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CMOS IC ON Semiconductor®

1/4 and 1/3-Duty LCD Display httpilonsemi.com
Driver with Key Input Function

Overview

The LC75886PW is 1/4 duty and 1/3 duty LCD display driver that can directly drive up to 224 segments and can
control up to 5 general-purpose output ports. This product also incorporates a key scan circuit that accepts input from
up to 30 keys to reduce printed circuit board wiring.

Features

¢ Key input function for up to 30 keys (A key scan is performed only when a key is pressed.)

e 1/4 duty 1/3 bias and 1/3 duty 1/3 bias drive schemes can be controlled from serial data.

e Capable of driving up to 224 segments using 1/4 duty and up to 171 segments using 1/3 duty.

e Switching between key scan output and segment output can be controlled from serial data.

¢ The key scan operation enabled/disabled state can be controlled from serial data.

e Switching between segment output port and general-purpose output port can be controlled from serial data.

e Switching between general-purpose output port, clock output port, and segment output port can be controlled from
serial data. (Up to 5 general-purpose output ports and up to one clock output port)

e Serial data I/O supports CCB format communication with the system controller. (Support 3.3V and 5V operation)

e Sleep mode and all segments off functions that are controlled from serial data.

e The frame frequency of the common and segment output waveforms can be controlled from serial data.

¢ Switching between RC oscillator operating mode and external clock operationg mode can be controlled from serial
data.

¢ Direct display of display data without the use of a decoder provides high generality.

¢ Provision of an on-chip voltage-detection type reset circuit prevents incorrect displays.

e RES pin provided for forcibly initializing the IC internal circuits.

¢ CCB is ON Semiconductor® ’s original format. All addresses are managed
by ON Semiconductor® for this format.

« CCB is a registered trademark of Semiconductor Components Industries, LLC.

Semiconductor Components Industries, LLC, 2013
July, 2013 51309HKIM 20081208-S00009 No.A1391-1/36
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Specifications

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

Parameter Symbol Conditions Ratings Unit
Maximum supply voltage Vpp max Vbp -0.3t0 +7.0 \%
ViNT CE, CL, DI, RES -0.3t0 +7.0
Input voltage \Y,
VN2 OSC, TEST, Vpp1l, Vpp2, KI1 to KI5 -0.3to0 Vpp+0.3
VouTtl DO -0.3t0 +7.0
Output voltage \%
VouTt2 OSC, S1to S57, COM1 to COM4, KS1 to KS6, P1 to P5 -0.3to Vpp+0.3
loutl S1 to S57 300 UA
louT2 COM1 to COM4 3
Output current
louT3 KS1 to KS6 1 mA
louT4 P1 to P5 5
Allowable power dissipation Pd max Ta=85°C 200 mw
Operating temperature Topr -40 to +85 °C
Storage temperature Tstg -55to +125 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the Recommended Operating
Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect device reliability.

Allowable Operating Ranges at Ta =-40 to +85°C, Vgg =0V

Ratings
Parameter Symbol Conditions min p v Unit
Supply voltage VbD Vpp 45 6.0 \%
Input voltage Vppl Vppl 2/3Vpp VbD v
Vpp2 Vpp2 1/3Vpp VbD
Input high level voltage Vil CE, CL, DI, RES 0.4Vpp 6.0
VIH2 KI1 to KI5 0.6Vpp VpD \Y
ViH3 OSC: External clock operating mode 0.4Vpp VpD
Input low level voltage VLl CE, CL, DI, RES 0 0.2Vpp
VL2 KI1 to KIS 0 0.2Vpp \Y
VL3 OSC: External clock operating mode 0 0.2Vpp
Recommended external Rosc OSC: RC oscillation operating mode 39 ko
resistor for RC oscillation
RecorT]mended external. Cosc OSC: RC oscillation operating mode 1000 oF
capacitor for RC oscillation
Guaranteed range of RC oscillation fosc OSC: RC oscillation operating mode 19 38 76 kHz
External clock operating frequency fck OSC: External clock operating mode 10 38 76 KHz
[Figure4]
External clock duty cycle Dck OSC: External clock operating mode 30 50 70 %
[Figure4]
Data setup time tds CL, DI [Figure2], [Figure3] 160 ns
Data hold time tdh CL, DI [Figure2], [Figure3] 160 ns
CE wait time tep CE, CL [Figure2], [Figure3] 160 ns
CE setup time tes CE, CL [Figure2], [Figure3] 160 ns
CE hold time teh CE, CL [Figure2], [Figure3] 160 ns
High level clock pulse width t¢H CL [Figure2], [Figure3] 160 ns
Low level clock pulse width t¢|_ CL [Figure2], [Figure3] 160 ns
Rise time tr CE, CL, DI [Figure2], [Figure3] 160 ns
Fall time tf CE, CL, DI [Figure2], [Figure3] 160 ns
DO output deley time tde DO Rpy=4.7kQ CLz}OpF *1 ' 15 s
[Figure?2], [Figure3]
DO rise time tgr DO Rpy=4.7kQ CL=EI.OpF *1 ' 15 s
[Figure2], [Figure3]

Note: *1 Since the DO pin is an open-drain output, these times depend on the values of the pull-up resistor

Rpy and the load capacitance CT.,.
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Electrical Characteristics for the Allowable Operating Ranges

Ratings
Parameter Symbol Pin Conditions - Unit
min typ max
Hysteresis VHi CE, CL, DI, RES 0.03Vpp
V2 K1 to KI5 0.1Vpp '
Power-down detection voltage VDET 2.0 2.3 2.6 \
Input high level current K1 CE,CL,DI,RES | V;=6.0V 5.0
I|H2 osc V|=Vpp: External clock 50 HA
operating mode
Input low level current (T CE,CL,DI,RES | V=0V 5.0
L2 osc V|=0V: External clock 50 HA
operating mode
Input floating voltage VI KI1 to KIS 0.05Vpp \
Pull-down resistance RPD KI1 to KI5 Vpp=5.0V 50 100 250 kQ
COuurtr[:r:tt off leakage lOFFH DO Vp=6.0V 6.0 uA
Output high level voltage Vonl KS1 to KS6 10=-500pA Vpp-1.0 Vpp-0.5 Vpp-0.2
VoH2 P1to P5 lo=-1mA Vpp-0.9 y
Von3 S1to S57 l0=-20pA Vpp-0.9
Von4 COM1 to COM4 I0=-100pA Vpp-0.9
Output low level voltage VoLl KS1 to KS6 10=25uA 0.2 0.5 15
VoL2 P1toP5 Io=1mA 0.9
VoL3 S1to S57 10=20pA 0.9 \Y
VoL4 COML1 to COM4 10=100pA 0.9
VoL5 DO lo=1mA 0.1 0.3
Output middle level voltage Vmipl S1to S57 1/3 bias Ip=+20uA 2/13Vpp 2/3Vpp
*2 -0.9 +0.9
VMmID2 S1to S57 1/3 bias Ip=+20uA 1/3Vpp 1/3Vpp
-0.9 +0.9 v
VmID3 COM1 to COM4 1/3 bias Ip=+100uA 2/3Vpp 2/3Vpp
-0.9 +0.9
VMID4 | COM1toCOM4 | 1/3 bias Ig=+100uA 1/3Vpp 1/3Vpp
-0.9 +0.9
Oscillator frequency fosc oscC ROSC:l39lva COSC':1000pF 304 38 456 | Kz
RC oscillation operating mode
Current drain Ippl Vpp Sleep mode 100
Ipp2 Vpp Vpp=6.0V, Output open,
RC oscillation operating mode, 450 900
fosc=38kHz uA
Ipp3 Vpp Vpp=6.0V, Output open,
External clock operating mode,
fck=38kHz, V|43=0.5Vpp, 550 1100
V|13=0.1Vpp

Note: *2. Excluding the bias voltage generation divider resistor built into the Vpp1 and Vpp2. (See [Figure 1])

>

Excluding these resistors

[Figure 1]

To the common and segment drivers
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1. When CL is stopped at the low level

CE VIHL 4= R
AT
R
Vil —tq’H oL 2 ~
CL s0%
v 1 / 5_—2 ;
<—>|<—> <>
tr > |< >l 1<t N tep  les . tch
DI Vil 1§ >< <8 ><
VLt R R
tds tdh N tdc > < > |< tar
«
DO

[Figure 2]
2. When CL is stopped at the high level
. VIHL = X— ‘X
R / SIS
t t
oL ul Vit
CL 50% §
ViLl s |
<> <>
e >l o lep fes N tch
: A SR G
ViLl e
tds tdh b)Y ) |
« — SS
o SCHNP TR ¢
— = R
> < tqc tgr = <
[Figure 3]
3. OSC pin clock timing in external clock operating mode
tCKH tCKL foKE e [kHZ]
CK= tekn+tekL
Vg3
osc 50%
Vi3 __ lckH
Dek=terp+tcre 100!
[Figure 4]
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Package Dimensions
unit : mm (typ)
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Pin Assignment

