TOSHIBA TMP47C423A

CMOS 4-BIT MICROCONTROLLER
TMP47C423AF

The 47C423A is a high speed and high performance 4-bit single chip microcomputer based on the TLCS-47
CMOS series with LCD driver, High Speed Event Counter and Pulse output circuit.

PART No. ROM RAM PACKAGE
TMP47C4A23AF 4096 x 8-bit 256 x 4-bit QFPb64
FEATURES
+4-bitsingle chip microcomputer QFP64

®instruction execution time : 1.9ps (at 4.2MHz)
+ 89 basicinstructions
*Table look-up instrucitons
¢ Subroutine nesting : 15 levels max.
#0 interrupt sources (Externai: 2, internal: 4)
All sources have independent latches each, and multiple
interrupt control is available.
+1/0 port (28 pins)
¢ Input 2ports S5pins
o /O 6ports 23pins
*interval Timer
¢ Two 12-bit Timer/Counters
Timer, event counter, and pulse width measurement
mode
# 16 bit High Speed Event Counter
#5Serial Interface with 4-bit buffer
Externai/internal colck, and leading/training edge shift
mode
¢ L CDdriver
s LCD direct drive is available (Max.12-digit display at
1/4 duty LCD)
s 1/4, 1/3, 1/2 duties or static drive programmably
selectable.
*Pulse Qutput
Output frequency select
¢ High current output ports
¢ Sink current (typ. 20mA x 2bit)
¢ Source current (typ. - 20mA x 2bit)
¢ Hold function
Battery/Capacitor back-up
®Real Time Emulator: BM47219A

TMPA7CA23AF
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TMP47C423A

PIN FUNCTION

PIN NAME Input/ Qutput FUNCTIONS
KO3 K00 Input 4-bit input port
R43 R4 /0 4-bit 1/0O port with latch.
e sl Whenusing as pluse output, the latch EE
R40 (PULSE) 1/0{Output) must be setto "1, Puise output
R53 RSO 4-bit 1 /O port with latch.
170
R63 R&O When using as input port, the latch must be set to "1”.
R73 (ECIN) 11O (Input) 4-bit1/0 port withlatch. High Speed Event Contor input
IARTITI T When using High speed event/counter, : R
R72 R70 o] the latch must be set to 1",
R83(T1) 4-bit 1/0 port with latch, Timer/Counter 1 external input
R82 (INT1) When used asinpul port, external interrupt External interrupt 1 input
o (epaty | b
R81(T2) input pin, or timer/counter external input Timer/Counter 2 external input
R8O (INT2) pin, the latch must be set to “ 1", External interrupt 2 input
R92 (SCK}) 11O {1/0) 3-bit 1 FO portwith lalch Serial clock /O
R91(5C) 170 (Output) When used as input port or serial port, Serial data output
R0 (S1) 17O {Input) the fatch must be set to “17. Serial data input
SEG23-5EGOQ LCD Segment drive output
S RRRERT Output OO PUO TR
COM4-COM1 LCO Common drive output
XIN Input Resonator connecting pin.
XOouT Cutput For inputting external clock, XIN 1s used and XOUT is opened.
RESET Input Reset signal input
HOLD (KEQ) input {Input) Hold request/release signal input Sense input
TEST Input Test pin for out-going test. Be opened or fixed Lo low level
vDD + 5V
VSS Power supply 0V (GND}
viC LCD drive power supply
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OPERATIONAL DESCRIPTION
Concerning the 47C423A the configuration and functions of hardwars are described. As the description has
been provided with priority on those parts deffering from the 47C400A, thchnical data sheets for the
47C400A shall also be referred to.

1. SYSTEM CONFIGURATION
} /O Port
) Timer/Counter

3) LCDdriver
) High Speed Event Counter
}  Pulse output

2. PERIPHERAL HARDWARE FUNCTION

21 1/Q Ports
The 47CA423A has 8 1/O ports {28 pins) each as fllows:
D KD ; 4-bitinput
2" R4 ; 4-bitinputioutput (R40 pin is shared with pulse output)
3 R5, R6 ; 4-bitinput/output
‘4 R7 . 4-bitinput/output (R73 pinisshared with pulse output)
8 R8 ;. 4-bitinput/output (Shared with external interrupt input and timer/counter input)
& R9 ;. 3-bitinput/output (Shared with serial port)
7 KE . 1-bit Sense input {Shared with hold request/release signal input)

As the description has been provided with priority on ports (@, @) and ®©') changed from 47C400A.
Futher, 47C423 has not P1, P2 port, Therefore, the instruction [OUTB @ HL] and 5bit to 8bit data
conversion table cannot be used.

