TOSHIBA

TLCS-90 Series TMP90CH44
CMOS 8-Bit Microcontrollers

TMP90CH44N/TMP90CH44F

1. Outline and Characteristics

The TMP90CH44 is a high-speed, high performance 8-bit (4)  Built-in RAM: 512 bytes

microcontroller developed for application in the control of
various devices.

TMP90CH44, CMOS 8-hit microcontroller, integrates an 8-bit
CPU, ROM, RAM, A/D converter, multi-function timer/event
counter, general-purpose serial interface and slave functions in a
single chip, and with which external program memory and data
memory can be extended up to 48KB.

TMP9OCH44N is a device with a 64-pin shrink DIP.

TMP9OOCHA44F is a device with a 64-pin flat package.

The following are the features of TMPOOCH44:

(1) Highly efficient instructions: 163 types of basic
instructions, including
Multiplication, division, 16-bit arithmetic operations, bit
manipulation instructions

(2)  Minimum instruction executing time: 250ns (at 16MHz
oscillation frequency)

(3)  Built-in ROM: 16KB

The information contained here is subject to change without notice
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Memory expansion

External program memory:  48KB

External data memory: 48KB

Highly accurate 8-bit A/D converter (4 channels)
General-purpose serial interface (1 channel)

With asynchronous mode and I/O interface mode
Multi-function 16-bit timer/event counter (1 channel)
8-bit timer (4 channels)

Stepping motor control and pattern generation ports
(2 channels)

Input/Output ports: 54 pins

Slave function

Interrupt function: 12 internal, 3 external
Micro Direct Memory Access (DMA) function (4 channels)
Watchdog timer function

Standby function (8 HALT modes)

The information contained herein is presented only as guide for the applications of our products. No responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties

which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others. These TOSHIBA products are intended for usage in general electronic
equipments (office equipment, communication equipment, measuring equipment, domestic electrification, etc.) Please make sure that you consult with us before you use these TOSHIBA products in equip-

ments which require high quality and/or reliability, and in equipments which could have major impact to the welfare of human life  (atomic energy control, spaceship, traffic signal, combustion control, all types
of safety devices, etc.). TOSHIBA cannot accept liability to any damage which may occur in case these TOSHIBA products were used in the mentioned equipments without prior consultation with TOSHIBA.
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Figure 1. TMP90C844 Block Diagram
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2. Pin Assignment and Functions
The assignment of input/output pins for TMP90C844, their

name and outline functions are described below.

VREF (1 1 Vce
AGND ]2 63 [ P47
(ANO) PS03 62 (P46
(AN1) P51 ]4 61 [ P45
(AN2) P52 []5 60 [Jpag
(AN3) P53 (6 59 [1p43
(SWR) P30(]7 58 [ P42
(SRD) P31[]8 57 [ P41
(5CS) P32 19 56 (P40
(C/B) P33 (10 55 [1P73
(STA) P34 11 54 [1P72
(RxD) P35[]12 53 [p71
(SCLK) P36 13 < 52 P70
(TxD) P37J14 5 51 [pe3
(SB0) P20 []15 V) 50 [ P62
(SB1) P21[]16 o 49 [T P61
(sB2) P22[117 o 48 [T1Pe0
(S83) P23[]18 = 47 [JRESET
(SB4) P24 []19 = 46 [C1p57
(s85) P25 (20 45 P56
(5B6) P26 [] 21 44 [ CLK
(SB7)/ (WAIT) P27 [ 22 43 [p17
(ADO) POO 23 42 P16
(AD1) P01 24 41 P15
(AD2) PO2[]25 40 P14
(AD3) P03 []26 39 (P13
(AD4) PO4 []27 38 [IpP12
(ADS) POS[]28 37 [P
(AD6) P06 []29 36 [1P10
(AD7) PO7 [ 30 35 [JEA
ALE 131 34 [Jx2
GND [] 32 33 X1

2.1 Pin Assignment
Figure 2.1 (1) shows pin assignment of the TMP90C844N.

(INT2/TI5)
(INT1/T14)
(INTO/TI2)
(TI0)
(TOS5)
(TO4)
(TO3)
(TO1)
(M13)

Figure 2.1 (1). Pin Assignment (Shrink DIP)
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Figure 2.1 (2) shows the pin assignment of TMPO0CH44F.
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Figure 2.1 (2). Pin Assignment (Flat Package)
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2.2 Pin Names and Functions

