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The information contained herein is subject to change without notice. 021023 _ D

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. 021023_A

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 this document shall be made at the customer's own risk. 021023_B

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. 
060106_Q

The information contained herein is presented only as a guide for the applications of our products. No 
responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third 
parties which may result from its use. No license is granted by implication or otherwise under any 
patent or patent rights of TOSHIBA or others. 021023_C

The products described in this document may include products subject to the foreign exchange and 
foreign trade laws. 021023_F

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. 030619_S

© 2006 TOSHIBA CORPORATION
All Rights Reserved
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 TMP86C987XB

 CMOS  8-Bit  Microcontroller

• The information contained herein is subject to change without notice. 021023_D
• 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. 021023_A

• The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal equip-
ment, 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 malfunctionor 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 instru-
ments, all types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's 
own risk. 021023_B

• 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. 060106_Q

• The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by 
TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is granted by impli-
cation or otherwise under any patent or patent rights of TOSHIBA or others. 021023_C

• The products described in this document are subject to the foreign exchange and foreign trade laws. 021023_E
• For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter entitled Quality and                  

Reliability Assurance/Handling Precautions. 030619 _ S

TMP86C987XB
The TMP86C987XB is an emulation chip supporting the TMP86CH87/CM87 and TMP86CH09/C809. The 

TMP86C987XB can be used, in combination with development tools for the TLCS-870/C Series, to check and 
debug the functional operations of application programs for the supported microcontrollers. 

The emulation chip is normally mounted on a socket on an emulation module and connected to a target system via 
a target connecting board. 

For the details about the functions of a microcontroller, refer to the technical documentation of each supported 
microcontroller. For the emulation functions and usage directions, refer to the instruction manual of the RTE870/C 
emulation module.  

 

Note: This product is intended to be used as part of development tools (having a part number starting with “BM”). 
Do not use this product for any other purposes and systems.

Part Number ROM RAM Package Emulation Module Target Connecting Board

TMP86C987XB Not available Not available P-FBGA272-1515-0.80A7 BMP86A2000 20A
BMP86D044DE0A (For CH87/CM87)
BMP86D032NB0A (For CH09/C809)
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 TMP86C987XB

 2.1 Pin Configuration (Bottom View)

Note 1: The tg01 to tg44 pins of the emulation chip correspond to pins 1 to 44 of a microcontroller. These pins are 
connected to a 44-pin target connecting board and function as external output pins for a pin protector/QFP 
adatper.  
The target connecting board to be used varies with package type. Be sure to use the correct board.

Note 2: Shaded areas do not have pins (solder balls). 

A B C D E F G H J K L M N P R T U

1 N.C GND CBUS7 CBUS2 X1 GND TVDD (tg04)
TEST

(tg08)
RESET

(tg12)
P02

(tg17)
P07

(tg21)
P14

(tg25)
P10

(tg31)
P35

(tg35)
AVDD

2 N.C TMAD1 TMAD0 XT2 CBUS5 GND VDD (tg01)
VSS

(tg05)
VDD

(tg09)
P20

(tg14)
P04

(tg19)
P16

(tg24)
P11

(tg29)
P33

(tg33)
P37

(tg37)
P40 GND

3 N.C TMAD3 TMAD2 CBALE INIT CBUS1 EVA CBWR (tg02)
XIN

(tg10)
P00

(tg15)
P05

(tg20)
P15

(tg27)
P31

(tg32)
P36

(tg36)
AVSS

(tg38)
P41

(tg41)
P44

4 TMAD11 TMAD7 TMAD5 CBRD XT1 CBUS4 X2 RUNR (tg03)
XOUT

(tg11)
P01

(tg16)
P06

(tg23)
P12

(tg30)
P34

(tg39)
P42

(tg40)
P43

(tg42)
P45

(tg45)

5 TMAD15 TMAD12 TMAD9 TMAD6 TMAD4 CBUS6 CBUS0 GND (tg06)
P21

(tg13)
P03

(tg18)
P17

(tg26)
P30

(tg34)
VAREF

(tg43)
P46

(tg44)
P47

(tg47) (tg50)

6 TMAS TMWS VDD TMAD13 TMAD10 TMAD8 CBUS3 SYSCKM GND (tg07)
P22

(tg22)
P13

(tg28)
P32

(tg46) (tg48) (tg51) (tg53) (tg55)

