TOSHIBA TMP47C456A/956A

CMOS 4-BIT MICROCONTROLLER
TMP47C456AF

The 47C456A is a high speed and high performance 4-bit single chip microcomputer based on the TLCS-47
CMOS series. The 47CA56A has LCD driver, DTMF generator and large-capacity RAM for repertory dial, which
is suitable for application in telephones. The 47C456A has two oscillation circuits. It is possible to switch the
operating mode ; high speed operatio.. ~d low power consumption operation.

PART No. ROM RAM PACKAGE PIGGYBACK
TMP47CA56AF | 4096 x 8-bit 768 x 4-bit QFP80 TMP47CO56AG
FEATURES
QFP80

4 4-bitsingle chip microcomputer

#Instruction execution time :
8.3ps (at 960KHz), 244us (at 32.8KHz)

+ Low voltage operation : 2.7V min.

#90 basicinstructions

4 Table look-up instructions

+Subroutine nesting : 15 levels max.

#6interrupt sources (External : 2, Internal : 4)
All sources have independent latches each, and multiple
interrupt control is available.

#1/0 port (34 pins)

. Input 1 port 4 pins TMPA7C456AF
e /O 7 ports 27 pins
e Qutput 1port 3 pins

®Interval Timer
¢ Two 12-bit Timer/Counters
Timer, event counter, and pulse width measurement mode QFC80
¢ Watchdog Timer
¢ Serial Interface with 4-bit buffer
External/internal clock, and leading/trailing edge shift
mode
¢ LCD driver (automatic display)
¢ LCDdirectdrive (Max.16-digit display at 1/4 duty LCD) )
e 1/4,1/3, 1/2 duties or static drive are programmably

selectable. «,i\,,»
. 2 A -’“\-‘&\3
¢ DTMF (Dual Tone Multi Frequency) autput )))})'J).Iwﬁ@g&g\
. . . SIS
¢ DTMF output with one instruction é“k“*
¢ Single tone output function TMPA7CISEAG

®RAM forrepartry dial : 768 x 4-bit max.

¢ BEEP output function

¢ Dual-clock operation
High-speed/Low-power-consumption operating mode

¢ Real Time Emulator : BM47216A
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TMP47C456A/956A

PIN ASSIGNMENT (TOP VIEW)
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TOSHIBA TMP47CA56A/956A

PIN FUNCTION

PIN NAME Input/Output FUNCTIONS
K03 - KOO input 4-bitinput port
o -bi i h. .
R33 (WTO) V0 (Qutpuy | EIEVO portwithlate Watchdog timer output
e When used asthemput port, the latch must be oo
R32 - R30 Iie] setto “1".
R43 - R40
R53 - RS0 4-bit VO port with latch.
o]

R63 - R&D When used as the input port, the latch must be set to “1".
R73 - R70
R83(T1) 4-bit I/ port with latch. Timer/Counter 1 external input
........................... When used as the input port, external
R82 (INT1) External interrupt 1input
........................... !/O(lnput) intefruptinput pin‘ Ortimer/COUnteflﬂput pin' f e et eeaeir e st e e e Rt g e et
R81(T2) the tatch must be set to "1". T|mer/Counter2externaIlnput ,,,,,,,,,,
R8O (INT2) External interrupt 2 input
R92 (SCK) 1O (110} 3-bit I/Q port with latch. Serial clock O
! T POUR DU When used as the input port or serial port, the |~ "
R91 (S0} /O (Output) Serial data output
N I latch must be set to “1".
RIQ (51) 11O (Input) Serial data input
P142-P141 Qutput

REREEEEEEEE e o] 3-bit /O port with latch
P14Q (BEEP) Output (Qutput) BEEP output
SEG31-5SEGO LCD Segment driver output
.................. Output
COM4 - COM1 LCD Common driver output
TONE Qutput Tone output
XIN Input Resonator connecting pins (Righ-frequency).
XOuUT Output Forinputting external clock, XINisused and XOUT is opened.
XTiN Input Resonator connecting pins {Low-frequency).
XTOUT Output Forinputting external clock, XINis used and XOUT is opened.
RESET Input Resetsignal input
TEST Iant Test pin for shipping test. Be opened or fixed Lo low level.
VDD +27Vt0 6.0V
WSS Power Supply OV (GND)
VLG LCD drive power supply
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TOSHIBA TMP47C456A/956A

OPERATIONAL DESCRIPTION
Concerning the 47C456A, the configuration and functions of hardwares are described. Asthe description
has been provided with pricrity on those parts differing from the 47C400A, the technical data sheets for

the 47C400A shall also be refered to.

1. SYSTEM CONFIGURATION
Data Memory

—_

m

(2) 1O port

(3) System Clock Controller
(4) interval Timer

(5} Timer/Counter (TC1, TC2)
(6) Serial Interface

(7) LCD Driver

(8) DTMF Generator

(9) BEEP Qutput Circuit
(10) Watchdog Timer

2. INTERNAL CPU FUNCTION

2.1 Data Memory
The 47C456A data memory consists of a 768 x 4-bit RAM. First 256 x 4-bit RAM is the same as the data
memory built into the 47C400A, so refer to the technical data sheets for the 47C400A for an expianation
of the operation. Extended 512 x 4-bit RAM is mainly used for storing repertory diaiing data and is
controlled by the RAM address register, RAM data buffer register and TONE/RAM command register.

Command | CE Control RAM Data Buffer
Register RIW Register
(OPOD} Circuit {IPQC/ OPOC)

5 DO
§

L1}
- D3
"
_ (OPOA)

N COLUMN
(o]
o AQ-A3 Data VO Circuit
o Decoder
v
@ @
b (OPOB)

ROW Memory Cell Array

< [ Asa7 :> )
s I Decoder (512 x4-nt)
< (0P12)
o« A8

Figure 2-1. RAM Block Diagram
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TOSHIBA TMP47C456A/956A

(1) RAM (512 x 4-bit} Address Register
The RAM address register is @ 9-bit register to specify addresses for the RAM data memory. The
upper 1 bit is accessed with port address OP12, the next 4 bits are accessed with the port address
OPO0B/IPOB and the lower 4 bits are accessed with port address OPOA/POA.
These registers are initialized to “0" during reset.

{Port address OP12)
J3 2 0

{initial value ***0})

{Port address QPOB /IPOB) (Port address OPOA/ IPOA)
3 2 1 0 3 2 1 0
A7 A6 | as [ as ] LAz A2 Al a0 |
{Initial vatue 0000} {Initial value 0000)

Figure 2-2. RAM Address Register

(2) RAM (512 x 4-bit) Data Buffer Register
The RAM data buffer register is a 4-bit buffer register to read or write RAM data. When writing data
to RAM, it is accessed as port address OPOC. Port address IPOC is used for access when reading data

from RAM.
(Pgrt address OPOC/IPOC)
3 2 1 0
D3 D2 D1 Do

Figure 2-3. RAM Data Buffer Register

(3} RAM (512 x 4-bit) Command Register
The RAM command register (OPOD/IPOD) controls the reading or writing data, and whether RAM is
to be accessed or putin stand-by made. This register is accessed as the port address OPOD/IPOD. The
RAM command register is also used as the TONE command register.

