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TOSHIBA

Caution in Setting the UART Noise Rejection Time

When UART is used, settings of RXDNC are limited depending on the transfer clock specified by BRG. The com-
bination "O" is available but please do not select the combination "-".

The transfer clock generated by timer/counter interrupt is calculated by the followingequation :

Transfer clock [Hz] = Timer/counter source clock [Hz] + TTREG set value

RXDNC setting
11
) Transfer 01 10
BRG setting lock [H 00 . . (Reject pulses shorter
clock [Hz] . o (Reject pulses shorter |“(Rejectpulses shorter
(No noise rejection) . . than 127/fc[s] as
than 31/fc[s] as noise). [~than 63/fc[s] as noise) .
noise)
000 fc/13 (0] o O -
110 fc/8 (0] £ - -
(When the Fransfer clock gen- fc/16 o g — _
erated by timer/counter inter-
rupt is thf-:‘ same as the right fc/32 o o o _
side column)
The setting except the above (0] (9] (0) (0]
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TOSHIBA TMP87CH48/CM48

Important Notices

Thank you for your continued patronage of Toshiba microcontrollers.

This page gives you important information on using Toshiba microcontrollers."Rlease be sure to check each
item for proper use of our products.
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TOSHIBA TMP87CH48/CM48

TOSHIBA Microcontrollers

870 Family

(TMP87CH48U) (TMP87CH48DF) (TMP87CM48U) (TMP87CM48DF) (TMP87CH48I)
(TMP87PH48U) (TMP87PH48DF) (TMP87PM48U) (TMP87PM48DF)

Datasheet Modifications: 1°C Bus Mode Control

The following problem is included in the explanation of the I12C bus functien of this data-sheet.
It will guide the correction as follows. Please read it for the explanationof this data sheet-as.follows.

Section: “I2C Bus Mode Control”

= In the explanation of the Serial Bus Interface Control Register 1
1. Delete the setting examples where the serialclock frequency ex¢eeds 100 kHz.
2. Add the following note.

000" Reserved (Note)\
00INxReserved (NoOté
010588 kHz
' ' 611 -30\3 KHz a.t f¢ # 8MHz (Output on SCL Wiite-
SCK | Serial clock selection pin)
100154 kHz only
101:7.75 kHz
110: 3.89 kHz J
111 : reserved

Note: This F¢bus eircuit-dde$ not support the Fastmode. It supports the Standard mode only. Although
the/I*C bus/circuit-itself allows\the setting/of a baud rate over 100 kbps, the compliance with the 1°C

specifieatign is not guaranteed in that case:

= In “(3) Serial clock”
1. Add thedollowing sentence about the communication baud rate.

a./Clock source
The SCK (bits 2 t6 0-in the SBICR1) is used to select a maximum transfer frequency
outputed on' the SCL pin in the master mode. Set a communication baud rate that meets
thé 12C bus specification; such as the shortest pulse width of tLow, based on the equations
shown below.

In both master mode and slave mode, a pulse width of at least 4 machine cycles i1s require
for both “H” and “L” levels.

tLow = 2n/fc
tHIGH = 2n/fc + 8/fc

fscl = 1/(tLow + tHIGH)
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TOSHIBA TMP87CH48/CM48

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 TMP87CH48/CM48

1. Part number

2. Package code and dimensions

Prewpus Part Number Prewqus Package Code New Part Number | New Package Code oTP
(in Body Text) (in Body Text)
TMP87CH48U P-LQFP64-1010-0.50 TMP87CH48UG LQFP64-P-1010-0:50E-_| TMP87PH48UG
TMP87CH48DF P-QFP64-1414-0.80A TMP87CH48DFG QFP64-P-1414-0.80C ]’| TMP87PH48DFG
TMP87CM48U P-LQFP64-1010-0.50 TMP87CM48UG LQFP64-P-1010-0:50E | TMP87PM48UG
TMP87CM48DF P-QFP64-1414-0.80A TMP87CM48DFG QFP64{P,1414-:0.80C | TMP87PM48DFG

*: 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 deviee:

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
Solderability -use of R-type flux Leads with\over95% solder 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

II 2008-03-06




TOSHIBA TMP87CH48/CM48

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

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 reliability of its products. Nevértheless; 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 comply-with-the standards of safety
in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such
TOSHIBA products could cause loss of human life, bodily injury or damage'to property,
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, pleasekeep_in-mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” of TTOSHIBA Semiconductor Reliability
Handbook” etc.

e The TOSHIBA products listed in this document are intended for usage in general-glectronics applications (computer,
personal equipment, office equipment, measuring equipment, industrial robeties, domestic appliangés, 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. ok bodily-injury
(“Unintended Usage”). Unintended Usage include atomic energy-controh 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 produgts, listed in_his decument shall
be made at the customer’s own risk.

e The products described in this document shall not be used,or. embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicablelaws and regulations:

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

e Please 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:Joshiba assumesna_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 mierocentrellers 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.

111 2008-03-06



TOSHIBA TMP87CH48/CM48
(Annex)
Package Dimensions
LQFP64-P-1010-0.50E
Unit: mm
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TOSHIBA TMP87CH48/CM48

QFP64-P-1414-0.80C

Unit: mm

17.2£0.2
14.0%0.1

14.0£0.1
17,.2£02

0.1

01508k

0.8+0.2
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TOSHIBA

TMP87CH48/C\V48

CMOS 8-Bit microcomputer

TMP87CH48U/DF, TMP87CMA48U/DF

TMP87CHA48/CMA48 are a low power, high-speed and high-performance 8-bit single chip microcomputer,
including large capacity ROM/RAM, input/output ports, a multiple timer counter, serialinterfaces (UART, 12C
bus, and SIO), four 12-bit PWM outputs, a 10-bit AD converter and two oscillatofs.

Product No. ROM RAM Package OTP
TMP87CH48U P-LQFP64-1010-0-50 TMP87PHA48U
............................... 16Kbytes 512bytes
TMP87CHA48DF P-QFP64-1414-0.80A TMP87PHA8DF
TMP87PM48U P-LQFP64-1010-0:50 TMP87PM48U
............................... 32Kbyte5 1 Kbytes
TMP87PMA8DF P-QFP64-1414-0.80A TMP87PMA8DFE

Features
@ 8-bitsingle chip microcomputer TLCS-870 series

@ Minimum instruction execution time: 0.5 us (at 8 MHz),
122 us (at 32.768 kHz)

@ 412 basic machine instructions: 129 types
@ 15interruptsources (External: 6, Internal: 9)

® All sources have independent latches| éach,~and nested
interrupt control is available.

® Edge-selectable external interrupts with noise reject.

® High-speed task switching by register-bank ¢hangeover
@ Input/output ports (56 pins)

® High current output: 8 pins (Typ/20.mA), LED direct drive
@ 16-bit timer counters: 2 channels

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

P-LQFP64-1010-0750

TMP87CH48U
TMP87CM48U
TMP87PH48U
TMP87PMA48U

P-QFP64-1414-0.80A

TMP87CH48DF
TMP87CM48DF
TMP87PH48DF
TMP87PM48DF

030619EBP2

@ The.information containgd herein is subject t6 change without notice.

or-patent rights of TOSHIBA or others.

Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

TOSHIBA products listed in this document shall be made at the customer's own risk.

regulations.

Assurance /Handling Precautions.

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

@ TOSHIBA is continually working to_improve the quality/and reliability of its products. Nevertheless, semiconductor devices in general can malfunction
or fail due to théir inherent electrical Sensitivity—and vulnerability to physical stress. It is the responsibility of the buyer, when utilizinfq 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 malfu
failure_ofsuch TOSHIBA products could cause~loss of human life, bodily injury or damage to property.

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

nction or

@ The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal equipment, office
equipment, measuring equipment, industrial robotics, domestic appliances, etc). These TOSHIBA products are neither intended nor warranted for
usage in equipment that requires extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“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 devices, etc.. Unintended Usage of

@ The products described in this document are subject to the foreign exchange and foreign trade laws.
@ TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under any law and

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

87CH48-1
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TOSHIBA TMP87CHA48/CM48

& 8-bit timer counters: 2 channels

® Timer, Event counter, Capture
(Pulse width/duty measurement)
PWM (Changeable pulse width)
output, PDO (ProgrammableDivider Output)

@ Time base timer (Interrupt frequency: 1to 16384 Hz)
@ Divider output functions (Frequency: 1to 8 kHz)
@ Watchdog timer
® Interrupt/reset output (programmable)
@ DA conversion (Changeable pulse width) output
® 12-bitresolution: 4 channels
€ UART: 1 channel (Parity/framing/overrun error detection)
@ Serial businterface (SBl-ver. B) 1 channel (I2C bus or clock synchronious SIO)
@ 10-bit successive approximation type AD converter
® Analoginput: 16 channels
® Conversion time: 24.5 us or 98 us (at 8 MHz)
@ Clock oscillation circuit: Two circuits
® Single/dual clock modes (Initial mode is always.set to a single clock mode)
@ Low consumption power (Five modes)
® STOP mode: Oscillation stop (Battery/capacitorback-up)./ Port output hold/high-impedance.
® SLOW mode: Low consumption power.operation by low=frequency clock

® |IDEL1 mode: CPU stops, and only'\peripheral hardware operates Using high-frequency clock. Release
by interrupts (CPU restarts).

® |IDEL2 mode: CPU stops, and enly peripheral hardware operates using high or low-frequency clock).
Release by interrupts.

® SLEEP mode: CPU stops, and ‘only peripheral hardware operates using low-frequency clock. Release
by interrupts,

@ Operation voltages 2.7 to 5.5 V-at 4.2 MHZ/32.768 kHz, 4/5/t0 5.5 V at 8 MHz/32.768 kHz
@ Emulation pod: BM87CHA48/CM48UOA

87CH48-2 2004-10-01



TOSHIBA TMP87CH48/CM48
Pin Assignments (Top View)
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pos 1T 30 [FELT-vASS
pos I [T P50/NT3/TC3
po3 [T [T 1VP51/NTA4/TCA
po2 1T [T p52/PDO/PWM
po1 I 55 [ pg3/PWM3
poo 1T 25 1T 1 P82/PWM2
p37 I [T p81/PWM)
p36 1T [[TT1 P8O/PWNIO
p35 1T [T 1 Pas/TXD,
p34 [T 60 [TIZ 1, P44/RXD
p33 1T 20 1 P43
p32 1T [T P42/SQ/SDA
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Block Diagram
Power | yvpDp +—>
supply { VSS +—> I
<
1T Ir 1T 1T
P S W | Stack pointer | Data memory | Program counter |
I (RAM)
ALU Flags RBS
_______________
| I * | Register banks
Reset 9
1/0 pin RESET L d
System centyoller
Test pin TEST
Program memory
- N <| Interrupt Controller | (ROM)
— Stanaby controlier T T T T T T T
Timing generator > (Time base 16-bit 8-bit 8-bit serial
High- N High timer timer/counters ||| timer/counters interface 4
frequency { 2
oY xouT frequency|  clock TC [ TG TC3_ | 1ca || uart IL /510 st register
connectingpins -~ Low generatof Watchdog
| Afrequency timer Inst. decoder
Y
Ng2 N2 N2
| T . - T O
10-bit P P4 P8 m
AD converter ~ T~ A
T - —~ — .
| L L L LU U
P22 P77(AIN17) VAREF P67 (AIN7) P17 P52 P45 P80 (PWMO0) PO7 P37
to to to VASS to  to to to to to to to
P20 P70(AIN10) P60 (AINO) P10 P50 P40 P83 (PWM3) POO P30
Input/ Analog . J
output reference ) Yo
ports power source (Analoginput)
Reference GND Input/output ports
87CH48-3 2004-10-01
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TMP87CH48/CM48

Pin Function

setto/1".

Pin Name Input/Output Functions
P07 to POO 110
P17, P16 /0 8-t?|t programmable input/output port
................................................................ (tri-state).
P15(TC2) I/0 (Input) Each bit of these ports can be |Timercounter 2input
................................................................ individually configured as an input op (/7 EN s
P14 (PPG) an output under software control.}|Progranimable/pulse generator output
............................. /0 (Output) )
P13 (DVO) When use(;l as an exte.rnal interrupt Divider-output
................................................................ input or a timer counter input, the latch T s TS S o e
P12 (INT2/TC1) must be set to input mode. When used c;uenrtne?' ;?nersf:p input 2 or Timer
............................. as PPG output or a dIVIder OUtput, the p
P11(INT1) _____________ 1/0 (Input) output latch must be setto “1”. External interrupt input/1
P10 (INTO) Extefnal interrupt input Q
3-bit input/output port. Low-f ; ; p
P22 (XTOUT 1/0 (Output ; ow-frequency oscillator connecting pins
....... () (p) Wh.en used asan input port, an (32.768 kHz). Fof ihputting external clock,
oscillator connecting pin, an external . .
P21 (XTIN) interrupt input or STOP mode reléase XTIN|susedandXTOUTlsopened .............
............................. /0 (Input) input of P20, the outputfatch-must be External intecrupt input 5orSTOP mode
P20 (INT5,STOP) setto "1". release signal input
8-bit input/output port-(high current output). When used as an input port, the
P37toP30 1’0 output latch must be set to ™17
P45 (TxD) 1/0 (Output) UART-serial data output (send)
P44 (RxD) 1/0 (Input) 8-bit input/6utput port. UART serial data output (receive)
pas Vo Wh d i t t ial
................................................................ en used-as.an input port/ @ serial [ i
P42 (SO/SDA) I/0 (Output, 1/0) interface pin, the output latch-must be _?rl,_gu%/egﬁ::,ftata output or IC bus data

SIO serial data output or 1°C bus clock
input/output

VAREF, VASS

P40 (SCK) 1/0 (1/0) 510 serial clock input/output
P52 3-bit input/output port. 8-bit PWM output or 8-bit programmable
(PWNI/PDO) I/0 (Output) When used as an input port; PWIVI divider output
................................................................ outputy high-speed PWM oditput.‘a
P51 (INT4/TC4) programmable divideroutput,an EXti;nfL.'nnti"uPt input 4 or Timer
----------------------------- I/O-(Input) external interrupt inputortimer e e
counter input, the output latchrmust be | External interrupt input 3 or Timer
P50 (INT3/TC3) setto "1”. counter 3 input
8-bit programmablée’input/output port
P67 (AIN7) (tri-staj;e).
to P60 (AINO) _Each 'blt of these ports can be_
_____________________________ individually configured as an input or .
1o an output.under software control. AD converter analog input
P77 (AIN17) When used as.an analog input, the
to P70 (AIN10) latch must beset-to an analog input
mode by P6CR arid P7CR.)
4-bit programmable input/output port
(tri-state). )
P83 (PWM3) Each bit of the port can be individually [ DA conversion (PWM) output
0. P80 (PWMOQ) /0 (Output) configured as an input or an output (PWII3 to PWMO)
under software control. Aninputoran
output is determined by setting P8CR.
Oscillator connecting pins for high frequency clock.
XIN,~XouT Input, Output For inputting external clock, XIN is used and XOUT is opened.
— Reset signal input or watchdog timer output/address-trap-reset output/system-
RESET /o clock-reset output.
TEST Input Test pin for outgoing test. Be externally tied to low.
VDD, VSS +5V, 0V (GND)
Power Supply

AD conversion analog reference voltage, Reference GND.

87CH48-4
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TOSHIBA TMP87CHA48/CM48

Operational Description
1. CPU Core Functions

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

1.1  Memory Address Map
The TLCS-870 Series is capable of addressing 64 Kbytes of memory. Figure 1>1.shows the memory address
maps of the TMIP87CH48/CM48. In the TLCS-870 Series, the memory(is organized 4 address spaces (ROM,
RAM, SFR, and DBR). It uses a memory mapped I/O system, and allN/O/registers are mapped in the
SFR/DBR address spaces. There are 16 banks of general-purpose-registers. The register banks are also
assigned to the first 128 bytes of the RAM address space.

0000y 00004
SFR : 64 bytes SFR / 64 bytes
003F 003F
0040 0040 Register banks
128 bytes 128 bytes | |[(8registersx
00BF |..covviiinns (0]0] 1 0 S 16 banks)
00C0 00C0
RAM| i | 896 bytes RAM| | | 384bytes
023F ! ]
043F , :
_— ~— ~ ~
0F80 OF80
DBR | i [128bytes DBR| i |[128Bytes | % Reserved
OFFF QFFF
LN : P ; Entry area for
8090 COpO page call
. 32512 A DL 16128 =~ instructions
bytes bytes
rf O o [ FE 0 o [
ROM : 192 ROM 192
: bytes : bytes Vector table for
FFBF |.........n.> FFBF |..coiieennns vector call
FFCO | 35 bytes FFCO | 35 bytes jinstructions
FEDF b FEDE | (16 vectors)
ector table for
EFFE 32 bytes FFFF 32 bytes )intermpts,
reset (16 vectors)
TNMP87CV48 TMP87CH48
ROM: Read ©nly Memory includes:, SFR: | Special Function Register includes: DBR: Data Buffer Register includes:
Programmemory /0 ports SIO data buffer
RAM: Random Access Memory includes: Peripheral control registers
Data memory Peripheral status registers
Stack System control registers
General-purpose register banks Interrupt control registers
Program Status Word

Figure 1-1. Memory Address Maps

87CHA48-5 2004-10-01
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1.2 Program Memory (ROM)

The TMP87CH48 has a 16K x 8-bit (Addresses C000y to FFFFy), the TMP87CM48 has a 32K x 8-bit
(Addresses 8000y to FFFFH) of program memory (Mask programmed ROM).
Addresses FFOOy to FFFF in the program memory can also be used for special purposes.

(1) Interrupt/ Reset vector table (Addresses FFEOH to FFFF)
This table consists of a reset vector and 15 interrupt vectors (2 bytes/vector).—~Thése vectors store a
reset start address and interrupt service routine entry addresses.

(2) Vectortable for vector call instructions (Addresses FFCOH to FFDFy)
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 |ocations).

(3) Entry area (Addresses FFOOy to FFFF) for page call instructions
This is the subroutine entry address area for the page call instructions [CALLP p].—-Addresses FFOOH to
FFBFH are normally used because address FFCOH to FFFE 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 the
jump instructions and the PC.

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

When JF = 1, the jump is madeto ESCE},
which is 084 added to the caontents'of the
PC. (The PC contains the address of the
instruction being executed + 2;
therefore, in this case/ the PC contents
are E8C4H +2=E8ChH.)

@ 8-bit PC-relative’/jump [JR cc, $ +2 +d]
E8C4H: JR “Z, $+2+80H
When ZF =1, the jump is made to-E846H,
which~is FF80y (- 128) added to the
currentcontents of the PC.

@ 16Lbit absalute jump [JP al
E8CAH:/JP 0C235H
An_unconditional jump is\made to
address C2354.\ “The ‘absolute jump
instruction can jumpanywhere within
the entire 64-Kbyte space.

Address ROWNI
(80004) contents
C000y
i vExampIe: The relationship

: between ROM Contents
FFOO and Call group

: instructions/Interrupt/

: Reset
e [ caue e peere
FFBF
FECO ... Call vector (L) 156 CALLV OH ; PCeC856y
FEC1 Call vector (H) Cc8
FFEZ
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.

87CHA48-6
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TMP87CH48/CM48

1.3 Program Counter (PC)

Example 1: Loads the ROM contents at the address specified by the HL register pair contents

into the accumulator (TMP87CH48/CM48: HL= C000,):
LD A, (HL) ; A<ROM (HL)

Example 2: Converts BCD to 7-segment code (Common anode LED). WhenA-="05y, 924 is

output to port P3 after executing the following program:

ADD A, TABLE-$-4 ; P3«ROM (TABLE + A)
LD (P3), (PC+A)
JRS T, SNEXT
TABLE: DB O0COH, OF9H, 0A4H, OBOH, 99H, 92H, 82H, 0D8H, 80H;-98H

SNEXT:
Note: “$” is a header address of ADD instruction.

DB is a byte data difinition instruction. SHIC A
E . S . . P (PC+A) —
xample 3: N-way multiple jump in accordance with the contents of
accumulator (0= A<3): /o5 ] N0 34 _____|

SHLC A . it AL00y) then PC—C234, %

P (PC+A) if A=0T/then PC—C3784 . 177777 o
if A=02y then PCDA37, ~ . [/ EV
if AX03y then PC<E1BO} DA

DW 0C234H, 0C378H, GDA37H, 0E1BOH ")) fooocod E -? -------

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

The program counter (PC) is a 16-bit register which indicatesthe program memory address where the
instruction to be executed next is stored-—After-reset, theluser defined reset vector stored in the vector
table (Addresses FFFF and FFFEY) is [gaded into the PC ; therefore, program execution is possible from

any desired address.

For example, \when/ €0y and 3Ey are storéd at addresses FFFFy and FFFEy,

respectively, the execution startsfrom address CO3E afterreset.

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 C125.

MSB

LSB

1514131211109 876 5 )4/3 2 1 0

Program counter/(PC)

PCy PEL

(a)~Configuration

PC contents x a
Instruction execution X a-2 X a-1 X a X a+1

(b) Timing chart of PC contents and Instruction Execution

Figure 1-3. Program Counter
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1.4 Data Memory (RAM)

The TMP87CH48 has a 512 x 8-bit (Addresses 0040y to 023Fy), the TMP87CM48 has a 1K x 8-bit (Address
00404 to 043Fy) of data memory (Static RAM). Figure 1-4 shows the data mermory map.

Addresses 00004 to 00FFy are used as a direct addressing area to enhance instructions which utilize this
addressing mode; therefore, addresses 00404 to 00FFy in the data memory can/also be used for user flags
or user counters. General-purpose register banks (8 registers x 16 banks) are\also assigned to the 128
bytes of addresses 0040y to 00BFH. Access as data memory is still possible_even when being used for
registers. For example, when the contents of the data memory at address\00404 is\read out, the contents
of the accumulator in the bank 0 are also read out. The stack can belocated-anywhere within the data
memory except the register bank area. The stack depth is limited only by-the free data memory size. For
more details on the stack, see section ” 1.7 Stack and Stack Pointer”.

With the TMP87CH48/CM48, programs in data memory cannot be-executed. If the pregram counter
indicates a data memory address (Addresses 0040y to 023Fy for TMP87CHA48, address 0040 t0-043Fy for
TMP87CM48) an address-trap-reset is generated due to bus error. (Qutput from the RESET.pin goes low. )

Example 1: If bit 2 at data memory address 00COy is “17, 00y is written, to data memory at address
00E3y; otherwise, FFy is written to the-data memory at address Q0E3f-

TEST (00COH).2 _if-(00COp) ; = 0 then jump
JRS T,5ZERO
CLR (00E3H) + {(00E3}) « 00y,
JRS T,SNEXT

SZERO: LD (00E3H)/ OFFH i (00E3,) « FRy

SNEXT:

Example 2: Increments the contents of data memory at address'00F54, and clears to 004 when 10y

is exceeded.
INC (Q0F5H) ; (OOF5)<«(00F5y) + 1
AND (0OF5HY), OFH i~ (00F5,) « (OOF5) AOFy

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:

Example 1: ClearsRAM to “004"“ except the-bank 0 (TMP87CM43)

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 BE

JRS F, SRAMCLR
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Address
0040y

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

0140

0230
0240

0256

0420

0430

01 2 3 4 5 6 7

8 9 A B C D E F

_Register bank 0

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

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

_Register bank 14

_Register bank 1

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

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

_Register bank-15

Direct addressing area

Note: The TMP87CHA48 does not have this area (0240 to 043Fy;) 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 0040y to 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.

—

’_k—

— bank 15 (00B8 to 00BF};)

—! bank 14 (00BO to 00B7y) Example: Bank 0
; — bank 13 (00A8 to 00AFy) :
WA bank 12 (00A0 to 00A7,;) .(9931!1?.5.(99.‘.‘9@.
""" 5 | c : (0043,) | (0042,
............. - bank 4 (0060 to 0067,,) D E
D i E - bank 3 (0058 to 005Fy) (0045) (0044y)
............. I bankz (0050t00057H)
H L [ bank1 (0048 to 004F) (0047y) :(00464)
- 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 be accessed in”16-bit/units as the register pairs
WA, BC, DE, and HL. Besides its function as'a general-purposé register;theregister also has the following
functions:

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

Example: @ ADD /A/ B ;  AddsB-contents to A contents and stores the resultinto A.
@ SUB. ‘WA 1234H ; Subtracts 1234 from WA contents and stores the result into WA.
@ SUB E, A  \Subtracts A contents from E contents, and stores the resultinto E.
(2) HL,DE

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

Example 11 \® LD A, (HL) ; Loads the memory contents at the address specified by HLinto A.

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

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

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

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

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

LD m ; m=n-1(n: Number of bytesto transfer)
LD HL, DSTA ; Sets destination address to HL.
LD DE, SRCA ; Sets source 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 Z 0thenloop

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

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

Example 2: Unsigned integer division/(16-bit + 8-bit)
DIV WA, C ; Divides'the WA contents by the C contents, places the
quotient inA and the remainderinW.

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

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

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

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

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

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

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

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

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

1.6.1 Register Bank Selector (RBS)

. . . . 7 4 2 1
The register bank selector (RBS) is a 4-bit register used to AN 3 - 0

select general-purpose register banks. For example, when JF ZF CF HF ~_RBS

RBS =2, bank 2 is currently selected. During reset, the RBS is

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

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

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

(2) Carry flag (CF)
The CF is set to “1” whén/a’carry out of the MSB-(Most'significant bit) of the result occurred during
addition or when-ahorrow into the MSB of the result occurred during subtraction; otherwise the CF
is cleared tg /0”. During division, this flag is’set to “1"” when the divisor is 00y (Divided by zero
error), or when-the/quotient is 1004 orhigher(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.

Example\1: Bit manipulatian

LD CF, (0007H).5 ; (0001y)2 « (0007)5 3 (009AL)
XOR CF, (009AH).0
LD (0001H) . 2, CF
Example 2: Arithmetic right-shift
LD CF,A.7 i AeAR
RORC A

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

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

Example: Jump status flag and conditional jump instraction

INC A

JRS T, SLABLE1 ;| Jump when a carry is caused/by theimmediately
: préeceding operationsinstruction.

LD A, (HL)

JRS T, SLABLE2 ; JRig'setto “1” by the'immediately 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-7 ZF T €F1HF Execution | JF : ZF : CF : HF

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

1.7 Stack and Stack'Pointer

1.7.1 Stack
The stack “provides the area in-which-the return address or status, etc. are saved before a jump is
performed to the prgcessing \routine during the execution of a subroutine call instruction or the
acceptance of an interrupt./On.asubroutine call instruction [CALL al/[CALLP n]/[CALLV n], the contents of
thePC (The return address).issaved; 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. Ms8 58
The SP is post-decremented when a subroutine call or a push T .8 o
instruction is executed, or when an interrupt is accepted; and Stack Pointer (SP) |

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

Figure1-7-—Stack Pointer

The SP is not initialized hardware-wise but requires initialization-by anvinitialize routine. (Sets the
highest stack address.) [LD SP, mn], [LD SP, gg] and [LD gg, SP] are the SP access-instructions (mn: 16-bit

immediate data, gg: register pair).

Example 1: To initialize the SP

LD SP, 013FH ;. SP<013Fy
Example 2: To read the SP

LD HL, SP ; HL«SP

At acceptance

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

instruction aSWI instruction a RET instruction instruction

SP before
execution 01$D
SP after 013F
execution

(a) Stacking order

0040y
: Stack
depth
013F f
(023F) ;

(b) Stack depth

Figure/1-8; Stack

1.8 System Clock Controller

The system clock controller consists of-aclock generator, a timing generator, and a stand-by controller.

