TOSHIBA TMP91PW12

Low Voltage / Low Power CMOS 16-bit Micro-controller
TMP91PW12F

1. OUTLINE AND DEVICE CHARACTERISTICS

TMP91PW12 is OTP type MCU which includes 128K byte One-time PROM. Using the adapter-socket,

you can write and verify the data for TMP91PW12. TMP91PW12 has the same pin-assignment with

TMP91CW12 (Mask ROM type).

Writing the program to Built-in PROM, TMP91PW12 operates as the same way with TMP91CW12.
000000H
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FFFFOOH
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FFFFFFH

Figure 1 (1) Memory map of TMP91CW12/PW12

MCU ROM RAM Package Adapter Socket

oTP
128K-byte

TMP91PW12F 4K-byte LQFP100-P-1414-0.50C BM11149

98090 1EBP1

@ 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 the 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 observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product 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 products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

@ The products described in this document are subject to 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.

Purchase of TOSHIBA I? C components conveys a license under the Philips I C Patent Rights to use these
components in an I% C system, provided that the system conforms to the I? C Standard Specification as defined by
Philips.
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TOSHIBA TMP91PW12
~<1— DvCC[3]
ADTRG (°53) CPU (TLC5-9007L1) <|— DVSS [3]
ANOto AN7 10-BIT 8CH XWA wlA H-0sC o
CONVERTER XDE D|E Clock Gear EMUO
AVCC, AVSS XHL H| L Clock Doubler EMU1
VREFH, VREFL XIX .
XT1 (P96)
X1y LY L-05C XT2 (P97)
Xiz IZ ~<t— RESET
TXDO (P90) SIO/UART/IrDA | | XSP SP ~— AMO
SCLKO/CTSO (P92) sr[_[F] > ALE
TXD1 (P93) SIO/UART PORT 0 (P00 to P07)
RXD1 (P94) (s101) ADO to AD7
SCLK1/CTS1 (P95) PORT 1 (P10to P17)
AD8/A8to AD15/A15
SCK (P60) SERIAL BUS WATCH PORT 2 (P20 to P27)
SO/SDA (P61) INTERFACE DOG TIMER A0/A16to A7/A23
SI/SCL (P62) (SBI) (wDT) RD (P30)
WR (P31)
REAL-CLOCK PORT 3 HWR (P32)
8BIT TIMER BUSRQ (P34)
TAOIN (P70) (TMRAQ) TIMER (RTC) BUSAK (P35)
R/W (P36)
8BIT TIMER
TA10UT (P71) (TMRA1) P37
PORT 6 P64 (SCOUT), P65, P66
8BIT TIMER
(TMRA2) PORT A PA4 to PA7
8BIT TIMER
TA30UT (P72)
(TMRA3) AKBRAM CS/WAIT (P40 to P43)
CONTROLLER CSOto CS3
8BIT TIMER (4-BLOCK) WAIT (P33)
TA4IN (P73) (TMRA4) o
INTERRUPT
8BIT TIMER INTO (P64)
TAS0UT (P74) (TMRAS) CONTROLLER INT1 to 4 (PAO to 3)
16BIT TIMER TBOINO/INT5 (P80)
8BIT TIMER 128KB PROM (TMRBO) TaooUTo e
(TMRAB) TBOOUT1 (P83)
TA70UT (P75) S?T'LIQ%E)R 16BIT TIMER TB1INO/INT7 (P84)
(TMRB1) TB1IN1/INTS (P85)

(

Figure 1(2) TMP91PW12 Block Diagram

TB1OUTO (P86)
TB1OUT1 (P87)

) : Initial function after reset
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TOSHIBA TMP91PW12

2. PIN ASSIGNMENT AND PIN FUNCTIONS

This section shows the TMP91PW12F pin assignment, and the names and an outline of the functions of
the input/output pins.

2.1 Pin Assignment Diagram

Figure 2.1 is a pin assignment diagram for TMP91PW12F.

88 |P65
DVCC 89 87 |P64/SCOUT
P66 90 86 |P63/INTO
DVSS 91 85 |P62/5I/SCL
P50/ANO 92 84 |P61/SO/SDA
P51/AN1 93 83 [P60/SCK
P52/AN2 94 82 |P43/CS3
P53/AN3/ADTRG | 95 81 |P42/CS2
P54/AN4 96 80 |P41/CST
P55/ANS 97 79 |P40/CS0
P56/ANG 98 78 |P37
P57/AN7 99 77 |P36/RAW
VREFH 100 76 |P35/BUSAK
mininininininininininl

VREFL 1 75 |P34/BUSRQ
AVSS 2 74 |P33/WAIT
AVCC 3 73 |P32/HWR
P70//TAQIN 4 72 |P31WR
P71/TA10UT 5 71 |P30/RD
P72/TA30UT 6 70 |P27/A7/A23
P73/TA4IN 7 69 |P26/A6/A22
P74/TASOUT 8 68 |P25/A5/A21
P75/TA70UT 9 67 |P24/A4/A20