(Port address QPQOD/tPOD)
3 2 1 0

STE) T Rw CE | Onitial value 0+00)
Controls RAM l

*0: Stand-by mode
G1: Read mode

Note 1. +, don’t care 11:  Write mode
Note 2. “17is always read out when the STE -
bit s read.

Figure 2-4. RAM Command Register
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TOSHIBA TMP47C456A/956A

2.1.1 Access for RAM (512 x 4-bit)
To write data to RAM; load the address into the RAM address register and the data into the RAM data
butfer register (OP0OC) , then put the RAM command register in the write mode. The data will be written
to the specified RAM address by this operation.
The data are latched in the RAM data buffer register, therefore, RAM data buffer register operation is
not necessary when the same data are written continuously.
To read data from RAM, set the RAM command register to the read mode and load the address into the
RAM address register, then read the data via RAM data buffer register (IPOC) . Data are not latched in the
RAM data buffer register.

Example 1:To write data “9” to address 182 and data 7" to address 15AH in RAM,

LD AL #H1 ; Setsdata "1824" to RAM address register.
out A %0P12

ouT #8,%0P0B

ouT #2 ,%0P0A

out #9,%0P0C ;. Writes data “9" to RAM data buffer register.
ouTt #0011B,%0P0D ; Sets RAM to write mode.

out #0010B,%0P0OD ; Sets RAM to stand-by mode.

ouT #5,%0P0B ; Setsdata “15AH" to RAM address register.
out #OAH,%0POA

ouT #7.,%0P0C . Writesdata “7" to RAM data buffer register.
out #00118,%0P0D ;. Sets RAM to write mode.

ouT #00108,%0P0D ; Sets RAM to stand-by mode.

Example 2: To write data "0” to address 120y through 1274 in RAM.
ouT #0,%0P0C . Writesdata "0" to RAM data buffer register.

LD AL #O ; Setsdata "1204" to RAM address register.
ouT #1,%0P12
ouTt #2 ,%0POB
ouT A %0POA
ouT #00118,%0P0D . Sets RAM to write mode.
SLOOP :CMPR ALHT ; Increases address register.
TESTP ZF
B SWEND
INC A
ouT A %0POA
BR SLOOP
SWEND :0QUT #00108,%0P0OD ; Sets RAM to stand-by mode.

Example 3 : To read data from address 0B 1y in RAM and store to Accumulator.

ouT #0001B,%0P0OD . Sets RAM to read mode.

LD AL#0 ; Setsdata "0B14"to RAM address register
QuT A,%0P12

ouT #0BH,%0P0B

ouT #1,%0P0A

IN %IPOC . A . Reads data from RAM and stores to

Accumulator.
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TOSHIBA TMP47C456A/956A

3. PERIPHERAL HARDWARE FUNCTION
3.1 /O Ports
The 47C456A has 9 ports (34 pins) each as follows :
(M KO i 4A-bitinput

2 R3 ;  4-bitinput/ioutput

(3 R4, RS,R6,R7 ; 4-bitinput/output

@) R8 ;  4-bitinput/output (shared by external interrupt input and
timer/counterinput)

® R9 i 3-bitinputoutput (shared by serial port)

® P14 ; 3-bitoutput (P140isshared by BEEP output)

The port KO, R3 and P14 of the 47C456A differ from those of the 47C400A. The 47C456A does not have
the portP1and P2.
Table 3-1lists the port address assignments and the I/O instructions that can access the ports.

(1) PortKQg(K03-K00)
The 4-bit input port with puli-up resistors.

Port KO (Port address  1PQQ) Voo
3 2 1 0 IN/TEST/TESTP
[ KO3 1 K02 KO1 K00 Input data /\]Ll EP]N

Figure 3-1. Port KO0

{2) PortR3(R33-R30)
The 4-bit /O port with latch. When used as an input port, the latch must be setto "1“. The latch is
initialized to “1" during reset.
INJTEST/TESTP

~J
SET/CLR

Port R3 (Port address QP03 /1P03) Input data

—-—————4

3 2 1 0

L R33 [ R32 J R31 l R30 Outputdata —»| LATCH ]

Figure 3-2. PartR3

(3) PortP14(P142-P140)
The 3-bit output port with latch. The latch is initialized to "1” during reset. The pin P140 is shared
by the BEEP cutput. When used as the BEEP output, the latch must be set to “ 1.

,
Port P14 (Port address OP14)

3 2 1 0
FOSRIE. SO . Output dat LATCH
; P142 P14} P140 viputdate ‘ PIN
: (BEEP)
RIS Control output

Figure 3-3. Port P14
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TOSHIBA TMP47C456A/956A

2.2 System Clock Controller
The 47C456A has two oscillation circuits with a high-frequency clock and a low-frequency clock. Power
consumption can be decreased by switching to low-speed operation using the low-frequency clock when
necessary (dual clock operation) . The high-frequency clock can be obtained by connecting an oscillator
to the XIN and XOUT pins; the low-frequency clock can be obtained by connecting the oscillator to the
XTIN and XOUT pins.

2.2.1 Circuit Configuration
Figure 2-4 shows the configuration of system clock cantroller.

. r---Clock emeny
! ! Generator !
XIN ! H ! fc
” ' . . ]
5 — ! High-frequency H Timing System clock
| 1 1
” T [j ! clock oscillator : Generator Controller
[ 1
XOUT T '
o IR
i i 1
XTIN ! ! System clock
” DI E]‘ :' Low-frequency E fs OP16  IPOE
” T D‘ : clock oscillator H Fomres
et ] Lemmem e
XTOUT 7~ 4 ' .
777 ! e ket 4 Clock Generator control Command register Status register

Figure 3-4. System Clock Controller

2.2.2 Dual Clock Operation Controller

Dual clock operation involves twe modes : Normal operating mode using the high-frequency clock, and
SLOW operating mode using the low-frequency clock. Both oscillators start operating when the poweris
turned on, after which the Normal operation is selected automatically. The high-frequency clock stops
oscillating when a command is issued to switch to the SLOW operation. Operating mode switching is
performed using the command register (OP16) . The status of the low-frequency clock and the current
operating mode can be monitored using the status register (IPOE) . Figure 3-5 shows the operating mode
transitions, and Figure 3-6 shows the command and status registers.