Table 2-1, lists the port address asignment and the I/O instruction that can access the port.
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(1) PortR4 (R43-R40)
The 4-bit I/O ports with alatch. When used as an input port, the latch showld be set to "1". The
fatch is initialized to 1" during reset. R40 pin isshared by pulse output pin. To use this pin for the

furctional pin, the latch must be set to "1”. To use it for an oridinary /O pin, the acceptance of
pulse output must be disabled.

IN/TEST/TESTP
input data
Port R4 (Port address OP04/1PC4) P SET/CLR
3 2 1 0
RA3 R42 Ra1 R4G
(PULSE) Output data —*=[LATCH PIN

Control output
Figure 2-1. PortR4
(2) PortR7{R73-R70)
The 4-bit I/O ports with a latch. When used as an input port, the latch showld be setto "1”, The
fatchis initialized to “1” during reset. R73 pin isshared by High speed eventinput pin. To use this

pin for the furctional pin, the latch must be set to “1”. To use if for an oridinary I/0O pin, the
acceptanse of High speed event counter must be disabled .

Cantrol input <}
PortR7 (Portaddress OP07/1PG7) antrofinpu <J
IN/TEST/TESTP
: 2 ‘ 0 Input dat
rputcate SET/CLR
R73 R72 R71 R70
(ECIN)
t date f\
Qutput data —={LATCH! 4 > DPIN

Figure 2-2. PortR7

{3) PortR9{R92-R30)
The 3-bit /O port with a latch. That pin R93 does not exist.
R93 input portis used for a status register of the High Speed Event/Counter.
In detail a chapter of High Speed Event/Counter shall also be referred to.
All else is the same as for the 47C400A.

2.2 Timer Counter (TC1, TC2)
The timer/counter of 47C423A issimiler to that of the 47C400A except for the foilawing point.

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

Maximum frequency applied [Hz]
Operating State of
. 1-channe} operation 2-channel operation
the LCD driver F P
TCY TC2 A TC2
Attime of blanking operation fc/32 fc/32 fc/40
when LCD display is enabled fe/64 fe/72

Note fc, Basic clock frequency

Table 2-2. The maximum frequency applied to external input pin under the event counter mode.
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2.3 LCD Driver
The 47C423A has the built-in circuit that directly drives the liquid crystal display (LCD) and its control
crcuit. The 47C423A has the following connecting pins with LCD.
{1 Segment output port 24pins  (SEG23-SEGD)
2 Common output port4pins  (COM4-COM1)
In addition, VLC pins is provided as the drive power pin.

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

) 174 DUTY {1/3 Bias) LCD MAX. 96 segments (8 segments x 12 disits)
2 V3 DUTY (1/3 Bias) LCD MAX. 72 segments (8 segments x 9 disits)
@ 1/2 DUTY (1/2 Bias) LCD MAX. 48 segments (8 segments x 6 disits)
4) Static LCD MAX. 24 segments (8 segments x 3 disits)

231 Configuration of LCD driver
Figure 2-3. shows the configuration of the LCD driver.

S internal Bus S
3 2 i 0 3 2 1 0
EDSP DTY | “pas | sie]
RAM OP1B OP1A
display data I RAM address counter ‘I
area T
— | fc /214
Data select Control ‘: Timing -
{ Control
— Duty select Control i ¢ 1215
1
L i s e e L S S M e
Blanking

control - Shift Register

LCD Power 1 K )

& ——>L Commondriver i-——»[ Segment driver ]

lﬂ ___________ &J [5 ___________________________________ [5

vLC coma oM SEG23 SEGO

Figue 2-3. Configuration of LCD driver
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2.3.2 Control of LCD driver
The LCD driver is controlled by the command register 1, 2 (OP1A, OP18)
Futher, when the command resister 1 is accessed, the most significant bit of the command register 2 must
besetto "0" (Blanking or Designation of driving methods).

LCD driver control command register 1 (port address  OP1A)
3 2 ! 0

DAB l SLF J {Initial value  1000)

Selection of LCD drive frequency

Example : Atfc=4.19MHz

0: fcr/2¥s (Hz] ........ 128 [Hz}
1: fgr2va oL, 256

A4

Designation of display data bank

000: Reserved
001 20to 37y
010: 40toS7y4
011: 60to77,

hd

100 80to97y
101: AQtoB7y4
110: COto D7y

Note. fc, Basic clock frequency L1 BOteFTy

LCD driver control command register2  {port address OP1B)}

3 2 1 0
T T
EDSP DTY {Initial value 0000)

LCD display control

» 00: Designation of driving methods
01: 8Blanking
10: Reserved

11: LCDdisplay enable

Selection of driving methods

¥ 00: 14 Duty (1/3Bias)
01:  1/3 Duty(1/3Bias)
10: 142 Duty(1/28ias)
11:  Static

Figure 2-4. LCD driver control command register
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(1) Driving methods of LCD driver
4 kinds of driving methods can be selected by DTY (bits 1 and 0 of command register). Figure 2-5
shows driving waveforms for LCD.