The names of input/output pins and their functions are summarized in Table 2.2.
Table 2.2 (1/2)
Pin Name No. of pins 1/0 or tristate Function
P00 ~ P07 6 I/0 Port 0: Each bit can be set for input or output
/ADO ~ AD7 [Tristate Address/Data bus: Operates as an 8-hit bidirectional address bus or data bus when using external memory.
P10 ~ P17 6 I/0 Port 1: An 8-bit /0 port. Each bit can be set for input or output.
/A8 ~ A15 /Output Address bus: Operates as an address bus (upper 8 bits) when using external memory.
P20 ~ P27 8 /0 Port 2: Each bit can be set for input or output.
/SB0 - SB7 @) Address bus: The upper 8 bits address bus for external memory.
AT ) /Input Wait: Input pin for connecting a memory or peripheral LS| with delayed access time.
P30 ~ P37 8 1/0 Port 3: 8-bit I/0 port which allows I/0 selection on bit basis (with programmable pull-up resistor).
/SWR (1) /Input Slave write: The strobe signal input to write data from the master processor.
/SRD (1) /Input Slave read: The strobe signal used by the master processor to read data.
/SCS 1) /Input Slave chip select: The chip select signal input from the master processor.
ch 1) Input Command/data: The command/data select signal input from the master processor.
/STA 1) /Output Status output: Used to report the slave bus status to the master processor.
RxD (1) Input Receiver of serial data
/SCLK 1) N/0 Serial clock
/TxD (1) /Output Transmitter of serial data
P40 ~ P47 8 I/0 Port 4: 8-bit /0 port which allows I/0 selection on bit basis (with programmable pull-up resistor).
/T101,3,4,5 (4) /Output Timer outputs 1, 3,4, and 5: Qutput ports for timer 0, or timer 1, timer 2, timer 3 and timer 4 (2 lines).
/T, 2,4,5 4 /Input Timer inputs 0, 2, 4, and 5: Input ports for timer 0, or timer 1, timer 2 and timer 4 (2 lines).
/INTO 1) /Input Interrupt request terminal O: Interrupt request pin 0: Level/rise edge programmable interrupt request pin.
/INT1 (1) /Input Interrupt request terminal 1: Interrupt request pin 1: Rise/fall edge programmable interrupt request pin.
/INT2 1) /Input Interrupt request terminal 2: Interrupt request pin 2: Rise edge interrupt request pin.
P50 ~ P53 Port 50 ~ 53: 1-bit output ports.
4 Input - -
/ANO ~ AN3 Analog input: 4 analog inputs to A/D converter.
P56 Port 56: A 1-bit output port.
= 1 Output - -
/RD Read: Strobe signal output for reading external memory.
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Table 2.2 (2/2)
Pin name No. of pins 1/0 or tristate Function
P57 Port 57: A 1-bit output port.
— 1 QOutput - - —
/WR Write: Strobe signal output for writing external memory.
P60 ~ P63 110 Port 6: 4 bit I/0 port which allows 1/0 selection on bit basis.
/MO0 ~ M03 4 JOutput Stepping motor control port 0 or pattern generation port 0.
P70 ~ P73 1/0 Port 7: 4 bit I/0 port which allows 1/0 selection on bit basis.
M0~ M3 4 Output Stepping motor control port 0 or pattern generation port 1.
ALE 1 Output Address latch enable
CLK 1 Output g l:gti;i?gﬁ,pm: Generates clock pulse at 1/4 frequency of clock oscillation. It is pulled up internally during
EA 1 Input External access: Connects with Vg pin in the TMP90C844 built ROM is used.
RESET 1 Input Reset: Initializes the TMPI0C844. (pull-up resistance is built-in).
X1, X2 2 1/0 Crystal oscillator connection pin
VREF 1 - Input of reference voltage to A/D converter
AGND 1 - GND pin for A/D converter
Vee 1 - Power supply (+5V +/- 10%)
GND 1 - GND pin (0V)
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3. Operation (2)
The following explains the TMP90CH44 functions and basic
operations. The CPU functions and internal I/0 functions of
the TMPOOCH44 are the same as the TMPI0C844.

Refer to the “TMP90C844” section concerning functions
which are not explained in the following.

3.1 CPU
The TMP90CH44 has an internal high performance 8-bit CPU.

Refer to the book TLCS 90 Series CPU Core Architecture
section concerning the CPU operation.

3.2 Memory Map (3)
The TMP90CH44 can provide a maximum 48K byte program
and data memory.

The program and data memories may be allocated to the
address 0000H ~ FFFFH.

(1) Built-in ROM

The TMP90CH44 has an internal 16K-byte ROM. This
ROM is located at addresses O000H ~ 3FFFH. Program
execution starts from address O000H after a reset
operation.

