TOSHIBA

TMP4T7C221A/421A/921A

CMOS 4-BIT MICROCONTOROLLER

TMP47C221AF, TMP47C421AF

The 47C221A/421A is a high speed and high performance 4-bit single chip microcomputer based on the TLCS-
47 CMOS series with LCO driver,

PART No ROM RAM PACKAGE

QoTp PIGGYBACK

2048 x B-bit
4096 x 8-hit

TMP47C221AF
TMP4JCA21AF

192 x 4-bit
256 x 4-bit

QFP64

TMPATPAZ1AF TMPA7C921AG

FEATURES

4 4-bitsingle chip microcomputer
#®instruction execution time . 1.9ps (at 4.2MHz)
4389 basicinstructions
®Table look-up instructions
#Subroutine nesting : 15 levels max.
#®6interruptsources (External: 2, Internal : 4)
All sources have independent latches each, and multiple
interrupt control is available.
&1/0 port {28pins)
¢ Input 2ports
s /O bports
$®Iinterval Timer
#Two 12-bit Timer/Counters
Timer, event counter, and puise width measurement mode
#5Serial Interface with 4-bit buffer
External/internal clock, and leading/trailing edge shift mode
¢ LCDdriver
e LCD direct drive is abailable {(Max. 12-digit display at /4
duty LCD)
e 1/4, 1/3, 1/2 duties or static drive are programmably
selectable.
®Hold function
Battery/Capacitor back-up
®Real Time Emulator : BM4721A + BM4723A

Spins
23pins

QFP64
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TMP47C221AF
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TOSHIBA TMP47C221A/421A/921A

PIN ASSIGNMENT (TOP VIEW)

QFP64
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TOSHIBA TMP47C221A/421A/921A

PIN FUNCTION

PIN NAME Input/Output FUNCTIONS
K03 - KQo input 4-hit input port
R43 - RAD ‘ .
4-bit /O port withlatch.
R53 - R50 When using as input port, the latch must be set to " 1"
70
R63 - RED Every bit data is possibie Lo be set, cleared and tested by the manipulation of the
L-registerindirect addressing
R73 - R70
RB3 (T} ) Timer/Counter 1 external input
. 4-bit 170 port with latch, - DT S
RB2 (INTT) When used as input port, external interrupt External interrupt 1 input 7
RB1(T2) VO (tnput) input pin, or Timer/Counter external input pin, | Timer/Counter 2 external input
thelatch mustbeset1o ™17 [meeee s
R80 (INT2) External interrupt 2 input
R32 {5CK) 1O (/O ) Serial clock IfO
G p | 3-bit 110 port with Tatch,
R91 (50} VO (Oulpul) When used as input port or serial port, the Serial dataoutput
RYO (S 1) /O (Input) latch musthe setto " 1" Serial datainput
SEG23-SEGO LCD Segment drive output
: : - Output IR
COM4 - COMY LCO Commondrive output
KIN Input Resonator connecting pin.
X0uT Output Forinputting externat ¢lock, XIN is used and XOUT is opened
RESET Input Reset signal input
HOLD (KED) input {Input) Hold request/release signal input Sense input
TEST input Test pin for out-going test. Be opened or fixed to low level.
\sls} + 5V
VSS Power supply OV (GND}
VLC LCD drive power supply
010290
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TOSHIBA TMP47C221A/421A/921A

OPERATIONAL DESCRIPTION
Concerning the 47C221A/421A, the configuration and functions of hardwares are described. As the
description has been provided with priority on those parts differing from the 47C200A/400A, the
technical data sheets for the 47C200A/400A shall also be referred to.

1. SYSTEM CONFIGURATION
(1) Program Memory (ROM)
(2) Data Memory (RAM)
(3) VO port
(4) Timer/Counters (TC1, TC2)
(5) LCD Driver

2. INTERNAL CPU FUNCTION

2.1 Program Memory (ROM)
Program memory of the 47C221A/421A are similar to the 47C200A/400A except that the instruction
[OUTB @HL Jinstruction and 5-bit to 8-bit data conversion table cannot be used.

2.2 Data Memory (RAM)
Data memory contained in the 47C221A has a 192 x 4-bit (addresses 00-BFy) capacity, and that contained
inthe 47C421A has a 256 x 4-bit {(adddresses 00-FFy) capacity.
There is no physical RAM in address CO-FF in the 47C221A.
Therefore, when addresses CO-FFy are accessed on a program, RAM equivalent to address 80-BFy is
accessed.
The relationship between RAM capacity and addresses is shown in Figure 2-1.

