Ordering number : EN*4435A

CMOS LSI

LC587008, 587006, 587004

SANYO

Single-Chip 4-Bit Microprocessors with LCD Driver,

2 Kb RAM, and 8, 12, or 16 KB ROM on chip

Preliminary

Overview

The LC587004, L C587006 and L C587008 are 80-pin low-
voltage CMOS 4-bit microprocessors that include LCD
drivers, 2 Kb RAM and 8, 12, or 16 KB ROM on chip.
These microprocessors correspond to the earlier LC5870
series with the 256 by 4-bit on-chip RAM expanded to a
512 by 4-bit capacity.

Applications

» System control and LCD display in CD players, cameras
and radio tuners

e System control and LCD display in miniature test
equipment and consumer health care products

» These microprocessors are optimal for products that
include LCD displays and, in particular, battery operated
products.

» Remote controllers for VCRs and audio equipment

Functions

» Program ROM: 8064 x 16 bits (LC587008), 6144 x
16 hits (LC587006) and 4096 x 16 bits (LC587004)

* RAM: 512 x 4 bits on chip

All instructions execute in asingle cycle

Cycle time and operating voltage ranges

— 2pscycletime:  Vpp=28t06.0V
10 pscycletime: Vpp=22t06.0V
122 pscycletime: Vpp=2.0t06.0V

Rich set of HALT/HOLD mode clearing and interrupt

functions

— Eight HALT mode clearing functions

— Seven HOLD mode clearing functions

— Seven interrupt functions (all of which can be used
as external interrupts)

— Subroutines can be nested up to eight levels
(including interrupt handling)

— Built-in watchdog timer function

 Powerful hardware for improved processing capacity

— Built-in segment PLA and segment decoder: LCD
panel segments can be handled with no software
processing of the LCD driver outputs. Also, the LCD
drive pins can be switched to function as output
ports.

— Built-in 8-hit synchronous serial 1/0 circuit

— One 8-hit programmable timer (that can be used as
an event counter)

— One 8-bit programmable reload timer (that can be
used to generate aremote control carrier signal)

— The whole RAM area can be used as working area
(by using the RAM bank register)

— Built-in RAM data pointer

— Built-in clock oscillator and 15-bit divider (also used
to generate the LCD alternating frequency)

Highly flexible LCD panel drive output pins (35 pins)

LCD pand ................ Number of ........... Required

drivetype......cccennene segments.............. common pins

1/3 bias U4 duty ........ 140 segments....... Four pins

1/3 bias /3 duty ........ 105 segments....... Three pins

1/2 bias U4 duty ........ 140 segments....... Four pins

1/2 bias /3 duty ........ 105 segments.......Three pins

1/2 bias 1/2 duty ........ 70 segments......... Two pins

S 1] o 35 segments......... Onepin

The LCD output pins can be switched to function as

general-purpose outputs.

— C-MOStype:  Upto 35 pins

— P-channel type: Up to 35 pins

— N-channel type: Upto 35 pins

These microprocessors allow the use of an oscillator

appropriate to the application system specifications.

— Crystal oscillator: 32 kHz, 65 kHz or 38 kHz (for the
time base, system clock or LCD alternating
frequency)

— Ceramic oscillator: 400 kHz to 4 Mhz (for the
system clock and the timers and seria counter)

— RC oscillator: 200 kHz to 1 MHz (for the system
clock and the timers and serial counter)

— External clock (for the system clock and the timers
and serial counter)
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TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110-8534 JAPAN

63095HA (OT)/N1194IN/D1192JN No. 4435-1/29



LC587008, 587006, 587004

Features Package Dimensions
* These microprocessors are the top end of the LC5870  unit: mm
series and have the following features. 3044B-QFP80A
Faster cycletimes
— Cycletime: 2 psfor Vpp between 4.5 and 6.0V [LC587008, 587006, 587004]
— Cycletime: 10 psfor Vpp, between 2.2 and 6.0 V - 20 7
Low power dissipation HALT mode (typical) ‘ r . 03
Continuous operation (typical) | 6’-] HHH“";" | HH *HHHH 4
— Ceramic filter (CF) 4 MHz (5.0 V) 600 pA 1.7 mA L 65 LI Ll
(cycletime=2 ps) == =
— Crystal oscillator 32 kHz (3.0 V, CF stopped) 4.0 = ==
LA 20 pA (cycletime= 122 ps) o0 % %
Improved timer functions &2 == ==
— One 8-hit programmable timer (that can be used as % %
an event counter) == '@b' ==
— One 8-hit programmable reload timer (that can be ©, HHHHHHHHHHHHHHHHHHHHHHH”

used to generate a remote control carrier signal)

— Time base timer (for use as a clock)

— Watchdog timer

Improved standby functions

— Clock standby function (HALT mode), software
switching between low speed mode (low current)
and high speed mode

— Full standby mode (HOLD mode)

— HALT and HOLD modes can be cleared by external
interrupt pins, input ports (up to nine pins) and serial
I/O interrupts

Improved 1/O functions

— External interrupt pins

— Upto 9input and I/O pins that can clear HALT and
HOLD modes

— Up to 24 input ports with built-in software
controllable input resistors (either pull-up or pull-
down specified as mask options)

— Up to 25 input port pins with a built-in floating
prevention circuit

— LCD driver: four common pins and 35 segment pins

— Genera-purpose 1/0 ports: 20 pins (of which 12 are
p-channel open drain and 4 are n-channel open
drain)

— Genera-purpose inputs: five pins

— General-purpose outputs (type 1): four pins (LED
direct drive pins, one internal alarm signal output
pin and one carrier output pin)

— Genera-purpose outputs (type 2): 35 pins (when al
35 LCD segment port pins are switched over to
function as general-purpose outputs)

— Eight-bit serial 1/0 port: one set (three pins. input,
output and clock)

* Delivery formats: QFP80 (QIP80) and chip

SANYO: QIP80A

No. 4435-2/29
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Pad Layout

Chip size:
Pad size:

5.12 mm x 5.29 mm

120 pm % 120 pm
Chip thickness: 480 pum (chip products)
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Pin Assignments/Pad Names and Coordinates
Pin | Pad Coordinates Pin | Pad Coordinates Pin | Pad Coordinates
Symbol Symbol Symbol
No. | No. Xpm Yum No. [ No. Xpm Yum No. [ No. Xpm Yum
24| 1 (Vpp 2234 | -2319 52 | 29 [Seg 9 155 2449 78 | 57 [Seg 35 —2362 -824
25| 2 [CFIN 2234 | -1883 53 | 30 |Seg 10 24 2449 79 | 58 |COM4 —2362 | -1139
26 | 3 |CFOUT 2234 | -1701 54 | 31 |Seg 11 -204 2449 80 | 59 |COM3 —2362 -1564
27| 4 [S1 2234 | -1458 55 | 32 [Seg 12 —-384 2449 1 | 60 [COM2 -2362 | —2319
28| 5 |S2 Input 2234 | -1212 56 | 33 |Seg 13 -564 2449 2 | 61 [COM1 -1912 -2319
29 | 6 [S3 port 2234 -915 57 | 34 [Seg 14 —744 2449 3 | 62 |CUP1 -1730 | -2319
30| 7 [S4 — 2234 -669 58 | 35 | Seg 15 -923 2449 4 | 63 [CUP2 —1549 -2319
31| 8 [KI — 2234 —284 59 | 36 [Seg 16 -1103 2449 5 | 64 |RES -1327 | -2319
32| 9 |K2 2234 -101 60 | 37 | Seg 17 -1283 2449 6 | 65 |INT -1145 | -2319
33 | 10 (K3 VO port 2234 81 61 | 38 [Seg 18 -1463 2449 7 | 66 |SO1 -963 | —2319
34|11 |K4 - 2234 264 62 | 39 |Seg 19 -1643 2449 8 | 67 |SO2 1/0 port, -780 | -2319
35|12 (M1 — 2234 448 — | 40 [Test -1821 2449 9 | 68 |SO3 |[SIOport| -597 | -2319
36 | 13 |M2 2234 631 — | 41 | Test -2001 2449 10 | 69 | SO4 — -414 | -2319
37 | 14 (M3 /O port 2234 814 63 | 42 [Seg 20 —2362 2449 11 [ 70 |A1 -231 | -2319
38|15 |M4 -~ 2234 997 64 | 43 |Seg 21 -2362 2248 12 | 71 |A2 -48 | -2319
39 [ 16 [N1 — 2234 1352 65 | 44 |Seg 22 —2362 1649 13 | 72 |A3 VO port 134 | -2319
40 | 17 N2 Output 2234 1624 66 | 45 | Seg 23 -2362 1468 14 | 73 |A4 317 -2319
41 | 18 | N3 port 2234 1895 67 | 46 |Seg 24 —2362 1288 15 [ 74 |P1 504 | -2319
42 | 19 (N4 — 2234 2173 68 | 47 | Seg 25 -2362 1107 16 | 75 | P2 687 | —2319
43 | 20 |TST 1958 2449 69 | 48 |Seg 26 —2362 799 17 | 76 | P3 VO port 870 | -2319
44 | 21 [Seg 1 1732 2449 70 | 49 | Seg 27 -2362 618 18 | 77 |P4 - 1053 | -2319
45 | 22 |Seg 2 1506 2449 71 | 50 [Seg 28 —2362 438 19 | 78 | XTOUT 1279 | -2319
46 | 23 [Seg 3 1280 2449 72 | 51 | Seg 29 -2362 257 20 | 79 | XTIN 1462 | -2319
47 | 24 |Seg 4 1054 2449 73 | 52 [ Seg 30 —2362 77 21 | 80 |Vpp2 1685 | -2319
48 | 25 [Seg 5 874 2449 74 | 53 | Seg 31 -2362 -103 22 | 81 |Vppl 1868 -2319
49 | 26 | Seg 6 694 2449 75 | 54 | Seg 32 —2362 —-283 23 | 82 |Vgg 2050 | —2319
50 | 27 |Seg 7 514 2449 76 | 55 | Seg 33 -2362 —464
51 | 28 [Seg 8 335 2449 77 | 56 |Seg 34 —2362 —664
Note: 1. Pin numbers are for QIP80 package products.
2. Connect the test pins (TST) to Vgg.
3. Pad numbers 40 and 41 must be left open in the chip specification product.
4. Do not use dip-soldering techniques to mount the QIP80 package versions.
5. For chip products either connect the substrate to Vgg or leave it open.

