TOSHIBA

TOSHIBA Original CMOS 8-Bit Microcontroller

TLCS-870 Series

TMP87CM23AFG
TMP87CP23EG

TOSHIBA CORPORATION
Semiconductor Company




TOSHIBA TMP87CM23A/P23

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 TMP87CM23A/P23

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)
TMP87CM23AF P-QFP100-1420-0.65A TMP87CM23AFG QFP100-P-1420-0.65Q._| TMP87PP23FG
TMP87CP23F P-QFP100-1420-0.65A TMP87CP23FG QFP100-P-1420-0.65Q1 )¥] TMP87PP23FG

*: 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 Leads with over 95% selder.coverage
(2) Use of Lead (Pb)-Free till lead forming-are acceptable.
-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.

Solderability

RESTRICTIONS ON PRODUCT USE 20070701-EN

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

e TOSHIBA is continually working to\improve the quality and refiability.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 ordamage 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.

e The TOSHIBA products listed in this document-are intehded 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.

¢ Theinformation 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.

e 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.

e 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



TOSHIBA TMP87CM23A/P23

(Annex)
Package Dimensions

QFP100-P-1420-0.65Q

Unit: mm
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TOSHIBA TMP87CM23A/P23

CMOS 8-Bit Microcontroller
TMP87CM23AF, TMP87CP23F

The TMP87CM23A/CP23 are the high speed and high performance 8-bit single chip/microcomputers. These
MCU contain, large ROM, RAM, input/output ports, LCD driver, a 8-bit AD converter, four multi-function
timer/counters, two serial interfaces, and two clock generators on chip.

Product No. ROM RAM Package QTP MCU
TMP87CM23AF 32 K x 8-bit 1 K x 8-bit
- - P-QFP100-1420-0.65A TMP87PP23F
TMP87CP23F 48 K x 8-bit 2 K x 8-bit

Features
@ 8-bitsingle chip microcomputer TLCS-870 Series
@ Instruction execution time: 0.5 s (at 8 MHz), 122 s (at 32.768 kHz)
@ 129 types and 412 basic instructions
® Multiplication and Division (8 bits x 8 bits, 16 bits + 8 bits): Exécution time 3.5 us (at-8MH2)
® Bit manipulations (Set/Clear/Complement/Load/Store/Test/
Exclusive OR) P-QFP100-1420-0-65A
® 16-bit data operations
® 1-byte jump/call (Short relative jump/Vector call)
@ 14 interrupt sources (External: 5, Internal: 9)
® All sources have independent latches each,
and nested interrupt control is available
® 4 edge-selectable externalinterrupts with ngisereject
® High-speed task switching by register bank-changeover
4 10 Input/Output ports (Max. 70 pins)
@ Two 16-bit Timer/Counters
® Timer, Eventcounter, External trigget timer, Window, PPG-output
Pulse width measurement modes
@ Two 8-bit Timer/Counters TMP87CM23AF

e Timer, Eventcounter, Capture (Pulse width/duty measurement), TMP87CP23F
PWM output, PDO modes

@ Time Base Timer (Interrupt frequency: 1 Hz to 16384/Hz)
@ Divider output function (frequency:_1kHz to 8 kHz)
@ Watchdog Timer
@ Two 8-bit Serial Interfaces

® Each 8 bytes transmit/receive data buffer

® Internal/external serial’clock, and 4/8-bitmode

000707EBP1

@ 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.

@ TOSHIBA is continually/working to improve the quality and reliability of its products. Nevertheless, semiconductor
devices in general. can-malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to complfy with the standards of safety in
making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such TOSHIBA
products could._cause loss of human/life, bodily_injury or damage to property.

In developing-youf 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-far/Semiconductor 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
TOSHIBAproducts 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.

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

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

3-23-1 2001-10-03



TOSHIBA TMP87CM23A/P23

@ LCDdriver
® With display memory (20 bytes)
® LCD direct drive capability (Max. 40 seg x 4 com)
® 1/4, 1/3, 1/2 duty or static drive are programmably selectable
@ 8-bit successive approximate type AD converter with sample and hold
® 8analog inputs
® Conversion time:23 s/ 92 us (at 8 MHz)
@®Dual clock operation (optinal)
@ 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 Peripherals operate using
high-frequency clock.
Release by interrupts.
® IDLE2 mode: CPUstops,andPeripheralsoperate using high’and low frequency clock.
Release by interrupts.
® SLEEP mode: CPU stops, and Peripherals operate usinglow-frequency clock.
Release by interrupts.
@ Operating Voltage: 2.7to05.5Vat4.2 MHz/32.768 kHz,;4.5t0 5.5V at 8 MHZz732.768 kHz
@ Emulation Pod: BM87CP23F0A

3-23-2 2001-10-03



TMP87CM23A/P23

TOSHIBA

Pin Assignments (Top View)

P-QFP100-1420-0.65A
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TOSHIBA

TMP87CM23A/P23

Block Diagram

1/0 Port(Segment outputs)

AL

' h)
P93/SEG12 P87/SEG32 P77/SEG24 P67/SEG16

to to to to
Common outputs Segment outputs P90/SEG15P8O/SEG39 P70/SEG31 P60/SEG23
COM3 to COMO SEG11 to SEGO FaN T~
~ =
I'd
vDD-}> ) A
Power Supply {VSS = - AL 4L
L C D Driver |
LCD drive VILC|——> P& p7
power supply H
PSW Stack Pointer Data Memory Pragram
ALU Flags |RBS (RAM) Countar
| | * | 4 Register banks U
Reset I/0 RESET System Controller Program
Test Pin TEST Intecrupt Coptroller Kemoty (ROM)
] Standby Controller * TT
Timing Generator ™ Time Base T T ) * T ) T lél
Resonator XIN . 16-bit 8-bit Serial
g%r;nectlng XOUT High frequ. Clock Timer Timer/ Timer/Counters Interfaces d E
|
lowfrequ | Generator Coimge 1c3 | 1c5 | \[SIof | 5102 | | inst. Register
1c1 [ TC2 S
Watchdog
) Inst. Decoder
Timer \
L /)
| .
8bit
p2 AD converter P_O P4
<
% L~
~ VAREF o= L Lk L L
P22 VASS P57 (AIN7) P07 P17 P36 P47
to to to to to to to
P20 Analog (P50 /(AINO) P00 P10 P30 P40 )
reference ) Y4
voltdge (analog inputs) 110 ports
3-234 2001-10-03



TOSHIBA

TMP87CM23A/P23

Pin Function

Pin Name Input/ Output Function
P07 to POO 8-bit programmable input/output ports
-|;‘|_7__l;1_6_ ------- I} (tri-state).
[Prsac) | wounput) |~ |Each bit of these ports can be individually | Timer/Counter2input,______________]
P14 (PPG) /O (Output) :gptu%l:;egoifcrﬁ input or an output under Programmable pulse’generator output
_______________ utpu . L e R g e ]
P13 (DVO) P When used as an input port, timer/counter | Divider output
"""""""""""""""""" input or external interrupt input, the/[‘Externalinterrupt 2inputor |
P12 (INT2/7C1) POCR/P1CR must be set to “0”. When used |'; yi P
| L Timer/Counter 1input
""""""""" I/0 (Input) as timer/counter output or divider output, Eternslintorrant 1inoat 7777777
[PITANTY) the POCR/P1CR must be set to “1” after |[E¥ternalinterrupt Tinput |
P10 (INTO) setting output latch to “1”. Externaljinterrupt O input
P22 (XTOUT | 3-bit input/output port with latch. Resqnator.connecting pins (32.768.kHz).
----(---O-L-J-)----- ---@-@HEE!E)-- P putp For inputting external clock, XTIN is used
P21 (XTIN) When used as an input port, extérnal [and XTOUTisopened,. | [~ |
P20 (NTS/570P) I/0 (Input) interrupt input or STOP mode release [ External interrupt 5 input.or STOP'mode
input, the output latch must be setto “1.’. | release signal input
7-bit input/output port with latch!
P36 1o P30 o When used as input port, the outputdatch must be setto’”1”.
[P47(s02) ] | I/0 (Output) | 8-bitinput/output port with Jatch; | SIO2 serial dataoutput|\ 7/ |
P46 (S12) I/0 (Input) Wh g ial (Tt ot SI02 serjal data input
----- e Eininirivintoininiuinini en used as serial intérface~output or[-- -~ 1" =7 -"----"--------
[PA5SGCK2) 1 __VOWO) ___ltimer/counter outputi-the PACRUMust be [3'02 sefialdlockinputioutput
[Paa(sony | | I/0 (Output)  [setto “1” after setting outputlatchto “1”. |SIO1 serial data'output |
P43 (SI1) /0 (Input) Wthefn used fs ant 'nPIIJ’_C tPOft:t%e“atl SIO1 sérialdata input
----- —————-—------------------"interface inputor'external.interrupt input, [Z1 7 /7T """ "T-------—---------—
[PA2(SCK1) | __WOWMO) __ |the PACR1 mustbesetto “0”. _Z_I%l_ ;\eﬂr/_ll\z;ll_c_l%glglin%ugt{_?u_tpyz _____ T
R — =i output, 8-bit programmable
Par (PvmeDo) | VO Outeun divideroutput _____________________|
External interrupt 3 input, Timer/Counter
P40 (INT3/TC3) I/0 (Input) 3input
8-bit programmable input/output port (tri=
state), Each-bit of the Port can be [ Ap converter analog inputs
P57 (AINO7) to VO (Input) individually configured as an input or an
P50 (AINOO) npu output under software control.
When_used as analog input, the P5CR must
bé set to “0".
SEG:?G(ZSZO()Ptsc;) OGtput (/0) 8-bitinput/outputportwithIatch. LCD segment outputs. When used as
SEG31 (P70t When used as an inpyt poft{'the segment | segment output, the segment output
o Output (/O)y—| Output contfolregistermust be set to “0” trol regist t be set t0 “1"
SEGggG(ngO()PZJ) after setting output latchto™ 1. control register must be setto “1-.
SEG16 (P67) Output(I/0)
4-bit inputfoutput port-with latch. When
SEG15 (P90) to used as an input.port, the segment output
SEG12 (P93) Output (0) control register~must be set to “1” after
setting output latchto “1”.
SEG11 to SEGO Odtput LCD segment outputs
COM3 to COMO Output LCD-common outputs
Resonator.connecting pins for high-frequency clock. Forinputting external clock, XIN is
XIN, Xe{¥ Input, Qutput /' ced'and XOUT is opened.
RESET 11Q Resetsignal input or watchdog timer output/address-trap-reset output
TEST. Input Test pin for out-going test. Be fixed to low.
VDD, V5SS +5V, 0V (GND)
Power Supply - -
VAREF, VASS Analog reference voltage inputs (High, Low)
VLC LCD drive power supply.

3-23-5
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TOSHIBA

TMP87CM23A/P23

OPERATIONAL DESCRIPTION

1.

11

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 TMP87CM23A/P23. In the TLCS-870 Series, the memory(is organized 4 address spaces (ROM,
RAM, SFR, and DBR). It uses a memory mapped 1/O system, and alMN/O/registers are mapped in the
SFR/DBR address spaces. There are 16 banks of general-purposeregisters. The register banks are also
assigned to the first 128 bytes of the RAM address space.

SFR [

DBR

ROM

00004

003F
0020

00BF
000

083F

0F80

OFFF

4000

¢£00

FFBF
FFCO

EFDF
FFEO

FFFF

64 bytes

128 bytes

1920 bytes

)}

3
t(
-
O
N
o
<
=
®
w
1)
({

32 bytes

TMP87CP23

0000y
: 64 bytés
003F
00?0 Register banks
: 128 bytes (8 registers x 16 banks)
00BF Jrovevaeeenniten.
00€0
896 bytes Note:
: ROM ; / \Read Only Memory includes:
043F : Program memory
: RAM _/Random Access Memory includes:
Data memory
~“ ~ Stack
it = General-purpose register banks
0 F§0 SFR; Special Function Register includes:
: /0 ports
128 bytes Peripheral control registers
Peripheral status registers
OF FF System control registers
= X Interrupt control registers
A : Program Status Word
8000 m DBR;  Data Buffer Register includes:
. SI0 data buffer

FEOO

FFBF
FFCO

FFDF
FFEO

FFFF

32512 bytes |

)
ol
-
0
N
=2
<
=
®
w
)
i

-

TMP87CM23A

32 bytes j
32 bytes j

Entry area for
page call

Vector table for vector call ! ’
instructions

instructions (16 vectors)

Vector table for interrupts/
reset (16 vectors)

Figure 1-1. Memory Address Maps

3-23-6

2001-10-03




TOSHIBA

TMP87CM23A/P23

1.2 Program Memory (ROM)

The TMP87CM23A has a 32K x 8-bit (addresses 80004-FFFFy), and the TMP87CP23 has a 48K x 8-bit
(address 40004-FFFF) 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 FFEOL-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 FFCOy-FFDFR)
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 pag¢€ call instructions [CALLP/n}]. “Addresses FFOO-
FFBFy are normally used because address FFCO4-FFFF\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.

Example: The relationship between fthe
jump instructions and the PC.

@ 5-bit PC-relative jump [JRS cc, $+2 +d]
E8C4H: JRS T, $+2+08H

When JF = 1, the jump is madeto ESCEY,
which is 084 added to the cantents'of the
PC. (The PC contains the address of the
instruction being executed + 2;
therefore, in this_case/the PC contents
are E8C4y +2/=E8CHY.)

@ 8-bit PC-relative/jump [JR cc, $+2 +d]
E8C4AH: JR "Z, $+2+80H
When ZF =1, the jump is made to~E846H,
which~is FF80y (- 128) added to ‘the
currentcontents of the PC.

@ 16tbit absolute jump [JP  al
E8CAH:/JP 0C235H
An_unconditiopnal jump is\made to
address C2354. “The ‘absolute jump
instruction can jump anywhere within
the entire 64K-bytes space:

Address RONM
4000, contents
(800
T vExampIe: The relationship
: between ROM Contents
FFOO and Call group
: instructions/Interrupt/
5 Reset
F7BN[So S| CALLPTBH  PCeFETBY
FFBF
FFCO |..... Call vector (L) 156 CALLV OH ; PC<-C856y
FFC1 Call vector (H) | C8
FFC2
FFDF
FFEO |Interruptvector (L)} 68 INTS i PC< D368y
FFE1 |Interrupt vector (H)| D3
FFE2
FFFD
FFFE | Resetvector(l) |3E RESET i 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 jump processing can easily be programmed.

3-23-7

2001-10-03



TOSHIBA TMP87CM23A/P23

Example 1: Loads the ROM contents at the address specified by the HL register pair contents
into the accumulator (TMP87CM23A: HL=8000,):
LD A, (HL) ; A<ROM (HL)

Example 2: Converts BCD to 7-segment code (common anode LED). When A= 054, 92y is
output to port P6 after executing the following program:

ADD A, TABLE-$-4 ; P6 «<ROM (TABLE +A)

LD (P6), (PC+A)

JRS T, SNEXT

TABLE: DB OCOH, OF9H, OA4H, 0BOH, 99H, 92H, 82H, 0D8H, 80H;-98H
SNEXT:
Notes: “$“ is a header address of ADD instruction.
DB is a byte data difinition instruction. SHIC A
E . S . . E\JP (PC+A) —
xample 3: N-way multiple jump in accordance with the contents of
accumulator (0= A<3): /o570 ] 0 34 _____|

SHLC A . if AZ00,) then PCC234, %

P (PC+A) if A=0Ty/then PC—C378~_ 17777 .
if\A=02y then PC<DA37, ~ . [/ : 37 ]
if A=03, then PCEABUY, DA

DW 0C234H, 0C378H, ODA37H, 0E1BOH ")) fomeood ? -? -------

| Note: DW is a word data definition instruction: ]

1.3 Program Counter (PC)

The program counter (PC) is a 16-bit register.which indicates the program memory address where the
instruction to be executed next is stored. “After reset, the user.defined reset vector stored in the vector
table (addresses FFFF and FFFER) is loaded\into the PC ; therefare, pragram execution is possible from
any desired address. For example, when COy and 3Ey are stored at addresses FFFFy and FFFEy,
respectively, the execution starts'from address CO3Ey after reset.

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 C1254.

MSB LSB
+ + +
1514131211109 876 5 4 321 0 PCOagRats :X a X _a+t X a+2 X a+3 X:

Program Counter.(PC)
PCy 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
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1.4 Data Memory (RAM)

The TMP87CM23A have a 1K x 8-bit (addresses 00404-043Fy), and the TMP87CP23 has a 2K x 8-bit
(address 00404-083Fy) of data memory (static RAM). Figure 1-4 shows the data memory map.

Addresses 00004-00FFy are used as a direct addressing area to enhance instructions which utilize this
addressing mode; therefore, addresses 00404-00FFy in the data memory can alsqg’be used for user flags or
user counters.

Example 1: If bit 2 at data memory address 00C0y is “1", 00 is written to data memory at address
00E3y; otherwise, FFy is written to the data memory at address 00E34.

TEST (00COH).2 if (00C0y) 5 =0thenjump
JRS T,5ZERO
CLR (00E3H) (00E3) e 00}
JRS T,SNEXT
SZERO: LD (00E3H), OFFH (00E3y)-« FFy

SNEXT:

Example 2: Increments the contents of data memory.at.address 00F55,/and clearsto 00y when 104

is exceeded.
INC (O0F5H) ; (00F5y) « (00F5y) +1
AND (O0F5H), OFH (00F5y) « (00F5) AOFy

General-purpose register banks (8 registers x/16-banks) are also assigned,to the 128 bytes of addresses
00404-00BFy. Access as data memory is still-passible even when being\uséd for registers. For example,
when the contents of the data memory at/address. 0040y is read out, the conténts 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 /imited only by the free'data memory size. For more details on the
stack, see section “1.7 Stack and Stack Pointer!'.

With the TMP87CM23A/P23, programs-in_data memory cannot be_ executed. If the program counter
indicates a specific data memory address (addresses 0040y - 083F), an address-trap-reset is generated
due to due to bus error. (Output from the RESET pin goes low.)

Example 1: Clears RAM 1t0/”00H" except the bank 0 (TMP87CP23/87PP23)

LD HL, 0048H +—~Sets start address to HL register pair

LD A, H ; Setsinitial data (00y) to A register

LD BC; 07F7H ; Sets number of byte to BC register pair
SRAMCLR! LD (HL+),~A

DEC BC

JRS F, SRAMCLR

Examplé2: Clears RAM to “004” except-the bank 0 (TMP87CM23A)

LD HL, 0048H ; Setsstart address to HL register pair

LD A, H ; Setsinitial data (00y) to A register

LD BC, 03F7H ; Sets number of byte to BC register pair
SRAMCLR: LD (HL+), A

DEC BC

JRS F, SRAMCLR

Note: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 current bank addresses.
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Address
0040y

0050
0060
0070
0080
0090
00AO0
00BO
00C0
00D0
00EO
00F0
0100
0110
0120
0130

0140

0430

0440

0830

01 2 3 4 5 6 7

8 9 A B C D E F

_Register bank 0

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

_Register bank 1

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

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

_Register bank 14

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

_Register bank-15

Direct addressing area

Note: The TMP87CM23A
does not have this
area (04404-083Fy)
of RAM.

Figure 1-4. Data Memory Map
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1.5 General-purpose Register Banks
General-purpose registers are mapped into addresses 00404-00BFy 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.

T

— bank 15 (00B8 to 00BFy)
— bank 14 (00BO to 00B7,;) Example:. Bank 0

— bank 13 (00A8 to 00AF,)
bank 12 (00A0 to 00A7y)

W A
(0041y) : (00404)

B : C .
------------- — bank 4 (0060 to 0067}
D : E — bank 3 (0058 to 005F) :
------------- e bank 2 (0050 to 0057y) H oL
H | L [ bank1 (0048to004Fy) (00474) : (0046
bank 0 (0040 to 0047,)
(a) Configuration (b) Address assignments of registers

Figure 1-5. General-purpose Register Banks

In addition to access in 8-bit units, the registers can also hé accessedin\16-bit units as the register pairs
WA, BC, DE, and HL. Besides its function-as.a.general-purpose 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 dontents to A contents and stores the result into A.
@ SUB-—_WA, 1234H . Subtraets/1234 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- inctement and auto-pre-decrement functions. This function simplifies
multiple digit data processing, software LIFO (last-in first-out) processing, etc.

Example1: @ LD | A, (HL ; Loads the memory contents at the address specified by HL into A.

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

<) LD A, (HL+C) ; Loadsthe memory contents at the address specified by the value
obtained by adding the register C contents to HL contents into A.

@ LD A, (HL+) ; Loadsthe 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.
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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.

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 ; HLeHL+1
INC DE ; DE«DE+1
DEC B ; Be«B-1
JRS F, SLOOP ; ifB=0thenloop

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

Cl.
Example 1: Repeat processing
LD B n ; ~Sets n'as the number of repetitionsto B
SREPEAT: | processing : (n + 1times processing)
DEC B
JRS F, SREPEAT

Example 2: Unsigned integer djvision (16-bit + 8-bit)
DIV WA, C ; Divides the WA contents by the C contents, places the
quotient in A and-the remainderinW.

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

Together with the flag, the' RBS is,assigned to address 003Fp.in the SFR as the program status word (PSW).
There are 3 instructions [LDYRBS,/n], [PUSH PSW], [POP PSW] to access the PSW. The PSW can be also
operated by the memory accessinstruction.

Example 1: Inctementing the RBS
INC (003FH) ;> RBS<RBS + 1

Examplé2: Reading the RBS
LD A, (003FH) ; A& PSW (A3z.9 « RBS, Ay g<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.
Duringrinterrupt, the PSW is automatically saved onto the stack. The bank used before the interrupt was
accepted isrestored automatically by executing an interrupt return instruction [RETIJ//[RETN] ; therefore,
there is no need for the RBSsave/restore software processing.

The-TLCS-870 Series supports.a-maximum of 15 interrupt sources. One bank is assigned to the main
program, and one bank can 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 spécified 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 JFisset to “1”, but the other flags are notaffected.
[PUSH PSW] and [POP PSW] are the PSW access instructions.