Address Address
00y 004
Zero page : Zero page
OF . . OF o o
10 10
Data area
Dala area
7F
80
: : 3 Image of BF
BF address o
co COy - FFy : )
: Special : Special
funclion : function
: shared area : shared area
FF FF
(@) 47C221A (b) 47C421A

Figure 2-1. Data Memory Capacity and Address Assignment
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TOSHIBA TMP47C221A/421A/921A

3. PERIPHERAL HARDWARE FUNCTION

3.1 /O port
The 47C221A/421A have 8 1/0 ports (28pins) each as follows.
) KO ; 4-bitinput
@ R4, R5, R6, R7 ; 4-bitinput/output
3 RS ; 4-bitinput/output (shared by external interrupt input and Timer/
Counter input)
4 R9 ;  3-bit input/output (shared by serial port)
& KE ; 1-bitsense input (shared by hold request/release signal input)

Forthe 47C221A/421A, P1 and P2 ports are eliminated.

The operations and functions of other ports are Similar to that of the 47C200A/400A.

Table 3-1 lists the port address assignments and the I/O instruction that can access the port. Further, the
[OUTB @ HL] instruction and 5-bit to 8-bit data conversion table cannot be used.
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TOSHIBA TMP47C221A/421A/921A

3.2 Timer/Counter (TC1, TC2)
The timer/counter of 47C221A/421A are similer to that of the 47C200A/400A except for the following

point. The maximum frequency applied to the external input pin under the event counter mode is
dependent upon the operating state of the LCD drive circuit.

Maximum frequency applied [Hz]
Operating state of the LCD driver 1-channel operation 2-channel operation
TC! TC2 T TC2
At time of blanking operation fe/32 fc/32 fc/40
When LCD display is enabled fc/64 fc/72

Note. fc , Basic clolck frequency

Table 3-2.  The maximum frequency applied to the external input pin under the event
counter mode.

3.3 LCD Driver

The 47C221A/421A have the circuit that directry drivers the liquid crystal display (LCD) and its control
creuit.
The 42C221/421A have the following connecting pins with LCD.
() Segment output pins 24pins  (SEG23-SEGO)
@ Common output pins 4pins  (COMA4-COM1)
In addition, VLC pinis provided as the driver power.

The devices that can be directly driven is selectable from LCD of following drive methods.

) Vaduty (1/3bias)LCD ........... Max. 96 segments {8 segments x 12digits)
2 13 duty (1/3bias) LCD ........... Max. 72 segments  (8segmentsx 9digits)
@ 1/2duty (172 bias) LCD ... ... Max. 48 segments (8segmentsx 6digits }
@ StaticLCD ... Max. 24 segments  (8segmentsx 3digits)

3.3.1 Configuration of LCD driver

S_ Internal Bus S

. l; 3 2 1 Q0
RAM display 3 2 1 0 l [
EaEs | _oms’ [sue]
data area DTY OF A J,
OPiB
I RAM address counter ]
. j fc/ 214
1 Display data select Control ! Timing |*——
" Blanking - Duty select Control \ Control [ fc/27%
Control 4 I
TT T Ty T T IrrTrrT 11 e 10 T T 1 1T
4{ Shift Register ]

LCD Power Switch {}
& —.L Common driver ¥—.L Segment driver

Bias Control i} ____________ ‘{_l_] é ________________________ é

Vie SEG23 SEGO

Figure 3-1. Configuration of LCD driver
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3.3.2 Control of LCD driver
The LCD driver is controlled by the command register 1,2 (OP1A, OP18B).
Note that, the MSB of the command register 2 must be cleared to “0” (set to blanking or designation of
driving method) during accessing the command register 1.