7 PMD4 PMD2 PMD1 PMD0 TMDS TMAD14 N.C N.C N.C N.C (tg49) (tg52) (tg54) (tg56) (tg58) (tg59)

8 GND PMD7 PMD6 PMD5 PMD3 EMC N.C N.C (tg57) (tg60) (tg61) (tg62) (tg64) (tg63)

9 BMD1 BMD2 BMCS BMD0 BMD3 PBRQ (tg70) (tg69) (tg66) (tg65) (tg68) (tg67)

10 PMWR PMRD ESMCS PMCS PMA0 PMA3 N.C N.C N.C N.C GND (tg76) (tg74) (tg73) (tg72) (tg71)

11 PMA1 PMA2 PMA4 PMA6 PMA8 PMA11 N.C N.C (tg85) (tg81) (tg79) (tg78) (tg77) (tg75)

12 PMA5 PMA7 PMA9 PMA12 PMA14 (tg153) (tg147) (tg133) (tg132) (tg119) (tg111) (tg91) (tg89) (tg86) (tg83) (tg82) (tg80)

13 PMA10 PMA13 PMA16 RUNM (tg159) (tg151) (tg143) (tg139) (tg131) (tg122) (tg114) (tg108) (tg97) (tg93) (tg90) (tg87) (tg84)

14 PMA15 SYSTEM VDD GND
(tg155) (tg148) (tg141) (tg137) (tg128) (tg123) (tg116) (tg110) (tg105) (tg102) (tg95) (tg92) (tg88)

15 VDDM GND GND (tg157) (tg152) (tg145) GND (tg136) (tg127) (tg124) (tg118) (tg113) (tg106) (tg103) (tg98) (tg96) (tg94)

16 VDD
(tg158) (tg154) (tg149) (tg144) (tg140) (tg135) (tg130) (tg126) (tg120) (tg115) (tg109) (tg104) (tg101) (tg99)

17 TVDD (tg160) (tg156) (tg150) (tg146) (tg142) (tg138) (tg134) (tg129) (tg125) (tg121) (tg117) (tg112) (tg107)
GND

(tg100)
N.C
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 TMP86C987XB

 2.2 Pin Function

Pin Name Input/Output Functions Pin Name (MCU)

tg17 I/O (Input)

MCU Function Input/Output Ports

P07 (TC1, INT4)

tg16 I/O (I/O) P06 (INT3, PPG)

tg15 I/O (Input) P05 (SS)

tg14 I/O (I/O) P04 (MISO, Rx)

tg13 I/O (I/O) P03 (MOSI, Tx)

tg12 I/O (I/O) P02 (SCLK)

tg11 I/O (Input) P01 (RxD, Rx)

tg10 I/O (Output) P00 (TxD, Tx)

1g18 I/O P17

tg19 I/O P16

tg20 I/O (Input) P15 (INT2)

tg21 I/O P14

tg22 I/O P13

tg23 I/O (Output) P12 (DVO)

tg24 I/O (Input) P11 (INT1)

tg25 I/O (Input) P10 (INT0)

tg07 I/O (Output) P22 (XTOUT)

tg06 I/O (Input) P21 (XTIN)

tg09 I/O (Input) P20 (INT5,STOP)

tg33 I/O (Input) P37 (AIN5, STOP5)

tg32 I/O (Input) P36 (AIN4, STOP4)

tg31 I/O (Input) P35 (AIN3, STOP3)

tg30 I/O (Input) P34 (AIN2, STOP2)

tg29 I/O (Input) P33 (AIN1)

tg28 I/O (Input) P32 (AIN0)

tg27 I/O (I/O) P31 (TC4, PDO4, PWM4, PPG4)

tg26 I/O (I/O) P30 (TC3, PDO3, PWM3)

tg44 I/O (Input) P47 (AIN17)

tg43 I/O (Input) P46 (AIN16)

tg42 I/O (Input) P45 (AIN15)

tg41 I/O (Input) P44 (AIN14)

tg40 I/O (Input) P43 (AIN13)

tg39 I/O (Input) P42 (AIN12)

tg38 I/O (Input) P41 (AIN11)

tg37 I/O (Input) P40 (AIN10)

tg02, tg03 Input, Output

MCU Function Control Pins

XIN, XOUT

tg08 Input RESET

tg04 Input TEST

tg05, tg01

Power supply

MCU Function Power supply VDD,VSS

tg34 MCU Function Analog reference pin for the AD converter VAREF

tg35 MCU Function Power supply for the AD converter AVDD

tg36 MCU Function Analog GND pin for the AD converter AVSS
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 TMP86C987XB

Note: Emulation System Control pins, EVDD, TVDD and GND are specified pins for Emulation chip. For the details about these 
pins, refer to the instruction manual of 870/C emulation module.

