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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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SPQFP48 7x7 / SQFP48
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 >
e 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.
e Serial data control of the segment blinking frequency.
e Serial data control of switching between the internal oscillator operating
mode and external clock operating mode.
o Serial data input supports CCB* format communication with the system
controller.
¢ Independent V[ D 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



Specifications

LC75890W

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

Parameter Symbol Conditions Ratings Unit
Maximum supply voltage Vpp max VDD -0.3to +4.2
VLcD max VLcD -0.3to +6.5 v
Input voltage VINT CE, CL, DI, INH -0.3t0 +4.2
VIN2 OSCI : External clock operating mode -0.3to Vpp+0.3 v
Output voltage VouTt S1 to S37, COM1 to COM4, P1 to P12 -0.3to V| cp+0.3 \
Output current louT? S1to S36 300 pA
louyTt2 COM1 to COM4, S37 3
IouT3 P1to P12 *1 5| M
Allowable power dissipation Pd max Ta =85°C 100 mwW
Operating temperature Topr —-40 to +85 °C
Storage temperature Tstg -551t0 +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

Ratings

Parameter Symbol Conditions - Unit
min typ max
Supply voltage VDD VDD 2.7 3.6
VLcD VL cD: Internal oscillator operating mode 2.7 5.5 \Y;
VL cD: External clock operating mode VDD 55
Input high-level voltage VIH1 CE, CL, DI, INH 0.7Vpp 3.6
ViH2 OSCl: External clock operating mode 0.7Vpp VDD v
Input low-level voltage \IR CE, CL, DI, INH 0 0.2Vpp
VL2 OSCI: External clock operating mode 0 0.2Vpp v
External clock operating fok 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 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

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 v
Input high-level K1 CE,CL,DIINH | V|=3.6V 1.0
current liH2 0OsCl V| = Vpp : External clock 1.0 | HA
operating mode
Input low-level et CE,CL,DI,INH | Vj=0V -1.0
current L2 0sClI V| =0V : External clock -1.0 HA
operating mode
Output high- VoH1 S1to S37 lo=-10 pA VLcp-0.9
level voltage -
g VoH2 tC;OCl\:I;M4 lo=-100 pA VLCD-0.9 N
VOH3 P1to P12 lo=-1mA VLcDp-0.9
Output low-level | VoL1 S1to S37 lo =10 pA 0.9
voltage Vo2 COMT1 lo =100 pA 09 | v
to COM4 '
VoL3 P1to P12 lo=1mA 0.9
Output middle- VmMID1 S1to S37 1/4 duty I|o = £10 pA 2/3VLcD 2/3VLcD
level voltage -0.9 +0.9
VMID2 S1to S37 1/4 duty I|o = £10 pA 1/3VLcD 1/3VLcD
-0.9 +0.9 v
VMID3 COM1 1/4 duty Ilo = £100 pA 2/3VLcD 2/3VLcD
to COM4 -0.9 +0.9
VMmID4 COM1 1/4 duty 1o = +100 pA 1/3VLeD 1/3VLcD
to COM4 -0.9 +0.9
Oscillator fosc Inte.rnal o Internal oscillator operating 240 300 360 kHz
frequency oscillator circuit mode
Current drain IDD1 VDD Power-saving mode 2
Ipp2 VbD Vpp = 3.3 V, Normal mode,
External clock operating mode 5 10
*2
IDD3 VDD Vpp = 3.3 V, Normal mode,
szternal clock operating mode 90 180
Serial data transfer *3
IDD4 VbD Vpp = 3.3 V, Normal mode,
Internal oscilloator operating 50 100
mode
IDD5 VDD Vpp = 3.3 V, Normal mode, WA
Internal oscilloator operating 135 270
mode,
Serial data transfer *3
ILcD1 VLcD Power-saving mode 2
ILcD2 VLcD VLcD = 3.3 V, Output open, 8 16
Normal mode, Static drive
ILcD3 VLcD VLcD = 3.3V, Output open, 70 140
Normal mode, 1/4 duty drive
ILcD4 VLcD VLcD = 5.0 V, Output open, 10 20
Normal mode, Static drive
ILcD5 VLcD VLcD = 5.0 V, Output open, 9 180

