TOSHIBA TMP47C231A/931A

CMOS 4-BIT MICROCONTROLLER
TMP47C231AN

The 47C231A is the high speed and high performance 4-bit single chip microcomputer based on the TLCS-47
CMQOS series, remote control signal preprocessor, A/D converter input for AFC signal or key input, 6-bit D/A
converter (Pulse Width Modulation) output, and 8-bit serial interface on a chip. The 47C231A is suitable for
application to the digital tuning systems for TV and VCR set.

PART No ROM RAM PACKAGE

PIGGYBACK (adapter socket)

TMP47C231AN 2048 x 8-bit 128 x 4-bil SDIP30

TMP47C931AE (BM1103)

FEATURES

®4-bitsingle chip microcomputer

®instruction execution time : 1.9ps (at4.2MHz)

90 basicinstructions

#Table look-up instructions

& 5-bitto 8-bit data conversion instruction

®Subroutine nesting : 15 levels max

®6interruptsources (External : 2, Internai : 4)
Allsource have independent latches each, and
muitiple interrupt control is available.

41/0 port (24 pins)
s Input 2 ports
e« /O 5 ports

¢Interval Timer

5 pins
19 pins

SDIP30

- v,"('f‘- Y M:
v ﬁ;'ﬁ,mﬁ‘\’\-zm

TMP47C231AN

€Two 12-bit Timer/Counters
Timer, event counter, and pulse width measurement mode
& Serial Interface with 8-bit buffer
s Simultaneous transmission and reception capability
e External/internal clock, leading/trailing edge shift,
4/8-bit mode
®4-bit A/D converterinput  5channels
* Auto frequency control signal (S-shaped curve) detection
e Forkeyinput
#6-bit D/A converter (pulse width modulation) output
#®Remote control signal preprocessing capability
@ High current outputs
LED direct drive capability (typ.20mA x 8 bits)
¢ Hold function
Battery/Capacitor back-up
®Real Time Emulator : BMA7213A

sDIC42

TMP47C931AE
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TOSHIBA

TMP47C231A/931A

PIN ASSIGNMENT (TOP VIEW)
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TOSHIBA

TMP47C231A/931A

PIN FUNCTION

PIN NAME Input/Output FUNCTIONS
CIN3 - CINO Input 4-bit A/D converter (comparator) input port
RS3 - RS0 4-bit I/0 port with latch.
/o When using as input port, the latch must be set to “1”.
R63 - R60 8-bit data are output by the 5-bit to 8-bit data conversion instruction [QUTB @HL].
R73 (PWM) I/0 (Output) 4-bit 1/0 port with latch 6-bit D/A converter output
R72 When used as input port, pulse width ’

72, R71 »'/O modulation output pin, comparator input e
R70 (CiN4) Output (Input) pin. the latch must be set to 17 4-bit A/D converter (comparator) input
e T b1t VO port with atch. TimerfCounster 1 external input
R82 (INT1) When used asinput port, external External interrupt 1input

. 170 (Input) interrupttnput pin, or Timer/Counter e e
R81(T2) external input pin, the latch must be set Timer/Counter 2 external input

e 01" O JE
R8O (INT2) External interrupt 2 input
R92 (SCK) 110 (1/0) 3-bit /O port with latch. Serial clock /O
R91 (5O) 110 (Output) When used as input port or serial port, the serial data output

e . R . sl . o 1"

R0 (51) 110 (Input) atch must be set to Serial dala input
XIN input Resonator connecting pin.

XOUT Output For inputling external clock, XIN is used and XOUT is opened.
RESET Input Resetsignal input

HOLD (KEQ) Input (input) Hold requesurelease signal inpul Sense input
TEST Input Test pin for out-going test. Be opened or fixed to low level.
vDD + 5V

. Power SUpply  fr e

A OV (GND)
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TOSHIBA TMP47C231A/931A

OPERATIONAL DESCRIPTION

Concerning the 47C231A, the hardware configuration and operation are described. As the description
include mainly differences from the 47C200A, refer to the technical data sheets for the 47C200A when
checking the CMOS 4-bit single chip microcontrolter.

1. SYSTEM CONFIGURATION
(1) VO ports
(2) A/Dconverter (comparator) input
(3) D/A converter {pulse width modulation) output
(4) Remote control pre-decording circuit
(5) Serial interface

2. PERIPHERAL HARDWARE FUNCTION

2.1 I/0 ports
The 47C 231A has 7 ports (24 pins) each as follows :
@ CIN ; 4-bit comparatorinput
2 RS, R6 ; 4-bit input/output
13 R7 ; 4-bit input/output (Shared by comparator input and pulse width
modulation output)
4 R8 ; 4-bit input/output (Shared by external interrupt input and
Timer/Counter input)
S R9 ; 3-bit input/output (Shared by serial port)
6 KE ; 1-bit sense input (Shared by hold request /release signal input)
This section describes ports of (), 2 and @, which are changed from the 47C200A. The 47C231A has no
KO, P1and P2.

