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CMOS LSI ON Semiconductor®

1/4 duty and Static Drive nttpionsemi.com
General-Purpose
LCD Display Driver

Overview

The LC75890W is the 1/4 duty and static drive general-purpose LCD display driver that can be used for displaying
segments for household appliances, home audio visual products, portable devices and other such products under the
control of a microcontroller.The LC75890W can drive up to 148 segments directly. In addition the LC75890W can
control up to 12 general-purpose output ports. They can control the brightness of the LED backlight of RGB, because
they have the PWM output of greatest 3CH built-in. Incorporation of the oscillation circuit helps to reduce the
number of external resistors and capacitors required. Incorporation of the LCD drive bias voltage stabilization circuit
helps to reduce the capacitors for the LCD drive bias voltage stabilization.

Features
o Support for 1/4-duty 1/3-bias or static drive techniques under serial data control.
When 1/4-duty drive : Capable of driving up to 148 segments
When Static drive : Capable of driving up to 37 segments
o Support for display segment on, off, or blinking for each segment output pin under serial data control.
o Serial data control of the power-saving mode based backup function and the all segments forced off function.
o Serial data control of switching between the segment output port and general-purpose output port function.
< Support for up to 12 general-purpose output ports>
o Support for the PWM output function of a maximum of 3ch. (It can output from the general-purpose output port ).
o Serial data control of the frame frequency of the common and segment output waveforms.
o Serial data control of the segment blinking frequency.
o Serial data control of switching between the internal oscillator operating mode and external clock operating mode.
e Serial data input supports CCB format communication with the system controller.
e Independent V|_cp for the LCD driver block.
e Built-in LCD drive bias voltage stabilization circuit.
e The INH pin allows the display to be forced to the off state.
e Incorporation of an oscillator circuit. (Incorporation of resistor and capacitor for an oscillation)

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

SQFP48(7X7)

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

ORDERING INFORMATION

See detailed ordering and shipping information on page 29 of this data sheet.
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LC75890W

Specifications

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

Parameter Symbol Conditions Ratings Unit
Maximum supply voltage Vpp max VbD -0.3to +4.2
VLcp max VieDd -0.3t0 +6.5 v
Input voltage ViNL CE, CL, DI, INH -0.3t0 +4.2
VIN2 OSCI : External clock operating mode -0.3to Vpp+0.3 v
Output voltage VouT S1to S37, COM1 to COM4, P1 to P12 -0.3t0 V| cp+0.3 \
Output current louTl S1to S36 300 pA
louT?2 COML1 to COM4, S37 3
louT3 Plto P12 *1 5 mA
Allowable power dissipation Pd max Ta=85°C 100 mw
Operating temperature Topr -40 to +85 °C
Storage temperature Tstg -55to +125 °C

Note : *1 The sum of output current through P1 to P12 must be 40mA or less.

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, Vg5 = 0V

Ratings
Parameter Symbol Conditions - Unit
min typ max
Supply voltage Vbp Vbp 2.7 3.6
ViLcD V| cp: Internal oscillator operating mode 2.7 55 \Y;
V| cD: External clock operating mode VbD 55
Input high-level voltage Viyl CE, CL, DI, INH 0.7Vpp 3.6
ViH2 OSCI: External clock operating mode 0.7Vpp VDD v
Input low-level voltage TR CE, CL, DI, INH 0 0.2Vpp
VL2 OSCI: External clock operating mode 0 0.2Vpp v
External clock operating frequency fck OSCI: External clock operating mode [Figure 3] 10 38 600 kHz
External clock duty cycle Dck OSCI: External clock operating mode [Figure 3] 30 50 70 %
Data setup time tds CL, DI [Figure 1][Figure 2] 160 ns
Data hold time tdh CL, DI [Figure 1][Figure 2] 160 ns
CE wait time tcp CE, CL [Figure 1][Figure 2] 160 ns
CE setup time tcs CE, CL [Figure 1][Figure 2] 160 ns
CE hold time tch CE, CL [Figure 1][Figure 2] 160 ns
High-level clock pulse width toH CL [Figure 1][Figure 2] 160 ns
Low-level clock pulse width toL CL [Figure 1][Figure 2] 160 ns
Rise time tr CE, CL, DI [Figure 1][Figure 2] 160 ns
Fall time tf CE, CL, DI [Figure 1][Figure 2] 160 ns
INH switching time tc INH [Figure 4][Figure 5] 10 us
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LC75890W

Electrical Characteristics for the Allowable Operating Ranges

Ratings
Parameter Symbol Pin Conditions - Unit
min typ max
Hysteresis VH CE, CL, DI, INH 0.1Vpp v
Input high-level current gl CE, CL, DI, INH V) =3.6V 1.0
IH2 OSCI V| = Vpp: External clock operating mode 1.0 wA
Input low-level current L1 CE,CL, DI, INH | V=0V -1.0
L2 OSCl V| = 0V: External clock operating mode -1.0 nA
Output high-level voltage Von1l S1to S37 lo =-10pA VL cp-0.9
VoH2 COM1 lp =-100pA VicDp-0.9 v
to COM4
VoH3 P1to P12 lo =-1mA VL cp-0.9
Output low-level voltage Vo1 S1to S37 lo = 10pA 0.9
VoL 2 COM1 lp =100
o to COM4 ° " 09 v
VoL3 P1to P12 lo =1mA 0.9
Output middle-level VmipDl | S1toS37 1/4 duty lp = £10pA 2/13V cp 2/3V cp
voltage -0.9 +0.9
VMID2 S1to S37 1/4 duty |g = £10pA 13V cp 13V cp
-0.9 +0.9
Vmip3 | COM1 1/4 duty Ig = £100pA 213V cp 2/3V cp v
to COM4 -0.9 +0.9
VmiD4 COM1 1/4 duty Ig = £100pA 113V cp 13V cp
to COM4 -0.9 +0.9
Oscillator frequency fosc Internal Internal oscillator operating mode
. o 240 300 360 | kHz
oscillator circuit
Current drain Ippl VbD Power-saving mode 2
IpD2 Vpp Vpp = 3.3V, Normal mode, 5 10
External clock operating mode *2
Ipp3 VbD Vpp = 3.3V, Normal mode,
External clock operating mode *2 90 180
Serial data transfer *3
Ipp4 V| Vpp = 3.3V, Normal mode,
o o In?etr)nal oscilloator operating mode 0 100
IpD5 Vpp Vpp = 3.3V, Normal mode,
Internal oscilloator operating mode, 135 270
Serial data transfer *3 WA
ILcpl Vicb Power-saving mode 2
ILcp2 ViLcD VL cp = 3.3V, Output open, 8 16
Normal mode, Static drive
ILcp3 ViLcD Vi cp = 3.3V, Output opeln, 70 140
Normal mode, 1/4 duty drive
ILcp4 ViLcD VL cp = 5.0V, Output open, 10 20
Normal mode, Static drive
ILcp5 ViLcD Vi cp = 5.0V, Output ope.n, 90 180
Normal mode, 1/4 duty drive

Note : *2 External clock operating mode (fck=38kHz, V|H2=VDD, V|.2=0V, rise/fall time=20ns)
*3 Serial data transfer (data transfer frequency 2MHz, VIH1=VDD, V|_1=0V, rise/fall time=20ns)
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LC75890W

1. When CL is stopped at the low level
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[Figure 1]
2. When CL is stopped at the high level
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[Figure 2]
3. OSCI pin clock timing in external clock operating mode
tckH tckL foke ————— [kH
CK CK CK= 1ok + oKl [kHz]
VIH2
50% tckH
oscl o DCK=TorH + torL * 1001%]
[Figure 3]

No.A1971-4/29



LC75890W

Package Dimensions

unit: mm SPQFP48 7x7 | SQFP48
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Block Diagram
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LC75890W