No. 4435-3/29
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System Block Diagram

ROM:

DP:

BNK:
APG:

AC:

ALU:

OPG:

3838 2

System Block Diagram for the LC587008, LC587006 and LC587004

Data memory
Program memory

Data pointer register

Bank register
RAM page flags
Accumulator

Arithmetic and logic unit

B register
ROM page flag
Program counter

IR:

STSI:
STS2:
STS3:
STSA:
STSE:

PLA:

WAIT.C: Waiting time counter

Instruction register

Status register 1
Status register 2
Status register 3
Status register 4
Status register 5

\
r \
|
oP i oPG )‘ i
PORT-A B register ¢ (2 bit) ROM |
" - «os) 1587008 |
-4 a ) N
5124 bit | § 4 ¢ BKx16bit |
3 -LCSEI006 |
<|v7] BNK KX 16bi t
STS 1 -LCS87004 |
= AKX 16bit |
APG |
pt control
STS3. circut %
Accumulator ALV |
;- | AC (4 bits) Alarm generator | P sTsa4 |
cireult o Py I R |
T 7 [
7 7 System bus (16 bits) 777 |
2 / / - |
[— Watchdog timer Reset k DORES
Data VO B-bus circuit ‘
STS?2 Clock 1 Cystal L BXTIN
i . timer (15 bits) I’ circonfl(lsh;%'l-i s
Timer 2 . 85 ki) ’——abl XTOUT
Serial /O o WAIT.C
counter £
i T Segment decoder, £33
4 Timer 1 il Strobe decoder 89 . bCF I N
3 cireud (400 Kz Yo
Carrier controi circuit STSS PLA @ dwg DCFOUT
® WAIT.C
sy y LCD driver System clock |
T generator . 1‘
|
v e J
__________________ - OU0U T Y
camw — B
7
3

Segment data and strobe programmable logic

array
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Pin Functions

. QIP-80 X X
Pin 110 Pin No. Function Option At reset
Vpp — 24
Vss _ 23 Power supply
LCD drive power supply
NON |[1/lbias|l/2bias|l/3bias
Vppl — 22 VDD
Vpp2 — 21
Vbo2 o | ]
VDD2 : o=
VSS o—T | o3~
Switching pin used to supply the LCD drive voltage to the Vpp1 and
Vpp2 pins
CupP1 - 3 « Connect a nonpolarized capacitor between CUP1 and CUP2 when
cupz - 4 1/2 or 1/3 bias is used.

« Leave open when a bias other than 1/2 or 1/3 is used.

System clock oscillator connections
CFIN Input 25 « Ceramic resonator connection (CF specifications)
* RC component connection (RC specifications)

CF specifications
RC specifications

« External signal input pin (CFOUT is left open) ) Exter_rjal .
CFOUT Output 26 This oscillator is stopped by the execution of a STOP or SLOW specifications

instruction. * Notused

Referen Iculation (clock ifications, LCD alternating fr n P
XTIN Input 20 eference calculation (clock specifications, LCD alternating frequency), | 32k specifications

system clock oscillator

65k specifications

« 32 kHz crystal resonator connection
* 65 kHz crystal resonator connection

38k specifications

XTout Output 19 This oscillator is stopped by the execution of a STOP instruction. * Notused
« The pull-up or pull-
Input—onl.y ports . « Transistors to hold down resistors are
S1 27 « Input pins used to read data into RAM a low or high level on
S2 | 28 « Built-in 7.8 ms and 1.95 ms chatter rejection circuits Selecti f eith : ’
nput o : * Selection of either | Note: These pins go
S3 29 « Built-in pull-up/pull-down resistors pull-up or pull- to the floatin
S4 30 Note: The 7.8 ms and 1.95 ms times are the times when g0 is down resistors state when 9
2.768 kHz. .
32.768 kHz reset is cleared.
« The pull-up or pull-
down resistors are
1/0 ports . on.
K1 31 « Input pins used to read data into RAM * Transistorstohold |\ - pins go
K2 32 « Output pins used to output data from RAM alow or high level to the floating
K3 Vo 33 « Built-in 7.8 ms and 1.95 ms input-mode chatter rejection circuits. * Selection of either state when
K4 24 The selection of 7.8 or 1.95 ms is linked to that for the S ports. pull-up or pull- reset is cleared.
Note: The 7.8 ms and 1.95 ms times are the times when 20 is down resistors « Input mode
32.768 kHz. « Output latch data is
set high.
1/0 ports
M1 35 « Input pins used to read data into RAM
M2 36 « Output pins used to output data from RAM The same as K1 to The same as K1 to
M3 1o 37 * M4 is used as the external clock input pin in TM2 mode 3. K4 K4
M4 38 * The minimum period for the external clock is twice the cycle time.
« Built-in pull-up/pull-down resistors
Al 11 1/0 ports
A2 12 « Input pins used to read data into RAM The same as K1 to The same as K1 to
A3 1o 13 « Output pins used to output data from RAM K4 K4
A4 14 « Built-in pull-up/pull-down resistors
P1 15
P2 /o 16 /0 ports The sameasK1to | The same as K1 to
P3 17 Function: The same as pins Al to A4 K4 K4
P4 18

Continued on next page.
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Continued from preceding page.

) QIP-80 ) )
Pin /10 Pin No. Function Option At reset
1/0 ports « Transistors to hold
Function: The same as for pins Al to A4 a low or high level
Pins SO1 to SO3 area also used for the serial interface. « Selection of either
SO1 7 « Use of these pins in serial mode can be selected under program pull-up or pull-
S02 o 8 control. down resistors The same as for K1
SO3 9 « Pin functions: SO1: Serial input pin « Internal serial clock | to K4
S04 10 S02: Serial output pin divisor selection
SO3: Serial clock pin I m
The serial clock pin can be switched between internal and external, I 12
and between rising edge output and falling edge output. 1 14
Output-only ports ‘ Etljrzsul\t‘ii:zu,?t‘ty o
N1 39 « Output pins used to output data from RAM | pCMOS pe:
< An alarm signal can be output from pin N4. (Note that this is only
N2 40 : Il N-channel The output levels on
Output when the N4 output latch is low.) ) .
N3 41 . open drain pins N1 to N4 can be
« An alarm signal modulated at 1, 2 or 4 kHz can be output. (These . . -
N4 42 ) . * Pins N1 to N4 specified as an option.
frequencies are output when @0 is 32.768 kHz.) outout level
« A carrier signal can be output from N3. (Note that this is only when P .
A | High level
the N3 output latch is low.)
Il Low level
« Transistors to hold
a low or high level
Input ports « Selection of either
« External interrupt request inputs pull-up or pull-
INT Input 6 « Input pins used to read data into RAM down resistors
« Input detection can be performed on either rising or falling edges. « Signal conversion
« Built-in pull-up/pull-down resistors (rising/falling)
selection
LSl internal reset input * Only when the
« The reset input level can be selected to be either high or low. input resistor open
RES Input 5 « Built-in pull-up/pull-down resistors specification is
« Note: The reset pulse must be at least 500 ps. selected
Test input
TST Input 43 » QIP80 products: Connect to Vgs.
« Chip products: Leave open or connect to Vgg.
* LCD driver/ .
general-purpose * LCD drive
output switching - 2:: segmen:s O?f
« LCD panel drive/general-purpose output * LCD drive type *_'Dete?ren?rzgiinbs ©
— LCD panel drive switching " mask 0 tionsy
| STATIC — STATIC « General Er ose
Il 12 bias — 1/2 duty — L2bias-1/2 | * et purp
Il 1/2 bias — 1/3 duty duty o pHi evel
IV 1/2 bias — 1/4 duty — 2bas-153 | T "HLEE
V  1/3 bias — 1/3 duty duty +- Determined b
VI 13 bias — 1/4 duty — 1/2 bias - 1/4 e d tionsy
Types | to V can be specified as mask options. duty . P
Segl, 44, . Note: When a
— General-purpose output mode — 1/3 bias - 1/3 <
Seg2 to Output 45 to combination of
Seg35 78 | CMOS duty LCD drive and
9 Il P-channel open drain — 1/3 bias - 1/4 oneral-
Il N-channel open drain duty gur ose
Types | to Il can be specified as mask options. * General-purpose gutputs the
» LCD/general-purpose output control is handled by the segment PLA, output circuit buts, the.
) h i output state is
and thus program control is not required. switching cither:
« These pins support output latch control on reset and in standby — CMOS -
) — All'li‘high level
states when the oscillators are stopped. — P-channel — Al offflow level
« Arbitrary combinations of LCD drive and general-purpose outputs can open drain . ’
« These pins go to
be used. — N-channel S
open drain the static drive

Output latch control
in standby modes

mode during the
reset period.

