[s] (when #0024y :
(27/f¢) x 8:5 + 19/fc [s] (when #0024y :
(28/fc) x 8.5+ 19/fc [s] (when #0024y :
(29/fc) x 8.5 + 19/fc [s] (when #0024y :
(210/fc) x 8.5 + 19/fc [s] (when #0024 :
(211/fc) x 8.5 + 19/fc [s] (when #0024 :
(212/fc) x 8.5 + 19/fc [s] (when #0024 :

3.INT3 pin

4. INT4 pin

INT2W = 1,-:and.NCS (0,/0,/0))
INT2W = 1, and™NCS(0, 0, 1))
INT2W = 1, and NCS(0, 1, 0))
INT2W.=\1, and NCS (0, 1, 1))
INT2W.=1,'and NCS (1, 0, 0))
INT2W.=1-and NCS (1, 0, 1))
INT2W:=1, and NCS (1, 1, 0))
INT2W =1, and NCS (1, 1, 1))

INT3W = 0, falling or rising edge)

INT3W = 1, and NCS (0, 0, 0))
INT3W =1, and NCS(0, 0, 1))
INT3W =1, and NCS (0, 1, 0))
INT3W =1, and NCS (0, 1, 1))
INT3W =1, and NCS (1, 0, 0))
INT3W=1,and NCS (1,0, 1))
INT3W =1, and NCS (1, 1, 0))
INT3W=1,and NCS (1,1, 1))

INT4W =0, falling or rising edge)

INT4W = 1, and NCS (0, 0, 0))
INTAW = 1, and NCS (0, 0, 1))
INTAW = 1, and NCS (0, 1, 0))
INT4W = 1, and NCS (0, 1, 1))
INTAW = 1, and NCS (1, 0, 0))
INT4W =1, and NCS (1, 0, 1))
INTAW = 1, and NCS (1, 1, 0))
INT4W =1, and NCS (1, 1, 1))
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INTO/INT5 input

DI

EI

tnTL

SET (SYSCR1).STOP
LDW (IL),1110011101010111B ; IL12,11,7/5,3«0 (clearsinterrupt latches)
IMF<1 (enables interrupt service)

tiNTH

Note6:  The pulse width (both “H” and “L” level) for input to the INTO and INT5 pins must be over 1 machine cycle.

Note7:  WhenINTOEN =0, interrupt latch IL3 is not set even if a falling edge is detected forINTOpin-input.

Note8:  When high-impedance is specified for port output in stop mode, port input(is forcibly fixed to low level
internally. Thus, interrupt latches of external interrupt inputs exceptINT5 (R20/STOP) which are also used
as ports may be set to “1”. To specify high-impedance for port outputin stop.mode, first disable interrupt
service (IMF =0) , activate stop mode. After releasing stop mode, clear interrupt latches using load
instruction, then, enable interrupt service.

Example : Activating stop mode:
LD (SYSCR1),01000000B ; OUTEN«0 (specifies high-impedance)
IMF<0 (disables|interrupt service)

STOP«1 (act

tnTL tinTH > teye  (Note : tcyc = 4/fm [s])

ivatesstop-mode)

Table 1.3 (b) Noise reject condition forINT2, INT3; INT4 (both-edge interrupt)

#0024, #0025, #0026 max. pulse width min. pulse width
NCS2x2 [ NCS1x1 | NCSOx0 for noise reject for immediate signal

0 0 0 - (histeresis input)

0 0 1 (26/f€) \x 7 - 6/fc (26/fc) x 8+ 5/fc

0 1 0 (27/f¢) /x 7 - 6/fc (27/fc) x 8+ 5/fc

0 1 1 (28/fc) x7 - 6/fc (28/fc) x 8+ 5/fc

1 0 0 (29/fc) x7-6/fc (29/fc) x 8+ 5/fc

1 0 1 (210/fc) X 7.— 6/fc (210/fc) x 8 + 5/f¢

1 1 0 (211/f¢) x 7 ~6/fe (211/fc) x 8 + 5/fc

1 1 1 (212/fc)-x 7 = blfc (212/fc) x 8 + 5/f¢

Note: InSLOW mode, set (NCSx 2, 1,0) =(0,0,0).
16 SLOW mode, the digital noise filterin the above table is disabled.
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7 6 5 4 3 2 1 0
(EO'S';7CH'§ EEEEE RN (Initial value :  00%0 G00¥)
INTINC | Noise reject time select 0 : Pulses of less than 63/fc [s] are eliminated as no!se
1 : Pulses of less than 15/fc [s] are eliminated as noise
— ’ . 0 : P10 input/output port
INTOEN | P10/INTO pin configuration 1 : INTO pin (Port P10 should be setto an input mode) RIW
INT4 ES N
mg Eg INT4 to INT1 edge select (1) Elslllng eddge
INTTES - rafing edge

Note1: fc ; High-frequencyclock[Hz] * ; don’t care

Note2:  Edge detection during switching edge selection is invalid.

Note3: Do notchange EINTCR only when IMF = 0. After changing EINTCR/ interrupt latches.of external
interrupt inputs must be cleared to "0” using load instruction.

Note4 : Inorderto change of external interrupt input by rewriting the contents of INT2ES and INT3ES,
INT4ES during NORMAL1/2 mode, clear interrupt latches of external interruptinputs (INT2-and INT3,
INT4) after 8 machine cycles from the time of rewriting. During SLOW mode, 3 maching cycles are
required.

Note5:  Inorderto change an edge of timer counterinput byrewriting the contents of INT2ES and INT3ES,
INT4ES during NORMAL1/2 mode, rewrite the-contents after timer counter isstopped (TC*s =0), that
is, interrupt disable state. Then, clear interrupt laches of external interrupt.inputs (INT2 and INT3)
after 8 machine cycles from the time-ofrewriting to change to interrupt.enable state. Finally, state
timer counter. During SLOW mede, 3 machine cycles are required;

Example : When changing TC1 pin inputs@dge in.external trigger timermode fromrising edge to falling edge.

LD (TC1CR),01001000B ; /TC1S « 08 (stop TC1)
DI ; S._IMF « 0 (disable interrupt service)
LD (EINTCR),00000100B ; INT2ES <« l/{change edge selection)

A NOP

8 machine to

cgcles NOP
LD\(ILL),01111111B + \IL7 « 0 (clear interrupt latch)
EI » —~IMF)<— 1 (enable interrupt service)
LD/ (TC1CR),01111000B ; TC1S « 11 (start TC1)

Note6:  If changing the contents of INT1ES during NORMAL1/2 mode, interrupt latch of external interrupt
input INT1 must be cleared after 14 machine(cycles (when INTTINC = 1) or 50 machine cycles (when
INTTNC = 0) from the time of changing. During SLOW mode, 3 machine cycles are required.

Figure 1-26 (d). Externalinterrupt Control Register (1)
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External Interrupt Control Register 2

6 5 4 3 2

oz VW[ wee [ B2 (nitial value 0000 00++)
INT2W | INT2 both edge selection 0 : Referto INT2ES RAW
1 : Both edge detection
INT2EDT | Flagindicating an interrupt at 0 : Interrupt at selected edge or nointerrupt
selected edge/non-selected 1 : Interrupt at non-selected edgé R
edge, when INT2W = 1 (for
both-edge interrupts)
NCS2 Noise cancellation time select 000 : Nonoise csncellatlon .
for INT2 digital noise filter 001 : Cancels (26/fc x 7 — 6/f¢) as no!se.
(valid only when INT2W = 1) 010 : Cancels (27/fc x 7=6/¢) as noise.
011 : Cancels (28/fc x|7(- 6/f¢) as noise. RAW
100 : Cancels (29/f¢'x 7 < 6/fc) as'noise.
101 : Cancels (210/fc x 7= 6/fc) as noise.
110 : Cancels (27f¢ X 7— 6/1c) as noise.
111 : Cancels (212/f¢ x 7 5 6/fc) as noise.
INT2DET | INT2interrupt detection flag 0 : No interrupt R
1: Interrupt

Note 1: INT2EDT and NCS2 are valid only when the(INT2W bit in EINTCR2 (#0025},) issetto 1.
Therefore, when INT2W =0, the digital noise filter set by the NCS2 bit is disabled.

Note 2 : Do not changing the contents of INT2ES (bit 2-in #0037) when INT2W.isset to-T (both-edge detention).
If changing the contents of INT2ES during INT2W is set to 1, according to Note 3/4/5 at Figure 1-26 (a).

External Interrupt Control Register 3
6 5 4 3 2 1 0

EINTCR3

(0026,,) [nraw [ INT3 | NCS3 R (initial Value’ 0000 00%*)
INT3W [ INT3 both edge selection 0 : Refer to{INT3ES RIW
1 : Both edge detection
INT3EDT [ Flagindicatinganinterrupt at 0 : Interrupt-atselected edge or no interrupt
selected edge/non-selected 1 : Interrupt at non-selected edge R
edge, when/INT3W = 1 (for
both-edgeinterrupts)
NCS3 . B . 000 ¥No ngise cancellation
Noise cancellation time select .
. L 001 >Cancels (26/fc x 7 - 6/fc) as noise.
for INT3 digital noise filter . .
(valid only when INT3W = 1) 010 ~Cancels (27/f¢ x 7 - 6/fc) as noise.
011_: Cancels (28/fc x 7 — 6/fc) as noise. RIW
100 : Cancels (29/f¢ x 7 — 6/f¢) as noise.
101 : Cancels (210/fc x 7 — 6/fc) as noise.
110 : Cancels (211/fc x 7 - 6/fc) as noise.
111 : Cancels (212/fc x 7 — 6/fc) as noise.
INT3RET [INT3 interrupt detection flag 0 : Nointerrupt R
1 : Interrupt

Note 1: INT3EDT/and NCS3 are valid only when the INT3W bit in EINTCR3 (#0026y) isset to 1.
Therefore; whenINT3W =0, the digital noise filter set by the NCS3 bit is disabled.

Note 2 : Do not changing the contents of INT3ES (bit 3 in #0037y) when INT3W is set to 1 (both-edge detention).
If changing thecontents of INT3ES during INT2W is set to 1, according to Note 3/4/5 at Figure 1-26 (a).
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External Interrupt Control Register 4
EINTCR4 6 > h 3
(0024 LNTaw| W2  NCsa (initial value 0000 00xx)
INTAW | INT4 both edge selection 0 : Refer to INT4ES RAW
1 : Both edge detection
INTA4EDT | Flagindicating an interrupt at 0 : Interrupt at selected edge or nointerrupt

selected edge/non-selected 1 : Interrupt at non-selected edgé R

edge, when INT4W = 1 (for

both-edge interrupts)

NCS4 Noise cancellation time select | 000 : No noise cancellation

for INT4 digital noise filter 001 : Cancels (26/fc x 7 — 6/fc) as noise.

(valid only when INT4W = 1) 010 : Cancels (27/f¢c x 7= 6/{c) as-noise.
011 : Cancels (28/fc x|7(- 6/f¢) as noise. RAW
100 : Cancels (29/f¢'x 7 < 6/fc) as'noise.
101 : Cancels (210/fc x 7= 6/fc) as noise.
110 : Cancels (27f¢ X 7— 6/1c) as noise.
111 : Cancels (212/f¢ x 7 5 6/fc) as noise.

INTADET | INT4 interrupt detection flag 0 : No interrupt R
1: Interrupt

Note 1: INT4EDT and NCS4 are valid only when the(INT4W bit in EINTCR4 (#00244,) issetto 1.
Therefore, when INT4W =0, the digital noise filter set by the NCS4 bit is disabled.

Note 2 : Do not changing the contents of INT4ES (bit 4in #0037) when INT4W.isset toT (both-edge detention).
If changing the contents of INT4ES during INT4W is set to 1, according to Note 3/4/5 at Figure 1-26 (a).

Figure 1-26 (b), Externalnterrupt Control Register (2)
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Notesont

he usage of INT2, INT3, INT4 pin (external interrupt)

(The funct

ions of only INT2 are described. INT3 and INT4 have the same functions as INT2)

When using the INT2 pin for one edge (either rising or falling)

Note 1:
Note 2 :

An interrupt generated from the INT2 pin can be detected by reading the interrupt latch (IL7).

The greatest care must be taken in setting or rewriting the extérnalinterrupt control register
(EINTCR : 0037H).
For details, see Figure 1-26. (a) note 2, 3, 4, 5 and 6 in accordance with the using instructions.

When using the INT2 pin for both edges (rising and falling)

Note 1:

Note 2 :

Note 3 :

Note 4 :

When using the INT2 pin for both edges (rising /of falling), set bit 7/ (INT3W) in EINTCR2
(#00254) to 1.

To detect the edge at which an interrupt/is géenerated, read bit 6 (INT2EDT)/in EINTCR2
(#0025y), that is, at the beginning of thé interrupt processing rogtine.

INT2EDT is valid only for both-edge interrupts (INT2W = 1). INT2EDT'is set'to 1 by an interrupt
as the non-selected edge; cleared t6 B-after read automatically:

For both-edge interrupts, rising or falling edge is selected by setting/modifying bit 2 (INT2ES)
in EINTCR (#0037y). When risingledge isselected (INT2ES =.0),bit6in INT2EDT (#0025y) is set
to 1 when a falling edge is detected at the INT2 pin. (That is, remains 0 if rising edge is
detected.) When falling edge-is'selected (INT2ES-=1), bit 6 in INT2EDT: #0025y is set to 1
when a rising edge is detected at the INT2 pin. (That is;remains 0 at falling edge).

The greatest care must’betakenin setting or rewriting the external interrupt control register
(EINTCR : 0037H).
For details, see Figure 1-26-(a) note 2, 3, 4, 5and 6inaccordance with the using instructions.
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Operation description for INT2 (both-edge interrupt) in use:

1. Operation without setting/modifying external interrupt control register (EINTCR) after reset:
For both-edge interrupts, rising edge is selected (INT2ES = 0) and fixed.
1)Casel1 : When the initial state of the INT2 pin is high after reset:

Reset

!
INT2ES (=0 : Keeprising edge)

INT2W I

INT2 terminal

EI/DI
instruction ®n Ent

IL7 (#003CH ; bit7)

INT2DET (#0025H ; bit2)

Read point of INT3DET

INT2EDT (#0025H ; bit6)

1 1
1 1
1 1
1 1
1 I
1 1
1 I
lear pointof L7
Clear point o 1 : 1 : 0
1 ]
1 I
1 1
1 1
1 I
1 1
1 I
1 1
1 1
1 )
1 1
1 !
Read point of INT2EDT : :
1 T

2)Case2 : When the initial state of the INT2 pinis low after.reset:

Reset

1
INT2ES (=0 : Keeprising edge)

INT2W I

INT2 terminal

E/DI (D) (ENT
instruction

IL7 (#003CH ; bit7)

Clear pointof L7 1

INT3DET (#0025H ;/bit2)

Read point of INT2DET

INT2EDT (#0025HY; bit6)

-1

Read point of INT2EDT

—
-
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2. Operation with setting/modifying external interrupt control register (EINTCR) after reset:

1)Case3 : When the initial state of the INT2 pin is low after reset/low at edge switchover from rising to

falling:
Reset
|
INT2ES (rising edge)
—| (falling edge)
1
INT2W !
1
—————————————————
INT2 terminal I | I—l
1
1 * No interrupt
EI/DI (D1 Ent I generation at non-
instruction

1 selected edge
| immediately after edge
1 switchover.

IL7 (#003CH ; bit7)

L L

1

Clear pointofIL7 3

INT2DET (#0025H ; bit2)

1

Read point of INT2DET

INT2EDT (#0025H ; bit6)

—
A

Read point of INT2EDT

T

|
[}
¥
!
|
[}
1 i
[}
i
1
1
i
[}

2)Case4 : When the initial state of the INT2 pin is high after reset/high at edge switchover from rising
to falling:

Reset

1
INT2ES (rising edge)
—l (fallingedge)

INT2W

|

INT2 terminal

EI/DI (D1)
instruction

(Ent

IL7 (#003CH,; bit7)

Clear pointof 7

INT2DET\(#Q025H ;/ bjt2)

-

Read point of INT2DET

INT2EDT (#0025H ; bit6)

-1 -7

Read point of INT2EDT
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3)Case5 : Case 5: When the initial state of the INT2 pin is high after reset/low at edge switchover from
rising to falling:

Reset

!
INT2ES (rising edge)

INT2W I

(falling edge)

INT2 terminal
:* Nointerrupt :
EI/DI (DI) (ENT (DI) 1 (Ent jgeneration at H
instruction :non—selected :
\edge immediately H
rafteredge 1
IL7 (#003CH ; bit7) |switchovey. I I ' I L
|

L7 1

INT2DET (#0025H ; bit2)

-

Read point of INT2DET

INT2EDT (#0025H ; bit6)

-1 -3 ]

—
A

Read point of INT2EDT

in
ir

—

4)Caseb : When the initial state of the INT2 pin is low aftérireset/high at edge switchover from rising to
falling:

Reset

1
INT2ES (rising edge)

INT2W I

(falling edge)

INT2 terminal I
|
1
EVDI o Ent oI R €Nt i
instruction :
1
IL7 (#003CH ; bit7) I_ | i | I
1
Clear point of,L 7 t T 1 1

INT2DET (#0025H; bit2)

-

Read point of INT2DET

INT7EDT(#0025H ; bit6)

Readpoint of INT7EDT

—
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1.10 Watchdog Timer (WDT)
The watchdog timer rapidly detects the CPU malfunction such as endless looping caused by noise or the
like, and resumes the CPU to the normal state.
The watchdog timer signal for detecting malfunction can be selected either as areset output or a non-
maskable interrupt request. However, selection is possible only once after reset./At first, the reset

outputisselected.
When the watchdog timer is not being used for malfunction detection, it can be used-as a timer to

generate an interrupt at fixed intervals.

1.10.1 Watchdog Timer Configuration

MPX reset release signal from T.G.
fc/2Bor fs/ 2" —>|A Binary Counters
fc/2% or fs/21 —=|B clock overflow R reset
fc/2%or fs/2"" —>|C Y J_}MOUWU’E olitput
17 9 ——|D = =
fc/27or fs/2 s clear 1 2 —s Q—D_‘DRESET
—>
R > interrupt request INTWDT
Y P
|
internal reset enable
Q
S R
WDTEN
writing writing clear WDTOUT
WDTT disable code, |code

Controller

0034H 0035H

WDTCR1 WDTCR2

Watchdog Jimer Control Registers

Figure 1-27. “Watchdog Timer Configuration

1.10.2 Watchdog Timer.Control
Figure 1-28 shows the watchdog timer control registers (WDTCR1, WDTCR2). The watchdog timer is
automatically’enabled after reset.

(1) Malfunctiendetection methods using the watchdog timer
The'CPUmalfunction is detected\as follows:
@ Setting the detection-time,selecting output, and clearing the binary counter.
@-Repeatedlyclearing the binary counter within the setting detection time.
H-a-€PU,malfunction occursfor any cause, the watchdog timer output will become active on the rise
of an overflow fromy the binary counters unless the binary counters are cleared. At this time, when
WDTOUT =1 a reset is genérated, which drives the RESET pin low to reset the internal hardware and
the external circuits. 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 automatically restarts (continues counting) when STOP/IDLE mode is released.
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Example : Setsthe watchdog timer detection time to 221/fc [s] and resets the CPU malfunction.

LD (WDTCR2), 4EH ; Clears the binary counters
LD (WDTCRT1), 00001101B  ; WDTT«10, WDTOUT&1
LD (WDTCR2), 4EH ; Clears the binary counters
Within 3/4 of WDT (always clear immedjately.after changing WDTT)
detection time
LD (WDTCR2), 4EH ; Clears the binary-counters
Within 3/4 of WDT
detection time :
LD (WDTCR2), 4EH ; Clears the binary.counters

Watchdog Timer Control Register 1

WDTCR1 ... 7858 3 2 1O .
oz |4 BT wer TRF]  fmRiveledr 100D
WDTEN Watchdog timer 0 : Disable (it is necessaryto write the disable code to WDTCR2)
enable/disable 1 : Enable
00:2%/fc or \V/ 27 )fs [s]
WDTT Watchdog timer 01:28/fc—or~_2%]fs write
detection time 10 : 22" /ffe—or 2%/ 1fs only
11:2'%%c_ or 2"/ fs
Watchdog timer 0 : Interruptrequest
wpTouT output select 1 “Reset output

Note1 : WDTOUT cannot be set to “1” by program-after clearing WDTOUT to 0"

Note2 : 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 the read-modify-write
instructions.

Note4 : Disable the watchdog timer or.clear the’counter just before switching to STOP mode.
When the counter is clearedjust befare switching.to-STOP mode, ¢lear the counter again
subsequently to releasing STOP mode.

Watchdog Timer Control Register 2
7 6 5 4 3 2 1 0

WDTCR2 T T T T T T T I (Initial value : **xx *%%*)
(0035H) H H H H H H H
- 4Ey 1 Watchdog timer binary counter clear (clear code) .
WDTCR2 Watchdgg t'm?' cQnirol B1y 7 _Watchdog timer disable (disable code) write
code writelregister : B only
others :_Invalid

Note 1 : / The disable cede isinvalid unless written’'whén WDTEN =0.

Note2 / /*,don’tcare

Note 3 : Since WDTCRZ'is a write-only register,-read-modify-write instructions (e.g., bit manipulating
instructions such as SET or CLR and.arithmentic instructions such as AND or OR) cannot be used for
read/write to this register:

Note4:  Toclearbinary counter doesn’t initialize the source clock, therefore, it is recommended to clear
binary counter within 3/4 of the detection period.

Figure 1-28. Watchdog Timer Control Registers

Table 1-4.~Watchdog Timer Detection Time

Opéerating modé Detection time
NORMALA NORMAL2 SLOW At fc =8 MHz Atfs=32.768 kHz
225 [ e[V [ 2%54fc, 2V 1 1s 27/ fs 4194 4s
2% /¢ 28 [fe, 2%/ s 25/ fs 1.048 ms 1s
2% [ fc 22T1fc, 23/ 1s _ 262.1ms 250 ms
2Y/fc 2Y 1M, 2"/ fs R 65.5ms 62.5ms

(2) Watchdog Timer Enable
The watchdog timer is enabled by setting WDTEN (bit 3 in WDTCR1) to “1”. WDTEN is initialized to
“1" during reset, so the watchdog timer operates immediately after reset is released.

