TOSHIBA TMP93CW40/TMP93CW41

Low Voltage / Low Power CMOS 16-bit MICROCONTROLLERS

TMP93CWA40DF / TMP93CW41DF

1. OUTLINE AND DEVICE CHARACTERISTICS

TMP93CW40/W41 are high-speed advanced 16-bit microcontrollers developed for
controlling medium to large-scale equipment. The TMP93CW40/CW41 enable low-
voltage and low consumption power operation.

The TMP93CW40/W41 are housed in 100-pin flat package.

The device characteristics are as follows:

(1)

(2)
3)

(4)

(5)
(6)
(7)
(8)
9)
(10)
(11)
(12)
(13)

(14)

(15)

Original 16-bit CPU (900/L CPU)

TLCS-90 instruction mnemonic upward compatible

16M-byte linear address space

General-purpose registers and register bank system

16-bit multiplication / division and bit transfer / arithmetic instructions
High-speed micro DMA : 4 channels (1.6 xs/2 bytes at 20 MHz)
Minimum instruction execution time : 200 ns at 20 MHz

Internal RAM : 4K byte

Internal ROM

TMP93CW40 [128K-byte ROM
TMP93CW41 |None

External memory expansion
® Can be expanded up to16M bytes (for both programs and data).
® AMS8/16 pin (select the external data bus width)
® Can mix 8- and 16-bit external data buses.
---Dynamic data bus sizing

8-bit timer : 2 channels

8-bit PWM timer : 2 channels

16-bit timer : 2 channels
Pattern generator : 4 bits, 2 channels
Serial interface : 2 channels

10-bit A/D converter : 8 channels
Watchdog timer

Chip select / wait controller  :3 blocks
Interrupt functions

2 CPU interrupts--- - SWI instruction, and Illegal instruction
14 internal interrupts

6 external interrupts :l 7-level priority can be set.

I/0 ports
79 pins for TMP93CW40 and 61 pins for TMP93CW41
Standby function : 4 halt modes (Run, Idle2, Idlel, Stop)

93CW40-1



TOSHIBA TMP93CW40/TMP93CW41

(16) Clock Gear Function

® Dual clock Operation

® Clock gear : High-frequency clock can be changed fc to fc/16.
(17) Wide Operating Voltage

® Vcec=2.7t055V
(18) Package

Type No. Package
TMP93CWA40DF QFP100-P-1414-0.50C
TMP93CW41DF
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TOSHIBA TMP93CW40/TMP93CW41

PAO~PAG
PA7 (SCOUT) PORT A
~—vce[3]
900L-CPU ~— Vss [3]
P50 to P57 .
(ANO to AN7) 10-BIT8CH | | XWA WA High X1
AVCC A/D XBC BIC F'e%us‘zncy X2
AVSS CONVERTER | | XDE D' E
VREFH XHL HlL —1> CLK
VREFL XIX IX
XIY Y Low XT1
XIZ 1Z Frequency XT2
(TXDO) P90 SERIAL /O XSP sp <~ —AM8/16
(RXDO) P91 (CH.0) -« 32bit —> ~—EA
(SCLKO/ €TS0) P92 sR[TF] ~<t—RESET
—
(TXD1) P93 SERIAL I/O . AL
(RXD1) P94 (CH.1) "‘ TEST2, 1
(SCLK1) P95 INTERRUPT
CONTROLLER NI
oo 2T e worour
GENERATOR
(PG 02) P62 (CH.0) WATCH-DOG WDTOUT
(PG 03) P63 TIMER
(PG 10) P64 PATTERN
(PG 11) P65 GENERATOR
(PG 12) P66 (CH.1)
PORT 0 P00 to P07
(PG 13) P67 4KB RAM (ADO to AD7)
(TI0) P70 8BIT TIMER
PORT 1 P10to P17
(TIMER 0) (AD8to AD15/A8to A15)
(TO1) P71 8BIT TIMER
(TIMER 1) PORT 2 P20 to P27
(A0 to A7/A16to A23)
(TO2) P72 8BIT PWM o
(TIMER 2) P30(RD)
P31(WR)
(TO3) P73 8BIT PWM P32(HWR)
(TIMER 3) PORT 3 P33(WAIT)
128KB ROM P34(BUSRQ)
P35(BUSAK)
(INT4/TI4) P8O P36(R/W)
(INT5/TI5) P81 16BIT TIMER P37(RAS)
(TO4) P82 (TIMER 4)
(TO5) P83
(INT6/TI6) P84 16BIT TIMER S
(INT7/T17) P85 (TIMER 5) . CS/WAIT P40(CS0 / CASO)
(TO6) P86 (Can not be used in the) CONTROLLER P41(CST/CAST)
TMPI3CW41 (3-BLOCK) P42(CS2 / CAS2)
(INTQ) P87 <>

Figure 1 TMP93CW40/TMP93CW41 Block Diagram
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TOSHIBA

TMP93CW40/TMP93CW41

2.