(1) Operating Mode Transmission

Command SLOW
Operating
Command mode

Normal
Operating
mode

High-freq.: Osciliating
Low-freq. : Osciliating

High-freq. : Stopped
Low-freq. : Oscillating

Reset release

Reset
Operation

High-freq. : Oscillating
Low-freq. : Oscillating

Figure 3-5. Operating Mode Transmission Diagram

100290
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TOSHIBA TMP47C456A/956A

(2) Operating Mode Control

System ciock control command register {Port address OP16)

3 2 1 0

LF DwuT (Initial value 0000}

Selects operating modq

00: Normal operating mode
0t: SLOW operating mode

1*x: Reserved

Sets warm up time

{(Example) Atfs=32.768KHz
00: Reserved
Note 1. = | don't care 01: 28/fs

Note 2. fs ;| Low-frequency clock (Hz] e 20171

System clock control status register ( Port address  IPOE)

3 2 1 0

[ (SIOF) (SEF) I SMF SLS ’

Low-frequency clock oscillating state

0: Notosdillating or unstable oscillation

1: Stable oscillation

|

Qperation state monitor

0: Inthe Normal cperation

1: Inthe SLOW operation

Figure 3-6. Command register and Status register

Note 1. The following operations and functions cannot be used in the SLOW operation
therefore, this must be taken into consideration in programming.
() Timer/Counter 4096Hz (at fs =32.8kHz) count operation f{can be used with other count
rates) .
2 Interval timer interrupt 4096Hz (at fs = 32.8kHz) operation (can be used with other timer
rates).
3 Serial Interface
‘4; VFT drive circuit

s

Note 2. The power consumption of the oscillator and internal hardware is decreased in the SLOW
operation, but power consumption through pin interfaces (dependent on the external
circuitry and program; may prevent overall low power consumption operaticn ;
therefore, caution is necessary during system design and interface circuit design.
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TOSHIBA TMP47C456A/956A

{3) Operation mode switching

The following procedure is used to switch between the Normal operation and the SLOW operation.

The Normal operation is selected during reset. Also, the current operating mode can be checked by

monitoring SLS (status register bit 0) .

a.Switching from Normal operation to SLOW operation

After monitoring SMF (status register bit 1) by program and confirming that the lfow-frequency
clock is stable, set bit 2 of the command register to “1" . The high-frequency clock will then stop.
Also, after switching from Normal operation to SLOW operation (accessing the command
register) , execute the NOP (No Operation ) instruction.

b.Returning from SLOW operation to Normal operation
When bit 2 of the command register is cleared to “0” , the warm-up time must be set in DWUT.

When the set warm-up time elapses, operation is switched to the Norma! operation.

Example 1: Normal operation — SLOW operation

SSMF : TEST %IPOE, 1 ; To wait untit SMF goesto “1*
B SSMF
LD A, #01008 ; Selects SLOW operating mode
ouT A, %0P16

NOP ; No operation

Example 2 . SLOW operation — Normal operation
LD A, #0001B . Selects Normal operation and sets warm-up
ouT A, %0P16 time (7.8ms)

{4
H

High-freq. clock
{XOUT)

Low-freq. clock
{(XTOUT}
. §
Basic clock ||||||||||||

Normal operation ——|<—— SLOW operation - Normal eperation
Changed to the SLOW Changed to the Normal Warm-up
operating mode by program. operating mode by program.
SLS

Figure 3-7. System Clock Switching Timing
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TOSHIBA TMP47C456A/956A

3.3 Interval Timer

3.3.1 Configuration of Interval Timer
The interval timer is configured with a 15-stage binary counter and inputs the oscillation circuit output
(fs) for the low-frequency clock; therefore, the final stage output is fs/215 [Hz]}. This interval timer is
cleared to “0" during reset.
Also, “fs” is input directly into the interval timer; therefore, the interval timer interrupts, timer/counter
and LCD driver wili not cperate normally if the low-frequency osciilation is not stable.

H
fs [Hz] 1)2i3|als|e|7]8]9]t0f11{12]13|1a]15

AR

Figure 3-8. Interval Timer
3.3.2 Interval Timer Interrupt (ITMR)
Constant-frequency interrupts can be generated using the interval timer, Four different frequencies can
be selected for interval timer interrupts using the command register (OP19). The command register is
alsoinitialized to 0" during reset.
Aninterval timer interruptis generated at the first rising edge of the binary counters output after the
command is set to the command register.

Interval imer interrupt control command register (Port address OP19)

3 2 1 0
| ? ' ' (Initial value 0000)
Example : At fs = 32.768kHz
Notei. * . don'tcare —IT)O" . Interrupt disabled
0100: Interrupt frequency fs/23[Hz] -+ 4096 [Hz]
f . Low-frequency clock {Hz] 0101: Interrupt frequency fs/24  weeeeee 2048
Note?. ;  Operation of fs/ 23 [Hz] cannot be 0110: Interruptfrequency fs/2% - 1024
) ) 0111:  Interrupt frequency fs/214  «eoeeee 2
used in the SLOW operation txx% : Reserved

Figure 3-9. Command Register
3.4 Timer/Counter

The timer/Counter of the 47C456A is operated by a low-frequency clock (fs); therefore, the following

operating frequencies differ from those of the 47C400A.
‘1. Internal pulse rate.
20 Maximum frequency applied in the event counter mode.
‘3 Drop ratic of instruction execution time when the timer is used.

(1) Internal pulse rate

Theintrnal pulse rates shown in Table 3-2 can be selected by setting the values of the lower 2 bits of
the TC1 and TC2 control command registers (OP1C, OP1D).

The values of At fs=32.768KHz
lower 2 bits Internal pulse rate Max. setting time —
- (bn:tf, O) internal pulse rate | Max. setting time
00 fs /23 [Hz} 215/ 1s [sec] 4096 [Hz] 1 [sec]
01 fss27 219/ 4s 265 16
10 fg/ 211 223/ 1s 16 256
11 fs/ 215 227/ fs 1 4096

Table 3-2. Internal Pulse Rate
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TOSHIBA TMP4ATC456A/956A

{2) Maximum frequency applied in the event counter mode.

Nornal

i SLow
operating —
r mode B operating mode
a  Inl-channeloperation ............... ... fc/32 [Hz) fs/32 [Hz)
b. In 2-channel operation TC1 .. fe/32 fs /32
TC2 .. fc/40 fs/40

(3) Drop ratio of instruction execution time when the timer is used.
With the 47C456A, count aperation is inserted in the ratio of once per [{basic dock frequency) /23]
/{internal pulse rate ) instruction cycle; therefore, execution speed drops as follows:

{basic clock frequency)/ 23
100+ { -1} %
{internal pulse rate)

Example 1: When fc = 960KHz and fs = 32.8kHz in the Normal operation and the internal pulse rate
s/23 is selected, count operation is inserted once per each cycle of 29 instructions;
therefore, there is a drop of 100/28 =3.57% for an instruction execution speed of
8.3us.