Table 2-1. lists the port address assigments and the I/O instructions that can access the ports.

(1) Ports R5(R53-R50), R6 (R63-R60)
The 4-bit /O ports with a latch. When used as an input port, the latch should be setto “1". These 2
ports can be accessed separately at port address OP05/IP0S. Additionally, 8-bit data can be set to
these ports by using the 5-bit to 8-bit data conversion instruction [OUTB @HL].
The latch is initialized to 1" during reset.

IN/TEST/TESTP
inputdata
The S-bit to 8-bit data conversion {ROM data)
6 S 4 3 2 1 Q
[R63 [ R62 [ R61 l R60 l RS3 [ R52 [ R51 I RSO IOutpuldala

Figure 2-1. Ports R5 and R6

(2) Ports CIN{CIN3-CINDO), R7 (R73-R70)
The CIN ports and R70 pin is 4-bit A/D converter (Comparator) input. The R73 pin shared by pulse
width modulatoin output. The R71, R72 pin is I/O pin as usual. When used as an input port, the
latch should be setto “1”. The latchisinitialized to “1" during reset.
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TOSHIBA
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TOSHIBA TMP47C231A/931A

2.2 4-bit A/D converter (Comparator) input
The comparator input is analog input to discriminate key input or AFC (Auto Frequency Control) signal.
It's composed of 4-bit D/A converter, comparator and control circuit. Analog input level (CINO-CIN3) can
be detected as 16-stage by setting reference voltage.
The comparator input can also be used as KO port (digital input).

2.2.1 Circuit configuration of Comparator input

6——“1 Analog input selector P00
CINO

0
CiNO }-—» CINt 1 .
- . -
CIN1 }_ >| Analog input omparatd CIN2 Latch | 2 Q s
CIN2 D__> multiplexer N3 i ©
CIN3 E}_» Reference voltage 3 -
CiNg }—«» ©
(=
CIN4g -
{ 4-bit D/A converter tatch | O v
oP12 {} 177 | <
l Command register J i -
3 i/\r‘ 0
4
Figure 2-2. Comparator input circuit
2.2.2  Control of comparator input
Reference voltage (Vref) is set by command register (port address
OP12), and itis determined by the following form. oP12
3i2:1160
Veee =Vpp X (n+1)/16{V] (n=0to 15) 0 0 0 0
0.0 0. 1f
After initialization sequence, 5-channel comparator inputs continue 0 0 1.0
comparison operation successively. 0.0 1 1
Since 2-instruction cycles are required to complete comparison of 1- 0.1.0 ?
channel, it is necessary to wait for 10-instruction cycles after setting a g 1 ? o
reference voltage to read data form the comparator. o 1 1 Y
When analog input voltage is higher than reference voltage, 1o 0 o
comparator data latch issetto "1”. 1 00 1
At the initialization sequence, OP12issetto “0". 10,10}
1.0
LD A,#0111B ; Setting areference voltage 1: "g"?”'
ouT A, %0P12 VNG
IN %IP00,A . reading arefernce effect N

] 10 instruction cycles Table 2-2. Reference Voltage

atVpp =5V
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TOSHIBA TMP47C231A/931A

2.3 D/A converter (PWM) output
The 47C231A have one channels of built-in pulse width modulation (PWM) outputs. D/A converter
output can easily be obtained by connecting an external low pass filter. PWM outputs data are multiplex
to the R73 pin. itis R73 pin common to PWM output and R73 output. The R73 output latch should be set
to “1” when PWM is used as an output port. PWM output is controlled by the buffer selector (OP17) and
the data transfer buffer (OP18).

2.3.1  Configuration of circuit
Configuration of pulse width modulation circuit shown is Figure 2-3.

0 1 2 3 4 5
fe/23 T T T T T
1 6 Bit binary counter
o oP17
o
— ~ -~
o e v =
F S - w
- -
5 ~ 2 -l 2 o
@ Fo —
;> I :> s \ \ v
; ) Fo 2 Compare ALL "0
c o c “/ © / Circurt \‘—_
N | ° iy F/F
L0 T - S
- o o = < s
c = { © g — P
- . QF—— PWM
- - SN B a Match signal
- a [a} R
. h
~y )
' .
- § Transfer request
a
»

Figure 2-3. PWM output circuit

2.3.2  OQutput waveform of PWM circuit
Itis a PWM output controled by 6 bits data. The period
of them is Ty = 29/fc or 128us at 4 MHz clock. nx o
The 6 bits of transfer PWM data latch are used to
control the pulse width of the pulse output with the -
period of Ty. WM
When the 6 bits data are decimal n (0<n<63), the low
level pulse width becomes n x to (to = 23/fc)

Figure 2-4. PWM output waveform

2.3.3  Control of PWM output circuit
PWM data are loaded to the data transfer buffers (the lower 2 bits of OP17 and OP18). By loading to
output.
SPWM is automatically cleared when the data are transferred. A maximum of 29/fc [sec] is required from
SPWM loading to PWM output. The PWM data latch holds these data until another transfer request is
received.
Also, the OP17, OP18 and the PWM data latch are cleared to 0" during reset and hold (PWM output is
"H" tevel).
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TOSHIBA TMP47C231A/931A