Pin Functions

Handling
Symbol Pin No. Function Active 110 when
unused
S1/P1 1
S2/P2 2
S3/P3 3
S4/P4 4
S5/P5 5
S6/P6 6
S7/P7 7
S8/P8 8
S9/P9 9
S10/P10 10
S11/P11 11
S12/P12 12
S13 13
Si14 14
S15 15
S16 16
S17 17 Segment outputs for displaying the display data transferred by
S18 18 serial data input.
S19 19 The S1/P1 to S12/P12 pins can be used as general-purpose ) © OPEN
S20 20 output ports under serial data control.
S21 21
S22 22
S23 23
S24 24
S25 25
S26 26
S27 27
S28 28
S29 29
S30 30
S31 31
S32 32
S33 33
S34 34
S35 35
S36 36
COM4 37
COM3 38 ) )
Common driver outputs The frame frequency is fo[Hz]. - (¢] OPEN
CcCom2 39
COoM1 40
Segment output.
S37/0SClI 41 This pin can also be used as the external clock input pin when - 110 OPEN
the external clock operating mode is selected by control data.
CE 46 Serial data transfer inputs. Must be connected to the H |
controller.
CcL 47 CE : Chip enable N I GND
CL : Synchronization clock
D! 48 DI : Transfer data B !

Continued on next page.
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Continued from preceding page.

Symbol

Pin No.

Function

Active

110

Handling
when
unused

INH

45

Display off control input
«INH = low (Vss) -..Display forced off
S1/P1 to S12/P12=low (Vgs)
(These pins are forcibly set to the general-purpose output
port function and held at the Vgg level.)
S13 to S36=low (Vgg)
COM1 to COM4=low (Vgs)
S37/0SCl=low (Vgs)
(This pin is forcibly set to the segment output port function
and held at the Vgg level.)
LCD drive bias voltage stabilization circuit stopped.
Stops the internal oscillator.
Inhibits external clock input.
«INH = high (Vpp) -..Display on
LCD drive bias voltage stabilization circuit is enabled.
Enables the internal oscillator circuit.
(Internal oscillator operating mode)
Enables external clock input.
(External clock operating mode)
However, serial data transfer is possible when the display
is forced off.

GND

VbD

42

Logic block power supply pin. A power voltage of 2.7 to 3.6V
must be applied to this pin.

ViLcb

43

LCD driver block power supply pin. A power voltage of 2.7 to
5.5V must be applied to this pin.

Vss

a4

Ground pin. Must be connected to ground.
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LC75890W

Serial Data Input
1. 1/4 duty drive
(1) When CL is stopped at the low level
« Display data Input

CE [ L
c _JUUUUUUULIUUYUL. ... JuuuirrurUrrrUUrrrrr Uy Uy
i JoJoJfoJoJ1Jo) 1] o] b1 p2psfp4 Yo29oaofpatfoszossioaafpssfossipariosefosafpaofparfosaipasfpasfossipesfoarfosgf 0 Yo Yo Jo Yo J o J o Y o
BO B1 B2 B3 AO Al A2 A3
<— CCB address —> Display data < Fixed data >|<-DD—>
8 bits 48 bits 5 bits 3 bits
CE [ L
c _JUUUUUUULIUUYUL. ... JuuuirrurUrrrUUrrrrr Uy Uy
b JoJoYoJoJ1)oJ 1] oY b Josofpsiose) Yorrforaforofosofostioszfpssfosefoesiosefosripsefpssfoaofoarfpeziossfpedfossipssf 0 Yo o Jo Yo J o o ) 2
BO B1 B2 B3 AQ Al A2 A3
<— CCB address —> Display data < Fixed data >|<-DD—>
8 bits 48 bits 5 bits 3 bits
CE | L
c _JUUUUUUULIUUYUL. ... JuuuirrurUrrrUUrrrrr Uy Uy
i JoJoYoJoJ 1Yo 1] oY oer Yoosfoedfoum) YoueYousforfousoresforsoforstorsafpussfonsorssfousfoousaforsororeaforaforsfoufoefousoufougl 0 Yo T 1 Y o
B0 B1 B2 B3 AQ Al A2 A3 ‘
<— CCB address —> Display data & |<-DD—>
8 bits 52 bits Fixed 3 pits
1 bits

« Control data Input

CE |

c JUUTIUUTLUUTUUUryuuryyuryuryyuyyuT

DI JoJoJoYo)a]) o)1) o] e feosfeoafensfnsfnefanryanefansfaonfaoirfaoifaoisfaoiefsotsfaoisfsourYaotefaots aourfavarfaoreYoorsYoonefoursfoousfporrfoon) - -+
BO B1 B2 B3 A0 AL A2 A3 ;
<— CCB address —> Control data ~——— E

8 bits 53 bits

*~ % oo YoanYsraos oo oaeYoous Yoo Yo v er {rca et frcaf o Yexefoc fsc Yau{ o Yo Jo Yo Jo Jo [ 1 {1

<DD—>
3 bits

cE |

c _JUUUTUIUTLIIUUyuuryurvyyuviyuryyuuin

b JoJoYoJoJ1YoJ o) wo YwrfwzwasKwnfws wofwarfiwazwasfwofswsofwarfsafwssfwaewasy ero pr1pefprafpiaf pispoapos psufpas) - -

BO B1 B2 B3 A0 Al A2 A3

<— CCB address —> Control data
8 bits 53 bits

> (pua pea)psa s pon s {pra o) pou pon ) poufrom Youu pusfoua s pueprfpofiPafp 2P 0 J o Yo Y 1 f o f o

<DD—>
3 bits

Note: DD is the direction data.
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CE

DI

CE

CL
DI

CE
CL
DI

CE

c JUUUUUIUT UUUUUTUUUTUUU vy ryyu Ui

DI

CE

o JUUUUUUL UUUUUUivvvvyivvivuriuuyuun

oot wezwssfwaewaswaof warwe wosf o wao wstfwaowssfwsef waeY prol pr YooY oes Y prafpispoafpas paafp)

DI

(2) When CL is stopped at the high level

« Display data Input

-

oJoYoJoJ1)oJ1] o

D1fp2fp3f4f

Yo29foaofpatfoszossipaafpssossipariosefosafpaofparfosalpesfpsdoasiosefoarfpssf 0 Yo J o J o Y o

oJo)o

BO B1 B2 B3 A0 A1 A2 A3
<— CCB address

8 bits

Display data

< Fixed data >|<-DD—>

48 bits

5 bits 3 bits

L

oJoJoJoJ1 o)1) o

Dagfpsapsafps2)

Yorrforsforesaostipe2ipesypeaipesipes|vsrissipssfosafpanipealbesfpesfpssfosef 0 Yo J o J o J o

oJoJ1

BO B1 B2 B3 A0 A1 A2 A3
<— CCB address

8 bits

Display data

< Fixed data >|<-DD—>

48 bits

5 bits 3 bits

oJoYoJoJ1) o] 1] o Yoorfossfpegfous) Yousouzsforfousorssforsoforstorsaoussfomsfosssfoussforsrosssforsoforeaoresforeforsforaforforsfourfog 0 Y o Y 1 Y o
B0 B1 B2 B3 A0 AL A2 A3 ‘
<— CCB address Display data < |<-DD—>
8 bits 52 bits Fixed 3 it
1 bits

« Control data Input

oJoYoJoJ1)oJ1] o

b01B02Y803)B04Je0=Ye0s B0 7Ye0eB0gYenaeor aoteYors aoueYao:s oot o7 eowsaoueeom ouee v ooeafouaeooe fooes Yoo oo - -

B0 B1 B2 B3 A0 A1 A2 A3

<— CCB address
8 bits

Control data
53 bits

- {ooosoos sz faosssoa o ose o Y seo e ez Yeco et e o7 Yexe{oc fsc Yauf o o Yo J 0 J o

of1]1

<-DD—>

oJoYoJoJ1)oJ1] o

BO B1 B2 B3 A0 A1 A2 A3
<— CCB address

8 bits

Note: DD is the direction data.

