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TOSHIBA TMP94C251A

CMOS 32-Bit Microcontroller
TMP94C251AF

1. Outline and Device Characteristics

TMP94C251A 1is high-speed advanced 32-bit microcontroller developed for controlling
equipment which processes mass data.

TMP94C251A is a microcontroller which has a high-performance CPU (900 P nd
various built-in I/Os. And TMP94C251A is enhanced memory interface functions: P 1AF
is housed in an 144-pin mini flat package.

Device characteristics are as follows:

(1) CPU: 32-bit CPU (900/H2 CPU)
e  Compatible with TLCS-900, 900/L, 900/L1, 900/H’s instruction code
e 16 Mbytes of linear address space
e  General-purpose registers and register banks
e  Micro DMA: 8 channels (250 ns/4 bytes at 20 MHz)

(2) Minimum instruction execution time: 50 ns (at 20 MH Q

(3) Internal memory
e Internal RAM: 2 Kbytes (can use for code
e Internal ROM: None

(4) External memory expansion

e Expandable up to 16 Mbytes (shared program/data area)

e Can simultaneously support 8-/16-bit Avidth external data bus

(5) Memory controller

e  Chip select output: 6 channe
(6) DRAM Controller: 2 channels

e Direct interface (supported 8-/ external data bus)

030619EBP1

e The information contained he eln i bjectéq%hange without notice.

i esented only as a guide for the applications of our products. No responsibility is assumed by
ent/or patent rights of TOSHIBA or others.

nprove the quality and reliability of its products. Nevertheless, semiconductor devices in general

implication or otherwise
e TOSHIBA is continuall
can malfunction or fail
when utilizing TOS
situations in which a
property.

cts, to comply with the standards of safety in making a safe design for the entire system, and to avoid
on or failure of such TOSHIBA products could cause loss of human life, bodily injury or damage to

e ensure that TOSHIBA products are used within specified operating ranges as set forth in the most

recent TOSHIB C cifications. Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for
Semiconductor orTOSHIBA Semiconductor Reliability Handbook” etc..

e The TOS BA ducts listed in this document are intended for usage in general electronics applications (computer, personal
equipment, fice ipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products are

failure of wh nay.cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control
instruments, airptane’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.

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

e TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under any law
and regulations.

o 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.
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TOSHIBA TMP94C251A

(7) 8-bit timer: 4 channels
(8) 16-bit timer: 4 channels
(9) Serial interface: 2 channels
(10) 10-bit AD converter: 8 channels (with sample hold circuit)
(11) 8-bit DA converter: 2 channels (with CMOS-AMP)
(12) Watchdog timer
(13) Interrupt controller
e 18 internal interrupts
e 10 external interrupts
(14) /O port: 64 pins
(15) Package: 144-pin QFP (P-QFP144-2020-0.50)
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Figure 1.1 TMP94C251A Block Diagram
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2. Pin Assignment and Functions

2.1 Pin Assignment (Top view)
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2.2 Pin Names and Functions

The names of input/output pins and their functions are described below.

Table 2.2.1 Pin Names and Functions (1/6)

Number

Pin Name - 1/0 Functions
of Pins
P00 to P07 8 110 Port 0: 1/0 port
DO to D7 (TTL) 110 Data: 0 to 7 for data bus
TMP94C251A is external ROM type, these pins are initialized to this
When TMP94C251A doesn't access external memories, these pin
high-impedance state.
P10 to P17 8 110 Port 1: 1/O port
D8 to D15 (TTL) 110 Data: 8 tol5 for data bus
If TMP94C251A is external ROM type and is start with 16 these pins are
initialized to this function.
When TMP94C251A doesn’t access external memories, the afe put in the
high-impedance state.
P40 to P47 8 110 Port 4: 1/O port
AO to A7 Output Address: 0 to 7 for address bus
TMP94C251A is external ROM type, these pins are initi d to this function.
When TMP94C251A doesn't access exta;ré;;&gemories, these pins don’t change.
P50 to P57 8 110 Port 5: 1/0 port
A8 to Al15 Output Address: 8 to 15 for address
TMP94C251A is external ROM ty se ping arg initialized to this function.
When TMP94C251A doesn't access external memories, these pins don't change.
P60 to P67 8 110 Port 6: 1/O port \)
A16 to A23 Output | Address: 16 to 23 for address b
TMP94C251A is external type; € pins are initialized to this function.
When TMP94C251A doesi’t access external memories, these pins don’'t change.
P70 1 Output Port 70: Output port ( ut “high” when initialized)
RD Output Read: Strobe signal for reading external memory
When TMP94 doesn’t access external memory, doesn’t output strobe.
TMP94C251A i externa%}OM type, these pins are initialized to this function.
P71 1 Output Port 71: Outp W “high” when initialized)
WRL Output Write LLAStrobe si or writing data on pins DO to D7
When TMPQ4&251A doesn't access external memory, doesn’t output strobe.
P72 1 Output Port 72: rt (output “high” when initialized)
WRH Output Write LH: signal for writing data on pins D8 to D15
When TMP94C231A doesn’t access external memory, doesn’t output strobe.
P73 1 Output Port 73: Output port (output “high” when initialized)
P74 1 Output Port 74: Output port (output “high” when initialized)

94C251A-5
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Table 2.2.2 Pin Names and Functions (2/6)

Pin Name Num_ber 1/0 Functions
of Pins

P75 1 1/0 Port 75: I/O port

BUSRQ Input Bus request: Signal used to request high impedance for memory interface signals. If these
signals are used as port, there are not change. The memory interface signals ollows:

A0 to A23, DO to D15, RD , WRLL , WRLH
The output signals of memory controller. &

P76 1 Output Port 76: Output port (output “high” when initialized)

BUSAK Output Bus acknowledge: Signal indicating that request of BUSRQ signal is accepted.