Data transfer buffer (Port address OP17)

3 2 1 0
PWMDL : | tnitial vatue 0000 )
L FWM data (lower 4 bit)

Data transfer buffer/transfer request (Port address OP18)

3 2 1 0

SPWM PWMOH ] {Initial value 0000 )
|—»{ PWM data (upper 2 bit) ‘

PWM data transfer request J

1: transfer (allow)

Figure 2-5. Command Register

Example: Setsthe PWM data latch (OP17¢-RAM [10y, 114])

LD HL, #10H ;. OP17«RAM [10y] {Sets lower 4-bit data of PWM data)
ouT GHL, %0P17
INC L
LD A, @HL
OR A, #1000B ;. SPWMe1
out A, %0P18 ; OP18«Acc (Setsupper 2-bit data of PWM data)
2.4 Remote Control Pre-processor

The remote control pre-processor counts the edge-to-edge time of the input pulse and generates an
interrupt request each time that the switching edge of an input pulse is detected. Remote control signal
waveform which has been rectified by the receiverisinputed to the R80 (iNT2) pin.

2.4.1 Circuit Configuration

S internal Bus 5
3 2 70 0 3 zﬁ 0 3 2{}1 0
L Command Register I | Count Value Offset Value
OoP14 )POA OPOA

Overflow
Detectlor

7 271 fc

Count |<——

INT2 D—_’ Control Circuit ' 8-bit Preset Counter i SC)ydf 28/1c

elector |e——

REMO-CON Interrupt

Interrupt
Source [————————>Interrupt Request

Selector

INT2 interrupt

Figure 2-6. Remote Control Pre-processor
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TOSHIBA TMP47C231A/931A

242

Control of Remote Control Pre-processor

The remote control pre-processor is controlled by the command register (OPOE). Also, external interrupt
2isused to interrupt source. Atreset, INTZ is selected, so a remote control discrimination (REMO-CON)
interruptis selected by command. Interrupt enable master F/F (EIF) and interrupt enable register (EIR) are
used to enable/disable remote control discrimination interrupt. The interrupt priority is the same as for
external interrupt 2.

REMO-CON pre-processor command register (Port address OP14)
3 2 1 0
| erw [ eoce | sz | e | Gnitialvalue 0000)

Select of interrupt source

Note. EDGE, CK32, ELD is available

0 : INT2interrupt (Trailing edge)
1 REMO-CON Interrupt (Swithching edge)

Select of edge for imerrupt—J

0 : Attrailingedge

1 : Atleading edge

Counter clock cycle Example 1. At fc = 4.19MHz
0 : 28/fc(sec] - 64 [ps)
v 2771c e 32

Load of offset value

when ERM = 1. 1 . Enable(Cleares after loading)

()

(2)

Figure 2-7. Command Register

8-bit preset counter

This is a binary counter which counts the time from edge to next edge. A value of offset value
register (OPOA) are loaded to the lower 4 bits and the value of the upper 4 bits are stored to the
countvalue register (IPOA).

Offset value is loaded in the following cases :
(1 When ELD (bit 0 of the OP14) issetto “1“.
2 When there is an overflow of the lower 4 bits.
3) When an edge is detected.
Countvalueisstored in the following cases :
(1 When the upper 4 bitsare all “1".
2: When an edge is detected.

Reference time and detection time

The reference time must be created before measuring the pulse width of the remote control signal
waveform. Reference time is set the value shown in Table 2-3 by the count cycle of the preset
counter selected with the OP14 and the offset value set to the OPOA. Therefore, the product of
the reference time and the count value read from the IPOA becomes the detecion time.

However, the worst error of the detection time is equivalent to reference time.

240290
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TOSHIBA TMP47C231A/931A

Count clock cycle Offset value (HEX) Reference time {(n=0-15)
27/ fc [sec} Otof (2 - nx 27}/ fc [sec]
28/ fc [sec] OtoF (212~ nx28)/fc [sec]

Table 2-3. Setvalue of reference time

(3) Remote control pre-processing operation
First, set the offset value for creating the reference time to the OPOA. The offset value is loaded to
the lower 4 bits of preset counter by setting ELD to “1”. ERM can also be set to “1” at the same
time. Setting ERM starts counting. ELD is cleared after loading but it is automatically loaded
during the count by an overflow of the lower 4 bits.
After storing the count value in the IPOA by detecting the switching edge (leading/trailing) of the
input puise, the preset counter again loads the offset value to the lower 4 bits, clears to “0” the
upper 4 bits and restarts counting. An interrupt request is genarated at this time. Therefore, read
the count value in the interrupt service routine. The next interrupt is disabled until the stored
countvalue is read. Switching edges can selectin one by one using EDGE.
If the upper 4 bits of counter becomes “1111g” before the next edge is accepted, it is judged to be
an overflow and the interruptis generated. In this case, IPOA isset to "Fy” and it can be identified
to be the overflow interruption. The input pulse width of both “H” and “L" levels must be more
than 192/fc [sec]. If any shorter pulse than 192/fc [sec] may be expected, put the dummy
instruction [IN %I1P0A, A} reading out from count value register in the main routine.
Even if ERM is “0", when an INT2 interrupt sourse is enabled (determined by EIF,EIR), an interrupt
request is generated by a falling edge of input pulse. Figure 2-8 shows the operation timing.

