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Four-Bit Single-Chip Microcontroller with
On-Chip LCD Drivers for Small-Scale Control

in Medium-Speed Applications

Overview

The LC5852N is a high-performance four-bit single-chip
built-in LCD driver microprocessor that provides a variety
of attractive features including low-voltage operation and
low power dissipation. The LC5852N was developed as
an upwardly compatible version of the LC5851N and
provides a ROM capacity increased from 1024 to 2048
15-bit words and a RAM capacity increased from 64 X 4
bits to 128 x 4 bits.

Applications

+ System control and LCD display in cameras, radios and
similar products

« System control and LCD display in miniature electronic
test equipment and consumer health maintenance
products

» The LC5852N is optimal for end products with LCD
displays and, in particular, for battery operated products.

Features

The LC5852N is an upwardly compatible version of the
LCS851N and, as such, has the following features.
+ Extremely broad allowable operating ranges

Package Dimensions
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SANYOQ: QIP64A

Power supply option Cycle time Power supply voilage range Note
EXT-V 10us Vgg2=—4.010-55V When using an 800 kHz ceramic resonator
EXT-V 20 ps Vgg2=-4.010-55V When using a 400 kHz ceramic resonalor -
EXT-V 61ps Vgg2=~23t0-55V When using a 65 kHz crystal oscillator
EXT-V 122 ps, 244 us Vgg2=-2.010-55V When using a 32 kHz crystal oscillator
Li 122 pus, 244 ps Vgg2=-2610-36V* When using a 32 kHz crystal oscillator
Ag 122 us, 244 ps Vgg1=—-1.310-165V Whan using a 32 kHz crystal oscillator

Note: * When the backup flag is set, the BAK pin is shorted to Vgg2. (See the user's manual for details.)

+ Low current drain HALT mode (typical)
— Ceramic oscillator (CF): 400 kHz (5.0 V) 150 pA
—— Crystal oscillator (Xtal): 32kHz (1.5 V, Ag specifications) 2.0 pA (for LCD biases other than 1/3)

3.5 pA (for an LCD bias of 1/3)
1.0 pA (for LCD biases other than 1/3)
5.0 uA (for an LCD bias of 1/3)

— Crystal oscillator (Xtal): 32 kHz (3.0 V, Li specifications)
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LC5852N

» Timer functions .
— One six-bit programmable timer
— Time base timer (for clock applications)
« Standby functions
— Clock standby function (HALT mode)
The LC5852N provides a halt function that reduces
power dissipation. In halt mode, only the oscillator,
divider and LCD driver circuits operate. All other
internal operations are stopped. This mode allows
the LC5852N 10 easily implement a low-power
clock function. i
— Full standby function (HOLD mode)
— HALT mode is cleared by two exlernal faciors and
two internal factors.
» Improved I/O functions
— External interrupt pins
— Input pins that can clear HALT mode (up to 9 pins)
— Input ports with software controllable input resistors:

up to 8 pins
— Input ports with built-in floating prevention circuits:
up to 8 pins
— LCD drivers; common: 4 pins,
segment pins: 25 pins
— General-purpose I/O ports: 8 pins
— General-purpose inputs: 9 pins
— General-purpose outputs (1): 6 pins
(ALM pin, LIGHT pin)
— General-purpose outputs (2} 25 pins

(when all 25 LCD segment ports are used as gencral-
purpose oulputs)

— Pseudo-serial output port:
(Three pins: output, BUSY, clock)

1 set

Function Overview

» Program ROM: 2048 x 15 bits

» On-chipRAM: 128 % 4 bits

« All instructions execute in a single cycle

« HALT mede clear and interrupt functions
(External factors) '
Changes in the S and M port input signals
Changes in the INT pin input signal
(Internal factors)
Overflow from the clock divider circuit
Timer underflow

« Subroutines can be nested up to four levels (including
interrupts)

= Powerful hardware 10 improve processing capabilities

— On-chip segment PLA circuit and segment decoder:
The LCD driver outpuls can handle LCD panel
segment display without incurring seftware
overhead.

— All LCD driver cutput pins can be switched to be
used as output ports.

— One six-bit programmable timer

— Part of the RAM area can be used as a working area.

— Buile-in clock oscillator and 15-stage divider (also
used for LCD alternation signal generation)

Highly flexible LCD panel drive output pins (25)

Supported Maximum number Required
drive types of segments common pins
1/3 bias—1/4 duty......100 segments .......... 4 pins

1/3 bias—1/3 duty......75 segments ........... 3 pins

1/2 bias——1/4 duty......100 segments .......... 4 pins

1/2 bias—1/3 duty......75 segments ............ 3 pins

1/2 bias—1/2 duty......50 segments ............ 2 pins

SIALC oo 25 Segments ............ 1 pin

— The L.CD output pins can be converted to use as
general-purpose oulput pins.
CMOS type: 25 pins (maximum)
p-channel open drain type: 3 pins {(maximum)
« An oscillator appropriate for the sysiem specifications

can be selected.

32 or 65 kHz crystal oscillator, or

400 or 800 kHz ceramic osciliator

Delivery formats
QIP-64A or chip product

No. 4365-2/29



LC5852N

Pin and Pad Asslgnment

Chip size: 4,19 x 3.66 mm
Pad size: 120 % 120 um
Chip thickness: 480 pm (chip specification products)
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Pin | Pad Symbol Coordinates Pin | Pad Symbol Cocrdinates Pin | Pad Symbol Coordinates
No. | No. Xum Ypm No. | No. Xpm Ypm No. | No. Xum Ypm
40 1 Voo 1899 138 63 24 M2 ~1247 1630 17 47 Segl? -1033 1 -1630
41 2 BAK 1899 3538 64 25 M3 -1427 1630 18 48 Seq08 -B53 | -1630
42 3 Vggl 1899 538 1 26 M4 -1899 1630 19 48 Seg0d -573 | -1630
43 4 Vgg2 1899 718 2 27 TESTA -1899 1450 20 50 Seg10 =493 | -1630
44 5 ALM 1899 898 3 28 TEST ~1899 1270 21 51 Seg11 313 | -1863G
45 6 LIGHT 1889 1078 4 29 CUP1 -1899 1090 22 52 Seg12 —-133 | -1630
46 7 S4 1899 1258 5 30 CUP2 -1899 810 23 53 Seg13 46 | —-1630
47 8 83 1899 1438 [ N 52 -1899 730 24 54 COMa 226 | -1630
48 9 o Ay 1899 1630 7 32 S -1809 550 25 55 Seqg14 459 | -1830
49 10 1o A2 1595 1630 — 33 (Vop) -1899 370 26 56 Segts 639 | -1630
50 | 11 VO A3 1415 1630 8 34 OSC-IN —-1699 100 27 | 57 Seg16 819 | —1630
51 12 O A4 1235 1630 — 3s 10P —-1899 10 28 58 Seg17 999 | -1630
52 | 13 /G B1 1055 1630 9 36 | OSC-OUT | -1859 -169 29 | b8 Seg18 1178 | =1630
53 14 o B2 875 1630 10 ar COM1 -1889 -349 30 60 Seg19 1359 | -1630
54 15 /0 B3 695 1630 -_ 38 COM4 -1899 -529 <} 61 Seg20 1539 | -1630
55 16 IO B4 515 1630 11 39 Seg0il ~1893 =709 a2 62 Seg21 1719 | -1630
56 17 RES 253 1630 12 40 Seg02 -16898 -bg9 33 63 Seg22 1899 | -1630
57 18 INT 73 1630 13 41 Seg03 -1899 | -1069 34 64 Seg23 1859 -954
58 19 P1 107 1630 14 42 Seg0d —1899 | -1249 as 65 Seg24 1899 =774
59 20 P2 —287 1630 15 43 Seq05 —-18089 | -1429 a6 66 Seg2s 1899 -594
60 21 P3 =707 1630 16 44 Seg0s -1899 | 1608 a7 67 COM3 16899 -414
61 22 P4 -887 1630 — 45 TEST -1653 | -1630 38 68 COM2 1899 —234
62 23 M1 -1087 1630 — 46 TEST -1373 | —1630 39 69 Vggd 1899 -b4
Note: 1. The pin numbers are those for the QIP-64A mass production pachkage.
2. The pad coordinates given above take the center of the chip as the origin and specify the center of the pad.
3. TESTA pin (pin 2) in the QIP-64A product must be connected to the minus side of the power supply.
4. TEST pin (pin 3) in the QIP-64A product must be left open.
&. Pad 27 in the chip product must either be connected to the minus side of the power supply or left cpen.
6. Pads 28, 45 and 46 in the chip product must be left open.
7. I the chip product is used, the substrate must be connected to Vpp.
8. Do not use dip-soldering techniques to mount the QIP-64A package product.
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System Block Dlagram

AC:
ALU:
INT CTL:

TM:
IR:
HALT:
SCG:
STS1:
STS2:
STS3:

