TOSHIBA TMP47C670/870/070

CMOS 4-BIT MICROCONTROLLER
TMP47C670N, TMP47C870N

The 47C670/870 is the high-speed and high-performance 4-bit single chip microcomputer, with built-in VFT
(Vacuum Fluorescent Tube Display) driver and 14 bit D/A converter (Pulse width modulation) output.

PART No. ROM RAM PACKAGE OTPversion | PIGGY BACK
TMP47C670N 6144 x 8-bit 384 x 4-bit
--------------- Ty caiir 1" 2337 o5o--  SDipe4 TMP47P870N | TMP47C070E
TMP47C870N 8192 x 8-bit 512 x 4-bit
FEATURES
®4-bit Single chip microcomputer SDIP64

®Instruction exection time :
1.33ps (at 6MHz), 244ps (at 32.8KHz)
492 basicinstructions
e Tablelook-upinstructions
e S-bitto 8-bit data conversion instruction L
®Subroutine nesting : 15 levels max

#6 interruptsource (External : 2, Internal : 4) T ./W},\?ﬁm
All source have independent latch each, and multiple n\m\}'l'
interrupt control is available. ¢ mwi

©1/0 port (53 pins) 3 “»Eij ’m\m
s Input 2 ports 5 pins ) “
¢ Output 5 ports 17pins TMP47C670N
e /O 8 ports 31 pins Imig;g:gm

4interval Timer
¢ Two 12 bit Timer/Counters
Timer, event counter, and pulse width measurement
mode
#Watch dog timer sbicea
#¢Serial Interface with 8-bit buffer
e Simultaneous transmission and reception capability
e External/internal clock, leading/trailing edge, and 4/
8-bit mode
+4-bit A/D converter input 4 channels
@ D/A converter (pulse width modulation)
output 14-bit resonation (1 channel)
& VFT drive circuit (automatic display)
High voltage output ports (42V max x 28-bit)
®Key scan control
Key matrix constructed by segment outputs.
¢ Remote control signal pre-processing capability
+High current outputs
LED direct drive capability (typ. 20mA x 8 bits)
@ Dual clock operation
Normal operation/Low power operation
¢ Hold function
Battery/Capacitor back-up
¢ Real Time Emulator : BM47C870A

TMP47C070E
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PIN ASSIGNMENT (TOP VIEW)

SDIP64
N\
VKK—> [} 1 64 [] «—vDD
PCO(S0) -—1[] 2 63 [J ~——» GO (S12)
PCI(S1) =-—[] 3 62 1 —» G1(513)
PC2(52) ~—0 4 61 [ —»G2(s14)
PC3(S3)~—0 5 60 0 —» G3(S515)
P40 (S4) -=——( 6 59 [ ~» RB3(G4a)
Pa1(SS) -—0( 7 58 [J <> RB2(GS)
Pa2(56) =—0 8 57 1 = RB1{(G6)
PA3(S7) -—( 9 56 [1 ~—» RBO(G7)
RS0 (S8) <> (] 10 55 [] <> RA3(G8)
RS1(59) <> (] 11 54 [] -—> RA2(GY)
RS2 (510) <> ] 12 53 [] = RA1(G10)
RS3(511) <> [ 13 52 ] - RAO(G11)
KOO (CING)—> [ 14 51 [1 «>R3I3(G12)
KOV {CQN1)—> [ 15 50 1 =» R32(G13)
KO2(CIN2)—> [J 16 49 [1 - R31(G14)
KO3 (CIN3)—> [ 17 48 [1 = R30(G15)
TEST— [} 18 47 [] =» R92(5CK)
XIN—> [ 19 46 [} - R91(SO)
XOUT =-— (] 20 45 [1 e RI0(SI)
RESET— [0 21 44 [} - R83(T1)
HOLD (KEO)—> [ 22 aaE«»Raz(mTf)
P00 (PWM) -—(] 23 42 [j - RB1(T2)
R60 => [] 24 41§ > R80(INT2)
R61 <> (] 25 40 [) ~» R73(XTOUT)
R62 - (] 26 39 [J ~» R72(XTIN)
R63 > ] 27 38 [J - R71(WT0)
P10 -—1] 28 37 0 - R70
P11 -—1[] 29 36 0 —» P23
P12 =—(] 30 35 0 —>»p22
P13 «—0 3% 38 J—=r2)
vss—s [] 32 33 01— P20
BLOCK DIAGRAM
Output port (Segment output) 170 port Digit output 1O port {Digit output)
(Segment output) (Segmentoutput)
pca‘(sz) nag‘m) R53(S11) G3(515) RB}\(GA) RA3 (‘GB) R33(\GIZ)
i
PC0 (50) Pao (S4) RS?;Q\E) 0(512) RBO(G7)  RAO(G11) R30(G1S)
—_—p —_— s PN 'S
S 1] ]
supply VsS4
VT grive vkk 4—»{ VFT driver control ] Eontiot
Power supply | ] T Il 1L 11 I AT
Acc OMB] HR 1 R 1{  DatyMemory e
H RAM address buffer EEAM
_ VFT display data areal! Program Memory
Hold input HOLD STACK | sPw (ROM)
{Sense input) (KEO) _} Hold controlier F EIR CIFFT | TC1 ] 72 | oc T
RESET input  RESET = System controller [ interrupt controlier
Test pin TEST 17> 4
System clock controller 17201t T
Timing Generatir Interval timer imer/Counter “ B-bit SerialInterface —
o [ x| gh 6 R T—“‘J &Tﬁ) Decoder.
(o?::wumg { xoutT AL (LT Watch Dog »z@f:a(;lemmm‘ 14-bit D/A converter
(High Freq) F tow freq. [Generator Timer pre-processor {PWM) output
() [J
R 1L E Sz Y
R73(XTQUT) R63 P13 P23 RB3(TY) RY2 (SCK) POC (PWM) KO3 (CIN3)
R72(XTIN) ' § § RB2 (INT1) R91(SO) ‘
R71(WTO) R6O PiO P20 RB1(12) RS0 (S1) KOO (CIND)
ro R80 (NT2) Output t 1 t t
4 v / /O port utput por nput por!
lo?cp.czr:nnwmg pins ) 0 port Qutputport ¥?(?:r';m (Ser‘?atpor() (PWM output) (A/D (‘onvener)
WOT output [In(er(umlnpu( npv
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PIN FUNCTIONS