LCD driver control command register 1 (port address OP1A)

3 2 | 0

DAB l SLF I (initial value 1000)

Seleclion of LCD drive
Base frequency

Example : At fc=4.19MHz

fc/2's [Hz) ... .. 128 [Hz}
1: fer2va L 256

—=|0:

Designation of display data area l

I"‘ 47C221A —| [— 47CANA —I

*>1000: Reserved Reserved
001 20-37y4 20-37y4
010:  40-57y4 40-574
011:  60-774 60-774
100:  CO-D7y 80-974
101: EQ-F74 A0-B7y,
10 Reserved C0-D7y
Note. fc,; Basicclock frequency [Hz] 111:  Reserved EO-F7,

L.CD driver control command register 2 (port address OP 1B}

3 2 i 0
[ EDSP DTY

(Initial value 0000)

LLCD Display Control

00:  Designation of driving methods
01: Blanking

10:  Reserved

11:  LCDdisplay enable

Selection of driving methods J

> 00:

00:
10;
11

1/4 Duty (1/3 Bias}
1/3 Duly (1/3 Bias)
1/2 Duty (1/2 Bias)

Static

Figure 3-2. LCDdriver control command register
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(1) Driving methods of LCD driver
4 kinds of driving methods can be selected by DTY (bits 1 and 0 of command register). Figure 3-3
shows driving waveforms for LCD.

Vieco — ! ”fF—ﬂ Vico — ; 111
ol - ol r'J—L ullm
) \_U_ LU ] ] I_U,_l L L
_VLCD'—‘ ‘VL(D-—

I=— pata "t* —>l<— patg "g" —>I = Data”1" —>l= Data "0" —I
(a) /4 Duty (1/3 Bias) Drive (b) /3 Duty (1/38ias) Orive
|| 1~ 1/ (g >
Vico — VAN Vien — :
Ll
il I
) | ]
| 1
0 — X 0 —
' L
-Vicp — -Vico —
| ! | “— Dala “1" —>|=— pata "0" —>
Data “1” Data "0"
{c) 1/2 Duty (1/2 Bias) Drive {d} Staticdrive

Note. fr,; LCD Frame frequency Vicp, LCD drive voitage { = Vpp-Vi¢)
Figure 3-3. LCD drive wareform (Voltage COM-SEG Pins)

(2) Frame frequency
Frame frequency is set according to the drive method and base frequency as shown in the
following table 3-3.
Itis possible to select base frequency (either one of 2 kind frequencies obtained from the driver) by
SLF (bit 0 of command register 1) .

Frame Frequency [Hz)
Driving
methods
4 .
Base frequency 174 Duty 173 Duty 1/2 Duty Static
fc fc 4 fc 4 fc fe
215 215 3 215 2 215 218
Ex. at fc=4.19MHz 128 171 256 128
fc fc 4 fc 4 f¢ fc
214 214 3 ) 214 2 ) 214 214
Ex. at fc=2 10MHz 128 171 256 128

Note. fc [ Basicclock frequency [Hz)

Table 3-3. Setting of LCD frame frequency
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(3)

LCD drive voltage

The LCD drive voltage (Vi cp) is given by the difference in potential (VDD - VLC) between pins VDD
and VLC. Therefore, when the CPU operating voltage and LCD drive voltage are the same, the VLC
pinis connected to the VSS pin.

The LCD fight only when the difference in potential between the segment output and common
outputis £Viep, and turn off at all other times.

During reset, the power switch of the LCD driver is turned off automatically, shutting off the VLC
voltage.

Both the segment output and comman output become Vpp level at this time and the LCD turn off.
The power switch is turned on to supply VLC voltage to the LCD driver by setting EDSP {bits 2 and 3
of the command register 2) to "11g". After that, the power switch will not turn off even during
blanking (setting EDSP to "013") and the VLC voltage continues to flow.

The power switch is turned off during hold operation low power consumption by turning off the
LCD. When hold operation is released the status in effect immediately before the hold operation
is reinstated.

3.3.3 LCD display operation

(n

Display data setting
Display data are stored to the
display data area (Max.24 words)

in the data memory. Address Bit3 Bit 2 Bit 1 Bit 0

The display data area 15 set using 32 DAB + 00y SEGO
DAB (bits 1 to 3 of command Oy SEGI
register 1). During reset, the 2 Se62
display data area is set to '
addresses CO-D7n {47C221A) and

80-97 (47C4214).

The display data stored to the ;
display data area are read 32 DAB + 16y SeG22
automatically and sent to the LCD 7 SEG23

cOmM4 com3 com2 COMI
driver by the hardware. Note. DAB.1to7

The LCD driver generates the
segment signals and common Figure 3-4. The correspondence between the display data
signals in accordance with the area and the SEG/COM pins

display data and drive methods.
Therefore, display patterns can be drive methods Bit3 . Bit2  Bitl 8ito
changed by only overwritting the :
contents of the display data area
with a program. The table look- 1/3Duty - COM3 | COM2 COMI
up instruction is mainly used for ' :

1/4buty COM4  COM3  COMZ = COMI

this overwriting. Figure 3-4 shows '/ 20uyy - - comz comt
the correspondence between the Static - - : - ©comi
display da.ta area and ‘the Note. — , Thedatamemory bits that are not used for
SEG/COM pins. The LCD llght storing display data

when the display data is "1" and Table 3-4. The data memory bits that are used for
turn off when "0". driving method and storing display data.

