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TOSHIBA TMP87CS71B

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 not all-of them may apply to this
particular device.

1. Part number
Example: TMPxxxxxxF - TMPxxxxxxFG

All references to the previous part number were left unchanged in body. text. The new
part number is indicated on the prelims pages (cover page and this notification).

2. Package code and package dimensions
Example: LQFP100-P-1414-0.50C ' LQFP100-P-1414-0.50F

All references to the previous package code 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 device’is Pb-free, notes on lead solderability have been added.

4. RESTRICTIONS ON,PRODUCT USE

The previous (obsolete) provision might be left 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 the lower, right corner of the prelims pages applies to the new
device.
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TOSHIBA TMP87CS71B

1. Part number

2. Package code and dimensions

Previous Part Number | Previous Package Code
(in Body Text) (in Body Text) New Part Number | New Package Code OoTP
TMP87CS71BF QFP80-P-1420-0.80B TMP87CS71BFG QFP80-P-1420-0.80B | TMP87PS71AFG

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

3. Addition of notes on lead solderability

The following solderability test is conducted on the new device.

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

Test Test Conditions Remark

(1) Use of Lead (Pb)
-solder bath temperature = 230°C
-dipping time = 5 seconds
-the number of times = once
-use of R-type flux Leads with-over 95% 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

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

Solderability

RESTRICTIONS ON PRODUCT USE 20070701-EN

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

e TOSHIBA is continually working to improve‘the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the-buyer, when utilizing TOSHIBA products, to comply with the standards of safety
in making a safe design for the entire system, and to avoid-situations in which a malfunction or failure of such
TOSHIBA products could-cause loss of human life, bodily-injury-or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth-in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc.

e 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 TOSHIBA products listed in his document 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 applicable laws and regulations.

¢ Theinformation 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. Nolicense 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. Toshiba assumes no liability for damage or losses occurring
as a result of noncompliance with applicable laws and regulations.

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

5. Publication date of the datasheet

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

1 2008-03-06



TOSHIBA TMP87CS71B

(Annex)
Package Dimensions

QFP80-P-1420-0.80B

Unit: mm
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TOSHIBA TMP87CS71B

CMOS 8-Bit Microcontroller
TMP87CS71BF

The TMP87CS71B is the high-speed and high-performance 8-bit single chip microcomputers. These MCU
contain 6-bit AD conversion inputs and a VFT (Vacuum Fluorescent Tube) driver on'a'chip.

Product No. ROM RAM Package OTP MCU
TMP87CS71BF 61184 x 8 bits 2.0 Kx 8 bits P-QFP80-1420-0.80B TMP87PS71AF

Features

@ 8-bitsingle chip microcomputer TLCS-870 Series
@ Instruction execution time: 0.5 xs (at 8 MHz), 122 (at 32.768 kHz)
@412 basic instructions
® Multiplication and Division (8 bits x 8 bits, 16 bits + 8 bits)
® Bit manipulations (Set/Clear/Complement/Move/Test/Exclusive or)
® 16-bit data operations .

P-QFP80-1420-0.80B

® 1-byte jump/subroutine-call (Short relative jump/ Vector call) //// \
@ 14 interrupt sources (External: 5, Internal: 9) j\ ///!“
® All sources have independent latches each, % O/iﬁ s
and nested interrupt control is available. ca

® 3 edge-selectable externalinterruptswith noisereject
® High-speed task switching by register bank changeover
@ 10 Input/Output ports (73 pins)
® Qutput: 1 port(8pins) ;mgg;gg;:ii
® Input/Output: 9 ports (65 pins)
@ Two 16-bit timer/counters
® Timer, Eventcounter modes

@ Two 8-bit timer/counters
® Timer, Event counter, Capture (Pulse width/duty measurement), PWM output, Programmable divider
output modes
@ Time Base Timer (Interrupt frequency: 1 Hzto 16 kHz)
@ Divider output function (frequency: - 1kHz to 8 kHz)
@ Watchdog Timer
® Interrupt source/reset output(programmable)

000707EBP1

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

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

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

@ The TOSHIBA products listed ‘in"this_document are intended for usage in general electronics applications (computer,
personal._equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These
TOSHIBA products are neither intended nor warranted for usage in equipment that requires extraordinarily high
quality and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury
("Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship instruments,
transportation instruments, traffic signal instruments, combustion control instruments, medical instruments, all types of
safety.dkevices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's
own risk.

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

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

@ The information contained herein is subject to change without notice.
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TOSHIBA TMP87CS71B

@ 8-Bit Serial Interface
® With 8 bytes transmit/receive data buffer
® |nternal/external serial clock, and 4/8-bit mode
@ 3-Bit High Speed Serial Output (rate: max. 1 bit/us)
€ 6-Bit AD Conversion Input (6 channels)
@ Vacuum Fluorescent Tube Driver (automatic display)
® High breakdown voltage ports
@ Key scanning function
® Key-matrix constructed by segment outputs (1 to 16) and key inputs (1 to 8)
@ Dual clock operation
® Single/Dual-clock mode (option)
@ Five Power saving operating modes
® STOP mode: Oscillation stops. Battery/Capacitor back-up. Port output hold/High-impedance.
® SLOW mode: Low power consumption operation using low-frequency clock (32.768 kHz).
® |IDLE1 mode: CPU stops, and Peripherals operate using high-frequency clock. Release by interrupts.
® IDLE2 mode: CPU stops, and Peripherals operate using high-and low-frequency clock.. Release by
interrupts.
® SLEEP mode: CPU stops, and Peripherals operate using low-frequency clock. Release by interrupts.
@ Wide operating voltage: 2.7t0 5.5V at4.19 MHz/32.768 kHz, 4.5 to 5.5 V at 8 MHz/32.768 kHz
@ Emulation Pod: BM87CK70F0B

3-71B-2 2002-07-02



TMP87CS71B

TOSHIBA

Pin Assignments (Top View)

P-QFP80-1420-0.80B

(8D) £9d =~—»[—TT]
(£9) 04d =TT
(99) LLd/~-=[TT]
(SD) ZLd =—=[T1T]
D) €£d ~=—[TT]
(€9) 7/ d [T
(Z9) S§Ld =w[TT]
(1D) 9/d =w[TT]
(09) £Ld ~es[—TT]
(0S) 08d =— —TT]
(1S) 18d =—[TT]
(ZS) 78d ~— 1T
(€S) €8d —— —TT]
S) 78d —-— —TT]
(SS) $8d —— [TT]
(95) 98d ——[TT]
(£S) £8d ——[TT]
(8S) 06d w—a[—TT]
(65) 16d w—e[—TT]
015) 26d ww—TT]
(L1S) €6d wwe[—TT]
(Z1S) ¥6d wew—TT]
(ELS) S6d ws[—TT]
#15) 96d ——w[TT]

S€LIST T
a0 IT—=>r66

O
<

o o ©
[Ta B S

N —
[ToRTs)

€S

39T 1=—>Pp65
3g [T —1*P64
37 HI—**P63
36T —1+>P62
35 AT 1= P61
34 [T 1> P60
33T —1*=—VDD
32 AT —F=>Pp07
31 HI—1+*P06

30 I 1=+ P05

29 T+ P04

28 FI—1=—>P03

27T == P02

26 HI—1*>P01
25 T P00

—ANMmT 0N ONON

(SI5) P97=—[TT] ¢5

VKK—=[TT] 66
PAQ=—=[TT] 67
P41=—>[TT] gg
P42=—[TT] g9
P43=—["TT] 79
P44=—TT] 71
PAS=—=[TT] 72
PAG=—=[T1T] 73
P47=—=[T1T] 74

(CINS/KEY6,
(CIN4A/KEY7

(CIN3) P50=—=[T11] 75
(CIN2) P5S1=—>=[T1T] 76
(CIN1) PS2=—=[TT] 77
(CINQ) P53=—=[T1T] 78

P54<—["TT] 79 ®)

(PWM/PDO) P55=—=[—TT] 8o

T~ LEdOSH)

[TT ]~ 9€¢d

HT—js S£d IDSH)

T —J~ 7£405)

T ]~ €€d(IS)

[TT = €4 O1DS)

[T J<«s LEdWDL)

[IT 1= 0€d(€DL/ €1NI)
[T~ 02d(dOLS/SANI)

[T J==— 2Zd (LNOLX)
HI =+ 12d (N1 1X)
[T J=— 1531

[T JesL1d

[T ]~ 91d

[TT s Sld (¢OL)
P
[T~ £1d OND)
[T e 2Lld (LDL/ZLINI)
A= LLdY( 1N1)
[TT T~ 0ld (OLND)
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TOSHIBA TMP87CS71B

Block Diagram

110 Ports Output Ports I/Oiorts
P97 P87 577 P
to to to to
P90 P8O P70 o

Power Supply{ VDD — >
VSS —> TF: T\E: T\E: T\Fi
Key scan

VFT Power VKK —] VFT drive circuit (automatic display) || control

I I 1T 7] 1L 1
T T T T T

P S W | Stack Pointer | Data Memory | Program Counter |

ALU Flags | R8s — RAM) U
) I

LT
[ | Register banks Program Memory
Resetl/O  RESET (ROM)
System Controller [
Test Pin TEST p—7
| ——
Interrupt Controller |
~—>  Standby Controller nst.
T T T T T ’t Register
L ) \ K K Inst.
Timing Generator >| Time Base 16-bit 8-bit Serial Decoder
- Timer Timer/Counters ||| Timer/Counters Interfaces
Resonator XIN High
Connecting L XOUT frequ. Clock TeL | 1C2 TC3 |\TC4 SIo_ [ 50| 6bitan
Pins Low Generator Watchdog Converter
g frequ. Timer
iy ) Uy UM

[
P2 o] [P % ps | | [Pa]

~
\_ ~—
1r LF 1r 1L 1S r
P22 P07 P17 P37 P55 P47
to 10 to to to to
\PZO P00 P10 P30 P50 P40J

1/O Ports
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TOSHIBA

TMP87CS71B

Pin Functions

Pin Name Input/Output Function
P07 to POO 110
Two 8-bit programmable input/output
P17, P16, P14 10 ports (tri-state).
P ] MOUMRUD | L Each bit of these ports can be |TMETGOUNterZiNRUt
P13 (DVO) I/0 (Output) | individually configured as an input or an | pjvider output
............................................................. Output Under software COntrOI. E|2
P12 (INT2/TC1) i ) ) xternal interrupt input 2 or
During reset, all bits are configured as |'Timer/Counter 1 input
P11(INT1) ................... 1/0 (Input) inputs. o External interrupt input-1
................................... When used as a divider output, the latch [ v
P10 (INTO) must be setto “1". External interrupt input0
P22 (XTOUT) 1/0 (Output) L . Resonator connecting. pins (32.768 kHz).
............................................................. 3-bit input/output port with latch. For inputting external clock, XTIN is used
o fotnou | When used s an input porheaich | SPAXTOUTscpmatl 7))
P20 (INT55TOP) P must be set to “1”. External interrupt-input 5‘or STOP mode
release signal input
P37 (HSO) 1/0 (Output) HSO serial data output
P36 1/0
P35 (HSCK) 8-bit input/output port with latch. HSO serial clock output
P34SO ....................... I/0 (Qutput) When used as-an input port,a HSO SIO ..... Id ..................................................
........ C0 ) loutput,a S0 inputioutput, o |3O%ereldatacuteut
P33 (SI) I/0 (Input) timer/counter input, or an interrupt. | 5j0serial data input
_ .............................................. input,the Iatch mUStbeSettO "1"_ ....................................................................
P32 (SCK) 110 (I/0) SIO serial clock input/output
P31 (TC4) Timer/Counter 4 input
................................... 1/0 (Input)
P30 (INT3/TC3) P External interrupt input 3 or
Timer/Counter 3 input
P47 (CIN4/KEY7), 8-bit input/output port with latch. Comparajcor inputs or
P46 (CIN5/KEY6) 170 (Input) / Key scan inputs
'ﬁéié"(k'évg) """"""""" pu When used as an input’ port, the latch [~ " R
to P40 (KEYO) must be set to-" 1", Key scan inputs
_ 8-bit PWM output or
1/0 (Output; i .
pswmroo) L Quteut) | e-bitinputioutput port with latch. | 8-bit programmable divider output ..
P54 /0 When used as an input port, a compa-
............................................................. rator input, or-a PWM/PDO output, the [....ccccooriiiiii e
P53 (CINO P P
’Eo P)SO (CIN3) I/0 (Input) latch must be setto “1”. Comparator inputs
P67 (G8) to P60 (G15) L
Three 8-bit high breakdown voltage I/O | vFT digit driver outputs
P77 (GO) to-P70(G7) I/0 (Output) | portswith the latch. When used as a VFT
driver output, the latch must be cleared
t0"0"]
P97(515) 1o P90 (38) VFT segment driver outputs
Output 8-bit high breakdown voltage output port with | (Key strobe outputs)
P87 (S7).to P80 (S0) (Output) Lgtcsq.be\%élzi’r;elés?g"g§_VFT driver output, the latch
Resonator connecting pins for high-frequency clock.
XIN, XouT Input, Output | £or inputting external clock, XIN is used and XOUT is opened.
RESET /0 Reset signal input or watchdog timer output/address-trap-reset output/system-clock-
reset output.
TEST Input Test pin for out-going test. Be tied to low.
VDD, VSS +5V, 0V(GND)
Power Supply
VKK VFT driver power supply

3-71B-5
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TOSHIBA TMP87CS71B

Operational Description

1.

11

CPU Core Functions

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

Memory Address Map
The TLCS-870 Series is capable of addressing 64K bytes of memory. Figure 1-1-shows the memory address
map of the TMP87CS71B. In the TLCS-870 Series, the memory is organized 4 address spaces (ROM, RAM,
SFR, and DBR). It uses a memory mapped I/O system, and all I/O registers are mapped in the SFR/DBR
address spaces. There are 16 banks of general-purpose registers: The register banks are also assigned to
the first 128 bytes of the RAM address space.

SFR [ 0000y
; 4
8 8 2 (F) 64 bytes
: Register banks
: 128 bytes (8 registers x 16 banks)
Q0BF ...
00Co
: Note:
RAM : X . X
1920 bytes ROM; —_Read Only Memory includes:
Program memory
RAM;/ Random Access Memory includes:
: Data memory
083F Stack
=~ ::: General-purpose register banks
0 II:80 f : SFR; Special Function Register includes:
: l/O ports
H Peripheral control registers
DBR H
128 bytes Peripheral status registers
: System control registers
0 F FF L Interrupt control registers
L =~ Program Status Word
1100 DBR; Data Buffer Register includes:
SI0 data buffer
::60928 bytesL HSO data buffer
T VFT diisplay data buffer
T R R
ROM
i X5 192bytes ==
FFBF [
FFCO 32 bytes j ‘Vectort‘able for vector call Entry area for
FFDF | ».3< 5 ytes instructions (16 vectors) page call
FFEQ 32 byt J Vector table for interrupts/| | © L
FFFF yies reset (16 vectors)

TMP87CS71B

Figure 1-1. Memory Address Maps

3-71B-6 2002-07-02




TOSHIBA TMP87CS71B

1.2 Program Memory (ROM)
The TMP87CS71B has a 60 Kx 8 bits (addresses 1100y to FFFFy) program memory (mask programmed
ROM). Figure 1-2 shows the program memory map.
Addresses FFOOy to FFFF in the program memory can also be used for special purposes.

(1) Interrupt/Reset vector table (addresses FFEQH to FFFFy)
This table consists of a reset vector and 15 interrupt vectors (2 bytes/vector).-These vectors store a
reset start address and interrupt service routine entry addresses.

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

(3) Entry area (addresses FFOOy to FFFF) for page call instructions
This is the subroutine entry address area for the page call instructions [CALLP n]. Addresses FFOOH to
FFBFy are normally used because address FFCOH to FFFFyy are used for the vectortables.

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.

Address ROM
1100y contents

Example: The relationship between the jump

instructions and the PC. P L
: Example: The relationship

@® 5-bit PC-relative jump [JRS cc, $+2 +d] between ROM Contents

. FFO:O and Call group
E8C4H: JRS T., $+?+08H : instructions/Interrupt/
When JF = 1, the jump is made to ES8CEy, g Reset
which is 08y added to the contents of the it =
PC. (The PC contains the address of the | pezg [ callp7aH ; pceFeTBy

instruction being/ executed + 2; FEBE
therefore, in this case, the PC contents |-, callvector () |56 CALLV OH ; PCe C856,

are E8C4y +2 = E8C6Y.) FEC1 caIIvector(H) """ cs8

FFC2
@ 8-bitPC-relative jump [JR cc,$ +2 +d] :
E8C4H: JR Z, $+2+80H

When ZF = 1, the jump is made to E846y, FFDEF

whichis FF80y (-128) added to the /| frg interrupt vector (L) | 68  INT5 ; PCe« D368y
current contents of the PC. FFE1 [interrupt vector (H)| D3
FFE2
@ 16-bit absolute jump [JP al
E8C4H: JP 0C235H FFFb

An unconditional jump is made to | pgpp | resetvector(L) |3E RESET ; PCe«CO3Ey
address C2354. The absolute jump | FrrF | resetvector(H) |CO
instruction can jump anywhere within

the’entire 64K-byte space.

Figure 1-2. Program Memory Map

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

3-71B-7 2002-07-02



TOSHIBA TMP87CS71B

Example 1: Loadsthe ROM contents at the address specified by the HL register pair contents
into the accumulator (HL= 1100):
LD A, (HL) ; A<ROM (HL)

Example 2: Converts BCD to 7-segment code (common anode LED). When A = 054, 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 0COH, OF9H, 0A4H, OBOH, 99H, 92H, 82H, O0D8H, 80H, 98H
SNEXT:

Note 1: “$” is a header address of ADD instruction.

Note 2: DB is a byte data difinition instruction. SHLC A

Example 3: N-way multiple jump in accordance with the contents of _ P PerA
accumulator (0=A=3): o S el (3:- ; -------

SHLC A ; if A=004 then PC«C234y 78
JP (PC+A) ; if A=01y then PC&C3784 /|77 77« (<
; if A=02 then PC<DA37y ([l __: 37 _____]

. if A=03y then PCETBOH oA
DW 0C234H, 0C378H, ODA37H, OE1BOH [ "  [~=777% BT
[Note: DW is a word data definition instruction. I T ~—

1.3 Program Counter (PC)

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

The TLCS-870 Series utilizes pipelined processing (instruction pre-fetch); therefore, the PC always
indicates 2 addresses in advance. ‘For example, while ad-byte instruction stored at address C123y is being
executed, the PC contains C125y.

MSB is8
1514131211109 8 7,/6/5 4 3 2210 PC Contents :X a X _a+!l X a+2 X a+3 X

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

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

Figure 1-3.- Program Counter

1.4 Data Memory (RAM)
The TMP87CS71B has 2.0k x 8 bits (addresses 0040y to 083F) of data memory. Figure 1-4 shows the data
memory map.
Addresses 0000y to 00FF are used as a direct addressing area to enhance instructions which utilize this
addressing mode; therefore, addresses 0040 to 00FF 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 0040to 00BFy. 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 be located anywhere within the data
memory except the register bank area. The stack depth is limited only by the free data memory size. For
more details on the stack, see section “1.7 Stack and Stack Pointer”.
The TMP87CS71B cannot execute programs placed in the data memory. When the program counter
indicates a data memory address, a bus error occurs and an address-trap-reset applies. The RESET pin
goes low during the address-trap-reset.