PIN NAME InpuyOutput FUNCTIONS
KO3 (CIN3) o )
~ K00 (CIND) Input 4-bitinput port A/D converter (comparator} input
A A . D/A converter (puise width
POO (PWM -
( ) Output (Output) 1-bit Output port with latch. modulation) output
P13 ~ P10
Output 4-bit Output port with latch. 8-bit data are output by the 5-bit to 8-bit data
P23 ~ P20 conversion instruction.
4-bit I/0 port with latch.
R -~ X
63 R60 o When used as input port, the latch must be set to “1”.
Resonator connecting pin (Low
R73(XTOUT 170 (Output i i .
o v( )‘_‘ “““““ (UD ) >>>>> 4-bit /O port with latch. Frequency). For interrupting external
X ) clock, XTIN is used and XTOUT is
R72(XTIN) 110 (Input) When used as input port, watc’rlwd:)g timer | ghened.
e | output, the latch must be setto 71 TP
WTO Watch dog timer output
“Rv( AT A) ) »VQ@‘A"FPUO . Set to Dual-clock operation mode, when | g o p
R73, R72 pin use as clock generator.
R70 te]
R83(T1) 4-bit /0 port with latch. Timer/counter 1 external input
INTT R Ext li 1
RBZUNT]) 10 (Input) When used as input port, external 'x erna '_me"“'?‘__m'_r_‘,",‘,‘,‘
interrupt input pin, or timer/counter Ti li ¢
3?' (T?) external input pin, the latch must be set to | imer/counter Z external inpu ) o
- “1" External interrupt 2 input or Remote
R8O (INT2) control signal input P
R92 (5CK 170 (WO . I Serial clock /O
92 (SC .) . { . ) ........ 3-bit O portwithlatch. L
R31(SO) 110 (Output) When used as input port or serial port, Serial data output
R90 (S1) /0 (Input) the latch must be set to “1” Srerial data input
G3(515) -
~ G0(512) VFT digit output
P43 (S7
~ p(AO 254) Output (Output) 4-bit high breakdown voltage output port
VET segment output
PC3(S3) with latch. 9 P
~ PCO(S0)
R53(S11)
~ R50(58)
R33(G12) 4-bit high breakd It, twith
-~ -Dt 1 ea own voltage port wi
RA;‘?SS‘S) /0 (Output) 9 9ep
~ RA0(G11) lateh. VFT digit output
RB3(G4)
~ RBO(G7)
XIN Input Resonator connecting pin (High Frequency).
XOuT Qutput For inputting external clock, XIN is used and XOUT is opened.
RESET Input Resetsignal input
HOLD (KED) 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)
VKK Power supply terminal for VFT drive.
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TOSHIBA TMP47C670/870/070

OPERATIONAL DESCRIPTION

Concerning the 47C670/870 the configuration and functions of hardwares are described.

As the description has been provided with priority on those parts differing from the 47C660/860, the
technical data sheets for the 47C660/860 shall also be referred to.

1. SYSTEM CONFIGURATION
(1) /0O Port
(2) VFTdrive circuit
(3) A/D Conversion {comparator) input circuit
(4) D/A Converter (pulse width modulation) output circuit

2. PERIPHERAL HARDWARE FUNCTION

2.1 /G Ports
47C670/870 have 15 1/0 ports (53 pins) each as follows :

1 Ko ; 4-bitinput (shared with comparator inputs)

2 PO ; 1-bitoutput (shared with pulse width modulation output)

3 P1,P2 ;  4-bitoutput

@ R6 ; 4-bitinput/output

&) R7 ;  4-bitinput/output (shared with the low-frequency resonator connection pins
and the watchdog timer output)

6: R8 ,  4-bit input/output (shared with external interrupt request input and
timer/counter input)

7 R9 ; 3-bitinput/output (shared with serial ports)

8i P4, PC ,  4-bitoutput (shared with segment outputs) .

‘9 RS ; 4-bitinput/output (shared with segment outputs)

10" R3,RA,RB ; 4-bitinput/output (shared with digit outputs)

i KE ;. 1-bitsense input (shared with hold request/release signal input)

As the description has been provide with priority on ports (D, @ and ®~{0) changed from 47C660/860.
Table 2-1 lists the port address assignments and the I/O instructions that can access the ports.

2.1.1 /O port

(1) KO (K03~KO00) PORT
The 4-bitinput port. Port KO is shared with the A/D converter (comparator) input. The KO portinput
selector (OP13) determines whether this port is to be used for digital or comparator input. The most
significant bit of the KO port input selector is set to “1” for digital input and to "0” for comparator
input. The KO portinputselectorisinitialized to “0” during reset.

KO port(Port address 1PO0) Input selector
Reference voltage
3 2 1 0
I K03 K02 K01 KOG
[ (CIN3) {CIN2) (CINT) (CINO) IN/TEST/ TESTP

Input data <J ¢ <3 ‘ DPIN
Figure 2-1. KO port
(2) PO (POO) port
The 1-bit output with a latch. The P00 pin is also used for pulse width modulation (PFWM) output.
When this pin is used for (PWM) output, the latch should be set to “1”. When using P00 as the
output-pin, the PWM output should be set to "H” level (the PWM data latch is set to “0"). The P00
outputlatchisinitialized to “1” during reset.
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TOSHIBA TMP47C670/870/070

PO port (Port address  OP00)

Qutput data - > - PIN

_____ Control output

N 2 0

Figure 2-2. PO port

(3) P4 (P43~P40), PC(PC3~PCO) port

The 4-bit high breakdown voltage output ports with latch, which can directly drive Vacuum
Fluorescent Tubes (VFT). Latch data can be read by input instructions. The latch is initialized to 0"
during reset. Port P4, PC are shared with the Segment output. When these pins are used for
segment output, the latch should be cleared to "0”. The VFT display should be set to blanking mode,
however, when these ports are used for normal output (when display is enabled, access by
instruction is not possible).