-0SC oUT

0SC IN

Data /O bus, 4 bits&a: S PAGE FLAG
708
4 ) P
1/0B1-1/0B4 l;g‘;m £ Ao |k RO
< TACKL | | 2K x
Port : AGE TEST TACK2 .
1704 FLAG el k TACK3 15bit
1/0A1-1/0A4 ﬁﬁ ALK
Port AC Y 1eFasEr 1711870 12
P1-P4 : INT CTL(CTL)
ot L
§ = System bus, 15 bits
]
INT s : :
Port
] ‘ 275 data_| Predivider (15 stages} HALT
M1-M4 \
. I
{4
Port SCEFCE] SCFpCE BCFlp1B[SCFSCF LA
§1-54 3 312 1 7 514 . SCG
- cantro
152 Srga b
- 08¢
‘ Segment ’ L
TESTA O—> (mask option) | TH(BbIL)
CUPLO—> J L e — «—OVDD
CUP2 > [ LCD drivers ‘ ' N B !
RESO—>  [TTT L] 1 Control | —OVssz
T34 - Segment1t025 b ¥ ‘__Ogsﬁf;
con — ALM LIGHT )
LC5852N System Block Diagram
Accumulator CF: Carry flag
Arithmetic and logic unit BCF: Backup flag
Interrupt control circuit SCF1: M port flag
Program counter SCF2: STS3 flag
Preset timer (6 bits) SCF3: S port flag
Instruction register SCF4: INT signal change flag
Intermittent control circuit SCF5: Timer overflow flag
System clock generator p15: Contents of the fifieenth stage of the divider
Status register 1 circuit
Status register 2 SCF7: Divider circuit overflow flag

Status register 3

No. 4365-4/29



LC5852N

Pin Functlons

_ QIP-64 . _
Pin |[{e] Pin No. Function Option At reset
Voo — 40 Power supply plus side
LS intesnal logic block minus power supply gaiup gag slat od
BAK —_— 49 In Li specification products, connect a capacitor between BAK and Vpp da up d_ag N e:;
to preventincorrect operation. (depending on N
power supply option)
Power supply minus side
- External component connections differ depending on mask options . A ificati
Vsgt — 42 and other factors. 4 spe_cfl_ |ca_tlons
Vgg?2 — 43 In products for Ag use, connect Vs 1 to the power supply minus side. | ~ lé'x"ilf’?f' ications
Vggd — 39 In other products, connect Vgg2 to the power supply minus side. '.r )
+ The pins other than the minus pin are used for the LCD driver power specilicanions
supply.
CUP1 — 4 . . .
cup2 _ 5 Connections for the LCD drive voltage boost (cut) capacitor.
+ Crystal oscillator
OSC-IN lnput 8 use (XT option)
+ Ceramic resonator
o use {CF option)
Used for real-time clock and the system clock. The CF option can
OSC-0UT | Output o} only be specified for
EXT-V specification
products.
10P _ _ Connected to OSC-IN or OSC-OUT and used for the oscillator phase
compensation capaciter. Can only be used in the chip product.
Dedicated input port .
g; ; » Includes either a @10 (32 ms), 28 (8 ms), or 82 (2 ms) chattering IZ?:ESW) ofa The pull-down
53 Input 47 exclusion circuit (PLA mask oplion). iow level hold resistor transistor is
* These values are for the case where a 32.768 kHz crystal is used, : on.
54 46 \ T lransistor
+ Pull-down resistors are builtin,
m; gg Dedicated input port :zcr"l:::;l:]sion) ola The pull-down
M3 Input 64 » Input connactions for acquiring data to internal RAM low level hold resistor transistor is
+ Pull-down resistors are builtin, : on.
M4 1 transistor
1o A1 48 1O port ’
110 A2 1o 49 » Input connections for acquiring data to internal RAM Input mode
110 A3 50 + Qutput connections for data output from internal RAM pu
1O A4 51 « The input or output state can be switched by two instructions.
110 B1 52 O port
o B2 Vo 53 « Input connections tor acquiring data to internal RAM Input mod
QO B3 54 « Qutput connections for data output from internal RAM U e
1’0 B4 55 » The input or output state can be switched by two instructions.
P1 58 . .
I P S
P3 n 60 » Output connections for data output trom internal RAM put.
Pa 61 (Undefined)
Dedicated output * Moduiated signals
This pin can output a signal modulated either at 4 kHz or 2 kHz, or at E::ﬁ:cl::llu?ai:eHdZI o
ALM Qutput 44 4 kHz or 1 kHz under program control. Alternatively, an unmodulated . Modulated si)nals Low-level output
signal can be output. 4 kHz, 1 kHzg or
* These values are for the case whare a 32.768 kHz crystal is used. ! !
unmodulated)
Dedicated output
LIGHT Output 43 This pin can drive a power transistor. Low-level output

Continued on next page.
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Continued from preceding page.

Note: An x indicates that the corrsponding common pin is not used
with that LCD drive methed.
LCD drive type. Do not use hold mode in CF specilication
products that use the LCD driver.
(The alternation frequency signal is stopped in hold mode.)

‘ QIP-64 ) )
Pin e} Pin No. Funclion Option At reset
LSlinternal reset input
RES Input 56 » Resat can be performed on either a high or low input level. Pull-up or pull-down
+ Built-in pull-up or pull-down resistor resistor selection
Note: The applied signal must be held for at least 500 ps.
* Pull-up or pull-
. . down resistor
External interrupt request input selection
INT Input 57 - Interrupt detection can be performed for either falling o rising edges. | _ Signal change
. Bunlt:m pull-up or pull-down resistor pe (rising or
falling) selection
Test input
TESTA Input 2 « OlP-64 products; connect to the power supply — side
« Chip products: Leave open or connect 1o the power supply — side
Testinput
TEST - 3 This pin must be left open. (It cannol be used in user systems.)
= Switching between
LCD drive cutpuls
and general-
« LCD drive/genaral-purpose oulput pins pUrpose outpuls « LCD drive
— LCD drive » LCD drive method — Al seqments
1 STATIC switching it g
I 1/2 bias — 1/2 duty — STATIC — Al segments
I 1/2 bias — 1/3 duty — 1/2 bias ~ off 9
Seg1 11 IV 1/2bias - 1/4 duy W2 duly * Set by a mask
Seg2to Output | 121038 vV i/3bias - 1/3duy — V2bias - option
Seg25 V1 1/3 bias — 1/4 duty 1/3 duty + General-purpose
ltems I to V are specified as master options. — 1/2 bias - outpUts
» General-purpose output mode (CMOS eutput) 1/4 duty )
— LCD/general-purpose output control under program conirol is — 1/3 bias — — High level
A . — Low level
disabled by adopticn of the segment PLA. 1/3 duty + Sot by a mask
— Arbitrary combinations of LCD drive and general purpose outputs — 1/3 bias - : by
. oplion
are possible, 1/4 duty
» General-purpose
outputs
— CMOS
LCD common polarity drive outputs
These pins are used as follows depending on the LCD drive method .
used. -
{Note that these are typical specifications for 32.768 kHz when 0 is
used for the alternation frequency.)
Static 1/2 duty 1/3 duty 1/4 duty
COM1 10 COM1 o] o] o] Q
coM2 38 COM2 X o] O o]
COM3 Output 17 COM3 b4 x o] o
COM4 24 COM4 X X X o]
Alternation
frequency 32 Hz 32Hz 42.7 Hz 32Hz
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Application Circult Examples
1. Representative application for Ag specification
products (1/3 bias - 1/4 duty)
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3. Representative application for EXT-V specilication
products (1/2 bias - 1/4 duty)

2. Representative application for lithium specification

#
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Osclllator Circult Options

Option Circuit Form Note
Cg . =CP
0SC IN o o2 —T1
CFC g H1/nrH E E T2
| o T3
(=]
td L BCE LHA LT
d + The cycle time is 4 x n times the i1 period
CE (n:-2).
. 400 kH + The divider outputs {21 to 215) ara usead,
. 8OO kHi Divider for example, as the LCD drive wavelorm
¢ 0| cirouit generation clock and as the S and K port
| chattering prevention clock.
¢l ¢ 15
VDD
D s o
0SC IN o cg”‘% :;%
o E2
=8 13
| T4
l t BCF LfH ALT + The cycle time is four times the 1 period.
i VDD « The divider outputs (@1 to &15) are used,
e for example, as the LCD drive waveform
Xtal 1 generation clock, as the S and K port
(32.768 kHz) 107 Divider chatiering prevention clock and as a clock
_@D_T' @0  circult time base,
[ | » The 10P connection can only be used in
¢l ¢ 15 chip products.
. ~Cp
2g N
Ec T2
=8 [>13
=>T4
HALT « The cycle time is four times the 11 period.
(Used when the cycle time is 61 ps.)
= The divider outputs (21 to 015) are used,
Xtal l for example, as the LCD drive waveform
{65 kHz) 10P Divider generation clock and as the S and K port
10D_J- ¢ 0| et chattering prevention clock.
I I « The 10P connection can only be used in
¢1 T $15 chip products.
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Crystal Oscillator Options

Option Circuit Form Note
BAKFLG
ouT
32 kHz 1976872 7 VDD :‘he resistg; Ed‘;o‘:]usa with a 32 kHz
USCUUT requency is built in.
( : 20pF(typ)
10pF
VDD BAKFLG
0SCIN ——
C
8 Rt
H VDD
65 kHz
0SCOUT —]
(© Rd 20pF(typ)
10P
; 10pF
INT Pin Options
Option Circuit Form Note
. Buill-in resistor seleclion
Pull-up resistor, Pull-up . i + Use of the pull-up resistor
pull-down resistor, or rasistor Rising edge/alling edge + Use of the pull-dawn resistar
resistor open selection detection switching + Open
o Edge detection -
INT circuit
Rising edge, falling Pull-down Signal change edge detection selection
edge detection rasistor « Rising edge detection
selection * Falling edge detaction
RES Pin Optlons
Option Circuit Form Note
% Pull-up resistor
RES A "L"Reset i Built-in resistor and polarity selection

Pull-up resistor,
pull-down resistor, or
resistor open and
level selection

oo e

"H Reset
Pull-down resisior

s Pull-up resistor and reset on low

+ Pull-down resistor and reset on high
+ Both resistors apen and reset on low
+ Both resistors open and reset on high

No. 4365-9/29
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input Port Optlons

Option Circuit Form Note
This option can be specified individually for
Er o each pin in S1 to 5S4 and M1 to M4.
Low lave! hold When use of the hold transistor is selected:
& / transistor « This transistor is used to reduce the current
N ! drain in the pull-up or pull-down resistor
Use of the hold : when, lor example, a push-button switch is
transistor used for S1 or a slide switch is used for 52,
(low level hold = When the input open specifications are
transistor) Pull-down . SF/RF used, this transistor turns tha resistor on
resistor y D51tc D6 prior to reading the input value and then

1wens the resistor off after the input value is
read. If the input is floating when read, the
low-level input hold transistor will operate
and hold that level.