66 |P23/A3/A19
65 |P22/A2/A18

o

{LEﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ;ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁgiJ
O

P80/TBOINO/INTS
P81/TBOIN1/INT6

-

{TEwwwwwwwwwwwwwwwwwwwwwwwwwgfw

P82/TBOOUTO top view 64 |pvce
P83/TBOOUT1 13 63 [NMI
PSA/TBIINO/NT7 | 14 LQFP100 62 |DVss
P85/TB1IN1/INT8 | 15 61 [P21/a1/A17
P86/TB1OUTO 16 60 [P20/A0/A16
P87/TB1OUT1 17 59 |P17/AD15/A15
P90/TXDO 18 58 |P16/AD14/A14
P91/RXDO 19 57 |P15/AD13/A13
P92/SCLKO/CTSO 20 56 [P14/AD12/A12
P93/TXD1 21 55 |P13/AD11/A11
P94/RXD1 22 54 |P12/AD10/A10
P95/SCLK1/CTS1 23 53 [P11/AD9/A9
AMO 24 52 |P10/AD8/A8
DVCC 25 51 |P07/AD7
I

X2 26 50 [Po6/AD6
DVSS 27 49 [Po5/ADS
X1 28 48 |P04/AD4
'& 29 47 [P03/AD3
RESET 30 46 [P02/AD2
P96/XT1 31 45 [P01/AD1
P97/XT2 32 44 [Poo/ADO
EMUO 33 43 |ALE
EMU1 34 42 |pa7
PAO/INT1 35 41 [pa6
PAT/INT2 36 40 [pAs
PA2/INT3 37 39 |pas

38 [PA3/INTA

Figure 2.1 Pin Assignment Diagram (100-Pin LQFP)
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TOSHIBA

TMP91PW12

2.2 Pin Names and Functions
The names of the input / output pins and their functions are described below.
Table 2.2 Pin Names and Functions.
Pin name ’}L‘#’Bﬁ,’ir I/0 Functions

P00 to P07 8 I/0 |Port 0: I/O port that allows I/0 to be selected at the bit level Address
ADO to AD7 Tri-state |and data (lower): Bits 0 to 7 for address and data bus

P10 to P17 8 I/O [Port 1: I/0 port that allows I/O to be selected at the bit level
AD8to AD15 Tri-state | Address and data (upper): Bits 8 to 15 for address and data bus
A8to A15 Output | Address: Bits 8 to 15 for address bus

P20 to P27 8 I/0 |Port 2: I/O port that allows to be selected at the bit level

(with pull-down resistor)

AO0to A7 Output | Address: Bits 0 to 7 for address bus

A16to A23 Output | Address: Bits 16 to 23 for address bus

P30 1 Output [Port 30: Output port

RD Output |Read: Strobe signal for reading external memory

P31 1 Output [Port 31: Output port

WR Output |Write: Strobe signal for writing data on pins ADO to 7

P32 1 I/0 |Port 32: I/0 port (with pull-up resistor)

HWR Output | High write: Strobe signal for writing data on pins AD8 to 15

P33 1 I/0 |Port 33: 1/O port (with pull-up resistor)

WAIT Input [Wait: Pin used to request CPU bus wait

P34 1 I/0 | Port 34: 1/0 port (with pull-up resistor)

BUSRQ Input | Bus request: Signal used to request bus release.

P35 1 I/0 | Port 35: I/0 port (with pull-up resistor)

BUSAK Output |Bus acknowledge: Signal used to acknowledge bus release.

P36 1 I/O |Port 36: 1/0 port (with pull-up resistor)

RAW Output | Read/write: 1 represents read or dummy cycle; 0 represents write

cycle.

P37 1 I/0 |Port 37: 1/O port (with pull-up resistor)

P40 1 I/0 | Port 40: 1/0O port (with pull-up resistor)

CS0 Output | Chip select 0: Outputs 0 when address is within specified address area.
P41 1 I/0 | Port 41: 1/0 port (with pull-up resistor)

[} Output | Chip select 1: Outputs 0 if address is within specified address area.
P42 1 I/0 [Port42: 1/O port (with pull-up resistor)

cs2 Output | Chip select 2: Outputs 0 if address is within specified address area.
P43 1 I/0 |Port43: 1/0 port (with pull-up resistor)

CS3 Output |Chip select 3: Outputs 0 if address is within specified address area.
P50 to P57 8 Input [Port5: Pin used to input port

ANO to AN7 Input | Analog input: Pin used to inputto A/D converter

ADTRG Input | A/D trigger: Signal used to request A/D start.

Note : This device’s built-in memory or built-in I/O cannot be accessed by an external DMA controller,
using the BUSRQ and BUSAK signals.
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TOSHIBA

TMP91PW12

Pin name '\él#'gﬁ,%r I/0 Functions

P60 1 /0 [Port 60: I/O Port

SCK I/O [Serial Bus Interface Clock at SIO mode.

P61 1 I/O |Port 61:1/0 Port

SO Output | Serial Bus Interface Output data at SIO mode.