Each set, clear and test bit of ports P4, R5, R6 and R7 can be operated using the L-register indirect
addressing bit manipulation instructions [SET @L], {CLR @L], [TEST @L] in accordance with the L-
register contents.

P4 port (Port address OP04 /iP04) PC port {Port address OPOC /1POC)
3 2 1 0 3 2 1 0
P43 P42 P4t P4o PC3 PC2 PC1 PCO
(S7) (S6) (5) (s4) (53) (52) (1) (50)
IN/TEST/TESTP/SET/CLR
Input data

Port output D, ’ LATCH % ¢ Pin

Segment output

VFT control signal
VKK

Figure 2-3. P4, PCport
(4) R5(R53~R50) port

The 4-bit high breakdown voltage I/0 ports with latch, witch can directly drive Vacuum Fluorescent
Tubes (VFT). The latch should be cleared to “0" when used as an input port. Thelatch isinitialized to
“0" during reset. Port R5is also used for segment output. The latch should be set to “0” for segment
output. The VFT display should be set to blanking mode, however, when this port is used for normal
output (when display is enabled, access by instruction is not possible). Pins which are not set for
segment output can be used for normal I/O port. Each set, clear and test bit of ports RS, P4, R6 and
R7 can be operated using the L-register indirect addressing bit manipulation instructions in
accordance with the L-register contents.

(5) R3(R33~R30), RA (RA3~RAD), RB (RB3~RBO) port

The 4-bit high breakdown voltage I/O ports with latch, which can directly drive Vacuum Fluorescent
Tubes (VFT). The latch should be cleared to “0” when used as an input port. The latch isinitialized to
“0"” during reset.

Ports R3, RA and RB are also used for digit output. The latch should be cleared to “0” for digit
output.

Pins not connected to VFT can be used for normal I/O ports. However the port output instruction is
effective even when VFT display is enabled. Consequently, caution must be exercised since the
output data for the display is destroyed when an output instruction is sent to a pin being used for
display.
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RS port (Port address OPQ5/1PQS) IN/TEST/TESTP
3 2 1 0 ~J
RS3 RS2 R51 RS0 SET/CLR
{s11) (S10 S9 (58
) 59 ) Inputdata 'l<\1
Port output —{ p:2 LATCH [ l’> D PIN
=
Segment output ‘15
VFT control signal  ——4
VKK
Figure 2-4. RS port
R3 port {Port address OP03/1P03) RA port { Port address OPOA /IPOA)
3 2 1 0 3 2 t 0
R33 R32 R3 R30 RA3 RA2 RA1 RAO
(G12) (G13) (G14) (G15) (G8) (G9) (G10) (G11)
|
R8 port (Port address OPOB/IP08) N/TEST/TESTP
J
2 1
3 ° SET/CLR
RB3 RB2 RB1 RBC
{Ga) {GS) (G6) (G7) Input data e <]

2.1.2 G/S port

Port output —=i LATCH

Digit output

Figure 2-5. R3, RA, RB port

. > ] pin

L

!

K

The G/S port is a digit/segment output port for driving VFT. Output instructions for the G/S port are not
possible. The dispiay control and display mode setting command registers (OP1A, OP1B) determine
whether this portis used for segment output or digit output. The latch isinitialized to “0" during reset.

G/sport Segment output —>
3 2 1 0
G3 G2 G1 Go Digit output
(515) (514) (S13) (512)

Figure 2-6. G/S port

2.1.3 VFT drive power supply (VKK)
The 28 pins of the R3, P4, R5, RA, RB, PC and G/S ports are P-channel open drain construction with
pulldown resistor. Each pinis connected to a VKK pin via a pulldown resistor (TYP. 80kQ). Thus, Vacuum
Fluorescent Tubes (VFT) can be driven by applying a negative ( -) voltage (- 35V max) to the VKK pin,

without using external resistor.

. > ] N

VKK
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TOSHIBA TMP47C670/870/070

2.2 VFTdriver
The 47C670/870 have the built-in high breakdown voltage output buffers that directly drive the Vacuum
Fluorescent Tubes (VFT) and its control circuit.

2.2.1 VFT Drive Circuit Functions
(1) Twenty-eight high breakdown voltage output buffers are builtin.

® Digit output 12 (G4~G15)
® Segment output 12 (S0~S11)
® Digit/segment output 4 (GO/S12~G3/515)

There is also the VKK pin used for the VFT drive power supply.
2r The dynamiclighting system makes it possible to select n segment x mdigits by program.
e nN=1~12+/, m=1~16-i(i=0~4)
(31 Pins not used for VFT drive can be used as general-purpose ports (excluding port G/S).
@) Display data are automatic ally transferred to the high breakdown voltage output buffer.
®) A dimmer function enables brightness level adjustment.
© A keyscan function makes it possible to utilize segment output pins for key strobe output.

2.2.2 Configuration of VFT driver
Figure 2-7 shows the configuration of the VFT driver.

S Internal bus ‘S

g ™

3 2 1.0 oPi1B
oriA

display control

display data area
({OMBO)

0
T
Dimmer
control

T T T T T T
segment digit :
control control :

e e

interval Timer

.
Interrupt

Keyscan Blanking
control circuit control circuit

S

“—
Segment data buffer register |“*’| RAM address counter J
[ _ Q . NS i L
[ PC, P4, RS outputlatch H SEG outputlatch Digit signal generator I

<~ l
| G/S outputselecte

| High breakdown voltage output buffers l
: 0000 0

SO S11 GO/s12 G3/515 G4 G1s VKK

Figure 2-7. VFT drive circuit

260290

4-336

This Material Copyrighted By Its Respective Manufacturer



TOSHIBA TMP47C670/870/070

2.2.3 Control of VFT driver
The VFT driver is controlled by the command registers (OP1A, OP1B).

The display mode is set by OP1B after number of segment, number of digit and dimmer time are selected
by the lower two bitof OP1A.