Continued on next page.
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Continued from preceding page.

. QIP-80 . i
Pin 1/0 Pin No. Function Option At reset
LCD panel drive common polarity outputs The static drive
The table below shows how these pins are used depending on the duty waveform is output
used. (Values for alternating frequency reflect a typical specification of during the reset
32.768 MHz for 20.) period.
- * There are cases
COM1L 2 Static duty 1/2 duty 1/3 duty 1/4 duty where the
Ccom2 Output 1 com1 O O O O alternating
Ccom3 80 CcOoM2 0 O O O frequency stops for
COM4 79 CcoMm3 O O O O the CF, RC and
COM4 O O O O external clock
Alternation specifications.
frequency 32 Hz 32 Hz 42.7 Hz 32 Hz (These cases differ
depending on option
Note: A cross ( O) indicates that the pin is not used with that duty type. specifications.)

Sample Application Circuit

LCD: 1/2 bias— 1/4 duty

ul INT
M2 ggﬂ% LCD
M3 ,
M4 E&’ﬁ 1/2 bias-
K1 N 1/4 duty
K2 SEG—l/ 35 x 4 max.
K3 Al—
AZl—
K4 A3—
Ad—
Key matrix —_}p1 VDD +
— P2 PD.1u —75.0V
VDD1 d
—P3 vzl L
o — P4 vss| T
—O O———-Sl CUPIOI#
) S2 [ L
—0 oO0—83 CUPZ T
3 o S4 N4 (ALARM) AN,
1 X3 IXTIN N1toNs
T XTOUT So1
S02
¢ {CFI¥ 503
Ccg [ S04 1—
| — CFOUT o |
Ccd RES I—o
]

Unit (resistance:Q, capacitance: F)

No. 4435-7/29
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Oscillator Circuit Options

Option Circuit configuration Note
. >CP
o
2z Tl
Eg T2
. S =13 » The cycle time is four times the f1 period.
—>T4 « The divider outputs (g1 to g15) are used as
LHAL’]‘ the time base, the LCD drive waveform
RC and Xtal H generation clock, the S and K port
+-FAST/SLOW chattering rejection clock and for other
functions.
Divider * OSC1 is stopped when a SLOW instruction
circuit is executed.
+ XTOUT ] T
- 1 ¢ 15
VSS
. >Cp
25 71
E 2 T2 * The cycle time is four times n times the f1
S —>13 period. (Note: nis 2.)
—>T4 « The divider outputs (g1 to g15) are used as
CF and Xtal L—HALT the time base, the LCD drive waveform
* 400 kHz (CF) Y generation clock, the S and K port
* 4 MHz (CF) - FAST/SLOW chattering rejection clock and for other
functions.
Divider » OSC1 is stopped when a SLOW instruction
circuit is executed.
$15
AN
_ P
S
S 25 2]
A ge T2
e Fg T3
—>T4 * The cycle time is four times the f1 period.
IDS]‘()p LHALT » The divider outputs (g1 to g15) are used as
RC the LCD drive waveform generation clock,
the S and K port chattering rejection clock
(_ XTIN ~ and for other functions.
O Divider
%) L L
op @ S 140 circuit
XTOUT ] |
1 ¢$ 15

Continued on next page.
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Continued from preceding page.

Option Circuit configuration Note

. ~>CP

S 2§ >

1721 l/n o1 § g 9‘[2

° =8 P13

* The cycle time is four times n times the f1
T4
A period. (Note: nis 2.)

cr 1\_ STOP HALT * The divider outputs (g1 to g15) are used as

* 400 kHz VSS ) ;

. 4 MHz the LCD drive waveform generation clock,

XTIN the S and K port chattering rejection clock
(— § Divider and for other functions.
0 Pef o $0| circut
XTOUT I
o1 ¢ 15
. >CP
~(_CFIN — 22 [>T1
) 5 |l
OPEN 24 — E2 T2
C © =8 =13
CFOUT F>T4 + The cycle time is four times the f2 period.
[ HALT « The divider outputs (g1 to g15) are used as
tal STOP the time base, the LCD drive waveform
‘J; generation clock, the S and K port
XTIN chattering rejection clock and for other
N functions.
= & Divider
S | 0| circuit
- {XTOUT T |
$1 615
AN
. pCp
— 22 Tl
3 ~1/n—1>— §§ —>T2
< % T3 U .
T4  The cycle time is four times n times the f1
L period. (Note: nis 2.)

External input {STOP HALT » The divider outputs (21 to g15) are used as
the LCD drive waveform generation clock,
the S and K port chattering rejection clock

XTIN s T‘ and for other functions.
ivider
OPEN 8 $0 circuit
XTOUT

1

615

No. 4435-9/29
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Crystal Oscillator Circuit Options

Option

Circuit configuration

Note

32 kHz oscillator

XTIN

Cg

C332768Hz

VSS

The resistor Rd (200 kQ typical) for use with a
32 kHz oscillator is built in.

5 kHz oscillator
38 kHz oscillator

VSS

<
(7]
[7%¢]

20pF (typ)

« The cycle time is four times n times the f1
period. (Note: nis 2.)

* The divider outputs (g1 to g15) are used as
the time base, the LCD drive waveform
generation clock, the S and K port
chattering rejection clock and for other
functions.

* OSC1 is stopped when a SLOW instruction
is executed.

Input Port Options

Option

Circuit configuration

Note

Selection of either the

« Built-in pull-up
resistor, or the

« Built-in pull-down
resistor option

VDD
_%

Pull-up resistor

?/A

A 35
¥

Pull-down resistor

B

SF2/RE2 D2to D7

The following ports are switched at the same
time
» S1to S4, K1 to K4, M1 to M4, P1 to P4 SO1
to SO4 and Al to A4
At reset: The resistors are on during the reset
period.
The resistors are turned off when
reset is cleared.
Options: Either A or B can be selected.
One of A and B must be selected.

Selection of high or
low level hold
transistor

<
=
=

!

Puli-up
resistor
_|

High level hold transistor

BUS

e
7\1

Low level
L7 hold transistor

Puli-down
resistor

Combination examples

SF2/RF2
D2 to D7

Output mode

Type 1 2 3 4
Pull-up resistor (A) On On

Pull-down resistor (B) On On
High level hold transistor (C) On

Low level hold transistor (D) On

When the hold transistors used option is

selected:

 Used to reduce the current flowing in the

pull-up or pull-down resistors when, for

example, a push switch is used for S1 or a

slide switch is used for S2.

For input open specification versions, the

resistors are turned on before the input is

read, the input state is read and then the

resistors are turned off. If the input is

floating at this point the high or low level

hold transistor operates to hold the value

read.

When the hold transistors unused option is

selected:

« Use with the pull-up or pull-down resistor in
the on state.

« Select hold transistors unused when
connecting to external control signals and
the connections will never be floating

No. 4435-10/29
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INT Pins

Option

Circuit configuration

Note

Pull-up resistor, pull-
down resistor or

J

Pull-up High level hold transistor
resistor

Built-in resistor selection
* Pull-up resistor used

. . * Pull-down resistor used
resistor open selection
« Used open
INT Data bus
Bit 2
MSTR
Pull-down I—-—— Input signal level hold transistor selection
High or low level hold resistor 7;7] Low level hold « High level hold transistor used
transistor selection ) . transistor » Low level hold transistor used
« Level hold transistors unused
———O Edge detection Halt clear
_{>o—o O circuit
Interrupt
Rising/falling edge -
Rising edge or falling detec%i/on sv«glitch?ng SF2-D0—8 Q request Signal change edge detection switching
edge detection -RF2-DO0—R » Change on rising signal
selection « |nitial reset + Change on falling signal
RES Pin
Option Circuit configuration Note
Pull-up resistor
Pull-un resistor. pull- Built-in resistor and polarity selection
pre P RES A "H” « Pull-up resistor connected, low level reset
down resistor or reset . .
) « Pull-down resistor connected, high level
resistor open and reset
reset level selection B .
;7_7 *L" reset . Res!stors open, Iqw level reset
Pull-down resistor , « Resistors open, high level reset
Pins N1 to N4
Option Circuit configuration Note
. Initial reset
N1 [ F
D S 20
Mask O<} Q
switched R O
Lo
*~—
N2 S 24
D—— O<} Q « Selection of CMOS or n-channel open drain
R (4 9 circuit type
I b o * Pins N1 to N4 can be specified
N-channel/CMOS *— {5, independently
selection N3 S 2 = * The output level during reset can be
2
}— Q specified.
11 4 — High level
R | — Low level
N4 Carrier —
signal
D 0 S 23
B OPN instruction

Alarm generation circuit
SAS instruction
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Fifteen-Stage Divider Overflow Time

Option

Circuit configuration

Note

* 1000 ms/250 ms
* 500 ms/125 ms

Q S SF1 D2

a RF1 D2

QR Initial reset

HALT
clear signal

PLC D4
initial reset

PLC D5

11

12 13 14
Note: The 125 to 1000 ms times are for a divider input of 32.768 kHz.

Stage 15 initial reset

A 15-stage (15-bit) divider is provided on chip
to count the reference time.

One of two types of divider overflow detection
can be selected as a mask option and a
further selection of two types can be made
under program control. One of these mask
options must be specified.