3-71B-8 2002-07-02
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TMP87CS71B

Example 1:
TEST (00COH).2
JRS T,SZERO
CLR (0O0E3H)
JRS T,SNEXT
SZERO: LD (00E3H), OFFH ;
SNEXT:
Example 2:
10H is exceeded:
INC (00F5H)
AND

If bit 2 at data memory address 00C0y is “1”, 00y is written to data memory at address

00E3y; otherwise, FFy is written to the data memory at address 00E34:
; if (00COW) 2 =0then jump

(00F5H), OFH ;

; (00E3H) « 00y

(00E3H) « FFy

Increments the contents of data memory at address 00F5H, and clears to 00H when

; (00F5p) <~ (00F5R) + 1

(O0OF5R). <= (00F5) AOFH

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:

; Setsstart address to HL register pair

;. Setsinitial data'(00y) to A register

Clears RAM to “004" except the bank 0
LD HL, 0048H
LD A, H
LD BC, 07F7H
SRAMCLR: LD (HL+), A
DEC BC
JRS F, SRAMCLR

; Setsnumber of byteto BC register pair

Address 0 1 23 456 7 8 9 ABCDEF

0040,
0050
0060
0070
0080
0090
00A0
0080

. Registerbankd ]

Register bank 14

Register bank 1

Register bank 15

00Co

00D0

00EO
00F0

0100
0110
0820
0830

TMP87CS71B

Direct addressing area

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

—

— Bank 15 (00B8 to 00BFy)

—! Bank 14 (00BO to 00B7})) Exaw'e{ Ban/': 0
: — Bank 13 (00A8 to 00AFy,) :
w oA Bank 12 (00AQ to 00A7y;) (0041y) : (00404
B : C .
------------- - Bank 4 (0060 to 0067,,)
D ! E — Bank 3 (0058 to 005F) :
------------- v Bank 2 (0050 to 0057,) L
H : L | Bank1 (0048 to 004Fy) (0047y) : (0046)

Bank 0 (0040 to 0047,

(a) Configuration (b) Address assignments of registers
Figure 1-5. General-purpose Register Banks

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

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

Example 1: ADD A, B : Adds B contents to-A contents and stores the resultinto A.

Example2: SUB WA, 1234H ;Subtracts 12344 from WA contents and stores the result into WA.

Example 3: <SUB E, A : Subtracts A contents from E contents, and stores the result into E.
(2) HL,DE

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

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

@ LD /A, (HL+52H) \; Loads the memory contents at the address specified by the value
obtained by adding 521 to HL contents into A.

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

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

® LD A, (-HL) ; Decrements HL. Then loads the memory contents at the address
specified by new 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 B, m ; m=n-1(n: number of bytes to transfer)
LD HL, DSTA ; Sets destination address to HL
LD DE, SRCA ; Setssource address to DE
SLOOP: LD (HL), (DE);(HL) « (DE)
INC HL ; HL<—HL+1
INC DE ; DE<DE+1
DEC B ; Be<B-1
JRS F, SLOOP ; IF B= 0Thenloop

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

Example 1: Repeat processing
, Sets n as the number of repetitionsto B

SREPEAT: (n + 1times processing)

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
gquotientin A'and the remainderin W.

The general-purpose register banks are selected by the 4-bit registerbank 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 003Fp.in the SFR as the program status word (PSW).
There are 3 instructions [LD RBS, 'n], [PUSH PSW] and [POP PSW] to access the PSW. The PSW can be also
operated by the memory access instruction.

Example 1: Incrementing‘the RBS
INC | (0O03FH) ; RBS<«RBS + 1

Example 2: Reading the RBS
LD A, (003FH) ;—A < PSW (A3 < RBS, A7.4<Flags)

Highly efficient/programming and high-speed task switching are possible by using bank changeover to
save registersduring.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 isno 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
program, and one bank can'be assigned to each source. Also, to increase the efficiency of data memory
usage, assign the same bank to interrupt sources which are not nested.

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

RETI ; Maskable interrupt return (Bank restoring)

3-71B-11 2002-07-02



TOSHIBA TMP87CS71B

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 JFisset to “1”, but the other flags are not affected.
[PUSH PSW] and [POP PSW] are the PSW access instructions.

1.6.1 Register Bank Selector (RBS)
The register bank selector (RBS) is a 4-bit register used to L 6 NN 4 3 : 2 1 0
select general-purpose register banks. For example, when JE SZFCF | HE " RBS
RBS =2, bank 2 is currently selected. During reset, the RBS — —
is initialized to “0". Figure 1-6. PSW (Flags, RBS) Configuration

1.6.2 Flags
The flags are configured with the upper 4 bits: a zero flag, a'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 cc, $+ 2 + d]/[JRS cc,
$ +2 +d]. Afterreset, the jump status flag isinitialized to “1”, other flags are not affected.

(1) Zero flag (ZF)
The ZF is set to “1” if the operation result or the transfer data is 00y (for 8-bit operations and data
transfers)/0000y (for 16-bit operations); otherwise the ZFiscleared to "0”.
During the bit manipulation instruction [SET, CLR, and'CPL], the ZF is set to “1" if the contents of the
specified bitis “0"; otherwise the/ZFiscleared to “0".
This flag is set to “1" when the upper 8 bits of the product-are 004 during the multiplication
instruction [MUL], and when 00y for the remainder during the division instruction [DIV]; otherwise it
is cleared to “0”.

(2) Carryflag (CF)
The CF is set to “1” when a’carry out of the MSB (most significant bit) of the result occurred during
addition or when a borrow into the MSB of the result occurred during subtraction; otherwise the CF
is cleared to ”0". Duringdivision, this flag is'setto “1” when the divisor is 004 (divided by zero error),
or when the quotient is 100y or higher (quotient 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 set to'the CF.
This flag is'also 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 manipulation

LD CF; (0007H).5 ; (0001H)2 < (0007H)s5 3 (009AH)0
XOR CF, (009AH) .0
LD (0001H) .2, CF
Example 2: Arithmeticright shift
LD CF, A.7
RORC A

(3) Half carry flag (HF)
The HF isset to “1” when a carry occurred between bits 3 and 4 of the operation result during an 8-
bit addition, or when a borrow occurred from bit 4 into bit 3 of the result during an 8-bit
subtraction; otherwise the HF is cleared to “0”. This flag is useful in the decimal adjustment for BCD
operations (adjustments using the [DAA r], or [DAS r] instructions).
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Example: BCD operation
(The A becomes 474 after executing the following program when A = 19y, B =284)
ADD A, B ; Ae<41y, HF < 1,CF=0

DAA A ; A<41y + 06y = 474 (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 orFis 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 rotate/jump instruction, so that
[JRST,$+2+d]land [JRT, $ + 2 +d] can be regarded as an unconditional jump instruction.

Example: Jump status flag and conditional jump instruction
INC A
JRS T, SLABLE1 ; Jump when acarry is caused by the immediately
: preceding operation instruction.
LD A, (HL)
JRS T, SLABLE2 ; JFissetto “1” by the immediately preceding
: instruction, making it' an-unconditional jump

instruction.

Example: The accumulator and flags will-become as shown below after executing the following
instructions when the WA register pair, the HLregister pair, the data memory at address
00C5y, the carry flag and the half carry flag contents being “219A4", “00C541", “D74", “1"
and “0", respectively.

) Acc. after | Flagafter execution ) Acc. after | Flag after execution

Instruction execution | 37 - o " Instruction execution | J - o e
ADDC A, (HL) 72 LR B INC . A 9B 0:0:i1:0
SUBB A, (HL) Q2 1ho0i1io ROLC A 35 1io0i1io
CVMP A, (HD) 9A oioi1io RORC A D 0oioioio
AND A, (HL) 92 00 i1 io ADD WA, OF508H | 16A2 |1 i0 i1 io
LD A (HD D7 1io0i1i0 MUL W, A 130A [0 io0i1io0
ADD A, 66H 00 1501 i SET A5 BA 1i1i1i0

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 processing routine during the execution of a subroutine call instruction or the
acceptance of an interrupt.”On asubroutine call instruction, the contents of the PC (the return address) is
saved; on an interrupt acceptance, the contents of the PC and the PSW are saved (the PSW is pushed first,
followed, by PCH and PC|). Therefore, a subroutine call occupies two bytes on the stack; an interrupt
occupies three bytes.

When returning from the processing routine, executing a subroutine return instruction [RET] restores the
contents to the PC from the stack; executing an interrupt return instruction [RETIJ//[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 . S
MSB LSB

of the next free locations on the stack.
The SP is postdecremented when a subroutine call or a push
instruction is executed, or when an interrupt is accepted; and

15 14 13 12/11.10 9 8 7 6 5 4 3 2 1 0
Stack Pointer (SP)

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

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

Figure 1-7._Stack Pointer

immediate data, gg ; register pair).

Example 1: To initialize the SP

LD SP, 083FH ; SP<-083Fy
Example 2: To read the SP
LD HL, SP ; HL&SP
At acceptance
of interrupt
At execution of or At execution of
a CALL/CALLV/CALLP at execution of At execution.of a RETI/RETN
instruction aSWlinstruction a RETinstruction instruction
083C 083¢ |
083D 083D
083E 083E
083F 083F| . PCH 0040,
: Stack
: depth
Svecution L_083F 083 N
+ * 083F

SP after

execution

(a) Stacking order

(b) Stack depth

Figure 1-8./Stack

1.8 System Clock Controller

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

Clock
generator

00364 <{::}7

Timing generator control register

Low-frequency fs

System clocks

XIN b e
_| T D : High-frequency : Timing
= [ \ : Stand-by controller
>_| T D : clock oscillator : generator
XouT :
I RER
-
[}

Clock generator control

g 0038, 0039,
’_| | : I clock oscillator | SYSCR1 | | SYSCR2
XTOUT = i
1

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 on-chip 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 TMP87CS71B is not provided an RC oscillation.

[TTTTTTTTTTTTTT High-frequency clock ~~~=77777777773 FCTTTTTTTTTTITT Low-frequency clock "~~~ 777777777 7]
1 1 1 1
I OXIN XOUT XIN XOUT i | XTIN XTOUT XTIN XTOUT i
1 1 1 1
: 0o :
! (oper) | | (open) !
] I I 1
| [l L ] |
i i i i
1 I I 1
1 1 1 1
i | | i
1 I ] 1
i (a) Crystal/Ceramic (b) External oscillator | 1 (c) Crystal (d) External oscillator i
L_____resonator _______________________________.! N ARy A S N R

Figure 1-10. Examplesof Resonator Connection

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

beforehand.
Example: To output the high-frequency oscillation frequency adjusting monitor pulse to P13
(DVO) pin.
SFCCHK: LD (P1CR), 00001000B ; Configuresport P13 as an output
SET (P1).3 ; P13 outputlatch « 1 Output waveform
LD (TBTCR), 11100000B ; Enablesdivideroutput | | L
JRS T, $ ;- Loops endless ~ £1022 _,

1.8.2 Timing Generator
The timing generator generates from-the basic clock the various system clocks supplied to the CPU core
and peripheral hardware. The timing generator provides the following functions:
@ Generation of main system clock
@ Generation of divider output (DVO) pulses
@ Generation of source'clocks for time base timer
@_Generation of source clocks for watchdog timer
® Generation of internal source clocks for timer/counters TC1 to TC4
® Generation of internal clocks for serial interfaces SIO and HSO
@ Generation of source clocks for VFT driver circuit
Generation of warm-up clocks for releasing STOP mode
© Generation of a clock for releasing reset output

(1) Configuration of Timing Generator
The timing generator consists of a 21-stage divider with a divided-by-4 prescaler, a main system clock
generator, and machine cycle counters. An input clock to the 7th stage of the divider depends on
the operating mode and DV7CK (bit 4 in TBTCR) shown in Figure 1-11 as follows.
During reset and upon releasing STOP mode, the divider is cleared to “0”, however, the prescaler is
not cleared.
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@ Inthesingle-clock mode
A divided-by-256 of high-frequency clock (fc/28) is input to the 7th stage of the divider.

@ In the dual-clock mode
During NORMAL2 or IDLE2 mode (SYSCK =0), an input clock to the 7th stage of the divider
can be selected either “fc/28” or “fs" with DV7CK.
During SLOW or SLEEP mode (SYSCK =1), “fs” is automatically input to the 7th stage. To
input clock to the 1st stage is stopped; output from the 1st to6th stagesiis also stopped.

. fcorfs ] I+ Machine cycles
| Main system clock selector Machine cycle counters /> States
SYSCK T )
DV7CK
Prescaler Divider . S Divider
. /28]
Ic-:logcl?(-frequency fe 12 fa/4 1(2]3(a]5(6 BY->7 8 19/]10]11]12|13]14[15]|16[17]|18[19]20(21
Low-frequenc fs r
clock a Y fs MPX Reset circuit
,_,) Stand-by
< controller
-~
Timer/ -
counters Watchdog
Timer
L
Time Base
Serial Timer
interfaces
Divider
output circuit
VFT driver
circuit
Note: MPX; Multiplexer
Figure 1-11. Configurationof Timing Generator
7 6 5 4 3 2 -
TBTCR | (DVOEN) | (vocK) | DV7CK | (TBTEN) l (TBTCK) | | (Initial value: 0#%0 OQ#%%)
0036, - - -
(0036+) | DV7CK |Select|on of input clock to | 0: fc/28 [Hz] | write |
the 7th stage of the divider 1: fs only
Note 1:_fc; high-frequency clock [Hz], fs, low-frequency clock [Hz], * ; Don’t care
Note 2: Do not set DV7CK to-“1” in the single-clock mode.
Note 3: Do not set DV7CK to “1“ before low-frequency clock is stable in the dual-clock mode.
Note4: TBTCRis a write-only register and must not be used with any of the read-modify-write instructions.

Figure 1-12. Timing Generator Control Register

(2) Machine Cycle
Instruction execution and on-chip peripheral hardware operation are synchronized with the main
system clock. The minimum instruction execution unit is called an “machine cycle”. There are a total
of 10 different types of instructions for the TLCS-870 Series: ranging from 1-cycle instructions which
require one machine cycle for execution to 10-cycle instructions which require 10 machine cycles
forexecution.
A machine cycle consists of 4 states (S0 to S3), and each state consists of one main system clock.
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1|/fc or 1/fs [s]

|

1
Main System Clock —l | I I I I I I I I I I I I_
i 1
|

State I S0

51 52 s3 so | st | s2 | s3]

1
Machine cycle —— >

( 0.5us at fc=8MHz )
122 us at fs=32.768 kHz

Figure 1-13. Machine Cycle

1.8.3 Stand-by Controller
The stand-by controller starts and stops the oscillation circuits forthe 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 be selected by an option during reset.

(1) Single-clock mode
Only the oscillation circuit for the high-frequency clock is used, and P21 (XTIN) and P22 (XTOUT) pins
are used as input/output ports. In the single-clock- mode, the machine cycletime is 4/fc [s] (0.5 us at
fc=8 MHz).

@ NORMAL1 mode
In this mode, both the CPU-core and on-chip ‘peripherals operate using the high-frequency
clock. In the case where the single-clock mode has been selected as an option, the
TMP87CS71B is placed in this mode after reset.

@ IDLE1 mode

In this mode, theinternal oscillation circuit remains active. The CPU and the watchdog timer
are halted; however, /on-chip peripherals 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 to NORMALT mode by an interrupt request from the on-chip
peripherals or external interrupt.inputs.” When IMF (interrupt master enable flag) is “1"
(interrupt enable), the execution will resume upon acceptance of the interrupt, and the
operation will return to normal after-the interrupt service is completed. When IMF is “0”
(interrupt disable), the execution will resume with the instruction which follows IDLE mode
start instruction.

@ STOP1 mode

In this 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 warming-up period is completed, the
execution resumes with the next instruction which follows the STOP mode start instruction.
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(2) Dual-clock mode
Both the high-frequency and low-frequency oscillation circuits are used in this mode. P21 (XTIN) and
P22 (XTOUT) pins cannot be used as input/output ports. The main system clock is obtained from the
high-frequency clock in NORMAL2 and IDLE2 modes, and is obtained from the low-frequency clock
in SLOW and SLEEP modes. The machine cycle time is 4/fc [s] (0.5 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:

TMP87PS71A is placed in the single-clock mode during reset. /To use the dual-clock mode,
the low-frequency oscillator should be turned on ‘by executing [SET (SYSCR2). XTEN]
instruction.

NORMAL2 mode
In this mode, the CPU core is operated using ‘the high-frequency clock. The on-chip
peripherals are operated on the high-frequency clock-and/or low-frequency clock. In case
that the dual-clock mode has been selected as'an option, the TMP87CS71B is placed in this
mode after reset.

SLOW mode

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

Switching back and forth between NORMAL2 and SLOW modes is performed by the system
control register 2.

IDLE2 mode

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

SLEEP mode
In this mode, the internal oscillation!circuit of the low-frequency clock remains active. The
CPU; the watchdog'timer, and the internal oscillation circuit of the high- frequency clock are
halted; however, on-chip peripherals operate using the low-frequency clock. Starting and
releasing of SLEEP mode is the same as for IDLE1 mode, except that operation returns to
SLOW mode.

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

IDLE2
mode

SLEEP
mode

Note 1:

RESET1

Reset release

Software Software
.
NORMAL1 STOP1
mode mode
Interrupt STOP pin input
(a) Single-clock mode
RESET2
Reset release
Software
NORMAL2
mode
Interrupt
oft
ard—STOP.pin STOP2
mode
Software
SLOW -
mode ~--" Software
Interrupt
(b)/ Dual-clock mode

NORMAL1 and NORMAL2 modes are-generically called

NORMAL,; STOP1 and STOP2 are called STOP; and IDLET,
IDLE2 and SLEEP are called IDLE.

the Comparator inputs are halted.

Note2: The TMP87PS71A doesn’t have RESET2 mode:
. Frequenc -chi Machi |
Operating mode q Y cPUeOre On-chip achine cycle
High-frequency | Low-frequency Peripherals time
| RESET1 Reset Reset
§ 1 Turning on p
o NORMAL oscillation Turning off Operate Operate 4/fc [s]
% IDLE1 oscillation (Note 1)
£ . Halt
@ |sToOP1 Turning off Halt —
oscillation
RESET2 Reset Reset
Turning on . 0o
NORMAL2 High-frequenc perate a/f
3 oscillation 9 9 y (High and/or Low) fels]
2 1IDLE2 Turning on Halt (Note 1)
2 oscillation
o [ SLOW . Low-frequency Low-frequency
3 Turning off 4/fs [s]
SLEEP oscillation (Note 2)
- Halt
Turning off Halt —
STOP2 oscillation
Note 1: The High-Speed Serial Output and the Comparator inputs are halted in IDLE1/IDLE2
mode because CPU core is halted.
Note 2: The Vacuum Fluorescent Tube driver circuit and the High Speed Serial Output and

Figure 1-14. Operating Mode Transition Diagram
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System Control Register 1
Yy g
SYSCRI el O
(0038,)) | stop | Retm [ RETM [outen| wyr | (Initial value: 0000 ,00**)
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
. . 00: 3x2"fc or_ 3x2%Mfs [s]
WuT YZE:;I:Q;JT%?P;ZZ 01: 2'%fc_or 2'fs
9 1*: Reserved
Note 1: Always set RETM to “0” when transiting from NORMAL1 mode to STOPT mode and from NORMAL2

Note 2:

Note 3:

Note 4:
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‘as undefined data when a read instruction is executed.