:<-1/f; -]

[}
Vico — Vico — .'1-7&’4
- l ] - \
~ - t
]

o o ST ulln
] L L _ HEEEN
-Vicp — -Vieo —
I+ Data" 1" ——=l<*— patap" —I = Data”1" —*=l= Data"0* -l
(a} 1/4Duty(1/3 Bias) (b} 1/3Duty{1/3Bias)
le—| v = 1/ g >
Vico — AT Lee ;
13
- ! :
1 ]
1 P
0 ~—1— 0~
' U
-Vieo T -Vico —
= g -l l=—— pata”1* ——*l=— Data"g” —I
Data™1” Data”0”
(¢} 1/2Duty(1/2)Bias {d) Static

Note. fr; LCD Frame frequency Vico, LCD drive voltage { = Vpp-V ¢}

Figute 2-5. LCD drive waveform (Voltage COM-SEG)

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

Frame Frequency [Hz]
Base Fram
frequency [Hz] [equency] 1/4 Duty 1/3 Duty 1/2 Duty Static
e de I [ A e
215 215 3 215 2 215 215
At fc = dMHz 128 171 256 128
e te LA SN (S e
214 2'4 3 214 2 214 214
Atfc=21MHz 128 171 756 128

Note. fc, Basicclock frequency [Hz]

Table 2-3. Setting of LCD frame frequency
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(3)

2.3.3
(M

address

32 x DAB + 00y, SEGO

z

s

LCD drive voltage

The LCD drive voltage (Vicp) is given by the difference in potential {Vpp-VLC) befween pins VOD
and VLC. Therefore, when the CPU operating voltage and LCD drive voltage are the same, the VLC
pinis connected to the VSS pin.

The LCD light only when the difference in potential between the segment output and common
outputis *Vicp, and turn off at ali 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 VDD level at this time and the
LCD turn off,

The power switch is turned on to supply VLC voltage to the LCD driver by setting EDSP (bits 2 and 3
of the command register 2) to “11g". After that, the power switch wili not turn off even during
blanking (setting EDSP to “01g") and the VL.C voitage continues to flow.

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

LCD Display Operation
Display data setting
Display data are stored to the display data area (Max. 24 words) in the data memory.
The display data area is set using DBA (bits 1 to 3 of command register 1). During reset, the display
data areaisset to addresses 80-974.
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 segmentsignals and common signals in accordance
with the display data and drive method. Therefore, display patterns can be changed by only
overwriting the contents of the display data area with a program. The table lcok-up instruction is
mainly used for this overwriting.
Figure 2-6 shows the correspondence between the display data area and the SEG/COM pins. The
LCD light when the display datais “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
2-4) 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 it bit0

Driving methods bitd  © bitz  © bit1  © bito

0ty SEGH : :
02 SEG2 1/4 Duty COM4 © COM3 © COMZ | COMI

/3 Duty - i com3 | com2 i COMI

1/2 Duty - - - com2 © COMI

Static - - - coMmt

32 x DAB + 16y, SEG22 Note. - The data memaory bits tha! are not used for storing

-

Figure 2-

174 SEG23 display data.
ccMda COM3 COmM2 COMY
Nole. DAB, 1to7

6. Thecorresponndence between the Table 2-4.  The data memary bits that are used for
display data area and the SEG/COM driving method and storing dispiay
pins data.
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2.3.4

(2)

(M

Transfer of display data
The display data stored to the display data area are automatically transferred to the LCD driver,
The processing is performed in the following sequence.
(U The LCD driver issues a display data send request to the CPU.
@ When the instruction (or timer/counter processing, interrupt receive processing) currently
being executed is completed, the CPU reads out the data for one cycle and sends it to the
LCD driver.
The data sending cycle is generated when the VLC voltage is being applied to the LCD driver. That
ts, after reset is canceled, it is not generated until EDSP is set to "1 18", Table 2-5 shows the data
sending cycle generation frequency. when LCD display is enabled, the virtual instruction execution
speed drops. For example, when SLF =0 and using 1/4 duty drive, this would be 2.05 psec. for an
instruction execution speed of 2 psec.