K Input Port Options

Option

Circuit configuration

Note

Pull-up/pull-down
resistor selection

TTTT

Pull-up/pull-down
resistor and level
hold transistor
selection circuit

Data bus

* Interrupt
request

* Halt clear
request

When the pull-up/pull-down resistor selection
is made, the K port input detection switching
gate is switched accordingly.

A: When all of K1 to K4 are high and even
one pin goes low a signal is applied to the
edge detection circuit. (Applies to the pull-
up specifications.)

Note: When even one of the K1 to K4 pins
is low, the edge detection circuit will
not operate for any combination of
high or low values on the other pins.

B: The opposite of item A
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Mask Option Overview

1. Port resistor selection (ports S, K, P, M, A and SO)
* Pull-up resistor specification
« Pull-down resistor specification

2. Sport high or low level hold transistors
* Level hold transistors used
* No level hold transistors

3. K port high or low level hold transistors
» Level hold transistors used
¢ No level hold transistors

4. M port high or low level hold transistors
¢ Level hold transistors used
* Nolevel hold transistors

5. Pport high or low level hold transistors
¢ Leve hold transistors used
* No level hold transistors

6. A port high or low level hold transistors
¢ Level hold transistors used
* No level hold transistors

7. SO port high or low level hold transistors
¢ Level hold transistors used
* No level hold transistors

8. INT pinresistor selection and signal edge selection
« Pull-up resistor (negative edge)
* Pull-down resistor (positive edge)
* Open (negative edge)
» Open (positive edge)

9. INT pinlevel hold transistor selection
* Low or high level hold transistors used
* Nolow or high level hold transistors

10. RES pin
 Pull-up resistor (low level reset)
* Pull-down resistor (high level reset)
* Open (low level reset)
* Open (high level reset)

11. N1 pin
» N-channel open drain type
* CMOStype

12. N2 pin
* N-channel open drain type
¢ CMOStype

13. N3 pin
¢ N-channel open drain type
¢ CMOStype
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14. N4 pin
¢ N-channel open drain type
* CMOStype

15. N port initial level
* High level
e Low leve

16. OSC specifications
* CF only (ceramic filter)
* RC only (resistor and capacitor oscillator)
 Crystal only (32 to 65 kHz crystal oscillator)
e CF+ crystal
¢ RC + crystal
e External + crysta

17. CF/External
¢ 400 kHz or 800 kHz
e 1 MHz, 2 MHz or 4 MHz

18. Crystal oscillator
e 32 kHz
e 65 kHz
e 38 kHz

19. Fifteen-bit counter overflow
» 90/2048 or 9/8192
» 90/4096 or 90/16384

20. Serid /O internal clock period
e Cycletimex1x2
e Cycletimex 2x 2
e Cycletimex4x 2

21. LCD driver
o Static
e 1/2 bias— 1/2 duty
e 1/2 bias— 1/3 duty
e 1/2 bias— 1/4 duty
e 1/3 bias— 1/3 duty
¢ 1/3 bias— 1/4 duty

22. LCD alternating frequency
e Slow
e Typica
* Fast

23. Internal reset circuit
* Selection
* Disabled

24. Segment ports at reset
LCD drive pins
* All on
* All off
CMOS, p/n-channel type pins
* Highleve
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Internal Register Functions

Initializati
Symbol R/W Function nitaiization
value at reset
Program counter
The PC is a 13-bit counter that indicates the address in program memory (ROM) of the next instruction to execute.
Normally the PC is incremented on every instruction cycle in the range 000H to 1F7FH. (Addresses in the range 1F80
to 1FFF are reserved for testing and cannot be used by user programs.) However, data values are loaded into the PC
by the execution of branch and subroutine instructions and on the occurrence of interrupts or an initial reset. The table
below describes the data loaded for these operations.
PC
. PC12| PC11|PC10| PC9 | PC8 | PC7 | PC6 | PC5 | PC4 | PC3 [ PC2 | PC1 | PCO
Operation
Initializing reset 0 0 0 0 0 0 0 0 0 0 0
INT pin external interrupt 0 0 0 0 0 0 0
S/K pin external interrupt 0 0 0 0 0 0 0 1
Ti 1 i 2i |
pC . | imer 1 or timer 2 internal 0 0 0 0 0 0 0 1 1 0 0 0 0
interrupt
Serial ter int | int t
erial counter internal interrup 0 0 0 0 o 0 0 1 1 1 o 0 0
or SO4 pin external interrupt
Unconditional jump (JMP) Page |P10 |P9 | P8 |P7 | P6 |P5 |P4 |[P3 | P2 | P1 | PO
Conditional jump
(BABO, BAB1, BAB2, BAB3, Page P10 | P9 P8 P7 | P6 | P5 P4 | P3 P2 | P1 PO
BAZ, BANZ, BCH, BCNH)
Call instruction (CALL) Page P10 | P9 P8 P7 | P6 | P5 P4 | P3 P2 | P1 | PO
Return instruction (RTS, RTSR) | CALL address + 1
Page: the ROM page flags, which take 2048 locations as a single page
The page is specified with the MROPF and SROPF instructions.
P00 to P10: Bits in the instruction code (i.e., immediate data)
Program memory
The ROM memory consists of 4096 x 16 bits (4 kwords or 8 kbytes) in the LC587004, 6144 x 16 bits (6 kwords or 12
kbytes) in the LC587006 and 8064 x 16 bits (8 kwords or 16 kbytes) in the LC587008. ROM hold user programs to be
executed.
< - 16bits —‘ﬁ
OOOH T ’l
S
[de}
ROM | RO O7FFH S S8
X = O
] &35
\_’//”—\ —4 O o
\L — o
-
OFFFH l
17FFH ,
IF7FH Test ROM (cannot be used by user programs)
|FFFH
Data memory
These microprocessors provide an on-chip RAM that consists of 512 x 4 bits (2 Kb). This RAM is accessed as two
256 x 4-bit pages.
RAM addresses can be specified in four ways as listed below.
RAM rw | Dlrgctly spec.lf.led .at OOH to FFH (|r.nmed|ate. addressing) Undefined
« Indirect specification using the 8-bit data pointer.
« Indirect specification by the 4-bit RAM bank register multiplied by 10H plus immediate data in the range 0 to FH.
« Indirect specification by the 4-bit RAM bank register multiplied by 10H plus 8H plus immediate data in the range O to
FH.
Writing to RAM is always performed through the accumulator.

Continued on next page.
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Continued from preceding page.

Symbol

RIW

Function

Initialization
value at reset

RAM

R/IW

Page 1
Page 0o\ ‘ti\,/;’
x I

00H

[S——— 4bits —

FFH -

<« RAMaddress —m8 — >

ay[pr]re [ ps[palps]r2]r1]ro]

B) [|< DPH % DPL 'i : Direct specification by an 8-bit operand
- : When the data pointer fiag is set

C) I RAM bank register | P3 | P2 | P1 | PO | :When one of 16 certain instructions (such as ADDI
- and ORI) is executed.

D) | RAMbankregister | 1 [ w2 [ w1 | %0 | : Forthe MRW W,P and MWR P, W instructions

Note: In case B, data pointer RAM address specification is illegal if the RAM address specification (the DPH
immediate data) has the same value as the RAM bank register (BNK). In this case immediate specification is
allowed.

Example: If an IPS 10H instruction is executed when the data pointer flag is set, DPH is 5H, DPL is 3 H and the
RAM bank register (BNK) is 1H, then the contents of the S port will be written to RAM location 10H.
Example: If BNK and DPH differ, then the following operation will be performed.
If an IPS 10H instruction is executed when DPF is 1, DPH is 5, DPL is 3 and BNK is 4, then the
contents of the S port will be written to RAM location 53H.

Undefined

AC

R/W

Accumulator

MSB LSB
AC3 ~ AC2 AC1 ACO

Undefined

R/W

B register

MSB LSB

B3 B2 Bl BO
| | |

This register is used in combination with RAM as a pair for output to the LCD ports and for timer 2, serial counter and
data pointer 1/O.

Undefined

DP

R/W

Data pointer

MSB LSB
DP7 | DP6 | DP5 | DP4 | DP3 | DP2 | DP1 | DPO
DPH DPL

The data pointer register functions as a data pointer when the data pointer flag (DPF) is set, allowing control of the on-
chip RAM.

Undefined

Continued on next page.
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Continued from preceding page.