Example: Tostore acountvalue
to RAM [10n] that

Puise
pulse width of input width
pulse is measured.
Main routine
ouT #5, %0POA , Offset value registersetto “5".
LD A, 11118 , Interrupt enable with setting count cycle to 32 psec,
out A, %0P14 leading edge detection mode.
CLR 0, 0 ; Clear to RAM [00y]o as interrupt status flog.
LD A, #0001B ; Interrupt enable
XCH A, EIR
EICLR IL, #1111108
INT2 service routine
TEST 0.0 ., Skip, if interrupt status flag is "0".
B STO
LD HL, #10H ; HLe 104
IN %IPOA, @HL ; RAM [104] « Count value
CLR 0, 0 , Clearing interrupt status flag.
LD A, 1110B
ouT A, %0P14 ; Settoleading edge detection mode.
8 SEND
STO: SET 0, 0 ; Setting interrupt status flag.

LD A, 10108
ouTt A, %0P14 ; Setto trailing edge detection mode.
IN %IPOA, A , Dummy

SEND:
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TOSHIBA TMP47C231A/931A

#  Calculation of pulse width with the avobe program when the count value stored to the RAM
[10K] is “9". When the clock frequency is 32ps (fc = 4.19MH2z) and the offset value is “5”, the
reference time will be as foliows :

(2" - 5% 2% /fc=336[ps]

Thus, the detection time (pulse width) will be 336 x 9 = 3.02[ms] (including an error of 336ps max.)

ERM
EDGE } |

input
pulse

Counter (

Count
Value /

Program ’[ ’L
read of<oun(value—}, read of count value—//

Figure 2-8.- Timing chart

load of offset value

load of offset
} value

)

2.5 Serial Interface (SI0)
The 47C231A contains a serial interface with an 8-bit buffer. The serial interface is connected to the
exterenal device via 3 pins (the serial port): R92 (SCK), R91 (SO), and R0 (S1). The serial port is shared by
portR9. Forthe serial port, the output latch of port R9 must be set to “1”. In the transmit mode, R90 pin
provides the /O port; in the receive mode, R91 pin provides the I/0 port.

2.5.1  Configuration of Serial Interface
Figure 2-9 shows configuration of serial interface.

J internal bus
2nd access Istaccess Transmit mode : OPOF
Receive mode  :IPOF
3 2 1 0 3 2 1 0

LCom’manJ regls'ter 1] ICom;nand‘ regis?er?l 7

; 2 ! 0 OP1E OP1F Senal buffer ]
LI
REETE J
IPOE

3 2 0
Serial data
l shift re reg:sler r’[ S;wuftreglster }—-»[:] SO output
in 8-bit mode ﬁ\d-bit mode H .
II::] g Serialdata
T input

\

Serial clack . t
Interrupt request [: SCK zlec;i /o]
(Buffer full or Buffer empty) |

Controller

Figure 2-9. Configuration of Serial Interface
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2.5.2 Control of Serial Interface
The serial interface is controlled by command registers (OP1E, OP1F). The operating states of the serial
interface can monitor by the status register (IPOE).
The command register 1isinitialized to “1” and the command register 2 is initialized to “0" during reset.

Serial interface control command register 1 (Port address OP1E)

3 2 1 0
r
[ INH [ SBIT CKR (Intial value 0001)
Forcible stop of serial transfer }
0: Continue transferring
1 Forcibie stop
Selects transfer bit number
0:  4-bitserial transfer
1:  8-bitserial transfer
Selects serial clock frequency ]
Example: At fc=4.194304MHz
—_—
00: fc/26[Hz) .. 65.536 [KHz}
0y fe/27 L. 32.768
. : 9
Note. fc, Basic clock frequency [Hz] 10 fe/29 8.192
11: fcr2v2 . 1.024

Serial interface control command register 2 {(Port address OPIF)
3 2 1 0
ESIO RM LM ECKM ] (Initial value 0000)

Instructs serial transfer start/end

0: Instructs serial transfer end

1: Instructs serial transfer start

Selects transfer mode ] Notel

f— 4-bit transfer j [— 8-bit transfer —]

0:  Transmit mode Transmit mode

1:  Receive mode Transmit/receive mode

Selects shift edge Note2

0: Shift at the trailing edge of serial clock

1 Shiftat the leading edge of seriai clock

Note 1. When setting the transfer mode,
ESIOmust be "0, -
Note 2. In the transmit/receive mode, LM is Selects serial clock

ignored. . SCK.
in the transmitl mode, (M must be 0 Internal clock {output to SCK)
“1v. 1: External clock (input from SCK)