SLF Driving method Frequency of data sending cycle insertion

0 Static drive 24 times in 4,096 instruction cycles.
Cexceptstaticdrve | 24 times in 1,024 instruction cycles

, Stalic drive 24 timesin 2,048 instruction cycles

Exceptstaticdrive 2 timesin 512 instruction cycles.

Table2-5. Frequency of data sending cycle insertion.

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.

With staticdrive, 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 V cp/2 level
when turning off the LCD by blanking, so the COM and SEG pins are then driven by Vi cp/2.

Control methods of LCD driver

Initial Setting Y

Flow chart of intial setting is shown Figure 2-7.
. . . Selection of LCD
Example : When operating the 47C423A with 1/4 duty LCDs using driving methods

a frame frequency of f¢/215 [Hz] (display data area at
addresses 80-974).

LD A #0000B . Setthe 174 duty drive Selection of Frame Frequency
ouT A “OP1B Setection of display data
‘ : : : ddress bank
LD A.#1000B ; Setting of base frequency, display area in adress ben
the data memory. ,
aut A, %0P1A Initialize of display data
“ i Setting of clear or intial value of display address bank

areain the memory.

LD A.#1100B ; Display enable {Reiease of branking) (Blg:fi‘:;fer}zl;LZd)

our ALEOP1B 47

Figure 2-7. initial set of LCD driver
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(2)

Store of 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 2-8 and the display data are as
shown in Table 2-6. Programming example for displaying numerals corresponding to BCD data
stored at address 104 in the data memory is shown below.

LD HL, #OFCH : Tosetthe DC
LD A, 10H
ST A, G@HL+
ST #DTBL / 16,@HL+
ST #0TBL / 256,@HL+
LD HL, #20H . Store of display data
LDOL A, @DC
ST A, GHL+
LCH A @DC+
ST A @HL+
DTBL :DATA 110111118, 000001108,
111000118, 101001118,
01101108, 101101018,
111101018, 000101118,
111101118, 101101118
Display data Display data
Numeral Display Numeral Display
Upper Lower Upper Lower
i1 i
0 1101 [RRN 5 - 1011 010)
Ll ~l
f i
1 ’ 0000 0110 6 1 ‘ 1Mn 0101
-t [
2 i 1110 0011 7 ‘ 0001 LR
- 1!
3 ’ 1010 omm 8 , ! 1111 01114
i i
4 ‘ 00N 0110 9 l 1011 0111

Table 2-6. Example of display data (1/4 Duty LCD)

5-112



TOSHIBA TMP47C423A

Table 2-7 shows the same numerical dispiay used in Table 2-6, 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 2-10.
Programming example for displaying numerals corresponding to BCD data stored at address 10H in
the data memory is shown below. The display data area is at addresses 20-234.

LD HL, #O0FCH i Tosetthe DC
LD A, 10H
ST A, GHL+
ST #DTBL / 16,QHL+
ST #DTBL /7 256,CHL+
LD HL, #20H ;  Store of display data
LDL A, @DC
ST A, @HL+
RORC A
RORC A
ST A, GHL+
LDH A, @DC+
ST A, @HL+
RORC A
RORC A
ST A, GBHL+
DTBL :DATA 011101118, 001000108,

100101118, 101001118,
111000108, 111001018,
111101018, 01100011B,
111101118, 111001118

Display data Display data
Numeral Numeral
Upper Lower Upper Lower
0 **01 | #x]1 | ##Q1 | xx11 5 #x 7] *«10 | =»01 **(1
1 *200 | x~10 | *»*00 | #+10 6 *x11] AR «*01 01
2 *x 10 «x 10 2 x(}1 a1 7 *x(1 & 10 *« (00 LR
3 210 | «*0 *+01 xx ] 8 #2711 [ x| wxQ] =1
4 v«11 | #2170 | #%00 | *+10 9 w11 | w10 | wx0] | we1]

Note. *, don'tcare

Table 2-7. Example of display data (1/2 Duty LCD)

5-113



TMP47C423A

TOSHIBA

"6~z 24nB14

(p21>2135 - LON)

anug (seig e/ L) Aangegst
ou.,>l .