TBTCR

Timing generator control register

Clock generator control

N\ Clock DA
b generator. ! 0036y G
__I XIN ] ! : ¢
I D ! High-fréquency. ! Timing
) o ) i Stand-by controller
_‘ T I::I ! clock oscillator ! generator
1 1
XouT ' '
N | R
| S L A L
’_| XTIN = i i System clocks
1 ]
I:lI D. i Low-frequency i fs 0038, 0039y
’_| T D i clock oscillator ! | SYSCR1 | | SYSCR2
XTOUT i i

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 TMP87CH48/CM48 are not provided an RC oscillation:

:f """"""" High-frequency clock "= ~==7=777777~ 'i E‘ “““““““ Low-frequency clock "~~~ 777777777~ 'i
1 1 1 1
I XIN XOouT XIN xout | I XTIN XTOUT XTIN XTOUT i
1 1 1 1
! I . U
| (open) | | (open)
1 1 1 1
! [] Lo L] !
| o |
| L |
1 1 1 ]
I e e
1 1 1 1
i (a) Crystal/Ceramic (b) External oscillator | h (c) Crystal (d) External oscillator i
i_ resonator j i_ 4:

1.8.

Figure 1-10. Examplésof Resonator Connection

Note: Accurate Adjustment of the Oscillation Frequency:
Although no hardware to externally and directly manitor the basic clock pulse is not provided,
the oscillation frequency can’be-adjustéd 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 ‘escillation frequency, the adjusting program must be created

beforehand.
Example: To output the high=frequency oscillation-frequency adjusting monitor pulse to P13
(DVO) pitv.
SFCCHK: LD’ —~PTCR),.00001000B ; ConfiguresportP13 asan output.
SET  (P1)3 ;/"P13 outpuf Jatch ¢ 1 Output waveform ‘
LD~ _ATBTCR), 1Y100000B ; Enables divider output. | l |
JRS ~T1,% ;—Loopsendless. : fc/1024 :

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

@ Generation of main system clock

@-Generation of divider.output (DVO) pulses

@ Generatién of source clocks for time base timer

@/’ Generation ofsource clacks for watchdog timer

® Generatiortofinternal source clocks for timer/counters TC1 - TC4
® Generation of internal clocks for serial interfaces SIO1 and SI02
@ Generation of warm-up clocks for releasing STOP mode
Generation of a clock for releasing reset output

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

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

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

. fcor fs . +> Machine cycles
.| Main system clock selector Machinecyclecounters /> Stafes
SYSCK T ]
DV7CK
Prescaler Divider fe/2® N Divider.
. C ; A
Hf&’frequency fe 2594 1 |2 ]3] a5 |6 vi={718 |9 [10]11[12|13]14]15[16[17|18]19| 20}
B
Low-frequenc fs |—)
clock q y fs MPX Reset circuit
.-») Stand-by
B controller
- —
Timer/ >
counters Watchdog
timer
[ 5
_Senal Time base
interfaces timer
Divider
Note 1: MPX: Multiplexer outputcircuit
Note 2: fm =fcorfs
Figufe 1-11. Configuration of Timing Generator
2 e
TBTCR |(DVOEN)| (DVoCK) | DV7CK | (TBTEN)l (TBTCK) | (Initial value: Qx*0 O%#%)
(0036) - -
Selection of input'clock to 0: fc/28 [Hz | |
| BVik |the 7th stage o% the divider | 1: fs [Hz] RIW
Note 1: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don’t care
Note 2: Do not'set DVZCKto “1” in the single-clock mode.
Note 3:/Do not set DVZCK to “1” before low-frequency clock is stable in the dual-clock mode.

Figure1-12. 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 (S0 to S3), and each state consists of one main system clock.
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1/fc or 1/fs [s]

Main system clock —I I I I I I I I I I I I I I I I I_

Stateiso|s1iszis3iso|s1|sz|s3|

«————Machine cycle ——————— >

0.5 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 fgrthe high-frequency and low-frequency
clocks, and switches the main system clock. There are two operating modes: single-clock\and dual-clock.
These modes are controlled by the system control registers (SYSCR1, SYSCR2).

Figure 1-14 shows the operating mode transition diagram and Figure 1-15 shows the system control
registers. Either the single-clock or the dual-clock mode can‘not be selected by an_option-during reset,
because the TMP87CH48/CM48, TMP87PH48/PM48,don't have option. The TMP87CH48/CM48,
TMP87PH48/PM48 are placed in the single-clock mode during reset.

(1) Single-clock mode
Only the oscillation circuit for the high-fréqueney clock is used, and/P21/(XTIN) and P22 (XTOUT) pins
are used as input/output ports. In thesingle-clock mode, 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
TMP87CHA48 are placed in‘this mode after reset:

IDLE1 mode

In this-mede, thé internal oscillation circuit-remains active, and the CPU and the watchdog
timet are halted; however, on-chip” pefipherals remain active (Operate using the high-
frequency’clock)—IDLE1 mode-is started by/setting IDLE bit in the system control register 2
(SYSCR2),and IDLE1 mode is released toNORMAL1 mode by an interrupt request from on-
chip peripherals or externalinterrupt 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), therexecution will resume with the instruction which follows IDLE mode
start instruction.

STOP1 mode

In this mode, the internal oscillation circuit is turned off, causing all system operations to be
halted. The’internal status immediately prior to the halt is held with 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 warm-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 8 MHz) in NORMAL2 and
IDLE2 modes, and 4/fs [s] (122 us at fs =32.768 kHz) in SLOW and SLEEP modes:

Note:

That the TMP87CH48/CM48, TMP87PH48/PM48 are 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/ortow-frequency clock.

@ SLOW mode

This mode can be used to reduce power-consumption by turning off oscillation,of the high-
frequency clock. The CPU core and on-chip peripherals operate/using.the Tow-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 activey, The CPU and the watchdog timer
are halted; however, on-chip-peripherals remain-active (Operate using the high-frequency
clock and/or the low-frequency/clock). Starting and releasing of IDLE2 mode are the same as
for IDLE1 mode, exceptthatepération returns to NORMAL2 mode.

SLEEP mode

In this mode, thejinternal 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
haltéd; however, on‘chip peripherals' remain active (Operate using the low-frequency
clack). Startingand releasing of SLEEP mode is the same as for IDLE1 mode, except that
operation'returns to SLOW mode.

STOP2 mode
As in STOP1 mode, all system operations are halted in this mode.
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IDLE1
mode

IDLE2
mode

SLEEP
mode

Note:

RESET1
Reset release
Software Software
NORMAL1 STOP1
mode mode
Interrupt STOP pin input
soft
wart
< Software
NORMAL2
mode
Interrupt
soft| == .
\warg, STOPpin STOP2
l input ® mode
o B
sow |4 .-
mode < __Software
Interrupt

(a) Operating mode transition
diagram at single-clock mode

(b) Operating mode transition
diagram at dual-clock mode

NORMALT1 and NORMAL2 modes.are generically called NORMAL; STOP1(and

STOP2 are called STOP; and IDLE1, IDLE2 and SLEEP are called IDLE.

Frequency
Operating Mode [— CPU Core On-chip Peripherals[Machine Cycle Time|
High frequency | Low frequency
¥ |RESET1 Reset Reset
o Turning on
o NORMAL1 oscillation Tu rr_1ing_ off Operate bperate 4/fc [s]
%1 IDLEA oscilation
c Turning off, Halt
» | STOPI oscillation Halt -
NORMAL2 Turningon High=frequency Operate
X 4 >
3 |iDLE2 osllation A\ 1 ning on Hatt (High and/or Low) 4/fcs]
S LS
o |SsLow oscillation Low-frequency
s Turning off Low-frequency
A |SLEER oscillatién - > {ialt 4/fs [s]
urning o
STOP2 oscillation Halt —

Figure 1-14. Operating Mode Transition Diagram
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System Control Register 1
SYSCR1 2
(0038, | 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
RETM after STOP mode 1: Return to SLOW mode RIW
OUTEN Port output control 0: High-impedance
during STOP mode 1: Remain unchanged
Warm-up time at releasin 00: 3x2%/fc or3xaftss]
wuT P 9 ot 2% or2%s
STOP mode
1%: Reserved
Note 1: Always set RETM to “0” when transiting from NORMAL1-mode to STOP1 mode and-from NOMAL2

SYSCR2
(0039,

Note 2:

Note 3:

Note4:
Note 5:

mode to STOP2 mode. Always set RETM to “1 when-transiting from SLOW mode-to STOP2 mode.
When STOP mode is released with RESET pin-input, a return is made to NORMAL mode regardless of
the RETM contents.

fc: High-frequency clock [Hz]

fs: Low-frequency clock [Hz]

#: Don’t care

Bits 1 and 0in SYSCR1 are read in(asundefined data when-aread instruction js executed.

When the STOP mode is started by 'specifying OUTEN = 70", the-internalinput of port is fixed to "0”
and the interrupt of the falling edge may be set.

System Control Register 2

I XEN |XTEN I SYSCKI IDLE |

(Initial value: 1000 #**%)

XEN High-frequency esciltator 0: Turn off oscillation
control 1: Turn on-oscithation
Low-frequency-oscillator 0: Tarnmoffoscillation

XTEN N1
control 1: Turn'oh oscillation

SYSCK (write)/main system cjock

Main/system clock select .
0: High-frequency clock

monitor (read) 17 Low-frequency clock

IDLE

0: CPU and watchdog timer remain active

IDLE mode start .
mode star 1+€PU and watchdog timer are stopped (start IDLE mode)

Note I
Note 2:
Note 3:
Nete 4:
Note 5:

Note 6:

A reset is applied (RESET.pin output goes low) if both XEN and XTEN are cleared to “0”.
Do not clear XEN to “0” when SYSCK =0, and do not clear XTEN to “0” when SYSCK =1.
WDT: Watchdog timer,xxDon’t care

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

An optional initial value<€an’t be selected for XTEN. In case of TMP87CH48/CM48/TMP87PH48/PM48, initial
value of XTENis Q.
XTEN [ Operating mode after reset

0 Single-clock mode (NORMAL1)

The instruction for specifying Masking option (Operating mode) is 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 (Except for DBR), registers 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 foellowing the instruction which
started the STOP mode.

STOP mode includes a level-sensitive release mode and ‘an ‘edge-sénsitive release! mode; either of
which can be selected with RELM (Bit 6 in SYSCR1).

Note: In STOP mode changes in external interrupt signals may cause interrupt/atches tobe set to 1
and interrupt routines to be started immediately after exiting STOP‘mode.\Therefore be sure
to enter STOP mode only after exiting STOR mode, be sure to firstclear interrupt latches for
interrupts not to be used.

a. Level-sensitive release mode (RELM = 1)
In this mode, STOP mode is released by setting the STOP pin/high. This mode is used for
capacitor back-up when the main powersupply is cut off andlong-term battery back-up.
When the STOP pin input is high, éxecuting an instfuction which starts the STOP mode will not
place in STOP mode but instead will immediately start-the release sequence (Warm-up). Thus, to
start STOP mode in the levelssensjtive release mode, it.is'nécessary for the program to first
confirm that the STOP pjn inputistow. The following method can be used for confirmation:
® Using an external interruptinput INT5 (INT5 is'a falling edge-sensitive input).

Example: Starting STOP-mode-with an INT5 interrupt.

PINTS: TEST (P2).0 ; Toreject noise, the STOP mode does not start if
IRS F, SINTS port P20 is at high.
LD (SYSCR1), 01000000B ; Sets up the level-sensitive release mode.
SET (SYSCRI)7 ; Starts STOP mode.
LDW (H)1110011101010111B  ; ILga,ILqq,IL7, ILs, ILg « O (Clears interrupt latches)
SINTS: RETI

STOP pin \ 7[le \
xourid (I NN

NORMAL STOP : NORMAL

operation R operation \_ Warm-up : operation
Confirm by program that the

STOP mode is released by the hardware.

STOP pininput is low and . = 5
start STOP mode. AI.wz'ays rel'eas.ed if the STOP
pininputis high.

NN N
LYENEEVEN

Figure 1-16. Level-sensitive Release Mode

Note 1: After warm-up sequence was started, STOP mode isn’t restarted if STOP pin input is low
again.

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.
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b. Edge-sensitive release mode (RELM =0)
In this mode, STOP mode is released by a rising edge of the STOP pin input. This is used in
applications where a relatively short program is executed repeatedly at periodic intervals. This
periodic signal (for example, a clock from a low-power consumption oscillator) is input to the
STOP pin.
In the edge-sensitive release mode, STOP mode is started even when the STOP pin input is high.

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

LD (SYSCR1), 100000008 ; OUTEN. &0 (Specifies high-impedance)

DI ; IMF <0 (Disables interrupt service)

SET (SYSCR1).STOP ; STOP «\1 (Activates stop mode)

LDW (IL),1110011101010111B ;  ILqziLy1 iz ILs/IL3 <0
(Clearsinterrupt latches)

El ; IMF.<« 1 (Enables interrupt service)

. : {¢
— SN \
STOP pin ; : 5
(C f
27
o (I IS

NORMAL : STOP ‘« Warm-up »i i STOP
operation operation ; NORMAL operation
/ operation
STOP mode started
by the program. STOP mode is relgased by/the hardware at the rising

edge of STOP-pininput:
Figure 1-17. Edge-sensitive Release Mode

STOP mode is released by the following sequence:

® When returning to NORMALZ, both the high-frequency-and low-frequency clock oscillators
are turned on; when retdrning to SLOW mode, only the low-frequency clock oscillator is
turned on. When returning to NORMAL1, only-the high-frequency clock oscillator is turned
on.

@ A warm-up period is inserted to allow oscillation time to stabilize. During warm-up, all
internal operationstemain halted. /Twp different warm-up times can be selected with WUT
(Bits2 and/3in-SYSCR1) as détermined by the resonator characteristics.

® When the’warm-up time has-elapsed, normal operation resumes with the instruction
following the STOP mode start-instruction (e.g. [SET (SYSCR1). 7]). The start is made after
the divider of'the timing generatoriscleared to “0".

Table 1-1. Wapm-up Time Example

Réturn to NORMAL1/Mode Return to SLOW Mode
WUT at fc = 4.194304 MHz at fc=8 MHz WUT atfs=32.768 kHz
3x%2"fc) [s] 375 {ms] 196.6 [ms] 3x2%fs  [s] 750 [ms]
219¢f¢ 125 65.5 2/fs 250

Note: The warm-up time is obtained by dividing the basic clock by the divider: therefore, the
warm-up time may include a certain amount of error if there is any fluctuation of the
oscillation frequency when STOP mode is released. Thus, the warm-up time must be
considered 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 TMP87CH48/CM48 are set to “1” by mask option, they start from the
NORMAL2 mode. In case of TMIP87PH48/PM48, starts from NORMAL1 mode.)
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observed.

Note: When STOP mode is released with a low hold voltage, the following cautions must be

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
input voltage will increase at a slower rate than the power supply, voltage. At this time,
there is a danger that a reset may occur if input voltage level Of the RESET pin drops
below the non-inverting high-level input voltage (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.

@® Operation of the CPU and watchdog timer is
halted. On-chip peripherals continue to
operate.

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

@ The program counter holds the address of
the instruction following the! instruction
which started IDLE mode.

Example: Starting IDLE mode.
SET (SYSCR2) . 4 )\ IDLEe1

IDLE mode includes a normal-release_mode and an
interrupt release mode. Sélection\is made with the
interrupt master enable flag (IMF), Releasing the IDLE
mode returns from IDLET to,NORMAL1, from IDLE2'to
NORMAL2, and from SLEEPt6 SLOW mode.

a. Normal'release mode(IMF = "0/)
IDLE mode_is’ reteased by any interrupt ‘seurce
enabled by the individual interrupt enable flag
(EF) or an external interrupt 0_(INTO-pin)-request.
Execution resumes with the instruction following
the IDLE mode start instruction-(e.g. [SET
(SYSCR2):4])/

Starting IDLE mode
by instruction

CPU,AVDT are halted

>

No (high)

Interrupt request
Normal ) Yes

release mode
No

Reset

IMF =1

Yes (Interrupt release mode)

Interrupt processing

]

Execution of the
instruction which follows
the IDLE mode start
instruction

-

Figure 1-19. IDLE Mode

The-interrupt latch (IL) af the interrupt source for releasing the IDLE mode must be cleared to

“0" by load instruction-
b. Interrdpt release made (IMF\= “1")

IDLE mode is\released ‘and interrupt processing is started by any interrupt source enabled with
thé individual interruptenable 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 TMIP87CH48/PH48 are placed in NORMAL mode.
The TMP87PMA48 is placed in NORMAL1 mode after reset release.

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

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

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

Example 1: Switching from NORMAL2 mode to SLOW mode.

SET (SYSCR2) .5 ;[ 8YSCKe~1 7 (Switches the main system/clock to the
low-fréguency clock’)
CLR (SYSCR2) .7 “ XEN&0 (Turns off high-frequency escillation.)

Example 2: Switching to SLOW mode after |ow-frequency clock oscillationhas stabilized.

LD (TC2CR), 14H ; “Sets TC2 mode
(Timer mode,/Source clock:fs)
LDW (TREG2), 8000H ; Setswarm-up time
(According.to Xtal-characteristics)
SET (EIRH).'EF14 ; Enable INTTC2
LD (TC2€R), 34H ; Starts TC2
PINTTC2: LD (TC2CR),/ 10H ; Stops TC2
SET (SYSCR2) .5 /A\SYSCKe1
CLR (SYSCR2).7 ; "XEN&<0
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
SYSCR2) to switch the main system clock to the high-frequency clock.

SLOW mode can also be released by setting the RESET pin low, which immediately performs the
reset operation. After reset, the TMP87CHA48/CM48/PH48/PM48 are placed in NORMAL mode.

Example: Switching from SLOW mode to NORMAL2 mode. (fc =8(MHKHz{ warm-up time is about

7.9 ms.)
SET
LD
LD

SET
LD

PINTTC2: LD
CLR

RETI

VINTTC2: Dw

(SYSCR2) .7
(TC2CR), 10H

(TREG2 + 1), OF8H

(EIRH). EF14
(TC2CR), 30H

(TC2CR), 10H
(SYSCR2).5

PINTTC2

'

'

XENe1 (Turps-enhigh-frequency oscillation)
Sets TC2 mode.
(Timer mode; Source/clock: fc)

; Sets thé warm-up time

(According to fréequency and resanator characteristics.)
Enable INTTC2
Starts TC2

Stops TC2

SYSCKe0 (Switchesthexmainsystem-clock to the high-
frequencyclcok.)

INTTC2 vector tablé
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1.9

Interrupt Controller
The TMP87CH48/CM48 each have a total of 15 interrupt sources: 6 externals and 9 internals. Nested
interrupt control with priorities is also possible. Two of the internal sources are pseudo non-maskable
interrupts; the remainder are all maskable interrupts.
Interrupt latches (IL) that hold the interrupt requests are provided for interrupt’sources. Each interrupt
vector isindependent.
The interrupt latch is set to when an interrupt request is generated and requests the CPU to accept
the interrupt. The acceptance of maskable interrupts can be selectively 'enabled and disabled by the
program using the interrupt master enable flag (IMF) and the individual intérrupt enable flags (EF).
When two or more interrupts are generated simultaneously, the interrupt_is accepted in the highest
priority order as determined by the hardware. Figure 1-22 shows the.interrupt controller.

111 "

Interrupt Source Enable Condition Inieartrcuhpt Ve,itdc’dr,Teifle Priority
'E’}tt%','ﬁg'( (Reset) Non-Maskable — FFFEY High 0
Internal INTSW  (Software interrupt) Pseudo — FFFCy 1
Internal INTWDT (Watchdog Timer interrupt) non-maskable IL, FFFAY 2
External INTO (External interrupt 0) IMF =1, INTOEN.= 1 IL3 FEF8y 3
Internal INTTC1  (16-bit TC1 interrupt) IMF/EFg =1 ILg FFF6y 4
External INT1 (External interrupt 2) IME ~EF5 =1 ILs FFF4y 5
Internal INTTBT  (Time Base Timer interrupt) IMF.: EFg= 1 g FFF2y 6
External INT2 (External interrupt 2) IMF - EF7 =1 154 FFFOy 7
Internal INTTC3  (8-bit TC3 interrupt) IMF EFg =1 Itg FFEEY 8
Internal INTSBI (Serial BUS Interface interrupt) “NMF - EFg =1 ILg FFECH 9
External INT3 (External interrupt 3)) IMF - EFq9=1 IL1o FFEAY 10
External INT4 (External interrupt 4) IMF - EFq1 =1 IL11 FFE8Y 1"
Internal INTRX (UART receive/interrupt) IMF - EF12 £ 1 INTS=0 Ly FFE6,, 12
INTTC4  (8-bit TC4 intercupt) IMF - EFf5>=1,INTS = 1
Internal INTTX (UART transmitinterrupt) IMF ~EF 3=\ ILy3 FFE4y 13
Internal INTTC2 _(16-bit TC2interrupt) IME- EFq7=1 IL1g FFE2 14
External INTS (External interrupt 5) IMF/ EF{5\= 1 IL1s5 FFEOy Low 15

(1) Interruptlatches (IL 1510 2)
Interrupt latches are provided foreach-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/interrupt Tatches are assigned to addresses 003CH and 003Dy in the SFR. Each latch can be
cleared to "0” individually by an.instruction; however, the read-modify-write instruction such as bit
manipulation or operation instructions cannot be used (Do not clear the IL, for a watchdog timer
interrupt to “0").( Thus, interrupt requests can be cancelled and initialized by the program. Note
thatinterrupt latches cannot-beset to “1” by any instruction.
The contents of interrupt-latches can be read out by an instruction. Therefore, testing interrupt
requests by software is possible.

Example 1: Clearsinterrupt latches

111 "

LDW (IL), 11101000001111118B ; ILq2, ILqgto ILge—0
Example 2: Reads interrupt latches

LD WA, (IL) s Welly, Aell,
Example 3: Tests an interrupt latch

TEST (IL).7 ; ifILy = 1 then jump

JR F, SSET
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(2) Interrupt enable 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 interrupts). Pseudo non-maskable
interrupts are accepted regardless of the contents of the EIR; however, the pseudo non-maskable
interrupts cannot be nested more than once at the same time. For example, the watchdog timer
interrupt is not accepted during the software interrupt service.

The EIR consists of an interrupt master enable flag (IMF) and individual-interrupt enable flags (EF).
These registers are assigned to addresses 003Ay 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 disablesthe/acceptance of all interrupts,
except for pseudo non-maskable interrupts. Cléaring this flag to “0”-disables the
acceptance of all maskable interrupts. Setting to“1" enables the acceptance of interrupts.
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 interrupt return’ instruction/[RETI}.to again enable the
acceptance of interrupts. If an interrupt-request has already been _occurréd, interrupt
service starts immediately after execution 'of the [RETI] instruction.
Pseudo non-maskable interrupts arereturned-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). Note thatIMF remains 70" xwhen 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 [El] and [DI] instructions, and the IMF is
initialized to “0" during/reset:
Note: Do notset IMF to\“1”during non-maskable interrupt service programs.

@ Individual interrupt enable flags (EF15 to EF4)
These flags enable and disable the acceptance of individual maskable interrupts, except for
an external interrupt 0.-Setting the corresponding)bit of an individual interrupt enable flag
to “1” enables acceptance of an interrupt, setting the bit to “0” disables acceptance.

Example 17 Sets EF\forindividual interrupt énablé; and sets IMF to “1”.

LDWY (EfR),+110100010100001B  ;  EFy5~EFq3, EFq1, EF7, EFs, IMFe1
Example 2: Setsan individual interruptenableflag to “1”.
SET (EIRH).4 i EFqpet

L 15 14 13 12 11 10 9 8 7 6 5 4 3
(003C, 003D}) MU/ F Mgz Pllgp flgq Pllgg i Ig £ g | Iy | llg | ILg | Iy | g ¢

Ly (003Dy) IL, (003Cpy)
(Initial Value: 00000000 000000++)

EIR : : : ; : : : : : T : :
(003A.0038,) LEF1s | EFia” EF13 {(EF1 NEFy; TEF1f EFg | EFg | EFy | EFg | EF5 | EFy | : : IMF

EIRy(003B}) EIR, (003A)
(Initial Value: 00000000 0000+++0)

Note 1: Do not use any read-modify-write instruction such as bit manipulation for clearing IL.
Note 2: Do notclear L, to “0” by an instruction.

Note 3: Do not set IMF to “1” during non-maskable interrupt service program.

Note 4: When modifying EF, clear IMF to “0” beforehand.

Note 5: Do notset IMF to “1” simultaneously with EF.

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 us 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% 16 temporarily disable the
acceptance of any following maskable interrupts. When-a nen-maskable interrupt is
accepted, the acceptance of any following interrupts is temporarily disabled.

@ The interrupt latch (IL) for the interrupt source accepted is cleared to “0".

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

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

® The instruction stored at the entry address of theinterrupt servicé progranvis executed.

I Interrupt service task
=

|||||||!||$S|||||||!|

1-machine cycle

Interrupt :
signal B

Interrupt
latch

: I
Instruction
; Instruction Interrupt acceptance 'erfetéﬁi,t(‘,?,” RETI instruction execution

lexecution
\@ X

: =X

Note 1: a: Return address, b: Entry address, c: Address when.the RETI instruction is stored
Note 2: Themaximum response time from whenan/il/isset until an interrupt acceptance processing starts is
38/fc or 38/1s[s].

()

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

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

Vector table address Entry address

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

When nested interrupt service is necessary, the IMF is set to “1” in the interrupt service program. In this
case, acceptable interrupt sources are selectively enabled by the individual interrupt enable flags.
However, an acceptance of external interrupt 0 cannot be disabled by the EF; therefore, if disablement is
necessary, either the external interrupt function of the INTO pin must be disabled with INTOEN in the
external interrupt control register (EINTCR) or interrupt processing must be avoided by the program.
When INTOEN =0, the interrupt latch IL3 is not set, therefore, the falling edge of the INTO.
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Example 1: Disables an external interrupt 0 using INTOEN:
LD (EINTCR), 00000000B ; INTOEN<0
Example 2: Disables the processing of external interrupt 0 under the sgftware control (using bit 0
at address 00FOy as the interrupt processing disable switch):

PINTO: TEST (00FOH) . 0 ; Returns without interrupt processing if (00FO)o = 1.
JRS T, SINTO
RETI

sNTo: nterript processing
RETI

VINTO: DW PINTO

(2) General-purpose register save/restore processing
During interrupt acceptance processing, the program counter and the progfam-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-forsaving registers:
The following method is used to save/restore the general-purpose registers:

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

Example: RegisterBank Changeover

PINTxx: LD RBS, n ;. \Switches to bank n (145 at 8 MHz).
;- Interrupt processing :
RETI » Restores bank and returns.
Main task Main task
Acceptance /|nterrupt Acceptance  |nterru
h C pt
bank m of mferrupt service task of interrupt service task
Switchto-bank by Saving
[LD~RBS, n] or registers
Time [ INC(GRBS).]
instruction
B
m Interrupt return Restore t?ank .
automatically by Restoring
[RETIJ/[RETN] registers
instruction PPN
Interrupt return
(3)~Saving/restoring by register bank changeover (b) Saving/restoring using push/pop or data transfer instructions

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

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

; Restore WA register pair-
; Return

Address (example)
023Ay4

023B
023C
023D
023E
023F

i

At acceptance At execution At execution At execution of an
of aninterrupt :> of a push ::> of a pop :> interrupt return
instruction instruction instruction

@ General-purpose registers save/restore using-data-transfer instruction:

Data transfer instructions can be used to'save only a specific general-purposeregister during
processing of a single interrupt.

Example: Saving/restoring a register.using data transfer/instructions

PINTxx: A (GSAYA), A i SaveAregister:
Interrupt processing
LD .............. A , (GSAVA) ; /Restore Aregister.
RETI ; Return

(3) Interruptreturn
The interrupt return instractions [RETI]/[RETN] pérform the following operations.

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

@® The conténts of the program’ counter and the/[® /The contents of the program counter and

program/status word_are restored/from the program status word are restored from the
stack. stack.

@ The stack pointer isincremented-3 times. @ The stack pointer isincremented 3 times.

@ [Fhe interrupt master enable flag is set to. " 1. ® The interrupt master enable flag is set to “1”

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

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

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

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

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

@® Address error detection
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 SWkinstruction, so a software interrupt is
generated and an address error is detected,—The address error detéction. range can be
further expanded by writing FFy to unused areasof the program memory. Address trap
reset is generated for instruction fetch from a'spécificaddress (0000 to-043F),

Note: The fetch data from address 7F80y to~7FFFy (Test ROM area)for TMP87CMA48 and
TMP87PM48, BF80y to BFFFy((Test ROM area) for TMP87CH48 and TMP87PHA48 is
not “FFy”.

