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TOSHIBA

TMP47C221A/421A/921A

CMOS 4-BIT MICROCONTOROLLER

TMP47C221AF, TMP47C421AF

T -49-19-40

The 47C221A/421A is a high speed and high performance 4-bit single chip microcomputer based on the TLCS-

47 CMOS series with LCD driver.

PART No. ROM

RAM PACKAGE

oTpP

PIGGYBACK

TMPA7C221AF 2048 x 8-bit

192 x 4-bit

TMP47C421AF 4096 x 8-bit

QFP64

256 x 4-bit

TMP47P421AF

TMP47C921AG

FEATURES

4 4-bit single chip microcomputer
#Instruction execution time :
489 basicinstructions

¢ Table look-up instructions

#Subroutine nesting : 15 levels max.

46 interrupt sources (External : 2,

All sources have independent latches each, and multiple

interrupt control is available.
41/0 port (28pins)

s Input 2ports

e /O 6ports
#Interval Timer
& Two 12-bit Timer/Counters

Timer, event counter, and pulse width measurement mode

#Serial interface with 4-bit buffer
External/internal clock, and lea
4 LCD driver

e LCD direct drive is abailable (Max. 12-digit display at 1/4

duty LCD)

s 1/4, 1/3, 1/2 duties or static drive are programmably

selectable.
4 Hold function
Battery/Capacitor back-up

4 Real Time Emulator : BM4721A + BM4723A

1.9ps (at4.2MHz)

5pins
23pins

Internal : 4)

dingftrailing edge shift mode

QFpP64

QFC64

L e
%ﬁi\x\‘@*@%

TMPA7C221AF
TMPA7CA21AF
TMPA7PA21AF

3
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L
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PIN ASSIGNMENT (TOP VIEW)

QFP64

b —seca
50 5867

48 [TT1—=SEGS
47 QT —=SEGA
a6 T —3—=SEG3
45 I ]—=S$EG2
44 T3 —sEG1
43 JI—3—s£Go
42 [IT 3=wp73
41 [T 3=g72
20 [T J==g71
39 (I_1=+=R70
38 T J~—R63
37 T 1=eR62
36 I J=eR61
35 [I—J-—=R60
34 [T J=e=g53
33 [T J=e=R52

49 [TTJ—=SEGE

SEGY  ~—CTTfs2 32T RS1
SEG10 <— [ITd53 31T« RS0
SEGI1 =—[—TT54 3T~ R43
SEG12 ~—{IT55 2911 RA2
SEGI3 ~— [ITs6 26T R41
SEG1A ——[TI357 27T == R40
VOD — Y58 26 10—+ VOD
SEGIS ~— [—IT]59 25 T3> RI2(STK)
SEGI6 ~— [CII60 24X 3~ R91{S0)
SEG17 ~— CTIIl61 23T~ RI0(SI)
SEG18 ~— [—ILl62 2ATT I~ R83(T1)
SEG19 =—[TITi63 O 29— Rr82{INTT)
SEG20 <——-:El:‘64'_N . ornmsmneran 20( L=+ R81(T2}
T ngug g TOHAOH
ififtitehanatitagatilalatififagali
BN E S U ZEQoombi-izig
RN EN] Jun=-290c0g0 ww@|d
I EEERR EEER i
wna =
3 O
g
BLOCK DIAGRAM
Segment drive output Common drive output
SE?ZB C0|M4
SEGO com1
A fa
Power {VDD'
Supply VSS -1
LCD dave
power VLC_—’L LCD driver - ]
supply [ ,
FLAG A l Accumulator I HR | LR Data Memory PC
cfzs|e I RAM address buffer (RAM)
| NN Program
B STACK | SPw Memory
, 1a1 | 1c2| oc (rom)
Holdinput  HOLD — Hold controller ER EF SN
(Sense nput) (KEO) interrupt controller J
Resetinput  RESET — > System controller + R
Test pin TEST —> T T T !
Timing Generator | Interval Timer 12-bit Decoder
Ose XIN > Timer/Count 4-bit Serial
cannectin l Clock Generator imeriCounter
p":‘ ng {XOUT ] (2¢h) Interface
o
o )
T Ry
R73  R63 RSI Ra3 83 (1Y) R92 (SCK} K03
. § ) | RB2 (INT1) R91(50) '
R70  R60 RS0 RAO Rhi (1) RIO(S T K00
RBO(INT2)
10 port 110 port TiCinput ) 10 port {Serial port) Input port
Interrupt input
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PIN FUNCTION

PIN NAME Input/Output FUNCTIONS
K03 - K00 Input 4-hitinput port
R43 - R40 . .
4-bit 1/0 port with latch.
R53 - RS0 When using as input port, the latch must be setto " 1" .
o
R63 - RGO Every bit datais possible Lo be set, cleared and tested by the manipulation of the
L-register indirect addressing.
R73 - R70
R83(Tt)

4-bit I/O port with [atch.
When used as input port, external interrupt
10 (Input) input pin, or Timer/Counter external input pin,

the latch must be set to "1".