KS6
KI1
K12
K13
K14
KI5

S57/P5
VDD
Vppl
Vpp2
Vss
TEST
osc

RES
DO
CE

CL

DI
P1/S1
P2/S2

Innnnnnnnm

[—1 KS2/S56
— KS1/S55
— COM4/S54
— COM3
— COM2
— COM1
— S53

[—1 KS4
— KS3
— S51
— S50
[—1 S49
— S48
— S47
[—1 S46
—1 S45
— S44

2\

70

S KS5

I S52
B S43

LC75886PW

2]
o
“O

40

30

21

I

P3/S3 ]

S5 ]
S6 ]
S7 —]
S8 ]
SO ]
S10 ]
S11 —]
Sl2 1 5
S13 ]
S14 —]
S15 —]
S16 ]
S17 —
S18 —]
S19 ]
S20 —]
S21 —

S22 N

P4/S4 —

S42
S41
S40
S39
S38
S37
S36
S35
S34
S33
S32
S31
S30
S29
S28
S27
S26
S25
S24
S23

Top view
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Block Diagram

<
n
o ~
<t ™M
= 2SS - 2 &8 & ?
O O O O Iy) DT ® & o9 o)
O O O O )] 0n un un um (7] o
O O O O Q- O O O O O (@]
o |
VoD © < o
SEGMENT DRIVER & LATCH GENERAL
Vppl O— PURPOSE
COMMON PORT
Vpp2 O— DRIVER
Vss O—
o cLOCK CONTROL
osc GENERATOR REGISTER
DO O— ’F
9
H SHIFT REGISTER
ccB
DI O——{Z>— INTERFACE
CLO——{>o—
— KEY BUFFER
CE O——{>o—
RES O >0 T
I
Voo KEY SCAN
VDET
TEST O——>
[ONONONGNO] [ONCRONCNONG)
2e3g8¢ce R R
¥ ¥xX 0200222
O
n
0w um

No.A1391-6/36



LC75886PW

Pin Functions

Symbol

Pin No.

Function

Active

/10

Handling
when
unused

S1/P1 to S4/P4
S5 to S53

79,80,1,2
3to51

Segment outputs for displaying the display data transferred by serial data
input. The S1/P1 to S4/P4 pins can be used as general-purpose output ports
under serial data control.

OPEN

COML1 to COM3
COM4/S54

52 to 54
55

Common driver outputs.
The frame frequency is fo[Hz].
The COMA4/S54 pin can be used as a segment output in 1/3 duty.

OPEN

KS1/S55
KS2/S56
KS3 to KS6

56
57
58 to 61

Key scan outputs. Although normal key scan timing lines require diodes to
be inserted in the timing lines to prevent shorts, since these outputs are
unbalanced CMOS transistor outputs, these outputs will not be damaged by
shorting when these outputs are used to form a key matrix. The KS1/S55
and KS2/S56 pins can be used as segment outputs when so specified by the
control data.

OPEN

KI1 to KI5

62 to 66

Key scan inputs.
These pins have built-in pull-down resistors.

GND

P5/S57

67

General-purpose output port.
This pin can be used as clock output port or segment output port under
serial data control.

OPEN

OSC

73

Oscillator connections. An oscillator circuit is formed by connecting an
external resistor and capacitor at this pin. This pin can also be used as the
external clock input pin if the external clock operating mode is selected with
the control data.

110

VpbD

CE

CL

DI

DO

76

7

78

75

Serial data interface connections to the controller. Note that DO, being an
open-drain output, requires a pull-up resistor.

CE: Chip enable

CL: Synchronization clock

DI: Transfer data

DO: Output data

GND

OPEN

RES

74

Reset signal input
o RES=Low - Display off
- S1/P1 to S4/P4, KS1/S55, KS2/S56=Low
(These pins are forcibly set to the segment output port function and
fixed at the low level.)
- S5 to S53=Low
- COM1 to COM3=Low
- COM4/S54=Low
(This pin is forcibly set to the common output function and fixed at the
low level.)
- P5/S57=Low
(This pin is forcibly set to the general-purpose output port function and
fixed at the low level.)
- KS3 to KS6=Low
- Key scanning disabled
- All the key data is reset to low.
- OSC="Z"(High impedance)
- RC oscillation stopped
- Inhibits external clock input
-R_ES=High ---- Display on
- General-purpose output port state setting is enabled
- Key scanning is enabled.
- RC oscillation enabled (RC oscilltator operating mode)
- Enables external clock input (external clock operating mode)
However, serial data can be transferred when the RES pin is low

VbD

TEST

72

This pin must be connected to ground.

Vppl

69

Used to apply the LCD drive 2/3 bias voltage externally.

OPEN

Vpp2

70

Used to apply the LCD drive 1/3 bias voltage externally.

OPEN

VDD

68

Power supply connections. Provide a voltage of between 4.5 to 6.0V.

Vss

71

Power supply connections. Connect to ground.
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Serial Data Input
1. 1/4 duty
(1) When CL is stopped at the low level

CE

DI

DO

' L

YoY2YoJoJofo 2 o) o1jo2f  Tospossoagosiipsiipsosiiosdpsalose o fockeestfpesikscl sof sif ko ke poYpifpefscf o] o] 0)( 2

BO B1 B2 B3 A0 A1 A2 A3: — Dlsplay data (56 bits) ———>i<— Control data (13 bits) —>i< DD >

| (3 bits) |_2
| L

2%

e %

SX of1YoYoJ oo 1 o os7ose{  Joudoupuosforesforoorogforogfougfprepriaf 0 Yo Yo Yo Yo Yo Yo Yo Yoo Jrnfrerfredf o Yo 1
BO B1 B2 B3 A0 A1 A2 A3i<— Display data (56 bits) ———>i<— Control data (13 bits) —>< DD >
| (3 bits)

t“l._/l\/f"

N YA

‘)( of1YoYoJ oo 1 opuadoudl  Jorsgfoustfosforeaforedfousdfoussfossfosored 0 Yo Yo Jo {o Yo Yo Yo Yoo o oY o YoX1fo )( .
BO B1 B2 B3 A0 A1 A2 A3: «— Dlsplay data (56 bits) ————>{<— Fixed data (13 bits) —>i< pD >
| (3 bits) ?

122

2%

,)( of1)oYoYoYo 1Yo oreqorl  Yousfousfournfpusfoudforafoerfoudondfond{o Yo Yo Yo Yo Yo Yo Yo YoYo o o o o 1 1]

) BO B1 B2 B3 A0 A1 A2 A3 D — Dlsplay data (56 bits) ———>i<— Fixed data (13 bits) —>< DD >
(3 bits)
: | C
Note: B0 to B3, A0 to A3 -+ CCB address
DD cerererrrerereeieiii, Direction data

No.A1391-8/36



LC75886PW

(2) When CL is stopped at the high level

CE | L

oI YoYaYoYoYoYoYaY o Youfoo]  Yoerlpagfoadlosafososapsafpsapssipsey o Yockesdpesfsciso) s fkofkarofpiip2)scf o oY o X ¢
BOBLB2B3A0ALA2 A3 <—— Display data (56 bits) ————>{<—— Control data (13 bits) —>{< DD >
DO | (3 bits) |_2

L

~

p) R

Jof1)ofofoYo 1) o Jospss(  Yousfousfouefprssfororiouefpusfprepurfpizf o fo Yo fo {o Yo fo {o N o ofrofrefreafofof 1)

. BOB1B2B3 A0 AL A2 A3 < Display data (56 bits)—————><——  Control data (13 bits) ——>< DD > |

< B 1S
| (3 bits)

~

~N

v o~

M ToYoYoYoY 1] o Youdoud[ )(0159)(me@(D16])(D16z)(mee)(meA)(mesXmesXmermeeX 0JfoJofofofofofofofofofofofof1fof
BO BIB2B3A0ALA2 A3 <——— Display data (56 bits) Fixed data (13 bits) —>< DD >
| (3 bits)

rEr\/h

)
C

—

1foJoJ oo a] o Jouspud{  Youefousfourrforsgforsgloragforfoerdfouzfoe 0 Yo Jo Jo Jo Yo Yo JoJoJ oo o o o 1 ] 1]

BO B1 B2 B3 A0 A1 A2 A3 €<—— Display data (56 bits)———————><—— Fixed data (13 bits) —>{< DD >

A A

| @bits) |

Note: BO to B3, AQ to A3 == CCB address

DD ceeeereerre Direction data
° CCB address ............... “42H”
e D1 to D224 «+eoeveeeerveees Display data
® OC rrrmvrrrmmresneesneenineenns RC oscillator operating mode/external clock operationg mode switching control data
® PC50, PCS1-weermeeereeeenes General-purpose output port/clock output port/segment output port switching control data
® KSC rrererereereneenneenneenne Key scan operation enabled/disabled state setting control data
° SO’ ) R T TP PP PP PP Sleep control data
® KO, K1 reeemeeemeeneneneee Key scan output/segment output switching control data
® P to P2-weeereeeerneesneenns Segment output port/general-purpose output port switching control data
° SC ............................... Segment On/off COntrOl data
® FCO to FC2 -weereveeereenes Common and segment output waveform frame frequency control data
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2. 1/3 duty
(1) When CL is stopped at the low level