Also operation of VFT drive circuit can be monitored by the status register (iP1A).
Display control command register (Portaddress OP1A)

3 2 1 0
L EKY l BLK DEC —l (Initial value 0100)

Key scan control

0 : Disable key scan mode

1 : Enable keyscan mode

VFT drive control

0 : Release the blanking and enables the dispiay

1 : Applies or continues the blanking

Select of display mode setting ’

00 : No.of segments setting (SEG)

01 : No.ofdigitssetting (DiG)
Note +  don’'tcare

1= . Dimmer setting (DIM)

Display made setting command register (Port address OP18)

a. Setsnumber of segments

3 2 1 0

SEG : | anitial valve  0000)

I—E)OOO : 8-segmentdisplay made (OutputS0-57)
0001 : 9-segmentdisplay made (Output $0-58)
0010 : 10-segmentdisplay made (Qutput 50-59)

0011 : 11-segment dispiay made (Qutput $0-510)
0100 : 12-segmentdisplay made (Output $0-511)
0101 : 13-segment display made (Output 50-512)
0110 : 14-segmentdisplay made (Output $0-513)
0111 : 15-segment display made (Output $0-514)
1000 16-segment display made {Output $S0-S15)
1*x1 : Reserved
1+1+ : Reserved
Note. +, don’tcare
T1*= : Reserved
240290
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b. Setsnumber of digits

3 2 1 0
DiG (Initial value 0000)

_0000 : digitdisplay  (Output GO-only)
0001 : 2 digitsdisplay (Output G-G1)
0010 : 3 digitsdisplay (Output G0-G2)
0011 : 4 digitsdisplay (Output GO-G3)
0100 : 5 digitsdisptay (Output GO-G4)
0101 : 6 digitsdispiay (Output G0-G5)
0110 : 7 digitsdisplay (Output GO-Gb)
0111 : 8 digitsdisplay (Output GO-G7)
1000 : 9 digitsdisplay (Output GO-G8)
1001 : 10 digitsdisplay (Output GO-G9)
1010 : 11 digitsdisplay (Output GO-G10)

1011 : 12 digits disptay (Output GO-G11)
Note. For G/S ports, segment output has priority

over digit output , therefore GO to G3 are 1100 : 13 digits display (Output GO-G12)
not output if any of 13 to 16 segment 1101 : 14 digitsdisplay (Qutput GO-G13)

display modes is selected. 1110 : 15 digits display (Output GO-G14)
ARRRE 16 digits display (Qutput G0-G15)

¢. Setsdimmer time

DIM ; (Initial value *000)

000 : (14/16) xtseg [sec]
001 : (12/16) xtseo
010 : (10/16) Xtseo
011 : (8/16) xtseg
100 : (6/16) xtgeg
101 : (4716) Xliseg
110 : (2/16) Xtseg
111 o (V/16)  Xtses

Note. tsgg : Normal2 operation (interval timerinputclock; fs) ... .. ... .. ... 23/ fs [sec]
Normal 1 operation and Normal 2 operation (interval timer input clock, fc/27) ............ 210/ fc {sec]

VFT driver status register (port address IP1A)

Status of VFT driver

0 : operating

1 : stopped

Figure 2-8. VFT driver command register, status register

240290
4-338

This Material Copyrighted By Its Respective Manufacturer



TOSHIBA TMP47C670/870/070

(1) Display mode setting
The display mode setting command register (port address OP1B) is multiplexed for setting the 3
following display modes.
® Number of segments setting
@ Number of digits setting
& Dimmer time setting
Data written to DEC the display control command register (OP1A) determines which of (I) to 3 is to
be set.

Example: Setting of the display mode to 8 segments, 8 digits, 14/16 tsgglsec], the key scan
function is enabled and display starts.

LD A, #0000B ; OP1B « 0000g(8-segment to display mode is set)

our A, %0P1B

LD A, #0101B ,; OP1A < 0101g(OP1B s set to specify the number of digits)

ouT A, %0P1A

LD A, #0111B ; OP1B«0111g(8 -digitdisplay mode is set)

out A, %0P1B

LD A, #1000B ; OP1A « 1000g (Key scan function is set and display start is
specified)

ouT A, %0P1A

Figure 2-9 shows the pin assignments for the numbers of segments and digits.

If the number of segments is 12 (SO to S11), the number of digits can be set to 16 (GO to G15). If the
number of segments is set to 13 to 16, the number of digitsis 15 to 12.

When using the 16-segment display mode, the digits are output from G4.

Port G/S (digit/segment) automatically becomes either the segment output pin or digit output pin in
accordance with the number of segments set.

GO/ G/ G2/ G3/

SO S1 S2 S3 5S4 S5 S6 S7 S8 S9 S10 511512 513514 515 G4 G5 G6 G7 G13G14G1i5
f T I T T ] T T T T 1T 7 1 T

display mode

8 segment
9 segment
10 segment
11 segment
12 segment segment
13 segment

digit

14 segment
15 segment

16 segment B [ i 1 | 1 ]

Figure 2-9. Number of segments setting and the pin assignment
(2) Display data setting

Normally, the conversion of data to VFT display data is performed by instruction {(mainly using ROM
data reference instructions). Converted display data stored to the display data area are
automatically transferred to the VFT drive circuit and output to the high breakdown voltage output
buffer. Consequently, display patterns can be varied by merely changing the data in the display data
area.