The number of segment which can

be driven differs,depending on the LCD drive method, therefore, the number of display data area
bits used to store the data also differs (Refer to Table 3-4). Consequently, data memory not used
to store display data and data memory for which the addresses are not connected to LCD can be
used to store ordinary user’s processing data.

010290
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(2)

Transfer of display data
The display data stored to the display data area are automatically transferred to the LCD driver. The
processing is performed in the following sequence.
1) The LCD driverissues a display data send request to the CPU
2 When the instruction (or Timer/Counter processing, interrupt receive processing)
currently being executed is completed, the CPU reads out the data for one cycle and
sends it to the LCD driver.
The data sending cycle is generated when the VLC voltage is being applied to the LCD driver. That
is, after reset is canceled, it is not generated until EDSP is set to "11g" . Table 3-5 shows the data
sending cycle generation frequency.
When LCD display is enabled, the virtual instruction execution speed drops. For example, when
SLF =0 and using 1/4 duty drive, this would be 2.05 psec, for an instruction execution speed of 2
psec.

SLF Driving method Frequency of data sending cycie insertion
0 Static drive 24 times in 4,096 instruction cycles
ExceptSaticdrive | 26 timesin 1,024 instruction cycles
' Staticdrive 24 times in 2,048 instruction cycles
Exeptstaticarive | 20 timesin 512 instruction cycles

Table 3-5. Frequency of data sending cycle insertion

Blanking

Blanking is applied by setting EDSP to "01g" and turns off the LCD by outputting non light
operation level to the COM pin.

The SEG pin continuously outputs the signal leve! in accordance with the display data and drive
method, With static drive, no voltage is applied between the COM and SEG pins when the LCD is
turned off by data (display data cleared to "0"), but the COM pin output becomes constant at the
Vico/2 level when turning off the LCD by blanking, so the COM and SEG pins are then driven by
Vicp/2.

3.3.4 Control method of LCD driver

(n

Initial setting

Flow chart of initial setting is shown Figure 3-5.

Example: When operating the 47C421A with 1/4 duty LCD using a Y
frame frequency of f/215[Hz] (display data area at
addresses 80-97,). Setting of LCD drive method
LD A, #0000B; Setsthe 1/4 duty drive. i
ouTt A, %0P1B Setting of Frame frequency
LD A, #10008B; Setting of base frequency. Setting of Display areain the
. . : data memory.
ouTt A, %0P1A ; Setting of display area in the
memory.
Setting of clear or initial value of | Setting of clear or initial value of
; - display area in the data memory.
display area in the memory.
LD A, #1100B; Display enable (Release of Display enable
bianking) (Release of bianking)

ouT A, %0P1B

Figure 3-5. Initial setting of
LCD driver
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{2) Display data setting

Normally, display data are kept permanently in the program memory and are then stored to the
display data area by the table look up instruction.

This can be explained using numberical dispiay with 1/4 duty LCD as an example. The COM and SEG
connections to the LCD are the same as those shown in Figure 3-6, and the display, data are as shown in
Table 3-6. Programming example for displaying numerals corresponding to BCD data stored at address
104 in the data memory is shown below, the display data area is at addresses 20-234.

LD HL, #O0FCH :To set the DC
LD A, 10H
ST A, GHL+
ST #DTBL/16, @HL+
ST #DTBL/256,@HL+
LD HL, #20H ; Display of data corresponding
LDL A, @DC
ST A, @HL+
L.OH A, @DC+
ST A, @HL+
DTBL: DATA 110111118, 000001108, 11100011B, 101001118, 001101108,

101101018, 11110101B, 00010111B, 111101118, 101101118

- Dispiay dat . . Display data memo
mNeura' Display isplay data memory mpil:al Display isplay datam ry
Upper Lower Upper Lower
0 / ’ 1101 1111 5 L‘ 1011 0101
'—' * —'
{ f.
1 : 0000 0110 6 i ‘ 1111 0101
ok [
2 { 1110 0011 7 { 0001 0111
- Il
3 ‘ 1010 0111 8 I} ‘ 1111 0111
-——— ——
R R
4 ' 0011 0110 9 ‘ 1011 0111

Table 3-6. Examples of Display Data (1/4 Duty LCD)
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Table 3-7 shows the same numerical display used in Table 3-6, but using 1/2 duty LCD are the sama as
those shown in Figure 3-8.

