TOSHIBA TMP93CS40/TMP93CS41

Low Voltage / Low Power CMOS 16-Bit Microcontrollers

TMP93CS40F / TMP93CS41F
TMP93CS40DF / TMP93CS41DF

1. Outline and Device Characteristics

The TMP93CS40/541 are high-speed advanced 16-bit microcontrollers developed for controlling
medium-to large-scale equipment. The TMP93CS41 does not have a ROM; the TMP93CS40 has a built-
in ROM. Otherwise, the devices function in the same way.

The TMP93CS40/S41F are housed in a 100-pin flat package.

The device characteristics are as follows:

(1)  Original 16-bit CPU (900/L CPU)

TLCS-90 instruction mnemonic upward-compatible

16-Mbyte linear address space

General-purpose registers, register bank system

16-bit multiplication / division and bit transfer / arithmetic instructions
Micro DMA: 4 channels (1.6 s/ 2 bytes at 20 MHz)

2) Minimum instruction execution time: 200 ns at 20 MHz

(3) Internal RAM: 2 Kbyte

Internal ROM: TMP93CS40 64-Kbyte ROM
TMP93CS41 None

(4) External memory expansion

® (Can be expanded to up to 16 Mbytes (for both programs and data).
® AMBS8/16 pin (selects the external data bus width)
® Can mix 8- and 16-bit external data buses.

--*Dynamic bus sizing

(5) 8-bit timer: 2 channels

(6) 8-bit PWM timer: 2 channels
000707EBP1

@ For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter entitled
Quality and Reliability Assurance / Handling Precautions.

@ TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to complfy with the standards of safety in
making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such TOSHIBA
products could cause loss of human life, bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set
forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set
forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

@ The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer,
personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These
TOSHIBA products are neither intended nor warranted for usage in equipment that requires extraordinarily high
quality and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury
("Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship instruments,
transportation instruments, traffic signal instruments, combustion control instruments, medical instruments, all types of
safety.dkevices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's
own risk.

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

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

@ The information contained herein is subject to change without notice.
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16-bit timer: 2 channels

4-bit pattern generator: 2 channels
Serial interface: 2 channels

10-bit AD converter: 8 channels
Watchdog timer

Chip select/ wait controller: 3 blocks
Interrupt functions: 29

® 9CPU interrupts - - SWI instruction, and Illegal instruction
® 14 internal interrupts

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

I/O ports
79 pins for TMP93CS40 and 61 pins for TMP93CS41

Standby function: 4 Halt modes (Run, Idle2, Idlel, Stop)
Clock gear function

® Dual clock operation
® Clock gear: High-frequency clock can be varied from fc to fe/16.

Wide Operating Voltage
® Vee=2.7t05.5V

Package

Type No. Package
TMP93CS40F
TMP93CS41F

TMP93CS40DF
TMP93CS41DF P-LQFP100-1414-0.50D

P-QFP100-1414-0.50

93CS40-2

2001-03-15



TOSHIBA TMP93CS40/TMP93CS41

PAO to PA6
PA7 (SCOUT) PORT A
~— vCC[3]
900/L CPU ~— VSS [3]
P50 to P57 = G
(ANO to AN7) 10-BIT 8-CH XWA WA X1
AVCC AD XBC B|C FREQUENCY X2
AVSS CONVERTER | | XDE DlE
VREFH XHL HlL —I> CLK
VREFL XIX IX oW
XIY 1Y
X1z iz FREQUENCY | 1, 2!(1;
(TXDO) P90 SERIAL /O XSP SP 03¢ <— AM8/16
(RXDO) P91 (CH.0) <« 32 bits —> ~“—EA
(SCLKO/ CTS0) P92 sRL_1FJ ~<T—RESET
—
(TXD1) P93 SERIAL I/O [ pc | L ALE
(RXD1) P94 (CH.1) TEST2, 1
(SCLK1) P95 INTERRUPT P87 (INTO)
CONTROLLER NMI
pesnee T e
GENERATOR o
Egg gg P2 (CH.0) WATCHDOG wbTOoUuT
TIMER
(PG 10) P64 PATTERN
(PG 11) P65 GENERATOR
(PG 12) P66 (CH.1)
PORT 0 P00 to PO7
(PG 13) P67 2-KB RAM (ADO to AD7)
(TI0) P70 8-BIT TIMER
(TIMER 0) PORT 1 P10to P17
(AD8to AD15/A8to A15)
(TO1) P71 8-BIT TIMER
(TIMER 1) PORT 2 P20 to P27
(A0 to A7/A16t0 A23)
(TO2) P72 8-BIT PWM
(TIMER 2) P30(RD)
P31(WR)
(TO3) P73 8-BIT PWM P32(HWR)
(TIMER 3) ) PORT 3 P33(WAIT)
64-KB ROM P34(BUSRQ)
P35(BUSAK)
(INT4/TI4) P8O P36(R/W)
(INT5/TI5) P81 16-BIT TIMER P37(RAS)
(TOA4) P82 (TIMER 4)
(TO5) P83
(INT6/TI6) P84 16-BIT TIMER
(INT7/T17) P85 (TIMER 5) . CS/WAIT |<t>P40(CS0 / CASO)
(TO6) P86 (Notmcluded onthe ) CONTROLLER P41(CS1/CAST)
TVIP93CS41 (3-BLOCK) P42(C52/ CAS2)

Figure 1.1 TMP93CS40/TMP93CS41 Block Diagram
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TOSHIBA TMP93CS40/TMP93CS41

2. Pin Assignment and Functions

The assignment of input / output pins on the TMP93CS40/TMP93CS41, their names and outline
functions are described below.