P80 1 Output Port 80: Output port (output “high” when initialized)

CSo Output Chip select 0: Outputs “low” if address is within specified address rm

P81 1 Output Port 81: Output port (output “high” when initialized)

cs1 Output Chip select 1: Outputs “low” if address is within specified address area:

RASO Output Row address strobe 0: Outputs RAS strobe for DRAM if dddress isiwithin specified address
area.

P82 1 Output Port 82: Output port (output “high” when initialized)

cs2 Output Chip select 2: Outputs “low” if address is within specified address area.

P83 1 Output Port 83: Output port (output “high” when initialized)

cs3 Output Chip select 3: Outputs “low” if address is within specified address area.

RAS1 Output Row address strobe 1: Outputs RAS strtyﬂh\r DRAM iress is within specified address
area.

P84 1 Output Port 84: Output port (output “high” wi h%ltlyw

CS4 Output Chip select 4: Outputs “low” i ss is withi ied address area.

P85 1 Output Port 85: Output port (output “ |g |n|t|a|

CS5 Output Chip select 5: Outputs “low” if ess iswi specmed address area.

P86 1 Ife} Port 86: I/0O port

WAIT Input Wait: Signal used to request,GPUNus waig/
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Table 2.2.3 Pin Names and Functions (3/6)

. Number .
Pin Name . 1/0 Functions
of Pins

PAO 1 Output Port AO: Output port (output “high” when initialized)

CASO Output Column address strobe 0: Outputs CAS strobe for DRAM if address is within specified
address area.

LCASO Output Lower column address strobe 0: Outputs lower CAS strobe for DRAM if addréss s within
specified address area. T\

PAl 1 Output Port Al: Output port (output “high” when initialized) m

UCASO Output Upper Column address strobe 0: Outputs upper CAS strobe for DRAM if address is Wwithin
specified address area.

PA2 1 Output Port A2: Output port (output “high” when initialized)

OEO Output Output enable 0: Outputs read enable signal for DRAM.

PA3 1 Output Port A3: Output port (output “high” when initialized)

OE1 Output | Output enable 1: Outputs read enable signal for DRAM. p

PA4 1 Output Port A4: Output port (output “high” when initialized) \)

WEOQ Output Write enable 0: Outputs write enable signal for DRAM.

PBO 1 Output Port BO: Output port (output “high” when initialized)

CAS1 Output | Column address strobe 1: Outputs CAS strobe for DRAM if address is within specified
address area.

{CASL Output | Lower column address strobe 1. Outputs r CAS str@ for DRAM if address is within
specified address area.

PB1 1 Output Port B1: Output port (output “high” wh |t| I| ed)

UCAS1 Output Upper Column address strobe 1: utputs upper\CAS/ strobe for DRAM if address is within
specified address area.

PB2 1 Output Port B2: Output port (output “hlgﬁmMallzed)

PB3 1 Output Port B3: Output port (output “hibh&when iﬁit}aﬁzed)

PB4 1 Output Port B4: Output port (output * \”\ggj{allzed)

WE1 Output | Write enable 1: Outputs write/enable signal for DRAM.
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Table 2.2.4 Pin Names and Functions (4/6)

Pin Name Num_ber 1/0 Functions
of Pins
PCO 1 110 Port CO: I/O port
TO1l Output Timer output 1: 8-bit timer 0 or 1 output
TO7 Output Timer output 7: 16-bit timer 7 output
PC1 1 110 Port C1: I/O port
TO3 Output Timer output 3: 8-bit timer 2 or 3 output
TOB Output Timer output B: 16-bit timer B output K
PDO 1 110 Port DO: I/O port
TO4 Output Timer output 4: 16-bit timer 4 output
PD1 1 110 Port D1: I/O port
TI4 Input Timer input 4: 16-bit timer 4 input
INT4 Input Interrupt request pin 4: Interrupt request pin with programrpé@sing/fa ing edge
PD2 1 110 Port D2: I/O port
TIS Input Timer input 5: 16-bit timer 4 input
INTS Input Interrupt request pin 5: Interrupt request pin with rising edge
PD4 1 110 Port D4: 1/O port
TO6 Output Timer output 6: 16-bit timer 6 output
PD5 1 110 Port D5: I/0 port
TI6 Input Timer input 6: 16-bit timer 6 input Q
INT6 Input Interrupt request pin 6: Interrupt reques Mi programmable rising/falling edge

PD6 1 110 Port D6: I/0O port

TI7 Input Timer input 7: 16-bit timer 6 inpu \/
INT7 Input Interrupt request pin 7: Interrupt feguest pin withfising edge
PEO 1 110 Port EO: 1/O port w

TO8 Output Timer output 8: 16-bit timer 8 outpu

PE1 1 110 Port E1: I/O port

TI8 Input Timer input 8: 16-bit tim input

INT8 Input Interrupt request pin 8/Interrupt request pin with programmable rising/falling edge
PE2 1 110 Port E2: I/0 port

TI9 Input Timer input 9: }¥6-bittimex8 input

INT9 Input Interrupt request pin 9: Igt;yrupt request pin with rising edge

PE4 1 110 Port E4: I/ pw

TOA Output Timer ou@t\A: 16-bit timer A output

PE5 1 Ife} Port E5: I/

TIA Input Ti \16cbit timer A input

INTA Input Interrupt rei A: Interrupt request pin with programmable rising/falling edge
PE6 1 10 Port E6: 110 por% J