When the hold transistor is unused:

[} . % + The pull-down transistor can be used as a

pull-down resistor.
= The pull-down transistor can be turned on

. and off under program control.
¥ Pull-down resistor = The pull-downpr:gslor can be used in the
Hald transistor unused on stare without changg. . . .
(open) SF/RF D5 to D6 + Select the unused option if the inputis
connected 1o an external control signal line
that will never go 1o the fioating state.
» On reset

— Tne resistor will be in the on state during
the reset period.

— The resistor will keep up the on state
when reset is cleared.

The use of the low level hold transistor can be specified individually for each pin in the S§1 to S4 and M1 to M4 ports.
1. The S port includes independent (in bit units) chattering exclusion circuits with periods of @10, 38, or ¢6.
2. The M port includes chattering exclusion circuits that operate for halt mode clear request signals,
These circuits exclude chattering for periods of 10, @8, or @6 when three of the ports are at the low level and a
signal change occurs on the remaining port.

LCD Output Options

Option Circuit Form

+ Used as L.CD segment drive pins
« The LCD drive type is specified independently.

LCD drive The LCD drive type is common to all LCD drive pins and can be selected from the following set:
static, 1/2 bias—1/2 duty, 1/2 bias—1/3 duty, 1/2 bias—1/4 duty, 1/3 bias-—1/3 duty, or 1/3 bias—1/4 duty.
CMOS output port = General-purpose CMOS output ports

p-channel open-drai « General-purpose p-channel open-drain output ports
OL'" alnn 1 pen-drain This option can be specified for three specific ports using PLA option specification.
put pe Available ports...Pads 64 to §6 (pins 34 to 35)
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Mask Option Overview

1. Power supply specification selection
« Ag (Silver battery/1.5 V) specifications
s Li (Lithium battery/3.0 V) specifications
« EXT-V specifications (the operating voltage range depends on the oscillator used)

2. Oscillator selection
+ Crystal oscillator (32.768 kHz)
+ Crystal oscillator (65.536 kHz)
« Ceramic oscillator

3. LCDdrive
+ Static
= 1/2 bias—1/2 duty
1/2 bias—1/3 duty
» 1/2 bias—1/4 duty
+ 1/3 bias—1/3 duty
« 1/3 bias—1/4 duty
Note: The LCD ports can all be used as general-purpose outputs. In this case, specify the “UNUSE" option.

6. LCD alternation frequency
+ SLOW {OS5C/2048)
« TYP (0SC/1024)
« FAST (OSC/512)
» STOP

5. § port low-level hold transistor
+ Level hold transistor present
» No level hold transistor

6. M port low-level hold transistor
« Level hold transistor present
» No level hold transistor

7. S and M port chattering exclusion frequency
« SLOW (OSC/1024)
» TYP (O5C/256)
« FAST (OSC/64)

8. INT pin resistor selection and signal edge type selection
+ Pull-up resistor (negative)
s Pull-down resistor (positive)
« Open (negative)
« Open (positive)
9. External reset
» RES pin
+ Simulianeous input to 81 through $4
10, RES pin
+ Pull-up resistor (low-level reset)
» Pull-down resistor (high-level reset)
» Open (low-level reset)
» Open (high-level reset)
11. Power-on reset function (internal reset)
« USE
» UNUSE

12. Timer input ¢clock
« SLOW (OSC/512)
» FAST (OSC/8)

13. Alarm modulation base frequency
+ SLOW (OSC/8, O8C/32)
» TYP(OSC/8, OSC/16)

14, Cycle time
+ SLOW (OSC/R)
+ FAST (OSC/4)
Note: Specify “SLOW™ for this option if a ceramic oscillator is used.
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Internal Register Functions

) Initialization
Symbol Rw Function value at reset
Program counter
The PCis an 11-bit counter that specilies the program memory (ROM) address of the next instruction to
be executed.
Nermally, the PC is incremented on each instruction execution, from 000H to 7FFH. However, when a
‘branch or subroutine call is executed, or when an inlerrupt or initializing raset occurs, the PCis settoa
value corresponding to the particular operation. The table below shows how the PC is set for these
- pperations.
) PClpcio| Pco | Pos | Pe7 | pos | Pes | poa | Pos | Pez | Pet | Poo
Qperalion
Iritializing reset 0 0 ] 0 0 0 1] 0 0 o 0
INT pin external interrupt 0 0 0 0 0 0 1 0 [ 1] 0
S or M part external
interrupt 0 0 0 0 o 0 1 1] 1 [¢] 0
PC — Timer intesnal interrupt 0 1] 0 1] 0 1] 1 1 0 0
Divider internal interrupt| 0 ] 0 [ 0 0 1 1 1 0
Unconditional jump (JMP) | Page | P9 Pa P7 P8 P5 P4 P3 P2 P1 PO
Conditional jump
(BABO, BAB1, BAB2, BAB3, | Page | P9 | P8 P7 | P& | P5 | P4 P3| P2 P PO
BAZ, BANZ, BCH, BCNH)
Subroutine call instruction
(CALL) Page| P9 | P8 | P7 | P8 j P5 | P4 | P3 | P2 | PV | PO
Return instruction
(RTS, RTSR) CALL address + 1
Page: ROM paging performed in 1024 word pages
Pages are specified with the SF and RF instructions.
PO - P9 Instruction code bits {immediate data)
Program memory
The on-chip ROM consists of 2048 15-bit words and holds the user programs to be executed.
pe———— " 15 bits —
0O0CH
ROM RO :
07FFH
OFFFH
Data memory
The on-chip FAM consists of 128 4-bit digits of static RAM in two pages with 4 4-bil digits per page.
This RAM has the fcllowing features:
« AAM addresses can be specified directly (immediate acdressing) as values in the range 00H to 3FH.
RAM RwW - Arithmetic operations can be performed between the AC and ary RAM location. Undefined
« Due to the provision of the segment PLA circuit, RAM dedicated 1o display is not required.
« RAM locations 38H to 3FH have a function that allows direct arithmetic operations with other data
without using the AC. .
» The AC is used lor RAM input, i.e., writing.

Continued on next page.
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Continued from preceding page.

Initialization
Symbol R/W Function value at reset
| Ac |
Page 0 page 1 1
00H 4 bits
:@t
RAM R/W Undefined
38H
Working registers
3FH
«—— RAM address —————>
ay[ TesTpa[ps]pz] P po] :Directly specified in the instructicn oparand (6 bits)
B) I | 1 i 1 | 1| W2 I ¥l i L] I : For the 16 Instructions ADDI through ORI~
: For the MBW W, P and the MWR P, W instructions
Accumulator
MSB LSB
I I |
he RW ACS  AC2Z  ACL  ACO Undefined
] ] |
Stack pointer
The stack consists of four 13-bit words supporting subroutine calls and interrupts up to four levels deep.
RTS m :
instruction | Stack register 4
Stack register 3 L
STACK ‘W Stack register 2 J 01H
OPG[APG [PLO| P9 | P8 | P7 | P6 | P5 | P4 | P3 | P2 | PL | PO B
Stack register 1 " )l“
*Call instruction
PO to P10: Program counter (PC) Interrupt
APG: RAM page flag
OPG: ROM page flag
RAM page flag
APG R/W The RAM page fag is a single bit that allows the RAM to ba expanded to two pages, where a single RAM | 00H
page is 64 x 4 bils.
ROM page flag
OPG W The ROM page flag is a single bit that allows the AOM 1o be expanded 1o twe pages, where a single ROM | 00H
page is 1024 x 15 bits.
Timer counter
TIM w The timer is a 6-bit down counter. Undefined
The timer is set from immediate data in an instruclion.