2.1

Timer

SIO

Clock ,Mode

PIN ASSIGNMENT AND FUNCTIONS

The assignment of input / output pins for the TMP93CW40/W41, their name and

outline functions are described below.

Pin Assighment
Figure 2.1 shows pin assignment of TMP93CW40DF / W41DF.

|i> Programmable S
Programmable 93CWa0 ﬁ, & 93CW40 D%;',Un FE%' g
Pull | Pull i 88]P65/PG11 [N s
O P66/PG12 89 87|P64/PG10 Olc=g
O P67/PG13 90| 86|P63/PGO3 Ofe=
VSS 91 85|P62/PG02 O o
P50/ANO 92 84|P61/PGO1 O | S
P51/AN1 93 83[P60/PGO0 O
P52/AN2 94 82|P42/CS2/CAS2 O
P53/AN3 9 81|P41/CS1/CAST O
P54/AN4 96 80|P40/CS0/CASO O
P55/ANS 97 79|P37/RAS @)
P56/AN6 98 78[P36/RW O
P57/AN7 99 77|P35/BUSAK ©)
VREFH 100) ’J_‘ ’J | 76|P34/BUSRQ O
IJ'I minininininininininin I
e e
74|P32/HWR O
avce 3H] "H73|p31/WR
NI aH ] H72|p30/RD
[@) P70//TIO 5H] T H71lp27/a7/A23 @)
O P71/TO1 6] [ H7olp26/a6/A22 O @
[®) P72/TO2 7H [ He9lp25/a5/A21 O ®
O P73/TO3 sH | Heslp2a/a4/a20 @) e
O P8O/NT4TIA | 9H] He7lp23/a3/a19 O bt
O P1/NT5/TI5S  |10H] [Heelp22/a2/a18 @) £
O P82/TO4 11H] Heslp21/a1/a17 O >
O P83/TO5 12H] top view | He4lp20/a0/A16 [@) °
o) PEAINTETI6 |13 Healvee 5
[@) P85ANT7/TI7  |14H] MFP100 [ He2|vss =
O P86/TO6 15H] He1[worour
O P87/INTO 16H| [ Heolp17/aD15/A15
O P90/TXDO 17H] Hs9lp16/aD14/A14
@) P91/RXDO 18H] " Hss8lp15/AD13/A13
O P92/CTS0/SCLKO |19H] ' Hs7p1a/aD12/A12
[@) P93/TXD1 20H] Hs6lP13/aD11/A11
@) P94/RXD1 21H] [ Hsslp12/aD10/A70
@) P95/SCLK 1 22H] " Hs4lp11/AD9/A9
AMS/T6 23H] Hs3lp10/aD8/A8
CLK 24H] [Hs2[po7/aD7
e 25H] [Hs1|pos/aD6
I:I'I CICTCICICICICICICILI] LEI I
Vss 26| 50|P05/AD5
X1 27 49[P04/AD4
X2 28 48|P03/AD3
IE_A_ 29 47]P02/AD2
RESET 30) 46[P01/AD1
P96/XT1 31 45[P00/ADO
P97/XT2 32 a4lvcc
TEST1 33 43[ALE Y
TEST2 34 42|PA7/SCOUT
PAD 41|pA6
PA1 36 40[PA5
PA2 37 39/PAs
38lpa3

(Note) Because the TMP93CW41 does not have an internal ROM, P00 to P17 pins are fixed to ADO to AD15 (the case of
AM8/16=0), or to ADO to AD7, A8 to A15 (the case of AM8/16=1)
Figure 2.1 Pin Assignment (10

0

-pin MFP)

;P30 to RD ; and P31 to WR.
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TOSHIBA TMP93CW40/TMP93CW41

2.2 Pin Names and Functions

The names of input / output pins and their functions are described below.
Table 2.2 Pin Names and Functions.