When the STOP mode is started by specifying OUTEN = “0”, the internal input of port is fixed to "0”
and the interrupt of the falling edge may be set.

System Control Register 2
6 > L3 20 Q..
(0o3ayy  [xen Doxaen [svseTmue ] 7 (nital value: 101100 ++4+)
XEN High-frequency ‘oscillator | 0 : Turnoff oscillation
control 1 Turnon oscillation
Low-frequency oscillator| 0 : Turn off oscillation
XTEN e
control 1._: Turnon-oscillation
. R/W
Main_system clock/select 0" High-frequency clock
SYSCK | (write)/main system clock ;
. 1 : Low-frequency clock
monitor (read)
0: CPU and watchdog timer remain active
IDLE IDLE .
mode start 1 : CPU and watchdog timer are stopped (start IDLE mode)
Note 1: \A reset is applied (RESET pin.output goes low) if both XEN and XTEN are cleared to “0”.
Note 2:- Do not clear XEN to-"0” when SYSCK =0, and do not clear XTEN to “0” when SYSCK =1.
Note 3: WDT; watchdog timer, *; Don’t care
Noted4: Bits3to0inSYSCR2 are always read in as “1” when a read instruction is executed.
Note 5: Anoptional initial value can be selected for XTEN. Always specify when ordering ES (engineering
sample).
XTEN [ Operating mode after reset
0 Single-clock mode (NORMAL1)
1 Dual-clock mode (NORMAL2)
Note 6: The instruction for specifying Masking Option (Operating Mode) in ES Order Sheet is described in

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

Figure 1-15. System Control Registers
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1.8.4 Operating Mode Control

(1) STOP mode (STOP1, STOP2)
STOP mode is controlled by the system control register 1 (SYSCR1) and the STOP pin input. The STOP
pin is also used both as a port P20 and an INT5 (external interrupt input 5) pin. . STOP mode is started
by setting STOP (bit 7 in SYSCR1 ) to “1”. During STOP mode, the following statusis maintained.

@ 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 port output can be select either output hold or
high-impedance by setting OUTEN ( bit 4 in SYSCR1).

@ Thedivider of the timing generator is cleared to “0”.

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

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

a. Level-sensitive release mode (RELM = 1)
In this mode, STOP mode is released by setting the STOP pin high:. Thismode is used for
capacitor back-up when the main power supply is cut off and for long term battery back-up.
When the STOP pin input is high, executing-an-instruction which starts the STOP mode will not
place in the STOP mode but instead will immediately start the release sequence (warm-up).
Thus, to start the STOP mode in the level-sensitive release mode, it is necessary for the program
to first confirm that the STOP pin-input.is.low. The following method can be used for
confirmation:
e Using an external interrupt inputINT5 (INT5 is a falling edge-sensitive input).

Example: Starting STOP mode withan INT5 interrupt.

PINT5: TEST (P2).0 ; Torejectnoise, STOP mode does not start if
JRS F, SINT5 ;. port P20 is at high
LD (SYSCR1), 01000000B . Sets up the level-sensitive release mode.
SET (SYSCR1) -7 :Starts STOP mode
LDW ((IL), 1111011101010111B ;~IL11, 7,5, 3 < 0 (clears interrupt latches)
SINT5: RETI

5707 i \ o\

xouren NI AR
1

NORMAL i STOP i NORMAL

1
. —> . E— _ le——— A
operation R operation Warm-up > operation
Confirm by program that the \_

STOP mode is released by the hardware.

STOP pin input is low and . S veTs)
start STOP-mode. Al.wz.ays rel.eas.ed if the STOP
pininputis high

NN
DV ENRRVEN

Figure 1-16. Level-sensitive Release Mode

Notel: After warm-up start, even if STOP pin input is low again, STOP mode does not restart.
Note2: 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), 00000000B ; OUTEN « 0 (specifies high-impedance)
DI ; IMF « 0 (disables interrupt service)
SET (SYSCR1).STOP ; STOP «1/(activates stop mode)

LDW (IL),1111011101010111B ; IL11,7,5,3«<0
; (clearsinterrupt latches)
El ; IMF « 1 (enables interrupt service)

(C
T ) 27
s A\ (N \
STOP pin ! (¢ ! 1%
: f ’ ¢
T L QT
I
NORMAL ] STOP i . ! ! sToP
operation operation Warm-up {‘NORIVIAL ; operation
/ operation /
STOP mode started
by the program. STOP mode is released 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 NORMAL 2, both the high-frequency’and low-frequency clock oscillators
are turned on ; when returning to SLOW mode, only the low-frequency clock oscillator is
turned on. When returning to NORMAL 1, only the high-frequency clock oscillator is turned
on.

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

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

Table 1-1. Warming-up Time Example

Return to NORMALT mode Return to SLOW mode
WUT At fc=4.194304 MHz At fc=8 MHz WUT At fs=32.768 kHz
3x2%fc/ [s] 375 [ms] 196.6 [ms] 3x2"%fs [s] 750 [ms]
2"%fc 125 65.5 2'3/fs 250

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

STOP mode can also be released by setting the RESET pin low, which immediately performs the
normal reset operation. In this case, even if the setting is to return to the SLOW mode, it starts
from the NORMAL mode. (If the initial XTEN of TMP87CS71B is setto “1” by mask option, they
start from the NORMAL2 mode. In case of TMP87PS71A, starts from NORMAL1 mode.)
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Note:

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

The power supply voltage must be at the operating voltage level before releasing the STOP
mode. The RESET pin input must also be high, rising together with the power supply voltage.
In this case, if an external time constant circuit 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. Starting IDLE mode

Example: Starting IDLE mode. (Normal ) Yes

IDLE mode includes a normal release mode and an
interrupt release mode. Selection is made with the
interrupt master enable flag (IMF). Releasing the IDLE
mode returns from IDLE1 to NORMAL1, from IDLE2 to

by instruction

@® Operation of the CPU and watchdog timer is
halted. The 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.

CPU, WDT are halted

No (high)

Interrupt request

Reset

release mode
No

SET (SYSCR2).4 ; IDLE«<1

Yes (Interrupt release mode)

Interrupt processing

NORMAL2, and from SLEEP't6 SLOW mode. —
Execution of the

a. Normal release mode (IMF' = “0") instruction which follows
IDLE mode is released by any interrupt source the IDLE mode start
enabled by the individual interrupt enable flag instruction
(EF) or an external interrupt/0 (INTO-pin) request. é
Execution resumes with the instruction following
the IDLE mode start instruction (e.g. [SET Figure 1-19. IDLE Mode
(SYSCR2).4]).
The interrupt latch (IL) of the interrupt source for releasing the IDLE mode must be cleared to
“0" by load instruction.

b. Interrupt release-mode (IMF = “1")

IDLE.mode is released and interrupt processing is started by any interrupt source enabled with
the individual interrupt enable 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 TMP87CS71B is placed in NORMAL mode.

The

TMP87PS71A is placed in NORMAL1 mode after reset release.

Note: When a watchdog timer interrupt is generated immediately before IDLE mode is started,

the watchdog timer interrupt will be processed but IDLE mode will not be started.
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(3) SLOW mode
SLOW mode is controlled by the system control register 2 and the timer/counter 2.

a. Switching from NORMAL2 mode to SLOW mode
First, set SYSCK (bit 5 in SYSCR2) to switch the main system clock to the low-frequency clock.
Next, clear XEN (bit 7 in SYSCR2) to turn off high-frequency oscillation.

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

When the low-frequency clock oscillation is unstable, wait until joscillation stabilizes before
performing the above operations. The timer/counter 2 (TC2) can conveniently be used to
confirm that low-frequency clock oscillation has stabilized.

Example 1: Switching from NORMAL2 mode to SLOW mode.

SET (SYSCR2) .5 ; SYSCK«1 (Switches themain system clock to the
; low-frequency clock)
CLR  (SYSCR2).7 ;- XEN«0 (turns off high-frequency, oscillation)

Example 2: Switching to SLOW mode after low-frequency clock oscillation has stabilized.
LD (TC2CR), 14H ;~Sets TC2 mode
; (timer mode, source/clock: fs)
LDW (TREG2), 8000H . »Sets warming-up time
; (according to Xtal characteristics)

SET (EIRH). EF14 ; Enable INTTC2

LD (TC2CR), 34H ; Starts TC2
PINTTC2: LD (TC2CR), 10H ; Stops TC2

SET (SYSCR2) .5 ; SYSCKe—1

CLR / /(SYSCR2).7 ; “XEN&-0

RETI
VINTTC2: . DW —PINTTC2 ; INTTC2 vector table

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.

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

Note2: SLOW mode can_also be released by setting the RESET pin low, which immediately
performs the reset operation. After reset, the TMP87CS71B is placed in NORMAL2 mode.
(The TMP87PS71A is placed in NORMAL1 mode)
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Example:  Switching from SLOW mode to NORMAL2 mode (fc=8 MHz, warming-up time is
about 7.9 ms).

SET (SYSCR2) .7 ; XEN&1 (turns on high-frequency oscillation)

LD (TC2CR), 10H ; Sets TC2 mode
; (timer mode, source clock:fc)

LD (TREG2 + 1), OF8H ; Setsthe warming-up time
; (according to frequency-and resonator
; characteristics)

SET (EIRN). EF14 ; Enable INTTC2
LD (TC2CR), 30H ; Starts TC2
PINTTC2: LD (TC2CR), 10H ; Stops TC2
CLR (SYSCR2) .5 ; SYSCKe«0 (Switches the main systemclock to the
; high-frequency clcok)
RETI
VINTTC2: DwW PINTTC2 ; INTTC2 vector table
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1.9

Interrupt Controller
The TMP87CS71B has a total of 14 interrupt sources: 5 externals and 9 internals. Nested interrupt control
with priorities is also possible. Two of the internal sources are pseudo non-maskable interrupts; the
remainder are all maskable interrupts.
Interrupt latches (IL) that hold the interrupt requests are provided for interrupt sources. Each interrupt
vector isindependent.
The interrupt latch is set to “1” 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/interrupt 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.

Table 1-2. Interrupt Sources

Interrupt Source Enable Condition Inieartrcuhpt Ve;?é;i? le Priority

Internall | (Reset) Non-Maskable A< FEFEy | High 0
Internal [ INTSW  (Software interrupt) Pseddo — FFFCyH 1
Internal | INTWDT (Watchdog Timer interrupt) nanaskable 1L FFFAYL 2
External | INTO (External interrupt 0) IMF=1,INTOEN =1 IL3 FFF84 3
Internal | INTTC1  (16-bit TC1 interrupt) IMF < EFg=1 ILg FFF6y4 4
External | INT1 (External interrupt 2) IMF - EF5 =1 ILs FFFay 5
Internal [ INTTBT  (Time Base Timer interrupt) IMF - EFg'=1 ILg FFF2y 6
External |INT2 (External interrupt 2) IMF - EF7 =1 IL7 FFFOy 7
Internal | INTTC3  (8-bit TC3 interrupt) IMF - EFg=1 ILg FFEEH 8
Internal [ INTSIO  (Serial Interface interrupt) IMF - EFg =1 ILg FFECy 9
Internal | INTTC4  (8-bit TC4 interrupt) IMF« EFq0 =1 IL1g FFEAY 10
External |[INT3 (External interrupt 3) IMF- EFq1=1 ILqq FFE8H 1
Internal | INTKEY/ A(Keyscan interrupt) IMF~EF1;=1 ILq2 FFE6Y 12

reserved IMF- EF13=1 ILy3 FFE4 13
Internal | INTTC2  (16-bit TC2 interrupt) IMF - EFq14=1 IL1g FFE2y 14
External | INT5 (External interrupt 5) IMF - EFq5=1 ILy5 FFEOy Low 15

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

Example 1: Clearsinterrupt latches
LDW (IL), 1110100000111111B ; ILq2, IL1oto ILg<—0
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(2)

Example 2: Reads interrupt latches

LD WA, (IL) ; Welly, Al
Example 3: Tests an interrupt latch

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

JR F, SSET

Interrupt Enable Register (EIR)

The interrupt enable register (EIR) enables and disables the acceptance-ofinterrupts, 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 the individual interrupt enable flags
(EF). This register is assigned to addresses 003AH and 003By in the SFR, and can be read and written
by an instruction (including read-modify-write instructions such-as bit manipulation.instructions).

@ Interrupt Master enable Flag (IMF)
The interrupt master enable flag (IMF) enables and disables the acceptance of all interrupts,
except for pseudo non-maskable interrupts.. Clearing this flag to “0” disables the
acceptance of all maskable interrupts. Setting to “ 1" enables the acceptance of interrupts.
When an interrupt is accepted, this flag is.cleared to “0"” totemporarily 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 occurred, 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 that the IMF remains “0” when cleared in the interrupt
service program.
The IMF is assigned to bit 0 at address 003Ap-in the SFR, and can be read and written by an
instruction. The IMF.is normally set and cleared bythe [EI] and [DI] instructions, and the IMF
is initialized to "0” during reset.

Note: Do notset IMF to “1during non-maskable interrupt service programs.

@ Individualinterrupt Enable Flags (EF15 to EFg)
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 1: Sets EF for individual interrupt enable, and sets IMF to “1”.

LDW (EIR), 1110100010100001B ; EF¢5to EF13, EF1q, EF7, EF5, IMF&1
Example 2! Sets an individual interrupt enable flag to “1".

SET (EIRH).4 ; EFq2¢-1

IL : : B : : : : : : : : :
(003C, 003D,,) [[1Lys flqgg Mgz il fllgq Pllgg i Hg © g [ Iy Il © ILs © ILg & g } 1L, |

(Initial Val :__..0.0QQQQQO..0.0QQQ
(OO3AI?I(|)‘O3BH) [EFys: EFyq: EFq3 | EFqp i EFqq i EFyg : EFg | EFg | EF; | EFg | EFs i EFs : :

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

ILy; (003Dy) IL, (003Cyy)

EIRy (003By) EIR, (003Ap)
(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 notcleariL, to “0” by an instruction.
Note 3: Do notset IMF to “1” during non-maskable interrupt service program.

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

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

(1) Interrupt acceptance processing

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

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

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

@ The entry address of the interrupt service program is read from the vector table, and the
entry address is loaded to the program counter.

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

PC

SP

Interrupt
signal

1
]
1
1
! T
Interrupt 1
latch !
I
I
]
]
I

Interrupt service task

||SS|||||||:|

1 machine cycle

I
1
T
IMF [ I I
! _ Note2 | ( !
-
| \
.
Instruction
" Xsécldﬁoon X Instruction Interrupt acceptance X';;;;‘dgfg%“ A\ RETI instruction execution

XX w.» CXN

Notel: a returnaddress, b, entry address, c ; address which the RETI instruction is stored

Note2: The maximum-response time from when an/IL is'set until an interrupt acceptance processing starts is 38/fc
or 38/fs [s]. (fm =fcor fs)

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

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

Vector table address Entry address

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

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

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

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

SINTo: | Interrupt processing
RETI

VINTO: DW PINTO

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

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

Example: Register Bank Changeover

PINTxx : LD . RBS, n—/ . ; Switches to bank n (1 us at 8 MHz)
:Interrupt processing:
RETI . Restores bank and Returns
Main task Main task
Acceptance . interrupt Acceptance  Interrupt
Bank m of interrupt » Service task of interrupt » service task
m Switch to-bank n by Saving
[LD RBS,n]or registers
Time [ INC (GRBS) ]
n instruction
.......................
Interrupt return Restore bank
m automatically by Restoring
[RETIJ/[RETN] registers
instruction ......................
Interrupt return
(a) Saving/Restoring by register bank changeover (b) Saving/Restoring using push/pop or data transfer instructions

Figure 1-25. Saving/Restoring General-purpose Registers
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@ General-purpose register save/restore using push and pop instructions:
To save only a specific register, and when the same interrupt source occurs more than once,
the general-purpose registers can be saved/restored using push/pop instructions.

Example: Register save using push and pop instructions
PINTxx: PUSH WA ; Save WA register pair
; Restore WA register pair
; Return
................................................................................ Address (example)
SP —> 063A
A 063B
w SP —> 063C
........ PCL ... S L e B O
....... PCy ... PO PG e ) 0OE
....... PSW . LG WL VI et ) o
At acceptance At execution At execution At execution of an
of aninterrupt :> of a push :> of.apop :> interrupt return
instruction instruction instruction

@ General-purpose registers save/restore using data transferinstructions:
Data transfer instructions can be-used to save only a specificgeneral-purpose register during
processing of a single interrupt.

Example: Saving/restoring-aregister using data transferjinstructions
PINTxx : LD (GSAVA), A ; Save Aregister
 Interrupt processing :
b A, (GSAVA) ; ‘Restore A register

;Return from interrupt service

The interrupt return instructions [RETIJ/[RETN] performthe following operations.

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

@® The contents of the program counter and
program status word are restored from the

@ The contents of the program counter-and.the
program status word are restored from the

stack: stack.
@ Thestack pointer is incremented 3 times. @ The stack pointer is incremented 3 times.
@ | The interrupt master enable flagissetto “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 External Interrupts

The TMP87CS71B has five external interrupt inputs (INTO, INT1, INT2, INT3, and INT5). Three 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 and INT3.

The INTO/P10 pin can be configured as either an external interrupt input pin oran 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 will not be set even if the falling edge of
INTO pin input is detected.

Table 1-3. External Interrupts

Source Pin fﬂﬁé%%?,ag}’n Enable conditions Edge Digital noise rejection

INTO INTO P10 IMF =1, INTOEN =1 Falling edge — (hysteresis input)
Pulses of less than' 15/fc or 63/fc [s]
< are eliminated as‘noise. Pulses
INT1 INT1 P11 IMF -EF5=1 Fallingedge equal to or more than 48/fc [s] or

or 192/fc [s] are regarded as signals.
Rising edge

. - Pulses of less than 7/fc [s] are
INT2 INT2 P12/TCH IMF - EF7 =1 eliminated as n?]ise. Pulsfes of equal
INT3 INT3 P3OTC3 | IMF-EFqq=1 rogardied ot cignage 2Hfc [s] are

INT5 INT5 P20/STOP IMF <EFy5=1 Falling edge — (hysteresis input)

INTO/INT5 input

Note 1: The noise rejection function is turned off in 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 functionlis also affected for timer/counterinput (TC1 and TC3 pins).