SDA I/O [Serial Bus Interface Data at 12C mode.

P62 1 /0 [Port 62: 1/0 Port

S Input | Serial Bus Interface Input data at SIO mode.

SCL I/0 | Serial Bus Interface Clock at 12C mode.

P63 1 I/0 [Port 63: 1/0 Port

INTO Input | Interrupt request pin 0: Interrupt request pin with programmable
level / rising edge /falling edge

P64 1 1/0 |Port 64:1/0 Port

SCOUT Output | System Clock Output: Output frpy or fs clock

P65 1 I/O | Port 65: 1/0 Port

P66 1 I/0 [Port 66: I/0 Port

P70 1 1/0 |Port 70: 1/0 Port

TAOIN Input | Timer AQ input

P71 1 /0 [Port71: 1/0 Port

TA10UT Output [ Timer A1 output

P72 1 /0 [Port72: 1/0 Port

TA30UT Output [ Timer A3 output

P73 1 1/0 |Port 73: 1/0 Port

TA4IN Input | Timer Adinput

P74 1 /0 [Port 74:1/0 Port

TA50UT Output [ Timer A5 output

P75 1 I/0 | Port 75: 1/0 Port

TA70UT Output [ Timer A7 output

P80 1 I/O [Port 80: 1/0 Port

TBOINO Input | Timer BOinput 0
Interrupt request pin 5: Interrupt request pin with programmable

INT5 Input |rising edge /falling edge

P81 1 /0 [Port 81: 1/0 Port

TBOIN1 Input | Timer BO input 1

INT6 Input |Interrupt request pin 6: Interrupt request pin with rising edge

P82 1 /0 [Port 82: 1/0 Port

TBOOUTO Output [ Timer BO output 0

P83 1 I/O [Port 83:1/0 Port

TBOOUT1 Output [Timer BO output 1
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TOSHIBA

TMP91PW12

Pin name '\él#'gﬁ,%r I/0 Functions

P84 1 /0 [Port 84:1/0 Port

TB1INO Input [ TimerB1input0

INT7 Input | Interrupt request pin 7: Interrupt request pin with programmable
rising edge / falling edge

P85 1 I/O [Port 85: 1/0 Port

TB1IN1 Input | TimerB1 input 1

INT8 Input | Interrupt request pin 8: Interrupt request pin with rising edge

P86 1 I/O | Port 86: 1/0 Port

TB1OUTO Output [Timer B1 output0

P87 1 /0 [Port 87:1/0 Port

TB1OUT1 Output [ Timer B1 output 1

P90 1 I/0O [Port 90: 1/0O Port

TXDO Output |Serial send data 0

P91 1 /0 [Port91: 1/0 Port

RXDO Input |Serial receive data 0

P92 1 I/0O |Port 92:1/0 Port

SCLKO Input |Serial clock I/0 0

CTSO I/O [Serial data send enable 0 (Clear to Send)

P93 1 I/O [Port93:1/0 Port

TXD1 Output | Serial send data 1

P94 1 I/0 | Port 94: 1/0 Port (with pull-up resistor)

RXD1 Input |Serial receive data 1

P95 1 I/0O [Port 95: 1/0 Port (with pull-up resistor)

SCLK1 I/0O |Serial clock 110 1

CTs1 Input |Serial data send enable 1 (Clear to Send)

P96 1 I/0 |Port 96: I/0O port (Open Drain Output)

XT1 Input | Low Frequency Oscillator connecting pin

P97 1 I/0 [Port 97: 1/0 port (Open Drain Output)

XT2 Output | Low Frequency Oscillator connecting pin

PAO to PA3 4 I/0 |Port AO to A3:1/0O Port

INT1to INT4 Input | Interrupt request pin 1to 4: Interrupt request pin with
programmable rising edge /falling edge

PA4 to PA7 4 /0 [Port A4to A7:1/0O Port

ALE 1 Output | Address Latch Enable

Can be disabled for reducing noise.

NMI 1 Input | Non-maskable interrupt request pin: Interrupt request pin with
programmable falling edge or both edges.

AMO/AM1 2 Input | Address mode: The Vcc pin should be connected.

EMUO/EMU1 2 Output [ Test pin: Open pins.

RESET 1 Input |Reset: Initializes TMP91CW12. (With pull-up resistor)
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TOSHIBA TMP91PW12

Pin name '\él#'gﬁ,%r I/0 Functions

VREFH 1 Input | Pin for reference voltage input to A/D converter (H)

VREFL 1 Input | Pin for reference voltage input to A/D converter (L)

X1/X2 2 I/0 | High Frequency Oscillator connecting pin

AVCC 1 Power supply pin for A/D converter

AVSS 1 GND pin for A/D converter (0 V)

DVCC 3 Power supply pin  (All Vce pins should be connected with the power
supply pin.)

DVSS 3 GND pin (0 V) (All Vss pins should be connected with GND (0 V).)