Figure 2-10. Serial Interface Control Command Register
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Serial interface Status Register (port address |POE}

[ SIOF L SEF o (HOLD)

Monitors serial transfer operation state ]

0: Transferisterminated

L " Transfer'isin progress

Monitors shift operation state l

0: Shift operationisterminated

= Shift operationisin progress

Figure 2-11. Serial Interface Status Register

(1) Serialclock
For the serial clock, one of the following can be selected according to the contents of the
command register:

a.Clock source selection
@ Internal clock
The serial clock frequency is selected by command register. The serial clock is output on the
SCK pin. This device provides the wait function in which the shift is not occurred until these
processings are completed.
The highest transfer rate based on the internal clock is 62500 bits/second (at fc =4 MHz).
@ External clock
The signal obtained by the clock supplied to the SCK pin from the outside is used for the
serial clock. In this case, the output latch of R92 (SCK) must be set to 1" beforehand. For
the shift operation to be performed correctly, each of the serial clock’s high and low levels
needs 2 instruction cycles or more to be completed.
b.Shift edge selection
M Leading edge
Date is shifted at the leading edge (the falling edge of SCK pin input) of the serial clock.
2 Trailing edge
Data is shifted at the trailing edge (the rising edge of SCK pin input) of the serial clock.
However, in the transmit mode, the trailing-edge shift is not supported.
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(2) Transfer bit number
SBIT (bit 2 of the command register 1) can select 4-bit/8-bit serial transfer.

o

o

.4-bitserial transfer

In this mode, transmission/reception is performed on 4-bit basis. ISIO interrupt is generated
every 4-bit transfer. Transmit/receive data is written/read by accessing the buffer register
(OPOF/IPOF).

.8-bitserial transfer

In this mode, transmission/reception is performed on 8-bit basis. ISIO interrupt is generated
every 8-bit transfer.

Transmit/receive data is written/read by accessing the buffer register (OPOF/IPOF) twice. At the
first access after setting transfer mode or generating the interrupt request, the write/read
operation of lower 4-bit is performed to from the buffer register. At the second access, that of
upper 4-bitis performed.

(3) Transfer modes
Selection between the transmit mode, the receive mode and the transmit/receive mode is
performed by RM (bit 2 of the command register).
This section describes about the 8-bit transfer mode.

a3

8-bit transmit mode

The transmit mode is set to the command register then writes the first transmit data (4 bits or 8
bits) to the buffer register (OPOF). If the transmit mode is not set, the data is not written to the
bufferregister.

In the 8-bit transfer mode, the 8-bit data is written by accessing the buffer register (OPOF) twice.
The transmit data is written after the 8-bit transfer mode is set or an interrupt request occurs:
the lower 4 bits are written by the first access and the upper 4 bits by the next access.

Then, setting ESIO to “1” starts transmission. The transmit data is output to the SO pin in
synchronization with the serial clock from the LSB side sequentially. When the LSB is output, the
transmit data is moved from the buffer register to the shift register. When the buffer register
becomes empty,the buffer empty interrupt (ISIO) to request for the next transmit data is
generated. In the interrupt service program, when the next transmit data is written to the
buffer register, the interrupt request is reset.

In the operation based on the internal clock, if no more data is set after the transmission of the
8-bit data, the serial clock is stopped and the wait state sets in. In the operation based on the
external clock, the data must be set in the buffer register by the time the next data shift
operation starts.

Therefore, the transfer rate is determined by the maximum delay time between the occurrence
of the interrupt request and the writing of data to the buffer register by the interrupt serviced
program.

To end transmission, ESIO is cleared to "0” instead of writing the next transmit data by the
buffer empty interrupt service program. When ESIO is cleared,transmission stops upon
termination of the currently shifted-out data.

The transmission end can be known by the SIOF state (SIOF goes “0” upon transmission end). In
the operation based on the external clock, ESIO must be cleared to "0” before the next data is
shifted out. If ESIO is not cleared before, the transmission stops upon sending the next 8-bit
data (dummy).
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Example :  8-bittransmit mode set up (on the internal cdock)
LD A, #0100B8 ; OP1E«0100g
ouTt A, %0OP1E (Sets the 8-bit transfer and serial clock frequency)
LD A, #0010B ; OP1F«0010g (Sets the transmit mode)
ouTt A, %OP1F
LD HL, #SODAT
ouT @HL, %OPOF , OPOFe<RAM [HL] (Writes lower 4-bit data to be transmitted)
INC L
out @HL, %OPOF ; OPOFeRAM [HL] (Writes Upper 4-bit data to be transmitted)
LD A, #10108B . ESIO«1 (Instructs serial transfer start)