Example 2. When fs = 32.8kHz in the SLOW operation, and the internal pulse rate fs/211 is selected,
count operation isinserted ence per each cycle of 256 instructions; therefore, thereisa
drop of 0.39% for an instruction execution speed of 244ps. In addition, when the basic
clock is obtained frem "fs” (SLOW operation), count operation cannot be used with an
internal pulse rate of fs/23.

3.5 Serial Interface
When operating using the internal clock, fs/22 [Hz] is used as the serial clock. Consequently, when
operating at fs = 32.768kHz, the maximum transfer rate is 8192bit/sec. When the reading and writing of
serial data cannot follow this clock rate, the serial clock is automatically stopped and the next shift
operation stands by untill the processing is completed.
External clock can be used in the same way as for the 47C400A. The serial interface cannot be used in the
SLOW operating mode.

3.6 LCD Driver
The 47C456A has circuit that directly drives the Liquid Crystal Display (LCD) and its control circuit.
The 47C456A has the following connecting pins with:
U Segment output 32 pins (SEG31-SEG1)
2 Common output 4 pins (COMA4 - COM1)
inaddition, VLC pin is provided as the drive power pin.

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

) 1/4duty(1/3 bias) LCD ...... ... Max.128 segments {8 segments X 16 digits)
2. 1/3duty(1/3bias)LCD ......... Max.96 segments (8 segments x 12 digits)
3 1/2duty(1/2bias) LCO ......... Max.64 segments (8 segments x 8 digits)
4y StaticlCD ..o Max.32 segments (8 segments x 4 digits)
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2.6.1 Circuit Configuration
Figure 3-10 shows the configuration of the LCD driver.

S Internal Bus S
3 2 10
T T
l EDSP | DTY | fs/29 RAM
OP1B Display data area
i i
D Timi .
wty ' 'ming ‘ Display data select control
control | control ]
: ]
‘ll]lllillllll!l]‘llll
Blankin . .
> cgrr;tr]olg Display data buffer register
Power switch K)

g’ . & —>[ Common driver I Segmentdriver ]
Bias control % %

VLG COM4 COM1 SEG23 SEGO
Figure 3-10. Configuration of LCD Driver

2.6.2 Control of LCD Driver
The LCD driver is controlled by the command register (OP1B).

LCD driver control command register  (Port address OP1B)
3 2 1 0
EDSP oTY {Initial value  0000)

LCD display control

00 : Designation of driving methods
0! : Blanking

10: Reserved

11: Enablesdisplay

Selection of driving methods

00: 1/4duty(1/3bias)
01: 1/3duty(1/3bias)
10: 1/2duty(1/2bias)
11: Static

Figure 3-11. LCD Driver Control Command Register
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(1) Driving methods of LCD
4 kinds of driving methods can be selected by DTY (bits 1 and 0 of command register).
Figure 3-12 shows driving waveforms for LCD.

- 1/fp |

Vico — i _ﬂ Vico — E 171
- M - rﬂ— .
°- LU__ i . ¢ L_U_l OO
- Vi -— -Vieo _—

l*— pata *1" — >l — patag* —>! I< Data"1" ==l= pata"0" —=l
{a) 1/4duety(1/3bias) drive (b) 1/3duty (1/3 btas) drive
lt—2m | b 1/ fp >

Vico — Y fe Vieo =
, | | ‘
- ) '
] 1
1
] o _
i

- Vi ) , -Vico —
| ! | l«— pata “1” ——>t=— pata "0" —I

Data“1" Data"0"
(c) 1/2duty (1/2bias)drive {d) Staticdrive

Note.: fr; Frame frequency  V ¢p; LCD drive voltage (=Vpp-V i ¢)

Figure 3-12. Driving Waveform for LCD (Voltage between COM-SEG)

(2) Frame frequency
The frame frequency is set accoding to the driving method and base frequency asshown in Table 3-3.
The base frequency is given by the Interval Timer.

: Frame Frequency [Hz]
Base Fleth 1/ 4duty 1/3duty 1/2duty static
Frequency[Hz}
fs fs 4 fs 4 fs fs
2 2 R 2 29
...... Atf5232768KHz 64 85 128 64

fs ; Basic clock frequency [Hz]

Table 3-3. Frame Frequéency Setting

(3) LCDdrive voltage
The LCD drive voltage (Vi cp) is obtained from the difference in potential (Vpp-Vi¢) between pins
VDD and VLC. Thus, when the CPU operating voltage and LCD drive voltage are the same, the VLC
pin isconnected to the VSS pin.
The LCD light only when the difference in potential between the segment output and common
outputis £V cp, 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 isturned on to supply VLC voltage to the LCD driver by setting EDSP (bits 2 and 3 of
the command register) to “115". After that, the power switch will not turn off even during blanking
(setting EDSP to “01g") and the VLC voltage continues to flow.
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3.6.3
(M

Address

LCD Display Operation

Display data setting
Display data are stored to the display data area (Max. 32 words) in the data memory.
The display data stored to the display data area are read automatically and sent to the LCD driver by
the hardware.
The LCD driver generates the segment signals and common signals in accordance with the display
data and drive method. Thus, display patterns can be changed by merely overwriting the contents of
the display data area with a program. The table look-up instruction is mainly used for this
overwriting.
Figure 3-13 shows the correspondence between the display data area and the SEG/COM pins. The
LCD light when the display data is “1” and turn off when "0".
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.

Bit3 Bit2 Bit 1 Bit0Q

204 SEGO
21y SEG1

22 $EG2

364 SEG22 ) ; : :

Figur

(2)

3.6.4
(M)

Driving Method Bit3 ! Bit2 | Bit1 | BitO

1/4duty COM4 : COM3 ; COM2 : COMI

1/3 duty - icom3 | comz | comt

1/2 duty - - {com2 i ocomi

cOM4  COM3  COM2  COM! Note. - ; This bitis not used for display data.
e 3-13. Display Data Area and SEG/COM Table 3-4. Driving Method and Bit for Display Data

Blanking
Blanking is applied by setting EDSP to "01g" and turns off the LCD by outputting the 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.
Atstatic 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 Vi cp/2 level
when turning off the LCD by blanking, so the COM and SEG pins are then driven by Vi ¢p/2.

Control Method of LCD Driver T
Initial Setting

Flow chart of initial setting is shown in Figure 3-14. Setting of LCO drive method

!