Normal mode, 1/4 duty drive

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

*3 Serial data transfer (data transfer frequency 2 MHz, V|41 = 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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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

OSClI
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tckH tokL fok= —tCKH T oKL [kHz]
VIH2
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[Figure 3]
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LC75890W

Package Dimensions

unit : mm
SPQFP48 7x7 / SQFP48
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SOLDERING FOOTPRINT*
8.40

HH— 1 — 18

(Unit: mm)

8.40

— [

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

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 1/0 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. ' i o OPEN
S19 19 The S1/P1 to S12/P12 pins can be used as general-purpose
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 ) )
CoM2 39 Common driver outputs The frame frequency is fo[Hz]. - O OPEN
COM1 40
Segment output.
S37/0SCl 41 This pin can also be used as the external clock input pin when - /10 OPEN
the external clock operating mode is selected by control data.
CE 46 Serial data transfer inputs. Must be connected to the H I
controller.
CL 47 CE : Chip enable A | GND
CL : Synchronization clock
DI 48 DI : Transfer data ) :

Continued on next page.

www.onsemi.com
7



Continued from preceding page.

LC75890W

Handling
Symbol Pin No. Function Active I/0 when
unused
Display off control input
«INH = low (Vgg) ...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 (Vgg)
S37/0SCl=low (Vgg)
(This pin is forcibly set to the segment output port function
- and held at the Vgg level.)
INH 45 LCD drive bias voltage stabilization circuit stopped. L I GND
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.
VoD 42 Logic block power supply pin. A power voltage of 2.7 to 3.6 V i i i
must be applied to this pin.
LCD driver block power supply pin. A power voltage of 2.7 to
VLCD 43 ) o - - ;
5.5 V must be applied to this pin.
Vss 44 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 | |
c [UUUUUUULIUUUL JuuttitiuuuuuurrrrrrirvrrvUuuy e
DI JoJoYoJoJ1)o)1J o) p1]p2fp3jo4] Yoasoaofpstfos2oasipssfpasipasiparioseaaipaofpsfoselpesfpaeoesipesfoarfpasf 0 Yo J o J o 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 _JUUUUUUULIUUUL........... JUUUUUUUvvvvvrrrruUr U
DI JoJoYoYo)1)o) 1) oY o4 Josofpsifose] Yor7forsforefosclsipe2ipssipsainesipssips7isepsspaafpatipsalbesipedfpssiosef 0 Yo o Yo Yo Jo Jo Y 1
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 [UUUUUUULIUUUL JuuttitiuuuuuurrrrrrirvrrvUuuy e
DI JoJoJYoJ o)1 o)1 o] oo Joogossforurf YotesYoraoterYoreotasfoanors orae orsaforadorssforesforanfotssforadoroforerforedforusforedforesforeforrfore 0 Y o Y 1 Yo
B0 B1 B2 B3 AQ A1 A2 A3
<— CCB address —> Display data F_édéDDé
. . IXe! .
8 bits 52 bits data 3 bits
1 bits

* Control data Input

CE |

o _JUUUUUUTLUUIUUrryyuryuriyuryyu gyt

DI JoJoJoYo) 1] o)1) o] et faosfosfaostanefnefBnrinefansfauiamirfaoifaoisfaoieYaorsfaoisfaorryorefaoieyauryavrfaouefsousYonefoousfoousfurrfao) - -+
B0 B1 B2 B3 A0 A1 A2 A3 ;
<— CCB address —> Controldata ~——— !