@ 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 TMP87CH48/CM48 each have six external interrupt inputs (INTO, INT1, INT2, INT3, INT4, and INT5).
Four of these are equipped with digital noise rejection circuits (pulse inputs of less than a certain time are

eliminated as noise). Edge selection is also possible with INT1, INT2, INT3 and INT4.

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

is configured as an input port during reset.

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

INTO pin input is detected.

Table 1-3. External Interrupts

Source Pin Fﬂ%%‘%ﬂ,dnaﬁ}’n Enable Conditions Edge Digital Noise Reject
INTO INTO P10 IMF =1, INTOEN = 1 Falling edge — (Hysteresis input)
Pulses less than 15/fc [s].or 63/fc [s]
are cancelled as noise/ Pulses equal
INT1 INT1 P11 IMF - EFs =1 to or more-than 48/f¢ [s] or 192/fc [s]
Falling edge [ areregarded assignals.
or
INT2 INT2 P12/TC1 IMF - EF7 £ 1 Rising edge | Pulses lessthan 7/fc [s] are cancelled
as/noise. Pulses equal to or more
INT3 INT3 P50/TC3 IMF - EFjg =1 than 24/fc [s] are regarded as
signals,” Same applies to pins TC1,
INT4 INT4 P51/TC4 IMFAERqq =1 TC3and TCA.
INT5 INT5 P20/STOP IMF~EF5="1 Falling edge — (Hysteresis input)

Note 1: The noise rejection function is turned off in' the SLOW and SLEEP modes.” Also, the noise reject times are not
constant for pulses input while transiting between operating modes (NORMAL2<>SLOW)

Note 2: The noise rejection function is also affected for timer/counter input (TC1, TC3 and TC4 pins).

Note 3: The pulse width (both "H” and L ™level)/for input to the INTQ.and\INT5 pins must be over 1 machine cycle.

LnTLe tinTH > ey

Note: tcyc = 4/fc[s] (at Normal 1/2 and IDLE 1/2
modes)
4/fs [s] (at SLOW and SLEEP modes)

INTO/INTS input

tnTL tnTH

Note 4: If a noiseless signakis input to the external interrupt.pin in the NORMAL 1/2 or IDLE 1/2 mode, the maximum time
from the edge of inputsignal until the Ikisset.s as follows:

@® INT1pin 49/fc [s] (INTHNC=1), 193/fc [s] (INTINC=0)
@ INT2,INT3, INT4 pins  25/fc [s]

Note 5: Whern JNTOEN is/"0” at detecting therising edge of INTO pin IL3 isn’t set.

Note 6: When high-impedance is specified| for port output in stop mode, port input is forcibly fixed to low level
intérnally, \Thus, interrupt latches of external interrupt inputs except INT5 (P20/STOP) which are also used as
portssmay be set to “1”.
(IMF =0), activate’stop mode. After releasing stop mode, clear interrupt latches using load instruction, then,
enable interrupt service!

Example: Activating stop mode.
LD (SYSCR1),01000000B ; OUTEN « 0 (Specifies high-impedance)
DI ; IMF «- 0 (Disables interrupt service)

Tosspecify.high-impedance for port output in stop mode, first disable interrupt service

SET (SYSCR1).STOP ; STOP « 1 (Activates stop mode)
LDW  (IL),1110011101010111B ; ILq2, ILq1, ILy, ILs, IL3 <= O (Clears interrupt latches)
El ; IMF « 1 (Enables interrupt service)
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EINTCR
(0037,)

7 6 5 4 3 2 1 0

[No e ] | NI# | mI [ W2 [ INTT | & (initial value: 00+0 000%)

INTINC | Noise reject time select 0: Pulses of less than 63/fc [s] are eI!m!nated as no!se

1: Pulses of less than 15/fc [s] are eliminated as noise
—_— ) ) 0: P10 input/output port
INTOEN P10/INT! fi —
0 O/INTO pin configuration 1: INTO pin (Port P10 should be set t6 aninput mode) RIW

INT4 ES 0: Risi d

INT3 ES - Rising eage

INT2 ES INT4 to INT1 edge select 1: Falling edge

INT1ES

Note 1: fc: High-frequency clock [Hz], #: Don’t care

Note 2: Edge detection during switching edge selection is invalid!

Note 3: Do not change EINTCR when IMF = 1. After changing EINTCR, interrupt latches of external interrupt
inputs must be cleared to “0” using load instruction.

Note 4: In order to change of external interrupt input by rewriting the contents of INT2ES| INT3ES and INT4ES
during NORMAL1/2 mode, clear interrupt latches of external interrupt inputs (INT2,-INT3 and INT4) after
8-machine cycles from the time of rewriting. During SLOW mode, 3-machine cycles. are-required.

Note 5: In order to change an edge of timer counterinput by rewriting the contents of INT2ES, INT3ES and
INT4ES during NORMAL1/2 mode, rewrite.the contents after timer counteriis stopped (TC*s =0), that is,
interrupt disable state. Then, clear interrupt laches of external interrupt inputs (IN72, INT3 and INT4)
after 8-machine cycles from the time of rewriting to change to interrupt enable-state. Finally, start timer
counter. During SLOW mode, 3-machine cyclesare required.

Example: When changing TC1 pin inputs edgein external triggertimer modefrom rising edge to falling edge.

LD (TC1CR)/010010008B i /T€1S « 00 (Stop TC1)

DI ; {_IMF « 0 (Disable interrupt service)

LD (EINTCR),00000100B ; INT2ES « 1 (Change edge selection)
— T NoP

8-machine to
cycles NOP

LD\(ILL),01111111B ;. \IL7 « 0 (Clear interrupt latch)
El i—~IMF« 1 (Enable interrupt service)
LD/(TC1CR),01111000B S NTC1S « 11 (Start TC1)

Note 6: If changing the contents of INT1ES during NORMAL1/2 mode, interrupt latch of external interrupt input
INT1/mustbe cleared after 14-machine cycles(when INTINC = 1) or 50 machine cycles (when INTTINC =0)
from the timeofchanging. Dufing.SLOW mode, 3 machine cycles are required.

Figure 1-26. Externalnterrupt Control Register
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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: Adequate care must be given when designing systems so as to eliminate disturbing noise.
Otherwise the Watchdog Timer may not exhibit its full functionality.

1.10.1 Watchdog Timer Configuration

MPX Reset release signal from T.G.
fc/2B or fs/2"° —> A Binary counter L
fc/2* or fs/2'* —> B Clock R
fc/2" or fs/2" c Y Overflow, WDT output zﬁig;t
17 9 —— D N _
fe/2" or fs/2 s clear | 1] 2 —D__S o) __|>_|:|RESET

] j >Interruptrequest INTWDT

\N
N\
wy
O
el

Internal reset Enable
WDTT | WDTEN Writing Writing clear WDTOUT
disable code |code

Controller

0034, 0035y
WDTCR2

i
i

WDTCR1

Watchidog Timer Contrel Registers

Figure 127 < 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 malfunction is detected as follows.

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

@ Repeatedly/clearing the binary counter within the setting detection time.
i 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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Example: Sets the watchdog timer detection time to 22'/c [s] and resets the CPU malfunction.

LD (WDTCRT1), 00001101B ; WDTT«10, WDTOUTe&1

— LD (WDTCR2), 4EH ; Clears the binary counters. (Always clear
Within WDT immediately after changing WDTT.)
detection time :

= LD (WDTCR2), 4EH ; Clears the binary counters.
Within WDT
detection time

- LD (WDTCR2), 4EH ; Clears the binary.counters.

Watchdog Timer Control Register 1
2 1 0
wqTT wol (Initial value: #++% 1001)
WDTEN Watchdog timer 0: Disable (it is necessarytowrite the disable code to WDTCR2)
enable/disable 1: Enable
00: 2%5/fcor2V/fs[s] )
WDTT Watchdog timer 01: 23/fcor 2'%/fs Write
detection time 10: 2%(/fc or-2%fs only
11: 29/fc or 2"Hs
WDTOUT Watchdog timer O:interruptrequest
output select 1: Reset output
Note 1: WDTOUT cannot be set to “1” by program after clearing WDTOUT.to “0~.
Note 2: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don’t care
Note 3: WDTCR1 is a write-only register.and must not be used with.any of read-modify-write instructions.
Note 4: Disable the watchdog timer\or clear the counter just before switching to STOP mode.
When the counter is cleared just before switching to STOP mode, clear the counter again
subsequently to releasing’STOP mode.
Watchdog Timer Control Register 2
WDTCR2 6 5 4 3 2 1 0
(0035,,) | : : : | (Inftial value: ###s# ###sx)
Watchdog timer control gEH :llvvatczglog imn:e: l;llnaa/ ca;nt;: deac'; ()C lear code) Write
WDTCR2 code write register H: Watc .og imer disable (Disable code only
others: invalid
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 andarithmetic instructions such as AND or OR) cannot be used for
read/write to this register.
Note 4: To.clear binary counter doesn’t initialize the source clock, therefore, it is recommended to clear
binary counter within3/4 of the detection period.
Figure-1-28.~Watchdog Timer Control Registers
Table 144. Watchdog Timer Detection Time
Operating Mode Detection Time
NORMAL1 NORMAL2 SLOwW atfc=8 MHz at fs=32.768 kHz
2%/ [s] 2%/fc, 2V /s 2Y/fs 4194 s 4 s
2%3/fc¢ 2%3/fc, 2"/ 2"/fs 1.048 ms 1 s
22'/fc 22'fc, 2%3/fs - 262.1 ms 250 ms
2"/f¢ 2"/f¢, 2"/fs - 655 ms 62.5ms
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(2) Watchdog timer enable

The watchdog timer is enabled by setting WDTEN (Bit 3 in WDTCR1) to “A”. WDTEN is initialized to
“1" during reset, so the watchdog timer operates immediately after reset isreleased.

Example: Enableswatchdog timer

LD (WDTCR1), 000010008 ; WDTEN«1

(3) Watchdog timer disable

The watchdog timer is disabled by writing the disable code(BTy) to-WDTCR2 after clearing WDTEN
(Bit 3 in WDTCR1) to “0”. The watchdog timer is not disabled ifthis procedure is réversed and the
disable code is written to WDTCR2 before WDTEN is cleared to “0”. The watchdeg'\timeris halted

temporarily in STOP mode (Including warm-up) and’|DLE’ mode, and restarts automatically after
STOP or IDLE mode is released.

During disabling the watchdog timer, the binary counters are’cleared to “ 0/

Example: Disables watchdog timer

LDW (WDTCR1), OB101H ;. WDTEN«0, WDTCR2¢~disable code

1.10.3 Watchdog Timer Interrupt (INTWDT)

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

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

Example: Watchdog-timerinterruptsetting up,

LD SP, 013FH ;—Séts the stack pointer.
LD (WDTCR1) ,£00001000B » WDTOUT«0
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1.10.4 Watchdog Timer Reset

If the watchdog timer output becomes active, a reset is generated, which drivesthe RESET pin (sink open
drain output) low to reset the internal hardware and the external circuits. The reset output time is 12/fc
[s] to 16/fc[s] (1.5 to 2.0 us at 8 MHz). The high-frequency clock oscillator also tufns on when a watchdog
timer reset is generated in SLOW mode.

Note 1: The high-frequency clock oscillator also turns on when a watchdog timer reset is generated in
SLOW mode. Thus, the reset output time is 12/fc to 16/fc.
The reset output time include a certain amount of error=if there-is any function of the
oscillation frequency when the high-frequency clock oscillator turns on. Thus, the reset, the
reset output time must be considered approximate value.

Note 2: On the emulator, output from the RESET pin may go’Low-2?°/fc [s] (131 ms at 8 MHz) when
watchdog timer reset is occurred.

2"%fc [s] _

i 2 i
Clock LT Tl 1 [ T tworr=119
Binary counter 1 x 2 XEX o X 1 X 2 X3 X P
Overflow
INTWDT interrupt "
WDT reset output YT ?_ — _(I-:gz-z_) __________ |(”L" output)

writes 4Ey t0 WDTCR2

Figure1-29.~Watchdog Timer Interrupt/Reset
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1.11 Reset Circuit
The TMP87CH48/CM48 each have four types of reset generation procedures: an external reset input, an
address trap reset, a watchdog timer reset and a system clock reset. Table 1-5 shows on-chip hardware
initialization by reset action. The internal source reset circuit (Watchdog timerreset, address trap reset,
and system clock reset) is not initialized when power is turned on. Thus, output fromthe RESET pin may
go low 16/fc[s] (3 us at 8 MHz) when power is turned on.a

Note: On the emulator, output from the RESET pin may go Low 2%%fc [s] (131T)m’s:at 8 MHz) when power
is turned on.

Table 1-5. Initializing Internal Status by Reset Action

On-chip Hardware Initial Value On-chip Hardware Initial Value
Program counter (PC) (FFFFy) - (FFFEy) Divider of Timing'generator 0
Register bank selector (RBS) 0
Jump status flag 0P 1 Watchdag'timer, Enable
Interrupt master enable flag (IMF) 0 Refer to'l/O port

Outputlatches of I/0 ports o\
T circuitry
Interrupt individual enable flags  (EF) 0
. Refer to each of

Interrupt latches (L) 0 Controlregisters control register

1.11.1 External Reset Input
When the RESET pin is held at low for atleast 3.machine cycles-(12/fc [sP-with the power supply voltage
within the operating voltage range and-oscillation stable; a reset'is ‘applied and the internal state is
initialized.
When the RESET pin input goes high, the reset operation is released and the program execution starts
at the vector address stored at addressesFFEFEH to FFFFH.
The RESET pin contains a Schmitttrigger (Hysteresis) with an internal pull-up resistor. A simple power-
on-reset can be applied by connecting an external capacitor and a diode.

Internal reset
(Address trap, WDT, System clock)

Figure1-Figure-1530. Simple Power-on-reset Circuitry
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1.11.2 Address-trap-reset
An address-trap-reset is one of fail-safe function that detects CPU malfunction such as endless 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 specific address (0000 to 023Fy), an internal reset (Called address-trap-reset) will be
generated. Then, the RESET pin output will go low. The reset time is 12/fc [s] 1o 16/fc[s] (1.5 s t0 2.0 us
at8 MHz) .a

Note 1: On the emulator, output from the RESET pin may go Low 22%/fc/fs] (131 ms at 8 MHz) when
address-trap-reset is occurred.

Note 2: If the SWI instruction or an undefined instruction at the addresssimmédiately preceding the
address trap area is executed, the microcomputer at oncé starts-servicing an address trap
interrupt after it finished accepting an SWI undefined instruction/interrupt.

Reset

Execution P a ( Reset release Xlnstruction ataddressr
D ___ Address-trap is occurred __ _ 1 _ ________
RESET output 1 ("L" output) [ Highz) :
: 1)) f :
12/fc [s] to 16/fc [s] : :
(On the emulator: 22%/fc [s]) (2% | 2*Tfc
to
2%/fe

Note 1: 0= a = 023Fy (TMP87CHA48/PH48), 0/< a < 043Fy/(TMP87CMA48/PMA48)
Note 2: During reset release, reset vector “r/ js 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 SYSER2)~to_“0" stops both high-frequency and low-
frequency oscillation, and\causes /the MCU to, deadlock:” This can be prevented by automatically
generating a reset signal whenever XEN-= XTEN'=0/is‘detected to continue the oscillation. Then, the
RESET pin output goes'low-from high-impedance. The'reset time is 12/fc [s] to 16/fc [s] (1.5 usto 2.0 us at
8 MHz) .

Note: On the emulator,’output from~the RESET pin may go Low 22%fc [s] (131 ms at 8 MHz) when
system/clock-reset is occurred.
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2. On-chip Peripherals Functions

2.1 Special Function Registers (SFR) and Data Buffer Registers (DBR)
The TLCS-870 Series uses the memory mapped 1/0 system, and all peripheralcontrol and data transfers
are performed through the special function registers (SFR) and data buffer registers (DBR).
The SFR are mapped to addresses 0000 to 003Fy, and the DBR to addresses OF80y to OFFF4.
Figure 2-1 shows the TMP87CH48/CM48 SFRs and DBRs.

Address Read Write Address Read Write

OF ADCDR1 (AD conv. upper 8-bit result) - 2F Reserved

30 Reserved

Address Read Write
0F80y Reserved i

Note 1: Do not access reserved areas by the
................................................................................... program.
gEEg 2::::::: Note 2: - : Cannot be accessed.
................................................................................... Note3when def’n'ng address 003FH W’th
................................................................................... assembler SymbOIS, use GPSWand GRBS
................................................................................... Note4'- Wr"te_only reg'sters and "nterrupt Iatches
- cannot use the read-modify-write
instructions (bit manipulation instructions
................................................................................... SUCh as SE"', CLR’ etc' and Iogica’ operation

A i S Reserved .................................... inStruCtionS SUCh as AND, OR, Etc.)

OFF8 Reserved

FF Reserved

(b) Data Buffer Registers

Figure 2-1. SFR & DBR
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2.2 1/OPorts
The TMP87CH48/CM48 have 9 parallel input/output ports (56 pins) each as follows:

Primary Function Secondary Functions

Port PO 8-bit I/0 port -
PortP1 | sbitioport | Eﬁtte;)rstal interrupt input, timericounter inpubioutput, and divider

rortp2 | sityoport | LoudrEleng resenaterconnecions xtemslinterrupt inpL,
TS S — and STOP mode release signal INpUt . . oo
“BortPd T Ebitii0 port T Serial interface T Ly Ty
“BoriBs ] s b0 port | External interrupt input, and fimerfeaunter inputioutput, T
B 0 A il S b e ok N —
B s AP e QU g
RGOS 00 S K R S S S

Each output port contains a latch, which holds the output'data’ All input ports do-net/have latches, so
the external input data should either be held exterpally until read or reading.should-bé performed
several times before processing. Figure 2-2 shows input/output timing examples,

External data is read from an I/O port in the S1state of the read cycle during execution of the read
instruction. This timing can not be recognized-from.outside, so that transient/input such as chattering
must be processed by the program.

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

: Fetch cycle | Fetch cycle : Read cycle ' | Fetch cycle | Fetch cycle | Write cycle |
I I 1 ] I I I I
Instruction ___S0 S1 S2 S3 SO S1 S2 S350 §1 S2-S3~ _ __ InstrGction———S0 S1 S2 S3 SO S1 S2 S3 SO S1 82 S3  _ __
execuct;gr;__ 1 1 E)I(': LID AI’ ()ﬂ) 1 1 1 1 1 S execucgé)lr;__ 1 1 E)f': LID (?()"?‘ 1 1 1 1 1 -
Input strobe-- : l_l _ __ Outputilateh),_ |_|
; : pulse :
Datainput Data output__ Old X New
(a)_Inputtiming (b) Outputtiming

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

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

When reading.an I/Oport except programmable I/O ports, whether the pin input data or the output latch
contents areread'depends on the instructions, as shown below:

{1)~_Instructions that read the outputlatch contents

@ XcH t/(src) ® LD (pp) . b, CF

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

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

(2) Instructionsthat read the pin input data
@ Instructions other than the above (1)
@ (HL)side of ADD/ADDC/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 bit is cleared to “0”, and as an output if its corresponding POCR bitissetto (1.

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

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

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

STOP
OUTEN jjc

POCRi J"
Data output ' <
Data output D~ Q ¢ > : D POi

Output latch Note1:i=7to0
Note 2: STOP:  Bit7 of SYSCR1

7 6 5 4 /3 3 1 0 OUTEN: Bit4 of SYSCR1

PO : : : : : : : . .
(00004) I P07 : P06 : PO5 : P04 :\P03 : RO2 : PO1 : POO | (Initial value: 0000 0000)
7 6 5 4 3 2 1 0
POCR : : : : : : : i i
000A | : ; ; ZzN : : | (Initial value: 0000 0000)
POCR 1/0 control forport PO 0! Input mode Write
(Set for-each bit individually) 1: 'Quitput/mode only

Figure-2-3._PortP0 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  ; Setsthe port PO input/output mode.
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2.2.2 PortP1 (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”.
Data is written into the output latch regardless of P1CR contents. Therfore'injtial output data should be
written into the output latch before setting P1CR. Port P1 is also used as ‘an external interrupt input, a
timer/counter input, 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 gutput. mode and beforehand the
output latch should be setto “1”.
Itis recommended that pins P11 and P12 should be used as external interrupt inputs, 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 externalinterrupt input-with INTOEN (bit 6 in
EINTCR). During reset, pin P10 (INTO) is configured as an input’/port P10.

Note 1: Ports set to the input mode read the pin states. When input pin and output\piri éxist in port
P1 together, the contents of the output/datch-of pofts 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 PICR is a write-only register. It/ can.net be operated by(the' read-modify instruction (Bit
manipulation instructions of SET, CLR,-etc. and Arithmetic instriuctions of AND, OR, etc.)

STOP .
OUTEN b P
PICRI —T

datainput

data output P1i

output latch

Notel:i=7to0
Note2: STOP: Bit7 of SYSCR1

control output

control input OUTEN: Bit 4 of SYSCR1
7~ 6 _ 5 4 3 i 2 1 0
P1 P37 S.P16 ; P15 i P14 : P13 ! P122§ PV i P10
(0001 ; )7c2 | PPG i DOV Mot i INT1 : TNTO | (Initial value: 0000 0000)
7 6 5 4 3 2 1 0
{’JOCORBH) [ : = : . | (initial value: 0000 0000)
P1CR 1/Q control forport P1 0: Input mode Write
(Setfor’each bit.individually) 1: Output mode only

Figure 2-4. PortP1and P1CR

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

LD (EINTCR), 01000000B  ; INTOEN&1
LD (P1),10111111B ; P17¢1, P14e<1, P16¢<-0
LD (P1CR), 110100008
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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, and low-frequency
crystal connection pins When used as an input port, or a secondary function pin, the output latch should
be setto “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/output/ports.
It is recommended that pin P20 should be used as an external interrupt input,.a STOP mode release signal
input, or an input port. If used as an output port, the interrupt latch is set 6n\the falling edge of the
output pulse.
When a read instruction is executed for port P2, bits 7 to 3read in as /' 1.

SET/CLR/CPL/Others — J/I— CMP/MCMP/TEST/Others
Data input 4
Output latch
Data output b Q E [ ] P20 (NT5/570P)

Control input

Patainput L< Osc. enable
Data output @ 'l:>— P21 (XTIN)
Data input <—Q]T<]-<g
\
P N b
Data output o <j D ] P22 (x700T)

F:)’ Note 1:*: Don’t care
Note 2: XTEN: Bit 6 of SYSCR2
Ria— Note 3: The P20 pin is shared with the STOP pin. When the device
enters STOP mode, the pin enters high-impedance state
XTEN P regardless of the state of OUTEN.
s @l Note 4: STOP=—Bit 7'0f SYSCR1
OUTEN:Bit40fSYSCR1

..... Az T N A A A S
P2 : : : _ : P22 i P21 : P20
(0002y) : : : : XTOUT: XTIN } §70p

(tnitialvalue: =xxx *111)

Figure2-5 (1). PortP2
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Note: If you intend to use the P20 pin as an output port, note the following. It is recommended that
the P20 pin only be used as an external interrupt input, STOP release signal input, or general-
purpose input.

1) A falling edge (High to low) on the P20 pin causes the INT5 interrupt fatch to be set.
2) In STOP mode, the P20 pin remains high-impedance regardless of the value of OUTEN, bit 4
of the SYSCR1 (#0038H).
Example: When using an external RESET signal to release STOP.mode, using the P20 pin as
an output pin causes the following malfunction'(See Figure 2-5 (2)):
With a low level output on the P20 pin, entering STOP mode changes the P20
output state from low to high-impedance, wherethe voltage levelis-high due to
the external pull-up resistor. This causes\the TMP87CH48/CM48, to start releasing
STOP mode immediately after entering STOP mode, before/an.external RESET
signal triggers the release of STOP' modeé.~ The P20 output must, therefore, be
driven high before the device enters STOP)mode. Inaddition, bit 6(RELM) of the
SYSCR1 (#0038H) must be cleared to O(tospecify a edge-<triggered release) before
the device enters STOP mode.
3) The condition described in (1) must beé noted-even if STOP mod¢€'is not used.

_S(

) ) U : .

. pon thecomplétion of :
RESET pin High level du¢ to external V1L

pull-up resistor. warm;Gp;the leve| returns
to thé state existing

% before STOP mode.

P20/5TOP pin Low ZVH N \High-2) ./ (High)

| Expected warm-up start point

2

Y

XOUT pin : H

N

NORMAL operation —»&é<«——Warm-up ——>=<—NORMAL operation

STOP mode is released immediately after it:is entered.

——The'program specifies STOP mode.

Normaloperation —»i<€————Malfunction——————i<—Normal operation

Figure 2-5(2). Example of a malfunction when the P20 pin is used as an output
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2.2.4 Port P3 (P37 to P30)

Port P3 is an 8-bit input/output port. High current output is available so LEDs.can be driven directly.
When used as an input port, the output latch should be set to “1”. The output latches are initialized to

ll1 "

during reset.

Example 1: Outputthe immediate data 5AH to the P3 port.
LD (P3), 5AH; P3«5AH

Example 2: Inverts the output of the upper 4bits (P37 - P34) of the'P3-port.
XOR (P3), 11110000B; P37 to P34 < P37 to P34

CMP/MCMP/TEST/Others

Data input
SET/CLR/CPL/Others
Data output . P3i
Notel:i=7to0
Note2: STOP: _Bit7 of SYSCR1
STOP OUTEN:/Bit 4 of SYSCR1
OUTEN

7 6 50043 2 S0
| P37 i P36 i P35 Paai P33 | P32/i%p31 | P30

(Initial value: 1111T11M)

Figure 2-6. PortR3
2.2.5 Port P4 (P45 to P40)

Port P4 is an 6-bit input/output port, and is also used-asserial interface (SIO/SBI, UART) input/output.
When used as an’ jnput port-or a’secondary function pin, the output latch should be set to “1”. The
output latches are.initialized tor “1” during reset: Bits 7 to 6 are read in as
executed for the port P4.

2.2.6 Port P5 (P52 to P50)

Port P5 is a, 3<bit input/output port, and is~also used as an external interrupt input, a timer/counter
input/output. Whenused as an input port or a secondary function pin, the output latch should be set to
“1". The output latches are initialized to during reset.

Bits7 to'3'are read in as “1” whenareadiinstruction is executed for the port P5.

111 n

when a read instruction is

111 "
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Control input

CMP/MCMP/TEST/Others
Datainput ’

SET/CLR/CPL/Others
Data output D Q P4i
ol_, P5j
utput latch

Control output .
STOP :‘ Do High-Z
OUTEN

Note 1:i=5t00, j=2to0, *: Don’tcare
Note 2: STOP:  Bit 7 of SYSCR1
OUTEN: Bit4 of SYSCR1

7 6 5 4 3 2 1 0

Soeqm Dowqn | pas ipad P43 P42 | Pal1 | PAD
P4 = H A % H = =

i : ; : 150 i Sl ¢
(0004y) : : TXD SRXD :SOD i SCL : SCR

(Initial value: =11 A111)

7 6 5 4 3 2 1 0

P5 RS L P94 P52 i P51\ P50
: : : : PWM : INT4 i INT3
(00054) e LN N PDO.: TC4 | TC3

(Initial valuersx#% x111)

Figure 2-7. Ports P4-and P5
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2.2.7 PortP6 (P67 to P60)

Port P6 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit
under software control. Input/output mode is specified by the corresponding bit in the port P6
input/output control register (P6CR) and AINDS (Bit 4 of ADCCR).

During reset, all bits of P6CR and the P6 output latches are initialized to “0”, AINDS is)initialized to “0”
and SAIN (Bit 3 to bit 0 of ADCCR) is initialized to “0”, therefore P60 terminal becomeanalog input.
Nonuse pins as analog input are configured as an input or an output in one-bit unit, but during AD
conversion, please don’t change the output data for about nonuse pins as analog input of P6 and the
other ports to keeping the stability of AD conversion.

During AD conversion (at AINDS =0), an analog input pin (Selected by R6CR)(iY=0 and SAIN (j) = 1 or P6CR
(iy=1and SAIN (j) = 1) isread in as “1”, when a read instruction isexecutedfor the port P6.

