LC75890W

1/4-Duty and Static Drive
General-Purpose LCD Driver

, ON Semiconductor®
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.
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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

e Support for display segment on, off, or blinking for each segment
output pin under serial data control.

e Serial data control of the power-saving mode based backup function
and the all segments forced off function.

e 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 3 ch.
(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)

* Computer Control Bus (CCB) is an ON Semiconductor’s original bus format and
the bus addresses are controlled by ON Semiconductor.

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

© Semiconductor Components Industries, LLC, 2017 1 Publication Order Number :
July 2017 - Rev. 2 LC75890W/D



LC75890W

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

Parameter Symbol Conditions Ratings Unit
Maximum supply voltage Vpp max VDD -0.3t0 +4.2
VLcp max VLcD -0.3to +6.5 v
Input voltage VINL CE, CL, DI, INH -0.3t0 +4.2
VIN2 OSCI : External clock operating mode -0.3t0 Vpp+0.3 v
Output voltage VouT S1to S37, COM1 to COM4, P1to P12 -0.3to V| cpt0.3 \Y
Output current louTl S1to S36 300 pA
louT2 COM1 to COM4, S37 3
louT3 Plto P12 *1 5 mA
Allowable power dissipation Pd max Ta=85°C 100 mwW
Operating temperature Topr —40 to +85 °C
Storage temperature Tstg -55 to +125 °C

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

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality should not be assumed,

damage may occur and reliability may be affected.

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

Parameter Symbol Conditions - Rafings Unit
min typ max
Supply voltage VDD VDD 2.7 3.6
VLcD V|_cD: Internal oscillator operating mode 2.7 55 Y,
V|_cD: External clock operating mode VDD 55
Input high-level voltage VIH1 CE, CL, DI, INH 0.7VpD 3.6
VIH2 OSCI: External clock operating mode 0.7Vpp VpbD v
Input low-level voltage VL1 CE, CL, DI, INH 0 0.2Vpp
VL2 OSCI: External clock operating mode 0 0.2Vpp v
External clock operating fck OSCI: External clock operating mode 10 38 600 kHz
frequency [Figure 3]
External clock duty cycle Dck OSCI: External clock operating mode 30 50 70 %
[Figure 3]
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 tes 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

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond the Recommended

Operating Ranges limits may affect device reliability.
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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 \Y
Input high-level H1 CE,CL,DI,INH | V|=3.6V 1.0
current H2 oscl V| = Vpp : External clock 1.0 | pA
operating mode
Input low-level Ll CE,CL,DILINH | V|=0V -1.0
current hL2 oscl V| =0V : External clock -1.0 HA
operating mode
Output high- Von1l S1lto S37 lo=-10 uA VLcp-0.9
level voltage =_
g VOH2 t(;OCNélM4 lo =-100 pA VLcD-0.9 Y
Von3 P1to P12 lo=-1mA VLcp-0.9
Output low-level | Vo1 S1to S37 lo =10 pA 0.9
voltage VoL2 coMm1 lo = 100 pA oo | v
to COM4 '
VoL3 P1to P12 lo=1mA 0.9
Output middle- Vmipl S1to S37 1/4 duty | = +10 pA 2/3VL.cp 2/3VLcb
level voltage -0.9 +0.9
VMID2 S1to S37 1/4 duty | = £10 pA 1/3VLcD 1/3VLcD
-0.9 +0.9 v
VMID3 com1 1/4 duty Ip = +100 pA 2/3VLcD 2/3VLcp
to COM4 -0.9 +0.9
VmID4 com1 1/4 duty Io = +100 pA 1/3VicD 1/3Vi cD
to COM4 -0.9 +0.9
Oscillator fosc Inte.rnal o Internal oscillator operating 240 300 360 KHz
frequency oscillator circuit mode
Current drain Ipp1 VDD Power-saving mode 2
IDD2 VDD Vpp = 3.3 V, Normal mode,
External clock operating mode 5 10
*2
IpD3 VDD Vpp = 3.3V, Normal mode,
E;ternal clock operating mode 90 180
Serial data transfer *3
IDD4 VDD Vpp = 3.3 V, Normal mode,
Internal oscilloator operating 50 100
mode
IDD5 VDD Vpp = 3.3V, Normal mode, WA
Internal oscilloator operating 135 270
mode,
Serial data transfer *3
ILcpl VLcD Power-saving mode 2
ILcDp2 VLcD VLcD = 3.3V, Output open, 8 16
Normal mode, Static drive
ILcDp3 VLcD VLcp = 3.3V, Output open,
. 70 140
Normal mode, 1/4 duty drive
ILcD4 VLcD VLcD = 5.0V, Output open,
o 10 20
Normal mode, Static drive
ILcD5 VLcD ViLcD = 5.0V, Output open, 90 180