8 bits 53 bits

*~ % oo oanYsraoe o oneYoous e o o ere{rca [t Frce o Yexefoc fsc Jeu{ o Y o Jo Yo Yo J o 1 )1

<DD~>
3 bits
CE |
cL
DI JoJoYofoJ 1Yo} 1] o} wio fwrifwiefwsfwefwsfwenfwerfweefwesfwesfuesyusofwatfwsofwasfwsefwssypro)pet XproYpes)piafpieyponfpeafpantpie) - -+
B0 B1 B2 B3 A0 A1 A2 A3 ;
<— CCB address —> Control data :
8 bits 53 bits ;
g 4

- {punpeg){pe s pon Y pog){pra 7N pou Y poe ) ponpom Nern rspranserafprsfpofp1fP2fpaf o Y o J o {1 J o J 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 JUUUUUULU UUUUL........ Juuvvvurvrrruurrrrrrrvvrvvruuy
b JoJoYoJoJ1)o)1] o Jotjp2fp3jo4] Yo2soaofpstfps2oasipssfpasipasyparioseaaipaofpsfoselpesfpaefoesipesfparfoasf 0 Yo J o J o Yo J o 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 UUUUUUUU UUUUL. ... Juutvtvtvuvvuyuurrrrrrirvrvvuuuy
DI JoJoYoYo) 1) o)1) o Yossipsofpsifose] Yor7forsforefosalpsipe2ipssipsainesipssips7isesspaafpatipselbesipedfpesfosef 0 Yo Yo Yo J o Jo o Y 1
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
cL
b JoJoYoJoY1Jo)1] o Yosrfoosfossforurf YotesYoreoterYoreotasfoanfors orae otsaforadorssforesforanfotssfovadoraoforeroreaforusforedforesforeforrfore 0 Y o Y 1 Yo
B0 B1 B2 B3 A0 A1 A2 A3
<— CCB address Display data &|<-DD—>
8 bits 52 bits xed 3 bits
1 bits

* Control data Input

CE l

c. JUUUUUUT UTUUUTUUUTUUUUu vy yyu Ui

DI JoJoYoJo)1 o)1) o Jeoifeoafasfeo4lans{ansfanryenefeogfeoteor faote)avs faoteYavs eorsYaorraorsfaoreaoofaoerYsve oesfavaeaoos ooes Yoo o) - - -

B0 B1 B2 B3 A0 Al A2 A3

<— CCB address Control data
8 bits 53 bits

*~ oo Yoounaoo o foow oaeooue Yoo Yo e er e[t Jre){om Yexrfoc s JeuY o Y o Jo J o Jo Y o [ 1 )1

<DD->
3 bits
CE |
cL
DI JoJofofof 1 oY1 ¥ o fmofuwrXmiefmrsfurafuvrsfwewerfweefwosfwesfwee mae warkwsafwasfwaewaey ropet {oee  pes pifpreponfpespsapag) - -
B0 B1 B2 B3 A0 A1 A2 A3 ;
<— CCB address Control data :
8 bits 53 bits ;
g 4
[

= (pun ) pea)pon s pon o pra ) pou pen { pou pop eru pesfpia s prprfP P 1fP2YPaf 0 J o Yo Y 1 f o J o

<-DD—>
3 bits

Note: DD is the direction data.
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¢ CCB address
*DI1to D148
*«BDI to BD37
* BFO to BF2
* FCO to FC2

LC75890W

“50H”

Display data

Display blinking control data of each segment output pin

Segment blinking frequency setting control data

Common/segment output waveform frame frequency setting control data

1/4-duty 1/3-bias drive or static drive switching control data

External clock operating frequency setting control data

Internal oscillator operating mode/external clock operating mode switching control data
Segment on/off control data

Normal mode/power-saving mode control data

* W10 to W15, W20 to W25,... PWM data of the PWM output
W30 to W35

* PFO to PF3
* P1A, P1B to P12A, P12B

* PO to P3

2. Static drive

CE

DI

PWM output waveform frame frequency setting control data

General-purpose output function/PWM output function switiching control data of the
general-purpose output port