. Initialization
Symbol | R/W Function
value at reset
Stack pointer
The stack consists of eight 14-bit registers and thus can be set to a depth of up to eight levels.
The stack pointer is incremented by CALL instructions and interrupts, and decremented by RTS, RTSR and POP
instructions.
RTS, RTSR and T T Tt
POP instructions Stack register 8
S Stack register 4
STACK | RIW Y- l 9 01H
P Stack register 3
e [ Stack register 2
[opF P12 P11|P1IO] PO [P P7 [ PG [ PS5 [ P4 [ P3 [ P2 [Pl | PO
Stack register 1 A - . .
CALL instruction or
interrupt
PO to P11: Program counter (PC)
DPF: Data pointer flag
Bank register
The bank register is a 4-bit register that divides RAM (from 00H to FFH) into 16 sections and is used in moving RAM
data, immediate operations and setting the data pointer.
MSB LSB
Bn | rw| [ BNK3[BNK2 |BNKI|BNKO| e Bank register ooH
MSB LSB
[p7 ] p6 [ p5 [ P4 [ P3 [ P2 | PL [ PO | «oeereeeee RAM address
Example: ADD*_5,10.....If BNK is 6 then the operation performed will be: RAM(65H) + 10 .~ AC - RAM(65H).
RAM page flags
APG RIW The RAM page flags consist of 2 bits that allow RAM to be expanded in 256 4-bit pages to a total of 1024 4-bit 00H
locations.
Note: Pages 2 and 3 cannot be used by the LC587004, LC587006 and LC587008.
Timer counters
The timers consist of 8-bit down counters. (timer 1 and timer 2)
Timer setting is performed in 8-bit units for immediate data. (timer 1 and timer 2)
Reading and writing the lower 4 bits of a timer counter is performed through a RAM location. (timer 2 only)
Reading and writing the upper 4 bits of a timer counter is performed using the B register. (timer 2 only)
r Immediate data I [ Immediate data |
. RAM
TIM B register
TIM1 R/W Undefined
TIM2

AC

MSB LSB MSB' @ ‘ ' ' @ |LSB

r : : : Tim'er1 : : : I [ ) l l Timler2 . . ) J
{1 {1

AC
RAM

B register

Timer 1 Timer 2

Continued on next page.
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Continued from preceding page.

Symbol

RIW

Function

Initialization
value at reset

SIO

R/IW

Serial counter

The serial counter is an 8-bit shift register.

Reading and writing the lower 4 bits of the serial counter is performed through a RAM location.
Reading and writing the upper 4 bits of the serial counter is performed using the B register.

RAM
AC

{} , LSB
:Serialzcounte:r . ' I
AC
RAM

B register

Iy

B register

Undefined

OPG

RIW

ROM page flags

The ROM page flags consist of 2 bits that allow ROM to be expanded in 2048 16-bit pages to a total of 8063 16-bit
locations.

In the LC587004 the legal values are 0 and 1, in the LC587006 the legal values are 0 to 2 and in the LC587008 the
legal values are 0 to 3.

(The operation when an illegal value is used is undefined.)

00H

STS1

R/O

Status register 1 (STS1)
Status register 1 is a 4-bit register whose bits are used as shown below.

MSB

Carry flag (CF)

LSB

Data pointer ROM page flag
flag (DPF) l

L

AC
RAM

00H

STS2

RIW

Status register 2 (STS2)
Status register 2 is a 4-bit register that is used for serial counter control and state confirmation.

RAM
AC

L 58

MSB

Internal clock
flag (ICF)

Serial output
select flag
(OSELF)

Serial mode flag
(SIOF)

Counter start
ready flag (CSTF)

L

AC
RAM

ICF: High when the internal clock is used

OSELF: High when the SO2 pin is set to the high impedance state (Z).
Low when SO2 is set to the CMOS or n-channel open drain state.
High when used as serial /0

High on serial counter start

Low during serial counter operation

SIOF:
CSTF:

00H

Continued on next page.
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Continued from preceding page.

. Initialization
Symbol R/IW Function
value at reset
Status register 3 (STS3)
Status register 3 is a 4-bit register that is used to confirm the HALT and STOP clear conditions.
MSB LSB
Status condition flags
flag 3 flag 2 flag 1 flag O
(SCF3) (SCF2) (SCF1) (SCF0)
STS3 R/O : 00H
AC
RAM
SCFO0: Set to 1 if there was a signal change on the INT pin.
SCF1: Set to 1 if there was a signal change on the K port.
SCF2: Set to 1 if any of the flags in STS4 is set.
SCF3: Set to 1 if there was a signal change on the S port.
Note: SCFO is used when enabled by an SF2-1 instruction.
SCF1 and SCF3 are used when enabled by an SSW instruction.
Status register 4 (STS4)
Status register 4 is a 4-bit register that is used to confirm the HALT and STOP clear conditions.
MSB LSB
Status condition flags
flag 7 flag 6 flag 5 flag 4
(SCF7) (SCF6) (SCF5) (SCF4)
STS4 R/O @ 00H
AC
RAM
SCF4: Divider overflow
SCF5: Timer 1 underflow
SCF6: Timer 2 underflow
SCF7: Serial counter overflow or signal change on SO4
Status register 5 (STS5)
Status register 5 is a 4-bit register whose bits are used as shown below.
MSB LSB
INT pin input Fixed data
Strobe flag data
» ” ” ”»
(STBF) (INTIN) 0 0
STS5 RIO @ 00H
AC
RAM
Bits 0 and 1: These bits are always 0 and cannot be used.
INTIN: Reflects in the input data on the INT pin.
STBF: Strobe flag for the segment port

(Set to 1 for 00 to OF and to O for 10 to 1E.)
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Specifications
The electrical characteristics specified here are provisional and subject to change.

Absolute Maximum Ratings at Vog=0V, Ta=25°C

Parameter Symbol Conditions min typ max Unit
Vbb -0.3 +7.0 \Y
Maximum supply voltage Vppl -0.3 Vbp \
Vpp2 -0.3 Vop \Y
V(1) Allowed in the specified circuit (Figure 1), XTIN, CFIN Allowed up to the generated voltage
e npstteee Vi@ | i\, ST, it he K., P, SO and ports i mput mode) |0 Voo +03 | v

Allowed in the specified circuit (Figure 1), XTOUT,
Vo | crout

K1 to K4, P1to P4, SO1 to SO4, Al to A4, N1 to N4,

Allowed up to the generated voltage

Maximum output voltage

Vo (2) CUP1, CUP2, Segl to Seg35, COM1 to COM4 -0.3 Vpp +0.3 \Y
(With the K, P, M, SO and A ports in output mode)
Vo (3) Open drain specifications, N1 to N4 (N ch) -0.3 +13 \%
lo (1 0 +15 mA
|O EZ; N1 to N4 " 5 -
- m
° Per pin
i lo (3) K1 to K4, P1 to P4, M1 to M4, SO1 to SO4, 0 5| mA
Output pin current
Io (4) Alto A4 _5 0 mA
Zlo (1) | Total current | K1 to K4, P1to P4, M1 to M4, SO1 to 70 | mA
T1p(2) for all pins S04, Al to A4, N1 to N4, Segl to Seg35 ~70 mA
Allowable power dissipation Pd max | QIP8O flat package 500 mwW
Operating temperature Topg -30 +70 °C
Storage temperature Tsty -55 +125 °C

Allowable Operating Ranges at Vgg=0V, Ta=-30t0+70°C

Parameter Symbol Conditions min typ max Unit
LCD unused specifications: Vppl = Vpp2 = Vpp 2.0 6.0 \
Static specifications: Vppl = Vpp2 = Vpp 2.0 6.0 \
Supply voltage Vop 1/2 bias specifications: Vppl = Vpp2 =2 x 1/2 Vpp 2.8 6.0 \Y
1/3 bias specifications: Vppl =2 x 1/3 Vpp,
Vpp2 = 113 Vpp 2.8 6.0 \Y
Voltage required to hold the contents of RAM and
Hold supply voltage Vup the registers* 2.0 Vbp \%
Input high level voltage Vinl S1to S4, K1 to K4, P1 to P4, M1 to M4, SO1 to SO4, 0.7 Vpp Vbb v
Al to A4, INT, (With the K, P, M, SO and ports in input
Input low level voltage ! mode) 0 0.3 Vpp \Y
Input high level voltage V42 . 0.75 Vpp Vbp \
RES pin
Input low level voltage V) 2 0 0.25 Vpp \
Input high level voltage Vi3 . 0.75 Vpp Vbp \
CFIN pin
Input low level voltage V. 3 0 0.25 Vpp \
Operating frequency 1 fopgl Vpp =2.0t0 6.0V, 32 kHz 32 33 kHz
Operating frequency 2 fopg2 Vpp =2.2t0 6.0 V. 38 kHz ;(STgm/a)t((;l—rOUT crystal 37 39 kHz
Operating frequency 3 fopg3 Vpp =2.2t0 6.0V, 65 kHz 60 70 kHz
Operating frequency 4 fopg4 Vpp=22t06.0V 190 810 kHz
Operating frequency 5 fopg5 Vpp=25t06.0V 190 1200 kHz
P - ged Y Po Db CFIN/CFOUT CF specifications
Operating frequency 6 fopg6 Vpp=25t06.0V 190 2300 kHz
Operating frequency 7 fopg7 Vpp=2.8t06.0V 190 4200 kHz
Operating frequency 8 fopg8 Vpp = 4.0 t0 6.0 V, CFIN/CFOUT RC specifications 100 1500 kHz
Operating frequency 9 fopg9 Vpp = 2.0 to 6.0 V, CFIN/CFOUT EXT specifications 190 800 kHz
Vpp =3.0t0 6.0 V, 01/SO3 pins (in serial mode),
. Rising and falling edges on the input signals and
Operating frequency 10 fopg10 clock waveform of the SO1/SO3 pins (in serial mode) pe 200 kHz
must be 10 ps or less.

Note: In the state where the CF/RC oscillator and/or the crystal oscillator are completely stopped and the internal circuits are completely stopped.