Normal mode, 1/4 duty drive

Note : *2 External clock operating mode (fck = 38 kHz, V|42 = VppD, V|2 = 0 V, rise/fall time = 20 ns)

*3 Serial data transfer (data transfer frequency 2 MHz, V|H1 = Vpp, V|1 = 0V, rise/fall time = 20 ns)

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product performance may not be
indicated by the Electrical Characteristics if operated under different conditions.
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1. When CL is stopped at the low level

LC75890W

)

VlHl_ L8
R e VLt
L toH
B ———\VIH1
CL Nl \50% / /
11 - 2 I
tt >« tr>l|< <>l<—> «—>
N tcp  tcs N tch
\ FVIRL U X U
DI 7 Vil b) by
L{§ L4
tds tdh
[Figure 1]
2. When CL is stopped at the high level
Vil R
CE IH/ \ Vit
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ol toH
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[Figure 2]
3. OSCI pin clock timing in external clock operating mode
tekH tekL fok= ————— [k
CK CK CK= 1ok + oKl [kHz]
VIH2
50% tckH
0scl o DCK=1eyH + oL * 10011
[Figure 3]
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LC75890W

Package Dimensions
unit : mm

SPQFP48 7x7 | SQFP48
CASE 131AJ
ISSUE A

9.0+0.2

7.0£0.1

0.5+0.2

pHAAARHARANN

HHARAAARHAS |

O

48

7.0£0.1
9.0+0.2

1

RERRERHER

+0.08 0.15+0.05

(0.75)

0.18 _

1.7 MAX
(L.5)
\\

0.1+0.1

SOLDERING FOOTPRINT*
8.40

HH— 1 — 18

(Unit: mm)

— [

0.50

1.00

NOTE: The measurements are not to guarantee but for reference only.

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.

XXXXX = Specific Device Code
Y = Year
DD = Additional Traceability Data

Oto10°

GENERIC
MARKING DIAGRAM*

XXXXX = Specific Device Code

Y = Year

M = Month

DDD = Additional Traceability Data

*This information is generic. Please refer to
device data sheet for actual part marking.
Pb-Free indicator, “G” or microdot “=”,
may or may not be present.
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Pin Assignment

LC75890W
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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
S14 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
COoM3 38 ) )
Common driver outputs The frame frequency is fo[Hz]. - O OPEN
ComM2 39
COoM1 40
Segment output.
S37/0SCl 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.
CL 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.

LC75890W

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 (Vgg)

(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 (Vgsg)

(This pin is forcibly set to the segment output port function

and held at the Vgg level.)
LCD drive bias voltage stabilization
Stops the internal oscillator.
Inhibits external clock input.

«INH = high (Vpp) -.-Display on

LCD drive bias voltage stabilization circuit is enabled.

circuit stopped.

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 3.6 V

must be applied to this pin.

Vicb

43

LCD driver block power supply pin. A power voltage of 2.7 to

5.5 V must be applied to this pin.

Vss

a4

Ground pin. Must be connected to ground.

www.onsemi.com
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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 | |
c [UUUUUUULIUUUL Juitttuurvuruurrrrrrirvrrrruuy e
i JoJoJfoJoJ1Jo) 1] o] p1p2psfp4 Yo29oaafpatfoszossfoaafpssfossipariosefosafpaofparfosaipasfpssfossipesfoariosgf 0 Yo Yo J o 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 [UUUUUUULIUUUL Juitttuurvuruurrrrrrirvrrrruuy e
i JoJoYoJo)1)o) 1] oY o4 Josofpsifoss] Yorrforsforefsopstipe2ipesipeapesipesiperiosefpssfpsofparipazipesipeaipesiossf 0 Yo Yo Yo Yo J o J o f 1
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 _[UUUUUUULIUUUL Juitttuurvuruurrrrrrirvrrrruuy e

i JoJoYoJoJ1)oJ 1 oY oer oosfoesfous) Yousouzsforfousorssforsoforstorsaoussfousfosssfoussforsorssfomsoforeoresforeforsforaforefousoufou 0 Y o Y 1 Y o
BO B1 B2 B3 AQ Al A2 A3
<— CCB address —> Display data <$|<-DD—>
8 bits 52 bits Fixed 3 bits
1 bits