2.1 Pin Assignment

Figure 2.1.1 shows the pin assignment for the TMP93CS40F/S41F and TMP93CS40DF/S41DF.

Control

P Programmable |
Programmable T nf TMP93CS40 Pull | Pull S
T [l TMP93CS40 |n No Pownl Up | o
p [Down Ne| 88|P65/PG11 @)
O P66/PG12 89 87|P64/PG10 o<
O P67/PG13 90 86[P63/PG03 Ole
K vss o1 85[P62/PG02 O]s
9 PSO/AND 92 3alpe1/pG01 o]~
P51/AN1 93 83[P60/PGOO O
P52/AN2 94 82|P42/CS2/CAS2 O
P53/AN3 95 81|P41/CS1/CAST O
P54/AN4 96 | ,—80IP40/@)/CAW O
ADC PSZ/AN : 27 7:|P§2/RA_S 8
P56/AN 98 78|P36/RAW
P57/AN7 99| 77|P35/BUSAK ]
VREFH ’J_‘ 76|P34/BUSRQ O
IJ'I minininininininin]
\VREFL 1H . [ H7s|p33WAT O
Avss 2H] | H74lp32/HWR @)
Y Avcc 3H] [H73[p31/AWR
NI 4H [ H72[p30/RD
O P70//TI0 5H] [ H71[p27/a7/A23 O
@) P71/TO1 6] [H7olp26/a6/A22 [@) @
O P72/T02 7H [ He9lP25/A5/A21 O ®
[@) P73/T03 sH | [ Heslp24/a8/A20 [@) e
1O P8O/INT4/TI4 9H| " Hs7[P23/A3/A19 O bt
gl O P81/INT5/TI5  |10H] He6lp22/a2/A18 O £
-1 O P82/TO4 11H] Top View [ Heslp21/a1/a17 [@) -
@) P83/TO5 12H] [ Healp20/a0/A16 O °
0 PSA/INT6TI6 |13 QFP100 Hes3|vee é
P85/INT7/TI7 14
8 P86/TO6 15E (LQFP 100) %gf ://VS;TOUT
Y [O P87/INTO 16| Heo[p17/aD15/A15
@) P90/TXDO 17H] [ Hs9lp16/AD14/A14
O P91/RXDO 18H [ Hsslp15/aD13/A13
510 8 P:;/CTSO/SCLKO ;E % 57[p14/aD12/A12
P93/TXD1 56|P13/AD11/A11
@) P94/RXD1 21HT [ Hsslp12/aD10/A10
Y[O P95/SCLK1 22H] [Hs4lp11/AD9/A9
AMIB/T6 23H] [ Hs3[p10/aD8/A8
CLK 24H] Hs2[Po7/aD7
vce 25H] Hs1|pos/aD6
° IJ_I LILTCICILILILITIL] LEI
° vss 26 50[P05/AD5
s X1 27 49|P04/AD4
« ba 28 48]P03/AD3
° EA 29 47|P02/AD2
o RESET 30 16[P01/AD1
P96/XT1 31 45|P00/ADO
P97/XT2 32 A44)1VCC
TEST1 33 43]ALE
TEST2 34 42lpA7/SCOUT
PAO 35 11]Pas
PA1 36 a0[pAs
PA2 37 39lPas
3glPA3

Note: Because the TMP93CS41 does not have an internal ROM, pins P00 to P17 are tied to ADO to AD15 (when AM8/ 16=0),
or to ADO to AD7 and A8 to A15 (when AM8/16=1). P30 is tied to RD, P31 to WR.

Figure 2.1.1 Pin Assignment (100-pin QFP and 100-pin LQFP)
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2.2 Pin Names and Functions

The names of the input / output pins and their functions are described below.
Table 2.2.1 Pin Names and Functions

Table 2.2.1 Pin Names and Functions (1/4)

Pin Name Nol#rlgil?‘%r /0 Function

P00 to PO7 8 I/0 | Port0: I/0O portthat allows at the bit level

ADO to AD7 Tri-State | Address/data (lower): Bits 0 to 7 of address/data bus

P10to P17 8 I/0 | Port1: I/O portthat allows at the bit level

AD8to AD15 Tri-State | Address data (upper): Bits 8 to 15 of address/data bus

A8to A15 Output | Address: Bits 8 to 15 of address bus

P20 to P27 8 I/0 | Port2: I/O portthat allows selection of I/O at the bit level
(with pull-down resistor)

AOto A7 Output | Address: bits 0to 7 of address bus

A16to A23 Output | Address: bits 16 to 23 of 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 AD7

P32 1 I/O | Port32: 1/O port (with pull-up resistor)

HWR Output | High write: Strobe signal for writing data on pins AD8 to AD15

P33 1 I/0 | Port33: 1/O port (with pull-up resistor)

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

P34 1 I/0 | Port34: 1/O port (with pull-up resistor)

BUSRQ Input | Busrequest: Signal used to request bus release

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

BUSAK Output | Busacknowledge: Signal used to acknowledge bus release

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

RW Output | Read/write: 1representsread or dummy cycle; 0 represents write
cycle.