Programming example for displaying numerals corresponding to BCD data stored at address 10y in the
data memory is shown below. The display data area is at addresses 20-23.

LD HL, #O0FCH ; TosettheDC
LD A, 10H
ST A, @HL+
ST #DTBL/16, @GHL+
ST #OTBL/256, @HL+
LD HL, #20H ; Display of data corresponding
LDL A, @C
ST A, @HL+
RORC A
RORC A
ST A, GHL+
LDH A, @DC+
ST A, GHL+
RORC A
RORC A
ST A, @HL+
DTBL: DATA 011101118, 001000108, 10010111B, 10100111B, 111000108,

111001018, 111101018, 011000118, 111101118, 111001118

Display data memory Display data memory

meral | jpper Lower | Meral | ypper Lower

#201 | ex11 | +201 | ww11y
«+00 ++ 10 *+00 w10

0 #xf ] § 410 | #x01 | 0]
1

2 *x10 | axG) | #2071 [ ##11

3

4

x1] wx ] «+01 %1
*+()1 %10 *x ()0 LER R}
%11 LER R «x(1 %11
wxl] *x10 (1 *a )1

10 **x10 wx(1 axil
w11 | 2210 | %200 | #4170
Note. * ; don't care

(YRR« - I NI IV}

Table 3-7. Example of Display Data (1/2 duty LCD)

010290
5-83



TMP47C221A/421A/921A

TOSHIBA

aNp -

asip
G -

a3

YN
adp,
2p
Slery
2Np
Tap
BRYY
Qdp
p
Qop
A

eleyy

anuq(seige /1) AnQe/ L L-g aunby

(p2132135 - UON)

1 [

I T 7935 - ZWO0D

(pa1>3125)
1935 - LINOD

] [
L —d

Lol

— 1 _|_|_
||_||_|_|_|_.| ENOD

|||.r|_|—|_ll—|._|lr._|_|~_>_0u o183 puop ', 3JJON
LOx* 44

|J|_|I_|n_|._1|||_.| LNOD e |z
010~ | HoZ

|_IJ|I_|_|._I|_|I_| 7535 $531pPY

Arowaw eyep Ae|dsiq

4sa3
o w!i BT RS —— o AUQ
3.1% ZNOD
Q LNOD 09135 \ 93%
193$

adip -

ap
DU..) -

asip,

A
aap
RPN
DD)
PAYN
QQp
Np
adp
Np
QT
RAFY

QAdp

sauq (seige /1) AinQp /L '9-g 3.nBiy
. (P3133]3 - UON)
- L_I__ —]_L_ __ __ 193$ - 0D
B _ _ (p3123]35)
B I S I I | 093$ - LWOD

ca Ca (P

(.

L1l F._._l_l_E

|_.|_I_.|_I_||I 2INOD
.|_I|_|_|_|.L|_| EWOd
||'_||_n|_|_|‘_|_|.—|_‘_l ZINOD
ll_l_l_l._l_|_| LAIOD

R

L0l 34

1010 | Moz

$S3IPPY

Aicuwaw eyep Aejdsig

453

1935
0935 &

TS -
=

1WOD

g
_J

1ndino aaup jo ajdwex3 (£}

010290

5-84



TMP4T7C221A/421A/921A

TOSHIBA

aaug onels g-g anbiy

aip- _
- |||...|._ (paidajas - uoN)
o ] ¥D3IS - LNOD
@i e
@Ip - , o
- _|I_ (pa1dajas)
0 0935~ LINOD
oy
48D L UOP = ON
Na ) Qsxax ‘1z
r|_ LWOD
aop _ . _ lass | OZ
Np — [ ¥4
£93S
Qxs= T4
OD> _
Np — Lexx | €7
Q0p — POELS Lewn | 27
MA Deus | 12
aop —_ 0935 txxx | HDZ
— $S2IPPY
dsa3 frowsw e1ep Ae|dsig
— €93

Q LWOD

D
._I

£93%
935

m vD3s

gl
5
1935 L& BEM

_

0935

ap -

adip
ap -

Qdp

Np
adp
3a
DD)