Example : Enables watchdog timer
LD (WDTCR1), 000010008 ; WDTEN«1
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(3) Watchdog Timer Disable

The watchdog timer is disabled by writing the disable code (B14) to WDTCR2 after clearing WDTEN
(bit 3 in WDTCR1) to “0”. The watchdog timer is not disabled if this procedure is reversed and the
disable code is written to WDTCR2 before WDTEN is cleared to “0”. The watchdog timer is halted
temporarily in STOP mode (including warm-up) and IDLE mode, and restartsautomaticallyafter STOP

or IDLE mode is released.

During disabling the watchdog timer, the binary counters are cleared,

Example : Disables watchdog timer
LDW (WDTCR1), 0B101H

1.10.3 Watchdog Timer Interrupt (INTWDT)

;. WDTEN&«0, WDTCR2«-disable code

This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. Ifa
watchdog timer interrupt or a software interrupt is already accepted; however, the new watchdog timer
interrupt waits until the previous interrupt processing 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,
LD SP, 023FH 5. Setsthe stack pointer
LD (WDTCR1), 000010008 SWDTOUT«0

1.10.4 Watchdog Timer Reset

If the watchdog timer output becomes active, a reset is generated, which drives the RESET pin (sink open
drain output) low to reset the internal hardware and the €xternal circuits. The reset output time is 12/fc
[s1 (1.5 us at fc=8 MHz). The high-frequency, cldck oscillator-also.turns on when a watchdog timer reset

is generated in SLOW mode.

mode. Turns, the reset output time is 220/ fc.

oscillation frequency' when the high-frequency clock oscillator turns on.

Note : The high-frequency clocK oscillator turns on when a watchdog timer reset is generated in SLOW
The reset output time include’d certain amount-of error if there is any fluctuation of the

Thus, the reset, the réset/output time must beconsiderd approximate value.

297fc [s)

2V/fc

Clock

Binary counter

Overflow

INTWDT interrupt

WDT reset output

E)(E.)(0X1X2X3§)(o

"v
_____-.———r——————(';_z—) ________ |(”L" output)

writes 4Eto WDTCR2

[ twoTT=115)

1.11 Reset Circuit

Figure 1-29. Watchdog Timer Interrupt /Reset

The 87CH75/M75 each 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 1-5 shows on-chip hardware
initialization by reset action. The internal source reset circuit (watchdog timer reset, address trap reset,
and system clock reset) is not initialized when power is turned on. Thus, output from the RESET pin may

go low (12/fc[s.] (1.5 xs at 8 MHz) when power is turned on.

87CH75-52
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Table 1-5. Initializing Internal Status by Reset Action

On-chip Hardware Initial Value On-chip Hardware Initial Value
Program counter (PC) (FFFFy) - (FFFER) Divider of Timing generator 0
Register bank selector (RBS) 0
Jump status flag (R 1 Watchdog timer Enable
Int t 1t ble fl IMF 0 Refer to I/0 port
merrupt master enable tlag (IMF) Output latches of I70O ports cireuitr
Interrupt individual enable flags  (EF) 0 y

) Refer to each of

Interrupt latches (L) 0 Control registers control register

1.11.1 External Reset Input
When the RESET pin is held at low for at least 3
machine cycles (12/fc [s]) with the power supply voltage
within the operating voltage range and oscillation
stable, a reset is applied and the internal state is
initialized.
When the RESET pin input goes high, the reset
operation is released and the program execution starts
at the vector address stored at addresses FFFEy - FFFF:
The RESET pin contains a Schmitt trigger (hysteresis) Figuré 1-30’ Simple Power-on-
with an internal pull-up resistor. A simple-power-on: Reset Circuitry
reset can be applied by connecting an external
capacitor and a diode.

VDD

typ, 220 kO

1.11.2 Address Trap Reset
If a CPU malfunction occurs and an attemptis made to fetch an instruction from the RAM or the SFR area
(addresses 87CH75: 0040y - 023FH, 87CM75: 0040y - 043Fy, an address-trap-reset will be generated.
Then, the RESET pin output will golow. /The reset timelis 12/fc[s] (1.5 »s at 8 MHz).

Instruction P a :I\reset release Xinstruction ataddressr
execution . : :
AL L= Address-trap.is occurred Y - e
RESET output ] ("L"output).(( [Hiz)! i
i ) i i |
1 1 1 |
| 1 1 1
. ' ' '
| 12/f¢ [s] V2%fc | 2%fe |
to
2%fc

Note 1: 0=a=043Fy
Note 2: During reset release, reset vector “r” is read out, and an instruction at address r is fetched and decoded.

Figure 1-31. Address-Trap-Reset

1.11.3 - Watchdog Timer Reset
Referto Section “1.10 Watchdeg Timer”.

1.11.4 System-Clock-Reset
Clearing both XEN and XTEN (bits 7 and 6 in SYSCR2) to “0” stops both high-frequency and low-
frequency oscillation, and causes the MCU to deadlock. This can be prevented by automatically
generating a reset signal whenever XEN = XTEN =0 is detected to continue the oscillation. Then, the
RESET pin output goes low from high-impedance. The reset time is 12/fc [s] (1.5 xs at 8 MHz).
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2. ON-CHIP PERIPHERALS FUNCTIONS

2.1 Special Function Registers (SFR) and Data Buffer Registers (DBR)
The TLCS-870 Series uses the memory mapped 1/0 system, and all peripheralcontrol and data transfers
are performed through the special function registers (SFR) and data buffer registers (DBR).
The SFR are mapped to addresses 0000 — 003F, and the DBR to addresses OF80 — OFFFy.
Figure 2-1 shows the 87CH75/M75 SFRs and DBRs.

Address

Read Write Address Read Write

reserved

réserved

reserved

Note 1 :
Note2 :
Note 3.:
Note 4~

(a) “Special Funé¢tion’Registers

Do not access.reserved areds by the program:

- : Cannotbe’accessed.

When defining address 003F with assembler symbols, use GPSW and GRBS.

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.)

Figure 2-1. (a) SFR & DBR
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Address Read Write
OF;BOH ------------------------------------------- Note1 : Do not access reserved areas by the

: program:

P VFT 4 Note2 : - : Cannotbe accessed.

§ Display data buffer Note3 : When defining-address 003Fy with

: assembler symbols,\use GPSW and GRBS.

A T Note4 : Write-only-registers and interrupt
OFEF latches cannot use the read-modify-
OFFO |, write( ifistractions (bit manipulation

F1of instructions such as SET, CLR, etc. and

F2 logical~aperation instructions such as

Ei """"""""" reserved AND;.OR, etc.)

F5 oo

F&6 |,

F7
OFF8 |,

FO |,

IEQ .................. 5101

""""""""" Transmit and receive

FC |,

203 data bufer

S O

FF

(b) Data Buffer Registers
Figure2=1.(b) SFR & DBR
2.2 /O Ports
The 87CH75/M75 each have 13 parallel input/output ports (89pins)each/as follows:
Primary Function Secondary Functions
Port PO 8-bit I/0 port Serial/port input/output
Port P1 8-bit I/0 port External interrupt input, timer/counter input, and divider output
Port P2 3-bit I/0 port Low-frequency resenatorconnections, external interrupt input, and
STOP mode release signal input
Port P3 4-bit4/O-port Serial bus.interface
Port P4 8-bit I/0 pert Analeg.input
Port P5 8-bit I/0 port Analoginput
Port P6 8-bit’1/0O port VFT output
Port P7 8-bitOutoput port VFT.output
Port P8 8-bitoutput port MET output
Poft P9 8-bit)l/O port VFT-output
Port PD. 8-bit’l/O port VFT output
PertPE 8-bit I/0 port VFT/output
Port.PF 3-bit /O port VFT output
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Ports PO, P1, P2, P3, P4, P5, P6, P7, P8, P9, PD, PE and PF can also use secondary function.

Each output port contains a latch, which holds the output data. Input ports excluding P4 do not have
latches, so the external input data should either be held externally until fead or reading should be
performed several times before processing. Figure 2-2 shows input/output timing.examples.

External data is read from an I/O port in the S1 state of the read cycle during execution of the read
instruction. This timing can not be recognized from outside, so that transient.input/such as chattering
must be processed by the program.

Output data changes in the S2 state of the write cycle during execution of thé instruction which writes to
an 1/O port.

. fetch cycle | fetch cycle . read cycle | : fetcheycle | fetch cycle | write cycle |
I ) 1 1 I T ¥ 1

Instruction __ 152 182 152 — Instruction=x

eXGCltt;‘(:)II;__ I E)I(': I'ID AI’ ()ﬁ) I I N | . eXGCUc‘l‘.yi::)II;__ WA E)f': |'ID (?()"?‘ _
Input strobe-- - ﬁ - —— Qutput lateh__ |_|
SRS pulse 5
Datainput X X/, Ddtaoutput__ old X new
(a) Input Timing (b) Output Fiming

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

Figure 2-2. Input/Output Timing (Example)

When reading an I/O port except programmable I/0O ports‘P0-and P1, whether the pin input data or the
output latch contents are read depends onthe instructions, asshown below:
(1) Instructions thatread the outputlatch contents

@ XcH r, (src) ® LD (pp). b, CF

@ CLR/SET/CPL  (src).b ® ADD/ADDC/SUB/SUBB/AND/OR/XOR (sre), n

@ CLR/SET/CPL  (pp).g @ (src) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)
@ LD (src)/b; CF

(2) Instructionsthat read thepin inputdata
@ Instructions-etherthan the above (1)
@ (HL) side 6f ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)
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2.2.1 Port PO (PO7 - PO0)

Port PO is an 8-bit general-purpose input/output port which can be configured as either an input or an
output in one-bit unit under software control. Input/output mode is specified by the corresponding bit
in the port PO input/output control register (POCR). Port PO is configured as an input if its corresponding
POCR bit is cleared to “0”, and as an output if its corresponding POCR bitissetto (1.

During reset, POCR is initialized to “0", which configures port PO as input. The RO-output latches are also
initialized to “0”. Data is written into the output latch regardless of POCR contents. Therefore initial
output data should be written into the output latch before setting POCR.

Note 1: Portsset to the input mode read the pin states. When inputpinandoutput in exist in port PO
together, the contents of the output latch of ports set to the input mode may be rewritten by
executing the bit manipulation instructions. Pins set to-the.output mode read a value of the
output latch.

Note 2 : The POCR is a write-only register. It can not be operated by the read-modify\instruction (Bit
manipulation instructions of SET, CLR, etc. and Arithmetic instructions of AND, OR;-etc.)

STOP
oot 4>

POCRI J/‘
Data output ' <Jd [
Data output ————~>|p~. Q PO
output latch
Control output
Control input
Note :i=7to0
7 6 5 4 3 2 1 0
PO P07 i P06 : P05 : POA 7 P03 i P02 i PO1 i POQ (Initial value : 0000 0000)

(00004) ; ; ; : £501 ! SI1 SCK1

POCR

7 6/ /s5\)a~—3 2 1 0
(000Ay,) | :

| (Initial value: 0000 0000)

I/0 control for port PO 0 input mode write

POCR (Set for each bit individually) 1 : output mode only

Figure 2-3.“Port PO and POCR

Example | Setting the upper.4.bits of port PO as an input port and the lower 4 bits as an output
port (Initial'output data are 1010g).
LD (P0), 00001010B ; Setsinitial data to PO output latches
LD (POCR), 00001111B ; Setsthe port PO input/output mode
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2.2.2 PortP1 (P17 -P10)
Port P1 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit
under software control. Input/output mode is specified by the corresponding bit in the port P1
input/output control register (P1CR). Port P1 is configured as an input if its corresponding P1CR bit is
cleared to “0”, and as an output if its corresponding P1CR bit is set to “1"\ During reset, P1CR is
initialized to “0", which configures port P1 as an input . The P1 output latches are alsd initialized to “0”.
Data is written into the output latch regardless of P1CR contents. Therfore/initialoutput data should be
written into the output latch before setting P1CR. Port P1 is also ‘used as an’external interrupt input, a
timer/counter input/output, and a divider output. When used as a secondary-function pin, the input pins
should be set to the input mode, and the output pins should be set to( the output mode and beforehand
the output latch should be setto “1”.
It is recommended that pins P11 and P15, P16, P17 should/be-used as external interrupt inputs,
timer/counter input, or input ports. The interrupt latch is set @n the rising or falling edge of the output
when used as output ports.
Pin P10 (INTO) can be configured as either an I/O port or an(extérial interrupt input with INTOEN (bit 6 in
EINTCR). During reset, the pin P10 (INTO) is configured as an'input port P10.

Note 1: Ports set to the input mode read the pin states>When input pin and output in-exist in port P1
together, the contents of the output latch of portsset to the input-mode may be rewritten by
executing the bit manipulation instructions. "Rins set to the output'mode read a value of the
output latch.

Note2: The P1CR is a write-only register. It can-not-be operated by /the/read-modify instruction (Bit
manipulation instructions of SET, CLR, etc-and Arithmetic instructions of AND, OR, etc.)

STOP o
OUTAN 4P
P1CRi ﬁ
Data input ’

Data output

P1i

outputfateh

Control output

Control input

Note:i=7to0

7 6 5 4 3 2 1 0
P14

P1 P17 “p16 LP15 ipwnii P13 | P12 | PM/ P10
(00014) 1y FINT2 '%'513 '}'%40 iDvo': ?E% L INT1 { INTO | (Initial value: 0000 0000)

7 6 5 4 3 2 1
?0150% - s : : 5 5 : | (initial value: 0000 0000)
H
P1CR 1/Q/control forport P1 0 : Input mode write
(Setforeach bitindividually) 1 : Output mode only

Figure 2-4. PortP1and P1CR

Example : Sets P17, P16 and P14 as output ports, P13 and P11 as input ports, and the others as
function pins. Internal outputdatais “1” forthe P17 and P14 pins, and “0" for the P16

pin.
LD (EINTCR), 01000000B  ; INTOEN<1
LD (P1),10111111B ; P17¢1, Pl4e1, P16¢0
LD (P1CR), 110100008
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2.2.3 Port P2 (P22 - P20)
Port P2 is a 3-bit input/output port. It

is also used as an external interrupt SET/CLR/CPL/others — Jﬂ_ CMP/NMICMP/TEST/ others

input, and low-frequency crystal |Datainput J ’ﬂ—

connection pins When used as an . tpuﬂam:]“

input port, or the secondary function | b, output — »lp HA I,: ] p20 a5 /570P)
pin, the output latch should be set to | ontrol input @I

“1". During reset , the output latches | patainput j—ﬁ\“

are initialized to “1". L<j- 05¢/ enable

A low-frequency crystal (32.768 kHz) is N

connected to pins P21 (XTIN) and P22 |Dataoutput _’IE L P21 (XTIN)
(XTOUT) in the dual-clock mode. In Datainput <]‘<gl

the single-clock mode, pins P21 and ::] .

P22 can be used as normal N )I

input/output ports. Data output —>|E L []r22,xToum)

It is recommended that the P20 pin FD,

should be used as an external

interrupt input, a STOP mode release N :oD° ¢ xg:: ;:: ;;gﬁ’i's'i)c’.‘:ge
signal input, or an input port. If used | x1en inSYSCR2
as an output port, the interrupt latch | £ 4—@

is set on the falling edge of the output

7 6 5 4 3 2 1

pulse. . , . P2 P22 : P21 | _P20
When a read instruction for port P2 is 0002, | : : : : rout: sy | I
executed, bits 7 to 3 in P2 read in as WL AL e AN : ; sTOP
undefined data. (Initial value: **** *111)

Figure2-5. PortP2
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2.2.4 Port P3 (P32 - P30)
Port P3 is an 3-bit input/output port, and is also used as serial bus interface (SBI) input/output.
Input/output mode is specified by the corresponding bit in the port P3 input/output control register
(P3CR). Port P3 is configured as an input if its corresponding P3CR bit is cleared to “0”, and as an output
if its corresponding P3CR bit is set to “1”. During reset, P3CR is initialized to "0/, which configures port
P3 asinput. The P3 output latches are also initialized to “0”. Port P3 is also used“as aserial bus interface
input/output. When used as a secondary function pin, set P3 to the output mode using P3 port
input/output control register (P3CR) to control input/output by the-outputdata.)(P3 is sink open drain
with input/output control. At “1” of the output data, a pin is set to Hi-z-and.enabled to input.)

When a read instruction for port P3 is executed bit 7 to 3 in P3 read in as undefined data.

Note 1: Ports set to the input mode read the pin states. When input.pinmand output in exist in port P3
together, the contents of the output latch of ports set(to the.input mode may be.rewritten by
executing the bit manipulation instructions. Pins set.to_the output mode réad a value of the
output latch.

Note 2 : The P3CR is a write-only register. It can not be operated by the read-modify instruction (Bit
manipulation instructions of SET, CLR, etc. and Arithmeétic instructions.of AND, OR) etc.)

STOP
onten Lr
P3CRi I
Data input T
Data outplt _’ . >
Output latch P3i
Control putput
Control input
N iss Note 1: *:don’tcare
Note2: i=2to0
..... T8 NN 2V [0
P3 : e A E_P3° (Witial value :  *xxx x111)
(0003) i SI0 | 500 +SCKO '
................ 6....5..Y4. . ..3. 2 1 0
P3CR | | | | (Initial value :  *#x*x *000)
(002Bp) o i/
P3CR 1O control for port P3 0 : Input mode write
(Set for each bit individually) 1 : Output mode only
Figure 2-6. PortP3
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2.2.5 Port P4 (P47 - P40)

Ports P4 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit

under software control.
input/output control register (P4CR).

Input/output mode is specified by the corresponding bit in the port P4

At reset, PACR is set to 0 and AINDS is cleared to 0. Thus, P4 becomes an analog input port . At the same
time, the output latch of port P4 is initialized to 0. PACR is a write-only register. Pins not used for analog
input can be used as I/0 ports. But do not execute the output instruction to keepthe accuracy in A/D
conversion. Executing an input instruction on port P4 when the A/D-.convertérisiin use reads 0 at pins set
for analog input : 1 or 0 at pins not set for analog input, depending on_thepin-input level.

Note 1: Portsset to the input mode read the pin states. When input pin and output in exist in port P4
together, the contents of the output latch of ports set to.the input mode may be rewritten by
executing the bit manipulation instructions. Pins set{to the-output mode redad-avalue of the
output latch.

Note 2 : The P4CR is a write-only register. It can not be operated by the read-modify instruction (Bit
manipulation instructions of SET, CLR, etc. and Arithmeétic instructions of AND, OR, étc.)

Analog input ()
OUTEN
SAIN 4,:‘:)—
P6CRi
read
Data input
Data output D Q 1 ’I\/ ] pai
Note: i=7to0
7 6 5 4 3 2 1 0
P4 PA7 : P46 7 P45 PA4 ¢ P43/ P42 | PA1 : PAD "
(00041) | AIN7 : AINE /AINS : AINZ- AIN3 : AIN2 : AINT AINO (Initial value : - 0000 0000)
pacR 7 6 5 4 3 2 1 0
fuek I/0 control for port P4 0 : input mode write
(Set for each bit individually) 1/: output mode only
Figure 2-7. PortP4
87CH75-61 2004-10-01




TOSHIBA

Under Development

TMP87CH/M75

2.2.6 Port P5 (P57 - P50)

Ports P5 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit

under software control.
input/output control register (P5CR).

Input/output mode is specified by the corresponding bit in the port P5

Atreset, P5CR is set to 0 and AINDS is cleared to 0. Thus, P5 becomes an analog input port . At the same
time, the output latch of port P5is initialized to 0. P5CR is a write-only register.\ Pins not used for analog
input can be used as I/0 ports. But do not execute the output instruction to keepthe accuracy in A/D
conversion. Executing an input instruction on port P5 when the A/D-.convertérisiin use reads 0 at pins set
for analog input : 1 or 0 at pins not set for analog input, depending on_thepin-input level.

Note 1: Portsset to the input mode read the pin states. When input pin and output in exist in port P5
together, the contents of the output latch of ports set to.the input mode may be rewritten by
executing the bit manipulation instructions. Pins set{to the-output mode redad-avalue of the
output latch.

Note 2 : The P5CR is a write-only register. It can not be operated by the read-modify instruction (Bit
manipulation instructions of SET, CLR, etc. and Arithmeétic instructions of AND, OR, étc.)

Analog input ()
OUTEN
SAIN 4,:‘:)—
P6CRi
read
Data input A\
Data output b Q 1 Il\/ D P5i
Note: i=7to0
7 6 5 4 3 2 1 0
P5 P57 : P56 ¢ P55~ P54 & P53 /: P52 : P51 : P50 .
(00054)  |AIN17:AIN16:AINTS AINTAAINY3 AINT2:AINT1IAIN1O (Initial value : 0000 0000)
PSCR 6 5 4 3 2 1 Q
(000Dy) | : : : : : | (Initial value : 0000 0000)
Y I/0 control for port P5 0 : inputmode write
(Set for each bit individually) 1/: output mode only
Figure 2-8. PortP5
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2.2.7 Port P6 (P67 - P60)
Port P6 are 8-bit high-breakdown voltage input/output ports, and are also used as VFT driver outputs,
which can directly drive vacuum fluorescent tube (VFT). When used as an{input port or a VFT driver
output, the output latch should be cleared to “0”. The output latches are initialized to “0” during reset.
Pins which are not set for VFT driver output can be used as normal I/0 port (refer to-section “2.12.6 Port
Function”). It is recommended that pins P67 to P60 should be used as VFT drivergutput.

CMP/MCMP/ TEST
OUTEN iz
control
Data input
inpu SET/CLR/ N

PL

Data output

VFT driver output

@)
VKK

P6
(00064)

P67 |

V7

P66 |
V6

P65 |
V5

P64 |
Ve

P63.
v3

P62-;
v2 i

P61
V1

: P60
i vo

(Initialvalde :

0000 0000)

Figure-2:9. P6 Port
2.2.8 Port P7 (P77 - P70)

Port P7 are 8-bit high-breakdown voltage input/output ports,~and are also used as VFT driver outputs,
which can directly drive vacuum fluorescent|tube (VFT). When. used as an input port or a VFT driver
output, the output latch should be cleared to “0”. The output latches are initialized to “0" during reset.
Pins which are not set for VFT dfiver ottput can be used assnormal I/O port (refer to section “2.12.6 Port
Function”). Itis recommended that pins P77 to P70 should be'used as VFT driver output.