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

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

P40 1 I/0 | 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: 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 TMP93CS40/TMP93CS41

Table 2.2.1 Pin Names and Functions (2/4)

Pin Name NO‘#“,J#,? I/0 Function

P41 1 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 1 I/0 | Port42: 1/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 8 Input | Port5: Inputport

ANO to AN7 Input | Analoginput: Analog signal input for AD converter

VREFH 1 Input | Pinforhigh level reference voltage input to AD converter

VREFL 1 Input | Pinforlow level reference voltage inputto AD converter

P60 to P63 4 I/0 | Ports 60-63: I/0 ports that allow selection of I/0O at the bit level
(with pull-up resistor)

PG00 to PGO3 Output | Pattern generator ports: 00 to 03

P64 to P67 4 I/O | Ports 64-67: I/O ports that allow selection of /0 on a bit basis
(with pull-up resistor)

PG10to PG13 Output | Pattern generator ports: 10to 13

P70 1 I/0 | Port70: 1/O port (with pull-up resistor)

TIO Input | TimerinputO: Timer 0 input

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

TO1 Output | Timeroutput 1: Timer 0 or timer 1 output

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

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

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

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

P80 1 I/0 | Port80: I/O 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 1 I/0 | Port81: I/O port (with pull-up resistor)

TI5S Input | Timerinput5: Timer5 count/capture trigger signal input

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

P82 1 I/0 | Port82: 1/O port (with pull-up resistor)

TO4 Output | Timer output4: Timer 4 output pin

P83 1 I/0 | Port83: I/O port (with pull-up resistor)

TO5 Output | Timer output5: Timer 4 output pin
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Table 2.2.1 Pin Names and Functions (3/4)

Pin Name | Nyrpber /0 Function
P84 1 I/O | Port84: 1/O port (with pull-up resistor)
Tl 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: I/O port (with pull-up resistor)
TI7 Input | Timerinput7: Timer 5 count/capture trigger signal input
INT7 Input | Interruptrequest pin 7: Interrupt request pin with rising edge
P86 1 I/0 | Port86: I/O port (with pull-up resistor)
TO6 Output | Timer output 6: Timer 5 output pin
P87 1 I/O | Port87: 1/O port (with pull-up resistor)
INTO Input | Interruptrequest pin 0: Interrupt request pin with
programmable level / rising edge
P90 1 I/0 | Port90: 1/O port (with pull-up resistor)
TXDO Output | Serial datasend 0
P91 1 I/0 | Port91: 1/O port (with pull-up resistor)
RXDO Input | Serial data receive 0
P92 1 I/0 | Port92: 1/O port (with pull-up resistor)
CTSO Input | Serial data send enable 0 (Clear to Send)
SCLKO I/O | Serial Clock /00
P93 1 I/0 | Port93: 1/O port (with pull-up resistor)
TXD1 Output | Serial datasend 1
P94 1 I/0 | Port94: 1/O port (with pull-up resistor)
RXD1 Input | Serial data receive 1
P95 1 I/0 | Port95: 1/O port (with pull-up resistor)
SCLK1 I/0 | Serial clock I/0 1
PAOQ to PAG 7 I/0 | Ports A0 to A6: I/O ports
PA7 1 I/O | PortA7: I/O port
SCouUT Output | System Clock Output: Outputs frpy or fsys clock.
WDTOUT 1 Output | Watchdog timer output pin
NMI 1 Input | Non-maskable interrupt request pin: Interrupt request pin with
programmable falling edge or with both edges programmable.
CLK 1 Output | Clock output: Outputs [ fsys+2 ] clock.
Pulled-up during reset.
Can be disabled to reduce noise.
EA 1 Input
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Table 2.2.1 Pin Names and Functions (4/4)

Pin Name Nol#rBi%%r /0 Function
AMS8/16 1 Input
ALE 1 Output | Address Latch Enable

(Can be disabled to reduce noise.)
RESET 1 Input | Reset: Initializes TMIP93CS40/TMP93CS41. (with pull-up resistor)
X1/X2 2 I/0 | High Frequency Oscillator connecting pin
P96 1 I/0 | Port96: 1/O port (open drain output)
XT1 Input | Low Frequency Oscillator connecting pin
P97 1 I/0 | Port97: 1/O port (open drain output)
XT2 Output | Low Frequency Oscillator connecting pin
TEST1/TEST2 2 Output
/Input
VCC 3 Power supply pin (All VCC pins should be connected to the
power supply pin.)
VsSS 3 GND pin (0 V) (All VSS pins should be connected to GND (0 V).)
AVCC 1 Power supply pin for AD converter
AVSS 1 GND pin for AD converter (0 V)
Note: All pins that have built-in pull-up/down resistors (other than the RESET pin) can be

disconnected from the built-in pull-up/down resistor by software.
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3.1

3.11

Operation

This section describes in blocks the functions and basic operations of TMP93CS40 and S41 devices.
Please also refer to section 7., Precautions in use, which describes some points requiring careful
attention.