RV

DO>
2IA
GCA
RIFN
agp
BAFY

Qap

aaugseldz /1y aanazs1 g-£ ainbiy

IIJ g (pa1>ajag - UON)

_ _ {935 - LWOD

— ’.—I_ _ (pPa133}25)
1935 - LWOD

-~
S

ases> Juop !« 3JON

] _ 4 _ ] W02 e £z
Olxs Z
_ _ £9535 10=x ¥4
, 100+ Moz
7938 ssauppPY
Asowaw etep Aejdsig
J— 193¢S
E— 093s
d5Q3
ow....i o 1935 o
‘Q INOD 935 ﬁ @
1 N

LWOD

010230

5-85



TOSHIBA TMP47C221A/421A/921A

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS | (Vs =0V)

PARAMETER 5YMBOL PINS RATING UNIT
Supply Voltage Voo -05t07 \
Supply Voltage {LCD drive) Vie -0.5toVpp+0.5 Vv
Input Voltage Vin -0.5t0Vpp +0.5 \
Output Vollage VouTt Except sink opendrain pin ~05toVpp+0.5 v

Vour? Sink open drain pin -05t010

Cutput Current (per 1 pin) lour 32 mA
Power Dissipation [Ty, =707C] PD 400 mwW
Soldering Temperature {time) Tsig 260 (10sec) °C
Storage Temperature Tstg -55t0125 °C
QOperating Temperature Topr -30to60 °C

RECOMMENDED QPERATING CONDITIONS | (Vsg =0V, Topr= —30t0 70°C)

PARAMETER SYMBOL PINS CONDITIONS Min. Max, UNIT
in the Normal
operaling mode 4.5 6.0 v
Supply Voltage Voo In the Hold 20 :
operaling mode :
Viiy | Except Hysteresis Input VDD x0.7
vDDZ 45V v
Input High Voltage Vinz | Hysteresis Input VDD x 0.75 oo v
Vi3 VDD <4 5V VDD x 0.9
Vit { Except Hysteresis Input Vpp x0.3
VDD = 4.5V
Input Low Voltage ViLz | Hysteresis Input 0 Vop X 0.25 v
Vi vDD< 4.5V Vppx 0.1
Clack Frequency fe 0.4 4.2 MHz
Note 1. Input Voltage Vin3, Vitz @ in the HOLD operating mode.

Note 2. 1MHz1s recommended as minimum freqency when SLF = 1. And 2MHz is when SLF =0.
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TOSHIBA TMP47C221A/421A/921A

[ D.C. CHARACTERISTICS (Vss =0V, Vpp =4.510 6.0V, Topr= - 30to 70°C)
PARAMETER SYMBOL, PINS CONDITIONS Min. Typ. | Max. |UNIT
Hysteresis Voltage Vs | Hysteresis Input - 0.7 - v
| Portko, TEST, RESET, HOLD  [vpp=5.5Y,
Input Current - - +2 HA
ling | Ports R4-R9 {open drain) Vi = 5.5V/0V
Input Low Current I Ports R4-Ré (push-pull) Vpp = 5.5V, Viy= 0.4V - - -2 mA
K j -
Rint zggf_dmlh pull-up/ 30 | 70 | 150
input Resistance KQ
Riyz | RESET 100 220 450
Output Leakage o | Ports Ra-R9 {open drain) Voo = 5.5V, Vour =55V - - 2 | A
Current
Output High Voltage Vou | Ports R4-R6 (push-pull) Vpp = 4.5V, gy = - 200uA 2.4 - - v
Output Low Voltage Vaor | Except XOUT pin Vpp =4.5V, Ig = 1.6mA - - 0.4 \
Segment Output .
: R SEG pin
R 05 P
Cewstanc; ~ 20 _ KO
ommon Qutput R :
; oc |COM pin
Resistance Voo =5V, Vpp-Vic=3V
Voars 38 40 42
Segment/Comman Vv SEG / COM v
o1
Output Voltage ! pin 38 | 35 | 37
Voin 2.8 3.0 32
Supply Current ~ _
{in the Normal oo Voo =355V, Vic=Vss - 3 6 mA
operating mode) fc=4MHz
Supply Current
{in the HOLD looH Vpp = 5.5V - 0.5 10 HA
operating mode)

Notel. Typ.valuesshow those at Topr=25°C, Vpp =5V.