No. 4435-20/29



LC587008, 587006, 587004

Electrical Characteristics at Vpp=25t03.2V,Vgg=0V, Ta=-30t0 +70°C

Parameter Symbol Conditions min typ max Unit
RNIA [ Vy=0.2 Vpp, low level hold transistor* Figure 2 60 300 1200 kQ
RiN1IB | VN = Vpp. pull-down resistor* Figure 2 30 150 500 kQ
Rin1IC | VN =0.8 Vpp, high level hold transistor* Figure 2 60 300 1200 kQ
RinID | VN = Vss, pull-up resistor* Figure 2 30 150 500 kQ
RiN2A | Vn=0.2 Vpp, the INT pin low level hold transistor 60 300 1200 kQ
RiN2B | VN = Vpp, The INT pin pull-down resistor 300 1500 5000 kQ
Rin2C | VN =0.8 Vpp, the INT pin high level hold transistor 60 300 1200 kQ
Rin2D | VN = Vss, the INT pin pull-up resistor 300 1500 5000 kQ
Rin3 Vin = Vpp. the RES pin pull-down resistor 10 30 50 kQ
Rin4 VN = Vss, the RES pin pull-up resistor 10 30 50 kQ
RinS Vin = Vpp. the TST pin pull-down resistor 60 250 1000 kQ
Rl A \é;gujeoéZ Vpp. low level hold transistor* 80 300 1200 Ko
Input resistance RN1B | VN = Vpp, pull-down resistor* Figure 2 40 150 500 kQ
Rl C \F/ilgu:eo.zs Vpp. high level hold transistor* 80 300 1200 a
RiNID | VN = Vss, pull-up resistor* Figure 2 40 150 500 kQ
Rin2 A :g\:];goZr Vpp. the INT pin low level hold Vog =25V 80 300 1200 Ko
RiN2B | VN = Vpp, the INT pin pull-down resistor 400 1500 5000 kQ
Ri2 C ::'a“f]:.s(ioi Vpp: the INT pin high level hold 80 300 1200 a
Rin2D | VN = Vss, the INT pin pull-up resistor 400 1500 5000 kQ
Rin3 Vin = Vpp. the RES pin pull-down resistor 10 30 50 kQ
Rin4 VN = Vss, the RES pin pull-up resistor 10 30 50 kQ
RinS Vin = Vpp. the TST pin pull-down resistor 80 250 1000 kQ
Output high level voltage Von (1) | lon =-500 pA N1 to N4 Vpp—0.5 \
Output low level voltage VoL (1) |loL=1.0mA 0.5 \
Output high level voltage VoH (@) | lon =—400 pA | K1to K4, P1to P4, M1to M4, SO1to | Vpp—05 \%
S04, Al to A4 (with the K, P, M, SO
Output low level voltage VoL (2) loL =400 pA and A ports in output mode) 0.5 \%
Output off leakage current Oore 0 | Vog=10.5V | N1 to 4 (open specifications), Figure 10 1.0 HA
Segment port output impedances
[In CMOS output port mode]
Output high level voltage Von (3) loy =—100 pA Segl to Seg3s Vpp - 0.5 \%
Output low level voltage VoL (3) loL =100 pA 0.5 \%
[In p-channel open-drain output port mode (See Figure 11.)]
Output high level voltage Von (3) loy =—100 pA Seql to Seg3s Vpp - 0.5 \%
Output off leakage current Oorr O | VoL =Vss 1.0 HA
[In n-channel open-drain output port mode (See Figure 11.)]
Output low level voltage VoL (3) loL =100 pA Seql to Seg3s 0.5 \%
Output off leakage current Oorr 0 | Vou = VoD 1.0 HA
[Static drive]
Output high level voltage Vo (4) loy =—20 pA, Segl to Seg35 Vpp - 0.2 \%
Output low level voltage VoL (4) loL =20 pA 0.2 \%
Output high level voltage Von (5) loy =-100 pA, COM1 Vpp — 0.2 \%
Output low level voltage VoL (5) loL =100 pA 0.2 \%

Note: For the 24 pins S1 to S4, K1 to K4, P1 to P4, M1 to M4, SO1 to SO4 and Al to A4.
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Electrical Characteristics at Vpp

=3.0t045V,Vg=0V, Ta=-30to+70°C

Parameter Symbol Conditions min typ max Unit
RNLIA [ V)y=0.2Vpp, low level hold transistor* Figure 2 35 200 800 kQ
Rin1B | VN = Vpp, pull-down resistor* Figure 2 15 80 300 kQ
Rin1C | V)N =0.8 Vpp, high level hold transistor* Figure 2 35 200 800 kQ
RiN1D | V)N = Vss, pull-up resistor* Figure 2 15 80 300 kQ
Rin2A | V) =0.2 Vpp, the INT pin low level hold transistor 35 200 800 kQ
Rin2B | VN = Vpp, The INT pin pull-down resistor 150 800 3000 kQ
Rin2C | V)N =0.8 Vpp, the INT pin high level hold transistor 35 200 800 kQ
RiN2D | V|y = Vss, the INT pin pull-up resistor 150 800 3000 kQ
Rin3 VN = Vpp. the RES pin pull-down resistor 10 30 50 kQ
Rin4 VN = Vss., the RES pin pull-up resistor 10 30 50 kQ
RiNS VN = Vpp. the TST pin pull-down resistor 25 130 500 kQ
Rl A \,:/i'g;eof Vpp. low level hold transistor* 0 200 800 Ko
Input resistance RN1B | Vin = Vpp, pull-down resistor* Figure 2 20 80 300 kQ
Rl C \F/ilg,;eOéB Vpp. high level hold transistor* 0 200 800 K
RiN1D | V)N = Vss, pull-up resistor* Figure 2 20 80 300 kQ
Rin2 A ::1;:]:,302, Vpp. the INT pin low level hold Vop = 0 300 800 K
RnN2B | Vin = Vpp. the INT pin pull-down resistor S0tos0V 200| 800 3000 kQ
Rin2 C ::;h:];s(ifrVDD, the INT pin high level hold 0 200 1200 K
RiN2D | V|y = Vss, the INT pin pull-up resistor 200 800 3000 kQ
Rin3 VN = Vpp. the RES pin pull-down resistor 10 30 50 kQ
Rin4 VN = Vss., the RES pin pull-up resistor 10 30 50 kQ
RinS VN = Vpp. the TST pin pull-down resistor 30 130 500| kQ
Output high level voltage Von (1) | lon =-500 pA N1 to N4 Vpp—0.5 \
Output low level voltage VoL (1) |loL=1.0mA 0.5 \
Output high level voltage Vou (2) | loy =—400 pA | K1 to K4, P1to P4, M1 to M4, SO1 to Vpp - 0.5 \%
S04, Al to A4 (with the K, P, M, SO
Output low level voltage VoL (2) loL =400 pA and A ports in output mode) 0.5 \%
Output off leakage current Oopp 0 | Vou =105V | N1 to 4 (open specifications), Figure 10 1.0 HA
Segment port output impedances
[In CMOS output port mode]
Output high level voltage Vou (8) | loy =-100 pA Vpp—0.5 \
Seg1l to Seg35
Output low level voltage VoL (3) loL = 100 pA 0.5 \%
[In p-channel open-drain output port mode (See Figure 11.)]
Output high level voltage Vou (8) | loy =-100 pA Vpp—0.5 \
Seg1l to Seg35
Output off leakage current Oope 0 | VoL =Vss 1.0 HA
[In n-channel open-drain output port mode (See Figure 11.)]
Output low level voltage VoL (3) loL = 100 pA Segl to Seg3s 0.5 \%
Output off leakage current Oore 0 | Vou=Vpp 1.0 HA
[Static drive]
Output high level voltage Von (4) lon = —20 pA, Segl to Seg35 Vpp —0.2 \%
Output low level voltage VoL (4) loL =20 pA 0.2 \%
Output high level voltage Von (5) | lon =-100 pA, COM1 Vpp —0.2 \
Output low level voltage VoL (5) loL = 100 pA 0.2 \%
[1/2 bias drive]
Output high level voltage Von (4) lon = —20 pA Segl o Seg3s Vo - 02 02 v
Output low level voltage VoL (4) loL =20 pA
Output high level voltage Von (5) | lon =-100 pA Vpp —0.2 \
! lon = —-100 pA
Output middle level voltage Vowm COM1 to COM4 Vpp/2 -0.2 Vpp/2 + 0.2 \
loL = 100 pA
Output low level voltage VoL (5) loL = 100 pA 0.2 \%

Note: For the 24 pins S1 to S4, K1 to K4, P1 to P4, M1 to M4, SO1 to SO4 and Al to A4.

Continued on next page.
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Continued from preceding page.

