TOSHIBA TMP87CM24A/P24A

CMOS 8-Bit Microcontroller
TMP87CM24AF, TMP87CP24AF

The TMP87CM24A/P24A are the high speed and high performance 8-bit single chip microcomputers. These
MCU contain, large ROM, RAM, input/output ports, LCD driver, a 8-bit AD converter, four multi-function
timer/counters, two serial interfaces, and two clock generators on chip.

Product No. ROM RAM Package OTP MCU
TMP87CM24A 32 K x 8 bits
TMP87CP24A 48 K x 8 bits

2K x 8bits P-LQFP100-1414-0.50C TMP87PP24A

Features

@ 8-bit single chip microcomputer TLCS-870 Series

@ nstruction execution time: 0.5 s (at 8 MHz), 122 us (at 32 kHz)

@ 129 types and 412 basic instructions
® Multiplication and Division (8 bits x 8 bits, 16 bits + 8 bits): Execution time 3.5 s (at 8 MHz)
® Bit manipulations (Set/Clear/Complement/Load/Store/Test/Exclusive OR)

® 16-bit data operations
® 1-byte jump/call (Short relative jump/Vector call) P-LQFP100-1414-0.50C
@ 14 interrupt sources (External: 5, Internal: 9)
@ Allsources have independent latches each,
and nested interrupt control is available
® 4 edge-selectable external interruptswith noisereject
® High-speed task switching by register bank changeover
@ 10-input/output ports (Max 69 pins)
@ Two 16-bit timer/counters
® Timer, Eventcounter, External trigger timer, Window, PPG output
Pulse width measurement modes
@ Two 8-bit timer/counters
® Timer, Eventcounter, Capture (Pulse width/duty measurement),
PWM output, PDO modes

@ Time Base Timer (Interrupt frequency: 1 Hz to 16384 kHz) TMP87CM24AF
@ Divider output function (frequency: 1 kHz to 8 kHz) TMP87CP24AF
@ Watchdog Timer TMP87PP24AF

@ Two 8-bit Serial Interfaces
® Each 8 bytes transmit/receive data buffer

® Internal/external serial clock, and 4-/8-bit mode

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 TMP87CM24A/P24A

@ LCD driver
@ Built-in voltage booster for LCD driver
® With display memory (20 bytes)
® LCD direct drive capability (Max 40 seg x 4 com)
® 1/4,1/3, 1/2 duty or static drive are programmably selectable

@ 8-bit successive approximate type AD converter with sample and hold

® 8analoginputs
® Conversion time:23 x5/92 us (at 8 MHz)

@ Dual clock operation (optional)
@ Five Power saving operating modes
® STOP mode: Oscillation stops. Battery/Capacitor back-up. Port output hold/high-impedance.
® SLOW mode: Low power consumption operation using
low-frequency clock (32.768 kHz).
® IDLE1 mode: CPU stops, and Peripherals operate using
high-frequency clock.
Release by interrupts.
® |IDLE2 mode: CPUstops,and Peripheralsoperate using high and low frequency clock.
Release by interrupts.
® SLEEP mode: CPU stops, and Peripherals operate using low-frequency clock.
Release by interrupts.
@ Operating Voltage: 2.2t0 5.5V at4.2 MHz/32.768 kHz, 4.5t0 5.5V at 8 MHz/32.768 kHz
@ Emulation Pod: BM87CP24F0A
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TMP87CM24A/P24A

TOSHIBA

Pin Assignments (Top View)

P-LQFP100-1414-0.50C
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TOSHIBA

TMP87CM24A/P24A

Block Diagram
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TMP87CM24A/P24A