« Control data Input

CE |

cL
pi - JoJoJoYoY1Y o)1) o] sot Jevafeosfeoafeoafoelenreneaodemfefaot faotsaoteaoss aoesYsorrYsoisfsotsfve ot aoueeoesaoeeYamos amas oo s} - - -

BO B1 B2 B3 A0 A1 A2 A3 E
<— CCB address —> Control data — E

8 bits 53 bits

*~ % oo YoounYsraos oo oaeYoous Yoo Yo o er {rca et e o Yexefoc fsc Y au{ o Yo Jo Yo Jo J o [ 1 {1

<DD—>
3 bits

CE |

c _JUUUTIUIUTLIUUyuuryurryyuviyuryyuuin

b JoJoYoJoJ 1Yo o) wo YwrfwzwasKwnefws waofwarfiwezwasfwoefs wsofwarfwsewssfwaewssy ero [ pr1pefpraf{piaf pispoapos psufpas) - -

B0 B1 B2 B3 AQ A1 A2 A3

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

> (pun peg)psa s pon ) pra o) o pos ) o from Youu s fpua 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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LC75890W

(2) When CL is stopped at the high level
« Display data Input

CE [ L
c JUUUUUUL UUUUL........ Juuvvrvrvrvrrruurrrrrrrvvrvvuuuy
i JoJoJfoJoJ1Jo)1] o Jorjp2fpsfp4 Yo29oaofpatfoszossioaafpssossipariosefosafpaofparfosaipasfpssfossipesfoariosgf 0 Yo Yo Jo Yo J o J o Y o
B0 B1 B2 B3 A0 A1 A2 A3
<— CCB address Display data < Fixed data >|<-DD—>
8 bits 48 bits 5 bits 3 bits
CE | L
c JUUUUUUL UUUUL...... JuururrurrrrrUrrrrrrUrruyu ey
b JoJoYoJoJ1)oJ1] o Josefosofpsiose) Yorrforaforofosofostioszfpssfosefoesiosefosripsefpssfoaofoarfpeziossfpedfossipssf 0 Yo o Jo Yo J o o ) 2
BO B1 B2 B3 A0 A1 A2 A3
<— CCB address Display data < Fixed data >|<-DD—>
8 bits 48 bits 5 bits 3 bits
CE | |
cL
i JoJoYoJoJ1YoJ1] o Yoorfoesfpesfoum) YousYousforfousoresforsoforstorsafpussfonsorssfousfoousaforsororeaforaforsfouafoefousoufougl 0 Yo T 1 Y o
B0 B1 B2 B3 A0 AL A2 A3 ‘
<— CCB address Display data & |<-DD—>
8 bits 52 bits Fixed 3 bits
1 bits

« Control data Input

CE |

c JUUUUUIUT UUUUUTUUUTUUU vy ryyu Ui

i JoJoYoJoYaJoY 2T o Jeoufeoafeoseosfeos\ensforieoefeosfantoeorsFaote s aoueYao:e eorsooureorsYaoueeom fooeeYavo ooeafaoae oo ooes Yomor oo - -

B0 B1 B2 B3 A0 AL A2 A3

<— CCB address Control data
8 bits 53 bits

- > (oo oo st oo oo oo maeeoe Y aro et ez {eco e fecafor Yexe{oc Y sc YauJ o Yo Jo J o Yo Yo Y 1 [ 2

<-DD—>
3 bits

CE |

o JUUUUUUL UUUUUUivvvvyivvivuriuuyuun

i JoJoYoJoYaToYaT o Ywofwr{wefwasfwse{wssfwarfwdfwed{wsfivasfwos waofwacwseYovssfwadlssfprof perfr2Yprs puafpis)posfpospoafpse) - -