CE |

L

e

pi {of1fo)ofofo)1)o )( D1 Jp2 )(D47)(D48)(049)(D50)(D51X052XD53X054XD55XD56XD57X ocypesifpesksc) so) s1){ko) k1) Pof P} Pz)(sc)( 1) o) o)(
BOBL1B2B3A0ALA2 A3S——— Display data (57 bits) ————————>{<— Control data (12 bits) —>i{< DD >
DO | (3 bits)

/'E/\//‘

L

e %

E)( of 1 oYoJ oo} 1 oY oseosg{  Jorodfouefuogfouonpregfousgforugfoufpudprgford{ o Yo Yo o o Yo Yo Yo J o Jrorfrerfredf 2 Yo 1
BO B1 B2 B3 A0 A1 A2 A3i<—— Display data (57 bits) —————>i{<— Control data (12 bits) —> < DD >
| (3 Dits)

~N VYA

/*Eh.//\

P! R

JoX1Yofofo)o)ayo)ousjouel  Yousoosa(ousyosssfpuea{oreefpssipeea(oiexpurgpir){ 0 N0 {0 Yo Yo {o Yo Yo ofofo o 1)1)o)
; BO B1 B2 B3 A0 AL A2 A3i<—— Display data (57 bits) ————————>i{<— Fixed data (12 bits) —>i< pD >

N | (3 bits) |_

~

Note: B0 to B3, A0 to A3 -+ CCB address
DD ................................. Direction data
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(2) When CL is stopped at the high level

- | L

pi of2fo)ofofo 1) o )(Dl)(Dz)( ~ Yourfossoadosaososa{osy osd pspsa{osiocpesifeesil sl sof sy koY ki PafPafp2fscy 1 Y o | 0 )( ¢
BOBLB2B3A0ALA2 A3 <——— Display data (57 bits) ——————>i<— Control data (12 bits) —>< DD >
DO | (3 bits) ?

| .

~N

o1 oYoYo o)1) o Josgpssl  Youodfpusorogforohfprofouogforsdforeffoudfpugfoud{ 0 Yo Yo Yo o o Yo Yo Y o Jreofreifreef 1 Yo 1 ) E
BO B1 B2 B3 A0 A1 A2 A3 [<— Display data (57 bits) ————><— Control data (12 bits) —>< DD > :
| @bits) | ©

~N VY

~N

—

)( of1fofooJo)1) o )(0115)(0115)( )(0161)(mez)(mes)(o164)(mes)(mee)(o167)(0163)(0169)(0170)(0171)( ofofofofofo)Yo)Yofo o oo z)1)o}

BO B1 B2 B3 A0 A1 A2 A3 P Display data (57 bits) ———>i<— Fixed data (12 bits) —>i< pp >
E | @bits) |
Note: BO to B3, AQ to A3 -+ CCB address
DD ceeeeeereremrini Direction data
e CCB address -+ “42H”
e D1 to D171 =eeeveeeeees Display data
0 OC wroeremrrneseeneene RC oscillator operating mode/external clock operationg mode switching control data
® PC50, PCS1 -weeveeeenes General-purpose output port/clock output port/segment output port switching control data
® KSC eeeevreemenrennneenes Key scan operation enabled/disabled state setting control data
© S0, ST wreeererererienennens Sleep control data
® KO, K1 -eeeereeeeneeeenee Key scan output/segment output switching control data
® PO to P2 eeereeeerneeenns Segment output port/general-purpose output port switching control data
@ SC creverrerrnrnnnnininnnn Segment OH/Off control data
® FCO to FC2 «+-eeevveeeee Common and segment output waveform frame frequency control data
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Control Data Functions
1. OC ... RC oscillator operating mode/external clock operating mode switching control data

This control data bit selects the OSC pin function (RC oscillator operating mode or external clock operating mode)
ocC OSC pin function

0 RC oscillator operating mode

1 External clock operating mode
Note: If RC oscillator operating mode is selected, connect an external resistor RQSC and an external capacitor COSC
to the OSC pin.

2. PC50, PC51 ... General-purpose output port/clock output port/segment output port switching control data
These control data bits swithes the functions of the P5/S57 output pin between the general-purpose output port, the
clock output port, and the segment output port.

Control data

The state of P5/S57 output pin
PC50 PC51
0 0 General-purpose output port (P5) ("L” level output)
1 0 General-purpose output port (P5) (“H” level output)
0 1 Clock output port (P5) (Clock frequency is fogc/2 or fck/2)
1 1 Segment output port (S57)

Note: If the sleep mode is set, the P5/S57 output pin can not be used as the clock output port.

3. KSC ... Key scan operation enabled/disabled state setting control data
This control data bit enables or disables key scan operation.

KSC Key scan operating state

Key scan operation enabled
0 (A key scan operation is performed if any key on the lines corresponding to KS1 to KS6 pin which is set
high is pressed.)

Key scan operation disabled

(No key scan operation is performed, even if any of the keys in the key matrix are pressed.

If this state is set up, the key data is forcibly reset to 0 and the key data read request is also cleared.
(DO is set high.))

4. S0, S1 ... Sleep control data
These control data bits switch between normal mode and sleep mode, and set the states of the KS1 to KS6 key scan
output during key scan standby.

Control data OSC pin state Segment Output pin states during key scan standby
(RC oscillator
output /
Mode or acceptance
SO S1 Common KS1 KS2 KS3 KS4 KS5 KS6
of the external
: output
clock signal)
0 0 Normal Operating Operating H H H H H H
0 1 Sleep Stopped L L L L L L H
1 0 Sleep Stopped L L L L L H H
1 1 Sleep Stopped L H H H H H H

Note: This assumes that the KS1/S55 and KS2/S56 output pins are selected for key scan output.
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5. KO0, K1 ... Key scan output/segment output switching control data

These control data bits switch the functions of the KS1/S55 and KS2/S56 output pins between the key scan output
and the segment output.

Control data Output pin state Maximum number

KO K1 KS1/S55 KS2/S56 of input keys

0 0 KS1 KS2 30

0 1 S55 KS2 25 Note: KSn (n=1 or 2): Key scan output
1 X S55 S56 20 Sn (n=55 or 56): Segment output

X : don't care

6. PO to P2 ... Segment output port/general-purpose output port switching control data
These control data bits switch the functions of the S1/P1 to S4/P4 output pins between the segment output port and
the general-purpose output port.

Control data Output pin state
PO | P1L | P2 S1/P1 S2/P2 S3/P3 S4/P4
0 0 0 s1 s2 s3 s4
0 0 1 P1 s2 s3 s4
0 1 0 P1 P2 s3 sS4 Note: Sn (n=1 to 4): Segment output port
0 1 1 P1 p2 P3 sS4 Pn (n=1 to 4): General-purpose output port
1 0 0 P1 P2 P3 P4

The table below lists the correspondence between the display data and the output pins when these pins are selected to
be general-purpose output ports.

. Correspondence display data
Output pin
1/4 duty 1/3 duty
S1/P1 D1 D1
S2/P2 D5 D4
S3/P3 D9 D7
S4/P4 D13 D10

For example, if the circuit is operated in 1/4 duty and the S4/P4 output pin is selected to be a general-purpose output

port, the S4/P4 output pin will output a high level when the display data D13 is 1, and will output a low level when
D13 is 0.

7. SC ... Segment on/off control data
This control data bit controls the on/off state of the segments.

SC Display state
0 On
1 Off

However, note that when the segments are turned off by setting SC to 1, the segments are turned off by outputting
segment off waveforms from the segment output pins.

8. FCO to FC2 ... Common and segment output waveform frame frequency control data
These control data bits set the common and segment output waveform frequency.