Pin Functions

Pin Name Input/Output Function
P07 to POO 8-bit programmable input/output ports
""""""""""" 170 (tri-state).
P17, P16
P15 (TC2) /O (Input) Each. bit of these.ports can be individually | Timer/Counter 2 input
———————————————————————————— configured as an input or an output under F-----===--—— = - -
P14 (PPG) software control. Programmable pulse generator output
"""""""""" I/0 (Output) |when used as an input port, timer/counter [ 777~~~ "~ ""TTTTTTTTTTTmmTomT oo
pisovo) |\ ] input or external interrupt input, the _?L"_"!?'_‘_’EEP_U}____T __________________
2 (INT2 POCR/P1CR must be set to “0”. When used | Externalinterrupt 2 input or
P12ONT2Z/TCY) as timer/counter output or divider output, | Timer/Counter 1input |
P11 (INT1) I/G (Input)  [the POCR/P1CR must be set to “1” after | pyiarnal interrupt 1input
———————————————— setting output latch to “1”. e L LD
P10 (INTO) External interrupt 0 input
P22 (XTOUT) VO (Output) |3-bitinput/ioutput port with latch. Resonator connecting pins (32.768 kHz).
---------------------------- When used as an input port, external |For inputting external clock, XTIN is used
P21 (XTIN) interrupt input or STOP mode release |and XTOUT is opened.
TTTTTTTTTTTmmmmTm I/0 (Input) | input, the output latch must be setto “1”. [External interru pt 5input or STOP mode |
P20 (INT5/5TOP) release signal input
6-bit input/output port with latch.
P35to P30 o When used as input port, the output latch must besetto “1”.
f‘_‘z ES_QZ_) __________ Ifg_((_)'_JEEEt_)_ 18-bit input/output port with latch. _S_IP_Z_ Ee_r_la_l_d_a_tf_o_u_tgyz ________________
Pa6(SI12) | _VOUnput) |\when used as serial interface output or |3!02 serialdatainput |
P45 (SCK2) /0 (yo)  |timer/counter output, the PACR1 must be | 5107 serial clock input/output
———————————————————————————— setto “1” after setting output latchto "1". fF----------------c
P44 (SO1) I/O (Output) |When used as an input port, serial | SIO1 serial data output
"""""""""""""" interface input or external interrupt input, [~ """ """ T T m T T T T T mm T m T E T
PASGIN ___________]_YO0nput) _|thepacR1 must besetto “0". | SIO1 serialdatainput ]
P42 (SCK1) 1/0 (I/0) SIO1 serial clock input/output
_____________________________ 8-bit PWM output, 8-bit programmable
P41 (PWM/PDO) /O (Output) divider output
I T R External interrupt 3 input, Timer/Counter |
P40 (INT3/TC3) /0 (Input) 3input
8-bit S)rogramhmgble ir;pu”:/output port (tt;i-
state). Eac it of the port can be .
P57 (AINO7) to individually configured as an input or an |AD converter analog inputs
I/0 (Input) | output under software control.
P50 (AINOO) When used as analog input, the P5CR must
besetto “0”.
SEngG(;gO()Pg) Output (I/0) |8-bitinput/output port with latch. LCD segment outputs. When used as
SEG31 (P70) to When used as an input port, the segment | segment output, the segment output
SEG24 (P77) Output (I10) [ output control register must be set to “0” . o
after setting output latch to “1”. control register must be setto “1”.
SEG23 (P60) to Output (I/0)
SEG16 (P67)
4-bit input /output port with latch.
SEG15 (P90) to Output (I/0) |When used as an input port, the segment
output control register must be set to “0”
SEG12(P93) after setting output latch to “1”.
SEG11to SEGO Output LCD segment outputs
COM3 to COMO Output LCD common outputs
Resonator connecting pins for high-frequency clock. For inputting external clock, XIN is
Input, Output )
XIN, XOuT P P used and XOUT is opened.
RESET I]e] Reset signal input or watchdog timer output/address-trap-reset output
TEST Input Test pin for out-going test. Be fixed to low.
VDD, VSS +5V, 0V (GND)
Power Supply
VAREF, VASS Analog reference voltage inputs (High, Low)
CO.C1.V1,V2 V3 LCD voltage | LCD voltage booster pin. Capacitors are required between C0 and C1 pin and between
T booster pin | V1/V2/V3 pin and GND.
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TOSHIBA TMP87CM24A/P24A

Operational Description

1.

11

CPU Core Functions

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

Memory Address Map
The TLCS-870 Series is capable of addressing 64K bytes of memory. Figure 1-1 shows the memory address
maps of the TMP87CM24A/P24A. In the TLCS-870 Series, the memory is organized 4 address spaces (ROM,
RAM, SFR, and DBR). It uses a memory mapped 1/O system, and all /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 00004
: 64 bytes : 64 bytes
003F 003F
00‘;"0 00?0 Register banks
: 128 bytes : 128 bytes (8 registers x 16 banks)
(010]:1 N PR 00BF |..covviiiiieiennne
00;0 00:C0
RAM 1920 bytes i | 1920 bytes
: ROM:  Read Only Memory includes :
Program memory
: : RAM :  Random Access Memory includes :
08'3 F 08.;3F Data memory
< —~ i ~ Stack
>~ -~ -~ -~ General-purpose register banks
OF80 OF80 SFR:  Special Function Register includes :
10 ports
DBR 128 bytes 128 bytes Peripheral control registers
Peripheral status registers
OFFF OFFF System control registers
: :: ~ Interrupt control registers
N ~ Program Status Word
4000 m © DBR:  Data Buffer Register includes :
oL ~ 8000 [ 51O data buffer
i | 48896 bytes R ~
5 v : 732512 bytes
FFOO .................... F FOO ....................
ROM : :
: S 192bytes == = 192 bytes ==
FF'(B:(F) .................... EEES .................... o ” Eoey armafor
Vector table for vector ca H :
FrDF | 320Vt FrDF | 220Vt j instructions (16 vectors) | "N
FFEO 32 bytes FFEO 32 bytes ] Vector table for interrupts/
FFFF FFFF reset (16 vectors)
TMP87CP24A TMP87CM24A