BO B1 B2 B3 A0 AL A2 A3

<— CCB address Control data
8 bits 53 bits

= (pun)pes)psapsa ) pea o) prapra) pou pea ) pou fpog Yor pufprsissfpufpfpofiPafp 2P 0 J o Yo Y 1 f o J o

<-DD—>
3 bits

Note: DD is the direction data.
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LC75890W

* CCB address ......ccccccevrvennnnen. “50H”
*D1toD148 ....ccooviiie, Display data
*BD11to BD37 ....cccoecvrvinn, Display blinking control data of each segment output pin
*BFOtOBF2 ..o, Segment blinking frequency setting control data
*FCOtOFC2 oo, 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 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 [ L
c _[UUUUUUULIUUUL. . JuuuuirrurrrrrUr U U U U Uy
b YoJoJoJoJ1) o) 1] o) D1 )p2lbslp4] Toadoaafpstfpspssibsdfossfpssipsrf o Yo o Jo Yo Yo Yo oJo Yo oJ o oJo o oJoYo]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 _JUUUTIUIUTLIUUyuuryurryyuviyuryyuuin

pi JoJoJoJfoJ1)o) 1] o] eot JaoafaoafeosfposfpoeforiaoefaosfaoisfauitfeoioYaoisfeoiefeoisfaoisfaourfaouefaoisfaoeYauetYaouafauesfaunsfauis oums urrfaum) - -+
BO B1 B2 B3 A0 Al A2 A3 ;
<— CCB address —> Control data ——— |

8 bits 53 bits

;»WWWWWWWWWMWWWWWWMWHMMMMhhohh

<DD->
3 bits
CE |
cL
oi JoJoJoJoJxfoJ Yo} ww Jwsfwefsefwsefwswacfworfwac iwesfwefwosKweafowar eefwsafovaefwesfpeo e Yoez oes prafpie poafpeapoefpas) - --
B0 B1 B2 B3 AQ Al A2 A3 |
<— CCB address —> Control data ~——— E
8 bits 53 bits 1
il i
;

Ly {panpu) pan psn [ pon)pea {7 pra) o N pos Y pon pog e fpuapua fpusfpiarsfpofipafp2fpaf 0 J o Yo Y 1 J o J o

) o <DD->
Note: DD is the direction data. 3 bits
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LC75890W

(2) When CL is stopped at the high level
« Display data Input

CE [ L
c JUUUUUUL UUUUL...... JuuuirrurUrrrUUrrrrr Uy Uy
b JoJoYoJoJ1)oJ1] o Jo1jpzfpsjo4) Yo29foaafpatfpszossfoaafossfossipsrf o Yo Yo fo Yo Jo Yo o Jof o oJoYoJoJoYoJoJo)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 JUUUUUUT UUUUUIIUUUyUriyyu vy ryyu Ui

pi JoJofoJoJ1)oJ 1] o Jeoafeoafaoaiodfansfeosfeonavelosaofeoufanz s souefaosfeos aorYameYaouefooro oo fov eveYaoaefooes oo o) - -+
B0 B1 B2 B3 A0 A1 A2 A3 ;
<— CCB address Control data ~——— |

8 bits 53 bits

L {o0eeYsos ez {oueaoa o oueaos Y aeo) 1 ez pcoretfrco o JexeYoc sc YauJ o Yo Yo Jo Yo Yo f 1 [ 2

<DD—>
3 bits
CE |
cL
oI JoJofofofa o 1} o fmofwsrXmsefmssfwrafussfwaofwacweefesfivsfiwes wacKwerkweafwsafwaifiwaeyprofpet forz pes pafpigpasfras psapag) - -
B0 B1 B2 B3 A0 A1 A2 A3 ;
<— CCB address Control data ~——— '
8 hits 53 bits i
il i
;

L {panpas ) ponpsn [ pou Y pon praJpra) oK pes)pon pospue Npuspua frrsfpuaesfpofpafp2fpaf 0 J o Yo Y 1 f o f o