Segment output port/general-purpose output port switching control data

(1) When CL is stopped at the low level

* Display data Input
[ L
oo _JUUUULUUULIUUUL. .. JUUUUUUUrUrryrrUUUirrrrru UL
oJoJoJo)1)o)1Yo]D1)p2fp3fp4) Yoegoaofpstosaipasipsdoasipasidszf 0 Yo J o Yo o Jo Yo Yoo Yo ofoYoJoYo)oJo)o]o
B0 B1 B2 B3 A0 Al A2 A3
<— CCB address —>|<——  Display data Fixed data —— > |<-DD—>
8 bits 37 bits 16 bits 3 bits

CE

¢ Control data Input

c. _JUUUHUUTLIIUvryuuvyyuiyyuviyuryyuuin

DI JoJoJoJoJ1)o} 1] o] eoi Jeoafaoafaosfaosfaoetorioefansfaoi)ao:faofao)aoefaosyaos]aomyaoisfaofaoeafaveryaveefauesfauesfaues oues eourfum) - -+
B0 B1 B2 B3 AQ A1 A2 A3 ;
<— CCB address —> Control data E
8 bits 53 bits 1
e e e 3
;
L {o0eYooansoraosfoossneYaoee Yove oo o) e Yer e[t Yre) o Yexrfoc Y sc JeuY o Y o o J o J o Y o [ 1 )[4
<DD->
3 bits
CE |
cL
DI JoJofofof 1 oY1 ¥ o} wo Jurwtefmrsfusafuwrsfwefwerfimeefwesfwesfwee wacKwerkiwsofwasfwaeiwaeKpro) et (oee pes piafpre ponfpespoafeie) - -+
B0 B1 B2 B3 A0 A1 A2 A3 |
<— CCB address —> Control data E
8 bits 53 bits :
e e e 3
;
L {panpeg){po s pon Y poe pra e pon Ypoe ) ponf pom o peafprepreafpofp1fP2fpafo J o o S 1 o J o
<DD->
Note: DD is the direction data. 3 bits

www.onsemi.com
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LC75890W

(2) When CL is stopped at the high level

* Display data Input
CE | L
c JUUUUUUL UUUUL....... JUUUUUUUUvvvvrvrUUUu U
i JoJoYoJo)1Jo)1] o Jp1)o2fpsfp4f ¥o29¥psofstfos2psafoaapasipasipsr 0 J o Jo Yo Yo Yo YooY oJoJoJoYo o oJoJoJoJo
B0 B1 B2 B3 A0 AT A2 A3
<— CCB address Display data Fixed data ——— > |<-DD—>
8 bits 37 bits 16 bits 3 bits

¢ Control data Input

CE l

c. JUUUUUUT UTUUUTUUUTyyuiyyuvyuyyu Ui

DI JoJofoJoJ1 oY1 o Jeoieoafaoayeoe ans{eosfeor{aoeaosfaonfeo ez s aotefaorsfeve aoryemeYefaoefaoe fov eveYeaeYooesfave fovm o) - -+
B0 B1 B2 B3 A0 A1 A2 A3 ;
<— CCB address Control data ~——— |

8 bits 53 bits

L (0o ooer e {ooss e o ooaeans Y mro) et Jrc2) o fexe{oc fsc Yauf o o Yo Jo Yo Yo J 1 ) 1

<DD—>
3 bits
CE |
cL
DI JoJofofo 1 oY1 ¥ o fmofwitXmiefmrsfmrafuefwewarfezfweafwed iwes wacKwsrkwsafwasfwawaek o) pet {pez  pes piafprepofpespsapag) - -
B0 B1 B2 B3 A0 A1 A2 A3 ;
<— CCB address Control data ~——— '
8 bits 53 bits H
il i
E L

L {panpus ) panpon poa)pen {paJp7e) o fpee) pon ponene prssefrrafparrsfPofP1fP2lPaf 0 J o Yo X 1 J o f o