Example: Driving of 1/4duty LCD o .
Initialize of display data area

LD A, #0000B ; Sets1/4dutydrive

OUT A, %0P18 {

: ; Initializes display data area Enable display

: (Release of blanking)
LD A, #1100B , Enabledisplay (Relese of blanking) @

ouTt A, %0P1B _ -
: Figure 3-14. Initial Setting

of LCD Driver
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(2) Display Data
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 numerical 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 3-15 and the display data are as shown in Table 3-5.
Programming example for displaying numerals corresponding to 8CD data stored at address 104 in
the data memory is shown below. The display data area is at addresses 20 and 214,

LD HL, #OFCH ; Setsthe data counter
LD A, 10H
ST A, GHL+
ST #DTBL/16 ,@HL+
ST #DTBL/256,@HL+
LD HL, #20H ., Storesdisplay data
LDL A, @0C
ST A, GHL+
LDH A, @DC+
ST A, GHL+
DTBL : DATA 110111118, 000001108, 111006118, 101001118, 001101108,

101101018, 111101018, 000101118, 111101118, 101101118

Numeral Display Display data Numerat Display Display data

Upper Lower Upper Lower

0 ,’ : 1101 1111 5 L‘ 1011 0101
. [ ] -

1 : 0000 0110 ) :"‘l 1M 0101
o i

2 f 1110 0011 7 ‘ 0001 0111

N

| I_{

3 4 1010 0111 8 i ' mnm 01n
R .
1 1

4 0011 0110 9 ™ 1011 0111
!

Table 3-5. Example of Display Data (1/4 Duty)
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Table 3-6 shows the same numerical display used in Table 3-5, but using 1/2 duty LCD. The connections
of the COM and SEG pins to the LCD are the same as those shown in Figure 3-17.

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 through 234.

LD HL, OFCH ; Setsthe data counter
LD A, 10H

ST A, @GHL+

ST #0TBL/16, GHL+

ST #DTBL/256, @HL+

LD HL, #20H , Storesdisplay data
LDL A, @DC

ST A, GHL+

RORC A

RORC A

ST A, GHL+

LDH A, GDC+

ST A, @HL+

RORC A

RORC A

ST A, GHL+

DOT8L : DATA 011101118, 001000108, 100101118, 101001118, 111000108,
111001018, 11110101B, 011000118, 11110111B, 111001118

Display data Display data

Num Num

eral [ ypper Lower | @l | ypper Lower
0 *x01 | **11 | =x01] =211 5 *a11 ] *x10] *x01 ] *+01
1 *x ()0 *» 10 »*(0 wx 10 5 *x 11 *wlt **()1 ax(}1
2 #2110 ] 210 *=01| =x11 7 *x01 [ *x10 | *»00| =»11
3 *% 10 *+(1 *x(1 *xl1 8 wx1 %11 *x01 wn]]
4 *x11 | #«1Q} «*00f »x310| 9 * 11 *x10 [ *=Q1 ] »x11

Note. = don’tcare

Table 3-6. Example of Display Data (1/2 Duty)
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3.7 DTMF Generator
The 47C456A has a DTMF (Dual Tone Muiti Frequency) generator which generates dialing signals for tone
dialing type telephones. There are two groups of tone dial signals, one group of 4 sine wave low
frequencies and another group of 4 sine wave high frequencies. All of these frequencies can be selected
individually and combined with a frequency from the other group for a total of 16 different DTMF
composite waves,

3.7.1 Configuration of DTMF Generator
Figure 3-19 shows configuration of the DTMF generator . The 47C456A generates two stepped, quasi
sine waves for tone dial signals which can be combined and output. The high or low group of
frequenciesis selected by setting frequency selection codes into the ROW and COLUMN registers.

fc

fm oo oo,
! SINE WAVE SYNTHESIZER i
| ]
I
— — | |

PROGRAMMABLE !
— - SINE RESISTOR ;
ROW Row DIVIDER :> WAVE S LADDER |1 |
REGISTER|  |DECODER || (ROW)  [I7 | COUNTER NETWORK | |
—— : t
d l
] ]
1 1
INKIBIT i I

. LOGIC : E ADDER = TONE
| i
. '
PROGRAMMABLE SINE RESISTOR | !

COLUMN [T} COLUMN DIVIDER J__:> WAVE > LADDER |1

— | COUNTER NETWORK .
REGISTER DECODER (COLUMN) I 1
[ ' '
1 ]
1 ]
L e e e e e e N

Figure 3-19. Configuration of DTMF Generator

3.7.2 Control of DTMF Generator
Tone output is controlied by ROW register (OQP01/P01) and COLUMN register (OP02/IPG2) . And single
tone is controlled by TONE command register (OPOD/IPOD) . ROW register, COLUMN register and TONE
command register are initialized to "0"” during reset.

TONE command register {Port address OPOD/IPOD)

3 S ! 0
STE {R/ W) (CE) (Initial value 0+00)
Controls single tone output
0: Disable mode of single tone output
1: Enable mode of single tone output
Note 1. *; don’tcare -

Note 2. Whenread STE bit, 1" is always read.

Figure 3-20. TONE command register
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ROW register (Port address OP01/tP0O1)

3 2 1 0

(Initial value 0000)

Selects ROW tone frequency

0001: Outputs 697.7Hz single tone
0010 Outputs 769.2Hz single tone
0100: Outputs 857.1Hz single tone
1000: Outputs 937.5Hz single tone

COLUMN register (Port address OPQ2/1P02)

3 2 1 0
( ; (Initial value 0000}

Selects COLUMN tone frequency

0001: Outputs 1212.1Hz single tone
0010: Outputs 1333.3Hz single tone
0100: Outputs 1481.5Hz single tone

1000: Outputs 1621.6Hz single tone

Figure 3-21. ROW, COLUMN Register

Tones are outputted by loading the frequency selection codes shown in Figure 3-21 into the ROW and
COLUMN registers. In the enable mode of single tone output and either ROW or COLUMN register is
disabled, another register remains to be enabled, and so single tone can be outputted, by loading an
ineffective code into the register. When both the registers are enabled, dual tone can be outputted. In
the disabie mode of single tone cutput, effective codes are loaded into both ROW and COLUMN registers
and then dual tone can be outputted. At this time, an ineffective code is loaded into ROW or COLUMN
register and then the 47C456A has no tone outputsignal.

The [OUTB @HL] instruction can set 8-bit data into both registers {the upper 4 bits of the ROM data go to
the COLUMN register and the lower 4 bits go to the ROW register) at the same time, and DTMF signal is
outputted without single tone output.

Example 1 :To output 1481.5Hz single tone

ouT #8 ,%0P0D ; Setsthe enable mode of single tone output.
ouT #0,%0P01 ; Setsanineffective code into ROW register.
ouT #4 ,%0P02 ; Setsdata "4"” into COLUMN register

Example 2 : 8 bits data corresponding to the 5 bits of data linking the content of carry flag and the
contents of data memory RAM address 90y are read from the ROM, frequency
selection codes are loaded into ROW and COLUMN registers, and dual tone is

outputted.
LD HL,#90H . HLe90y (Setsthe address of the data memory)
ouT8 BHL ; Setsthe ROM data into the ROW and COLUMMN register.
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Table 3-7 shows the corresponding frequency selection codes of the ROW and COLUMN registers for
the telephone dial keys. Table 3-8 shows the deviation between the 47C456A tone output frequency
and standard frequency.