CMP / MCMP/TEST
QUTEN Hi-Z
control
Datain
atainput SET/CLRA. N

Data output [ | P7i
VFI driver output & Note :i=71t00
VKK
7 6 5 4 3 2 1 0
Py P77 \ P76 /4 P75 ! P74 : P73 : P72 i P71 | P70
(0007w) J A45.; V14 V13 S V12 i Vi1 i vio i v9 i vg | (Initialvalue: 0000 0000)

Figure 2-10. P7 Port

87CH75-63 2004-10-01



TOSHIBA Under Development TMP87CH/M75

2.2.9 Port P8 (P87 - P80)
Port P8 are 8-bit high-breakdown voltage input/output ports, and are also used as VFT driver outputs,
which can directly drive vacuum fluorescent tube (VFT). When used as an{input port or a VFT driver
output, the output latch should be cleared to “0”. The output latches are initialized to “0” during reset.
Pins which are not set for VFT driver output can be used as normal I/0 port (refer to-section “2.12.6 Port
Function”). It is recommended that pins P87 to P80 should be used as VFT drivergutput.

CMP /MCMP /TEST

STOP |
— L

control

Data input

SET/CLR/ N
PL

Data output m ] psi

VFT driver output

@)
VKK

Pg P87 : P86 : P85 i P84 : P83 P82.7 P81 | P8O
(0008y) | v23 V22 V21 V20 V49 V18 V17 V16 (Initialvalde : 0000 0000)

Figure2-11. P8 Port

2.2.10 Port P9 (P97 - P90)
Port P9 is an 8-bit high-breakdown voltage input/output port, and also used as a VFT driver output, which
can directly drive vacuum fluorescent tube (VET). When used asan‘input port or a VFT driver output, the
output latch should be cleared to “0”."The output latches are initialized to “0” during reset. Pins which
are not set for VFT driver output can bé used as normal I/© port (refer to section “2.12.6 Port Function”).
It is recommended that pins P97 t0.P90 should be used assegment output.

CMP / MCMP-LTEST4others

STOP, j:)c
QUTEN Hi-Z

Data input o control

iy
SET/ CLR/CPL+Gthiers

Data output . POi
Note:i=7to0
VET driver output o
VKK
7 6 5 4 3 2 1 0
P97 \\P96 3 P95 P94 i P93 P92 P91 : P90
P9 V31 1 V30-7V29 | V27 V26 i V25 i V23 i V22 (Initial value : 0000 0000)
(0009,) : : : : : : :

Figure 2-12. PortP9
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2.2.11

PD (PD7 - PDO), PE (PE7 - PEO) and PF (PF2 - PFO)

Ports PD, PE and PF are high-breakdown voltage input/output ports, and are also used as VFT driver
outputs, which can directly drive vacuum fluorescent tube (VFT). The segment and the input/output port
are specified by VSEL (bit 5 to 0) of VFT driver control register (VFTCR1). At reset, VSEL is cleared to “0”
and used as the input/output port. When used as an input port or a VFT driver 6utput; the output latch
should be cleared to “0”. Pins which are not set for VFT driver output can be used/as normal I/O port
(refer to section”2.12.6 Port Function”). The output latches are initializedto,“0” dufing reset. When a
read instruction for port PF is executed bit 7 to 3 in PF read in as undefined data.

STOP

CMP/MCMP /TEST

:ODOHi-Z

control

OUTEN

|

Datainput SET/CLR/

~

PDI
Data output || PEi
VFT driver output Output latch PFj
control
VFT driver output mask
I Ioption
VKK
7 6 5 4 3 2 1 0
PD PD7 : PD6 : PD5 : PD4 : PD3 : PD2 | PD1 i PDO » ]
(001Dy) | V39 i V38 | V37 i V36 : V35 i V34i-V33 i V32 (Initiakvalue :
7 6 5 4 3 2 1 0
PE PE7 : PE6 @ PE5 : PE4 i PE3 +PE2 - PEV: PEO " ]
(001En) | va47 : v46 : v45 i Va4 : VA3 VA2~ VA1 | V4D (Initial value :
..... 7.8 A3 2 ! 0
PF : : : : s PF2 i PF1 i PFO \
(001Fy) : : : : : V50 V49 | v48 (Initialvalue :

Note: i=7t00,j=2to/0

¥, don’t care

0000, 0000)

0000 0000)

*kk*k *000)

Figure2-13. PD,PE/PF Ports
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2.3 Time Base Timer (TBT)
The time-base timer is used to generate the base time for key scan and dynamic display processing. For
this purpose, it generates a time-base timer interrupt (INTTBT) at predetermined intervals.
This interrupt is generated beginning with the first rising edge of the source clock (the timing
generator’s divider output selected by TBTCK) after the time-base timer is engbled.~Note that since the
divider cannot be cleared by a program, the first interrupt only may occur earlier.than the set interrupt
period (See Figure 2-14, (b).).
When selecting the interrupt frequency, make sure the time-base/timer is disabled (Do not change the
selected interrupt frequency when disabling the active timer either).. However, you can select the
interrupt frequency simultaneously when enabling the timer.

TBTCK :X X:

: : 1120
TBTEN | | 12 = 1 machine cycle
T - t2

Example : Setsthe time base timer frequencytofc/216{Hz] and enables’anINTTBT interrupt.

LD (TBTCR), 00001010B
SET (ERL). 6
MPX INTTBT
fc/22 or fs/215 >—A interrupt

fc/22" or 57213 >— request
fc/2'6 or fs/28 >—

fc/2' or 5728 >—
fc/2'3 or fs/2°

>
fc/12'2 or fs/2* >—
>

source clock

B

C

Dy Rising J

E ) edge Source clock | I | I | I
F : : :
G i : i
H : :

detector
fc/2' or fs/23 TBTEN
fc/2° or fs/22 >—Hg =
i 1 M M 5
3 1
INTTBT. ! " "
TBTCK TBTEN ! — "—
! nterrup
SIS Enable TBT period

Time Basg Timer Control Register

(a) Configuration (b) Time Base Timer Interrupt

Figure2-14. Time Base Timer
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TBTCR 6 5 4 3 2 1 0 ialvalie:  Ore0 Oeae
(00364,) |(Dv0EN) | ©VocK) | ovICK) |TBTEN | | TBTCK | | (Initial value : )
Time base timer 0 : Disable
TBTEN )
enable/disable 1: Enable
000 : fc/ 2% or fs/2'5 [Hz]
001 : fc/2%Vor fs/2"3
010 : fc/2'6or fs/28 RAW
TBTCK | Time base timer interrupt 011 : fc/2"or f5/2°
frequency select 100 : fc/213or fs/2°
101 : fc/2"%or fs/2°
110 : fc/2" or fs/23
111 : fc/2% or fs/2
Note : fc,; High-frequency clock [Hz], fs,; Low-frequency clock[Hz], * ; don’t care
Figure 2-15. Time Base Timer and Divider Outpat Control Register,
Table 2-1. Time Base Timer Interrupt Frequency
NORMAL1/2, IDLE1/2 mode Internupt Frequency
TBTCK SLOW SLEEP mode
DV7CK =0 DV7CK =1 Atfc=8 MHz At fs = 32.768 kHz
000 fc/223 fs/215 54215 0/95 Hz 1 Hz
001 fcr 2% fs/213 fs/ 213 3.81 4
010 fc/2'6 fs/28 > 122:07 128
011 fc/214 fs/26 - 48828 512
100 fc/2'3 fs/2° - 976.56 1024
101 fer212 fs/2% - 1953/12 2048
110 fc/2" fs 423 - 3906.25 4096
111 fc/2° 1s72 - 15625 16384
87CH75-67 2004-10-01




TOSHIBA

Under Development TMP87CH/M75

2.4 Divider Output (DVO)
A 50% duty pulse can be output using the divider output circuit, which is useful for piezo-electric buzzer
drive. Divider output is from pin P13 (DVO). The P13 output latch should beset to “1” and then the P13
should be configured as an output mode.
Divider output circuit is controlled by the control register (TBTCR) shown in Figure 2-12.

7 6 5 4 3 2 1 0
TBTCR iti :
(0036,) |DVOEN| DVOCK |(DV7CK)|(TBTEN)| (TBTCK), | (Initial value . 0%*0 (0% ¥*)
DVOEN | Divider output enable/disable 0: Disable
1: Enable
00 : fc/2" or fs/2°[Hz] RIW
. e . 12 4
DVOCK Divider output(I?VO) 01 : 1‘c/211 or fs/23
frequency selection 10 : fc/2'" or fs/2
11 : fcr2'0 or fs/22
Note : fc,; High-frequency clock [Hz], fs; Low-frequency|clock [Hz], *,; don’tcare
Figure 2-16. Divider Output.ControlRegister
Example : 1kHz pulse output (at fc =8 MHz)
SET (P1).3 ; P13 output latch «1
LD (P1CR), 00001000B ; Configures P13 asan‘output mode
LD (TBTCR), 100000008 ; DVOEN«1, DVOCK«00
Table 2-2. “Frequency of Divider Output
DVOCK Frequency of At fc =8 MHz_|At fs £ 32.768 kHz
DividerOutput
00 fct2¥ or fs/2° 0.976 [kHz] 1.024 [kHz]
01 fcy 2 fs/2* 1.953 2.048
10 for2™ fs/23 3.906 4.096
11 for2'° fs /22 7-812 8.192
output latch output enable
data output m - O > ez evo

fc/2'30orfs/25 > A
fc/212 orfs/24/><|B /
fc/2Morfs/23->—C P13 output latch l I
fc/210 orfs /222D s P J : :
2] i —
VoK BYOEN DVOEN —, L

Divider output control register

(a) (b) Timing Chart

Configuration

Figure 2-17. Divider Output
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16-bit Timer/Counter 1 (TC1)

2.5

2.5.1 Configuration
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2.5.2 Control
The timer/counter 1 is controlled by a timer/counter 1 control register (TC1CR) and two 16-bit timer
registers (TREG1A and TREG1B). Reset does not affect TREG1A and TREG1B.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TREG1A
(0010, 0011y) | . . TREG1A (00114) . . | . . TREG1A((0010y) . . |
Writeonly
TREG1B
(0012, 0013) | 1 TIREG1BH (0013H) 1 1 I 1 1 -I;REG1BJ- (0012H) 1 1 |
7 6 5 4 3 2 1 0 Read/Write (Write available in only
PPG outputmode)
SCAP1
TC1CR TFF1 |MCAPT 1eis TC1CK TCIM
(0014y) METT1 (Initial value 0000'0000)
MPPG1 L 1 1
00: timer/external trigger timer/ event counter mode
TCIM TC1 01: window mode
mode select 10: pulse width measurement mode
11: PPG output mgde
00: internal clock f¢/2'V or | fs/2°  [Hz]
TC1CK TC1 01: internal clock fcr2’
source clock select 10: internal ¢lock.fef23
11: externalclock (TE€1 pin input)
00: stop & counterclear
TC1S TC1 01: command start Write
start control 10: reserved only
11: (external trigger start
..SCAP1 | |software capture control | 0 A 1. software capture trigger (Note 3)
MCAP1 pulse width measurement 1\: doubleedge captlre 1:single edge capture
................... ReL0L A SO Bt SOOI SN S
external trigger timer . .
B £ I A NN iy /A
MPPG1 | PPG output control 0 continuous pulse T:._sirigle pulse
TFF1 timer F/F1 control for PPG 0 clear 1: set
output mode

Note 1: fc, High-frequency clock [Hz], /fs ; Low-frequency-clock [Hz]

Note 2 : Writing to the low-byte of the timer registers (TREG1A;,\TREG1B), the comparison is inhibited until
the high-byte/ (TREG1Ay, TREG1By) is written—After writing to the high-byte, the comparison of 1
machine cycle (during instrucrion execution) is ignered,

Note 3 : Set/the-mode, sourcé clock, edge (INT2ES),/PPG control and timer F/F control when TC1 stops
(TC1S =00).

Note 4 : Software'capture can be used inonly timer and €vent counter modes.

Note 5: Valuestobe loaded to timer registers must satisfy the following condition.

TREGTA>TREG1B>0 (PPGoutput mode) ; TREG1A>0 (others)

Note 6 : Always write /0" to TFF1 except the PPG-output mode.

Note 7 : , TC1CR is a write-only register, which cannot be accessed by any read-modify-write instruction such as
bit operate, etc.

Note@8: “TREGI1B can be written only in PPG output mode.

Note 9 : When fc/23 is selected for/the source clock in pulse width measurement mode, the least significant bit
of TREG1B which hasbeen read out is always “0”, but when the other source clocks are selected, the
least significant bit of TREG1B becomes “1” or “0” according to the value of counter.

Figure 2-19: Timer Registers and TC1 Control Register

2.5.3 Function
Timer/counter 1 has six operating modes: timer, external trigger timer, event counter, window, pulse
width measurement, programmable pulse generator output mode.

(1) Timer Mode
In this mode, counting up is performed using the internal clock. The contents of TREG1A 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 counteriscleared. The current
contents of up-counter can be transfered to TREG1B by setting SCAP1 (bit 6 in TC1CR) to “1”
(software capture function). SCAP1 is automatically cleared to “0" after capaturing.

87CH75-70 2004-10-01



TOSHIBA

Under Development

TMP87CH/M75

Table 2-3. Timer/Counter 1 Source Clock (Internal Clock)

Source clock

Resolution Maximum time setting
NORMAL1/2, IDLE1/2 modes SLOW. SLEEP d
. modes _ _ c -
DV7CK=0 | Dv7cK=1 Atfc=8MHz |Atfs=32.768kHz | Atf¢=8MHz | Atfs=32.768 kHz
fc/2%[Hz] fc/2%[Hz] - 1 us - 65.5_ms -
fc/27 fc/2’ - 16 us - 10 s -
fc/2™ fs/23 fs/2® [Hz] 256 us 24414~ us 16.8%s 16.0 s

Example 1 :Sets the timer mode with source clock fs/23[Hz] and generates an interrupt 1 s later

(atfs = 32.768 kHz).
(TREG1A), 1000H
(EIRL). EF4

LDW
SET
El
LD

Example 2 : Software capture

LD
LD

(TC1CR), 000100008

(TC1CR), 010100008
WA, (TREG1B)

’

'

‘

; /StartsTC1

; INTTC1 interrupt enable

;. SCAPT<41 (Captures)
;~Reads captured value

; Setsthetimerregister (1s=+23/fs=10004)

Source clock

Up-counter

TREG1A

INTTC1 interrupt

Source clock

Up-counter

TREG1B

SCAP 1

Command start

Match
detect

Counter
clear

Y

(a) Timer

ipligislipligEsipipipEns

:Xm—ZXm—1X m X mer Xomez X 88__Xn-1x n X net X

capture

capture

m

n

(b) Software Capture

Figure 2-20. Timer Mode Timing Chart

(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 risinglor falling edge can be selected with INT3ES. Edge selection is the same as for
the external interrupt input INT3 pin. Source clock is used an internal clock selected with TC1CK. The
contents of TREG1A is compared with the contents of up-counter. If a match is found, an INTTC1
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.
The TC1 pin input has the same noise rejection as the INT3 pin; therefore, pulses of 7/fc [s] or less are
rejected as noise. A pulse width of 24/fc [s] or more is required for edge detection in NORMAL1/2 or
IDLE1/2 mode. The noise rejection circuit is turned off in SLOW and SLEEP modes. But, a pulse width
of 4/fs [s] or more is required.
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count start count restart

TC1 pininput ; trigger | e + trigger (INT3ES=0)

1

1
1

Internal clock ||||||:|||||||| |||||||||||||||||
1

Up-counter 0 I X 1 w m n 0 nﬂa a
q

TREG1A X n

INTTCH match \I'I/ clear

(a) Trigger Start (METT =0)

D

count count count
start clear start

TC1 pininput *trigger * trigger A trigger irising edge select
(INT3ES=0)
Internal clock | | | | | | | | | | | |55| | | |5 | | | I | | | | | | | | | | I | | |
{ 4 4
Up-counter { 0 g { (- 2X AXK©

0
TREG1A :X n b/

/
INTTC1 match ﬂclear

Note: m<n
(b) Trigger Start & Stop (METT1=1)

Figure 2-21.—External Trigger Timer Mode Timing Chart

(3) Event Counter Mode

In this mode, events are counted on the edge of the TCTpin input. Either the rising or falling edge
can be selected with INT3ES in EINTCR. The contents of \TREG1A are compared with the contents of
up-counter. If a match'is found, an INTTC1/interfupt is generated, and the counter is cleared. The
maximum applied frequency is f¢/24{Hz] in\NORMAL1/2 or IDLE1/2 mode and fs/24 [Hz] in SLOW or
SLEEP mode.

Setting SCAP1 to-" 1t _transferres the current contents of up-counter to TREG1B (software capture
function). SCAP is automatically cleared after capturing.

€ommand start

Y
TC1 pin input |_| | | | | I_l « |_I_| I_l I_l I falling edge

H : : : (¢ select
Up-counter 0 Xt X))z X X - X__,LXZX T X > (INT3ES=1)
n
TREGIA X =« y

Match Counter
detect Kn) clear

INTTC1 interfupt

Figure 2-22. Event Counter Mode Timing Chart (INT3ES = 1)
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(4) Window 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 TREG1A are compared with the
contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is
cleared. Positive or negative logic for the TC1 pin input can be selected wijth INT3ES. Setting SCAP1
to “1” transferes the current contents of up-counter to TREG1B. It is necessary that the maximum
applied frequency (TC1 input) be such that the counter value can be analyzed by the program. That
is, the frequency must be considerably slower than the selectedinternal <lock.

TC1 pininput

command start

| L

1
\ 1
mematcocs LALLM L L LALDLP L L LA
H i
: H H . H : : : : ;
Up-counter 0 ) @B & €D &) G © 0 O E).E&D &

X7 >

1
1
INTTC1 interrupt | match [ _ctear

TC1 pininput

Internal clock

Up-counter

INTTC1 interrupt

(a) Positive Logic (INT3ES = 0)

command start

4

=) Y epepeypp—

><
<
g

><

counter
match ﬂ clear

(b) Negative'Logic(INT3ES=1)

Figure 2-23.-Window Mode Timing Chart

(5) Pulse width measurement mode

Counting isstartéd by the extefnal trigger (set to external trigger start by TC1S). The trigger can be
selected-either the rising or falling edge of the TC1 pin input. The source clock is used an internal
clock, On)the next falling (rising).edge, the counter contents are transferred to TREG1B and an
INTTELinterrupt is-generated. "The counter is cleared when the single edge capture mode is set.
When-double edge capture is set, the counter continues and, at the next rising (falling) edge, the
countef contents are adain transferred to TREG1B. If a falling (rising) edge capture value is required,
it.is necessary to read out TREG1B contents until a rising (falling) edge is detected. Falling or rising
edge is selected with INT3ES, and single edge or double edge is selected with MCAP1 (bit 6 in TC1CR).

Note :When fc/23 is selected for the source clock in pulse width measurement mode, the least
significant bit of TREG1B which has been read out is always “0”, but when other source clocks
are selected, the least significant bit of TREG1B becomes “1” or “0” according to the value of
counter.
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count count
start start
TC1 pininput trigger B (INT3ES = 0)
IR}

Internal clock ||||||||||||||||||||||||||||||||
Up-counter n a a n M 0 z

capture

TREG1B n

INTTC1 n

[Applications] High or low pulse width measurement
(a) Single Edge Capture

count count
start start

TC1 pininput * * (INT3ES=0)

internal clock _|_L|_|_|_|_|_|_|_LJ_|_J_|_|_L|_|_|_|_|_LJ_|_|_|_|_|_|_|_|_|_
Up-counter
TReGB & X b
INTTC1 ﬂ ”

[Applications] @ Period/Frequency measurement
@ Duty measurement

capture

(b) Double Edge-Capture

Figure-2-24. Pulse Width Measurement Mode Timing Chart

Example: Duty measurement (Resolution fe/27[Hz])

CLR (INTTC1Q0)-0 ; INTTC1 service switch initial setting
LD (EINTCR), 00000000B ;  Setstherise edge atthe INT3 edge
LD (TC1CR), 000001M40B ;  Setsthe TC1 mode and source clock
SET (EIRL). 4 ; Enables INTTC1
El
LD (TCTCR),.00110110B ;  Starts TC1 with an external trigger
PINTTC1: CPL (INTTC1C). 0 ; Complements INTTC1 service switch
dRS E, SINTTC1
LD (HPULSE), (TREG1BL) ;  ReadsTREG1B
LD (HPULSE + 1), (TREG1BH)
RETI
SINTTC1: LD (WIDTH), (TREG1BL) ; Reads TREG1B (Period)

LD (WIDTH + 1), (TREG1BH)
RETI

VINTTC1: DW PINTTC1
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(6) Programmable Pulse Generate (PPG) output mode

Counting is started by an edge of the TC1 pin input (either the rising or falling edge can be
selected) or by a command. The source clock is used an internal clock.. First, the contents of
TREG1B are compared with the contents of the up-counter. If a match is found; timer F/F1 outputis
toggled. Next, timer F/F1 is again toggled and the counter is cleared by matching with TREG1A.
An INTTC1 interrupt is generated at this time. Timer F/F output is connected-to the P12 (PPG) pin.
In the case of PPG output, set the P12 output latch to ”1” and configufe as anoutput with P1CRa.
Timer F/F1 is cleared to “0" during reset. The timer F/F1 value can also be'set’by program and either
a positive or negative logic pulse output is available. Also, writing.to-the TREG1B is not possible
unless the timer/counter 1 is set to the PPG output mode with TC 1V

Internal clock

Up-counter

TREG1B

TREG1A

PPG output

INTTC1

TC1 pininput

Internal clock

Up-counter

TREG1B

TREG1A

PPG output

INTTCHt

X ¢ l ¢ |

matclf\ \ \ \

X \ } \

o~
T~

I-l I-l I-I I‘l Note :m>n

(a) Pulse

} trigger | external trigger start

match\ \

~o

I'l Note:m>n

[Applications] One shot pulse output
(b) Single

Figure 2-25. PPG Output Mode Timing Chart
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P12 output latch
Data output

TFF1 L set
TC1CR write strobe D
b clear

reset

match with TREG1B >—_D
match with TREG1A >— toggle

B
INTTC1 interrupt <Y Timer F/F1
A
S TC1S clear signal

MPPG 1

Q

Figure 2-26. PPG Output

2.6 16-bit Timer/Counter 2 (TC2)

2.6.1 Configuration

MPX TC2S
TC2 pin H
MIPX-
window
fc/223 or f5/215——{ p clear
fc/213 or /25— B timer/ Y 16-bit up-counter
fc/28y—{C levent counter source
f¢/23—>{D Y clock
fo——|E
fs>——|F
comparator _ INTTC2
3 interrupt
TC2CK TCTZS enable
match detect control
TC2CR TREG2 T T
Timer/Counter.2 control register 16-bit timer register 2 TREG2H TREG2L

write strobe write strobe

Figure 2-27. Timer/Counter 2 (TC2)
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2.6.2 Control

The timer/counter 2 is controlled by a timer/counter 2 control register (TC2CR) and a 16-bit timer register
2 (TREG2). Reset does not affect TREG2.