Note2. Input Current liNT : The current through resistor is not included, when the input resistor (pull-
up/ pull-down)is contained.

Note3. Qutputresistance Rps, Roc - indicates the on resistance during level switching.

Noted. Vopp3:indicates 2/3 level output voltage when driving at 1/4 or 1/3 duty.

Note5. Vo, :indicates 1/2 level output voltage for 1/2 duty or static drive.

Noteb. Vo3 . indicates 1/3 level output voltage when driving at 1/4 or 1/3 duty.

Note?. Supply Current : Viy=5.3V/0.2V.
The voltage applied to the port R is within the valid range Vi or Viu.
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TOSHIBA

TMP47C221A/421A/921A
{A.C. CHARACTERISTICS {Vss =0V, Vpp=4.5t06.0V, Tepr=-301t0 70°Q)

PARAMETER SYMBOL CONDITIONS Min Typ. Max. UNIT
Instruction Cycle Time Loy 1.9 - 20 us
High level Clock pulse Width tweH

External clock mode 80 — - ns
Low level Clock pulse Width twel
Shift data Hold Time tspH 0.51¢, - 300 - - ns

Note.

External circuit for SCK pin and SO pin

VoD

10KQ

SOpF

at

Shift data Hold Time:

WA
Pa

Serial port (completion of transmission)

1.5V

tspH ’

SO X

X

X F

[ RECOMMENDED OSCILLATING CONDITIONS ] (Vss =0V, Vpp=4.510 6.0V, Topr = - 3010 70°C)
XIN XOuT
(1 4MHz
Ceramic Resonator
CSA4.00MG  (MURATA) Cxin = Cxout = 30pF 4MHz
KBR-4.00MS (KYOCERA) Cxin = Cxout = 30pF
. Cxin Cxour
Crystal Oscillator ; ,;E
204B-6F 4.0000 (TOYoCcom) CxiN =CxouT = 20pF
(2) 400KHz XIN XOuT
Ceramic Resonator
CSB400B  (MURATA) Cxin = CxouT = 220pF, RxoyT = 6.8KQ R
KBR-400B (KYOCERA)  Cxin = Cxout = 100pF, Rxout = 10KQ 400KHz xout
CxxN]];- ; Cxout
010290
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TMP47C221A/421A/921A

TYPICAL CHARACTERISTICS

R-"Ta K port R R-"Ta RISSIVT pin
(KQ) Yiup==5.5V (K Von=5.5V
100 — - 404
el 300 =
50 200 _—
e
100
0 Ta 0 Ta
—40 0] 40 80 (°C) — 40 0 40 80 (°C)
loH—VoH CMOSR port IIL=ViN CMOSRport
lon i,
Vpp=4.5V Vpp=5.5V
(uA np=4. (WA) i)
B l‘\\_ Ta=25°C K Tu=25°C
— 400 - 800 f=]
\\
—300 — 600 \
~200 \ — 400
—100 \\ — 200 \
0 Vou " Vin
2 4 6 (V) 2 4 6 (V)
loL,— VoL R port
Lo
(mA) Von=4.5V
Ta=25C
8 4
/]
x /
2 |1 -
!
0 . : Vo
0 6.8 120V
1 Ibp—Vnp : Ipp-Tfe
nn no
(mA)| Ta=25 mA) | Von=55V
my I 1 Z:.! C m Ta:zﬁoc
4 4 1
3 3
/
fe=4Mlln
2 2 /
/|
1 1 L7
() L : Nin 9] le
3 5 T (V3 0.1 04 I 4 1O (M112)
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TOSHIBA TMP47C221A/421A/921A

INPUT/OUTPUT CURCUITRY
(1)  Control pins
Input/Qutput circuitries of the 47C221A/42 1A control pins are similar to that of the 47C200A/400A.
(2y /O Ports
The input/output circuitries of the 47C221A/421A /O ports are shown below, any one of the
circuitries can be chosen by a code (GA-GF) as a mask option.