<DD->
3 bits
Note: DD is the direction data.
* CCB address .......cccovvevrvverenne. “50H”
*D1toD37 ..o Display data
*BD1to BD37 ...ccooevvvrrene Display blinking control data of each segment output pin
*BFOtOBF2 ..ccocvvvevee Segment blinking frequency setting control data
*FCOtOFC2 .o, Common/segment output waveform frame frequency setting control data
DT o 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 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

www.onsemi.com
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LC75890W

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

<olofofof1]|o]1]0 HBD1|BD2|BD3|BD4|BD5|BD6|BD7|BD8|BD9|BDlO|BDll|BDl2|BD13|BD14|BD15|BD16|BD17|BD18|BD19|BD20|BD21|BD22|BD23|BD24|BD25|BD26|BD27|BD28|BD29|BD30|BD31|BD32| ~~~~~~~
BO BL B2 B3 AD AL A2 A3

»»»»»» |BDSS|BDS4|BD35|BD36|BD37|BFO|BF1|BF2|FCO|FC1|FC2|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|Pss| ~~~~~~~
BO B1 B2 B3 A0 AL A2 A3

»»»»»» |P6A|PGB|P7A|P7B|P8A|PSB|P9A|P9B|P10A|PIOB|P11A|P118|P12A|P12B|PO|P1|P2|P3| olofof1]o]o] |

8 bits 56 bits
L{ 0 | 0 | 0 | 0 | 1 | 0 | 1 | 0 |—|D1|Dz|Ds|D4|Ds|De|D7|D8|Dg|D10|D11|D12|D13|014|015|016|Dl7|018|Dlg|Dzo|021|Dzz|D23|D24|D25|D26|D27|Dzs|D29|D30|D31|D32| ~~~~~~~
BO B1 B2 B3 AD 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{ o[ofofof1]o]1]0 |—|D49|D50|D51|D52|D53|D54|D55|D56|D57|D58|D59|D60|D61|D62|D63|D64|D65|D66|D67|D68|D69|D70|D71|D72|D73|D74|D75|D76|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 |—|Dg7|Dgs|D99|Dloo|D1o1|D102|0103|D104|D105|D106|Dlo7|0108|D109|D110|D111|D112|D113|D114|0115|0116|D117|D118|D119|D120|D121|D122|D123|D124|D125|D126|D127|D128| ~~~~~~~
BO B1 B2 B3 A0 AL A2 A3

»»»»»» |D129|D130|0131|0132|D133|D134|D135|D136|D137|D138|D139|D140|D141|D142|D143|D144|D145|D146|Dl47|D148| ofo[1]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

<olofofo[1]o]1]o0 HBD1|BD2|BD3|BD4|BD5|BDG|BD7|BD8|BD9|BD10|BDll|BDlZ|BD13|BD14|BD15|BD16|BD17|BD18|BD19|BD20|BD21|BD22|BD23|BD24|BD25|BD26|BD27|BD28|BD29|BD30|BDSl|BD32| ~~~~~~~
BO BL B2 B3 AD AL A2 A3

»»»»»» |BDSS|BDS4|BD35|BD36|BD37|BFO|BF1|BF2|FCO|FCl|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|P45|P5A|P55| ~~~~~~~
BO B1 B2 B3 A0 AL A2 A3

»»»»»» |P6A|P63|P7A|P7B|P8A|P83|P9A|P93|P10A|P103|P11A|P11B|P12A|P1ZB|Po|P1|P2|P3| olofof1]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.

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

8 bits 56 bits
<{olo]ofo]1]o]u1]o [{sot|soz[ans|aos [sos]sns |87 |Bos s0s [eoio[eoiaoiz]ois[eis[enislaois]soir]epielanis]avas]aoes|apzzlaoas]ees[ezsfaoas]oer|Bozsfpoas Boaofenat pos)--

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

56 bits

8 bits
L{ ofofofo[1]o]1]o [—{wiolw|wiz[wis|wsalwas|wao|wz1|wez|was|was|wzs|wso|wsi ws2|wss|was| was| Pro| pr | r2 | Pr3| 1 P18 P2a| P28 [paa | Pas P4 P48 [psa pss

BO B1 B2 B3 AO AL A2 A3 ;
{Pea|psB [ P7a|p7|pea| paa poa [pos [proalproslprunlpuss|pizalprelPo [P [P2|P3| 0 [o [0 [ 1 [0 [ 0| |

