TOSHIBA TMP88CS43

CMOS 8-Bit Microcomputer

TMP88CS43F

The TMP88CS43F is a high-speed, high-function 8-bit microcomputer built around the TLCS-870/X series CPU
core and incorporating sine wave drive PMD (Programmable Motor Driver: PMD), as well as a 10-bit AD
converter, multifunction timer/counters, and synchronous/asynchronous serial interfaces.

Product No. ROM RAM Package Built-in OTP

TMP88CS43F 64 Kbytes 2K + 128 bytes P-QFP80-1420-0.80B TMP88PS43F (Nete)

Note : TMP88PS43F with OTP's RAM capacity is 4 K + 128 bytes. The capacity is not same as TMP88CS43F.

Features

@ 8-bit single-chip microcomputer TLCS-870/X series
€ Minimum instruction execution time: 0.20 us

(when operating with 20.0 MHz)
€ Fundamental machine instruction: 181 kinds, 842 instructions
@ Interrupt sources 35 (6 external, 29 internal)
€ Input/Output port: 71 pins

® Large-current output: 24 pins (typ. 20 mA),

capable of LED direct drive

€ Programmable motor driver: 2 channels (PMD)

® Sine wave drive circuit (built-in sine wave data-only RAM)
® Rotor position detect function
® Motor control timer and capture function

External view of the package

P-QFP80-1420-0.80B

@ Overload protective function

® Auto commutation, auto position detection start TMP88CS43F
¢ Watchdog Timer (WDT) TMP88PS43F
€ Time Base Timer (TBT)

@ Divider output function (DVO)
@ 16-bit timer/counter: 2 channels (TC1, CTC)
® TC1: Timer, external trigger timer, event counter,
window mode, pulse width measurement,
or PPG1 (Programmable Pulse) output
® CTC: Timer, event counter,
or PPG2 (Programmable Pulse) output

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 TMP88CS43

@ 8-bittimer/counter: 4 channels (TC3, TC4, TC5, TC6)
® TC3: Timer, event counter, or capture
® TC4: Timer, event counter, PDO (Programmable Divider Output), PWM (Pulse Width Modulation),
or UART baud rate
® TC5,TC6: Two channels can be cascaded for use as a 16-bit timer
Timer, event counter, PWM (Pulse Width Modulation), PPG (Programmable Pulse) output,
or PDO (Programmable Divider Output)
€ 10-bit successive approximation type AD converter (with sample-and-hold)
® Analog input: 16 channels
@ Serial interface: Two channels (SIO, UART)
@ 8-bit SIO (synchronous): 1 channel
® 8-bit UART (asynchronous): 1 channel (selectable pins to use)
@ 8-bit high-speed PWM: 2 channels
€ Low power dissipation mode
® STOP mode: Operation halted (battery)
® IDLE mode: CPU halted and only peripheral hardware operating, returned normal by an interrupt

@ Operating voltage: 4.51t0 5.5V (at 8 to 20 MHz)
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TMP88CS43

Pin Assignments (Top View)
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TOSHIBA TMP88CS43

Block Diagram
Address/Data Bus
TLCS-870/X Data Memory Program Memory
CPU Core (RAM) (ROM)
> Standby Control Circuit Interrupt Controller |
.?E:?T System Control Circuit TT T T T T T T T
- Time Base i
Timing Generato _Bi 16-Bit )
. iming Generator Timer 10-Bit AD . 8ch1’£ . Timer/ High-speed Serial /0 | | Motor Control
mer/Counter i i
XOUT Clock Generator Watchdog Converter Counter PWM Cireuit
Timer rcafrealres[res| [1c1 ] crc] [HPwmolHPwmi| [uarT]sio] [ PMD1 | PMD2
N S = ~ - ~ - e < e - ~
AVDD I ‘l V] ‘l
VAREFF ]
AVSS 4 L 4L KL 40 —4dLb 4L
| Address/Data Bus
% po [t oxfra]| ||[[73][Ps]
S = =
< > > > > g
P80to P87 P90toP97 P60toP67  P70toP77 P20toP22 P10toP17 POO to P03 P40 to P47 P30to P37 P50 to P57

(AINOto7)  (AIN8to 15)
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TOSHIBA

TMP88CS43

Pin Functions (1/3)

Pin Name

I/0

Function

POO (TC6l, RXD2)

110
(input, input)

P01 (PDO6, PWM®b,

110

® 4-bit programmable input/output port.

(hysteresis input, tristate output/open-drain output)
® Can be set for input or output mode bitwise.
® Can be set for tristate or open-drain output bitwise.