Continued on next page.
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Continued from preceding page.

initializati
Symbol R/W Function varll.lelat g:el
Status register 1 {STS1)
Status register 1 is a four-bit register whose bils are used as shown below.
MSB LSB
Carry flag Testflag 2 Tast flag 1 Testftag 0
(GF) (TESTF3) (TESTF2) (TESTF1)
STSH R/W 00H
MAF instruction .@ﬁ MRA instruction
AC
RAM
* The test flags cannot be used by applicalion programs.
Status register 2 {STS2)
Status register 2 is a four-bit register whose bits are used as shown below.
MSB LSB
Start condition | Start condition | Start condition”
flag 3 flag 2 flag 1 Baf's""c"",:;'ag
{SCF3) (SCF2} {SCF1)
STS2 R/O MSB instruction Undefined
AC
RAM
SCF1: Set when there was a change in an M port signal (when enabled by an SSW instruction).
SCF2; Set when any bitin STS3 is set.
SCF3: Set when thers was a change in an S port signal (when enabled with an SSW instruction).
Status register 3 (STS3) z
Status register 3 is a four-bit register whose bits are used as shown below.
MSB : LSB
Start condition _Outpui of the Start condition Start condition
flag 7 f'iﬁﬁ"tg;@gge flag & flag 4
of the divider
{SCF7) circuit (SCF5) (SCF4)
STS3 RO MSG instruction | | Undefined
AC
RAM
SCF4: Set when there was a change in the INT pin signal (when enabled by an SIC instruction).
SCFS: Timer underflow {when enabled by an SIC instruction)
SCF4: Divider overflow (when enabled by an SIC instruction)
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Specifications

These electrical specifications are provisional and subject to change.

EXT-V Speclfications

Absolute Maximum Ratings at Vpp =0V

Parameter Symbol Conditions/Pins min typ max Unit
Vgg! ‘ -7.0 +0.3 v
Maximum supply voltage Vss? - 70 +03 v
Vggd LCD drive method {1/3 bias) -8.5 +0.3 v
Vgs3 LCD drive method (Any method other than 1/3 bias) ~7.0 +0.3 V'
5110 4, M1 to 4, VOA1 to 4, VOB1 to 4, INT, RES,
Maximum input veltage ViNT OSCIN, 10P, TESTA {with FOA1 to 4 and 'OB11o 4 Vgg2-0.3 +0.3 v
in input mede, 10P is for chip products)
ALM, LIGHT, P1 to 4, CUP2, OSCOUT, TEST,
. Vourt VOA1to 4, FOB1to 4 . Vgg2—0.3 +0.3 v
Maximurm output voltage {with /OA and /OB in output mods)
Voure | SEGCUT, COM1 to 4, CUPY Vgg3 v
Operating temperature Topr -20 +70 C
Storage temperature Tslg =30 +125 °C
Allowable Operating Ranges at Ta = -20 to +70°C, Vpp =0V
Paramelter Symbpol Condilions/Pins min typ max Unit
Vegl -5.5 -1.3 A
Supply voltage Vgg2 32 %Hz crystal oscillater specifications -5.5 -2.0 v
Vgg2 -8.25 -2.0 Y
Vggl -5.5 -1.3 1"
Supply voltage Vgg2 65 kHz crystal oscillator specilicalions -55 -2.3 v
Vgsd -8.25 -23 v
Vggl -55 -1.7 v
Supply voltage Vgg2 External input used ~55 =35 v
Vggd -B.25 -3.5 v
Vggl -5.5 -20 v
Supply vollage Vgs2 400 kHz CF specifications -55 ~4.0 v
Vssa -8.25 -4.0 Vv
Input high level voltage Viy1 Allinput ports except OSCIN 03 xVgg2 0 V-
Input low level voltage Vi1 Vgs? 0.7 xVgg2 v
i 0.2
Input high level voltago Vin2 OSCIN pin, when external input used, Figure 8 xVss? 0 v
Input low level voliage V.2 Vgg2 0.8x Vgg?2 A
OSCINVOSCOUT,
Operating frequency fopg? Vgg2=-2010-55V | 32 kHz crysial oscillator, 3z 33| kHz
Figure 2
OSCINIOSCOUT,
Operating frequency fopg2 Vgg2=-2310-55Y | 65 kHz crystal oscillator, 60 66| kHz
Figure 2
Operating frequency fopg3 | Vgg2=-35w0-55V O_SCIN external input, 32 220| kHz
Figure B
. OSCIN/OSCOUT,
Operating frequency fopg4 Vgg2=-4010-55V | ~p 00 KHz, Figure 1 360 400 4401 kHz
] OSCIN/OSCOUT,
Operating frequency fopgs Vgs2=-4010-55V | ~rann KMz, Figure 1 720 800 880 | WHz

Continued on next page.
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Electrical Characteristics at Ta = =20 to +70°C, Vpp =0V

Parameter Symbo! Conditions/Pins min wp max Unit
Vgg2==29V, Low-fevel hold transistor®,
ANTA |y =08 x Vgg? Figure 3 10 200 kn
Vog2=—29V, Low-level pull-in transistor*,
Input resistance RintB Vlst,: Voo Figure 3 P 200 700 2000 kO
Vgg2=-208V, . .
Rin2A Vin = Vss2 INT pin pull-up resistor 200 700 2000 kQ
=-2.9V, \ .
AneB xﬁfi v 29 INT pin pull-down resistor 200 700 2000 ka
Input rasistance Veoo DZ Yy
§8c = —c.F Y,
Rin3 Vi = Vi Of Vg2 RES 5 50 kQ)
) a-24V
Output high level voltage VoH (1) ::;ff TmA ALM -1 203 v
=-2.4V
Output low leval voltage VoL (1) ﬁsf ] m"; ' ALM Vgg2 +03| Vgg2+1]| V
Vv ==2.
Oultput high fevel voltage VoH (2) losji o 32r:Av' LIGHT, Port P -1 03 v
Output law level voltage Vo (2} 'ﬁsf ; ; m"' LIGHT, Port P Vgg2 +03| vggz+1| Vv
==-24V,
Output high level voliage VoH (3) :JSF?E 0.1 mA VO ports -1 0.3 v
--24V,
Output high level voltage VoH (4) :gfi e uAV YO ports 08 -0.2 v
Vv =-24V,
Cutput low level vollage VoL (4) IOSLSEO ; f“ AV VO ports Vgg2 +03| Vgg2+1| v
Segmenlt driver output impedances
» When used as CMOS output ports
=-24V
Output high level voltage Vo (5) ?;Sﬁi _“pr : Segment -1 03 v
VeeZo 24V Pads 62 lo 64,
Qutput low level voltage VoL (5) |OSLS= 100 A QP84 pins 34 10 36 Vgg2 + 03| Vgg2+1| V
\ ==24V,
Qutput high level voltage VoH [6) ’osii 5 i: v [E‘;:g;n;;lw 1 and 4410 61 -1 -03 v
Vgg2 =-2.4V, QIP64 pins 11 10 23 ‘
QOutput low level voltage VoL {8) o = 20 pA and 25 1o 33 Vgg2 +03 ] Vgg2 +1 Vv
« When used as p-channe! open-drain output ports
Vea2=-24V,
Qutput high level voltage Vou (5) IOSHS=_1 0 A Segment -1 -0.3 v
Veal o 28V Pads 62 to 64,
Cutput oft leakage current loer Vgﬁ '=—Vss.2 ' QP64 pins 34 1o 36 1 A
= Static drive
Veg2=-24V,
Output high leve! voltage VoH [5) 'OSHS'= Py -0.2 v
. z Ali segments
W ==24YV,
Output low level voliage VoL (5) Ioisf 0.4 pA Vgg2 +02| v
i VS$2 =~2.4V,
Qutput high level voltage Vor (7} | 4 -0.2 v
o =—4 A COMT
Vee2=-24V,
Output fow level voltage VoL (7) |o?.5-= M u: Vgs2+02| v
» Duplex drive (1/2 bias—1/2 duty)
Vgg2=-24V,
Cutput high level voltage Vor(s) |, Osjn 0.4 A Al 0.2 v
segments
Vgg2=-24V,
Output low leve! voltage VoL (5) 'OSLSE o 47@‘ Vgs? +0.2 v
Vg2 =—-2.4V,
Output high levet voltage Vou (7) |°S|f= a fm -0.2 v
VssZ w24V,
Output middle level voltage Vom Ipn = ~4pA, COM1, 2 Vs_sg"g stgl; v
oL =4pA
Veg2=-24V,
Output low level voltage VoL (7 1OSLS= 4 A Vgg2 +02| Vv

Note: * 51, 52, 83, S4, M1, M2, M3, M4

Continued on next page.
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Continued from preceding page.