Figure 1-1. Memory Address Maps
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TOSHIBA TMP87CM24A/P24A
Electrical Characteristics
Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply Voltage Vpp -0.3t06.5
Input Voltage VN -0.3toVpp+0.3
\Y
Vouti Except P20 and P3 ports -0.3toVpp+0.3
Output Voltage
Vour2 | PortsP20,P3 -0.3t055
Ports PO, P1, P2, P3, P5, P6, P7, P8, P9, P4
. louT1 ( t P41) 3.2
Output Current (Per 1 pin) excep
lout2 | P41 30
mA
s Ports PO, P1, P2, P3, P5, P6, P7, P8, P9, P4 120
Output Current (Total) OUTT | (except P41)
Sloutz | P41 30
Power Dissipation [Topr=70°C] PD 350 mwW
Soldering Temperature (time) Tsld 260 (105)
Storage Temperature Tstg -55t0 125 °c
Operating Temperature Topr -10to 70

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= - 10to 70°C)

Parameter Symbol Pins Conditions Min Max Unit
NORMALT1, 2 mode
fc=8 MHz 45
IDLE1, 2 mode
NORMALT1, 2 mode
fc=4.2 MHz
Supply Voltage Vpp IDLE1, 2 mode 22 5.5
fo = SLOW mode '
32.768kHz | 5| EEP mode
STOP mode 2.0
Vv
Vv Except hysteresis input Vpp % 0.70
- IH1 P y : p Vo= 4.5V DD
Input High Voltage ViH2 Hysteresis input Vpp x0.75 Vpp
Vius Vpp<4.5V Vpp x0.90
V| Except hysteresis input Vpp x0.30
IL1 Al VopZ 45V DD
Input Low Voltage Vi Hysteresis input 0 Vpp % 0.25
V||_3 VDD<45V VDDXO.10
Vpp=4.5t05.5V 8.0
fc XIN, XOUT 0.4 MHz
Clock Frequency Vpp=2.2to 5.5V 4.2
fs XTIN, XTOUT 30.0 34.0 kHz

for the device are always adhered to.

Note 2: Clock frequency fc: Supply voltage range is specified in NORMAL1/2 mode and IDLE1/2 mode.

Note 1: The recommended operating conditions for a device are operating conditions under which it can be guaranteed that
the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions

3-24-112
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TOSHIBA TMP87CM24A/P24A

DC Characteristics (Vss=0V, Topr= - 10 to 70°C)
Parameter Symbol Pins Conditions Min | Typ. | Max | Unit
Hysteresis Voltage Vs Hysteresis inputs — 0.9 - Vv
N1 TEST
Open-drain ports and Vpp=5.5V, _ _ +
Input Current N2 | istate ports ViN=5.5V/0V 2| eA
w3 | RESET,STOP
Input Low Current I Push-pull ports Vpp=5.5V,V|N=0.4V - - -2 mA
Input Resistance Rin2 RESET 100 220 450 kQ
Output Leakage o1 [ Opendrain ports Vpp=5.5V,Voyr=5.5V - -
Current ; pA
u lLo2 | Tri-state ports VouT=5.5V/I0V - - +2
Vicp 075 | 1.0 | 1.33
Segment/Common v SEG39 to SEGO and Vv %2
Output Voltage LCD2_ | cOM3 to COMO LCD1
Vicps Vicp1 X3
Von1 | Push-pull ports (P4 port) Vpp=4.5V, loy= —200 £A 2.4 - - v
Output High Voltage . :
ri- state ports _ _ _ _
VOHZ (PO, P1,P5 ports) Vpp=4.5V, IOH =-0.7mA 4.1
Output Low Voltage VoL Except XOUT and P41 Vpp=4.5V,lgp.=1.6 mA - - 0.4
Output Low Current loLs P41 Vpp=4.5V, VoL=1.0V - 20 -
Supply Currentin Vpn=5.5V _
NORMAL 1,2 mode ch=[)8 MHz 10 16 mA
Supply Currentin fs=32.768 kHz _
IDLE 1, 2 mode Vin=5.3Vv/0.2V 6 10
Supply Currentin Vpp=3.0V _ 30 70
SLOW mode Ibp fs = 32.768 kHz
ViN=2.8V/0.2V
Supply Currentin Voltage boost _ 15 40 A
SLEEP mode frequency = 1 kHz
Supply Currentin Vpp=5.5V _ 05 10
STOP mode Vin=5.3V/0.2V ’
Note 1: Typical values show those at Topr=25°C, Vpp=5V.
Note 2: Input Current ; The current through pull-up or pull-down resistor is not included.
Note 3: Ipp ; Except for Iggr
Note 4: V| cp; indicates an output voltage at the 2/3 level when operating in the 1/4 or 1/3 duty mode.
Note 5: V| cp1 indicates an output voltage at the 1/3 level when operating in the 1/4 or 1/3 duty mode.
Note6: SEG/COM output voltage indicates an output voltage at no local.
\'
Topr [°C] - LCD1 Unit
Min typ. Vax
-10 1.03 - 1.33
25 0.85 1.0 1.15 v
70 0.75 - 1.00
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TOSHIBA