- | | ] |

0 — | I
g
Ou._>l _—

935 - TINOD

_ _ _ (paraiasg)
0 — 1935~ LIWOD

arip _

a1ex Juop [+ JoN

Iz

X4

Hoz

A |._|_I._|._|_Im_>_8

00> |-

u4> —
S U [ B o Y o T S

Oh_> —

A — LO»»
z L

Np 010>
: l.._|_|1_.||_||_|._|_| Zo3s

DD> -

u4> _ II_ .

aap _ 1935

UJ> _

cop |_|_’._‘_|_||_|_.I—L|EI 0935

]

o~¢.l TR ——

ZNOD

3

LWNOD

=)
)

dsa3

SSRIPPY

ease ejeq Le|dsig

o} ﬂ@
0935 MUH‘H ZH3s
o/

1935

Qp -

ap
aXp -

ap

A
adp
RRFY
Qdp
RAFN
Qap

A

adp
VN

adp
PAYY

adp

anug (selg g/ L) AangpsL ‘gz 2unbiy

{pav>ajas - von)

—T1 | g ] | H t935 - EW0D

_ _ _I (pa1d3as)
1M 1 M 0935 - LWOD

P N

Pl

||_l_l_.|_|_|| TINOD
H_l_l_lr_l_rl £NO>
LLOL 1z
H
||r_|_Ll_|_1_|_|_l ZNo? 1010 | Moz
$$3.PPY
LINOD
lllﬁl—‘ﬁ]_,_lln_l eaue ereq Aeydsig

U AU s

_ 4543

1 93%

%

I
1

S —

ILWOD
INdino aAup JO 3)dwex3 (£)

5-114



TMP47C423A

TOSHIBA

SAUPONEIS "L |-7 Bunbig

anp -

(pa12;35 - UON)
O3S - LNOD

Cp —_—
p -
{Pa133495)

093S- LNGCD

axip

3Jed }Uop !« "3JON

1]
L
—_
DA I Ou=s | 47
oan IlLJ_ LWOD fxnx | 97
L

Np L=== | S7

5
aop _ £D3% Ossx | b7

Ny baxx 1 EZ

7935 Lewr | 2T
Qrxa 4

a —

0935 Leex | HOZ
SS3IPPY

acpa —

_—

4503 ease eiep Aeidsig

—_— O €935

© - 753% Q
wl&@ LWQD 2935 @ v93s
Q n 9935 \Jwi
. 1935 |5 5938
-/
093¢

A -

DI
aIp -

Qp

U._>

Qdp
2p

adp
U1_>

acp
UJ>

adp
u,_>

S1e7.Y
DIp

Qdp

aaug(serd z/ L) AanQgz/L pL-g 2anbiy

_|||J ] (p31>3(95 - LON)

{935 - LWNOGD

—1 L

ow“.lva ZINOD ﬂﬂ

S _[_ (pa1>3135)
_ _ 1935 - LINOD
_ “ _ _ ZWOD

-

348 UOp x BION

IIL,I_J_II_I._l;,_S T

Ol== Z

~ _ £93S 10»= ¥4

- - 100+ | Moz
793§ $SAIPPY

ease e1ep Ae|dsig

193s

093

dsQ3

1935 ¥
GE @ J
0935 @ £935

LNOD

5-115



TOSHIBA TMP47C423A

2.4 High Speed Event/Counter (HEC)
The 47C423A has a 16-bit high-speed event counter (HEC) which can be used for ECIN pin input frequency
measurement. HEC counts the falling edge of input pulses while the window gate pulse is at "H" level
and interrupt requests (ECNT)} are generated when the window gate pulse falls.
The window gate pulse cycle is set by command.
The ECIN pin is also used as the R73 pin. When used as the ECIN pin, the R73 output latch issetto”1”.

2.4.1  Configuration of HEC circuit

15 0
Xl!llIIIITTTTG— DEClN

16bit Binary counter .
. . \ . - INT2 interrupt D iNT3
l___] \_[ Clear request
I — Interrupt Interrupt request
LRg=0 LRp= IULR():O ECNT Interrupt request A ——
» selecter
3 2 1 0 3 2 1 0
[ H . Interval
1POD I L l : ﬂ Window gate pulse generation circuit ~mer
HOLD request /\
{ P09 ___oriz7 QPOA 0P08
lHE(F[ [ Command regmster ] I Ta regns er | [ Tb register ]
i _ I 1 1 1
3 2 1 ﬁ T\ ¢ 3 2/\1 0
S internal Bus S

Figure 2-12. Configuration of High Speed Event/Counter

2.42  Control of HEC
HEC is controlled by the command register (OP17), External interrupt 2 is used as the interrupt source.

The INT2 interrupt request is selected during reset, so¢ ECNT interrupt is requested by command.
Interrupt priority is the same as for external interrupt 2.