COLUMN register (OP02/1P02)
: 0co1 0010 0100
Frequency selection code
(1209) (1336) (1477)
0001 {697) 1 2 3
0010(770) 4 5 6
ROW register 0100 (852) 7 8 9
(OP01/IPO1}
1000 (941) * 0 #
Standard telephone dial key

Contents of (

) are standard frequencies, unit : Hz

Table 3-7. Corresponding frequency selection codes of the ROW and COLUMN registers for the telephone

dial keys
ROW Tone
Frequency selection code | Tone output frequency Standard Deviation
frequency
3 2 1 0 [Hz] [Hz) {%]
0 0 0 1 697.7 697 +0.10
0 0 1 0 769.2 770 -0.10
0 1 0 0 857.1 852 +0.60
1 o 4] 0 937.5 941 -0.37
COLUMN Tone
. Standard .

F lect d T tput f

requency selection code one output frequency frequency Deviation
3 2 1 0 [Hz} [Hz] (%]
0 0 0 1 12121 1209 +0.26
0 0 1 0 13333 1336 -0.20
0 1 0 0 1481.5 1477 +0.30
1 0 0 0 1621.6 1633 -0.7¢

Table 3-8. Tone output frequencies and Deviation from standard of 47C456A
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3.7.3 Test mode for tone output
The 47C456A includes a test mode for checking tone output wavefarms. Tones can be outputted by the

circuit shown in Figure 3-22. ROW data are inputted from the port R6 and COLUMN data are inputted
from the port R3, and any desired single or dual tones can be outputted by setting the frequency
selection codes shown in Figure 3-21. Figure 3-23 shows a single tone waveform and Figure 3-24 shows a
dual tone waveform.

ROW/COLUMN Tone output

VDD
[+
—C0 R60 v vDD T
Yy RET Vour
’_'VVO\/:_ R62 o — L
o VCV RE3 RESET ij)i”:
Vvy XouT i
—o—0 30 é
™ C
o R31 IN T XI'IN
© 1 Time segments
R32 T ,
|t (O 233 TES Wy Figure 3-23. Single tone waveform
TONE TONE
R73 CUTPUT
P141 200mv ' 5005
vss P140 /‘\

wiAny
s R=10kQ m:\m ]m H/{]” ] .
L VIV
l AV
/

3+

Figure 3-22. Tone test circuit

o

Figure 3-24. Dual tone waveform

3.8 BEEP Qutput Circuit
BEEP output circuit generates square wave in the audible frequency range. This circuit can drive the key
input confirmation tone generator circuit for telephone applications.
BEEP outputis from the P140 (BEEP) pin. This pin is for both P140 output and BEEP output. Set the P140
output latch to "1” for BEEP output.

3.8.1 BEEP Qutput Circuit Configuration
Figure 3-25 shows the BEEP output circuit configuration. The clock pulse of BEEP output circuit is
supplied by an interval timer. BEEP output is controlied by frequency selection and output
enable/disable setting.
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§/23 P140 output latch data
e~ seLecToR
fsrze P140 (BEEP)
4 BEEP signal
BEF BOE

RESET pin |
BOE -
BEEP signal UuUuuur—————
P140 output latch data 1
P140 (BEEP) pin un

Figure 3-25. BEEP Output Circuit Configuration and Timing Chart

3.8.2 Control of BEEP Qutput
BEEP outputis contralled by the command register (OP13).

BEEP Output Control command register (Port address OP13)

3 2 1 0

BOE [ BEF ] (initial value 0**0)

Controls BEEP output ]

0:  Disable output
1:  Enable output

L

Selects BEEP output frequency
Example: At fs=32.768KHz

00: fs/23[Hz] .. 4096 [Hz]

01 fs/28 .. ... 2048
10: fs/25 ... .. 1024
10: fs/26 . . .. 512

Figure 3-26. BEEP Output Control Command Register
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3.9 Watchdog Timer (WDT)
The purpose of the watchdog timer is detect the malfunction (runaway) of program due to external
noise or other causes and return the operation to the normal condition. The watchdog timer output is
output to R33 (WTO) pin.
When the watchdog timer is used, the outputlatch of R33 must be setto “1” . Further, during reset, the
output latch of R33 is set to “1”, and the watchdog timer becomes disable sate. The initialization at
time of runaway will become possible when the WTO pin and RESET pin are connected each other.

3.9.1 Configuration of Watchdog Timer
The watchdog timer consists of 10-stage binary counter, flip-flop (F/F), and its control circuit. The F/Fis
setto.” 1" during reset, and cleared to “0” at the rising edge of the binary counter cutput.

Binary Counter CPU reset ,
3
— , ' External Circuit
1
1 314151617 (89|10 FIE E
S Q i
A R :
al Controller —] R33{WT0) 1Signal of malfunction Detection
ear
request > , -
i
1
OP15 0P03 : <
1
Command Register | l R3 Qutput latch } H
i 1 ! 1 1 1 )
fs/2* [Hz] i

3 2 1 0 3 2 1 0
W L1
L _L
RESET i Simplified
1 Power-on reset
J BUS < ;

Figure 3-27. Configuration of Watchdog Timer

3.9.2 Control of Watchdog Timer
The watchdog timer is controlled by the command register (OP15) . This command register is initialized
to “1000g” during reset. The following are procedure to detect the malfunction {runaway ) of CPU by
the watchdog timer.
{1 At first, detection time of the watchdog timer should be set and binary counter should be
cleared.
2, The watchdog timer should be become enable
‘3 Binary counter must be cleared before the detection time of the watchdog timer. When the
malfunction of CPU is taken place for some reason and binary counteris not cleared, the F/F
is cleared to ‘0" at the rising edge of the binary counter and signal of malfunction detection
is become active (WTO outputis “L" ).

Note. It is necessary to clear the binary counter prior to enabling watchdog timer.
Further, when switching the system clock, it is necessary to halt the watchdog timer during the
warm-up time at changing from the SLOW operating mode the Normal operating mode.
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Watchdog Timer control command register (Port address  QP15)

3 2 1 0

RWT EWT TWT {Initial value  1000)

Clears binary counter

»| 0 Clears binary counter
(After clear, autmatically "1" is set)

Enable/Disable

0: Disable
_1: Enable

Setting of watchdog timer detection time

Example: At fs=32.768KHz

»| 00 3x28/fg  ceeennens 23 [ms]
01: 15 % 28/ rererrren 117
10: 63 x28/fg cerenen 492

_11 : 511 % 28/ g creerrenes 3992

Figure 3-28. Command Register

Example: Tosettothe watchdog detection time (63 x 28/ fs[sec] ). And to enable the
watchdog timer.