Addresses 0008H ~ 0078H in the internal ROM area are
used as the interrupt processing entry area.

Built-in RAM

The MP90CH44 contains a 512-byte built-in RAM which is
allocated to the addresses FFCOH ~ FFBFH. The CPU
can also access some portions of the RAM (192 byte
area FFOOH ~ FFBFH) using short instruction codes in
the direct addressing mode.

Addresses of FF18H ~ FF78H this RAM area can be
used as the parameter area for micro DMA process-
ing. (This area can freely be used when the micro DMA
function is not used.)

Built-in I/O

The TMPO0CH44 uses 56 bytes of the address space as
a built-in /0 area. The area is allocated to the addresses
FFCOH ~ FFF7H. The CPU can access the built-in 1/0
using short instruction codes in the direct addressing
mode.

Figure 3.2 shows the memory map and the access
ranges of the CPU for each addressing mode.
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0000H

4000H

FDCOH

FFCOH

FFF8H

FFFFH

Built-in ROM
(16 Kbyte)
External Program and data area
memory (BC)
(48 Kbyte) (DE)
(HL)
(SP)
(SP +d)
(HL +A)
Built-in RAM (nn)
uilt-in -
(1X)
~ (512 bytes) ) f
( (% (IX +d) Direct area
S (1Y +d) (n)
Built-in IO
(56 bytes)
External Memory
(8 bytes)

Figure 3.2. Memory Map
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4. Electrical Characteristics

TMPOOCH44N/TMPO0CH44F
4.1 Absolute Maximum Ratings
Symbol Rating Unit
Voo Power supply voltage -05~+7 \
Vi Input voltage -0.5~Vgp+05 Vv
Pp Power dissipation (Ta = 85°C) F S0 mw
N 600
TsoLDER Soldering temperature (10s) 260 °C
Tste Storage temperature -65 ~ 150 °C
Torr Operating temperature -40 ~ 85 °C

4.2 DC Characteristics

Ve =5V +£10% TA =-20 ~ 70°C (1 ~ 16MHz)
Typical values are for TA = 25°C and Vce = 5V.

Symbol Parameter Min Max Unit Test Conditions
ViL Input Low Voltage (P0) -0.3 0.8 V -
Vit P1, P2, P3, P4, P5, P6, P7 03 0.3Vgg v -
Vi RESET, P45 (INTO) 03 0.25Vg v -
Viis A 03 03 v -
Vig X1 -0.3 0.2Vge v -
Viy Input High Voltage (P0) 22 Voo +0.3 V -
Vit P1, P2, P3, P4, P5, P6, P7 0.7Vgg Voo +0.3 v -
Vi RESET, P45 (INTO) 0.75Vgg Voo +0.3 v -
Vit A Voo -0.3 Voo +0.3 v -
Vg X1 0.8Vge Voo +0.3 v -
Vou Output Low Voltage - 0.45 Vv lo =1.6mA
Vo 24 v Igk = -400pA
Vou QOutput High Voltage 0.75V¢e - v lon = -100pA
Vorp 0.9Vge v lgh = -20pA
o | o oe) 21 35 "

Iy Input Leakage Current 0.02 (Typ) +5 LA 0.0<VinsVge
llo Output Leakage Current 0.05 (Typ) +10 A 02<VinsVgp-02
. Oplzrlaen;]g Current (RUN) 1&2 ((TT);%)) 550 m tos¢ = 16MHz
Sy wm | B | B |wemenn
Vsigp | Power Down Voltage (@STOP) 20 6.0 v x'LZ i%é\\’f@
1H2 =U.0V¢g
RrsT RESET Pull Up Register 50 150 KQ -
Clo Pin Capacitance - 10 pF testfreq = IMHz
Vg Schmitt width RESET, P45) 0.4 1.0 (Typ) Vv -
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4.3 AC Characteristics
Ve =5V +10% TA = -20 ~ 70°C (1 ~ 16MHz)