Control data
53 bits

3 bits

==

> {ponpappepss [ pon){poa) prapray o psa pon poe Npue pue sl pusfpusorafpofp P 2paf 0 Y o f o

1)oJo

<DD->
3 bits
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* CCB address .......ccccvevrvenennen, “50H”
*D1toD148 ..o, Display data
*BD11to BD37 ....cccoecvrvinn, Display blinking control data of each segment output pin
*BFOtOBF2 ..o, Segment blinking frequency setting control data
*FCOtOFC2 ..ot Common/segment output waveform frame frequency setting control data
DT 1/4-duty 1/3-bias drive or static drive switching control data
CEXF e, External clock operating frequency setting control data
*OC Internal oscillator operating mode/external clock operating mode switching control data
®SC i Segment on/off control data
*BU i, Normal mode/power-saving mode control data
« W10 to W15, W20 to W25,... PWM data of the PWM output
W30 to W35
*PFOtOPF3 ..o, PWM output waveform frame frequency setting control data

* P1A, P1B to P12A, P12B ..... General-purpose output function/PWM output function switiching control data of the
general-purpose output port
*POtOP3 .o Segment output port/general-purpose output port switching control data

2. Static drive
(1) When CL is stopped at the low level
« Display data Input

CE |
o [UUUUUUULIUUUL...
i foJoJoJoJ1) o) 1]o)p1)p2lbslp4] Joagoaofpstfsaipssipsfossipssiparf o Yo o Jo Yo Yo Yo J o Jo Yo ofo oJo Yo oJo)o]o
BO B1 B2 B3 A0 AL A2 A3
<— CCB address —>|<—— Display data Fixed data ——— > |<-DD—>
8 bits 37 bits 16 bits 3 bits

« Control data Input
CE |

c _JUUTHIUTL U UIIUUTyUriyyu vy ryyu Ui

pi JoJofoJfoJa) o1} o] ot Javafeosiosfaosfeoefaoreelansaofeo ez s aouefaos feo eorYameYaouefoorfoorfov omeYoooeYoues oo oo o) - -+
B0 B1 B2 B3 AQ AL A2 A3 |
<— CCB address —> Control data ——— |

8 bits 53 bits

Ly {ooesYsosoareososesoae o oseaos Y eeo e ez Neco et e or YexeYoc sc YauJ o Yo Yo J o Yo Y o f 1 [ 2

<DD->
3 bits
CE |
cL
oI JoJofofofa) oY s} o} wo Juwwiefmsfwsafwesfvofarweefwesfwesfvoe wacKwerkwsofwswawaeKpropet foeefes puafpis pasfras psafpae) - -+
B0 B1 B2 B3 AQ Al A2 A3 |
<— CCB address —> Control data ~———— E
8 bits 53 bits :
il i
;

L {panpa) ponpsn [ pou)pea {ra Y pra) o fpes) pon pos ok fpuspua fpusfpiarsfpofpafp2fpaf 0 J o Yo Y 1 J o J o

) o <DD->
Note: DD is the direction data. 3 bits
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(2) When CL is stopped at the high level
« Display data Input

CE [ L
c JUUUUUUL UUUUL...... JuuuirrurUrrrUUrrrrr Uy Uy
b JoJoYoJoJ1)oJ1] o Jo1jp2fpsjo4) Yo29foaafpatfpszossfoaafpssfossipsrf o Yo Yo Yo Yo Yo Yo o Jof o oJoYoJoJo)YoJoJo)o
BO B1 B2 B3 A0 A1 A2 A3
<— CCB address Display data Fixed data —— > |<-DD—>
8 bits 37 bits 16 bits 3 bits

« Control data Input

CE |

c UUUUULUL DUy vyiyuvduiu iyt

pi JoJofofof1)oJ 1] o Jeoafevafaoafosfansfeosfeonavelaosfaoifeofanz s aouefaosfeos aorYameYauefoorofoor fov eveYaoaeYooes oo fov o) - -+
B0 B1 B2 B3 A0 A1 A2 A3 :

<— CCB address Control data ~——— |
8 bits 53 bits

L {o0neYsooooar oz {ose oo ooae o Yaro) 1 ez pcoretfrco) o Jexe{oc fsc YauJ o Yo Yo Jo Yo Yo f 1 [ 2

<DD->
3 bits
CE |
cL
oI JoJofofofa of 1} o fmofwsrXmsefmssfwrafussfwaofwarwecfwesfisfiwes wackwerkweafwsafwaifiwaeyprofpet orz pea pafpiepasfras psapag) - -
BO B1 B2 B3 A0 A1 A2 A3 ;
<— CCB address Control data —— E
8 hits 53 bits i
il i
E L

L {panpas ) psnpst [poa Y pon o pre) o fpes)pon [pos pue fpuspua frrsfpuaersfpofpafp2fpafo o Yo Y 1 J o f o

<DD->
3 bits
Note: DD is the direction data.
* CCB address .......ccccevevrvverenne “50H”
*D1toD37 ..o Display data
*BD11to BD37 .....ccecvriinnn, Display blinking control data of each segment output pin
*BFOtOBF2 ..ccocvvvvvee Segment blinking frequency setting control data
*FCOtOFC2 .o, Common/segment output waveform frame frequency setting control data
DT 1/4-duty 1/3-bias drive or static drive switching control data
CEXF o, External clock operating frequency setting control data
*OC Internal oscillator operating mode/external clock operating mode switching control data
®SC i Segment on/off control data
*BU Normal mode/power-saving mode control data
* W10 to W15, W20 to W25,... PWM data of the PWM output
W30 to W35
*PFOtOPF3 ..o PWM output waveform frame frequency setting control data

*P1A, P1B to P12A, P12B ..... General-purpose output function/PWM output function switiching control data of the
general-purpose output port
*POtOP3 .o, Segment output port/general-purpose output port switching control data
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Serial Data Transfer Example

1. 1/4 duty drive
* When 97 or more segments are used
All 320 bits of serial data (including CCB address) must be sent.

8 bits 56 bits

<ololofof1]o]1]0 HBDllBDZlBD3|BD4|BDS|BD6|BD7|BD8|BD9|BD10|BDll|BDlZ|BD13|BD14|BD15|BD16|BD17|BD18|BD19|BD20|BD21|BD22|BD23|BD24|BDZSlBDZGlBDZ?lBD28|5D29|BD30|BDSl|BD32l ~~~~~~~
BO B1 B2 B3 A0 AL A2 A3

»»»»»» |BDSS|BDS4|BD35|BD36|BD37|BFO|BF1|BF2|FCO|FC1|FCZ|DT|EXF|OC|SC|BU| o[ofofofofo]1]1] |

8 bits 56 bits
L{ ofofofof[1]o]1]0 |—|w10|w11|w12|w13|w14|w15|w20|w21|w22|w23|w24|w25|w30|w31|w32|w33|w34|w35|PF0|PF1|PF2|PF3|P1A|P13|P2A|st|P3A|P33|P4A|P4B|P5A|P55| ~~~~~~~
BO B1 B2 B3 A0 AL A2 A3

»»»»»» |P6A|P6B|P7A|P7B|P8A|PSB|P9A|PQB|P10A|P108|P11A|PllB|P12A|P12B|PO|P1|P2|P3| olofof1]o]o] |