CPU

TMP93CS40 and S41 devices have a built-in high-performance 16-bit CPU (900/L CPU). (For basics of
the CPU operation, see the information on the TLCS-900/L CPU in the previous chapter).

This section describes some CPU functions unique to the TMP93CS40 and S41, that are not described in
the previous chapter, entitled TLCS-900/L CPU.

Reset

To reset a TMP93CS40 or S41 device, the RESET pin must be kept at 0 for at least ten system clock
cycles (160 states: 16 us at 20 MHz) while remaining within the specified operating voltage range and
sustaining a stable clock oscillation.

When a reset signal is accepted, the CPU sets itself as follows:

® The Program Counter (PC) is set according to the Reset Vector that is stored from 8000H to 8002H.
PC(7t00) < datainlocation 8000H
PC(15t08) < datainlocation 8001H
PC (23 to 16) « data in location 8002H

® The Stack pointer (XSP) for system mode is set to 100H.

® The <IFF2 to 0> bits of the status register SR are set to 111. (Sets mask register to interrupt level

7
® The <MAX> bitof SRisset to 1. (Sets to maximum mode. See previous chapter).
® The <RFP2 to 0> bits of SR are set to 000. (Clears register banks to 0)

When the reset is released, instruction execution starts from PC (the reset vector). The reset makes no
changes in any CPU internal registers other than those specifically mentioned above.

When a reset is received, signal and data processing for built-in I/Os, ports, and other pins is affected as
follows:

® Initializes built-in I/O registers as per specifications.

® Sets port pins (including pins also used as built-in I/Os) to General-Purpose Input / Output Port
mode.

® Sets the WDTOUT pin to 0. (The watchdog timer is set to Enable after reset.)

Pulls up the CLK pin to 1.

® Sets the ALE pin to 0 in the case of the TMP93(CS41, and to High Impedance (Hi-Z) in the case of
TMP93CS40.

Note 1: Resetting makes no change in any register in the CPU except the program counter (PC),
status register (SR) and stack pointer (XSP), nor in the data in the internal RAM.

Note 2: The CLK pin is pulled up during reset. When the voltage is externally reduced, there is a
possibility of causing malfunctions.

Figures 3.1.1 and 3.1.2 show the reset timing chart of the TMP93CS41 and S40.
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3.2 Memory Map

Figure 3.2.1 is a memory map of the TMP93CS40 and S41.

000000
000080

000100

000880H

External memory

008000H

008100

010000H

018000H

External memory

FFFFOO
FFFFFFH

A
256-byte direct
area (n)

64-Kby
(n

te area

External memory
areain
TMP93CS41

16-Mbyte area
(R)
(-R)
(R+)
(R +R8/16)
(R +d8/16)
(nnn)

=Internal area)

Note: The 256-byte area from FFFFO0H to FFFFFFH can not be used.

Figure 3.2.1 Memory map
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4, Electrical Characteristics
4.1 Absolute Maximum Ratings

TMP93CS40F, TMP93CS41F
TMP93CS40DF, TMP93CS41DF

Parameter Symbol Rating Unit
Power Supply Voltage Vce -0.5t06.5 Vv
Input Voltage VIN -0.5toVcc+0.5 \
Output Current (total) SloL 120 mA
Output Current (total) >loH -80 mA
Power Dissipation (Ta=85TC) Pp 600 mw
Soldering Temperature (10s) TSOLDER 260 T
Storage Temperature TsTG -65t0 150 T
Operating Temperature TopPrR -401to 85 T

Note: The absolute maximum ratings are rated values which must not be exceeded during
operation, even for an instant. Any one of the ratings must not be exceeded. If any
absolute maximum rating is exceeded, a device may break down or its performance
may be degraded, causing it to catch fire or explode resulting in injury to the user.
Thus, when designing products which include this device, ensure that no absolute
maximum rating value will ever be exceeded.

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

Parameter Symbol Condition Min | Typ. (Note) | Max |Unit
Power Supply Voltage fc=41020MHz g _ 4.5
(AVCC=VCC Ve e 530 to [ 55 \Vi
AVcce =Vss =0V fc=41012.5 MHz :34 kHz 2.7
o Vec 2 45V .
g ADOto 15 ViL Ve < 4BV
R ~03
>3 Vec=2.7t05.5V
c 9
_ v
v VECZ A3V o] 22
§ Vec <45V 2.0
S LS CE TR N oA E—
s .69.7.5.\;:& ........................ Vee +0.3
5 Vee=2.7t05.5V oSS
25 «“ Vec=03| T
- 0.8Vce
loL=1.6 mA
DRI kel RO (Vec=27t055V)| Lo .
lop= —-400 LA 24 v
= + 0 "
Output High Voltage b Vee=3VET0%) | e
V. lop= —-400 LA 42
OH2 (Vcc=5V£10%) .