External interrupt 2 input

Serial clock 110
3-bitOportwithlatch.  h e

When used asinput port or serial porl, the Senaldalaoulput ______________________________

RIO (S 1) 110 (lnput) latch must be set to "1™, Serial data input
EG2Z3-SEGO Output et enbbaiistde eSO
COM4 - coM1 LCD Common drive output
.X,IN ) 7 [nput Resonator connecling pin.

XouT Qutput For inputting external clock, XIN is used and XOUT is opened.

RESET Input Reset signal input -

HOLD (KEQ) Input (Input) Hold request/release signal input Sense input

TEST Input Test pin for out-going test. Be opened or fixed to low level.

vDD +5V

VsS Power supply 0V (GND)

vLC LCD drive power supply
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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) DataMemory (RAM)
(3) O port
(4) Timer/Counters (TC1, TC2)
(5) LCD Driver

2. INTERNALCPU FUNCTION

2.1 Program Memory (ROM)
Program memory of the 47C221A/421A are similar to the 47C200A/400A except that the instruction

[OUTB @HL ] instruction 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
in the 47C421A has a 256 x 4-bit (adddresses 00-FFu) capacity.
There is no physical RAM in address CO-FFy in the 47C221A.
Therefore, when addresses CO-FF 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 00y
! Zero page : Zero page
OF | e OF e
10 10
Data area
Dala area
7F

80

Image of BE

BF

address
co il Cou-FRy & S
: Special v i Special
function : H % function
: shared area = shared area
FF . . FF Ll T T
(a) 47C221A (b) 47Ca21A

Figure 2-1. Data Memory Capacity and Address Assignment
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3. PERIPHERAL HARDWARE FUNCTION

3.1 /O port
The 47C221A/421A have 8 1/0 ports (28pins) each as follows.
@ Ko ; 4-bitinput
@ R4, RS, R6, R7 ; 4-bitinput/output
@) R8 ;  4-bitinput/output (shared by external interrupt input and Timer/
Counter input)

@ R9 ; 3-bit input/output (shared by serial port)
® KE i 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 /0 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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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
T TC2 TCi TC2
At time of blanking operation fc/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
circuit.
The 42C€221/421A have the following connecting pins with LCD.
(> Segment output pins 24pins (SEG23-SEGO)
@ Common outputpins 4pins (COM4-COM1)
In addition, VLC pin is provided as the driver power.

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

® 1/4duty (1/3 bias) LCD ........... Max. 96 segments (8 segments x 12digits)
@ 13 duty (1/3 bias) LCD ........... Max. 72 segments (8 segmentsx 9digits)
@ 1/2duty (172 bias) LCD ........... Max. 48 segments (8 segmentsx 6digits)
@ StaticlCD ..o, Max. 24 segments (8 segmentsx 3digits)

3.3.1 Configuration of LCD driver

S Internal Bus ) S

|

RAM display 3 2 1 0
data area EDSP DTY
OP1i8
. T fc/214
Display data select Control | Timijng  |<——
______________________ -4

Blanking Duty select Control | Control M

Control L I

TFFT T T iT T i T T T T I IrTTITTrorri
1 —>| Shift Register l
LCD Power Switch {}
& —»L Common driver I______>I Segment driver I

' 8ias Control lf} ____________ {:ﬁ] ﬁ ________________________ é

vViC
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3.3.2 Control of LCD driver
The LCD driver is controlied by the command register 1,2 (OP1A, OP1B).
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 1 0
DAB I l SLF | (Initial value 1000)
Base frequenc
Example: At fc=4.19MHz
0: fc/215 [Hz} ......... 128 {Hz]
1: fes216 L., 256
Designation of display data area I
47C221A 47C421A

000: I_ Reserved —I I_Reserved _l
001:  20-374 20-37y
010:  40-57y 40-57;
011:  60-77y 60-77y
100:  €CO-D7y 80-97y
101:  EO-F7y AD-B7y
110:  Reserved C0-D7y

Note. fc; Basicclock frequency [Hz] | 111: Reserved EO-F74

LCD driver control command register 2 (port address OP1B)

3 2 1 0
T T
EDSP DTY | (Initial value 0000)

LCD Display Control l

00: Designation of driving methods
01: Blanking

10:  Reserved
11:  LCDdisplay enable

Selection of driving methods

>100:  1/4 Duly (1/3 Bias)

00:  1/3 Duty (1/3 Bias)
10:  1/2 Duty (1/2 Bias)
11:  Static

L

Figure 3-2. LCD driver 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.