Note 3: The pulse width (both “H” and “L” level) for input to the INTO.and INT5 pins must be over 1 machine cycle.

tinTL tinTH > teyc (Note: teyc = 4/fm [S])

tinTL

tiNTH

Note4:

Note 5:
Note 6:

If a noiseless signal is input to the external interrupt pin in the NORMAL 1/2 or IDLE 1/2 mode, the maximum
time from the edge of.input signal until the IL is set is as follows:

@ INT1pin 49/f¢- [s] (INTINC=1), 193/fc [s] (INTINC=0)

@._INT2,INT3 pins 25/fc [s]
When INTOEN =0, interrupt latch IL3 is not set even if a falling edge is detected for INTO pin input.
When high-impedance is specified for port output in stop mode, port input is forcibly fixed to low level
internally. Thus, interruptlatches of external interrupt inputs except INT5 (P20/STOP) which are also used as
portsmay be set'to “1”. To specify high-impedance for port output in stop mode, first disable interrupt
service (IMF =0)., activate stop'mode. After releasing stop mode, clear interrupt latches using load
instruction, then, enable interrupt service.

Example: Activating stop mode

LD (SYSCR1), 01000000B ; OUTEN &« 0 (SOECUFUES HIGH-IMPEDANCE)
DI ; IMF « 0 (disabkes ubterryot servuce)

SET (SYSCR1) . STOP ; STOP « 1 (activates stop mode)

LDW (IL), 1111011101010111B ; IL11,7,5, 3 « 0 (clearsinterrupt latcges)

El ; IMF « 1 (ebables interrupt service)
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EINTCR
(0037y)

7

6 5 4 3 2 1 0

INT1 |
NC

INTO | [(Tea)[ W3 | T2 [ T | © (Initial value: 00%0 000%)

INTINC [ Noise reject time select

0: Pulses of less than 63/fc [s] are eliminated as noise
1: Pulses of less than 15/fc [s] are eliminated as.noise

INTOEN | P10/INTO pin configuration

0: P10 input/output port
1

: INTO pin (Port P10 should be set to-aninput mode) Wrilte
only
INT3 ES o
INT2ES |INT3to INT1 edge select 0: Rising edge
INT1 ES 1: Falling edge
Note 1: fc; High-frequency clock [Hz] *; Don’t care

Note 2:
Note 3:

Note 4:

Note 5:

Edge detection during switching edge selection is invalid.

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

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

In order to change an edge of timer counter input by rewriting the contents of INT2ES and INT3ES
during NORMAL1/2 mode, rewrite the contents after timer counter is stopped (TC*s =0), that is,
interrupt disable state. Then, clear interruptlaches of external interruptinputs (INT2 and INT3) after 8
machine cycles from the time of rewriting to change to interrupt enable state. Finally, state timer
counter. During SLOW mode, 3 machine cycles are required.

Example: When changing TC1 pin inputsedge.in external trigger timer mode from rising edge to falling edge.

Note 6:

LD (TC1CR);01001000B ;  TC1S« 00 (stopTC1)
DI ; / IMF « 0 (disable interrupt service)
LD (EINTCR),00000100B ; INT2ES « 1(change edge selection)
A NOP
Bmachine, 1o
NOP.
LD (ILL),01111111B ; . IL7 « 0 (clearinterrupt latch)
EI i~ IMF « 1 (enable interrupt service)
LD (TC1CR),01111000B 5\ TC1S « 11 (start TC1)

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

Figure 1-26. Externalnterrupt Control Register
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1.9.3 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 SWIi 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 SWl.instruction, so a software interrupt is
generated and an address error is detected.” The address error detection range can be
further expanded by writing FF4 to unused areas of the program memory., the address trap
reset is generated in case that an instruction is fetched from RAM or SFR areas.

Note: The fetch data from addresses 1080y to 10FFy (test ROMarea) is not “FFy”.

@ Debugging
Debugging efficiency can be increased by placing the SWllinstruction at the software break
point setting address.
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1.10 Watchdog Timer (WDT)
The watchdog timer rapidly detects the CPU malfunction such as endless looping caused by noise or the
like, and resumes the CPU to the normal state.
The watchdog timer signal for detecting malfunction can be selected either as a reset output or a non-
maskable interrupt request. However, selection is possible only once after reset.. At first, the reset
outputis 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.

1.10.1 Watchdog Timer Configuration

fc/22 or fs/2"®
fc/22' or fs/2%
fc/2" or fs/2"
fc/2"7 or fs/2°

Internal reset

MPX Reset release signal from T.G.
—A Binary Counters L
—B Clock R Reset
—>|C Y Overflow WDT output output
—|D 1| 2 = L
S Clear S Q —| > 1RESET
- j:\/ Interrupt request INTWDT
2//
Enable
Q
S R
WDTEN
Writing Writing clear WDTOUT
WDTT disablecode - [code
Controller

0034H

WDTCR1

oo35H
WDTCR2

Watchdog Timer Control Registers

automatically enabled after reset.

Figure'1-27. Watchdog Timer Configuration

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

(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 3/4 of the setting detection time.

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

If a CPU malfunction occurs for any cause, the watchdog timer output will become active on the rise
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 STOP mode (including warm-up) or IDLE mode,
and automatically restarts (continues counting) when STOP/IDLE mode is released.
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Example: Setsthe watchdog timer detection time to 221/fc [s] and resets the CPU malfunction.
LD (WDTCR2), 4EH ; Clearsthe binary counters
LD (WDTCR1), 00001101B ; WDTT«10, WDTOUT«1
~ LD (WDTCR2), 4EH ; Clears the binary counters
Within 3/4 of WDT ; (always clearimmediately after changing WDTT)
detection time :
— LD (WDTCR2), 4EH ; Clearsthe binary counters
Within 3/4 of WDT 5
detection time :
L LD (WDTCR2), 4EH : Clears the binary counters

WDTCR1
(0034y)

WDTCR2
(0035y)

Watchdog Timer Control Register 1

6 5 4 3 2 1 0

............................................ [T worr [ 807 Onjtiplvale: s+ex 1001)
Watchdog timer 0: Disable(itis necessary to write the disable code to WDTCR2)
WDTEN .
enable/disable 1: Enable
00: 2%/fc or 2V/fs [s] ]
WDTT Watchdog timer 01: 2%/¢  or 2"Hs Write
detection time 10:22"fc ~_or  2"fs only
11:2%f¢ or 2"'fs
WDTOUT Watchdog timer 0: Interrupt request
output select 1: Reset output
Note 1: WDTOUT cannot be set to ”1” by program after clearing WDTOUT to "0".

Note 2:
Note 3:
Note 4:

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

WDTCR1 is a write-only register and must not be used with any of the read-modify-write instructions.
Disable the watchdog timer orclear 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

7 6 5 4 3 2 1 0
| : ' : P | (Initial value: sx#x *x+x)
WDTCR2 Watchdog timer control gEH w::z:gzg :!mer 3' natl;ly C(:;.J ntslr clea;r (clear code) Write
code write register i hdog timer 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 and arithmetic instructions such as AND or OR) must not 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 within 3/4 of the detection period.

Figure 1-28. Watchdog Timer Control Registers

Table 1-4. Watchdog Timer Detection Time

Operating mode Detection time
NORMAL1 NORMAL2 SLOW At fc =8 MHz Atfs=32.768 kHz
25/fc [s] 2%/f¢, 2V/s 2"/fs 41945 4s
2%3/fc 2%3/fc, 2"%/fs 2"5/fs 1.048s 1s
2%'/f¢ 2%'1fe, 2'3/fs —_ 262.1ms 250 ms
2"%f¢ 2"%/f¢, 2"'/fs —_ 65.5ms 62.5ms
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(2) Watchdog Timer Enable
The watchdog timer is enabled by setting WDTEN (bit 3 in WDTCR1) to “1”. WDTEN is initialized to
“1" during reset, so the watchdog timer operates immediately after reset is released.

Example: Enableswatchdog timer
LD (WDTCR1), 00001000B ; WDTEN«1

(3) Watchdog Timer Disable
The watchdog timer is disabled by writing the disable code (B1H) to WDTCR2 after clearing WDTEN
(bit 3 in WDTCR1) to “0”. The watchdog timer is not disabled if this procedure is reversed and the
disable code is written to WDTCR2 before WDTEN is cleared to “0"”. The watchdog timer is halted
temporarily in STOP mode (including warm-up) and IDLE mode, and restarts automaticallyafter STOP
or IDLE mode is released.
During disabling the watchdog timer, the binary counters/are cleared.

Example: Disables watchdog timer
LDW (WDTCR1), 0B101H ; WDTEN<«Q, WDTCR2«disable code

1.10.3 Watchdog Timer Interrupt (INTWDT)
This is a pseudo non-maskable interrupt which can beaccepted regardless 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 timerinterrupt setting up.
LD  SP, 083FH ; Setsthe stack pointer
LD (WDTCR1),-00001000B ; WDTOUT<«0

1.10.4 Watchdog Timer Reset
If the watchdog timer output becomes active, a reset.is generated, which drives the RESET pin (sink open
drain output) low to reset the internal hardware and the external circuits. The reset output time is 220/fc
[s] (131 ms at fc =8 MHz). The high-frequency clock oscillator also turns on when a watchdog timer reset
is generated in SLOW mode.

Note: The high-frequency clock oscillator also-turns on when a watchdog timer reset is generated in
SLOW mode. Thus, the reset output time is 220/fc.
The reset output time include a certain amount of error if there is any fluctuation of the
oscillation frequency when the high-frequency clock oscillator turns on. Thus, the reset, the
resetoutputtime must be considered approximate value.

2"%/fc [s]

-
e L L L[ Twormtme
Binary counter 1 x 2 XEX 0 X 1 X 2 X 3 X 0

Overflow S
INTWDT interrupt "
: 1]

WDT reset output + (High-2) I("L” output)
writes 4E to WDTCR2

Clock

Figure 1-29. Watchdog Timer Interrupt/Reset
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1.11 Reset Circuit
The TMP87CS71B has four types of reset generation procedures: an external reset input, an address trap
reset, a watchdog timer reset and a system clock reset. Table 1-5 shows on-chip hardware initialization
by reset action. The internal source reset circuit (watchdog timer reset, address trap reset, and system
clock reset) is not initialized when power is turned on. Thus, output from the RESET pin may go low
(22%/fc [s] (131 ms 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) « (FFFER) Divider of Timing generator 0
Register bank selector (RBS) 0 ]
Jump status flag 0P 1 Watchdog timer Enable
Interrupt master enable flag (IMF) 0 Output latches of 1/0 ports «F:{ieriﬁgttr?/ I/0.port
Interrupt individual enable flags  (EF) 0

. Refer to.each of

Interrupt latches (L) 0 Control registers control register

1.11.1 External Reset Input
When the RESET pin is held at low for at least 3. machine
cycles (12/fc [s]) with the power supply voltage within the
operating voltage range and oscillation stable, -a reset is
applied and the internal state is initialized.
When the RESET pin input goes high, the reset operation is
released and the program execution starts at the vector
address stored at addresses FFFEy to FFFFy.
The RESET pin contains a Schmitt trigger (hysteresis) with

vDD

! VDD
i typ. 220 kQ
1

an internal pull-up resistor. A simple power-on-reset can Figure 1-30. Simple Power-on-
be applied by connecting an external capacitor and a Reset Circuitry
diode.

1.11.2 Address Trap Reset
If a CPU malfunction occurs and anattempt is made to fetch an instruction from the RAM or the SFR area
(addresses 0000y to 083F), an address-trap-reset will be generated. Then, the RESET pin output will go
low. The reset time'is 22%/fc [s] (131 ms at 8 MHz).

Instruction P a |( Reset release Xlnstruction ataddressr
execution \ : \
Address-trap is occurred 1 L

BECET a1t b o = " - [
RESET output .I ("L" output)  (( [(ngh-lE) i

1 )] 1 ! :

: 22f¢ [s] : 2/fc | 2%/fc !

O " -to 1

Note 1:- 0=a=083Fy 2%f¢

Note 2: - During reset release, reset vector “r” is read out, and an instruction at address r is fetched and decoded.

Figure 1-31. Address-Trap-Reset

1.11.3 Watchdog Timer Reset
Refer to Section “1.10 Watchdog Timer”.

1.11.4 System-Clock-Reset
Clearing both XEN and XTEN (bits 7 and 6 in SYSCR2) to “0"” stops both high-frequency and low-
frequency oscillation, and causes the MCU to deadlock. This can be prevented by automatically
generating a reset signal whenever XEN =XTEN =0 is detected to continue the oscillation. Then, the
RESET pin output goes low from high-impedance. The reset time is 220/fc [s] (131 ms at 8 MHz).
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2. ON-Chip Peripherals Functions

2.1 Special Function Registers (SFR) and Data Buffer Registers (DBR)
The TLCS-870 Series uses the memory mapped 1/0O system, and all peripheral control 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 0F80y to OFFFy.
Figure 2-1 shows the TMP87CS71B SFRs and DBRs.

Address Read Write Address Read Write
0000y PO port 00204]s103R (SIO status) SIOCRI.. (10 control)
01
02
03
04
05
06
07
08
09
0A |.. 3
0B
0oC
oD
OE
OF 2F reserved
10 30 reserved
1 31
12 32
13 33
14 34
15 35
16 36
17 37
18 38 SYSCR1
19 39 SYSCR2
1A 3A
1B 3B
1C 3C
1D 3D
TE o TSIV e S 3E
1F reserved 3F |[PSW (Program status word) I RBS (Register bank selector)
(a) Special Function Registers
Address Read Write
OF80W | e Note 1: Do not access reserved areas by the program.
: Note2: - : Cannot be accessed.
4 VET ~ Note 3: When defining address 003Fy with assembler

Display data buffer symbols, use GPSW and GRBS.

Note 4: Write-only registers and interrupt latches must

ALl Y)Y N N e, not use the read-modify-write instructions (bit

OF9F L manipulation instructions such as SET, CLR,
= regerved etc. and logical operation instructions such as

................... AND, OR, etc.)

................... Note 5: KEYDR is a read-only register.

({3

SIO
Transmit and receive
data buffer

- |HSO transmit data buffer
reserved ~

y

(b) Data Buffer Registers

Figure 2-1. SFR & DBR
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2.2 /O Ports
The TMP87CS71B has 10 parallel input/output ports (73pins) each as follows:

Primary Function Secondary Functions
Port PO 8-bit I/0 port
Port P1 8-bit I/0 port External interrupt input, timer/counter input, and divider output
Port P2 3-bit I/O port Low-frequency resonator connections, externalinterrupt input, and
STOP mode release signal input
Port P3 8-bit I/0 port Serial interface, external interrupt input, andtimer/counter input
Port P4 8-bit I/0 port Key scan input and compartor input
Port P5 6-bit I/O port Compartor input and timer/counter output
Port P6 8-bit I/0 port VFT digit driver output
Port P7 8-bit /0 port VFT digit driver output
Port P8 8-bit output port VFT segment driver output or key strobe output
Port P9 8-bit I/0 port VFT segment driver output or key strobe output

Ports P1, P2, P3, P4, P5, P6, P7, P8 and P9 can also use secondary function.

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

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

Output data changesin 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 ) ) 1 I 1 T 1
Instruction ___SO S1 S2 $3-S0S1 $2/S3 S0 51 52 S3 _ ___ Instruction—__S0 S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3
execmggr;__ 1 1 E)I(': LID AI’ ()ﬂ) 1 1 1 1 1 N | exec%;l?lr;__ 1 1 E)I(': |.|D (?()"?‘ 1 1 1 1 1 _——
Input strobe-- [ ] ~__ . Output latch__ []
i pulse :
Datainput %( X —__Dataoutput__ old X New
(a) Input Timing (b) Output Timing
Note: / The positions of the read and write cycles may vary, depending on the instruction.

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

When reading an I/O port except programmable I/O ports PO and P1, whether the pin input data or the
output latch contents are read depends on the instructions, as shown below:
(1) “Instructions that read the output latch contents

® XCH r, (src) ® LD (pp) . b, CF

@ CLR/SET/CPL  (src).b ® 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) Instructions that 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 bit is set to ”1”.

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

Note 1: 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 output mode read a value of the
output latch.

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

STOP
olen >

POCRi J/‘
Data output ’ <
Dataoutput ————{p Q : > . D POi
Output latch
Note: i=7to0
7 6 5 4 3 2 1 0
PO [ P07 : P06 i PO5 i PO4 i PO3 i P02 PO1 i POO | (Initial value: 0000 0000)
(0000y)
7 6 5 4 3 2 1 0
POCR H p 3 : : e .
00 | | (Initial value: 0000 0000)
0: Input mode Write
POCR | | f P
0C /O control for port PO 1: Output mode only

Figure 2-3:- Port PO and POCR

Example: Setting the upper 4 bits of port PO as an input port and the lower 4 bits as an output
port (Initial output data are 1010g).
LD (P0), 00001010B ; Setsinitial data to PO output latches
LD (POCR), 00001111B ; Setsthe port PO input/output mode
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2.2.2 PortP1 (P17 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 corresponding bit in the port P1
input/output control register (P1CR). Port P1 is configured as an input if its corresponding P1CR bit is
cleared to “0”, and as an output if its corresponding P1CR bit is set to “1”.-During reset, P1CR is
initialized to “0", which configures port P1 as an input. The P1 output latches'are also initialized to “0”.
Data is written into the output latch regardless of P1CR contents. Therfore initial 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 a secondary function pin, the input pins should
be set to the input mode, and the output pins should be set to the output mode and beforehand the
output latch should be setto “1”.
Itis recommended that pins P11 and P12 should be used as externalinterrupt inputs, timer/counter input,
orinput ports. The interrupt latch is set on 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‘external.interrupt input'with INTOEN (bit 6 in
EINTCR). During reset, the pin P10 (INTO) is configured as an input port P10.

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

Note 2: The P1CR is a write-only register. It can not be operated by the read-modify instruction (Bit
manipulation instructions of SET, CLR, etc. and Arithmetic instructions of AND, OR, etc.)

STOP
oUTEN =g P
P1CRi ﬁ
Data‘input ’
Data output P1i
Qutputlatch
Control output
Control input
Note: i=7to0
7_6_5_4_3_2_1_0
P1 P17/ P16../P15 : P14 } P13/} P12 : P11 ¢ P10
(0001,) ; Frep  ovo ;™2 {71 i NTO | (nitial value: 0000 0000)
7 6 5 4 3 2 1 0
‘(’SOCO';H) | : g g : : : : | (nitial value: 0000 0000)
PICR 1/0 control for port P1 0: Input mode Write
(Set for 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” forthe P17 and P14 pins, and “0" for the P16 pin.
LD (EINTCR), 01000000B ; INTOEN&1
LD (P1),10111111B ; P17<1, P14<1, P16<0
LD (P1CR), 11010000B
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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 the secondary function
pin, the output latch should be set to
“1". During reset , the output latches
are initialized to “1".