CBUS0 to CBUS7 I/O

Emulation System Control Pins

CBALE Input

CBRD Input

CBWR Input

INIT Input

PMA0 to PMA15 Output

PMD0 to PMD7 I/O

BMD0 to BMD3 I/O

PMRD I/O

PMWR I/O

PMA16 Output

PMCS Output

Emulation System Control Pins

ESMCS Output

BMCS Output

EMC Input

PBRG Input

SYSTEM Input

RUNR Input

RUNM Output

TMAD0 to TMAD15 I/O

TMAS Output

TMDS Output

TMWS Output

SYSCKM Output

X1, X2 Input

XT1, XT2 Input

EVA Input

VDDM Output

N.C −

EVDD

Power supply

Power supply for Emulation Function

TVDD Power supply for MCU Function

GND GND

Pin Name Input/Output Functions Pin Name (MCU)
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 TMP86C987XB

 2.3 Operational Description
The TMP86C987XB can emulate the following microcontrollers:

TMP86CH87/CM87

TMP86CH09/C809

 2.3.1 Emulation Functions

The main emulation functions include mapping, break and trace functions. The mapping is initially set for 
the TMP86CM87 (ROM: 32 KB, RAM: 1 KB). Therefore, please set the corresponding mapping of ROM or 
RAM when it emulates the product other than 32 KB of ROM or 1 KB of RAM.

The TMP86C987XB controls programs from an emulation system (host system) and does not contain pro-
gram memory (mask ROM, OTP, flash memory) and data memory (RAM). The emulation memory on the 
emulation module is used for storing programs and data.

For detailed information about the emulation functions, refer to the “TLCS-870/C Series Debugger Opera-
tion Manual”. 

 2.3.2 MCU Functions

The TMP86C987XB is equivalent to or upwardly compatible with the microcontrollers it can emulate except 
that it contains no program memory and data memory. For detailed information about the MCU functions, 
refer to the technical documentation of each microcontroller to be emulated. 

 2.4 Pin Input/Output Circuits

 2.4.1 MCU Function Control Pins

The control pins for the MCU functions (XIN, XOUT and  RESET pins) are configured in the same way as 
those of the microcontrollers the TMP86C987XB can emulate. 

Note:TMP86C987XB has a pull-down resistor in TEST pin.

 2.4.2 MCU Function Input/Output Ports

The input/output ports of the TMP86C987XB are basically configured in the same way as those of the 
microcontrollers it can emulate.  

 2.4.3 Emulation System Control Pins

The control pins for the emulation system are basically configured as CMOS hysteresis inputs (or TTL 
inputs in some cases)/CMOS tri-state outputs. The CBUS and TMAD pins have pull-up resistors, and all the 
emulation system control pins have protective diodes on the VDD/VSS side. 
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 2.5 Electrical Characteristics

 2.5.1 Absolute Maximum Ratings

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.

Note:The above shows the value in under the condition in which there is no connection to an emulation module.

(GND = VSS = 0 V)

Parameter Symbol Pins Ratings Unit

Supply voltage
EVDD EVDD −0.3 to 6.5

V
VDD VDD, TVDD −0.3 to EVDD

Input voltage VIN −0.3 to VDD + 0.3

Output voltage VOUT −0.3 to VDD + 0.3

Output current (Per 1 pin)

IOUT1 P0, P1, P3, P4 ports −1.8

mA

IOUT2 P1, P2, P3, P4 ports 3.2

IOUT3 P0 port 30

Output current (Total)

Σ IOUT1 P0, P1, P3, P4 ports −30

Σ IOUT2 P1, P2, P3, P4 ports 60

Σ IOUT3 P0 port 80

Power dissipation [Topr = 60°C] PD Emulation + MCU 650 mW

Storage temperature Tstg −55 to 125
°C

Operating temperature Topr 0 to 60
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 2.5.2 Recommended Operating Condition

The recommended operating conditions for a device are operating conditions under which it can be guaran-
teed that the device will operate as specified. If the device is used under operating conditions other than the rec-
ommended 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 recom-
mended operating conditions for the device are always adhered to.