<DD>
3 bits
Note: DD is the direction data.
* CCB address ........c.ccecevuenene. “50H”
*D1to D37 oo, Display data
*BD1to BD37 ..cccoeiiiiiinene Display blinking control data of each segment output pin
*BFOto BF2 ....ccoveiiiiinene Segment blinking frequency setting control data
*FCOto FC2 ..cooviiiiiiiene Common/segment output waveform frame frequency setting control data
DT e 1/4-duty 1/3-bias drive or static drive switching control data
*EXF i, External clock operating frequency setting control data
*OC e Internal oscillator operating mode/external clock operating mode switching control data
*SC 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
*PFOto PF3 ..o, PWM output waveform frame frequency setting control data

* PI1A, PIB 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

<{ofo]ofo]1]o]1]o |{soi|soz]ans|eos [sos|ans |sn7|os ans[ento[anrifaote]enia[eots[antslants]soi7]enie[antalaoas]Boei bzzjaoas]eoes[ees[aoas]oer|Boesfaoas eoaofenst |B[>32| ~~~~~~~
BO BT B2 B3 AD AT A2 A3

»»»»»» |3033|BD34|BD35|BD35|B|337|BFo|BF1 [pr2[Fca|Fet|rez|pT[exrloclsclBul o [0 [o [ o [o [ o] 1] 1] |

8 bits 56 bits
L{ ofofofof1]o]1]o f—{wiolw|wiz[wiswralwis|wao|wei |w22|w23|w24|w25|w30|w31|w32|w33|w34|w35|PF0|PF1|PF2|PFs|P1A|P1B|P2A|P28|P3A|PSB|P4A|P4B|P5A|P58| ~~~~~~~
BO B1 B2 B3 A0 AT A2 A3

»»»»»» |P6A|P6B|P7A|P7B|P8A|P8B|P9A|P9B|P10A|P1UB|P priglprapizlPolP1[P2[P3[ 0 [0 [0 [ 1[0 o] |

8 bits 56 bits
L{ 0 | 0 | 0 | 0 | 1 | 0 | 1 | 0 |—|D1|D2|D3|D4|D5|D6|D7|DS|D9|D10|D11|D12|D13|D14|D15|D16|D17|D18|D19|020|D21|D22|023|Dz4|025|D26|Dz7|D28|D29|Dso|D31|D32| ~~~~~~~
BO BT B2 B3 AD AT A2 A3

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

8 bits 56 bits
L{ o[ofofof[1]o]1]0 |—|D49|D50|D51|D52|D53|Ds4|055|056|Ds7|D58|D59|Dso|Ds1|Dsz|Dea|De4|065|Dee|De7|Des|Deg|D70|D71|D72|D73|D74|D75|D76|D77|D78|D79|D80| ~~~~~~~
BO B1 B2 B3 A0 AT A2 A3

<<<<<< {oe1oe2] s [oe4]oss] nee[e7 [oss [oes oso] os1ose s os¢[ossoss [ 0 [ 0 [ 0 [0 [0 [0 [0 [ 1 | |

8 bits 56 bits
L{ ofofofof1]o]1]o [—{ps|oss|oss|oios|piot]pice]ros[p1o4|otos]oioe[pror|oios|oros]otto[orit|oreotiaforie|orslonte]pitr|orefortsfpranfra |D122|D123|D124|D125|D126|D127|D128| ~~~~~~~
BO B1 B2 B3 A0 AT A2 A3

»»»»»» |D129|D130|D13 [otae]oias[orad|oras[prae[praz|pissoias]orao]prat|oelpras|praa pasorae]prerforas| 0 [0 [ 1 [ 0 |

* 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

<{o]ofo]o[1][o]1]o [api|eoz[sns|sos[eos ans|a7 |eos[Bos|eoto[enii[antzlaotseois[enislantelenii|oiefanislaoas]eei |an2|BDza|BD24|BD25|B[>26|B|327|BDza|BD29|B[)30|BDs1|B[)32| ~~~~~~~
BO B1 B2 B3 A AT A2 A3