1.6.1 Register Bank Selector (RBS)
The register bank selector (RBS) is a 4-bit register used to 7\\6 b5, 4 3 2 1 0

select general-purpose register banks. For example, when T itF | HE " Res
RBS =2, bank 2 is currently selected. During reset, the RBS S Tl
is initialized to “0". Figure1-6. PSW (Flags, RBS) Configlration

1.6.2 Flags
The flags are configured with the upper 4 bits: a zero flag, a carry 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-c¢, $+ 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)/0000y (for 16-bit operations); otherwise the ZFis-cleared to 0"
During the bit manipulation instructions [SET, CLR, and'CPL], the ZFis 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 004 forthetemainder during the division instruction [DIV]; otherwise it
is cleared to “0”.

(2) Carryflag (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-a horrow into the MSB of the result occurred during subtraction; otherwise the CF
is cleared to”0"”. During division, thisflag issetto 1" when the divisor is 004 (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(The result of exclusive-OR between bit 5 content of address 07y and
bit 0 content ofaddress 9Ay is written to bit 2 of address 014.)

LD CF, (0007H).5 ;. (00014); « (0007,)5 % (009AL)g
XOR CF, (009AH). 0
LD (0001H). 2, CF

(3) “Half carry flag (HF)
The HF is set 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 474 after executing the following program when A = 19y, B =284)
ADD A, B i 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/[JR{T/F, $ +2 +d], [JRS 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+d]land [JRT, $ + 2 +d] can be regarded as an unconditionaljump instruction.

Example: Jump status flag and conditional jump instraction

INC A

JRS T, SLABLE1 ;[ Jump when a carry is caused/by theimmediately
: préceding operationinstruction.

LD A, (HL)

JRS T, SLABLE2 ; JRis'setto “1” by theimmediately preceding
: instruction, making it.an unconditional jump
instruction.

Example: The accumulator and flags become as shown _below after executing)the following instructions
when the WA register pair, the HL register pair, the data-memery-at address 00C5y, the carry flag
and the half carry flag contents being-"219A1", “00¢54", “D71%, 1" and “0", respectively.

Instruction Acc. after Flag.after .execu.tion Instruction Acc. after Flag.after .execu.tion
execution | JE~i ZF C€F HF execution | JF i zF i CF : HF

ADDC A, (HL) 72 1o i) i INC_ A 98 oioi1io
SUBB A, (HL) Q2 1010 ROLCN 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 [CALL a] / [CALLP n] / [CALLV n], the contents
of the PC (the return address).is saved; on an interrupt acceptance, the contents of the PC and the PSW
are saved (the PSW is pushed first, followed by PCy 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
of the next free locations on the stack.

MSB

LSB

151413 12 11009 8 7 6 5 43 2 10

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

Stack-Painter (SP)

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

Figure 1-7.-Stack Pointer

The SPis not initialized hardware-wise but requires initialization by an initialize routine (sets the highest
stack address). [LD SP, mn], [LD SP, gg]l and [LD gg, SP] are the SP access instructions (mn ; 16-bit

immediate data, gg ; register pair).

Example 1: To initialize the SP

LD SP, 043FH ; SP<043Fy
Example 2: To read the SP

LD HL, SP ; HLe&SP

At acceptance

of interrupt
At execution of or At executionof
a CALL/CALLV/CALLP at execution of At exécGtionof a RETI/RETN

instruction a SWIlinstruction a RET.instruction instruction

SP before
execution

SP after
execution

(a) Stacking order

0040y
: stack
: depth
043F i
(083F) ;

(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

Clock
: generator 0036 G
RN o BE ; fc
_| T D High-frequency ; Timing
’_| DI DI clock oscitlator generator
XouT i 4’ ¢ ¢ ¢
[} v

: System clocks
Low-frequency Pt

clock oscillator

Clock generator control

Stand-by controller

0038y,
[ svscri

00394
| | svscre

System control registers

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 peripheral hardware. It contains two oscillation circuits: one for the high-frequency clock and one
for the low-frequency clock. Power consumption can be reduced by switching of the 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. The TMP87CM23A/P23 are not provided an RC oscillation:

:r """"""" High-frequency clock == ~==7=77=777~ ‘i E‘ “““““““ Low-frequency clock "=~~~ 7777777~ 'i
1 1 1 1
' XIN XOUT XIN XOuT | 1 XTIN XTOUT XTIN XTOUT '
1 1 1 1
| . N
| (open) | (open)
1 1 1 1
! ] L L] !
i i i i
| L |
1 1 1 1
A e e
1 1 1 1
i (a) Crystal/Ceramic (b) External oscillator 1 H (c) Crystal (d) External oscillator i
i_ resonator j E_ J:

Figure 1-10. Examplésof Resonator Connection

Note:  Accurate Adjustment of the Oscillation Fréquency:
Although no hardware to externally and directly monitor the basic clock pulse is not provided,
the oscillation frequency can be adjusted by making the program to output fixed frequency
pulses to the port while disabling all interrupts and monitoring this pulse. With a system
requiring adjustment of/the ascillation frequency, the adjusting program must be created
beforehand.

1.8.2 Timing Generator
The timing generator generates from the basic.clock the various system clocks supplied to the CPU core
and peripheral hardware. The timing generatorproyides the following functions:

@ Generation of main system ctock

@, Generation of divider output (DVO) pulses

@’ Generation of source clocks for time base timer

@—Generation of source clocks for watchdog timer

® Generation of internal source clocks for timer/counters TC1 -TC3, TC5
®_Generation.of internalclocks for serial interfaces SIO1 and SI02

@._ Generation of-warm-up ¢locks for releasing STOP mode
Generationofa clockfor 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
the operating mode and DV7CK (bit 4 in TBTCR) shown in Figure 1-11 as follows.
During reset and at releasing STOP mode, the divider is cleared to “0”, however, the prescaler is not
cleared.
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@ Inthesingle-clock mode
A divided-by-256 of high-frequency clock (fc/28) is input to the 7th stage of the divider.
Do notset DV7CK to "1” in the single-clock mode.

@ 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 “f¢/28" or “fs” with DV7CK.
During SLOW or SLEEP mode (SYSCK = 1), fs is automatically input tothe 7th stage. To input
clock to the 1st stage is stopped ; output from the 1st te 6th stagés is'also stopped.

. fcorfs . |+ machine cycles
_5 | Main system clock selector Machine cycle counters /> states
SYSCK T )
DV7CK
Prescaler Divider f/2® S Divider
. 2 |a
Ic-:gr‘w(-frequency fe 12 fa/4 112|3]4|5(6 Y P> 7|8 To10[11]|12[13[14[15[16|17]18[19{20]21
B
Low-frequenc fs |—) -
clock a Y fs MPRX Reset circuit
- >\ Stand-by
-~ ) controller
-
Timer/ b 5
Counters Watchdog
Timer
Serial L >
Interfaces Time Base
Timer
Divider
output circuit
Note: MPX; Multiplexer
Figure 1-11. Configuration of'Timing Generator
5 4 3 2 1 N
TBTCR |(DVOEN)| (DVocK) I DV7CK I(TBTEN)l (TBTCK) | (Initial value: 0#%0 Q%)
(0036y) - -
Selection of input.clock to | 0: fc/28 [Hz | |
| DVICK |the 7th stage of the'divider 1: fs [Hz] RIW

Notel: fc; High-frequency clock [Hz], fs; Low-frequency clock [Hz], * ; Don’t care
Note 2: Do not set DVZCK to,”1” in the single-clock mode.
Note 37 Do not set DVZCK to “1” before low-frequency clock is stable in the dual-clock mode.

Figure-t-12. Timing Generator Control Register

(2) Machine Cycle
Instruction execution and 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 for
execution.
A machine cycle consists of 4 states (SO to S3), and each state consists of one main system clock.
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1
Main System Clock —| I

1
1
state: | so
[}
1

1|lfc or 1/fs [s]

|

S1

N s Y s ey N e
|

52 53 so | st [(\s2)] s3 |

1
e—————Machine cycle ————>|

0.5 s atfc=8MHz
122 us atfs=32.768 kHz

Figure 1-13. Machine Cycle

1.8.3 Stand-by Controller
The stand-by controller starts and stops the oscillation circuits forithe high-frequency and low=frequency
clocks, and switches the main system clock. There are two operating-modes: single-dock-and dual-clock.
These modes are controlled by the system control registers (SYSCR1, SYSCR2).
Figure 1-14 show the operating mode transition diagram and/Figure 1-15 shows-the/system control

registers.

Either the single-clock or the dual-clock mode can beselected by an option during reset.
TMP87PP23 is fixed on the single-clock mode afteriresetrelease. (When using the-dual-clock mode, turn
on the oscillation circuits for the low-frequency clocks-at the beginning of program;

(1) Single-clock mode
Only the oscillation circuit for the high-frequency clock js used;-and P21(XTIN) and P22 (XTOUT) pins
are used as input/output ports. In the single-clock madé, the machine cycle time 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
TMP87CM23A/P23 are placed in this mode after reset.

IDLE1 mode

Inthis mode, the-internal oscillation circuit/remains active, and the CPU and the watchdog
timer-are/halted; however, on-chip peripherals remain active (operate using the high-
frequency-clock). IDLET.mode isstarted by setting IDLE bit in the system control register 2
(SYSCR2), and IDLE1 mode'is released to NORMAL1 mode by an interrupt request from on-
¢hip peripherals or external interrupt inputs. 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 after the interrupt service is completed. When IMF is “0”
(interrupt disable), the-execution will resume with the instruction which follows IDLE mode
start instruction.

STOP1 mode

In this modée; the-internal oscillation circuit is turned off, causing all system operations to be
halted. The internal status immediately prior to the halt is held with the lowest power
consumption during this mode. The output status of all output ports can be set to either
output hold or high-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 high-frequency and low-frequency oscillation circuits are used in this mode. Pins P21 (XTIN)
and P22 (XTOUT) 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 s at fc 58 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
TMP87PP23 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 operates using the high-frequency|clock. On-chip peripherals
operate using the high-frequency clock and/or low-frequency’clock. In case-that the dual-
clock mode has been selected by an option, the TIVIP87CM23A/P23 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 onichip-peripherals operate_using-the Toew-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 petipherals remain-active (operate using the high-frequency
clock and/or the low-frequency\clock). Starting and-releasing of IDLE2 mode are the same as
for IDLE1 mode, except thatoperation returns to NORMAL2 mode.

SLEEP mode

In this mode, the internal-oscillation circuit of the low-frequency clock remains active. The
CPU, the watchdog timer, and the internal oscillation circuit of the high- frequency clock are
halted;-however;-on<chip peripheralsremain active (operate using the low-frequency clock).
Starting and-releasing of SLEEP mode’is the)same as for 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 NORMAL1 STOP1
mode mode mode
Interrupt STOP pin input

(a) Single-clock mode

RESET2
Reset releasé
Software
IDLE2 NORMAL2
Software
mode mode
Interrupt
oft | ——"
ard STORpIN STOP2
input uoe7 | mode
< Software P d
SLEEP sLlow -
mode mode >”” Software
Interrupt

(b)\ Dualclock 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.

Note 2: Thereis no RESET2 mode in TMP87PP23.

) Frequency On-chip Machine cycle
Operating mode |— CPU core . .
High-frequency | Low-frequency Peripherals time
| RESETA Reset Reset
8 NORMAL1 Turning on (0} t 4/fc [s]
U e : erate cls
‘i oscittation Turning-off P Operate
— oscillation
o IDLE1 Halt
- a
= Turning off —
(%]
STOP1 oscillation Halt
RESET2 Reset Reset
Turning on
| NORMAL2 oscilla?ion High-frequency Operate 4/fc[s]
4 . High and/or Low,
2 | ipLe2 Turning on Halt (o :
|8 . .
D oscillation
o | SLow Low-frequency ] Wi [s]
[a} : Low-frequenc sls
T ff quency
SLEEP urr.1|ng.o
oscillation Halt
Turning off a -
STOP2 oscillation Halt

Figure 1-14. Operating Mode Transition Diagram
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SYSCR1
(0038y)

SYSCR2
(0039y)

System Control Register 1

| 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
Operating mode 0: Return to NORMAL mode
M
RET after STOP mode 1: Return to SLOW mode RAW
OUTEN Port output control 0: High-impedance
during STOP mode 1: Remain unchanged
. . 00: 3x2"/fc op 3 %2"M s]
WUT Warmllng-up time at 01: 2%/ fc ol 204
releasing STOP mode
1*: Reserved

Note 1: Always set RETM to “0” when transiting from NORMAL 1 mode to STOP1 mode-and from NOMAL2 mode
to STOP2 mode. Always set RETM to “1” when transiting/from SLOW mode to'STOP2 mode:

Note 2: When STOP mode is released with RESET pin/input,a return is made to NORMAL made regardless of the
RETM contents.

Note 3: fc ; high-frequency clock [Hz]
fs ; low-frequency clock  [Hz]
*; Don’t care

Note 4: Bits 1 and 0 in SYSCR1 are read in as undefined data when a read.instruction is executed.

Note 5: When the STOP mode is started by specifying OUTEN =%0”, the internal input of port is fixed to “0” and
the interrupt of the falling/edge-may beset.

System Control Register 2

| XEN |XTEN I SYSCKI IDLE | (Initial value: 10/100 #*xx)

High-frequency/ oscillator | 0: Turnoffescillation

XEN . .
control 1: Turn-on oscillation
Low-frequency oscillator | 0: (Turn offoscillation

XTEN e
control 1: Turnonoscillation

Main_system clock select
SYSCK (write)/main system_clock
monitor(read)

0 High-frequency clock
t—tow‘frequency clock

Q: )CPU and watchdog timer remain active
IDLE IDLE .
mode start 1: CPU and watchdog timer are stopped (start IDLE mode)

Note-1>A reset is applied (RESET'\pin output goes low) if both XEN and XTEN are cleared to "0”.

Note 2:)Do not clear XEN to 0" whenSYSCK =0, and do not clear XTEN to “0” when SYSCK =1.

Note 3. WDT,; watchdogtimer,~* »Don’t care

Note 4: Bits 3- 0 in SYSCR2'are always read in as “1” when a read instruction is executed.

Note 5: An optional initial value-can be selected for XTEN. Always specify when ordering ES (engineering sample).
The XTEN of TMP87PP23 is initialized to "0”.

XTEN | operating mode after reset

0 Single-clock mode (NORMALT1)

1 Dual-clock mode (NORMAL2)

Note 6: The instruction for specifying Masking Option (Operating 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
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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 statusjismaintained.

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

@ The data memory, registers (except for DBR) and port output/latches are all held in the
status in effect before STOP mode was entered. The portoutput can be select either output
hold or high-impedance by setting OUTEN ( bit 4 in SYSCR1).

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

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

STOP mode includes a level-sensitive release mode and an ‘edge-sénsitive release' mode; gither 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/~Thisimode is used for
capacitor back-up when the main power supply iscut.off and long term battery back-up.
When the STOP pin input is high, executinganinstruction which starts-the STOP mode will not
place in STOP mode but instead will immediatelystart the release sequénce/(warm-up). Thus, to
start STOP mode in the level-sensitive release mode, it is necessary“for the program to first
confirm that the STOP pin input is low! The-folJlowing method can/bé used for confirmation:
® Using an external interrupt input INT5(INT5 is a falling edge-sensitive input).

Example: Starting STOP mode with an INT5 interrupt.

PINTS: TEST (P2) 0 ;. Torejectnoise, the STOP mode does not start if
JRS F, SINT5 port P20/is at high
LD (SYSCR1), 01000000B ; Sets up the level-sensitive release mode.
SET (SYSCR1).7 ; Starts STOP mode
LDW (1£),11100111010101 KB NL12,11,7,5,3«0
SINTS: RE7I

1
STOP pin \ I \

xoursin ]| 1L LA
1
! 1
|

i NORMAL

Y

R e
[VENEPVEN

NORMAL | STOR i

operation operation '; Warm-up ! operation
Confirm by program that the

STOP mode is released by the hardware.

STOP pin input is low and : <TAD
start STOP mode. Allw«:ays relleas_ed if the STOP
pininput is high.

Figure\1416. Level-sensitive Release Mode

Note 1:After warm-upistart,.even if STOP pin input is low again, STOP mode does not restart.
Note 2: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.

3-23-22 2001-10-03



TOSHIBA TMP87CM23A/P23

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 releasé mode
LD (SYSCR1), 100000008

(
T [} 27
—_ A\ R \
STOP pin ! Iq ! 5
| ( | i
27
oursn [l IS
1
NORMAL ] STOP | . ! H sToP~
operation operation ; Warm;up :‘NORMAL operation
operation
STOP mode started
by the program.
y prog STOP mode is released by the hardware at the rising
edge of STOP pininput:

Figure 1-17. Edge-sensitive Release Modé

STOP mode is released by the followingsequence:

@ When 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 oscillator is
turned on. When returning toNORMAL 1, only the high-frequency clock oscillator is turned
on.

@ A warming-up period-is 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 warmjng-tp time has elapsed,-normal operation resumes with the instruction
following the'\STOP mode start instraction (exg! [SET (SYSCR1). 7]). The start is made after
thedivider of the timing generatoris ¢cleared to “0".
Table 1-1. Warming-up Time example
Returnto NORMAL1 mode Return to SLOW mode
WUT, At fc = 4.194304 MHz| - At-fc = 8 MHz wuT At fs = 32.768 kHz
3x2"/feIs] 375 [ms] 196.6 [ms] 3x2%/fs [s] 750 [ms]
219/ ¢ 125 65.5 23 /4s 250

Note: The-warming-up time is obtained by dividing the basic clock by the divider: therefore, the
warming-up\timeg 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 TMP87CM23A/P23 is set to “1” by mask option,
TMP87CM23A/P23 starts from NORMAL2 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 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 has been connected, the RESET pin inputvoltage 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 (hysteresis input).

(2) IDLE mode (IDLE1, IDLE2, SLEEP)
IDLE mode is controlled by the system control register
2 and maskable interrupts. The following status is

maintained during IDLE mode. Starting IDLE mode
by instruction

@® Operation of the CPU and watchdog timer is

halted. On-chip peripherals continue to CPU, WDT ar€ halted
operate.

@ The data memory, CPU registers and /port 3
output latches are all held in the status in Reset
effect before IDLE mode was entered.!

@ The program counter holds the address of K& (high)
the instruction following the/instruction
which started IDLE mode.

Example: Starting IDLE mode. Normal ) Yes
release mode

SET (SYSCR2) .4 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 Interrupt processing
mode returns from IDLE1 to ' NORMAL1, from IDLE2 to
NORMALZ2, and from SLEEP to-SLOW mode.

Yes (Interrupt release mode)

—]

Execution of the
instruction which follows

a. Normal rele.ase modée{IMF = 0.) the IDLE mode start
IDLE mode is released by any dnterrupt source instruction
enabled-by-thé individual interrupt enable flag
(EF) or an external interrupt 0-(INTO-pin) request. 47

Execution resumes with the instruction following
the JDLE mode start instruction.~The interrupt
latch (1) of the interrupt source for releasing the

IDLE mode must be cleared to “0" by load instruction.

Figure 1-19. IDLE Mode

b\ Interrupt release mode (IMF-=-"1")
IDLE_mode is released/and\interrupt processing is started by any interrupt source enabled with
the individual interrupt.endble 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. After reset, the TMP87CM23A/P23 are placed in NORMAL2 mode (the TMP87PP23 is
placed in NORMAL1 mode).

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

3-23-25 2001-10-03




TMP87CM23A/P23

TOSHIBA

ase3|ay /115 Spo 317Ai "02-1 34nbiy
asea|ay spoN 314l (9)

apo asea|ay 1dnusiu| @
\

aiesadp )

Jswn
eH Bopyniem

UOIINDDXD

1dnuajul jo sdueydanny

£ !

YeH uonpnJsy|

/ £+

J8)unod
weiboug

1sanbal
dnaaau|

-

H yop
________—l__l__l_________—l__.___ waysAs
ulepy

2PON 85e3|ay [ewION (D

FEITH

a1eradQ

\
/
i
1

}eH Bopymiem

A g'ssadppe je uolpnaysu| )

uolndaxa
}eH uonansu|

~”
I S,
]

J
X

483unod

weiboid

_|I__|___—|__|__Il__|__|__l__|__|__|__|__|._ wayshs
ulepy

(e ssauppe Je pajero| uondnsUl 135 ayy yaim Buiniels :ajdwex3) Weisspoin 37di  (e)

1$3nbau
q wdnusu|
J_

Pop

Nesddo

iun
bopysiem

—{ ' (2UPSAS) L3S

x uonnlaxa

uorpnasug

g+e x z+e

J9junod
weiboug

i1sanbau

adnuiau)

»op
wajshs
ureyy

2001-10-03

3-23-26



TOSHIBA TMP87CM23A/P23

(3) SLOW mode
SLOW mode is controlled by the system control register 2 (SYSCR2) and the timer/counter 2 (TC2).

a. Switching from NORMAL2 mode to SLOW mode
First, set SYSCK (bit 5 in SYSCR2) to switch the main system clock to/the Tow-frequency clock.
Next, clear XEN (bit 7 in SYSCR2) to turn off high-frequency oscillation.
When the low-frequency clock oscillation is unstable, wait until_oscillation stabilizes before
performing the above operations. The timer/counter 2/{TC2)can/conyveniently be used to
confirm that low-frequency clock oscillation has stabilized.

Notel: After the SYSCK is cleared to “0”, the CPU core ‘operate| using low frequency clock
when the main system clock is switching from low.frequency clock to high frequency
clock.

Note2: SLOW mode can also be released by setting the RESET pin low, which_.immediately
performs the reset operation. After/reset, the’TMP87CM23A/P23 areyplaced in
NORMAL mode. (The PP23 is placed in\ NORMAL1 mode)

Example1: Switching from NORMAL2 mode toSLOW.mode.

SET (SYSCR2) .5 ~SYSCKe1  (Switchés the main system clock to the
low-frequencyclock)
CLR (SYSCR2) .7 ; XEN&O (turns off.high-frequency oscillation)

Example2: Switching to SLOW mode after low-frequency-elock oscillation has stabilized.