Parameter Symbol Conditions min vp ] max Unit
« 1/2 bias—=1/3 duty and 1/2 bias—1/4 duty methods
==-24
Output high level voltage Vou (5) Yssz - i ILX : 02 v
OH - All segments
Vgg2=-24V,
Cutput low lavel voltage VoL (5) oL = 0.4 uA Vgg2 +0.2 \Y
Output high level voltage Vou (7) };Sﬁ :ﬁﬁ vi -0.2 '
Veszo 24V COM1103
Output middle level voliage Vom | loy=—4 nA. g‘gh}?lg“:y methods) Vs_sg'g stg’ g v
loL=4pA (for 1/4 duty methods)
- Vgg2=-2.4V,
Qutput low level voltage VoL (7) oL = 4 RA Vgg2 + 0.2 A
* 1/3 bias—1/3 duty and 1/3 bias—1/4 duty methods
V 2=-2.4 V,
Output high lavel voltage Vo (5) |OSHS= -oi WA 0.2 v
Vou-1 Vgg2=—2.4V, Vgg2/2 Vgg2/2
Cutput middie level voltage ‘ loy =-0.4 pA All segments -0.2 +0.2
VOM1-2 IOL =04 |.I.A Vssz -0.2 Vssz +0.2 v
=24V,
Qutput low lavel voltage VoL (5) YOSLSE 0 4iA Vggd +0.2 \)
A =-24V,
Output high level voliage Vou (7) IOSHSE 4 ﬁ.A -0.2 v
COM1103
Vssz =24V, Vssz'z V55212
Vom2-1 ! v
Output middle levef voltage OM lon = =4 pA g‘gr; 1312L:tv methods) -0.2 +0.2
VOMZ-Z lo =4 pA (for 174 duty methods) Vgg2-0.2 Vgg2 +0.2 i
Vog2 e -2.4 V,
Output low leve! voltage VoL () |OSLS= s u: VesB+02| v
Electrical Characteristics at Ta = -20 to +70°C, Vpp =0V
Parameter Symbol Conditons min typ max Unit
Vgg2==5.0V, Low-level hold transistor®,
RiN1A Viny=08- Vssz Figure 3 10 45 150 ka2
Vgg2=-50V, Low-level puli-in transistor*, .
RiN1B Viy = VoD Figure 3 100 350 1000 kQ
Input resistance RiN2A \Jﬁfi ;;:20 v. INT pin pull-up resistor 100 as50 1000 | k0
Vge2=-50V, . \ -
Rin2B VISNS'= Voo INT pin pull-down resistor 100 350 1000 kQ
Vgg2=-5.0V,
Rin3 Vi = Vpp 07 Vg2 RES 10 20 50 k2
v =-3.510 =5. .
Output high level voltage VoH (1) losHsi TiEm : 525Vl aLm -1 03 v
Vge2=-3510-525V,
CQutput low level voltage Vou (1) |OS|.S= 1.5mA 0525 ALM Vgs2 +0.3 (| Vgg2 +1 A
Vg2 =-3510-5.25V,
Output high level voltage VoH (2) IOSHS=' _Og fn " LIGHT, Port P ~1 -0.3 v
Ve2=-3510-525V,
Output low level voltage VoL {2) |0-°>L5= 07 mA 525V LiGHT, Port P Vgs2 +0.3 | vgg2 41 v
Vgg2=-3510-525V,
Output high level voltage Vor(® |55 T 10525V 1 1o pons - 03 v
2=-3510-525V,
Output high level voltage Vou (4) :::,S,_IS= eo ’JAO 32 VO ports -08 0.2 Y
Vge2=-351t0-525V,
Output low level voltage VoL (4) '031.S'= 0.13 m: IO ports Vgg2 + 0.3 | Vss2+1 v

Note; * 51, 82, 83, S4, M1, M2, M3, M4

Continued on next page.
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Continued from preceding page.

Parameter | symbot [ Conditions min typ max | Unit
Segment driver oulput impedances
» When used as CMOS output ports
=-3510-525V
Output high level voltage Vou (59 K)S:’Z Iy M‘D | segment -1 03 v
Vss2=-3510-525 Y, | Pads621064,
QOutput low level voltage VoL (5) |OSLS'= 150 pA .| QIP&4 pins 34 to 36 Vgg2 +03] Vgg2+1 v
. Vge2=-3510-525V,
Output high fevel voltage Vou (6) loSHS= “10 1A xg?;g‘m 41 and 441051 -1 -03 v
Vge2 = ~3.5 lo -5.25 V, | QP64 pins 11 10 23
Qutput low level voltage Vo (8) |1 o5 g EA ° o 250 33 Vgs2+03| Vgg2+1| V
* When used as p-channel open-drain outpul ports
. 2=-3510-525V,
QCutput high level voliage Vou (8) l\:)ssﬂ _15 "AO Segment -1 -03 Y
VH2 3510 525V Pads 62 to 64,
Cutput off leakage current \oFF sz ==V-ssl2 0 —>2>¥. | QIP64 pins 34 1o 36 1] pA
+ Static drive
v =~3. -5.25V,
Output high level voltage Vou (5 I SSE 0 2 :-;o 52 -0.2 v
\?H > - Yy All segments
Output low level voltage VoL (5) |OS|_S= o ;?j to-5.25V, Vge2+02| V
Output high leve! voltage Vou () YSSZ :‘_i: -525V, -0.2 v
\CI)H 2 A5t0-525V Comh
Qutput low level voltage VoL (7 Ios;_S-: :;.A S-S, ! Vgg2 +0.2 v
+ Duplex drive (1/2 bias—1/2 duty)
=-3.5t0 -5. R
Output high leve! voltage Vo (5) :’SSE " ‘3 uAD 525V 02 v
\?H — .3 NPTy All segments
Output low level voltage Vo (5) 'o?_s-f ;;p:A 1 -525V, Vgg2+02| Vv
v ==-3510-525V
Output high level voltage Vou (7) Ios:'i - p.AS to-525V, 0.2 v
. \ =g, =J. V,
Output middle level vollage Vom2-1 |OSHSE 4 iAS ‘;; L5=245M COM1, 2 VS_S%’: Vsaﬁ’: v
= -3.5 to ~5.
Output low level voltage VoL () ﬁsi oA o -5.25V, Vgg2 +02| v
= 1/2 bias—1/3 duty and 1/2 bias--1/4 duty methods
Veg2=-3510-525V,
QOutput high level voltage Vou (5) I SS= -0 3 ﬁ;\o 525 -0.2 v
\?H 5 '3 St 535V All segments -
Output low level voltage VoL(S) |13 g a o >a Vg2 +02| V
. Vgg2=-3510-5.28V,
Qutput high level voltage Vou (7} Ios,f=—4 pA fo-5.25 COMI 103 0.2 \Y]
. Vg52 =—3.510 -5.25 V, | (for 1/3 duty methods) Vg2 Vgg2/2
Output middle level voltage Vom2-1 lopt = =4 kA, lo =4 pA | CoM1 to 4 0.0 202 v
Vae2 =-3.5to -5.25 ¥V, | (for 1/4 duty methods
Qutput low level voltage VoL (7) |OSLS£ 4 llg Slo-525V. ) Vgg2 + 0.2 v
» 1/3 bias—1/3 duty and 1/3 bias—1/4 duty methods
Vgg2 23510 -525V,
Output high level voltage Von (5) |03H5= 0.4 pA 0.2 v
Vou -1 Vgg2=-3510-5.25V, Vgge/2 Vgg22(
Qutput middle level voltage Iy = 0.4 pA, All segments ~0.2 +0.2
Vou1-2 oL = 0.4 pA Vssz -0.2 VSSZ +«032
Vegg2=-3510-525V,
Cutput low level voltage Vo {5) |DSLS= 0.4 pA Vgg3 +0.2 v
Vgg2=-3510-525V,
Output high level voltage VoH (D |1 o4 A 0.2 v
COM1103
Vgg2/2 Vgg22
Vom21 | vge2=-3510-525V, | (for 113 duly methods) 0.0 Soz| ¥
Quiput low tevel voltage —_ lor =4 A, To, = 4 1A | COM 10 4 — — =
oM Y Ty {for 1/4 duty methods) 5877 55 -
==3.510-5. '
Qutput low level voltage Vo (7) 'oSLS= 4pA Vg3 +0.2 v
Conlinued on next page.
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Continued from preceding page.
Parameter Symbol Condilions min yp max Unit
Power supply leakage current ek Vgs2e=Vge3=-45V | Taw25°C 10 HA
Input leakage current Iy Vgg2=-20W+45Y | Vy=Vgs2toVpp -1 +1 pA
Vgg! Vgg2=-29V C1=C2=C3=0.1yF, ~1.45 -1.35 v
Cutput voltage fopg = 32.768 kHz,
Vss3 | Vgg2=-29V Ta = 25°C, Figure 7 —4.35 4.1 v
Vgg! |Vgs2=-45V C1=C2=C3=0.1pF, -2.25 -22 v
Cutput voltage fopg = 32.768 kHz,
Vgs3 [Vgs2=—45V Ta = 25°C, Figure 7 -6.70 6.6 v
Vgg2=-29V,
Moot! |taec 25°C, HALT mode 30 6.0 HA
Vgg2=-45V, €1=C2=0.1 uF, Cl= 25k,
Power supply current ;a =k2?;'c' HAQLT mode, | fapg = 32.768 kHz,
tack: Figure 9, - F
Hop2l | 43 bias—1/3 duty: Co=20p 7 1’ A
Figure 7,
other methods: Figure 4
Vssz =—4.5V,
Ta = 25°C, HALT
S?ack'FigureQ MO0 | Gy - C2=0.1 F, Cl= 25K,
Power supply current |lpp21 3 bilas—1.'3 diny' lopg = 65,536 kHz, 10 20 WA
Figure 7, Cg=10pF
other methods: Figure 4
C1=C2=0.1F,
Vgg2=—-45V, fopg = 400 kHz,
Powar supply current ool | 137 25, HALT mode | Cg = Cd = 100 oF or 330 pF, %0 0w
Rt =1MQ, Figure &
C1=C2<0.1pF,
Vgg2=-45V, fopg = 80O kHz,
Power supply current Ilpp51 Ta < 25°C, HALT mode | Cg = Cd = 100 pF, 130 200 RA
Rf=1MQ, Figure 6
Ta = 25°C,
Stack: Figure g, g: =2052k;0.1 uF,
Osciflator hold voltage 1Vaownt || 143 bias—1/3 duty: = N 2.0 55 A
Figure 7, fopg = 32.768 kHz,
other methods: Figure 4 | 9 = 20PF
01 = 02 =01 p.F,
. Cl = 25 ki1,
Oscillator hold voltage |VHoLp2 | | Ta=25°C fopg = 65.536 KMz, 23 55 v ‘
Cg=10pF
Stack: Figure 10,
1/3 bias—1/3 duty: g: _=2(;2k;°;. WF. £
Oscillator start voltage |vsu1| | Figure 7, ; - 2 faelgkul-rle ! 2.2 \'
other methods: Figure 4,| '0P9 = 3¢ Z
Ta<25C Cg=20pF
C1=C2=0.1puF,Cl=25kQ,
Oscillator start voltage {Vsu2| |[Ta=25C Figure 5, fopg = 65.536 kHz, 286 A
Cg=10pF
_\ngz;s:g.gv. C1=C2=0.1pF,Cl=25k0, 10 s
Oscillator start time TS Vee? e _4'5 v Figure 5, fopg = 32.768 kHz,
Tgi vere Cg=20pF : 10 s
¥§5=22=5,'§'9 v. C3=C2=0.1pF,Ci=25ka, 10 3
Oscillator start time TSu2 Vool _4'5 " Figure 5, lopg = 65.536 kHz,
AP Cg=10pF 10 5
fopg = 400 kHz, Figure 6,
Oscillator start voitage |VSnat | Ta=25C Cg = Cd = 100 pF or 330 pF, 4.0 v
Rf =1 MO
fopg = 400 kHz, Figure 6,
Oscillator hold voltage |Vhowpd | | Ta=25°C Cg = Cd = 100 pF or 330 pF, as 55 v
Rt =1 MQ
Ve? =45V fopg = 400 kHz, Figure 6,
Oscillator start ime TStt4 §gc=="1a % Cg = Cd = 100 pF or 330 pF, 30 ms
Ta=25%C Rf=1MQ