(GND = VSS = 0 V, VDD = TVDD ≤ EVDD, Topr = 0 to 60°C)

Parameter Symbol Pins Condition Min Max Unit

Supply voltage

EVDD EVDD 4.75 5.25

V

VDD VDD, TVDD

fc = 16 MHz
NORMAL1, 2 mode

4.5 5.25

IDLE0, 1, 2 mode

fc = 8 MHz
NORMAL1, 2 mode
IDLE0, 1, 2 mode

fs =  
32.768 kHz

SLOW1, 2 mode

SLEEP0, 1, 2 mode

STOP mode

Input high level
VIH1 Except hysteresis input VDD × 0.70

VDD
VIH2 Hysteresis input VDD × 0.75

Input low level
VIL1 Except hysteresis input

0
VDD × 0.30

VIL2 Hysteresis input VDD × 0.25

Clock frequency
fc XIN, XOUT VDD = 4.5 V to 5.25 V 1.0 16.0 MHz

fs XTIN, XTOUT VDD = 4.5 V to 5.25 V 30.0 34.0 kHz
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 2.5.3 DC Characteristics

Note 1: Typical values show those at Topr = 25°C, VDD = TVDD = EVDD =  5 V

Note 2: Input current (IIN1, IIN2); The current through pull-up or pull-down resistor is not included.

Note 3: IDD does not include IREF current.

Note 4: The supply currents of SLOW 2 and SLEEP 2 modes are equivalent to IDLE 0, 1, 2.

 2.5.4 AD Conversion Characteristics

(GND = VSS = 0 V, VDD = TVDD ≤ EVDD, Topr = 0 to 60°C)

Parameter Symbol Pins Condition Min Typ. Max Unit

Hysteresis voltage VHS Hysteresis input – 0.9 – V

Input current

IIN1 TEST

VDD = 5.25 V, VIN = 5.25 V/0 V – – ±2 µAIIN2 Sink open drain, Tri-state

IIN3 RESET, STOP

Input resistance RIN2 RESET pull-up VDD = 5.25 V, VIN = 0 V 100 220 450 kΩ

Output leakage current ILO Sink open drain, Tri-state VDD = 5.25 V, VOUT = 5.25 V/0 V – – ±2 µA

Output high voltage VOH P0, P1, P3, P4 ports VDD = 4.5 V, IOH = −0.7 mA 4.1 – –
V

Output low voltage VOL P1, P2, P3, P4 ports VDD = 4.5 V, IOL = 1.6 mA – – 0.4

Output low current IOL P0 port VDD = 4.5 V, VOL = 1.0 V – 20 –

mA

Supply current in 
NORMAL 1, 2 mode

IDD

VDD = 5.25 V
VIN = 5.05/0.2 V
fc = 16 MHz
fs = 32.768 kHz
CAN controller is enabled.

– 10 15

Supply current in 
IDLE 0, 1, 2 mode

– 8 12

Supply current in 
NORMAL 1, 2 mode

VDD = 5.25 V
VIN = 5.05/0.2 V
fc = 16 MHz
fs = 32.768 kHz
CAN controller is disabled.

– 7.5 9

Supply current in 
IDLE 0, 1, 2 mode

– 5.5 6.5

Supply current in 
SLOW 1 mode

VDD = 5.25 V
VIN = 5.05/0.2 V
fs = 32.768 kHz

– 15 35

µA

Supply current in 
SLEEP 1 mode

– 7 25

Supply current in 
SLEEP 0 mode

– 6 25

Supply current in 
STOP mode

VDD = 5.25 V
VIN = 5.05 V/0.2 V

– 0.5 15

(GND = VSS = 0.0 V, 4.5 V ≤ VDD ≤ 5.25 V, Topr = 0 to 60°C)

Parameter Symbol Condition Min Typ. Max Unit

Analog reference voltage VAREF AVDD − 1.0 – AVDD

V
Power supply voltage of analog control 
circuit (Note6)

AVDD VDD = TVDD ≤ EVDD VDD

Analog input voltage VAIN AVSS – VAREF

Power supply current of analog 
 reference voltage

IREF
VDD = AVDD = VAREF = 5.25 V
VSS = AVSS = 0.0 V

– 0.6 1.0 mA

Non linearity error

VDD = AVDD = VAREF = 5.0 V
VSS = AVSS = 0.0 V

– – ±2

LSB
Zero point error – – ±2

Full scale error – – ±2

Total error – – ±2
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 TMP86C987XB

Note 1: The total error includes all errors except a quantization error, and is defined as a maximum deviation from the ideal con-
version line.