TIB Input Timer input B: 16-bit timer A input

INTB Inpyt Interrupt request pin B: Interrupt request pin with rising edge
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Table 2.2.5 Pin Names and Functions (5/6)

Pin Name Num_ber 1/0 Functions
of Pins

PFO 1 110 Port FO: 1/O port

TXDO Output Serial send data 0

PF1 1 110 Port F1: 1/O port

RXDO Input | Serial receive data 0 N

PF2 1 110 Port F2: 1/0 port

CTS0 Input Serial data receive enable 0

SCLKO 110 Serial clock 1/0 0

PF4 1 110 Port F4: 1/0 port

TXD1 Output Serial send data 1 m

PF5 1 110 Port F5: 1/0O port

RXD1 Input Serial receive data 1

PF6 1 110 Port F6: 1/0O port

CTs1 Input Serial data receive enable 1

SCLK1 110 Serial clock 1/0 1

PGO to PG7 8 Input Port G: Input port

ANO to AN7 Input Analog input: Input to 10-bit AD converter

DAOUTO Output DA output 0: Output from 8-bit DA converter.Q

DAOUT1 Output DA output 1: Output from 8-bit DA conver}ér 1

PHO ) Port HO: I/O port ((

TCO Output Terminal count 0: Outputs “high™strobe when up’@alue of micro-DMA channel 0 is “0".

PH1 1 110 Port H1: I/O port

TC1 Output Terminal count 1: Outputs “higly” strobewl counter value of micro-DMA channel 1 is “0".

PH2 1 110 Port H2: 1/0 port w

TC2 Output Terminal count 2: Outputs “high™str n counter value of micro-DMA channel 2 is “0".

PH3 1 110 Port H3: I/O port

TC3 Output Terminal count 3: Outputs ’high” strobe when counter value of micro-DMA channel 3 is “0”.

PH4 1 110 Port H4: 1/0 port (schﬁi}/t/input)

INTO Input Interrupt requew: Interrupt request pin with programmable level/rising edge. (schmitt
input)

PZ0 to PZ7 8 /o | Port z: 110 poft | N )

NMI 1 Input Non-mas blewueﬁ pin: Interrupt request pin with falling edge.
Can also@gpera rising edge by program. (schmitt input)

WDTOUT 1 Output | Watchdog t\rr\né( output pin

94C251A-9 2004-02-10
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Table 2.2.6 Pin Names and Functions (6/6)

Pin Name Num_ber 1/0 Functions
of Pins
AMO, 1 2 Input Address mode: Selects external data bus width.
AM1 = “low” AMO = “low”: Start with 8-bit external data bus
AM1 = “low” AMO = “high”: Start with 16-bit external data bus
AM1 = “high” AMO = “low”: Don't use this setting
AM1 = “high” AMO = “high”: Don’t use this setting
TESTO, 1 2 Input Test: Input “low” when using \
CLK 1 Output Clock output: Outputs system clock
X1/X2 2 110 Oscillator connecting pin //\
RESET 1 Input Reset: Initializes LSI (with pull-up resistor) (schmitt input) K \ ) }
VREFH 1 Input Pin for reference voltage input to AD converter (“high” level)
VREFL 1 Input Pin for reference voltage input to AD converter (“low” IeveD/
DAREFH 1 Input Pin for reference voltage input to DA converter (“high” IevéIX \ \
DAREFL 1 Input Pin for reference voltage input to DA converter (“low” Ieve\l /
ADVCC 1 - Power supply pin for 10-bit AD converter
ADVSS 1 - GND pin for 10-bit AD converter (0 V)
DAVCC 1 - Power supply pin for 8-bit DA converter
DAVSS 1 - GND pin for 8-bit DA converter (0 V)
cLvccC 1 - Power supply pin for clock doubler
CLVSS 1 - GND pin for clock doubler
pvce 8 _ Power supply pin (+5 V) (Connectall DVCC pins 16 #5V)
DVSS 8 _ GND pin (0 V) (Connect all DVSS pins to. GND(QY}.)

Q9
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3. Operation

The following is a block-by-block description of the functions and basic operation of
TMP94C251A.

3.1 CPU
TMP94C251A contains an advanced, high-speed 32-bit CPU (900/H2 CPU).
CPU Outline

900/H2 CPU is high-speed and high-performance CPU based on 900
CPU has expanded 32-bit internal data bus to process instructions mo
Functional differences between 900/H2 CPU and 900/H CPU are as

3.11

900/H2 CPU
Width of CPU Address Bus 24-bit
Width of CPU Data Bus 32-bit
Internal Operating Frequency 20 MHz

Minimum Bus Cycle

1-clock access
(50 ns @ 20 MHz)

Bus Sizing Function

8/16-bit

Internal RAM

32-bit 1-clock access

Internal I/0

8/16/32-bit 2-clock access

External Device

8/16-bit 2-clock access
(can insert some waits)

Minimum Instruction 1-clock
Execution Cycle (50 ns @20 MHz)

Conditional Jump 2-clock
(100 ns @20 MHz)

Instruction Queue Buffer 12-byte

Instruction Set

No MIN instruction
No LDX instruction

CPU mode

No MIN (minimum) mode

Micro DMA

8-channel

&
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3.1.2

Reset Operation

When resetting the TMP94C251A microcontroller, ensure that the power supply voltage
is within the operating voltage range, and that the internal high-frequency oscillator has
stabilized. Then set the RESET input to low level at least for 10 system clocks (2 us at 10
MHz). Thus, when turn on the switch, be set to the power supply voltage is within the
operating voltage range, and that the internal high-frequency oscillator hg bilized.
Then hold the RESET input to low level at least for 10 system clocks.