Variable 12.5MHz Clock 16MHz Clock
Symbol Parameter Unit
Min Max Min Max Min Max
tosc Oscillation cycle (= x) 80 1000 80 - 62.5 - ns
tove CLK Period 4x 4x 320 - 250 - ns
twH CLK High width 2x-40 - 120 - 85 - ns
m CLK Low width 2x- 40 - 120 - 85 - ns
taL AQ ~ 7 effective address — ALE fall 0.5x-15 - 25 - 16 - ns
fLa ALE fall - A0 ~7 hold 0.5x-15 - 25 - 16 - ns
tLL ALE Pulse width x-40 - 40 - 23 - ns
e ALE fall RD/WR fall 0.5x-30 - 10 - 1 - ns
oL RD/WR — ALF rise 0.5x-20 - 20 - 11 - ns
fact A0 ~ 7 effective address — RD/WR fall x-25 - 55 - 38 - ns
tacH Upper effective address — RD/WR fall 1.5x- 50 - 70 - 44 - ns
tea RD/WR fall — Upper address hold 05x-20 - 20 - 11 - ns
tapL AQ ~ 7 effective address — Effective data input - 3.0x-35 - 205 - 153 ns
tapH Upper effective address — Effective data input - 3.5x-55 - 225 164 164 ns
trp RD fall —. Effective data input - 2.0x-50 - 110 - 75 ns
thg RD Pulse width 2.0x-40 - 120 - 85 - ns
tn RD rise — Data hold 0 - 0 - 0 - ns
that RD rise - Address enable x-15 - 65 - 48 - ns
tw WR pulse width 2.0x- 40 - 120 - 85 - ns
tow Effective data — WR rise 2.0x - 50 - 110 - 75 - ns
twp WR rise — Effective data hold 0.5x-10 - 30 - 21 - ns
tackH Upper address — CLK fall 2.5x - 50 - 150 - 106 - ns
tackL Lower address — CLK fall 2.0x-50 - 110 - 75 - ns
tokHA CLK fall - Upper address hold 1.5x - 80 - 40 - 13 - ns
tock RD/WR - CLK fall x-25 - 55 - 37 - ns
tekie CLK fall - RD/WR rise x-60 - 20 - 2 - ns
tock Valid data CLK fall X-50 - 30 - 12 - ns
towa RD/WR fall - Valid WAIT - x-40 - 40 - 22 ns
tawaL Lower address — Valid WAIT - 2.0x-70 - 90 - 55 ns
twan CLK fall  Valid WATT hold 0 - 0 - 0 - ns
tawaH Upper address — Valid WAIT - 2.5x-70 - 130 - 86 ns
topw CLK fall — Port Data Output - X + 200 - 280 — 262 ns
trre Port Data Input — CLK fall 200 - 200 - 200 - ns
terr CLK fall  Port Data hold 100 - 100 - 100 - ns
AC Measuring Conditions

* Output level: High 2.2V/Low 0.8V, C, = 50pF

(However, CL = 100pF for ADO ~ 7, A8 ~ 15, ALE, RD, WR)
e Input level: High 2.4V/Low 0.45V (ADO ~ AD7)

High 0.8V c/Low 0.2V (excluding ADO ~ AD7)
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4.4 A/D Conversion Characteristics

Ve =5V +10% TA = -20 ~ 70°C

f=1~16MHz
Symbol Parameter Condition Min Max Unit
VRer Analog reference voltage Vee-1.5 Vee Vee
Agnp Analog reference voltage Vss Vss Vss Vv
Vain Analog input voltage range Vss - Vee
IREF Supply current for analog reference voltage - 05 1.0 mA
Error Total error _ B 10
(Quantize | (TA=25°C, Ve = Vggr = 5.0V) ’
error of 0.5 LSB
LSBnot | Total error - - 25
included)
4.5 Zero-Cross Characteristics
Ve =5V £10% TA =-20 ~ 70°C
f=1~16MHz
Symbol Parameter Condition Min Max Unit
Vx Zero-cross detection input AC coupling C = 0.1pF 1 1.8 Vagp-p
Azx Zero-cross accuracy 50/60Hz sine wave - 135 mV
Fax Zero-cross detection input frequency - 0.04 1 kHz
4.6 Timer/ Counter Input Clock (TI0, TI2, and TI4)
Ve =5V +£10% TA =-20 ~ 70°C
f=1~16MHz
Variable 12.5MHz Clock 16MHz Clock
Symbol Parameter Unit
Min Max Min Max Min Max
tyck Clock cycle 8x+100 - 740 - 600 - ns
tyokL Low clock pulse width 4x +40 - 360 - 290 - ns
tyoku High clock pulse width 4x+40 - 360 - 290 - ns
4.7 Interrupt Operation
Vee =5V +£10% TA =-20 ~ 70°C
f =1~16MHz
Variable 12.5MHz Clock 16MHz Clock
Symbol Parameter Unit
Min Max Min Max Min Max
INTO Low level pulse width
tINTAL 4x - 320 - 250 - ns
e
INTO High level pulse width
thTAH _[_]__ 4x - 320 - 250 - ns
INT1, INT2 Low level pulse width
thTBL 8x +100 - 740 - 600 - ns
e
INT1, INT2 High level pulse width
thTBH _[_]_ 8x+100 - 740 - 600 - ns
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4.8 Serial Channel Timing - I/0 Interface Mode