I( > [}
Vico — 5 /1 Vico — E i/
- ] - 1
1 1
) ; I_l—l ] ) ; 1.1
°C L_U__l . °C L.U__I Ooa
-Vico— ~Vieo —
I<— pata "1~ ! Data “0* { < pata”1” ->l< Data "0* —>I

(a) 1/4 Duty (1/3 Bias) Drive {b) 1/3 Duty (1/3 Bias) Drive
Ly ~ 1/ fg |
Vico — hlf,:l Vico —
o (‘ﬂ‘L
i
" Li’ L "
1
-Vico — -Vico —
| [———>] l<— Data “1* ——»l<— Dpata "0~ —>I
Data”1" Dalta"0"
(c) 1/2 Duty (1/2Bias) Drive (d) Staticdrive

Note. fr; LCD Frame frequency Vicp. LCD drive voltage (= Vpp-Vic)
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 .
Base frequency 174 Duty 1/3 Duty 1/2 Duty Static
fc fc 4 fc 4 fe fc
215 215 3 ) 215 2 : 215 215
Ex. at fc=4.19MHz 128 171 256 128
fe fc 4 fe 4 fc fc
214 214 3 ) 214 2 ’ 214 214
Ex. at fc=2.10MHz 128 71 256 128

Note. fc ; Basicclock frequency [Hz]

Table 3-3. Setting of LCD frame frequency
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(3) LCDdrive voltage
The LCD drive voltage (Vicp) 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
pin is connected to the VSS pin.
The LCD light only when the difference in potential between the segment output and common
outputis *Vicp, 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 common 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 "01g") 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
(1) Display data setting
Display data are stored to the
display data area (Max.24 words)

in the data memory. Address Bit 3 Bit2 Bitt . Bit0

The display data area is set using 32xDAB + 00y SEGO
DAB (bits 1 to 3 of command Ot . SEG!
register 1). During reset, the . O SEng
display data area is set to

addresses C0-D7y (47C221A) and

80-97H (47C421A).

The display data stored to the - : i
display data area are read  32xDAB+i6y s£G22
automatically and sent to the LCD B SEG23

. COM4a coM3 COM2 COM1
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. _ _ i
Therefore, display patterns can be drive methods Bit3 : Bit2 | Biti | Bit0
changed by only overwritting the : ; ;
contents of the display data area : : :
with a program. The table look- 1/30uty - icom3 | comz ! comi
up instruction is mainly used for : : :

1/40uly coMa  COM3 : COM2 | COMI

this overwriting. Figure 3-4 shows 1/ 2Duty i T comz comt
the correspondence between the Static - f - i - i comt
display da.ta area and ,the Note. - , Thedata memory bits that are not used for
SEG/COM pins. The LCD light storing display data

when the display data is "1" and Table 3-4. The data memaory 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.
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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.
@ The LCD driver issues a display data send request to the CPU
@ 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

usec.
SLF Driving method Frequency of data sending cycle insertion

0 Static drive 24 times in 4,096 instruction cycles
Except Static drive 24 times in 1,024 instruction cycles

. Static drive 24 times in 2,048 instruction cycles
Except Static drive 24 times in 512 instruction cycles

Table 3-5.  Frequency of data sending cycle insertion
(3) 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 level 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
(1) 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 fc/215{Hz] (display data area at
addresses 80-97). Setting of LCD drive method
LD A, #00008; Setsthe 1/4 duty drive. ;
out A, %0P1B | Setting of Frame frequency
LD A, #10008; Setting of base frequency. Setling of Display area in the
R . . data memory.
outT A, %OP1A ; Setting of display area in the
memory.
i it Setting of clear or initial value of
Se.zttlng of cle.ar orinitial value of dispiasafea i the dal memory.—l
display area in the memory.
LD A, #1100B; Display enable (Release of Display enable
blanking) (Release of blanking )

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 display 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 20-23.