HEC control command reguster {port address OP17)
3 2 1 0

{ EHEC | CHEC ] [ SINT l(lnitialvalueOO*O)

High Speed Event/Counter Function |

0: Disable
1 Enable (Enable window gale pulse generation)

Clear of High Speed Event/counter I

0: Clearrequset{Afler Clear, CHECissetto "1" autmatticary)

Select of interrupt request l

100 INT2 Interrupt request

Note. »* . don'lcare 1. ECNT interrupt request {folling edge of window gate pulse)

Figure 2-13. HEC Control Command Resister
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HEC Operation status register (port address IP09)
3 2 1 0

1 HECF L(R’B?) I (R91) I (R90) ]

Operation Status —l

0: Stopped (at Tb) or desable
1: Countin process (at Ta)

Figure 2-14. HEC Operation status register
2.4.3 HEC Qperation

HEC counts input frequency only during the intervals that the window gate pulse is at "H" level when
EHEC (command register bit3) is"1”. The window gate pulse can be set to 256 different cyclse using port
addresses OPOA and OPOB.

(1) Window gate puise setting
The window gate pulse (ECNT) consists of a count time (Ta) and non-count time (Th), each of
which can be set independently using OP0OA and OP0B. Thus, one cycle is Ta+Tb. The Taand Tb
setting times are as follows. ’

(16 - n)x 23/ {c [seq] (n=0to 15)

Table 2-8 shows the setting times when fc = 4.194304MHz ECNT can be generated at the next rise
edge of interval timer output (f¢/213 [Hz] by setting EHEC = 1.
Example : Generating ECNT with a cycie of approximately 29ms and a duty ratio of 3:2.

ouT #07H, %0POA SetTato 17.58ms
ouT #0AH, %0POB . SetTbto 11.72msC
LD A, #OFH
ouTt A, % OP17 : Enables ECNT generation le—— Ta ———p]w— Th —»
-
Sféltbr;g Setting lime 55;:&,9 Setting time
0 31.25 ms 8 15.63 ms
1 29.30 ms 9 13.67 ms
2 27.34 ms A 11.72 ms
3 2539 ms B 9.77 ms
4 2344 ms C 7.81 ms
5 21.48 ms D 5.86 ms
6 19.53 ms E 391 ms
7 17 58 ms F 1.95 ms

Table 2-8. Setiing ofTa, Th
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(2)

fe/213

EHEC

ECNT

CHEC

T
Binary counler COU'“UP\ Hold
.

Progr

(3)

Countoperation

Counting is enabled by setting EHEC to “1”. Counting is stopped by clearing EHEC to "0" but the
binary count values are held.

An INT2 interruptisissued at the fall edge of the window gate pulse when SiNT{command register
bit 0) issetto”1”. Normally, binary counter date are read, the counter cleared and the next count
operation started by the interrupt service routine.

The binary counter is cleared with CHEC (command register bit2). EHEC and the binary counter are
cleared during hold operation.

The window gate pulse (ECNT) status can be monitored using the status register.
“H" level {during counting). Figure 2-15 shows the HEC operation timing.

“

1" is read out at

—(

-— TJag —»

kbbbl L b

am e e S e e
Interrupt Interrupt Interrupt
acceplance acceplance acceptance
processing processing processing

Figure 2-15. HEC Operation Timing

Reading of count data

Binary counter data are read out by port addresses IPOC and IPOD. At thattime, a total of 16 bits of
data isread out by reading 4 bits at a time in accordance with the LRO (L register bit 0) value. Table
2-9shows the relationship between port address LRO and count data.

Port address LRg Reading bit of HEC
0 HEC3 to HECO
1POC
1 HEC? to  HEC4
0 HECT!1 to  HEC8
IPOD
1 HECI5 to  HEC1Z

Table 2-9. The relation ship between port address LRO or count data
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2.5 Pulse output circuit
The 47C423A has a built-in one-channel pulse output to use in driving, for example, a buzzer. Eight
different pulse output frequencies can be selected by command. Pulses are output from the PULSE pin.
The PULSE pinis also used as the R40 pin. When used as the PULSE pin, the R40 outputlatch issetto “1”.

2.5.1  Configuration of pulse output circuit

Pulse output R40 (PULSE)

Interval timer ™1 Pulse generation circuit >0 ]

[ 1]

EPULS FPULS - R4 outputlatch

3 2 1 0 3 2 1 0

i fl

S internal Bus S

Figure 2-16. Pulse outputcircuit

2.5.2  Control of pulse output circuit
The pulse output circuit is controlled by the command register (OP18). Pulses are output by setting EPULS

ERL

to “17. Pulse outputis disabled (by clearing OP18 ta”0") during hold operation.