ouTt A, %0P1F

£SIO

SIOF

110
L
SB (OPOF) o AY \ o \
7 —
{a) internal-clock-based operation with wait
I clear ESIO
4 |
ESIO 1
(
SIOF 7
I
SEF __J 7

50 OB OMme
1510 _J\[’("(l__}—~———’%

$S8(OPOF) ° \

(b) External-clock-based operation

Figure 2-12. 8-bit transmit mode
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b. 8-bitsimultaneous transmit/receive mode
After the command register is set to the simuitaneous transmit/receive mode, the first data to be
transmited written to the buffer register. After that, simultaneous transmit/receive mode is
enabled by setting ESIO to “1”. The data being transmitted are output from the SO pin on the
leading edge of the seriai clock and the data being received are input at the Si pin on the trailing
edge. The 8-bit data received are transferred from the shift register to the buffer register (IPOF)
and an ISIO (buffer full) interrupt is generated requesting readout of the data. The interrupt
service program reads the data from the buffer register and then writes data to be transmitted.
The lower 4-bits are accessed the first time the buffer register is read/written after an interrupt
request is generated or the transmit/receive mode is set; the next time the buffer register isread or
written, the upper 4-bits are accessed.
In the operation based on the internal clock, SIO becomes the wait state until the received data are
read out and the next data to be transmitted are written.
In the operation based on the external clock, the shift operation is synchronized with the external
clock; therefore, it is necessary to read the data received and to write data to be sent next before
starting the next shift operation.
The maximum transfer rate using an external clock is determined by the maximum delay time
between the generation of the interrupt request and the writing of the data to be transmitted
after the reading of the received data.
Also, the buffer register is used for both transmission and reception; therefore, the data being
transmitted must be written after reading 8-bits of received data.
This operation is ended by clearing ESIO to “0”. When ESIO is cleared, this operation is ended after
transfer of the current 8-bits of data to the buffer register is completed. Programs can confirm
that the operation has been completed by sensing SIOF (bit 3 of the status register) because SIOF is
cleared to “0" when the operation is completed.

Example : 8-bitsimultaneous transmit/receive mode set up (on the external clock)

LD A, #01008 ; OP1E<0100g

ouT A, %0P1E (Sets the 8-bit transmit/receive and serial clock
frequency)

LD A, #0111B ;. OP1F«01,1p (Sets the transmit/receive mode of
external clock operation)

ouT A, %0P1F

LD HL, #SODAT ;. OPOFe<RAM [HL] (Writes lower 4-bit data to be
transmitted)

ouT @HL, %OPOF

INC L ;. OPOFe<RAM [HL] (Writes Upper 4-bit data to be
transmitted)

ouT @HL, %OPOF

LD A, #1111B . ESIO«1 (Instructs serial transfer start)

ouT A, %OP1F
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SIOF l P T R
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(a) Internal-ctock-based operation

| Clear ESIO |
{( . T I
gsio 7 K L
I(. (- Q
siof 1 -7 iy }1
{( I{d
seF | K | . 7 &\

o /
. 'n/

I -
)] Pl

o X A o ¢ Xor

{b) External-clock-based operation

Figure 2-13. 8-bit Transmit/Receive Mode

(3) Stoppingserial transfer
Aserial transfer operation can be stopped forcibly.
Itis stopped by setting INH (bit 3 of command register 1) to “1", clearing the shift counter ard
ESIO. When the serial transfer is over, INH is automatically cleared to “0" with no other bits of
command register affected.
In the transnmit mode of this case, SO output is initialized to “H” level whereas the shift register is
not cleared. Therefore, after the resumption of transmit, SO holds the data just before forcible
stop via the shift register until the ist shift data comes to SO.
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS j (Vss =0V)
PARAMETER SYMBOL PINS RATING UNIT
Supply Voltage Voo -03t07 "
Input Voltage Vin -03toVpp+0.3 Y
Vourt Except sink open drain pin, butinclude R70 pin -0.3t0Vpp+0.3
Qutput Voitage v
Voutz Sink open drain pin except R70 pin -0.3to 10
» lout Ports RS, R6 30
Outpur Current (Per 1 pin) mA
louT2 Ports R7, R8, R9 32
Output Current (Total) Llour Ports RS, R6 120 mA
Power Dissipation (Tope = 70°C] PD 600 mwW
Soldering Temperature (Lime} Teg 260 (10sec) °C
Storage Temperature Tag -55t0 125 °C
Operating Temperature Topr -30to70 °C
T RECOMMENDED OPERATING CONDITIONS (Vss =0V, Topr = —30to 70°C)
{
PARAMETER SYMBOL PINS CONDITION Min Max UNIT
in the Normal mode 4.5
Supply Voltage Voo 6.0 \
in the HOLD mode 20
Vini Except Hysteresis Input Vpop x 0.7
Vpp Z 4.5V
input High Voltage Vinz Hysteresis Input Vpp x0.75 Voo v
Vius Vpp <4.5V Vppx0.9
Vi Except Hysteresis Input Vpp % 0.3
Vop = 4.5V
Input Low Voltage Vit Hysteresis Input 0 Vpp x 0.25 \
Vi Vpp<4.5V Vpox 0.1
Clock Frequency fc 0.4 4.2 MHz