Continued on next page.
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Continued from preceding page.

Parameser Symbaol Conditions min typ max Uriit
fopg = 800 kHz, Figure 6,
Osdillator start voltage |VSis| | Ta=25°C Cg=Cd=100pF, 40 v
Rt= 1 M2
fopg = 800 kHz, Figure 6,
Oscillator hold voltage |Viuowp5 ! | Ta=25°C Cy =Cd = 100 pF, a5 55 v
Rf = 1 MQ
VeeZ o4 5V fopg = 800 kHz, Figure 6,
Oscillator start time TSts TSS 2“5:0' ' Cg = Cd = 100 pF, 30 ms
as Af=1MQ
10P Vgg2==29V 10P pin {chip products only) 10 pF
. . ‘ 10P. Vgg2=-45V 10P pin {chip products only) 10 pF
I t:
Oscillator correction capaciance 0P Ves2= 20V 0SCOUT pin 20 oF
20P Vgg2=-45V OSCOUT pin 20 pF
OSCIN oscout J
| 0SCIN 05COUT
Rf
CF . [
Cd g Crystal (32 kHz or 65 kHz)
‘e T T T
VoD Vo Yob
Figure 1 Ceramic Osclllator Specifications Figure 2 Crystal Oscillator Speclfications
{32 kHz or 65 kHz2)
Recommended Ceramic Oscillators
Manufaciurer Murala Kyocera
liemn frequency Type number Cg {pF) Cd (pF) Rf (M) Type number Cg (pF) Cd (pF) Rf (ML)
400 kHz CSB400P 100 100 1 KBR-400B 330 330 1
800 kMz CSBaoad 100 100 1 KBR-B0OH 100 100 1
o1 Tofm
cur2 OSCIN
_l: c2 = -
CUP1 DUT DSCOUT_—I_ ]
L
L
. PDFLAG LA vssz
G
Vss2 Cl1aC2n01uF
Figure 3 S1to S4 and M1 to M4 Input Circuits Flgure 4 Power Supply Current and
Oscillator Hold Voltage Test Circult
. i .
VIJJD = b J_ ‘ CUPL VDD OSCIN Ld
0SCIN ‘g I (2 1
- Tea
cupr2 OSCGUT
Ol DU T oscovt— DUT
¥S851 v§s2
vss2 Vss1
T ClaCRuC3a0pF '

Note:  Include the capacitor C3when

1/3 bias LCD drive is used,
Figure 6 Oscillator Start Voltage,
Oscillator Start Time, Power Supply Current and
Osciliator Hold Voltage Test Circult '

Figure 5 Oscillator Start Voltage,
Oscillator Start Time and
Frequency Stability Test Circuit
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.I.. H i Cg
l T cj_ CuP1 ¥op 0SCIN _o"
C2 :"]'? -
[ P Dy T Ostur—
-l» [E———— T Vss2
e o] 883 BAK

€1=62-63-0.1 uF

Figure 7 Power Supply Current and
Oscillator Hold Voltage Test Circult

YDl
cur2 P 0SCIN

ol

CUPL DUT QSCOUT

‘*"' ¥551 v§s2

Figure 9 Power Supply Current and
Oscillator Hold Time Test Clrcult

’_
Open

OSCIN

0scout
VSSZ

v

[
0.24Vss2
/ \ =50%duty
! {

]

S

Voo

0.B8xVss2
Ly |

" Vss2
Input waveform (OSCIN)

Figure 8 External Input Specifications
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These electrical specifications are provisional and subject to change.

Ag Specltications

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

Parameter Symbol Conditions/Ping min yp max Unit
V351 —-4.0 +0.3 v
Maximum supply vollage Vss2 —0 +03 v
Vg3 LCD drive method (1/3 bias) ~-5.5 +0.3 v
Vgg3 LCD drive method {metheds other than 1/3 bias) —4.0 +0.3 v
S1104,M110 4, /OA1 10 4, VOB1 1o 4, INT, TESTA
Maximum input voltage Vin? {with VOA1 1o 4 and /OB1 10 4 in input mede), Vgg1-03 +0.3 v
10P, OSCIN, RES, BAK
ALM, LIGHT, P1 1o 4, 1OAt to 4, I1OB1 1o 4,
Vout! | CUP2 {with FOA1 to 4 and VOB1 to 4 in output mede), | Vgg1-0.3 +0.3 A
Maximum output voltage TESTA, OSCOUT
Voutd SEGOUT, COM1 10 4, CUP1 Vss1 -03 +0.3 Vv
Operaling temperature Topr -20 +65 °C
Storage temperature Tstg -30 +125 °C
Allowable Operating Ranges at Ta=25%2°C, Vpp =0V
Parameter Symbol Conditions/Pins min typ max Unit
Vss1 VBAK o VSS‘ -1.65 -13 v
Vgg2 -33 -2,
Supply voltage 85 - 22 J
Vgg3 | LCD drive method (1/3 bias) -4.95 -37| v
Vgeld LCD drive methed (methods other than 3/3 bias) Vggd=Vgs2
. S1to 4, M1 10 4, VOA1 10 4, VOB1 to 4, RES, INT
Input high level voliage VI | with VOA1 10 4 and VOB1 to 4 in input mode) -02 of Vv
' low level val v Sito4, Mitw 4, VOA11t04, VOB o 4, INT Veel v
nput low level voltage L | (with VOAT to 4 and /OB to 4 in input mode) 85 ss1+02| V
Operating frequency fopg Ta=-201t0 +65°C 3z 33| kHz
Electrical Characteristlcs at Ta =25+ 2°C, Vpp =0V
Parameter Symbol Conditions/Pins min typ max Unit
Vgg1=—-155V, Low-level hold transistor®, .
ANTA |y - vggt +02V Figure 1 10 50 200} ko
Low-evel pull-down resistor*,
HN1B | Vgsl=-155V Figure 1 200 550 2000 ko
V881 =-155V
Input resistance Rpy2A ! INT pull-up resistor 200 400 2000 ke
P N Vi = Vgs! pul-ip
Rin28 3851 ;_1 S5V, INT pull-down resistor 200 550 2000 | kO
IH=V¥YDD
Vggl =—155V, )
Ry3 RES pull-down resistol 5 50 k2
IN Vin=Vop P '
Vgg =135V,
Output high level voltage Voutn |55 s A ALM, LIGHT —0.65 v
Vggl=~1.35V Vss?
88 ' 58
Qutput low level voltage Voo (1) loy = 250 pA ALM, LIGHT + 0,65 v
Vgg=—1.55V, VOAI 104, /0B1 to 4,
Qutput high level voltage Vor(2) |loy=-20pA Plio4 0.2 v
(with OA1 to 4 and I/OB1 to 4 in output mode)
Vgg1=-1.55V, FOAT to 4, FOB1 1o 4, ‘
Cutput low level voltage VoL (@) [loL=20pA,Pitod Vggt +0.2

{with I1OA1 to 4 and ¥OB1 to 4 in cutput mode)

Note: * 81, 52, §3, S4, M1, M2, M3, M4

Continued on next page.
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Continued from preceding page.