Clock gear is initialized 1/16 mode by reset operation. It means that ¢ clock
mode fSYS is set to fc/32 (= fc/16 x 1/2).

When the reset is accepted, the CPU:

e Set the program counter (PC) to the reset vector stored /af add. es FFFFOOH to
FFFF02H.

PC (7:0) «— Value at address FFFFOOH
PC (15:8) «— Value at address FFFF01H
PC (23:16) «— Value at address FFFF02H
e  Sets the stack pointer (XSP) to 00000000H Q

e  Sets bits IFF2 to IFFO of the status
mask register to level 7).

e (Clears bits RFP1 to RFPO of the sta
banks to 0).

iste¥ (SR)\to 1Y1AThis sets the interrupt level

u{%g%s r (SR) to 00 (This sets the register

After reset is released, the CPU bggins execution from the instruction at the location
specified in the PC. Other than tlie¢/changes described above, reset does not alter any
internal CPU registers.

When reset is accepted, pro@gﬁme internal I/0, port, and other pins are as follows:

e Initializes the intern
5.

/O registers as table of “Special Function Register” in section

pose input port mode.

e Sets the WDTOUT pin to “ ”. (However, when reset is released, sets to “High”.)

When external reset is released, built-in clock doubler begins operation and after the
stable time (1.6384 ms at 20 MHz) elapse of the circuit, internal reset is released.

The operation of memory controller and DRAM controller cannot be insured until power
supply becomes stable after power-on reset. The external RAM data provided before
turning on the TMP94C251A may be spoiled because the control signals are unstable until
power supply becomes stable after power on reset.

94C251A-12 2004-02-10
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3.1.3 Data Bus Size after Reset Release

The start data bus size is determined depending on the state of a AM1/AMO pins just

after reset release. Then the external memory is accessed as follows.

AM1 AMO Start mode
0" "0” 8 bit data bus (1wait)
“0" i 16 bit data bus (1wait)
1" “0" Don’t use this setting

111 "

Don't use this setting

For the details, refer to chapter 3.6 “Memory Controller”.
3.1.4  Setting of TESTO, TEST1
Connect TESTO0, TEST1 pin to “GND” to use.

9
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3.2 Memory Map
Figure 3.2.1 is a memory map of the TMP94C251A.

000000H A
Direz:t area
n)
000100H -
000170H
000400H
000CO0OH 64 KByte area
(nn)
External memory
010000H [=-============---=-==-----
(16 MByte)
16 MByte area
(R)
(-R)
(R+)
(R +R8/16)
(R +d8/16)
(nnn)
FOOOO0OH (Note 1)
F10000H °
FFFFOOH |- mmmmo oo oo
Note 2
FEFFFEH Vector table (256 Byte) } (Note 2)

=Internal area)

Figure 3.2.1 Memory Map
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4. Electrical Characteristics
4.1 Maximum Ratings
Symbol Parameter Rating Unit
Vce Power Supply Voltage -05t06.5 \Y
VIN Input Voltage -0.5to Vec+ 0.5 \Y 5
>10L Output Current (total) 120 mA
> 10H Output Current (total) -120 mA
PD Power Dissipation (Ta = 70°C) 600 mwW
Note: The maximum ratings are rated values which must not be exceeded dur}wg\&pe/;ragon, even for
an instant. Any one of the ratings must not be exceeded. If any maximumating is exceeded, a
device may break down or its performance may be degraded it to catch fire or
explode resulting in injury to the user. Thus, when designing prod include this device,
ensure that no maximum rating value will ever be exceeded.
4.2 DC Electrical Characteristics o

Vee =5V £10%, TA=-20 to 70°C
X1 =8 to 10 MHz (Internal operation = 16 % z)

Symbol
VILO

Parameter Min Max Unit

-03 0.8 \Y

Test Condition

Input Low Voltage
P00 to P07 (DO to 7)
P10 to P17 (D8 to 15)
P20 to P27 (D16 to 23)
P30 to P37 (D24 t0 31)

Input Low Voltage
P40 to P47
P50 to P57
P60 to P67
P75
P86
PCO, PC1
PDO to PD2, PD4 to PD6
PEOto PE2, PE4to PE6
PFO to PF2, PF4to PF6
PGO to PG7
PHO to PH3
PZ0 to PZ7

Input Low Voltage
PH4 (INTO)
NMI
RESET

Input Low Voltage
AMO, AM1
TESTO, TEST1

Input Low Voltage
X1

VIL1 - 03 0.3#Vcc \

VIL2 - 03 0.25+%Vcc \)

VIL3 -03 0.3 \

ViLa - 0.3 0.2%Vce \

VIHO Input High Voltage 22
P00 to P07 (DO to 7)
P10to P17 (D8 to 15)
P20 to P27 (D16 to 23)

P30 to P37 (D24 to 31)