Pin name “},‘#’Qﬁgr 110 Functions
P00 to P07 8 I/0 | Port0: I/O portthat allows I/O to be selected on a bit basis
ADO to AD7 Tri-state | Address/data (lower): 0to 7 for address/data bus
P10to P17 8 I/0 | Port1: I/O port that allows I/0 to be selected on a bit basis
AD8to AD15 Tri-state | Addressdata (upper): 8to 15 for address/data bus
A8to A15 Output | Address: 8to 15 for address bus
P20 to P27 8 I/0 | Port2: I/0O portthat allows selection of I/O on a bit basis
(with pull-down resistor)
AOto A7 Output | Address: 0to 7 for address bus
A16to A23 Output | Address: 16 to 23 for address bus
P30 1 Output | Port30: Output port
RD Output | Read: Strobe signal for reading external memory
P31 1 Output | Port31: Output port
WR Output | Write: Strobe signal for writing data on pins ADO to 7
P32 1 I/0 | Port32: I/O port (with pull-up resistor)
HWR Output | High write: Strobe signal for writing data on pins AD8to 15
P33 1 I/0 | Port33: I/O port (with pull-up resistor)
WAIT Input | Wait: Pin used to request CPU bus wait
P34 1 I/0 | Port34: I/O port (with pull-up resistor)
BUSRQ Input | Busrequest: Signal used to request high impedance for ADO to

15, A0 - 23, RD, WR,HWR, RW, RAS, CS0, CST, and CS2 pins.
(For external DMAC)

P35 1 I/0 | Port35: 1/0 port (with pull-up resistor)

BUSAK Output | Busacknowledge: Signalindicatingthat ADO to 15, AOto 23,
RD, WR,HWR, RAW, RAS, CS0, CS1, and CS2 pins are at high
impedance after receiving BUSRQ. (For external DMAC)

P36 1 I/0 | Port36: I/O port (with pull-up resistor)

RAW Output | Read/write: 1representsread or dummy cycle; 0, write cycle.

P37 1 I/0 | Port37: I/O port (with pull-up resistor)

RAS Output | Row address strobe: Outputs RAS strobe for DRAM.

P40 1 I/O | Port40: 1/O port (with pull-up resistor)

CS0 Output | Chipselect0: Outputs 0 when address is within specified address
area.

CASO Output | Column address strobe 0: Outputs CAS strobe for DRAM when

address is within specified address area.

Note: With the external DMA controller, this device's built-in memory or built-in I/O cannot be
accessed using the BUSRQ and BUSAK pins.
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TOSHIBA TMP93CW40/TMP93CW41
Pin name 1/0 Functions

P41 I/0 | Port41: 1/O port (with pull-up resistor)

cs1 Output | Chipselect 1: Outputs 0 if address is within specified address area.

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

P42 I/0 | Port42: I/O port (with pull-down resistor)

cs2 Output | Chipselect2: Outputs 0 if address is within specified address area.

CAS2 Output | Column address strobe 2: Outputs CAS strobe for DRAM if address
is within specified address area.

P50 to P57 Input | Port5: Inputport

ANO to AN7 Input | Analoginput: Inputto A/D converter

VREFH Input | Pin forreference voltage inputto A/D converter (H)

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

P60 to P63 I/0 | Ports 60 -63: 1/0 portsthat allow selection of I/O on a bit basis
(with pull-up resistor)

PGOO to PGO3 Output | Pattern generator ports: 00-03

P64 to P67 I/O | Ports64-67: 1/0 ports that allow selection of I/O on a bit basis
(with pull-up resistor)

PG10to PG13 Output | Pattern generator ports: 10-13

P70 I/0 | Port70: I/O port (with pull-up resistor)

TIO Input | TimerinputO: Timer 0 input

P71 I/0 | Port71: 1/O port (with pull-up resistor)

TO1 Output | Timeroutput 1: Timer 0 or 1 output

P72 I/0 | Port72: 1/O port (with pull-up resistor)

TO2 Output | PWM output 2: 8-bit PWM timer 2 output

P73 I/0 | Port73: 1/O port (with pull-up resistor)

TO3 Output | PWM output 3: 8-bit PWM timer 3 output

P80 I/0 | Port80: I/0O port (with pull-up resistor)

TI4 Input | Timerinput4: Timer 4 count/capture trigger signal input

INT4 Input | Interruptrequest pin 4: Interrupt request pin with programmable
rising / falling edge

P81 I/0 | Port81: I/O port (with pull-up resistor)

TI5 Input | Timerinput5: Timer 4 count/capture trigger signal input

INT5 Input | Interruptrequest pin 5: Interrupt request pin with rising edge

P82 I/0 | Port82: I/0 port (with pull-up resistor)

TO4 Output | Timer output4: Timer 4 output pin

P83 I/O | Port83: I/O port (with pull-up resistor)