A low-frequency crystal (32.768 kHz) is
connected to pins P21 (XTIN) and P22
(XTOUT) in the dual-clock mode. In
the single-clock mode, pins P21 and

SET/CLR/CPL/others — J’]_ CMP/MCM/TEST/others
Datainput qi
Output latch :]—I
Data output D Qs L [] P20 (NTS/5TOP)
Control input @

Datainput :]—<Il
L<:]_ Osc. enable
Data output D Q E>— P21 (XTIN)

Datainput

1
L<}_\/]_<\I

A\
P22 can be used as normal N }I
input/output ports. Data output —>|E L [ ] P22 (xToum)
It is recommended that the P20 pin
.should b.e used as an external STOP Note 7 *: Don't care
interrupt input, a STOP mode release| ouTeNn :OD ® Note 2: XTEN isbit6in
signal input, or an input port. If used| xteN SYSCR2.
as an output port, the interrupt latch | fs ’Q]
isseton the falling edge of the outpitt (.. 78 B A 3. 2 1 o
pulse. _ _ _ o : P22 | P21 | P20
When a read instruction for port P2 is (0002,) | wrout. sy | I8
executed, bits 7 to 3 in P2 read in as LR /AT N T : ; STOP
undefined data. (Initial value: #x+% %111)
2.2.4 Port P3 (P37 to P30) Figu(g'2-5. Port P2
Port P3 is an 8-bit input/output port,
f'and is also used as serial i.nterface Controlinput CMP/MCMP/TEST/others
input/output, an external interrupt
input, and a timer/counter input. Data input
When used as an input port or a SET/CLR/CPL/others
secondary function pin, the output
latch should be setto “1”. The output Data-output P3i
latches are initialized to-”1" during Output latch
reset. c |
Example 1: Output the immediate data ontrol output
5Ap tothe P3 port. STOP :' Yo——————— Note:i=7100
LD (P3),5AH ; P3<5Ay OUTEN
Example 2: Inverts the output of the
upper 4bits (P37 to P34) of
the P3 port. 7_6_5_4_3_2_1_0
P37 : P36 : P35 : P34 : P33 : P32 : P31 : P30
; P37to P34« P37 to P34 (0003y) | HSO : {HSCK: SO @ SI :SCK: TC4 : Tc3
(Initial value: 11111111)
Figure 2-6. PortP3
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2.2.5Port P4 (P47 to P40)
Port P4 is an 8-bit input/output port, and EKEY
is also used as a key scan input and a
comparator input. When used as an
input port or a secondary function pin,
the output latch should be set to “1”. Data input
The output latches are initialized to “1” SET/CLRICPL
during reset. fothers
When used key scan function, all of the
port P4 bits must be used as key scan
inputs or comparator inputs. When used

put latch (KEYDR)

Key scanin

CMP/MCMP/TEST
/others

Data output P4i

J’ - EPDi

. STOP in P4CR
as both comparator inputs and key scan OUTEN
inputs, the P47 and P46 pins are used as CINj
only comparator inputs. Bits 7 and 6 are Note:i=71t00, j=5to4
read in as “0” when a read instruction is
executed for the key scan input latches Y : p : > : S : 4 : 2 : ! : 0
(KEYDR). Built-in pull-down resistors can P4 cplf\|74 g‘,l\lssﬁ P45 | PAACPAZ\Ap2//PAT : PAD
also be connected for each bit using the (00041) | KEY7,:KEY6: KEY5 ; KEY4 : KEY3: KEY2 {KEY1:KEYO
port P4 control register (PACR) (refer to (Initial value: 1111 1111)
section “2.12.6 (2) Key scan input pins”) RACR 7 6 5 4 3 2 1 0

(OOOCH) | 1 1 1 EPP 1 1 1 |

(Initial value: 0000 0000)

EPD Port P4 pull-down | 0: Disconnect pull-down resistance | write
control 1: Connect pull-down resistance only

Note: P4CR is a write-only register and must not be used with any
of the read-modify-write instructions.

Figure 2-7. PortP4

2.2.6 Port P5 (P55 to P50)
Port P5 is a 6-bit input/output port, and is also used as-a.comparator input, an 8-bit PWM (Pulse Width
Modulation) output and an'8-bit programmable divider-output. When used as an input port or a
secondary function pin, the output latch should be'set'to “1”. The output latches are initialized to “1”
during reset.
Bits 6 and 7 are read in as “1” when a read instruction is executed for the port P5.

CMP/MCMP/TEST/others CMP/MCMP/TEST/others

Data input Data input

SET/CLR/CPL
/lothers

SET/CLR/
CPL/others

Data output || D /Q

Output latch

STOP High-Z Control
OUTEN :0| )
. STOP High-Z Control
CINj OUTEN :0| >°

—D Pin Data output

Pin
Output latch

Control output

(a) P50toP53 (b) P54toP55
..... 7.8 5 4 3 2 1 0 Note: j=3t00,
ps g : P55 | P54 | P53 i P52 i P51 | P50 *,; Don’t care
(0005y) ESok CINO i CINT : CIN2 i ciN3 | (nitial value: 11 1111)

Figure 2-8. P5 Port
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2.2.7 Ports P6 (P67 to P60) and P7 (P77 to P70)
Ports P6 and P7 are 8-bit high-breakdown voltage input/output ports, and are also used as digit outputs,
which can directly drive vacuum fluorescent tube (VFT). When used as an input port or a digit output, the
output latch should be cleared to “0”. Pins which are not set for digit output can be used as normal 1/0
port (refer to section “2.12.6 Port Function”). The output latches are initialized to “0” during reset.

CMP/MCMP/TEST/others
OUTEN jjc [
STOP L

Datainput

7 6 5 4 3 2 1 0
PE P67 P66 P65 P64 P63 P62 P61 P60
(0006) | G8 i G9 :G10 i GIt :GI2:GI3:Gl4: GIS

~
SET/CLR/CPL/others

(Initial value: 0000 0000)

Data output . Pin

Output latch

b7 P77 /P76 : P75 i P74 i P73 : P72 1 P71 i P70
(00074) | GO : G1 i G2 | G3 | G4 i G5 G6 : G7

Digit output

VKK (Initial value:. 0000 0000)

Figure 2-9. PortsP6 and. P7

2.2.8 Port P8 (P87 to P80)
Port P8 is an 8-bit high-breakdown voltage output port,-and also used as a segment output (or a key
strobe output), which can directly drive vacuum fluorescent tube (VFT). When‘used as an input port or a
segment (key strobe) output, the output latch should be cleared to’“0“.) The output latches are
initialized to “0” during reset.

OUTEN
STOP

Data input ~«——

Data output

Output latch

Pin - - _ - - - -
P8 P87 .1 P86 : P85 :P84 P83 :P82 :P81 P80
(0008y) S7 S6 S5 S4 S3 S2 S1 SO

Segment output
(key strobe output)

VKK (Initial value: 0000 0000)

Figure 2-10:{_Port P8

2.2.9 Port P9 (P97 to P90)
Port P9 is an 8-bit high-breakdown voltage input/output port, and also used as a segment output (or a
key strobe output), which can directly drive vacuum fluorescent tube (VFT). When used as an input port
or a segment (key strobe) output, the outputlatch should be cleared to “0”. Pins which are not set for
segment output can be used as normal I/O port (refer to section “2.12.6 Port Function”). The output
latches are/initialized to “0” during reset.

CMP/MCMP/TEST/others
OUTEN jjc |
STOP L

Data input

~
SET/CLR/CPL/others

Data output m || Pin 7 _6 5 4 3 2 1 0
Output latch P9 P97 P96 P95 P94 P93 P92 P91 P90
(0009,) S15 S14 S13 S12 S11 S10 S9 S8

Segment output
(key strobe output) VKK

(Initial value: 0000 0000)

Figure 2-11. PortP9
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2.3 Time Base Timer (TBT)
The time-base timer is used to generate the base time for key scan and dynamic display processing. For
this purpose, it generates a time-base timer interrupt (INTTBT) at predetermined intervals.
This interrupt is generated beginning with the first rising edge of the source clock (the timing
generator’s divider output selected by TBTCK) after the time-base timer is enabled. Note that since the
divider cannot be cleared by a program, the first interrupt only may occur earlier thanthe set interrupt
period. (See Figure 2-12. (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 fc/216 [Hz] and enables an INTTBT interrupt.

LD (TBTCR), 00001010B
SET (EIRL). 6
MPX INTTBT
f/223 or fs2'5 >—A interrupt
fa22! or fs2'3 >—B request
fe/2'6 or fg28 >—C [Sourceclock —
fa/2'* or 25 >—D Rising
213 or 25 >—E Y — edge Source clock_l_, |_| I_I_
f212 or 524 >—F detector : : :
fa2'" or 15122 >—|G TBTEN : : :
fa2° or fs2  >—H \ : : 5
1 H H H
)
INTTBT H " "
TBTCK | ~—————————— "—
! Interrupt
Enable TBT period
Time Base Timer Control Register
(a) Configuration (b) Time Base Timer Interrupt
Figure 2-12. Time Base Timer
7 6 5 a 3 2 1 0
{:OECG:) |(ovosm| ©OVOcK) | (Oy7eK) |TBTEN | | TBTCK | | (Initial value:  0#x0 O%xx)
Time base timer 0: Disable
TBTEN .
enable/disable 1:-Enable
000: fc23 or fs/2"3 [Hz]
001: fr22! or fs/213 Write
010: f¢/2'6 or fs/28 only
TBTCK | Time base timer interrupt 011: f/2'* or f5/2°

frequency select 100: f¢/2'3 or fs/2°
101: f/2'2 or fs/2*
110: f2' or 523
111: f2°  or fs/2

Notel: fc; High-frequency clock [Hz], fs; Low-frequency clock [Hz], *; Don’t care
Note2: TBTCR is a write-only register and must not be used with any of the read-modify-write instructions.

Figure 2-13. Time Base Timer and Divider Output Control Register
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Table 2-1. Time Base Timer Interrupt Frequency

NORMAL1/2, IDLE1/2 mode Interrupt Frequency
TBTCK SLOW, SLEEP mode
DV7CK=0 DV7CK =1 At fc=8 MHz At fs=32.768 kHz
000 fe/223 fs/215 fs/213 0.95 Hz 1 Hz
001 fer22! fs213 fs213 3.81 4
010 fc/216 fs/28 - 122.07 128
011 fe214 fs/26 - 488.28 512
100 fo/213 fs/2° - 976.56 1024
101 fe/212 fs12* - 1953:12 2048
110 fe2M fs/23 - 3906.25 4096
111 fer2° fs/2 - 15625 16384

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 outputlatch should be setto “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 2-14. Note that TBTCR
is a write-only register, and must not be used with any of the read-modify-write instructions.

7 6 5 4 3 2 1 0

TBTCR

(0036, ovoen] ovoek [ wwao [ asren | {TBTCK), | (Initialvalue:. 0xx0 0x%x)
DVOEN | Divider output enable/disable 0y Risable
1: Enable
00: f¢/2"3 or fs/2%[Hz] Write
Divider output (DVO) 01: fe/212 or fs/2% only
DVOCK . 1 3
frequency selection 10: fc/2'" or fs/2
11: /219 or-fs/22

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

Figure 2-14. Divider Output Control Register

Example: 1kHz pulse output (atfc=8 MHz)

SET (P1).3 ; P13 outputlatch «1
LD  (P1CR), 00001000B ; Configures P13 as an output mode
LD (TBTCR), 10000000B ; DVOEN«1, DVOCK<«00
Table 2-2. Frequency of Divider Qutput
DVOCK Frequency of At fc=8MHz | At fs=32 kHz
Divider Output
00 fc/2® or  fs/2° 0.97 [kHz] 1 [kHz]
01 fc/2" fs/2 1.95 2
10 fe/2™ fs/23 3.90 4
1 fc/2' fs/2 7.81 8
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OQutput latch Output enable

Data output m - ) >3 0v0)

fc/213 or fsr25 A
fc/212 or fs/24 >—1B
fe/211 or fsf23 >—C Y|

P13 output latch | I

fc/210 or fs/22 >~ Ds J T
DVOCK DVOEN DVOEN —l L
N , BVO NegigigigiEpi
Divider output control register

(a) Configuration (b)_~ Timing Chart

Figure 2-15. Divider Qutput

2.5 16-Bit Timer/Counter 1 (TC1)
2.5.1 Configuration

INT2ES

fc/2" or fs/2% >——>{a Slear
fc/27 > B Y 16-bit up-counter
fo23 —>|c Source clock

|m

C INTTC1
5 omparator —> interrupt
TC1CK TC1S
TCICR TREG1
Timer/counter.1 control register 16-bit timer register 1

Figure 2-16.._ Timer/Couter 1
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2.5.2 Control

The timer/counter 1 is controlled by a timer/counter 1 control register (TC1CR) and a 16-bit timer register
(TREG1). Reset does not affect TREG1.

TREG 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(0010, 0011H)| 1 TIREG1H|(0011H} 1 1 | 1 TI-REG1L|(0010H? 1 1
6 5 4 3 2 1 0 Write only
TCICR -
o012y A BCI LA LGN TSI B (Initial value:  +++0,0000)
00: Internal clock fc/2" or. fs/23 [Hz]
TC1CK Timer/counter 1 01: Internal clock fe/27
source clock select 10: Internal clock fc/2? Write
11: External clock (TC1 pininput) only
Timer/counter 1 0: Stop and counter clear
TC1s start control 1: Command start
Note 1: fc; High-frequency clock [Hz], fs; Low-frequency clock [Hz], *; Don’t care
Note 2: Always write "0” to bits0, 1,5, 6 and 7 in TC1CR.
Note 3: Writing to the low-byte of timer register (TREG1y), the comparison is_inhibited until the high-byte
(TREG1y) is written.
After writing to the high-byte, the comparison of 1 machine cycle (during instruction execution) is
ignored.
Note 4: Setthe mode, the source clock and-the edge (INT2ES) when the TC1 stops (TC1S = 0).
Note 5: Values to be loaded to the timer register must satisfy the following condition.
TREG1>0
Note 6: TCI1CR and TREGT are write-only registers which must.not be accessed by any read-modify-write
instructions such as bit operate, etc.

Figure 2-17. Timer Register 1 and TC1 Control Register

2.5.3 Function
Timer/counter 1 has two operating modes: timer mode and event counter mode.

(1) Timer Mode
In this mode, counting up is performed using the internal clock. The contents of TREG1 are
compared with the contents of up-counter. If a match is found, an INTTC1 interrupt is generated,
and the counter is cleared to”0”. Counting up resumes after the counter is cleared.

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

Source clock Resolution Maximum time setting
NORMAL1/2, IDLE1/2 modes
SLOW, SLEEP modes | Atfc=8MHz | Atfs=32.768 kHz | Atfc=8 MHz | At fs=32.768 kHz
DV7CK =0 DV7CK =1
fc/23[Hz] fc/23[Hz] - 1 us - 65.5 ms -
fc/27 fc/2” - 16 us - 1.0 s -
fe/2" fs/23 fs/2® [Hz] 256 us 24414 us 16.8 s 16.0 s
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Example: Setsthe timer mode with source clock fs/23[Hz] and generates an interrupt 1s. later (at
fs = 32.768 kHz).

LD (TC1CR), 00000000B ; Setsthe TC1 mode and source clock
LDW (TREGH1), 1000H ; Setsthe timer register.(1s + 23/fs = 10004)
LD (TC1CR), 00010000B ; Starts TC1

Command start

Source clock I||:|||||||||||||||||||||||||||||||||
[}
[}

TREG1 » X n )

T
! Match Counter
i detect \I I’ clear

INTTC1 interrupt

Figure 2-18. Timer Mode Timing Chart

(2) EventCounter Mode
In this mode, events are counted on the edge of the TC1 pin input. Eitherthe rising or falling edge
can be selected with INT2ES in EINTCR. The contents of TREG1 are compared with the contents of
the up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is cleared.
The maximum applied frequency is f¢/24 [Hz].in NORMAL1/2 or IDLE1/2 mode and fs/24 [Hz] in SLOW
or SLEEP mode.

Command start

'
TC1 pininput |_| i | |: | |: |_| ()(, I_I_[ I_l I_l I—:
Up-counter :0 X 1 X 2 Xj X n-1 X__n_XEX 1 X 2

1

1

[}

| }
TREG1 X D
Match Kn/ Counter

T
[}
i detect clear

INTTC1 interrupt

Figure2-19. Event Counter Mode Timing Chart (INT2ES = 1)
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2.6 16-Bit Timer/Counter 2 (TC2)
2.6.1 Configuration

MIPX
TC2pin [F—{H
Clear
fc/223 or f5/215 >——>{ A
/213 or f/25 > B Y] 16-bit up-counter
fc/28>——|C Source clock
fc/23>——>D
fo——E
fs>——>{F L\j/latch
etect INTTC2
S Comparator interrupt
3 TC2S
TC2CK
TC2CR TREG2
Timer/Counter 2 control register 16-bit timer register 2

Figure 2-20. Timer/Counter 2

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

TREG2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(0016, 0017,)| . TREG2y (00174) ! : . TREG2, (00161) .
Write only
TCZCR 6 5 4 3 2 ....1 ......... O.
015, .07 iron [Teas] ek | 0" ¢ t0" i (initial value: ++0000%%)
000:Internal clock fc/22  or fs/2"5[Hz]
001:Internal clock /2 or fs/2°
010:Internal clock fc/28
TC2CK. | Timer/Counter 2 011:Internal clock fe/23 Write
source clock select 100:Internal clock fc (Note 5)
101:Internal clock fs only

110:Reserved
111:External clock (TC2 pin input)

Timer/Counter 2 0: Stop and counter clear

TC2
£25 start control 1: Start

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

Note 2:” When writing tothe low-byte of timer register 2 (TREG2,;), the comparison is inhibited until the high-
byte (TREG2y) is written. After writing to the high-byte, any match during 1 machine cycle (instruction
executioncycle)is ignored.

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

Note 4: Values to be loaded to the timer register must satisfy the following condition.

TREG2 > 0(TREG215 o 171>0 when warm-up).

Note 5: “fc” can be selected as the source clock only in the timer mode during SLOW mode.

Note 6: Always write “0” to bit0, 1, 6 and 7 in TC2CR.

Note 7: TC2CR and TREGZ2 are write-only registers and must not be used with any of read-modify-write
instructions.

Figure 2-21. Timer Register 2 and TC2 Control Register
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2.6.3 Function
The timer/counter 2 has two operating modes: timer and event counter mode. 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 timer register 2 (TREG2) are
compared with the contents of the up-counter. If a match is found, a timer/ counter 2 interrupt
(INTTC2) is generated, and the counter is cleared. Counting up is resumed after the up-counter is
cleared.

Also, when fc is selected as the source clock during SLOW mode, the lower 11 bits of TREG2 are
ignored and an INTTC2 interrupt is generated by matching the upper 5 bits. Thus, in this case, only
the TREG2y setting is necessary.