Parameler Symbol Conditions/Pins min typ I max I Unit
Segment driver output impedances
* When used as CMOS output ports
) Vgg1=-155V, Segment
Output high level voltage Von (3} |osl-?="3}'-‘~ Pagsaa 1041 and 44 to 61, -0.3 A
1=-1, QiPB4 pins 11 to 23
Qutput low leve! voltage VoL (3) ':;SLS,a A 55V, and 25 o 33 Vgg2 + 0.3 v
» When used as p-channel open drain outputs
Vggl=—155V,
Output high level voltage Vou (3) I SS= apA Segment -1 -03 Y]
\?H1 TESV Pads 62 to 64,
§g' =—1 ' QIP64 ping 34 to 36
Output off leakage current lorr Vo = Veg! P 1 HA
= Static drive
1=-1. .
Output high level voltage Vau (3) :’55= 04 ‘:’jv -0.2 v
\?” v SEGOUT
sgl=-1. '
Output low level voltage Voo (3) Iop = 0.4 A Vgg2 + 0.2 v
Cutput high level voltage Vou (4} Yss“_ :—;:5 v. -0.2 v
V°” Z v COMI1
1=-155V,
Cutput low level vollage VoL (4) IOSLS'= 4pA >3 Vgg2 +0.2 v
« Duplex drive {1/2 bias—1/2 duty}
. Vgg1=-155V,
Qutput high tevel voltage Vou (@ |, SS= 0.4 pA -0.2 v
\?H : =y SEGOUT
Cuitput low level vollage VoL (3) IOSLS: g;:'-A ' Vgg2 + 0.2 v
Qutput high level voltage Vou (4 r;S:l ::U;SS v -0.2 v
) Vss1 ==155V,
| | vol Y COM1 Vggl - 0. 140
Cuiput middle level voltage oM lop = —4 pA, I = 4 pA 2 53 2 Vggt! +0.2 v
Veg2=-155V
Cutput low level vollage VoL (4) |0?.S= 4pA ' Vgg2 + 0.2 v
*»1/2 bias—1/3 duty and 1/2 bias—1/4 duty methods
Qutput high level voltage Vou (3) Yssl :liiv 0.2 v
:H . v SEGOUT :
Output low level voltage VoL (3) Iosle o ;:js ' Vgg2+02| V
Vegl ==1565Y,
Quiput high level voltage Vo (4 I ss= —apA -0.2
\?“ = COM1 103 -
1=-1.
Output middle level volta v ss ' (for 173 duty methods) Vggt - 0.2 Vgs1+02| V
put middle level voltage OM  Jloy=—4pA loL =4 A | COM 110 4 58 st
Vgg2=-155V, for 1/4 duty methods
Cutput low level voltage VoL @) loii 4pA t Y ) Vgg2 + 0.2 v
* 1/3 bias—1/3 duty and 1/3 bias—1/4 duty methods
Vgl =155V,
Cutput high level voltage VoH (3) Ios:l _0_1 ﬁ; 0.2 v
Vss1. =—155V,
Quiput M1 level voltage Vout-3 | foy=-0.4pA, Vggl -0.2 Vgg1 +0.2 v
log =0.4 pA SEGOUT
V551 =-1.55 V.
Cutput M2 level voltage Vom2-3 | loy=-0.4pA, Vgs2-0.2 Vgg2 +0.2 v
lop = 0.4 pA
Vggl =—-155V,
Cutput low level voltage VoL (3) |OSLS= 0.4 pA Vgg3 +0.2 v
Vggl ==~1.55V,
Ouwput high level voitage VoK (4) IOS;;S=_4 HA -0.2
Vggl =-1.55V, COM1103
Output M1 level voltage Vomi-4 tos:"n Za A loy =4 A | (for 1 duty methods) Vggl - 0.2 Vgg1 +0.2] V
VSS1 =—-155V, COM1104
Qutput M2 level voltage Vome-4 low = —4 A, lo| = 4 pA {for 1/4 duty methods} Vgg2-0.2 Vgg2 + 0.2 Vv
Vgg2=-1.55V,
Qutput low level voltage Vor (4) 'OSLS'= 4pA Vggd + 0.2 v

Continued on next page.
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Continued from preceding page.

Paramater Symbol | Conditions/Pins min typ max Unit
« Qutput voltage
LCD drive: 1/3 bias methods Va2 Vgg1=-1.35V, fopg = 32.768 kHz, 25 v
{doubler) §8 Cltod=01pF Figure 7 e
A Vgg1=-135V, fopg = 32.768 kHz,
{tripler) Vss® | citos=04 WF Figure 7 375 v
LCD drive: 1/2 bias methods Vee2 Vgg! ==-1.35V, fopg = 32.768 kHz, 2K v
(doubler) 8§ C1=C2=0.1uF Figure 2 e
+ Supply current (when the backup flag is cleared to zero)
) Vggl =-1.55V, tn HALT mode,
LCO drive: 1/3 bias methods oo | Cltod4=01pF Cl = 25 kQ, Figure 7, 1.3 45 A
: Cd=Cg =20 pF 32,768 kHz, X'tal
. Vggt =—1.55V, In HALT mode,
LiD ‘:g"e-;’f‘;g‘_“s ool |€1=C2=01yF Cl = 25 ko2, Figure 2, 11 45 pA
other than 1/3 bias Cd = Cg = 20 pF 32.768 kHz, X'tal
\ Cl = 25 k¢, Figure 3,
Oscillator start voltage Vgg1 | Vstt | Cd=Cg=20pF 32.768 kHz, X'1al 1.35 v
\ Cl = 25 k2, Figure 2,
Osdillator hold voltage Vgg1 |Vyop! | Cd=Cg=20pF 32.768 kHz, Xtal 1.3 16 v
" : Vggl =-1.35V, Cl =25 kQ, Figure 3,
Oscillator start time Tstt Cd = Cg = 20 oF 32768 kHz, Xtal 10 s
. ) . 10P External connection (for chip products) 8 10 12 pF
Cseillator correction capacitance
20P QSCOouUT 16 20 24 pF
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These electrical specifications are provisional and subject to change.

LI Specifications

Absolute Maximum Ratings at Ta=25%2°C,Vpp =0V

Parameter

Symbot Conditions/Pins min typ max Unit
Vss'l VBAK = Vss1 or V552 -4.0 +0.3 \Y
R Vgs2 ~4.0 +0.3 v
Maximum supply voltage - -
Vgsa LCD drive: 1/3 bias methods -5.5 +0.3 v
Vgg3 LCD drive: methods other than 1/3 bias —4.0 +0.3 v
Vit 10P, OSCIN Vpax - 0.3 +0.3 v
Maximum inpuit voltage v 2 51104, M1 to 4, FIA1 to 4, LOB1 1o 4, RES, INT, Veed - 0.3 0
IN2 | TESTA, with VOA1 10 4 and /OB1 10 4 in input mode) | Y582~ - 03 v
VOUT1 TEST, OSCOUT VBAK -03 +03 v
Maximum output voltage ALM, LIGHT, P1 10 4, IYOA1 10 4, ¥OB1 to 4, CUP2
Vour2 (with VOA? to 4 and /OB 1o 4 in output mode) Vs52-03 +0.3 v
VOUTa SEGOUT, COM1 1o 4, CUPY Vssa -0.3 +0.3 \")
Operaling temperature Topr -20 +65 °C
Storage temperature Tstg —30 +125 °C
Allowable Operating Ranges at Ta=25+2°C, V=0V
Parameter Symbol Conditions/Pins min yp max Unit
VBak -36 -1al Vv
Vgg2 Vgak = Vgs2/2 (with the backup flag cleared 10 zero) =36 -26 v
Supply voltage Vgg2 Vpak = Vg2 {with the backup flag cleared to zero) -3.6 -13 v
Vgga LCD drive: 1/3 bias methods ~4.65 ~-3.7
Vgg3 LCD drive: methods other than 1/3 bias Vgg = Vgg2
. S1104, M1 104, /OAt to 4, VOB1 1o 4, INT
Input high level voltage ViH {with l/OA1 10 4 and VOB1 fo 4 in input mode) 0.4 0 v
S1t0 4, Mito4, FOA1 104, FOB1 to 4, INT
Input fow level voltage YIL ] (with LOA1 10 4 and /OB1 10 4 in'input mode) Vss? Vgs2+ 04| ¥
Operating frequency fopg Ta=-201t0 +65°C 32 33| kHz
Electrical Characteristics at Ta =25+ 2°C, Vpp =0V
Parameler Symbol Conditions/Pins min typ max Unit-
Vgs2=-~29V, Low-level hold ransistor®,
RintA Vi =Vgs2+04V Figure 1 10 200 va
Pull-down resistor*,
RANIB | Vgg2=-28V, Figure 4 200 2000 kQ
X Vgg2 =-20V, .
Input resistance Ry2A INT pull-up resistor 200 2000 kQ
P W Vi, = Vss? putup
Vgg2=-29V .
R;2B ' INT pull-down rasistor 200 2000 343
IN Vii = Voo P
Vgg2 =-2.9 \'A .
Rin3 RES pull-down resistor 5 50 kQ
IN ViH = Voo P

Note: * §1, 52, S3, S4, M1, M2, M3, M4

Continued on next page.
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Continued from prcceding page.