TO5 Output | Timeroutput5: Timer 4 output pin
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TOSHIBA TMP93CW40/TMP93CW41
Pin name '\L‘#’Bﬁgr 1/0 Functions
P84 1 I/0 | Port84: I/0O port (with pull-up resistor)
TI6 Input | Timerinput6: Timer 5 count/capture trigger signal input
INT6 Input | Interruptrequest pin 6: Interrupt request pin with
programmable rising / falling edge
P85 1 I/O | Port85: 1/0 port (with pull-up resistor)
TI7 Input | Timerinput7: Timer5 count/capture triggersignal input
INT7 Input | Interruptrequest pin 7: Interrupt request pin with rising edge
P86 1 I/0 | Port86: I/0O port (with pull-up resistor)
TO6 Output | Timeroutput6: Timer 5 output pin
P87 1 I/0 | Port87: I/0O port (with pull-up resistor)
INTO Input | Interruptrequest pin 0: Interrupt request pin with
programmable level / rising edge
P90 1 I/0 | Port90: I/0 port (with pull-up resistor)
TXDO Output | Serial send data 0
P91 1 I/0 | Port91: 1/O port (with pull-up resistor)
RXDO Input | Serial receive data 0
P92 1 I/0 | Port92: I/0 port (with pull-up resistor)
CTSO Input | Serial datasend enable 0 (Clear to Send)
SCLKO I/0 | Serial Clock /00
P93 1 I/0 | Port93: I/O port (with pull-up resistor)
TXD1 Output | Serial send data 1
P94 1 I/O | Port94: 1/0O port (with pull-up resistor)
RXD1 Input | Serial receive data 1
P95 1 I/0 | Port95: 1/O port (with pull-up resistor)
SCLK1 I/0 | Serial clock I/0 1
PAO to PAG 7 /0 | PortA: I/O ports
PA7 1 I/0 | PortA7: 1/O port
SCOUT Output | System Clock Output: Outputs system clock or 1/2 oscillation clock
for synchronizing to external circuit.
WDTOUT 1 Output | Watchdog timer output pin
NMI 1 Input | Non-maskable interrupt request pin: Interrupt request pin with
falling edge. Can also be operated at rising edge by program.
CLK 1 Output | Clock output: Outputs [ System Clock +2 | Clock.
Pulled-up during reset.
can be set to Output Disable for reducing noise.
EA 1 Input | External access: “0” should be inputted with TMP93CW41.
“1" should be inputted with TMP93CW40.
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TOSHIBA TMP93CW40/TMP93CW41

Pin name I\g#rgit?]e;r I/0 Functions
AMS8/16 1 Input
ALE 1 Output | Address Latch Enable

Can be set to Output Disable for reducing noise.
RESET 1 Input | Reset: Initializes LSI. (With pull-up resistor)
X1/X2 2 I/0 | High Frequency Oscillator connecting pin
XT1 1 Input | Low Frequency Oscillator connecting pin
P96 I/0 | Port96: 1/0 port (Open Drain Output)
XT2 1 Output | Low Frequency Oscillator connecting pin
P97 /0 | Port97: I/O port (Open Drain Qutput)
TEST1/TEST2 2 Output | TEST1 Should be connected with TEST2 pin.
/Input

VCC 3 Power supply pin
VSS 3 GND pin (0V)
AVCC 1 Power supply pin for A/D converter
AVSS 1 GND pin for A/D converter (0 V)

Note: Pull-up/pull-down resistor can be released from the pin by software.
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TOSHIBA TMP93CW40/TMP93CW41

3. OPERATION

This section describes in blocks the functions and basic operations of TMP93CW40/
W41 devices.

3.1 CPU

The TMP93CW40 / W41 devices have a built-in high-performance 16-bit CPU (900/L
CPU). (For CPU operation, see TLCS-900/L CPU in the previous section).
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TOSHIBA TMP93CW40/TMP93CW41
3.2 Memory Map
Figure 3.2 is a memory map of the TMP93CW40/W41.
000000 A
000080H 256 by;,e area (n)
000100
001080H
64K-byte area
008000H | (nn)
008100
010000
028000H
16I\{I—§)yte area
External memor R
(16M-byte) d (-R)
(R+)
(R +R8/16)
(R +d8/16)
(nnn)

FFFFOOH |
FFFFFFH |

Internal area)

Note: Resetting sets the stack pointer (XSP) to 100H.
The 256 Byte Area from FFFFOOH to FFFFFFH can not be used.