During AD conversion (at AINDS = 0), nonuse pins as analog input configured as input pant (by. P6CR (i) =0
and SAIN (j)=0) are read in as “1” or “0” under the terminakinput level, when a.read_ instruction is
executed for the port P6.

During AD conversion (at AINDS =0), nonuse pins as analog/input configured as outputport (by P6CR
(i)=1, and SAIN (j)=0) and read in as “1” or "0" under-the output latches, when a read instruction is
executed for the port P6.

To use P6 port as the output pins, data is written into-the output latch regardless-of the P6CR contents.
Therefore initial output data should be written into'the output latch beforesetting P6CR.

. ™ AINO to AIN7
Analog input W
STOP

OUTEN —_oD°_
AINDS
oy 21 DAy

(=0to07)

P6CRi )
Read )
Data input

~N
<I N .
Data output P\ Q L~ D P6i
Output latch Note1:i=7to0 )
Note 2: STOP:  Bit7 of SYSCR1

OUTEN: Bit4 of SYSCR1
Note 3: AINDS: Bit4 of ADCCR

SAINj: Bit 3 to bit 0 of ADCCR

b6 7 6 5. 4 3¢ 2 T 0

(0006) | AlN7-: AING | AINS : AING  AIN3 : AINZ AT AIND | (Initial value: 0000 0000)

P6CR 7 6 5 4 3 2 1 0

(000Cy) | é é : é : : : | (Initial value: 00000000)  Write only

P6CR (i) =0 P6CR (i) =1
AINDS=0 AINDS =1 AINDS =0 AINDS =1
SAIN (j)=1 SAIN(j)=0 - SAIN(j)=1 SAIN (j)=0 -

Function-ofP6i | Analog input Input port Input port Analog input Output port Output port
valueat read " Terminal level Terminal level “ Output latch Qutput latch

Note 1: Ports set to the input mode read the pin states. When input pin and output in exist in port P6
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 P6CR is a write-only register. If can not be operated by the read-modify instruction (Bit
manipulation instruction of SET, CLR, etc. and asrithmetic instructions of AND, OR, etc.)
Note 3: When used as an analog input, please refer the description of AD converter.

Figure 2-8. PortP6

87CH48-52

2004-10-01




TOSHIBA TMP87CHA48/CM48

2.2.8 Port P7 (P77 to P70)
Port P7 is an 8-bit input/output port which can be configured as either input or output in one-bit unit
under software control. Input/output mode is specified by the correspanding bit in the port P7
input/output control register (P7CR) and AINDS (Bit 4 of ADCCR).
During reset, all bits of P7CR and the P7 output latches are initialized to “0”, AINDS.is initialized to “0”
and SAIN (Bit 3 to bit 0 of ADCCR) is initialized to “0”, therefore port P7 become analog input after
setting the SAIN (Bit 3 to bit 0 of ADCCR) to ‘1000 to 1111".
Nonuse pins as analog input are configured as input or an output in| one-bit)unit, but during AD
conversion, please don’t change the output data for about nonuse pins as analog input of P7 and the
other ports to keeping the stability of AD conversion.
During AD conversion (at AINDS =0), an analog input pin (Selected by R7CR)(iY=0 and SAIN (j) = 1 or P7CR
(iy=1and SAIN (j) = 1) isread in as “1”, when a read instruction isexecutedfor the port P7.
During AD conversion (at AINDS = 0), nonuse pins as analog input configured as input pant (by. PZCR (i) =0
and SAIN (j)=0) are read in as “1” or “0” under the terminakinput level, when a.read_ instruction is
executed for the port P7.
During AD conversion (at AINDS =0), nonuse pins as analog/input configured as outputport (by P7CR
(i)=1, and SAIN (j)=0) and read in as “1” or "0" under-the output latches, when a read instruction is
executed for the port P7.
To use P7 port as the output pins, data is written into-the output latch regardless-of the P7CR contents.
Therefore initial output data should be written into'the output latch beforesetting P7CR.

AIN10to AIN17

Analog input ()
STOP —_ODO_
OUTEN
AINDS
SAIN;j ;O[JDM
(=81015) e -
Read )
Data input AN
1 M .
Data output D4\ Q e D P7i
Output latch Notel:i=7to0 )
Note2: STOP: Bit7 of SYSCR1
OUTEN: Bit4 of SYSCR1
Note3: AINDS: Bit4 of ADCCR
P7 - - : - ~ = ;
P77 : P76 : P757: P74 : P73 :~P72_: P71 : P70 . .
(0007h)  |AINTZAINT6AINT5:AINTAIAINT3AINIZIAINT 1AINTO (Initial value: 0000 0000)
P7CR 7 6 5 4 3 2 1 0 N .
(000Dy) | > / : : : : : | (Initial value: 0000 0000)  Write only
P7CR (i)=0 P7CR (i) =1
AINDS =0 AINDS =1 AINDS =0 AINDS =1
SAIN (j) =1 SAIN () =0 - SAIN (j) = 1 SAIN () =0 -
Functionof P7i"| Analoginput Inputpert Input port Analog input Output port Output port
valueatread " Terminal level Terminal level " Output latch Output latch

Note 1: Ports set to the input mode read the pin states. When input pin and output in exist in port P7
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 P7CR is a write-only register. If can not be operated by the read-modify instruction (Bit
manipulation instruction of SET, CLR, etc. and arithmetic instructions of AND, OR, etc.)
Note 3: In the case of being used as analog input, refer to AD converter (2.10).

Figure 2.9 (a) PortP7 and P7CR
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2.2.9 Port P8 (P83 to P80)
Port P8 is an 4-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 as an input if its
corresponding P8CR bit is cleared to “0”, and as an output if its corresponding P8CR bit issetto “1".
During reset, P8CR is initialized to “0”, which configures port P8 as input. The P8 output latches are also
initialized to “0". To use P8 port as the output pins, data is written into the outputlatch regardless of the
P8CR contents. Therefore initial output data should be written into the outputjatch-before setting PSCR.
Bits 7to 4 areread in as “1” when a read instruction is executed forthe part P8.
To use P8 port as the PWMO to PWM3 pin, set port output latches to T

STOP
OUTEN

P8CRi
Data input

L >

Note 1:i=3to0
Note 2: *: Don’t care

7 6 5 4 3 2 1 0

Pg P83 | P82 |(P81.. P80
(0008y) : : : PWNVBPWNVI2PWIM TPWMO|  (Initial value: #+++0000)

7 6 5 4 3 2 1 0
P8CR PR PR PR PR

(00091) overeersirreeriees oo : : : | (Initial value: #+#%0000)  Write only
PSCR 1/0 control for port P8 0: Input mode Write
(Set for each bit individually) 1: Qutput mode only

Note 1: Ports set to the/input mode read the pin states.-When input pin and output in exist in port P8
together, the contents ofthe output latch of portsset to,the input mode may be rewritten by
execlting the bit manipulation instructions.—Pins set to the output mode read a value of the output
latch!

Note 2: The'P8CR is a write-only register-.If can nat be operated by the read-modify instruction (Bit
manipulation instruction of SET, CLR, etc. and Arithmetic instructions of AND, OR, etc.)

Figure 2.9 (b) Pott P8 and P8CR
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2.3 Time Base Timer (TBT)
The time base timer is used to generate the base time for key scan and dynamic display processing. For
this purpose, it generates a time-base timer interrupt (INTTBT) at predetermined intervals.
This interrupt is generated beginning with the first rising edge of the source clock (The timing
generator’s divider output selected by TBTCK) after the time-base timer is engbled.~Note that since the
divider cannot be cleared by a program, the first interrupt only may occur earlier.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), 00001010B
SET (EIRL). 6
’s 15 [UEX INTTBT
fc/25° or fs/2'> > A interrupt
fer22' or 512'3 > B request
fclzlior fs/22 —c S ock
fa2'%or £5/2° >— D [ 20Urce coc Rising J
fa2"3 or f512° >—E M edge Source clock | I | I | I
fclzﬁ or 1‘5/2‘3l >—F detector : : :
fa2' or f5/2° > G : : :
TBTEN : H :
/2% or 2 >— Hs e
BTk TBTEN INTTBT : " Nl "_
: ' Interrupt '
TBTCR Enable TBT period
Time base timer control register
(a) Configuration {b)/ Time base timer interrupt

Figure 2-10. Time Base Timer
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7 6 5 4 3 2 1 0

TBTCR i .
(0036,) |(DVOEN) | OVQCK) | ©OV7CK) |TBTEN | , TBTCK | | (Initial value: 040 Oxx*x)
Time base timer 0: Disable
TBTEN .
enable/disable 1: Enable
000: /223 or f5/2"5 [Hz]
001: fc/22" or fs/213
010: fc/2'8 or 5128 RIW
TBTCk | Time base timer interrupt 011: fe/2'% or fs/2°
frequency select 100: fc/2'3 or fs/2°
101: fcr2' or f5/2%
110: fe/2' or fs/23
111: fc/29 orfs/2

Note: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], #~Don’t care

Figure 2-11. Time Base Timer and DividerOutput Control Register.

Table 2-1. Time Base Timer interrupt Frequency

NORMAL1/2 Modes
TBTCK IDLE1/2 Modes SLOW-Modes Interrupt Frequency
SLEEP Modes
DV7CK =0 DV7CK =1 atfc=8MHz atfs=32.768 kHz
000 fe2%3 fs215 fs213 0.95 Hz 1 Hz
001 fe/22! fs/213 fs/213 3.81 4
010 fe/216 fs/28 - 122/07 128
o1 fc/214 fs/28 - 488/28 512
100 fer2'3 fs125 - 976.56 1024
101 fe212 fsi2* - 1953.12 2048
110 fer2M fsr23 - 3906.25 4096
1M fe29 fs/2 < 15625 16384
87CH48-56 2004-10-01
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2.4 Divider Output (DVO)
A 50% duty pulse can be output using the divider output circuit, which is useful for piezo-electric buzzer
drive. Divider output is from pin P13 (DVO). The P13 output latch should be ‘set-to “1” and then the P13

should be configured as an output mode.
Divider output circuit is controlled by the control register (TBTCR) shown in Figure 2-12.

Note: Selection of divider output frequency must be made while divider oGtput isdisabled.

7 6 5 4 3 2 1 0

TBTCR " )
(0036, |DV°EN| DVQCK |<Dv7CK> | (TBTEN) | (TBTCK), | (Initial value: 0¥*0 0%*#)
DVOEN | Divider output enable/disable 0: Disable
1: Enable
00: fc/2'3 or f5/2° [Hzl RIW
L UG . 12 4
DVOCK Divider output (I?VO) 01: fc/211 or fs/23
frequency selection 10: /2" or fs/2
11: /210 or fs22

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

Figure 2-12. Divider Output Control Register

Example: 1kHz pulse output (at f¢c=8 MHz)

SET (P1).3 ; P13 output tatch«1
LD (P1CR), 00001000B ; /Configures P13 as an output mode.
LD (TBTCR), 10000000B ; DVOEN«1, DVOCK«00
Table 2-2:-Frequency of Divider Output
DVOCK Frequency of atfo=8MHz | atfs=32.768 kHz
DividerQutput

00 fe2B3 or  fs/2° 0.976-\[kHz] 1.024  [kHz]

04 fc/2)? fs/2* 1,953 2.048

10 fer2™ fs/23 3.906 4.096

" fc/21° fs/22 7.812 8.192

Output latch Output enable

Data output m - O >3 vo)

fer2B onfsf2® > A
fe/2%%or f5/2° >’
C
D

fc/2" orfs/2° > P13 output latch | I
T2 orfs/22, > P J : :

DVOCK DVOEN DVOEN ——I L

(a) Configuration (b) Timing Chart

Divider output control register

Figure 2-13. Divider Output
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TOSHIBA

16-Bit Timer/Counter 1 (TC1)

2.5

2.5.1 Configuration

4axa[dinIN : XN
s0)010dWo) :dWD

[EE18

| Jjunod/idwil “p1-z 8anbiy

wd bdd

o<}

eap 4

105 ¢
o]

ai660y, ¢

Ldsd JdunL

eqonsaMm
J8193ul Hg DAL
fGﬂE Hy Gﬂ_ﬁ
oqons oy 13351691 |03U0D | JBJUNOYIBWIL
AUMYDIIDL BapIew WL
8|qeu3
4y V1 siesiBos Jswn q-9L MLOL
LdVD$
1> a|660, VLD CILENT
aimdey
BPOW MOPUIAL P
z
T Y a
l wo)| | v _w w o
apow 1euno>dnqlgy A o
JUBWAINSeIW f V| €23 10,204
wpIm asing _z_y a o—{7] ud i1
u_Ul SIZLNI
Buifjey
apow
|eubisseepp §L0L usweinseaw
rAl yipimasind
apow LOddW
Indino odd XA

3dnLaaus LILINI Almm
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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.

TREGIA 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(0010, 0011,)| . TREG1AL (0011) . | . . TREGTAL(00104)) | . |
Write only
TREG1B
(0012, 0013H)| 1 I TIREG1BH (0013H) I I | I 1 -EREG1BJ- (0012H) 1 1 I
Read/Write (Write available in only
7 6 5 4 3 2 1 0 PRGoutput mode)
SCAP1
TC1CR MCAP1 it :
(0014, TRF1 |VCAP TC1S TC1CK TC1M (Initiat vatue:~0000-0000)
MPPG1 L 1 L
00: Timer/External trigger timer/event counter mode
TCIM TC1 01: Window modée
mode select 10: Pulse width measurement mode
11: PPG outputmaode
00: Internalclock fc/2™or fs/2? [Hz]
TC1CK TC1 01: Internal clock-fc/2’
source clock select 10: Intérnal.clock /23
11:  Externakclock (TC1 pininput)
00;—Stop and counter clear
TC1S TC1 017 Command start .
start control 10:_Reserved W”Ite
11> External trigget sfart only
... SCAP1 | Software capture control | ( | 03\ . U 13 Software capture trigger (Note 3)
Pulse width measurement )
ouble edge capture 1: Single edge capture
AP feontrol e e e e e R
METT1 | External trigger timer 0: Trigger srart 1: Trigger start and stop
................... COMMIOL e e e S TN e
MPPG1 [ PPG output control 0: Cotinuous pulse 1: Single pulse
TEF1 Timer F/F1 control for PPG 0: Clear 1. set
output mode

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

Note 2: Writing to_the low-byte of the timer registers (TREG1A;, TREG1B,;), the comparison is inhibited until the
high-byte (TREGTAy, TREG1Bp)is written:

Note 3: Set. the mode, source clock, edge (INT2ES), PPG control and timer FIF control when TC1 stops (TC1S =00).
After writing to the high-byte, the comparison of 1 machine cycle (during instruction execution) is ignored.

Note 4:Software capture can be used’in only timer and event counter modes.

Note 5:Values to be loaded to timerregisters must satisfy the following condition.

TREG1A>TREG1B>0 (PPG output mode) ; TREG1A>0 (Others)
Note 6: Always write “0” to TFFT except the PPG output mode.

Note7: TCICR is a write-only ‘register) which cannot access any of in read-modify-write instruction such as bit
operate, etc.

Note 8: TREG 1B can be written only in PPG output mode.

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 to”0”. Counting up resumes after the countetiscleared. The current
contents of up counter can be transfered to TREG1B by setting. SCAP1 (Bjt 6 in TC1CR) to “1”
(Software capture function). SCAP1 is automatically cleared to “@"after capaturing.

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

Source Clock Resoluti Maxi fimeSetti
esolution aximum|iimeQetiing
N?;':’é’?;;ﬁ "ffdes SLOW Modes
odes SLEEP Modes atfc=8MHz | atfs=32.768kHz | atfc=8MHz | atfs=32.768 kHz
DV7CK=0 | DV7CK=1
fc/2% [Hz] fc/23 [Hz] - 1 us - 65.5 ms -
fe/2” fc/2’ - 16 us - 103 -
fe2" f5/2° fs/2° [Hz] 256 4 24414 s 168 s 16.0 s

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

(fs = 32.768 kHz).

LD (TC1CR), 000000008
LDW (TREG1A), 1000H
SET (EIRL).EF4

El

LD (TC1CR), 000100008

Example 2: Software capture

LD

LD WA, (TREG1B)

(TC1CR); 010100008

; Sets the TC1 mode and source clock.
; Setsthetimer register(1s+ 2%/fs= 1000H)
; /enable INTTCI

; StartsTCt.

7 \SCAP1¢1 (Captures)
; “Reads captured value.

Source clock

Up counter

TREG1A

INTTC1 interrupt

Source¢lock

Command start

Counter
clear

1

eppEnEplipipfipipipEgs

peoumter Y moz Komet X m Nt Xmez XX X » X oei X
Capture ’ Capture
TREG1B X m X n
SCAP 1 |-| I-l
(b) Software capture
Figure 2-16. Timer Mode Timing Chart
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(2) External trigger timer mode

In this mode, counting up is started by an external trigger. This triggeriis the edge of the TC1 pin
input. Eitherthe rising or falling edge can be selected with INT2ES. Edge selection is the same as for
the external interrupt input INT2 pin. Source clock is used an internal clock selected with TC1CK. The
contents of TREG1A is compared with the contents of up counter. If a match-i$ found, an INTTC1
interrupt is generated, and the counter is cleared to”0" and halted. The’counter is restarted by the
selected edge of the TC1 pin input.

The TC1 pin input has the same noise rejection as the INT2 pin; therefore, pulses of 7/fc [s] or less are
rejected as noise. A pulse width of 24/fc [s] or more is required for. _edge)detection in NORMAL1/2 or
IDLE1/2 mode. The noise rejection circuit is turned off in SLOW and-SLEEP modes. But;-a pulse width
of 4/fs [s] or more is required.

Example1: Generate the interrupt after 100 us fromtherising edge of TC1/linput.(fc =8 MHz)

LD (EINTCRY), 00000000B ;. INT2ES ¢-/0 (Selectthe rising edge)
LDW (TREG1A), 0064H ¢ M00 us+23/fc =64y
SET (EIRL).EF4 ;\_ Enable INTTC1
El
LD (TC1CR), 001110008 ~._Trigger start, METT =0
Example 2: Generate the interruptwhen the)”L"” level signal\via TC1) pin is more than 4 ms.
(fc=8 MHz)
LD (EINTCRY), 000001008 ; INT2ES<«1 (Select “L")
LDW (TREG1A), (00FAH ; 4Ams =27Hc=FAY
SET (EIRL).EF4 ;  Enable INTTC1
El
LD (TC1CR), 011101008 £ Trigger start, METT =1
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TC1 pininput

Internal clock

Up counter
TREG1A

INTTC1

TC1 pininput

Internal clock

Up counter
TREG1A

INTTC1

Count start Count restart

w ( + Trigger (INT2ES =0)

: )

T XOEEOERC X

X n b
Match \I"I/ Clear
(a) Trigger Start (METT=0)
Count Count Count
start clear start
A Trigger Trigger N Trigger Rising edge select

(INT2ES=0)

EETEED €069 €9 9,0 CHERED €986 0 @0 CR.

X > ]
/
Match TICIear

Note: m<n

(b) | Trigger Start and Stop (METT1=1)

Figure 2-17.\ External TriggefrTimerMode 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._Thecontents of TREG1A are compared with the contents of
up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is cleared. The
maximumlapplied frequency is fc/2* [HzZNn’NORMAL1/2 or IDLE1/2 mode and fs/2* [Hz] in SLOW or
SLEEP mode.

Setting SCAP1 to “1” transférres the current contents of up-counter to TREG1B (Software capture
function). SCAP is automatically cleared after capturing.
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TC1 pininput

Up counter
TREG1A

INTTC1 interrupt

Command start

L

nrn,

1

x

: : (( : :
1 X 2 X ;,i X ot X X o X
D

Match Counter
detect \n/ 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 contents of TREG1A dre-comparéd with the
contents of up-counter. If a match is found, an INTTC1¥interrupt is generated;and the counter is
cleared. Positive or negative logic for the TC1 pinf input can be selected with INT2ES( Setting SCAP1
to “1” transferes the current contents of up-counter to. TREG1B. It is pecessary thatthe maximum
applied frequency (TC1 input) be such that the counter value can be analyzed by the program. That
is, the frequency must be considerably slower than the selected internal clock-

TC1 pininput

Internal clock

Up counter

TREG1A

INTTC1 interrupt

TC1 pininput

Internal clock

Up counter.

TREGI1A

INTTC1 interrupt

Command start

Match krlj Clear

Command start

(a) Positive LogiC(INT2ES = 0)

.

XXX XX

Match Mear

(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).

Count Count
start start

TC1 pininput Trigger * o *

Internal clock ||I|||||||I|||||||I|||
Up counter naan M 0

Capture

TREG1B i %

INTTC1 n

[Applications] High-erlow pulse width measurement

(a)._Singlte edge capture

Count Count
start start

TC1 pininput * { *
Internal clock ||||I||||||||||II|||||

Up counter naan @u@@@ @@@o‘ 2
Capture Captu re

TREG1B

INTTC1 I-l |-|

[Applications] @ Period/frequency measurement
@ Duty measurement

(b) Double edge capture

Figure2-20-—Pulse Width Measurement Mode Timing Chart
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Example: Duty measurement (Resolution fc/27 [Hz])

CLR (INTTC1SW).0 ; INTTC1 service switch initial setting.
LD (EINTCR), 00000000B ;  Setstherise edge atthe INT2 edge.
LD (TC1CR), 00000110B ;  Setsthe TC1 mode and source clock.
SET (EIRL). 4 ; Enables INTTCY.
El
LD (TC1CR), 00110110B ;  Starts TC1 with-an'external trigger.
PINTTC1: CPL (INTTC1SW).0 ;  ComplementsINTTC1 service switch.
JRS F,SINTTC1
LD (HPULSE), (TREG1BL) ;  ReadsTREG1B;
LD (HPULSE + 1), (TREG1BH)
RETI
SINTTC1: LD (WIDTH), (TREG1BL) ; {_Reads TREG1B (Period):

LD  (WIDTH + 1), (TREG1BH)
RETI

VINTTC1: DW PINTTC1

WIDTH

HPULSE

TC1pin _I I I
INTTC1SW I I_

(6) Programmable pulse generate (RPG) output mode

Counting is started by an-edge-of the TC1 pin input-(either the rising or falling edge can be
selected) or by a command.| The source clock is-used\an internal clock. First, the contents of
TREG1B are compared with-the contents of the up-counter. If a match is found, timer F/F1 outputis
toggled. Next, timer F/F1-is again toggled and the counter is cleared by matching with TREG1A.
An INTTC1 interfupt is generated at this'time. Timer F/F output is connected to the P14 (PPG) pin.
In the case of PPG output, set the P44-output latch to “1” and configure as an output with P1CRg.
Timer F/F1.is cleared to “0" during reset:The timer F/F1 value can also be set by program and either
a positive‘or negative logic pulse outputis/available. Also, writing to the TREG1B is not possible
unlessthe timer/counter 1 is set to the PPG output mode with TC1M.

Example: Output the pulsewhich has 800 s high level width and 200 us low level width.
(fc=8 MHz)
SET. ~(P1)/4 ;P14 outputlatch « 1
LD (P1CR), 00010000B ;  SetP14to output mode
LD~ (TC1CR), 10001011B ; SetPPG mode

LDW" (TREG1A), 03E8H ;  Setthe period of one cycle
(1ms+1us=03E8Y).
LDW (TREG1B), 00C8H ;  Setthe width of low level

(200 s + 1 xs=00C8R)
LD (TC1CR), 10011011B ; StartTC1
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TFF1

TC1CR write strobe :EDD L Clear
Reset
Match with TREG1B >—_E>
Match with TREG1A >—9

B
INTTC1 interrupt -qY Timer F/F 1
A
s TC1S clear signal

P14 output latch

Data output

Output enable

> P14 @G pin

>Set

Toggle

MPPG1

Figure 2-21. PPG Output

Internal clock

Up counter

TREG1B

TREG1A

PPG output

INTTC1

TC1 pininput

Internal clock

Up counter

TREGB

TREG1A

PPG output

INTTC1

X ¢ | ¢ [

TEEN N X N

Xo \ } \

~
~

|'| |'| I'l I'l Note: m>n

(a) Pulse

} Trigger | External trigger start

~e—

I'l 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
MIPX
Window
f/223 or f5/2155— | o Clear
fc/213 or f5/25——|B Timer/ Y 16-bit up counter
fc/28y——C levent counter Source
fe/23—>|pY clock
fo——E
fs>——>|F
—— Comparator Match - INTTC2
3 interrupt
Enabl
TC2CK TCTZS AN
match detect control
TC2CR TREG2 T 1\
Timer/counter 2 control register 16-bit'timer-register 2 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.

TREG2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(0016, 0017H)| 1 1 TIREGZH |(0017H} L 1 : 1 1 TREG2L|(0016H) 1 |
Write only
T N DO N B> S S
©015,) Eoi [ Tc2s | TE2CK ¢ | [Tcam | (Initial value: *+00 00+0)
Timer/counter 2-operating 0: Timer/Event-counter mode
TC2M .
mode select 1: Window.mode
000: Internalclock fc/2% or fs/2'° [Hz]
001 /ntefnal clock f¢/2 or fs/2°
010:/ /nternal clock fc/28
TC2Ck-_[Nimer/counter 2 041: -Internal clock fc/2? Write
source clock select 100:~_Internal clock fc (Note 5) only
101:__Internal clock fs
110: Reserved
™ 1: External clock (TC2 pin input)
Timer/counter 2 0: Stop and counter clear
TC2S
start control 1: Start

Note 1:/fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don't care
Note2: When writing itg the low byte of timer register 2 (TREG2,), the comparison is inhibited until the high
byte (TREG2j;) iswritten.
After writing-to the high byte, any match during 1 machine cycle (Instruction execution cycle) is ignored.
Note 3: Set the mode and'source clock when timer/counter stops (TC2S =0).
Note 4: Values to be loaded to the timer register must satisfy the following condition.
TREG2 > 0(TREG215 o TREG217>0 when warm-up).
Note 5: “fc” can be selected as the source clock only in the timer mode during the SLOW mode.

Note 6: TC2CR and TREG2 are write-only registers and must not be used with any of the read-modify-write
instructions.

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.

Also

timer/counter 2 is used for warm-up when switching from SLOW mode to NORMAL2 mode.

(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 intérrupt\(INTTC2) is generated,
and the counter is cleared. Counting up is resumed after the counter is ¢léared.

Also, when fc is selected as the source clock during SLOW mode, the tower 11 bits of TREG2 are
ignored and an INTTC2 interrupt is generated by matching thelupper'5 bits. Thus, in this case, only
the TREG2H setting is necessary.

Table 2-4. Source Clock (Internal clock) forTimer/Counter 2

Source Clock
NORMAL1/2 Modes Resolution Maximum Time Setting
IDLE1/2 Modes SLOW Mode | SLEEP Mode
DV7CK =0 DV7CK = 1 at fc=8MHz [\at fs=32.768 kHz | at fc=8MHz @t fs=32.768 kHz
fc/2%[Hz] fs/2"5[Hz] fs/2'5 [Hz] fs/2" [Hz] 1.05-s 1 s 19.1—hour 18.2 hour
fc/2% fs/2° fs/2° fs/2° 1.02 ms 1 ms 1. ¥ min 1 min
fe/28 fe/28 - - 32 s - 21 % -
fe/23 fe/23 - - s - 65.5"ms -
- - fc (Note) - 125~ ns - 79 ms -
fs fs - - - 305 us - 2 s

Note: “fc” can be used only in the timer mode.

Example: Setsthe timer mode with sgurce clock fc/23 [Hz] and generates an interrupt every 25 ms
(at fc = 8 MHZ),
LD (TC2CR),.00001100B - Sets the TC2 mode and source clock.
LDW (TREG2), 61A8H i\ Sets TREG2 (25 ms + 2%/fc = 61A8y).
SET (EIRH)EF14 ~Enable INTTC2.
El
LD (TC2CR), 001011008 ; Starts TC2.

(2) Eventcountermode

In this mode, events.are counted entherising edge of the TC2 pin input. The contents of TREG2 are
compared-with the contents of the.up-counter. If a match is found, an INTTC2 interrupt is
generated, and the counter is cleared. The maximum frequency applied to the TC2 pin is fc/2% [Hz] in
NORMAL1/2.06r1DLE1/2 mode, and fs/2* [Hz] in SLOW or SLEEP mode.