TMP87CM24A/P24A

AD Conversion Characteristics (I )

(Topr= - 1010 70°C)

Parameter Symbol Conditions Min Typ. Max Unit
VAREF 2.7 - Vbp
Analog Reference Voltage Varer = Vass = 2.5V
Vass Vss - 1.5
\Y
Analog Input Voltage AVAREF 2.5 - -
Analcg Input VOltage VAlN VASS - VAREF
Analog Supply Current IReF Varer=5.5V, Vass=0.0V - 0.5 1.0 mA
Nonlinearity Error - - +1
Zero Point Error Vpp=27V105.0V, Vs5=0.0V - - +1
Vager = 5.000V, 2.700 V LSB
Full Scale Error Vass =0.000V - - 1
Total Error - - +2
Note: Quantizing error is not contained in those errors.
AD Conversion Characteristics (II ) (Topr= - 10 to 70°C)
Parameter Symbol Conditions Min Typ. Max Unit
VAREF 22 - Vbp
Analog Reference Voltage
Vass Vss
\Y
Analog Input Voltage AVAREF 2.2 - -
Analog Input Voltage VAN Vass - V AREF
Analog Supply Current IREF VaRer=5.5V, Vpass=0.0V - 0.5 1.0 mA

Nonlinearity Error

Zero Point Error

Full Scale Error

Total Error

Vpp=2.2V, Vgs=0.0V
Varep=2.200V
Vass =0.000V

LSB

Note: Quantizing error is not contained in those errors.
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TOSHIBA TMP87CM24A/P24A
AC Characteristics (I ) (Vss=0V, Vpp=4.5t05.5V, Topr= - 10 to 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 147 .
Low Level Clock Pulse Width twse | XTINinput), fs=32.768 kHz ' #
AC Characteristics (II') (Vss=0V,Vpp=2.2t05.5V, Topr= - 10 to 70°C)
Parameter Symbol Conditions Min Typ. Max Unit
In NORMAL1, 2 modes
0.95 - 10
) ) InIDLE 1, 2 modes
Machine Cycle Time tey )
In SLOW mode
117.6 - 133.3
In SLEEP mode
High Level Clock Pulse Width twcH | For external clock operation
- . fe=4.2MH 110 - - ns
Low Level Clock Pulse Width twer | XINinput), fe=4. z
High Level Clock Pulse Width twsH | For external clock operation 147 S
Low Level Clock Pulse Width twse | XTINinput), fs=32.768 kHz ’ a
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TOSHIBA

TMP87CM24A/P24A

Recomended Oscillating Condition (1)

(Vss=0V, Vpp=4.5t05.5V, Topr= - 10to 70°C)

R d Recommended
Parameter Osillator Frequency ecommender Condition
Oscillator
G C;
KYOCERA KBR8.0M 30 pF 30 pF
Standard/Lead Type CSAB8.00MTZ “built-in |t built-in |
(MURATA) CST8.00MTW ___3_0_|:3F_______§9_p_F____
. Standard/SMP Type CSACS8.00MT
8 MHz
Ceramic Resonator (MURATA) _“3_0_;iF““““3E)_p_F““
High Standard/Small ChipType CSTCS8.00MT built-in built-in
9 (MURATA) 30 pF 30 pF
frequency
4 MHz KYOCERA KBR4.0MS 30 pF 30 pF
8 MHz TOYOCOM 210B 8.0000
Crystal Oscillator 20 pF 20 pF
4 MHz TOYOCOM 204B 4.0000
Low-frequency | Crystal Oscillator 32.768kHz | NDK MX-38T 15 pF 15 pF
Recomended OScillating Condition (IT) | (Vss=0V, Vpp=2.2105.5V, Topr= - 10to 70°C)
R d Recommended
Parameter Osillator Frequency ecommender Condition
Oscillator
C C,
Standard/Lead Type CSA4.00MG 30 pF 30pF
built-in built-in
MURATA T4.00MGW
(MU ) CST4.00MG 30 pF 30 pF
. . Standard/SMD Type CSA4.00MGC
High- Ceramic Resonator 4 MHz (MURATA) CSACA.00MGCM 30 pF 30 pF
frequency CSTC4.00MG built-in built-in
30 pF 30 pF
built-in built-in
Il Chi 4.00M
Standard/Small Chip Type CSTCS4.00MG 10 pF 10 pF
XIN XOUT XTIN XTOUT
(1) High-frequency (2) Low-frequency
Note1: When used in high electric field such as a picture tube, the package is recommended to be

electrically shielded to maintain a regular operation.