PORT WO INPUT/QUTPUT CIRCUITRY and CODE REMARKS
GA, GD GB, GE GC, GF
pull-up/pull-down
VDD resislor
R
K0 Input R Riny
—=w—{ ] . R = 70KQ (typ)
R
R = 1KQ(typ.)
GA, GB, GC GD, GE, GF
Initial “Hi-Z" Initial "High” Voo Sink opendrain or
sh-pull output
e push-pu pu
RS 170 R
< -
= 1K§} .
RG <} 3 R R {typ)
!
~J
Sink opendrain
I output
R7 10 R Initial “Hi-Z"
| R = 1K (typ.)
<} yP
Sink open drain
output
R8 I R Initial “Hi-Z2"
70
R9 @ Hysteresis input
R = 1K (typ.)
010290
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TOSHIBA TMP47C221A/421A/921A

CMOS 4-BIT MICROCONTROLLER
TMP47C321AG

The 47C921A, which is equipped with an EPROM as program memory, is a piggyback type evaluator chip used
for development and operational confirmation of the 47C221A/421A application systems {programs).
The 47C921A is pin compatible with the 47C221A/421A which are mask-programed ROM devices.

W W g MmN - O
PIN ASSIGNMENT cesSsitesnrosozasns
oo PEERERAELEEEAEEE Y
5150 49 4B 47 46 45 44 43 42 41 40 39 38 37 36 35 14 33
secy <+ s2 32— == sy
$EGI0 <[] 53 @@@@@@@@ 31 [ > Rso
SEG1Y 54 @~ | w o~ e 30 ) > pa3
8 - - J— 15
SEGlz ==— 755 vzc 8 < < °© v 8”‘ 9 [ = Ra
SEGI3 ~— (56 vee @ @ 8] > jm
SEGia -— 57 27 ) == Rag
vee @ ONC
vobo —= [ "ss NC O O oo 26 {3 -— vypD
seGls «—L—Js9 ® On 25 [ «» Rr92(CK)
SEGI6 ==— ([ 160 vee @ @n 2a [ ] == R31(50)
SEGI? =— [ 11 A G CmT Mmoo - Y Do 23 [T > R90(SI)
SEG18 - [T 62 T 22 [0 == Ry
SEGIS =— [ 161 o COOEOEO® 21 1 =->» Rpg2(iNT1)
SEG20 —— [ ¢4 20 /1 > R8I(T2)

\_1 234586 78 910111213141516173819
:::ggggzafggs;g::a:
8888888>>xgzxxx:m|§[§
VI o« o —

3=
I o
PIN FUNCTION (Top of the package)
PIN NAME input / Qutput FUNCTIGONS
Al ~ A0 Output Program memory address output
17 ~ 10 Input Program memory data input
CE Chip enable signal output
- Output
Ot Output enable signal output
vCcC + 5V (connected with VDD)
Power supply
GND OV (connected with VSS)
A.C.CHARACTERISTICS
PARAMETER SYMBOL CONDITIONS Min. Typ. Max UNIT
Address Delay Time tan Veg =0V, Vpp=4.5t06.0V - - 150 ns
Data Setup Time ts C. = 100pF 150 - - ns
Data Hold Time tin Topr = - 3010 70°C S0 - - ns
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TOSHIBA TMPA7C221A/421A/921A

NOTES FOR USE

(1) Program memory
The program area are as shown in Figure 1.

256K 256K 256K
0000y 0000y 00y
: : OF Zero-page
Don't use Dont use
: 7F
7000 7000 80
Program : : Don'tuse
77FF : Program
7800 : co
Don't use ; : Data area
7FFF 7FFF FF
{a) 47C221A (b) 47C421A
Figure 1. Program area Figure 2. RAM addressing

{2) Data memaory
The 47C921A contains 256 x 4-bit data memory. When the 47C921A is used as the 47C221A
evaluator, programming should be performed assuming that the RAM is assigned to addresses 00 -
7Fyand COy - FFR asshown in Figure 2.

(3) /O ports
Input/Qutput circuitries of I/0 portsin the 47C921A are similar to the code GA of the 47C221A/421A.
When this chip is used as evaluator with other IO code, it is necessary to provide the external
resistors.

i I
: i 10K
[ |
) 70KQ | KO port
—<}_'VV\’_D {>o—~l R4, RS, R6 port
: K0 port ! 70KQ
i | et
‘ 1 ~J

1 ) -=d

{a) Code:GB (b) Code:GC (¢) Code:GD
”1: Ko port
! % 70KQ - D
. : 70K
1
i KO port :
' ]
] |
,: % 10KQ ! ; 10KQ
i o I

R4, RS, R6 port —_—{>0—]

L]
—Do_i - ! R4, RS, R6 port
|
__l ol
{d} Code: GE (e} Code:GF

Figure 3. 1/0 code and external circuitry
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