There is a one-to-one correspondence between the VFT segments (dots) and the bits stored to the
display data area of the data memory. A segment lights when the corresponding bitis “1”. Sections
of the dispaly data area of the data memory not being used for VFT data are used as normal data
memory.
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The display data area is normaily located as RAM addresses shown in Figure 2-10 (b) but, only in the
8-segment display mode, the display data is concentrated as shown is Figure 2-10 (b) for more
effective use of the RAM.

gt 3210 3210 3210 3210

Digit

83y 82 81 80 GO

87 86 85 84

8B 8A 89 88

BB BA B9 B8

BF BE 8D BC |g1s

Segment SAS SO Segment

(@)

9~16 segment display mode

2.2.4 Display operation
Requests for transfer of display data from the VFT drive circuit are sent to the CPU. After execution of an
instruction is completed (after completion of timer/counter processing, or receiving of an interrupt}, the
CPU sends the segment data in the display data area to the driver, and this operation is performed in one
instruction cycle. The display data area (DMBO) is accessed automatically even when DMB is held at " 1".
The data transfer cycle occurs while the VFT drive circuit is the operating status (BLK=0). The data
transfer cycle is inserted at a maximum frequency of once per (28/fc) + (23/fc) or once per (2/fs) + (23/fc)
instruction cycle. During operation with fc=4.19MHz and fs = 32.8KHz, insertion is at the rate of once
per cycle of 32 instructions. Figure 2-11 shows the VFT drive waveform.

G2

- GO

SEG

Bit

3210 3210
Digit
Aly A0 GO
A3 A2
AS A4
8D BC
BF BE S5
o7 S0

(b)

Figure 2-10. VFT display data area (DMBOQ)

]
I e

dimmer time (DIM)

1

1

8 segment display mode

1

1

i I SR

|

X As, A4

X a3,a2 X A1, A0 X As as X A3 A2 X Al A0 )<

tseg [sec]

|

Figure 2-11. VFT drive waveform (3-digit display)
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2.2.5 Key scan function
During dispaly, data output from the segment output pin by instruction is disabled by the hardware but
use is possible for the key strobe.
If a program writes 1" to EKY of the display control command register, BLK for that register
synchronoized with an interval timer interrupt request is automatically set to “1” and the display is
blanked. Segment output pins can be accessed by instructions during blanking ; therefore, key scan is
possible by entering the key scan program in the interval timer interrupt service routine.
When EKY is set to 1", however, blanking results when an interval timer interrupt request is generated
even when, for example, the receiving of interruptsis disabled by the interrupt enable master F/F (EIF).
The interval timer interrupt frequency varies depending on the key reading speed required and the
display quality but, normally, 512Hz or 128Hz (when fc=4.19MHz) is approriate. Blanking continues
until BLK is set to "0” by the interrupt service routine and the display is restarted with the next data

transfer cycle after clearing.

GO~G15 ]'
S0~S7 —_[ > l Vacuum Fluorescent Tubes (VFT)
a
Yy ¥y ¥y Y Y Y Yy Y
DD N a Va s N N N
KOO~KO03 pN Ay T 7
D oy e\ ) Fan) Vs Ve Ve
I e 7 g AV N 24
o Fany ya oD FanY N oD oD
Iy L N V' v W
DD DD D DD
Y N \1 \ e N \1/

Figure 2-12.  Example of 32 keys Matrix Configuration

DIG L | oo LT e | | Gl L] oo

SEG X A1, A X A5, Aa XA\ /a3 A2 X A1, A0
AN

ITMR

EKY |

8LK (I-— blanking :l

Note. In case of blanking time is set as 1-digit, clear BLK under less than (14/16) x tsgg + (23/ fc)
instruction cycle after the ITMR interrupt request.

/— clear by program

Figure 2-13. Key scan timing
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2.2.6 Port function

(1) High breakdown voltage buffer
When a Vacuum Fluorescent Tube is being driven, the port output latch is cleared to “0”. The port
output latch is initialized to “0” during reset (the G/S port cannot be accessed by instructions because
itis the Vacuum fluorescent tube drive port).
When using as a normal input/output pin, caution is required because of being pulled down to the
VKK pin voltage internally.
a.During output
The pins. are brought to the VKK pin voltage by the built -in pulldown resistor for "L” level
output;
consequently, as shown in Figure 2-14, diode grounding is necessary to prevent the VKK pin
voltage being applied to the external circuitry.
.During input
The port output latch is cleared to “0” when inputting external data.
The input threshold value is same as for the KO port but, because of the pulldown to the VKK pin
voitage, RK (typ. 80kQ) must be fully driven.

VDD
Rk Rk
VKK VKK

(a) atoutput (b) atinput

o

Figure 2-14. Input/Outputinterface

(2) Low power operation
When switching from the Normal operation (VFT drive is possible) to the SLOW operation or the hold
operation, the VFT drive circuit is blanked and the high breakdown voltage port status becomes as
follows. The high breakdown voltage port can also be accessed by instructions during slow
operation.
a.Port G/S (digit/segment output)
0" is output.
b.Ports R3, RA, RB (digit output)
Digit output is cleared to “0” and the latch data (“0” during VFT display ) is output.
¢. Ports PC, P4, R5 (segment output)
The segment output immediately before switching to slow operation is held.
During hold operation, the latch is cleared to “0” and 0" is output.

2.3 Comparatorinput
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). To use as KO port, set the port address
OP13to "1***B".
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2.3.1 Circuit of Comparator input

————L analog input selector
compa- CINO S E
analoginput rator CIN1 °
multi-plexer CIN2 > o
relerence voltage ans v €
3 >
[ 4-bit D/A converter < s
contcmor [} T o
KO1(CIN1) E]—/ l ]
L ) N
K02 (CIN2) W 3 2 1 0
K03 (CIN3) D—J j C
-

Figure 2-15. Comparator input circuit

2.3.2 Control of Comparator input

KO portinput selecter command register (portaddress OP13)

oP12 Vref.

N v

3 SRR U R 3.2°0 vl
SKO : i (Initial value Ox*) 0.0.9 031

L ro : CIN comparator input

1 : KOdigital input

Figure 2-16. Command register

Reference voltage (Vref) is set by command register (port address
OP12), and itisdetermined by the following form.