LD HL, #0FCH :To set the DC

LD A, 10H

ST A, GHL+

ST #0TBL/16, @HL+

ST #DTBL/256,@HL+

LD HL, #20H ; Display of data corresponding
LDL A, @DC

ST A, GHL+

LDH A, @DC+

ST A, GHL+

DTBL: DATA 110111118, 000001108, 11100011B, 101001118, 001101108,
101101018, 111101018, 000101118, 111101118, 10110111B

. . Display data mem . . Display data memo
rr?lel;al Display AR — mNe‘:'aI Display e -
Upper Lower Upper Lower
0 / ’ 1101 1111 5 L. 1011 0101
it {
—— ——
1 : 0000 0110 6 ;‘] 1111 0101
L
ek {
2 { 1110 0011 7 ‘ 0001 0111
A
-t 1|
3 ‘ 1010 0111 8 i ‘ 1111 0111
W, W
.1 Ll
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 20-234.

LD HL, #OFCH : Tosetthe 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, @QHL+

RORC A

RORC A

ST A, GHL+

LDH A, @DC+

ST A, GHL+

RORC A

RORC A

ST A, @QHL+

DTBL: DATA 011101118, 001000108, 10010111B, 10100111B, 111000108,
111001018, 111101018, 011000118, 111101118, 111001118

Display data memory Display data memory
Nu- Nu-

meral | ypper Lower | Meral | ypper Lower
p|

+x(1 ax1] *x(1 *% 11
#x00 | #x10 | *x00 | **10

0 *xi] | #x10 | #+01 | #401
1

2 *x]Q | **01 | #«01 | 2*11

3

4

*ki1 ax1 *x( *x01
*+01 *x10 *x00 | **11
w11 ) et | xx01 [ watq
axfl [ 210 | #2071 | 211

*x10 | #2410 | #201 [ »e13
%11 **10 *x00 *x 10
Note. *; don't care

W e N

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

ABSOLUTE MAXIMUM RATINGS | (Vss=0V)

PARAMETER SYMBOL PINS RATING UNIT

Supply Voltage ' Voo —051t07 v

Supply Voltage (LCD drive), Vic ~0.5toVpp+0.5 v

Input Voltage Viy -0.5toVpp +0.5 \Y
Vouri | Except sink open drain pin -0.5toVpp+0.5

Output Voltage A
Vourz | Sink open drain pin -0.5t0 10

Output Current (per 1 pin) lour 3.2 mA

Power Dissipation  [Tgp =70C] PD 400 mwW

Soldering Temperature (time) Tog 260 (10sec) °C

Storage Temperature Ts\g. -5510125 °C

Operating Temperature Topr -30to 60 °C

RECOMMENDED OPERATING CONDITIONS | (Vss =0V, Topr= -301t0 70°C)

PARAMETER SYMBOL PINS CONDITIONS Min. Max, UNIT
In the Normal 45
operating mode . 6.0 v
Supply Voltage Voo inihe Hold E
operating mode 20
Vi | Except Hysteresis Input vDD x 0.7
VDD 2 4.5V v,
Input High Voltage ViHz | Hysteresis input VDD x0.75 oo v
Vinz® VDD <4.5V VDD x 0.9
Vi Except Hysteresis Input Vpp X 0.3
VDD =2 4.5V
Input Low Voltage Viiz | Hysteresis Input 0 Vppx0.25 | V
ViLs VDD<4.5V Vpp X 0.1
Clock Frequency fc . 0.4 4.2 MHz

Note 1. Input Voltage Viy3, Vitz :  in the HOLD operating mode.
Note 2. 1MHz is recommended as minimum freqency when SLF = 1. And 2MHz is when SLF =0.
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LD.C. CHARACTERISTICS (Vss =0V, Vpp=4.5t0 6.0V, Topr = — 30 to 70°C)

PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. [UNIT
Hysteresis Voltage Vus | Hysteresis Input - 0.7 - v
wn | Port X0, TEST, RESET, HOLD |Vpp=5.5V,
Input Current - - 12 HA
linz | Ports R4-R9 {open drain) Vin=5.5V/0V
Input Low Current I Ports R4-R6 (push-pull) Vpp =5.5V, Viy=0.4vV - - -2 | mA
Port KO with pull-up/
Riny . 30 70 150
Input Resistance : pull-down KQ
Riyz | RESET 100 220 450
Output Leakage lo |PortsR4-R9 {open drain) Voo = 5.5V, Vour = 5.5V - - 2 | A
Current
Qutput High Voltage Vou | Ports R4-R6 (push-pull) Vpop =4.5V, lon= — 200pA 2.4 - - A
Qutput Low Voltage VoL | Except XOUT pin Vpo=4.5V, lgL=1.6mA - - 0.4 v
Segment Output .
- Ros |SEGpin
gesmanctiJ — B 20 N KQ
ommon Outpu R COM pi
0 pin
Resistance c Vop=5V, Vpp-Vic=3V
Vo 3.8 4.0 4.2
Segment/Common
v .
Output Voltage o2 FSEG/COM pin 3.8 3.5 3.7 v
Vo 2.8 3.0 3.2
Supply Current - =
(in the Normal foo Vop=35.5V. Vic=Vss - 3 6 | mA
operating mode) fc=4MHz
Supply Current
{(in the HOLD ook Vpp = 5.5V - 0.5 10 pA
operating mode)

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

Note2. Input CurrentlIN1 : The current through resistor is not included, when the input resistor (pull-
up/ pull-down) is contained.

Note3. Output resistance Ros, Roc : indicates the on resistance during level switching.

Noted. Vo3 :indicates 2/3 level output voltage when driving at 114 or 1/3 duty.

Note5. Voy; :indicates 112 level output voltage for 1/2 duty or static drive.

Note6. Vousz:indicates 1/3 level output voltage when driving at 114 or 1/3 duty.

Note?. Supply Current : Vi =5.3V/0.2V.
The voltage applied to the port R is within the valid range Vi or Vi.
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| A.C. CHARACTERISTICS | (Vss =0V, Vpp=4.510 6.0V, Topr= ~ 3010 70°C)

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

External clock mode 80 - - ns
Low level Clock pulse Width twel
Shift data Hold Time tson 0.5ty - 300 - - ns

Note. Shiftdata Hold Time:

External circuit for SCK pin and SO pin Serial port {completion of transmission)
vDD
R4 1.5V
10K
tsoH
F
I o X X X Frov
[ RECOMMENDED OSCILLATING CONDITIONs | (V55 =0V, Voo =450 6.0V, Topr= =300 70°C)
XIN XOuT
(1) AMHz
Ceramic Resonator
CSA4.00MG  (MURATA) CxiN = CxouT = 30pF AMHz
KBR-4.00MS  (KYOCERA) CxIN = Cxourt = 30pF c c
Crystal Oscillator X'N/J; ;7[,' xout
204B-6F 4.0000 (Tovocom)  Cxin =Cxout = 20pF
(2)  400KHz XIN XQuT

Ceramic Resonator
CSB400B  (MURATA) Cxin = CxouT = 220pF, Rxout =6.8KQ R
KBR-400B (KYOCERA)  Cxin = Cxout = 100pF, Rxout = 10KQ 400KHz xout
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TYPICAL CHARACTERISTICS

R-Ta KO port R R—-"Ta RESET pin
(K v;)p=5.5v KD yv=5.5v
100 // 400
% < 300 —
//
50 200
]
100
0 Ta 0 Ta
-40 0 40 80 (°C) —-40 0 40 80 (°C)
IoH~VoH CMOSR port | IIL—-VIN CMOSRport
Ton It
Vpp=4.5V A Von=5.5V
wA) \\ Ta=25°C (wA) Ta=256°C
—400 =800 =
\\
—-300 ~600 \
-~ 200 —400
~100 \ —-200 \
0 Vour G Vin
2 4 G (V) 2 4 6 (V)
To.-VoL R port
o (T
A) Von=4.
(mAN 22 g0
8 4
¢ 7
4
2
0 Vor,
0.1 0.8 1.2(V)
: Inn—-Vop . Ipp—fc
non )
AN Ta=25° A} Vob=56.5V
(mA)|Ta=25°C (AN 22 550
4 4
3 3
fe=dMllz
2 2 /
i 1 /
fe = dOUK 2 LU
0 e e Vop 0 fc
3 b 1 V) 0.1 0.4 1 4 10 (M112)
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INPUT/OUTPUT CURCUITRY
(1) Control pins :
Input/Output circuitries of the 47C221A/421A control pins are similar to that of the 47C200A/400A.
(2) 1O Ports
The inputioutput circuitries of the 47C221A/421A 1/0 ports are shown below, any one of the
circuitries can be chosen by a code (GA-GF) as a mask option.