Pulse output control command resister (Port address OP18}

3 2 1 0
LEPULS ‘ ' FPULS T (Initial vatue 0000)
Pulse output cantrol I
0: Disable
1: Enable
Pulse output frequency select —]
Example:At fc= 4.19MH;
000:  fc/(29x8) [Hz) ... L. 1,024 [KHz]
— | 001: fc/(29%x7) 1.170
010: fc/(29 % 6} 1.365
011: fc/(29x5) e 1.638
100: fc/{29%4) . ..., 2048
101: fe/(29%3) . S 223N
110: fed(29%2) ... .. ... ... 4.096
Note. fc. Basic clock frequency [H,] 11 /@9 . g9z

Figure 2-17. Pulse output command resister
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS {Vgs = QV)
PARAMETER SYMBOL PINS RATING UNIT
Supply Voltage Voo -05to7 \
Supply Voltage (LCD drive) Vic ~0.5toVpp+0.5 v
input Vollage Vin -0.5t0Vpp+0.5 \
Output Voltage Voun Exceptsink open drain pin -0.5toVpp +0.5 v
VouT Sink open drain pin -0.5t010
louTts Except port R4 32
Qutput Current (Per 1pin) mA
lOUTZ Ports R40,R41 30
louTs Ports R42,R43 -30
Power Dissipation {Tgp,, = 70°Cj PD 600 mvy
Soldering Temperture (Lime) Tod 260 (10seq) T
Strorage Temperture Tsg -5510 125 T
Operating Temperature Topr -30to 70 T
RECOMMENDED OPERATING CONDITIONS (Vss =0V, Topr= ~3010 707C)
PARAMETER SYMBOL PINS CONDISIONS Min Max UNIT
in the Normal 4.5
Supply Voltage Vi mode 6.0 v
in the Hold mode 20
Vi Except Hysteresis input Vopx0.7
inpul High Voltage Vpp 2 4.5V Von v
Vg Hysteresis Input Vpp x0.75
Vil Vpp<4.5V Vppx 0.9
Vil Except Hysteresis input Vppx0.3
VppZ 4 5V 0 v
Input Low Voltage Vi | Hysteresis input Vpp x 0.25
Vi Vpp<4.5V Vpp x 0.1
Clock Frequency fc 0.4 42 MHz

Notel.

Note2. fc:

Input Voltage Viy3, Virzin the HOLD mode.

IMHzis recommended as minimum frequency when SLF = 1. And 2MHzis when SLF =0
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D.C. CHARACTERISTICS (Vss =0V, Topr= -30to 70°C)
PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. |UNIT
Hystersis Voltage Vi Hysteresis Input - 0.7 - A
Part KO, TEST,
| oo Teemee— =
i RESET, HOLD Voo = 5.5V,
Input Current - - 2 pA
lins Port R (Open drain) Vin=5.5V/0V
Input Low Current L Port R (push-pull) Ypp =55V, Vin=04V - - -2} mA
Rini port KO with puli-up/puil-down 30 70 150
Input Resistance —— K2
Rinz ESE 100] 2200 450
Quiput Leakage o Port R {Open drain) Voo = 5.5V, Vour = 5.5V - - 2| pA
Qutput High Voltage |Vgou Port R (Push-pull) Vpp=4.5V, lgy = - 200pA 24 - - v
Output Low Voitage Vouz Except XOUT Vpp=4.5V, g = 1.6mA - - 0.4 v
Output High Voltage |ign Ports R42,R43 Vpp = 4.5V, Vo = 3.5V -15; -20| — mA
Output Low Voltage |{lg, Ports R40, R4 1 Vpp =45V, Vg = 1.0V 15 201 - mA
Segument Cutput ‘
Resistance Ros SEG pin
Common Qutput B 20 - Kl
Resistance Roc COMpin
Vous Vpp = SV, Vpp - Vic = 3V 38 40| 42
SegmenvCommon )
Output Voltage { Vowz [SEG/COM pin 33 35 37 v
Vois 28 3.0 3.2
Sypply Current oo Vpp = 5.5V, Vie=Vss, _ 3 61 ma
(in the Normal mode) fe = 4MHz
Supply Current oo Voo = 55V _ 0.5 10| pa

(inthe HOLD mode)

Note T.
Nate 2.
Naote 3.
Note 4.
Note 5.

used.

Note 6.

Further, voltage level at R port is valid.

Typ. Values show those at Topr=25°%, Vpp=5V.
When the KO Port has a pull-up/pull-dewn resister, current by resister is excluded.
VICD =Vpp-Vic
Shows on-resistance at time of level switching when the 1/4 or 1/3 duty LCD is used.