8 bits 56 bits
L{ o[ofofof[1]o]1]0 |—|D1|Dz|Ds|D4|Ds|DG|D7|Ds|Dg|D10|D11|D12|013|D14|Dls|D16|Dl7|D18|D19|[>20|[>21|[>22|023|D24|Dzs|D26|Dz7|D28|D29|D30|D31|D32| ~~~~~~~
BO B B2 B3 A0 AL A2 A3

~~~~~~ |D33|D34|D35|D36|D37|D38|D39|D40|D41|D42|D43|D44|D45|D46|D47|D48| o[ofofo]ofo]o]o] |

8 bits 56 bits
L{ 0 | 0 | 0 | 0 | 1 | 0 | 1 | 0 |—|D49|D50|D51|D52|D53|D54|D55|D56|D57|D58|D59|D60|D61|D62|D63|D64|D65|D66|D67|068|Deg|D70|D71|D72|D73|D74|D75|D75|D77|D78|D79|D80| ~~~~~~~
BO B1 B2 B3 A0 AL A2 A3

<<<<<< |D81|D82|D83|D84|D85|D86|D87|D88|D89|D90|D91|D92|D93|D94|D95|D96| ofofofofofo]o]1] |

8 bits 56 bits
L{ ofofofof[1]o]1]0 |—|097|Dgs|D99|D100|D101|D1oz|D103|D104|D105|D106|D107|D108|Dlog|Dno|m11|0112|m13|Dn4|m15|0116|0117|0118|D119|0120|mz1|0122|0123|D124|D125|D126|D127|D1zs| ~~~~~~~
BO B1 B2 B3 A0 AL A2 A3

»»»»»» |D129|D130|D131|D132|D133|0134|D135|D136|D137|D138|D139|D140|D141|D142|D143|D144|D145|D146|D147|D14a| olof1]o]

« When fewer than 97 segments are used
Depending on the number of segments used, 192 bits or 256 bits (including CCB address) must be sent as serial

data. However, the serial data (control data) shown in the figure below must be sent without fail.

8 bits 56 bits

<ofofofo[1]o]1]0 |—|BD1|BD2|BD3|BD4|BD5|BD6|BD7|BD3|BD9|BD10|BD11|BD12|B[>13|BD14|BD15|BD16|BD17|B[>18|B[>19|Bozo|BDZ1|anz|5023|BD24|B[>25|B[>26|B[>27|B[>28|BD29|5030|B[>31|5032| ~~~~~~~
BO B1 B2 B3 A0 AL A2 A3

‘‘‘‘‘‘ |BD33|BD34|BD35|BD36|BD37|BFO|BF1|BF2|FCO|FC1|FCZ|DT|EXF|OC|SC|BU| ofofofofofof1]1] |

8 bits 56 bits
L{ o[ofofof1]o]1]0 |—|w1o|w11|w12|w13|w14|w15|w20|W21|w22|W23|W24|W25|w30|w31|w32|w33|w34|w35|PFO|PF1|PF2|PF3|P1A|P13|P2A|PZB|P3A|P35|P4A|P4B|P5A|PSB| ~~~~~~~
BO B1 B2 B3 A0 AL A2 A3

‘‘‘‘‘‘ |P6A|P6B|P7A|P7B|P8A|P8B|P9A|PQB|P10A|P108|PllAlPllBlPlZAlPlZBlPO|P1|P2|P3| olofo[1]o]o]

Note : After the above serial data is sent, the contents of the display data can be changed by transferring only the
serial data (CCB address, display data, fixed data, and direction data) including the display data to be

changed in 64-bit units.

No.A1971-13/29



LC75890W

2. Static drive
« All 192 bits of serial data (including CCB address) must be sent.

8 bits 56 bits
<ofofofo]1]o]u1]o |eot|soz|sns|eos[sos|sns |87 [eos sns [eoio]enifaoiz]ois]eoss[enislaois]oir]epiefanis]avas]eoet|anzzfaoas]ees[ezsfaoas]oer|Bozsfpoas eoaofenat ozl

BO B1 B2 B3 A0 AL A2 A3 ;
IBoss]Boas{epas[enelao]aro F1 [Br2 | Feo|Fei|Fez|pT [exFoc]scBul o [0 [0 [ o [0 [0 |1 ] 1| |

56 bits

8 bits
L{ ofofofof1]o]1]o [—{wiolwr|wiz|wis|wsa|was|wao|wzs|wez|was|wae|wos|wao wai|ws2|wss|was|wss| Pro| pr1 | pr2 | Pr3|pia p18[ poa|p2B[paa | Pas P4 [pas [psa[ps}

BO B1 B2 B3 AO AL A2 A3
{Pea [peB|p7a| p7B[ paa| Pas|poa [poB p1oalpioslprialpuislpizalpizg|Po P [P2[P3] 0 [0 [0 [ 1 [0 [ 0 | |

56 bits

8 bits
L{ 0 | 0 | 0 | 0 | 1 | 0 | 1 | 0 HD1|D2|D3|D4|D5|D6|D7|D8|D9|D10|D11|D12|D13|D14|D15|D16|D17|D18|D19|D20|D21|D22|D23|D24|D25|D26|D27|D28|D29|D30|D31|D32|

BO B1 B2 B3 A0 AL A2 A3 ;
§|D33|D34|[)35|D36|Ds7|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|o|0|0|
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Control Data Functions
(1) BD1 to BD37 ... Display blinking control data of each segment output pin
These control data bits are used to set the display segment blinking corresponding to each segment output pin.

BDn Display segment blinking states of segment output pin Sn

0 The display segments are not blinked.

The display segments corresponding to the segment output pin Sn that the contents of display

data are "1" are blinked.

Note: The BDn (n=1 to 37) are the control data setting the blinking state of the display segments for segment output
pins Sn (n=1 to 37).

1

For example, the display state of segment output pin S21 becomes as follows when the contents of display data are
(D81, D82, D83, D84)=(1, 0, 1, 0) in 1/4 duty drive

Display data Display states of segment output pin S21
8oz D81 D82 D83 D84 COM1 COM2 COM3 COM4
0 1 0 1 0 on off on off
1 1 0 1 0 blink off blink off

(2) BFO to BF2 ... Segment blinking frequency setting control data
These control data bits are used to set the display segment blinking frequency

Control data Segment blinking frequency fb[Hz]
Internal oscillator operating mode External clock operating mode External clock operating mode
BFO BF1 BF2 (The control data OC is 0, (The control data OC is 1 (The control data OC is 1
fosc=300[kHz]typ) and EXF is 0, fck1=300[kHz]typ) and EXF is 1, fck2=38[kHz]typ)
0 0 0 fosc/600000 fck1/600000 fck2/75000
1 0 0 fosc/360000 fck1/360000 fck2/45000
0 1 0 fosc/300000 fck1/300000 fck2/37500
1 1 0 fosc/240000 fck1/240000 fck2/30000
0 0 1 fosc/180000 fck1/180000 fck2/22500
1 0 1 fosc/150000 fck1/150000 fck2/18750
0 1 1 fosc/120000 fck1/120000 fck2/15000
1 1 1 fosc/100000 fck1/100000 fck2/12500

(3) FCO to FC2 ... Common/segment output waveform frame frequency setting control data

These control data bits set the frame frequency of the common and segment output waveforms.

Control data Common/segment output waveform frame frequency fo[Hz]
Internal oscillator operating mode External clock operating mode External clock operating mode
FCO FC1 FC2 (The control data OC is 0, (The control data OC is 1 (The control data OC is 1
fosc=300[kHz]typ) and EXF is 0, fck1=300[kHz]typ) and EXF is 1, fck2=38[kHz]typ)
0 0 0 fosc/4608 fck1/4608 fck2/576
0 0 1 fosc/3456 fok1/3456 fok2/432
0 1 0 fosc/3072 fck1/3072 fck2/384
0 1 1 fosc/2304 fok1/2304 fok2/288
1 0 0 fosc/1536 fck1/1536 fok2/192
1 0 1 fosc/1152 fok1/1152 fok2/144
1 1 0 fosc/768 fck1/768 fck2/96

Note: When is setting (FCO, FC1, FC2)=(1, 1, 1), the frame frequency is same as frame frequency at the time of the
(FCO, FC1, FC2)=(0, 1, 0) setting (fosc/3072, fck1/3072, fck2/384).
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(4) DT ... 1/4-duty 1/3-bias drive or static drive switching control data
This control data bit selects either 1/4-duty 1/3-bias drive or static drive.