LD (TC2CR),~14H ; /5ets TC2 mode
(timer.mode, source clock: fs)
LDW (TREG2),] 8000H ;  Sets warming-up time
(according to Xtal characteristics)
SET (EIRH). EF14 . _Enable INTTC2
LD (TC2CR), 34H ;~Starts TC2
PINTTC2: LD (TC2CR), 10H ;. Stops TC2
SET (SYSCR2) .5 7 SYSCKe1
CLR (SYSCR2) .7 ; XEN&O
RETI
VINTTC2: DW PINTTC2 ; INTTC2 vector table
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b. Switching from SLOW mode to NORMAL2 mode

First, set XEN (bit 7 in 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
SYSCR?2) to switch the main system clock to the high-frequency clock.

Notel: Afterthe SYSCK s cleared to “0”, the CPU core operate using low frequendy clock when the
main system clock is switching from low frequency clock to high-frequency clock.

Note2: SLOW mode can also be released by setting the RESET pin low, \which immediately performs
the reset operation. After reset, the TMP87CM23A/P23 are placed in NORMAL2 mode. (The
PP23 is placed in NORMAL1 mode)

Example: Switching from SLOW mode to NORMAL2 mode (fc=8MHz, warming-up time.s about

7.9 ms).
SET
LD

LD

SET
LD

PINTTC2: LD
CLR

RETI

VINTTC2: DwW

(SYSCR2).7
(TC2CR), 10H

(TREG2 + 1), OF8H

(EIRH). EF14
(TC2CR),/30H

(TC2CR), 10H
(SYSCR2).5

PINTTC2

i/ XENe~1 (turns on high-frequency oscijllation)

'

I

7\ .5€ets TC2 mode

(timermode, source clock:fc)

; “Sets,the warming-up time

(according to frequency anhd resonator characteristics)
Enable INTTC2
Starts TC2

; StopsTC2

'

; SYSCKe0 “(Switches the main system clock to the

high-frequency clcok)

INTTC2 vector table
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1.9

Interrupt Controller
The TMP87CM23A/P23 each have a total of 14 interrupt sources: 5 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 n

Table 1-2. Interrupt Sources

Interrupt Source Enable Condition Inﬁrtrcuhpt Ve;’;o;r:? e Priority

I&gﬁg{ (Reset) Non-Maskable — RFFEH High 0
Internal INTSW  (Software interrupt) Pseudo —_ FFFCH 1
Internal | INTWDT (Watchdog Timer interrupt) non-maskable ILy FEFAL 2
External |INTO (External interrupt 0) IMF = 1,INTOEN = 1 ILg EFF8y 3
Internal | INTTC1  (16-bit TC1 interrupt) IMF: EFg=1 ICz FFF6y 4
External |INT1 (External interrupt 2) IME 9EF5 =1 s FFF4y 5
Internal | INTTBT (Time Base Timer interrupt) MF - EFg=1 ke FFF2y 6
External | INT2 (External interrupt 2) IMF - EF7 =1 ILy FFFOy 7
Internal INTTC3  (8-bit TC3 interrupt) IMF - EFg=1 ILg FFEEH 8
Internal | INTSIO1 (Serial Interface 1interrupt) IMF - EFg=1 ILg FFECH 9
Internal | INTTC5  (8-bit TC5 interrupt) IMF « EFqp.=\1 IL1g FFEAY 10
External |INT3 (External interrupt 3) IMF “EFg-="1 ILq1 FFE8Y 1

reserved INF- EFpa.=1 ILq; FFE6H 12
Internal | INTSIO2/ (Serialnterface2 interrupt) IME~ EF13=1 ILq3 FFE4y 13
Internal | INTTC2 {_ (16-bit TC2interrupt) IMF - EFq4=1 IL1g FFE2y 14
External | INT5 {External interrupt 5) IMF - EF15=1 IL15 FFEOY Low 15

(1) InterruptLatches (L1510 1L2)
Interrupt latches.are provided for each source, 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.
The.interrapt latches are (assigned to addresses 003Cy and 003Dy in the SFR. Each latch can be
clearedto “0” individually by aninstruction; however, the read-modify-write instruction such as bit
manipulation or opération instructions cannot be used (Do not clear the IL2 for a watchdog timer
interrupt to “0”). Thus, interrupt requests can be cancelled 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.

o 1 "

Example 1: Clears interrupt latches

DI ; IMF&"0"
LDW (IL), 1110100000111111B ; IL12, ILjpto ILge0
El s IMFe"1"
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Example 2: Reads interrupt latches
LD WA, (IL) s Welly, Al
Example 3: Tests an interrupt latch
TEST (IL).7 ; ifILz = 1 then jump
JR F, SSET

(2) InterruptEnable Register (EIR)

The interrupt enable registers (EIR) enable and disable the acceptance-of.interrupts except for the
pseudo non-maskable interrupts (software and watchdog timer interfupts),\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.

The EIR consists of an interrupt master enable flag (IMF) and individual interrupt enable flags (EF).
These registers are assigned to addresses 003AH 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 all interrupts,
except for pseudo non-maskable interrupts./ Clearing this flag/to~"0" disables the
acceptance of all maskable interrupts. Setting1a ”1” enables the acceptance’ofjinterrupts.
When an interrupt is accepted, this flag-is-cleared to “0” to temporarily disable the
acceptance of maskable interrupts. After execution of the interrupt service program, this
flag is set to “1” by the maskable intérrupt-return instruction [RETI]\to again enable the
acceptance of interrupts. If an interrupt request has already-been/occurred, interrupt
service startsimmediately after execution-of the [RETI] insttuction.

Pseudo non-maskable interrupts'are returned by the [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).-Notethat IMF remains\”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. IMF is normally.set and cleared by the [EH.and [DI] instructions, and the IMF is
initialized to “0” dufing reset.

Individual interrupt Enable Flags (EF15 to EF4)
These flags enable-and-disable the acceptance-of individual maskable interrupts, except for
an external intérrupt 0. Setting the corresponding bit of an individual interrupt enable flag

to “17 enables.acceptance of an interrupt, setting the bit to “0” disables acceptance.
Example 1:/Sets EFfor individual interrupt enable,|and sets IMF to “1”.
DI ;. IMFe0
LDW (EIR), 1110100010100000B ; EFq5to EFq3, EFqq, EF;, EFs
El i IMFe1
Example 2: Sets an individual interrupt enable flag to “1".
DI ; IMFe0
SET (EIRH).4 i EFjpet
El ; IMFe1

EIR T : : : : : : : : :
(003A, 003B) [ EFys i EF14&/BF 3L EFy, i EFqq i EFqq i EFg | EFg | EF; | EFg | EFs | EFg |

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

". H : M . . H H H H N N H H
(0036, 0030;) Diis fqa i ys Il 5 dlpe 0k Iy § Ig § Ig | Iy (i Ilg & ILs § Ig & I3 § 1L, | :

1Ly (003Dyy) IL, (003Cy)
(Initial Value: 00000000 000000#x)

EIR}(003By) EIR. (003Ap)
(Initial Value: 00000000 0000+*x0)
Note 1: Do not use any read-modify-write instruction such as bit manipulation for clearing IL.
Note 2: Do notcleariL, to “0” by an instruction.
Note 3: Do not set IMF to “1” during non-maskable interrupt service program.
Note 4: When manipulating IL or EF, clear IMF (to disable interrupts) beforehand.
Note 5: Do not set IMF to “1” simultaneously with EF15 to EF4.

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 xs at fc=8 MHz in
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-témporarily 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 (PC) and the program status word((PSW) are saved
(pushed) onto the stack. (pushed down in order of PSW, PCy, PC|). Thesstack pointer (SP) is
three decrements.

@ The entry address of the interrupt service program is read from the \vectortable address
corresponding to the interrupt source, and_the entry address isloaded to the program
counter.

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

Interr!
signal

Interr:
latc|

SP

Interrupt sepvicetask

I AN 10 0

1 machine cycle

upt

7]

IMF
1
, 1
In ion
exs;?tj.usc?o?w X ‘e"x‘e‘iﬁifé%" Interruptacceptance X;”:;gﬂifg?.” A\ RETI instruction execution
pc =X : nmm@ WX XX

o - n
Notel: a; return-address, b ; entry-address, c,; address when the RETI instruction is stored
Note2: The maximum response time from when an IL is set until an interrupt acceptance processing starts is

38/fc to 38/fs [s]. It equals to setting the IL on the first machine cycle in 10 cycles instruction execution.

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

Example:/ Correspondencebetween vector table address for INTTBT and the entry address of the
interrupt service program.

Véctor table address Entry address

D203y
D204y
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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 individuahinterrupt 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 must be disabled the externalinterrupt control register
(INTOEN) or interrupt processing must be avoided by the program. (When INFOEN-=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:

CLR (EINTCR), INTOEN ; INTOEN&O

Example 2: Disables the processing of external interrupt 0 under the software control (using bit 0
at address 00F0R as the interrupt processing disable switch):

PINTO:

SINTO:

VINTO:

TEST (00FOH) . 0 ;/ Returns without interrupt processing.if (00FOy)p = 1
JRS T, SINTO
RETI
et processing
RETI
DwW PINTO

(2) General-purpose register save/restore processing

During interrupt acceptance processing, the program counter 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 to
avoid using the same data memory area for saving registers.

The following method is used to save/restore the general-purpose registers:

@ General-purpgse register save/restore by register bank changeove:

General-purpoeseé 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 thelefficiency of data memory utilization, the same bank
is assigned for interrupt sources which are not nested.

The switched bank is dutomatically restored by executing an interrupt return instruction
[RETI] or [RETN]. Therefore;itisnot necessary for a program to save the RBS.
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Example: Register Bank Changeover
PINTxx: ;. Switchesto bank n (1 s at 8 MHz)
; Restores bank and Returns
Main task Main task
Acceptance Interrupt Acceptance Interru
¢ ¢ pt
bank m ofinterrupt  (orvice task ofinterrupt—"cervice task
m Switch to bank by Saving
[LD RBS, n]or registers
[INC(GRBS) ]
n instruction
.......................
m Interrupt return Restore bank
automatically by Restoring
[RETI]/ [RETN] registers
instruction

......................
‘ Interrupt return

(B) Saving/Restoring using push/pop or data transfer instructions

(a) Saving/Restoring by register bank changeover

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

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

Example: Register save.using push and pop instructiens
PINTxx: PUSH WA ;. Save WA register pair
PUSH . HL ... i Save HL register pair
. /Interrupt processing
PQP HL ; Restore HL register pair
POP WA ; Restore WA register pair
RETI ; Return
................................................................................ Address (example)
SP —] 0138y
.............................. N s oyt
o o H I | OT3A
(/A 0138
B i I G i op [ 013
........ 3 CL PCL PCL e oy
....... PCH PCH PCH B v
P LLPIW LPSW L s |0
At acceptance of Atexecution of a push At execution of a pop At execution of an interrupt
aninterrupt instrdction of WA instruction of WA return instruction
register register
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@ General-purpose registers save/restore using data transfer instruction:
Data transfer instructions can be used to save only a specific general-purpose register during
processing of a single interrupt.

Example: Saving/restoring a register using data transfer instructions

PINTxx: D (GSAVA), A i SaveAregister
! interrupt processing
LD ------------- A ,(GSAVA) ; Restore A'register
RETI ; Return

The interrupt return instructions [RETI] / [RETN] perform the following‘operations.

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

@ The contents of the program counter and the | @ The/¢ontents of the program Lounter 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 increménted 3 times.

@ Theinterrupt master enable flagissetto “1". ® Theinterrupt master enableflag is set to “1”

only when a nopn<maskable-interrupt is
accepted in interrupt €nable status. However,
the interrupt-master enable flag remains at “0”
when solear by-aninterrupt 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.

1.9.2 Software Interrupt (INTSW)
Executing the [SWiinstruction generates a Software interrupt and immediately starts interrupt
processing (INTSW'is highest prioritized interrupt)./However, if processing of a non-maskable interrupt is
already underway, exécutingthe SWI instruction willnot generate a software interrupt but will result in
the same operation-as.the [NOP] ipstruction.._Thus, the [SWI] instruction behaves like the [NOP]
instruction.

Note: Software interrupt generates during non-maskable interrupt processing to use SWI instruction
for’software break in a deyelopment tool.

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

®-Address Erfor Detéction
FFy is read\if for'some cause such as noise the CPU attempts to 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 FFy to unused areas of the program memory. Address trap
reset is generated for instruction fetch from a part of RAM area (address 00404-043F for
TMP87CM23A, 00401-083F for TMP87CP23) or SFR area (00004-003Fy).

@ 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 TMP87CM23A/P23 have five external interrupts (INTO to INT5: INTO, INT1, INT2, INT3, INT5). Three of
these (INT1, INT2, INT3) have digital noise cancellation circuits (pulse inputs of less than a fixed time are
cancelled as noise). Edge selection is possible with pins INT1, INT2, and INT3.
The INTO/P10 pin can be selected either as an external interrupt input pin or a$ an 170 port. At reset, it is
initialized as an input port.
Edge selection, noise cancellation control, and INTO/P10 pin function selection are performed by the
external interrupt control register 1 (EINTCR).
The both-edge detect function of the INT3 pin is selected by the external intérfupt control register 1
(EINTCR) and the external interrupt control register 2 (EINT3CR).
Table 1-3 lists enable conditions, edge select, noise cancellation conditions. The following are notes on
the usage of external interrupts:

Notes on usage of external interrupts:

Note 1:

Note 2:

Note 3:

Note4:

Note 5:

When INTO to INT5 (INTO, INT1, INT2, INT3, INT5) ‘are’ used in SLOW or SLEEP, mode, the noise
cancellation function is disabled. Noise cancellation-time for a pulserinput during Joperating
mode transition is indeterminate.

Input pulse width for INTO and INT5 must be one machine cycle or more at both high and low
levels.

NT0, INTS input pulse | | |

tiNTL tINTH

HINTL: UNTH > teye
teye=4/fc[s] (at NORMAL 1/2 and IDLE 1/2 modes)
4/fs [s] (at SLOW,and SLEEP modes)

If a signal without noise is-input to the external interrupt pin in NORMAL 1/2 or IDLE 1/2 mode,
the maximum times from input signal edge to-input latch set are as described below:

® INT1 pin 49/fc [s] (when INFINC =1)
193/fc [s] (when INTINC =0)
@ INT2 pin 25/fc [s]
@ INT3 pin 25/fc{s] (when#0037H: INT3W =0, falling or rising edge)

25/fc [s]{(when #0037H: INT3W =1 and #001FH: NCS (0, 0, 0) )

(26/fc) x 8.5 + 19/fc [s] (when #0037H: INT3W =1 and #001FH: NCS(0,0, 1))
(27/fc) x 8.5 + 19/fc-[s] (when #0037H: INT3W =1 and #001FH: NC5(0, 1,0) )
(28/fc) x 8.5 + 19/fc([s] (when #0037H: INT3W =1 and #001FH: NCS(0,1, 1))
(29/fc) x 8.5 + 19/f¢ [s] (when #0037H: INT3W =1 and #001FH: NCS(1,0,0) )
(210/fc) x 8.5 A 19/fc-[s](when #0037H: INT3W =1 and #001FH: NCS(1,0, 1))
(211/fcyx 8.5\+19/fc\[s] (when #0037H: INT3W =1 and #001FH: NCS(1,1,0))
(212/fc) x8/5 +19/fc {s] (when #0037H: INT3W =1 and #001FH: NCS(1,1,1))

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

® TC1 pin: Less than 7/fc [s] (noise cancellation) and 24/fc [s] or more (pulse receive)

@ TC3 pin:When INT3W =0, less than 7/fc [s] (noise cancellation) and 24/fc [s] or more (pulse
receive).
For when INT3W =1, see Table 1-4.

When INTOEN =0, interrupt latch IL3 is not set even if a falling edge is detected for INTO pin
input.
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Note 6:

DI
LD
LD
El

Note 7:

Note 8:

Note 9:

LD
Dl
SET

El

Change EINTCR only when IMF=0. After changing EINTCR, interrupt latches of external
interrupt inputs must be cleared to “0” using load instruction.

Example: Changes INT2 edge selection from rising edge to falling edge

; IMF « 0 (disables interrupt service)
(EINTCR), 10000110B ; INT2ES « 1 (changes edge selection)
(ILL),01111111B ; IL7 « 0 (clears interrupt latch)

; IMF « 1 (enables interruptservice)

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

In order to change of external interrupt input by rewriting-the contents of INT2ES and INT3ES
during NORMAL1/2 mode, clear interrupt latches 6f/external interrupt inputs\(INT2’ and INT3)
after 8 machine cycles from the time of rewriting.” During SLOW-mode, 3-machine cycles are
required.

In order to change an edge of timer counterinput/by rewriting /the’ contents of INT2ES and
INT3ES during NORMAL1/2 mode, rewrite'the contents after timer'counter is stopped (TC*s =0),
that is, interrupt disable state. Then,-clearinterrupt laches of-external interrupt inputs (INT2
and INT3) after 8 machine cycles from the time 6f rewriting to change\to interrupt enable state.
Finally, start timer counter. During $tOW mode, 3 machine cycles.are required.

Example: When changing TC1 pin inputs_edge in external trigger timer mode from rising edge to

falling edge.

LD (TC1CR),01001000B ;. TC1S«00/(stop TC1)
DI i~ IMF « 0 (disable interrupt service)
LD (EINTCR),00000100B OINT2ES « 1 (change edge selection)

8 machine NOP

cycles to

NOP
LD-(IkL),01111111B ; IL7 « 0 (clear interrupt latch)
El ; IMF « 1 (enable interrupt service)
LDATC1CR),01.110008 ; TC1S« 11 (startTC1)

Note 10: When high-impedance is specified-forport output in stop mode, port input is forcibly fixed

to low levelinternally. Thus,interrupt latches of external interrupt inputs except INT5
(P20/STOP) which are also used-as ports may be set to “1”. To specify high-impedance for
port output in stop mode, first disable interrupt service (IMF = 0), activate stop mode. After
releasing-stop mode, clear interrupt latches using load instruction, then, enable interrupt
serviee.

Examplé:/Activating stop mode

(SYSCR1), 010000008 ; OUTEN « 0 (specifies high-impedance)
; IMF « 0 (disables interrupt service)
(SYSCR1). STOP. ; STOP « 1 (activates stop mode)

LDW (IL),11110111Q01010111B ; IL11,7,5,3 « 0 (clearsinterrupt latches)

; IMF « 1 (enables interrupt service)
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Table 1-3 (a). External Interrupts
. Secondary Enable Edge . . .
SOURCE Pin . . — - Digital noise reject
function Condition rising falling both
INTO INTO P10 IMF=1, _ O _ — (hysteresis input)
INTOEN =1
INT1 INT1 P11 IMF - EF5=1 INT1ES INT1ES - Note 1)
= 0 =1
INT2 INT2 P12/TC1 IMF - EF7 =1 INT2ES INT2ES - Note 2)
= 0 =1
INT3 INT3 P40/TC3 IMF - EFq1 =1, INT3ES INT3ES - Note 3)
INT3W =0 =0 =1
IMF - EFyq =1, - - INT3W™\["Note 4)
INT3W =1 Note)
INTS INTS P20/STOP | IMF-EF5=1 _ O & — (hysteresis input)
Note 1: Pulses less than 15/fc [s] or 63/fc [s] are cancelled as noise. Rufses.equal to or more than 48/fc[ser 192/fc [s]are
regarded as signals.
Note 2: Pulses less than 7/fc [s] are cancelled as noise. Pulses equal to-ormore than 24/fc [s] aré regarded as signals.
Same applies to pin TC1.
Note 3: For falling or rising edge, pulses 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 ohe-edge).
Note 4: Noise cancellation conditions are as listed in Table 1-3 (b)-They are applied to the INT3 pin when it is used for both-
edge interrupts.
Note: To detect the edge at which an interruptis.generated,read bit 7 (INTEDT) in eint3cr (#001Fp),

thatis, at the beginning of the interruptprocessing routine.

INTEDT is valid only for both-edge‘interpupts (INT3W = 1). INTEDT 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 3 (INT3ES) in
EINTCR (#0037R).

When rising edge is sélécted/(INT3ES = 0), bit 7-in INTEDT (#001Fy) is set to 1 when a falling
edge is detected at the INT3 pjn. (That is, remains 0 ifrising edge is detected.)

When falling/edge is selected (INT3ES = 1), bit 7 in INTEDT: #001Fy issetto 1 when a rising
edge is detected atthe INT3 pin. (Thatis, remains 0 at falling edge.)

Table 1-3 (b). Noise reject condition for INT3 (both-edge interrupt)

EINT3CR max. pulse width min. pulse width
NCS2 NCS1 NCSO for noise reject forimmediate 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/fe) /x 7 - 6/fc (27/fc) %8+ 5/fc
0 1 A (28/fc) x7-6/fc (28/fc) x 8+ 5/fc
1 0 0 (29/f¢) x7 - 6/fc (29/fc) x 8+ 5/fc
1 0 1 (210/fc) x 7 - 6/fc (210/fc) x 8 + 5/fc
1 1 0 (211/fc) x 7 - 6/fc (211/fc) x 8 + 5/fc
1 1 1 (212/fc) x 7 - 6/fc (212/fc) x 8 + 5/fc

Note: InSLOW mode, set (NCS) = (0,0,0).

In SLOW mode, the digital noise filter in the above table is disabled.
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External interrupt Control Register 1

7 6 5 4 3 2 1 0
i (R TR ™ rtatvaue: 00 0000

Noise reject time select

o

: Pulses of lessthan 63/ fc [s] are eliminated as noise
: Pulses of lessthan 15/ fc [s] areeliminated as noise

INTINC

—_

_ . . 0: P10 input/output
INTOEN | P10/INTO pin configuration 1: INTO pin (port P10 should be set to.an input mode) R/W
INT3ES 0: rising edge
INT2ES | INT3to INT1 edge select
INT1ES 1: falling edge

0: refer to INT3ES

INT3W | INT3 both edge selection 1: both edge detection

Note 1: fc,; High-frequency clock [Hz] =~ *,; Don’t care

Figure 1-26 (a) External Interfrupt-Control Register

External interrupt Control Register 2

EINT3CR 7 6 5 4 3 2( I~ 0.
(001Fy) [ INT | | NCs FEH NN Y (initialvalue: 0000 O#++)

Flag indicating an’interrupt at 0: Interrupt.at selected edge or no interrupt

INTEDT
selected edge/nontselected 1: Interrupt-at non-selected edge R
edge, when INT3W =_1 (for
both-edge jnterrupts):

NCS Noise cancellation time select | 000:_No.noise cancellation
for INT3 digital'noisé filter (valid | 001 ~€ancels (2°/fc x 7 - 6/ fc) as noise.
onlywhen INT3W = 1) 010: “Cancels (27/fc x 7 - 6/ fc) as noise.