Note . Input Voltage Viyz, Vi3

in the HOLD mode.
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TOSHIBA TMP47C231A/931A
D.C. CHARACTERISTICS (Vss =0V, Topr= -301070°C)
PARAMETER SYMBOL PINS CONDITIONS Min. Typ. Max. | UNIT
Hysteresis Voltage Vi Hysteresis Input - 0.7 - v
Port CIN, TEST, v 5.5V
ling O — DD = 3.3V,
Input Current RESET, HOLD B ~ £2 | ua
Vin=5.5V/0V
lin> Port R (open drain)
input Low Current he Port R (push-puli) Vpp =55V, Viy=0.4V - - -2 mA
Rint Port CIN with pull up/pull down 30 70 150
Input Resistance — KQ
Rinz ESE 100 220 450
Output Leakage o Port R (open drain) Voo =5.5V, Vour =5.5V - - 21 pA
Current
Output High Voltage [ Vo Port R {push-pull) Vpp=4.5V,lgy= -200pA | 24 ~ - A
Output Low Voltage Vouz XOUT, Port R (except ports RS, R6) | Vpp=4.5V, Ig = 1.6mA - - 0.4 %
Output Low Current ot Ports RS, R6 Vpp = 4.5V, Vg = 1.0V - 20 - mA
Supply Current
oo VDD =55V, fc=4MHz ~ 3 6| MA
(in the Normal mode)
Supply Current
ey o1 Voo =5.5V - 0.5 10| KA
{in the HOLD mode)

Note 1. Typ.valuesshow those at Topr =25°C, Vpp =5V.

Note 2. InputCurrentliyy :

up/puli-down resistor is contained.

Note 3. Supply Current . Vin=53V/0.2V
The CIN port is open when the pull-up/pull-down resistor is

contained.

The current through resistor is not included, when the pull-

The voltage applied to the R port is within the valid range Vj; or

Vin.

A /D CONVERTER CHARACTERlSTIg‘

(Vss =0V, Vpp =4.510 6.0V, Topr = - 30 to 70°C)

PARAMETER SYMBOL CONDITION Min. Typ. Max UNIT
Analog input voltage Vain CIN4 to CINO Vs - Voo Vv
A/D conversion error - - - t4 LS8
0i0290
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TMP47C231A/931A

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| ps
High Level Ciock Pulse Width twen

For external clock operation 80 - - ns
Low Level Clock Pulse Width twel
Shift data Hold Time tsDH 0.5ty - 300 - - ns
Note . Shift data Hold Time:
External circuit fot SCK pin and SO pin  Serial port (Completion of transmission)
VDD
SCK 1.5V
J10KQ
LspH
SOpF
T 0 XXX

RECOMMENDED OSCILLATING CONDITIONS ‘

(1) 4MHz

Ceramic Resonator
CSA4.00MG (MURATA)
KBR-4.00MS (KYOCERA)

Crystal Oscillator
204B-6F 4.0000

Cxin = Cxout = 30pF
Cxin = Cxout = 30pF

Cxin = Cxout = 20pF

(TOYOCOM)

(2) 400KHz

Ceramic Resonator
CSB400B (MURATA)

CxiN = CxouT = 220pF, Rxpi1=6.8KQ

KBR-400B (KYOCERA) Cxin = CxouT = 100pF, Rxpout = 10KQ

(Vss =0V, Vpp =4.510 6.0V, Top, = - 30 to 70°C)

XOUT

ANMHz

XouT

Rxout

};I— Cxour

400KHz
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TYPICAL CHARACTERISTICS

|
|

R-"Ta CIN port R R-Ta RESET pin
(KQ) Voo =55V (KQ) Vpn=5.5V
100 / - 490
- = 300 =
//
50 200
—1
100
0 Ta 0 Ta
—40 0 40 80 (°C) - 40 0 40 80 (°C)
Ion— Vo CMOSRport . IIL—VIN CMOSRport
ton L
(uA) Ym);;gv (nA) Vpn=55V
Ta =25 Ta=25°C
~ 400 N —800
\\
~300 - 600 .\
— 200 - 400
- 100 \ —200 \
0 Von 0 Vin
2 4 6 (V) 2 4 6 (V)
loL— VoL R7, R8, RI port lo.—- Vol RS, R6 port
lou - lot,
(mA) Vpp=4.5V (mA) Von=4.5V
Ta=25°C Ta=25°C
8 /{ 40
6 7 30 ///
i / 20 /
2 10 »'/
0 Vou. ] / Vo,
0.4 0.8 1.2(V) Q0.4 (0.8 1.2(V)
Ion—=Von lpp—fc
Ion Ibn Ay
(MmA} Ta=25C (imA) ’I':ZE"’;“S
4 4
3 3
fe = AMII
, , . i
1 1 /Z
ez 00K L
0 e s Von 0 T fe
3 5 7 (\'} 0.1 0.4 1 4 10 (NMIl2)
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INPUT/QUTPUT CIRCUITRY
(1) Control pins
Input/Output circuitries of the 47C231A control pins are similar to those of the 47C200A.
/O ports
The input/output circuitries of the 47C231A /O ports are shown as belows, any one of the
circuitries can be chosen by a code (PD to PF, PL) as a mask option.