Figure3.2 Memory map

93CW40-10



TOSHIBA TMP93CW40/TMP93CW41

4. ELECTRICAL CHARACTERISTICS (PRELIMINARY)

4.1 Absolute Maximum Ratings

(TMP93CW40DF, TMP93CW41DF)

Symbol Parameter Rating Unit
Ve Power Supply Voltage -0.5t06.5 Y
VIN Input Voltage -0.5toVcc+0.5 \
> 10L Output Current (total) 120 mA
> 10H Output Current (total) -80 mA
PD Power Dissipation (Ta =85 °C) 600 mwW
T SOLDER Soldering Temperature (10°s) 260 °C
TSTG Storage Temperature -65to0 150 °C
TOPR Operating Temperature -401t0 85 °C

4.2 DC Characteristics (1/2)
Ta= -40to 85°C

Symbol Parameter Min. [Typ(note 1)| Max. [Unit Condition
Power Supply Voltage 4.5 fc=410 20 MHz Efs=
V cc (AVCC=VCC ................. 55 Vo e 530 to
AVcc=Vss=0V 2.7 fc=410 12.5 MHz i34 kHz
o 0.8 VecZ 45V .
Y| RO e 08 L (Ve <45V
Vi | o|Port2toA(exceptP87) 0.3 | 0.3 Vee
Vi | > | RESET,NMIINTO e 0.25 Vcc _
Vis |2 3| EAAMES 1 I e
Vi |~ X1 0.2 Vcc v
o 2.2 Vec 2 45V
VoL og|Ae g Ve <45V .
ViHi_ | g|lPort2toA(exceptPsy) | | | 0.7VEC | oo Vee+03
Vinz |+= > | RESET, NMI, INTO 0.75Vcc
.............. S oo et LT T Vcc=2.7t05.5V
Vi3 | 2o EAAME/T6 ] Vee=0.3]
ViHg |— T | X1 0.8Vcc
IOL=1.6 mA
VoL Output Low Voltage 0.45 (Vec=2.710 5.5 V)
IOH = -400 A

V oH1 _ 24 v (Veco3 V10 %)
.............. Output H|gh V0|tage
Y 49 OH =400 1A

OH2 (Vec=5V 10 %)

(notel) Typical values are for Ta=25 °C and Voo =5 V unless otherwise noted.
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TOSHIBA TMP93CW40/TMP93CW41
4.2 DC Characteristics (2/2)
Symbol Parameter Min. [Typ.(Note1)| Max. |Unit Condition
IDAR |Darlington Drive Current _10 ~35 |ma XEQ:H\(@
(note 2) | (8 Output Pins Max) (when Vec =5V + 10 %)
I'LI Input Leakage Current 0.02 x5 0.0=V|N=Vc
ILO [Output Leakage Current 0.05 10 HA 0.2=V|N=Vcc-0.2
or RSy | 20 oo | v [viEzse
50 150 Vee=5V+10%
RRST [RESET Pull-up Resistor T80T T 200 kQ Vee=3VE10% 7]
CIO |Pin Capacitance 10 pF [fc=1MHz
v [ v
Programmable 10 80 Vee=5V10%
RKL | pull-down Resistor 30 [ 50 | [Vee=3VET0% ]
Programmable 50 150 Vee=5V+10%
RKH | pyll-up Resistor 100 [ T 300 Vec=3Vi10% |
lcc | Normal (note3) 19 25 Vce=5V*10%
Rl ez B S IR fc = 20 MHz
T B e T "
S e G
R R S S g
Normal (note 3) 6.5 10 ¥cc ?3'\\2510 %
C= z
:S;maIZ (noted) o 2(5) ............... 1 9.3 ....... (Typ: Vec=3.0V)
.................................................................................. v S MA
Idle2 3.0 5
dler 08 | 1.5
Slow (note 3) 20 35 ¥cc=3 Vi ’II(O %
N M 16 |30 fua B=32 08K oy
Idle2 10 20
T e G
Stop 0.2 10 uA [ Vee=2.7105.5V
(notel)  Typical values are for Ta=25°C and Vgc =5 V unless otherwise noted.
(note2) I-DAR is guranteed for total of up to 8 ports.
(note3)  The condition of measurement of Icc (Normal / Slow).
Only CPU operates. Output ports are open and input ports fixed.
(note4) The condition of measurement of Icc (Normal 2).