VRerF=Vppx (N+1)/16[V] (n=0~15)

After initialization sequence, 4-channel comparator inputs continue
comparison operation successively.

Since 2-instruction cycles are required to complete comparison of 1- PR 5.00 o
channel, it is necessary to wait for 8-instruction cycles after setting a Table 2-2. Reference
reference voltage, and then read the port address IP0O. Voltage

When analog input voltage is higher than reference voltage,

comparator data latch issetto ”"1”.
At the initialization sequence, OP12issetto “0".

Note. When the comparator input is selected, the comparator consumes typically
700 pA current at VDD =5V. To reduce the power consumption, KO port
should be set to digital mode. In the HOLD mode, the comparator current is
automatically cut off by hardware.
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2.4 D/A converter (pulse width modulation) output circuit
The 47C670/870 has one built-in 14-bit resolution pulse width modulation (PWM) output channel which
can easily be used for D/A converter output by connecting an external low-pass filter.
PWM output is from pin POO (PWM), which is used for both PWM and P00 output. The POO output latch
should be set to “1” when this pin is used for PWM output.
PWM output is controlled by the buffer selector (OP17) and the data transfer buffer (OP18). PWM data
written to the data transfer buffer can be sent to the PWM data latch by writing "Cy4” to the buffer
selector to switch to PWM output. PWM data transferred to the PWM data latch remain intact until
overwritten.
The resetting and holding operations clear the buffer selector, data transfer buffer and PWM data latch
to "0" (PWM outputis "H" level).

2.4.1 CircuitConfiguration

op17 image of data 0 13
- transmission buffer fe/2 LA SR S S B B B S B Sha B o
“F- 2 ” ~ — 14bits binary counter
“ L e v ~.
= ol ~._OP18
- - )
™ K=l o~ -
~
: ~ [ o Additional
ol [T+ < pulse control
“ s3] - v
o > -
g B o e
- ™ -
© ~ ~e M T aLL 0"
3 - - -
N « S ©
g o _
2 Ix=s i el
S oL Lz s S
Lo L o B :: - ¢
~ - a -
4 (L . ~ —
[aa} a -
c FIF
IEET o
R
=} - - S o
e - I g PN
- I
~
1 ”m transmission
C request

Figure 2-17. Pulse width modulation circuit

2.4.2 Wave form of PWM output
PWM output is a 14-bit resolution pulse output and one cycle is Tpy = 215/fc (8192psec. when fc = 4MHz).
The upper 8 bits of the PWM data latch control the pulse width of the pulse output with a cycle Ts
(Ts =Tp/64).
The low level pulse has a pulse width of n x to (to = 2/fc) with a cycle Ts when the 8-bitdataaren (n=0to
255).
The lower 6 bits control the position where the additional pulses with width “0” are output in the 64
intervals Ts () (i = 0 to 63) of the Ty cycle. The low level pulse width is (n + 1) to during the interval where
the additional pulses are output. The additional pulses are output in the 64 intervals Ts (;) when the 6-bit
data arem (m =0to 63). Figure 2-18 shows the PWM output timing and Table 2-3 shows the relationship
between the 6-bit data and the intervals where the additional pulses are output.
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Tm=64Tg
Ts© ‘ Tsq) ‘ Ts (63)
3
nxto i
-/
PWM
3¢ —
Pulse width=nxto |Puise width
=(n+1)to 10

Figure 2-18. PWM output timing (It is shown to the additional pulse Ts (1) and Ts (63) )

Relative position of TS where the additional pulse is generated

Bit position of 6 bits data (No i of T5i (0<i <63} is listed)

Bit0

0, 14, 18, 22, 26, 30
1,3,5,7,9, 11,13, 15, 17,-+, 59, 61, 63
Note. When corresponding bitis “1”, it is output.

Table 2-3. Correspondence between 6 bits data and the additional pulse generated Ts periods

2.4.3 Control of pulse width modulation circuit (Data transfer)
PWM output is controlled by writing the output data to the data transfer buffer (OP18). The output data
are written in seiections using the buffer selector (OP17). In the data transfer buffer, the respective
sections of data are assigned buffer numbers and written as indicated in Table 2-4.
® The buffer number of the buffer to which the data are to be written is written to the buffer
selector (OP17).
@ The corresponding PWM data are written to the selected buffer.
@ The output data are written to the transfer buffer by repeating the operations in items (D
and @ above.
@) When writing is completed, "C” is written to the buffer selector by program.
While the output data are being written to the transfer buffer, the previous PWM data are being output.
When “C" is written to the buffer selector, the output data are sent to the PWM data latch and PWM
outputis enabled.
The time from when “C" is written the buffer selector until PWM output is enabled is 215/fc (8192psec. at
4MHz) maximum.

Buffer number Corresponding bit
(OP17) (OP18)
2

Aluvis i w

Nothing

Table 2-4. Correspondence between the buffer number of the data transfer buffer and bit
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS {Vss =0V)
PARAMETER SYMBOL PINS RATING UNIT
Supply Voltage Voo ~0.3~7 Vv
Input Voltage Vin -0.3~Vpp+0.3 Y
Vour: |R7, XOUT ~0.3~Vpp +0.3
Output Voltage Vourz | PO~P2, R6, R8, R9 -0.3~10 v
Vours | Source opendrain pin -35~Vpp+0.3
loun Pi, P2 30
lour2 PO, R6~R9 3.2
Output Current (per 1 pin) mA
louts P4, RS, PC -12
louta | R3., RA, RB, G/S -25
Sloury | P1, P2 120
Output Currnent  (Total) ZlouTs P4, RS, PC -80 mA
Zlouta R3, RA, RB, G/S - 100
Powver Dissipation [T, = 70C] PD 600 mwW
Soldering Temperature (time) Tag 260 (10sec) °C
Storage Temperature Tirg -55~125 °C
Operating Temperature Topr -40~70 °C
RECOMMENDED OPERATING CONDITIONS (Vss =0V, Topr= ~ 40~70°C)
PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
In the Normal mode 4.5
Supply Voltage Voo In the SLOW mode 2.7 6.0 v
In the HOLD mode 20
Vigy | Except Hysteresis input Vpp x 0.7
Vpp = 4.5V
Input High Volitage Vi Hysteresis input Vpox0.75 Voo \%
Vi Vpp<4.5V Vop X 0.9
Vit Except Hysteresis Input Vppx 0.3
Vpp 2 4.5V
Input Low Voltage Vi» | Hysteresis Input 0 Vpp x0.25 \
Vs Vpp<4.5V Vpo x 0.1
fc XiN, XOUuUT 0.4 6.0 MHz
Clock Frequency
fs XTIN, XTOUT 30.0 34.0 KHz