011—Cangels (28/fc x 7 - 6/fc) as noise. RAW

100;. Cancels (2°/fc x7 - 6/ fc) as noise.
101; \Cancels (2'°/fcx 7 - 6/ fc) as noise.
110:/ Cancels (2" / fc¢x 7 - 6/ fc) as noise.
T11: Cancels (2'?/fcx 7 - 6/ f¢) as noise.

INT3DET INT3 interrupt detection flag 0: Nointerrupt
1: Interrupt

Note1.: INFEDT and NCS are valid only when the INT3W bit in EINTCR (#0037 isset to 1.
Theérefore, when INT3W = 0, the digital noise filter set by the NCS bit is disabled.

Figure 1-26.(b). ~External Interrupt Control Register 2
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Notes on the usage of INT3 pin (external interrupt)

1. Inthe case of using the INT3 pin for one edge (either rising or falling).

Note: In order to set/rewrite external interrupt control register(EINTCR), set / rewirte
external interrupt register in the interrupt disable state (IMF=0).Then, enable
interrupt acceptance after interrupt latch cleared.

2. Inthe case of using the INT3 pin for both edge (rising and falling)/

Note 1: When using the INT3 pin for both edges (rising and-falling), set bit 0 (INT3W) in
EINTCR (#0037y) to 1.

Note 2: To detect the edge at which an interrupt is generated, read bit 7 (INTEDT).in-EINT3CR
(#001Fy), that is, at the beginning of the intefrupt-processing routine.

Note 3: INTEDT is valid only for both-edge interrupts’ (INT3W = 1). ANTEDT is set to T\by an
interrupt as the non-selected edge; cleared.to-0-after read automatically:
When rising edge is selected (INT3ES = 0), bit 7-in INTEDT (#001Fp) isset to-V'when a
falling edge is detected at the INT3 pin-~(That is, remains 0 ifirising edge is detected.)
When falling edge is selected (INT3ES-= 1),°bit 7 in INTEDT: #001Fy is set to 1 when
arising edge is detected at the INT3pin-(That is, remains 0-atfalling edge.)

Noted4: In order to set/rewrite external interrupt control register(EJNTCR), set / rewirte
external interrupt registerin the interrupt disable state (IMF=0). Then, enable
interrupt acceptance after interruptlatch cleared.
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Operation description for INT3 (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 (INT3ES = 0) and fixed.
1)Case1: When the initial state of the INT3 pin is high after reset:

Reset

1
INT3ES (=0: Keeprising edge)

INT3W I

INT3 terminal

EI/DI
instruction N Ent

1L 11 (#003DH ; bit11)

Clear pointofIL11 1

INT3DET (#001FH ; bit3)

Read point of INT3DET

INTEDT (#001FH ; bit7)

I
M
0

Read point of INTEDT

—
—

2)Case2: When the initial state of the INT3 pin is low after reset:

Reset

4
INT3ES  (=0: Keeprising edge)

INT3W I

INT3 terminal

EI/DI (o) (EN-T
instruction

IL 11 (#003DH ; bit11)

Clear pointof IL 14 1

INT3DET (#001FH.; bit3)

Read point,of INT3DET

INTEDT (#001EH ;. bit7)

-1

Read-point 0f INTEDT

-
-

3-23-43 2001-10-03



TOSHIBA TMP87CM23A/P23

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

1)Case3: When the initial state of the INT3 pin is low after reset/low at edge switchover from rising to

falling:
Reset
1
INT3ES (rising edge)
—I (falling edge)
]
INT3W !
]
———————————————
INT3 terminal I I—J-—I_
)
1 * Nointerrupt
EDI (D)) Ent | generation at non-
instruction

1 selected edge
| immediately after edge
1 switchover.

IL 11 (#003DH ; bit11)

Clear pointofIL 11

INT3DET (#001FH ; bit3)

[

Read point of INT3DET

INTEDT (#001FH ; bit7)

M
A

Read point of INTEDT

2)Cased: When the initial state of the INT3)pin is high after reset/high at edge switchover from rising
to falling:

Reset

1
INT3ES (rising edge)
—I (falling edge)

INT3W f

————)

J

EI/DI (D1,
instruction

Ent

IL 11 (#003DH; bitT4)

Clear pointofIL 11

T
1
INT3 terminal 4
T
INT3DET (#001FH ; bit3) H

-]

Read point of INT3DET H

INTEDT(#001FH ; bit7)

i B

1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
I
1
1
]
1
1
1
1
1
1
1
]
Read point of INTEDT |
1
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3)Case5: Case 5: When the initial state of the INT3 pin is high after reset/low at edge switchover from
rising to falling:

Reset

!
INT3ES (rising edge)

INT3W I

(falling edge)

1
1
1
1
i
1
INT3 terminal I :
: i :* Nolinterrupt : :
EI/DI (o1 (Nt 1 (D) T (En1  19enerationat) |V i
instruction H 1 :non—selected ! !
H H 1edge immediately | i
1 1 lafter edge 1 1
IL 11 (#003DH ; bit11) : I_l : :switchover. : I :
! 1 } | I 1 | L
i i i i i
(IR 1 ! T T ! ! t 1
1 1 1 1 1
! | : : :
INT3DET (#001FH ; bit3
raores Il : AmicAs
1 1 1 1 1
Read point of INT3DET : 1 : : : 1 : 1
a = e s e
1
INTEDT (#001FH ; bit7) ! 1 1 1 1
. I I H l l l I I
1 I ] ] ]
Read point of INTEDT AT ! i i i 4
! 1
[} 1 1 1 1

4)Case6: When the initial state of the- INT3pin is low after‘reset/high at edge switchover from rising to
falling:

Reset

1
INT3ES (rising edge)

I (falling edge)
1
INT3W I :
1
:
INT3 terminal I E I I
1 H 1 1
i ' 1 :
EI/DI o)) (€Nt N ! €Nt i i
instruction : ! i i
} H 1 1
IL 11 (#003DH ; bit11) q ! | I—I_E_I_L
S L a :
Clear pointof bL 1% 1 ! 1 i 1 ! 1 ! 1
. | |
INT3DET{#004EH 1bit3) i I—I i i I_I i | |
1 1 1 1
1 H 1 1
Read point oFINT3DET [ ! . .
i i | i
. 1 1 1 1
INTEDT {(#001FH ; bit7) i ! i i |_ I
1
) i i i i
Read point of INTEDT : H : : 1
1
1 1 1 1
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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 a reset output or a non-
maskable interrupt request. However, selection is possible only once after reset. /At-first the reset output
is selected.
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.

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

1.10.1 Watchdog Timer Configuration

MPX Reset release sighalfrom T.G.

fc/22or fs/2"° ——|A Binary Counters L
fc/2% or fs/ 2" —> Clock Overflow R Reset

B
fe/2%or fs/ 21" —>|C Y J_)Houtput outp(t
17 9 —>|D = J—
fc/27or fs/2 o | cear | ]2 —{s Q- ARESET
—
. Intefrupt request INTWDT
Internal reset Enable
Q
S R
WDTEN
Writing Writing cléar WDTOUT
wWDTT disable code |code

Controller

003.4H 0035H

WDTCR1 WDTCR2

Watchdogtimer-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)__Malfunction detection methods using the watchdog timer

The-CPU malfunctionis'detected’as follows.

@ Setting the‘detection time, selecting output, and clearing the binary counter.

@ Repeatedly clearing’the binary counter within the setting detection time.
If the CPU malfunction occurs for any cause, the watchdog timer output will become active at the
rising of an overflow from the binary counters unless the binary counters are cleared. At this time,
when WDTOUT =1 a reset is generated, 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 the STOP mode including warm-up or IDLE mode,
and automatically restarts (continues counting) when the STOP/IDLE mode is released.
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Note:

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

Example: Setsthe watchdog timer detection time to 22'/fc [s]'and resetsthe CPU malfunction.

LD (WDTCR1), 00001101B ; WDTT&#10, WDTOUTe1

— LD (WDTCR2), 4EH ; Clears the'binary counters
Within 3/4 of WDT (always-clear immediately afterchanging WDTT)
detection time :

= LD (WDTCR?2), 4EH ;— Clearsthe binary counters
Within 3/4 of WDT :
detection time :

L LD (WDTCR2), 4EH 7—€lears the binary counters

Watchdog Timer Control Register 1

7 6 5 4 3 2 1 0

\I(\gg;::; WRTT Wol (Initial valuéy *#s£ 1001)
WDTEN Watchdog timer 0:"Disable (It is necéssary to-write the disable code to WDTCR2)
enable/disable 1: Enable
00:2%/fc  or 2% fs [s] .
WDTT Watchdog timer 01: 28/fc  or  2™4fs write
detection time 10: 22'/fc  or  283/fs only
11:2"%/f¢  of 2"/ fs
WDTOUT Watchdog timer 0: Interruptrequest
output select 1: Reset output

Note 1: WDTOUT cannatbé set to “1” by program afterclearing WDTOUT to "0".

Note 2: fc /High-frequency-clock [Hz] fs; LowAfrequency clock [Hz] #,; Don’tcare

Note 3: WDTCR1 is a-write-only register and must'not be used with any of read-modify-write instructions.

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

Watchdog Timer Control Register 2

6 5 4 3 2 1 0

WDTCR2 |

| (Initial value: #### xkxx)

(0035,

4E,:  Watchdog timer binary counter clear (clear code) write
B1y: Watchdog timer disable (disable code) only
Others: Invalid

Watchdog timer-control

WDTCR2 code‘write register

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

Note 2: % ; Don’t care

Note 3: Since WDTCR2 is a write-only register, read-modify-write instructions (e.g., bit manipulating
instructions such as SET or CLR and arithmetic instructions such as AND or OR) cannot be used for
read/write to this register.

Note 4: Write clear code 4E within 3/4 of the time setin WDTCR1<WDTT>.

Figure 1-28. Watchdog Timer Control Registers

3-23-47 2001-10-03




TOSHIBA TMP87CM23A/P23

Table 1-4. Watchdog Timer Detection Time

Operating mode Detection time
NORMAL1 NORMAL2 SLOW At fc=8MHz At fs =32:768 kHz
2% /fc [s] | 2%/1c, 27/ 1s 2"/ fs 4.194 s 4%
223/ fc 223 /fc, 25/ 1s 2'5/fs 1.048 ms 1s
22/ fc 221/ f¢, 23/ 1s —_ 262.1ms 250 ms
2"/ fc 297fc, 2"/ fs —_ 65.5ms 62.5Ms

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

Example: Enableswatchdog timer
LD (WDTCR1), 000010008 ; WDTEN&A

(3) Watchdog Timer Disable
The watchdog timer is disabled by writing the' disable code (B1H) 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.iscleared to “0",
During disabling the watchdog timer, the binary counters are cleared’to “0".

Example: Disables watchdog timer
LDW (WDTCR1), OBTOTH ; WDTEN&D, WDTCR 1« disable code
1.10.3 Watchdog Timer Interrupt (INTWDT)
This is a pseudo non-maskable interruptwhich can be accépted 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 b€’ jnitialized before using the watchdog timer output as an interrupt
source with WDTOUT.

Example: Watchdog timer interruptsetting up.
LD SP, 043FH 7 Sets the stack pointer
LD (WDTCR1), 000076008 ; WDTOUT«0
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1.10.4 Watchdog timer Reset
If the watchdog timer output becomes active, a reset is generated, which drives the RESET pin low to
reset the internal hardware. The reset output time is 220/fc [s] (131 ms at fc<8 MHz). The RESET pin is
sink open drain input/ output with pull-up resistor.

Note: The high-frequency clock oscillator also turns on when a watchdog timer.reset is generated in
SLOW mode. Thus, the reset output time is 229 fc.
The reset output time include a certain amount of errOr.if there/is any fluctuation of the
oscillation frequency when the high-frequency clock oscillatorturns on./Thus, the reset output
time must be considered approximate value.

Clock

Binary counter

Overflow

INTWDT interrupt

WDT reset output

2"%/fc [s]

[ LI L e I 1 e

2XE_)(0X1X2X3:X0

¥
(High-2) TeL outpun

writes 4Ey to WDTCR2

1.11 Reset Circuit

Figure 1-29. Watchdog+timer Intefrupt/Reset

The TMP87CM23A/P23 each have fourtypesof reset generation procédures: an external reset input, an
address trap reset, a watchdog timer réset and a system ¢lock 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 notinitialized when power.is turned-on. Thus, output from the RESET pin may
go low (22%fc [s] (131.ms at 8 MHZ) when power is turned on:

TFable 175. Initializing Internal-Status by Reset Action

On-chip Hardware Initial Vatue On-chip Hardware Initial Value
Program coufter (PC) (FFFFy) - (REFEy) | Divider of Timing generator 0
Register bank selector (RBS) 0
Jump status flag U 1 Watchdog timer Enable
Interrupt master enable flag (IME) 0 Refer to I/O port

Output latches of I/0 ports dircuitr
Interrupt individual enable flags  (EF) 0 Y
. Refer to each of

Interrupt latches (IL) 0 Control registers control register
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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 VDD i

VDD

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 FFFEH - FFFFR.
The RESET pin contains a Schmitt trigger (hysteresis)
with an internal pull-up resistor. A simple power-on-
reset can be applied by connecting an external
capacitor and a diode.

typ. 220 kQ

Figure 1-30-Simple Power-on-
Reset Circuitry

1.11.2 Address-Trap-Reset
An address-trap-reset is one of fail-safe function that detects CPU malfunction such-as endléss looping
caused by noise or the like, and returns the CPU to the normal/state. If the CPU attempts to fetch an
instruction from a part of RAM or SFRs (address 00004-043Fg for TMP87CM23A, 00004-083Fy for
TMP87CP23), an address-trap-reset will be generated. (Then, the RESET pin outputwill gelow. The reset
time is 229/fc [s] (131 ms at 8 MHz) .

Reset
Execution JP a = :{ Rését release Xinstruction at addressr
. f
L ____ Address-trap is occurred Nl j_ ________
RESET output 1 ("L" output) “~/(( |-(High-i) i
! 1) i i |
[} ] 1 I
[} [} I 1
' : | :
! 22%fc [s] 129t | 2%fc |
to
2°%/fc
Note 1: 0= a=043Fy (TMP87CM23A); 0= a= 083Fy (TMP87CP23/PP23)
Note2:  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
Refer to Section “1.10-Watchdog 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 pinoutput goes low from-high-impedance. The reset time is 220/fc [s] (131 ms at 8 MHz).
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2. PERIPHERAL HARDWARE FUNCTIONS

2.1 Special Function Registers (SFR) and Data Buffer Registers (DBR)
The TLCS-870 Series uses the memory mapped 1/0O system, and all peripheralscontrol and data transfers
are performed through the special function registers (SFR) and data buffer registers (DBR).
The SFR are mapped to addresses 0000y to 003Fy and the DBR to addresses 0F80y — OFFF.
Figure 2-1 shows the TMP87CM23A/P23 SFRs and DBRs.

Address Read Write Address Read Write

PO Port 00204]sI01SR (SIOTstatus)

02 .. . SIO25R (SI02 btatus)

OF reserved

- TREG1A
9 G1A, (Timer register 1A) -+ 30 reserved

14 - TC1CR(TC1 control) 34 = WDTCR1 ( WDT )

(a) {Special Function/Registers

LCD
display data buffer

Note 1: Do not access reserved areas by the program.
reserved T Note 2: When defining address 003Fy with assembler
: symbols, use GPSW and GRBS.

Note 3: — ; Do not access.

Note 4: Operations specified to writing registers and
interrupt latches by read modifying write
instructions (bit operation instructions such as

OF;FO ------------------ SIOT [/ o e SET, CLR, etc. , or operation instructions such as
PN A transmit andurecgive oo == AND, OR, etc.) are not effective.

0FF7 .................. data buffer ........................

OFFS .................. SIOZ ........................
P transmit and receive

OFFF T ---------------- data buffer

(b) DataBuffer Registers

Figure 2-1. SFR & DBR
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2.2 1/OPorts

The TMP87CM23A/CP23 have 10 parallel input/output ports (70 pins) each as follows:

Primary Function

Secondary Functions

Port PO

Port P9

8-bit 1/0 port

4-bit 1/0 port

External interrupt input, timer/counter input/eutput, and divider
output

Low-frequency resonator connéctions) external interrupt input,
and STOP mode release signal input

Serial interface, externalinterruptinput,/timer/counter
input/output

Segment Output

Each output port contains a latch, which holds the output data. All input/portsde nét have latches, so
the external input data should either be held externally until read or reading should be performed
several times before processing. Figure 2-2 showsinput/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 transiént input such as chattering
must be processed by the program.

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

| Fetch cycle | Fetch cycle | Read Cycle | | Fetch cycle . Fetch cycle | Write cycle |
I I I 1 I 1 1 1
Instruction _ _ 1.2 152 1.82 _— Instruction_- -
execution Ex.: LD A, execution
Cycle__ 1 1 ) LI 1 (xl) ] 1 | 1 1 —_— CyC|e_' -
Input strobe—-- - l_l - - Odtput latch__
- pulse

Data input:_ % X/ Datd output:_ Old

(a) InputTiming (b) Output Timing

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

Figure2-2. Input/Output Timing (Example)

When-reading an I/0 port excépt programmable I/0 ports, whether the pin input data or the output latch
contents are read depends on the instructions, as shown below:

(1) ~Instructions that read-the output latch contents
® XCH r, (src) ® LD (pp) . b, CF
@ CLR/SET/CPL  (src).b ® ADDADDC/SUB/SUBB/AND/OR/XOR (src), n
@ CLR/SET/CPL (pp).g @ (src) side of ADDADDC/SUB/SUBB/AND/OR/XOR (src), (HL)
@ LD (src).b, CF
(2) Instructionsthatread the pin input data

@ Instructions other than the above (1)
® (HL) side of ADDADDC/SUB/SUBB/AND/OR/XOR (src), (HL)
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2.2.1 Port PO (P07 to P0OO)
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 bitis 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 PO output latches are also

initialized to “0".
STOP
otTen 4
POCRi )L
. <]
! >

Data input

Data output D Q ¢ D POi
Output latch Notet:i=7~0
Note 2: STOP is bit7 in SYSCRT.
7 6 5 4 3 2 1 0 Naote 3: OUTEN is bit4 in SYSCRI.

PO T : : i T : T .
(0000y) | P07 : PO6 : PO5 : PO4 : P03 : P02 : PO1 :,R0OO | (Initial value: 0000 0000)
RAW 7 6 5 4 3 2 1 0
POCR : : : : : iti .
(000AY) | | (Initial value:/ 0000°0000)

POCR 110 control for port PO 0: tnput mode Write

(Set for each bit individually) 1: Output mode only

Figure 243, 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), 000010108 » \Setsinitial data to PO output latches
LD (POCR), 00001111B —~Sets the port PO input/output mode

Notel: Portssetto-thé inputmode read the pin states. When input pin and output pin exist in port PO
together, the contents of the outputlatch.of ports set to the input mode may be rewritten by
executing the bit manipulationinstructions. Pins set to the output mode read a value of the
output latch.

Note2: 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.)
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2.2.2 Port P1 (P17 to 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 correspanding 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, the P1CR is
initialized to “0", which configures port P1 as an input. The P1 output latches are-also initialized to “0”.
Port P1 is also used as an external interrupt input, a timer/counter input/output, and a divider output.
When used as 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 latchshould-be'setto “1”.

Itis recommended that pins P11 and P12 should be used as external interruptinputs, timer/counter input,
or input ports. The interrupt latch is set at 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 exterhal intesrupt input with INTOEN (bit 6 in
EINTCR). During reset, pin P10 (INTO) is configured as an input pert-P10.

STOP
olTeN 4P
P1CRi ﬁ
Datainput ’

Data output P1i
Output latch
Control output
Control input Note! i=7~0
7 6 5 4 /37 2 10
P1 P17 i P16 : P15 P14 { RI3 ! P12 P P11 P10
(0001y) g : TC2 : PPG. DVO: ITNcT12 Y INT1 | TNTO | {nitial value: 0000 0000)
7 6 5 4 3 2 1 0

P1CR |

(0008, |(Initia| value: 0000 0000)

1/0£ontrol forport P1 0:xlnput mode Write

PICR™ | (setfor each bit individually) |- “t: Output mode only

Figure2-4. PortP1and P1CR

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

LD (EINTCR), 01000000B  ; INTOEN«1
LD (P1),10111111B s P17¢1, P14<1, P16<-0
LD (P1CR), 11010000B

Notel: Portsset to thelinput mode read the pin states. When input pin and output pin exist in port P1
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.

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.)
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2.2.3 Port P2 (P22 to P20)
Port P2 is a 3-bit input/output port. It is also used as an external interrupt input, a STOP mode release
signal input, and low-frequency crystal connection pins. When used as andinput port, or a secondary
function pin, the output latch should be set to “1”. During reset , the output latches are initialized to

"1"-

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

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

output pulse.
When a read instruction is executed for port P2, bits 7 to 3 read in as indefinitg.

P2
(0002y;)
RIW

D P20 (INT5/STOP)

XTOUT: XTIN-: STOP

SET/CLR/CPL/others — )’I_ CMP / MCMP.ATEST /'ethers
Data input [ q
Output latch :]_‘
Data output D Q ¢ 'l:
Control input @ :I_(l
Datainput 4
L<:]_ Osc. enable
Data output D Q [I:>—
Data input [ \/l—<j
Data output D \Q l[:
STOP
e — [
XTEN
fs @I
......... 6 /5.3 3 XX _\W\W/0
; P22 H.p21. P20

I INT5

\
? [ p22/AxTouUT)

Note 1: *; Don’tcare
Note 2: XTEN is bit 6 in SYSCRI1.