Note: All pinsthathave built-in pull-up resistors (other than the RESET pin) can be disconnected from
the built-in pull-up resistor by software.
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TOSHIBA TMP91PW12
2.3 PROM Mode
Table 2.2 (2) Name and function of PROM mode
Pin function |Pin numb Input/ Function i
in function [Pin number Output unctio Pin name (MCU mode)
A7 to AO 8 Input P27 to P20
A15to A8 8 Input Memory address of program P17 to P10
A16 1 Input P33
D7 to DO 8 /0 Memory data of pfogram P07 to POO
CE 1 Input | Chip enable P32
OE 1 Input Output control P30
PGM 1 Input Program control P31
Power
VPP 1 supply | 12.75V/5V (Powersupply of program) | AM1
Power
VCC 4 supply [6-25V/5V DVCC, AVCC
Power
. . . Input/ . .
Pin function |Pin number Output Disposal of pin
P34 1 Input Fix to low level (security pin)
RESET 1 Input _
Fix to low level (PROM mode)
AMO 1 Input
ALE 1 Output |Open
X1 1 Input
Crystal
X2 1 Output
P42 to P40
P37 to P35 12 Input | Fix to high level
P75 to P70
P43
P57 to P50
P66 to P60
P87 to P80
P97 to P90
PA7 to PAO 51 110 open
VREFH
VREFL
NMI
EMU1, 0
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TOSHIBA TMP91PW12

3. OPERATION

This section describes in blocks the functions and basic operations of TMP91PW12,

The TMP91PW12 has PROM in place of the mask ROM which is included in the TMP91CW12. The
other configuration and functions are the same as the TMP91CW12, Regarding the function of the
TMP91PW12, which is not described herein, see the TMP91CW12.

The TMP91PW12 has two operational modes: MCU mode and PROM mode.

3.1 MCUmode
(1) Mode-setting and function

The MCU mode is set by driving “High” the AM1 and AMO pin. In the MCU mode, the operation is
same as TMP91CW12,

3.2 Memory Map
Figure 3.2 (1), (2) are memory map of the TMP91PW12,

000000H 00000H

001000H

002000H

External

FEOOOOH

FFFFOOH
FFFFFFH 1FFFFH
Figure 3.2 (1) Memory map in MCU mode Figure 3.2 (2) Memory map in PROM mode
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TOSHIBA TMP91PW12

33
(1

PROM Mode
Mode setting and Function

PROM mode is set by setting the RESET and AMO pins to the “L” level, and set by setting the AM1 pin
to “VPP” level. The programming and verification for the internal PROM is achieved by using a
general PROM programmer with the adaptor socket.

OTP adaptor
BM11149 : TMP91PWI12F adaptors
Setting OTP adaptor

Set the switch (SW1) to N side.
Setting PROM programmer

i) Set PROM type to TC571000D.
Size : 1 Mbit (128K X8 bit)
VPP : 12,75V
tpw : 100 us

The electric signature mode (hereinafter referred to as “signature”.) is not supported. Therefore if
signature is used, the device is damaged because 12.75 V is applied to A9 of address. Do not use
signature.

ii) Transferring the data (copy)

In TMP91PW12, PROM is placed on addresses 00000 to 1IFFFFH in PROM mode, and addresses
FEO0000H to FFFFFFH in MCU mode. Therefore data should be transferred to addresses 00000 to
1FFFFH in PROM mode using the object converter (tuconv) or the block transfer mode (see
instruction manual of PROM programmer.) or making the object data.

iii)Setting the programming address

Start address : 00000H
End address . 1FFFFH
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@

(2)

Programming

Program/verify according to the procedures of PROM programmer.

VPP (12.75V/5V)

L.

A16
o [
A0

\

=

—

\_/ vce
AM1 AVCC, DVCC <—T
P30 |«— OF
P32 |[«—— CE
P31 |[«—— PGM
P33
P17 PO7 D7
to to <:> to
P10 POO DO
P27
to —
P20 RESET
AMO
X 777 Ve
P42 to P40,
X2 P37 to P35,
DVSS P75 to P70
AGND P34 |<— SECURITY

Figure 3.3 (1) PROM Mode Pin Setting

Programming Flow Chart

% Use the 10 MHz

resonator in case of
programming and
verification by a general
EPROM programmer.

The programming mode is set by applying 12.75 V (programming voltage) to the AM1 pin when the

following pins are set as follows,

(VCC:6.25V, RESET:“L”level,
While address and data are fixed and CE pin is set to “L” level, 0.1 ms of “L” level pulse is applied to

PGM pin to program the data.

AMO : “L” level).

Then the data in the address is verified.
If the programmed data is incorrect, another 0.1 ms pulse is applied to PGM pin.
This programming procedure is repeated until correct data is read from the address. (25 times

maximum)

Subsequently, all data are programmed in all addresses.
The verification for all data is done under the condition of AM1=Vece=5V after all data were written.
Figure 3.3 (2) shows the programming flow chart.
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High Speed Program Writing.