Timer/Counter input 6,
UART input 2

Timer/Counter output 6 or
PDO6, PWM6, PPG6, UART

PPG6, TXD2) |(output, output) | ® When using as timer/counter or UART input, set these
. ; output 2
pins for input mode.

P02 (HPWMO) /O (output) ® When using as timer/counter, UART, or PWM output, | High-speed PWMO output

—— outpu i -
PO3 (HPWMT) set these pins for output mode. High-speed PWM1 output
P10 (INTO) Vo G 9 ® 8-bit programmable input/output port. External interrupt input 0

Inpu (hysteresis input, tristate output) . .
P11(NTY) ® Can be set for input or output mode bitwise. External interrupt 1 input
P12 (INT2, TC1) /0 ® When using as external interrupt, timer/counter, or | External interrupt 2 input or
! (input, input) position signal input, set these pins for input mode. timer/counter 1 input
/0 ® When using as DVO output or PPG1 output of TC1, set Timer/Counter 5 input or
P13 (TC5I1, DVO) . these pins for output mode after setting the output | . . p
(input, output) divider output
latch to 1.

P14 1’0 .
e = Timer/Counter output or
(PDO5, PWMS5, (output, output,
PPGT) output) PDO5, PWMS5, PPG1
P15 (PDU2) Motor control 2 position signal
P16 (PDV2) 1/0 (input) input
P17 (PDW2) (U2, V2, W2 phases)

e e ® 3-bitinput/output port. External interrupt 5 input,
P20 (INT5, STOP) /o (hysteresis input, open-drain output) STOP mode exiting input

P21 (TC3, INT3)

(input, input)

P22(TC4, INT4,

110
(input, input

® When using these pins as timer/counter, external
interrupt, or STOP mode exiting input, set the output
latch to 1.

Timer/Counter 3 input or
external interrupt 3 input

Timer/Counter 4 input or
external interrupt 4 input,

PWM4, PDO4) output, output) PWM4 output, PDO4 output
P30 (21) ® 8-bit programmable input/output port.
P31(Y1) (hysteresis input, tristate output/open-drain output)
® Can be set for input or output mode bitwise.
P32 (X1) ® Can be set for tristate or open-drain output bitwise. Motor control 1 output
P33 (W1) I/0 (output) | e can directly drive LED with large current. . (Z1,Y1, X1, W1, V1, U1 phases)
® When using motor control output, set these pins for
P34 (V1) output mode. Also, set the output latch to 1.
® When using error detection/overload protective input,
P35 (U1) set these pins for input mode.
— ) Motor control 1 error
P36 (EMG1) 1/0 (input) detection input
— . Motor control 1 overload
P37(CL1) /O (input) protective input
P40 (PDW1) ® 8-bit programmable input/output port. . ;
P41 (PDV1) (hysteresis input, tristate output/open-drain output) moﬁir control 1 position signal
1/0 (input) ® Can be set for input or output mode bitwise. (V\F/,1 V1, U1 phases)
P42 (PDU1) ® Can be set for tristate or open-drain output bitwise. L UTR
i ® Candirectly drive LED with large current. .
P43 (SCK) ® When using timer/counter, SIO, or position signal 510 clock inputioutput
P44 (SI, RXD1) 110 (input) input, set these pins for input mode. SIO input, UART data input 1
® When using SIO, UART or output, set these pins for SI10 output
output mode. Also, set the output latch to 1. '
P45 (SO, TXD1) 1/0 (output) p p UART data output 1
P46 (PPG2) 1/0 (output) Compare timer/counter output
P47 (CTCQ) 1/0 (input) Compare timer/counter input
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TOSHIBA

TMP88CS43

Pin Functions (2/3)

(AIN7, DBOUT1)

(input, output)

Pin Name /0 Function
P50 (CL2) ® 8-bit programmable input/output port. Motor control 2 overload
) (hysteresis input, tristate output/open-drain output) protective input
I/0 (input) | e Can be set for input or output mode bitwise. Motor control 2 error detection

P51 (EMG2) ® Can be set for tristate or open-drain output bitwise. inout

® Candirectly drive LED with large current. P
P52 (U2) ® When using motor control output, set these pins for
P53 (V2) output mode. Also, set the output latch to 1.

® When using error detection/overload protective input,
P54 (W2) /O (output) set these pins for input mode. Motor control 2 output
PS5 (X2) P (22,Y2,X2, W2, V2, U2 phases)
P56 (Y2)
P57 (Z22)
P60 (AINO) ® 8-bit programmable input/output port.

(tristate output)
P61 (AINT) ® Can be set for input or output mode bitwise.
P62 (AIN2) ® When using as analog input, set these pins for input
) mode. Also, set the output latch to 0. .