15 14 13 12 11 10 9 8 7 5 4 3 2 0
TREG2 TREG2y (0017 : TREG2_ (0016
(0016, 0017H)| I I H |( H? 1 I : 1 1 Ll( HP 1
write only
TC2CR > 2 3 2
(0015,) [tcas|  1eack (Initial value : \¥%00 00%0)
Timer/counter 2 operating 0 : Timer/Event counter/mode
TC2M \
mode select 1 : Window mode
000 : Internal clock fc /2% _or fs/2™ [Hz]
001 : 7 fe/2% or fs/2°
010 : 7 fc/28
Tc2cK | Timer/counter 2 011 : v fc /23 write
source clock select 100 : 7 T (Note 5) only
101 : 4 fs
110 : Reserved
111 : External clock (TC2 pin input)
Timer/counter 2 0 { Stop and counter clear
TC2S
start control 1 Start
Note 1: fc; High-frequency clock [Hz], fs;Low-frequency clock [Hz], *; don'tcare
Note 2 : When writing to the low-byte of timer,register 2 (TREG2/),\the’comparison is inhibited until
the high-byte (TREG2y) is written.
After writing to the high-byte, any match during 1 machine cycle (instruction execution
cycle) is ignored.
Note 3: Set the mode and|source clock when timer/counter stops (TC2S = 0).
Note 4 : Values to be loaded ta_ the'timer register must satisfy the following condition.
TREG2 > 0(TREG275<~77>0 when warm-up).
Note 5: “fc” can belselected as the source clock only-inithe timer mode during the SLOW mode.
Note 6 : Always write.”0“to'bit 0 in TC2CR.
Note7: TC2CR and TREG2 are write-only registers.and-must not be used with any of the read-
modify-write instructions.

2.6.3 Function

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

timer/counter 2 is us

(1) TimerMode
In this mode, th
the contents of

Figure-2-28. Timeér Register 2 and TC2 Control Register

Also
ed for warm-up when switching from SLOW mode to NORMAL2 mode.

e internal clock is.used for counting up. The contents of TREG2 are compared with
up-counter.—If-a match is found, a timer/ counter 2 interrupt (INTTC2) is generated,

andthe counteriscleared. Counting up is resumed after the counter is cleared.
Also, when fc is selected “as the/source clock during SLOW mode, the lower 11 bits of TREG2 are

ignored and an

INTTC2 interrupt is generated by matching the upper 5 bits. Thus, in this case, only

the/ TREG2H setting is necessary.

87CH75-77 2004-10-01



TOSHIBA Under Development TMP87CH/M75
Table 2-4. Source Clock (Internal Clock) for Timer/Counter 2
Source clock
Resolution Maximum time setting
NORMAL1/2, IDLE1/2 mode
SLOW mode | SLEEP mode
DV7CK =0 DV7CK =1 At fc=8MHz | At fs=32.768 kHz | At fc =8 MHz [Atfs =32.768 kHz
fc/2%[Hz] fs/2"°[Hz] fs /2" [Hz] fs /2" [Hz] 1.05s 1 3 19.7% h 18.2 h
fc/2% fs/2° fs/2° fs/2° 1.02 ms 0.98"'ms Y1\ min 1.07 min
fc/28 fc/28 - - 32 s 2.1 5
fe/ 23 fc/ 23 - - 1 us 65.5 ms
- - fc (Note) - 125 ns 8.2 ms
fs fs - - 305~ us 2 s
Note : “fc” can be used only in the timer mode. |
Example : Setsthe timer mode with source clock f¢/23fHz}.and generates aninterrupt every 25 ms
(at fc = 8 MHz).

LDW (TREG2), 61A8H . Sets TREG2 (25 ms + 23/f¢ = 61A8y)

SET (EIRH). EF14 ; INFTC2 interrupt enable

El

LD (TC2CR), 00101100B ; “Starts TC2

(2) EventCounter Mode
In this mode, events are counted on therising.edge of the TC2 pin input. The contents of TREG2 are

compared with the contents of the-up-counter.

If/a’ match\is found, an INTTC2 interrupt is

generated, and the counter is cleared.-The.maximum frequency applied to the TC2 pin is fc/24 [Hz] in
NORMAL1/2 or IDLE1/2 mode, and\fs/24[Hz] in SLOW or SLEEP -mode.

Example :

Sets the eventcounter mode and generates an INTT2 interrupt 640 counts later.
LDW (TREG2), 0280H ; 'Sets TREG2
SET (EIRH).“EF14 i -INTTG2 interrupt enable
El
LD (TC2CR),00111100B ; Starts TC2

(3) 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 TC2 pin,input (window pulse) and an internal clock. The internal clock is selected with
TC2CK. The contents of TREG2 are compared with the contents of up-counter. If a match is found,
an INTTCZ interrupt is generated, and the up-counter is cleared to “0”. It is necessary that the
maximum applied frequency (T€2 input) be such that the counter value can be analyzed by the
program. That is, the frequericy must be considerably slower than the selected internal clock.

TC2 pin input

Internalclock

Up-counter

TREG2

INTTC2 interrupt

match counter clear

Figure 2-29. Window Mode Timing Chart
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2.7 8-Bit Timer/Counter 3 (TC3)

2.7.1 Configuration

l inhibit

rising
Edge - Capture :' > .__'_,r>_>
detector [ F2ING] el INTTC3
>_ interrupt
TC3M TC3S
INT3ES ﬁ
N clear
TC3pin L]
D
fe/2'2 or fs/24 Ay source clock 8:bit upkounter overflow
fc2W0orfs22 — B TC3M
/27 —cs [
2
match
TC3CK capture capture
__D—> TREG3B TREG3A &—G:
TC3$ T -
* SCAP 8-bit Timer Register 3A, 3B
TC3CR
Timer/Counter 3 Control Register
Figure 2530. Timer/Counter 3
2.7.2 Control
TREG3A 7 6 5 4 3 2 1 0
(0018y) | Read/Write
TREG3B
(0019,) I | Read only
7 6 5 4 3 2 1 0
TC3CR N .
001A) 0" [SCAP| ™07 [Tc3s | TC§CK_ | "0“|TC3M| (Initial value: *0%000%0)
Timer/counter 3 0 : Timer/event counter
JC3M .
operation mode set ¥ : Capture
00 : Internal clock fc/2? or fs/2¢ [Hzl
TC3cR. | Timer/counter 3 01 : Internal clock fc/2" or fs/2?
source clock select 10 : Internal clock fe/27 Write
11 : External clock (TC3 pininput) only
TC3S Timer/counter 3 0 : Stop &clear
start ‘select 1: Start
SCAP Software capture control 0: B
1 : Software capture
Note 1: fc, High-frequency clock [Hz] fs,; Low-frequency clock [Hz] *,don’tcare
Note 2 : Set the mode, the source clock and the edge selection (INT3ES) when the TC3 stops (TC3S =0).
Note 3: Values to be loaded into timer register 3A must satisfy the following condition.
TREG3A > 0 (in the timer/event counter mode)
Note 4 : TC3CRis a write-only register and must not be used with any of read-modify-write instructions.

Figure 2-31. Timer Register 3A/3B and TC3 Control Register
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The timer/counter 3 is controlled by a timer/counter 3 control register (TC3CR) and two 8-bit timer
registers (TREG3A and TREG3B). Reset does not affect these timer registers.

2.7.3 Function
The timer/counter 3 has three operating modes : timer, event counter, and capture mode.

(1) Timer Mode
In this mode, the internal clock is used for counting up. The contents ¢f TREG3A are compared with
the contents of up-counter. If a match is found, a timer/counter 3.intefrupt (INTTC3) is generated,
and the up-counter is cleared. Counting up resumes after the Up-counter is cleared. The current
contents of up-counter are loaded into TREG3B by setting SCAR (bit)6.in TC3CR) to “1”. SCAP is
automatically cleared after capturing.

Table 2-5. Source Clock (Internal Clock) for Timer €ounter 3

Source clock Resolutjon Maximum setting time
NORMAL1/2,IDLE1/2 mode
SLOW, SLEEP mode _ - A )
DV7CK = 0 DV7CK = 1 fc=8 MHz fs =32.768 kHz fe=8 MHz fs/=/32.768 kHz
fc/2" [Hz] fs/2% [Hz] fs/2* [Hz] 512 —_ps 488.28 us 131.1_ ms 124.5 ms
fc/2" fs/2? - 128\ us 122.07 us 32.6) )ms 31.1 ms
fc/2’ - - 16~ s - 41/ ms -

(2) EventCounter Mode

In this mode, the TC3 pin input pulses-are used-for counting up.~Either the rising or falling edge can
be selected with INT3ES (bit 3 in EINTCR).~The contents 0f TREG3A are compared with the contents
of the up-counter. If a match is found, an INTTC3 interrupt.is-generated and the counter is cleared.
The maximum applied frequency\isf¢/2*/[Hz] in the NORMAL1/2/0r IDLE1/2 mode, and fs/24 [Hz] in
SLOW or SLEEP mode. Two/ormore machine cycles are required for both the “H” and “L"” levels of
the pulse width.

The current contents of up-counter are loaded into. TREG3B by setting SCAP (bit 6 in TC3CR) to “1”.
SCAP is automatically ¢l¢aredafter capturing.

Example ;) Generates an interruptievery 0.5 s, inputing 50Hz pulses to the TC3 pin.
LD ATC3CR)7, 00001100 Sets TC3 mode, source clock
LD (TREG3A), 19H N 055 F1750=25=19y
LB_(TC3CR), 000111008 Start TC3

(3) Captureé Mode

The pulsewidth,period and duty of the TC3 pin input are measured in this mode, which can be used
in decoding the remote control signals, etc. The counter is free running by the internal clock. On the
rising (falling) edge of the TC3.pin input, the current contents of counter isloaded into TREG3A, then
the 'up-counter is cleared,and-an INJTC3 interrupt is generated. On the falling (rising) edge of the
TC3pininput, the‘currenticontents of the counter is loaded into the TREG3B. In this case, counting
continues. At the'next rising-(falling) edge of the TC3 pin input, the current contents of counter are
loaded into TREG3A| then the counter is cleared again and an interrupt is generated. If the counter
overflows before the edge.isdetected, FFy is set to the TREG3A and an overflow interrupt (INTTC3) is
generated. During interrupt processing, it can be determined whether or not there is an overflow by
checking whether or not the TREG3A value is FFy. Also, after an interrupt (capture to TREG3A, or
overflow detection) is generated, capture and overflow detection are halted until TREG3A has been
read out; however, the counter continues.

After TREG3A has been read out, capture and overflow detection are resumed, usually, TREG3B is
read out first.
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Internal clock

Up-counter
TC3 pininput
TREG3A
TREG3B

INTTC3 interrupt

Reading TREG3A

oy U

XD RO
— ] L
X

! \
\
1 ! !
) G i i
|_I capture 'I_I capture i_l overflow

[1 [1 [

k \ X FF (overflow)

\
X e

TT1T7°%

Figure 2-32. Timing Chart for Capture Made (INT3ES =0)

INT4/TC3 input pulse width measurement (for detecting remate control receive waveform)
To detect and measure the low or high level width of wayeforms input from INT4.0rTFC3, set timer 3
to capture mode and INT4/TC3 input edge detect to-hoth edges.
Figure 2-33.is a timing chart of when timer 3'is used in capture mode. Numbers @ to @ in Figure 2-
33. are described below:

0]

Set INT4/TC3 edge detect to bothedges.

In Figure 2-33. INT4ES = 1 (falling edge'is selected) and-INTAW-= 1 (both-edge detect enable).
Change INT4ES and INT4W bits_at #0024y only when IMF=0. After changing EINTCR,
interrupt latches of externalinterrupts must be cleared to “07 using load instruction.

Wake up timer 3 and enable timer 3 soft capture> Theén the timer 3 counter starts free
running. Also, enable timer3.interrupts (EFg =,1).

At the selected (falling) edge of the INT4/TC3\input pin, the current counter value (K) is
fetched to TREG3A and.the counter is zerg-cleared. At the same time, a timer 3 interrupt is
generated.

The interrupt processing routine for the timer 3 interrupt sets EFq2 in the interrupt enable
registér(EIR)to 1.and clears EFg to 050 thatINT4 can be detected at the non-selected (rising)
edge of INJA/TE3-input.

TREG3Band TREG3A are read next, because after a timer 3 interrupt by capture to TREG3A is
generated, capture/overflow detectiis halted until the next TREG3A read. Reading TREG3A
by the interrupt processing routine resumes capture/overflow detect.

Timer count continues. The counter value (m) is fetched to TREG3B at the next non-selected
(rising) edge.

At this-time, INT4 is generated.

Simultaneously, bit 6 inANT4EDT (#0024) isset to 1.

The /interrupt processing routine for INT4 enables timer 3 interrupts and disables INT4
interrupts todetect the next edge (selected edge at ).

Same as @, resumes next/capture/overflow detect. TREG3B value (m) read at @ is necessary
to determiné Twk.in Figure 2-33.

At @ #0024H is read: bit 6 (INT4EDT) and bit 2 (INT4EDT) are set to 1. After read, bits 6 and 2
are both cleared.

Timer 3 count continues. The counter value (n) is fetched to TREG3A at the next selected
(rising) edge. The counter is zero-cleared.

At the same time, INT4 is generated.

Interrupt processing for INT4 resumes at the next capture/overflow detect as at @. TwH is
determined by TREG3A value (n) and TREG3B value (m) read at @.
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Counter value

00y )

@
#0037,, #0024, 700TAK (TC35 =1, SCAP = 1)

(INTAES =1, INTAW = 1)

Twl |

INTTC3

! ! ! !
. ® ® [
INT4/TC3 input V ® I ! v®
Itd itd_ ! Ita
Contents of TREG3A Indeterminate X ) k : X®
f 4 f
1 | 1
1 ] 1
Contents of TREG3A Indeterminate : Xom i
2 ! E !
TC3 interrupt enable (EFg : IMF) | i I@ v {
1 T 1
! ' !
INT4 interrupt enable (EF; : IMF) [ I@ ' I ® !
1 ! 1
°n

S
—T

INT4

INT4EDT (#0024 : bit6)

K

RD (@ #0018y ; TREG3A)

RD (@ #0024y,)
For detecting For measuring For detecting
RD (@ #0019y ; TREG3B) ®r|)7 overflow ®| i Twland TyH ®|_|}7 overflow
Y /

7 ® * For meauring
r TwH

Note : fsource depends on/avalue getin #001A,,: TC3CK
td depends on a value setin #0024, : NCS

Y 2

Twl=m=1/ 00 TwH =(n-m)# M urce

Figure 2-33. /Example of remote control waveform by timer 3 (in capture mode)
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2.8 8-bit Timer/Counter (TC4)
2.8.1 Configuration
TC4S
MPX
TC4 pin O source clear
/211 or f5/23 clock 8-bit Up-counter overflow
fa7 tup cou e
fc/23
2 Timer F/F-4
TCacK % match PWM /PDO
TFF4 TC4S |TCAM taggle pin
2/? /?' set Q —| >o—1
clear

2
| TCACR | | TREG4 | oA B |
Timer/Counter 4 Control Register 8-bit Timer Register 4
ﬁ ﬁ TCAM =11

INTTC4
interrupt

TCAM,

decoder

2

TFF4

Note: MPX; Multiplexer
CMP; Comparator

Figure-2:34.~Timer/Counter4
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2.8.2 Control

The timer/counter 4 is controlled by a timer/counter 4 control register (TC4CR) and an 8-bit timer register
4 (TREG4). Reset does not affect TREG4.

7 6 5 4 3 2 1 0
TREG4 .
(001By) | : : : : : : | Write only
7 6 5 4 3 2 1 0
TC4CR .
001, L__TFF4 [Tcas | TC4cK TCam | (Initial yalue : 00%0,/0000)
00 : Timer mode
TCAM TC4 operating mode select 01: Reserved
10 : Programmable divider-output{PDO) mode
11 : Pulse width modulation (PWM) output mode
00 : Internal clock{f¢ /2" or fs/ 23[Hz] Writ
01 : Internal clock fcr2 rte
TC4CK [ TC4 source clock select 10 - Internal clockfo/ 2° only
11 : External clogk(TC4 pin input)
TC4S TC4 start control 0: Stop& clear
1: Start
00 : Clear
. 01%Joggle
FIF4 [
TFF4 Timer F/F 4 contro 10-: Set
11 »—(Note 3)
Note 1:  fc; High-frequency clock([Hz], fs; Low-frequencyclock [Hz], * don’t/care
Note2: Set the operating mode, the source clock sefection, the timer F/F 4 control and the edge
selection (INT4ES) when-the TC4 stops (TC4S5'=0).
Note3: TFF4mustbe set to(“11”in the timer and event counter modes.
Note4: Values to be loaded to the'timer register must satisfy the following condition.
TREG4>0
Note5: TC4CR and TREG4 are\write-only registers and.must not be used with any of read-modify-
write instructions.

2.8.3 Function

Figure 2-35. ) Timer Register4-and TC4 Control Register

The timer/counter 4-has four operating modes timer, event counter, programmable divider output, and
PWM output mode.

(1) Timer Mode

In this Mmode, the/internal clock is used for counting up. The contents of TREG4 are compared with
the contents of up-counter. {f\a match is found, a timer/counter 4 interrupt (INTTC4) is generated
and the up-¢ounter is cleared to“0%. Counting up resumes after the up- counter is cleared.

Table 2-6.\ Source Clock (Internal Clock) for Timer/Counter 4

Source clock Resolution Maximum setting time
NORMAL1/ 2, IDLE1/2 mode
SLOW/ SLEEP mode _ _ _ _

DV7CK = 0 DV7CK = 1 fc=8MHz fs=32.768 kHz fc=8MHz fs=32.768 kHz
fc/2" [Hz] fs/2® [Hz] fs/22  [Hz] 256 us 24414 us 65.3 ms 62.2 ms
fcr2’ - - 16 us - 4.1 ms -

fc/23 - - 1 s - 255 s -
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(2) Programmable Divider Output (PDO) Mode
The internal clock is used for counting up. The contents of TREG4 are compared with the contents of
the up-counter. Timer F/F 4 output is toggled and the counter is cleared €ach time a match is found.
Timer F/F 4 output is inverted and output to the PDO (P44) pin. This mode can be used for 50 % duty
pulse output. Timer F/F 4 can be initialized by program, and it is initialized/to “0" during reset. An
INTTC4 interrupt is generated each time the PDO output is toggled.

Example : Output a 1024 Hz pulse (at fc = 4.194304 MHz)

SET (P1). 4 ; Pldoutputlatch &1

LD (P1CR), 00010000BH ; Sets P14 (outputmode)
LD (TREG4), 10H 5 (1/2024 = 27/£¢) 2 =10y
LD (TCACR), 00010110B ; Starts TC4

Internal clock ||||||§5||||||||“||||||||“I||I||||“||||

Up-counter D& 6§ 0.0.6 6§00 E)EY §.0.0 EDE §4 00 E

TREG4 :X n o o o 3
match\ \\ \ \\
Timer F/F 4

PDO pin output

INTTC4 interrupt " " " "

Figare2-36. Timing Chart for PDO Mode

(3) Pulse Width Modulation(PWM)-Output Mode

PWM output with a resolution\of 8 bits is possible._The.internal clock is used for counting up. The
contents of TREG4 are compared with the contents of up-counter. If a match is found, the timer F/F
4 outputistoggled. The counter continues counting. And, when an overflow occurs, the timer F/F 4
output is againtoggledand the counter is.cleared./Timer F/F 4 output is inverted and output to the
PWM (P44) pin. AnINTTC4 interruptis generated when an overflow occurs.

TREG4 is configured-a 2-stage shift.registerand; during output, will not switch until one output cycle
is completed even if TREG4 is overwritten; therefore, output can be altered continuously. Also, the
first time, TREG4.is shifted by setting TC4S(bit 4 in TCACR) to “1" after data are loaded to TREGA.

Note 1+ Do not overwrite TREG4 only when an INTTC4 interrupt is generated. Usually, TREG4 is
overwriten in the routine of INTTC4 interrupt service.
Note- 2 PWM output modecan be used only in the NORMALT1, 2 and IDLE1,2 mode.
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Internal clock ||||5§||||||5$||||||||5‘||||||§5||||||||55|||||

Up-counter
TReGs X3 S T X ?
A
match\\ overflov& overw?ite\\ shift
Timer F/F 4 I I
1 1 ;
1 1 !
PWM pin | I | I
INTTC4 interrupt
1 period
Figure 2-37. Timing Chart for PWM-Mode
Table 2-7. PWM'\QutputMode
Source clock
Resolution Maximum setting time
NORMAL1/2, IDLE1/2 mode
SLOW, SLEEP mode
DV7CK=0 DV7CK =1 f¢=8 MiHz fs £32.768 kHz fc=8MHz fs=32.768 kHz
fc/2" [Hz] fs/2® [Hz] fs/ 23 [HZ] 256 us 24444 s 65.5 ms 62.5 ms
fc/27 fcr27 - 16 us 4.1 ms
fc/23 fcr23 - 1 us 256 us
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2.9 Serial Bus Interface (SBI-ver.A)
The 87CH75/M75 has a 1-channel serial bus interface which employs a clocked-synchronous 8-bit serial
bus interface and an I2C bus.
The serial bus interface is connected to an external device through P31 (SDA) and P30 (SCL) in the I°C bus
mode; and through P32 (SCK0), P31 (SO0) and P30 (SI0) in the clocked-synchrongus 8-bit SIO mode.
The serial bus interface pins are also used as the port. When used as serial bus.interface pins, set the P3
output latches of these pins to “1”. When not used as serial bus interface pins, the P3 port is used as a
normal I/O port.
I2C bus has no an arbitration function which is necessary when two or more master devices scramble for
the bus control. In master mode, other devices which are connected on the same bus need be slave
devices. (single master)

Note : When a multi master I’C bus system operates in PC bus mode of this serial bus interface circuit,
there is a possibility that the following problems raise>J?C bus mode of this serial bus’initerface
circuit should be used by a single master I?C bus system:

1. The SCL line is fixed to low level and transferring stops-by-the'serial bus'interface circuit.) The other
devices can not run on the SCL line. Thus the bus/locks.