Flow chart

o

'

Vce=6.25V+0.25V
Vpp=12.75V+0.25V

'

ADDRESS = START ADDRESS
|

ADDRESS = ADDRESS + 1

[ -<—1 1l

PROGRAM 0.1 ms PULSE

YES

Vee=5V
Vpp=5V

NG

READ ALLBYTE

Com D Cm D

Note : Vpp means AM1 pin.

Figure 3.3 (2) Flow chart
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TOSHIBA TMP91PW12

(3) Security Bit

The TMP91PW12 has a Security Bit.
If the Security Bit is programmed to “0”, the content of the PROM can not be read in PROM mode.

(outputs data FFH)

How to program the Security Bit.
The difference from the programming procedures described in section 3.3 (1) are follows.

@ Setting OTP adapter
Set the switch (SW1) to S side.

@ Setting PROM programmer
ii) Transferring the data
iii) Setting programming address

The security bit is in bit 0 of address 00000H.
Set the start address 00000H and the end address 00000H.
Set the data FEH at the address 00000H.
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TOSHIBA TMP91PW12
4. ELECTRICAL CHARACTERISTICS (TENTATIVE)
41 Absolute Maximum
Symbol Parameter Rating Unit
Vcc Power Supply Voltage -0.5t06.5 \Y
VIN Input Voltage -0.5toVcc+0.5 \Y
loL Output Current 2 mA
loH Output Current -2 mA
S loL Output Current (total) 80 mA
> loH Output Current (total) -80 mA
Pp Power Dissipation (Ta =85 °C) 600 mwW
TSOLDER Soldering Temperature (10 ) 260 °C
TstG Storage Temperature -65to 150 °C
Topr Operating Temperature —401t0 85 °C
4.2 DC Characteristics (1/2)
Symbol Parameter Min Typ. (Note) Max. |Unit Condition
Power Supply Voltage 2.7 fc=21to 16 MHz Efs=30 to
Ve (AVcc=DVcc)  peeeeeee 5.5 Vo[ 34 kHz
(AVss =DVss =0 V) 4.5 fc=41t0 25 MHz
o 0.6 Vce < 4.5V
T BTt IADOT S | 08 Ve Z Ay
Vi o|P20toPA7 (exceptP63) | o | .l 0.3Vee |
ViL2 = = | RESET, NMI, P63 (INTO) ) 0.25Vcc
....................................................................................................... Vec=2.7 5V
vig |3 3[amo T 03 ccmEtoS
Vie |- X1 0.2Vcc v
o 2.0 Vce<4.5V
i §| POOtOPITIADOTOTS) gy VeeZA5V
Vi | 5| P20toPA7 (exceptP63) | 0.7Vec | Vees03
Vi | > | RESET, NI, P63 (INTO) | 0.75Vee |~ """ ‘ Vee = 2.7 10 5.5V
Vg 2 2[AMO, 1 |Veem03] T
VIHa cT(Xxi1 0.8Vcc
loL=1.6 mA
4
Voo |Ouweuttowweltagse ol L. B (Vec=27105.5V)
loH = — 400 #A
2.4 VvV
. Vee=3.0V*109
VOH Output ngh Voltage .................................... (CCBO ......... OA))
4.2 lon = —400 A
) (Vec=5.0V£10%)

Note: Typical values are for Ta=25 °C and Vo =3.0 V unless otherwise noted.
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TOSHIBA TMP91PW12
4.2 DC Characteristics (2/2)
Symbol Parameter Min [Typ. (Note1)| Max [Unit Condition
I Input Leakage Current 0.02 x5 A 0.0=V|N=Vcc
ILo Output Leakage Current 0.05 10 a 0.2=V|N=Vee-0.2
Power Down Voltage VL2 =0.2 Vcc,
Y/ 2. . Y
STOP | (@ STOP, RAM Back up) 0 6.0 ViH2 = 0.8 Ve
- . 100 400 Vce=3V10%
RRST RESET Pu” Up Res's-ter .......................................................... kQ ......................................................
50 230 Vee=5V+10%
Cio |Pin Capacitance 10 pF |fc=1MHz
Schmitt Width
VTH | RESET, NMIT, INTO 04 10 v
Programmable 100 400 Vee=3V210%
PKH R EEFEPRVEISVEVRTEPS ERIPIRPPPPPPRPIPPRPPRPRPS REPRPRPEISPEPEIE kQ ......................................................
Pull Up Resister 50 230 Vec=5V110%
NORMAL (Note2) 8.8 14.0
.................................................................................................................. VCC = 3 V i 10 %
DL e 30 43 ™A 4= 16 MHz
IDLE1 0.9 1.8
NORMAL (NOte2) o 233 e 320... Vee=5V£10 %
IDLE2 9.5 15.0 mA | fc=25MHz
IDLE1 4.4 9.0 (Typ. : Vec=5.0V)
Icc
SLOW (Note2) 30.0 60.0
.................................................................................................................. VCC = 3 V i 10 %
e d I SRR LI S I 250 1 #A l4s=32.768 kHz
IDLE1 8.0 15.0
10 Ta = 50°C
STOP o 2 .......2...0. ...... A Ta§..7.o..(.>c. ........ Vcc=
S HA 1A A 27to55V
50 Ta = 85°C
Note 1: Typical values are for Ta=25 °C and Vg =3.0 V unless otherwise noted.
Note 2: I¢cmeasurement condition (NORMAL, SLOW):

Only CPU is operational; output pins are open and input pins are fixed.
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TOSHIBA TMP91PW12
4.3 ACCharacteristics
(1) Vec=3.0V £10%

Variable 16 MHz .