Note 2: Conversion time is different in recommended value by power supply voltage. 
About conversion time, please refer to “Register Configuration”.

Note 3: Please use input voltage to AIN input Pin in limit of VAREF to VSS. When voltage of range outside is input, conversion 
value becomes unsettled and gives affect to other channel conversion value.

Note 4: Analog reference voltage range: VAREF = VAREF − VSS

Note 5: The AVDD pin should be fixed on the VDD level even though AD converter is not used.

 2.5.5 SEI Operating Conditions (Slave mode)

 2.5.6 AC Characteristics

 2.5.7 Recommended Oscillating Conditions

 (VSS = 0 V, VDD = TVDD ≤ EVDD, VDD = 4.5 V to 5.25 V, Topr = 0 to 60°C)

Note 1: To ensure stable oscillation, the resonator position, load capacitance, etc. must be appropriate. Because 
these factors are greatly affected by board patterns, please be sure to evaluate operation on the board on 
which the device will actually be mounted.

Note 2: For the resonators to be used with Toshiba microcontrollers, we recommend ceramic resonators manufac-
tured by Murata Manufacturing Co., Ltd.  
For details, please visit the website of Murata at the following URL: 

      http://www.murata.com

(VSS = 0 V, VDD = TVDD ≤ EVDD, VDD = 4.5 to 5.25 V, Topr = 0 to 60°C)

Parameter Symbol Condition Min Typ. Max Unit

Transfer rate 15.625 k – fc/4 bps

(VSS = 0 V, VDD = TVDD ≤ EVDD, VDD = 4.5 to 5.25 V, Topr = 0 to 60°C)

Parameter Symbol Condition Min Typ. Max Unit

Machine cycle time tcy

NORMAL1, 2 mode
0.25 – 4

µs
IDLE1, 2 mode

SLOW1, 2 mode
117.6 – 133.3

SLEEP1, 2 mode

High level clock pulse width tWCH For external clock operation 
(XIN input)
fc = 16 MHz

– 31.25 – ns
Low level clock pulse width tWCL

High level clock pulse width tWCH For external clock operation 
(XTIN input)
fs = 32.768 kHz

– 15.26 – µs
Low level clock pulse width tWCL

(2) Low-frequency Oscillation(1) High-frequency Oscillation

XIN XOUT

C2C1

XTIN XTOUT

C2C1
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 2.6 Package Dimensions
272-in FBGA for TMP86C987XB

Package name: P-FBGA272-1515-0.80A7

                                                                                                                                                                                     Unit: mm

A
B
C
D
E
F
G
H
J
K
L
M
N
P
R
T
U

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

S

0.1 S

0.2 S 1.
4M

AX

    
  0

.4
    

 0
.0

5

15.0
0.2 S A

0.
2

S
B

15
.0

0.15
X4

A

0.8

0.
8

0.
8

   0.5    0.05
   0.08 M S AB

0.8

B

(1.1)

(1.1)
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This is a technical document that describes the operating functions and electrical specifications of the 8-bit              
microcontroller series TLCS-870/C (LSI).

Toshiba provides a variety of development tools and basic software to enable efficient software             
development.

These development tools have specifications that support advances in microcomputer hardware (LSI) and            
can be used extensively. Both the hardware and software are supported continuously with version updates.

The recent advances in CMOS LSI production technology have been phenomenal and microcomputer            
systems for LSI design are constantly being improved. The products described in this document may also              
be revised in the future. Be sure to check the latest specifications before using.

Toshiba is developing highly integrated, high-performance microcomputers using advanced MOS         
production technology and especially well proven CMOS technology.

We are prepared to meet the requests for custom packaging for a variety of application areas.
We are confident that our products can satisfy your application needs now and in the future.
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