Control data Frame frequency
FCo | FC1 FC2 folHz]
1 1 0 fosc/768, fck/768
1 1 1 fosc/576, fck/576
0 0 0 fosc/384, fck/384
0 0 1 fosc/288, fck/288
0 1 0 fosc/192, fck/192
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Display Data and Output Pin Correspondence

1. 1/4 duty

Output pin com1 CoM2 com3 coMm4 Output pin com1 CoM2 com3 com4
s1/P1 D1 D2 D3 D4 S29 D113 D114 D115 D116
S2/P2 D5 D6 D7 D8 S30 D117 D118 D119 D120
S3/P3 D9 D10 D11 D12 s31 D121 D122 D123 D124
S4/P4 D13 D14 D15 D16 S32 D125 D126 D127 D128
S5 D17 D18 D19 D20 S33 D129 D130 D131 D132
S6 D21 D22 D23 D24 s34 D133 D134 D135 D136
s7 D25 D26 D27 D28 s35 D137 D138 D139 D140
s8 D29 D30 D31 D32 S36 D141 D142 D143 D144
S9 D33 D34 D35 D36 s37 D145 D146 D147 D148
S10 D37 D38 D39 D40 s38 D149 D150 D151 D152
s11 D41 D42 D43 D44 $39 D153 D154 D155 D156
s12 D45 D46 D47 D48 S40 D157 D158 D159 D160
s13 D49 D50 D51 D52 s41 D161 D162 D163 D164
s14 D53 D54 D55 D56 s42 D165 D166 D167 D168
s15 D57 D58 D59 D60 s43 D169 D170 D171 D172
S16 D61 D62 D63 D64 S44 D173 D174 D175 D176
s17 D65 D66 D67 D68 S45 D177 D178 D179 D180
s18 D69 D70 D71 D72 S46 D181 D182 D183 D184
s19 D73 D74 D75 D76 s47 D185 D186 D187 D188
S20 D77 D78 D79 D80 S48 D189 D190 D191 D192
s21 D81 D82 D83 D84 S49 D193 D194 D195 D196
s22 D85 D86 D87 D88 S50 D197 D198 D199 D200
s23 D89 D90 D91 D92 s51 D201 D202 D203 D204
S24 D93 D94 D95 D96 S52 D205 D206 D207 D208
S25 D97 D98 D99 D100 S53 D209 D210 D211 D212
S26 D101 D102 D103 D104 KS1/S55 D213 D214 D215 D216
s27 D105 D106 D107 D108 KS2/S56 D217 D218 D219 D220
S28 D109 D110 D111 D112 P5/S57 D221 D222 D223 D224

Note: This is for the case where the S1/P1 to S4/P4, KS1/S55, KS2/S56, P5/S57 output pins are selected for use as
segment outputs.
For example, the table below lists the segment output states for the S11 output pin.

Display data
Output pin state (S11)
D41 D42 D43 D44
0 0 0 0 The LCD segments for COM1, COM2, COM3 and COM4 are off.
0 0 0 1 The LCD segment for COM4 is on.
0 0 1 0 The LCD segment for COM3 is on.
0 0 1 1 The LCD segments for COM3 and COM4 are on.
0 1 0 0 The LCD segment for COM2 is on.
0 1 0 1 The LCD segments for COM2 and COM4 are on.
0 1 1 0 The LCD segments for COM2 and COM3 are on.
0 1 1 1 The LCD segments for COM2, COM3 and COM4 are on.
1 0 0 0 The LCD segment for COML1 is on.
1 0 0 1 The LCD segments for COM1 and COM4 are on.
1 0 1 0 The LCD segments for COM1 and COM3 are on.
1 0 1 1 The LCD segments for COM1, COM3 and COM4 are on.
1 1 0 0 The LCD segments for COM1 and COM2 are on.
1 1 0 1 The LCD segments for COM1, COM2 and COM4 are on.
1 1 1 0 The LCD segments for COM1, COM2 and COM3 are on.
1 1 1 1 The LCD segments for COM1, COM2, COM3 and COM4 are on.
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2. 1/3 duty
Output pin com1 COM2 COM3 Output pin com1l COM2 COM3
S1/P1 D1 D2 D3 S31 D91 D92 D93
S2/P2 D4 D5 D6 S32 D94 D95 D96
S3/P3 D7 D8 D9 S33 D97 D98 D99
S4/P4 D10 D11 D12 S34 D100 D101 D102
S5 D13 D14 D15 S35 D103 D104 D105
S6 D16 D17 D18 S36 D106 D107 D108
S7 D19 D20 D21 S37 D109 D110 D111
S8 D22 D23 D24 S38 D112 D113 D114
S9 D25 D26 D27 S39 D115 D116 D117
S10 D28 D29 D30 S40 D118 D119 D120
S11 D31 D32 D33 S41 D121 D122 D123
S12 D34 D35 D36 S42 D124 D125 D126
S13 D37 D38 D39 S43 D127 D128 D129
S14 D40 D41 D42 S44 D130 D131 D132
S15 D43 D44 D45 S45 D133 D134 D135
S16 D46 D47 D48 S46 D136 D137 D138
S17 D49 D50 D51 S47 D139 D140 D141
S18 D52 D53 D54 S48 D142 D143 D144
S19 D55 D56 D57 S49 D145 D146 D147
S20 D58 D59 D60 S50 D148 D149 D150
S21 D61 D62 D63 S51 D151 D152 D153
S22 D64 D65 D66 S52 D154 D155 D156
S23 D67 D68 D69 S53 D157 D158 D159
S24 D70 D71 D72 COM4/S54 D160 D161 D162
S25 D73 D74 D75 KS1/S55 D163 D164 D165
S26 D76 D77 D78 KS2/S56 D166 D167 D168
S27 D79 D80 D81 P5/S57 D169 D170 D171
S28 D82 D83 D84
S29 D85 D86 D87
S30 D88 D89 D90

Note: This is for the case where the S1/P1 to S4/P4, COM4/S54, KS1/S55, KS2/S56, P5/S57 output pins are selected

for use as segment outputs.

For example, the table below lists the segment output states for the S11 output pin.

Display data
Output pin state (S11)
D31 D32 D33

0 0 0 The LCD segments for COM1, COM2, and COM3 are off.
0 0 1 The LCD segment for COM3 is on.

0 1 0 The LCD segment for COM2 is on.

0 1 1 The LCD segments for COM2 and COM3 are on.

1 0 0 The LCD segment for COML1 is on.

1 0 1 The LCD segments for COM1 and COM3 are on.

1 1 0 The LCD segments for COM1 and COM2 are on.

1 1 1 The LCD segments for COM1, COM2 and COMS3 are on.
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Serial Data Output
1. When CL is stopped at the low level
CE | L

or faif1fofofofofaifof
BO Bl B2 B3 A0 Al A2 A3

DO [ x Ykorfkoo fkp27fkp2gfkp2gfkpsgf sA |

i&<—— Output data ——— > X: don't care

Note: BO to B3, A0 to A3 ... CCB address

2. When CL is stopped at the high level

CE | |_

OF fafifofofofofaf o §f
BO Bl B2 B3 A0 AL A2 A3

DO Mikoifko2 ks Jkp2gfkp2gfkpad| sa f x X
(& Output data | X: don't
Note: BO to B3, A0 to A3 ... CCB address -dont care

o CCB address “43H”

¢ KD1 to KD30 - Key data

@ SA crereeereesneenenes Sleep acknowledge data

Note: If a key data read operation is executed when DO is high (DO does not generate a key data read request output),

the read key data (KD1 to KD30) and sleep acknowledge data (SA) will be invalid.

Output Data

1. KD1 to KD30 ... Key data
When a key matrix of up to 30 keys is formed from the KS1 to KS6 output pins and KI1 to KI5 input pins and one of

those keys is pressed, the key output data corresponding to that key will be set to 1. The table shows the relationship
between those pins and the key data bits.

Ki1 KI2 KI3 Kli4 KIS

KS1/S55 KD1 KD2 KD3 KD4 KD5
KS2/S56 KD6 KD7 KD8 KD9 KD10
KS3 KD11 KD12 KD13 KD14 KD15
KS4 KD16 KD17 KD18 KD19 KD20
KS5 KD21 KD22 KD23 KD24 KD25
KS6 KD26 KD27 KD28 KD29 KD30

When the KS1/S55 and KS2/S56 output pins are selected to be segment outputs by control data bits KO and K1 and a
key matrix of up to 20 keys is formed using the KS3 to KS6 output pins and the KI1 to KIS input pins, the KD1 to

KD10 key data bits will be set to 0.

2. SA ... Sleep acknowledge data
This output data bit is set to the state when the key was pressed. Also, while DO will be low in this case, if serial

data is input and the mode is set (to normal or sleep mode) during this period, that mode will be set. SA will be 1 in

sleep mode and 0 in normal mode.
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Sleep Mode Functions

Sleep mode is set up by setting SO or S1 in the control data to 1. When sleep mode is set up, both the segment and
common outputs will go to the low level. In RC oscillator operating mode (OC=0), the oscillator on the OSC pin will
stop (although it will operate during key scan operations), and in exeternal clock operating mode (OC=1), acceptance of
the external clock signal on the OSC pin will stop (although the clock signal will be accepted during key scan
operations). Thus this mode reduces power consumption. However, the S1/P1 to S4/P4, P5/S57 output pins can be used
as general-purpose output ports under control of the PO to P2, PC50 and PC51 bits in the control data even in sleep
mode (The P5/S57 output pin can not be used as clock output port). Sleep mode is cancelled by setting both SO and S1

in control data to 0.

Key Scan Operation Functions
1. Key scan timing

The key scan period is 288T[s]. To reliably determine the on/off state of the keys, the LC75886PW scans the keys
twice and determines that a key has been pressed when the key data agrees. It outputs a key data read request (a low
level on DO) 615T(s] after starting a key scan. If the key data does not agree and a key was pressed at that point, it
scans the keys again. Thus the LC75886PW cannot detect a key press shorter than 615T[s].

kst 3 | 1] [ 1]

*3
2 3 | |2 [ 2 | 3
k3 3| [ o] [ o] 2
ksa [ 4] 3
kss 3| [ s | | s [ | =

K6 [ 6 |

Key on ¢ 576T[s]

Note: *3. These are set to the high or low level by the SO and S1 bits in the control data.