Parameter Symbol Conditions min typ max Unit
ias drive: About of the rating for =451t06.
[1/3 bias drive: About 1/10 of th: ing for Vpp = 4.5t0 6.0 V]
Supply leakage current lLex (1) | Vpp =3.0V, Ta = 25°C, Figure 3 0.2 1.0 HA
Supply leakage current lLex (@) | Vpp =3.0V, Ta=50°C, Figure 3 1.0 5.0 HA
Vpp =30V S1to S4, K1 to K4, P1 to P4, M1 to M4,
SO1to SO4, Al to A4, INT, RES (with
Input leakage current lorF Vin = Vbp the K, P, M, SO and A ports in input 1.0 HA
mode, and with open specifications for
VN = Vss the INT and RES pins) ~1.0 PA
Vpp =3.0V, C1=C2=0.1uF, Vppl =V,
Output voltage 1 Vppl-(1) 1/2 bias, fopg = 32.768 kHz, Figure 4 13 1.5 1.7 \%
Vpp =3.0V,
Ulpp H1-1 Ta = 25°C Crystal oscillator specifications, crystal: 4.0 8.0 HA
Supply current 1 Ve =30V | 32kHz Cg=20pF, Cl=25kQ, HALT
DD =3V V, : - ;
Olpp 01-2 Ta=50°C mode, Figure 6, LCD = 1/3 bias 20 UA
Vpp =3.0V,
Hiop [2-1 | 272 250 Crystal oscillator specifications, crystal: 6.0 10 v
Supply current 2 Ve =30y | 380r65KkHz, Cg=10pF, CI=25kQ,
Olpp 02-2 | 122 c0ec | HALT mode, Figure 6, LCD = 1/3 bias 30 A
Vpp =3.0V,
Ulpp 003-1 Ta = 25°C CF oscillator specifications, 150 300 HA
Supply current 3 ~ CF: 400 kHz, Ccg = Ccd = 330 pF,
Olpp (32 | YPP =30Ve 1A T mode, Figure 7 500 pA
DD Ta=50°C '
Oscillator start voltage Vg1t O | Tgrr<5s 2.2 \
Oscillator hold voltage NVyowp O Crystal oscillator specifications, 2.0 6.0 \
Oscillator start time OTstr O | Vpp=2.2V | usinga32kHz crystal, 5 s
Cg = 20 pF, Cl < 25 kQ, Figure 6
. . Vpp =2.95to
Oscillator stability Af 3.05V 3 ppm
Oscillator start voltage Vgrr O | Tor7<5s Crystal oscillator specifications, 2.4 \
Oscillator hold voltage Vyorp 0 using a 38 or 65 kHz crystal, 2.2 6.0 \
Oscillator start time OTgrr O | Vpp=24V | XC9=10pF, Cl<25kQ, Figure 6 5 s
Oscillator start voltage Vo1t O [ TsTr30MS | ~F oscillator specifications, 2.4 \
Oscillator hold voltage Vyorp 0 using a 400 kHz ceramic filter, 2.2 6.0 \
Oscillator start time OTgrr O | Vpp=2.4V | Ccg=Ced =330 pF, Figure 7 30 | ms
Oscillator start voltage Vo110 [ TsTr30MS | -F oscillator specifications, 2.4 \
Oscillator hold voltage Vyorp 0 using an 800 kHz ceramic filter, 2.2 6.0 \
Oscillator start time OTgrr O | Vpp=24V | €cg=Ced =220 pF or 100 pF, Figure 7 30 | ms
Oscillator correction capacitance Cd Vpp = 3.0 V, XTOUT pin (built-in) 16 20 24 pF
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Electrical Characteristics at Vpp=4.5t06.0V,Vgg=0V, Ta=-30t0 +70°C

Parameter Symbol Conditions min typ max Unit
RNIA [ Vy=0.2 Vpp, low level hold transistor* Figure 2 30 120 500| kQ
RiN1IB | VN = Vpp. pull-down resistor* Figure 2 10 50 200| kQ
Rin1IC | VN =0.8 Vpp, high level hold transistor* Figure 2 30 120 500| kQ
RinID | VN = Vss, pull-up resistor* Figure 2 10 50 200| kQ
RN2A | Vin=0.2 Vpp, the INT pin low level hold transistor 30 120 500| kQ
Input resistance RiN2B | VN = Vpp, The INT pin pull-down resistor 100 500 2000 kQ
Rin2C | VN =0.8 Vpp, the INT pin high level hold transistor 30 120 500| kQ
Rin2D | VN = Vss, the INT pin pull-up resistor 100 500 2000 kQ
Rin3 Vin = Vpp. the RES pin pull-down resistor 10 30 50| kQ
Rin4 VN = Vss, the RES pin pull-up resistor 10 30 50| kQ
RinS Vin = Vpp. the TST pin pull-down resistor 20 70 300 kQ
Output high level voltage Vou (1) |log=-5.0mA N1 to N4 Vpp—-0.5 \
0
Output low level voltage VoL (1) |loL=10.0mA 0.5 \
Output high level voltage Von (@ |lon=-10mMA | 1 t5K4, P1to P4, M1 to M4, SO1 to Vpp—-0.5| Vpp-0.2 \
S04, Al to A4 (with the K, P, M, SO
Output low level voltage VoL (@) |loL=2.0mA and A ports in output mode), 0.2 0.5 \Y
N1 to N4 (open specifications)
_ Figure 10
Output off leakage current Oore 0 | Vog =105V 1.0 pA
Segment port output impedances
[In CMOS output port mode]
Output high level voltage V, 3 loy =-500 Vpp—-0.5| Vpp—-0.2 \%
P9 9 on®) | lon P2 | Seqt to Seg3s Db bb
Output low level voltage VoL (3) loL =500 pA 0.5 \%
[In p-channel open-drain output port mode (See Figure 11.)]
Output high level voltage V, 4 loy =-500 Vpp—-0.5| Vpp—-0.2 \%
o 9 on® | lon P2 | Seqt to Seg3s Db bb
Output off leakage current Oorr 0 | VoL =Vss 1.0 pA
[In N-channel open-drain output port mode (See Figure 11.)]
Output low level voltage VoL (4 loL =500 0.2 0.5 \
P 9 oL@ |low wA Segl to Seg35
Output off leakage current Oorr 0 | Vo = VoD 1.0 HA
[Static drive]
Output high level voltage Vou (4 lon =—40 Vpp — 0.2 \
put o 9 on® |lon bA Segl to Seg35 DD
Output low level voltage VoL (4) loL =40 pA 0.2 \%
Output high level voltage Von (6) loy = —400 pA COML Vpp — 0.2 \%
Output low level voltage VoL (6) loL =400 pA 0.2 \%
[1/2 bias drive]
Output high level voltage Vou (4 lon =—40 Vpp — 0.2 \
put o 9 on® | lon bA Segl to Seg35 DD
Output low level voltage VoL (4) loL =40 pA 0.2 \%
Output high level voltage Von (6) loy = —400 pA Vpp — 0.2 \%
! lon = —400 pA
Output middle level voltage Vom2-1 COM1 to COM4 Vpp/2 -0.2 Vpp/2 + 0.2 \
loL = 400 pA
Output low level voltage VoL (6) loL =400 pA 0.2 \%
[1/3 bias drive]
Output high level voltage Vo (4) loy =—40 pA Vpp — 0.2 \%
2 Vpp/3 2 Vpp/3
) Voml-l |loy=-40 pA 2oz Jo2l Vv
Output middle level voltage Segl to Seg35 : :
Voml-2 | lgL =40 uA Vpp/3-0.2 Vpp/3 +0.2 \
Output low level voltage VoL (4) loL =40 pA 0.2 \%
Output high level voltage Von (6) | lon =—400 pA Vpp —0.2 \
2 Vpp/3 2 Vpp/3
) Vom2-1 | lon =—400 pA 202 202V
Output middle level voltage COM1 to COM4 : :
Vom2-2 | loL =400 pA Vpp/3-0.2 Vpp/3+02| V
Output low level voltage VoL (6) loL =400 pA 0.2 \%

Note: For the 24 pins S1 to S4, K1 to K4, P1 to P4, M1 to M4, SO1 to SO4 and Al to A4.

Continued on next page.
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Continued from preceding page.

Parameter Symbol Conditions min typ max Unit
Vpp =3V, Ta = 25°C, 32 kHz crystal oscillator,
lopl || .CD = 1/3 bias, Figure 6 20 30 wA
Vpp =5V, Ta = 25°C, 32 kHz crystal oscillator,
lor-2 | | CD = 1/3 bias, Figure 6 40 60 HA
Operating current lop-3 Vpp =3V, Ta = 25°C, 400 kHz, CF oscillator, Figure 6 240 300 HA
lop-4 Vpp =5V, Ta = 25°C, 400 kHz, CF oscillator, Figure 6 620 780 HA
lop-5 Vpp =3V, Ta=25°C, 1 MHz, CF oscillator, Figure 6 350 480 HA
lop-6 Vpp =5V, Ta=25°C, 1 MHz, CF oscillator, Figure 6 850 1200 HA
lop-7 Vpp =5V, Ta =25°C, 4 MHz, CF oscillator, Figure 6 1700 2500 HA
Supply leakage current llex (1) | Vpp =6.0V, Ta = 25°C, Figure 3 0.2 1.0 HA
Supply leakage current lLex (2) | Vpp =6.0V, Ta=50°C, Figure 3 1.0 5.0 HA
Voo =60V | 51 10 54, K1 to K4, M1 to M4, SO1 to HA
S04, Alto A4, INT, RES (with the K, P,
Input leakage current lorF Vin = Vbp M, SO and A ports in input mode and 1.0 HA
with open specifications for the INT and
VN = Vss RES pins) ~1.0 HA
Vpp =5.0V, C1=C2=0.1yF, Figure 4,
Output voltage 2 Vool | 15 %bias fopg = 32.768 kHz Vppl = Vo 2.4 2.5 2.6 %
Output voltage 3 Vppl-(3) Vpp = 5.0V, C1=C2=0.1 uF, Figure 4, Vppl = Vg, 14 1.67 1.8
Vpp2-(3) | 1/3 bias, fopg = 32.768 kHz Vpp2 = Vo 31 3.33 35 Y,
Vpp = 5.0V, | Crystal oscillator specifications,
Supl ‘1 Hlop T1°1 | 13- 250¢ crystal: 32 kHz 15 30 WA
upply curren Voo =50V, | C9=20pF, C1=25kQ, HALT mode,
Uipp U1-2 | 17°2 50 Figure 6, LCD = 1/3 bias 50 HA
Vpp = 5.0V, | Crystal oscillator specifications
Olpp 02-1 o ' 15 30
Sunol ‘2 bD Ta = 25°C crystal: 38 or 65 kHz, Cg = 10 pF, WA
upply curren Vpp =50V, C1=25kQ, HALT mode, Figure 6,
Upp 022 | 1772 g0ec LCD = 1/3 bias 50 HA
Vpp =5.0V,
Uipp H3-1 Ta = 25°C CF oscillator specifications, 400 600 HA
Supply current 3 V=50V CF: 400 kHz, Ccg = Ccd = 330 pF,
Olpp 03-2 | 122 coec | HALT mode, Figure 7 600 A
Vpp =5.0V,
Ulpp 04-1 Ta = 25°C CF oscillator specifications, 450 650 HA
Supply current 4 V=50V CF: 1000 kHz, Ccg = Ccd = 100 pF,
Olpp 04-2 ng soec | HALT mode, Figure 8 or 220 pF 700 PA
Vpp =5.0V,
Ulpp 05-1 Ta = 25°C CF oscillator specifications, 500 700 HA
Supply current 5 V=50V CF: 2000 kHz, Ccg = Ccd = 33 pF,
Olpp 05-2 | 122 cgec | HALT mode, Figure 8 750 A
Vpp =5.0V,
Ulpp 06-1 Ta = 25°C CF oscillator specifications, 700 900 HA
Supply current 6 V=50V CF: 4000 kHz, Ccg = Ccd = 33 pF,
Olpp 06-2 | 122 cooc | HALT mode, Figure 8 1000 HA
Oscillator correction capacitance Cd Vpp = 5.0 V, XTOUT pin (built-in) 16 20 24 pF
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XTIN XTOUT CFIN CFOUT
X tal CF Red=0Q
0 0
Cg cd Ceg Ced
X tal
32k:32.768kHz
65k :65.536kHz VSs vSs