Example:\ Setsthe event counter mode and generates an INTT2 interrupt 640 counts later.
b (TC2CR),.00011100B ; Setsthe TC2 mode.
LDW (TREG2), 640 ; Sets TREG2.
SET (EIRH).EF14 ; Enable INTTC2.
El
LD (TC2€R), 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 yvalue,canbe analyzed by the
program. That s, the frequency must be considerably slower than the selected internal clock.
Example: Generate the interruptthe “H" level signal via TC2 pin.is more'than 120 ms.

(fc=8 MHz)
LDW (TREG2), 0078H ; Set TREG2 (120.ms % 2%%/fc = 0078)
SET (EIRH).EF14 ; Enebleg’INTTC2
El
LD (TC2CR), 00100101B ; StartTC2

TC2 pininput | | .

Internal clock | | | | | | || | | | | |
Up counter D D € 6 (=GR & 0 0GB € €
D

TREG2 X n

) Match Counter clear
INTTC2 interrupt Kﬂ

Figure 2-25. Window Mode Timing Chart
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2.7 8-Bit Timer/Counter 3 (TC3)
2.7.1 Configuration

¢ Inhibit
Rising
Edge Capture :l > ’ —_L‘_>—>
INTTC3

detector Falling control
Interrupt
TC3M TC3S J»
Clear
D
2 or fsp? —>{A v Source clock 8-bitupcountér Overflow
10 pJ

fc/i2™ or fs/2 B | | Te3m
fer2’ - >Cs

d

I

T K
Gd Capture Captute
T >——>| tkeon LT S QY

TC3S scap 8-BitTimer 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.

TREG3A 7.6.5‘4.3.2‘1.0
o1gy | ¢ i & bbb Read/Write
TREG3B : : : : : : :
(0019, | : : : : : : : | Read only
4 3 2 1 0
TC3CR .
(001A) [Tcas | Te3e [Tcam| (Initial valGe: #0+0-00+0)
Timer/counter 3 0: Timer/event counter
TC3M )
operation mode set 1: Capture
00: Internal clock fc/222 or. fs/2* [Hz]
Tcack | Timer/counter 3 01: Internal clock f¢r2? orfs/2?
source clock select 10: Internal clock f¢/2” Write
11: External clock (TC3 pin input) only
TC3S Timer/counter 3 0: Stop and ctear
start select 1: Start
SCAP Software capture control 0: \
1: Software capture
Note 1: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], #: Don't caré
Note 2: Set the mode, the source clock and theedge selection (INT3ES) when'the TC3 stops (TC3S =0).
Note 3: Values to be loaded into timer register 3A must satisfy the following condition.
TREG3A > 0(in the timer/eventcounter mode)
Note 4: Soft capture function is used-in-only timer mode and'event count mode.
Note 5: TC3CR is a write-only register and.must not be used with-any.of read-modify-write instructions.

Figure 2-27. - TimerRegister 3A/3B and TC3 Control Register

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

(1) Timer mode
In this mode, the internal clock is used for counting up. The contents of TREG3A are compared with
the contents©f 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 [Hz] Resolution [us] Maximum Setting Time [ms]
NORMAL1/2 M
CI)DLE1IZ f\nodees SLOW Modes
SLEEP Modes fc=8 MHz fs=32.768 kHz fc=8 MHz fs=32.768 kHz
DV7€K=0 DV7CK =1

fer2*? fs/2* fs/24 512 488.28 131.1 124.5
/210 fs/2? - 128 122.07 326 31.1

fe/2” - >~ 16 - 4.1 -
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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/2% [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 0.5s, inputing\50 Hz pul$es to the TC3 pin.

LD (TC3CR), 00001100B ; Sets TC3 mode and source clock:
LD (TREG3A), 19H ; 0.5s+1/50=25=19y4
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 eutrent-contents of counter isloaded-into TREG3A,
then the up counter is cleared and an INTTC3.interrupt is generated. On the falling (Rising) edge of
the TC3 pin input, the current contents of thée-counter is loaded into-the TREG3B. In this case,
counting continues. At the next rising (Falling) edge of the TC3 pinjinput, the current contents of
counter are loaded into TREG3A, then the'counter is cleared again 'and anjinterrupt is generated. If
the counter overflows before the edge is~detected, FFy-is-set-to~the TREG3A and an overflow
interrupt (INTTC3) is generated. During interrupt processing, it can be determined whether or not
there is an overflow by checking/whether ofr not the TREG3A value is FFy4. Also, after an interrupt
(Capture to TREG3A, or overflowdetection) is generated, capture’and overflow detection are halted
until TREG3A has been read out; however, the counter continues!

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

Up counter 2.3),0.0 &9 ¢ 1 & 1D ¢35 &) 0.0 €D €9 €3 3 & .1 0. €. & €
TC3 pin input I\ I !\ I_I
Xk X ~n

TREG3A i\ X FF(Overflow)
R : T\
TREG3B X m X e
: Capture i _ Capture ¢ Overflow
INTTC3 interrupt I-I I-I

Reading TREG3A I M I

Figure 2-28. Timing Chart for Capture Mode (INT3ES = 0)
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2.8 8-Bit Timer/Counter (TC4)

2.8.1 Configuration

INT4ES

S
Tcarin O A
- Y
»: B TC4S

D
11 3
fe2' orfs/2® DA Source
B
c

Clear

fer2’ ’ clock

fer2? > . Overflow
ZY P>A Y 8-bit up counter _D_1
B S

D
2 A
fe/2? 3= . Tiner FIF4
c

% Match PWM/PDO
Toggle pin

3 & Set Q
Clear
TCACK TCACS A B

TFF4 TC4S TCAM
2 } T 2

I TC4CR | I TREG4

Decoder

| TCAM =11

Timer/Counter 4 Control Register 8-Bit Timer Register 4 INTTCA

ﬁ ﬁ interrupt

Figure 2-29. Timer/Counter4

TCAM, TFF4
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2.8.2 Control
The timer/counter 4 is controlled by a timer/counter 4 control register (TC4CR) and an 8-bit timer register
4 (TREG4). Reset does not affect TREG4.

TREG4 : : : : : : : .
(001BR) | : : : : : : : | Write only
7 6 5 4 3 2 1 0
TCACR .
(001Cy) | TFF4 | TCACS | TC4S | TC4CK TCAM | (Initial vatue: 0000 0000)

00: Timer/event counter mode

01: Reserved

10: Programmable divider output (PDO) mode
11: Pulse width modulation (PWM) oGtput mode

TCAM TC4 operating mode select

mode A (TC4CS =0) mode B (TC4CS=1)
00: fe/2" or fs/23 00: fe/2°
TCACK | TC4 source clock select 01: fc/27 01: fc/22
10: /23 10: f¢/2 Write
11: External-clock 11: fc only
(TC4 piminput)

0: Stop-and«clear

TC4S TC4 start control
@ 1: Start

TCACS TC4 mode select (1): Mode.d

: Mode B

00: €lear

01: Toggle
10: Set

11:/= (Note 3)

TFF4 Timer F/F 4 control

Note 1: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don’t care
Note 2: Set the operating mode/ the source clock selection, the timer FIF 4 control and the edge selection
(INT4ES) when the TC4 stops (TC4S =0).
Note 3: TFF4 must be set to "1 "in-the timer, event countermodes and B mode.
Note 4: Values to be loaded to the timer register must-satisfy.the following condition.
(a)-When in PWM output mode, 5 < TREG4 <251
(b) When any other mode than PWM outputmode, 0 < TREG4
Note 5: Source clock-fc/2?, fc/2, and fc cannot be used except in PWM output mode.
Note 6: TC4CR and TREG4/are write-only_registers-and must not be used with any of read-modify-write
instructions.
Note?7: TFF4 should be clear “00”, when-T€4S.is changed from “1” to "0”.
Also PWM/PDO terminal become “High” after changing TC4S from “1” to "0”.

Figure 2-30. /Timer Register 4 and TC4 Control Register
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2.8.3 Function

The

timer/counter 4 has four operating modes: timer, event counter, programmable divider output, and

PWM output mode.

(1) Timer mode

In this mode, the internal clock is used for counting up. The contents of TREG4 are compared with
the contents of up counter. If a match is found, a timer/counter 4 interrupt-(INTTC4) is generated
and the up counteris cleared to “0”. Counting up resumes after the up counter is cleared.

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

Source Clock [Hz] Resolution [s] Maximum Setting Time
NORMAL1/2 Modes
SLOW Modes
Mode IDLE1/2 Modes SLEEP Modes | f¢=8MHz | fc=32.768kHz | fc=8MHz | (fc=32.768kHz
DV7CK =0 DV7CK =1

fe/2” fs/23 fs/23 256 244 65.3 [ms] 62.2 [ms]
A /2’ - - 16 - 4.1 [ms] -

fe/2? - - 1 - 255 [z -
B fe/2° - - 4 - 1020 sl -

(2) Eventcounter mode

In this mode, the TC4 pin input (External clock) pulse is used for/counting up. Either the rising or
falling edge can be selected with TC4ES(Bit 4 in"EINTCR). The contents of the TREG4 are compared
with the contents of the up counter. Ifl a match is found, an-INTTC4.interrupt is generated and the
counter is cleared. The maximum appliedfrequency is/fc¢/2% [Hz] in NORMAL1/2 or IDLE1/2 mode, and
fs/2% [Hz] in SLOW or SLEEP mode. Two ormore machine cycles are/required for both the high and
low levels of the pulse width.

(3) Programmable divider output (RDO) mode

The internal clock is used forcounting up. The contents'of TREG4 are compared with the contents of
the up-counter. Timer F/F4poutput is toggled apd the counter is cleared each time a match is found.
Timer F/F 4 output is invertédiand output to the PDO{P55) pin. This mode can be used for 50% duty
pulse output/ Fimer\F/F4 can be initialized by program, and it is initialized to “0” during reset. An
INTTC4 intefr(pt isgenerated each time the PDO output is toggled.

Example: ~Qutput a 1024 Hz pulse(atfc = 4.194304 MHz)

LD (TC4CR), 00000010B ; Initializes the TC4 mode, source clock and timer F/F 4.
LD (TREGA4), 10H 5 (171024 + 27/fc) + 2 =10y
LD (TC4CR), 60010010B ; Starts TC4
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Up counter :XIXZX:: 00“@ 00"@ 00"@

TREG4
Match\

Timer F/F 4 I I I_
PDO pin output I I I I:
INTTC4 interrupt " " ﬂ "

Figure 2-31. Timing Chart forPDO Mode

(4) Pulse width modulation (PWM) output mode

PWM output with a resolution of 8 bits is possible. The.internal clock is'used for¢ounting up. The
contents of TREG4 are compared with the conténts-ofup-counter. If ailmatch-is\found, the timer F/F
4 output is toggled. The counter continues counting. And, when an overflow/ occurs, the timer F/F4
output is again toggled and the counter iscleared:-Timer F/F 4 output isinverted and output to the
PWM (P55) pin. An INTTC4 interrupt is generatedivhen an overflow gccurs.

TREG4 is configured a 2-stage shift register and; during output, will netswitch until one output cycle
is completed even if TREG4 is overwritten;therefore, dutput can'be altered continuously. Also, the
first time, TREG4 is shifted by setting TC4S (Bit 4 in TC4CR)t0-” 1" after data are loaded to TREGA.

Note 1: Do not overwrite TREG4.only’when an INTTC4 interrupt is generated. Usually, TREG4 is
overwritten in the foutine.of INTTC4 interruptservice.
Note 2: PWM output mode can be used only in the NORMAL1/2, and IDLE1/2 mode.

TREG4 é X”’"f

I\/Iatch\\ Overflo Overwrlte Shlft
Timer F/F 4 I I—I I

INTTE€4 interrupt " "

I 1 period |

Figure 2-32 (a). Timing Chart for PWM Mode
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Table 2-7. PWM Output Mode
Source Clock [Hz]
Resolution Repeat Cycle
NORMAL1/2 Modes
Mode IDLE1/2 Modes sLow 'V'°:es
LEEP M
DV7CK=0 | Dv7CKe 1 3 %€ | atfc=8MHz | atfs=32.768kHz | atfc=8MHz/| at fs=32.768 kHz
fe/2™ fs/23 fs123 256 s 24414 us 65.3 | ms 622 ms
A fe/2’ - - 16 us - 41 ms -
fe/23 - - 1 s - 255 s -
fe/2° - - 4 us - 1024 us -
B fe/2? - - 500 ns = 128  us -
fc/2 - - 250 ns - 64 us =
fc - - 125 ns = 32 s -
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2.9 Serial Bus Interface (SBI-ver. B)
The TMP87CH48/CM48 have a 1-channel serial bus interface which employs a clocked-synchronous 8-bit
serial bus interface and an 12C bus. (a bus system by philips)
The serial bus interface is connected to an external device through P42 (SDA) and P41 (SCL) in the I°C bus
mode; and through P40 (SCK), P42 (SO), and P41 (Sl) in the clocked-synchronous 8-bit.SIO mode.

The serial bus interface pins are also used as the P4 port. When used for serial bus.interface pins, set the

P4 output latches of these pins to

normal I/O port.

291 Configuration

111 "

. When not used as serial bus interface pins, the' P4 portis used as a

— > INTSBl interrupt request

SCL
Y &K
SIO
clock input/ -1 Pao
npu
control i
] output (5CK)
T * control
f¢/4 —| Divider
> SIO SO HO P42
l Transfer data control(| £ s (SDA/SO)
2C bus control ' B
clock Sync. circuit
Noise * VAN Y — P41
Control (SCL/S')
canceller Shift 2€bus
register data control | | Noise SDA
canceller
2\
A A
N2 |
SBICR2/
SBISR I2CAR SBIDBR SBICR1
SBI control register 2/ / 1*Cbus SB| data SBI control register 1
SBI status register address register buffer register

Figure 2-32°(h)-_SerialBUs Interface (SBl-ver. B)
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2.9.2 Serial Bus Interface (SBI-ver. B) Control

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

® Serial bus interface control register 1 (SBICR1)

® Serial bus interface control register 2 (SBICR2)

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

® Serial bus interface status register (SBISR)

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

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

2.9.3 The Data Formats in the 12C Bus Mode
The data formats in the 12C bus mode are shown below.

(a) Addressing format

8 bits 1 [<—1 1o 8 bits ——{ 1 |<=<1t0 8 bits ——>{ 1
IF'TTTTTTRr[A A A
S| Slave address /¢ Data C Data c|P
W[ K K K
1 Tormore — 77 >
(b) Addressing format (with restart)
8 bits 1 |<~116 8 bits 1 8 bits 1 |<—1t0 8 bits —{ 1
T T T T T rla A T RKT T IrlA A
S| Slave address /|C Data C|S | Slave-address /|C Data Cc|(P
W K K W| K K
1 1 or more 1 1 or more —>
(¢) Free data format
8 bits 1 [=—1 to'8 bits—>|"1.[«—1 t0 8 bits —>{ 1
F'TTTT DDA A A
S Data C Data C Data Cc|P
K K K
1 lormore — >
S: Start condition

R\N: Direction bit
ACK:Acknowledge bit
P: Stop condition

Figure 2-33. Data Format at 12C Bus Mode
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2.9.4 12C Bus Mode Control
The following registers are used for control the serial bus interface (SBI-ver. B) and monitor the operation
status in the 12C bus mode.

Serial Bus Interface Control Register 1

SBICR1 7 6 5 4 3 2 1 0
(0020) | | BC | | Ack | 0" | SCK | (Initial value: 0000 »000)
ACK=0 ACK=1
BC Number of ; Number of .
Clock Bits Clock Bits
880 8 8 g 8
1 1 1 1 i
BC Number of transferred bits 010 2 2 3 2 Write
011 3 3 4 3 only
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
11 7 7 8 7
0: Not generate clock'ptlse for acknowledge'signal (in
master mode)/Ngt count clock pulse for acknowledge
ACK Acknowledge mode signal (in-slave-mode) Read/
specification 1: Generateé clockpulse for acknowledge signal (in master Write
mogde)/Count clock pulse for acknowledge signal (in
slave mode)
000: Reserved (Note 5)
001 _Reserved (Note 5)
010: 58.8kHz
. . 0M:~30.3kHz at f¢= 8MHz(Output on SCL pin) | Write
SCK | Serial clock selection 100: “15.4 kHz only
10%: 7.75kHz
110/ 3.89 kHz
111: Reserved

Note 1: fc: High-frequency clockTHz]

Note 2: Set the BC to "000" befgre switching to a clock-synchronous 8-bit SIO bus mode.

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

Note 4: =: Don’t care

Note 5: This PC bus circuit doés not support the Fast mode:-It supports the Standard mode only. Although the FFC
bus cifcuit itself allows the setting of a baud rate over 100 kbps, the compliance with the FC specification is
notiguaranteed in thatcase.

Serial Bus Interface Data Buffep/Register

SBIDBR 4
SEIDER | 7 6 5 3 2 1 0

. . | . . . . | Read/Write  (Initial value: 0000 0000)

Note 1 When writing transmitted data, start from the MSB (Bit7).

Note 2 7Cannot read the data which was written into SBIDBR, since a write data buffer and a read data buffer are
independent in SBIDBR. Therefore, cannot access it any of in read-modify-write instructions such as bit
operate, etc.

Note 3: The data which was written.into SBIDBR is cleared to “0” when INTSBI is generated.

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

12CAR Slave address ALS
(0022p)_ | spg | sa5 | saa |‘SA3.}:sA2 | SA1 | SA0 (Initial value: 0000 0000)
SA TMP87CH48 slave address selection
Address recognition mode 0: Slave address recognition Write
ALS A . " only
specification 1: Nonslave address recognition

Note: I2CAR is a write-only register, which cannot access any of in read-modify-write instructions such as bit
operate, efc.

Figure 2-34. Serial Bus Interface Control Register 1/Serial Bus Interface Data Buffer Register/
12C Bus Address Register in the 1°C Bus Mode
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Serial Bus Interface Control Register 2

SBICR 7 6 5 4 3 2 1.9,
(00234) [mst [ TRx [ BB [ PIN [ sBim R (Initial value: 0001 00%x)
MST | Master/slave selection 0: Slave
1: Master
TRX | Transmitter/receiver selection 0: Receiver
1: Transmitter
BB Start/stop generation 0: Generate the stop candition when'the MST, TRX,

and PIN are “1".

Generate the start condition when the MST, TRX,
and PIN are “1".

PIN | Cancel interrupt service request 0: - (Cannotbeclearedto “0")

1: Cancel interrupt servicerequest

00: Port mode (seriatbus interface output disable)
Serial bus interface operating mode 01: SIO mode

selection 10: 1°C bus mode

11: Reserved

Write
only

—_

SBIM

Note 1: *: Don’t care

Note 2: Switch a mode to port mode after confirming that the bus js free.

Note 3: Switch a mode to 12Cbus mode after confirming thatinput signals via port are high level.

Note 4: SBICR2 has write-only register bits, which cannet access any of in read-modify-write instructions such as bit
operate, etc.

Note 5: Write “0” to bit 1, 0 in the SBICR2.

Serial Bus Interface Status Register
7 6 5 4 3 2. 10
sBIsR [msT [ TR | BB [ PIN | AL [ A4S [AD0 [ (RB | (initial value:0001 0000)

(00234
MST | Master/slave status monitor 0: Slave
1: Master
TRX [ Transmitter/receiverstatus monitor 0: Receiver
1: Transmitter
BB 12C bus statusmopiitor 0: ~Busfree
t—Bus busy.
PIN | Intgrrupt service request status 0y ANTSBI occurs
monitor 1:{_INTSBI does not occur Read
- - onl
AL | Arbitration loss detection menitor 0: Arbitration loss undetected y
1: /Arbitration loss detected
AAS /| Slave address match detection monitor [ 0: Slave address unmatch or “GENERAL CALL"
undetected
1: Slave address match or “GENERAL CALL" detected
ADO_|."GENERAL CALL" detgction monitor 0: "GENERAL CALL" undetected
1: "GENERAL CALL" detected
LRB— Vast received bit monitor 0: Lastreceived bit “0”
1: Last received bit “1”

Figure2-35. Serial Bus interface.Control Register 2/Serial Bus interface status register in the 1°C Bus Mode
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(1) Acknowledge mode specification
Set the ACK (Bit 4 in SBICR1) to “1” for operation in the acknowledge mode. The TMP87CH48/CM438
generate an additional clock pulse for an acknowledge signal when ope€rating in the master mode.
In the transmitter mode during the clock pulse cycle, the SDA pin is released.in order to receive the
acknowledge signal from the receiver. In the receiver mode during the clock pulse cycle, the SDA pin
is set to the low level in order to generate the acknowledge signal.
Reset the ACK for operation in the non-acknowledge mode. The TMP87CH48/CM48 don’t generate
a clock pulse for the acknowledge signal when operating in the-master mode.
In the acknowledge mode, the TMP87CH48/CM48 count a clock.pulse for'the acknowledge signal
when operating in the slave mode. During the clock pulse, whien the received slave address is the
same as the value set at the I2CAR or when a GENERAL CALL is received), the SDA pin is set to the low
level in order to generate the acknowledge signal.
In the transmitter mode during the clock pulse cycle after jmatching the slave addressés or.receiving a
GENERAL CALL, the SDA pin is released in order to receive the acknowledge signal from the receiver.
In the receiver mode during the clock pulse cycle, the-SDA. pin/is set to the low. levelin order to
generate the acknowledge signal.
In non-acknowledge mode, the TMP87CH48/CM48-don’t count a clock pulse forthe acknowledge
signal when operating in the slave mode.
(2) Number of transfer bits
The BC (Bits 7 to 5 in the SBICR1) is used to select-a number of bits for next transmitting and receiving
data.
Since the BC is cleared to “000” as a start condition, a slave address’and direction bit transmissions
are executed in 8 bits. Other than these, the BC retains a specified value:
(3) Serial dock
a.Clock source
The SCK (Bits 2 to 0 in the SBICR1) is used to|select a maximum-transfer frequency outputed on the SCL
pin in the master mode. Set a communication baud rate that meets the 12C bus specification, such as
the shortest pulse width of t g\, based on the equationsshown below.
In both master mode and slave mode, a pulse width of-at least 4 machine cycles is require for both high
and low levels.

|<——tHGH tLow 1/fscl
SCK n
(Bits2 to 0 in the SBICR1)

trow =2"ffc 000 4
001 5

tHigH = 2"/fc + 8/fc¢ 010 6
fscl=_T/(t +1 ) 011 7
Low * tHIGH 100 8

101 9

Note: fc: High-frequency clock 110 10

Figure 2-36. Clock Source

b:Clock synchronizatién

Inthe'I2C bus mode, in orderta drive a bus with a wired-AND, a master device which pulls down a clock
line to low-level, in the first place, invalidate a clock pulse of another master device which generates a
high-level clock pulse. The master device with a high-level clock pulse needs to detect the situation
and implement the following procedure.

The TMP87CH48 have a clock synchronization function for normal data transfer even when more than
one master exists on a bus.

The example explains clock synchronization procedures when two masters simultaneously exist on a bus.
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SCL pin (Master 1)

SCL pin (Master 2)

SCL (Bus)

Wait counting high-level
width of a clock pulse

‘w5 Startcounting high-level width-of a clock pulse

\ Counterstart  \

i Reset a counter of high- :
:level width of a clock pulse//

( \ Countef reset

y S

a b c

4

(5

(6)

Figure 2-37. Clock Synchronization

As Master 1 pulls down the SCL pin to the low level at/point 7a“,the SCL line of the bus-becomes the
low level. After detecting this situation, Master 2 resets' counting a cloc¢k pulse in the‘high level and
sets the SCL pin to the low-level.
Master 1 finishes counting a clock pulse in the low level at point “b” and-sets the SCL-pin to the high
level. Since Master 2 holds the SCL line of the busat the low-level, Master 1 waits for counting a clock
pulse in the high level. After Master 2 sets a clock pulse'to the high level-atpoint “c” and detects the
SCL line of the bus at the high-level, Master 1starts.counting a clock pulse in‘the high level.
The clock pulse on the bus is determined-by the master device with the’shontest high-level period and
the master device with the longest low<level period fromamong.those master devices connected to
the bus.
Slave address and address recognition mode specification
When the serial bus interface circuit is used with an addressing/format to recognize the slave
address, clear the ALS (Bit 0 inl2CAR)to “0", and set the SA (Bits7to 1in I12CAR) to the slave address.
When the serial bus interface cirCuit is used with & free data format not to recognize the slave
address, set the ALS to “1”.\With a free data format;,-the'slave address and the direction bit are not
recognized, and they are processed as data from.immediately after start condition.
Master/slave selection
Set the MST (Bit 7-in'the SBICR2) to “1” for operating the TMIP87CH48/CM48 as a masterdevice. Reset
the MST to/“0" for operation as a slave device,/ The MST is cleared to “0” by the hardware after a
stop condition on' a’busisdetected or arbitrationlost is detected.
Transmitter/receiver.selection
Set the TRX (Bit 6 in"SBICR2) to “ 1 for operating the TMP87CH48/CM48 as a transmitter. Reset the
TRX for,Operation as a receiver. When data with an addressing format is transferred in the slave
mode/ the .TRX\is set to “1” if the direction bit (RW) sent from the master device is “1”, and is
cleared-to “0”.if the bit is “0".(In the master mode, after an acknowledge signal is returned from
the slave device with the hardware, the TRX is set to “0” if a transmitted direction bitis “1”, and set
to {1 ifitjs “0”. When an acknowledge signal is not returned, the current condition is maintained.
The TRX is cleared to "0” by the hardware after a stop condition on the bus is detected or
arbitration is lost.
The following table shows TRX changing conditions and TRX value after changing.

Mode Direction Bit Conditions TRX after Changing
0 When the received slave address is the 0
Slave mode
1 same as [2CAR 1
0 . . 1
Master mode ] When the ACK signal is returned 0
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When the serial bus interface circuit is used with a free data format, the TRX is not changed by
hardware since the slave address and the direction bit are not recognized, and they are processed as
data from immediately after start condition.

(7) Start/stop condition generation
A start condition and 8-bit data are output on the bus by writing “1” to the MST, TRX and BB when
the BB (Bit 5in SBICR2) is “0”. It is necessary to set the transmitting data to the data buffer register
and “1"” to ACK beforehand.

-1
1
1
1

sapn T/ AL\
J A6 X A5 X as X a3 X A2 X At XA X rRwW / T

Start | Slave address and the direction bit —»’ Acknowledge
condition | signal

SDApin ~

[ S ——|

-~

r
1
1
1
L

Figure 2-38. Start Condition Generation and Slave Address Generation

When the BB is “1", a sequence of generating a stop condition is started-by writing-”1” to the MST,
TRX, and PIN, and “0” to the BB.
Do not modify the contents of MST, TRX, BB and-PIN until a stop condition-is generated on a bus.

Note: When a stop condition is generated and.bus SCL line is set toLow fevel by the other devices, a
stop condition is not started nofmally- Write “1” tothe-MST, TRX,and PIN, and “0” to the BB
to generate a stop condition after.releasing the SLC line.

_____

Stop ¢ondition

Figare 2-39._Stop Condition Generation

Note: When a'stop condition is generated, a.time to rise the SCL line should not exceed tr =2"/fc -
3.5 x4/fc (s)-(n, depends-on<the-SCK) If the rising time of the SCL line exceeds the above
value, there is a probability that astop condition is not started normally.