Note: Typical values are for Ta=25°C and Voo =5 V unless otherwise noted.
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TOSHIBA TMP93CS40/TMP93CS41
DC Characteristics (2/2)
Parameter Symbol Condition Min [Typ.(Note1)| Max |Unit
Darlington Drive Current [ Vexr=1.5V
(8 Output Pins Max) (Note 2) F}\E&g e=n1\71c(l;((=25v £10%) -1.0 -35 |mA
Input Leakage Current Il 0.0=V|N=Vcce 0.02 5 A
Output Leakage Current ILo |0.2=V|N=Vcce-0.2 0.05 +10 |“
(¢ st0p RAM Backup) Vstor | V12 G AV 2.0 60 |V
Vee=5V10% 50 150
RESET Pull-up Resistor RRsT Vee=3VE10% ] 80 T "1 300 K@
Pin Capacitance Co |[fc=1MHz 10 pF
RESET, NI, INTO Vi 04 | 10 v
Programmable Vee=5V+10% 10 80
Pull-down Resistor RKL [Viee=3VET0% ] 30 7T TTs0 KO
Programmable Vee=5V+10% 50 150
Pull-up Resistor RKH [Vec=3VETo% [ 700 [ 7777300
Normal (Note 3) lcc |Vee=5VE10% 19 25
i i fcS0MHz [ S R
L I I e P R T A
e A I e TR e
i B S R g
Normal (Note 3) ¥cc 1=235V'\ﬁ*:|{0% 6.5 10
c=12. z
:S:‘maIZ(NOte 4) ............................ (Typ VCC= 3.0 V) ......................... 2(5) ............... 1 93 .......
...................................................................................... v T MA
Idle2 3.0 5
i B e FE
Slow (Note 3) Vec=3V10% 20 35
R 5232768 I_(Hz .......................... s TR A
|d|ez ................................................ (Typ VCC=30 V) .......................... 10 20 .......
e N N e S P e
Stop Vee=2.7105.5V 0.2 10 LA

Note 1: Typical values are for Ta=25°C and Vgc=5 V unless otherwise noted.
Note 2: IpaRr is guaranteed for up to eight ports.
Note 3: Icc measurement conditions (Normal, Slow):
Only CPU is operational; output pins are open and input pins are fixed.
Note 4: Icc measurement conditions (Normal2):
All functions are operational; output pins are open and input pins are fixed.
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TOSHIBA TMP93CS40/TMP93CS41

4.3 AC Characteristics
(1) Vee=5V £10%

No Parameter Symbol ’ Variable 1_6 MHz 2_0 MHz Unit
Min Max Min | Max | Min | Max

1| Osc. Period (=x) tosc 50 31250 62.5 50 ns
2| CLK pulse Width teLk 2x - 40 85 60 ns
3| A0 to A23 Valid— CLK Hold tAK 0.5x-20 11 5 ns
4| CLK Valid— A0 to A23 Hold ta | 1.5x-70 24 5 ns
5] A0 to A15 Valid— ALE Fall tAL 0.5x-15 16 10 ns
6| ALE Fall-> A0 to A15 Hold tLA 0.5x - 20 11 5 ns
7| ALE High pulse Width tL x—-40 23 10 ns
8| ALE Fall-> RDAWR Fall tLc 0.5x - 25 6 0 ns
9| RDAWR Rise— ALE Rise tcL 0.5x - 20 11 5 ns
10| A0 to A15 Valid— RDAWR Fall taCL x—25 38 25 ns
11| A0 to A23 Valid— RDAWR Fall tacH | 1.5x-50 44 25 ns
12| RD/WR Rise— AQ to A23 Hold tcA 0.5x - 25 6 0 ns
13| A0 to A15 Valid— D0 to D15 Input tADL 3.0x-55 133 95 | ns
14| A0 to A23 Valid— D0 to D15 Input tADH 3.5x- 65 154 110 | ns
15[RD Fall - D0 to D15 Input tRD 2.0x-60 65 40| ns
16| RD Low Pulse Width tRR 2.0x - 40 85 60 ns
17 |RD Rise— D0 to D15 Hold tHR 0 0 0 ns
18| RD Rise— A0 to A15 Output tRAE x-15 48 35 ns
19| WR Low Pulse Width tww | 2.0x-40 85 60 ns
20| D0 to D15 Valid— WR Rise tpw | 2.0x-55 70 45 ns
21| WR Rise —»D0 to D15 Hold twp | 0.5x-15 16 10 ns
22| A0 to A23 Valid> WAIT Input (\W4T40)| tawH 3.5x - 90 129 85| ns
23| A0 to A15 Valid— WAIT Input (\WAT I taw 3.0x - 80 108 70| ns
24| RD/WR Fall>WAIT Hold WAl tew | 2.0x+0 125 100 ns
25| A0 to A23 Valid— PORT Input tAPH 2.5x-120 36 5[ ns
26| A0 to A23 Valid— PORT Hold tapH2 | 2.5x + 50 206 175 ns
27| WR Rise— PORT Valid tcp 200 200 200 | ns
28| A0 to A23 Valid— RAS Fall tasrH | 1.0x - 40 23 10 ns
29[ A0 to A15 Valid— RAS Fall taspl | 0.5x-15 16 10 ns
30[RAS Fall-> D0 to D15 Input tRAC 2.5x-70 86 55| ns
31|RAS Fall-> A0 to A15 Hold traH | 0.5x-15 16 10 ns
32| RAS Low Pulse Width tras | 2.0x-40 85 60 ns
33[RAS High Pulse Width tRp 2.0x-40 85 60 ns
34| CAS Fall»> RAS Rise trsH | 1.0x-40 23 10 ns
35| RAS Rise— CAS Rise trsc | 0.5x-25 6 0 ns
36| RAS Fall»> CASFall trep | 1.0x-40 23 10 ns
37| CAS Fall-> DO to D15 Input tcaC 1.5x - 65 29 10| ns
38| CAS Low Pulse Width tcas | 1.5x—30 64 40 ns