CPU and all peripherals operate. Output ports are open and input ports fixed.
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TOSHIBA TMP93CW40/TMP93CW41
4.3 AC Characteristics
(1) Vec=5V +10%
No. [Symbol Parameter - Variable 1_6 MHz 2_0 MHz Unit
Min Max Min | Max | Min | Max
1| tosc |Osc. Period (=x) 50 31250 62.5 50 ns
2| tak | CLKWidth 2x - 40 85 60 ns
3| tak A0 to A23 Valid— CLK Hold 0.5x - 20 11 5 ns
4] tgka | CLKValid—> A0to A23 Hold 1.5x-70 24 5 ns
5] taL A0 to A15 Valid— ALE Fall 0.5x-15 16 10 ns
6| tLa ALE Fall-> A0 to A15 Hold 0.5x - 20 11 5 ns
7]t [ALE High Width x — 40 23 10 ns
8| tic ALE Fall-> RD/WR Fall 0.5x - 25 6 0 ns
9| teL RD/WR Rise— ALE Rise 0.5x - 20 11 5 ns
10| tacL |AOto A15 Valid— RD/WR Fall x-25 38 25 ns
11| tacH | AOto A23 Valid— RD/WR Fall 1.5x - 50 44 25 ns
12| tca | RDAWWR Rise— A0 to A23 Hold 0.5x - 25 6 0 ns
13| tapL |AO0to A15Valid—> D0 to D15 Input 3.0x-55 133 95| ns
14| tapy | A0 to A23 Valid— D0 to D15 Input 3.5x-65 154 110 | ns
15| tp | RDFall = D0 to D15 Input 2.0x-60 65 40| ns
16| tRr | RD Low Pulse Width 2.0x - 40 85 60 ns
17| tyr | RDRise— D0 to D15 Hold 0 0 0 ns
18| trae | RDRise— A0 to A15 Output x—-15 48 35 ns
19| tww | WR Low Pulse Width 2.0x-40 85 60 ns
20| tpw |DOto D15 Valid— WR Rise 2.0x-55 70 45 ns
21| twp |WRRise =»D0to D15 Hold 0.5x - 15 16 10 ns
22| tawH | A0 to A23 Valid—> WAIT Input{WAT, 3.5x-90 129 85| ns
23| tawi | A0 to A15 Valid— WAIT |nput(LV,,Vﬁ,'gd3 3.0x — 80 108 70 | ns
24| tcww | RD/WR Fall>WAIT Hold L de| 2.0x+0 125 100 ns
25| tapH |AOto A23 Valid—> PORT Input 2.5x-120 36 5| ns
26| tapy2 | A0 to A23 Valid— PORT Hold 2.5x +50 206 175 ns
27| tcp WR Rise— PORT Valid 200 200 200 | ns
28| tasrH | AO to A23 Valid— RAS Fall 1.0x - 40 23 10 ns
29| tasrL | ADto A15 Valid— RAS Fall 0.5x - 15 16 10 ns
30| trac | RASFall->D0to D15 Input 2.5x-70 86 55| ns
31| traH | RAS Fall—> A0 to A15 Hold 0.5x-15 16 10 ns
32| tras |RAS Low Pulse Width 2.0x-40 85 60 ns
33| tgp | RAS High Pulse Width 2.0x-40 85 60 ns
34| trsy | CAS Fall> RAS Rise 1.0x-40 23 10 ns
35| trsc | RAS Rise—> CAS Rise 0.5x - 25 6 0 ns
36| trep | RAS Fall> CAS Fall 1.0x - 40 23 10 ns
37| tcac | CASFall—- DO to D15 Input 1.5x - 65 29 10| ns
38| tcas | CAS Low Pulse Width 1.5x - 30 64 40 ns
AC Measuring Conditions
® Output Level High2.2V /Low0.8V ,CL=50pF
(However CL= 100 pF for ADO to AD15, A0 to A23, ALE, RD, WR, HWR, RW, CLK,
RAS, CASO to CAS2)
® Input Level High2.4V /Low 0.45V (ADOto AD15)

High 0.8 Vcc / Low 0.2 Vcc(Except for ADO to AD15)
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TOSHIBA TMP93CW40/TMP93CW41