SCK n tr (Max fc = 8 MHz) tr (Max fc =4 MHz)
000 4 0.25 us 0.50 us
001 5 2.25 us 4.50 us
010 6 6.25 us 12.5 us
o1 7 14.2 us 285 us
100 8 30.2 us 60.5 us
101 9 62.5 us 124.5 us
110 10 126.25 us 2525 us

fc: High frequency [ Hz]

The bus condition can be indicated by reading the contents of the BB (Bit 5 in the SBISR). The BB is
set to “1” when a start condition on a bus is detected,and is cleared to “0” when a stop condition is
detected on a bus.
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(8) Interrupt service request cancel
In the master mode, a serial bus interface interrupt request (INTSBI) occurs after the number of
clocks which is specified by the BC and ACK has been transmitted.
In the slave mode, when the received slave address is the same as the value set at the 12CAR, after
outputting the acknowledge signal when a GENERAL CALL is received/ or when data transfer is
complete after matching the slave addresses or receiving a GENERAL CALL, an INTSBI interrupt
request occurs.
When a serial bus interface interrupt request occurs, the PIN (Bit 4 in\SBISR) is cleared to “0”. During
the time that the PIN is “0”, the SCL pin is pulled down to the low level.
Either writing/reading data to/from the SBIDBR sets the PIN to 71"
The time from the PIN being setto “1” until the SCL pin is released takest ow-
Although the PIN (Bit 4 in SBICR2) can be set to “1” by theprogram,-the PIN is not set.to “0” when
“0" is written.

(9) Serial bus interface operating mode
The SBIM (Bits 3, 2 in SBICR2) is used to specify the/serial bus-interface operation mode. Set the
SBIM to “10“ after confirming that the serial bus interface pin is set to-high level when.used in the
12C bus mode.
Switch a mode to port after making sure that a bus is free.

(10) Arbitration lost detection monitor
Since more than one master device can exist simultaneously on a bus_in"the/I>C bus mode, a bus
arbitration procedure isimplemented in order to.guarantee the coptents of transferred data.
Data on the SDA line is used for bus arbitration.of the 12C bus.
The following shows an example of| & bus arbitration procedure.whén two master devices exist
simultaneously on the bus. Master 1. and Master 2 gutput the same data until point “a”. After
Master 1 outputs “1” and Master 2, “Q",the SDA line-of-the bus)is wired AND and the SDA line is
pulled down to the low level by Master\2. When the SCLline.of the bus is pulled up at point “b”,
the slave device reads data on the SDA line, that is, data in Master 2. Data transmitted from Master
1 becomes invalid. The state in Master 1 is called “arbitration lost”. A master device which loses
arbitration releases the SDA'\pin and the SCL pin jn-order not to effect data transmitted from other
masters with arbitration-—~When"more than one\master)sends the same data at the first word,
arbitration occurs continUously after the second-word.

SDA pin (Master 1) —m “““““““““““
: i\— SDA pin becomes " 1" after losing arbitration.

SDA pin{Master 2) \ / \ / \ /

SDA/(Bus) \ / \ /— \ /[

a b

Figure 2-40. Arbitration Lost
The TMP87CH48/CM48compare levels of the SDA line of the bus with those of the TMP87CH48/CM48
SDA pin at the rising edge ofthe SCL line. If the levels are unmatched, arbitration is lost and the AL (bit
3in SBISR) issetto “1”.
When the AL is set to “1”, the MST and TRX are reset to “0” and the mode is switched to a slave
receiver mode.
The AL isreset to “0” by writing/reading data to/from the SBIDBR or writing data to the SBICR2.
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SCL pin

Master
A < sbApin  \D7A XD6A XD5A X D4A X D3A X D2A XD1A X D0A / \D7A’XD6A XD5A'XD4A" ...

Note: Clock pulse is not generated in SBI-ver. B.
This is a different point for SBI-ver. A of TLCS-870.
series.

SCL pin /‘I\ /2\ /3'. J4°% S5 J6% JS7N S8 J9N X
Master - - .- . .- .- . %
B  —

SDA pin \ D78 x D6B "\Keep SDA pin and SCL pin to high levet-aslosing arbitration.

p— (
7 !

Accessed to I-I
SBIDBR or SBICR2

Figure 2-41. Example of Arbitration.Lost of when TMP87CH48/CM48 are’a Master Device B

(11) Slave address match detection monitor
The AAS (Bit 2 in the SBISR) is set t0.” 1" in|the slave mode, inthe-address recognition mode (ALS =0),
when receiving GENERAL CALLor aslave’address with the same value that is set to the I2CAR. When
the ALSis “1”, the AASisset to “ 1% after receiving the first 1-word of data. The AAS is cleared to “0”
by after writing/reading data to/from a data buffer register.

(12) General call detection monitor
The ADO (Bit 1 jn-SBISR)'is'sét to “1” in the slave mode, when all 8-bit data received immediately after
a start condition are '0"..The ADOQ is cleared t6 /0" when a start or stop condition is detected on the
bus.

(13) Last received-hitmonitor
The SDA value stored at the rising edge-ofthe-SCL line is set to the LRB (Bit 0 in SBISR). When the
contents of the LRBare read immediately after an INTSBI interrupt request is generated in the
acknowleédge mode, and ACK signal is read.
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2.9.5 Data Transfer in I2C Bus Mode

(1) Device initialization
First, set the ACK in the SBICR1 to “1”, the BCto “000”, and the data lengthto 8-bit to count a clock
pulse for the acknowledge signal. In addition, set the transmit frequency tothe SCK.
Next, set the slave address to the SA in the [2CAR. Clear the ALS to “0” to set the addressing format.
After confirming that the serial bus interface pin is high level, for specifying the-default setting to a
slave receiver mode, clear “0” to the MST, TRX, and BB in the SBICR2; /1" to the PIN; “10” to the
SBIM; and “0" to bits 1 and 0.

Note: To initialize the serial bus interface circuit, a constant period that the start conditions are not
generated for any device is required after all devices which_are connected to the bus are
initialized. Then, the initialization must be completed-during the period.If not, other
devices may start transmitting data before the serialbus interface circuit has\been-initialized.
Thus, data can not be normally received.

(2) Start condition and slave address generation

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

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

Note 1: The slave address to be outputtothe SBIDBR.must be set after the bus free is detected by
software. If setting of the slave address is executed-before detection bus free, the current
output data may be corrupted.

Note 2: The bus free must be confirmed by software within 98.0 us (The shortest transmitting time
according to the (PC bus standard) after setting of the slave address to be output. Only
when the bus free.isconfirmed, set “1” to the MST, TRX, BB, and PIN to generate the start
conditions. f the start conditions_are\generated without writing “1” to them,
transferring may/bé executed by other-masters between the time when the slave address
to be output to the SBIDBR is written and the time when “1” is written to the MST, TRX,
BB, and PIN in the-SBICR2. Thus, the slave address may be corrupted.

SCL pin i i 1 2 3 4 5 6 7 8 9
1 I [
L
4 | 1 I
SDApIA_ | \: /A6 XAs  Xaa XAz XAz Xar Xao  XRw )/\__\__'
2 AN v J Acknowledge
Start condition Slave address + Direction bit signal from a
slave device
PIN
INTSBI 7T
interrupt I-I
request

Figure 2-42. Start Condition Generation and Slave Address Transfer

(3) 1-word data transfer
Check the MST by the INTSBI interrupt process after a 1-word data transfer is completed, and
determine whether the mode is a master or slave.

a. When the MST is “1” (Master mode)
Check the TRX and determine whether the mode is a transmitter or receiver.
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@ When the TRXis “1” (Transmitter mode)

Check the LRB. When the LRB is “1”, a receiver does not request data. Implement the process to
generate a stop condition (Refer to 2.9.5. (4)) and terminate data transfer.

When the LRB is “0”, the receiver requests new data. When the next transmitted data is other than
8 bits, set the BC and write the transmitted data to the SBIDBR. After(writing the data, the PIN
becomes “1”, a serial clock pulse is generated for transferring a new 1-word of data from the SCL
pin, and then the 1-word data is transmitted. After the data is transmitted,an INTSBI interrupt
request occurs. The PIN becomes “0” and the SCL pin is pulleddown to'thelow-level. If the data to
be transferred ismore than one word in length, repeat the procedure from’the LRB checking above.

— Write to SBIDBR

SCL pin 1 2 3 4 5 6 7 8 9

sDApin "\ D7 XD6 XD5 XbDa XD3 Xbpz_ XDt XDO Y\__\\_:'

Acknowledge signal
PIN _J from a’receiver

INTSBI <
interrupt request I-I_ -

Figure 2-43. Example when BC="000%,ACK ="1" in TransmitterMode

@ When the TRXis “0” (Receiver mode)

When the next transmitted datasislother than 8 bits; set-the-BC-again. Set the ACK to “1” and
read the received data from the SBIDBR. (Data which is read immediately after a slave address is
sentis undefined.) After the/data.istead, the PIN becomes “1”. The TMP87CH48/CM48 output a
serial clock pulse to the SCL to transfer new 1-word of data/and sets the SDA pin to “0” at the
acknowledge signal timing:

An INTSBI interrupt request then occurs and the RIN becomes “0”. Then the TMP87CH48/CM48
pull down the SCL pin to.the low level. The TMP87CH48/CM48 output a clock pulse for 1-word of
data transfer and the-acknowledge signal each time that received data is read from the SBIDBR.

Read SBIDBR

PIN~_ I to a transmitter

INTSBI <I'I_::

interruptirequest | L

Figure 2-44. Example of when BC="000", ACK="1" in Receiver Mode

In-6rder to terminate transmitting data to a transmitter, clear the ACK to "0" before reading
data which is 1 word before the last data to be received. The last data does not generate a clock
pulse for the acknowledge signal. After the data is transmitted and an interrupt request has
occurred, set the BC to “001” and read the data. The TMP87CH48/CM48 generate a clock pulse
for a 1-bit data transfer. Since the master device is a receiver, the SDA line of the bus keeps the
high level. The transmitter receives the high-level signal as an ACK signal. The receiver indicates
to the transmitter that data transfer is complete.

After 1-bit data is received and an interrupt request has occurred, the TMP87CH48/CM48
generate a stop condition (Refer to 2.9.5 (4)) and terminates data transfer.
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SCL pin 1 2 3 4 5 6 7 8 1
SDApin ~ D7 XD6 XD5 D4 ¥D3 ¥D2 ¥D1 XDO [x..
---------- ST m T Mmoo Mmoo Mmmmm e b Moo o m Acknowledge signal
sent to a transmitter
PN ] d AL
INTSBI < < <
interrupt request -J-I - I-I¢ I-I—--
"0" = ACK "001" - BC
Read SBIDBR Read SBIDBR

Figure 2-45. Termination of Data Transfer in Master Receiver Mode

b.When the MST is “0” (Slave mode)
In the slave mode, the TMIP87CH48/CM48 operate either in_normal slave-mode orin’slave mode after
losing arbitration.
In the slave mode, an INTSBI interrupt request occurs when the TMP87CH48/CNI48 receive a slave
address or a GENERAL CALL from the masterdevice;.or, when a GENERALCALL)is received and data
transfer is complete after matching a received slave address.. In the/master mode, the
TMP87CH48/CM48 operate in a slave mode if it_is/losing arbitration,/An INTSBI interrupt request
occurs when word data transfer terminates after losing -arbitration. When an INTSBI interrupt
request occurs, the PIN (Bit 4 in the SBICR2) is-reset, and’the SCL pin ispulled down to the low level.
Either reading/writing from/to the SBIDBR or setting the-PIN to “1\" releases the SCL pin after taking

tLow time.

Check the AL (Bit 3 in the SBISR), the TRX (Bit 6 in the SBISR), the AAS (Bit 2 in the SBISR), and the ADO
(Bit 1in the SBISR) and implements processes according to conditions listed in the next table.

Table 2-12) Operation in'the Slave Mode

TRX | AL | AAS | ADO

Conditions

Process

The TMP87CH48/CM48 lose arbitration when
transmitting-a-slave address and-receives a slave
address_of which the value of the direction bit sent
fromanether masteris "1™

Set the number of bitsin 1 word to the BC
and write transmitted data to the SBIDBR.

In the slave receiver mode, the-TMP87CH48/CM48
receive _a slave address of which the value of the
direction bit sent from the masteris ™ 1".

In the slave transmitter._mode, 1-word data is
transmitted.

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

1/0

The(TMP87€HA48/CM48 lose arbitration when
transmitting “a_slave address and receives a slave
address or GENERAL CALL of which the value of the
direction bit'sent from another masteris “0".

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

The TMP87CH48/CM48 lose arbitration when
transmitting a slave address or data and terminates
transferring word data.

1/0

In the slave receiver mode, the TMP87CH48/CM48
receive a slave address or GENERAL CALL of which the
value of the direction bit sent from the masteris “0".

0 1/0

In the slave receiver mode, the TMP87CH48/CM48
terminate receiving of 1-word data.

Set the number of bits in a word to the BC
and read received data from the SBIDBR.
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(4) Stop condition generation
When a stop condition is generated and a bus SCL line is set to low level by the other devices, a stop
condition is not started normally.
Write “1" to the MST, TRX, and PIN, and “0” to the BB to generate a stop condition after releasing
the SCL line.

Note: When a stop condition is generated, a time to rise the SCL line should not-éxceed tr =2"/fc -
3.5 x4/fc (2). (n depends on the SCK.)
If the rising time of the SCL line exceeds the above value, there is a’probability that a stop
condition is not started normally.

SCK n tr (Max fc = 8 MHz) tr(Max/fc =4 MHz)
000 4 0.25 us 0.50 us
001 5 2.25 us 450 us
010 6 6.25 us 125 us
011 7 14.2( (us 285 15
100 8 30.2 “us 60.5 . us
101 9 62.5~ s 1245 “us
110 10 126:25 us 2525 _us

fc: High frequency [ Hz]

“1" > MST
,,1 M —>TRX Stop condition
0" —BB /'
S
1

"1" —>PIN J

i

|

SCL pin / i 3:
-— 1

1 1

1 1

SDA pin : \;\

PIN _J /
BB(Read) - | _

Figure 2-46.—Stop Condition Generation
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(5) Restart
Restart is used to change the direction of data transfer between a master device and a slave device
during transferring data. The following explains how to restart when the TMP87CH48/CM 48 are in
the master mode.
Clear “0” to the MST, TRX, and BB and set “1” to the PIN and release the bus/ The SDA pin retains the
high level and the SCL pin is released. Since a stop condition is not generated on a bus, a bus is
assumed to be in a busy state from other devices. Check the BB until itbecomes“0” to check that the
SCL pin of the TMP87CH48 is released. Check the LRB until it becomes\”’1/ to check that the SCL line
of a bus is not pulled down to the low level by other devices. After.confirming that a bus staysin a
free state, generate a start condition with procedure 2.9.5 (2).
In order to meet setup time when restarting, take at least 4.7 [ushof waliting time by software from
the time of restarting to confirm that the bus is free until thetime to-generate the start-condition.

“0" > MST “12=>MST
"0" = TRX "N TRX
“0" —>BB “1"</BB
“1" > PIN “12>PIN
|“ 4.7 Tusy (Min) '~ Startcondition
SCL (Bus) / \ / /
\ r==—=—=—=== 1
\ [
SCL pin / 9 \ / : {
(TMP87CH48) ) \ l ’
1
SDA (pin) | \ :
9—/ ( L_ _____ H
LRB I &
Y
BB | |

v L

Figure 2-47._Timing Diagram when Restarting the TMP87CH48

87CH48-91 2004-10-01



TOSHIBA TMP87CH48/CM48
ACTiming for SBI-Ver. B (I°C Bus)
Parameter Symbol Min Typ. Max Unit
Hold time (Repeated) START condition. After this tHD: STA 2"/fc - s
period, the first clock pulse is generated.
HIGH period of the SCL clock tHIGH 2"/fc + 8/fc - - s
LOW period of the SCL clock tLow 2"/fc = - s
Data hold time (Input) tHD: IDAT 0 = - ns
Data set-up time (Input) tsu: IDAT 250 - - ns
Data hold time (Output) tHD: ODAT 3/fd - 7/f¢ 3
Data output time before rising SCL clock topat = 2"/fc —tHp: oDAT = s
Set-up time for STOP condition tsu: sTO 20 c + 4/fc ~ <+ s
The period of generating a start condition when tGsTA 3/fe - = 3
writing START command.
The period of falling SCL clock when writing STOP trscL 3/fc - - s
command.
The period between falling edge of SDA and rising trpRE 2"/fc - - s
edge of SCL when generation a STOP condition.
SCK (Bit 2 to 0 ih the SBICR1) n
000 4
001 5
010 6
011 7
100 8
101 9
110 10
Start command Stop command
h 4 s 2
N/ X X / /
tasta
1:()DAT |tFSCL|
thp: opar [ >
- tFDF{C
tLow
ScL ] \
tign
|
> - > - > -
tHD: IDAT tSU: IDAT 1:SU: STO
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2.9.6 Clocked-synchronous 8-Bit SIO Mode Control
The following registers are used for control and operation status monitoring when using the serial bus
interface (SBI) in the clocked-synchronous 8-bit SIO mode.

Serial Bus Interface Control Register 1

SBICR1 7 6 5 4 3 2 1 0
(OOZOH) |S|OS| SIO |

Mo 1 siom | 70" [ sck | (nitial value: 0000 +000)
SIOS [ Indicate transfer start/stop 0: Stop
1: Start
SIOINH | Continue/abort transfer 0: Continue transfer

1: Abort transfer (automatically cleared after abort)

SIOM [ Transfer mode select 00: 8-bit transmit mode

01: Reserved

10: 8-bit transmit/receive mode
11: 8-bit receive mode Write

000:  fo/25(250'kAZ) only
001:  fc/2°(125kHz)

010: /f¢/2"(62.5kHZ)

011: _\f¢/2°(31:25 kHz) at fc =8 MHz{ Qutpution
100¢ —¥c/2° (15.62 kHz) SCK pin
101\ fc/2'9(7.81 kHz)

110:_f¢/2" (3.90 kHz)

114 Extérnal clock (input from SCK pin)

SCK | Serial clock select

Note 1: Set SIOS =0 and SIOINH to “1” when setting the-transfer mode, and serial clock.

Note 2: SBICR1 is a write-only register, which cannot-access any of in-read-modify-write instructions such as bit
operate, etc.

Note 3: fc: High-frequency clock [Hz]

Serial Bus Interface Data Buffer Register

SBIDBR 7 4 2 1
ShIDER | 6 5 3 0

| | | | | | | | (Initial value: 0000 0000) Read/Write

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

Serial Bus Interface Contrel Register 2

SBICR2 3 2
(00234) SBIM (Initial value: sxxx 00++)
00: Port mode (serial bus interface output disable)
SBIM Serial bus intérface operation mode [ 01:S10 mode Write
selection 10: 12C bus mode only
11: Reserved

Note™1: #~Don’t care

Note 2:-Switch a mode to port after data transfer is complete.

Neote 3: Switch a mode to SIO mode after confirming that input signals via port are high level.

Note 4: SBICR2 is a write-only regiter, which cannot access any of in read-modify-write instructions such as bit
operate, etc:

Note 5: Clear bit7(tg 5 and\bit 1 to 0 of SBICR2 to “0”. Set bit4 of SBICR2 to "1”.

Serial Busintérface StatusRegister

‘(Sgégg ) 7 6 5 4 3 2 1 0
H wqw uqm uqm “1* | sloF aqw uqn (Initial value: 1111 0011)
SIOF | Serial transfer operating status 0: Transfer terminated ( After SIOS s cleared to "0”, SIOF is)
. . cleared to “0” at the termination
monitor 1: Transfer in process of transfer or setting of SIOINH. Read
SEF [ Shift operating status monitor 0: Shift operation terminated only
1: Shift operation in process

Figure 2-48.Serial Bus Interface Control Register 1/Serial Bus Interface Data Buffer Register/Serial Bus
Interface Control Register 2/Serial Bus Interface Status Register in SIO Mode
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(1) Serial clock
a. Clock source
The SCK (Bits 2 to 0 in the SBICR1) is used to select the following functions.

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

the outside on the SCK pin. The SCK pin becomes a high level when data transfer starts. When
writing (in the transmit mode) or reading (in the receive mode) datacannot follow the serial clock
rate, an automatic-wait function is executed to stop the serial clock/automatically and hold the
next shift operation until reading or writing is complete.

Automatic-wait function
|e——|

SCK pin output ||1||2| |3. 71 |8 1| 2 6l |71 18] "V 4203
sommours N XaXe: SXEXE B XD

Write transmitted data :X a X b X<

Figure 2-49. Automatic-wait Function

@ External clock (SCK="111")
An external clock supplied to the SCK pin-is-used as the serial/clock.. In order to ensure shift
operation, a pulse width of at least 4 machine tyles is required forboth high and low levels in the
serial clock. The maximum data transfer frequency is 250 kHz(whenfc=8MHz).

SCK pin I I_I r&-l I I I

e

TsakL tsckn
tsekLs tseky >4 teyc Note: tcyc =4/fc(in NORMAL mode, IDLE mode)

Figure 2-50. Maximum Data Transfer Frequency when External Clock Input
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b.Shift edge
The leading edge is used to transmit data, and the trailing edge is used to receive data.
@® Leading edge shift
Data is shifted on the leading edge of the serial clock (at a falling. edge ofthe SCK pin
input/output).
@ Trailing edge shift
Data is shifted on the trailing edge of the serial clock (at a rising edge ofthe SCK pin input/output).

SCK pin Y:IVIVIVIVIVIVIVI
SO pin ?\Bito X Bit1 X Bit2 X Bit3 X Bit4 X-Bit5 X Bite X Bit7

Shift register Xo6543210K+7654321 Xe476532 Kewe76543 Kewns 7658 K765 Xrs76 Kbtraa7

(a) Leading edge

SCK pin IA:_lAIAIAIAIAIAIA
SO pin \BétO X sitt X Bit2 X 8it3 X Bita X Bits X Bit6 X Bit7

Shift register X X0srnin Xaq0wess X3210uees X33 10054 54321052 X 6543210:X 76543210

(b) JTrailing edge Note: *: Don’t care

Figure 2-51. Shift Edge

(2) Transfer mode
The SIOM (Bits 5 and 4 in the SBICR1) is used to select a transmit, réceive, or transmit/receive mode.
a. 8-bit transmit mode
Set a control register to a transmit mode and write/transmit data to the SBIDBR.
After the transmit data’is-written, set the SIOS to ” 1\"\to start data transfer. The transmitted data is
transferred from the SBIDBR to the shift register and output to the SO pin in synchronous with the
serial clock, starting from the least significantbjt (LSB). When the transmit data is transferred to the
shift register/the SBIDBR-becomes empty. The/NTSBI (Buffer empty) interrupt request is generated
to request new data.
When the internal clock is used, theserial clock will stop and automatic-wait function will be
initiated if new data’is not loaded to the data buffer register after the specified 8-bit data is
transmitted. When new transmit data is.written, automatic-wait function is canceled.
When the external clock is used, data should be written to the SBIDBR before new data is shifted.
The transfer speed is determined by the maximum delay time between the time when an interrupt
requést is\generated and the-time when data is written to the SBIDBR by the interrupt service
program.
When the transmit/is started, after the SIOF goes “1” output from the SO pin holds final bit of the
last data until falling-€dge-of the/SCK.
The transmission is ended by clearing SIOS to “0" or setting SIOINH to “1” in buffer empty interrupt
seryice program. When theSIOS is cleared, the transmitted mode ends when all data is output. In
order to confirm if data is surely transmitted by the program, set the SIOF (Bit 3 in the SBISR) to be
sensed. The SIOF is cleared to “0” when transmitting is complete. When the SIOINH is set,
transmitting data stops. The SIOF turns “0”.
When the external clock is used, it is also necessary to clear the SIOS to “0” before new data is
shifted; otherwise, dummy data is transmitted and operation ends.
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When SIOINH is set, the transmission is immediately ended and SIOF is cleared to “0”.
If it is necessary to change the number of words, SIOS should be cleared to “0, then BUF must be
rewritten after confirming that SIOF has been cleared to “0”.

Clear SIOS

SIOS

_e
SIOF _|

N

SEF

SCK pin (output)

SO pin

INTSBI interrupt
request

SBIDBR
L
Write transmitted data (B)~Tenhgtock
: ClearSIOS
SI0S
SIOF
SEF

SCK pin (input)

SO pin

INTSBI interrupt
request

SBIDBR

(b)./ External clock

Write transmitted data

Figure 2-52. Transfer Mode

Example: ~Program to stop transmitting data (when external clock is used).

STEST1: TEST-(SBISR) . SEF ; IfSEF=1thenloop
JRS F,STEST1

STEST2: TEST-(P4) .0 ; IfSCK=0thenloop
JRS T,STEST2
LD (SBICR1),00000111B ; SI0S«0
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SCK pin I I
SIOF I—

SO pin Bit6 X Bt /

tsopy = 3.5/fc [s] (min) (In NORMAL mode, IDLEmade)
Figure 2-53. Transmitted Data Hold Time at End-ofTransmit

b.8-bit receive mode

Set the control register to receive mode and the SIOS to “1" for switching to receive mode. Data is
received from the Sl pin to the shift register in synchronous with theserial clock, starting-from the least
significant bit (LSB). When the 8-bit data is received, the data‘s transferred from the shift register to the
SBIDBR. The INTSBI (Buffer full) interrupt request is generated to-request of reading’the received data.
The data is then read from the SBIDBR by the interrupt service’program.

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

When the external clock is used, since shift operation is synchronized wijth the clock pulse provided
externally, the received data should be read from(the SBIDBR before next.sefial clock is input. If the
received data is not read, further data to be received is.canceled. The maximum-transfer speed when the
external clock is used is determined by the defay.time-between the time when an interrupt request is
generated and the time when received data’is read.

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

If it is necessary to change thenumber of words in externalclock operation, SIOS should be cleared to “0”
then BUF must be rewritten after ¢canfirming that SIOF has-been cleared to “0”.

If it is necessary to change the-number of words in‘intérnal clock, during automatic-wait operation which
occurs after completion of data,receive, BUFmust bé rewritten before the received data is read out.

"

Note: When the transfer mode is switched.-the-SBIDBR contents are lost. In case that the mode needs
to be switched, receiving datais concluded by clearing the SIOS to “07”, read the last data, and
thén-switch the mode.
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[« Clearsios ——>1

—f / S
SIOF 1 \ "|<
1

SIOS

SEF

SCK pin (Output)
Sl pin

INTSBI interrupt
request

SBIDBR X " X b

Read received data Read received data

Figure 2-54. Receive Mode/(Example: Internal clock)

¢. 8-bit transmit/receive mode

Set a control register to a transmit/receive mode and-write data to the SBIDBR) After the data is written,
setthe SIOS to “1” to start transmitting/recéjving. When transmitting, the.data is output from the SO pin
on the leading edges in synchronous with the serial clock,/starting-from the least significant bit (LSB).
When receiving, the data is input to the-SI pin.on the trailing edges of the serial clock. 8-bit data is
transferred from the shift register tothe SBIDBR, and the INTSBIinterrupt request occurs. The interrupt
service program reads the received data-from/the data buffer register and writes data to be transmitted.
The SBIDBR is used for both transmitting and receiving. Transmitted data should always be written after
received data is read.

When the internal clock is used, automatic-wait function:isinitiated until received data is read and next
datais written.

When the transmitis started, after/the SIOF goes“1* output from the SO pin holds final bit of the last
data until falling’edge of|the SCK:

When the extérnal clock-is_used, since the-shift operation is synchronized with the external clock,
received data is read‘and transmitted data is written before new shift operation is executed. The
maximum transfer speed when the external-clock is used is determined by the delay time between the
time when an.interrupt request is generated and the time when received data is read and transmitted
data is writtent

The transmissionis/ended by clearing SIOS to “0” or setting SIOINH to “1” in buffer empty interrupt
service pfogram. When the SIOS iscleared, received data is transferred to the SBIDBR in complete blocks.
The transmit/réceive mode ends when.the transfer is complete. In order to confirm if data is surely
transmitted/received by-the program; set the SIOF (Bit3 in the SBISR) to be sensed. The SIOF becomes “0"
after transmitting/receiving.iscomplete.

When SIOINH is set, the transmit/receive operation isimmediately ended and SIOF is cleared to “0”.

If it.issnecessary to change the-number of words in external clock operation, SIOS should be cleared to
“0", thén BUF must be rewritten’after confirming that SIOF has been cleared to “0".

If it is necessary to change the number of words in internal clock, during automatic-wait operation which
occurs after completion of transmit/receive operation, BUF must be rewritten before reading and writing
of the receive/transmit data.
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Note: When the transfer mode is switched, the SBIDBR contents are lost. In case that the mode needs
to be switched, conclude transmitting/receiving data by clearing the SIOS to “0”, read the last
data, and then switch the transfer mode.