(2)

PORT 110 INPUT/OUTPUT CIRCUITRY and CODE REMARK
PD PE PF, PL
VDD R Comparator input
- -
o Rin PuIAI up or pull-down
KO input | —< ‘:———4\/ M_.i R Rin resistor
REF v Riv = 70KQ (typ.)
REF
R = 1KQ(typ.)
VRer
PD, PE, PF PL
Initiat "Hi-Z2" Initial “Low” Vpo Sink open drain
— o
RS 70 —{>o—{ Push-pull output
R6 5
R - R = 1KQ (typ)
<}F R '
¢
~J
R70 R71-R73
Sink opendrain
D © I I Initial "Hi-Z2”
R R c .
R7 110 P omparator input
cq
<}l_ v ~ (R70)
REF
R = 1K (typ.)
Sink opendrain
[>o I Initial “Hi-Z”
R8 170 R
@ Hysteresis input
R = 1KQ (typ.)
PD, PE, PF PL
Initial “Hi-2" Initial “High” VDD Sink open drain
or
R9 170 [: [ Push-pull output
R - L
R Hysteresis input
/\@4 @L R = 1KQ(typ)
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CMOS 4-BIT MICROCONTROLLER
- TMP47C931AE

The 47C931A, which is equipped with an EPROM as program memory, is a piggyback type evaluator chip used
for development and operational confirmation of the 47C231A application systems (programs).

The 47C931A has a 42-pin package and can be made pin compatible with the mask ROM 47C231A by using
the 42-to -30 pin conversion adapter (BM1103).

PIN ASSIGNMENT (TOP VIEW) spicaz
R71 ==} 1 U 42 1 =— vDD
R72 <02 (1) vee vee 41 [] <> R70(CIN4)
R73 (PWM) ~=[]3 40 [] <— CIN3
vec vce
N.C. Ga @ @ 39 ] -— CiN2
N.C. gs @ A7 vec 38 [J] =— QN1
R8O (iNT2) ==1[6 @ A6 A8 37 I =—ciNo
R81(72) ==1[]7 @ A 36 ] N.C.
RE2(INTT) <=8 A ° 35 [} ~— ROLD (RED)

34 [] ~— RESET
33 00 N.C.
32 1 — xourt
31 ] <—— XIN

R83(T1) =~>[9 @Aa All

N.C 010 @ A3 OF

RY0 (SI) == {] 11

R91{s0) == [12 A2 A10

PRPEEOOEE®®

R9Z(SCR) <=013 (9) A TE 0 NC
N.C. IR @ A0 7 29 [] ~— TEST
N.C. 0ss 28 3 N.C.
N.C. 016 @ i0 i6 27 [0 N.C
RSO~ [117 @ " 5 26 [ N.C.
RS1 =[] 18 25 {1 = R63
@ 12 14
RS2 =>[]19 24 [] <> R62
Rs3 =020 (19) GND 13 (19 23 0 == Ret
vss — [ 21 22 [} = R60
PIN FUNCTION (Top of the package)
PIN NAME Input / Output FUNCTIONS
Al ~ A0 Output Program memory address output
17 ~ 10 Input Program memory data input
CE Chip enable signal output
Output
OE Output enable signal output
VCC + 5V {(connected with VDD)
DT o Power supply [ . e
GND 0V {connected with VSS)
A.C. CHARACTERISTICS
PARAMETER SYMBOL CONDITIONS Min. Typ. Max UNIT
Address Delay Time tho Vss =0V, Vpp=45106.0V - - 150 ns
DataSetup Time s Cy = 100pF 150 - - ns
Data Hold Time Un Topr = -301070¢C 50 - - ns
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NOTES FOR USE

(1) Program memory
The program area depends on the capacity of EPROM. See Figure 1.

64K
0000y
Don't use
1000
: Program

1780 | Data conversion
\7FF |12

Don't use

1FEO Data conversion
1FFE table

Figure 1. Program area

(2) Datamemory
The 47C931A contains 128 x 4-bit data memory.

(3) /0O ports
Input/Output circuitries of I/0 ports in the 47C931A are similar to the code PD of the 47C231A.
When this chip is used as evaluator with other I/O code, it is necessary to provide the external
resistors.

i t CIN port
! 70K§
70KQ
i CiN port
(a) Code:PE (b) Code:PF

Figure 2. 1/0 code and external circuitry

Note. Caution is required when using the 47C931A as a code PL evaluator. The following
ports of the 47C931A differ from those of the 47C231A (code PL).
(1) Ports R5 and R6 are not push-pull output (initial "Low”).
(2) Port R9is not push-pull output (initial “"High”).
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