»»»»»» |BDSS|BD34|BD35|BD36|BD37|BFO|BF1 [pr2[roa|Fet|rez|pT[exrloclsclBul o [0 [o [0 [o [0 1] 1] |

8 bits 56 bits
L{ ofofofo[1]o]1]o f{wiolwwiz|wiswsa|wis|wa|wei |W22|W23|W24|W25|W30|w31|W32|W33|W34|W35|PF0|PF1|PF2|PFs|P1A|P1B|P2A|P28|P3A|P35|P4A|P4B|P5A|Psa| ~~~~~~~
BO B1 B2 B3 A AT A2 A3

»»»»»» |P6A|PGB|P7A|P7B|P8A|PBB|P9A|P9B|P10A|P1OB|P prislpialpizlPolP1[P2[P3[ 0 [0 [0 [ 1[0 [ 0]

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

<{ofo]ofo]1]o]1 o {ot[so2[ans]eo4 |svs|ans |so7 Bos]ans [stofent]eniz]eoialeniefants]eoieleir|antelaois[aoasfepes |an2|8023|B[>24|B[>25|B[>26|B[>27|ane|B[>29|an0|B[>31|an2|

BO B1 B2 B3 A0 A1 A2 A3

|8033|BD34|BD35|BD36|BD37|BFO|BF1 [pr2|Foo|Fei|rez|pT[exrloclsclBul o [0 [o [0 [o [ o] 1] 1] |

8 bits 56 bits
L{ of[ofofof1]o]1]o [—{wiowwiz[wiswsalwis]wa|wei |w22|w23|w24|w25|w30|w31|w32|w33|w34|w35|PF0|PF1|PF2|PFs|P1A|P1B|P2A|P28|P3A|PSB|P4A|P4B|P5A|P58|

BO B1 B2 B3 A0 A1 A2 A3

|P6A|PGB|P7A|P7B|P8A|PSB|P9A|P9B|P10A|P1UB|P priglprapizslPolP1[P2[P3[ 0 [0 [0 [ 1[0 0] |

8 bits 56 bits
L{ ofofofof[1]o]1]0 |—|D1|Dz|Ds|D4|Ds|Ds|D7|Ds|Dg|D10|D11|D12|D13|D14|D15|D16|D17|D18|D19|D20|D21|D22|D23|D24|D25|026|D27|D28|029|D30|Ds1|Dsz|

BO B1 B2 B3 A0 A1 A2 A3

-~ Josa[oa]oas[oa6o37] 0 [0 [0 [0 [0 oo o o oo o]o]ofo]o]o]o]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.

1 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).

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

BD21 Display data Display states of segment output pin S21
D81 D82 D83 D84 COM1 com2 COM3 COMm4
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, fok1=300[kHz]typ) and EXF is 1, fok2=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, fok1=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 fck2/432
0 1 0 fosc/3072 fck1/3072 fck2/384
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, fCck 1/3072, fcK2/384).

www.onsemi.com

15




LC75890W

(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 COM3 COmM4
0 1/4 duty 1/3 bias drive COM2 COM3 COM4
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 fok[kHz]

0

fok1=300[kHz]typ

1

fok2=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.

oC Fundamental clock operating mode 1/0 pin (S37/0OSClI) state
0 Internal oscillator operating mode S37
1 External clock operating mode OSCl

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
signals (the S37/OSCI 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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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

(9) W10 to W15, W20 to W25, W30 to W35 ...

isn’t used, these control data bits become invalid. In addition, when the external clock operating frequency is set the

Pulse width of
PWM output

(33/64)xTp
(34/64)xTp
(35/64)xTp
(36/64)xTp
(37/64)xTp
(38/64)xTp
(39/64)xTp
(40/64)xTp
(41/64)xTp
(42/64)xTp
(43/64)xTp
(44/64)xTp
(45/64)xTp
(46/64)xTp
(47/64)xTp
(48/64)xTp
(49/64)xTp
(50/64)xTp
(51/64)xTp
(52/64)xTp
(53/64)xTp
(54/64)xTp
(55/64)xTp
(56/64)xTp
(57/64)xTp
(58/64)xTp
(59/64)xTp
(60/64)xTp
(61/64)xTp
(62/64)xTp
(63/64)xTp
(64/64)xTp