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

Source clock Resolution Maximum-time setting
NORMAL1/2, IDLE1/2 mode
SLOW mode | SLEEP mode | At fc=8 MHz [ At fs =32.768 kHz |At fc =8 MHz'| At fs = 32.768 kHz
DV7CK=0 | DV7CK=1
fc/22[Hz] fs/2"5[Hz] fs/2% [Hz] fs/2% [Hz] 105 s 1 s 19.1_h 182 h
fe/2" fs/2® fs/2® fs/2® 1.02 ms 0.98 ms 114 min 1.07 min
fe/28 fes28 - - 32 s - 21 s -
fe/23 fe/23 - - 1 us - 65.5 ms -
- - fc (Note) - 125 ns - 79 ms -
fs fs - - - 30.5 - us - 2 s
Note: “fc” can be used only in the timer mode when switching from the SLOW mode to the
NORMAL2 mode.
Example: Sets the timer mode with source clock f¢/23 [Hz] and generates an interrupt every 25

ms (at fc = § MHz).

LD (TC2CR), 00001100B ;. Sets the TC2 mode and source clock
LDW (TREG2), 61A8H ;) Sets TREG2 (25 ms + 23/fc = 61A8Y)
SET (EIRH). EF14 ;7 Setsinterrupt enable register

El

LD (TC2CR), 00101100B ; Starts TC2

(2) EventCounter Mode

In thismode, events are counted on the rising edge of the TC2 pin input. The contents of TREG2 are
compared with the contents of the up-counter. If a match is found, an INTTC2 interrupt is
generated, and the counteriscleared. The maximum frequency applied to the TC2 pin is fc/24 [Hz] in
NORMAL1/2 or IDLE1/2 mode, and fs/24 [Hz] in SLOW or SLEEP mode.

Example: Setstheevent counter mode and generates an INTT2 interrupt 640 counts later.
LD (TC2CR), 00011100B ; Setsthe TC2 mode
LDW (TREG2), 0280H ; Sets TREG2
SET (EIRH). EF14 ; Setsinterrupt enable register
El
LD (TC2CR), 00111100B ; Starts TC2
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2.7 8-Bit Timer/Counter 3 (TC3)
2.7.1 Configuration

i Inhibit

Rising

Edge
detector

Capture

Falling control

TC3M

INT3ES —*

D
fa2i2orfs/24 —————>[A

Source clock

TC3S

Clear

Overflow

Y
fe20orfs/22 ————>|p
—>|Cs

fe/27 1€
2 -
4
Ta3CK E Capture
TC;S SCAP
TC3CR

Timer/Counter 3 Control Register

8-bit up-counter
| | TC3M

=
INTTC3

interrupt

[ ]

TREG3B TREG3A

8-Bit Timer Register 3A, 3B

{4

Figure 2-22. Timer/Counter 3

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‘21_0
(0018y) | : : | Read/Write
TREG3B
(0019, | : : : : : | Read only
7 6 5 4 3 2 1 0
TC3CR e LT e (LTS - .
001hg) e SCAPL  [TO3S| TR [rc3M]  ditial value:  +0+000+0)
TC3M Timer/Counter 3 0: Timer/event counter
operation mode set 1: Capture
00: Internal clock fe/22 or fs/2¢ [Hzl
Te3ck || Timer/Counter 3 01: Internal clock fc/2'  or fs/2?
source clock select 10: Internal clock fa2’ Write
11: External clock (TC3 pin input) onl
y
T3S Timer/Counter 3 0: Stop and clear
start select 1: Start
SCAP  |sof | 0 -
oftware capture contro 1: Software capture
Note 1: fc,; High-frequency clock [Hz] fs,; Low-frequency clock [Hz] *,; Don’tcare
Note 2: Set the mode, the source clock and the edge when the TC3 stops (TC3S =0).
Note 3: Values to be loaded into timer register 3A must satisfy the following condition.
TREG3A > 0 (in the timer/event counter mode)
Note4: Software capture can be used only in the timer and event counter mode.
Note 5: TC3CR is a write-only register and must not be used with any of read-modify-write instructions.

Figure 2-23. Timer Register 3 and TC3 Control Register
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2.7.3 Function

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

(1) Timer Mode

In this mode, the internal clock is used for counting up. The contents of timer register 3A (TREG3A)
are compared with the contents of the up-counter. If a match is found, a timer/counter 3 interrupt
(INTTC3) is generated, and the counter is cleared. Counting up resumes _after the up-counter is
cleared. The current contents of the up-counter are loaded to the TREG3B by setting SCAP (bit 6 in
TC3CR) to “1". SCAP is automatically cleared after capturing.

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

Source clock Resolution Maximum setting time
NORMAL1/2, IDLE1/2 mode
SLOW, SLEEP mode fc=8MHz fs=32.768 kHz fc=8MHz fs=32.768 kHz
DV7CK=0 DV7CK =1
fe/2? fs/2* [Hz] fs/2* [Hz] 512 ©S 488.28 us 130.6 _-ms 1245 ms
fe/2% fs/2? - 128 s 122.07 ps 32.8._ms 31.1 ms
fc/2’ fc/2? - 16~ us - 4.1 ms -

(2) EventCounter Mode

In this mode, the TC3 pin input pulses are used for counting up. Either the rising or falling edge can
be selected with INT3ES (bit 3 in EINTCR). The contents 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 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 high and low levels of the
pulse width.

The current contents of the up-counter are loaded to TREG3B by setting SCAP (bit 6 in TC3CR) to “1".
SCAP is automatically cleared after capturing.

Example: Generatesan interrupt every 0.5, inputing 50Hz pulses to the TC3 pin.
LD (TC3CR), 000011008 ; ~Sets TC3:mode and source clock
LD (TREG3A), \19H ;. 0:55+1/50=25=19y
LD (TC3CR)-, 00011100B ;7 Start TC3

(3) Capture Mode

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

After TREG3A has been read out, capture and overflow detection are resumed, usually, TREG3B is
read out first.
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Internal clock ||||I||||||||||||||||||||||||||||||||||||
Up-counter k=2 k- XX X XX m Ko K e Ko XX X2 X3 X0 Xore XXX X2 X2 )

TC3 pin input —I\ ! i !\ I_I
i ) i

|
TREG3A Xk \ i\ X FFoverflow)
i X H PR
TREG3B i X : =
. Capture . Capture 1 Overflow
INTTC3 interrupt n I-I n

Reading TREG3A M I Il

Figure 2-24. Timing Chart for Capture Mode (INT3ES =0)

2.8 8-Bit Timer/Counter (TC4)

2.8.1 Configuration

TCAES
TC4S
TC4pin[J
Source Clear
Overflow

fc/211 or fs/23 8-bit up-counter -

fc/27 P D‘

fe/23

2 Timer F/F 4
TC4ACK % Match PWM/PDO
TFF4 TC4S |Tcam Toggle pin
2/? 3 Set Q
Clear
| TCACR | | TREG4 | K8
Timer/Counter 4 Control Register 8-Bit Timer Register 4 PWM Decoder
output|
ﬁ ﬁ mode 2 Note: MPX; Multiplexer
CMP; Comparator
INTTC4 TC4M, TFF4
interrupt

Figure 2-25. Timer/Counter 4
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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 (TREGA4). Reset does not affect TREGA4.

TREG4 : : : : : : : .
(001 BH) | : : : : : H : | Write Only
6 5 4 3 2 1 0
TCAR [——— N .
©o1cy T4 | [Tcas | TCack TCam | (Initial value: 00+0 0000)
00: Timer/event counter mode
. 01: Reserved
TC4 |
TCam C4 operating mode select 10: Programmable divider output (PDO) mode
11: Pulse width modulation (PWM)-output mode
00: Internal clock  fc/2'" or fs/23[Hz] Wit
01: Internal clock /27 rte
TC4 lock sel
TC4ACK C4 source clock select 10: Internal clock” fo/2? only
11: External clock (TC4 pin input)
TC4S TC4 start control 0: Stop & gfear
1: Start
00: Clear
TEF4 | Timer F/F 4 control (1)(1) ;:tgg'e
11: - (Note3)
7 6 5 4 3 2 1 0
EINTCR — T . SN LN . /
oonsy (D] O CCRO] T il values | 0050 0001
. 0: Rising edge Write
TCAES | TC4input edge select 1+ Falling edge only

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 and, the timer FIF 4 control and the edge (TC4ES)
when the TC4 stops (TC4S =0).

Note 3: TFF4 must be set to'”11” in the timer and event counter modes.

Note 4: Valuesto be loaded to the timer register must satisfy the following condition.

TREG4>0

Note 5: TC4CR and TREG4 are write-only registers-and must not be used with any of read-modify-write

instructions.

Figure 2-26. Timer Register 4 and TC4 Control Register

3-71B-59 2002-07-02



TOSHIBA TMP87CS71B

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 timer register 4 (TREG4) are
compared with the contents of the up-counter. If a match is found, a timer/counter 4 interrupt
(INTTC4) is generated and the counter is cleared. Counting up resumes after the up-counter is
cleared.

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

Source clock Resolution Maximum setting time

NORMAL1/2, IDLE1/2 mode

DV7CK =0 DV7CK = 1 SLOW, SLEEP mode | Atfc=8MHz At fs=32.768 kHz Atfc=8 MHz At fs=32.768 kHz
fes2" fs/2®  [Hz] fs/2® [Hz] 256 S 24414 us 65.3 ms 62:3 ms
fer2’ fe/2’ - 16 s - 4.1 ms -
fes23 fe/23 - 1 s - 255 S -

(2) Event Counter Mode
In this mode, the TC4 pin input (external clock) pulseis used for counting up. -Either the rising or
falling edge can be selected with TC4ES (bit 4in EINTCR). The contents of TREG4 are compared with
the contents of the up-counter. If a match is found, an INTTC4 interrupt is generated and the
counter is cleared. The maximum applied frequencyis f¢/2 [Hz] i 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 high and
low levels of the pulse width.

(3) Programmable Divider Output (PDO) Mode
The internal clock is used for counting up. The contents of TREG4 are compared with the contents of
the up-counter. Timer F/F 4 output istoggled and the counter is cleared each time a match is found.
Timer F/F 4 output is inverted and output to the PDO (P55) pin. This mode can be used for 50% duty
pulse output. Timer F/F 4 can be-initialized by program;.and it is initialized to “0” during reset. An
INTTC4 interrupt is generated each time the PDO output istoggled.

Example: Outputa1024 Hz pulse (Atfc =4.194304 MHz)

SET (P5).5
LD (TC4ACR), 00000110B ;~Initializes the TC4 mode, source clock and timer F/F 4.
LD (TREG4), 10H : (171024 = 27/fc) +2=10H

LD (TC4ACR), 00010110B ; StartsTC4

Ui :)@@Q
I_

TREG4
Match\
1

| ! !
| | | —

INTTC4 interrupt " " " "

TimerF/F 4

PDO pin output

Figure 2-27. Timing Chart for PDO Mode
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(4) Pulse Width Modulation (PWM) Output Mode

PWM output with a resolution of 8 bits is possible. The internal clock is used for counting up. The
contents of the TREG4 are compared with the contents of the up-counter. If a match 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 is cleared. Timer F/F4-output is inverted and
output to the PWM (P55) pin. An INTTC4 interrupt is generated when an overflow occurs.

TREG4 is configured a 2-stage shift register and, during output, will not switch until one output cycle
is completed even if TREG4 is overwritten; therefore, output can be altered continuously. Also, the
first time, TREG4 is shifted by setting TC4S (bit 4 in TC4ACR) to “1" afterdata is loaded to TREG4.

Note 1: Do not overwrite TREG4 only when an INTTC4 interrupt is generated. Usually, TREG4 is

overwritten in the routine of INTTC4 interrupt service.

Note 2: PWM output mode can be used only in the NORMAL 1,2, and IDLE 1, 2 mode.

PWM pin output |

INTTC4 interrupt

Up-counter D@(/EX:
TREG4 n/n X m/m

Match\\ Overflo Overwnte Shn‘t
TimerF/F4

1.period

Figure 2-28. Timing Chart for PWM Mode

Table 2-7. PWMOutput Mode

Source clock Resolution Repeat cycle

NORMAL1/2, IDLE1/2 mode

SLOW, SLEEP mode | Atfc=8MHz | Atfs=32.768kHz | Atfc=8MHz | Atfs=32.768 kHz
DV7CK=0 DV7CK =1
fc/2" [Hz] fsr23 - [Hz] fs/2% [Hz] 256  us 24414 us 65.5 ms 62.5 ms
fc/2? fe/2’ - 16 us - 41 ms -
fc/23 fcr23 - 1 us - 256 s -
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2.9 Serial Interface (SI0)
The TMP87CS71B has a clocked-synchronous 8-bit serial interface (SI0). The SIO has an 8-byte transmit
and receive data buffer that can automatically and continuously transfer up to 64 bits of data.
The SIO is connected to external devices via pins P32 (SCK), P33 (SI) and P34 (SO).-The serial interface pins
are also used as port P3. When used as serial interface pins, the P34-P32 output latches should be set to
“1". In the transmit mode, pin P33 is used as a normal I/O port, and in the receive mode, pin P34 is used as
anormal I/O port.

2.9.1 Configuration

SIO control register 1/ SI0 control
Status register register 2
[  socrisior | [ socre |
Transmit-and receive
data buffer
(8'bytesin DBR)
| cireui . Buffer control
Control circuit circuit
Shift register
Shift
Clock 7|6,5,4 3|2|1|0 SO pin
N N S— |_ O Serial data output
8-bit transfer 4-bittransfer =:ISI pinI q
) Serial data input
INTSIO interrupt request Serial clock O SCK pin

Serial clock I/0

Figure 2-29. Serial Interface

2.9.2 Control
The SIO is controlled by two SIO control registers (SIOCR1 and SIOCR2). The serial interface status can be
determined by reading a SIO status register (SIOSR).
The transmit and receive data buffer is controlled by the SIOCR2. The data buffer is assigned to addresses
OFFOy - OFF7y in the DBR (data bufferregisters) area, and can continuously transfer up to 8 words (bytes
or nibbles) at one time. When the specified number of words has been transferred, a buffer empty (in
the transmit mode) or a buffer full (in the receive mode or transmit/receive mode) interrupt (INTSIO) is
generated.
When the'internal clock is used asthe serial clock in the 8-bit receive mode and the 8-bit transmit/receive
mode, a fixed interval wait can be applied to the serial clock for each word transferred. Four different
wait times can be selected with SIOCR2.

3-71B-62 2002-07-02



TOSHIBA

SIOCR1
(0020y)

SIO Control Register 1

7 6 5 4 3 2 1 0
[ sios [ 59 SIOM [SCK | (Initial value: 0000 0000)

0: Stop

| Indi f
SIos ndicate transfer start/stop 1: Start

0: Continue transfer

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

000:8-bit transmit mode
010:4-bit transmit mode Write
SIOM Transfer mode select 100:8-bit transmit/receive or receive mode (Note 1) only
110:4-bit receive mode
*x1:reserved

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

001:Internal clock” fc/28 Output on)
SCK Serial clock select 010:Internal clock | fc/2° SCK pin
011:Internal clock - fc/2°

111:External clock (input from SCK pin)

Note 1: Transmit/Receive or receive mode are selected with ERM in SIOCR2.

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

Note 3: fc,; High-frequency clock [Hz], fs ; Low-frequency clock [Hz]

Note 4: SIOCR1 is write-only register, which must not be accessed any of in read- modify-write instruction such
as bit operate, etc.

SIO Status Register

TMP87CS71B

goss 6 5. 4. 320 0
(0020, [SIOF [ SEF | *1v {17} m1v 1 ene Ll
Serial transfer operating 0: Transfer terminated After SIOS is cleared to 0", SIOF is
SIOF . : . cleared to “0” at the termination
status monitor 1: Transfer in process of transfer or setting of SIOINH. Read
SEF Shift operating status 0: Shift operation terminated only
monitor 1: Shift operation in process
SIO Control Register 2
siocrRz2 .7 | 6 .5 4 3 2 ! 0
0021 | L [erm] warr (BUF | (nitial value: ++00 0000)
ERM 8-bit transmit/receive mode 0: Transmit/receive mode [ Alwayssetto “0" exceptin )
control 1: Receive mode the 8-bit receive mode.
00: T+ = Tp (No waits)
01: T¢ = 2Tp
WAIT Wait control 10: T = 4Tp (Waits)
11: T = 8Tp _
Write
Buffer addresses used only

000: 1-word transfer OFFOy

001: 2-word transfer QFFO to OFF1y
Number of transfer words 010: 3-word transfer OFF0 to OFF2y
BUF 011: 4-word transfer OFF0 to OFF3y
100: 5-word transfer QOFF0 to OFF4y
101: 6-word transfer OFFO0 to OFF5y
110: 7-word transfer OFF0 to OFF6y
111: 8-word transfer OFFO0 to OFF74
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Note 1: *;Don’t care
Note 2: The 8-bit receive mode must be set by setting ERM to ”1” after setting SIOM (bits 5 to 3 in
SIOCR1) to "100”.
Note 3: WAIT is effective only in the 8-bit transmit/receive mode and 8-bit receive mode. Always
set to “00” except in these modes.
Note 4: Ty, frame time (time required to transfer 1 word of data), Tp, data transfer time.
SCK output 'lllllllllllllll: X Illl
! i l
i To d i
! .
H Tt i
[ !
1
Note 5: In the 4-bit transfers the lower 4 bits of each buffer are used. Zeros (0) are stored to the
upper 4 bits when receiving.
Note 6: Transmission starts from the lowest buffer address. Received data are stored starting from
the lowest buffer address.
Note 7: The value to be loaded to BUF is held after transfer.is completed.
Note 8: SIOCR2 is write-only register, which cannot access any of in read-modify-write instruction
such as bit operate, etc.
Note 9: SIOCR2 must be set while the serial interface is stopped (SIOF = 0).

Figure 2-30. SIO Control Registers.and Status Register

(1) Serial Clock

a.Clock Source
SCK (bits 2 to 0 in SIOCR1) is able to select the following:

@ Internal Clock

Any of four frequencies can be selected. The serial clock/is output to the outside from the

SCK pin. The SCK pinisraised to high when transfer starts.

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

read/write processingis completed.
Table 2-8. Serial Clock Rate

Serial clock Maximum transfer srate
NORMAL1/2, IDLE1/2 mode
. SLOW, SLEEP mode = =32.
DV7CK =0 DV7CK = 1 At fc=8 MHz At fs=32.768 kHz
fc/23 / [Hz] fs/2° [Hz] s/2° [Hz] 0.977 Kbit/s 1 Kbit/s
fer28 fes28 - 31.2 -
fcr28 fer28 - 125 -
fc/2° fc/2° - 250 -

Note: 1Kbit = 1024 bit

Automatically

wait function

SCK pin output I | IJ u u

LML

SO pin output

O CEXE

bOXb1Xb2Xb3Xc0XE

/

Written transmit
data to the DBR

)

X
J
b X C

Figure 2-31. Clock Source (Interna

| Clock)
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@ External Clock
An external clock connected to the SCK pin is used as the serial clock. In this case, the P32
(SCK) output latch must be setto “1”. To ensure shifting, a pulse width of at least 4 machine
cycles is required. Thus, the maximum transfer speed is 244K-bit/s. (at fc = 8 MHz).