38k:38.2293kHz

Figure 1-1 Oscillator Circuit (XT pins) Figure 1-2 Oscillator Circuit (CF pins)

VDD

The switches are set
by mask options.

I___

}—__

VSS

Figure 2 S, K, P, M, SO and A Port Input Circuit Configuration

Recommended Ceramic Filters

Manufacturer Murata Mfg. Co., Ltd. Kyocera Corporation
frem Catalog No. Ccg (pF) Ccd (pF) Catalog No. Ccg (pF) Ccd (pF)
Frequency
400 kHz CSB400P 330 330 KBR-400B 330 330
800 kHz CSB800J 220 220 KBR-800H 100 100
1 MHz CSB1000J 220 220 KBR-1000H/Y 100 100
2 MHz CSA2.00MG, CST2.00MG 33 (built-in) | 33 (built-in) | KBR-2.0MS 33 33
4 MHz CSA4.00MG, CSA4.00MGW 33 (built-in) | 33 (built-in) E:Eigmgmfs’ 33 (built-in) | 33 (built-in)
[ N - Stopped state
Xtal S-port input resistors: on state
VDD ]
c1 _—|CuPZ XTIN =i ce 1/O ports: output mode, all data values high
T dcupt XTOUT— Ccg RES and INT pins: built-in resistor specifications, open
VDD1 CFINF—2— state
VDD = Currents due to external components connected to the
L VhDZ VSS CFOUT CF Cod LCD ports are not included.
CZ—I_C3T )\ Crystal frequency: between 32 and 65 kHz
. N - o CF frequency: 200 kHz to 4 MHz
Figure 3 Supply Leakage Test Circuit Crystal frequency: 32 kHz
| il C1,C2 anq C3: 0.1 yF Figures4 and 5
pz VDD STIN Xtal LCD ports: open
cl ¢ :]I Cl ¢ CF frequency: 200 kHz to 4 MHz
T cupl XTOUT— Ccg
Vo O VDD1 CFINF—e—]
=
* VDD2 CFOUT—¢—
VsS CF Ced
2 I

Figure 4 Output Voltage Test Circuit
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—® =
VDD Xtal
e CUP2 XTINF—e—]
Cl JCg
‘Tcup1 XTOUT— Ccg
VDDl CFINF—e—]
(-
’ _—{VDD2 g cmmﬁt—l
c2[es] I -
Note: With the CF oscillator in the stopped state,
with a 32, 38 or 65 kHz crystal. C1, C2 and
C3 are 0.1 pF.
Figure 6 Supply Current Test Circuit
| A il
VDD Xtal
[—{CUP2 XTINF—2—
Cl 1 Cg
T cupi XTOUT— Ccg
vDD1 CFIN——
=3
—VDD2 CFOUTJW\'I—{CF oo
c
c2[c3] 1 \Rcd

|’ 1
Xtal
—icup2 VDD xTIN——]
cl O Cg
Tcupl LTOUT— Ccg
Vo O VDD1 CFIN——
—
O——e—{VDD2 uss CFOUTﬁT—1
c2[es] ] -
Figure 5 Output Voltage Test Circuit
[ @A mil
Xtal
—cupz VDD XTIN—i—é
cl CJCg
T cupl {TOUTH Ccg
VDD1 CPINF——
—
_—1{vpp2 CPOUT——4—
VSS CF Ced
c2[es] !

Figure 7 Supply Current Test Circuit

Xtal
—{cupz VDD XTIN—_O_—CIH
cl C1Cg
L dcupt XTOUTH— Ccg
VDD1 CFIN e
—1VDD2 vss CFOUTH—Rext
CZTCS T

Note: With the crystal in the oscillation stopped
state

Figure 9 Supply Current Test Circuit

VDD VDD
P-channel open drain N-channel open drain
_‘
VOuT — VOuUT
VSS VSS

L 4

Note: With the crystal oscillator in the stopped
state.

Figure 8 Supply Current Test Circuit

VDD

Nito4

VSS

Figure 10 Supply Current Test Circuit

Figure 11 Segment Pin Open Drain Circuit Configurations

No. 4435-27/29



LC587008, 587006, 587004

RC 0SC FREQUENCY (1)

2 VDD-VSS=3.0(V) ]
Ta=25 (°C)
1000
7 These values are provisional.
=
N N N,
R AN
= N (N =56 (PF)
g I NININCS
by N
N [N
| | N
100 AN
N AN AN A
7 N N\
5 \ N \\ N
710 2 3 57 100 2 3 5 71000
R(ka) =>

$03 \ /|

Freq(kHz)=>

RC OSC FREQUENCY @

Figure 12 Sample RC Oscillator Frequency Characteristics

torey

ek

tekn

tick | tex

N

W -

tbKL, tokH--Cycle time or longer

\ T TN
Z VDD—vs§=§.0(v)—

NS Ta=25 (°C

NN
1000 ‘%;\ET\\

7 AN “\\\:‘ —T These values are provisionaT
5 N Y N \\;\

KRS NINANIAN

\\\ \\_\ A \\ \\
N R <L \
2 Y
N L | A D\
\f\ \\ N \\ \\\
. \\\ AN N \ \N
100 - b N
A X N N

7 { }\\ \\ \\ \\‘
5 b NRNASN

710 2 3 571002 3 5 71000

R(kkQ) =>
texu Loxn

SO1 >§V|nput data _‘K
tero
Figure 14 Timer 1 and Timer 2
S02 X Output data X External Clock Input Timing
(external clock mode, pins M3 and M4)
1DD-VDD
Tokey s o e e bus MIN g [ Ul
texe=tekne oo 2. 4,US MIN gaﬁ‘szcillator
LT BRI 1 us M [N Continuous HOM[ y E:ﬂoscllla{or
TR lus MIN 1.0 Ta=25°C 2 L:‘;éﬁ:gm
texo ct e lus MAX 7 o e
Vpp=3.01060V .
g g 745
= 2 AX /.
=2 "/ /
) = TYP These values are provisional.
Figure 13 Serial I/O Timing £ 0.1 w’ /
(in external clock mode) 5 g Ty A"
20 TYP
g 5 MAX] 324z
~—> Operation starts g‘ 3 / j mg
Steady-state value 32 kHz / TVPT Ta=25°C
The voltage of the 2 ik V4 /
Spsraingoiageand AT Resotclear votage (Vi) gporaon, / /
speratngvotageand  f1 el 0.0 =
state voliage Voo tVpp: Time constant for the supply voltage rise time. . —1/
\. *RES: Time constant for the RES pin rise time 7 y 4 4
; Resat limit voltage (V| tRES: Reset signal confirmation time 5 V4 //
s i tres
A /
0.001%
Figure Initial Reset Timing 0 1 2 3 45 6 7 8

Supply voltage, Vpp - V
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m No products described or contained herein are intended for use in surgical implants, life-support systems, aerospace
equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and the like, the failure of
which may directly or indirectly cause injury, death or property loss.

m Anyone purchasing any products described or contained herein for an above-mentioned use shall:

O Accept full responsibility and indemnify and defend SANYO ELECTRIC CO., LTD., its affiliates, subsidiaries and
distributors and all their officers and employees, jointly and severally, against any and all claims and litigation and all
damages, cost and expenses associated with such use:

O Not impose any responsibility for any fault or negligence which may be cited in any such claim or litigation on
SANYO ELECTRIC CO., LTD., its affiliates, subsidiaries and distributors or any of their officers and employees
jointly or severally.

m Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guaranteed for
volume production. SANYO believes information herein is accurate and reliable, but no guarantees are made or implied
regarding its use or any infringements of intellectual property rights or other rights of third parties.

This catalog provides information as of June, 1995. Specifications and information herein are subject to change
without notice.
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