Figure2-5. Port P2
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2.2.4 Port P3 (P36 to P30)

Port P3 is an 7-bit input/output port. When used as an input port, the output latch should be set to “1”.

111 n

The output latches are initialized to during reset.

When a read instruction is executed for port P3, bit 7 reads in as indefinite.

Example 1: Output the immediate data 5Ay to the P3 port.
LD (P3), 5AH ; P3«<5AH
Example 2: Inverts the output of the upper 3bits (P36 to P34) of the P3\port
XOR (P3),%1110000B
; P36to P34<P36to P34
CMP/MCMP /TEST / others
Data input <J
SET/CLR/CPL/others
Data output P3i
?DTL(J)TZN Note: i=6t0 0
7 6 5 4 3 2 1 0
P3 : : 5 : : : Initial valug: %111 1111
(00030) ©..7 P36 : P35 : P34 P33 P32 P31 : P30~] (Initialvalue: =+ )
R/W

Figure 2-6. PortP3
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2.2.5 Port P4 (P47 to P40)
Port P4 is an 8-bit input/output port, and is also used as an external interrupt input, a timer/counter
input/output and a serial interface input/output. Input/output mode is specified by the corresponding
bit in the port P4 input/output control register (PACR1). It can be selected whether output circuit of P4
port is Push-pull port or Sink open drain individually, by setting PACR2.
When used as a timer/counter output and serial interface output, respective PACR1 should be setto “1”
after P4 output latch issetto “1”.
When used as an input port, external interrupt input, timer/counter input and\serial interface input,
respective PACR1 should be setto “0” after PACR2 is setto “0”.
During reset, the PACR1 is initialized to “1”, and configures port P4 as an eutput mode. Also, port P4
output latch is initialized to “1”.

STOP
outen —_F

. Lg
Data input N @
PACR2i ol
Data output D Q |I . ’_D D Pai
Control output

Control input

Note: i=7to\0; Don’t care

7 6 5 4 3 2 1 0
P4 P47 : P46 : P45 i P44 i PA3— P42 . P41 : P4Q
0004 : o : i PWM: INT3 o .
(000%) | 502 ¢ si2 isckz ! so1 [si1 iscki.PDO . 103 (Witial value: 1111 1111)
7 6 5 4 3 2 1 0
?(;'OCOIEIH) (nitial value: 1111 1111)
PACR1 Port 4/ /O select 0: \nput mode Write-
(Set for each bit individually) . _Outputmode only
7 6 5 4 3 2 1 0
fé'[szDZH) (initial value: 0000 0000)
PACR2 Port 4 / Output circuit/control 0: Open-drain output Write -
(Set for each bit individually) 1: Push-pull output only

Figure 2-7. PortP4

Note 1: Ports set to thejinput mode read the pin states. When input pin and output pin 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 read a value of the
output latch.

Note 2: The P4ACR1 and PACR2 are 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.)
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2.2.6 Port P5 (P57 to P50)
Port P5 is a general-purpose 8-bit I/0 port that can be specified bitwise. It is also used for analog input.
Specify input or output using the P5 I/O control register (P5CR) and AINDS (bit 4 of ADCCR). At reset, the
P5CR is set to 0; AINDS, to 0, setting port P5 to analog input. At reset, the output latch of port P5 is
initialized to “0”. The P5CR is write-only register. The pins of port P5 not specified foranalog input can

be used as an 1/O port;

to maintain accuracy, do not use them for output instructions during AD

conversion. While the AD converter is operating, if a read instruction is executed for port P5, read data

of port selected to analog inputis “1“.

(M
Analog input N
STOP _—ODO_
OUTEN
AINDS —_°D_ —
2, “O— D
P5CRi s
o H’D—‘
Data input N
Data output b Q 1 ||\/ D P5i
Note: i=7to0
P5 7 6 5 4 3 2 1 0
P57 : P56 : P55 : P54 : P53 : P52 : P51 P50 Nt
%’5H) AIN7 : AIN6 : AIN5 : AIN4 : AIN3 | AIN2-ZAINTHAINO (initial value: ) 0000 0000)
P5CR 7 6 . 5 ' 4 . 3 : 2 1 0
(000Dy) | : : | (Initial value: 0000 0000)
P5CR I/0 control forport P5 0: Input mode Write-
(Set for each bitindividually) 1: Output mede only

Note 1: P5CR is awrite-onlyregister and must not be usedwith any of the read-modify-write instruction.
Note 2: Unused analoeg-input pins cannot be configured as output mode when AINDS =0.

Figure2-8. Port P5

Note 1: Portsset to the input mode read‘thepin states. When input pin and output pin exist in port P5

together, the contents of the outputlatch 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 P5CR is a write-only-register. It can not be operated by the read-modify instruction (Bit

manipulationinstructions-of SET, CLR, etc. and Arithmetic instructions of AND, OR, etc.)

3-23-58 2001-10-03




TOSHIBA TMP87CM23A/P23

2.2.7 Ports P6 (P67 to P60) Port P7 (P77 to P70) Port P8 (P87 to P80) Port P9 (P93 to P90)
Port P6, P7, P8 and P9 are an 8-bit input/ output ports and are also used as the segment output port.
Input / output mode or segement output mode is specified by the corresponding bit in the Px port
control register (PxCR). During reset, PxCR is initialized to “0", which configure port Px as input/ output.
Port Px output latches are also initialized to “1”. PxCR can only be written.
When a read instruction is executed for port P9, bits 7 to 4 read in as indefinite. Note: x=6,7,8,9

Example: Setting the upper 2 bits of port P6 as a segment output/port, and the others as

input/output port.
LD (P6CR), 11000000B
STOP
OUTEN :3°—
P6CRi P7CRi
PS8CRi PICR|
data input ]-
—Q“ P6CR|
|—| P7CRi
data output D Q[ | P8CRi
output latch —[\]\ PICR]
LCD data output
P b Noté: i=7t00
f=3t0
P6 7 6 5 4 3 2 1 Q
(0006,) | P67 i P66 : P65 : P64 : P63 : P62 : PB1(: P6O (Initial value: | 1117 1911)
R/W SEG16 } SEG17 | SEG18 | SEG19 | SEG20 | SEG21 | SEG22 SEG23
7 6 5 4 3 2 1 0
P6CR - - - ; ; - : B .
P6CR Port P6/ 0: Port P6 mode Write-
segment output select 1: Segment output mode only
Py 7 6 5 4 3 2 1 0
(0007,) | P77 i P76 : P75 : P74 P73 P72/ P71 : P70 (Initialvalue: 1111 1111)
R/W SEG24 } SEG25 : SEG26 | SEG27 L5EG28 | SEG29 | SEG30 | SEGH
7 6 5 4 3 2 1 0
P7CR N p, : T : : H e
(0020 | : : : : : ; : | 9 (nitial value: 0000 0000)
P7CR Rort’P7/ 0:PortP7-mode Write-
segment output select 1:"Segment output mode only
P8 7 6 5 4 3 2 1 0
(0008,) | P87 /P86 : P85 ; P84 : P83 : P82 | P81 i P8O (Initial value: 1111 1111)
RIW SEG32.7SEG33.} SEG34 I SEG35 | SEG36 /°SEG37 | SEG38 | SEG39
7 6 5 4 3 2 1 0
P8CR | é é é é : : é | (nitial value: 0000 0000)
(002By)
P8CR Port P8/ 0: Port P8 mode Write-
segment.otfput select 1: Segment output mode only
TN 7.,.8..58. 803 2 1 o0
(0009,) P93 i P92 i P91 : P90 (Initial value: 1111 1111)
RW oo r SEG12 | SEG13 | SEG14 | SEG15
7 6 5 4 ) 3 2 1 0
POCR : : : | (nitial value: 0000 0000)
(002C})
P9CR Port P9/ 0: Port P9 mode Write-
segment output select 1: Segment output mode only
Figure 2-9. Port P6, P7, P8, P9
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Note: The P6CR, P7CR, PSCR and PI9CR are 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.)
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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 enabled.~Note that since the
divider cannot be cleared by a program, the first interrupt only may occur earlier.thanthe set interrupt
period. (See Figure 2-10 (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.

Example: Setsthe time base timer frequency to f¢/216 [Hz] and enables'an INTTBT interrupt.

LD (TBTCR), 000010108
SET (ERL). 6
MPX INTTBT
fc/223 or fs/2'5 > interrupt
request

fcr22' or fs72'3 >
fcr2'6 or f5728 >
fcr2' or 5725 >
fc/12"3 or fs/25 >
fc/2'2 or fs/2% >
fer2' or fs723 >
fcr22 or fs722 >

Source clock —
Rising

detector

TBTEN

IOoT"TmMmygNnw)»
<

[}
TBTCK TBTEN INTTBT : " " "
1

! : Interrupt
| TBTCR | Enable TBT period

Time Base Timer Control Register

W
AY

(a) Configuration (b)/ Time Base Timer Interrupt

Figure 2-10. Time Base Timer

7 6 5 4 3 2 1 0

{:&%‘Z) |(DVOEN)| VoK) | DVICK) |TBTEN | , TBTCK | J (Initial value: 0%%0 Q#*%)
Time base timer 0: Disable
TBTEN
enable/disable 17 Enable
000:fc/2%2 or fs/ 2" [Hz]
001:fel 22t or fs/2"
010:fc72'® or fs/ 28 RIW
TBTCK | TimeBase timer interrupt 011:fc/2" or fs/2°

frequency select 100:fc/2%  or fs/2°
101:fc/2" or fs/2*
110:fc/2" or fs/23
1M11:¢/2° or fs/2

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

Figure 2-11. Time Base Timer and Divider Output Control Register
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Table 2-1. Time Base Timer Interrupt Frequency

NORMAL1/2, IDLE1/2 mode Interrupt Frequency
TBTCK SLOW, SLEEP mode

DV7CK =0 DV7CK =1 At fc=8 MHz At fs=32.768 kHz
000 fc/2% fs/ 2% fs/ 2" 0.95 Hz 1 Hz
001 fcr 2% fs/2" fs/2" 3.81 4
010 fc/2' fs/28 - 122.07 128
011 fc/2™ fs/2° - 488:28 512
100 fc/2m fs/2° - 97656 1024
101 fc/2m fs/2* - 1953012 2048
110 fc/2™ fs/23 - 3906.25 4096
11 fcr2° fs/2 - 15625 16384

2.4 Divider Output (DVO)
A 50% duty pulse can be output using the divider output circdit, which is useful for piezo-electric buzzer
drive. Divider output is from pin P13 (DVO). The P13 6utput tatch should be setto.” 1 arnd then the P13
should be configured as an output mode.
Divider output circuit is controlled by the control register (TBTCR) shown in(Figute-2+12.

7 6 5 4 3 2 1 0

TBTCR i :
(0036,,) |DVOEN| DVOCK |(DV7CK) | (TBTEN) | (TBFEK), | (Initial yalue: ~0%*0_0%x*)
DVOEN | Divider output enable/disable ON\Disable
1y Enable
007 fc/2® or fs/2°[Hz] RAW
Divider output (DVQ) 01: fc/2%or fs/ 22
bvock frequency selection 10: fc/ 2" or fs/.23

11: fc /2" or sy 22

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

Figure 2-12. DividenOutput Control Register

Example: 1kHz pulse output/ (at fc=8Hz)

SET (P1).3 ; P13 output latch «1
LD (P1CR), 00001000B ; Configures P13 as an output mode
LD (TBTCR), +0000000B ; DVOENe1, DVOCKe00

Table 2-2.. Frequency of Divider Output

F f
DVOCK TERNY © At fc = 4.194304 MHz | At fc=8 MHz | At fs = 32.768 kHz
Divider Output
00 fc/2% or fs/2° 0.512 [kHz] 0.976 [kHz] 1.024  [kHz]
01 fc/ 21 fs/29 1.024 1.953 2.048
10 fc/2m fs/23 2.048 3.906 4.096
11 fc/ 21 fs/22 4.096 7.812 8.192
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Qutput latch Output enable

fc/213 orfs/25 >
fc/212orfs/24 >

A
B
11 3 >¢C Y
;ygwg:ggz < P13 output latch |: | |

DVOCK DVOEN DVOEN —I L
N , BVO pin ESigdgigipgiEpi
Divider output control register

(a) Configuration (b)/ Timing Chart

Figure 2-13. Divider Qutput
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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 |

(0010,00114) 1 TlREG1AH (001 1|H) 1 1 | 1 1 -EREG1A}L (0010|H) I 1 |
Write only
TREG1B
(0012, 0013H)| 1 1 TlREG1B'T| (0013H) 1 1 | 1 1 -];REG1BJ- (0012H) ] ] |
Read-/Write (Write available in only
7 6 5 4 3 2 1 0 PRGoutput mode)
SCAP1
TC1CR MCAP1 it :
(0014y) TFF1 s TC1S TC1CK TC1M (Initiat vatue:0000-0000)
MPPG1 L L |
00: Timer/ external trigger timer / event counter mode
TC1M TC1 01: Window mode
mode select 10: Pulse width measurement mode
11: PPG outputmaode
00: Internalclock fc/2™ or fs/22  [Hz]
Tc1cK TC1 01: Internal clock-fc/2’
source clock select 10: Intérnal.clock /23
11:  Externakclock (TC1 pin input)
00:—Stop &counter clear
TC1S TC1 017 Command start
start control 10:_Reserved Write
11 External trigger start only
...5CAP1 | Software capture control [ ( | On ) T Software capture trigger (Note 3)
Pulse width measurement )
MCAP1 control 1./ Double edge capture 1: Single edge capture
METT1 | External trigger timer 0: Trigger start 1: Trigger start & stop
................... COMMIOL e N e SN e
MPPG1 | PPG output control 0: Continuous pulse 1: Single pulse
TFE1 Timer F/R1 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 timerregisters (TREG1A;, TREG1B,), the comparison is inhibited until
the high-byte,(TREG1Ay, “TREG1By)-is_written. (Only the low-byte of the timer registers cannot be
changed.) After writing to the-high-byte, the comparison within 1 cycle(during instruction execution)
isignored.

Note'3: ~Set _the) mode, source clock, edge (INT2ES), PPG control and timer FIF control when TC1 stops
(TC15=00).

Nate 4: \Software capture can be.used in only timer and event counter modes. SCAP1 is automatically cleared
to "0" after software capture.

Neote 5: Values to be loaded to timer registers must satisfy the following condition.

TREGIAXTREG1B>0 (PPG output mode); TREG1A>0 (others)

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

Note 7: TREG1B can be written only in PPG output mode.

Note 8: TCICR is a write-only register, which cannot be accessed by any read-modify-write instruction such as
bit operate, etc.

Note 9: 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 the other source clocks are selected, the
least significant bit of TREG1B becomes “1” or “0” according to the value of counter.

Figure 2-15. Timer Registers and TC1 Control Register
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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 INFFC T interfupt is generated,
and the counter is cleared t0”0”. Counting up resumes after the counter(is cleared. 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.

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

Source clock Resolution Maximum time setting
NORMAL1/2, IDLE1/2 modes
SLOW, SLEEP modes _ /[ _ —
DV7CK =0 DV7CK = 1 Atfc=8 MHz | Atfs'=32.768 kHz | At fc=8MHz)| Atfs=32.768 kHz
fc/2™ fs/23 fs/23[Hz] 256 S 244.14 4 16.8>s 16.0 s
fcr2’ fcr2’ - 16 /s - 1.0 s -
fc/23[Hz] fc/23[Hz] - N us - 65/5-ms -

Example 1: Sets the timer mode with saurce clock fs/23 [Hz] and generates an interrupt 1s. later (at
fs = 32.768 kHz).
LD (TC1CR), 00000000B ;. Setsthe TC1 mode and source clock

LDW (TREG1A), 1000H ; {Séts the timer\register (1s+23/fs=1000,)
SET (EIRL).EF4 ; enablelNTTC1

El

LD (TC1CR),-60010000B ; Starts TC1

Note: TCI1CRis a write-only register, which cannotstart'by [SET(TC1CR).4] instruction.

Example 2: Software capture
LD (TC1CR), 010100008 ; SCAP1¢1 (Captures)
LD WA, (TREG1B) ; Reads captured value
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Command start

Source clock |||:|||||||||||||||||||||||||||||||||
I
I

Up-counter 0 ED ED €D €D HED G0 0 ¢ & €3 €5 € 3 €3 & &

INTTC1 interrupt

1
» X n ¢
T
! Match Counter
i detect krl’ clear
(a) Timer

s [ LT L LT LT LT L
Up-counter :Xm_zxm_1X m X met X me2/ X \g n-1 X o/ XnetoX

Capture Captlre

A Y

(b) Software €apture

Figure 2-16._ TimerMode 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 rising or falling edge can be selected. \Edge selection is the same as for the external
interrupt input INT2 pin. Source clock is used an internahclock selected. 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/
When the edge input-is opposite to the edge/input way of the count start trigger at METTI (bit 6 in
TC1CR) = 1,thecounteris’cleared, and-countstops. In this mode, pulse input with a constant pulse
width generatesinterrupt. When METT1-is“0", the opposite edge inputisignored. The edge of TC1
pin input before match detection is.also ignored.
The TC1.pin input has the same noise rejection as the INT2 pin; therefore, pulses of 7/fc [s] or less are
rejected asnoise:, A pulse width of 24/fc [s]'or more is required for edge detection in NORMAL1/2 or
IDLE 1/2-mode. The noise rejection circuit is turned off in SLOW and SLEEP modes. But, a pulse width
of 1 machine cycle or more is required.

Example' 1:Generates interruptafter 100 xs from TC1 pin input rising edge (at fc =8 MHz).

LD (EINTCR), 000000008 ; INT2ES<O0 (rising edge)

LDW (TREG1A), 0064H ;100 ps+23/fc=64y

SET (EIRL).EF4 ; Enables INTTC1 interrupt

El

LD (TC1CR), 00111000B ; Starts TC1 external trigger, METT=0
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Example 2: When “L" level pulses of 4ms or more is input to TC1 pin, generates interrupt.
(at fc =8 MHz)

LD (EINTCR), 000001008 i INT2ES«1 ("L" level)
LDW (TREG1A), 00FAH ; 4ms+2’/fc=FAy
SET (EIRL).EF4 ; Enables INTTC1 interrupt
El
LD (TC1CR), 01110100B ; Starts TC1 externaltrigger, METT =1
Count start Countrestart Rising edge select

TC1 pininput ! Trigger | " * Trigger (INT2ES=0)

3

1
1

Internal clock mﬁmm
[}

Up-counter ol X 1 XZXEX_-: m n 0 naa 4

TREG1A X n b

INTTC Match \I'I/ Clear

(a) Trigger Start(METT =0)

Count Count Count
start ¢lear start

TC1 pininput *Trigger * Triggér A Triggér Rising edge select
1 1 1 (INT2ES=0)
1 1
Internal clock | | | |:| | | | | | | |§5| I:I | | | |i| | | I | | | | | | | | | | |
i i g i ;
TR AT € €) € ¢ O O s
X n

TREG1A b /

/
INTTC1 Match hCIear

Note: m<n

(b) TriggerStart &Stop (METT1=1)

Figure 2-17. External Trigger Timer Mode Timing Chart

(3) EventCounter Mode

In this mode, events are counted on the edge of the TC1 pin input. Either the rising or falling edge
can|be selected with INT2ES in"EINTCR. The contents of TREG1A are compared with the contents of
up-counter/ If a match isfoeund,~an INTTC1 interrupt is generated, and the counter is cleared.
Counting up resumes after the counter is cleared. The maximum applied frequency is f¢/2% [Hz] in
NORMAL1/2 or IDLE1/2/mode and fs/2% [Hz] in SLOW or SLEEP mode.

Setting SCAP1 to “ 17 transferres the current contents of up-counter to TREG1B (software capture
fupction). SCAP is automatically cleared after capturing.
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TC1 pininput

Up-counter
TREG1A

INTTC1 interrupt

Command start

nonn n,

U

! H H : «
o X X 2 X ¢
T n

Falling edge select
(INT2ES=1)

XX

X n

D

Match
detect

T

Counter
clear

Figure 2-18. Event Counter Mode Timing Chart (INT2ES = 1)

(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<ontents of TREG1A are-compared with the
contents of up-counter. If a match is found, an/INTTCT interrupt is generated, and thé counter is
cleared. Positive or negative logic for the TC1 pin'input-can be selected with INT2ES:—Setting SCAP1
to “1” transferes the current contents of up-counterto 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.thanthe selected internal/clock.

TC1 pininput

Internal clock

Up-counter

TREG1A

INTTC1 interrupt

TC1 pininput

Internal clock

Up-counter

TREGIA

INTTC1 interrupt

Command start

{

0

X

L

5 €D & SN © 0. 0 &b &3 6

) &

D

Match

Clear

T

Command-start

¥

(a)_Positive-Logic (INT2ES = 0)

P=Y T q g e S—

><

><

N
O
o

><

Match

(b) Negative Logic

(INT2ES=1)

Figure 2-19. Window Mode Timing Chart
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(5) Pulse width measurement mode

Counting is started by the external 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
INTTC1 interrupt 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
counter contents are again 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 INT2ES, 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 the other source
clocks are selected, the least significant bit of TREG1B‘becomes 71" or “0” according to-the value
of counter.