AC Measuring Conditions
e OutputLevel: High2.2V/Low 0.8V, CL=50pF
(However, CL= 100 pF for ADO to AD15, A0 to A23, ALE, RD, WR, HWR, RW, CLK, RAS, CASO to CAS2)
e Input Level: High 2.4V /Low 0.45V (ADO to AD15)
High 0.8 xVcc /Low 0.2xVcce (except for ADO to AD15)
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(2) Vec=3V £10%
No Parameter Symbol - Variable 1_2'5 MHz Unit
Min Max Min | Max

1| Osc. Period (=x) tosc 80 31250 80 ns
2| CLK pulse Width tek 2x-40 120 ns
3| A0 to A23 Valid— CLK Hold tAK 0.5x -30 10 ns
4| CLK Valid— A0 to A23 Hold tkA 1.5x-80 40 ns
5] A0 to A15 Valid— ALE Fall tAL 0.5x -35 5 ns
6| ALE Fall-> A0 to A15 Hold tLA 0.5x -35 5 ns
7| ALE High pulse Width tLL X —60 20 ns
8| ALE Fall-> RDAWR Fall tLc 0.5x - 35 5 ns
9| RD/WR Rise— ALE Rise teL 0.5x — 40 0 ns
10| A0 to A15 Valid— RD/WR Fall tACL x-50 30 ns
11| A0 to A23 Valid— RD/WR Fall tach | 1.5x-=50 70 ns
12 | RD/WR Rise— A0 to A23 Hold tcA 0.5x —40 0 ns
13| A0 to A15 Valid— D0 to D15 Input tADL 3.0x-110 130 | ns
14| A0 to A23 Valid— D0 to D15 Input tADH 3.5x-125 155 | ns
15|RD Fall = D0 to D15 Input tRD 2.0x-115 45 | ns
16| RD Low Pulse Width tRR 2.0x - 40 120 ns
17 | RD Rise— D0 to D15 Hold tHR 0 0 ns
18| RD Rise— A0 to A15 Output tRAE x =25 55 ns
19| WR Low Pulse Width tww 2.0x-40 120 ns
20| D0 to D15 Valid— WR Rise tpw 2.0x-120 40 ns
21| WR Rise —»D0 to D15 Hold twb 0.5x —40 0 ns
22| A0 to A23 Valid— WAIT Input (LV”W”}"‘T’% tAWH 3.5x — 130 150 | ns
23 [ A0 to A15 Valid> WAIT Input (LWAIT,)| tawL 3.0x-100 140 | ns
24| RD/WR Fall>WAIT Hold AT Otew | 2.0x+0 160 ns
25| A0 to A23 Valid— PORT Input tAPH 2.5x - 195 51| ns
26| A0 to A23 Valid— PORT Hold tapH2 | 2.5x +50 250 ns
27| WR Rise— PORT Valid tcp 200 200 [ ns
28| A0 to A23 Valid— RAS Fall tAsRH | 1.0x-60 20 ns
29| A0 to A15 Valid— RAS Fall tasrL | 0.5x-40 0 ns
30| RAS Fall-> D0 to D15 Input tRAC 2.5x-90 110 [ ns
31| RAS Fall- A0 to A15 Hold tRAH 0.5x - 25 15 ns
32| RAS Low Pulse Width tRAS 2.0x-40 120 ns
33| RAS High Pulse Width trp 2.0x - 40 120 ns
34| CAS Fall-> RAS Rise trRsH 1.0x - 55 25 ns
35| RAS Rise— CAS Rise tRsC 0.5x - 25 15 ns
36| RAS Fall—> CAS Fall trep | 1.0x-40 40 ns
37| CAS Fall»> DO to D15 Input tcac 1.5x - 120 0| ns
38| CAS Low Pulse Width tcas 1.5x — 30 80 ns