No. [Symbol Parameter Min Max Nin Max Unit
1| trpH | frpH Period (=x) 62.5 31250 62.5 ns

2| taL A0 to 15 Valid — ALE Fall 0.5x-26 5 ns

3 ta ALE Fall -> A0 to 15 Hold 0.5x-26 5 ns
4|t |ALE High Width x—-52 10 ns

5| t.c |ALE Fall - RDAWR Fall 0.5x-28 3 ns

6| tc.k | RD Rise — ALE Rise 0.5x - 26 5

7| tcow | WR Rise — ALE Rise x—26 36 ns

8| tacL |AOto 15 Valid - RD/WR Fall x—-41 21 ns

9| tacH |AOto 23 Valid - RD/WR Fall 1.5x-50 43 ns

10| tcar | RD Rise— A0 to 23 Hold 0.5x-31 0

11| tcaw | WR Rise— A0 to 23 Hold x-31 31 ns
12| tapL [AOto 15 Valid— D0 to 15 Input 3.0x - 87 100 ns
13| tapH [AO0to 23 Valid— DO0to 15 Input 3.5x-98 120 ns
14| trp |RD Fall - D0 to 15 Input 2.0x-75 50 ns
15| tRR RD Low Width 2.0x-40 85 ns
16| tyr | RD Rise > D0 to 15 Hold 0 0 ns
17| trag | RD Rise = A0 to 15 Output x-25 37 ns
18| tww | WR Low Width 1.5x =55 39 ns
19| tpw |DOto 15 Valid - WR Rise 1.5x-78 15 ns
20| twp |WRRise -»D0to 15 Hold x—49 13 ns
21| tawn | A0 to 23 Valid - WAIT Input TWAIT e 3.5x-118 100 ns
22| tawL | A0to 15 Valid > WAIT Input WA e 3.0x-117 70 ns
23| tcw | RD/WR Fall >WAIT Hold WATge)| 2.0x+0 125 ns
24| tapH | AOto 23 Valid — PORT Input 3.5x- 168 50 ns
25| tapH2 | A0 to 23 Valid — PORT Hold 3.5x 218 ns
26| tap A0 to 23 Valid — PORT Valid 3.5x+ 100 319 ns

AC Measuring Conditions

® OQutput Level
® Input Level

High 0.7 Vcc / Low 0.3 Vec, CL =50 pF
High 0.9 Vcc/Low 0.1 Ve
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(2) Vec=5.0V £10%
No. [Symbol Parameter - Variable _25 MHz Unit
Min Max Min Max
1| trpH | frpH Period (=x) 40 31250 40 ns
2| taL A0 to 15 Valid — ALE Fall 0.5x-15 ns
3| ta ALE Fall -> A0 to 15 Hold 0.5x-15 ns
4| t, | ALE High Width x - 20 20 ns
5| tie ALE Fall - RDAWR Fall 0.5x - 20 0 ns
6| tc.k | RD Rise — ALE Rise 0.5x-15 5
7| tcow | WR Rise — ALE Rise x-15 125 ns
8| tacL |AOto 15 Valid - RD/WR Fall x-25 15 ns
9| tacH |AOto 23 Valid - RD/WR Fall 1.5x-50 10 ns
10| tcar |RD Rise— A0 to 23 Hold 0.5x - 20 0
11| tcaw | WR Rise— A0 to 23 Hold x-20 10 ns
12| tapL [AOto 15 Valid— D0 to 15 Input 3.0x-45 75 ns
13| tapH [AO0to 23 Valid— DO0to 15 Input 3.5x-35 105 ns
14| tp |RDFall > DO0to 15 Input 2.0x-40 40 ns
15| tg  |RD Low Width 2.0x - 20 40 ns
16| tyr | RD Rise = D0 to 15 Hold 0 0 ns
17| trag | RD Rise = A0 to 15 Output x-15 25 ns
18| tww | WR Low Width 1.5x-20 25 ns
19| tpw |DOto 15 Valid - WR Rise 1.5x-50 15 ns
20| twp |WRRise -»D0to 15 Hold x-15 25 ns
21| tawH | A0 to 23 Valid = WAIT Input WA 1 3.5x-90 50 ns
22| tawL | A0to 15 Valid = WAIT Input WA e 3.0x-80 40 ns
23| tcw | RD/WR Fall >WAIT Hold AT ge) | 2.0x+0 80 ns
24| tapy | AO to 23 Valid — PORT Input 3.5x - 120 20 ns
25| tapH2 | A0 to 23 Valid — PORT Hold 3.5x 140 ns
26| tap | A0 to 23 Valid - PORT Valid 3.5x+ 100 319 ns