Vce+0.3 VvV

Note: Typical value are for Ta = 25 °C and Vcc = 5 V unless otherwise noted.
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Symbol Parameter Min Max Unit Test Condition
VI1H1 Input High Voltage 0.7+Vcc Vec+0.3 \Y
P40 to P47
P50 to P57
P60 to P67
P75
P86
PCO, PC1
PDO to PD2, PD4 to PD6
PEO to PE2, PE4to PE6
PFO to PF2, PF4to PF6
PGO to PG7
PHO to PH3
PZ0 to PZ7
VIH2 Input High Voltage 0.75%Vcc Vec+0.3 \%
PH4 (INTO)
NMI
RESET
VIH3 Input High Voltage Vece—-0.3 Vee +0.3 \Y
AMO, AM1
TESTO, TEST1
ViH4 Input High Voltage 0.8*Vcc Vce+0.3 \
X1
VOL Output Low Voltage 0.45 V [IOL=1.6 mA
V OHO Operating Cururent (NORMAL) 2.4 V |IOH = -400xA
VOH1 |Output High Voltage 0.75%Vcc V |IOH = - 100.A
VOH2 |OutputHigh Voltage 0.9%Vcc V [IOH = -20uA
ILI Input Leakage Current 0.02 (typ.) t5 #A [0.0V=Vin=Vcc
L0 Output Leakage Current 0.05 (typ.) 10 #A [0.2V=Vin=Vcc-0.2V
| ccO Operating Current (NORMAL) 90 108 mA | X1=10 MHz
(Internal 20 MHz)
lecl RUN 50 70 mA [ X1=10 MHz
(Internal 20 MHz)
| cc2 IDLE 5 20 mA | X1=10 MHz
(Internal 20 MHz)
lec3 STOP 0.5 50 #A 10.2V=Vin=Vcc-0.2V
Ta= -20~70°C
lccd STOP 10 p#A 10.2V=Vin=Vec-0.2V
Ta=0~50°C
VSTOP |Power Down Voltage @ STOP 2.0 6.0 V |VIL2=0.2%Vcc
(for internal RAM back-up) VIH2 =0.8%Vcc
RRST Pull Up Registance 50 150 kQ
RESET
clo Pin Capacitance 10 pF [fc=1MHz
VTH Schmitt Width 0.4 1.0(typ) | V
PH4 (INTO)
NMI
RESET
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4.3 AC Electrical Characteristics
4.3.1 Basic Bus Cycle
(1) Read cycle
No. | Symbol Parameter Min Max  |at 20 MHz|at 16/ MHKz| Unit
1| tosc OSC period (X1/X2) 100 125 100 126 [ s
2 |tcye System Clock Period (= T) 50 62.5 50 /l (Bgé\ “ne
3| teL CLK Low Width 05xT-15 10 16 ns
4] tcn CLK High Width 05xT-15 10 26| ns
51 tap AO to A23 — DO to D31 Input at 0 waits 20xT-50 5¢g (| \75 ns
5-2 | tap3 A0 to A23 — DO to D31 Input at 1 wait 3.0xT-50 100 138 ns
6-1 | trp RD Fall - DO to D31 Input at O waits 15xT-45| —30 49 ns
6-2 | trRp3 RD Fall > DOto D31 Input at 1 wait 25xT-45 80 111 ns
7-1|trr RD Low Width at 0 waits 1.5xT-20 \ 55 ) )] 74 ns
72[ire RD Low Width at 1 wait 2.5xT-20 105 136 ns
8/ tar AO to A23 Valid - RD Fall 0.5xT - 20 11 ns
9| trk RD Fall - CLK Fall 0.5xT-20 11 ns
10 | tha A0 to A23 Invalid — DO to D31 Hold 0 ns
11| tyr RD Rise — DO to D31 Hold 0 ns
12 | tapr AO to A23 Valid —> PORT Input 20T 120 20 ns
13| tapy AO to A23 Valid —» PORT Hold 20xT \ 100 125 ns
14 | ttk WAIT Setup Time 5 15 15 ns
15| ter WAIT Hold Time (/5 N\ 5 5 ns
N/
(2) Write cycle U
No. | Symbol Parameter Min Max |at 20 MHz|at 16 MHz| Unit
1|tosc OSC Period (X1/X2) 100 125 100 125 ns
2|tcyc System Clock Period (= T) 50 62.5 50 62.5 ns
3[teL CLK Low Width [ ( N )]osxT-15 10 16 ns
4|tcn CLK High Width N/ /]osxT-15 10 16 ns
5-1 [ tow DO to D31 Valid > WRx Rise ‘atQwaits— [1.25xT - 35 28 43 ns
5-2 | tpw3 DO to D31 Valid - WRx Rise at 1 wait 2.25xT-35 78 106 ns
6-1 | tww WRx Low Width __aro-waits 1.25xT-30 33 48 ns
6-2 | tww3 WRx Low Width at 1 wait 2.25xT-30 83 111 ns
7| taw A0 to A23 Valid - WRx Fall 0.5xT-20 11 ns
8 | twk WRx Fall - CLK Fall 05xT-20 11 ns
9| twa WRx Rise — A0'to A23 Hold 025xT-5 11 ns
10 | twp WRx Rise 5-D0'to D31 Hold 025xT—5 11 ns
11[tapw | AO to A23 Valids>-PORT, Output 20xT+70 170 195 ns
12| trx WAIT Setup Time 15 15 15 ns
13| ter WAIT_HoldTime 5 5 5 ns
14[trpo | RD\Rise=>D0.to D15 Output 05xT-5 20 26 ns
AC Conditi
0 to P3 (DO to D31), P4 to P6 (A to A23), P70 (RD ), P71 to P74 (WRx )
High=2.0V, Low = 0.8V, CL =50 pF
Others
High=2.0V, Low = 0.8V, CL =50 pF
Input: PO to P3 (DO to D31)
High=2.4V, Low =0.45V
Others
High = 0.8 Vcc, Low = 0.2 Vcc
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(1) Read cycle (0 waits)
le tosc >|
X1 T\ / \
< tcye ; i i
| e— teL ' tcH ; i :
e N ’ ' |
| | tre [T | |
| a il BNIaRN
WAIT 1 I — | N | \/:/
= = A N N
AO to A23 :ﬁ; i i i \j/ ;k
e o : |
S0 to Cs5 _.'X | | | O | Z_
N ! ! ! Y,
s s i |
i «—— AR : <—tRK$(:> i i o thr
RB AL . | | /T
| RS (N i 1
! ! . 7 i !
| {p e +
| | o : e
DO to D15 i | p | X Data Input | :;
| e e
evenoy b ) a a
Port Input 1 iL T T T T
(Note) ' ' ! Port Input ! !