SIOS

SIOF

SEF

SCK pin
(output)
SO pin

Slpin
INTSBI interrupt

request

SBIDBR

|«————— Clearst05 ———>1

X e b X3
Write transmitted Read received. Write transmitted Read received
data (a) data (c) data (b) data (d)

Figure 2-55. Transmit/Receive Mode (Example:iIntérnal clock)

SCK pin I I

SIOF

SQ pin

Bit6 X . Bit7n last transmitted word 74

tsopy = 4/fc [s] (min) (In NORMAL mode, IDLE mode)

Figure 2-56. Transmitted DataHold Time at End of Transmit/Receive
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2.10 UART (Asynchronous serial interface)
The TMP87CH48/CM48 have 1 channel of UART (Asynchronous serial interface) .
The UART is connected to external devices via RxD and TxD. RxD is also used@s P44; TxD, as P45. To use
P44 or P45 as the RxD or TxD pin, set P4 port output latches to 1.

2.10.1 Configuration

@ U ir

UART control register!  Transmit data buffer Receive data buffer

| UARTCR1 | | TDBUF |

| !
3 12 __;| Shift register |

2
Parity bit |
Stop,bit

Transmit Shift register Receive
INITX control control
circuit circuit |+

—| Noiserejection circuit l—ﬂ RxD

INTRX —$D 0 ™o
Y
Transmit/receive clock m A fe28
e 1 P B f/27
s i X oo fer2®
fc/13 >Ha H >
fc26 >-Hs ) 2 4 £
fa52 > H !
fc104 >Ho ', vl—>| Counter | : UARTSR | | UARTCR2 |
fc/208 >HE i . -
fo/a16 >HF ! UART status register UART control register2
INTTC4 >H6 : @ ﬁ
1
f96 1| Baud rategenerator |

MPX: Multiplexer

Figure2-57. UART
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2.10.2 Control
UART is controlled by the UART control registers (UARTCR1, UARTCR2). The operating status can be
monitored using the UART status register (UARTSR).

UART Control Register
7 6 5 4 3 2 1 0
%‘S?Xﬁ? LT [ Rxe [sTBT [EVEN| PE | BRG_, | (Initial value: 00000000)
000: fc/13 [Hz]
001: fc/26
010: fe/52
. 011: fc/104
BRG Transmit clock select 100 f¢/208
101: fc/416
110: INTTC4 (Interrupt from TC4)
111: fc/96
. " 0: No parity
PE Parity addition 1: Parity
Write
. 0: Odd-nUmbered parity
EVEN Even-numbered parity 1: Even-h(mbered.parity only
. . 0: 1,bit
STBT Transmit stop bit length 1: Sbits
. . 0:Disable
RXE Receive operation {: Enable
. 0:Disable
TXE Transfer operation 1: Enable
Note 1: When operations are disabled bysetting TXE and RXE bit to. "0” /the setting becomes valid when data
transmit or receive complete. When the transmit data is stored in/the transmit data buffer, the data are
not transmitted. Evén_if datatransmit is enabled, until new data are written to the transmit data
buffer, the current data are'not transmitted.
Note 2: The transmit clock and the parity are common to transmit and receive.
Note 3: While transfer jsin pragress, do not change the transfer clock (BGR).
2 1 0
{0onB° RXDNC_ Jstorsr] (Initial value: 0%+ 000)
. . 01 bit
STOPBR | Receivestop bit length T2 bits
00: No noise rejection (hysteresis input) )
RxDNC Selection of RxD input noise 01: Rejects pulses shorter than 31/fc [s] as noise Write
fejection time 10: Rejects pulses shorter than 63/fc [s] as noise only
11: Rejects pulses shorter than 127/fc [s] as noise
. 0: INTRX (UART receive interrupt)
INJ5/ | IL12 selection 1: INTTCA (8-bit TC4 interrupt)
Note 4: When RxDNC/= 01, puises longer than 96/fc [s] are always regarded as signals; when RxDNC =10,
longer than192/fc [s]; and when RxDNC = 11, longer than 384/fc [s]

Figure 2-58. UART Control Register
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7 6 5 4 3 2 1 0
UARTSR —m —, ————— PR . o
(002A) | PERR | FERR [OERR | RBFL | TEND | TBEP | P (Initial value: 0000 11+%)
TBEP |Transmit data buffer empty flag 0: - )
1: Transmit data buffer empty
. 0: Transmitting
TEND | Transmitend flag 1: Transmit end
\ 0: -
R
RBFL Receive data buffer full flag 1 Receive data bufferfull ead
only
OERR Overrun error flag 0: No overrun error
1: Overrun error
FERR Framing error flag 0: No fr.amlng errop
1: Framing error
. 0: No parity error
PERR Parity error flag 1 Parity error
UART Receive Data Buffer (Initial value: 0000 0000) Read only
7 6 5 4 3 2 1 0
RDBUF
(0029y) I 1 1 1 1 1 1 1 |
UART Transmit Data Buffer (Initial value: 0000 0000} Write only
5 4 2 1
TDBUF 7 6 3 0
(0029y) | 1 1 1 1 1 I 1 I

Figure 2-59. UART Status Register and Data Buffer Registers

2.10.3 Transfer Data Format
In UART, a one-bit start bit{Low level) , stop bit (Bit'length selectable at high level, by STBT), and
parity (Select parity in PE: Even-or odd-numbered-parity by EVEN) are added to the transfer data.
The transfer data formats-are'shown as follow.

Table 2-9.

PE STBT Frame length
|0 | 2 | 3 e "8 | 9 | 10 | 1 | 12|

0 o | T\ Stert (Teito Xsitt_X=----X_Bite_X_Bit7_Y Stop!

0 o J) N\ _start_{ it X Bit1_X-----X_Bite_X_Bit7_Y Stop1 Stop2

1 o)) [ T\ stert {Ceito X Bitt_X-----X_Bite_X_Bit7_X Parity ¥ Stopi

1 1| TNCtart\ L i X Bitt_X=----X(Bite_X_Bit7_X Parity ¥ Stop1 _ Stop2

Note: If the transmit data format is to be changed, except when initializing, perform transmit operation upon
state transition before changing the format. This is necessary to ensure that transmission will not lock up.

‘/I Without parity/1STOP bit

With parity/1STOP bit | | Without parity/2STOP bit

{\\L| With parity/25TOP bit |A//’
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2.10.4 Transfer Rate
The baud rate of UART is set of BRG (Bit 0, 1, and 2 in UARTCR1) .

shown as follows.

Table 2-10.
Sourse Clock
BRG
8 MHz 4 MHz
000 38400 [baud] 19200 [baud]
001 | 19200 | %600 /-
o0 | 900 | 1800 |\
o1 | aso0 | 24007
00 | 2200 | 1200\~
01 | 20 | 600

The example of the baud rate

When TC4 is used as the UART transfer rate (when BRG = 110), the transfer cloek and-transfer rate
are detarmined as follows:

Transfer clock =

Transfer rate =

TC4 source clock

TREG4 set value

Transfer clock

16

2.10.5 Data Sampling
The UART receiver keeps sampling\.input using the clock selected by'BRG (Bit 0, 1, and 2 in UARTCR1)
until a start bit is detected in RxD piniinput. RT clock starts detecting “L” level of the RxD pin. Once a
start bit is detected, the start’'bit, data bits, stop bit(s),\and parity bit are sampled at three times of
RT7, RT8, and RT9 during one receiver clock interval (RT\clock). (RTO is the position where the bit
supposedly starts). Bitis determined according to\ majerity rule (The data are the same twice or
more out of three samplings)

RxD pin X Start bit A Bit0
RTO 1 2 3 4 5 6 7289 1011121314150 1 2 3 4 5 6 7 8 9 10 11
RT clock
I
Internal receive data \ Start bit l l l ,( Bit0 7
a) Without noise rejection circuit
RxD pin | \ Starthit A Bit0 X:
RTO A, 2~3 4/)5 6 7 8 9 1011121314150 1 2 3 4 5 6 7 8 9 10 11
RTclock
| ||
Internal receive data \ Start bit l l l A BitO Y V¥

b) With noise rejection circuit

Figure 2-60. Data Samping
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2.10.6 STOPBitLength
Select a transmit stop bit length (1 or 2 bits) by STBT (Bit5 in UARTCR1)

2.10.7 Parity
Set parity/no parity by PE ; set parity type (Odd or even-numbered) by EVEN (Bit4.in UARTCR1).

2.10.8 Transmit/Receive

(1) Datatransmit

Set TXE (Bit 7 in UARTCR1) to 1. Read UARTSR to check TBEP = 1/ then.write data in TDBUF (Transmit
data buffer). Writing data in TDBUF zero-clears TBEP, transfers the.data to the transmit shift register
and the data are sequentially output from the TxD pin. The data output include a one-bit start bit,
stop bits whose number is specified in STBT (Bit 5 in UARTCR1) and,a parity bit if parity. addition is
specified. Select the data transfer baud rate using bits 0 to 2in-UARTCR1. When datatransmit starts,
transmit buffer empty flag TBEP is set to 1 and an INTTX.interrupt’is generated,

When transmitting data, first read UARTSR, then write\data in TDBUF./Otherwise, TBEP-is not zero-
cleared and transmit does not start.

(2) Datareceive

Set RXE (Bit 6 in UARTCR1) to 1. When data‘are received via the RxD-pin, the receive data are
transferred to RDBUF (Receive data buffer), At thistime, the data transmitted’include a start bit and
stop bit(s) and a parity bit if parity addition is specified. When stop bit(s) are received, data only are
extracted and transferred to RDBUF (Receive-data buffer). Then the receive buffer full flag RBFL is
set and an INTRX interrupt is generated. Select the data transfer baud rate using bits 0 to 2 in
UARTCR1.

If an overrun error (OERR) occurs\when data are received;.the data are not transferred to RDBUF
(Receive data buffer) but discarded; data’in the RDBUF are not affected.

Note: When receive operation is\stopped by setting.the RXE bit to 0, receive the effect of this
setting does not materialize’until after the operation is completed. However, if the received
data has any framing error, said setting_to stop receive operation may not take effect.
Therefore, whenever a framing error,occurs, besure to reexecute the receive operation.

2.10.9 Status Flag/Interrupt Signal

(1) Parity error
When-parity determined using the receive data bits differs from the received parity bit, the parity
error flag RERR is)set in UARTSR: Reading UARTSR then RDBUF clears PERR.

RxD pin X Parity )’ Stop

Shift register XXXX0%% X PXXXX0* X 1pxxxx0

PERR 5,/ Reading UARTSR then RDBUF

clears PERR.

INTRX ﬂ

Figure 2-61. Generation of Parity Error
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(2) Framingerror
When 0 is sampled as the stop bit in the receive data, framing error flag FERR is set. Reading UARTSR
then RDBUF clears FERR.

’
RxD pin X Final bit )\ Stop

Shift register XXX Q%3 X XXXX0% X Txxxx0

FERR o Reading UARTSR then RDBUF

clears FERR.

INTRX n

Figure 2-62. Generation of Framing.Error

(3) Overrun error
When all bits in the next data are received while unread data are still‘ic RDBUF, overrun error flag
OERR is set. In this case, the receive data is discarded; data in RDBUF are-_not affécted. Reading
UARTSR then RDBUF clears OERR.

RBFL="H"

RxD pin X Final bit )’ Stop

Shift register XXXOs:k X XXXX0% X Txxxx0
Y

RDBUF yyyy

OERR / Reading UARTSR then RDBUF

clears OERR.

INTRX n

Figure 2-63,~Generation of Overrun Error
(4) Receive databuffer full
Loading the received data in RDBUF-sets receive data buffer full flag RBFL. Reading UARTSR then
RDBUF clears the RBFL

RxD-pin X/ Final bit Y stop

Shift register X0 % X 000+ X 1xxxx0
|

RDBUF yyyy X XXXX

RBFL o/ Reading UARTSR then RDBUF

: clears RBFL.
INTRX ﬂ

Figure 2-64. Generation of Receive Buffer Full
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(5) Transmitdata buffer empty
When no data is in the transmit buffer TDBUF, TBEP is set, that is, when data in TDBUF are
transferred to the transmit shift register and data transmit starts, transmit data buffer empty flag
TBEP is set. Reading UARTSR then writing the data to TDBUF clears TBEP.

i Data write i Data write
TDBUF XXXX X yyyy --= x 2227

Shift register stk | X 1xxxx0' X *1XxxX x ———:X wxxrn]X X sk | X 1yyyy0X:
TxD pin \y Start i Bit0 --- >< Final bit y Stop :\ Start ,<
TBEP _/_\ - /—\_

: Afterfreading UARTSR, writing
INTTX M — [ 7DBUF clears TBEP.

Figure 2-65. Generation of Transmit Buffer Empty
(6) Transmit end flag
When data are transmitted and no data is'in TDBUF (TBEP = 1), transmit endflag TEND is set.
Writing data to TDBUF then staring data-transmitclears TEND.

Shift register il e X tyyyy0 X *lyyyy

TxD pin X )’ Stop \ Start ,< Bit0
: Data writing'to TDBUF | :

TBEP \ /

TEND /

INTTX n

Figure 2-66. Generation of Transmit Buffer Empty
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2.1 12-Bit PWM (Pulse width modulation) Output Circuit

TMP87CH48/CM48 have four built-in pulse width modulation (PWM) channels which are 12-bit
resolution. DA converter output can easily be obtained by connecting an external low-pass filter. PWM
outputs are output from P80 (PWMO) to P83 (PWM3) with negative logic (Low active). When P80 to P83
are used as PWM outputs, the output latch of P8 (#0008y) must be set tg 1", subsequently P8CR
(#00094) must be set to the output mode. P80 to P83 become Hz during and just.aftenreset. When P80
to P83 are used as PWM output, the pull-up resistor is externally added. PWM outputs can output low
level pulse in only NORMAL1 (or IDLE1) and NORMAL2 (IDLE2) modes. \When P80 to P83 are used as
PWM outputs and the operation mode is transferred from NORMALT. mode-to' STOP1 mode or from
NORMAL2 mode to STOP2 mode (or SLOW mode, SLEEP mode), the/PWiVipin always outputs “High”.
Consequently, the lower level pulse can not be output. In addition, when the operation mode is
transferred from STOP1 mode to NORMAL1 mode, or from STOP2 (or-SLOW mode, SLEEP mode) to
NORMAL2 mode, the registers (PWMCR, PWMDBR) necessary for PWM.output control must be‘initialized
to output the PWM pulse again, which is the same settlings afterreset.

2.11.1 Configuration

Bmajré/ counter

“Clock
|12|11|7|e|5|4|3|2|1|<—fc12

] I I 1
1 1 I 1

1 [ I 1

! [ I 1

} [ I 1

1 [ I 1

1 1 I 1

1 1 1 1

I [ I 1

1 [ I 1

S i i i i
I 1 ] 1

ALL“0" ] [} I 1
I [ I 1

S 1 1 | 1

S = o= = =
I [ I 1

1 1 I 1

1 [ I 1

1 [ 1 1

1 [ I 1

1 1 I 1

1 [ I 1

1 [ I 1

1 [ I 1

1 1 I 1

1 [ I 1

1 [ I 1

I [ I 1

I [ I 1

1 [ I 1

1 ] 1

Addnilonal R
—> Compare circuit generate
circuit

N _I 4™\ Match signal

| Data Jatch (Upper) . (Lower)
AN PAN

au J e l“““““-“-““““““"LlI- HYHY ﬁﬁd

Transfer __>| Datatransfer buffer | (Lower) |
controhcirgujt —| (U pper

PWMEOQOT I

7 65 4 0 7 0
| PWMCR/PWMSR | | PWMDBR |
PWM contrel register PWMdata buffer registar (0027,

1PWMstatus register(0026)

Figure 2-67. Pulse Width Modulation Circuit
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2.11.2 Control
PWM output is controlled by the PWM control register (PWMCR) PWM data buffer register (PWMDBR).
Whether writing to the PWM data buffer register is enable or not is acknowledged by reading EOT flag
of the PWM status register (PWMSR).

(1) Control register

PWM Control Register

PWMCR 7.8 5.8 3 2 ! 0
(0026n) : Po PWMID LiC

| (nitial value: %%+ 0000)

0000: Lower 4-bit forlchannehQ (PWMDBR)
0001: Upper 8-bit for channel 0 (PWMDBR)
. . 0010: Lower 4-bit-for channel 1 (PWMDBR)
Pointer select o the respective | gg11. ypper g-bitfof chantel 1 (PWMDBR)
PWMDBR channels 0100: Lower 4-bitfor channel 2 (PWMDBR)
0101: Upper8-bit of channel 2 (PWMDBR)
0110: Lower4-bit of channel 3 (PWMDBRY) Write
0111: ~Upper 8-bit of channel 3 (PWNIDBR) only

PWMDLC

1000:" \Data transfer request command for channel 0
Data transfer request command | 1001: “Data transfer request command forchannel 1
of the respective channels 1010: ~Datatransfer request command for channel 2
1011: “Data transfer request command for channel 3

PWM Status Register

PWMSR 7 6 5 4 3 2 1 o

(Initial value: 0000 **#x* )

EOT3
EOT2 | L4 of transfer 0: Enableswriting to,PWNMDBR Read
EQOT1 1: Disableswriting to PWMDBR only
EOTO

PWM Data Buffer Register

PWMDBR 7 6 5 4 3 2 1 0 Write only

027v) [T R T T i/ (initial value: 0000 0000)

Note-1;Writing either 1 or 0 to bit 7 to 4 of PWMCR dose not affect PWM control.
Note2: "1 is always read out in bit 3 to 0 of PWMSR
Note 3: The-initial value of the respéctive registers means the value after reset or cancel of SLOW, SLEEP and STOP.

Figure 2-68(1). 12-Bit PWM Control Register
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(2) Control procedures
Figure 2-68 (2) shows a program control flow chart for the respective channels.

Reset is canceled.(or SLOW, SLEEP, STOP is canceled.)

PWMSR (0026) is read.

No

EOT=0?

Yes

The lower pointer of PWMDBR is writtento PWMCR (0026)

The lower (4 bit) data is written to-PWIVIDBR (0027y)

The upper pointer of PWIVIDBR:is written to PWNMCR\(0026,)

The upper (8 bit) data is written to PWMDBR(0027y)

Data transferrequest command is written to PWMCR (00264,)

Figure 2-68(2). Program Contfol Procedures for Channels

Example: Outputs 32 us (at fc = 8MHz) witheut.additional pulse to pin PWMO.

WAITO:

TEST
JRS
LD
LD

LD
LD

LD

(PWMSR), 4
F, WAITO
(PWMCR), 00H
(PWMDBR), 00H

(PWMCR), 0TH
(PWIVIDBRY), 80H

(PWMCR), —08H

+—EOT0=07?

; “Selects the lower of PWMDBR for channel 0.

; Writes 00y without additional pulse to the lower 4 bits of
PWMDBR for channel 0.

;  Selects the lower of PWMDBR for channel 0.

; Writes 80H (=32 us + 2/fc) to the upper 8 bits of PWMDBR
for channel 0.

; Writes the data transfer request command for channel 0.
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2.11.3 Functions

(1) PWMSR (EOT flag) operation
The EOT flag becomes “1” when the upper 8-bit and the lower 4-bit data are transferred from the
PWM data buffer (PWMDBR) to the PWM data latch (up to 2'3/fc), and “0” when the data transfer from
PWMDBR to the PWM data latch is completed.
Writing to PWMDBR (00274) must be executed when the EOT flag is “0". 1f PWMDBR data is rewritten
atthe EOT flag= “1", the PWM output pulse may be not correctly-switched,

(2) The duration time until PWM output starts

In NORMAL mode subsequent to canceling reset or STOP (or SLOW mode, SLEEP mode), the maximum
time form the point at which the data transfer request command is.written until the PWM.pulse output
to the PWM pin is 2'3/fc after writing to the lower and the upper of PWMDBR is completed according
to the procedures mentioned in figure 2-68 (2).

Additionally, when the output pulse is modulated in the middJe of a output, the maximum time from
the point at which the data transfer request command\iswritten until the output pulseis switched is
2"3/fc.

(3) Low level pulse width of PWM output
This is 12-bit resolution PWM output and one peried is Ty = 2'3/fc [s].
The upper 8 bits of PWWMDBR controls the low levelpujse width of the pulse 6utput with a period of Ts
(Ts =Tm/16).When the upper 8 bits of the PWM data latch is n (n =0 t9/255), this low level pulse width
becomes n x to (to = 2/fc).
The lower 4 bits of PWMDBR controls the output’position’ of the additional pulse of which the width is
to between Ts (1) to Ts (15) out of 16 periodscontained inTsperiod.
When the lower 4 bits data of PWMDBR is m (m =0 to 15), the.additional pulse is generated in each of
m periods between Ts (1) to Ts (15). (The-additional pulse is not genérated at Ts (0). )
The output position of the additional pulse is controlled by setting some bits in the lower 4 bit of
PWMDBR to “1”. An example to set a position of-the additional pulse referred to table 2-11 as
mentioned below.
Figure 2-68 (3) shows an(example of output pulse.

Table2-11. Setting Example of the Additional Pulse Output Position

Setting of the Lower 4 Bits'of PWM Data Latch-. |'pejative Position when the Additional Pulse is
Bit3 Bit 2 Bit 1 Bit0 Qutput between Ts (1) to Ts (15) in Ty Period
a) 0 0 0 0 without additional pulse
b) 0 0 0 1 8
9] 0 0 4 0 4,12
d) 0 1 0 0 2,6,10,14
€) 1 0 0 0 1,3,5,7,9,11,13,15

Note: It is possible to combine-a) to e). The position where the additional pulse is output can be set
with sixteen kinds.
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(4) Pin operation by reset
PWMCR, PWMSR and PWNMDBR are initialized by reset. In addition, the internal 12-bit counter, the
data transfer buffer and the PWM data latch are initialized. P80 to P83 pinsbecome “Hz" during and
just after reset. When the PWM pin is used as PWM output, the pull-up resistor must be externally
added to retain the pin state to “H” during reset and after reset cancel.
After reset, when P80 to P83 pins are used as PWM output, the output latch of P8 (#0008y4) must be set
to “1”, subsequently P8CR (#0009) must be set to the output mode.

(5) PWM outputin STOP/SLOW/SLEEP modes
PWM outputs can output low level pulse in only NORMAL1 (or IDLE1) and"NORMAL2 (or IDLE2) modes.
When P80 to P83 are used as PWM outputs and the operation mode.is transferred NORMAL1 mode to
STOP1 mode or from NORMAL2 mode to STOP2 mode (or SLOW.mode; SLEEP mode),-the PWM pin
always output “High”.
Consequently, the lower level pulse can not be output. (PWMCR; PWMSR and PWMDBR are initialized
in STOP, SLOW and SLEEP mode, additionally, the internal-12-bit counter, the data‘transfer,buffer and
the PWM data latch are initialized.)
In addition, when the operation mode is transferred from STOP1 mode to NORMAL1, mode, or from
STOP2 (or SLOW, SLEEP mode) to NORMAL2 mode, the registers necessary for PWM_ output control
must be initialized to output PWM pulse again, which is the same settingsafter reset. The PWM
control register must be initialized according tothe procedures mentioned.infigure 2-68 (2).

(6) PWM output pulse stop
To output always “H” after Ty period (TS (0).to Ts (15)) of the PWM_ pulse which is being written is
completed, “004” must be written to-the lower and’the upper.of PWMDBR according to the
procedures mentioned in figure 2,68 (2).and the data transfer request command must be written.
Note that the maximum time from\the point at which “00y"is_written until PWM pulse is always
output by “H" is 2"3/fc.

(7) PWM output pulse abort ("H" s always output.)
To abort PWM output in the-middle’of PWM pulse output (H” is always output), P8CR input mode
must be set. Consequently, thePWM pin always outputs “H"” by the pull-up resistor which is externally
added.
When P8CR isset to the input mode without'the external pull-up resistor, note that the pin becomes
“High-z".
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PWMDBR Point at which Writing of the data transfer request command

H H ; : T

Set Value | the additional /max < -+ TM=2"fc : M
. ——————— —_—

Upper]lower| Pulse is output 213f->:<—Ts(0)—> Ts(1)toTs(14) <—Ts(15)—><—Ts(0) —><—

C : : CC.

(without S an ; 55 ;
004 | On | aqditional pulse) ;19 : : §
o1 | 0 |(without 55 ' 55— ' '
H H | additional pulse) —| |2/fc
o fwimon s | | | |
H | "M |additional pulse) J Y [ J
(without _55_ : : : : \ :
FFu | 0w | sdditional pulse) I/(- 51 Olfcj I/ I/

: )
_5{ ,(_TS(S)_) ...................... <_TS(15)_)<_T5(0)_)‘_

00H 14 | Ts(8) :
— l<—t0=2/fc

TS ; ; :
4/fc I_' I_I

:J :J+
—> 2/f :
: ¢ —> ~<—to 2/fc

024 | Fy [Ts():i=1t015 —5 : |
o e fonee | »J«WU el_l«s/fclj i

—»f ~to= 2/fc : ; :
_55_'(—']'5(0)—)' E : : P :<—Ts (o) —

N

01y 14 | Ts(8)

FFy Fy |Ts(i):i=1to15

ffE :
557

Figure'2-68 (3). PWM Odtput Pulse
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2.12 10-Bit AD Converter (ADC)
The TMP87CH48/CM48 each have an 16-channel multiplexed-input 10-bit successive approximate type
AD converter.

2.12.1 Configuration

VAREF [O— DA Converter —11 vass
Analog input Multiplexer
Reference
AINO O—————A Voltage
AINT O B Y
to { G | 10
AIN6é [OJ———!
AIN7 O— :—l Analag
AINTO [T Comparator
ANT1T —!
to § § . . SN
Successive Approximate Circuit
AIN16 J—]O )
EN o~
ENS Control.Circuit 10
j=0~15 ADsfack EOCF
1641 y SAINj SAIN S JAC oc 8 2 8
4
P7CR, P6CR ADCCR ADCDR1, ADCDR2H, ADCDR2L
P6 and P7 input/output control register ~ AD Qonverter control register AD-Conversion result register

Figure 2-69._ AD Converter

2.12.2 Control
The AD converter is controlled by-an-AD converter control register (ADCCR), a port P6 input/output
control register (P6CR) and a port/P7 input/output controhregister (P7CR).

AD Converter Control Register

7 6 5 4 3 2 1 0
ADCCR | EOCF | ADS | ACK |A|ND5| _ SAIN | | (Intial value: 0000 0000)
(000ER)
0000: AINO 1000: AIN10
0001~ AN1 1001: AIN11
0010: AIN2 1010: AIN12
0011: AIN3 1011: AIN13
SAIN [ Analoginput selection 0100: AIN4 1100: AIN14
0101: AINS 1101: AIN15
0130: AING6 1110: AIN16
0111: AIN7 1111: AIN17 RIW
. 0: Enable
AINDS)\ [Analog input control 1. Disable
. . 0: 196/fc: (at8 MHz 24.5 us).(at 4.2 MHz 46.7 1s5)
ACK | Confugrsion firme 1: 784/fc: (at8MHz 98 15). (at4.2 MHz 187 1)
5 0: -
ADS AD convertion start 1: AD convertion start
EOCF End of AD conversion flag 0: Under conversion or before conversion Read
1: End of conversion only

Note 1: Select analog input when AD converter stops.

Note 2: The ADS is automatically cleared to “0” after starting conversion.

Note 3: The EOCF is cleared to “0” when reading the ADCDR1 or the ADCDR2H, ADCDR2L.
Note 4: The EOCF is read-only.