Shows on-resistance at time of fevel switching when the 112 duty or static LCD is

When KO port has A built-in input resister, current value s that at time of open.
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AC CHARACTERISTICS {(Vss =0V, Vpp =4.510 6.0V, Topr= - 30 to 70°C}

PARAMETER SYMBOL CONDITIONS Min. Typ. Max. | UNIT
INSTRUCTION Cycie Time Loy 1.9 - 20 us
High level Clock pulse width twiH

For external clock operation 80 - - ns
Low level Clock pulse width twiet
HEC Input Frequency fhec ECIN Input - - fc Hz
Shift data Hold Time tsom 0.5t - 300 - - ns

Note. Shift data Hold Time :

External circuit for SCK pin and 50 pin Serial port (completion of transmission)
VoD
iCK 1.5V
10KQ2
tsoH
50pF
p o XXX A

s

RECOMMENDED OSCILLATING CONDITIONS Vss =0V, Vpp=4.51t06.0V, Topr = - 30to 70°C)
(1) 4MHz XIN XOuT
Ceramic Resonator
CSA4.00MG (MURATA) Cxin = CxouT = 30pF AMHz
KBR-4.00M5 (KYOCERA)  Cyun =Cxout =30pF D
Crystal Oscillator Con Cxout
2048-6F 4 0000 (TOYOCOM) Cxin = CxouT = 20pF /;l; ;
(2) 400KHz XIN XOUT

Ceramic Resonator
CSB400B (MURATA) Cxin = CxouT = 220pF, RxouTt = 6.BKQ
KBR-400B (KYOCERA) Cxin = CxouT = 100pF, Rxout = 10K 400KHz Rxourt

B

Cxan /J; /J; Cxourt
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TYPICAL CHARACTERISTICS
R R-Ta KO port R R-Ta RESET pin
(KO v, =55v KDy =55V
100 /,‘ 400
s Vi 300 —
/
/
50 200 ]
o
100
0 Ta 0 Ta
- 40 0 40 30 (°C) —40 0 40 80 (°C)
lon~Vou CMOSRport IoH— Vo R42,R43 pin , IL=VIN CMOSKport
lon Ion I
Vpn=4.5V (mA) Vin=4.5V (wA) Vpn=5.5V
(A) TN Ta=25°C Ta=25°C " Tu=25°C
— 400 - 40 - 800
=300 —-30 AN — GO0 \
- 200 \ -20 \\ — 400
- 100 \\ - 10 \\ ~ 200 \
0 Vil 0 Vo 0 Vin
2 4 G (V) 2 4 G (V) 2 4 G (V)
loL— VoL R port lIoL~ VoL R40, R4l port
I, loL,
(mmf Vo =45V (mA)| Yon=45V
Ta=25°C Ta=25C
8 Y 40
/| e
6 7 30 7
i/ oA
2 A 10 ’/
0 Vor, 0 Vol
0.4 0.8 1.2(\V) 0.4 08 1.2(V)
| Inp—-Von Inn-fe
Dy Do
(A Ty = 25°C (mA)| Yin=5.5V
Ta=25"C
4 4
3 3
y
fe=dMliz
2 2 /
/
| 1 v
fe =400KHz |
0 —"‘I""T_" Vin ] fe
3 5 7 (V) 0.1 04 1 4 10(Mliw)
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Input/Output Circuitry

(1) Control pins
input/Output circuitries of the 47C423A control pins are similar to the 47C400A.

(2) /O Ports
The input/foutput circuitries of the 47C423A I/O port are shown below, any one of the circuitries
can be shown by a code (GA to GF) as mask option.

Port [I{e] input/output Circuitry {Code)
GA, GD GB, GE GC, GF
VDD R pull-up/pull-down
K0 Inout resistor
Ry R Rin R Ry = 70K0Q (typ )
—Fw— | iN R=1KQ{typ)
R
_D Sink open drain
output
RA40 —{>o—] Initial "Hi-Z"
R41 va R High current
oL = 20mA (typ.)
R=1KQ{typ)
vbD Source open drain
__,__{>O_i output
R42 Initial "Hi-2"
Ra3 10 High current
R lon = - 20mA(typ.)
A R=1KQ (typ)
—
GA, GB, GC GD, GE, GF
Initial "Hi-2" Initial “High”
nitial 1-Z nitia igh Sink open drain
RS or push-pull output
iy o —>o—|
R R=1KQ{typ)
<
1
~J
Sink open drain
___..__Do_l output
R7 fle} R Initial "Hi-2"
A R=1KQ (typ.)
~J

Sink open drain

R8 ——{>o—-{ = output

R9 o R Initial "Hi-2"

Hysteresis input
R=1KQ (typ.)
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