AC Measuring Conditions

® Output Level: High 0.7 x Vcc/ Low 0.3 X Ve, CL =50 pF
® Input Level: High 0.9 x Vcc/Low 0.1 %X V¢
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(2) Write Cycle
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4.4  AD Conversion Characteristics
AVcc =Vce, AVss = Vss
Parameter Symbol Power Supply Min Typ Max Unit
Vec=5V*10% [Vee-1.5V| Vcee Ve
Analog Reference Voltage ( +) VREFH Vec=3V£10% Nee=0.2V| Vec Vee
Vec=5V10% Vss Vss [Vss+0.2V| V
Analog Ref Vol - Vv
nalog Reference Voltage (-) REFL Vec=3VE10% | Vss Vss |Vss +0.2V
Analog Input Voltage Range VAIN VREFL VREFH
Analog Current for Analog Reference Vcc=5V+10% 0.5 15
Voltage IREF — - - mA
<VREFON> =1 (Vrer =0 V) | Ve =3V £10% 0.3 0.9
<VREFON> =0 REFL= Vec=2.710 5.5V 0.02 50 | A
Error (notincluding quantizing _ Vee=5V+10% 1.0 3.0 LSB
errors) Vec=3V10% +1.0 3.0
Note 1: 1LSB=(VREFH - %L) /210[V]
Note 2: The operatlon of this AD converter is guaranteed only using fc (the high-frequency oscillator).

It is not guaranteed for fs.
The operation above is guaranteed for frp

Note 3: The value I¢c includes the current which %ows through the AVCC pin.

4.5 Serial Channel Timing
(1)  1/O Interface Mode
® SCLK Input Mode
Variable 32.768 MHz (Note)| 12.5MHz | 20 MHz .
Parameter Symbol - - - - Unit
Min Max Min Max | Min | Max [ Min [ Max
SCLK Cycle tscy 16X 488 us 1.28 0.8 s
Output Data — Rising Edge or Falling toss |tscy/2-5X-50 91.5 us 190 100 ns
Edge* of SCLK
SCLK Rising Edge or Falling Edge* toHs 5X-100 152 us 300 150 ns
— Output Data Hold
SCLK Rising Edge or Falling Edge* thsr 0 0 0 0 ns
— Input Data Hold
SCLK Rising Edge or Falling Edge* tsrp tscy — 5X - 100 336 us 780 450 | ns
— Effective Data Input
Note: System clock is fs, or input clock to prescaler is divisor clock of fs.
* The rising edge is used in SCLK Rising mode.
The falling edge is used SCLK Falling mode.
@ SCLK Output Mode
Variable 32.768 MHz (Note)| 12.5 MHz 20 MHz .
Parameter Symbol - - - - Unit
Min Max Min Max [ Min | Max | Min [ Max

SCLK Cycle (Programmable) tscy 16X 8192X 488 us | 250 ms | 1.28 [655.36( 0.8 [409.6] us
Output Data — SCLK Rising Edge toss |tscy —2X-150 427 us 970 550 ns
SCLK Rising Edge— Output Data Hold toHs 2X - 80 60 us 80 20 ns
SCLK Rising Edge— Input Data Hold thsr 0 0 0 0 ns
SCLK Rising Edge— Effective Data Input | tsgrp tscy —2X-150 428 us 970 550 | ns

Note: System clock is fs, or input clock to prescaler is divisor clock of fs.
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SCLK [ Iscy |
Output mode / | | | | I | I
(Input Rising mode) l— |
SCLK [ ' | ' | | | |
(Input Falling mode | toss ‘tg S '
Output data \ 0 X 1 X 2 X 3 X
TxD
tsrD ! | <tHsR
Input data
P D X o X X1+ X X2 X X3 X
VALID VALID VALID VALID
4.6 Timer/CounterInput Clock (TI0, Ti4, TI5, TI6, TI7)
Variable 12.5 MHz 20 MHz .
Parameter Symbol - - - Unit
Min Max Min | Max | Min | Max
Clock Cycle tvek 8X + 100 740 500 ns
Low Level Clock Pulse Width tvekL 4X +40 360 240 ns
High Level Clock Pulse Width tvekH 4X +40 360 240 ns
4.7 Interrupt and Capture
(1)  NMI, INTO interrupts
Variable 12.5 MHz 20 MHz )
Parameter Symbol - - - Unit
Min Max Min | Max | Min | Max
NMI, INTO Low Level Pulse Width tINTAL 4X 320 200 ns
NMI, INTO High Level Pulse Width tINTAH 4X 320 200 ns

(2)

INT4 to 7 interrupts, capture

The INT4 to 7 input pulse width depends on the CPU operation clock and timer
(9-bit prescaler). The following shows the pulse width for each clock.

System clock Prescaler clock | tinteL (INT4to 7 low level pulse width) | tiyn (INT4 to 7 high level pulse width)
selected selected Variable 20 MHz Variable 20 MHz Unit
<SYSCK> <PRCK1to 0> Min Min Vin Min
00 (frpp) 8X + 100 500 8X + 100 500 ns
0 (f¢) 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 (frpr) 8XT +0.1 244.3 8XT +0.1 244.3
(Note 2) 01 (fs)
Note 1: XT represents the frequency of the low frequency clock fs. Calculated at fs=32.768 kHz.
Note 2: When using fs as the system clock, fc/16 cannot be selected as the prescaler clock.
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4.8 SCOUT pin AC characteristics
Variable 12.5 MHz 20 MHz .
Parameter Symbol Unit
Min Max Min | Max | Min | Max
High-Level Pulse Width
Vee=5V £ 10% 0.5X - 10 40 15
High-Level Pulse Width fscH "
Vee=3V £ 10% 0.5X -20 30 - -
Low-Level Pulse Width
Vee=5V£10% 0.5X-10 40 15
Low-Level Pulse Width fsct "
Vee=3V£10% 0.5X -20 30 - -
Measurement condition
® Outputlevel: High2.2V/Low 0.8V, CL=10pF
Isch
tscl
SCOUT
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4.9 Timing Chart for Bus Request (BUSRQ) / Bus Acknowledge (BUSAK)
(Note 1)