P63 (AIN3) VO (input) | g \when using motor control output, set these pins for AD converter analog input
P64 (AIN4) output mode. Also, set the output latch to 1.
P65 (AINS)
P66 (AIN6)
P67 /0 AD converter analog input,

Motor control 1 output

P70 (AIN8)

P71 (AIN9)

P72 (AIN10)

P73 (AIN11)

1/0 (input)

P74 (AIN12)

P75 (AIN13)

P76 (AIN14)

P77

(AIN15, DBOUT2)

I]e}
(input, output)

® 8-bit programmable input/output port.
(tristate output)

® Can be set for input or output mode bitwise.

® When using as analog input, set these pins for input
mode. Also, set the output latch to 0.

® When using motor control output, set these pins for
output mode. Also, set the output latch to 1.

AD converter analog input

AD converter analog input,
Motor control 2 output

P80 ® 8-bit programmable input/output port.
P81 (tristate output/open-drain output)
® Can be set for input or output mode bitwise.
P82 ® Can be set for tristate or open-drain output bitwise.
P83 110 —
P84
P85
P86
P87
P90 ® 8-bit programmable input/output port.
P91 (tristate output/open-drain output)
® Can be set for input or output mode bitwise.
P92 ® Can be set for tristate or open-drain output bitwise.
P93 Vo —
P94
P95
P96
P97

2002-09-12




TOSHIBA

TMP88CS43

Pin Functions (3/3)

Pin Name I/0 Function
TEST Input Used for shipping test. Fix this pin low.
RESET Input Reset signal input
XIN Input High-frequency resonator connecting pins.
XOUT Output When using external clock input, feed it to XIN and leave XOUT open.
VSS GND pin
VDD Power supply
AVSS Input GND for AD conversion circuit
AVDD Power supply for AD conversion circuit
VAREF Analog reference voltage for AD conversion
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TOSHIBA

TMP88CS43

Functional Description

1. Functions of the CPU Core

The CPU core consists mainly of the CPU, system clock control circuit, and interrupt control circuit.
This chapter describes the CPU core, program memory, data memory, and reset circuit of the

TMP88CS43.
1.1  Memory Address Map
The memory of the TMP88CS43 consists of four blocks: ROM, RAM, SFR (Special Function Registers),
and DBR (Data Buffer Registers), which are mapped into one 1-Mbyte address space. The general-
purpose registers consist of 16 banks, which are mapped into the RAM address space. Figure 1-1 shows
a memory address map of the TMP88CS43.
........................ 66066,
SFR 64 bytes Special Function Register
........................ [ 0003Fy
000404 .
RAM 128 bytes General-purpose Register Bank
o) Jooopr, | 7 o | B IOK
000C0,
RAM
(2 Kbytes) 2048 bytes
128 bytes (peripheral hardware control register/
status register)
65280 bytes Program Memory
ROM JBEFF L
64 Kbytes) | oo e
(64Kbytes) | g,
64 bytes Interrupt Vector Table
L O OO
FFF40y Vector Table for
FFF7F, 64 bytes Vector Call Instructions
L T
128 bytes Interrupt Vector Table
i NEFFFRG L e
TMP88CS43
Note: ROM: Read-Only Memory SFR: Special Function Registers DBR: Data Buffer Registers

Program memory
Vector table
RAM: Random Access Memory
Data memory
Stack
General-purpose register bank

Input/output port

Peripheral hardware control register
Peripheral hardware status register

System control register
Interrupt control register
Program status word

Input/output port
Peripheral hardware control register

Peripheral hardware status register

Figure 1-1.

Memory address map
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TOSHIBA TMP88CS43

Electrical Characteristics

Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pin Standard Unit Remark
Power Supply Voltage Vpp -0.3t06.5
Input Voltage Vin -0.3toVpp+0.3 Vv
Output Voltage Vourt -0.3toVpp+0.3
loH P0,1,3,4,5,6,7,8,9 -1.8
Output Current loL1 P0,1,2,6,7,8,9 3.2
loz |P3,P4,P5 30
Total of all ports except large-
Slour |P0,1,2,6,7,8,9 60 P priarg
current ports
mA | Total of 8 pins of large-current
Zlour2 |P3 60
portsP30to 7
Mean Qutput Current -
Total of 8 pins of large-current
2 IOUT3 P4 60
ports P40to 7
Total of 8 pins of large-current
2 IOUT4 P5 60 P 9
ports P50to 7
Power Dissipation PD 350 mW | QFP
Operating Temperature Topr -40to 85
Soldering Temperature
aering femp Tsld 260 (10) oc
(time)
Storage Temperature Tstg -55t0 125

Note: The Absolute Maximum Ratings stipulate the standards, any parameter of which cannot be exceeded even in an
instant. If the device is used under conditions exceeding the Absolute Maximum Ratings, it may break down or
degrade, causing injury due to rupture or burning. Therefore, always make sure the Absolute Maximum Ratings will
not be exceeded when designing your application equipment.