(2) Vcc=3V £10%

No. |Symbol Parameter - Variable 1_2'5 MHz Unit
Min Max Min | Max

1[{tosc | Osc. Period (=x) 80 250 80 ns

2|tck CLK width 2x - 40 120 ns

3[tak AD-23 Valid— CLK Hold 0.5x - 30 10 ns

4|tka CLK Valid— A0-23 Hold 1.5x - 80 40 ns

5|taL A0-15 Valid— ALE fall 0.5x - 35 5 ns

6lta ALE fall-> A0-15 Hold 0.5x -35 5 ns

7|t ALE High width x —60 20 ns

8|tic ALE fall-> RD/WR fall 0.5x - 35 5 ns

9|tcL RD/WR rise— ALE rise 0.5x - 40 0 ns
10|tacL AO0-15 Valid— RD/WR fall x-50 30 ns
11|tacy | A0-23 Valid— RDAVR fall 1.5x - 50 70 ns
12 |tca RD/WR rise— A0-23 Hold 0.5x - 40 0 ns
13|tapL | A0-15Valid— D0-15 input 3.0x-110 130 [ ns
14|tapy | A0-23 Valid— D0-15 input 3.5x-125 155 [ ns
15[trp RDfall — D0-15 input 2.0x-115 45 | ns
16 [trR RD Low width 2.0x - 40 120 ns
17 |tHR RDrise— D0-15 Hold 0 0 ns
18|trae | RDrise— A0-150utput x—-25 55 ns
19|tww |WRLow width 2.0x-40 120 ns
20|tpw | D0-15 Valid— WRrise 2.0x-120 40 ns
21|twp | WRrise -D0-15 Hold 0.5x - 40 0 ns
22|tawn | A0-23 Valid—> WAIT input (\WAT ) 3.5x — 130 150 | ns
23|tawL | A0-15Valid> WAIT input ("WAIT | 3.0x-100 140 | ns
24|tcw  |RDAWR falloWAIT Hold (WA, )l 2.0x +0 160 ns
25(tapy | A0-23 Valid—> PORT input 2.5x-120 80 [ ns
26 |tapH2 | A0-23 Valid— PORT Hold 2.5x + 50 250 ns
27 |tcp WR rise— PORT Valid 200 200 | ns
28|tasrH | A0-23 Valid— RAS fall 1.0x - 60 20 ns
29[tasri | AD-15 Valid— RAS fall 0.5x — 40 0 ns
30[trac | RAS fall-> D0-15 input 2.5x — 90 110 | ns
31|tran | RAS fall-> AD-15 Hold 0.5x - 25 15 ns
32 [tras RAS Low width 2.0x-40 120 ns
33[tp _|RASHigh width 2.0x — 40 120 ns
34|trsy | CAS fall> RAS rise 1.0x - 55 25 ns
35|tRrsc RAS rise—> CASrise 0.5x - 25 15 ns
36|trep | RAS fall> CAS fall 1.0x — 40 40 ns
37 [tcac | CASfall> D0-15 input 1.5x - 120 0] ns
38[tcas | CAS Low  width 1.5x - 40 80 ns

AC Measuring Conditions
® OutputLevel : High0.7xVcc /Low0.3xVce ,CL=50pF
® InputLevel : High 0.9 x V¢c /Low 0.1 xVcc
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(1) Read Cycle
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(2) Write Cycle
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4.4 A/D Conversion Characteristics
AVCC =VCC, AVSS =VSS

Symbol Parameter Power Supply Min Typ Max | Unit
Vee=5V210% [Vee—-1.5V| Vee Ve
VREFH Analog reference voltage ( +) Vec=3VET0% [Vec—0.2V] Vee Vec
Vee=5V10 % Vss Vss |Vss+0.2V| V
VREFL Analog reference voltage (-) Vec=3VE10% Ves Ves |Ves+0.2V
VaAIN Analog input voltage range VREFL VREFH
Analog current for analog reference Vcc=5V+10 % 0.5 15
IREE voltage mA
v —0V) <VREFON> =1 Vee=3V10% 0.3 0.9
REFL = <VREFON> =0 Vcc=2.7t0 5.5V 0.02 50 | A
. . Vee=5V210% 1.0 3.0
- Error (excluding quantizing error) Ve =3VE10% $10 ¥3.0 LSB

Notel: 1LSB=(VREFH-VREFL)/210[V]
Note 2: Minimum operation frequency

The operation of the A/D converter is guaranteed only when fc (high-frequency

oscillator) is used. (Itis not guaranteed when fsis used.) Additionally, itis

guaranteed when the clock frequency whith is selected by the clock gear is 4 MHz or more.
Note 3: The value Icc includes the current which flows through the AV¢c pin.
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4.5 Serial Channel Timing
(1) /O Interface Mode

@ SCLK Input Mode

Variable 32.768 MHz (Note)| 12.5MHz | 20 MHz .
Symbol Parameter - - - - Unit
Min Max Min Max | Min | Max [ Min | Max

tscy | SCLK cycle 16X 488 us 1.28 0.8 S
toss | Output Data — Rising edge or SCLK tscy/2 - 5X =50 91.5 us 190 100 ns
tons | SCLK rising edge — Output Data hold 5X-100 152 us 300 150 ns
thsr | SCLK rising edge — Input Data hold 0 0 0 0 ns
tsrp | SCLK rising edge — effective data input tscy — 5X— 100 336 us 780 450 | ns

Note: When fsis used as system clock (fgyg) or fs is used as input clock to prescaler.
*) SCLK rising/falling timing --- SCLK rising in the rising mode of SCLK, SCLK falling in the falling

mode of SCLK.
@ SCLK Output Mode
Variable 32.768 MHz (Note)| 12.5 MHz 20 MHz .
Symbol Parameter - - - - Unit
Min Max Min Max | Min | Max | Min | Max

tscy | SCLK cycle (programmable) 16X 8192X 488 us [ 250 ms | 1.28 [655.36| 0.8 |409.6( us
toss | Output Data — SCLK rising edge tscy — 2X-150 427 us 970 550 ns
tons | SCLK rising edge— Output Data hold 2X-80 60 us 80 20 ns
thsr | SCLK rising edge— Input Data hold 0 0 0 0 ns
tsrp | SCLK rising edge— effective data input tscy —2X - 150 428 us 970 550 | ns

Note: When fsis used as system clock (fgys) or fs is used as input clock to prescaler.