e X X XX XX X
BUSRQ _T(_ e <> _;"—(_ e

N tesaL (6 / 3 —tcBAH
BUSAK —
{ C /
LR
> tgaA
ADO to AD15, A0 to A23, —\_ taBa (Note 2) —
CS0 to €S2, RAW, RAS, ) ettt ~
CASO to CAS2 —_— A

RD, WR, HWR VA T N 7

ALE

Variable 12.5 MHz 20 MHz
Parameter Symbol Unit
Min Max Min | Max [ Min | Max
BUSRQ Set-up Time to CLK tBrC 120 120 120 ns
CLK— BUSAK Falling Edge teeal 1.5X+ 120 240 195 ns
CLK— BUSAK Rising Edge teeaH 0.5X +40 80 65 ns
Output Buffer offto BUSAK ¥ tasa | O 80 o |8 | o | 8 | ns
BUSAK J_to Output Buffer on tsaa 0 80 0 80 0 80 ns

Note 1: 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.

Note 2: This line shows only that the output buffer is in 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. Therefore, 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 Recommended oscillator

(1)

(2)

The TMP93CS40/S41 are evaluated with vasious resonators. The evaluation results are displayed
below to enable appropriate selection for any given application.

Note: The load capacitance of the resonator consists of the load capacitors C1 and C2 which are to be
connected and the floating capacitance of the target board.
Even if the specified values of C1 and C2 are used, there is a possibility that the oscillator will
malfunction due to varying load capacitance on the target boards. Hence the oscillator’s wiring
patterns on the board should be designed to be as short as possible.
Itis recommended that evaluation of the resonators be conducted on the target board.

Examples of Resonator Connection

X1 X2 XT1 XT2

Rd Rd

Cq G

Figure 1: Example of High Frequency Figure 2: Example of Low Frequency
Resonator Connection Resonator Connection

Ceramic resonator: Toyama Murata Mfg. Co., Ltd (Note 1)

Ta= —20to0 80°C

Frequency Recommended value
Parameter Recommended resonator Vee [V]
(MHz2) CilpFl | CIpFl  [Rd kel
CSA4.00MG 30 30
4.00
CST4.00MGW (30) (Note 2) | (30) (Note 2)
CSA10.0MTZ093 30 30
10.00
2.7 .
CST10.0MTW093 (30) (Note 2) | (30) (Note 2) t05.5
0
High-fi
'gh-irequency CSA12.5MTZ093 30 30
oscillation
12.50
CST12.5MTW093 (30) (Note 2) | (30) (Note 2)
CSA16.00MXZ040 5 5
16.00
CST16.00MXWOC1 (5) (Note 2) | (5) (Note 2) 45105.5
20.00 CSA20.00MXZ040 3 3

Note1: TOYAMA MURATA MFG. CO., LTD. (JAPAN)
These product numbers and the corresponding specifications are subject to change. For up-to-date
information, please refer to the following URL;
http://www.murata.co.jp/search/index.html

Note 2 For built-in condenser type

93CS40-219 2001-03-15



TOSHIBA

TMP93CS40/TMP93CS41

(3)

Crystal resonator: Nihon Denpa Kogyo(Note 1)

Ta= -10t0 60°C

Frequency Recommended value
Parameter Recommended resonator Vee[V]
(MHz) Ci[pFl | CyIpFl | Rd[kQ]
4.00 NT040016A 12 12
10.00 NT100016A 10 10
2.7to05.5
High-frequency 12.50 NT125016A 10 10
oscillation 0
16.00 NT160016A 10 10
45t05.5
20.00 NT200016A 7 7

Note1: NDK AMERICA, INC.: U.S.A
NDK ELECTRONICS SINGAPORE PTE, LTD. Phone: +65-298-9878,
NDK ELECTRONICS (HK) LIMITED: HONG KONG Phone: +852-2956-3181,
NDK EUROPE LIMITED: ENGLAND
NDK FRANCE SARL: FRANCE

NDK ITALY SRL: ITALY

NDK SCANDINAVIA AB: SWEDEN

Note 2: High-frequency resonator

NR-18:
AT-51:

Lead mount type
Lead mount type
CP12A: Surface mount type

Phone: +1-510-623-6500,

Phone: +44-20-8390-8344,
Phone: +33-1-60-95-0000,
Phone: +39-2-96702920,
Phone: +46-8-444-1040,

Fax : +1-510-623-6590
Fax : +65-293-1150
Fax : +852-2956-1567
Fax : +44-20-8390-6926
Fax : +33-1-60-95-8200
Fax : +39-2-96703284
Fax : +46-8-632-0070
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