Note. Input voltage Vin3, Vi3 : in the SLOW or HOLD mode
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I D.C. CHARACTERISTICS ] (Vss =0V, Topr = = 40~70°C)
PARAMETER SYMBOL PINS CONDITIONS Min Typ. Max. | UNIT
Hysteresis Voltage Vs Hysteresis input - 0.7 - v
| KO, TEST,
N1 RESET, HOLD Voo =55V,
Input Current - - 2} pA
ling R porls (open drain) ViN=5.5V/0V
Rint KO port with pull-up/pull-down 30 70 150
Input Resistance —
Rin2 RESET 100] 220 450 KQ
Puli-down resistance |Rg source open drain Vpp = 5.5V, Vgk = -30V - 80 —
hos sink open drain Vpp = 5.5V, Viy=5.5V - - 2
Output Leakage Current - pA
Loz source open drain Vop = 5.5V, Vour = —32V - - -2
Output Level High Voltage [Vom P4, R5, PC Vpp =4.5V, lgy=~5SmA 24| - —
Output Levei Low Voltage VoL PO, R6~R9 Voo =4.5V, gL = 1.6mA - - 0.4
Output Level High Voltage |[lox R3, RA, RB, G/S Vpp =4.5V, Vo = 2.4V - -15 - mA
Output Level Low Voltage |loL P1, P2 Vpp =4.5V, Vg = 1.0V - 20 - mA
Supply Current \ Vpp =5.5V,
oD -
{(in the Normal mode) fc = 4MHz 3 6| ma
Supply Current | Vpp = 3.0V, _
(in the SLOW mode) | °°° fs = 32.768KHz 301 60] pA
Supply Current
[ = -
(in the HOLD mode) | °°" Vop =5.5V 0.5 10| pA

Note 1. Typ. valuesshow those when Topr =25°C, VDD =5V

Note 2. InputCurrentliyy, Iin2; The current through resistor is not included, when the input
resistor (pull-up/pull-down) is contained.

Note 3. Supply Currentipp, lppn ; Vin=5.3V/0.2V

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

lops /

(connecting XTIN, XTOUT).
at comparatorinputis disabled.

A/D conversion characteristics

(VSS =0V, VDD =4.5~6.0V, Topr = - 40~70°C)

Viny =2.8V/0.2V, low frequency clock is only oscillated

PARAMETER SYMBOL PINS CONDITIONS Min. Typ. Max UNIT
analog input voltage VAN CIN3~CINO Vss - Voo \
A/D conversion error - - 131- LSB
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L A.C. CHARACTERISTICS

(Vss =0V, Vpp =4.5~6.0V, Top = —40~70°C)

PARAMETER SYMBOL CONDITIONS Min. Typ. Max. | UNIT
In the Normal mode 1.33 - 20
Instruction Cycle Time ey HS
In the SLOW mode 235 - 267
High level clock pulse width twen
External clock mode 80 - - ns
Low level clock pulse width twe
Shift Data Hold Time tsoH 0.5ty - 300 - - ns
Note. External circuit for SCK Pin
and SO pin Serial port (completion of Transmission)
VDD
SCK 1.5V
10KQ
ok
S0pF
T o X X X Arsv
RECOMMENDED OSCILLATING CONDITIONS ] (Vss =0V, Vpp =4.5~6.0V, Topr = —40~70°C)
(1) 6MHz XIN XQUT
Ceramic Resonator
CSAB.00MGU  (MURATA)  Cxin = Cxout = 30pF 6MHz
KBR-6.00MS (KYOCERA) Cxin=CxouTt = 30pfF
c)(IN/; /-;g Cxout
(2) AMHz
Ceramic Resonator XIN xouT
CSA4.00MG (MURATA) Cxin =Cxout =30pF
KBR-4.00MS (KYOCERA) Cxin=Cxout =30pF 4MHz
Crystal Oscillator 0
204B-6F 4.0000 (TOYOCOM) Cxin = CxouT = 20pF me;_ f—}; Cxout
(3) 400KHz
Ceramic Resonator i our
CSB4008B (MURATA) CxIN = CxouTt = 220pF, RxpouTt =6.8KQ R
KBR-4008 (KYOCERA)  Cxin = CxouT = 100pF, RxoyT = 10KQ 400KHz XouT

me/; /;; Cxout
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TYPICAL CHARACTERISTICS

R-Ta KO port R R-Ta RESET pin R Rg~—Ta VT driver
(KQ) —5 5V (KQ) - (KQ)| Vop=5.5V
V=55V Vpn=5.5V VKK = — 30V
100 / - 400 100
-
//
A 300 = 80 —
/‘/ //
50 200 60
-1
100 40
0 0 Ta 0 Ta
—40 0 40 —40 0 40 80 (°C) —-40 0 40 80 (°C)
| 1011 = VOH R3, RA, RB, G/S port Ion—=Vou P4,R5,1PCport
on fon
(mA) Vip=4.5V (mA) Vbp=4.5V
Ta=125°C Ta=125°C
—40 ~-16
I~
~30 —12 Py
_—
—-20 \ -8
-10 \\ —4
0 \ Von 0 Voui
2 4 68 (V) 2 4 6 (V)
| foL—- VoL R port loL—-VoL P1, P2 port
oL lo,
(mAY| Yon=4.5V (mA) Vnp=4.5V
Ta=25°C Ta=25°C
8 y 40
/| pad
6 4 30 =
N huEE
2 / /
10 Y
0 Vou 0 VoL
0.4 0.8 1.2(V) 0.4 0.8 1.2(V)
Inn-Vnn Inp-fe
DI Inn v YTy
(mA)|'Ta =25° (mA)| Yop=5.
la=25°C M ra=25°C
4 4
3 3
fe=aMite
2 2 /
. ya
1 e
e = 400K 11z L
0 e e Vo 0 fe
3 5 7 (V) 0.1 0.4 1 4 10 (Mtlz)
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INPUT/QUTPUT CIRCUITRY
(1) Control pins

Input/Output circuitries of the 47C670/870 control pins are similar to the 47C660/860.