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

CLR (INTTC1SW). 0 . INTTCT service switch initial setting
LD (EINTCR), 000000008 ; . Sets the rise edge at the INT2 edge
LD (TC1CR), 00000110B ;. Setsthe TC1 mode’and source clock
SET (EIRL). 4 ./ Enables INTTC1
El
LD (TC1CR), 001101(10B ; Starts TC1 with @n/external trigger
PINTTC1: CPL (INTTC1SW). 0 ; /Complements INTTC1 service switch
JRS F, SINTTC1
LD (HPULSE), (TREG 1BL) ;  ReadsTREG1B
LD (HPULSE + 1),(TREG1BH)
RETI
SINTTC1: LD (WIDTH), (TREG1BL) ;\_‘Reads TREG 1B (Period)

LD (WIDTH # 1), (TREG1BH)
RE¥I

VINTTCA: L DW PINTTC1

WIDTH
HPULSE

TC1pin J I I
INTTC1SW I I_
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TC1 pininput

Internal clock

Up-counter

TREG1B

INTTC1

TC1 pininput

Internal clock

Up-counter

TREG1B

INTTC1

Count start
Trigger

Count start
(INT2ES=0)

J'I_I'I_I'I_I'I_I'L,J'IJ‘LI'IJ'I_I'I_I'LJ'LI'LJ‘I_I'l_I'I_
O

I'I

Capture

[Applications] High or low pulse width measurement

(a) Single Edge Capture

Count start Count'start

* (INT2ES =0)

X .
J'I_I'U'LI'LI'LI'LI'LJ_IJ_LI_I_I_I_I_I_I_L

9000 @ﬂ@@@ @@@0‘
X Y pture X gapture
I I

[Applications] @ Period/Frequency measurement
@ Duty measurement

(b) Double Edge Capture

Figure 2-20: Pulse Width Measurement Mode Timing Chart

(6) ProgrammablePulse Generate (PPG)-outputmode
Counting is started by an edge of the TCT pin input (either the rising or falling edge can be

selectéd)/or by a command. The source-clock is used an internal clock.

First, the contents of

TREG1B are.compared with the contents ofthe 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 [NTTC1 interrupt is generated. at this time. Timer F/F output is connected to the P14 (PPG) pin.
In the case’of PPG output,setthe P14 output latch to “1” and configure as an output with P1CRg.
Timer F/F1is clearedto “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 / codnter 1 is set to the PPG output mode.
Example: “H" level 80Qxs, “L"" level 200 us pulse output at fc =8 MHz

SET (P1).4 ;
LD (P1CR), 00010000B ;
LD (TC1CR), 10001011B H
LDW (TREG1A), O3E8H ;

P14 output latche1

Sets P14 to an output mode

Sets PPG output mode

Sets a period (1 ms = 1 us = 03E8,)

LDW (TREG1B), 00C8H ; Sets "L" level pulse width (200 zs = 1 us=00C8y)
LD (TC1CR), 10010011B ;  Start
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TFF1 — bSet

TC1CR write strobe

Reset ™ M : } > Clear q
Match with TREG1B >—_D

T |
Match with TREGIA >—— oggie

INTTC1 interrupt <Y

P14 output latch

Data output

Output enable

[ | P14 ®PG) pin

B
TimerF/F1
A
ﬁD—»TOS clear signal
MPPG1

Figure 2-21. PPG Output

Internal clock

Up-counter

TREG1B

TREG1A

PPG output

INTTC1

TC1 pininput

Internal clock

Up-counter

TREGIB

TREGIA

PPG output

INTTC1

X $ ( ! (

Match\ N N \

X- \ } \

]
\_e/

'| Note:m>n

[l 1 I

(a) Pulse

Count start

_?Tragger
X : l
Match \

X

| External trigger start

|'| Note:m>n

[Applications] One shot pulse output
(b) Single

Figure 2-22. PPG Output Mode Timing Chart
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2.6 16-bit Timer/Counter 2 (TC2)
2.6.1 Configuration

MPX TC2S
TC2 pin H
MPX
Window
fc/22 or f5/25 5| o Clear
fc/2" or fs/2°y»——{ Timer/ v 16-bit up-counter
fc/23>—> C event counter Source
/23— »|p Y clock
fo——>E
fs>——|F
L5 | Comparator. Watch INTTC2
3 interrupt
Enapl
TC2CK TCTZ s s
Match detect ¢ontrot
TC2CR TREG2 4 }
Timer/Counter 2 control register 16-bit timer register2 TREG2H TREG2L
write strobe_write'strobe

Figure 2-23. Timer/Counter 2 (TC2)

2.6.2 Control
The timer/counter 2 is controlled by a timer/counter2 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 6 5 4 3 2 1 0
TREG2 |

(0016, 0017,) . TREG2y (00174) . § . TREG2( (00161)) . .
Write only
xR 5 4,3 21 0
(©0150) booh [Tcos | TC2CK | [Tcam| (Initial value:  #+00 00%0)
Timer/counter.2 operating 0: Timer/Event-counter mode
TC2M y
mode sélect 1: Window mode
000:_Internal clock fc/2% or fs/2™ [Hz]
001t /ntefnal clock fc/2" or fs/2°
. 010: 4nterhal clock fc/28 .
TC2¢K | Fimer/counter 2 014: “Internal clock fcr1 23 Write
source clock select 100: Internal clock fc (Note5) only
10t—Inhternal clock fs
110: Reserved
111: External clock (TC2 pin input)
FYimer/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’t care

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) isignared.

Note 3: Set the mode and source clock when timer/counter stops (TC2S = 0).

Note4: Values to be loaded to the timer register must satisfy the following condition.

TREG2 > 0(TREG25~71>0 when warm-up).

Note5: “fc” can be selected as the source clock only in the timer mode during the SLOW mode.

Note 6: TC2CR is a write-only register, which cannot access any of in read-modify-write instruction
such as bit operate, etc.

Figure 2-24. Timer Register 2 and TC2 Control Register
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2.6.3 Function
The timer/counter 2 has three operating modes: timer, event counter and window modes.
timer/counter 2 is used for warm-up when switching from SLOW mode to NORMAL2 mode.

Also

(1) Timer Mode
In this mode, the internal clock is used for counting up. The contents of TREG2 are compared with
the contents of up-counter. If a match is found, a timer/ counter 2 interrupt (INTTC2) is generated,
and the counteris cleared. 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 Gpper 5-bits. Thus, in this case, only
the TREG2H setting is necessary.

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=8MHz | Atfs=32.768 kHz
fc/2%[Hz] fs/2"[Hz] fs/2" [Hz] fs/2" [Hz] 1.05/s 1 s 19:1h 182 h
fc/2" fs/2° fs/2° fs/2° 1.02\'ms 1 ms 1.1 “min 1 min
fc/28 fcs28 - - 32 s - 2.4 ~s -
fc/23 fcr23 - - T\ us - 655 ) ms -
- - fc (Note) - 125~ ns - 7:936/ms -
fs fs - - - 30.5 us = 2 s
Note: “fc” can be used only in the timermode. This is used for warm up when switching from SLOW
mode to NORMAL2 mode.
Example: Setsthe timer mode with-source clock f¢/23 [Hz] and generates an interrupt every 25 ms

(atfc = 8 MHz).

LD (TC2CR), ©0001100B ;- Setsthe TC2 mode and source clock
LDW (TREG2), 61A8H . \Sets TREG2 (25 ms + 2%/fc = 61A8H)
SET (EIRH).EFN14 ~Enable INTTC2

El

LD (TE€2CR), 00101 100B ; Starts TC2

(2) EventCounter Mode
In this mode, events are counted onthe.rising 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 f¢/2% [Hz] in
NORNMAL1/2 or1DLE1/2 mode;and fs/24 [Hz] in SLOW or SLEEP mode. But, a pulse width of 2 machine
cycles or more is required for both-”H"” and “L" level.

Example: Setsthe event counter mode and generates an INTT2 interrupt 640 counts later.
LD (TC2CR), 000111008 ; Setsthe TC2 mode
LDW (TREG2), 640 ; Sets TREG2
SET (EIRHY.EF14 ; Enable INTTC2
El
LD (TC2CR), 001111008 ; Starts TC2
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(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 INTTC2 interrupt is generated, and the up-counter is cleared to "0

It is\necessary that the

maximum applied frequency (TC2 input) be such that the counter value.can be analyzed by the

program. That is, the frequency must be considerably slower than the selectedinternal clock.
Example: Inputs “H” level pulse of 120 ms or more and generateslinterrupt. (at fc=8 MHz).

; Sets TREG2 (120-mss 213/fc= 0078y)

; Enables INTTC2 interrupt

LDW
SET
El
LD

(TREG2), 0078H
(EIRH).EF14

(TC2CR), 00100101B ;

Starts TC2

TC2 pin input

Internal clock

Up-counter

N

1
D D €3 & (= QR 5 0 O &b &5 €
(o]

TREG2

)

n

INTTC2 interrupt

Match

Counter clear

Ij

2.7.1 Configuration

Figure 2-25.~WindowMode Timing Chart
2.7 8-Bit Timer/Counter 3 (TC3)

¢ Inhibit

Rising
Edge P Capture —_D—>
detector | "@INY control INTTC3
b i >— interrupt
TC3M TC38
INT3ES ﬁ Clear
S

TC3 pin L

D
/212 or fs/24 Ay Source clock 8-bit up-counter Overflow
fc20orfs22 —~—~——~ 7 >|B TCam
fe/27 Cs I |

q
2 -
, [
TC3CK
Capture Capture
__):>—> TREG3B TREG3A <—G:
TCiS ScAP 8-bit Timer Register 3A, 3B
TC3CR
Timer/Counter 3 Control Register
Figure 2-26. Timer/Counter 3
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2.7.2 Control

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.

as bit operate, etc.

TREG3A 7 6 5 4 3 2 1 0
0018 | | Read/Write
TREG3B
(0019y) | | Read only
4 3 2 1 0
TC3CR ” e -
(001A) |tc3s| T3k | [TcaM|  (initial value: %040,00%0)
Timer/counter 3 0: Timer/event counter
TC3M )
operation mode set 1: Capture
00: Internal clock fcr2” or fs/2*  [HZ]
Tcack | Timer/counter 3 01: Internal clock fc/2™ or fs/2?
source clock select 10: Internal clock fc/27 Write
11: Externalclock(TIC3pininput) only
TC3S Timer/counter 3 0: Stopand clear
start select 1: Start
SCAP Software capture control 0: 8
1:-Softwarecapture
Note 1: fc, High-frequency clock [Hz] “fs,; Low-frequencyclock [Hz] " & ; Don’t care
Note 2: Set the mode, the source-clock and'the edge sefection{INT3ES)}when the TC3 stops (TC3S =0).
Note 3: Values to be loaded into timer register 3A must/satisfy the following condition.
TREG3A > 0 (inthe timerfevent counter mode)
Note4: Software capture ¢an be used in only timer and event counter mode.
Note 5: TC3CR is a write-only.register, which cannot access any ofin/read-modify-write instruction such

Figure 2-27. Timer Register 3A/3B/and TE3 Control Register

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

(1) Timer Mode
In this mode, theinternal clock isused-for counting up. The contents of TREG3A are compared with
the contents of up-counter. If a match is found, a timer/counter 3 interrupt (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 SCAP (bit 6 in TC3CR) to “1”. SCAP is

automatically.cleared after capturing.

Table 2/5. Source Clock (Internal Clock) for Timer Counter 3

Source clock

Resolution Maximum time setting
NORMAL1/2, IDLE1/2 mode
SLOW, SLEEP mode
DV7CK=0 DV7CK =1 Atfc=8MHz | At fs=32.768 kHz | At fc=8 MHz | At fs=32.768 kHz
fc/2" fs/2* [Hz] fs/2* [Hz] 512 us 488.28 us 130.6 ms 124.5 ms
fc/2 fs/2? - 128 us 122.07 us 32.6 ms 31.1 ms
fc/27 fc/2’ - 16 us - 4.1 ms -
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(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 of 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 is f¢/2% [Hz] in the NORMAL1/2 or IDLE1/2 mode; and fs/24 [Hz] in
SLOW or SLEEP mode. Two or more 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 cleared after capturing.

Example: Generates an interrupt every 0.5 s, inputing\50Hz pulses to the TC3 pin.

LD (TC3CR), 00001100B ; Sets TC3 mode and source clock
LD (TREG3A), 19H ; 0.5s+1/50=25=19(
LD (TC3CR), 00011100B ; StartTC3

(3) Capture Mode

The pulse width, period and duty of the TC3 pin input\are measured in this mode,which tan be used
in decoding the remote control signals, etc. The counteris-frée running by the.internal ¢lock. On the
rising (falling) edge of the TC3 pin input, the current contents of counteristoadedinto TREG3A, then
the up-counter is cleared and an INTTC3 interraptis'generated. On thé falling (rising) edge of the
TC3 pin input, the current contents of the counter is Icaded into the TREG3B/ In this case, counting
continues. Atthe nextrising (falling) edgeof the T€3 pin input, thecurrent contents of counter are
loaded into TREG3A, then the counter iscleared-again and an interrupt is generated. If the counter
overflows before the edge is detected; \FFy isset to the TREG3A and an ovérflow 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 countercontinues.

When the TREG3A has been read out, capture and overflow detection resumes.

Thus, it is general to read out TREG3B before reading-oeut TREG3A.

TREG3A

TREG3B

INTTC3.interrupt

Up-counter 5 (9,0.0.6 ¢ a &5 3D ¢ @ 0 0.60 6 € §) 6+ 0.6 € &
TC3 pin input I \ I ! \ I_I
X »

k

|

E \ X FF (overflow)
—
X e

X m

1
1
i
Capture II_ICap‘cure

T
|
!
i_IOverﬂow

T 1T 7%

Reading TREG3A I-I I-I I-L

Figure 2-28. Timing Chart for Capture Mode (INT3ES = 0)
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2.8 8-bit Timer/Counter 5 (TC5)
2.8.1 Configuration
MPX TC5S
fc/2V or fs/23 >—>(A i

fe/27 >—B TimerF/F5

fc/23 >—>C i?“rlfe Clear PWM/ PDO

fc/22 >—>{D | Hlo¢ 8-bit Up Counter Overflow pin

fe/2 >—>E P :) > "D—> Toggle

F
fc >—> —Clear
TC5CK 3
J Match
TC5S TC5M
b a4
TC5CR TREG5
Timer/Counter 5 control register 8-bit Timer register 5 Notes_MPX Multiplexer
ﬁ ﬁ CMP’; Comparator
INTTCS TC5M  TC5S
Interrupt

Figure 2-29. (Timer/Counter 5 (TC5)

2.8.2 Control

The TC5 is controlled by a timer/counter 5 control.register (TC5CR) and an'8-bit timer register 5 (TREG5).

7 6 5 4 3 2 1 0
TREGS : T : : : B : !
(001DH) | : : : H 2 : H | Write only
7 6 5 4 3 2 1 0
TCSCR PR \
OO1EH) oo [ Tess | TC5€K_ TCG5M | {Initjal: *x00 0000)
00: Timermode
TC5M TC5 Operatingmode select 01;(Resgnied
10:\Progrmmable divider output (PDO) mode
™. Pulse width modulation (PWM) output mode
000:Reserved .
001:Internal clock  fc/2'" or fs/2° [Hz] Write
010:Internal clock  fc/2 only
044 Internal clock  fc/23
TC5CK-_ [ TC5 Source clock select 100: Internal clock  f¢/22
101:Internal clock  fc/2
110:Internal clock  fc
111:Reserved
TC55 TC5(Start contrel 0: Stop and clear
1: Start
Note 1: fc; High-frequency clock [Hz], fs; Low-frequency clock [Hz], % ; Don’t care
Note 2: The set value of timer register must satisfy the following conditions.
(a) When in PWM output mode, 5< TREG5<251
(b) When in any other mode than PWM output mode, 0< TREG5
Note 3: Source clock fc/22, fc/2, and fc cannot be used except in PWM output mode.
Note 4: Set the operating mode and the source clock selection when timer/counter stops (TC55 =0) .

Figure 2-30. Timer/Counter 5 Timer register, Control register
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2.8.3 Function
TC5 has 3 operating modes: timer, programmable divider output, and pulse width modulation output
mode.

(1) Timer mode
In this mode, the internal clock is used for counting up. The contents of the timer register 5 (TREG5)
is compared with the contents of the up-counter. Matching with TREG5 generates a timer/counter 5
interrupt (INTTC5) and clears the counter. Counting up resumes-afterithe counter is cleared.

Table 2-6. Source Clock (Internal clock) forTC5

Source clock Resolution Maximum setting time
NORMAL1/2, IDLE1/2 mode
- SLOW, SLEEP mode = =32 = =32.
DV7CK =0 DV7CK = 1 fc=8MHz | f§=32.768kHz | fc=8MHz | fs=32.768 kHz
fc/2" [Hz] s/2% [Hz] fs/2® [Hz] 256 us 244.14 us 65.3 ms 62:3 ms
fer2’ fe/2’ - 16 s > 4.1 ms -
fe/23 fcr23 - 1 us - 255 (ps -

(2) Programmable divider output (PDO) mode
The internal clock is used for counting up{ The contents of the TREG5 are) compared with the
contents of the up-counter. The timer F/F5-outputis toggled and thecounteris cleared each time a
match is found. The timer F/F5 output is inverted and output to(the PDO (P41) pin. In the case of
PDO output, set the P41 output latch to“1™and configure-as-an outputwith PACR1. This mode can
be used for 50% duty pulse output- INTTC5-interrupt is generated each time the PDO output is
toggled.

Example: 1024Hz pulse output (atfc=4/194304 MHz)

SET (P4).1 ;P41 outputlatche1
LD  (TC5CR), 00001010B ; Setsto TC5 modes and source clock
LD (TREG5),-10H ;o (1/1024+27/c) 2 = 10H

LD (TC5CR),/00101010B ; StartsTC5

Counter :xzxzxj 0.0.6D 85 #5.0.0.40 €3 §) 0 0 € &

Timer register 5
Match \

TimerE/F 5

I_

| | -
INTTCS interrupt " " " "

PDO0-pin

Figure 2-31. PDO Mode Timing Chart
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(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 the TREGS is compared with the contents of the up-countefr.- If a match is found, the
timer F/F5 output is toggled. The counter continues counting and, when an overflow occurs, the
timer F/F5 is again toggled and the counter is cleared. The timer F/F5 output isiinverted and output
to the PWM (P41) pin. In the case of PWM output, set the P41 output latch to “1”)and configure as
an output with PACRI. An INTTCS interrupt is generated when an overflow occurs.

TREGS is configured a 2- stage shift register and, during output,will not switch until one output cycle
is completed even if TREGS5 is overwritten; therefore, output can-be altered continuously. Also, the
first time, TREGS is shifted by setting TC5S (bit 5 in TC5CR) to “1"/afterdata are loaded to TREGS.

Note 1: Do not overwrite TREG5 only when an INTTC5 interrupt is generated. Usually, TREGS5.is
overwritten in the routine of INTTC5 interrupt service.
Note 2: PWM output mode can be used only in the NORMAL 1, 2’and IDLE1, 2 mode.

Timer register 5 { X m/m

Match \ \ Shif—t

Timer F/F 5 l I Qver write I |
1 1 1 i 1

PWM pin —| |—|

INTTCS interrupt " "
fe——— 1¢ycle —=

Figure 2-32. PWM Output/Mode Timing Chart

Table 2-7. "PWM Output Mode

Source clock Resolution Repeat cycle
NORMAL1/2, IDLE1/2’'mode At fe= 8MHz At fc=4.194304 At fc = 8MHz At fc=4.194304
DVZCK =0 | DV7CK =1 MHz MHz

fc/2? [Hz] 500ns 953.7ns 128us 24445
fcr2 250ns 476.8ns 6445 12248
fc 125ns 238.4ns 32us 61us
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2.9 Serial Interface (S101, SI102)

The TMP87CM23A/P23 each have two clocked-synchronous 8-bit serial interfaces (SI01 and SIO2). 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 P44 (SO 1), P43 (SM), P42 (SCK1) for SIO1
and P47 (SO2), P46 (S12), P45 (SCK2) for SIO2. The serial interface pins are also used as port P4. When
used as serial interface pins, the output latches of these pins should-be set ta’ /1. In the transmit mode,
pins P43 and P46 can be used as normal I/O ports, and in the receive' mode; the’pins P44 and P47 can be
used as normal I/O ports.

2.9.1 Configuration
The SIO1 and SIO2 have the same configuration, except for the addresses/bit positions ofthe control/
status registers and buffer registers.

SIO control/status registers

CPU

SIO1CR1/SIO1SR SIO1CR2
SIO2CR1/SIO2SR SI02CR2
T T T T T

T T T T T T
1 1 1 1 1 1 1 | | 1 1 i 1 |
Transmit and’réceiye
! databuffer
(8 bytesin DBR)
[

Buffer control
circuit

Control circuit

Shift register.
7 6/5-_4 3 2 1 0

Shift — T 1 1,501,502 pins
clock L\ L |_')[F|Serial data output
8-bittransfer 4-bit transfer SI1, S12 pins

1
:]Serial data input
1

INTSIO1 Intérfupt request | e cr s
INTSIO2 ptreq Serial clock SCKT, SCK2 pins
Serial clock I/0
Figure 2-33:—Serial Interfaces
2.9.2 Control

The serial interfaces-are controlled by SIO control registers (SIO1CR1/SIO1CR2 or SIO2CR1/SIO2CR2). The
serial interface status can be determined by reading SIO status registers (SIO1SR or SIO2SR).

Thetransmit and receive data-bufferiis controlled by the BUF (bits 2-0 in SIO1CR2/SIO2CR2). The data
buffer.is-assigned to addresses OFFO} - OFF7 for SIO1 or OFF8y - OFFF for SIO2 in 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 or INTSIO2) is generated.

When the internal clock is used as the serial 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/SI02CR2).
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SIO1, SIO2 Control Registers 1
7 6 5 4 3 2 1 0

TMP87CM23A/P23

(56821551 [sios [ 50 | SIOM | /SCK | | (Initial value: 0000 0000)
?6822551 SI0S Indicate transfer start/stop [1) :::rz

0: Continue transfer

SIOINH | Continue/abort transfer ;
inu 1: Abort transfer (automatically cleared after abort)

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

only

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

001:Internal clock” f¢/ 28 (%put on)
SCK Serial clock select 010:Internal clock | f¢7 28 SCK pin
011:Internal clock\_ fe/2°

111:External clack-(input from SCK pin)

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

Note 2: SetSIOS to “0” and SIOINH to “1” when settingsthe transfer mode orserial dlock.

Note 3: SIO1CR1/SIO2CR1 are write-only-registers, which cannot access.any/of in read-modify-write
instruction such as bit operate, etc.