SCK pininput I I I I I I I I

tseke tsckH
tsexLs tsekn > 4 teyc Note: tcyc = 4/fc(In the NORAML1/2, IDLE1/2 modes)
4/fs (In the SLOW, SLEEP modes)

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

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

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

SCK pin B IR S R B R A
SO pin \ Bito- X Bit1 X Bit2 X | Bit3

Shift register X 3210 X #3210 X #32. X %3

(a) Leading Edge

SCK pin L+ L= L1 L1
Sl pin X B:itO X Bit1. X Bit2 X Bit3

Shift register e X oF** X 10%* X 210* X3210
(b) Trailing Edge

Note: *;Don’tcare

Figure 2-32. Shift Edge

(2) Numberof Bits to Transfer
Either 4-bit or 8-bit serial transfer can be selected. When 4-bit serial transfer is selected, only the
lower 4 bits of the transmit/receive data buffer register are used. The upper 4 bits are cleared to “0”
when receiving.
The data is transferred-in sequence starting at the least significant bit (LSB).

(3) Number of Words to Transfer
Up to 8 words consisting of 4 bits of data (4-bit serial transfer) or 8 bits (8-bit serial transfer) of data
can be transferred continuously. The number of words to be transferred is loaded to BUF in SIOCR2.
An INTSIO interrupt is generated when the specified number of words has been transferred. If the
number of words is to be changed during transfer, the serial interface must be stopped before
making the change.
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SCK pin |J u U U
SO pin \ ap X aj X az X as

INTSIO interrupt Il

(a) 1Word Transmit

SO pin \ a0 X ar X a X a3 X bo X b1 X by Xibs Xco X ci X 2 X &3

INTSIO interrupt "

(b) 3 Words Transmit

Sl pin X ao X ar X a X a3 X' bo X b1 X ba X b3 Xco X o1 X2 X3/

INTSIO interrupt "

(¢) 3 WordsReceive

Figure 2-33. Number of Bits to Transfer (Example: 4-bit serial transfer)

2.9.3 Transfer Mode
SIOM (bits 5 to 3 in SIOCR1) and ERM (bit 5 in SIOCR2) are used to selectthe transmit, receive, or transmit/
receive mode.

(1) 4-Bit and 8-Bit Transmit Modes

In these modes, SIOCR1 and SIOCR2 are setto the transmit mode and then the data to be transmitted
first are written to the data buffer registers (DBR). After the data are written, the transmission is
started by setting SIOS to “1”. The data are then output sequentially to the SO pin in synchronous
with the serial clock, starting with the least significant bit (LSB). As soon as the LSB has been output,
the data are transferred from the data buffer register to the shift register. When the final data bit
has been transferred and the data buffer register is-.empty, an INTSIO (buffer empty) interrupt is
generated to request the nexttransmitted data:

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

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

When-an external clock is used, the data must be written to the data buffer register before shifting
next'data. Thus, the transfer speed is determined by the maximum delay time from the generation
of the interrupt request to writing of the data to the data buffer register by the interrupt service
program.

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

The transmission is ended by’clearing SIOS to “0” or setting SIOINH to in buffer empty interrupt
service program. That the transmission has ended can be determined from the status of SIOF (bit 7 in
SIOSR) because SIOF is cleared to “0” when a transfer is completed.

When an external clock is used, it is also necessary to clear SIOS to “0" before shifting the next data;
otherwise, dummy data will be transmitted and the operation will end.

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”.

u 1 "
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$108 fl | | N :
SIOF |: : \’ |—:
] || I

SCK pin (output)

S0 pin OO OO O0000000000,

INTSIO interrupt " \\V n

DBR Xa X b
Ao

Write transmitted data

SI0S f| |

SIOF

SCK pin (input)

(a) Internal Clock

Clear SIOS

50 pin bmmmamamammmmmmm

INTSIO interrupt " ~ ”

\
b
DBR ﬂ

Writetransmitted data

SCK pin I I
SIOF |

SO pin Bit6 X Bit 7 74
tsopy =Min 3.5/fc [s] (NORMAL1/2, IDLE1/2 mode)
=Min 3.5/fs [s] (SLOW, SLEEP mode)
(¢) ~ Transmitted Data Hold Time at End of Transmit/Receive

(b) External-Clock

Figure 2-34. Transmit Mode (Example: 8 bit, 1 Word Transmit)

Example: The way of the‘transfer stopped (8-bit Transmit mode, External clock).

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

STEST2: TEST (P3).2 ;  IfSCK=0then loop
JRS T,STEST2
LD (SIOCR1),00000111B ; SIOS<-0

When to clear SIOS to “0”, that it is also necessary to check SEF =0 and SCK = 1.
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(2) 4-Bit and 8-Bit Receive Modes
After setting the control registers to the receive mode, set SIOS to “1” to enable receiving. The data
is then transferred to the shift register via the Sl pin synchronous with the serial clock. When one
word of data has been received, it is transferred from the shift register to the data
buffer register (DBR). When the number of words specified with BUF has'been received, an INTSIO
(buffer full) interrupt is generated to request that these data be read out.. The data are then read
from the data buffer registers by the interrupt service program.
When the internal clock is used, and the previous data are not read from:/the data buffer register
before the next data are received, the serial clock will stop and an automatic-wait will be initiated
until the data are read. A wait will not be initiated if even one data word has been read.

Note: The waitis also canceled by reading a DBR not being used as a received data buffer register
is read; therefore, during SIO do not use such DBR for other applications.

When an external clock is used, the shift operation_ is synchronized with the external clock;
therefore, the previous data are read before the next 'data are transferred-to the data buffer
register. If the previous data have not been read, the next data will not be transferred to the data
buffer register and the receiving of any more data will be canceled. When-an external clock is used,
the maximum transfer speed is determined by the delay between the time when the interrupt
request is generated and when the data received have been 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 isimmediately ended and SIOF is cleared to “0”. When
SIOS is cleared, the current data are transferred to the buffer in 4-bit or 8-bit blocks. The receiving
mode ends when the transfer is completed. SIOF is cleared to “0“ when receiving is ended and thus
can be sensed by program to confirm-that receiving has ended.

If it is necessary to change the number of words in external clock operation, SIOS should be cleared
to “0” then BUF must be rewritten after confirming that SIOF has been cleared to “0".

If it is necessary to change the number of words in internal clock, during automatic-wait operation
which occurs after completion of data receive, BUF must be rewritten before the received data is
read out.

Note: The buffer contents are lost when the transfer mode is switched. If it should become
necessary to switch the transfer mode, ‘end receiving by clearing SIOS to “0”, read the last
data and then switch the transfer mode.
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fe——— Clear SIOS —_—>

SI0S

SIOF

SEF

SCK pin output

Sl pininput

INTSIO interrupt

DBR X 3 X b
Y ¥

Read out Read out

Figure 2-35. Receive Mode (Example:.8-bit, 1 Word, Internal Clock)

(3) 8-Bit Transmit/Receive Mode

After setting the control registers to the 8-bit transmit/receive-mode, write the data to be
transmitted first to the data buffer registers (DBR). After that, enable transceiving by setting SIOS to
“1". When transmitting, the data are output from the SO pin at/leading edges of the serial clock.
When receiving, the data are input to the Sl pin at the trailing-edges of the serial clock. 8-bit data
are transferred from the shift register tothe data buffer register.”An INTSIO

interrupt is generated when'the number of data words specified with BUF has been transferred. The
interrupt service program reads the received data‘from-the data buffer register and then writes the
data to be transmitted. The data buffer register is used for both transmitting and receiving;
therefore, alwayswrite' the'data to be transmitted after reading the received data.

When the internal clock is-used, a wait is initiated until the received data is read and the next data is
written. A wait will'notbe initiated if even one/data'word has been written.

Note: The wait isalso canceld by reading aDBR not being used as a received data buffer register is
read ; therefore, during SIO-do-not use such DBR for other applications.

When an-external clock is used, the shift operation is synchronized with the external clock;
therefore; it is necessary to read the received data and write the data to be transmitted next before
starting the next shift operation. When an external clock is used, the transfer speed is determined by
the maximum delay between generation of an interrupt request and the received data are read and
the data to be transmitted next are written.

When the transmit is started, after the SIOF goes " 1” output from the SO pin holds final bit of the
last data until falling’edge of the SCK.

The transmit/receive operation is ended by clearing SIOS to “0” or setting SIOINH to “1” in interrupt
service program. When SIOS is cleared, the current data are transferred to the data buffer register in
8-bit blocks. The transmit mode ends when the transfer is completed. SIOF is cleared to “0” when
receiving is ended and thus can be sensed by program to confirm that receiving has ended.

When SIOINH is set, the transmit/receive operation isimmediately ended and SIOF is cleared to “0".
If it is necessary to change the number of words in external clock operation, SIOS should be cleared
to “0”, then BUF must be rewritten after confirming that SIOF has been cleared to “0”.
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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.

Note: The buffer contents are lost when the transfer mode is switched. “If it should become
necessary to switch the transfer mode, end receiving by clearing SIOS to “0”, read the last
data and then switch the transfer mode.

[e————— (learsios ————>1

SI0S

SIOF

SEF

SCK pin output

SO pin

SI pin

INTSIO interrupt | I
DBR )*( a XZ?( b Xd

Write (a) Read out () Write (b) Read out (d)

Figure 2-36. Transmit/Receive Mode (Example: 8-Bit, 1Word, Internal Clock)

SCKpin I |
SIOF |

SO pin Bit6 X B/ /

i < TSODH
tsopn = Min 4/fc [s] (In NORMAL1/2, IDLE1/2 modes)
= Min 4/fs [s] (In SLOW, SLEEPmodes)

Figure 2-37. Transmitted Data Hold Time at End of Transmit/Receive
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2.10  8-Bit High-speed Serial Output (HSO)
The TMP87CS71B has a clock-synchronous 8-bit serial output (HSO). The HSO has a 1-byte transmit data
buffer register (HSODR). The HSODR is assigned to address OFF8y in the DBR area. The HSO is connected
to the external devices via pins P35 (HSCK) and P37 (HSO). These pins are also-used as the port P3. When
used as pins HSCK/HSO, the P35/P37 output latches should be set to “1”.

2.10.1 Configuration

Transmit data
MPX
fc/28 »>—>(p Shift HSO o
— HSODR ——>11 pin
fer28 By Control Serial data output
fc/25 »—>c circuit
fe/23 >—Ipg ] HSCK pin
SCK SEF Serial clock output
2 INH
HSOCR/HSOSR

Figure 2-38. High-speed Serial Output
2.10.2 Control
The HSO is controlled by a HSO control register (HSOCR). The transfer status can be determined by
reading a HSO status register (HSOSR).

HSO Control Register

1 0
(Initial value: #0%% %%00)

0: Continue transfer
1: Abort transfer

00: Internal clock ™ fc/28  [Hz] Write
01: Internal clock . fc/28 only
10: Internal clock f¢/2°
11: Internal-clock . fc/23

HSOCR
(0024,

INH Transmit control

SCK Serial clock select

Note 1: fc; High-frequency-clock [Hz], *; Don’t/care
Note 2: Serial clock select (SCK) must be set while the serial output is stopped (INH = ”1”).

HSO Status Register

HSOSR .. 7.6 5.LA o3An 0.
(0024y)  : “ATC[ISER | AT AT AT A AN
SEF Shift operating status 0: Shift operation terminated  (enable write to buffer) Read
monitor 1: Shift operation in process (disable write to buffer) only

Note : HSOCR is write-only register, which must not be accessed any of in read-modify-write instruction such as
bitoperate, etc.

Figure 2-39. HSO Control Register and Status Register

2.10.3 Transmit Operations

SCK (bits 1 and 0 in HSOCR) is used to select the transfer rate. Transmission is started by writing one byte
of data to the HSODR. The transmit data are output sequentially to the HSO pin in synchronized with the
falling edges of the serial clock, starting with the least significant bit (LSB). Writing to the buffer is
disabled by the hardware during data transfers. The shift register is empty after one byte of data has
been transferred, so writing to the buffer is again enabled at that point. SEF (bit 6 in HSOSR) is setto “1”
during transfers (write to buffer disabled) and is cleared to “0” when a transfer is completed (write to
buffer enabled); therefore, whether or not a transfer has been completed can be confirmed with a
program that reads SEF. The HSCK pin is raised to “high” at the start and end of transfers.
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Note: To continue a transfer without sensing SEF, write the next data to be transferred after 9 cycles

(11 cycles when fc/23 [Hz] is selected only) at the transfer rate selected with SCK after writing
to the buffer.

HSODR

HSCK pin output

HSO pin output

SEF

Figure 2-40. High-speed Serial Output Timing Chart

2.11 6-Bit AD Conversion (Comparator) Inputs
The comparator input is an analog input to discriminate key input or AFC (Auto Frequency Control) signal
input, etc. The analog input voltage level (pins CIN5 to CINO) can be detected)as 64-stage by setting
reference voltage.
The comparator input pins CIN5-CINO can also be used as ports P46, P47 and P53 to P50.
When used as a comparator input, the output latch should be set to ”1”. ‘Note that the built-in pull-

down resistances of the pins P47 and P46 must be cut off by clearing EPD (bits 7 and 6 in PACR) to “0”
when used as pins CIN4 and CIN5.

2.11.1 Configuration

Comparator input control register

CMPCR
scN 3% ECMP , ,
¥ Comparison result register
P46 (CIN5). [ — CMPDR
P47 (CIN4) O— o =
P50 (CIN3) [—1 = >
P51 (CIN2) O—— & + Vees COUT5 to COUTO
m! o - 6-bit D/A convertor
Pegan) U v Comparator
P53/(CINO). [}— ﬁSVREF
CMPDR

Comparator input refrence voltage setting register

Figure 2-41. 6-Bit AD Conversion (Comparator) Input
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2.11.2 Control
AD conversion (comparator) inputs are controlled by a comparator input control register (CMPCR) and a
comparator input data register (CMPDR). The CMPDR contains a reference voltage setting register
(write-only) and a comparison result register (read-only).

Comparator Input Control Register

CMPCR 2 ! 0
(000E,) , SCIN | (Initial value: O *000)
. 0: Disable Comparator input
ECMP Comparator input control 1: Enable Comparator input

000: 1channel (CINO)
001: 2channels(CINOto 1) Write
Number of Comparator 010: 3channels(CINO-to2) only
011: 4channels (CINOto 3)
100: 5channels (CINOto'4)
101: 6channels(CINO to 5)
11*: Reserved

SCIN input channels select

Note 1: The CMPCR is a write-only register and must not be used with any of the read-modify-write instructions.
Note 2: Do not set the ECMP to “1” in the SLOW maode.

Comparator Input Data Register

7 6 5 4 3 2 1 0
CMPDR | . | SVREF . | (initial value:  ++00 0000)
(OOOFH) ..........................
Reference voltage (Vgef) Write
SVREF setting VRer = Vpp X (SVREF + 1)/64 [V]" (SVREF =0 to 63) only
Note:  The CMPDR is a write-only register and must not be used with any of the read-modify-write instructions.
cvpbr i “1” i 1" [couts]couta]couts]cout2[coutt]couTo]
(000FH) - ™ couTs
) Result of comparing the CIN5 - CINO pin analog input voltage Read
to Comparison result .
COUTO with the reference voltage. only

Note: *;Don’tcare

Figure 2-42. ComparatorInput Control Register and Data Register

2.11.3 Function
Reference voltage (VRep) is set with SVREF (bits 5 to 0 in CMPDR).
The number of comparator input channels is selected with SCIN (bits 2 to 0 in CMPCR). Sequential
comparison of the selected number of channels is started by setting ECMP (bit 7 in CMPCR) to “1”.
The comparison-of one channel requires two machine cycles; therefore, the comparison result register
(COUT5 to COUTO0) should be read out at an interval equal to [number of channels x 2 machine cycles]
after setting the reference voltage (VrRep). COUTS to COUTO are set to “1” if the input voltage (pins CIN5
to CINO).is higher than the reference voltage (Vgrer) ; otherwise those are cleared to “0”.

Note 1: When entering STOP and SLOW modes, ECMP is automatically cleared and SCIN/SVREF are
held. And, COUT5 to COUTO are always setto “1”.

Note 2: Any pins specified for comparator input with SCIN can no longer be used for normal digital
input or key scan input, and are read out as”0".

Note 3: COUT5 to COUTO are read out as “1” when not used as a comparator input. For example, bits 7
to 3 in CMPDR are always read out as “1” when SCIN =010p.
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Example: Comparatesthe CIN3-CINO inputs with VRegrp=2.5V (AtVpp =5 V).
LD (P5),11111111B ; Sets port P5 output latchesto “1”.
LD (CMPDR),00011111B ; SetsVRgp=2.5V
LD (CMPCR), 10000011B ; Sets SCIN to 4 channels and Enables comparator input

; 4ch x 2 machine cycles -2
; =6 machine cycles wait.

LD A, (CMPDR) ; Reads CMPDR (COUTO to COUT3).

Table 2-9. Reference Voltage (at Vpp =5V)

VRer [V]

))
«

2.12 Vacuum Fluorescent Tube Driver Circuit
The TMP87CS71B has 32 high-breakdown voltage output buffers that directly drive the Vacuum
Fluorescent Tube (VFT) and its control circuit:

2.12.1 Configuration
Figure 2-43 shows the VFT driver circuitry configuration.

Key scan status register

Address counter KEYSR ——> STROBE

DI*G {} D;M {} EK*EY{}S'I;CK

Digit control circuit

BLK —=]

—> INTKEY
WAIT /~——— Key scan control

interrupt

Display data buffer
(32 bytes in DBR)

SEG ~—»| ~ Segment data
register

1] Key scan data latch

High breakdown voltage output buffers KEYDR
o h 4 o o &
O
G5 oo Go G5 weereeeeeeeenees S0 KEY7 e KEYO

Figure 2-43. VFT Driver Circuitry
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2.12.2 Function

2.12.3 Co
The VFT

® 32 high-breakdown voltage output buffers.
® 16digit output buffers (GO to G15)
® 16segment output buffers (S0to $15)
The VKK pin is provided for the VFT drive power supply.
@ 8-16segments x 1- 16 digits can be selected by program using the dynamic display.
@ Pins not used for the VFT driver can be used as general-purpose ports.
@ The display data is automatically transferred to the high-breakdown voltage output buffers
from the display data buffer memory (32 bytes in the DBR).
® Brightness level adjustment (8 levels) is available with a dimmer function.
® An automatic key scan function is available. It is possible to-use the segment outputs for key
strobe outputs.

ntrol
driver circuit is controlled by two VFT control registers (VFTCR1 and VFTCR2). The VFT

operational status can be determined by reading a VFT statusregister (VFTSR).

Switchin

g from NORMAL 1 or NORMAL 2 mode to SLOW or STOP mode, BLK is set to “1” and EKEY is

cleared to “0" ; therefore, the VFT driver circuit is placed into the blanking state. The contents of the VFT

control r

egisters (except BLK, EKEY) are held. Also segmentoutputs and digitoutputs are cleared to “0“;

therefore, the ports P6, P7, P8 and P9 function asnormal I/O ports with pull-down.