(2) 1/0 Ports

The input/output circuitries of the 47C670/870 I/O ports are shown as belows any ‘one of the
circuitries can be chosen by a code (MA~MC) by a code as a mast option.

PORT 170 INPUT/OUTPUT CIRCUT {(CODE) REMARKS
MA MB MC
Contained pull-up/pull-down
vDD R resistor
Ko | 1nput _<}_N'\<,\/_D R Riny = 70K2 (typ.)
Rin R  =1KQ(typ.)
R
Sink open drain output
PO Initial “Hi-2"
P1  |Output > |
P2 Righ current (P1, P2)
loL = 20mA (typ.)
VDD
Source open drain output
R3 >0 | Initial "Hi-Z"
RS
R
RA o Ru High voltage break down
RB VKK Ry = 80KQ (typ.)
<1 R =1KQ (typ.
<l (typ.)
VDD .
Source opendrain output
Pa —>o—] Initial “Hi-z*
PC output
G/s Ry High voltage break down
VKK Ry = BOK L) (typ.)
Sink open drain output
D 5 | Initial “Hi-Z"
R6
Ry 70 R
1 )| R = 1KQ (typ.)
~d
Sink open drain output
— [>o—] Initial “Hi-2*
R8
R9 11O R
/\ﬁ Hysteresis input
R=1KQ (typ.)
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CMOS 4-8IT MICROCONTROLLER

TMP47C070E

The 47C070, which is equipped with an EPROM as program memory, is a piggyback type evaluator chip used
for development and operational confirmation of the 47C670/870 application systems (programs).
The 47C070 is pin compatible with the 47C670/870 which are mask-programed ROM devices.

PIN ASSIGNMENT (TOP VIEW) SDIC64
VKK— O 1 ~ 64 1 «VDD
PCO(SO)— O 2 63 | —5G0(512)
PCI(S)e O 3 62 0 —G1(513)
PC2(52)e O 4 61 1 —G2(514)
PC3(S3)e~ E s sog —G3(515)
P40(S4) 6 59 J —RB3(Ga)
Pa1(sS)e— O 7 58 I —RB2(GS5)
P42(s6)e 0 8 57 0 —RB1{G6)
Pa3(s7)e 0§ 9 556 1 <RBO(G7)
R50(58)«» E 10 55 % —RA3(G8)
R51(S9)e [ 11 54 0 <RA2(GY)
RS52(S10) O 12 53 0 «RA1(G10)
R53(S11)e> 0O 13@ vee  vee @ 52 0 «RAO(G11)
KOO(CINO)— [ 14 a2 vee 51 0 «<R33(G12)
KO1(CiN1)— 015 S0 0 «R32(G13)
K02(CiN2)— E 16 A7 vee 49 % —R31(G14)
PRSI @ e e @] e
xiIN— 019(5) As A9 46 D «<R91(50)
SR @ A an @ LR TR
HOLD(KED)—> [ 22 (7) A3 O 43 0 «R82(INT1)
e E e e QBRI
R61«< [ 25 Al CE @ 40 g «R73(XTOUT)
iz TR CH A, ]
P10 [ 28 10 16 37 0 ©R70
At EHC IR s
P12e —P22
P13 310 12 4 (9320 Sp2
vss— [32(19 GND 13 (19 33 —pP20
PIN FUNCTION (Top of the package)
PIN NAME Input / Output FUNCTIONS
A12 ~ A0 Output Program memory address output
17 ~ 10 input Program memory data input
CE Chip enable signal output
Qutput
[e13 Output enable signal output
vCC + 5V (connected with VDD)
. - Power supply . . e . .
GND 0V (connected with VSS)
A.C. CHARACTERISTICS
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. uNIT
Address Delay Time tap Vs =0V, Vpp=4.5106.0V - - 150 ns
Data Setup Time s C_ = 100pF 150 - - ns
Data Hold Time tin Topr = -40t0 707C 50 - - ns
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NOTES FOR USE

(1) Program memory
The program area are as shown in Figure 1.
When this chip is used as evaluator of the 47C670, data conversion table for [OUTB @HL] instruction
must be allocated at two areas and they must be the same contents as shown in Figure 1 (a).

64K 64K
00004 OOQOH
Program Program

1000 |~ N 1000 N
17F0 Data conversion

: |
IPITI Niad

. Don’tuse :
1FFO Data conversion 1F§0 Data conversion

H | H |
T wre [12Dle

(a) 47C670 (b) 47C870

Figure 1. Program area

(2) Datamemory
47C070 contains two 256 x 4 bit data memory banks (bank 0, bank 1).
When using the 47C070 as the 47C670 evaluator, bank 1 has address space at addresses 00-FFy, but
do not write data to 80y or following addresses. bank 0 includes a special function common area so
this need not be taken into consideration.

(3) /O ports
Input/Output circuitries of I/0 portsin the 47C070 are similar to the code MA of the 47C670/870.
When this chip is used as evaluator with other /O code, it is nacessary to provide the external
resistors.

70KQ

KO port
' KO port ! 70KQ
(a) Code:MB (b) Code: MC

Figure 2. 1/0 code and external circuitry
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