SIO1, SIO2 Status Registers

S|01SR 7 6 .5 ............................ .2.1 ......... q....
(0020,) [SIOF [ sEF | "1 : 17 fm7 1l G ey M
SIO2SR
(0022y) SIOF Serial transfer operating 0: Transfer terminated ( Alfterzl?sjfocjeirtehd tto "O'f,SLQF is)
H . Cleared to e termination
status monitor 1: Transfer in process of transfer or setting of SIGINH. Read
SEF Shift operatingstatus 0: Shift operation-terminated only
monitor 1: Shift aperation.in process
SI01, SIO2 Contro)Régisters2
SIO1CR2 7 6 5 4 3 2 1 0
(0021y) : : WAIT  BUF~ | (Initial value: *%x0 0000)
SI02CR2
2
(00234) Always sets “00” except 8-bit transmit/receive mode.
. 00:7¢ =Tp (non-wait)
WAIT W. |
aitgontro 011 Ty = 2Tp
10: T =4Tp :|(walt)
1: T =8Tp
Buffer address used .
SIO1 $I02 Write
000: 1 word transfer  OFFOy OFF8y only

001: 2 wordstransfer OFFQ - OFF1y OFF8 - OFF9y
010: 3 wordstransfer OFFO - OFF2y OFF8 - OFFAy
011: 4 wordstransfer OFFO - OFF3y OFF8 - OFFBy
100: 5 wordstransfer  OFFO - OFF4y OFF8 - OFFCy
101: 6 wordstransfer  OFF0 - OFF5y OFF8 - OFFDy
110: 7 wordstransfer OFF0 - OFF6y OFF8 - OFFEy
111: 8 wordstransfer OFF0 - OFF7y OFF8 - OFFFy

BUF Number of transfepwords
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Note1: Ty  Frametime, Tp; Data transfer time
SCK pin !

| | :
! T I |
1 D 1 :
| :
1 T H

Note2: The lower 4 bits of each buffer are used during 4-bit transfers. Zeros (0) are stored to the upper 4bits

when receiving.

Note 3:  Transmitting starts at the lowest address. Received(data.are also stored starting from_the lowest
address to the highest address. For example, in the €ase\of SIOT,.the first buffer address transmitted is
OFF0y.

Note4: The value to be loaded to BUF is held after transfer is completed.

Note 5: SIO1CR2/SIO2CR2 must be set when the serial interface is stopped (SIOF=0).

Note 6: SIO1CR2/SIO2CR2 are write-only registéers, which cannot access any.of in‘-read-modify-write
instruction such as bit operate, etc.

Note 7: *; Don’tcare

Figure 2-34. SIO Control Registers and Status Registets

(1) Serial Clock

a.Clock Source
SCK (bits 2 - 0in SIO1CR1/SIO2CR1) is able to select the following:

@ Internal Clock
Any of four frequencies-can be selected.\ The-serial clock is output to the outside on the
SCK1/SCK2 pin: The SCK pin goes high'when'transfer starts.
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“automatically stops the seriak clock’ and holds the next shift operation until the
read/write processing is completed:

Table-2-8. 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/2° [Hz] fs/ 2% [Hz] 0.954 Kbit/s 1 Kbit/s
fc/28 fc/ 28 - 30.5 -
fc/ 28 fer28 - 122 -
fc/2° fc/2° - 244 -
Note: 1Kbit=1024 bit
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Automatically

wait function |
SCK pin output IllJI_II_l uI_IUI_II_Iu

SO pin output \ 20 X a1 Xa X as X bo X b1 X b X b3 X <o XC1
Written t it - Z —
data to the DBR a Xb ) &

Figure 2-35. Clock Source (Internal Clock)

@ External Clock
An external clock connected to the SCKT / SCK2 pin. is usedas the serial clock. “In this case,
the P42 (SCK1) / P45 (SCK2)output latch must be set te_“1"”. To ensure shifting;-a pulse width
of at least 4 machine cycles is required. Thus] the maximum transfer speed is 244K-bit/s. (at
fc = 8 MHz).

SCK pininput I I I I I I I I

-

tseke tsckH
tsckLs tsckH = 4 teyc Notertcyc=_4ifc(In NORAML1/2 ADLE1/2 modes)
4/fs (In SLOW, SLEEP/modes)

b.shift edge
The leading edge is used to transmit,.and the trailing-edge is used to receive.

® Leading Edge
Transmitted data are shifted-on the leading edge of the serial clock (falling edge of the SCK
pin input/output).

@ Trailing Edge
Received-data are’shifted on the trailing edge of the serial clock (rising edge of the SCK pin
input/éutput).

CCIIG = B N I S R

SO pin \_Bito. X _Bit1 X Bit2 X Bit3

Shift register X 3210 X *321 X *%32 X *x%3

(a) Leading Edge

SCR/pin L+ L f L1 L {
SI pin X B:itO X Bit1 X Bit2 X Bit3

Shift register Fhix X 0esx X 105+ X 210+ X 3210
(b) Trailing Edge

Note: =+, Don’tcare

Figure 2-36. Shift Edge
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(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)/

(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/is'loaded to BUF.
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. The number of words can be changed during autdmatic-wait operation of an
internal clock. In this case, the serial interface is not requiredto be stopped.

SCK pin | I u U u
SO pin \ aop X a X az X as

INTSIO interrupt "

(a) 1 Word Transmit

SO pin \ a0 X ar X a Xas X ko X b1 X b2 X b3 Xoco X7'ar X &2 X @

INTSIO interrupt "

(b) 3 Words Transmit

Sl pin X a0 X-ar X as X a3 X bo X b X-by X b3 Xco X o1 X o Xz /

INTSIO interrupt "

(€) V3'Words Receive

Figure2-37. Number/of Bitsto-Transfer (Example: 4-bit serial transfer)

2.9.3 Transfer Mode
SIOM (bits 5-.3"in SIOICR1/SIO2CR1) is used toselect the transmit, receive, or transmit/receive mode.

(1) _8-bit and 8-bit Transmit Modes

In these modes, the SIOTCRI/SIO2CR1 is set to the transmit mode and then the data to be
transmitted first are ywritten 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) interrupt is 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 data are 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.
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Note: Automatic-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. For example, when
3 words are transmitted, do not use the DBR of the remained 5 words.

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.

When the transmit is started, after the SIOF goes “high”output from'the SO pin holds final bit of
the last data until falling edge of the SCK.

The transmission is ended by clearing SIOS to “0” or/setting SIOINH to “1" in_buffer empty
interrupt service program. That the transmission hasiended can be determinged from.the status
of SIOF (bit 7 in SIO1SR/SIO2SR) because SIOF is cleared t0-"0” when a transferiscompleted.
When SIOHIN 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-“07,then BUF must
be rewritten after confirming that SIOF has been clearedto “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.
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e ClearsIOs

$I0s _e | \

SIOF | > |

SOpin \A 20X a1 X 22X 23X a3 X as X asX 27X bo XbrX b K b3 X bs X bs X be X b7/
INTSIO interrupt "\ "
Y
peR _Jaf b

Ao

Write Write
(@  (b)

(a) Internal Clock

fe———ClearsI0§[ H————>

$10S fl |

SIOF _|

SCK pin (output)

T N e € ) R R P D O O O O OO
INTSIO interrupt "\ "
DBR :x a X\ b

T_ T (b). External Clock
Write Write

(@)~ (b)

Figure 2-38. Transfer Mode (Example: 8-bit, 1 Word Transfer)

SCK pin I I
SIOF l

SOpin  Bit6 X Bit7 ! /

— 5!
tsopH = min. 3.5/fc [s] (In the NORMAL1/2, IDLE1/2 modes)
=min. 3.5/fs [s] (In the SLOW, SLEEP modes)

Figure 2-39. Transmitted Data Hold Time at end of transmit
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(2) 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 SI pin in synchronous with the serial clock.
When one word of data has been received, it is transferred from the shift register to the data
buffer register (DBR). When the number of words specified with the BUF has been 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 arenat read fromythe 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 read,the néxt 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-determined by the délay between the time when
the interrupt request is generated and when the data received have beén read.

The receiving is ended by clearing SIQS to "0 or setting SIOINH to “1”in buffer full interrupt
service program. When SIOINH is set, the receiving is immediately’ ehded SIOF is cleared to “0”.
When SIOS is cleared, the current data are transferred to-the buffér. After SIOS cleaned, the
transmissions is ended at the time that the'final bjt of the data being shifted has been output.
That the transmission has ended can be determined.from the status of SIOF (bit 7 in SIOSR). SIOF
is cleared to “0” when the transmission is ended. Afterconfirmed the receiving termination, the
final receiving data is read. When-SIOINH is set, the transmission is immediately ended and SIOF
is cleared to “0”. (The received data is ignored/and it is not required to be read out.) If the
number of words is to\be changed during transfer, SIOS must be cleared to “0” and BUF is
rewritten after SIOF-is-determined to be clearedto 0% during automatic-wait operation of an
external clock operation/The number of wordscan.be changed in an internal clock. In this case,
BUF must be rewritten before the received data is read out.

If it is mecessany/to change the number\of/ words in external clock operation, SIOS should be
clearedto0/ then-BUF must be rewritten aftér'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 is read 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 thenswitch the transfer mode.
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[«———— clearsi0s

SI0S

SIOF

SEF

SCK pin output

Sl pininput

INTSIO interrupt

DBR X a X b
Y ¥
Read out Read out

Figure 2-40. Receive Mode (Example: 8-bit, 1 word, internalclock)

(3) 8-bit Transmit/Receive Mode
After setting the control registets(tothe 8-bit transmit/receive mode, write the data to be
transmitted first to the data buffer registérs (DBR)./ After that, 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-SIpin at the trailing edges of the serial
clock. 8-bit data are transferred-ffom the shift register to'the data buffer register. An INTSIO
interrupt is generated/when/the number of data words specified with the BUF has been
transferred. The interruptservice 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 receivingy therefore, always-write'the data to be transmitted after reading the
received data.
When the internal clock is used,/await is\initiated until the received data are read and the next
data arewritten. A'wait will not be.initiated if éven one data word has been written.
A wait will netbe initialed ifeven-onedata ward has been written.

Note: The wait is also canceled-bywriting to a DBR not being used as a transmit data buffer
registers; therefore, during SIO-do not use such DBR for other applications.

When an-€xternal clock is used, the shift operation is synchronized with the external clock;
therefore, it is necessaryto \read the received 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 pead and the data to be transmitted next are written.

When the receive is started, after the SIOF goes “high”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. The
transmit/receive is ended at the time that the final bit of the data being shifted has been output.
The end of transmit/receive can be determined from the status of SIOF (bit 7 in SIOSR). SIOF is
cleared to “0” when the transmit/receive is ended. When SIOINH is set, the transmit/receive is
immediately ended and SIOF is cleared to “0”.
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If the number of words is to be changed during transfer, SIOS must be cleared to “0” and BUF is
rewritten after confirmed that SIOF clearing to “0”. The number of words can be changed
during automatic-wait operation of an internal clock. In this case, BUF must be rewritten before
the final transmitted/received data is read out.

When SIO1NH is set, the transmit/receive operation is immediately ended and SIOF is cleared to
“0".

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 clock, during automatic-wait which
operation which occurs after completion of transmit/receive/6peration, BUF must be rewritten
before reading and writing of the receive/transmit data.

Note: The buffer contents are lost when the transfer mode-isswitched. 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.

[e—————— ClearSIOS 77T T

SI0s

SIOF

SEF

SCK pin output

SO pin

Sl pin

INTSIO interrupt ” "

DBR X3 XZ?( b X d
Write ?a) Read out (¢) Write (b) Read out (d)

Figure 2-41. Transmit/Receive-Mode (Example: 8-bit, Tword, internal clock)

SCKpin I |
SIOF |

SO pin Bit6 X B/ S/

. tsoDH
tsopn = min. 4/fc [s] (Inthe NORMAL1/2, IDLE1/2 modes)
=min. 4/fs [s] (In the SLOW, SLEEPmodes)

Figure 2-42. Transmitted Data Hold Time at end of transmit/receive
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2.10 LCD Driver
The TMP87CM23A/P23 each have a driver and control circuit to directly drive the liquid crystal device
(LCD). The pins to be connected to LCD are as follows:

@ Segment output port 12 pins (SEG11teo SEGO)
@ Segment output or P6, P7, P8, P9 input/output port 28 pins (SEG39t0/SEG12)
@ Common output port 4 pins (COM3to COMO0)

In addition, VLC pin is provided as the drive power pins

The devices that can be directly driven is selectable from LCD of the following drive methods:

® 1/4Duty (1/3Bias)LCD ............ Max.160 Segments (8-segment x 20 digits)
@ 1/3Duty (1/3Bias)LCD ............ Max.120 Segments{8-segment x 15-digits)
@ 1/3Duty (1/2Bias)LCD ............ Max.120Segments (8-segment x (15 digits)
@ 1/2Duty (1/2Bias)LCD ............ Max. 80'Segments (8-segmentx.10.digits)
® StaticLCD ... Max ~40/Segments (8-segmentx_ 5digits)

2.10.1 Configuration

A 2~ DBR
fc /127, fs/2°

fc /2%, fs/28

fc /12"
fc /2%
Y

display data area

! 1
Duty i Timing i )
) | Display data select control
control : control !
lIIlII|IIIIII|IIIIII|]II|III
Blanking Display data buffer register
control )
Power K
& - -
Bias control —>| Common driver |—>|5 Segment driver |
é COMO0< tq COMS3 SEGO to SEG11 SEG12 to SEG39

Figure 2-43. LCD driver
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2.10.2 Control
The LCD driver is controlled by the LCD control register (LCDCR).

7 6 5 4 3 2 1 0

LCDCR
0028y [epsp] [ puty, | SIF | (nitial: 0++0 0000)

. 00: fc/2"7 or fs/2° [Hz]
Selection of LCD 01: fc/2'® or fs/2°

base frequency 10: fc/2"
11: fc/2°

000:1/4 Duty (1/3 Bias)
001:1/3 Duty (1/3Bias) .
Selection of 010:1/3 Duty (1/2 Bias) V(\)/:lte
DUTY - 011:1/2 Duty (1/2 Bias) y
driving methods 100: Static
101:reserved
11*.reserved

SLF

0: Blanking

EDSP LCD Display Control 1: Enables LCD display(Blanking is released)

Notexr._fc, high-frequency clock, fs;-low-frequency clock

Figure 2-44. LCD-drivercontrol register

1
(1) LCD driving methods Vieo = _——a/fe
As for LCD driving method, 5 types can : i
be selected by DUTY (bit 4 to bit 2-of 0 = ! [
. . . 1}
LCDCR). The driving method s - - L1 L]
initialized in the initial program -
. — V| em A
according to the LCD used. LCoy
g l<— pata “1* —>I<— pata 0" —>
(@) 1/4Duty(1/3Bias)
I‘ > < >
Vieo — Vo1 fe Vicp nife
1 1
- I 1
1 - 1
' ! 1] ! | | |
A RRUEN T TT
-Vico — -Vico —
<, Data “1” >t< Data “0" —>1 < Data “1” >t< Data“0" —>l
(b)~.1/3 Duty (1/3 Bias) (c) 1/3Duty(1/2Bias)
le—> le 1 /fp >
Vico — :1/f,:| Vieco — i F
. i !
1 1
1 1
0= ; j r 0 —
1
_VLCD_ s ) : _VLCD —
I Py o l«<— Data “1" —>t<— Dpata "0" —>1
Data “1 Data “0
(d) 1/2Duty(1/2Bias) (e) Static
Note: fe ; Framefrequency Vi ¢cp ; LCDdrive voltage (V. cp=Vpp-Vio)

Figure 2-45. LCD drive waveform (COM - SEG pins)

3-23-92 2001-10-03



TOSHIBA

TMP87CM23A/P23

(2) Frame frequency

Frame frequency (ff) is set according to driving method and base frequency as shown in the
following Table 2-9. The base frequency is selected by SLF (Lower twa bits of command register)

according to the frequency fc and fs of the basic clock to be used.

a. At the single clock mode or at the dual clock mode with DVCK7 =0

Frame frequency [Hz]
SLF Base frequency [Hz] -
1/4 Duty 1/3 Duty 142 Duty Static
fc fc 4 fc 4 fc fc
00 217 217 3 217 2 217 217
(fc=8MHz) 61 81 122 61
fc fc 4 fC 4 fc fc
01 215 215 3 215 2 216 216
(fc= 4 MHz) 61 81 122 6]
fc fc 4 fc 4 fc fc
10 215 215 3 215 2 215 215
(fc=4 MHz) 122 162 244 122
fc fc 4 fc 4 fc fc
11 213 213 3 213 2 213 213
(fc=1MHz) 122 162 244 122
Note: fc,; High-frequency clock [Hz]
b.At the dual clock mode(with DVCK7 =1 or with SYSCK =1
Framefrequency [Hz]
SLF Base frequency [HZ] -
1/4 Duty 1/3-Duty 1/2 Duty Static
i s 4. 1 4 s s
00 2? 2° 3 27 2 29 27
(fs = 32.768 kHz) 64 85 128 64
s fs 4 5 BN s
01 28 28 3 28 2 28 28
(fs=32.768 kHz) 128 171 256 128
Note; fs; Low-frequencyclock [Hz]

Table 2/9. Setting of LCD Frame Frequency

(3) —L€bdrive voltage
LCD driving voltagé/Vi¢p-is given as potential difference Vpp - V| c between pins VDD and VLC.
Therefore, when the CPU voltage and LCD drive voltage are the same, VLC pin will be connected to
VSS pin. The LCD lights when the potential difference between segment output and common
outputis V| cp. Otherwise it turns off.
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2.10.3

During reset, the power switch of LCD driver is automatically turned off, shutting off the VLC
voltage. At the same time, both segment outputs and common outputs become at VDD level,
turning off the LCD. The power switch is turned on to supply VLC voltage to LCD driver by setting
with EDSP (bit 7 in LCDCR) to “1”. After that, the power switch will not turned off even during
blanking (clearing EDSP to “0”) and the VLC voltage continues flow. When STOP.mode starts, the
power switch will be turned off. Therefore, LCD light out, and stop operation /is executed at low
power consumption. When STOP mode is released the status in effectimmediately before the STOP
operation is reinstated.

Note: During reset, the LCD segment outputs (SEGO to SEG11) and LCDcommon outputs (COM3 to
COMO) are fixed “0” level. But the multiplex terminal ((P6, P7, P8 and P9 ports) of input /
output port and LCD segment output becomes high impedance,) Therefore, when the reset
input is long remarkably, ghost problem may appear in-LCD display.

LCD Display Operation

(1) Display data setting

Display data is stored to the display data area (assigned to address OF80 toQF93)iin the DBR. The
display data which are stored in the display data area issautomatically read outand sent to the LCD
driver by the hardware. The LCD driver genetates the segment signal and’common signal according
to the display data and driving method. Therefore, display patterns-can be changed by only over
writing the contents of display data area/bythe program. Figure 2¢46/shows the correspondence
between the display data area and SEG/COM pins:

LCD light when display data is “1" and turn off when “0"/ Accordingto the driving method of LCD,
the number of pixels which can be-driven_becomes different, and the number of bits in the display
data area which is used to store display-data also becomes-different.

Therefore, the bits which are not.used /to store display data as well as the data buffer which
corresponds to the addresses not connected to LCD can be used to store general user process data
(see Table 2-10.)

address

bit7  bit6  bits ~bita\ Vbit3 ) bit2 bit1 bito—|-Table-2-10. Driving method and bit for display Data

'\ SEGh/ Y SEGO : : :
SEG3 SEG2 Driving methods| Bit7/3 : Bit6/2 : Bit5/1 | Bit4/0
SEG5 SEG4 ; ; ;
SEG7 SEG6 1/4Duty COM3 : COM2 : COM1 i COMO
222?1 222?0 1/3 Duty - i CcoOM2 i COM1 | COMO
SEG13 SEGT2 1/2 Duty - i - i COM1 i COMO
SEG15 SEG14 : : :
SEG17 SEG16 Static - : - : - i COMO
SEG19 SEG18
SEG21 SEG20 Note: -, Thisbitis notused fordisplay data
SEG23 SEG22
SEG25 SEG24
SEG27 SEG26
SEG29 SEG28
SEG31 SEG30
SEG33 SEG32
SEG35 SEG34
SEG37 SEG36

| SEE39 | | SEGE38 |

cOM3 COM2 COM1 COMO COM3 COM2 COM1 COMO

Figure 2-46. LCD display data area (DBR)
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(2) Blanking
Blanking is enabled when EDSP is cleared to “0”.
Blanking turns off LCD through outputting a non-selective level to COM pin. A signal level is
continuously output to SEG pin according to display data and driving method. For static drive, lights-
out by data (clearing display data to “0”) does not apply any voltage betwéen pins COM and SEG. On
the other hand, lights-out by blanking makes the output to COM pin at a.constant V| cp/2 level, so
that the part between pins COM and SEG becomes in the state driven by V| ¢p/2:

2.10.4 Control Method of LCD Driver
(1) Initial setting
Figure 2-47 shows the flowchart of initialization. Y

Example: To operate a 1/4 duty LCD of 40 segments x 4 com- Set;é‘é%‘:;‘f}?;;ﬁ::?ﬁ ((SDL"FJ)T ).

mons at frame frequency fc/216 [Hz] ¥
| setsP6.P7,PgR9port. |

LD (LCDCR), 00000001B ; Sets LCD driving method and

frame frequency- | Initialization of display data area. |
LD (P6CR), OFFH ; SetsP6, P7,.P8, P9 port as 3

Display, enable (EDSP)

LD (P7CR), OFFH segment.output. (Releases from blanking.)
LD (P8CR), OFFH ; “Sets the initial value of %7
LD (P9CR), OFFH displaydata.
LD (LCDCR), 100000018 { Disptay enable RFigure 2-47. Initial Setting

of LCD Driver

(2) Store ofdisplay data
Generally, display data are prepared-as-fixed data in pregram memory (ROM) and stored in display
data area by load command.

Example 1:  To display using 1/4 duty LCD a numerical value which corresponds to the LCD data
stored in data.memory at address 80y (when pins COM and SEG are connected to
LCD as,in Figure-2-48), display data become’as shown in Table 2-11.