)

Note 1: The phase relation between X1 input signal and the other signals is unsettled. The timing chart

Note 2: Since the CP
pins such a
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(2) Write cycle (0 waits)

CLK X
1]
I
[}
[}
I
i
WAIT '
|
[}
[}
[}
i
A0 to A23 :
: !
I I
[} [}
[} [}
I I
[} [}
_ _ [} [}
CS0 to CSB ! !
! W,
I I I
[} [} [}
: g\; : wa |
1 1 1 WA |
Lo taw [e—— twk . ! < >
] ! 1
] [} [} J ]
WRX 1 | 1 1
: B N ] A !
i | N tww ! > i
i ' i i i
1 1 1 1 twp !
| ! < — tow 1 >
| | | | |
DOtoD15 ! i s — T
| | ata Output |
! - : : .
[}
o ) s s
o ' s s s
]
. i i i
| ! ! N
— tapw v >
Port Output | | h
(Note) ! ! i
i i i
I I I
Note 1: The phase relatig een X1 input signal and the other signals is unsettled. The timing chart

esses the internal area to write data to a port, the control signals of external pins
d CS are not enabled. Therefore, the above waveform diagram should be regarded

epresentative.
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(3) Read cycle (1 wait)

CLK

A0 to A23

tAD3— g

DOtoD15 | Lo

(4) Write cycle (1 wait) 0@

ata Input

nLL U

CIK

ADto A23

tww3
tDw3

DO to D15

Data Output

Ul )
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4.3.2 Page ROM Read Cycle

(1) 3-2-2-2 mode

No. [Symbol Parameter Min Max @20 MHz|@16 MHz| Unit
1] tcyc [System Clock Period (= T) 50 62.5 50 625 | ns
2| tap2 |A0,A1—D0to D15 Input 1.0xT-50 50 75 ns
3] tap3z |A21t0 A23 > DO0to D15 Input 3.0xT-50 100 138 ns
4| trps |[RDFall > D0 to D15 Input 2.5xT-45 80 111 ns
5| tua |AOto A23Invalid > D0 to D15 Hold 0 0 0 ns
6| tygr | RDRise — D0 to D15 Hold 0 0 0 ns

Y4

AC Condition Q

Output: P4 to P6 (A0 to A23), P70 (RD)

High=2.0V, Low = 0.8V, CL =50 pF
CLK, P82 (CS2)
High=2.0V, Low =0.8 V, CL =50 pF
Input: PO to P1 (DO to D15)
High=2.4V, Low =0.45V