Common output pins states
DT Drive scheme
CcOom2 COM3 COomM4
0 1/4 duty 1/3 bias drive COM2 COM3 COoM4
1 Static drive “L” (Vss) “L" (Vss) “L" (Vss)

Note: COM2, COM3, COM4 : Common output
“L” (Vss) : "L” (Vss) level output

(5) EXF ... External clock operating frequency setting control data
This control data bit sets the operating frequency of the external clock which input into the OSCI pin, when the
external clock operating mode (OC="1") is set. However, this control data is effective only when external clock
operating mode (OC="1") is set.

EXF

External clock operating frequency fck[kHz]

0

fck1=300[kHz]typ

1

fck2=38[kHz]typ

(6) OC ... Internal oscillator operating mode/external clock operating mode switching control data
This control data bit selects either the internal oscillator operating mode or external clock operating mode.

ocC Fundamental clock operating mode I/0 pin (S37/0SClI) state
0 Internal oscillator operating mode S37
1 External clock operating mode OSCI

Note: S37: Segment output
OSCI: External clock input

(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

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) BU ... Normal mode/power-saving mode control data
This control data bit selects either normal mode or power-saving mode.

BU Mode
0 Normal mode
Power saving mode
In this mode, the internal oscillator circuit stops oscillation (the S37/OSCI pin is configured for segment
output) if the IC is in the internal oscillator operating mode (OC=0) and the IC stops receiving external clock
1 signals (the S37/0OSCI pin is configured for external clock input) if the IC is in the external clock operating

mode (OC=1). In addition, the common and segment output pins go to the Vgg level and the operation of
LCD drive bias voltage stabilization circuit stops.

However, the S1/P1 to S12/P12 output pins can be used as general-purpose output ports under the control
of the data bits PO to P3. (The general-purpose output port P1 to P12 can not be used as PWM output).
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(9) W10 to W15, W20 to W25, W30 to W35 ... PWM data of the PWM output
These control data bits set the pulse width of the PWM output P1 to P12. However, when the PWM output function
isn’t used, these control data bits become invalid. In addition, when the external clock operating frequency is set the
fck2=38[kHz]typ (EXF="1") in external clock operating mode (OC= "1"), these control data bits become invalid.

Wn0

wnl Wn2 Wwn3

Wn4

Wn5

Pulse width of

Wn0

Wwnl

Wwn2

Wn3

Wn4

Wn5

Pulse width of

PWM output PWM output

0 0 0 0 0 0 (1/64)xTp 0 0 0 0 0 1 (33/64)xTp
1 0 0 0 0 0 (2/64)xTp 1 0 0 0 0 1 (34/64)xTp
0 1 0 0 0 0 (3/64)xTp 0 1 0 0 0 1 (35/64)xTp
1 1 0 0 0 0 (4/64)xTp 1 1 0 0 0 1 (36/64)xTp
0 0 1 0 0 0 (5/64)xTp 0 0 1 0 0 1 (37/64)xTp
1 0 1 0 0 0 (6/64)xTp 1 0 1 0 0 1 (38/64)xTp
0 1 1 0 0 0 (7/64)xTp 0 1 1 0 0 1 (39/64)xTp
1 1 1 0 0 0 (8/64)xTp 1 1 1 0 0 1 (40/64)xTp
0 0 0 1 0 0 (9/64)xTp 0 0 0 1 0 1 (41/64)xTp
1 0 0 1 0 0 (10/64)xTp 1 0 0 1 0 1 (42/64)xTp
0 1 0 1 0 0 (11/64)xTp 0 1 0 1 0 1 (43/64)xTp
1 1 0 1 0 0 (12/64)xTp 1 1 0 1 0 1 (44/64)xTp
0 0 1 1 0 0 (13/64)xTp 0 0 1 1 0 1 (45/64)xTp
1 0 1 1 0 0 (14/64)xTp 1 0 1 1 0 1 (46/64)xTp
0 1 1 1 0 0 (15/64)xTp 0 1 1 1 0 1 (47/64)xTp
1 1 1 1 0 0 (16/64)xTp 1 1 1 1 0 1 (48/64)xTp
0 0 0 0 1 0 (17/64)xTp 0 0 0 0 1 1 (49/64)xTp
1 0 0 0 1 0 (18/64)xTp 1 0 0 0 1 1 (50/64)xTp
0 1 0 0 1 0 (19/64)xTp 0 1 0 0 1 1 (51/64)xTp
1 1 0 0 1 0 (20/64)xTp 1 1 0 0 1 1 (52/64)xTp
0 0 1 0 1 0 (21/64)xTp 0 0 1 0 1 1 (53/64)xTp
1 0 1 0 1 0 (22/64)xTp 1 0 1 0 1 1 (54/64)xTp
0 1 1 0 1 0 (23/64)xTp 0 1 1 0 1 1 (55/64)xTp
1 1 1 0 1 0 (24/64)xTp 1 1 1 0 1 1 (56/64)xTp
0 0 0 1 1 0 (25/64)xTp 0 0 0 1 1 1 (57/64)xTp
1 0 0 1 1 0 (26/64)xTp 1 0 0 1 1 1 (58/64)xTp
0 1 0 1 1 0 (27/64)xTp 0 1 0 1 1 1 (59/64)xTp
1 1 0 1 1 0 (28/64)xTp 1 1 0 1 1 1 (60/64)xTp
0 0 1 1 1 0 (29/64)xTp 0 0 1 1 1 1 (61/64)xTp
1 0 1 1 1 0 (30/64)xTp 1 0 1 1 1 1 (62/64)xTp
0 1 1 1 1 0 (31/64)xTp 0 1 1 1 1 1 (63/64)xTp
1 1 1 1 1 0 (32/64)xTp 1 1 1 1 1 1 (64/64)xTp

Note: W10 to W15 ... PWM data of the PWM output (Ch1) 1
W20 to W25 ... PWM data of the PWM output (Ch2) =
W30 to W35 ... PWM data of the PWM output (Ch3)
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(10) PFO to PF3 ... PWM output waveform frame frequency setting control data
These control data bits set the frame frequency of the PWM output waveforms. However, when the PWM output
function isn’t used, these control data bits become invalid. In addition, when the external clock operating frequency
is set the fck2=38[kHz]typ (EXF="1") in external clock operating mode (OC= "1"), these control data bits become

invalid.
Control data PWM output waveform frame frequency fp[Hz]
Internal oscillator operating mode External clock operating mode
PFO PF1 PF2 PF3 (The control data OC is 0, (The control data OC is 1 and EXF is O,
fosc=300[kHz] typ) fck1=300[kHz] typ)
0 0 0 0 fosc/1536 fck1/1536
1 0 0 0 fosc/1408 fck1/1408
0 1 0 0 fosc/1280 fck1/1280
1 1 0 0 fosc/1152 fck1/1152
0 0 1 0 fosc/1024 fck1/1024
1 0 1 0 fosc/896 fck1/896
0 1 1 0 fosc/768 fck1/768
1 1 1 0 fosc/640 fck1/640
0 0 0 1 fosc/512 fck1/512
1 0 0 1 fosc/384 fck1/384
0 1 0 1 fosc/256 fck1/256

Note: When are setting (PFO, PF1, PF2, PF3)=(1, 1, 0, 1) and (X, X, 1, 1), the frame frequency is same as frame
frequency at the time of the (PFO, PF1, PF2, PF3)=(1, 0, 1, 0) setting (fosc/896, fCck 1/896).

X: don’t care

(11) P1A, P1B to P12A, P12B ... General-purpose output function/PWM output function switiching control data of the

general-purpose output port

These control data bits set the general-purpose output function (High or low level output) or PWM output function
of the general-purpose output ports P1 to P12. However, when the S1/P1 to S12/P12 output pins arn’t set the