2. The SCL pin is pulled down to low level regardless of the state of the SCL-line/by the serial bus
interface circuit. A period of high-level SCL clock pulse which other devicesoutput is shortened. The
minimum value of which the SCL clock holds-high.level is not satisfied, which isspecified with the 12C
bus standard.

2.9.1 Configuration

————> INTSBI Interrupt request
SCL
O s
SIO
Clock Input/ H{J p32
Control e Output| (SCKO)
T channel
< + Control
fc/4 —>| Divider H P31
™ slo s0 (SDA/500)
Transfer
c | Data Control s
2C bus ontrol =]
Clgck Sync. Circuit ) L[ P30
4
. +
Noise Control ZAS (SCL/S10)
Canceller Shift 12C bus
Register Data Control | Noise SDA
Canceller
PAN
A A
N2 |
SBICRY/ 12CAR SBIDBR SBICR1
SBISR
SBI Control Register 2/ |2C bus SBI Data SBI Control Register 1
SBI Status Register Address Register Buffer Register

Figure 2-38. Serial Bus Interface (SBIl-ver.A)
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2.9.2 Serial Bus Interface (SBI-ver.A) Control

The following reginsters are used for control and operation status monitoring when using the serial
bus interface (SBl-ver.A).

® Serial bus interface control register 1 (SBICR1)

® Serial bus interface control register 2 (SBICR2)

® Serial bus interface data buffer register (SBIDBR)
® 12C bus address register (I2CAR)

® Serial bus interface status register (SBISR)

The above registers differ depending on a mode to be used.

Refer to Section “2.9.4 12C bus Mode Control” and “2.9.6/ Clecked-synchronous 8-bit SIO Mode
Control”.

2.9.3 The Data Formats in the 12C bus Mode
The data formats when using the serial bus interface circuit'in the)13C bus mode are shown below.

(a) Addressing format

8 bits 1 [«—1 to 8 bits —>{ 1 |[<—<1 to 8bits —>( 1
IF'TTTTTT]R[A A A
S| Slave address /¢ Data C Data C|R
W] K K K
1 lormore ———/ 7 >
(b) Addressing format (with restart)
8 bits 1 [=—"*11t0 8 bits 1 8 bits 1 |<—1to 8 bits ——| 1
IF'TTTTTTRr[A A ' TAINT T T Trla A
S| Slave address /c Data c|S| Slave address /1c Data c|P
WK K W[ K K
1 > 1 or more 1 > 1 or more —>
(c) Free data format
8 bits 1 [«—1 to 8 bits —=| 1J«—17t0 8 bits —>| 1
F'TTT R [a A A
S Data C Data C Data c|P
K K K
1 1ofmore ——————————>]
Notes 5\ \Start condition

R/W :) Direction bit
ACK ™./ Acknowledge bit
P : Stop condition

Figure 2-39. Data Format
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2.9.4 12C Bus Mode Control
The following registers are used for control and operation status monitoring when using the serial bus
interface (SBI-ver.A) in the 12C bus mode.

Serial Bus Interface Control Register 1

SBICR1 7 6 5 4 3 2 1 0
(00204) | _BC | [ Ack wrsT] [SCK | (initial value  0000-0000)
ACK=0 ACK=1
BC | Number of : Numibser of :
Clock Bits Clock Bits
880 8 8 9 8 Writ
. 1 1 1 2 1 rite
BC Number of transferred bits 010 2 2 3 2 only
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7
0 : Does not generate’clock pulse for acknowledgment.
(master mode)/ Doesnot count clock pulsefor Read/
ACK [ Acknowledge mode specification acknowledgment. (slave mode) Write
1: Generates clock pulse for acknowledgment:(mastermode)
/ Counts clock pulse for acknowledgment. (stave mode)
.. . 0: - Read/
SWRST | Initiate a internal of SBI 1: Initialized (Clearing “0” after initialized) Write
000 _Reserved (Note 4)
001 : Reserved (Note 4)
010 +.57.1 [kHz]
. . 011 29.9 [kHz] at fe.= 8 MHz (Output on SCL pin) Write
SCK | Serial clock selection 100. ¢ 15.3 [kHz] only
101 7.72 [kHz]
110 : 3.88 [kHz]
111 : Reserved

Note 1: fc, high-frequency clock[Hz] * ; don’t care

Note2: Setthe BCto "000" before switching to a clock-synchronous 8-bit SIO mode.

Note 3: SBICR1 has write-only-registerbits, which cannot access:any of in read-modify-write instructions such as
bit operate, etc.

Note4: This PC bus circhit/dées not support the Fast mode. ftsupports the Standard mode only. Although the FC
bus circuititself allows'the setting of a baud rate over100 kbps, the compliance with the °C specification
is not guaranteed.in that case.

Serial Bus Interface Data/Buffer Register

SBIDBR
(0021) | 7 6 5 4 3 2 1 0

L 1 1 1 I I . | (Initial value  **%* *xxx) Read / Write

Note 1: ,When writing transmitted data, start.from the MSB.

Note 2/ Lannot read the data which was written-into SBIDBR, since a write data buffer and a read data buffer are
independent in SBIDBR. Therefore, cannot access it any of in read-modify-write instructions such as bit
operate, etc.

Note3:~_A value written to SBIDBR is cleared to "0" by INTSBI interrupt request signal.

Note4: *)don’tcare

12C bus-Address-Register
7 6 5 4 3 2 1 0

I2EAR Slave address ALS .
(00224) | sa6 | sA5 | sA4 | SA3-['SA2 | SA1 | sAO (Initial value 0000 0000)
SA 87CH75/M75 slave address selection Write
ALS Address recognition mode 0 : Slave address recognition only
specification 1: Nonslave address recognition
Note : 12CAR is a write-only register, which cannot access any of in read-modify-write instructions such as bit operate,
etc.

Figure 2-40. Serial Bus Interface Control Register 1/Serial Bus Interface Data Buffer Register/
12C bus Address Register in the 1°C bus Mode
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Serial Bus Interface Control Register 2

SBICR2 7 6 5 4 3 2 1 0
________ A
(00231) | mst [TRx | BB [ PIN | seim_ | “0” i "0 1 (initial value 0001 00%+)
MST | Master/slave selection 0: Slave
1: Master
TRX [ Transmitter/receiver selection 0 : Receiver
1 : Transmitter
BB Start/stop generation 0 : Generate the stop-condition when the MST, TRX, and

PIN are “1".
1 : Generate the start/condition'when the MST, TRX,

Serial Bus Interface Status Register
7 6 5 4 3 2 1 0

Write
and PIN are "1". only
PIN Cancel interrupt service request 0: -
1 : Cancel interrupt service request
00 : Port mode (serial bus interface output disable)
SBIM Serial bus interface operating mode 01 :SIO mode
selection 10 : I’C busmodé
11 : Reserved
Note 1: * s don’tcare
Note2:  Switch a mode to port mode after confirming thatthe bus is free.
Note3:  Swich a mode to 12Cbus mode after confirming that'input signals via/port are high'level.
Note4:  SBICR2 has write-only register bits, which can.net access any of in read-modify-write instructions such
as bit operate, etc.
Note5:  Clearbits 1 and 0in SBICR2 to "0”.

sgisR [ msT| TR | BB | PIN | AL [Aas|apo] LR | (Initial value 0001 0000)
(0023p)
MST | Master/Slave selection status monijtor | 0: Slave
1: Master
TRX [ Transmitter/ Receiver/selection status 0: Receiver
monitor 1: Transmitter
BB | Bus status moriitor 0 ;-Busiree
1 7 Bus busy.
PIN | Intérruptservice request status 05 Requesting interrupt service
rhohitor ¥/ Releasing interrupt service request Read
only
AL | Noisedetection monitor 0-_Does not detect noise
1.: Detects noise
AAS | Slave address'match detection monitor | 0 Does not detect slave address match or "GENERAL
CALL"
1: Detects slave address match or "GENERAL CALL"
ADO [ ™GENERAL CALL" detectioh monitor 0 : Does not detect "GENERAL CALL"
1: Detects "GENERAL CALL"
LRB [ Last received bit monitor 0: Lastreceived bitis "0"
1: Lastreceived bitis"1"
Figure 2-41. Serial Bus Interface Control Register 2/ Serial Bus Interface Status Register
in the12Cbus Mode
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(M

(2)

3)

Acknowledgment mode specification

Set the ACK (bit 4 in SBICR1) to "1" for operation in acknowledgment mode. When the serial bus
interface circuit is the master mode, an additional clock pulse is generated for an acknowledge
signal. In the transmitter mode during this additional clock pulse cycle, the SDA pin is released in
order to receive the acknowledge signal from the receiver. In the receiver mode during this
additional clock pulse cycle, the SDA pin is set to low level generating the acknowledge signal.

Clear the ACK to "0" for operation in the non-acknowledgment mode, When-the serial bus interface
circuit is the master mode, a clock pulse for the acknowledge signal isnot/generated.

In the acknowledgment mode, when the serial bus interface-circuit is¢the’ slave mode, clocks are
counted for the acknowledge signal. During the clock for the acknowledge signal, when a received
slave address matches to a slave address set to the I12CAR or a "GENERALCALL" is received, the SDA
pin is set to low level generating an acknowledge signal.

After a received slave address matches to a slave address set/to.the [2CAR and a "GENERAL CALL" is
received, in the transmitter mode during the clock forithe acknowledge signal; the SDA pin is
released in order to receive the acknowledge signal from the-receiver. In the recgiver mode, the SDA
pin is set to low level generating an acknowledge signal:

In the non-acknowledgment mode, when the serial bus/interface circuitiis the slave mode, clocks for
the acknowledge signal are not counted.

Number of transfer bits

The BC (bits 7 to 5 in the SBICR1) is used to select-anumber 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 executed in 8 bits. Other than these, the BCretains a specified(value.

Serial cdlock

a.Clock source

The SCK (bits 2 to 0 in the SBICR1).is-used to select a maximum transfer frequency outputed on the
SCL pin in the master mode. Set @ communication baud-rate that/meets the 12C bus specification,
such as the shortest pulse width of t ow/ based on the equationsshown below.

Four or more machine cycles-are requiréd for both the high and low levels of the pulse width of a
clock which is input externally in both the master and'slave mode.

[e—tr1G6H ~>=<—tLow —> 1Hscl

SCK n

N (bits2 to 0 in the SBICR1)
tLow =2"/fc 000 2
thigH = 2w 12/f¢ 001 5
010 6
fscl = 1/(tLow+tHIGH) 0o 7
100 8
Note_: fd ) high-frequency clock 101 3
Y 110 10

Figure 2-42. Clock Source

b.Clock synchronization

The-?C.bus has a clock synchronization function to meet the transfer speed to a slow processing
device when a transferiis performed between devices which have different process speed.

The clock synchronization functions when the SCL pin is high level and the SCL line of the bus is low
level in the serial bus interface circuit. The serial bus interface circuit waits counting a clock pulse in
high level until the SCL line of the bus is high level. When the SCL line of the bus is high level, the
serial bus interface circuit starts counting during high level. The clock synchronization function holds
clocks which are output from the serial interface circuit to be high level.

The slave device can stop the clock output of the master device on one word or one bit basis.
Additionally, the transfer speed by the master device matchesto the process speed of the slave device.
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SCL pin (Master Device)

SCL pin (Slave Device)

tart counting high-level width of a clock pulse

_s_ -
o~
37&""

Ve

SCL (Bus) /4
1
Figure 2-43. Clock Synchronization
(4) Slave address and address recognition mode specification

(5)

(6)

To operate the serial bus interface circuit in the addressing-format which recognizes the slave
address, clear the ALS (bit 0 in I2CAR) to "0" and set thestave address to the SAAbits 7 to.1)in I2CAR).
To operate the serial bus interface circuit in the free dataformat which/does not recognize the slave
address, set the ALS to "1". When the serial bus jnterface circuit is used in¢he free-data format, the
slave address and the direction bit are not recognized. They are handled-as\data just after
generation of start conditions.

Master/slave selection

Set the MST (bit 7 in the SBICR2) to “1”/for eperating the serial/bus intérface as a master device.
Clear the MST to “0” for operation as a slave device. The MST is clearéd to ¥0” by the hardware after
a stop condition on a bus is detected or thenoise is detected.

Transmitter / receiver selection

Set the TRX (bit 6 in the SBICR2) t6 "1™ foroperating the serial bus interface circuit as a transmitter.
Clear the TRX to "0" for operation\as a receiver. When datawith an' addressing format is transferred
in the slave mode, the TRX is set'to™1” by the hardware if the’direction bit (R/W) sent from the
master device is " 1", and is cleared’to "0" by the hardware if the bitis "0". In the master mode, after
an acknowledge signal is returned from the slave device, the TRX is cleared to "0" by the hardware if
a transmitted direction bit, is—"1", and is set_to\"I"-hy the hardware if it is "0". When an
acknowledge signal isinot returned, the current condition is maintained.

The TRX is cleared-to " 0" by the hardware after-a stop condition on the bus is detected or the noise is
detected.

The following shows TRX changeconditions.inneach mode and TRX after changing.

: : : i TRX after

Mode Direction bit Change condition changing
Slave mode 0 A received slave address is the 0
1 same as a value setto 12CAR. 1
0 . . 1
Master mode p ACK signal is returned. 0

When the serial bus interface circuit operates in the free data format, the slave address and the
direction bit are not recogriized. They are handled as data just after generating a start condition.
The TRX was not changed by the hardware.
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™

Start/stop condition generation

When the BB (bit 5 in the SBICR2) is “0”, the slave address and the 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 transmitted data to the data buffer register (SBIDBR) and set “1” to
ACK beforehand.

SDApin ~ PN/ As X as X ar XAz X a2 X av XAo X RW /

| F—|
Start slave address and the direction bit —-———| Acknowledge
condition signal

Figure 2-44. Start Condition Generation and Slave*‘Address Generation

When the BB is “1", a 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 generated on a bus.

When a stop condition is generated and the SCLline-on the bus is set tg lowlevel by another device,
a stop condition is generated after releasing the SCL line.

Loeeod
Stop condition

(8

(9)

Figure’2-45-—Stop Condition Generation

The bus condition can be-indicated’by reading the \contents of the BB (bit 5 in the SBISR). The BB is
set to “1” when a start ¢ondition on a bus is detected,and is cleared to “0” when a stop condition is
detected on a/bus.

Interrupt service request and cancel

When the serial businterface circuit is.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 INTSBI is generated-when the received slave address is the same as the value
set to,the/I2CAR and an acknowledge signal is output, when a "GENERAL CALL" is received and an
acknowledge signal is output, or when transferring / receiving data is complete after the received
slave address is'the same as the(value set to the I2CAR and a "GENERAL CALL" is received.

Wheénthe serial bus interfacé interrupt request occurs, the PIN (bit 4 in the SBISR) is cleared to "0".
During the time that the PIN-is "0, the SCL pin is set to low level.

Eitherwriting or reading/datato'or from the SBIDBR sets the PINto " 1".

Thetime from the RPIN being set'to " 1" until the SCL pin is released takes t ow.

Although the PIN (bijt 4.in the SBICR2) can be setto " 1" by the program, the PIN is not cleared to "0"
when it is written "0".

Serial bus interface operating mode selection

The SBIM (bits 3 and 2 in the SBICR2) is used to specify the serial bus interface operation mode.

Set the SBIM to “10” when used in the 12C bus mode after confirming that the serial bus interface pin
is high level. Switch a mode to port after confirming that the bus is free.
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(10) Noise detection monitor
The 12C bus is easy to be affected by noise, because the bus is driven by the open drain and the pull-
up resistor.
With the serial bus interface circuit, the SDA pin output and the SDA line level are compared at a rise
of the SCL line on the bus, and whether data are output correctly on the bus is'detected only in the
master transmitter mode.
When the SDA pin output differs from the SDA line level, the AL (bit 3_in the SBISR) is set to “1”.
When the AL issetto “1”, the SDA pin is released and the MST/and the\TRX are cleared to “0” by the
hardware. The serial bus interface circuit changes to the slave-receiver-made, and the serial bus
interface circuit continues outputting clocks until transferring data-when the AL was set to “1” is
completed.
Eitherwriting orreading datato orfromthe SBIDBR, orwritingdatatothe SBICR2 clearstothe ALto "0".

SCL (Bus) _\_/_\_/_\_}.,_\_/_\_/_\_/_\_

I
MST P)

S

L

TRX

Figure’2-46. “Noise Detection-Monitor

(11) Slave address match detection monitor
The AAS (bit 2 in the SBISR) is(set 10, 1" in the slave mode, in the address recognition mode (ALS =0),
when receiving “GENERAL CALL” or a slave address-with the same value that is set to the I2CAR.
When the ALSis “1”, the AAS is set to “1” after receiving the first 1-word of data. The AAS is cleared
to “0” by writing/reading/data to / from a data-bufferregister.

(12) GENERAL CALLdetection-monitor
The ADO (bit4.in the SBISR).is set to “1™in the’sfave’' mode, when all 8-bit received data is “0", after a
start condition (GENERAL CALL). The ADQ.iscleared to “0” when a start or stop condition is detected
on abus.

(13) Last received bit monitor
The SDA’value stored at the rising edge of the SCL is set to the LRB (bit 0 in the SBISR). In the
acknowledge mode, immediately after an INTSBI interrupt request is generated, an acknowledge
signal’is read by reading the contents of the LSB.

saceu~ ___ AN /7\_/ & \__/ 2\

soae)  ©7 7 TR X o X0 X X s
LRB T :X D2 X D1 X DO XAcknowIedge Signal : : :
INTSBI M .
interrupt request

Figure 2-47. Last Received bit Monitor
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(14) Software reset function
Software reset function is used to initialize SBI, when SBl is locked by external noise, etc. SWRST is set
to “1”, internal reset signal pulse is generated and inputted into SBI circuit.
All command registers and status registers are initialized to an initial value.
SWRST is automatically cleared to “0” after initialize SBI circuit.

2.9.5 Data Transfer in 12C bus Mode
Set the ACK in the SBICR1 to " 1", and the BC to 000. Specify the data length to 8 bits to count clocks for
acknowledge. Set a transfer frequency to the SCK.
Subsequently, set a slave address to the SA in the 12CAR and clear the ALS-to "0" to set an addressing
format.
After confirming that the serial bus interface pin is high-level, forspecifyingthe default setting to a slave
receiver mode, clear "0" to the MST, TRX, and BB in the SBICR2,\set "1 to the PIN, "10"(to the SBIM, and
"0" to bits 1and 0,

Note : The initialization of the serial bus interface circuit must be complete within'the time from all
devices which are connected to the bus have initialized to any device does-not.generate a start
condition. If not, there is a possibility that another.device starts transferring before an end of
the initialization of the serial bus interface’circuit. Data can not be recéived correctly.

(2) Start Condition and Slave Address Generation

Confirm a bus free status (when BB = 0).

Set the ACK to “1” and specify a slaveraddress and a direction-bitto be transmitted to the SBIDBR.
When the BB is “0”, the start condition_are generated and the slave address and the direction bit
which are set to the SBIDBR are output.on-a bus by writing “1" to/the MST, TRX, BB and PIN. An
INTSBI interrupt request occurs at the 9th falling edge of the'SCL.clack cycle, and the PIN is cleared to
“0"”. The SCL pin is pulled down te_the/low-level while the PINis “0”. When an interrupt request
occurs, the TRX changes by the hatdware according te the direction bit only when an acknowledge
signal is returned from the slave device.

Note 1: Do not write 4 slave address to be output tothe SBIDBR while data are transferred. If data
is written to the"SBIDBR, data to been-outputting may be destroyed.

Note 2 : Do riot start transferring due to another master from writing a slave address to be output
to-the SBIDBR to'writing a startcondition’ generation command to the SBICR2. The serial
bus interface circuit malfunctions-because it has not an arbitration function.

SCLpjn ' i 1 2 3 4 5 6 7 8 9
/) -
L 1 —-——
R 1 1 AT
spapin '\ 1\ /a6 XAs XA4 XA3 XA2 XAt XA0 XR/WY f’
L—t’ - " J Acknowledge
Start condition Slave address + direction bit signal from a
slave device
PN
INTSBI <5
interrupt I'I
request

Figure 2-48. Start Condition Generation and Slave Address Transfer
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(3) 1-word Data Transfer

Check the MST by the INTSBI interrupt process after an 1-word data transfer is completed, and
determine whether the mode is a master or slave.

a. When the MSTis "1" (Master mode)
Check the TRX and determine whether the mode is a transmitter or receiver.

@® Whenthe TRXis "1" (Master 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:

When the LRB is "0", the receiver requests new 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 " 1", a serial clock pulseis.generated for transferring a new 1-
word of data from the SCL pin, and then the 1-word 'data is’transmitted. /After the data is
transmitted, and an INTSBI interrupt request occurs—The RIN becomes "0" and the SCL pin is set

to low level. If the data to be transferred is more thanone word in length; repeat the procedure
from the LRB test above.