Parameter Symbal Conditions/Pins min lyp max Unit
v = =2,
Output high teval voltage Vouin |VssZ=-24V, ALM 065 v
H lon = —250 uA
=—24V, :
Output low level voltage VoL (1) :’;fi 2502 WA ALM fgg: v
Vgg2=-29V, l0A1 0 4, OB1 10 4,
Qutput high level voltage Vou(2) |loy=—40pA Pliod -0.4 v
{with IYOA1 to 4 and OB1 to 4 in output moda}
Vgg2 =-2.9V, FOA1 to 4, VOB1 to 4,
Output low level voltage VoL(2) |loL=40pA,Pitod Vgs2 + 0.4 v
(with /OA1 to 4 and VOB to 4 in output mode)
. ==-29V,
Output high level volzage Vou (3) I\:)sz 150 uA LIGHT 15 v
2--29V,
QOutput low level vollage VoL (3) :)SLSE 1502;\, LIGHT Vgg2 +1.5 v
Segment driver outpu! impedances
* When used as CMOS output ports
) Vgg2=-29V, Segment
Qutput high level voltage Vou (4) lo's:- -5 pA Pags 28 1o 41 and 44 to 64 -03 v
=-28V QIPB4 pins 11 to 23
Output low level voltage VgL (4) :gsl_sf s 'j ' and 2510 33 Vg2 +03 v
* When used as p-channel open-drain output ports
Vgg2=-2.4V,
Cutput high level voltage Vou {4 IOS:'E -102}0\ Segment -1 -03 v
Vo2 o 20V Pads 62 to 64,
Output off leakage current lore ng '=_Vss.2 ' QP64 pins 34 to 36 1] pA
« Static drive
v =-2
Qutput high level vollage Voutid) |, sz -0 iix 02 v
OH=" All SEGOUT pins
Cutput low level voltage Voo (4) :::?_Sf ; ;i_: v, Vgg2 +0.2 v
Vgg2=-29V
Qutput high level voltage Vou(® |, SS_ 4 fj ! -0.2 v
\?” ; y COM1
=—29Y,
Qutput low level voltage Voo (5 |OSLS‘= 4pA 9 Vgs2 +0.2 v
* Duplex drive {1/2 bias—1/2 duty)
=-29V,
QCutput high level voltage Vou {4) YSSE -0 3 EA -0.2 v
\‘IJH ; : o All SEGOUT pins
=290V,
Qutput low level voltage Vo (4) |os|'_s= 0.4 uh Vgg2 + 0.2 v
Vgg2=-29V,
Output high level voltage Vou (5) |05:= —aph 0.2 v
Vgg2=-20V, Vgg2/2 Voc2i2
Output middle level voltage Vou | osj.: T4 A, I, = 4 pa | COM1 104 582 S| ¥
=-29V,
Output low level voltage VoL (5) ::isf 4pA : Vgg2 +0.2 v
+ 1/2 bias—1/3 duty and 1/2 bias—1/4 duty methods
2=-29V,
Output high level voltage Vo (4) iVSS_ 0.4 A 0.2 Y
O All SEGOUT pins
Cutput low level voltage VoL (4) I\;SLSE ; ;iﬁ v Vgg2 +0.2 v
Vee2=-20V
Output high level voltage Vou (5) |,55 ' 0.2 v
OH™ |low=—4pA COM1 103
. Vgg2==-29V, (lor 1/3 duty methods) Vgg2/2 Vgg2/2
Qutput middle level vollage Voum lon=—4 1A, lo =4 A | COM1 104 02 0.2 v
— 20V (for 1/4 duty methods)
Output low level voltage VoL (5) Yof.sf 4 lj oV, Vgg2 + 0.2 v

Continued on next page.
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Continuved from preceding page.

Parameter | Symbo! | Conditions/Pins min typ max Unit
* 1/3 bias—-1/3 duty and 1/2 bias—1/4 duty methods
Output high level voltage Vo (4) ::)Sfi ‘_'0_2'3:' 0.2 v
Vgg2=-29V,
Output M1 level voltage Vout4 |lon=—0.4 pA, Vss22 Vss22 y
oL = 0.4 pA ) =L +0.2
All SEGOUT pins
VSSZ ==28V,
Output M2 level voltage Vouz-4 | loy =-0.4 pA, Vgg2-0.2 Vgg2 +0.2 v
lo = 0.4 pA
=-29V,
Output low level voliage VoL (4} ::isf 0. 43 Vgsd+02| v
Vgg2 =-2.
Cutput high level voltage Vau (5) 1051;3= = ﬁ: v, 0.2 v
Vgg2=-28V, COMi103 Vgg2/2 Vgg2/2
1-
Output M1 level vollage Vom1-5 lon =4 BA, loy, = 4 wA | (for 1/3 duty methods) 0.2 0.2 v
Vgg2=-29V, COM1 104
Output M2 level voliage Vo5 1) J0_ 4 A, Ioy =4 pa | tfor 174 duty methods) Vgs2-0.2 Vgg2 +02( V¥
Vgg2=-29V,
Output low level voltage Vg (5) |°5|_5= 4 }j ov Vg3 + 0.2 '
« Qutput voltage
LCD drive: 1/3 bias methods Veel Vgg2=-20V, fopg = 32.768 kHz, 135 v
{halver) 58 Clto3=0.1pF Figure 7 -
. Vgg2=-29V, lopg = 32.768 kHz,
(tripler) Vgs3 C?Sm 3=01pF Figure 7 s v
LCD drive: 1/2 bias methods Vgg2=-28V, fopg = 32.768 kHz,
(halver) Vss! C1aC2=01yF Figure 4 -1.35 v
= Supply current {when the backup flag is cleared to zerg)
V532 =-29V, In HALT mode,
LCD drive: 1/3 bias methods ippl Cito3=0.1pF Cl = 25 k&2, Figure 7, 0.8 3.0 pA
Cd=Cg=20pF 32.768 kHz Xal
- Vg2 =-29V, In HALT mode,
L:;D c:;:ve- rr/};tgyﬂds llgpl |1 =C2=0.1yF, Ci = 25kQ, Figure 4, 0.7 30| pA
other than 1/3 bias €d = Cg =20 pF 32.768 kHz Xtal
=V Cl=2 i
Oscillator start voltage Vgg2 | Vstt| \égA:Cg :%glpF a2 76: :32' I;ltgalljre > 1.35 \']
Osdillater hold voltage Vgg2 ) :
. v =Vgg2/2, Cl = 25kQ), Figure 4
(when the backup flag is | Vioup (1) 1] JBAK T 'S8 ' ' 26 36 v
cleared to zero) Cd=Cg=20pF 32,768 kHz Xiat
(when the backup fiag is Vpak = Vss2, Cl = 25k1), Figure 4,
cloared to zero) iVroLp @) || cd = g - 20 pF 32.768 kHz Xial 13 sl V.
. ! Vpak = Vgs2=-29V, | Cl =25kc, Figure 5,
Oscillator start time Tstt CgA:Cg fgo pF 2 49 768 kHz Xcllal 10 H]
. ) i 10P External connection 8 10 12 pF
Oscillator corraction capacitance
20P QSCOUT 16 20 24 pF
\ OSCIN 0SCOUT \
| 0SCIN OSCoUT
Ri
U o Cg cl] tal (32 kHz or 65 kHz)
C Cd ysia
¢T T o
Voo Voo

Figure 1 Ceramic Oscillator Specifications

Figure 2 Crystal Oscillator Specifications

{32 kHz or 65 kHz)
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|:|, a a J_ T é Cg
1 CuP2 VDD CSCIN __+
_* J Lo =
- WL DUT oscouT—
L
L
¢—< PDFLAG vsst vss2
@) ‘
Vss2 . C1=C2=0.1puF
Figure 3 S1 to S4 and M1 to M4 Input Circulis Figure 4 Power Supply Current and
Oscillator Hold Voltage Test Circuit
| 2 I =X
i C i
VDD T I c1 VDD e T T |cd
OSCIN—% T o 0SCIN o*(F|
j - c2 = ==
- 0SCOUT - &
g S— - oMl DUT cup2 DUT 0SCOUT M
vss2 V$S1 Vss1 1553 Vss2
‘ C1=C2=Ca=0.1uF l
Nota: Include the capacitor C3 when
1/3 bias LCD drive is used,
Figure 5 Oscillator Start Veltage, Figure 6 Oscillator Start Voltage,
Oscillator Start Time and Frequency Stabillty Oscillator Start Time, Power Supply Current and
Test Circuit : Osclllator Hold Voltage Test Circult
—* * 2 | ) S S VDo
J— i S P, VoD 0SCIN T ; | 0S¢ [N o4 ' '
S ,__.,1 i | 0.2%xVss2
T L T 3 f do 9
‘ e e T S ST i e | Ukduty
; { Open / Lol
o V883 BAKf——— ; o . :
Vss2 Vsg2
C1=02=C3=0.1 uF — Input waveiform (OSCIN})
Figure 7 Power Supply Current and Figure 8 External Input Specifications

Osclllator Hold Voltage Test Circuit

| aa

Cg
VDD
cup2 0SCIN

|}

J -

Curl DUT 0SCOUT

vssl1 V832

Flgure 9 Power Supply Current and
Osclllator Hold Time Test Circult
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N 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 properly loss.

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

@ 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:

@ 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.

B 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 October, 1995. Specifications and information herein are subject to
change without notice.
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