Figure 2-70. AD Converter Control Register
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TOSHIBA
AD Conversion Result Register
7 6 5 4 3 2 1
ADCDRI IDATA9 iDATAB : DATA7 | DATAG i DATAS : DATA4 i DATA3 DATA2| Read only
(000Fy)
ADCDR2H 4 ® > * 3 2”" 1
6 5 4 3 2 1
ADCDR2L IDATA7 i DATAG : DATAS | DATA4  DATA3  DATA2 i DATA1 §DATAO| Read only
(0024y)
P6 Input/Output Control Register
7 6 5 4 3 2 1
E)GocoRcH) | : : | (Initial value:0000'0000) Write only
P6CR (i) =0 P6CR (i) =1
AINDS =0 AINDS =1 AINDS=0 AINDS =1
SAIN (j) = 1 SAIN (j)=0 - SAIN'(j) =1 SAIN(j)=0 =
Analig input Input port Input port Analiginput Output port OQutput/port
P7 Input/Output Control Register
P7CR 7 6 5 4 3 2 1
(000Dy,) I : : | (Initial value: 0000-0000) ~Write only
P7CR (i) =0 RP7CR (i) =1
AINDS =0 AINDS =1 AINDS =0 AINDS =1
SAIN (j)=1 SAIN (j)=0 ~ SAIN{j)=1 SAIN (j)=0 -
Analig input Input port Input port Analig input Output port Output port

Figure 2-71. AD Convertér Result Register and P6, R7 Input/Output Control Register

2.12.3 Operation

Apply analog reference vaoltageito pins VAREF and VASS:

VAREF = VDD

Note: The voltage value of VAREF should be képt thé condition as below,

(1) Start of AD conversion

First, select one of sixteen analog inputs AIN17 to AIN10, AIN7 to AINO with the SAIN (Bits 3 to 0 in
ADCCR),clear the AINDS (Bit 4 in ADCCR).to “0”. Other ports, not be selected as an used as output
ports, be careful not to execute the output instruction for any port during the conversion in order

to keep-the accuracy of conversion.

AD conversion time is set with the'ACK (Bit 5 in ADCCR).
AD conversion is started by setting the ADS (Bit 6 in ADCCR) to “1". The conversion is accomplished

in'4d9'machine cycles (196/fc[s],/ACK = 0).

The EOCF (Bit 7 in ADECR) isset to “1” at the end of the conversion.
If.the ADS (Bit 6 in ADCCR).is set to “1” during the conversion, the operation is initialized and the

conversion is started again.

(2) Reading of AD conversion result

After the end of the conversion, read the conversion result from the ADCDR1 or the ADCDR2H,

ADCDR2L.

The EOCF is automatically cleared to “0” when reading the ADCDR1 or the ADCDR2H, ADCDR2L.
Reading the conversion result during AD conversion, an unexpected value is given.
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(3) AD conversion in STOP mode
When the MCU places in the STOP mode during the AD conversion, the conversion is terminated
and the ADCDR1 or ADCDR2H, ADCDR2L contents become indefinite.
However, if the STOP mode is started after the end of conversion (EOCF=1), the ADCDR1 or the
ADCDR2H, ADCDR2L contents are held.

ADS
ADCDRI X Invalid X Result X Invalid X Invalid X Result
or : : : : :
ADCDR2H, ADCDR2L i<Conversion time > : < Conversiontime >
196/fc [s] : : : 196/¢ [8]
(at ACK=0) (at ACK=0)
EOCF

—

%_I
i

Read —»
Start =
Read >
Start™—>
Start—=>

Figure 2-72. AD Conversion Timing Chart

Example:
; AIN SELECT
LD (ADCCR), 00100100B ; Selectsconversion time-and AIN4.
; AD CONVERT START
LD (ADCCR) 014001008 ; ADS=1
SLOOP: TEST (ADCCR) \7 ; EOCF=17?
JRS T, SLOOP
; RESULT DATA READ
LD (9EH), (ADCDR2H)
LD (9DH), (ADCDR2L)
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(4) Notes for the current consumption on the stop mode when using an AD converter

Note 1: Current consumption value (Ipp) on stop mode on DC Characteristics chart is not
including the value between Varer-Vass (Irep). TMP87CH48/CM48 and
TMP87PH48/PMA48 don’t have function to cut current between Varer.~Vass (IrRer). To cut
IREF on stop mode, maintain Vager on open condition by external circuit, or same
electrical potential of VASS.

Note 2: Turning to stop mode during the process of AD conversion (ADCCER EOCF =0) aborts the
operation though it does not cut electricity on anfalog comparator sometimes. Before
turning to stop mode, check AD conversion end flag is~"17.~Moréover check EOCF after
AD conversion is finished, and when EOCF terns to(“1”,read AD conversion values
(ADCDR1, ADCR2H, ADCR2L) and turn to stop mode. “Or jf)it has been turned to stop
mode without reading AD conversion value, read .them-after stop mode-has released
since the values are maintained. Refer to flowchart 2-73 (a).

( START: Power-on (Reset) )

INITIALIZE: ; Clear the flag (ADSTART)
ADSTART =0
AD START CONTROL: ; Set'the flag (ADSTART)
ADSTART(= 1
ADCCRAADS) « 1 ; Starting AD/conversion

: ) Waiting AD conversion

ADSTART = 1

No

ADCCR (EOCF)-=1

(Case 2) Yes

s S QU (Case)1)

{ STOP )

Read: : —— STOP cancel
XDCDR1 ) waiting or warm-up time
————
and/or ;
ADBCDR2H No
and/or ADCCR (EOCF) =1
ADCDR2L
Yes
STOP Read:
: ADCDR1
: and/or
ADCDR2H
and/or
ADCDR2L
....................................................... -

Figure 2-73. Example Flow Chart for STOP Mode Control in the AD Converter System
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(5) The relation between analog input voltage and AD conversion result

3FFy T ——
_/
3FEH T R
Conversion 3FDu T -
result ' i i
L 52 Note:_ “The conversion result is read
™ e from ADCDR2H and
ia ADCDR2L.
03H T P -
OZH T P
01 HT
i ] ] ({4 ] ] I ]
1 1 )} 1 1 1 L VAREF = VASS
0 2 3 1021 (1022~ 1023/ 1024 X —on.
Analog input voltage
Figure2-73 (a). Analog InputVoltagevs AD Conversion Result)(typ.)
FFy T pr—
FEn T -
Conversion FOu T i
result Note: The conversion result is read
R from ADCDR1.
03y T
OZH T
01 FNN
;"
= : t §§ ’ ’ ’ ’ VAREF - VASS
0 2 3 253 254 255 256 X — 26

Analog input voltage

Figure2¢73(b). Analog Input Voltage vs AD Conversion Result (typ.)
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Mask options for ES products

1)

2)

NM1/NM2 mask option

For the TMP87CH48/CM48 and TMP87PH48/PM48, only “NM1" products are available. A mask option
cannot specify the initial value of XTEN (Bit 6 of the SYSCR2) upon reset.

The TMP87CH48/CM48 and TMP87PH48/PM48 enter single clock mode upon reset ("NM1”).

To use the device in dual clock mode, after a reset, execute the “SET (SYSCR2).XTEN” instruction to
start low-frequency oscillation.

Specify “NM1” when ordering an ES product.

Mask option code XTEN (bit 6 of SYSCR2) Operation Mode after RESET
Single clock mode
NM1 0 (NORMAL1)

I/0 code mask option

The TMP87CH48/CM48 and TMP87PH48/PM48 only support “A” as the /O partoption code (/O code).
Other I/0 codes are not available.

Specify the 1/0 code “A” when ordering-a masked ROM version ({TMP87CH48/CM48U) as an ES product.
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Input/Output Circuitry

information “Notice for Masking Option of TLCS-870 series” section 8.

The instruction for specifying Masking Option (I/O code) in ES Order Sheet, is described in additional

(1) Control pins

The input/output circuitries of the TMP87CH48/CM48 control pins are shown below.

Control Pin 1’10 Input/Output Circuitry Remarks
Osc. enable ,_, fc
N Resonator connecting pins
XIN Input vDD ‘N\' VDD (High frequency)
XOUT Output R¢ =1.2MQ{typ.)
Ij Ro = 15KQ (typ)
XIN XOouT
XTIN Input XTEN XTIN, XTOUT
Osc. enable & > fs
XTOUT Output Resonater connecting pins
q o—— ¢ (Low frequency)
VDD Re SW =Ro VDD Rf) =6MQ (typ.)
XTIN XTOUT = Rg /=220 kQ (typ.)
thitial “High-2" XTEN (Initial: 0)
SW (XTEN = 0: OFF)
(XTEN=1: ON)
P21 _| >O—|
P21 /o Output (_<$>R Output R
P22 /O 3 P21, P22
Sink open drain output
P21 < Q I P22 < @ Hysteresis input
Input Input R =1k (typ.)
VDD Sink open drain output
Hysteresis input
Rin
RESET IO Pull-up resistor
Address-trap-reset | D Riy = 220 kQ (typ.)
Watchdog- tlmer-rese 1
System-clock-reset R=1kQ (typ.)
P20 Output
[> © I Hysteresis input
STOP/INTS o] R
(P20) R=1kQ (typ.)
(P20) STOPANTS
VDD
nout R D1 Pull-down resistor
npu = .
TEST Input Rin =70 kA (typ.)
Rin R=1kQ (typ.)
Note 1: The TMP87PH48/PM48 don’t have a pull-down resistor (Ryy) and a diode (Dy) for TEST pin.
Note 2: The TMP87PHA48/PM48/CH48/CMA48 are placed in the single-clock mode during reset.
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(2) Input/output ports
The input/output circuitries of the TMP87CH48/CM48 input/output ports are shown below.

Port I]e} Input/Output Circuitry (I/0 Code: A) Remarks
VDD Trisstate I/Q
PO Output Initial “High-2"
- L]
1’0 . =
p7 disable R
P8 Input <|| R=Tka (typ)
VDD Tri-state I/0
Output InitiahHigh-2"
P1 /0
disable y g

Hysteresisinput

Input @ R=1kQ (typ?)

High current output only P3

Initial “High-z"}Sink-open drain output

Output —[>O—|
P3 110 R
pd!
Input
pu ~ R=1kQ (typ.)
Sink open drain output
Initial “High-Z"
P4 Output —>o0—
P5 /0 R
Hysteresis input
| t
& @l R=1kQ (typ.)
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Electrical Characteristics
(1) TMP87CH48
Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Conditions Ratings Unit
Supply voltage Vpp = 0:3t06.5 \Y
Input voltage VN -0.3toVpp+0.3 Y
Output voltage VouTt -0.3toVpp+0.3 \Y
Output current (Per 1 pin) louT1 Ports PO, P1, P2, P4, P5, P6, P7, P8 3.2 mA
louT2 Port P3 30
Output current (Total) 3 louT Ports PO, P1, P2, P4, P5, P6, P7/P8 120 mA
S loy2 | PortP3 120
Power dissipation PD 350 mwW
Soldering temperature (Time) Tsld 260(105%) °C
Storage temperature Tstg -55t0125 °C
Operating temperature Topr ~401t0 85 °C

Note: The absolute maximum ratings are rated values which must-not be-eéxceeded during operation, even for an instant. Any
one of the ratings must not be exceeded. If any absolute maximum rating is exceeded,.a devicé may break down or its
performance may be degraded, causing it to catch (fire or explode resulting in injury/to the user. Thus, when designing
products which include this device, ensure that no'absolute maximum rating value will ever be exceeded.

Recommended Operating Conditions

(VSS =0V, Topr = -40+to 85°C)

Parameter Symbol Pins Conditions Min Max Unit
fc=8 NORMAL1/2 modes 45
MHz IDLE1/2 modes
fc = NORMAL1/2 modes
Supply voltage Vpp 4.2MHz__ \IDLE1/2 modes 27 5.5 v
fs= SLOW mode .
32.768’kHz| SLEEP mode
STOP mode 2.0
ViH1{_| Except hysteresis input Vpp x 0.70
. Vpp = 4.5V
Input high voltage ViH2 Hysteresis input Vpp % 0.75 Vop v
Vinz Vpp < 4.5V Vpp % 0.90
YW1 | Except hysteresis input Vpp x 0.30
Vpp Z 4.5V
Input low voltage Vi Hysteresis input 0 Vpp X 0.25 \
Viis Vpp < 45V Vpp x 0.10
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

that the device will operate as specified.

Note 1: The recommended operating conditions for a device are operating conditions under which it can be guaranteed

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: The condition of clock frequency is in NORMAL1/2 modes and IDLE1/2 modes.
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DC Characteristics (Vss = 0V, Topr = - 4010 85°C)
Parameter Symbol Pins Conditions Min | Typ. | Max [ Unit
Hysteresis voltage Vhs Hysteresis inputs VDD = 5.0V = 0.9 - \Y
ling TEST
Open drain ports, VDD = 5.5V
Input current lin2 Tri-state ports Viy = 5.5V/0V - - +2 pA
w3 | RESET, STOP
Input resistance Rinz RESET VDD = 5.0V 100 220 450 kQ
Output leakage | Sink open drain ports | Vpp = 5.5V, Voyt = 5.5V - - 2 A
current O [1ri-state ports Vpp = 5.5V, Vour = 5.5/0V - - 21"
Output high voltage Vonz | Tri-state ports Vpp = 4.5V, lpy = —0.7mA 4.1 - - Y
Except for XOUT and
Output low voltage VoL P3 Vpp = 4.5V, g, = 1.6 mA - = 0.4 mA
Output Low current loLs P3 Vpp = 4.5V, Vg =10 V. t 20 - mA
Supply currentin Vpp = 5.5V
NORMAL 1, 2 modes Viy = 5.3 V0.2V - 45 5.5 mA
Supply currentin fc = 8 MIHz
IDLE 1, 2 modes fs = 32/768 KHz - 25 40 | mA
Supply currentin v £330V, V = 2.8V/0.2V
NORMAL 1, 2 modes D O Wl St 7) | 175 ] 30 | mA
Supply currentin Vin-=.4.19 MHz
IDLE 1, 2 modes | fs £ 32.768 kHz - 1.25 2.0 mA
DD
Supply currentin Van 23.0V
SLOW mode oD - 20| 30| A
Viy = 228 V/0.2V
Supply currentin o= 32.768 kHz
SLEEP mode ' - 020 eA
Supply currentin Vbp = 5.5V
- 0.5 10 A
STOP mode Vin = 5.3 V/0.2 X #

Note 1: Typical values show those at Topr = 25°C
Note 2: Input Current Iy Iiy3; The current throughtesistor is not included, whenythe input resistor (pull-up or pull-down) is

contdined.

Note 3: IDD except for Iger,

AD Conversion Characteristics

(Viss =0 V, Vpp/= 2/7t0 5.5V, Topr = - 4010 85°C)

Max
Parameter Symbol Conditions Min Typ. Unit
Y YP- | ADCDR1 ADCDR2
ACK = 0 |ACK = 1
V AREF 2.7 - Vop
Analog reference voltage Varer~ Vass = 2.5V \Y
Vass Vss - 1.5
Analog.input voltage VAN Vass - V AREF \Y
Vv =55V,
Analog supply current Iree V:\EEL 0.0V - 0.5 1.2 mA
Nonlinearity error Vbp=/5.0,Vss = 0.0V - - +1 +3 +2
VAREr = 5.000V
Zero point.error Vags = 0.000 V - - 1 +3 +2
or LSB
Full scale error Vpp = 2.7,Vss = 0.0V - - 1 +3 +2
VaRrer = 2.700V
Total error Vass = 0.000V - - +2 t6 t4
Note 1: AVaper = Varer — Vass
ADCDR1: 8 bits — AD conversion result (1LSB = AV agef/256)
ADCDR2: 10 bits — AD conversion result (1LSB = AV ager/1024)
Note 2: Quantizing error is not contained in those errors.
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TOSHIBA TMP87CHA48/CM48

AD Input Characteristics (Topr = -40to 85°C)
Parameter Symbol Conditions Min Typ. Max | Unit

) ) VDD = 5.0V, Conversion time 23 us (fc = 8 MHz) ~ 5 -
Input impedance (Resistance) RaIN kQ

Vpp = 2.7V, Conversion time 43.8 us (fc = 4.2 MHz) - 20 -

) ) Vpp = 5.0V, Conversion time 23 us (fc =@ MHz) * 7 -
Input impedance (Capacity) CaN pF

Vpp = 2.7V, Conversion time 43.8 s (fc = 4.2MHz) = 7 -

Vpp = 5.0V, Conversion time 23 us (fc ='8 MIHz) - - 5
Source impedance Rext kQ

Vpp = 2.7V, Conversion time 43.8 us (fc =.4.2MHz) - - 5

Note: Input current (Output leak current) error (Max £ 2 ©A) and quantizing error(Max *.4LSB) for AD are cantained.

vDD

Analog Input Channel Select  AnalogComparator

RAIN

Package Capacity;;.

CaN ;‘

Reference Voltage

AD._Pin Mode
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TOSHIBA TMP87CH48/CM48
AC Characteristics (Vss = 0V, Topr = - 4010 85°C)
Parameter Symbol Conditions Vbp Min Typ: Max Unit
In NORMAL 1, 2 mode 4.5t0
0.5 = 10
In IDLE 1, 2 mode 5.5V
Machine cycle time tey 7]
In SLOW mode 2.7t0
117.6 - 133.3
In SLEEP mode 5.5V
High level clock pulse width tweH | For external clock operation 4.5t0 ok
. / - - ns
Low level clock pulse width twer | XINinput), fc = 8 MHz 5.5V
High level clock pulse width twsH | For external clock operation 2.7to 147
. ) - - S
Low level clock pulse width twse | XTINinput), fs = 32.768 kHz 55V #
ADCCRbit4; ACK = 0 - - 49 tcy -
AD conversion time tapC ns
ADCCRbit4; ACK = 1 - - 196 tcy -

Timing of AD Conversion

ADS

{(

EOCF

Vaiy

AIN (i) 7
AD conversion I

17

{

eds

[({

£

£

txpC

1

A

Note 1: During AD conversion, make the level'of Vzyy stable.
Note 2:i=17 to10,-07 to 00
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TOSHIBA

TMP87CH48/CM48

Recommended Oscillating Conditions

(Vss = 0V, Topr = -401t085°C)

Oscillation Recommended Constant
Parameter Oscillator vDD Recommended Oscillator
Frequency (o) Cy
8MHz |4a5to55y | KYOCERA < KBR8.OM
Ceramic
30 pF 30 pF
High-frequency resonator KYOCERA  KBR4.0MS
oscillation 4 MHz 2.7t05.5V
MURATA CSA4:00MG
8 MHz 4.5t05.5V [ TOYOCOM 210B 8.0000
Crystal oscillator 20 pF 20 pF
4 MHz 2.7t05.5V | _TOYOCOM 204B 4.0000
Low-frequency
I Crystal oscillator | 32.768kHz [2.7to5,5V [ “NDK MX-38T 15 pF 15 pF
oscillation
XTIN XTOUT
XIN XOUT E E
i ”:I Cy C
Gy ;;

L
*

(1) High-frequency Oscillation

(2) Low-frequency Oscillation

Note 1: When itis used in high glectrical field, an electrical shield of the package is recommended to
retain normal operations:
Note 2: TOYAMA MURATA-MFG. CO., LTD (JAPAN)
The product numbers and specifications-of the résonators by Murata Manufacturing Co., Ltd.
are subject to change.
For up-to-date information, pleaserefer to the following URL,
http://www.murata.co.jp/search/index:html
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TOSHIBA TMP87CHA48/CM48

Electrical Characteristics
(2) TMP87CM48

Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Conditions Ratings Unit
Supply voltage Vpp = 0:3t06.5 \Y
Input voltage VN -0.3toVpp+0.3 Y
Output voltage VouTt -0.3toVpp+0.3 \Y
louT1 Ports PO, P1, P2, P4, P5, P6, P7, P8 3.2
Output current (Per 1 pin) mA
louT2 Port P3 30
3 louT Ports PO, P1, P2, P4, P5, P6, P7/P8 120
Output current (Total) - ] mA
2 lout2 Port P3 120
Power dissipation PD 350 mwW
Soldering temperature (Time) Tsld 260(105%) °C
Storage temperature Tstg -55t0125 °C
Operating temperature Topr ~401t0 85 °C

Note: The absolute maximum ratings are rated values which must-not be-eéxceeded during operation, even for an instant. Any
one of the ratings must not be exceeded. If any absolute maximum rating is exceeded,.a devicé may break down or its
performance may be degraded, causing it to catch (fire or explode resulting in injury/to the user. Thus, when designing
products which include this device, ensure that no'absolute maximum rating value will ever be exceeded.

Recommended Operating Conditions | (Vss. =0V, Tepr = - 40106 85°C)

Parameter Symbol Pins Conditions Min Max Unit
fc=8 NORMAL1/2 modés 45
MHz IDLE1/2 modes
fc = NORMAL1/2 modes
Supply voltage Vpp 4.2MHz \|'IDLET/2modes 27 5.5 v
fs = SLOW mode .
32:768 kHz | SLEEP mode
STOP mode 2.0
ViH1/ | Except hysteresis input Vpp x 0.70
. Vpp = 45V
Input high voltage ViH2 ™| Hysteresis input Vbp X 0.75 Vop v
Vinsz Vpp < 4.5V Vpp % 0.90
Vih | Except hystéresis input Vpp x 0.30
Vpp Z 4.5V
Input low voltage Viz Hysteresis input 0 Vpp % 0.25 \%
Vi3 Vpp < 4.5V Vpp % 0.10
Vpp = 4.5t05.5V 8.0
fc XN, 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: The condition of clock frequency is in NORMAL1/2 modes and IDLE1/2 modes.
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TOSHIBA TMP87CH48/CM48
DC Characteristics (Vss = 0V, Topr = - 4010 85°C)
Parameter Symbol Pins Conditions Min | Typ. | Max [ Unit
Hysteresis voltage Vhs Hysteresis inputs VDD = 5.0V = 0.9 - \Y
ling TEST
Open drain ports, VDD = 5.5V
Input current lin2 Tri-state ports Viy = 5.5V/0V - - +2 pA
w3 | RESET, STOP
Input resistance Rinz RESET VDD = 5.0V 100 220 450 kQ
Output leakage | Sink open drain ports | Vpp = 5.5V, Voyt = 5.5V - - 2 A
current O [1ri-state ports Vpp = 5.5V, Vour = 5.5/0V - - 21"
Output high voltage Vonz | Tri-state ports Vpp = 4.5V, lpy = —0.7mA 4.1 - - Y
Except for XOUT and
Output low voltage VoL P3 Vpp = 4.5V, g, = 1.6 mA - = 0.4 mA
Output low current loLs P3 Vpp = 4.5V, VoL =10V, + 20 - mA
Supply currentin Vpp = 5.5V
NORMAL 1, 2 modes Viy = 5.3 V0.2 J 478 f)6.4 | mA
Supply currentin fc = 8 MIHz
IDLE 1, 2 modes fs = 32/768 KHz - 3.25 | 465 [ mA
Supply currentin v £330V, V = 2.8V/0.2V
NORMAL 1, 2 modes DD SN VING 4.5 VL 7 1.85 | 3.2 | mA
Supply currentin Vin-=.4.19 MHz
IDLE 1, 2 modes | fs £ 32.768 kHz - 13522 | mA
DD
Supply currentin Van 23.0V
SLOW mode oD - 20| 30| A
Viy = 228 V/0.2V
Supply currentin o= 32.768 kHz
SLEEP mode ' - 020 eA
Supply currentin Vbp = 5.5V
- 0.5 10 A
STOP mode Vin = 5.3 V/0.2 X #

Note 1: Typical values show those at Topr = 25°C
Note 2: Input Current Iy Iiy3: The current throughtesistor is not included, whenythe input resistor (pull-up or pull-down) is

contdined.

Note 3: IDD except for Iger,

AD Conversion Characteristics

(Viss =0V, Vpp{= 2/7t0 5.5V, Topr = —40to 85°C)

Max
Parameter Symbol Conditions Min Typ. Unit
Y YP- | ADCDR1 ADCDR2
ACK = 0 |ACK = 1
V AREF 2.7 - Vop
Analog reference voltage Varer~ Vass = 2.5V \Y
Vass Vss - 1.5
Analog.input voltage VAN Vass - V AREF \Y
Vv =55V,
Analog supply current Iree V:\EEL 0.0V - 0.5 1.2 mA
Nonlinearity error Vbp=/5.0,Vss = 0.0V - - +1 +3 +2
VAREr = 5.000V
Zero point.error Vags = 0.000 V - - 1 +3 +2
or LSB
Full scale error Vpp = 2.7,Vss = 0.0V - - 1 +3 +2
VaRrer = 2.700V
Total error Vass = 0.000V - - +2 t6 t4
Note 1: AVaper = Varer — Vass
ADCDR1: 8 bits — AD conversion result (1LSB = AV agef/256)
ADCDR2: 10 bits — AD conversion result (1LSB = AV ager/1024)
Note 2: Quantizing error is not contained in those errors.
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TOSHIBA TMP87CHA48/CM48

AD Input Characteristics (Topr = - 4010 85°C)
Parameter Symbol Conditions Min Typ. Max | Unit

) ) VDD = 5.0V, Conversion time 23 us (fc = 8 MHz) ~ 5 -
Input impedance (Resistance) RaIN kQ

Vpp = 2.7V, Conversion time 43.8 us (fc = 4.2 MHz) - 20 -

) ) Vpp = 5.0V, Conversion time 23 us (fc =@ MHz) * 7 -
Input impedance (Capacity) CaN pF

Vpp = 2.7V, Conversion time 43.8 s (fc = 4.2MHz) = 7 -

Vpp = 5.0V, Conversion time 23 us (fc = 8MHz) - - 5
Source impedance Rext kQ

Vpp = 2.7V, Conversion time 43.8 us (fc =.4.2.MHz) - - 5

Note: Input current (output leak current) error (Max * 2 uA) and quantizing error(Max *.4LSB) for AD are gontained.

vDD

Analog Input Channel Select  AnalogComparator

RAIN

Package Capacity;;.

CaN ;‘

Reference Voltage

AD._Pin Mode
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TOSHIBA TMP87CH48/CM48
AC Characteristics (Vss = 0V, Topr = - 4010 85°C)
Parameter Symbol Conditions Vbp Min Typ: Max Unit
In NORMAL 1, 2 mode 4.5t0
0.5 = 10
In IDLE 1, 2 mode 5.5V
Machine cycle time tey 7]
In SLOW mode 2.7t0
117.6 - 133.3
In SLEEP mode 5.5V
High level clock pulse width tweH | For external clock operation 4.5t0 ok
. / - - ns
Low level clock pulse width twer | XINinput), fc = 8 MHz 5.5V
High level clock pulse width twsH | For external clock operation 2.7to 147
. ) - - S
Low level clock pulse width twse | XTINinput), fs = 32.768 kHz 55V #
ADCCRbit4; ACK = 0 - - 49 tcy -
AD conversion time tapC ns
ADCCRbit4; ACK = 1 - - 196 tcy -

Timing of AD Conversion

ADS

EOCF

{(

Vain

17

{

eds

[({

AlIN (i) 7

AD conversion I

£

£

txpC

1

A

Note 1: Dufing AD conversion, make the level of Vy stable.
Note 2: i =17t0 10,07 to 00
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TOSHIBA

TMP87CH48/CM48

Recommended Oscillating Conditions

(Vss = 0V, Topr = -401t085°C)

Oscillation Recommended Constant
Parameter Oscillator VDD Recommended Oscillator
Frequency (o) Cy
8MHz |4a5to55y | KYOCERA < KBR8.OM
Ceramic
30 pF 30 pF
High-frequency Resonator KYOCERA  KBR4.OMS
Oscillation 4 MHz 2.7to5.5V
MURATA CSA4:00MG
8 MHz 4.5t05.5V | TOYOCOM 270B 8.0000
Crystal Oscillator 20 pF 20 pF
4 MHz 2.7t05.5V | _TOYOCOM 204B 4.0000
Low-frequency
I Crystal Oscillator | 32.768kHz [2.7to5,5V [ “NDK MX-38T 15 pF 15 pF
Oscillation
XTIN XTOUT
XIN XOUT E E
i ”:I C C
c J; '

L
*

(1) High-frequency Oscillation

(2) Low-frequency Oscillation

Note 1: When itis usedin highlelectrical field, an electrical shield of the package is recommended to
retain normal operations:
Note 2: TOYAMA MURATA-MEG. CO., LTD(JAPAN)
The productnumbers and specifications.ofthe resonators by Murata Manufacturing Co., Ltd.
are subject to change.
Forup,to-date information, please refer to the following URL;
http;//www.murata.co.jp/search/index-html
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TOSHIBA TMP87CHA48/CM48

Package Dimensions

P-LQFP64-1010-0.50 Unit: mm
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TOSHIBA TMP87CHA48/CM48

P-QFP64-1414-0.80A Unit: mm
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