AC Measuring Conditions

® OQutput Level
® Input Level

High2.2V/Low 0.8V ,CL=50 pF
High 2.4V /Low 0.45V (ADO to AD15)

High 0.8 Vcc/ Low 0.2 Vec (except ADO to AD15)
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(1) Read Cycle

frPH
A0 to 23 ;><“‘
: -~
CS0to3 N\

X

2|
d
&

tAwL
WAIT SS
tAPH
5 —tAPH2
Portlnput =+fT=—=—=—=—=—T=====
tADH
+ -
RD tACH—
tACL
: L=<t o>
H 4 =
ADO to 15 —i——-{ AOto 15 >_
: K —
ALE
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(2) Write Cycle

frPH

A N

A0 to 23 ><

CS0to3 _\—\
w

N

—tAp :
Port Output )i

tcaw

WR,FWR \ ——tww / .
i —tpw * [<—twp—>
ADOto 15 --§-——-< A0 to 15 >< DOto 15 :

v,

- f—taw—s

ALE
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4.4 A/D Conversion Characteristics
AVcc=Vcc, AVss = Vss
Symbol Parameter Condition Min Typ Max Unit
Vec=3V210% |(Vcc-0.2V V V
VREFH Analog Reference Voltage (+) cc 2 e cc cc
Vee=5V210% |(Vee-15V Vee Ve
Vec=3V10 % Y V. Vss+0.2V | V
VREFL Analog Reference Voltage (-) cc 2 55 55 55
Vec=5V210% Vss Vss Vss+0.2V
VAIN Analog Input Voltage Range VREFL VREFH
Analog Current for Analog Vee=3V 1100 . 1.2
IREF Reference Voltage cc=3 " 0 OA) 0.85 0 mA
(VREFL =0 V) <VREFON> =1 Vec=5V10% 1.44 2.00
<VREFON> =0 Vec=2.7105.5V 0.02 5.0 pA
Error Vcc=3V+10% +1.0 +4.0 'sp
(notincluding quantizing errors)| Vcc =5V +10 % 1.0 4.0
Note1: 1LSB=(VREFH - VREFL)/1024[V]
Note 2: The operation above is guaranteed for frpg = 4 MHz.
Note 3: The value Icc includes the current which flows through the AV pin.
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4.5 Serial Channel Timing (I/O Internal Mode)
(1) SCLKInput Mode
Symbol Parameter - Variable _25 MHz ‘_IG MHz Unit
Min Max Min | Max | Min [ Max
tscy |SCLK Period 16X 0.64 1.0 us
Output Data — SCLK Rising _
toss /Falling Edge * tscy /2 -50 270 450 ns
SCLK Rising / Falling Edge * _
toHs —> Output Data Hold tscy/2-100 220 400 ns
SCLKRising / Falling Edge *
tHsR — Input Data Hold 0 0 0 ns
SCLK Rising / Falling Edge * _
tsrD —s Valid Data Input tscy /2 -100 220 400 | ns
*) SCLK Rising/Falling Edge : The rising edge is used in SCLK rising mode.
The falling edge is used in SCLK falling mode.
(2) SCLK Output Mode
Symbol Parameter - Variable _25 MHz ?6 MHz Unit
Min Max Min | Max | Min | Max
tscy [SCLK Period (Programable) 16X 8192X 0.64 | 327 1.0 512 | wus
toss |[Output Data — SCLK Rising Edge tscy/2 - 150 170 350 ns
SCLK Rising Edge
2 - 24 42
tons — Output Data Hold tscy/2 =80 0 0 ns
SCLK Rising Edge
tHsR — Input Data Hold 0 0 0 ns
SCLKRising Edge
tSrRD _> Valid Data Input tscy/2 - 150 170 350 | ns
| tscy |
SCLK ' '
(Outputrnode/ L_______J l_______J l_____..J L......_J
Input mode ‘
SCLK I | | | | |
(Input mode) ‘ ‘
toss | toHs
OUTPUT DATA
TXD \ 0 K 1 X 2 X 3
l<— tsro — ->|—|<— tHsR
INPUT DATA
RxD X0 X X 1 X X 2 X X3 X

VALID VALID VALID VALID
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4.6 EventCounter (TAOIN, TA4IN, TBOINO, TBOIN1, TB1INO, TB1IN1)

Symbol Parameter .Variable _25 MHz _16 MHz Unit
Min Max Min Max Min Max
tvck | Clock Period 8X + 100 420 600 ns
tvckL |Clock Low Level width 4X +40 200 290 ns
tvckH | Clock High Level width 4X +40 200 290 ns

4.7 Interrupt, Capture
(1) NMI, INTO to 4 Interrupts

Variable 25 MHz 16 MHz .
Symbol Parameter - - - Unit
Min Max Min Max Min Max
tinTAL | NMI, INTO to 4 Low level width 4X + 40 200 290 ns
tinTaH | NMI, INTO to 4 High level width | 4X +40 200 290 ns