Note2:

The product numbers and specifications of the resonators by Murata Manufacturing Co., Ltd.

are subject to change. For up-to-date information, please refer to the following URL;
http://www.murata.co.jp/search/index.html
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TOSHIBA TMP87PP24A

CMOS 8-Bit Microcontroller
TMP87PP24AF

The TMP87PP24A is a One-Time PROM microcontroller with low-power 384 Kbits electrically programmable
read only memory for the TMP87CM24A/CP24A system evaluation. The TMP87PP24A is pin compatible with
the TMP87CM24A/CP24A. The operations possible with the TMP87CM24A/CP24A can be performed by
writing programs to PROM. The TMP87PP24A can write and verify in the same way as the TMM571000D
using an adaptor socket BM 11127 and an EPROM programmer.

Product No. OTP RAM Package OTP Adapter
TMP87PP24AF 48 K x 8 bits 2 K x 8 bits P-LQFP100-1414-0.50C BM 11127

P-LQFP100-1414-0.50C

TMP87PP24AF

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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TMP87PP24A

P-LQFP100-1414-0.50C

Pin Assignments (Top View)
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TOSHIBA

TMP87PP24A

Pin Function

The TMP87PP24A has two modes: MCU and PROM.

(1) MCU mode

In this mode, the TMP87PP24A is pin compatible with the TMP87CM24A/CP24A (fix the TEST pin at

low level.)
(2) PROM mode

Pin Name (PROM mode)

Input/Output

Function

Pin Name (MCU mode)

Input

PROM address inputs

P87 to P80

/10

PROM data input/outputs

P07 to POO

Input

Chip enable signal input (active low)

Program mode signal input

Power supply

+12.75V/5V (Program supply voltage)

P35 to P30

P47 to P40

P57 to P50

P67 to P62

P93 to P90

/10

Pull-up with resistance for input processing.

PROM mode setting pin. Be fixed at high level.

PROM mode setting pin. Be fixed at low level.

Input

Output

Connect an 8 MHz oscillator to stabilize the internal state.

Power supply

0V (GND)

SEG11 to SEGO

Output

Co,C1,V1,Vv2, V3

Power supply

Open
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TOSHIBA TMP87PP24A

Operational Description

The following explains the TMP87PP24A hardware configuration and operation. The configuration and
functions of the TMP87PP24A are the same as those of the TMIP87CM24A/CP24A, except in that a one-time
PROM is used instead of an on-chip mask ROM.

The TMP87PP24A 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 at the beginning of
the program.

1.  Operating Mode
The TMP87PP24A has two modes: MCU and PROM.

1.1 MCU Mode
The MCU mode is activated by fixing the TEST/VPP pin at low level.
In the MCU mode, operation is the same as with the TMIP87CM24A/CP24A (the TEST/VPP pin cannot be
used open because it has no built-in pull-down resistance).

1.1.1 Program Memory
The TMP87PP24A has a 48K x 8-bit (addresses 40004 to FFFFy in the MCU mode, addresses 140004 to
1FFFFy in the PROM mode) of program memory (OTP).
When the TMP87PP24A is used as a system evaluation of the TMP87CM24A/CP24A, the data is written to
the program storage area show in Figure 1-1.

Note : Either write the data FFy to the unused area or set the PROM programmer to access only the

program storage area.
0000y 00004 00000y
Don’t use
8000y 8000y 180004
: Program : Program : Program
FFFFy FFFFy 1FFFFy
TMP87CM24A MCU mode PROM mode
TMP87PP24A
(@) ROM Size = 32 Kbytes
OO(_)OH OOQOH 000(:)0H
: : Don’t use
4000y 4000y
: Program Program 18000,
: : H Program
FFFFy FFFFH 1FFFFy
TMP87CP24A MCU mode PROM mode
TMP87PP24A
(b) ROM Size = 48 Kbytes

Figure 1-1. Program Memory Area
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1.1.2 Data Memory
The TMP87PP24A has an on-chip 2K x 8-bit data memory (static RAM).

1.1.3  Input/Output Circuitry

(1) Control pins
The control pins of the TMP87PP24A are the same as those of the TMP87CM24A/CP24A except that
the TEST pin has no built-in pull-down resistance.

1kQ

i[l

Figure 1-2. TEST Pin

(2) /0O ports
The 1/0 circuits of TMIP87PP24A I/O ports the are the same as the those of TMP87CM24A/CP24A.
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1.2 PROM Mode
The PROM mode is activated by setting the TEST, RESET pin and the ports P17 to P10, P22 to P20 and P61
as shown in Figure 1-3. The PROM mode is used to write and verify programs with a general-purpose
PROM programmer.