PORT /] INPUT/OUTPUT CIRCUITRY and CODE REMARKS
GA, GD GB, GE GC, GF
pull-up/pull-down
vDD R resistor
KO Input R Rin
<+w—{] N Ry Ry = 70KQ (typ.)
R = 1KQ(typ.)
GA, GB, GC GD, GE, GF
Initial “Hi-2" Initial “High" vbD Sink open drain or
push-pull output
R4 [ | {>O . D
RS 1{e] R LI ol
R6 <] 7 ] R=1KQ (iyp.)
ped
~J
) Sink open drain
) I output
R7 o R Initial “Hi-Z"
! R = 1KQ(typ.)
\' ¥
Sink open drain
) | output
R8 R Initial "Hi-Z"
110
R9 /\ﬂ} Hysteresis input
R = 1KQ (typ.)
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CMOS 4-BIT MICROCONTROLLER
TMP47C921AG

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.

MM~ Wwwn MmN —- O
PINASSI(GNMENT) 333333333§55§§§£§§5
TOP VIEW hnuwnnenan
' ocer PEEEEERRERRREEEAH
5150 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33
segy <«—— [ s 32— <> g51
$£GI0 <—[ 153 BOOOBOR® 31 [ -> gso
SEGTY ~— [ 154 a-ylgeune 30 [ <> Ra3
AB -Vl sl == 15
SEG12 ~—[—Jss @ <(<20<U L) — i T:V]
vee @ @
SEGI3 =——[ls6 28 [ ~> RraY
vee @ (O]
SEG1s ~—[—]s7 27 [ => Rao
vee @ . @NC
voo —>[—dssg NC 26 1 -<— vDD
() @ GND .
SEGIS <—[]s9 25 [ <> R92(5CK)
ver (D Onr
sEGle -—— 6o 24 [T <> R91{50)
b vee @ . ®n
SEG17 <— (et A @ e N~ Y ®n 23 [J => R9o(s1)
seG1s <—[e2 dddddad 2 22 T3 <> Re3(m)
SEGIS <—[ 63 o OOOOOOO® 21 [C1 <> Re2WTH
SEG20 <—[—""Je6a 20 ] > R81(T2)

=
=
>
E
3
&
3

SEG21 ~—[—}~
SEG22 ~—[—~
SEG23 ~——[—Jw
COM1 ~—[—1»
COM2 ~—[—1wn
COM3 ~—[—J o
coms ~—C—]~
yLe— =
vss = w
XIN—["15
XOUT =e— [
KOO ~» [ ]
Kol — %
K02 — [
K03 —
TEST —» [
—
—
—

EIS N
o [u |-
alef
o IQ ol
4 O
QO @
I o
PIN FUNCTION (Top of the package)
PIN NAME tnput / Output FUNCTIONS
All -~ A0 Quiput Program memory address oulput
17 ~ 10 Input Program memory data input
CE Chip enable signal output
— Qutput
[e]3 Output enable signal output
vCC + 5V (connected with VDD)
Power supply
GND 0V (connected with VSS)
A.C. CHARACTERISTICS
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. UNIT
Address Delay Time tap Vs =0V, Vpp =4.510 6.0V - - 150 ns
Data Setup Time tis Cp=100pF 150 - - ns
Data Hold Time tin Topr= -301t0 70°C 50 - - ns
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NOTES FOR USE

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

256K 256K 256K
0000y 0000y 004
: oF Zero-page
; = P e S e
Don‘tuse Don't use ;
; 5 7F
7600 7000 80
: Program Don'tuse
77FF Program :
7800 C;O
: Don't use : Data area
7FFF 7FFF FF
(a) 47C221A (b) 47C421A
Figure 1. Programarea . Figure 2. RAM addressing

(2) Data memory
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 004 -
7FR and COy - FF as shown in Figure 2.

(3) 170 ports
Input/Qutput circuitries of I/O ports in the 47C921A are similar to the code GA of the 47C221A/421A.
When this chip is used as evaluator with other /O code, it is necessary to provide the external
resistors.

i i
i | 10KQ
1 1
A 70KQ i Ko port
| R4, RS, R6 port

T KOport i 70KQ i
: ) :

o .3 od

(a) Code:GB (b) Code:GC (¢} Code:GD
"1: 1 KO port
L2 70k0 <—wW E]
70K
KO port

1
'
1
1
|
]

R4, RS, R6 port —>o—]

R4, RS, R6 port

1 [}
) '
1 |
1 |
] ]
| ]
1 1

-—d -ed

(d) Code:GE (e) Code:GF

Figure 3. 1/0 code and external circuitry
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