L A, (80H) como
ADD A,JABLE -$ 5 U?é‘ﬁﬂ
LD HL,0F80H cCOM2
LD (HDAPC+A) SEGO QD UQ com3
RET
TABLE: DB 110144718, 000001108, SEG1
111000118, 10100111B,
00110110B, 10110101B, Figure 2-48. Example of COM, SEG

Pin Connection (1/4

111101018, 000101118, Duty)

11110111B, 10110111B
SNEXT:

Note: DB/is-a byte data difinition instruction.
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Table 2-11. Example of Display Data (1/4 Duty)

No. display display data No. display display data
0 11011111 5 10110101
1 00000110 6 11110101
2 11100011 7 00000111
3 10100111 8 110111
4 00110110 9 10110111

Example 2: Table 2-12 shewsan example of display data which are displayed using 1/2 duty LCD
in the same way asTable 2-11. The connection between pins COM and SEG are the
same as shown inFigure 2-49.

como

SEG3 g( i ?) SEGQ
SEG2 COM1
Q 2 SEGT

Figure 2-49. Example of COM, SEG Pin Connection

Table 2-12. Example of Display Data (1/2 Duty)

Display data Display data
Number Number
High order address Low order address High order address Low order address
0 #x01%x11 #01+x11 5 *x11%x10 *x01%x01
1 *%00%%10 #%x00%x10 6 w51 1811 #%01%x01
2 #%10%%01 #%015%11 7 *%01%x10 #x00%%11
3 #%10%%10 *#%01%%11 8 #%11%%11 *%01%x11
4 #%11%%10 *%00%%10 9 #%11%%10 #%01%x11
Note: =*; Don’tcare
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(3) Example of LCD drive output

anuQ (selg’g/l) fang €44 —1S-Z 24nbiy

anuq (seid £/1) Aang /L "05-Z @4nbiy

AL

N
ap—

1y

U._>
aap
U._>
Dn_>
PRIV
aap
IV
adp
RV
aap

AT

aaa

(p33p395—UON)

N ] ] __ Z935—1INOD

I
|
\ _ _ (paajas)

1 _I_ 1935—0N0D
|_|_|_|_|_|~_>_0u
||_|_|_|_||_|_|_|—|_I WNOD /' /ase33,uoq ! 230N

—|—I— _|—|I_| oNO> L # sk 1840
0L0* LK%/l Hogao

eaJe ejep Aejdsiq
_ _ _ LB3s

.I_|_|_|_|_|_|_|_|_|_I._|| 093s

_ dsa3

Og ~_>_qu y
g% :>_0u WQ m@
Q ONOD : Wm% 093% ZD3S

193S

ap—

iy
ap—

@

A
aap
BV
n_n_>
RV
aap
A
aap
DIz
adaa

NA

adp

B

(pa1a|as—uUoN)
o B I 1935—ZNOD

] T

B _|_|_ (panajas)
b I | 0935—~0NOD

R i |

ol

1 L] E_lu_LE

|_|_I_|LI_'| £NOD
|._||_.._|_|r_|_.| 20D
||_|_I_L|_I_I_|_I_| LNOD E Ho840

SsaIppY

—|_|_ _l—ll_l ONOD  ease eyep Aejdsia

_ dsa3

o%u
g

(S

193S
TENOY Y AR 0535
ia
i&
onNOD
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aauq (seg z/Ly/Aina g/, "£5-z 3nb14
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2.1 8-bit AD Converter (ADC)
The TMP87CM23A/P23 each have an 8-channel multiplexed-input 8-bit successive approximate type AD
converter with sample and hold.

2.11.1 Configuration

Ladder resistors

e e et m et e s m e m e e e s m e m s e m s mf e /e N .
! R R R R2 )|
1 1
VR = TS Y VT Wy AW———10 vAss
1 N 1
1 EN !: :
STOP D—-—-]--—' :
AINDS Tap Decoder
Analog input Sample and Hold Reference
Multiplexer Cmm T H
i ! Voltage
1 1
AINO O——A i i
AN1 O————8 i i 8
1 I S
AIN2 O——¢ i i
: i
AIN3 O——D i i Analog
i 1 Comparator
AINA O————€E S ) 3
AINs O———F
AIN6é O———6G Slamlfling Successive’ Approximate Circuit
cloc
AN7 O———H &y
Shift clock
EN S
AINDS Control Circuit 8
8 SAIN ADS EOCF
4
P5CR ADCCR ADCDR
P5 input/ outputcontrolregister AD Converter control register AD Conversion result register

Figure2-55, "AD Converter

2.11.2 Control
The AD converter is controlled by the AD converter control register (ADCCR). Reading EOCF in ADCCR
determines(the“AD /converter operating state; reading the AD conversion value register (ADCDR)
determinesthe AD-conversion value!

AD ConversjonResult Register

7 6 5 4 3 2 1 0
ADCDR | : : : : 7 : : |
(OOOFH) H . . . H . .

Read only

Figure 2-56. AD Converter Result Register
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AD Converter Control Register

7 6 5 4 3 2 1 0
ADCCR .
(000Ey) | EocF | ADs | Ack [AINDs| | SAIN . | (nitial value: - 0000'0000)

0000: AINO
0001: AIN1
0010: AIN2
0011: AIN3
0100: AIN4
0101: AIN5
0110: AING6
0111: AIN7
1#%%: reserved R/W

SAIN Analog input selection

0: Enable

AINDS | Analog input control 1: Disable

ACK Conversion time selection ?: Conversion(tife’=/23ys (at fc=8MHz)

: Conversion'time’=92us

: AD conversionstart

- O

ADS AD conversion start

: Under cenversion or Before conversion

EOCF End of AD conversion flag  End'of conversion

- O

Note 1: =, Don’tcare

Note2: Select analog input when AD converter stops:

Note 3: The ADS is automatically cleared'to “0™after starting conversion:
Note4: The EOCF is cleared to “"0” when reading the ADCDR.

Note5: The EOCF is read-only.

Figure 2-57. AD convertercontrol register and AD conversion result register

2.11.3 Operation
The high side of an analogreference voltage is applied.to VAREF pin, and the low side is applied to
VASS pin. The reference voltage)between VAREF andVASS is divided into the voltage corresponding
with bits by radar résistance-Thereference voltage is,compared with an analog input voltage and AD
conversion is performed,

(1) Start of AD conversien
Prior to AD conversion start, select-one pin among analog input channels (AIN7 to AINO) using the
SAIN\(bit3 to 0 in ADCCR). Clear AINDS.(bit 4 in ADDCCR) to 0 and clear the channel to be used for
analog/input using the P5 I/0 control register (P5CR).

Note: \ The pin that is notused as an analog input can be used as regular input/output pins.
During conversion, do not perform output instruction to maintain a precision for all of
the pins:

Set AD conversion time using the ACK (bit 5 in ADCCR).

Tostart AD conversion, set AD conversion to “1” using the ADS (bit 6 in ADCCR).

AD conversion time is from AD conversion start to AD conversion result being set in ADCDR. When
ACK =0, 184/fc [s] (46 machine cycles) is necessary. That is, when fc = 8 MHz, the AD conversion
time is 23 us. After AD conversion, the EOCF (bit 7 in ADCCR) is set to “1” indicating end of
conversion.

Setting the ADS to “1"” during AD conversion resumes conversion from the beginning.

The analog input voltage is sampled every 4 machine cycles after AD conversion start.
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To keep the same level of an analog input during 4 Machine Cycle Time is necessary for
charging the electron to the sample hold circuit which has alresister (typ. 5 kQ) and a

capacitor (typ. 12pF).

Note:

(2) Reading of AD 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. ‘When the conversion result is

read out during AD conversion, the invalid value is read out.

(3) AD conversion in STOP mode
When the MCU places in the STOP mode during the AD-conversien, the conversion is. terminated
and the AD conversion value become indefinite. Thus EOCF_is maintained to. “Q" after returned
from the STOP mode.
However, if the STOP mode is started after the end 'of conversion (EQOCF = 1),'the ADEDR contents

are held.

LT

[

ADS
ADCDR X Invalid X [ Result X Invalid X Invalid X Result
‘<conversion time > 5 e Conversion ti me—»
184/fc [s] 184/fcs]
EOCF |

] N

o0 0O >
A SO+ N D
/o ® 0 >
~+ 7oA wn o
O A+ WV

Figure 2-58. “AD canveérsion Timing chart

After AlN pin 4 is selected asan analog input channel, AD conversion is started. EOCF

Example:
is confirmed and the converted result is read out. It is saved to address 009Ey in RAM.
; AIN SELECT
LD (ADCCR), 00000100B ; Selects AIN4
; AD CONVERT/START
SET (ADCCER)-_6 ; ADS=1
SLQOP: TEST (ADCCR) .7 EOCF=17?
JRS T, SLOOP
; RESULT DATAREAD
LD (9EH), (ADCDR)

Figure 2-59 shows the relationship between An analog input voltage and AD converted 8-bit
digital value.
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FFy T ‘

Conversion s

result

(e
B4
4

03y T

02y T

01y T 7

Il Il Il (C ] ] } I
T T )] T 1 1 I VAREF — VASS
0 1 2 3 253 254 255 256 X — 55

Analog input voltage

Figure2-59. Analog input voltage vs AD conversion result (typ-)
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Input / Output Circuitry

(1) Control pins

The input/output circuitries of the TMP87CM23A/P23 control pins are shown below.
Please specify either the single-clock mode or the dual-clock mode by a code (NM 1 orNM2) as an option
for an operating mode during reset.

Control Pin I]e] Input/ Output Circuitry and Code Remarks
Osc. enable > fc
| Resonator connecting pins
XIN Input vDD R Re R VDD (high-frequency)
XOUT Output 0
Re= 1.2 MO(typ.)
Ro £ 1.5k (typ)
XIN XOUF R="1kQ (typ.)
NM1 NM2
Refer XTEN
to Osc. enable _)tD‘f__ﬁ—’ fs Resona}tor cfonnecting pins
XTIN Input | POrtP2 | \,np VAA’ VDD (low-frequency)
< £
XTOUT Output R Ro R =6 MQ (typ.)
Ro = 220 kQ (typ.)
R=1kQ (typ.)
XTIN XTOUT
vDD Sink open-drain output
% ; Hysteresis input
D Pull-up resistor
RESET /0 Address-trap-reset Rin = 220 kQ (typ.)
Watchdog-timer-rese
System-clock-reset R=1kQ (typ.)
Hysteresis input
STOP/INT5 Input (> I R=1kQ (typ.)
P20
STOP/INT5
VDD
R .
Pull-down resistor
Rin=70kQ  (typ.
TEST Input Ry IN (typ.)
R=1kQ (typ.)
Note 1: The TEST pin of the TMP87PP23 does not have a pull-down resistor. Always fix to low level.
Note 2: The TMP87PP23 is placed in the single-clock mode during reset.
Note 3: The STOP/INT5 pin of TMP87CMZ23A is different from TMP87CP23/PP23 and has guard diodes
built-in VDD side.
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(2)

Input/Output Ports
The input/output circuitries of the TMP87CM23A/P23 input/output ports are shown below.

PORT 110 Input/Output Circuitry
initial “"High-z2" vDD Tri-state 1/0
PO
/0 Disabl
p5 isable R
1 R=1kQ (typ.
< (typ.)
initial “High-z2" VDD Tri-state /0
_ODQ_I Hysteresis input
P1 /10
Disable >—L4D°_I =< R
@I R=1kQ(typ)
initial “High-2" Sink-open drain output
Hysteresis input
P3 /0
R=1kQ (typ.)
Sink open drain output
initial “High-z" "o VDD initial “High-2", "o :vDD
(Note 2)
A 1
< o
vDD Sink open drain
P6 Segment.output ™~ or
p7 ) . 4 Segment output
P8 Disable
P9 R
P R=1kQ  (typ)
~J
initial "High-z2 VDD Push-pull output
p-ch.Control or
Sink open drain output
P4 o P41 Nch High current output
; |-
Disable R Hysteresis input
@' R=1kQ (typ.)
Note 1: P4 portis a command register, which can control ON/OFF of the Pch transistor.
Note 2: Unlike the TMP87CP23/PP23, P2 and P3 ports of the TMP87CM23A incorporate a protection
diode on VDD side.
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Electrical Characteristics

Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply Voltage Vpp -0.3t06.5 Vv
Input Voltage Vin =0.3toVpp +0.3 \Y
Output Voltage VouTt ~0.3toVpp+0.3 \
Ports PO, P1, P2, P3, P5, P6, P7, P8, P9, P4
. loutt [ t P41) 3.2
Output Current (Per 1 pin) excep mA
lout2 | P41 30
Slo Ports PO, P1, P2, P3, P5, P6, P7,P8, P9, P4 120
T
Output Current (Total) v (except P41) mA
Slout2 | P41 30
Power Dissipation [Topr =70°C] PD 350 mw
Soldering Temperature (time) Tsld 260(10's) °C
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr —301t070 °C
Note 1: The absolute maximum ratings are rated values which' must not be exceeded during ‘eperatjon, even for an instant.
Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded,-a device may break down
or its performance may be degraded, causing it to-catch fire or explode resulting-irvinjury to the user. Thus, when
designing products which include this device, ensure thatno-absolute maximum rating value will ever be exceeded.
Note 2: The absolute maximum input/output voltage ratings-for the TMP87CM23A/CP23(PP23 are/ — 0.3 to VDD + 0.3 [V] at all
1/0 ports including sink open drain output/ports. (However, the VPP pin-.of TMP87PP23 is not contained in these
condition.)

Recommended Operating Conditions | \ (Vss=0|V, Topr= -30t0 70°C)

Parameter Symbol Pins Conditions Min Max Unit
NORMAL1, 2 mode
fc=8 MHz 45
IDLEY, 2 mode
NORMALT, 2 mode
fc£4.2 MHz
Supply Voltage Vbp IDLE1, 2 mode 27 5.5 \
fob SLOW mode '
32.768KHz | | EEP mode
STOP mode 2.0
\Y Except hysteresis input. Vpp x0.70
. 1H1 p y : p VppZ 4.5V DD
Input High Voltage V2 Hysteresis input Vpp x0.75 Vbp Y
ViG3 Vpp<4.5V Vpp x0.90
\Y Except hysteresis input Vpp % 0.30
IL1 pthy: p Vo= 4.5V DD
Inputtow-Voltage Vi Hysteresisinput 0 Vpp x0.25 \Y
Vi3 Vpp<4.5V Vpp x0.10
Vpp=4.5t05.5V 8.0
fc XIN,XOUT 0.4 MHz
Clock Frequency Vpp=2.7t05.5V 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 NORMAL1/2 mode and IDLE1/2 mode.
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DC Characteristics (Vss=0V, Topr= - 30to 70°C)
Parameter Symbol Pins Conditions Min~| Typ. [ Max | Unit
Hysteresis Voltage Vs Hysteresis inputs - 09 — \
Nt TEST
Open drain ports and Vpp=5.5V, \ _ +
Input Current Nz | istate ports ViN=5.5V/0V 2 | A
Iz |RESET,STOP
Input Low Current I Push-pull ports Vpp=5.5V, V=04V - - -2 mA
Input Resistance Rin2 RESET 100 220 450 kQ
Output Leakage ILo1 Open drain ports Vpp=5.5V, gyt =5:5V. - = A
- #
Current lo2 | Tri-state ports Vour=5.5V/0V - -~ +2
Segment Output
Low Resistance Ros1 | SEG39 10 SEGO
c p - 20 - kQ
ommon Output
Low Resistance Roc1 | COM3 to COMO
Segment Output
High Resistance Rosz | SEG3910SEGO Vpp =5V, 200 Ko
Vbp-Vic=3V 7 -
Common Qutput
High Resistance Rocz | COM3 to COMO
Vo 38 | 40 | 42
Segment/Common SEG39 to SEGO and
Output Voltage Vo2 | coms to como 33 | 35 |37 |V
Vo3 2.8 3.0 3.2
Vou1 | Push-pull ports (P4 port) Vpp=4.5V, lon="<200 LA 24 — —
Output High Voltage Tri- state ports \Y
Vorz | (po, p1/p5 ports) Voo =43V, low= -0.7mA 41 a a
Output Low Voltage VoL Except'XQUT and P41 Vpp=4.5W loL=1.6 mA - - 0.4 \Y
Output Low Current loL3 P41 Vpp=4.5V, VoL =1.0V - 20 - mA
Supply Currentin Vpp =5.5V _
NORMAL 1,2 mode f(=8 MHz 10 16 A
m
Supply Currentin fs =32.768 kHz _ 6 10
IDLE 1,2 mode Vin#5.3v/0.2v
Supply Currentin Vin=3.0V
| DD = 3. — 30 60 A
SLOW mode eP fs = 32.768 kHz a
Supply Currentin ViN=2.8V/0.2V
SLEpI?Pymode LCD driver is not enable - 15 30 | #A
Supply Currentin Vpp=5.5V _
STOP mode ViN=5.3V/0.2V 0.5 10 A

Note 1-Typicalvalues show those at Topr=25°C,;Vpp=5V.
Note 2: Input Current; The current through pull~up or pull-down resistor is not included.
Note 3:-1Ipp-~Except for Iper
Note4: Outputresistors Ros, Rociindicate “on” when switching levels.
Note'5: Vg3 indicates an output'voltage at the 2/3 level when operating in the 1/4 or 1/3 duty mode.

Note 6: Vpy/> indicates an output voltage-at the 1/2 level when operating in the 1/2 duty or static mode.
Note 7: Vpy/3 indicates an output voltage at the 1/3 level when operating in the 1/4 or 1/3 duty mode.

Note 8: When using LCD, it is necessary to consider values of Ros1/2 and Rbc1/2.
Note 9: Times for SEG/COM output switching on:

Ros1, Rocl: 26/fc, 2/fc (s)

Ros2, Roc2: 1/(n, fp)
(1/n: duty, fg: frame frequency)
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AD Conversion Characteristics

(Vss=0V,Vpp=2.71t05.5V, Topr = — 30 to 70°C)

Parameter Symbol Conditions Min Tvp. Max Unit
VAREF 27 > Vpp
Analog Reference Voltage Varer = Vasgs 2 2.5V \Y
Vass Vss - 1.5
Analog Input Voltage VAlN VASS - VAREF \

Analog Supply Current

IRer

VARer =5.5V, Vass=0.0V

0.5 1.0 mA

Nonlinearity Error Vpp=5.0V, Vss=0.0V - _ +1
VAREF =5.000V
Zero Point Error Vags =0.000V — — +1
or LSB
Full Scale Error Vpp=2.7V, Vgs=0.0V - = £
Varer = 2.700 V
Total Error Vass =0.000V _ — 1)
Note: Quantizing error is not contained in those errors.
AC Characteristics (Vs¢=0V,Vpp = 4.510 5.5 V; Topr= —30%0 70°C)
Parameter Symbol Conditions Min Typ. Max Unit
INNORMAL 1, 2 mode
095 - 10
In IDLE1,2.mode
Machine Cycle Time tey us
In SLOW mode
117.6 - 133.3
In SVEEP mode
High Level Clock Pulse Width twen/ /| 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 gpération 147 B B s
Low Level Clock Pulsé Width twg, | XTINinput), fs =32.768'kHz ’
(Vss=0V, Vpp=2.7105.5V, Topr= -30to 70°C)
Parameter Symbol Conditions Min Typ. Max Unit
InNORMAL 1, 2 mode
0.95 - 10
) i INIDLE 1, 2 mode
Machine€ycle Time tey 7]
In SLOW mode
117.6 - 133.3
In SLEEP mode
High Level'Clock Pulse Width WweH) | For external clock operation
. 110 - - ns
Low Level Clock Pulse Width twer | KINinput), fc=4.2 MHz
High Level Clock Pulse Width twsH | For external clock operation 147 : _ s
Low Level Clock Pulse Width twsy | XTINinput), fs=32.768 kHz ’
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Recomended Oscillating Condition-1 (for TIP87CP23)

(VSS=0V, VDD=4.5t05.5V, Topr= - 30to 70°C)

R d Recommended
Parameter Osillator Frequency ecommender Condition
Oscillator
€ C
KYOCERA KBR8.0M 30 pF 30 pF
Standard/Lead Type CSA8.00MTZ Built-in Built-in
(MURATA) CST8.00MTW- 30 pF 30 pF
) Standard/SMP Type CSACS8.00MT-
R 8 MIHz F F
Ceramic Resonator (MURATA) 30p 30p
High- Standard/Small ChipType,~CSTCS8:00MT Built-in Built-in
9 (MURATA) 30/pF 30 pF
frequency
4 MHz KYOCERA KBR4.0MS 30.pF 30 pF
8 MIHz TOYOCOM 210B 8.0000
Crystal Oscillator 20pF 20 pF
4 MHz TOYOCOM 204B 4.0000
Low-frequency | Crystal Oscillator 32.768 kHz NDK MX-38T 15 pF 15 pF

Recomended Oscillating Condition-2 (for TMIR87CP23)

(VSS =0V, VDD=2.7t0 5.5V, Topr= -30to 70°C)

m
Y,
&

(1)~_High-frequency

*

(2) Low-frequency

R d Recommended
Parameter Osillator Frequengy ecomasqaer Condition
Oscillator
C G
Standard/Lead Type CSA4.00MG 30 pF 30 pF
Built-in Built-in
(MURATA) CST4.00MGW 30 pF 30 pF
. . Standard/SMD-Typée CSA4.00MGC
High- C R t 4 MH 30 pF 30 pF
'9 eramic Zesonatol z (MURATA) CSAC4.00MGCM P P
frequency CSTC4.00MG Built-in Built-in
30 pF 30 pF
. Built-in Built-in
Standard/Small Chip Type CSTCS4.00MG 10 pF 10 pF
XIN XOUT XTIN XTOUT

Note 1: When used in high electric field such as a picture tube, the package is recommended to be electrically shielded to

maintain a regular operation.

Note 2: The product numbers and specifications of the resonators by Murata Manufacturing Co., Ltd. are subject to change.
For up-to-date information, please refer to the following URL;

http://www.murata.co.jp/search/index.html|
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