56 bits

8 bits
L{ o[ofofo[1]0]1]o0}{p1|p2|p3[pa|ps|p6|D7|D8|D0 [D10[o11|p12|p13D14[015| D16 | 17|18 | 19| 20| D21 [ 22| D23 24 D25 D26 2 | D28 D29 D30 o1 [z |

BO B1 B2 B3 A0 AL A2 A3 ;
g|D33|D34|D35|D36|D37|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|o|0|0|

www.onsemi.com
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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
BD21 D81 D82 D83 D84 COoM1 Ccom2 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 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, foK2/384).

www.onsemi.com
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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
COM2 CcomM3 COM4
0 1/4 duty 1/3 bias drive COM2 COM3 COoM4
1 Static drive “L" (Vss) “L" (Vss) “L" (Vgs)

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).

www.onsemi.com
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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

fck?2 = 38[kHz]typ (EXF="1") in external clock operating mode (OC = "1"), these control data bits become invalid.
Wno wnl Wn2 Wn3 Wn4 Wn5 Pulse width of Wno wnl Wn2 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)

www.onsemi.com
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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 0,
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).

www.onsemi.com
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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 (Vi_cp) level when the
display data D13 is 1, and will output a low (Vss) level when D13 is 0.

www.onsemi.com
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Display Data and Display Blinking Control Data and Output Pin Correspondence (1/4 Duty Drive)

Output pin CoM1 COom2 COM3 COomM4 Blinking Output pin CoM1 COMm2 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
S37/0SCl D145 D146 D147 D148 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
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

S37/0SClI D37 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
D21 BD21
0 0 The LCD segment corresponding to COML1 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]
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N M| = o
— LCD
com2 L H H H — 1/3VLCD
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_| —| — VLCD
LCD driver output when only LCD segments \—‘ L 2/3VLCD
corresponding to COML1. are on. — é’\?VLCD
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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 m — 23VLcD
corresponding to COM2 and COM3 are on. H|_ H|_ — 1BvLcD
|| — ov
LCD driver output when LCD segments | ] 1 ] \2//L3(\:/|BCD
corresponding to COM1, COM2, and COM3 __ 1/3VLeD
are on. - 1 - — 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. - c
— I - - — 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, 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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LC75890W

Output waveforms (Static Drive Scheme)

fo[Hz]
Vv
com1 LCD
1 T oV
. T Vieb
LCD driver output when off.
1 T oV
]~ Vicp
LCD driver output when on.
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).

www.onsemi.com
23



PWM output waveforms

LC75890W

5 I | — Vico
Pn (PWM output Chl) |
b — V
| (56/64)<Tp | (56/64)<Tp | ss
: —— — Vicp
1) Pn (PWM output Ch2)
— — Vss
: (48/64)xTp . (48/64)xTp .
E ' ' — Vicp
Pn (PWM output Ch3) ; « @ s « @ s
— V
| (40/64)xTp ! (40/64)xTp | SS
5 — Vico
Pn (PWM output Chl) < < v
5 (8/64)<Tp} (8/64)<Tp SS
: — Vicbp
2) Pn (PWM output Ch2) E <> <> v
E (16/64)xTp! (16/64)xTp! SS
i — Vicp
Pn (PWM output Ch3) | «—> «—>
" — V
! (24/64)xTp! (24/64)xTp! SS
E ' ' — Vicp
Pn (PWM output Ch1) E <« > <« >
_— ; ; — V
: (32/64)xTp! (32/64)xTp; SS
; — Vicbp
3) Pn (PWM output Ch2) < N < N
_— — Vss
! (32/64)xTp! (32/64)xTp!
i — Vicp
Pn (PWM output Ch3) ! PN
r — V
g (32/64)Tp; (32/64)Tp; SS
E E E _ 1
Pn (n=1to 12) i Tp i Tp i Tp= To
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 1 0 1 1 1 1 0 0 )
1 1 1 0 0 0 1 1 1 1 0 0 1 1 1 0 1 )
1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 ?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 fok1/896
0 1 1 0 fosc/768 fck1/768
1 1 1 0 fosc/640 fok1/640
0 0 0 1 fosc/512 fok1/512
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).
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Display Control and the INH Pin

LC75890W

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 S37/0SCI 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