general-purpose output port, these control data bits become invalid. In addition, be careful of being unable to set a
PWM output function when the external clock operating frequency is set the fck2=38[kHz]typ (EXF="1") in
external clock operating mode (OC="1").

PnA PnB Functions of the general-purpose output port (Pn)
0 0 General-purpose output function (High or low level output)
1 0 PWM output function (Ch1)
0 1 PWM output function (Ch2)
1 1 PWM output function (Ch3)

Note: The data PnA, PnB (n=1 to 12) are the control data switching the general-purpose output function or PWM
output function of the general-purpose output ports P1 to p12. For example, if the S10/P10 output pin is set the
general-purpose output port, the general-purpose output port P10 pin is selected the PWM output function
(Ch1) when (P10A, P10B)=(1, 0).
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(12) PO to P3 ... Segment output port/general-purpose output port switching control data

These control data bits switch the segment output port/general-purpose output port functions of the S1/P1 to

S12/P12 output pins.

Control data Output pin state
PO | P1 | P2 | P3 | S1/P1 | S2/P2 | S3/P3 | S4/P4 | S5/P5 | S6/P6 | S7/P7 | S8/P8 | S9/P9 |[S10/P10|S11/P11 |S12/P12
0 0 0 0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12
0 0 0 1 P1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12
0 0 1 0 P1 P2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12
0 0 1 1 P1 P2 P3 S4 S5 S6 S7 S8 S9 S10 S11 S12
0 1 0 0 P1 P2 P3 P4 S5 S6 S7 S8 S9 S10 S11 S12
0 1 0 1 P1 P2 P3 P4 P5 S6 S7 S8 S9 S10 S11 S12
0 1 1 0 P1 P2 P3 P4 P5 P6 S7 S8 S9 S10 S11 S12
0 1 1 1 P1 P2 P3 P4 P5 P6 P7 S8 S9 S10 S11 S12
1 0 0 0 P1 P2 P3 P4 P5 P6 P7 P8 S9 S10 S11 S12
1 0 0 1 P1 P2 P3 P4 P5 P6 P7 P8 P9 S10 S11 S12
1 0 1 0 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 S11 S12
1 0 1 1 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 S12
1 1 0 0 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12

Notel: Sn (n=1to 12)...

Segment output port

Pn (n=1to 12)...General-purpose output port
Note2: When are setting (PO, P1, P2, P3)=(1, 1,0, 1), (1, 1, 1, 0) and (1, 1, 1, 1), the all S1/P1 to S12/P12 output pins
are selected the segment output port.

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 (general-purpose output function).

Correspondence display data
Output pin
1/4 duty drive Static drive
S1/P1 D1 D1
S2/P2 D5 D2
S3/P3 D9 D3
S4/P4 D13 D4
S5/P5 D17 D5
S6/P6 D21 D6
S7/P7 D25 D7
S8/P8 D29 D8
S9/P9 D33 D9
S10/P10 D37 D10
S11/P11 D41 D11
S12/P12 D45 D12

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 and is set general-purpose output function, the S4/P4 output pin will output a high (V_cD) level when the
display data D13 is 1, and will output a low (Vss) level when D13 is 0.
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Display Data and Display Blinking Control Data and Output Pin Correspondence

(1/4 Duty Drive)

Output pin COM1 | COM2 | COM3 | COM4 Blinking Output pin COM1 | COM2 | COM3 | COM4 Blinking
control data control data
S1/P1 D1 D2 D3 D4 BD1 S19 D73 D74 D75 D76 BD19
S2/P2 D5 D6 D7 D8 BD2 S20 D77 D78 D79 D80 BD20
S3/P3 D9 D10 D11 D12 BD3 S21 D81 D82 D83 D84 BD21
S4/P4 D13 D14 D15 D16 BD4 S22 D85 D86 D87 D88 BD22
S5/P5 D17 D18 D19 D20 BD5 S23 D89 D90 D91 D92 BD23
S6/P6 D21 D22 D23 D24 BD6 S24 D93 D94 D95 D96 BD24
S7/P7 D25 D26 D27 D28 BD7 S25 D97 D98 D99 D100 BD25
S8/P8 D29 D30 D31 D32 BD8 S26 D101 D102 D103 D104 BD26
S9/P9 D33 D34 D35 D36 BD9 S27 D105 D106 D107 D108 BD27
S10/P10 D37 D38 D39 D40 BD10 S28 D109 D110 D111 D112 BD28
S11/P11 D41 D42 D43 D44 BD11 S29 D113 D114 D115 D116 BD29
S12/P12 D45 D46 D47 D48 BD12 S30 D117 D118 D119 D120 BD30
S13 D49 D50 D51 D52 BD13 S31 D121 D122 D123 D124 BD31
S14 D53 D54 D55 D56 BD14 S32 D125 D126 D127 D128 BD32
S15 D57 D58 D59 D60 BD15 S33 D129 D130 D131 D132 BD33
S16 D61 D62 D63 D64 BD16 S34 D133 D134 D135 D136 BD34
S17 D65 D66 D67 D68 BD17 S35 D137 D138 D139 D140 BD35
S18 D69 D70 D71 D72 BD18 S36 D141 D142 D143 D144 BD36
S37/0SClI D145 D146 D147 D148 BD37

Note: This table assumes that pins S1/P1 to S12/P12 and S37/OSCI are configured for segment output.

For example, the table below lists the output states for the S21 output pin.

Display data Blinking control data
Output pin (S21) state
D81 D82 D83 D84 BD21
0 0 0 0 0 The LCD segments corresponding to COM1, COM2, COM3, and COM4 are off.
0 0 0 1 0 The LCD segment corresponding to COM4 is on.
0 0 1 0 0 The LCD segment corresponding to COM3 is on.
0 0 1 1 0 The LCD segments corresponding to COM3 and COM4 are on.
0 1 0 0 0 The LCD segment corresponding to COM2 is on.
0 1 0 1 0 The LCD segments corresponding to COM2 and COM4 are on.
0 1 1 0 0 The LCD segments corresponding to COM2 and COM3 are on.
0 1 1 1 0 The LCD segments corresponding to COM2, COM3, and COM4 are on.
1 0 0 0 0 The LCD segment corresponding to COML1 is on.
1 0 0 1 0 The LCD segments corresponding to COM1 and COM4 are on.
1 0 1 0 0 The LCD segments corresponding to COM1 and COM3 are on.
1 0 1 1 0 The LCD segments corresponding to COM1, COM3, and COM4 are on.
1 1 0 0 0 The LCD segments corresponding to COM1 and COM2 are on.
1 1 0 1 0 The LCD segments corresponding to COM1, COM2, and COM4 are on.
1 1 1 0 0 The LCD segments corresponding to COM1, COM2, and COM3 are on.
1 1 1 1 0 The LCD segments corresponding to COM1, COM2, COM3, and COM4 are on.
0 0 0 0 1 The LCD segments corresponding to COM1, COM2, COM3, and COM4 are off.
0 1 0 1 1 The LCD segments corresponding to COM2 and COM4 are blinking.
1 0 1 0 1 The LCD segments corresponding to COM1 and COM3 are blinking.
1 1 1 1 1 The LCD segments corresponding to COM1, COM2, COM3, and COM4 are blinking.
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Display Data and Display Blinking Control Data and Output Pin Correspondence

(Static Drive)

Output pin com1 Blinking control data Output pin com1 Blinking control data
S1/P1 D1 BD1 S19 D19 BD19