Note: The high-speed programming mode can be used for program operation.
The TMP87PP24A is not supported an electric signature mode, so the ROM type must be set to

TC571000D.
Vep (12.75 V/5 V) TMP87PP24AF Vee
TEST vDD
P11
P60 P21
P77
P61
to .
P70 P13 CE
A16 P87 P14 [<— OE
to |:> to P15 |[<—— PGM
A0 P80 P00
DO
to <::>m
\ D7
P07
XIN . . .
P20 For more information on pins (P35 to
CL18MHz P22 P30, P47 to P40, P57 to P50, P67 to
<OUT P9 P62, P93 to P90, SEG11 to SEGO,
P16 COM3 to COMO, CO, C1, V1, V2, V3,
VsS P17 .
GND RESET VAREF, VASS) refer to the section on
777 pinfunction.

Note : PROM programmer connection adaptor socket
BM11127 for TMP87PP24AF

Figure 1-3. Setting for PROM Mode
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1.2.1  Programming Flowchart (High-speed Programming Mode)
The high-speed programming mode is achieved by applying the program voltage ( + 12.75 V) to the VPP
pin when Vcc = 6.25 V. After the address and input data are stable, the data is programmed by applying
asingle 0.1 ms program pulse to the PGM input. The programmed data is verified. If incorrect, another
0.1 ms program pulse is applied. This process should be repeated (up to 25 times) until the program
operates correctly. After that, change the address and input data, and program as before. When
programming has been completed, the data in all addresses should be verified with Vcc = Vpp = 5 V.

START

| Vee=6.25V |
v

| Vpp=12.75V |
v

| ADDRESS = START ADDRESS |

¥

w0 ]
¥

| Single 0.1 ms program pulse |

| N=N+1 |
Y
NO
ADDRESS = NEXT ADDRESS | OK

A NO

LAST ADDRESS?

Vee=5V
Vpp=5V

READ
ALLBYTE

Figure 1-4. Flow Chart of High-speed Programming

Error < FAIL )
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1.2.2  Writing Method for General-purpose PROM Program

(1) Adapters
BM11127 : TMP87PP24AF

(2) Adaptersetting
Switch (SW1) is set to side N.

(3) PROM programmer specifying
i) PROM type is specified to TC571000D.
Writing voltage: 12.75V (high-speed program mode)

ii) Data transfer (copy) (note 1)
In the TMP87PP24A, EPROM is within the addresses 140004 to 1FFFFy. Data is required to be
transferred (copied) to the addresses where it is possible to write. The program area in MCU
mode and PROM mode is referred to “Program memory area” in Figure 1-1.

Ex. In the block transfer (copy) mode, executed as below.
ROM capacity of 48KB : transferred addresses 04000 to OFFFF to addresses 14000 to 1FFFFy

iii) Writing address is specified. (Note 1)
Start address : 140004
End address : 1FFFFy

(4) Writing
Writing/Verifying is required to be executed in accordance with PROM programmer operating
procedure.

Note 1: The specifying method is referred to the PROM programmer description. Either write the
data FFy to the unused area or set the PROM programmer to access only the program
storage area.

Note 2 : When MCU is set to an adapter or the adapter is set to PROM programmer, a position of pin
1 must be adjusted. If the setting is reversed, MCU, the adapter and PROM program is
damaged.

Note 3: The TMP87PP24A does not support the electric signature mode (hereinafter referred to as
“signature”). If the signature is used in PROM program, a device is damaged due to applying
12V + 0.5V to the address pin 9 (A9). The signature must not be used.
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Electrical Characteristics

Absolute Maximum Ratings (Vss=0V )
Parameter Symbol Pins Ratings Unit
Supply Voltage Vpp -0.3t06.5
Program Voltage Vpp TEST/Vpp -0.3t013.0
Input Voltage Vin -03toVpp+0.3 v
Vout1 | ExceptP20and P3 ports -0.3toVpp+0.3
Output Voltage
Vout2 |PortsP20,P3 -0.3t05.5
lours | POTtsPO. P1. P2, P3, P5, P, P7, P8, P9, P4 32
Output Current (Per 1 pin) (except P41)
lout2 | P41 30
mA
Slour | 70T PO, P1, P2, P3, PS5, P6, P7, P8, P9, P4 120
Output Current (Total) (except P41)
Sloutz | P41 30
Power Dissipation [Topr =70°C] PD 350 mwW
Soldering Temperature (time) Tsld 260(105s)
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr -10to 70

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= - 1010 70°C)

Parameter Symbol Pins Conditions Min Max Unit
NORMALT1, 2 mode
fc=8 MHz 4.5
IDLE1, 2 mode
NORMAL1, 2 mode
fc=4.2 MHz
Supply Voltage Vbp IDLE1, 2 mode 22 5.5
fs = SLOW mode '
32.768kHz | g EEP mode
STOP mode 2.0
\Y)
Y Except hysteresis input Vpp % 0.70
. IH1 p y : p Vo= 4.5V DD
Input High Voltage ViH2 Hysteresis input Vpp x0.75 Vbbp
ViH3 Vpp<4.5V Vpp % 0.90
\Y Except hysteresis input Vpp % 0.30
IL1 pthy: p Vo= 4.5V DD
Input Low Voltage VL2 Hysteresis input 0 Vpp x0.25
Vi3 Vpp<4.5V Vpp x0.10
Vpp=4.5t05.5V 8.0
fc XIN, XOUT 0.4 MHz
Clock Frequency Vpp=2.2t05.5V 4.2
fs XTIN, XTOUT 30.0 34.0 kHz

Note 1: The recommended operating conditions for a device are operating conditions under which it can be guaranteed that
the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions
for the device are always adhered to.