Write to SBIDBR

SCL pin 1 2 3 4 5 6 7 8 9

SDA pin D7__XD6 XD5 XDa( X3, XD2 XD1 [ XDoO Y\__\_:'

Acknowledge signal
PIN _J from a receiver

INTSBI <
interruptrequest  _ I-|_ —

Figure 2-49. Example when BC ="000", ACK="1" in Transmitter Mode

@ When the TRX is “0”{Receiver mode)

When the next transmitted data is other than-8-bits, set the BC again. Set the ACK to “1” and
read the feceived data from the SBIDBR (data which is read immediately after a slave address is
sent is andefined)—After the datais read, the PIN becomes “1”. The serial bus interface circuit
outputs a-sefial clock pulse to the SCLto transfer new 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 the serial bus interface circuit
pulls’down the SCL pin to the low level, The 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 SBIDBR

SpApin D7___XD6,_ XRE--)A’R‘L-)&E’%__)&'22___%;'21___)(5_’9__R_%@_G_V!PF

Acknowledge signal
PIN _ I to a transmitter

<r|_:

interrupt request -

Figure 2-50. Example when BC = "000”, ACK = “1" in Receiver Mode
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In order to terminate transmitting data to a transmitter, clear the ACK to “0” before reading
data which is 1 word before the last data to be received. The last data does not generate a clock
pulse for the acknowledge signal. After the data is transmitted and-an interrupt request has
occurred, set the BCto “001” and read the data. The serial bus interfacecircuit generates a clock
pulse for a 1-bit data transfer. 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, the serial bus interface circuit
generates a stop condition (Refer to 2.9.5. (4) ) and terminates data transfer.

e —— e e e m——— e ——— e ———— g ———Ag \p = —— g R N oy qu—

L.

_____________________________________________

Acknowledge signal
sent te.atransmitter

L~

INTSBI !
interrupt request -J-l I-I % | | -
"0" = ACK, “001/" —>BC,
Read SBIDBR Read SBIDBR

Figure 2-51. Termination of Data Transfer in Master Receiver Mode

b.When the MST is "0" (Slave mode)

In the slave mode, the serial bus interface-circuit operates-either in normal slave mode or in recovery
process after a noise detection.

In the slave mode, an INTSBI interrupt request occurs when the serial bus interface circuit receives a
slave address or a "GENERAL CALL" from the master device, or when a "GENERAL CALL" is received
and data transfer is complete\aftermatching a received slave address. In the master mode, the serial
bus interface circuit operates.in-a slave mode if a noise is detected. An INTSBI interrupt request
occurs when word data transfer terminates after-a.noise detection. When an INTSBI interrupt
request occurs; thePIN\(bit 4 in/the SBICR2) isreset, and-the SCL pin is set to low level. Either reading
orwriting from or to the SBIDBR or setting the PIN to\" 1" releases the SCL pin after taking tLow time.

The serial bus-interface-circuit tests the AL (bit3-in the SBISR), the TRX (bit 6 in the SBISR), the AAS
(bit 2 in the SBISR), and the ADQ (bit tin-the SBISR) and implements processes according to
conditions listed in'the next table.

Table 2-8. Operation in the Slave Mode

TRX ADO Process

Set the number of bits in T-word to the BCand
write transmitted data to the SBIDBR.

AL | AAS Conditions

In the slave receiver mode, the serial bus interface
circuit receives a‘slave address of which the value
of the directionbit sent from the master is “1".

Check the LRB. If the LRB is setto “1”, set the PIN
to “1" since the receiver does not request next
data. Then, clear the TRX to “0” release the bus.
If the LRB is cleared to “0”, set the number of bits
in a word to the BC and write transmitted data to
the SBIDBR since the receiver requests next data.

In the slavé transmitter mode, 1-word data is
transmitted.

The serial businterface circuit detects the noise
when transmitting a slave address or data and
terminates transferring word data.

There is a possibility that a serial bus interface
circuit does not receive data normally. The
recovery process such as a data re-transfer, etc. is
needed.

1/0 | In the slave receiver mode, the serial bus interface
circuit receives a slave address or GENERAL CALL
of which the value of the direction bit sent from

the masteris “0".

Read the SBIDBR for setting the PIN to “1”
(reading dummy data) or set the PIN to “1”.

1/0 | In the slave receiver mode, the serial bus interface

circuit terminates receiving of 1-word data.

Set the number of bits in a word to the BC and
read received data from the SBIDBR.
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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 “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 of bus is pulled down by other devices, the serial
bus interface circuit generates a stop condition after they release a SCL lin€.

"1" > MST
“1" > TRX

npn Stop condition
0" —BB /_
1" PN ke A
LENVA R
1
- 1
1
1
1
1

SCL pin | e
1
1

SDA pin _\_J7_
PIN :_I /

BB (Read) I .

(5

Figure 2-52. Stop Condition Generation

Restart

Restart is used to change the direction of data transfer between a/master device and a slave device
during transferring data. The following explainshow to restart the 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 the bus, the bus is assumed to be in a
busy state from other devices. Testthe BB until it becomes 0" to ¢heck that the SCL pin of the serial
bus interface circuit is released. Test the LRB until it becomes "1™ to'check that the SCL line of the bus
is not set to low level by other devices—After confirmjng that the bus stays in a free state, generate a
start condition with procedure (2).

In order to meet setup time'when' restarting, také at'least 4.7 us of waiting time by software from
the time of restarting to-confirm that the bus is free until th'e time to generate the start condition.

“0" — MST 1" > MST
“0"—TIRX “1" = TRX
"0"=BB “1" —BB
“1" > PIN “1" = PIN
|“4-7 [xs] (Min.) — Start condition
SCL (Bus) / \ / /
r======-= 1
{ S
SCL (pin) /\ / ) ! 5 i
| 1
\ N
h 1
S\ UBW, 7 o
| A SR — J
LRB I
¥

BB | |

v L

Figure 2-53. Timing Diagram when Restarting
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2.9.6 Clocked-synchronous 8-bit SIO Mode Control
The following registers are used for control and operation status monitoring when using the serial bus
interface (SBI) in the clocked-synchronous 8-bit SIO mode.

Serial Bus Interface Control Register 1

SBICR1 7 6 5 4 __3__ 2 1 0
00200) [sios| 80 | siom [ 70" |  sck , |  (nitial value : 0000 ¥000)
SIOS [ Indicate transfer start/stop 0: Stop
1:Start
SIOINH | Continue/abort transfer 0 : Continue transfer

1 : Abort transfer (automatically cleared after abort)
SIOM | Transfer mode select 00 : 8-bit transmitmode

01 : reserved

10 : 8-bit transmit Areceiveode

11 : 8-bit receive mode Write
only
000 : fc/25/(/ 250.kHz)
001 : fc/26\A/ 125 kHz)
S G | e ()
. : e . z atfc= z Vi /.
SCK | Serial clock select 100-:( f¢/29-(15.62 kHz) SCKpin
104+ fc/210 (* 7.81 kHz)
110 : fer213 ( 3.90 kHz) "/
1N External clock (input from SCK-pin)
Note 1: * ; don’t care
Note2:  Setthe SIOS to “0” when setting the transfermode or serial clock.
Note3:  SBICR1 is write-only register, which cannot access any of in-read-modify-write instruction such as bit
operate, etc.
Serial Bus Interface Data Buffer Registen
SBIDBR 7 6 5 4 3 2 1 0
(0021y) | | | | | : | | Read / Write
Note : Cannot read the data\which was written into SBIDBR, since a write data buffer and a read buffer are
independent in SBIDBR:. Therefore, cannot access.itany of in read-modify-write instruction such as bit
operate, etc.
Serial Bus Interface ControlRegister2
SBICR2 LA . 3 2 S\
(0231 nor § om0t M1t SBM__| "0 £.10" " (nitial value : wwws 00%+)
00': Port mode (serial bus interface output disable)
SBIM Serial bus intérface operationmode 071 :S10 mode Write
selection 10 : 12C bus mode only
11 : reserved
Note'1: ~_*;/don’t care
Note2 > Switch a mode to port after data transfer is complete.
Note 3 :\ \ Switch a mode to SIO'mode after confirming that input signal via port is high level.
Note4 :/ ) SBICR2 is write-0nly register; which cannot access any of in read-modify-write instruction such as bit
operate etc.
Serial Businterface StatusRegister
SBISR 3 2 1.0
G R A I 1 T I R A
SIOF [ Serial transfer operating status 0 : Transfer terminated
monitor 1 : Transfer in process Read
SEF | Shift operating status monitor 0 : Shift operation terminated only
1 : Shift operation in process

Figure 2-54. Control Register / Data Buffer Register / Status Register in SIO Mode
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(1) Serial clock
a. Clock source
The SCK(bits 2 to 0 in SBICR1) is used to select the following functions.

@ Internal clock
In an internal clock mode, any of seven frequencies can be selected./ The serial clock is

output to the outside on the SCKO pin. The SCKO pin becomes a high level when data
transfer starts. When writing (in the transmit mode)er reading/(in the receive mode) data
cannot 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
complete.

automatic-wait function
|e———|

SCK pin output | L2 L7 ]e J 12570 Tl P11 BUFRE] [
AT 1 O €0 CH 0 ({0 O (30 & ) @
S e

Write transmitted data :X a X b X C

Figure 2-55. Adtomatic Wait Function

@ External clock (SCK="1114
An external clock supplied te the SCKO pin/is/used as the serial clock. In order to ensure
shift operation, a pulsé width of/at least 4 machine cydles is required for both high and
low levels in the serial\clock.| The maximum data_transfer frequency is 250 kHz (fc=8

MHz).

SCKO pin I I_-I I—&-I |

S iinns
tsCrl tsckH
tsektrtsexn > 4 teyc Note Ncyc =4/fc (in NORMAL mode, IDLE mode)

Figure 2-56.~The Maximum-Data Transfer Frequency in The External Clock Input

b. Shiftedge
The leadingredge is used to transmit data, and the trailing edge is used to receive data.

@ Leading edge
Data is shifted on the leading edge of the serial clock (at a falling edge of the SCKO pin input

foutput).

@ Trailing edge
Data is shifted on'the trailing edge of the serial clock (at a rising edge of the SCKO pin input/

output).
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sopn YT Y YT Y Y Y MY V]
SO0 pin ;\bito X bitt X bit2 X bit3 X bita X bits X/ bite X bit7

ShiftregiSter X654321M*7654321 *%x 765432 R x%x 76543 N xx % xTOSAR %% % xxTQS K # x5 2% TR * k%% %%7

(a) Leading edge

scopn LA LA LA LA LALA LA LA
$10 pin \bith X bitt X bit2 X bit3 X/ bita X bits X bit6 X bit7

Shift register surnwrns Nowwrner 100w enneX 2100w eneX3210% 415 XK032100 4 X5432104:X6523210+X76543210

(b) Trailing edge Note :* /don’t care

Figure 2-57. /Shift Edge

(2) Transfer mode
The SIOM (bits 5 and 4 in SBICR) is used to select atransmit, receive,-ortransmit/receive mode.

a. 8-bit transmit mode
Set a control register to a transmit mode and write data to the SBIDBR.
After the data is written, set the SIOS-to “1” to.start data transfer. The transmitted data is
transferred from the SBIDBR(t6 the shift register and output to the SO0 pin in synchronous with
the serial clock, starting from the least significant bit (LSB). When the data is transferred to the
shift register, the SBIDBR-Becomes empty. The INTSBI (buffer empty) interrupt request is
generated to request new data.
When the internal clock-.is used, the serial clock-will stop and automatic-wait function will be
initiated if new data is/not loaded to the data buffer register after the specified 8-bit data is
transmitted. When new data is written, automatic-wait function is canceled.
When the’external clock’ is used, data should\be written to the SBIDBR before new data is
shifted. The transfer speed is determined by the maximum delay time between the time when
an interrupt request is generated and-the time when data is written to the SBIDBR by the
interrupt service program.
When the transmit is started, afterthe SIOF goes “1" output from the SO pin holds final bit of
the last data until falling edge of the SCK.
Transmitting/ data is ended by cleaning the SIOS to “0” by the buffer empty interrupt service
pregram or setting the SIOINH to “1”. When the SIOS is cleared, the transmitted mode ends
when all data is output. In‘erder to confirm if data is surely transmitted by the program, set the
SIOF (bit 3 in the SBISR) to-be sensed. The SIOF is cleared to “0” when transmitting is complete.
When the SIQINH is set, transmitting data stops. The SIOF turns “0”.
WhHen the extermal clock-is-Used, it is also necessary to clear the SIOS to “0” before new data is
shifted; otherwise, dummy data is transmitted and operation ends.
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Clear SIOS

SI0S

SIOF |
:

AN

SEF

SCKO pin (output)

SO0 pin

INTSIO interrupt
request

SBIDBR
* A ) (a) Interral clock
Write transmitted data
: Clear $1QS
SIOS
SIOF
SEF

SCKO pin (Input)

SO0 pin

INTSBI interrupt
request

SBIDBR

Write transmitted data (b)._External clock

Figure2-58. Transfer Mode

Exampte:~_SI00 transfer end command (External clock)

STEST1 : ~TEST (SBISR).SEF ; IfSEF=1 then loop
JRS F,STEST1

STEST2__/:/ TEST (P3).6 ; HSCK=0 then loop
JRS 7, STEST2
LD (SBIERY), 000001118 ; SIOS«0
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SIOF

SO pin

SCK pin

g —
bite X bit?é /

tsopn = Min. 3.5/fc [s] (In normal mode, IDLE:-mode)

Figure 2-59. Transmitted Data Hold Time at End of Transmit

. 8-bit receive mode

"

Set a control register to a receive mode and the SIOS10.”1" for switching to'a receivé mode.
Data is received from the S| pin to the shift registerin synchronous with the'serialclock, starting
from the least significant bit (LSB). When the 8-bit data\is received, the data is transferred from
the shift register to the SBIDBR. The INTSBl (buffer-full) interrupt request’is/generated to
request of reading the received data. The data-is'then read from the SBIDBRby the interrupt
service program.

When the internal clock is used, the serial\clock-will stop and automatic-wait function will be
initiated until the received data is read-from-the SBIDBR.

When the external clock is used, since shift operation is synchronized with the clock pulse
provided externally, the received/data should be read before new data is transferred to the
SBIDBR. If the received data is not read, further datato bereceived is canceled. The maximum
transfer speed when the externat-clock'is used is determined by the delay time between the time
when an interrupt request is/generated and the time when received data is read.

When the transmit is started) after'the SIOF goes “1" output/from the SO pin holds final bit of
the last data until falling edge of the SCK.

Receiving data is ended by clearing the SIOS to “07 by the buffer full interrupt service program
or setting the SIOINH to-"1”./ When the SIOStis-cleared, received data is transferred to the
SBIDBR in complete’blocks. The received mode-ends when the transfer is complete. In order to
confirm if dataiis surely received by the program, set'the SIOF (bit 3 in SBIDBR) to be sensed. The
SIOF is cleared)to “0™when receiving is(complete. After confirming that receiving has ended,
the last. data/is'read. When the SIOINH. is-set/ receiving data stops. The SIOF turns “0” (the
received databecomes invalid, therefore-no need to read it).

Note~,: When the transfer modeis switched, the SBIDBR contents are lost. In case that the
mode needs to be switched, conclude receiving data by clearing the SIOS to “0“, read

the last data, and then switch the mode.
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[«———— cClearSI0S —>

- i
sioF ] \
— -

SEF

L

SCK pin (output)

Slpin

INTSBI interrupt

request
SBIDBR X Z X b
Y
Read received data Read received data

Figure 2-60. Receive Mode(Example: Internal clock)
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c. 8-bit transmit/receive mode
Set a control register to a transmit/ receive mode and write data to the SBIDBR. After the data is
written, set the SIOS to “1” to start transmitting / receiving. When transmitting, the data is
output from the SO pin on the leading edges in synchronous with the serial clock, starting from
the least significant bit (LSB). When receiving, the data is input to the Skpin on the trailing
edges of the serial clock. 8-bit data is transferred from the shift registerto the SBIDBR, and the
INTSBI interrupt request occurs. The interrupt service program reads the received data from the
shift register to the SBIDBR, and the INTSBI interrupt request|accurs) \The interrupt service
program reads the received data from the data buffer-register-and writes data to be
transmitted. The SBIDBR is used for both transmitting and/receiving. Transmitted data should
always be written after received data is read.
When the internal clock is used, automatic-wait function_is.initiated until received data is read
and next data is written.
When the external clock is used, since the shift operation.issynchronized with the.external clock,
received data is read and transmitted data is written before new shift opération_is executed.
The maximum transfer speed when the external\clock is used is determined by the delay time
between the time when an interrupt requestis-generatéd and the time when'réceived data is
read and transmitted data is written.
When the transmit is started, after the SIOF goes “1"” output from the SO pin holds final bit of
the last data until falling edge of the SCK.
Transmitting / receiving data is ended'by cleaning the SIOS to /0” by the-INTSBI interrupt service
program or setting the SIOINH to “1% Whenthe SIOS is cleared, received data is transferred to
the SBIDBR in complete blocks. The'transmit/ receive mode-ends when the transfer is complete.
In order to confirm if data is surely transmitted / receéived by.the program, set the SIOF (bit 3 in
SBISR) to be sensed. The SIOFbecomes 70" after transmitting / receiving is complete. When the
SIOINH is set, transmitting / receiving data stops. The SIOF turng’“0”.

Note : When the transfer mode is switched, the SBIDBR contents are lost. In case that the
mode needs to be switched, conclude transmitting/receiving data by clearing the SIOS
to ‘0”, read the lastdata, and then switch the transfer mode.

|[«———— ClearSI05 ——>

SIOS

SIOF

SEF

SCKO pin
SO0 pin

SI0pin

INTSBlinterrupt “ "
request

SBIDBR X a b X d

Write transmitted Read received Write transmitted Read received
data (a) data (c) data (b) data (d)

Figure 2-61. Transmit/Receive Mode (Example: Internal clock)
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SCK pin

SIOF

SO pin

bitt X  Bit7in lasttransmitted word /

tsobH

: 5

=Min. A/fc [sj {ln NORMAL mode, IDLE mode)

Figure 2-62. Transmitted Data Hold Time at End of Transmit/ Receive
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2.10 Serial Interface (SIO1)

The 87CH75/M75 each have one clocked-synchronous 8-bit serial interface (SIO1). Each serial interface
has an 8-byte transmit and receive data buffer that can automatically and continuously transfer up to 64
bits of data.

The serial interfaces are connected to external devices via pins P02 (SO 1), P01 (S[1),"R00 (SCK1) for SIO1.
The serial interface pins are also used as port PO. When used as serial interface pins,/the output latches
of these pins should be setto “1”. In the transmit mode, pins PO1 can be used as normal I/O ports, and in
the receive mode, the pins P02 can be used as normal 1/0O ports.

2.10.1 Configuration

SIO control/status registers

SIOCR1/SIO1SR SIO1CR2

T T T T T T T T ! ! !

1 1 1 1 1 1 1 | | 1 1 1 1

Transmit and receive
data buffer
— | PR (8 bytes in DBR)
Control circuit circuit
Shift register
7Ve6 5 A 3.2 1 0
T T T | T T T
| 1 1 1 —)| 1 1 1 l_)n Po2 (801)
8-bit transfer | 4-bit transfer 0 Po1 1)

INTSIO1 interruptrequest Seriahclock

[J P00 (SCKT)

Figure 2-63. Seriallnterfacés

2.10.2 Control
The serial interfaces are-controlled by SIOt.control registers (SIO1CR1/SIO1CR2). The serial interface
status can be determined by reading SIO status.registers (SIO1SR).
The transmit and receive data buffer.isscontrolled by the BUF (bits 2-0 in SIO1CR2). The data buffer is
assigned to addresses OFF8y - OFFFy for SIQ Tin the DBR area, and can continuously transfer up to 8 words
(bytes or nibbles) at one time. When the specified number of words has been transferred, a buffer empty
(in the transmit.mode) or a buffer full (in the receive mode or transmit/receive mode) interrupt (INTSIO1)
is generated.
When the internal clock is used as theserial clock in the 8-bit receive mode and the 8-bit transmit/receive
mode;.a fixed interval wait can be.applied to the serial clock for each word transferred. Four different
wait times-can be selected with-WAIT (bits 4 and 3 in SIO1CR2).
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SIO Control Registers 1

7 6 5 4 3 2 1 0

101CR1 iti :
SOICRT [si0s [ 7§ | SIOM , | (initial value : ~ 0000 0000)

[=)

: Stop

SIOS Indicate transfer start/stop
1: Start

SIOINH | Continue/abort transfer ? : Continue transfer

: Abort transfer (automatically clearéd after abort)

000 : 8-bit transmit mode
010 : 4-bit transmit mode
SIOM Transfer mode select 100 : 8-bit transmit/receive mode write
101 : 8-bit receive mode only
110 : 4-bit receive mode

000 : Internal clock fc/2%2or fs/2°[Hz]

001 : Internal clogk fo/ 28 (mput on)
SCK Serial clock select 010 : Internal clock fc/ 2° SCK pin
011 : Internal clock _fe/2*

111 : External-clock (input from SCK pin)

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

Note 2 : Set SIOS to “0” and SIOINH to “1” when setting the transfer mode or serial clock.

Note 3 : SIO1CR1 is write-only register, which cannot access any of in read-modify-write instruction such
as bit operate, etc.

SIO1 Control Registers 2
SI01CR2 7 6 5 4 3 2 1 0

(0028y) WAIT | BUF | (Initial.value: / #*%*0 0000)
00 : Tf =Tp (nE-WAIT)
. 01:7T: =2Tp
WAIT Wait control 10 T; =4Tp (WAIT)
11:T¢ =8Tp
Buffer address used
SIO
000 { 1 wordtransfer OFF8y Write
001 :'2 words transfer OFF8 - OFF9y only
BUF NumbKer of transfer words 0103 words transfer OFF8 - OFFA{
0114 ‘words transfer OFF8 - OFFBy
100 T 5-words transfer OFF8 - OFFCy
101 : 6 words transfer OFF8 - OFFDy
™0 > 7 words transfer OFF8 - OFFEy
110 : 8 words transfer OFF8 - OFFFy

Note T \*, don’t care
Note 2 :) WAIT is valid only'in the 8-bittransmit/ receive and 8-bit receive modes.

iy

Note3: Ty  frametime, Tpy;\ data transfertime

sckrpn o L LI LML

To

Ts
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SIO1SR

Note 4 :

4bits when receiving.

Note 5 :

address to the highest address.

transmitted is OFF8y,.

Note 6 :
Note 7 :

such as bit operate, etc.