S2/P2 D2 BD2 S20 D20 BD20
S3/P3 D3 BD3 S21 D21 BD21
S4/P4 D4 BD4 S22 D22 BD22
S5/P5 D5 BD5 S23 D23 BD23
S6/P6 D6 BD6 S24 D24 BD24
S7/P7 D7 BD7 S25 D25 BD25
S8/P8 D8 BD8 S26 D26 BD26
S9/P9 D9 BD9 S27 D27 BD27

S10/P10 D10 BD10 S28 D28 BD28

S11/P11 D11 BD11 S29 D29 BD29

S12/P12 D12 BD12 S30 D30 BD30

S13 D13 BD13 S31 D31 BD31
S14 D14 BD14 S32 D32 BD32
S15 D15 BD15 S33 D33 BD33
S16 D16 BD16 S34 D34 BD34
S17 D17 BD17 S35 D35 BD35
S18 D18 BD18 S36 D36 BD36

S37/0SCl D37 BD37

Note: This table assumes that pins S1/P1 to S12/P12 and S37/0OSCI are configured for segment output.

For example, the table below lists the output states for the S21 output pin.

Display data Blinking control data
Output pin (S21) state
D21 BD21
0 0 The LCD segment corresponding to COM1 is off.
1 0 The LCD segment corresponding to COML1 is on.
0 1 The LCD segment corresponding to COML1 is off.
1 1 The LCD segment corresponding to COML1 is blinking.
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Output waveforms (1/4-Duty 1/3-Bias Drive Scheme)

fo[Hz]
- — — VLCD
— 2/3VLCD
com1 Hﬂu rlr __ 153VICD
|| || _ o
] |~ e
— LCD
comz u H r| H — 1/3VLCD
| | _ ov
|— — VLCD
— 2/3VLCD
COM3 ] |_||JH L — 1/3VLCD
— ov
— VLCD
— 2/3VLCD
com4 L L L] — 1/3VLCD
— ov
LCD driver output when all LCD segments — \2//L§:/D
corresponding to COM1, COM2, COM3, and —| |_||_||_||_| |_||_ - 1/thCB
COMA4 are off. - oV c
—| — VLCD
LCD driver output when only LCD segments \—‘ \—“_ — 2/3VLCD
corresponding to COML1. are on. — é’\?VLCD
B — — VLCD
LCD driver output when only LCD segments m \—‘ — 2/3VLCD
corresponding to COM2 are on. \—‘ \—‘ — 1BvViLcD
ponding || Ll — ov
— _| — — — VLCD
LCD driver output when LCD segments \—‘ — 2/3VLCD
corresponding to COM1 and COM2 are on. — é(?VLCD
— VLCD
LCD driver output when only LCD segments — 2/3VLCD
corresponding to COM3 are on. n |—||_|L“_ I 1/3VLCcD
— ov
_| —| — VLCD
LCD driver output when LCD segments H H|_ — 2/3VLCD
corresponding to COM1 and COM3 are on. H|_ — 13VLcD
- — ov
— — — VLCD
LCD driver output when LCD segments = — 2/3VLCD
corresponding to COM2 and COM3 are on. \—‘ \—‘ — 1BvVLcD
ponding L] [ Ll | — ov
LCD driver output when LCD segments | ] 1 ] \2//L3c\:/|iCD
corresponding to COM1, COM2, and COM3 __ 1/3VLeD
are on. ] Hmn || __ oV
— VLCD
LCD driver output when only LCD segments — 2/3VLCD
corresponding to COM4 are on. n L[ I é(?VLCD
B — — VLCD
LCD driver output when LCD segments m \—‘ — 2/3VLCD
corresponding to COM2 and COM4 are on. H|_ H|_ — 1BVLCD
— ov
LCD driver output when all LCD segments — — — — \2/}-3(\3/'3
corresponding to COM1, COM2, COM3, and - 1/3VtCB
COM4 are on. - oV c
Control data Common/segment output waveform frame frequency fo[Hz]
Internal oscillator operating mode External clock operating mode External clock operating mode
FCO FC1 FC2 (The control data OC is 0, (The control data OC is 1 (The control data OC is 1
fosc=300[kHz]typ) and EXF is 0, fck 1=300[kHz]typ) and EXF is 1, fok2=38[kHz]typ)
0 0 0 fosc/4608 fok1/4608 fok2/576
0 0 1 fosc/3456 fok1/3456 fok2/432
0 1 0 fosc/3072 foK1/3072 fok2/384
0 1 1 fosc/2304 fok1/2304 fck2/288
1 0 0 fosc/1536 fok1/1536 fok2/192
1 0 1 fosc/1152 fok1/1152 fok2/144
1 1 0 fosc/768 foK1/768 fcK2/96

Note: When is setting (FCO, FC1, FC2)=(1, 1, 1), the frame frequency is same as frame frequency at the time of the
(FCO, FC1, FC2)=(0, 1, 0) setting (fosc/3072, fck1/3072, fcK2/384).
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Output waveforms (Static Drive Scheme)

COoM1

LCD driver output when off.

LCD driver output when on.

fo[Hz]

VLcD

VLcD

VLcD

ov

Control data Common/segment output waveform frame frequency fo[Hz]
Internal oscillator operating mode External clock operating mode External clock operating mode
FCO FC1 FC2 (The control data OC is 0, (The control data OC is 1 (The control data OC is 1
fosc=300[kHz]typ) and EXF is 0, fck1=300[kHz]typ) and EXF is 1, fck2=38[kHz]typ)
0 0 0 fosc/4608 fck1/4608 fck2/576
0 0 1 fosc/3456 fck1/3456 fck2/432
0 1 0 fosc/3072 fck1/3072 fck2/384
0 1 1 fosc/2304 fck1/2304 fck2/288
1 0 0 fosc/1536 fck1/1536 fck2/192
1 0 1 fosc/1152 fok1/1152 fok2/144
1 1 0 fosc/768 fck1/768 fck2/96

Note: When is setting (FCO, FC1, FC2)=(1, 1, 1), the frame frequency is same as frame frequency at the time of the
(FCO, FC1, FC2)=(0, 1, 0) setting (fosc/3072, fck1/3072, fcK2/384).
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PWM output waveforms

; — Vicb
Pn (PWM output Chl) | | |
b — V
| (56/64)<Tp | (56/64)<Tp | sS
: —— — Vicp
1) Pn (PWM output Ch2)
— — Vss
g (48/64)xTp . (48/64)xTp .
E ' ' — Vicp
Pn (PWM output Ch3) ; « @@ s « 5
— V
| (40/64)xTp ! (40/64)xTp | SS
5 — Vicp
Pn (PWM output Chl) <> <> v
5 (8/64)<Tp (8/64)xTp SS
: — VLcb
2) Pn (PWM output Ch2) E <« > <« > v
! (16/64)xTp! (16/64)<Tp! SS
i — Vicp
Pn (PWM output Ch3) | « > « >
" — V
! (24/64)xTp! (24/64)xTp! SS
E ' ' — Vicp
Pn (PWM output Chl) E <« > <« >
- h h — Vv
: (32/64)xTp! (32/64)xTp; SS
; — Vicbp
3) Pn (PWM output Ch2) ! <« > <« >
_— — Vss
: (32/64)xTp; (32/64)xTp!
i — Vicp
Pn (PWM output Ch3) ! PN D —
r — V
g (32/64)Tp; (32/64)Tp; SS
Pn (n=1 to 12) : Tp : o : Tp= 45
Control data PWM output
W10 | Wil | W12 | W13 | W14 | W15 | W20 | W21 | W22 | W23 | W24 | W25 | W30 | W31 | W32 | W33 | W34 | W35 waveforms
1 1 1 0 1 1 1 1 1 0 1 1 1 0 0 1 1)
1 1 1 0 0 0 1 1 1 0 0 1 1 0 1 0 )
1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 0 ?3)
Control data PWM output waveform frame frequency fp[Hz]
Internal oscillator operating mode External clock operating mode
PFO PF1 PF2 PF3 (The control data OC is 0, (The control data OC is 1 and
fosc=300[kHz] typ) EXF is 0, fck1=300[kHz] typ)
0 0 0 0 fosc/1536 fck1/1536
1 0 0 0 fosc/1408 fck1/1408
0 1 0 0 fosc/1280 fck1/1280
1 1 0 0 fosc/1152 fok1/1152
0 0 1 0 fosc/1024 fck1/1024
1 0 1 0 fosc/896 fck1/896
0 1 1 0 fosc/768 fck1/768
1 1 1 0 fosc/640 fck1/640
0 0 0 1 fosc/512 fck1/512
1 0 0 1 fosc/384 fok1/384
0 1 0 1 fosc/256 fok1/256