Note 2: Clock frequency fc: Supply voltage range is specified in NORMAL1/2 mode and IDLE1/2 mode.
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DC Characteristics (Vss=0V, Topr= - 10 to 70°C)
Parameter Symbol Pins Conditions Min | Typ. | Max | Unit
Hysteresis Voltage Vys Hysteresis inputs — 0.9 - Y
N1 TEST
Open drain ports and Vpp=5.5V, _ _ +
Input Current Nz istate ports ViN=5.5V/0V 2 | A
Iz |RESET,STOP
Input Resistance Rin2 RESET 100 220 450 kQ
Output Leakage ILo1 Open drain ports Vpp=5.5V,Voyr=5.5V - - A
Current lloz |Tri-state ports Vour=5.5V/I0V - — 2 |
Vico 075 | 1.0 | 1.33
Segment/Common v SEG39 to SEGO and v <2
Output Voltage LCD2_{cOM3 to COMO LCD1
Vicps Vicp1 %3
Von1 | Push-pull ports (P4 port) Vpp=4.5V, loy= —200 £A 2.4 — — v
Output High Voltage -
ri- state ports _ _ _ _
Vo2 | (po. p1, p5 borts) Vop=45V, loy=-0.7mA | 4.1
Output Low Voltage VoL Except XOUT and P41 Vpp=4.5V,loL.=1.6 mA - - 0.4
Output Low Current loLs P41 Vpp=4.5V, Vo =10V - 20 -
Supply Currentin Vpn=5.5V _
NORMAL 1,2 mode fc =8 MHz 12 B ma
Supply Currentin fs=32.768 kHz _
IDLE 1, 2 mode ViN=5.3V/0.2V 6 10
Supply Currentin Vpp=3.0V _ 31 70
SLOW mode ) fs = 32.768 kHz
VlN = 28 V/02 V
Supply Currentin Voltage boost _ 16 40 A
SLEEP mode frequency = 1 kHz
Supply Currentin Vpp=5.5V _ 05 10
STOP mode ViN=5.3V/0.2V )
Note 1: Typical values show those at Topr=25°C, Vpp=5V.
Note 2: Input Current ; The current through pull-up or pull-down resistor is not included.
Note 3: Ipp ; Except for Ipgr
Note 4: Vcp; indicates an output voltage at the 2/3 level when operating in the 1/4 or 1/3 duty mode.
Note 5: V| cp; indicates an output voltage at the 1/3 level when operating in the 1/4 or 1/3 duty mode.
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AD Conversion Characteristics (I) (Vss=0V,Vpp=2.7t05.5V, Topr= - 10 to 70°C)
Parameter Symbol Conditions Min Typ. Max Unit
VAREF 2.7 - Vop
Analog Reference Voltage
Vass Vss - 1.5 \Y
Analog Input Voltage VaIn Vass - V AREF
Analog Supply Current IREF VAREF=5.5V, Vass=0.0V - 0.5 1.0 mA
Nonlinearity Error Vpp=5.0V, Vss=0.0V - _ +1
VaRer =5.000 V
Zero Point Error Vass =0.000V _ _ +1
or LSB
Full Scale Error Vpp=2.7V, Vss=0.0V - _ +1
VAREF = 2.700V
Total Error Vass =0.000V _ _ +2

Note: Quantizing error is not contained in those errors.

AD Conversion Characteristics (IT) (Vss =0V, Vpp=2.21t0 2.7V, Topr= — 10 to 70°C)
Parameter Symbol Conditions Min Typ. Max Unit
VAREF 2.2 - Voo
Analog Reference Voltage
Vass Vss
\Y
Analog Reference Voltage Range | AVagrer 2.2 - -
Analog Input Voltage VAN Vass - V AREE
Analog Supply Current IREF VaRer=5.5V, Vpass=0.0V - 0.5 1.0 mA
Nonlinearity Error - - 2
Vpp=2.2V, Vss=0.0V
Zero Point Error - - +2
VaRrep=2.200V LSB
Full Scale Error - - 2
Vass =0.000V
Total Error - - +4