Key scan output signals are not output from pins that are set to the low level.

el
~ fosc ~ fck
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2. Normal mode, when key scan operations are enabled

(1) The KS1 to KS6 pins are set high. (See the description of the control data.)

(2) When a key is pressed, a key scan is started and the keys are scanned until all keys are released. Multiple key
presses are recognized by determining whether multiple key data bits are set.

(3) If a key is pressed for longer than 615T[s] (Where T=1/fpsC or T=1/fCK), the LC75886PW outputs a key data read
request (a low level on DO) to the controller. The controller acknowledges this request and reads the key data.
However, if CE is high during a serial data transfer, DO will be set high.

(4) After the controller reads the key data, the key data read request is cleared (DO is set high) and the LC75886PW
performs another key scan. Also note that DO, being an open-drain output, requires a pull-up resistor (between 1 and
10kQ).

Key input 1
Key input 2 | |
Key scan LT LT [T
< 615T[s] > < 615T[s] > < 615T[s] >
CE
S s ol SR ey S SR aaess4)
on ] I Il Il Il Il
DO
. Key data read A Key data read A Key data read
Key data read request Key data read request Key data read request
1 1
T=Tosc ~Tex

3. Sleep mode, when key scan operations are enabled

(1) The KS1 to KS6 pins are set to high or low level by the SO and S1 bits in the control data.
(See the description of the control data.)

(2) If a key on one of the lines corresponding to a KS1 to KS6 pin which is set high is pressed, the oscillator on the OSC
pins starts in RC oscillator operating mode (the IC starts accepting the external clock signal in external clock
operating mode) and a key scan is performed. Keys are scanned until all keys are released.

Multiple key presses are recognized by determining whether multiple key data bits are set.

(3) If a key is pressed for longer than 615T[s] (Where T=1/f0SC or T=1/fCK), the LC75886PW outputs a key data read
request (a low level on DO) to the controller. The controller acknowledges this request and reads the key data.
However, if CE is high during a serial data transfer, DO will be set high.

(4) After the controller reads the key data, the key data read request is cleared (DO is set high) and the
LC75886PW performs another key scan. However, this does not clear sleep mode. Also note that DO, being an
open-drain output, requires a pull-up resistor (between 1 and 10kQ).

(5) Sleep mode key scan example

Example: S0=0, S1=1 (Sleep with only KS6 high)

‘kst Fo—B-O-O-DD
‘U ks2 F—B-O-D-DD
“L” KS3 = PH-P-PH-PH-D When any one of these keys is pressed, the
w » — MDD M N / oscillator on the OSC pins starts in RC oscillator
L"KS4 — NZAANVAN VAN VAN . .
W7 KS5 AAAAA — operating mode (the IC starts accepting the external
— YYYyYY clock signal in external clock operating mode) and a
“H' KS6 [ SPASYRSPASPASY key scan operation is performed
YYVY *4 y peration is performed.
KI1 = f
KI2 =
KI3 =
Kl4 =
KI5 =

Note: *4. These diodes are required to reliably recognize multiple key presses on the KS6 line when sleep mode state
with only KS6 high, as in the above example. That is, these diodes prevent incorrect operations due to sneak
currents in the KS6 key scan output signal when keys on the KS1 to KSS5 lines are pressed at the same time.
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Key input
(KS6 line) |
Key scan L I
< 615T[s] > < 615T[s] >
CE
Serial data transfer ~ Serial data transfer Key Serialidata transfer Key
(KSC=0) (KSC=0) address(43H) (KSC=0) address(43H) . ; :i
o] I Il Il Il ~Tosc ek
DO
4\_ Key data read A Key data read
Key data read request Key data read request

4. Normal/sleep mode, when key scan operations are disabled

(1) The KS1 to KS6 pins are set to high or low level by the SO and S1 bits in the control data.

(2) No key scan operation is performed, whichever key is pressed.

(3) If the key scan disabled state (KSC=1 in the control data) is set during a key scan, the key scan is stopped.

(4) If the key scan disabled state (KSC=1 in the control data) is set when a key data read request (a low level on DO) is
output to the controller, all the key data is set to 0 and the key data read request is cleared (DO is set high).
Note that DO, being an open-drain output, requires a pull-up resister (between 1 to 10k€2).

(5) The key scan disabled state is cleared by setting KSC in the control data to 0.

Key input 1 |
Key input 2 | I_
Key scan | L L
< 615T[s] > < 615T[s] >
CE
Serial data transfer ~ Serial data trarisfer ~ Serial data transfer Serial data transfer ~ Serial data transfer Key
(KSC=0) (KSC=1) (KSC=0) (KSC=1) (KSC=0) address(43H)
o] Il Il l l Il
DO
- A Key data read
Key data read request Key data read request
= 1 1
~ fosc " fck

Multiple Key Presses

Although the LC75886PW is capable of key scanning without inserting diodes for dual key presses, triple key presses
on the KI1 to KI5 input pin lines, or multiple key presses on the KS1 to KS6 output pin lines, multiple presses other
than these cases may result in keys that were not pressed recognized as having been pressed. Therefore, a diode must be
inserted in series with each key. Applications that do not recognize multiple key presses of three or more keys should
check the key data for three or more 1 bits and ignore such data.
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1/4 Duty, 1/3 Bias Drive Technique folHz]
] r,— r,— — VbD
‘ ' ‘ ' — Vppl
com1 rlﬂum rlﬂum HF — vooe
| HERS U —w
N — Hr Hr e
— Vppl
T g | | o
U L W
=y ay N
cos L | | e e
B B —w
| e
! ; ! | — Vppl
com4 L | L —Hmur — vggz
B Be v
LCD driver output when all LCD : xDDl
segments corresponding to COM1, TMHuﬂmmuﬂuﬂmmuﬂL — VDD2
COM2, COM3, and COM4 are turned off. — 0\[/) D
. — Vpp
LCD driver output when only —‘ : | —“_‘ i 5 —‘L‘ _
LCD segments corresponding to |_||_|u_“_\_ |_||_|u_“_\_ L - xDD;
COM1 are on. — | : — 0\?D
. — — Vpp
LCD driver output when only —h_‘ i i —|L‘ i i o
LCD segments corresponding to —‘H mu_‘L‘ u_‘u_“_‘ — xDD;
COM2 are on. L L L — OSD
LCD driver output when [ —‘ ] —‘ 1 [ Voo
LCD segments corresponding to L‘ | L‘ | : Vool
COM1 and COM2 are on. NN | | || _ X\E/)Dz
LCD driver output when only | —\_‘ : xDDl
LCD segments corresponding to —||_||_| \_‘_“_"_“_‘ m|_||_|L _ VDD2
COM3 are on. NN I _ 0\?D
LCD driver output when —| | —| | —| : xDDl
LCD segments corresponding to 5 5 L _ VDD2
COM1 and COMS are on. | L] ] L o
LCD driver output when — ] |: ] |: [ xDD1
LCD segments corresponding to l l — VDD
COM2 and COMS3 are on. L“_ ] H|_ | L“_ _ X\E/)Dz
LCD driver output when 1 [] |: ][] —\_‘ BEE : xDDl
LCD segments corresponding to 5 5 — VDD2
COM1, COM2, and COMS are on. Juy WUy Ty e
LCD driver output when only | | : xDDl
LCD segments corresponding to —“_ﬂ_“_ﬂ_‘ u’_“_ﬂ_‘ u’_“_ - VDD2
COM4 are on. ‘ ‘ — 0\?D
LCD driver output when —\ | —‘ | — VoD
LCD segments corresponding to 1 L‘ L‘ _ Vool
COM2 and COM4 are on. | | | || _ X\E/)Dz
LCD driver output when all ] [] | EulEm | Eulm : VDD
LCD segments corresponding to — Vbp!
COM1, COM2, COM3, and COM4 are on. L AR AR g\?Dz
Control data Common and segment output waveform
FCO FC1 FC2 frame frequency fo[Hz]
1 1 0 fosc/768, fck/768
1 1 1 fosc/576, fck/576
0 0 0 fosc/384, fck/384
0 0 1 fosc/288, fck/288
0 1 0 fosc/192, fck/192

No.A1391-20/36



LC75886PW

1/3 Duty, 1/3 Bias Drive Technique folHz]

VpDp2
— oV

- ] ] v
com HmuH HmuH Ep

B N R
s HmuH HmuH o

coms _Iﬂurlr HﬂuHr Hﬂurr E oo

Vpp2
| | — o
LCD driver output when all LCD — VoD
river output when al _
segments corresponding to COML1, —“—”_“—ﬂ_“_ﬂ_“_ﬂ_‘uml_ﬂ_“_ﬂ_‘u’_ — XDD;
COM2, and COMS are turned off. . o\?D

LCD driver output when only —‘ —‘ —‘ — VDD
LCD segments corresponding to \_“_ﬂ_‘ \_‘um \—“_”_ : XDD;
COML1 are on. L L _ O\IZ/)D
UHH XDDl
— VDD2
I

LCD driver output when ] -—-“_“_‘ ] -—"H\—‘ ] '—"L_ : ngl

LCD driver output when only -—-‘ -—-‘
LCD segments corresponding to -—-“_‘

COM2 are on.