VbD

VLcb

INH

CE

BD1 to BD37,BF0 to BF2,

Internal data[Fco to FC2,DT,EXF,0C,SC,B

W10 to W15,W20 to W25,
Internal data| W30 to W35,PFO0 to PF3,P1A,
P1B to P12A,P12B,P0 to P3

Internal data (D1 to D48)

Internal data (D49 to D96)

Internal data (D97 to D148)

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

y

t2

t1 <>
<> » <2| 3
s
l_
VLl
> tc |€

4(_\‘}_/ J}_/ J}_/ J}._/ ViLl N
Display data and control S °
data transferred 2

Undefined ) Defined Undefined
[£4
R

Undefined >< Defined N Undefined
R

Undefined >< Defined . Undefined
R

Undefined >< Defined N Undefined
(LS
R

Undefined Defined Undefined

[Figure 4]
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LC75890W

(2)Static drive

tl

bYY

t2

VbD

]

bYY

VLcb -

INH

L8

)

VLl

9

tc |<

CE /N
D|spHata anh_/ntrol

!

1

BD1 to BD37,BFO to BF2, data ransferred
Undefined

Internal data [FCO to FC2,DT,EXF,0C,SC,BU

Defined

Undefined

Undefined X

Defined

Undefined

10 to W15,W20 to W25,
Internal data | W30 to W35,PF0 to PF3,P1A,

P1B to P12A,P12B,P0 to P3

Internal data (D1 to D37) Undefined

Defined

Undefined

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

LC75890W

(1) Internal oscillator operating mode (control data OC = 0)
Connect the S37/0OSCI 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 22 kQ) 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 < VLCD.

External clock output pin AW

Rg
External oscillator

OSCI/S37

Note: Allowable current value at external clock output pin > \%

(3) Unused pin treatment

VpD<VLCD

When the S37/0SCI 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

P1to P12 pin peripheral circuit

———> OPEN

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
(474
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Sample Applications Circuit 1
1/4 Duty, 1/3 Bias Drive

+3.3V —>

+5V —>

—>
Fromthe —>
controller

—

LC75890W

(P1)
P2
( .)5
(P12)
VDD COM1
CcoM2
Vss COM3
com4
VLcD P1/S1
P2/S2
P12/S12
si3pb————>
INH : §
CE S35
cL sl —m >
DI *4 OSCI/S37

General-purpose
output ports

Used for functions
such as backlight

control

LCD panel (up to 148 segments)

*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 22 kQ) 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

+3.3V —>

+5V —>

—>

From the —>

controller >

—>

General-purpose
output ports

Used for functions
such as backlight

control

(P1)
(PI2) 5
(P12)
VDD COM1
Vss P1/s1
P2/S2
VLcb ! !
P12/S12
s3>
S fP—>
INH *4 OSCI/S37 —>
CE com2 —
CL coms3 —} OPEN
DI COM4 |—

LCD panel (up to 37 segments)

*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 22 kQ) 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

LC75890W

Device

Package

Shipping (Qty / Packing)

LC75890W-2H

SQFP80 12x12 / SQFP80
(Pb-Free / Halogen Free)

1250/ Tray JEDEC

LC75890W-NH

SQFP80 12x12 / SQFP80
(Pb-Free / Halogen Free)

1000 / Tape & Reel

1 For information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel
Packaging Specifications Brochure, BRD8011/D. http://www.onsemi.com/pub_link/Collateral/BRD8011-D.PDF

ON Semiconductor and the ON Semiconductor logo are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries
in the United States and/or other countries. ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other
intellectual property. A listing of ON Semiconductor's product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. ON
Semiconductor reserves the right to make changes without further notice to any products herein. ON Semiconductor makes no warranty, representation or
guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability arising out of the application or
use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is
responsible for its products and applications using ON Semiconductor products, including compliance with all laws, regulations and safety requirements or
standards, regardless of any support or applications information provided by ON Semiconductor. “Typical” parameters which may be provided in ON
Semiconductor data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters,
including “Typicals” must be validated for each customer application by customer's technical experts. ON Semiconductor does not convey any license under its
patent rights nor the rights of others. ON Semiconductor products are not designed, intended, or authorized for use as a critical component in life support
systems or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for
implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized application, Buyer shall
indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or
unauthorized use, even if such claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an
Equal Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.
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