Notel: When is setting (PFO, PF1, PF2, PF3)=(1, 1, 0, 1) and (X, X, 1, 1), the frame frequency is same as frame
frequency at the time of the (PFO, PF1, PF2, PF3)=(1, 0, 1, 0) setting (fosc/896, fCk1/896).

X: don’t care
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Display Control and the INH Pin

Since the LSI internal data (1/4 duty drive : the display data D1 to D148 and the control data, Static drive : the display
data D1 to D37 and the control data) is undefined when power is first applied, applications should set the INH pin low
at the same time as power is applied to turn off the display (This sets the S1/P1 to S12/P12, S13 to S36, COM4 to
COML1, and S37/OSCI pins to the Vsg level.) and during this period send serial data from the controller. The controller
should then set the INH pin high after the data transfer has completed. This procedure prevents meaningless display at

power on.
(See Figure 4 and Figure 5.)

Notes on the Power On/Off Sequences

Applications should observe the following sequences when turning the LC75890 power on and off.

(See Figures 4 and Figure 5.)

* At power on : Logic block power supply (Vpp) on — LCD driver block power supply (VL_cD) on
* At power off : LCD driver block power supply (V_cD) off — Logic block power supply (Vpp) off

However, if the logic and LCD driver block use a shared power supply, then the power supplies can be turned on and

off at the same time.

(1)1/4 duty drive ©
t1 «—>
<> » <2| 3
VbD
R
VLcD -
__ —
INH VL1
> tc |€
CE S N/ N /N VLl .
2 Displm/ata an%émrol S °
d f d
BD1 to BD37,BFO to BF2 ala transterre @
' ' fi Defi Undefined
Internal data[Fco to FCZ,DT,EXF,OC,SC,BU] Undefined efined ndetine
W10 to W15,W20 to W25, ' , R :
Internal data| W30 to W35,PF0 to PF3,P1A, Undefined X Defined Undefined
P1B to P12A,P12B,P0 to P3 “
Internal data (D1 to D48) Undefined >< Defined : Undefined
LLq
b))
Internal data (D49 to D96) Undefined >< Defined : Undefined
{8
b))
Internal data (D97 to D148) Undefined \  Defined Undefined
T

Notel : t1>0
t2>0
t3>0 (t2>t3)
tc ... 10us min

[Figure 4]
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(2)Static drive

t2
t1 <>
|<—> » <> 3
VDD L£8
R
ViLcbp -
b))
INH =
VLl
> tc |€
CE L/ Vil %
<Display data and control> ©
data transferred ”
BD1 to BD37,BFO0 to BF2, - - € .
Internal data[FCO to FC2,DT,EXF,OC,SC,BU] Undefined X Defined B Undefined
W10 to W15,W20 to W25, %®
Internal data| W30 to W35,PFO0 to PF3,P1A, Undefined >< Defined N Undefined
P1B to P12A,P12B,P0 to P3 b
Internal data (D1 to D37) Undefined X Defined A Undefined
L{§

Notel : t1>0
t2>0
t3>0 (t2>t3)
tc ... 10us min

[Figure 5]

Notes on Controller Transfer of Display Data
When using the LC75890 in 1/4 duty, applications transfer the display data (D1 to D148) in three operations. In either
case, applications should transfer all of the display data within 30 ms to maintain the quality of displayed image.
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S37/0SCI Pin Peripheral Circuit
(1) Internal oscillator operating mode (control data OC=0)
Connect the S37/OSCI pin to the LCD panel when the internal oscillator operating mode is selected.

OSCI/s37

—>To LCD panel

(2) External clock operating mode (control data OC=1)
When the external clock operating mode is selected, insert a current protection resistor Rg (2.2 to 22kQ) between
the S37/OSCI pin and external clock output pin (external oscillator). Determine the value of the resistance according
to the allowable current value at the external clock output pin. Also make sure that the waveform of the external

clock is not heavily distorted.

In addition, the following conditions must be met : Vpp<VL cD.

External clock output pin

Wy

External oscillator

(3) Unused pin treatment

Rg

OSCI/S37

Note: Allowable current value at external clock output pin > V'g{_CgD

VDpD<VLCD

When the S37/OSCI pin is not to be used, select the internal oscillator operating mode (setting control data OC to 0)

to keep the pin open.

OSCI/S37

———> OPEN

P1to P12 pin peripheral circuit
It is recommended the circuit shown below be used to adjust the brightness of the LED backlight using the PWM output

P1to P12

P1to P12

+5V

LED
A4
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Sample Applications Circuit 1
1/4 Duty, 1/3 Bias Drive

(P1) _ General-purpose
output ports

(P2)
1 Used for functions
Pi2 such as backlight
( ); control
33V —> *— VDD com1
COM2
Vss COM3
COM4 v
oV | Viep P1/S1 é
P2/S2 o
. ' 17
1 ' -
' ' <
K Il -
1 ! o
P12/S12 s
s3pF———> E
' 1 ]
1 ! o
[ H ! [a]
—> INH : ; Q
From the —> CE 535
controller cL 536
> DI *4 OSCI/S37 ——>

*4 Connect the S37/0OSCI pin to the LCD panel in the internal oscillator operating mode and insert a current protection
resistor Rg(2.2 to 22kQ) between the S37/OSCI pin and external clock output pin (external oscillator) in the external
clock operating mode. (See “S37/OSCI Pin Peripheral Circuit™)

Sample Applications Circuit 2

Static Drive
(P1) _ General-purpose
*2) output ports
! Used for functions
Piz such as backlight
( )E control
3.3V —> *— VoD comt
Vss P1/S1
P2/S2 =
+5V —> ® VLcD : E g
1 ! IS
. ! g
' H )
' (%]
P12/S12 P
s3b—m> o]
il Q.
| : 2
: ; )
Il i c
I : I
' o
Sl6F—m> 8
> INH *4 OSCI/S37 ———> a
From the —> CE comz —
Il
controller — - Conts _} oren
DI COM4 |—

*4 Connect the S37/0SCI pin to the LCD panel in the internal oscillator operating mode and insert a current protection
resistor Rg(2.2 to 22kQ) between the S37/OSCI pin and external clock output pin (external oscillator) in the external
clock operating mode. (See “S37/OSCI Pin Peripheral Circuit™)
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ORDERING INFORMATION

Device Package Shipping (Qty / Packing)
SQFP48(7X7)
LC75890W-2H (Pb-Free / Halogen Free) 1250/ Tray Foam
SQFP48(7X7)
LC75890W-NH (Pb-Free / Halogen Free) 1000/ Tray Foam
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