LCD segments corresponding to

COM1 and COM2 are on. L L | L || : 2)/502
— VbD

LCD dri tput when onl ] ] —

pE g - o [ [ e

COMa3 are on. L L. L_ — O\[/)D

] ] — VDD
LCD driver output when -—-‘ -—-‘ -—-‘ — Vppl
LCD segments corresponding to \_‘ \_‘ \_‘ o

COM1 and COM3 are on. L. VpD2
— oV

] ] ] — VDD
LCD driver output when -—-‘ -—-‘ — Vppl
LCD segments corresponding to -—-“_‘L- \_‘ \_‘ _

VpD2

COM2 and COM3 are on.

|| L] L [ S
U e Y e O e O e O e O e O — VDD

LCD driver output when all — Vppl

LCD segments corresponding to — Vhn?

COM1, COM2, and COM3 are on. O\E/’D

Control data Common and segment output waveform
FCO FC1 FC2 frame frequency fo[Hz]
1 1 0 fosc/768, fck/768
1 1 1 fosc/576, fok/576
0 0 0 fosc/384, fok/384
0 0 1 fosc/288, fck/288
0 1 0 fosc/192, fck/192
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Clock Signal Output Waveform

Control data

The state of P5/S57 output pin
PC50 PC51
0 1 Clock output port (P5) (Clock frequency is fogc/2 or fok/2)
P5 S 1
—_— h Tc2 '—— Te= T
>

Voltage Detection Type Reset Circuit (VDET)

This circuit generates an output signal and resets the system when power is first applied and when the voltage drops, i.c.,
when the power supply voltage is less than or equal to the power down detection voltage VDET, which is 2.3V, typical.
To assure that this function operates reliably, a capacitor must be added to the power supply line so that the power
supply voltage VDD rise time when the power is first applied and the power supply voltage Vpp fall time when the
voltage drops are both at least 1ms. (See Figure 5 and Figure 6.)

System Reset

The LC75886PW supports the reset methods described below. When a system reset is applied, display is turned off, key
scanning is stopped, all the key data is reset to low, and the general-purpose output ports are fixed at the low level (The
S1/P1 to S4/P4 pins are forcibly set to the segment output port function and fixed at the low level. The P5/S57 pin is
forcibly set to the general-purpose output port function and fixed at the low level). When the reset is cleared, display is
turned on, key scanning is enabled and the general-purpose output ports state setting is enabled.

1. Reset methods

(1) Reset method by the voltage detection type reset circuit (VDET)
If at least 1ms is assured as the supply voltage VDD rise time when power is applied, a system reset will be applied
by the VDET output signal when the supply voltage is brought up. If at least 1 ms is assured as the supply voltage
VDD fall time when power drops, a system reset will be applied in the same manner by the VDET output signal
when the supply voltage is lowered. Note that the reset is cleared at the point when all the serial data (1/4 duty: the
display data D1 to D224 and the control data, 1/3 duty: the display data D1 to D171 and the control data) has been
transferred, i.e., on the fall of the CE signal on the transfer of the last direction data, after all the direction data has
been transferred. (See Figure 5 and Figure 6.)

e 1/4 duty
t1 t2
VDD
—VDET VDET |

CE / \ / \ / \ ViLl
D1 to D56 |e— Display and control data transfer —> ()()

Internal data | OC, PC50, PC51, KSC, Undefined § Defined Undefined
S0, S1, KO, K1, POto P2, SC )
(C

Internal data (D57 to D112, FCO to FC2) Undefined X Defined()() Undefined
)
D)

Internal data (D113 to D168) Undefined X Defined « Undefined
)
5

Internal data (D169 to D224) Undefined Defined o Undefined
<— Systemreset period —> »

Note: t1>1 [ms](Power supply voltage Vpp rise time)
t2>1 [ms](Power supply voltage Vpp fall time)

[Figure 5]
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e 1/3 duty

Vpb

CE
D1 to D57
Internal data | OC, PC50, PC51, KSC,
S0, S1, KO, K1, POto P2, SC

Internal data (D58 to D114, FCO to FC2)

Internal data (D115 to D171)

(2) Reset method by the RES pin

t1l ) 12
| VDET VDE>\
/ \ VL1
PP o ss
|< Display and control data transfer > «
Undefined X Defined (’(’ Undefined
)]
)
Undefined X Defined Undefined
)]
((
Undefined Defined ) Undefined

<— System reset period —>

Note: t1>1 [ms](Power supply voltage Vpp rise time)
t2>1 [ms](Power supply voltage Vpp fall time)

[Figure 6]

When power is applied, a system reset is applied by setting the RES pin low level. The reset is cleared by setting the
RES pin high level after all the serial data (1/4 duty: the display data D1 to D224 and the control data, 1/3 duty: the

display data D1 to D171 and the control data) has been transferred.
In the allowable operating range (VDD=4.5 to 6.0V), A reset is applied by setting the RES pin low level.
and the reset is cleared by setting the RES pin high level

2. Internal block states during the reset period

¢ CLOCK GENERATOR

A reset is applied and either the OSC pin oscillator is stopped or external clock reception is stopped
¢ COMMON DRIVER, SEGMENT DRIVER & LATCH
A reset is applied and the display is turned off. However, display data can be input to the latch circuit in this state.

¢ KEY SCAN

A reset is applied, the circuit is set to the initial state, and at the same time the key scan operation is disabled.

e KEY BUFFER

A reset is applied and all the key data is set to low.

¢ GENERAL PURPOSE PORT

A reset is applied, the circuit is set to the initial state.
o CCB INTERFACE, SHIFT REGISTER, CONTROL REGISTER
Since serial data transfer is possible, these circuits are not reset.
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<
[Te)
¢ N~
—
$gygg . Igea 5
O 0 0 O 0 WS ® d o 5
O O O O %) NN n n a
0 Q00 Q--mmmmme 0O 00 0O o
VoD <> |
SEGMENT DRIVER & LATCH GENEggL
Vppl O— PURPOSE
COMMON ORT
Vpp2 O DRIVER
Vgg O
7
CLOCK CONTROL
0sCcO GENERATOR REGISTER
DO O— T
9
|_ SHIFT REGISTER
o [> CCB
DI INTERFACE
CLO——{>o—
o—————>
CE O——{>o— KEY BUFFER
RES O >0 T
S
VpD KEY SCAN
VDET
TESTO———>
OO0 O0O0O0 [ONONONONONO)
[:] LIgod TR
Blocks that are reset ¥ X ¥ XX eeeLee
O
n
" un
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3. Pin states during the reset period

Pin State during reset

S1/P1 to S4/P4 L*5
S5 to S53 L
COM1 to COM3 L

COM4/S54 L *6

KS1/S55, KS2/S56 L*5

KS3 to KS6 L *7

P5/S57 L*8

[e]& Z*9

DO H*10

Note: *5. These output pins are forcibly set to the segment output function and held low.
*6. This output pin is forcibly set to the common output function and held low.
*7. These output pins are forcibly held fixed at the low level.
*8. This output pin is forcibly set to the general-purpose output port function and held low.
*9. This 1/O pin is forcibly set to the high-impedance state.
*10.Since this output pin is an open-drain output, a pull-up resistor of between 1 and 10k<2 is required. This pin
remains high during the reset period even if a key data read operation is performed.

Notes on the OSC Pin Peripheral Circuit
1. RC oscillator operationg mode (Control data bit OC=0)

When RC oscillator operationg mode is selected, an external resistor RO and an external capacitor CQ§C must be
connected between the OSC pin and GND.

0sC

Rosc ;Cosc

. External clock operating mode (Control data bit OC=1 )

When selecting the external clock operating mode, connect a current protection resistor Rg (4.7 to 47k€Q) between the
OSC pin and the external clock output pin (external oscillator). Determine the value of the resistance according to the
maximum allowable current value of the external clock output pin. Also make sure that the waveform of the external

clock is not excessively distorted.