SI01, SIO2 Status Registers
7 6 5

The value to be loaded to BUF is held after transfer is completed.
SIO1CR2 are write-only registers, which cannot access any of in\read-modify-write instruction

u1n

The lower 4 bits of each buffer are used during 4-bit transfers. Zeros (0) are stored to the upper

Transmitting starts at the lowest address. Received data are also stored starting from the lowest
For example, in the case of SIO, the first\buffer address

Serial transfer operating

After SIOS is cleared 10”07,
SIOF is cleared to "0"/at the

0 : Transfer terminated

SIOF ] . ; termination of transferor
status monitor 1 : Transfer in process setting of SIOINH.
SEF Shift operating status 0 : Shift operation terminated

monitor

1 : Shift operation.in process

read
only

Figure 2-64. SIO Control Registers and Status Registers

(1) Serial Clock

a.Clock Source

SCK (bits 2 - 0in SIO1CR1) is ableto select the following:

@ Internal Clock
Any of four frequen(cies ¢an be selected. Theserial clock is output to the outside on the

SCK1T pin. The SCK pin-goes’ high when transferstarts.

When data writing .(in the transmit-mode) or/reading (in the receive mode or the
transmit/receive/mode) cannot keep up with_the serial clock rate, there is a wait function
that/aGtomatically stops the serial clock~and holds the next shift operation until the

read/write’ processing is completed.

Table 2-9.-Serial Clock Rate

Serial clock )
Maximum transfer rate
NORMAL1/2, IDLE1/2 mode
SLOW, SLEEP mode
DV7CK =0 DV7CK =1 At fc=8 MHz At fs=32.768 kHz
fc/2%  [Hz] fs/25 ~[Hz] fs/2° [Hz] 0.95 Kbit/s 1 Kbit/s
fcr 28 fe128 - 30.5
fc/2° fe/2° - 122
fc/2° fel 2° - 244
Note : 1K bit =1024 bit
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automatically
| wait function |
e EEE———

SCK1 pin output | | | I u I_l u I_I I_I I_J I_I I_I

SO1 pin output \ a0 X a1 X a X a3 X bo X b1 X'\b2 X b3 X o X
Written t it i L
data to the DER a X b ) &

Figure 2-66. Clock Source (Internal Clock)
@ External Clock
An external clock connected to the SCKT pin is used as the serial clock. In thiscase, the POO
(SCK1) output latch must be set to “1”. To ensure shifting, a pulse width of at least 4
machine cycles is required. Thus, the maximum transferspeed is 244K-bjt/s(at.fc = 8 MHz).

SCK pin input L1 L1 L1 L4

tscke tsckH
tsekL, tsckH > 4 teyc Note : tcyc =4/fc(InNORAML1/2, IDLE1/2-modes)
4/fs'(In SLOW, SLEEP modes)

b.Shift edge
The leading edge is used to transmit,\@ndthetrailing edge is used tofeceive.

@ Leading Edge
Transmitted data are shifted on the leadingledge of the ‘serial clock (falling edge of the
SCK1 pin input/output).

@ Trailing Edge
Received data are shifted©n the trailing edge of the serial clock (rising edge of the SCK1 pin
input/output).

DD S B =S B DA B A

SO1 pin N\ bitg X {bitt) X bitz X bit3
Shiftegister X 3210 X 321 X **32 X **3
(a) Leading Edge
SCKT pin L+ L1 L1 L1

SI1 pin X bito X bitt X bit2 X bit3

Shift register o X 0¥ X 10** X 210% X 3210
(b) Trailing Edge

Note : *;don’tcare

Figure 2-67. Shift Edge
(2) Number of Bits to Transfer
Either 4-bit or 8-bit serial transfer can be selected. When 4-bit serial transfer is selected, only the
lower 4 bits of the transmit/receive data buffer register are used. The upper 4 bits are cleared to “0”
when receiving.
The data is transferred in sequence starting at the least significant bit (LSB).
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(3) Number of Words to Transfer
Up to 8 words consisting of 4 bits of data (4-bit serial transfer) or 8 bits (8-bit serial transfer) of data
can be transferred continuously. The number of words to be transferred isloaded to BUF in SIOBCR.
An INTSIO interrupt is generated when the specified number of words has been transferred. If the
number of words is to be changed during transfer, the serial interface/ must-be stopped before
making the change.

SCK1 pin ||||I|II
SO1 pin \ 20 Xa X a X as

INTSIO interrupt "

(a) 1Word Transmit

SO1 pin \ @ X ai X a X a3 X bo X-bi X bz X b3 X co X ar X 20X 43

INTSIO interrupt "

(b) “3.Words Transmit

SI1 pin X a0 X a1 X a2 X la3 Xobg X b1 X2 Xba X o X a1t X2 Xz /

INTSIO interrupt "

(c) 3 Words Receive

Figure 2-68. Number of)Bits to Transfer{(Example : 4-bit serial transfer)

(4) Transfer Mode
SIOM (bits 5 - 3.in SIOIICRY) is used to select the transmit, receive, or transmit/receive mode.

a.4-bit and 8-bit Transmit Modes

In these modes, the SIO1CR1 is set to.thetransmjt mode and then the data to be transmitted first
are written to the data buffer registers (DBR). After the data are written, the transmission is
started by setting SIOS to<“1%.The data are then output sequentially to the SO pin in
synchronous with the serial clock, starting with the least significant bit (LSB). As soon as the LSB
has been output, the data are transferred from the data buffer register to the shift register.
When-the final data bit has;been transferred and the data buffer register is empty, an INTSIO
(buffer empty) interruptis.generated to request the next transmitted data.

When\the internal clock is'used, the serial clock will stop and an automatic-wait will be initiated
if the next transmitted dataare-not loaded to the data buffer register by the time the number of
data words specified\with the BUF has been transmitted. Writing even one word of data cancels
the’ automatic-wait; therefore, when transmitting two or more words, always write the next
word before transmission of the previous word is completed.

Note : Waits are also canceled by writing to a DBR not being used as a transmit data buffer
register; therefore, during SIO do not use such DBR for other applications.

When an external clock is used, the data must be written to the data buffer register before
shifting next data. Thus, the transfer speed is determined by the maximum delay time from the
generation of the interrupt request to writing of the data to the data buffer register by the
interrupt service program.
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When the transmit is started, after the SIOF goes "1 output from the SO pin holds final bit of
the last data until falling edge of the SCK1.

The transmission is ended by clearing SIOS to “0” or setting SIOINH to “1” in buffer empty
interrupt service program. That the transmission has ended can be determined from the status
of SIOF (bit 7 in SIO1SR) because SIOF is cleared to “0” when a transfer(iscompleted.

When SIOINH is set, the transmission isimmediately ended and SIOF is cleared/'to “0”.

If it is necessary to change the number of words, SIOS should be cleared to“0", then BUF must
be rewritten after confirming that SIOF has been cleared to-0".

When an external clock is used, it is also necessary to clear SIOS to. 0" before shifting the next
data; otherwise, dummy data will be transmitted and the operation.will end.

e~ dearsios

SI0S fl |

SIOF | :
SEF I I_I

501 pin \ 20X a1 X 22X _asX as X as X asX azX boX 01 X b2 X Bz ba X bs X bs X br/
INTSIO interrupt "\ "

DBR :x ax\b

*. * (a)/ Internal Clock
write write
(@ (b)

~<— clearSI0§ ———— >

SI0S f| |

SIOF I
SEF I

SCK1 pin (output)

S04 pin \ 20X a1 X 22 X[ 23X aa X as X 26X arX boX b1 X b2 X b3 X ba X bs X be Xo7
INTSIO interrupt "\ "

DBR ‘axb

T T (b) External Clock
write ™ write

(a) (b)

Figure 2-69. Transfer Mode (Example: 8-bit, 1 Word Transfer)

87CH75-112 2004-10-01



TOSHIBA Under Development TMP87CH/M75

SCK1 pin | |
SIOF |

SO1pin  hite X bit7 /

tsopy = min. 3.5/fc [s] (In the NORMAL1/2, IDLE1/2 modes)
=min. 3.5/fs [s] (In the SLOW,-SLEERP modes)

Figure 2-70. Transmitted Data Hold Time at End‘of Transmit

b.4-bit and 8-bit Receive Modes

After setting the control registers to the receive mode, set'SIOS to “1” to enable'receiving. The
data are then transferred to the shift register via the SI1 piniin synchronous with the serial clock.
When one word of data has been received, it is transferred from4he shift.registerto the data
buffer register (DBR). When the number of words specified with the BUF has'beén/received, an
INTSIO (buffer full) interrupt is generated to. request-that these data-be read.out.”The data are
then read from the data buffer registers by the.interrupt service program.

When the internal clock is used, and the previous data are not read from the data buffer register
before the next data are received, the serial clock will stop .and an—automatic-wait will be
initiated until the data are read. A-wait will)not be initiated \if even)one data word has been
read.

Note : Waits are also canceled by-reading a DBR not being used as a received data buffer register
is read; therefore, during SIO do not use such DBR for other applications.

When an external clock is-used, the shift operation is synchronized with the external clock;
therefore, the previous data are read before the next data are transferred to the data buffer
register. If the previous data have not been fead, the next data will not be transferred to the
data buffer register-and the receiving of any more-data will be canceled. When an external
clock is used, the maximum transfer speed is detérmined by the delay between the time when
the interruptrequest isgenerated and when the data received have been read.

The receiving is ended by clearing-SI0S t6,/70") or setting SIOINH to “1” in buffer full interrupt
service program. When SIOINH is set, the receiving is immediately ended and SIOF is cleared to
“0". When S10S.is cleared, the currentdata are transferred to the buffer in 4-bit or 8-bit blocks.
The receiving mode ends when-the transfer is completed. SIOF is cleared to “0” when receiving
is’ended and thus can be sensed by program to confirm that receiving has ended.

If it/is necessary to change.the numbeér of words in external clock operation, SIOS should be
cleared to-“0" then BUF must be rewritten after confirming that SIOF has been cleared to “0”.

If it is necessary to change‘the number of words in internal clock, during automatic-wait
operation which occurs-after-completion of data receive, BUF must be rewritten before the
received data/istead out.

Note : The buffer contents are lost when the transfer mode is switched. If it should become
necessary to switch the transfer mode, end receiving by clearing SIOS to “0”, read the last
data and then switch the transfer mode.

87CH75-113 2004-10-01



TOSHIBA Under Development TMP87CH/M75

|<— clear SIOS —)|
S B

— i
SIOF ] \ (’ I
1

SEF

SIOS

SCK1 pin output

G,

SI1 pin input

INTSIO interrupt

DBR Xa Xb
Y ¥

Read out Read out

Figure 2-71. Receive Mode (Example: 8-bit, 1 word, internalclock)

c. 8-bit Transmit/Receive Mode

After setting the control registers to. the 8-bit transmit/receivé.mode, write the data to be
transmitted first to the data buffer.registers (DBR). /Afterthat, enable transceiving by setting
SIOS to “1”. When transmitting;-the.data are output from the SO pin at leading edges of the
serial clock. When receiving, the data are input to the Sl pin/at the trailing edges of the serial
clock. 8-bit data are transferred from the shift register to.the data buffer register. An INTSIO
interrupt is generated when'the number of datasnvords specified with BUF has been transferred.
The interrupt service program) reads the received data from the data buffer register and then
writes the data to be transmitted. The data buffer register is used for both transmitting and
receiving; therefarg, always write the datato-be'transmitted after reading the received data.
When the‘internal clock is/used, a wait is’initiated-until the received data is read and the next
data is written.) A waitwill not be initiated/if even one data word has been written.

Note : The wait is also canceled by writing-to"a DBR not being used as a transmit data buffer
registers,; therefore, during SIOdo not use such DBR for other applications.

Whenan external clock is used, the shift operation is synchronized with the external clock;
therefore, it.is necessary to read the réceived data and write the data to be transmitted next
before starting the next shift operation. When an external clock is used, the transfer speed is
determined by the maximum delay between generation of an interrupt request and the
received data are read-and.the data to be transmitted next are written.

Whenthe transmit is started, after the SIOF goes “1” output from the SO pin holds final bit of
the last data until falling-edge of the SCK.

The transmit/receive_operation is ended by clearing SIOS to “0” or setting SIOINH to “1” in
interrupt service program. When SIOS is cleared, the current data are transferred to the data
buffer register in 8-bit blocks. The transmit mode ends when the transfer is completed. SIOF is
cleared to “0" when receiving is ended and thus can be sensed by program to confirm that
receiving has ended.

When SIOINH is set, the transmit/receive operation is immediately ended and SIOF is cleared to
“0".
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If it is necessary to change the number of words in external clock operation, SIOS should be
cleared to “0” then BUF must be rewritten after confirming that Siof has been cleared to “0”.

If it is necessary to change the number of words in internal cloc¢k, during automatic-wait
operation which occurs after completion of transmit/receive operation;. BUF must be rewritten
before reading and writing of the receive/transmit data.

Note : The buffer contents are lost when the transfer mode is switched. _If/it should become
necessary to switch the transfer mode, end receiving by cleating’SIQS to “0”, read the last
data and then switch the transfer mode.

|_ clear SIOS ——

SIOS

SIOF

SEF
SCK1 pin output
SO1 pin

SI1 pin

INTSIO interrupt " "

DBR )fa Xzz(b X d

write (a) read-out (6) “write (b) read out (d)

Figure 2-72. Transmit/Receive Mode (Example. 8-bit, 1word, internal clock)

SCKT pin l I
SIOF |

SO1pin bite X b7 7

i toopH
tsopH = min. 4/fc[s] (In the NORMAL1/2, IDLE1/2 modes)

=min. 4/fs [s] (In the SLOW, SLEEPmodes)

Figure 2-73: Transmitted Data Hold Time at End of Transmit/receive
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2.1 8-bit A/D Converter (ADC)
The 87CH75/M75 each have an 8-channel multiplexed-input 8-bit successive approximate type A/D
converter with sample and hold.

2.11.1 Configuration

Ladder resistors

S 4 04070 .
i POR2 R R R2 !
VAREF [ i Wy MAV— -y ——W MW— 1 vass
1 [ 1
i ¥ E
STOP — . ~° T~ ~ i
AINDS Tap Decoder
Analog input Sample & Hold
Multiplexer T - Reference
i 1 Voltage
1 1
AINO O——— A i i
v YT 1
ANT ——18 i | i 8
§ § § i [ S S
aNe O———|G i IR
1
AN7 O———H i | ‘Analog
i 1 Comparator
AINTO O—— | [ 4
AN O—1)
§ § § )
AN1e O——— o Sampling Successive Approximate Circuit
ANT7 O——— | p o clock
EN
Shift clock
S
AINDS Control Cireuit 8
SAIN ADS EOCF
4
ADCCR ADCDR
A/D Conyerter control register A/D Conversion result register

Figure2-74. A/D Converter

2.11.2 Control
The A/D convérter is controlled by an A/D converter control register (ADCCR).

A/D Conversion Result Register
7 6 5 4 3 2 1 0

ADCDR l

(000F) Read only
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A/D Converter Control Register

7 6 5 4 3 2 1 0
?()%SEE) |EOCF| ADS | ACK |AINDS| | SAIN | | (Initial value : 0000 0000)
0000 : AINO 1000 : AINTQ
0001 : AIN1 1001 : AINAI
0010 : AIN2 1010 :/ AIN12
. , 0011 : AIN3 1011 :\ AXIN13
SAIN Analog input selection 0100 : AINA Tro0~ “AINtA
0101 : AINS 1101+ _AIN15
0110 : AING6 1110 : AINI6
0111 : AIN7 1M1 —AIN17
0 : Enabl W
. : Enable
AINDS | Anal t control
nalog input contro 1 - Disable
ACK Conversion time select ? ;;’ Z: E:: E:gm:g
. 0: -
ADS A/D conversion start 1 : A/DleaRversion start
EOCF End of A/D conversion flag 0 : Under conver5|.on or Before conversion R
1 {End of conversion
Note1: *,don’tcare
Note2:  Select analog input when A/D converterstops.
Note3:  The ADS is automatically cleared to.”0 after starting conversion:

Note4:  The EOCFis cleared to "0” whenreading the ADCDR.
Note5:  The EOCF is read-only.

Figure 2-76. A/D converter control register and A/D conversion result register

2.11.3 Operation
Apply analog reference voltage topins VAREF and VASS.

(1) Start of A/D conversion
First, set the corressponding PACR and P5CR bit to "0" for analog input. Clear the AINDS (bit 4 in
ADCCR) to¥0“ and select-one of eight.analog.input AIN17-AINO with the SAIN (bits 3-0 in ADCCR).

Note : The pinthatis not used as.ananalag input can be used as regular input/output pins. During conversion, do
not perform output instructionto-maintain a precision for all of the pins.

A/D conversionyis started by setting the ADS (bit 6 in ADCCR) to “1".

Conversioniis accomplished in(46 machine cycles (184/fc[s] ). When fcis 8 MHz, it needs 23 s.
TheEOCF (bit 7 in ADCCR) isset'to “1” at end of conversion.

Setting ADS to “1" in A/D conversion starts converting over again. An analog input voltage is
sampledat intervals of folur cycles after starting A/D conversion.

Note ' : The keep same levelof-an analog input during 4 Machine Cycle Time is necessary for charging the electron
to the sample hold-circuit which has a resistor (typ. 5k) and a capacitor (typ. 12pF).

(2) Reading of A/D conversion result
After the end of conversion, read the conversion result from the ADCDR.
The EOCF is automatically cleared to “0” when reading the ADCDR.
Undefined value is read in A/D conversion.
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(3) A/D conversion in STOP mode
When the MCU places in the STOP mode during the A/D conversion, the conversion is terminated
and the ADCDR contents become indefinite. After returning from STOP -mode, EOCF is kept to be
cleared to “0”.
However, if the STOP mode is started after the end of conversion (EOCF=1), the ADCDR contents
are held.

ADS |_| : |_| |_|

ADCDR X invalid X result Yinvalid X invalid X result
i<conversion time— = conversion time—>
184/fc [s] : : : 184/fc [s]
EOCF | | | I
—o0—o0 O—0
A A A A A
read start read . start start
Figure 2-77. A/D Conversion Timing Chart
Example:
; AIN SELECT
LD (ADCCR) ,-001001008 ; sélects AIN4
; A/D CONVERT START
SET (ADCCR).."6 ; ADS=1
SLOOP : TEST (ADCCR) .. 7 ; EQCF=1?
JRS T, SLOOP
; RESULT DATA READ
LD (9EH), (ADCDR)
FFy T ——
FE4 T R4 y
R4
4
Conversion PR T -
result 1
~ [(Rd
I\: J7
“d '
03y + -
."
02H T P =
ke ‘
01y T 2
d ] ] ] (4 ] ] ] ]
J ! ' N ) ) T ) VAREF - VASS
0 1 2 3 253 254 255 256 X = 55
Analog input voltage

Figure2-78. Analog Input Voltage vs A/D Conversion Result (typ.)
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2.12 Vacuum Fluorescent Tube (VFT) Driver Circuit
The 87CH75/M75 features built-in high-breakdown voltage output buffers for directly driving
fluorescent tubes, and a display control circuit used to automatically transfer display data to the output

port.

The segment and the digit, as it is the VFT drive circuit which included in the/usual products, are not
allocated. The segment and the digit can be freely allocated in the timing (T0'to-T15) which is specified
according to the display tube types and the layout.

2.12.1 Functions
(1) 51 high-breakdown voltage output buffers built-in.
® Large current output pin (typ. 20mA) 16 (V0 to V15)
® Middle current output pin (typ. 8mA) 35 (V16 to V50)
There is also the VKK pin used for the VFT drive power supply.
(2) Thedynamiclighting system makes it possible to select 1 t0-16.digits (TO to T15) by-program.
(3) Pinsnot used for VFT driver can be used as general-purpose ports.
® Pins can be selected using the VSEL (bits 4 to 0).in'VFT control register1\bit by bit.
(4) Display data (112 bytes in DBR) are automatically transferredto the VFT output pin’
(5) Brightnesslevel can be adjusted in 8 steps using the dimmer function.
(6) Fourtypes (fc/212 to fc/29) of display time can(beselected.
2.12.2 Configuration
R Internal bus

Display control register 1 Display control register 2

/ I_ * fc
VET timing generator <

TOto T15

Display data memory
(112 bytesin DBR)

Outputdata latch

A e F 17

Vo )\ V1 V2 V3 V4 \5 V49 V50 V51

Figure 2-51.
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2.12.3 Control
The VFT driver circuit is controlled by the VFT control registers (VFTCR1, VFTCR2). Reading VFTSR
determines the VFT operating status.
Switching the mode from NORMAL1/2 to SLOW or STOP puts the VFT driver circuit into blanking state
(BLK issetto “1” and EXEY is cleared to “0" ; values set in the VFT control registérs except BLK and EKEY
are maintained), and sets segment outputs and digit outputs are cleared to "0”\ Thus,/ports P6 to P9, and
PD to PF function as general-purpose output ports with pull-down.

VFT control register 1

VFTGRi 7 6 5 4 3 2 1 0
0029, |BLK| spoT | , | VSEL | , | (initial value:. 1000’ 0000)

BLK VFT display control 0 : Displayenable

1 : Disable
SDT Display time select (tdisp) 00 : 29/fc
(Display time of 1 digit) 01 : 210/fc
10 @ 21/f¢
1M1 212f¢
VSEL Automatic display select 000004 \ 32 (V31to V0) 01111+ _47 (VA6 to V0) .
(When using VFT driver 00001_:33(V32 to V0) 10000 : /48(V47tov0) | WI'te
(automatic display), V31to | 00010~ _32V33 to V0) 10001/~ 49 (V48 to VO) only
VO are only used to output 00011 : ~35(V34toV0) 10010 :) ) 50 (V49 to VO0)
VFT.) 00100~ 36 (V35toV0) 10011+ / 51 (V50to V0)
Pins which are not selected 00101 »/ 37 (V36,to/V0)
by the output pins other 00110 : 38(V3ZtoV0)

than the above-mentioned 00111 : 39(V38toV0)
pins can be used as general- 01000 : 40(V39toV0)
purpose input/output pins. 01001 : 41(V40toVO0)

(When using as a geperal- 01010 : 42(V41toV0)
purpose input/output pin, 01011 : 43(V42toV0)
the display data which 01100 : 44 (V43toV0)
correspondsto-thepin must 01101 : 45 (V44to Vo)
be setto “0") 01110 : 46(V45toVO0)

Note 1: fc; /highfrequency clock
Note 2 : /VFTCR1 is write-only register, which cannotuse any of in read-modify-write instruction such as bit
operate, etc.