LD A, #0010B ; OP15« 00103
{Sets WDT detection time. Clears binary
counter.)
ouT A, %0P15
LD A, #11108B , OP15¢ 1110g (Enables WDT)
Within WDT ouT A, %0P15
detection time :
LD A, #01108

ouT A, %0P15 ; QP15 «0110g (Clears binary counter)
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Vs =0V)

PARAMETER SYMBOL PINS RATING UNIT
Supply Voltage Voo -05t07 v
Supply Voltage {LCD drive) Vic -0.5t0Vpp +0.5 v
Input Voltage Vin -0.5toVpp+0.5 Vv
Vouti Except sink open drain pin -0.5toVpp +0.5
Qutput Voltage V
VouTtz Sink open drain pin -0.5t0 10
QOutput Current  (per 1 pin) lout 3.2 mA
Power Dissipation  [Top =70T} PD 600 mw
Soldering Temperature (time) Tsid 260 (10sec) T
Starage Temperature Teg -55t0 125
Operating Temperature Topr -30to 60 T
RECOMMENDED OPERATING CONDITIONS (Ves =0V, Topr = - 3010 60°C)
PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
In the Normal mode 2.7
Supply Voltage Voo 6.0 Vv
In the SLOW mode 2.7
Vi1 Except Hysteresis input Vppo x0.7
) VppZ 4.5V
Input High Voltage Vinz Hysteresis input Vppo x 0.75 Voo v
V]H3 VDD<4.5V VDDX 0.9
Vi Except Bysteresis Input Vppx 0.3
Vpp 2 4.5V
Input tow Voltage Vi Hysteresis Input 0 Voo % 0.25 v
VIL3 VDD<4.5V VDDx 01
Clock Frequency
(High Freq) fc XIN, XQUT 960 KH;
Clock Frequency
fs XTIN, XTOUT 30.0 34.0 KHz
{Low freq.)

Note. InputVoltage Viy3, Vi3 in the SLOW mode
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D.C. CHARACTERISTICS

(Vss =0V, Topr= = 3010 60°C)

PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. | UNIT
Hysteresis Voltage Vs Hysteresis Input - 07| - \
N Port KO, TEST Vpo = 5.5V,
Input Current RESET - - +2| pA
Iin2 Parts R (open drain) Vin=35.5V/0V
Low Level input e Ports R (push-pull) Voo = 5.5V, Viy = 0.4V - - -2| mA
Rt ngrlfo with pull-up/pull- 30 70 150
Input Resistance KQ
Rinz RESET 100 220 450
gx:lrtr%lrjwttnakage ho Ports R (open drain) Vpp =5.5V, Voyr=5.5V - - 2 uwA
A
oibartevelHigh —ty,, Ports R {push-pull) Voo = 4.5V, lgy = - 200pA 24| = | - | v
|
Voihaerevettow g, Except XOUT Voo =4.5V, lo, = 1.6mA - | - 04l v
Segment OQutput .
Regislan(e Ros SEG pin _ 0| - <o
Common Qutput .
Resistance Roc COM pin
Vo3 Voo =3V, Vpp - Vic =3V 38| 40| 42
Segment/Common SEG /COM pi 13 s 37 v
Output Voltage Vo pin ) 3. )
Vois 238 3.0 32
oo Vpp =5.5V, Vic=Vss - 06 12
Supply Current f¢ = 960KHz
(in the Nomal mode) Vpo = 5.5V, Vi = Vss mA
oot fc = 960KHz - 2.2 3.5
When tone is oscillating
Supply Current lo0s Vpp =3V, Vic=Vss _ 15 30| pa
{in the SLOW mode) fs = 32.768KHz

Note 1. Typ. values shows those at Top, =25°C, Vpp = 5V.

Note 2. input Current ljy; : The current through resistor is not included, when the input resistor (puli-
up/pull-down) is contained.

Note 3. Output Resistance Ros, Roc : Shows on-resistance at the level switching.

Note 4. Vo3 : Shows 2/3 level output voltage, when the 1/4 or 1/3 duty LCD is used.
Vo : Shows 1/2 level output voltage, when the 1/2 duty or static LCD is used.
Vo Shows 1/3 level output voitage, when the 1/4 or 1/3 duty LCD is used.

Note 5. Supply Currentlpp :

Nate 6. Supply Current ipps :

Vi =5.3v/0.2V

The port KO is open when the input resistor is contained.
The voltage applied to the port R is within the valid range.

XTIN, XTOUT).

Vin =2.8VI0.2V. Only low frequency clock is only osillated (connecting
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TOSHIBA TMP47CA56A/956A

A.C. CHARACTERISTICS (Vs =0V, Vpp =2.7 t0 6.0V, Topr = =30t0 60°C)
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. | UNIT
In the Normal mode 8.3 ns
Instruction Cycle Time tey
In the SLOW mode 235 — 267 [’
Highlevel Clock pulse Width LWCH
External clock 80 - - ns
Low level Clock pulse Width twel
Shift Data Hold Time Lo 0.5t - 300 — —_ ns

Note. Shift Data Hold Time

External Circuit for SCK pin and 50 pin. Serial port {completion of transmission)
vDD
10KQ ScK 1.5V

;J/; 50pF

tsomH

o X XX

TONE QUTPUT CHARACTERISTICS (Vss =0V, Vpp=2.71t06.0V, Topr = - 30to 60°C)
PARAMETER SYMBOL CONDITIONS Min. | Typ. { Max. UNIT
Tone Qutput Voltage (ROW) Vione RLZ 10KQ, Vpp=2.7V 125 185 250 mvrms
Pre-emphasis High 8and (COL/ROW) PEHB PEHB = 20log (COL/ROW) 1 2 3 dB
Cutput Distortion DIS - - 10 %
Frequency Stability Ot Excepterror of osc. frequency - - 0.7 %

RECOMMENDED OSCILLATING CONDITIONS (Vss =0V, VDD =2.7t0 6.0V, Topr= -301t0 60°C)

960KHz XIN XouT
Ceramic Resonator
KBR - 960H3 (KYOCERA) Cxin=CxouTt = 100pF
CSB960J21  (MURATA) Cyin = Cxout = 220pF D

Cxin Cxout

H
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TMP47C456A/956A

TYPICAL CHARACTERISTICS

o R-Ta KO0 port R R-Ta RESET pin
(K| vyp=55v Ky =55V
100 /,, 400
o 300 >
/ //
50 200 ]
—
100
o - o Ta
-~ 40 0 40 80 (°C) — 40 0 40 80 (°C)
IoH—-VYoH CMOSRport IIL-VIN CMOSR port IoL,—VoL CMOSRport
lo Vop=4.5V b Voo =55V oL v
Dp=4. A) D=0 (mA})| YDD= 4.
BN |razzsC N Ta=25°C Ta=25°C
- 400 — ~ 800 f=] 8 LA
\ /
~300 — 600 \\ 6 7
—200 \ — 400 4 //
—100 \\ 200 \ 2 A
0 Vou 0 Vin 0 VoL
2 4 6 (V) 2 4 6 (V) 0.4 0.8 1.2(V)
TONE Vpp-=Vpp
Vi
(V1] Ta=25°C
4
3 —
2 ‘/’r
Vep
1 S =
0 Vo
2 4 5 V)
Inn=Vno Innpr—Von
lhp noT
(A Ta =25°C (A Ta=25°C
0.8 /} 4
0.6 / 3
oy /// ) ///
0.2 ni 1
0 Voo 0 Voo
2 5 6 (V) 2 4 6 (V)
260290
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TOSHIBA TMP47C456A/956A

INPUT/QUTPUT CIRCUITRY
(1) Control pins
Input/Output circuitries of the 47C456A control pins are shown below.