Note: Quantizing error is not contained in those errors.
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AC Characteristics (I ) (Vss =0V, Vpp=4.510 5.5V, Topr = - 10 to 70°C)
Parameter Symbol Conditions Min Typ. Max Unit
In NORMAL 1, 2 mode
0.95 - 10
In IDLE 1, 2 mode
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 147 .
Low Level Clock Pulse Width twse | XTINinput), fs=32.768 kHz ' #
AC Characteristics (II') (Vss=0V,Vpp=2.2t05.5V, Topr= - 10 to 70°C)
Parameter Symbol Conditions Min Typ. Max Unit
In NORMAL 1, 2 mode
0.95 - 10
) ) InIDLE 1, 2 mode
Machine Cycle Time tey )
In SLOW mode
117.6 - 133.3
In SLEEP mode
High Level Clock Pulse Width tweH For external clock operation
- . fe=4.2MH 110 - - ns
Low Level Clock Pulse Width twer | XINinput), fe=4. z
High Level Clock Pulse Width twsH | For external clock operation 14.7 .
Low Level Clock Pulse Width twse | XTINinput), fs=32.768 kHz ’ a
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TOSHIBA TMP87PP24A
Recomended Oscillating Condition (1) | (Vss=0V, Vpp=4.5t05.5V, Topr= - 10to 70°C)
R d Recommended
Parameter Osillator Frequency ecommender Condition
Oscillator C C
1 2
KYOCERA KBR8.0M 30pF 30pF
Standard/Lead Type CSA8.00MTZ “built-in |t built-in |
(MURATA) CST8.00MTW __30pF [ __30pF |
. Standard/SMP Type CSAC8.00MT
8 MIHz
Ceramic Resonator (MURATA) _“3:0_p_F““““3_0_p_F_“_
High- Standard/Small ChipType CSTC8.00MT built-in built-in
9 (MURATA) 30pF 30pF
frequency
4 MHz KYOCERA KBR4.0MS 30pF 30pF
8 MIHz TOYOCOM 210B 8.0000
Crystal Oscillator 20pF 20pF
4 MHz TOYOCOM 204B 4.0000
Low-frequency | Crystal Oscillator 32.768 kHz NDK MX-38T 15pF 15pF
Recomended Oscillating Condition (IT) | (Vss=0V, Vpp=2.2t05.5V, Topr= - 10 to 70°C)
R d Recommended
Parameter Osillator Frequency ecommender Condition
Oscillator
[ [
Standard/Lead Type CSA4.00MG 30pF 30pF
built-in built-in
(MURATA) CST4.00MGW 30pF 30pF
. . Standard/SMD Type CSA4.00MGC
High- R 4MH F F
ig Ceramic Resonator z (MURATA) CSACA.00MGCM 30p 30p
frequency CSTC4.00MG built-in built-in
30pF 30pF
. built-in built-in
Standard/Small Chip Type CSTCS4.00MG 10pF 10pF
XIN XOUT XTIN XTOUT
(1) High-frequency (2) Low-frequency

Notel:

electrically shielded to maintain a regular operation.

Note2:

are subject to change. For up-to-date information, please refer to the following URL;
http://www.murata.co.jp/search/index.html

When used in high electric field such as a picture tube, the package is recommended to be

The product numbers and specifications of the resonators by Murata Manufacturing Co., Ltd.
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TOSHIBA TMP87PP24A
DC/AC Characteristics (PROM mode) (Vss=0V)
(1) Read Operation
Parameter Symbol Conditions Min Typ. Max Unit

Input High Voltage ViHa Veex 0.7 - Vee
Input Low Voltage Vg 0 - Veex0.12 v
Power Supply Voltage Y

PPy e < 4.75 5.0 5.25
Program Power Supply Voltage Vpp
Address Access Time tacc | Vee=5.0£0.25V - 1.5tcyc + 300 - ns

Note: tcyc =500 ns at 8 MHz

A161to A0

D7 to DO

Data outputs
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TMP87PP24A

(2) High-Speed Programming Operation (Topr = 25 * 5°C)

Parameter Symbol Conditions Min Typ. Max Unit
Input High Voltage ViHa Veex 0.7 - Vee
Input Low Voltage Via 0 - Veex0.12 v
Power Supply Voltage Ve 6.0 6.25 6.5
Program Power Supply Voltage Vpp 12.5 12.75 13.0
Initial Program Pulse Width tpw | Vec=6.0V 0.095 0.1 0.105 ms

AO0to Al6

D7 to DO Unknown >—< Input data

Data outputs

\ < PWs

write

Verify

—>

Note 1: When V¢ power supply is turned on or after, Vpp must be increased.
When Vc power supply is turned off or before, Vpp must be increased.

Note 2: The device must not be set to the EPROM programmer or picked op from it under applying the
program voltage (12.5V # 0.5V =V) to the Vpp pin as the device is damaged.

Note 3: Be sure to execute the recommended programing mode with the recommended programing
adaptor. If a mode or an adaptor except the above, the misoperation sometimes occurs.
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