External clock output pin MWy

External oscillator

Note: Allowable current value at external clock output pin >

Rg

0oscC

VDD
Rg
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Sample Application Circuit 1

1/4 duty, 1/3 bias (for use with normal panels)

P1 (Genenal-purpose

(P2) _ output port)

P3 Used with the

(P4) backlight controller
; P5 or other circuit.
—>

5V —> VDD oscC COM1
*11 *13 CcoMm2
Vss COoM3
TEST S54/COM4
7 P1/S1
P2/S2
P3/S3
P4/S4

Vppl $5
I | Vo2
S53

LCD panel (up to 224 segments)

C>0.047uF C C (S55)
o (559
== SS
75 [(—> RES *12 c o P5/S57 (S57)
Fromthe | — CE 65
controller | _ cL /]
s o oK K
To the controller — DO 54321 654321
To the controller —
power supply *14 /I\
\\ rJ \\ rJ \\ )
A nWal nWal Y
CY Y Y Y Y Key matrix
AWa AWa AWAAY
XX (upto 30 keys) ‘49’ -> —=
AN AN VANV
\\ rJ \\ rJ AV )
Note: *11. Add a capacitor to the power supply line so that the power supply voltage Vpp rise time when power is

*12.
*13.

*14.

*15.

applied and the power supply voltage Vpp fall time when power drops are both at least 1ms, as the
LC75886PW is reset by the VDET.

If the RES pin is not used for system reset, it must be connected to the power supply VpD.

When RC oscillator operating mode is used, the external resistor RO and the external capacitor COSC
must be connected between the OSC pin and GND, and when external clock operating mode is selected the
current protection resistor Rg (4.7 to 47k€2) must be connected between the OSC pin and the external clock
output pin (external oscillator). (See the section on the OSC pin peripheral circuit.)

The DO pin, being an open-drain output, requires a pull-up resistor. Select a resistance (between 1 to 10k€2)
appropriate for the capacitance of the external wiring so that signal waveforms are not degraded.

The pins to be connected to the controller (CE, CL, DI, DO, RES) can handle 3.3V or 5V.
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Sample Application Circuit 2

1/4 duty, 1/3bias (for use with large panels)
P1 (Genenal-purpose
(P2) _ output port)
(P3) S Used with the
P4 backlight controller
10kQ>R>1kQ ; JE)% or other circuit.
C>0.047uF —_—
45V —>—e VoD osc comi
*13 COM2
Vppl COM3
11 S54/COM4
VDD2 —~
DD P1/s1 2
P2/S2 g
P3/S3 g
P4/S4 N
Vgs N
TEST =
777 =
S53 2
(S55) g
o)
‘e (S56) 8
s (—> RES *12 - P5/S57 (S57)
Fromthe | —> CE 65
controller | — CL /1
*15 N DI KKKKK KKKKKK
To the controller — ® DO 1111 SSSSSS
54321 654321
To the controller —
power supply *14 T
D-D-D-D-D4
EX XX KX Keymatrix
ZANZAVVANVANVAN (Upt030 keys) > —
IZANVANVAN VAN VANV,
D-D-D-D-4
Note: *11. Add a capacitor to the power supply line so that the power supply voltage Vpp rise time when power is

applied and the power supply voltage Vpp fall time when power drops are both at least 1ms, as the
LC75886PW is reset by the VDET.

*12. If the RES pin is not used for system reset, it must be connected to the power supply VDD.

*13

*14.

*15.

. When RC oscillator operating mode is used, the external resistor RO and the external capacitor COSC
must be connected between the OSC pin and GND, and when external clock operating mode is selected the
current protection resistor Rg (4.7 to 47kQ) must be connected between the OSC pin and the external clock
output pin (external oscillator). (See the section on the OSC pin peripheral circuit.)

The DO pin, being an open-drain output, requires a pull-up resistor. Select a resistance (between 1 to 10kQ)
appropriate for the capacitance of the external wiring so that signal waveforms are not degraded.

The pins to be connected to the controller (CE, CL, DI, DO, R_ES) can handle 3.3V or 5V.
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Sample Application Circuit 3

1/3 duty, 1/3 bias (for use with normal panels)

P1 (Genenal-purpose

p2 output port)
P3 Used with the
(P4) backlight controller
; P5 or other circuit.
——>
+5v —> ® Vpp OsC coM1
*11 IEZ *13 com2
Vssg COM3
777 TEST P1/S1
P2/S2 g
P3/S3 g
P4/S4 §
ss g
Vppl I
§ Q
VDD2 S53 =)
L COM4/S54 (S54) E
2 c
C>0.047uF c ; c ; 59 g
o)
Ss (556) S
*15 —> RES *12 c e P5/S57 (S57)
Fromthe | —> CE 65
controller | — CcL I
To the controller — ? po !l $ss88SS
c M 54321 654321
To the controller —
power supply *14 /]\
\\ C \\ rJ \\ C
4 Y 4
XXX XXX Keymatrix
1
: E: 3: E (up to 30 keys) %’9
\\ C \\ rJ \\ C

Note: *11.

*12.
*13.

*14.

*15.

Add a capacitor to the power supply line so that the power supply voltage VDD rise time when power is
applied and the power supply voltage VDD fall time when power drops are both at least 1ms, as the
LC75886PW is reset by the VDET.

If the RES pin is not used for system reset, it must be connected to the power supply Vpp.

When RC oscillator operating mode is used, the external resistor RQSC and the external capacitor COSC
must be connected between the OSC pin and GND, and when external clock operating mode is selected the
current protection resistor Rg (4.7 to 47kQ) must be connected between the OSC pin and the external clock
output pin (external oscillator). (See the section on the OSC pin peripheral circuit.)

The DO pin, being an open-drain output, requires a pull-up resistor. Select a resistance (between 1 to 10k€)
appropriate for the capacitance of the external wiring so that signal waveforms are not degraded.

The pins to be connected to the controller (CE, CL, DI, DO, ﬁ) can handle 3.3V or 5V.
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Sample Application Circuit 4

1/3 duty, 1/3bias (for use with large panels)

P1 (Genenal-purpose

p2 output port)
gP3)E Used with the
(P4) backlight controller
10kQ>R>1kQ % or other circuit.
C=0.047pF P55
15V —>-e VDD osc COM1
*13 COM2
Vppl COM3
"L - P1/S1
b P2/S2 2
P3/S3 g
P4/S4 g
S5 N
Vss S
TEST % 2
S53 2
777 ©
COM4/S54 (S54) 2
(S55) aQ
(S56) 8
—_— -
s5 [(—> RES *12 2 g P5/S57 (S57)
Fromthe | —> CE 65
controller | — CL /1
15 — DI KKKKK KKKKKK
To the controller — 4 DO L1111 SSSSSS
54321 654321
To the controller —
power supply *14 /[
O-C-D-D-PD
AWanWa| a .
XXX XXX Key matrix
SI5E5T womlen 9> 435
DS D-D-PD

Note: *11. Add a capacitor to the power supply line so that the power supply voltage Vpp rise time when power is
applied and the power supply voltage Vpp fall time when power drops are both at least 1ms, as the
LC75886PW is reset by the VDET.

*12. If the RES pin is not used for system reset, it must be connected to the power supply VDD.

*13. When RC oscillator operating mode is used, the external resistor RQgC and the external capacitor COSC
must be connected between the OSC pin and GND, and when external clock operating mode is selected the
current protection resistor Rg (4.7 to 47kQ) must be connected between the OSC pin and the external clock
output pin (external oscillator). (See the section on the OSC pin peripheral circuit.)

*14. The DO pin, being an open-drain output, requires a pull-up resistor. Select a resistance (between 1 to 10kC2)
appropriate for the capacitance of the external wiring so that signal waveforms are not degraded.

*15. The pins to be connected to the controller (CE, CL, DI, DO, RES) can handle 3.3V or 5V.

Notes on Transferring Display Data from The Controller

When using the LC75886PW in 1/4 duty, applications transfer the display data (D1 to D224) in four operations, and in
1/3 duty, they transfer the display data (D1 to D171) in three operations. In either case, applications should transfer all
of the display data within 30ms to maintain the quality of displayed image.
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Notes on the Controller Key Data Read Techniques

1. Timer based key data acquisition
(1) Flowchart

R

CE="L"

v
e
YES

Key data read

processing
%
(2) Timing chart
Key on Key on
Key input |
Key scan [ LTI [ L]
> 3 I< < t4 > > 3 I< > 3 I<
CE
> 6 |< > 6 |< > t6 |<
Key
DI address
>t5[< < >t5[<
5 v Key data rea:|> 5 5
DO iRaees
A Key data read request
& 7 /) 7 /) 7 /) 7 )
Controller Controller Controller Controller Controller
determination determination determination determination determination
(Key on) (Key on) (Key off) (Key on) (Key off)

t3 oo Key scan execution time when the key data agreed for two key scans. (615T[s])
t4 e Key scan execution time when the key data did not agree for two key scans and the key scan was executed

again. (1230T[s])
5 e Key address (43H) transfer time _ 11
t6 oo Key data read time ~fosc " fck

(3) Explanation
In this technique, the controller uses a timer to determine key on/off states and read the key data. The controller
must check the DO state when CE is low every t7 period without fail. If DO is low, the controller recognizes that a
key has been pressed and executes the key data read operation.
The period t7 in this technique must satisfy the following condition.

t7>t4-+t5+t6

If a key data read operation is executed when DO is high (DO does not generate a key data read request output), the
read key data (KD1 to KD30) and sleep acknowledge data (SA) will be invalid.
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2. Interrupt based key data acquistion