Recommended Operating Conditions (Vss=0V, Topr= - 40to 85°C)
Parameter Symbol Pin Condition Min Max Unit
Power Supply _ NORMAL/IDLE/
Voltage Vpp fc=20MHz | orop 45 5.5
i V| Normal Vpp % 0.70
High Level Input IH1 VppZ 4.5V DD Voo v
Voltage Viy2 | Hysteresis Vpp x0.75
V| Normal Vpp % 0.30
LO\IN Level Input IL1 : VppZ 4.5V 0 DD
Voltage Vio | Hysteresis Vbp x0.25
Clock Frequency fc XIN, XOUT Vpp=4.5Vto55V 8 20 MHz

Note: The Recommended Operating Conditions show the conditions under which we recommend the device be used in order
for it to operate normally while maintaining its quality. If the device is used outside the range of Recommended
Operating Conditions (power supply voltage, operating temperature range, or AC/DC rated values), it may operate
erratically. Therefore, when designing your application equipment, always make sure its intended working conditions
will not exceed the range of Recommended Operating Conditions.
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TOSHIBA

TMP88CS43
DC Characteristics (Vss= 0V, Topr= -401t085°C)
Parameter Symbol Pin Condition Min | Typ. | Max | Unit
| TEST
T : Vpp=5.5V
Input Current linz | Sink OD, Tri-state - - 2 A
— ViN=5.5V/0V
Inz | RESET,STOP
Input Resistance Rin | RESET 90 220 510 | kQ
Output Leakage Current ILo |Sink OD, Tri-state Vpp=5.5V,V|y=5.5V/0V - - +2 HA
High Level Output Voltage | Voy | Tri-state port Vpp=4.5V,loy=-0.7mA 4.1 - - Y
los |PO,1,2,6,7,8,9 Vpp=4.5V,Vo =04V 1.6 - -
Low Level Output Current
loL2 |P3,P5,P4 Vpp=4.5V, Vo =1.0V - 20 - A
m
| - 18 25
ower Suoly C IDDO Vpp=5.5V,Viy=5.3V/0.2V -
ower Su urrent -
ad oL fc=20 MHz
IDDH - 2 100 /lA
AD Conversion Characteristics ( Topr = - 40 to 85°C)
. \ Max .
Parameter Symbol Pin Min Typ. Unit
8 bits 10 bits
Analog Reference Voltage VAgegr | Vss=0V, Vpp=AVpp Vpp-1.0 - Vbp
Analog Input Voltage Vv
9inp 9 VAN Vass - VAREF
Range
Analog Reference Power Vpp=AVpp=VAggr=5.0V
IRer - 0.5 1.0 mA
Supply Current Vss=AVss=0V
Nonlinearity Error - - 1 +2
Vpp=5V,Vss=0V
Zero Error AV VA, 5V - - +1 2 LSB
Full Scale Error DD = HREF = - - 1 +2
AVss=0V
Overall Error - - 2 4
AC Characteristics (Vss=0V, Vpp=4.5t05.5V, Topr= —40to 85°C)
Parameter Symbol Pin Min Typ. Max Unit
) ) During NORMAL1 mode
Machine Cycle Time tcy - 0.2 - 0.5 [us
During IDLE mode
High Level Clock Pulse Width twen | When operating with external
clock (XIN input) 25 - - ns
Low Level Clock Pulse Width twel fc =20 MHz

177
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TOSHIBA

TMP88CS43

Recommended Oscillation Conditions

(Vss=0V, Vpp=4.5t05.5V, Topr= -401t085°C)

Recommended Constant

Murata Mfg. Co.

illation
Parameter Resonator Oscillatio Recommended Resonator
Frequency G G
CSTLS16MOX51-B0 made by
) 16 MHz (5pP) (5pP)
High-frequency . Murata Mfg. Co.
. Ceramic resonator
oscillation CSTLS20MOX51-B0 made by
20 MHz (5pP) (5pP)

XIN XouTt

i

C /;r ;Cz

High-frequency oscillation

(C1, C2 built-in type)

Note 1: When using the device in places exposed to high electric fields as in cathode-ray tubes, we
recommend electrically shielding the package in order to maintain the device in normal
working condition.

Note 2: These product numbers and the corresponding specifications are subject to change. For up-to-
date information, please refer to the following URL;
http:/mwww.murata.co.jp/search/index.html
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