Figure 2-80. VFT-€ontrol Register 1
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VFTCR2 7

VFT control register 2

(00227 |

| . STA | (initial value: 000 0000

DIM Dimmer time select

000 : (15/16) xtdisp (s)
001 : (14/16) xtdisp (s)
010 : (12/16) xtdisp (s)
011 : (10/16) xtdisp (s)
100 : (8/16) xtdisp (s)
101 : (6/16) x tdisp (s)
110 : (4/16) xtdisp (s)
111 : (2/16) xtdisp (s)

STA Number of state (display)

0000 : 1display mode (T0)

0001 : 2display modé(T1to T0) .
0010 : 3 display mode (T2:t0-T0) write
0011 : 4display mode (T3:to T0) only
0100 : 5display modg (T4 to T0)
0101 : 6 display mode-(T5to T0)
0110 : 7 disptay.mode (T6 to T0)
0111 : 8display mode(T7 to T0)
1000 : 9 display-mode (T8 to T0)
1001 ~J0display-mode (T9 to T0)
10101 1display mode (T10 to T0)
1011 :2dispfay mode (T11 to T0)
1100.: 13 display mode (T12 to T0)
110114 display mode(¥13 to.T0)
1190 : 15 display mode (T14 t0.70)
11417 16 display mode (T15 to T0)

VFTSR

(0029;;)

Note 1:

Note 2 :

Note 3 :

VFTCR2 is write-only register, whichcannot use any of in read-meodify-write instruction such as bit
operate, etc.

Even if a number of the display digit is set a pin which is equal to the digit dose not output.

It is necessary to write data to the data buffer which corresponds to the digit according to the display
timing (TO to T15).

* ; don’t care

VFT. operational status 0~: VFTdisplayin operation read
monitor 1 : ) VFT display operation disabled only

Figure 2-81. VFT control/Register 2, VFT status register

(1) Settingof Display mode
VFT display mode is set by VFT.control register 1 (VFTCR1) and VFT control register 2 (VFTCR2). VFT

control

register V' (VFTCR1) sets\1 display time (tdisp) and the number of display lines (VSEL), and

VFT control register.2 (VETER2) sets dimmer timer (DIM) and state (STA). (BLK of VFTCR1 must be
set to “1".) The segments and the digits are not fixed, so that they can be freely allocated.
However the number ofstates must be specified according to the number of digits of VFT which

you use.

Thought the layout of VFT display mode is freely allocated, the followings are

recommended; usually, large current output (VO to V15) is used for a digit, and middle current

output

(V16 to V50) is used for a segment.

(See Display operation in section 2.12.4 for display timing and data setting procedures.)
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(2) Display data setting

Data are converted into VFT display data by instructions. The converted data stored in the display
data buffer (addresses OF80 to OFEF in DBR) are automatically transferréd to the VFT driver circuit,
then transferred to the high-breakdown voltage output buffer. Thus, to change the display pattern,
just change the data in the display data buffer.

Bits in the VFT segment (dot) and display data area correspond one to one. When)data are setto 1,
the segments corresponding to the bits light. The display data buffer is assigned to the DBR area
shown in Figure 2-82. (The display data buffer can not be usedas data' memary)

bit 0 to 7 0 to 7 0 to 7 0 to 7 0 to 7 O~to 7 0 to 3 Timing
OF80y 0F90y OFAOY OFBOY OFCOy OFDOy OFEQy T0
OF81y 0F91y OFA1, OFB1y OFCly OFD14 OFE1y T
OF82y 0F92, OFA2y OFB2y OFC2y OFD2y OFE2}; T2
OF83y 0F93y OFA3y OFB3y OFC3y OFD3y OFE3y T3
OF84y 0F94y OFA4y OFB4y 0FC4y OFD4y OFE4y T4
OF85y OF95y OFAS5Y OFB5y OFC54 OFD5y OFES5H T5
OF86y OF96 OFA6 OFB6{; OFCéy OFD6} OFE6Y T6
OF87y 0F97, OFA7, OFB74 OFC74 0FD74 OFE7, T7
OF88y 0F98y OFA8, OFB8y OFC8y OFD8y OFE8y T8
OF89y 0F99y OFA9y OFB9y OFC9y OFD9q OFE9y T9
OF8AL OF9AL OFAAY OFBAy OFCAH OFDAL OFEA T10
OF8By OF9By OFABY QFBBH OFCBy OFDBY OFEBy TN
OF8Cy OF9Cy OFACH OFBCy OFCCh OFDCy OFECH T12
0F8Dy 0F9Dy OFADR OFBDy OFCDy OFDDy OFEDy T13
OF8Ey OF9Ey OFAEL OFBEy OFCEy OFDEy OFEEy T14
OF8Fy OF9Fy OFAFy OFBFy OFCFy OFDFy OFEFy T15

outputpin V0 to V7 V8 to VI5/V16 t6\V23 V24 to V31 W32 to V39 V40 to V47 V48 to V50

Figure 2-82.VFT Display Data Buffer Memory (DBR)

2.12.4 Display Operation
As the above-mentioned;the segment and the digit are not allocated. After setting of the display
timing for the.number-of digits according to.the using VFT and storing the segment and digit data
according to the réspective timings, clearing'BLK'in VFTCR1 to 0 starts VFT display.
Figure 2-83. showsthe VFT drive pulse-and-Figure 2-84, 85 show the display operation.

Dimmer time (DIM)
N -~ —— .

T15 =
T4 o\ /-
T3 / \

o —\
SEG/DEG / \/ \ / \ /" / \ / \ /-

One display time (tdisp)

Figure 2-83. VFT Drive Waveform and Display timing
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2.12.5 Example of Display operation

(1) For Conventional type VFT

0
0
F
8
0
1
0
0
0
0
0
0
0

for 1 timing. Data must be set to output the pins which are specified to thé digitin sequence. The
following figure shows a data allocation of the display data buffer (DBR) ‘and /the output timing
when VFT of 10 digits is used and VO to V9 pins are allocated as the digit outputs:” (When data is first

written by the data buffer which corresponds to the digit pin;-it is unnécessary to rewrite the data

When using the conventional type VFT, the output timing of the digits is specified to output 1 digit
later.)

SEG (Write change by display data)

N|lorowN]|] © o0 00 oo —

©0||ow o o - o x

oflowoo o — *

m [aa]

T w m w | M w1
34

- <@ i S| 4 >

O-aNMmMSTS MmO~ ©0oonUUUVUUUVUU

w W oW oW oo

>5>>>>>>> >>4duuuuuw

Figure,2-84. Example-of Canventional type VFT driver pulse

2004-10-01
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(2) For Grid scan type VFT

When using the grid scan type VFT, two or more grids must be simultaneously selected to turn the

display pattern which contains two or more grids on. Additionally, the timing and the data must be

determined to set the grid scan mode as follows.

® When the display pattern which is fully set in the respective grids is turned/on, enly the grids which
correspond as ever must be scanned in sequence to turn on the display pattern./(timing of T8 to T3
in the following figure)

® When the display pattern which contains two or more~grids is’turned on, two or more
corresponding grids are simultaneously selected to turn on the display pattern. (timing of T2 to TO
in the following figure)

Vo
V1
V2
V3
v4
V5

T [8i716151413i2i1i0 PT8 L T7 L T6,(TSNTA T3 T2 l(TTNT0 !
Add-[[01010101010101010 i i i i i i i i i i
ress F:F:F:F:F:F:F:F:F ! ! ! ! ! ! ! ! ! !
Lotot oo i i i i i i i ! i i
818:1818:1818181818 i i i 1 i i i | i i
81716151413121110 i i i i i i i i i i
N Tl Sl Tl ol i i i i i i i i i i
LSB [11010101010111011 LA DY A
0!1101010}0!1}0!1 — e — U
0i0i1101010101011 i iG1|i i i i i i b L
1 | 1 1 1 1 1 1 1 1
olojol1iololoj1l1 ; g L ; ; ; ; I_L._
01010101110101111
0!010!010!110!1!1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
MSBl & F 4 b1

Figure’2-85. Grid Scan Type Display Vacuum Fluorescent Tube Ware
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2.12.6 Port Function

(1) High-breakdown voltage buffer
To drive fluorescent display tube, clears the port output latch to “0”. The port output latch is
initialized to 0 at reset.
It is recommended that ports P6, P7, P8 and P9 should be used as VFT driveroutput. Precaution for
using as general-purpose I/0 pins are follows.

Note :When not using a pin which is pulled down to pin Vg (RK =typ. 80/kQ), it must be set to
open. Itis necessary to clear the port output latch and thedata-buffer memory (DBR) to “0”.

@® PortsP6to P9
When a part of P6 to P9 is used as the input/output pin (VFT driverin operation), the.data buffer
memory (DBR) of the segment which is also used as théinput/output pin must be cleared to “0”.
@ PortPDtoPF
VFT output and usual input/output are controlled by ¥SEL of VFT control register in-bits. When a
pin which is pulled down to pin Vg is used as usual output or input; the following cautions are
required.

() When outputting
When level “L” is output, a port which is>pulled down to pin—Vk iS_pin Vkk voltage. Such
processes as clamping with the diode(as shown in figure 2-86( (a) are necessary to prevent pin
Vkk voltage applying to the externatwcireuit.

(b) When inputting
When the external data is input, the'port output latch.iscleared/to “0".
The input threshold is the same as that of the other usual input/output port. However it is
necessary to drive RK (typ. 80 kQ)-sufficiently because of pulled down to pin VKK.

VDD VDD

A
/

(a) Atputput (b) Atinput

Figure 2-86. External Circuit Interface
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INPUT/OUTPUT CIRCUITRY
The instruction for specifying Masking Option (I/0O code) in ES Order Sheet is described in ADDITIONAL
INFORMATION “Notice for Masking Option of TLCS-870 series” section 8.

(1) Control pins
The input/output circuitries of the 87CH75/M75 control pins are shown below:
Please specify either the single-clock mode (oscillation only XIN/XQUT) or the dual-clock mode
(oscillation both XIN/XOUT and XTIN/XTOUT) by a code (NM1 or.NM2) 'as an‘option for an operating
mode during reset.

CONTROLPIN /10 INPUT/OUTPUT CIRCUITRY and code REMARKS
Osc. enable —)tDc ¥e NN
Resonator connecting pins
A high-frequency)
VDD Wy VDD (
XIN Input R¢ IR R¢/ =1.2MQ " (typ.)
XOUT Output | Ro. =15k (typ.)
XIN XOUT
NM1 NM2
Osc. enable _)tD?_ & o fs Resonator connecting pins
(low-frequency)
XTIN Input | Refer VDD W VDD Re =6MQ  (typ)
XTOUT Output |to f R =
P port P2 o) Ro =220kQ (typ.)
XTIN XTOUT
VDD Sink open drain output
Rin Hysteresis input
o R
RESET Vo Address-trap-reset —>|_\_\ @_'W\’ D Pull-up resistor
Watchdog-timer-reset _),—l_/ =<— Rin =220kQ  (typ.)
Systemé<clock-reset
R =1k (typ.)
R .
STOP/INTS Input Hysteresis input
e
P20 < R =1kQ (typ.)
STOP/INTS @I
VDD
R Pull-down resistor
Rn =70kQ typ.
TEST Input IN (typ.)
Rin R =1kQ (typ.)

Notel: The TEST pin of the 87PM75 does not have a pull-down resistor. Be sure to fix the TEST pin to low in MCU mode.
Note2: The 87PM75 is placed in the single-clock mode during reset, and the input/output circuitries are the code NMI
type.
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(2)-@® Input/Output Ports
The input/output circuitries of the 87CH75/M75 input/ output ports are shown below, any one of the
circuitries can be chosen by a code (A or D) as a mask option.

PORT /0 INPUT/OUTPUT CIRCUITRY REMARKS

initial “Hi-z2" VDD Fri-state /0
Hysteresis input

PO
/0 High current output

P1 disable R (PO, P10 to P14)

@ R=1kQ (typ.)

initial “Hi-z" Sink openrdrain-eutput
High cufrentoutput

—Do—

P2 110 R=1kQ

2

initial “Hi-z" Sink open drain output

Hysteresis input

P3 10 disable :D°_| R=1kQ (typ.)

R
initial “Hi-Z" VDD Tri-state 1/0
P4
110
H -
P5 disable R
< R=1kQ (typ.)
~J
initial “Hi-z" vDD Source open drain output
P6 [ I )
High-breakdown voltage
R
p7 « R Rq =80 kO (typ.)
VKK R=1kQ (typ.)
R R1 =200 kQ (typ.)
P8
1
~
P9 R1

Note: The input/output circuitries of the 87PM75 1/0 ports are the code A type.
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(2)-@ Input/Output Ports
PORT 1/0 INPUT/OUTPUT CIRCUITRY and CODE REMARKS
A D
initial “Hi-2" VDD initial “Hi-z" VDD Source opendrain output
PD High“breakdown voltage
Ri/= 80 kQ (typ.)
R Rk R R=1kQ (typ.)
PE | 1O VKK R1 =200 kQ (typ.)
PF ; /'I/;
pd! 1
~ ~J
R1 R1

87CH75-128
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Electrical Characteristics
Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply Voltage Vpp -0.3106.5 \Y
Input Voltage Vin =0.3toVpp+0.3 Y
Output Voltage VouT1 | P2, P3, P4, P5, ).(OUT, RESET -03toVpp+0.3 v
Vours | Source open drain ports Vpp4 40toVpp +0.3
lout1 | P15to P17, P3, P4, P5 3.2
; lout2 P0O,P10to P14, P2 30
Output Current (Per 1 pin) mA
louts | P8, P9, PD, PE, PF -12
louta |P6, P7 -25
S loutt P15to P17, P3, P4, P5 60
Output Current (Total) Zlour2 |PO,P10toP14, P2 160, mA
S louts | P6, P7, P8, P9, PD, PE,PF =200
Power Dissipation [Topr = 25°C] PD Note 2 1200 mwW
Soldering Temperature (time) Tsld 260(10s) °C
Storage Temperature Tstg =551t0 125 °C
Operating Temperature Topr -/30to0 70 °C

Note 1: 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 jt to_catch fire or explode resulting-in-injury to the user. Thus, when
designing products which include this device/ ensure thatno absolute maximum-rating value will ever be exceeded.

Note 2: Power Dissipation (PD) ; For PD, it is necessary to-decrease 14.3 mw/°C.

Note 3: All VDDs should be connected externally forkeeping-the same voltage level.

Recommended Operating Conditions

(Vss=0V, Topr= -30to 70°C)

Parameter Symbol Pins Conditions Min Max Unit
NORMAL 1, 2 modes
fc=8 MHz 4.5
IDLE1, 2 modes
Supply Voltage X¥bp ¢ < SLOW mode 7 5.5 \Y
STOP mode 2.0
Output Voltage VouTts [Seurce open drain ports Vpp - 38 Vpp \Y
Y Except hysteresis input Vpp x0.70
IH1 Al VopZ 45V DD
Input High Voltage Vihs Hysteresis input Vpp x0.75 Vpp \Y
V|H3 VDD<45V VDDx0.90
V Except hysteresisinput Vpp % 0.30
L1 P y : p VppZ4.5V DD
Input LowVoltage Vi Hystergsis input 0 Vpp %X 0.25 \
V||_3 VDD< 4.5V VDDX 0.10
VDD=4.5VtO 55V 8.0
fc XIN, XOUT 0.4 MHz
Clock Frequency Vpp=2.7Vto55V 4.2
fs XTIN, XTOUT 30.0 34.0 kHz

Note 1: 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.

Note 2: Clock frequency fc: Supply voltage range is specified in NORMAL 1/2 mode and IDLE 1/2 mode.
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How to calculate power consumption.

With the TMP87CH75/CM75F, a pull-down resistor (Rk =80 kQ typ.) can be Built into a VFT driver using
mask option. The share of VFT driver loss (VFT driver output loss + pull-down resistor (Rk) loss) in power
consumption Pmax is high. When using a fluorescent display tube with a large' number.of segments, the
maximum power consumption Pd must not be exceeded.

power consumption Pmax = operating power consumption + normal outputport loss + VFT driver loss

Where,

operating power consumption: VDD x IDD

LED output loss : lowzx VoL

VFT driver loss :  VFTdriver outputloss + pull<down-resistor (Rk) loss
Example:

When Ta = 10 to 50°c (When using a fluorescent display tubé with)a grid scan type which can use two or
more grid outputs.) and a fluorescent display tube with segmentoutput = 3 mA, digitoutput = 15maA,
Vxx = -25Vis used.

Operating conditions: VDD = 5V *10 %, fc = 8 MHz, VFT dimmer time (DIM) =(14/16) x tseg,
Digit outputs =two pins.

Power consumption Pmax = (1) +(2) +(3)

Where,
(1) Operating power consumptlon Vpp %Ipp =5.5V x 14 mA =77 m\WW.
(2) LED output ;. MOmAX 1.0V x4=40mW (whenusing four LED)
(3) VFT driver loss . \segment pin = 3 mA x 2 Vx number of segments X = 6 mW x X
digitpin = 15 mA x 2 V x 14/16/(DIM) x number of digits Y = 52.5
m\\V

Rk loss = (5.5 + 25V)2450 kQ x (number of segments X + number
of digits Y) = 18.605 mW x (X + 2)

Therefore, Pmax = 77 mW +40 mW +6 \mWx X)+52.5 mW +18.605 mW x (X +2)=206.71
mW + 24.605X...

Maximum power consumption Pd when.Ta =50°C is determined by the following equation:
PD = 1200 mW-(14.3 x 25) = 842.5 mW

The number ef segments X which can be lit isy

PD > Pmax

842.5/mW > 206.71 + 24.605 X

258 > X

Thus, afluorescent display/tube with less than 25 segments can be used. If a fluorescent display tube with
25'segments or more is used, either a pull-down resistor must be attached externally , or the number of
segments to be lit must be kept to less than 25 by software.
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D.C. Characteristics (Vss=0V, Topr= -301070°C)
Parameter Symbol Pins Conditions Min | Typ. | Max | Unit
Hysteresis Voltage Vys | Hysteresis input - 0.9 - \Y
lint TEST
linz2 Open drain ports, Tri-state ports - - - +2
Input Current P P P Vop =55V #A
s | RESET, STOP Vin=5.5V/0V
lina PD port (Note3) - - 80
Input Resistance Rinz | RESET 100 | 220 | 450 | kQ
Pull-down Resistance Rk Source open drain ports Vpp = 5.5V V= =30V 50 80 110 | kQ
ILon Sink open drain ports Vpp =55W, Voyr=5.5V - - 2
Output Leakage Source open drain ports and tri- -~ _
Current o2 | sate ports Vog =55V, Vour= -32V - - “2 | A
Loz [ Tri-state ports Vpp=5.5V, Nour=5.5V/70V = - +2
Vo2 | Tri-state ports Vpp=4.5V, lop=-0.7mA 4.1 - -
Output High Voltage o P _C on Y
Vous |P8,P9,PD Vb =45V, lop = — 8 mA 24| - -
Output Low Voltage VoL |ExceptXOUT,PO,P10to P14,P2 |Vpp=4.5V,lo = 1.6 mA - - o4 | v
Output Low Current los [ PO,P10to P14, P2 \/pp=4.5V, VoL =10V - 20 - mA
Output High Current lon P6, P7 Vpp=4.5V,Vou=2A4¥ - -20 - mA
Supply Currentin Vip =/5.5V
NORMAL 1, 2 modes ooz R B R
m
Supply Currentin fs=32.768 kHz 6 9
IDLE 1, 2 modes ViN=53VA0.2V -
Supply Currentin
SLOW mode oo Vpp=3.0V - | 30| 60
P— . fs=32.768 kHz 2A
upply Currentin Vny=2.8V/0.2V _
SLEEP mode W 151 30
Supply Currentin Vpp=5.5V a
STOP mode Vin=5.3V/0.2V 051 10 | »A
Note 1: Typical valuesshow those at Topr=25°C, Vpp=5V.
Note 2: Input Currentd;yy. vz, The-currént through resistor'is not-included, when the input resistor (pull-up/pull-down) is
contained.
Note 3: Input Current Iy, ; The current when the pull-down register (Rk) is not connected by the mask option.

A/D Conversion.Characteristics (Vss=0V, Vpp=4.5106.0V, Topr= —30to 70°C)
Parameter Symbol Conditions Min Typ. Max Unit
VAREF Vpp-1.5 — Vpp
Analog Reference Voltage VIAReF - Vass = 2.5V \Y
Viass Vss
Analog Input Voltage VAN Vass — V AREE Y
AnalogSupply Current IRer> | VaRerp=5.5V,Vass=0.0V — 0.5 1.0 mA
Nonlinearity Error — — 1
Zero Point Error Vpp=5.0V, Vgs=0.0V — - 1
Varee= 5.000V LSB
Full Scale Error Vass= 0.000V — - +1
Total Error — — 2

Note: Total errors includes all errors, except quantization error.
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A.C. Characteristics (Vss=0V, Vpp=4.5t05.5V, Topr= —-30to 70°C)
Parameter Symbol Conditions Min Typ. Max Unit
In NORMALT, 2 modes
0.5 = 10
In IDLE 1, 2 modes
Machine Cycle Time tey s
In SLOW mode
N7.6 - 133.3
In SLEEP mode
High Level Clock Pulse Width tweH | For external clock operation
. 50 - - ns
Low Level Clock Pulse Width twer | XINinput), fc=8 MHz
High Level Clock Pulse Width twsH | For external clock operation N _ S
Low Level Clock Pulse Width twse | XTINinput), fs=32.768 kHz : #

Recommended Oscillating Conditions

(Vss=0V, Vpp=4.5165.5V;-Topr= - 30 to 70°C)

XIN

(1) High-frequéency Oscillation

Oscillation Recommended Constant
Parameter Oscillator Recommended Oscillator
Frequency o G
8 MHz KYOCERA  KBR8.OM
Ceramic Resonator KYOCERA KBR4.0MS 30pF 30pF
4NMiHz
High-frequency MURATA CSA 4.00MG
Oscillation
8 MHz TOYOCOM 210B 8.0000
Crystal Oscillator 20pF 20pF
4\MHz TOYOCOM 204B 4.0000
Low-frequency
I Crystal Oscillator 32.768 KHz NDK MX-38T 15pF 15pF
Oscillation
XTIN XTOUT

(2) Low-frequency Oscillation

Note:

An electrical shield by metal shield plate on the surface of IC package should be recommendable in order to prevent
the device from the high electric fieldstress applied from CRT (Cathode Ray Tube) for continuous reliable operation.
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