(1) Flowchart
\
=
v
o>
YES
Key data read
processing
\
Wait for
at least t8
v
=
v
o>
YES
| Key OFF |
[
(2) Timing chart
Key on Key on
Key input |
Key scan ] L] L] L]
> 13 I< > 13 |< <> > 13 I<
CE
> KtG < <
ey
DI m address
>I51< |, Key data read >
DO :
A Key data read request
< 18 —> < 18 —> < 18 —> < 18 —>
Controller Controller Controller Controller Controller Controller
determination determination  determination determination determination determination
(Key on) (Key off) (Key on) (Key on) (Key on) (Key off)
t3 ceeene Key scan execution time when the key data agreed for two key scans. (615T[s])
t4 -eeeer Key scan execution time when the key data did not agree for two key scans and the key scan was executed
again. (1230T[s])
t5 e Key address (43H) transfer time 1 1
6 eeeee Key data read time T=Tosc ~Tck
(3) Explanation

In this technique, the controller uses interrupts to determine key on/off states and read the key data.
The controller must check the DO state when CE is low. If DO is low, the controller recognizes that a key has been
pressed and executes the key data read operation. After that the next key on/off determination is performed after the
time t8 has elapsed by checking the DO state when CE is low and reading the key data. The period t8 in this
technique must satisfy the following condition.

t8>t4
If a key data read operation is executed when DO is high (DO does not generate a key data read request output), the
read key data (KD1 to KD30) and sleep acknowledge data (SA) will be invalid.
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About Data Communication Method with The Controller

1. About data communication method of 4 line type CCB format
The 4 line type CCB format is the data communication method of before. The LC75886PW must connect to the
controller as followings.

_ *16
*
17 (INT) Rup I —— Note: *16. Connect the pull-up resistor Rup. Select a resistance

DI *—o DO (between 1 to 10kQ) appropriate for the capacitance of the
Controller DO DI external Wiri'ng_ ) that signal waveforms are not degraded.
LC75886PW *17. The (INT) pin is an input port for the key data read request

CL CL signal (a low level on DO) detection.

CE CE

2. About data communication method of 3 line type CCB format
The 3 line type CCB format is the data communication method that made a common use of the data input DI in the
data output DO. The LC75886PW must connect to the controller as followings.

S — *16
*
17 (INT) %Ru‘) I —— Note: *16. Connect the pull-up resistor Rup. Select a resistance

DIO *—o—¢ DO (between 1 to 10kQ) appropriate for the capacitance of the

Controller DI external wiring so that signal waveforms are not degraded.
LC75886PW *17. The (INT) pin is an input port for the key data read request

CL CL signal (a low level on DO) detection.
CE CE

In this case, Applications must transfer the data communication start command before the serial data input (CCB
address “42H”, display data and control data transfer) or serial data output (CCB address “43H” transfer, key data read)
to avoid the collision of the data input signal DI and the data output signal DO.

Then applications must transfer the data communication stop command when the controller wants to detect the key data
read request signal (a low level on DO) during a movement stop of the serial data input and the serial data output.

<1> Data communication start command

(1) When CL is stopped at the low level (2) When CL is stopped at the high level

ce B I B L

ShhhhhahEhhhhhan
pipo fofofofo)YoYoXo o) o o)1) 1oz z)e]

i< CCB address “00H” = !<— Command data — >/

<2> Data communication stop command
(1) When CL is stopped at the low level

ce B L
e TN UL
pioo fofoofofofofofo) 1 Y1) ofo o 1) 1))

{<—CCB address “00H" —>!<——Command data —>!

Shhhhhhiishhhhhhhis
pioo fo)oYoYoo oY o) o oXoXz) 1 o)z} )a)

{<— CCB address “00H” —>{<— Command data —>

(2) When CL is stopped at the high level

ce B L
Shhhhhighhiihhis
pioo fofofofofofofo)f o f1)1)ofo o 1) 1))

i<— CCB address “00H” —>{<— Command data —>1

No.A1391-32/36



LC75886PW

Data Communication Flowchart of 4 Line Type or 3 Line Type CCB Format

1. Flowchart of the initial setting when power is turned on.

Power on
(Applications must observe that the power
supply Vpp rise time is at least 1ms.)

v

Power supply stability
(Applications must wait till the level of
the power supply is stable)

Serial data input

(Display and control data transfer) Note: The flowchart of initial setting when power is
\l/ turned on is same regardless of the 4 line type
Vs ~ or 3 line type CCB format.
System reset clear Take explanation about "system reset" into account.

(Display on, Key scanning is enabled,
General-purpose output port state
setting are enabled) )

2. Flowchart of the serial data input

\

Data communication start
command transfer

v

Serial data input
(Display and control data transfer)

*18

)

The controller
wants to detect the key
data read request signal
(a low level on DO).

Note: *18. In the case of the 4 line type CCB format,
the transfers of data communication start
command and data communication stop
command are unnecessary, and, in the case
of the 3 line type CCB format, these transfers
are necessary.

Data communication stop

*
command transfer =

3. Flowchart of the serial data output

o

The controller
acknowledges the key data read
request (When the CE is low,
the DO is low)

Note: *19. In the case of the 4 line type CCB format,
the transfer of data communication start
command is unnecessary, and, in the case
of the 3 line type CCB format, the transfer

Data communication start is necessary.
SRR (BT En 19 *20. Because the serial data output has the role
J/ of the data communication stop command,
Serial data outout it is not necessary to transfer the data
p communication stop command some other
(Key data and sleep *20 time
acknowledge data read) ’
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Timing Chart of 4 Line Type and 3 Line Type CCB Format
1. Timing chart of 4 line type CCB format

<Example 1>

Key on
Key input Key off l_
Key scan LT T
Key scan execution Key scan execution
*21 *21
CE
CCB address | ¢ CCB address i{CCB address CCBiaddress
(/) (42H (42H) (43H)
o s I T [l
o $

_ Serial data input Serial data output
(Display and control data transfer) Key data read (Key data read) Key data read
request request
<Example 2>
Key input Key off Key on | Key off Key on |_
K
ey scan T [T
Key scan execution *21 Key scan execution
*21
CE |
CCB address ""(-:-(:Bsajdr;ess CCB:address CCB address CCB address
(42H) (42H); (42H) (43H (48H
DI = (MM
lked I [l [ T
o /1 ] A
Serial data input f . " f .
(Display and control Serial data output Serial data output
data tranfer) Key data read (Key dataread)  Keydataread  (Key data read)
ata tranfer request request
<Example 3>
Key on
Keyinput ~ Key off Key off
K
ey scan LT T
Key scan execution Key scan execution
*21 *21
CE | l
CCB address " CCBaddress CEB address CCB address CCB address -
42H) (42H (42H) {(43H) (43H
DI MEEs T ]
llEssd I [l
o/ 1 R A
\ﬂ_/ %_/
f Serial data input Serial data output f Serial data output
Key data read >erial data inpu (Key dataread) Keydataread (Key data read)
request (Display and control request
q data transfer)
Note: *21. When the key data agrees for two key scans, the key scan execution time is 615T[s].
And, when the key data does not agree for two key scans and the key scan is executed - 1 1
again, the key scan execution time is 1230T[s]. ~ fosc " fck
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2. Timing chart of 3 line type CCB format

<Example 1>

Key on
Key input Key off
ey inpu
Key scan
y LT LT
Key scan execution Key scan execution
*21 *21
CE
[ | [
(CCBaddress CCB agddress :CCB address {CCB:address
L (42H) (42H): (42H) i (43H)
DI/DO ”l """ ” T
1
. . H : i
Data communication Serial data input Data communication bata Serial data
start command (Display and control stop command communication  output
data transfer) start command (Key data
read
Key data read ) Key data read
request request
<Example 2>
Key on Key on
Key input Key off L Key off l_
Key scan
y T T
Key scan execution *21

Key scan execution

*21
CE
B CCBaddress: CCB address | CCB address CCB addres CCB address
(42H) (42H 42H) (43H) (43H)
DIDO T (s =
I [l [l HEH e e
Data communication Serial data input Data |Data Serial data Data Serial data
start command (Display and control communication |communication  output communication output
data transfer) stop command |start command  (Key data start command (Key data
read read
Key data read ) Key data read )
request request
<Example 3>
Key on
Key input  Key off Key off
Key scan
y T T
Key scan execution Key scan execution
CE *21 *21
[ — I . .
CCB agdress CCB address CCB address i CCB address CCBiaddress
(42H) (42H (42H) (43H) (43H)
DI/DO — | [ e B
1l I I MEA M
‘—v—) — \w_) —
Data Serial data input Serial data Data Serial data
communication (Display and control output communication  output
start command data transfer) (Key data start command  (Key data
Key data read read) Key data read read)
request
request
Note: *21. When the key data agrees for two key scans, the key scan execution time is 615T[s].
And, when the key data does not agree for two key scans and the key scan is executed
again, the key scan execution time is 1230T[s]. 1 1

T==7
fosc ™ fck
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