SCLK | tsey |

Output mode/ | _l _l_,_l_,_
(Input Rising mode) |_ ‘

SCLK | | | | | |
(Input Falling mode | toss &&l
Outputd_lgtg \ 0 X 1 X > X 3 X
X
Input data | > sk
RxD X o X Xt X X2 X X3 X
VALID VALID VALID VALID
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4.6 Timer/Counter Input Clock (TIO, TI4, TI5, TI6, TI7)
Variable 12.5 MHz 20 MHz .
Symbol Parameter - - - Unit
Min Max Min [ Max | Min | Max
tvek Clock Cycle 8X + 100 740 500 ns
tyekL Low level clock Pulse width 4X + 40 360 240 ns
tvckH High level clock Pulse width 4X + 40 360 240 ns
4.7 Interrupt and Capture
(1)  NMI, INTO interrupts
Variable 12.5 MHz 20 MHz .
Symbol Parameter Unit
Min Max Min | Max | Min | Max
tintaL | NMI, INTO Low Level Pulse Width 4xX 320 200 ns
tinTan | NMI, INTO High Level Pulse Width 4X 320 200 ns
(2) INT4to 7 interrupts, capture

Input pulse width of INT4 to 7 depends on the operation clock of CPU and Timer (9-bit

prescaler). The following shows the pulse width in each clock.

System clock | Prescaler clock tnTeL (INT4 to 7 low level pulse width) | tyytey (INT4 to 7 high level pulse width)
selected selected Variable 20 MHz Variable 20 MHz Unit
<SYSCK> <PRCK1to 0> Min Min Min Min
00 (fepp) 8X + 100 500 8X + 100 500 ns
0 (fc) 01 (fs) 8XT +0.1 244.3 8XT +0.1 244.3
10 (fc/16) 128X + 0.1 6.5 128X + 0.1 6.5 s
1 (Fs) 00 (fepr) 8XT +0.1 244.3 8XT +0.1 2443
(Note 2) 01 (fs)
Note 1: XT represents the cycle of the low frequency clock fs. Calculated at fs=32.768 kHz.
Note 2: When fsis used as the system clock, fc/16 can not be selected for the prescaler clock.
4.8 SCOUT pin AC characteristics
Variable 10 MHz 20 MHz .
Symbol Parameter - - - Unit
Min Max Min | Max | Min | Max
Vee=5V+10% 0.5X-10 40 15
tscH | High-Level Pulse Width ns
Vec=3Vi10% | 05X-20 30 - -
Vee=5V£10% 0.5X-10 40 15
tscL | Low-Level Pulse Width ns
Vee=3ve10% | O0%X-20 30 i

Measurement condition
® Outputlevel: High2.2V/Low0.8V,CL=10pF
tscH—>

scouT <—tsc—>]
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4.9 Timing Chart for Bus Request (BUSRQ) / Bus Acknowledge (BUSAK)

(Note 1)

ac XK X XL XX X X

BUSAK —_—

(g /

LR}

> teAA

ADO to AD15, A0 to A23, —\ taBa (Note 2) —
CS0 to C52, R/W, RAS, ke ~
CASO to CAS2 —_— —
S Note 2
RD, WR, HWR 7N oot . 7

ALE (¢ / \
) T

Variable 12.5 MHz 20 MHz
Symbol Parameter Unit
Min Max Min | Max | Min | Max
tgre | BUSRQ Set-up Time to CLK 120 120 120 ns
tcgaL | CLK—> BUSAK Falling Edge 1.5X+120 270 195 ns
tceaH | CLK— BUSAK Rising Edge 0.5X +40 80 65 ns
taga | Output Buffer off to BUSAK i 0 80 0 80 0 80 ns
teaa |BUSAK A to Output Buffer on 0 80 0 80 0 80 | ns

Note1: The Bus will be released after the WAIT request is inactive, when the
BUSRQ is set to “0” during “Wait” cycle.

Note 2: Thisline only shows the output buffer is off-state.
It doesn’t indicate the signal level is fixed.
Just after the bus is released, the signal level which is set before the bus is
released is kept dynamically by the external capacitance. Therefore, to fix
the signal level by an external resistor during bus releasing, designing is
executed carefully because the level-fix will be delayed.
The internal programmable pull-up/pull-down resistor is switched
active/non-active by an internal signal.
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