(1) SCLK Input Mode
Vee =5V +10% TA=-20 ~ 70°C
f=1~16MHz
Variable 12.5MHz Clock 16MHz Clock
Symbol Parameter Unit
Min Max Min Max Min Max
tscy SCLK cycle 16x - 1.28 - 1 - s
toss QOutput Data - rising edge of SCLK tscy/2 - 5x-50 - 190 - 137 - ns
tons SCLK Rising Edge — output data hold 5x-100 - 300 - 212 - ns
thsr SCLK Rising Edge — input data hold 0 - 0 - 0 - ns
tsro SCLK Rising Edge — effective data input - tsoy -5x-50 - 780 - 587 ns
(2) SCLK Output Mode
Variable 12.5MHz Clock 16MHz Clock
Symbol Parameter Unit
Min Max Min Max Min Max
tscy SCLK cycle (programmable) 16x 8192x 1.28 655.4 1 512 15
toss Output data — SCLK rising edge tsoy - 2x- 50 - 970 - 725 - ns
tons SCLK rising edge — output data hold 2x - 80 - 80 - 45 - ns
thsr SCLK rising edge — input data hold 0 - 0 - 0 - ns
tsrp SCLK rising edge — effective data input - tsoy - 2x - 150 - 970 - 725 ns

4.9 Slave Bus Interface Timing: RD, WR Bus Mode

Vg =5V +10% TA = -20 ~ 70°C

f=1~16MHz
Symbol Parameter Min Max Unit
Tsar C/D setup — SRD fall 20 - ns
ThRA SRD rise - C/D hold 5 - ns
TscR SCS setup — SRD fall 0 - ns
Thre SRD rise - SCS hold 0 - ns
TwrD SRD pulse width 120 - ns
TarD SRD fall - effective data output - 80 ns
Tvrg SRD rise - effective data hold 10 85 ns
Tsaw C/D setup — SWR fall 20 - ns
Thwa SWR rise - C/D hold 5 - ns
Tsow SCR setup — SWR fall 0 - ns
Thwe SWR rise - SCS hold 0 - ns
Twwr SWR pulse width 120 - ns
Topw effective data input — SWR rise 80 - ns
Thwe SWRrise  effective data hold 10 - ns
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Slave Bus Interface Timing: DS, R/W Bus Mode

Symbol Parameter Min Max Unit
Tsap C/Dsetup — DS fall 20 - ns
Thoa DSrise - C/D hold 5 - ns
Tseo SCS setup — DS fall 0 - ns
Thoe DS rise - SCS hold 0 - ns
Tsap SCS setup — DS fall 20 - ns
Thoa DS rise — R/W hold 5 - ns
Twos DS pulse width 120 - ns
Tans DS'all — effective data output - 80 ns
Tvos DS rise - effective data hold 10 85 ns
Tsgp Effective data input — DS rise 80 - ns
Thos DS rise - effective data hold 10 - ns

STA Change Timing
X =1/fosc
Variable 16MHz Clock
Symbol Parameter Unit
Min Max Min Max

tRpH STA fall after Output Buffer is read - 2x +50 - 175 ns
twpH STA rise after Input Buffer is written - 2X +50 - 175 ns
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4.10 Timing Chart
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4.11 Timing Chart for I/0 Interface Mode

} tscy I
L Y R e I
| toss tOHsl

Output D_l_axts AY . X ; X 5 X : >(

Input Data X VA“DX X VALID X X VALID X X VALID ><:

4.12 Timing Chart for Slave Bus Interface: RD, WR Bus Mode

(1) Read Operation

Tsar

THRA
/D )ﬂ ﬁ(

STA T
TrPH |
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(2) Write Operation

Tsaw THwWA

—
T
=

%ﬁ

— | Tscw
S
N TWWR —
SWR \l: Y

SBo~7 q

Tsew

STA
Tweh
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4.13 Timing Chart for Slave Bus Interface: DS, R/W Bus Mode

(1) Read Operation

Tsap THpA
o y N
/o X X
_  Tsco. Thbc

SCS

T
o \\ WDS /

SBp~7 b
TapB |TVDB
STA T
TRPH |
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(2) Write Operation

Tsap THDA

<D X X
Tsco Thoel,
SCS \k }/

__ TsaD THpA
RIW

T
5% \ WDS /

o=
SBo~7 L
Tsep

STA J

TweH
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