(2) Page ROM read cycle (3-2-2-2 mode) /\ Q
M - N - M - N - /:\ - /\ - />: -

AOto AT j{ 20

DO to D15
(Read)
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4.3.3 DRAM Bus Cycle
No. | Symbol Parameter Min Max @ 20 MHZ|@ 16 MHZ| Unit
1|tcyc System Clock Period (= T) 50 62.5 50 62.5 ns
2 |trc RAS Cycle Time 3.00xT 150 188 ns
3|tpc Page Mode Cycle Time 200xT 100 125 ns
4-1 | trac RAS Access Time 1.75xT - 45 43 B4~ | ns
4-2 | traca RAS Access Time @ 4 Clock Access 2.75xT-45 93 127 ns
5| tcac CAS Access Time 1.00 x T - 40 10 \23 ns
6-1 | taa Column Address Access Time 1.25xT-45 18 \Qx ns
6-2 | taa2 Column Address Access Time 2.00x T —-45 55 80 ns
@ Page Mode
6-3 | tana Column Address Access Time 225xT-45 68 96 ns
@ 4 Clock Access
7 [tcpa CAS Pre-charge Access Time 2.00 x T — 45 /N55 80 ns
8 [ torr Input Data Hold Time 0 \ 0 ) ) 0 ns
9 |trp RAS Pre-charge Time 1.25xT-20 58 ns
10-1 | tras RAS Width 1.75xT-20 68 89 ns
10-2 [ traS4 RAS Width @ 4 Clock Access 2.75xT-20 118 152 ns
11 | trsH RAS Hold Time 1.00x T-20 30 43 ns
12 [ trHCP CAS Pre-charge to RAS Hold Time 200 xT- 80 105 ns
13-1 | tcsm CAS Hold Time 1.75x T /26 68 89 ns
13-2 [ tcsHa CAS Hold Time @ 4 Clock Access 2.75xT-20 118 152 ns
14 [ tcas CAS Width 1.00 T>20 30 43 hs
15 | trep RAS — CAS Delay Time 075 T>47 21 30 ns
16 | tRAD RAS — Column Address Delay Time \ ) 50 x T + 20 45 51 ns
17 [ tcrp CAS — RAS Pre-charge Time }ZW 43 58 ns
18-1 | tcp CAS Pre-charge Time @ Refresh 050xT-15 10 16 ns
18-2 | tcp2 CAS Pre-charge Time @ Page Mode 1.00 x T-20 30 43 ns
19 [ tasr Row Address Set-up Time 1.25xT-40 23 38 ns
20 | tRAH Row Address Hold Time 0.50xT-15 10 16 ns
21-1|tasc Column Address Set-up Time ( ( \ \ 0.25xT-12 1 4 ns
21-2 | tasc2 Column Address Set-up Time 1.00 x T - 20 30 43 ns
@ Page Mode
22 | tcaH Column Address Hold Time 1.00x T-20 30 43 ns
23 | tar Column Address Hold Tin@nﬂ?@ 1.75x T-20 68 89 ns
24 [ traL Column Address RAS Read Time 1.25xT-20 43 58 ns
25| trcs Read Command Set-up Time ! 2.00xT-40 60 85 ns
26 | trcH Read Command Hold Time from CAS 0.50 x T-20 11 ns
27 | tRRH Read Command\Hold Time from RAS 0.50 x T - 20 11 ns
28 | twen Write Command Hold Timé 1.00 x T - 20 30 43 ns
29[twcr | Write Command-Hold Time from RAS 1.75x T - 20 68 89 ns
30 | twp Write CommandTime 1.50 x T - 20 55 74 ns
31 | trwL Write Comman Read Time 1.50 x T - 20 55 74 ns
32 [ tewL Wiite Command CAS Read Time 1.50 x T - 20 55 74 ns
33[tps  |[DataOutputsetup Time 1.50 x T — 30 45 58 ns
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No. {Symbol Parameter Min Max @20 MHz|{@16 MHz| Unit
34} tpy |Data Qutput Hold Time 1.00 xT-25 25 38 ns
35| tpHr | Data Qutput Hold Time from RAS 1.75xT-5 83 104 ns
36] twcs |Write Command Set-up Time 0.50xT-20 5 11 ns
37] tcsr | CAS Set-up Time 0.75xT-20 18 27 ns
38| tcur |CAS Hold Time 1.75xT-20 68 89 ns
39] trpc [RAS Pre-charge CAS Active Time 0.50 xT-20 5 11 ns
40! tron |RAS Hold Time from OE 1.00 xT-20 30 43 ns
41| toea | OF Access Time 1.00 x T-40 10 23 ns
42| togz |Input Data Hold Time from OF 0 0 0 ns

RAS Pre-charge Time
4 . -
3] tres @ Release Self Refresh Cycle 2.25%T-20 93 121 ns
CAS Hold Time
44| teus @ Release Self Refresh Cycle -15 -15 =15 ns

AC Condition RD k&%
Output: PO to P1 (DO to D15), P4 to P6 (A0 to A23), P70 (RD), P71 to-RY Rx )

High=2.0V, Low=0.8V, CL=50 pF
Others
High=2.0V, Low =0.8 V, CL =50 pF Q
Input: PO to P1 (DO to D15)
High=2.4V, Low =0.45V
Others
High = 0.8 Vcc, Low = 0.2 Vcc
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(1) DRAM read cycle (3 clock access)

teve

CLK

RASO, 1

tRSH—* > tRRH

tcrp

\ J——teas—r
M~ Y| <= HtRen

: : <tRAD>1Asc :
—tASR— tRAH>| <] tcAH

<—trCD

AOto A12

H R . F g
. ROW | i M|} coLumn

tAR

—tRes— : >

|

2
e

tcac

-

&
-
r/

. letopa*
‘ [e——tan—
<—-‘-——-—tRAC >

DOto D15 (Read) | Z

/ —
Data Input }
‘—-——o—]

-_

&

R
&
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(2) DRAM write cycle (3 clock access)

tcyc

CLK

' tcrp
N s
N P

teaH—— |

: W
COLU:MN 5}( :
tAR :

tasR— <tRAH>]

A0to A12

. ROW

tewy >
tweH—

twe? '/
tweR———>1

=
m
o
=

3
m)
o
=]

: TtoHR=
tps— | | it

DO to D15 (Write)

* A
Data output : 7?

~_
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(3) DRAM read cycle (4 clock access)
| |

tcye

CLK

dl

moi /0 N T N

- i —tesHa— i >

>
o
o+
[}
2
N
b2d
7T IS

g
7

tA;A4
trACS

?R()eg%)l)1 > g Data Input >
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(4) DRAM write cycle (4 clock access)

CLK

4l

__7

~ —trasa—
RASO, T _/ N

—tcsHa—

Data Output
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(5) DRAM page mode read cycle (3-2-2-2 mode)

CLK

RASO, 1

b l<—tcpy—>!

tpc

<—tcp2—>]

tRHCP—]

M § | COLUMN.2 X

-

COL:UMN.I\; )C

D0to D15
(Read)

3:;input:‘>
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(6) DRAM page mode write cycle (3-2-2-2 mode)

CLK

tRHcP—]

 le—tcpa—>

CASO, 1

| [e—tasca— : | [<—tasc2—

A0toA12 X | ROW §X'c0LUMN.1%; _COWNN2 _ X™  COLUMNN X

g
m)
o

=

DotoD15 | i | DataOutput X | DataOutput X | DataOutput 1y

(Write)
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CLK

(7) DRAM CAS before RAS interval refresh cycle (3 cycle mode)

—tRAS

I

T\

treci  tosk

r

3\
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4.4 Event Counter (T4, TI5, TI6, TI7, T18, TI9, TIA, TIB)