CONTROLPIN 11Q CIRCUITRY REMARKS
0scC. enable+—-:D)___
Resonator connecting pins
XIN INPUT ‘\f‘R/\' (High frequency)
XOUuT OuTPUT R ! Ro R =1KQ {typ.}
é R¢ =1.5MQ (typ.)

XIN XouT Ro =2KQ {typ.)

Resonator connecting pins

XTIN INPUT — Wt (Low frequency)
XTOUT OQUTPUT R Rs Ro R =1KQ {typ.)
R =15MQ (typ.)
Ro =200KQ (typ.)
XTIN XTOUT © ¥
VDD Hysteresis input
Pull-up resistor
RESET (INPUT Rin P

R = 1KQ (typ.)

Pull-down resistor

<
TEST INPUT - Riv = 70K (typ.)

R =1KQ (typ)
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(2) 1/QPorts
The input/output circuitries of the 47C456A 1/O ports are shown below, any one of the circuitries
can be chosen by a code (WB, WE, WH) as a mask option.

PORT HO INPUT/OUTPUT CIRCUITRY and CODE REMARKS
VDD Pull-up resistor
Rin = 70KQ (typ.)
KO Input Rin
R = 1KQ(typ.)
R
WB WE, WH
. initial " Hi-2" initial “High” vbD _ ,
Sink open drain
R4 Vo ‘ or
RS [ l push-pull output
R6 R -
1 R R = 1KQ(typ.)
~J
P
~J
WB, WE WH
e e w vDD
Initial “Hi-Z Initial "High Sink open drain
R7 1o °r
-———————f;XD—-—4 push-puil output
R -
o R R = 1K {typ)
1
~J
Sink gpendrain
Initial “Hi-Z"
R8 110 ) I R Hysteresis input
@ R = 1K (typ)
WERB, WE WH
Initial "Hi-2" Initial "High" Voo Sink open drain

——{>O—| l—-I or

R9 Vo] R push-pull output
<g S

Hysteresis input

R
@ R = 1KQ(typ.)
WB WE, WH
- ‘ vDD
Imitial “Hi-2" itial “High"
mitial " Hi initial “High Sink open drain
P14 | Output o
- push-pull output
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TOSHIBA TMP47C456A/956A

CMOS 4-BIT MICROCONTROLLER

TMP47C956AG

The 47C956A, which is equipped with an EPROM as program memary, is a piggyback type evaluator chip used
for development and operational confirmation of the 47C456A application systems (programs).
The 47C956A is pin compatible with the 47C456A which is mask-programmed ROM device.

PIN ASSIGNMENT (TOP VIEW)

64 [ ") —= SEGIH!
63 [ J—= SEGIO
62 ]~ SEGY
61 [——J— SEGS
60 [—— 11— SEG7
59 [ —= SEG6
58 {—— 11— SEGS
57 [——J— 5£Ga
56 —J1— SEG3
55 —1—= SEG2
$8 [—1— S£G1
53 37 S£GO
$2 [ J=—R73
49 =79
48 [ =gy
47 [ == g2
45 3 == qgg
[-Y- 3 — Y ¥ Y
41 [ JawRsp

~N — ~ o~
P~ L¥e} Wy wn
€ @ [= o
QFceo ﬁﬁ ﬁ ﬁﬁ
= w0 ~Mor
SEG1 2 — 65 v < < g aq:].—- R43
SEG1I—— 66 3;21-—-“2
SEGHE =— 67 T — 7.}
SEGIS+—("""J68 ROV Y e DAV G B
SEGI6=—1___169 8@ o - Ulw ooy e @ s 3T R92 (5TK)
SEGH =— 70 vee @9 < q %5 @ 354:1-—-23(1):?;)
SEGIB-—[_— 71 3T e 1
vee @ 33
—r— ] VDD
zig;go‘ﬂ::; vee @nc ;i:}:mm)
‘ ne @ @ ono L
SEG21+— {74 1= RB2 (INTT)
€G22 ~—C—75 wep G @ 3= RB1(12)
SEG23=—(__176 vee @ O om0 ¥ @n 29— RBO(INTZ)
SEG24 ~e 77 ar@ 49 ad daaz @o 2= K03
SEG2S - 178 QREEEEO®E I K02
SEG26=— 119 26— KO
SEG27 — 180 15— J=— K00
O - N g N D OO

SEG2s —— 17
SEG29 —[C—/—2
SEG30 — L33
SEG31 -——[C—Ja
TesT ——C ]

- - & =2~
g =5 3r 3[%
< e %z
o -
< o
a
PIN FUNCTION (Top of the package)}
PIN NAME Input / Output FUNCTIONS
A1y~ A0 Output Program memory address oulput
17 ~ 10 Input Program memory data input
CF Chip enable signal output
QOutput
ot Outpulenable signal output
vCC + 5V {connected with VDD)
. Power supply B U U PSSP U TP EPP PO
GND 0V (connected with V55)
A.C. CHARACTERISTICS
PARAMETER SYMBOL CONDITIONS Min Typ. Max UNIT
Address Delay Time tan - - 150 ns
Vg =0V, Vgp=27~6.0V
Data Setup Time ts C, = 100pF 150 — - ns
Topr = - 30~60C
Data Hold Time 1™ 50 - - ns
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NOTES FOR USE

(1) Program memory
The program area is shown in Figure 1,

256K
0000y
~_ —~
B T
Don't use
7000
Program
7FEQ  |Data conversion
7FFf  [teble

Figure 1. Program area

(2) /O ports
Input/Qutput circuitries of the 47C956A 1/O ports are similar to the code WB of the 47C456A.
When this chip is used as evaluator with other IO code, it is necessary to provide the external

resistors.

10KQ

R3, R4, R5, R6, R7 port

10K

R3, R4, RS, R6 port

<] 10KQ

P14 port

P14 port —{>o—|

{a) Code: WE (b) Code: WH

Figure 2. I/0O code and external circuity
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