(2) INT5to 8 Interrupt, Capture

The INTS5 to 8 input width depends on the system clock select mode, prescaler clock mode.

tINTBL tINTBH

SYStEi‘m C'ng Pfescla'er aOCk (INT5 to 8 Low Level Width) | (INT5 to 8 High Level Width)

selecte selecte n ’ Unit
<SYSCK> <PRCK1, 0> Variable 16 MHz Variable 16 MHz
Min Max Min Max
0 (f9) 00 (fepr) 8X + 100 600 8X + 100 600 ns
C
10 (fc/16) 128Xc + 0.1 8.1 128Xc +0.1 8.1
3
1 (fs) 00 (fepy) 8X +0.1 2443 8X +0.1 2443 a
Note: Xc=Period of Clock fc
4.8 SCOUT pin AC characteristics
Symbol Parameter Ya”ab'e _25 MHz _16 MHz Condition Unit
Min Max Min Max Min Max

_ 0.5T - 20 - 11 Vcc=3V+10%
tSCH LOW LEVE| Wld'th ............................................................................................................................. ns

0.5T-15 5 16 Vec=5V10%

_ _ 0.5T-20 - 11 Vcc=3V+10%
tSCL ngh |eVe| Wldth ............................................................................................................................. ns

0.5T-15 5 16 Vee=5V+10%

Note: T=Period of SCOUT
Measrement Condition
® OQutputLevel : High 0.7 Vcc/Low 0.3 Ve, CL=10 pF

<tSCH>
SCOuT tscL
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4.9 BusRequest/Bus Acknowledge

BUSRQ \

i 2N
~

(Note 1)
BUSAK
(¢
1
- > letpgaa
ADO to AD15 DB e (Note2) _____ <
—_ ~
A0 to A23, / N S S (Note) _ _____ 7
RD, WR
e e e e e ~
CS0 to CS3, \
R/W, HWR j_ \_
ALE (¢ / \
1
Symbol Parameter Yarlable _25 MHz _16 MHz Unit
Min Max Min Max Min Max
taga |Output Buffer off to BUSAK Low 0 80 0 80 0 80 ns
tsaa |BUSAK High to Output Buffer on 0 80 0 80 0 80 ns

Notel: Even if the BUSRQ signal goes low, the bus will not be released while the WAIT signal is low.
The bus will only be released when BUSRQ goes low while WAIT is high.

Note2: Thisline shows only that the output buffer isin the off state.
It does not indicate that the signal level is fixed.
Just after the bus is released, the signal level set before the bus was released is maintained
dynamically by the external capacitance. Therefor, to fix the signal level using an external
resistor during bus release, careful design is necessary, as fixing of the level is delayed.
The internal programmable pull-up/pull-down resistor is switched between the active and non-
active states by the internal signal.
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4.10 Read operationin PROM mode
DC/AC characteristics

Ta=25%25°C Vcc=5V+10 %

Symbol Parameter Condition Min Max Unit
Vpp Vpp Read Voltage - 4.5 5.5 Y
VIH1 Input High Voltage (A0to A16, CE, OE, - 2.2 Vec+0.3 \Y
PGM)

Vit Input Low Voltage (A0 to A16, CE, OE, - -0.3 0.8 \Y}
PGM)

tacc Address to Output Delay C_.=50pF - 2.25TCYC +a| ns

TCYC =400 ns (10 MHz Clock)

«=200ns
4.11 Program operation in PROM mode
DC/AC characteristics
Ta=25+*5°C Vcc=6.25V+0.25V

Symbol Parameter Condition Min Typ Max Unit
Vpp Programming Supply Voltage - 12.50 12.75 13.00 \
VIH Input High Voltage - 2.6 Vec+0.3 Vv

(DO to D7, AD to A16, CE, OE, PGM)
VL Input Low Voltage - -03 0.8 \"

(DO to D7, AD to A16, CE, OE, PGM)
Icc Vcc Supply Current fc=10 MHz - 50 mA
Ipp Vpp Supply Current Vpp=13.00V - 50 mA
tpw PGM Program Pulse Width CL=50pF 0.095 0.1 0.105 ms
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4.12 Timing chart of read operation in PROM mode

AO0to A16

4

DO to D7

X

- QNN

LU

°F AN

LU

AR
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4.13 Timing chart of program operation in PROM mode

A0 to A16 X X

€ AW LU

o / \ /

DO to D7 UNKNOWN  y— Data-in stable >—@

PGM N\ . /

Ly

Vp

o

NOTE

1. The power supply of Vpp (12.75 V) must be turned on at the same time or the later time for a
power supply of Vo and must be turned off at the same time or early time for a power supply of

Vee.
2. The device suffers a damage taking out and putting in on the condition of Vpp=12.75 V.,

3. The maximum spec of Vpp pin is 14.0 V. Be carefull a overshoot at the programming.
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