Vee=5V£10%, TA= -20t0 70C (internal 16 to 20 MHz)

Variable 20 MHz 16 MHz .
Symbol Parameter - - - Unit
Min Max Min Max Min Max
tyek Clock cycle 8T + 100 500 600 ns
tyckL | Clock low-level pulse width 4T + 40 240 290 ns
tycky | Clock high-level pulse width 4T + 40 240 290

ns%
4.5 Serial Channel Timing ((ﬁ\

(1) SCLK input mode (I/O interface mode)
. . Vee=5V£10%, TA= -20t0 70C (Internal 16 to 20 MHz)

Variable 20 MHz 16 MHz .
Symbol Parameter - - Unit
Min Max Min | Max | Min | Max

tsey SCLK cycle 16T 0.8 1.0 s
toss Qutput Data — Rising edge of SCLK tscy/2-5T-50 100 138 ns
toHs SCLK rising edge — Output Data hold 5T-100 150 213 ns
tusr | SCLKrising edge — Input Data hold 0 0 0 ns
tsrD SCLK rising edge — effective data input tscy — 5T - 100 450 588 ns

(2) SCLK output mode (I/O interface mode) <\_; </ \\
Vee=5V+10%, TA= - 2010 70C (Internal 16 to 20 MHz)

Variable 20 MHz 16 MHz .
Symbol Parameter - Unit
Min Max Min | Max | Min | Max

tscy SCLK cycle (programmable) 16T 8192T 0.8 |409.6| 1.0 | 512 7]
toss Output Data — SCLK rising edge tscy - 2T - 150 550 725 ns
tons | SCLKrising edge — Output Data hold 2T-80 20 45 ns
thsr | SCLKrising edge —» Input Data hold 0 0 0 ns
tsrp | SCLK rising edge — effective data input tscy — 2T - 150 550 725 ns

(3) SCLK input mode (UART mogg)\
Vee=5V210%, TA= - 2010 70°C (Internal 16 to 20 MHz)

Variable 20 MHz 16 MHz

Symbol Parameter - Unit
Min Max Min | Max [ Min | Max
tscy | SCLKcycle 4T + 20 220 270 ns
tscyL | SCLK Low level Pulse width 2T +5 105 130 ns
tscyn | SCLK High level Pulse width 2T +5 105 130 ns
N
e —
SCLK
toss toHs

OUTPUT DATA - g o

TxD \

N\ 0 X 1 X
tsrD tHsR

|
il X valid X >¢Valid X

94C251A-200 2004-02-10



TOSHIBA

TMP94C251A

4.6 10-Bit AD Conversion Characteristics

Vee=5V £10%, TA= -201070°C (Internal 16 to 20 MHz2)

Symbol Parameter Min Typ Max Unit
VREFH Analog reference voltage (High) Vee-0.2V Vee Vee
VREFL Analog reference voltage (Low) Vss Vss Vss+ 0.2V Y
VAIN Analog input voltage range VREFL VREFH
IREF Analog current for analog reference

voltage
(VREFL=0V) Vcc=5V%10% <VREFON> =1 0.5 15 mA
Vce=5VE10% <VREFON> =0 0.02 5.0 HA

Error Vee=5V*10% | Total error +3.0 +6 LSB
(Quantize error
of £0.5LSB not
included)

Note 1:1LSB = (VREFH - VREFL)/1024 [V]

Note 2: Power supply current ICC from the digital power supply j
pin.

4.7 8-Bit DA Conversion Characteristics

des th@ower supply from the AVCC

Symbol Parameter Conditjon / Min Typ Max Unit
DAREFH Analog reference voltage (+) 4.0 Vce v
DAREFL Analog reference voltage (-) Vss Vss

Total error RL = 2.<4/KQ 2.0 4.0 LSB
Output voltage range @4 KQ Vss + 0.5 Vss - 0.5 \%
Settling time < L= 24&5;’ 5 us
Ch =100
Output impedance 5 Q
DAC
output mode Resistive load Vsi+ %2 <DAOUT < 2.4 kQ
Note: RL is the resistance Ioatm,?&mverter output in.
4.8 Interrupt Operagi\on
A Vee=5V+10%, TA= — 20 to 70°C {Internal 16 to 20 MHz)
Variable 20 MHz 16 MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tintaL | NMI, INTO Low level Pulse width 4T 200 250 ns
tintan | NMI, INTO High level Pulse width 4T 200 250 ns
tinteL | INT4 toINTB Low level Pulse width 8T+ 100 500 600 ns
tinten | INT4 to INTB High level Pulse width | 8T + 100 500 600 ns
N
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4.9 Bus Request/Bus Acknowledge Timing

BUSRQ _\ )

. (¢
Y 11
55
BUSAK
{C
> v < tBAA
t r—
DO to D15 W) e S S P <
7 | —
A0 to A23 SS_/ ______ oo s AV
R e
RD, WRx SS_/ b e 7
€500 €85, =g g —— = — A m o mmmmm e ~—
RAS, CAS W/
WE, OF N

ATERY,

Vee=5V+10%, TA= -20t0o 70C (Internal 16 to 20 MHz)

Variable 20 MHz 16 MHz
Symbol Parameter Unit
Min Max Min | Max | Min | Max
taga | Floating time to BUSAK fall 0 80 0 80 0 80 ns
tgaa | Floating time to BUSAK rise 0 80 0 80 0 80 ns

Note: The bus will be released after the W»@(request is inactive, when the BUSRQ is set to “Low”
during “wait” cycle.
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