VFT Control Register 1
VETCR1 7 6 5 4 3 2 1 0
©0028,) | BLK JEkeY] stek | . SEG . | (Initial value: | 1000 0111)
. 0: Enable
BLK VFT display control 1: Disable (blanking)
. 0: Disable
EKEY Key scan function control 1: Enable
00: f¢/2'* or fs/2° [Hzl (once every 4 tseg)
Key scan strobe source clock 01:fc/2® —or fs/2° (once every 8 tsgg)
STCK select 10: fc/2" /. or fs/27 (once every 16 tseg)
11:4c/2®) | or fs/28 (once every 32 tseg)
Wri
0111: 8-segment display mode (outputs SO to $7) o:ltye
1000: 9-segment display mode (outputs SO to $8)
1001: 10-segment display mode (outputs SO to S9)
1010: 11-segment display mode (outputs SO to $10)
1011: 12-segment display mode (outputs SOto S11)
&4 Nymber of segmentsselect 1100: 13-segment display mode (outputs SO t0 $12)
1101: 14-segment display mode (outputs SO to S13)
1110: 15-segment display mode (outputs SO to $14)
1111: 16-segment display mode (outputs SO to $15)
0%%0: Reserved
0+0+%: Reserved
00%*: Reserved
Figure 2-44 (a). VFT Control Registers
Note 1: fc ;High-frequency clock [Hz],
fs; Low -frequency clock [Hz],
Note 2: VFTCR1 is write-only register, which must not be accessed any of in read-modify-write
instruction such as bit operate, etc.
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VFTCR2

6

VFT Control Register 2

(0029,

| (Initial value: 000 0000)

DIM

Dimmer time select

000:
001:
010:
011:
100:
101:
110:
111:

(14/186) x tsegls]
(12/16) X tsgg
(10/16) X tsgg
(8/16) x tseg
(6/16) x tseg
(4/16) x tseg
(2/16) x tseg
(1/16) x tgeg

DIG

Number of digits select

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011
1100:
1101:
1110:
1111:

1-digit display mode (outputs GO)

2-digit display mode (outputs GO to G1)
3-digit display mode (outputs GO to G2)
4-digit display mode (outputs GO to G3)
5-digit display mode (outputs GO to G4)
6-digit display mode (outputs GO to G5)
7-digit display mode (outputs GO to G6)
8-digit display mode (outputs GO to G7)
9-digit display mode (outputs GO to G8)
10-digit display mode (outputs GO to G9)
11-digit display mode (outputs GOto G10)
12-digit display mode (outputs GO'to G11)
13-digit display mode (outputs GO to G12)
14-digit display mode (outputs GO to G13)
15-digit display-mode (outputs GO to G14)
16 -digit display mode(outputs GO to G15)

Write
only

VFT Status Register

VFTSR
(0029y)

Note 1: tsee, During NORMAL 1 or NORMAL 2 (DV7CK =0)
During NORMAL 2 mode (DV7CK = 1)
Note 2: *;Don'tcare
Note 3: VFTCR2 is write-only register, which must not be accessed any of in read-modify-write instruction such as

bit operate, etc.

210/fc [s]

WAIT VFT display operational 0: \VFT display in operation Read
status monitor 1. VFT display operation disabled (or key scan operation) only
Key Scan Status Register
KEYSR 3 2 150
(002Ay) . STRPBE | |
STROBE | Key strobe position-monitor [Sn(n=STROBE =0to 15) T)er:;j

Figure 2-44 (b). VFT Control Registers/Status Registers

(1) ~Display Mode Setting
The number of segments is selected with SEG (bits 3 to 0 in VFTCR1) and the number of digits is
selected with DIG (bits 3 to 0 in VFTCR2) when BLK (bit 7 in VFTCR1)=1 and EKEY (bit 6 in

VFTCR1) =0. The dimmer time (digit output time) is selected with DIM (bits 6 to 4 in VFTCR2).

Example: Setsdisplay mode (8-seg. x 16-dig., (14/16) x tsgg)
LDW (VFTCR1),0F87H ; BLKe«1, EKEY<«0, STCK«00,SEG«<0111, DIM«000, DIG&1111
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(2) Display Data Setting

Normally, the conversion of data to VFT display data is performed by instructions. The converted
data which stored to the display data buffer memory (addresses 0F80y to OF9Fy in the DBR) is
automatically transferred to the VFT driver circuit and output to the high-breakdown voltage output
buffers. Thus, display patterns can be varied by merely changing the data in the data buffer

memory.

The VFT segments (dots) and display data area bits have a one-to-one-correspondence. A “1” bit
lights the corresponding segment and a “0” bit turns off the corresponding segment. Areas of the
display data buffer not used for display purposes can be used as normal data memory. The display
data buffer is assigned to the DBR area shown in Figure 2-45 (a) but, in the 8-segment display mode
only, the assignment is as shown in Figure 2-45 (b) for more effective utilization of data memory.

Bit 7654321076543210
OF81y OF80
OF83 OF82
OF85 OF84
OF9B OF9A
O0F9D OF9C
OF9F OF9E
Segment S$15-------=----------—-—o oo oo SO
(a) 9to 16-segment DisplayMode

Digit

GO
!
G1
I

G2

G15

76543210 Digit

0F90;, G0
OF91 G1

1
0F92 G2

!

1

1

1

1

1

1

!

1
0F9D :

1
OF9E !
OF9F G15

(b) 8-segment Display Mode

Figure 2-45. VFT Display DataBuffer Memory (DBR)

2.12.4 Display Operation

After setting the display mode-and'storing the display data, VFT display is started by clearing BLK to “0”.

Figure 2-46 shows the VFT drive waveform.

G2 I I

Dimmer time

nE—
[ 1

o ]

G1 [ 1

[ 1

I

—

$7-50 X ore2; X

0F91,

X 0F90y

X 0F92,

X 0F91y

X

tseg [s]

Figure 2-46. VFT Drive Waveform (Example: 8-segment x 3-digit Display)
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2.12.5 Key Scan Function
The key strobe signal can be output automatically.
The output latch should be set to “1” to use the port P4 (KEY) for key scan input.
Setting EKEY (bit 6 in VFTCR1) to “1”, the key scan timing is inserted into the display operation
synchronizes with the scan rate selected with STCK. A key strobe pulse is output at the key scan timing
from the pin Sn (one of the scan segment output pins selected with SEG). The segment pin number “n” is
decremented at each key scan timing. For example, in the 8-segment display mode, the output would be
from the S7—S6— --~— S0—S7 pins.
The KEY7 to KEYO pin input data synchronized with the key strobe output/are latched to the key scan
input latches (KEYDR) ; therefore, key scan can be performed by configuring a key matrix with the
segment output pins and KEY 7 to KEYO pins.
The key scan interrupt request (INTKEY) is generated in synchronized with key data latching; therefore,
the key strobe bit can be identified by sensing the key scan status register (002Ay) with an interrupt
service routine and reading the stored key data (return code) from the key scan input latches (KEYDR).
The following key scan timing is canceled until KEYDR has been read out.

Digit output G4 \ / G3 \ / G2 \ / G1 \ / GO \ / G7
?Ifegyn:frr:be) output X X\I;\ / X X X\m /

I

X

INTKEY "
interrupt request

KEYDR X

Key data read n "

Figure 2-47. Key/Scan Timing (8-digit Display)

TMP87CM71/N71/P71
Digit outputs
GOto G15 )
S0to S15 Segment outputs Vacuum Fluorescent Tube (VFT)

l Key strobe outputs

IS y

<_~

Key returns

P40 to P47

A DDA DY
\NZEANVEAN VAN VAN VAN VAN VAN V)
A DD DD
\NZEANVEAN VAN VAN VAN VAN VAN V)
A DD D DD D
\NZEANVEAN VAN VAN VAN VAN VAN V)
A DD
\NZEANVEAN VAN VAN VAN VAN VAN V)

Figure 2-48. Key Matrix Example
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2.12.6 Port Function

(1) High-Breakdown Voltage Buffer
When a VFT is being driven, the output latch is cleared to “0”. The port output latch is initialized to
“0" during reset).
When using as a normal input/output pin, caution is required because of being pulled down to the
VKK pin voltage internally.

a. Output
The pins are brought to the VKK pin voltage by the built-in_pull-down resistor for “low” level
output;consequently, as shown in Figure 2-49, diode grounding is necessary to prevent the VKK
pin voltage being applied to the external circuitry.

b. Input
The port output latch should be cleared to “0” when-inputting external data.
The input threshold level is same as for the other normal /O port but, because of being pulled
down to the VKK pin voltage, Rk (typ. 80 kQ) must be fully driven.

VDD VDD
RK Rg R
O VKK VKK &
(a) Output (b) Input

Figure 2-49. External circuitInterface

(2) Key Scan Input Pins
The pins P47/(KEY7) to P40 (KEYQ) are controlled by turning on and off the built-in pull-down
resistance for.each bit with-a P4 port control register (P4CR).

Note 1: The key scan input latch (address 0004y) is only effective when EKEY in VFTCR1 is set to
“1”. The initial value is “0".

Note 2:. When EKEY is set to “1”, used for key scan input and cannot be used for normal input or
bit operations.

PACR
(000C,) | , ,  EPD | , , | (nitial value: 0000 0000)

0: Disconnect pull-down resistance Write
EPD Port P4 pull-down control

1: Connect pull-down resistance only

Figure 2-50. Port P4 Control Register
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TOSHIBA TMP87CS71B

Input/Output Circuitry

The instruction for specifying Masking Option (I/O code) in ES Order Sheet is described in ADDITIONAL
INFORMATION “Notice for Masking Option of TLCS-870 series” section 8.

(1) Control pins
The input/output circuitries of the TMP87CS71B control pins are shown below.

Please specify either the single-clock mode (oscillation only XIN/XOUT) or the dual-clock mode

(oscillation both XIN/XOUT and XTIN/XTOUT) by a code (NM1 or NM2)/as’'an‘option for an operating
mode during reset.
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TOSHIBA TMP87CS71B
Control Pin 110 Control pins Circuitry and code Remarks
Osc. enable _)iDD—» fe Resonator connecting pins
A (high-frequency)
VDD
XIN Input vDD ‘Q/f\’ Ro Ri =12MQ  (typ.)
XOouT Output | Ro-=1.5kQ (typ.)
D R. =1kQ (typ.)
XIN XOUuT
NM1 NM2
XTEN i i
Osc. enable » Resonator connecting pins
§ > 1s (low-frequency)
XTIN (P21) Input | Refer W R =6MQ (typ.)
XTOUT (P22) Output |t R R R Ro £220kQ  (typ.)
port P _ O R =1kQ (typ.)
735 XTIN XTOUT
VDD Sink-open drain output
%Rw % Hysteresis input
- R
RESET 170 Address-trap-reset @_'W\/ E Pull-up resistor
Watchdog-timer-reset _),—L,./ } Rin =220kQ  (typ.)
System-clock-reset
R =1kQ (typ.)
VDD
STOP/INTS Input Hysteresis input
(P20) R R =1kQ (typ.)
P20 <]
STOP/INTS ’\@,
VDD
R % Pull-down resistor
Ry =70k .
TEST Input <]_'VV\/ D N =70kQ (typ.)
Rin
R =1kQ (typ.)

type.

Note1:-The TEST pin-of the TMP87PS71A does not have a pull-down resistor. Fix the TEST pin at low level in MCU mode.
Note2: The TMP87PS71A is placed in the single-clock mode during reset, and the input/output circuitries are the code NM1

(2) Input/Output Ports
The input/output circuitries of the TMP87CS71B input/output ports are shown below.
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TOSHIBA TMP87CS71B
Port 110 Input/Output ports Circuitry Remarks
Initial “High-2" VDD
Tri-state /O
PO 1’10
Disable
pd R=1kQ (typ.)
~
Initial “High-2" VDD
Tri-state 1/0
Hysteresis input
P1 /10
Disable o-
@I RE1kQ (typ.)
Initial “High-2" VDD
Sink open drain output
P2 110 —| >o—|
R R=1 kQ
Initial “High-Z" VDD Sink open drain output
Hysteresis input
P3 I’0 —[>o—| R=1kQ (typ.)
R
Initial “High-Z" Sink open drain output
Hysteresis input
pa | 1o —>o— Rin = 70 k2 (typ.)
Rin is programable pull-down.
R=1kQ (typ.)
Digital input
Initial “High-Z" DD Sink open drain output
R=1kQ (typ.)
P5 /o —>o0—]
R
e
Digital input
To be continued.
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TOSHIBA TMP87CS71B
Port 110 Input/Output ports Circuitry Remarks
Initial “High-z" gVDD % Source open drain output
P6 R
Rk
110 High-breakdown voltage
P7 . VKK ,7|; I Rk = 80 kQ (typ.)
~ R=1kQ (typ.)
P3 RT
Source open drain output
Initial “High-2" vbD
P8 [Output
R High-breakdownvoltage
« Ri= 80k (typ.)
VKK
R =1kQ (typ.)
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TOSHIBA TMP87CS71B

Electrical Characteristics

Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Conditions Ratings Unit
Supply Voltage Vpp -0:3t06.5 \Y
Input Voltage ViN -0.3toVpp+0.3 \Y
Vour1 | P2, P3, P4, P5, XOUT, RESET -0.3toVpp +0.3
Output Voltage Vv
Vout2 |Source open drain ports Vpp-40toVpp+0.3
louT1 PO, P1, P2, P3, P4, P5 3.2
Output Current (Per 1 pin) louTs P8, P9 (segment outputs) -12 mA
louTa P6, P7 (digit outputs) -25
S lout1 | PO, P1, P2, P3, P4, P5 120
Output Current (Total) mA
Slout2 |P6, P7, P8, P9 =120
Power Dissipation [Topr = 70°C] PD 350 mw
Soldering Temperature (time) Tsld 260 (10's) °C
Storage Temperature Tstg =55t0 125 °C
Operating Temperature Topr -30t0 70 °C

Note: The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant. Any
one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down or its
performance may be degraded, causing it to catch fire or explode resulting in-injury to the user. Thus, when designing
products which include this device, ensure that no absolute maximum rating value will ever be exceeded.

Recommended Operating Conditions | (Vss=0V, Topr= -30t070°C)

Parameter Symbol Pins Conditions Min Max Unit
NORMAL1, 2 modes
fc=8 MHz 45
IDLE1, 2 modes
NORMAL1, 2 modes
fc=4.2 MHz
Supply Voltage Vbp IDLE1, 2 modes 27 5.5 \
fs= SLOW mode '
32.768kHz | ¢ EEP mode
STOP mode 2.0
\Y Except hysteresis input Vpp x0.70
. IH1 p y : p Vo= 45V DD
Input High Voltage ViH2 Hysteresis input Vpp x0.75 Vbbp Y
ViH3 Vpp<4.5V Vpp x0.90
\Y Excepthysteresisinput Vpp % 0.30
IL1 plhy p Vo= 4.5V DD
Input Low Voltage Vi Hysteresis input 0 Vpp x0.25 \Y
Vi3 Vpp<4.5V Vppx0.10
VDD =4.5t0 5.5V 8.0
fc XIN, XOUT 0.4 MHz
Clock Frequency VDD =2.7t05.5V 4.2
fs XTIN, XTOUT 30.0 34.0 kHz

Note: 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.
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TOSHIBA TMP87CS71B
DC Characteristics (Vss=0V, Topr= - 3010 70°C)
Parameter Symbol Pins Conditions Min | Typ. [ Max | Unit
Hysteresis Voltage Vs Hysteresis input - 0.9 - Y
Iin1 TEST
Open drain ports, Vpp=5.5V _ B "
Input Current N2 | rristate ports ViN=5.5V/0V 2| A
Iin3 RESET, STOP
. Rint Port P4 with pull-down 30 70 150
Input Resistance
Rin2 RESET 100 | 220 | 450 | kQ
Pull-down Resistance Rk Source opendrain ports | Vpp=5.5V, V= +-33V - 80 -
Lot Sink open drain ports Vpp=5.5V,Voyr=55V - - 2
g:rtrztg’iLeakage ILo2 Source opendrain ports | Vpp=5.5V, Vour=-33V - = -2 LA
lLo3 Tri-state ports Vpp=5.5V, Vour=5.5V/0V = - +2
] Vouna | Tri-state ports Vpp=4.5V, lop==0.7mA 4.1 - -
Output High Voltage o P O \Y
Vousz | P8,P9 Vpop =45V, Ign= - 5mA 24| = -
Output Low Voltage VoL Except XOUT Vpp=4.5V,lgL=1.6 mA - - 0.4 \
Output High current loH P6, P7 Vpp=4.5V,Voy=2.4V - | -15] - mA
Supply Currentin Vpp=5:5V _
NORMAL 1, 2 modes fc=8 MHz 11.0117.0 A
m
Supply Currentin fs=32.768 kHz _ |as |60
IDLE 1, 2 modes Vin=5.3V/0.2V ' :
Supply Currentin
SLOW mode oo Vpp=3.0V - | 30|60
- fs=32.768 kHz #A
Supply Currentin Vin=2.8V/0:2V - 15 30
SLEEP mode
Supply Currentin Vpp=5.5V B
STOP mode Vin=5.3V/0.2V 0.5 1 10 1 »A

Note 1: Typical values show those at Topr=25°C, Vpp=5 V.

Note 2: Input Current ling linz ;

The current through resistor is not included, when the input resistor (pull-up/pull-down) is

contained.

Note 3: Typical current consumption during AD conversion.is 1.2 mA.

AD Conversion Characteristics

(Vss=0V, Vpp=2.7/4.5t05.5V, Topr= -30to 70°C)

Parameter Symbol Pins Conditions Min Typ. Max Unit
Analog InputVoltage Range Vain CIN5 to CINO Vss - Vop \%
Conversion Error Vpp=5.0V - - 1.5 LSB
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TOSHIBA TMP87CS71B
AC Characteristics (Vss=0V, Vpp=2.7/4.5t0 5.5V, Topr= — 3010 70°C)
Parameter Symbol Conditions Min Typ. Max Unit
In NORMAL1, 2 modes
0.5 - 10
In IDLE 1, 2 modes
Machine Cycle Time tey s
In SLOW mode
117.6 - 133.3
In SLEEP mode
High Level Clock Pulse Width tweH | For external clock operation
. 50 - - ns
Low Level Clock Pulse Width twer | XINinput), fc =8 MHz
High Level Clock Pulse Width twsH | For external clock operation .7 _ .
Low Level Clock Pulse Width twse | XTINinput), fs=32.768 kHz i #

Recommended Oscillating Conditions

1,
&

XOUT

(1) High-frequency Oscillation

(Vss=0V, Vpp=2.7/4.5t0 5.5V, Topr= -30t0.70°C)

(2) Low-frequency Oscillation

Note 1: An electrical shield by metal shield plate on the surface of the IC package should be
recommendable in order to prevent the device from the high electric fieldstress applied for
continuous reliable operation.

Note 2: The productnumbers and specifications of the resonators by Murata Manufacturing Co., Ltd.

are subject to.change. For up-to-date'information, please refer to the following URL;

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