Wn5

1
1
1
1

1
1
1
1

1
1
1

1
1
1

1
1
1
1

1
1
1
1

1
1
1

Wn4

Wn3

Wn2

Wn1

Wno

Pulse width of

PWM output

(1/64)xTp

(2/64)xTp

(3/64)xTp

(4/64)xTp

(5/64)xTp

(6/64)xTp

(7/64)xTp

(8/64)xTp

(9/64)xTp

(10/64)xTp
(11/64)xTp
(12/64)xTp
(13/64)xTp
(14/64)xTp
(15/64)xTp
(16/64)xTp
(17/64)xTp
(18/64)xTp
(19/64)xTp
(20/64)xTp
(21/64)xTp
(22/64)xTp
(23/64)xTp
(24/64)xTp
(25/64)xTp
(26/64)xTp
(27/64)xTp
(28/64)xTp
(29/64)xTp
(30/64)xTp
(31/64)xTp
(32/64)xTp

Wn5

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Wn4

Wn3

Wn2

38[kHz]typ (EXF="1") in external clock operating mode (OC = "1"), these control data bits become invalid.

Wn1

fck2
Wno

PWM data of the PWM output (Chl)

Note: W10 to W15 ...

Tp= o

PWM data of the PWM output (Ch2)
PWM data of the PWM output (Ch3)

W20 to W25 ...

W30 to W35 ...

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 fcg2 = 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) fok1=300[kHz] typ)
0 0 0 0 fosc/1536 fck1/1536
1 0 0 0 fosc/1408 fok1/1408
0 1 0 0 fosc/1280 fok1/1280
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 fok1/768
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

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, fCcK1/896).
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 fcg2 = 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
18



(12) PO to P3 ... Segment output port/general-purpose output port switching control data

LC75890W

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 S 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=1 to 12)...

Segment output port

Pn (n=1 to 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[ ,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)

Outputpin | COM1 | com2 | coms | coms Blinking Outputpin | comt | comz | coms | coma |  Binking
control data control data
S1/P1 D1 D2 D3 D4 BD1 19 p73 | o4 | prs | D7e BD19
S2/P2 D5 D6 D7 D8 BD2 20 p77 | ors | pbre | Deo BD20
S3/P3 D9 D10 | D1t D12 BD3 s21 D8i | D82 | D83 | De4 BD21
S4/P4 D13 | D14 | Di5 | D16 BD4 S22 D85 | Dss | D87 | Dss BD22
S5/P5 D17 | Di8 | D19 | D20 BDS5 s23 D89 | D9 | D91 | D2 BD23
S6/P6 D21 | D22 | D23 | D24 BD6 s24 D93 | Do4 | D95 | D9s BD24
S7/P7 D25 | D26 | D27 | D28 BD7 25 po7 | pes | Dpes | D100 BD25
S8/P8 D20 | D30 | D31 D32 BDS S26 D101 | D102 | D103 | D104 BD26
S9/PY D33 | D34 | D35 | D36 BD9 s27 D105 | D106 | D107 | D108 BD27
stopto | D37 | b3 | D3s | Dao BD10 s28 D109 | pito | D111 | Di12 BD28
S11/P11 D41 | D42 | D43 | Da4 BD11 29 D113 | D114 | D115 | D116 BD29
st2pi2 | D45 | Das | D47 | Das BD12 S30 D117 | pi1e | D119 | D120 BD30
s13 D49 | D50 | D5 D52 BD13 S31 D121 | D122 | D123 | D124 BD31
S14 D53 | Ds4 | Dss | Dse BD14 S32 D125 | D126 | D127 | Di28 BD32
s15 D57 | Ds8 | Ds9 | Deo BD15 33 D129 | D130 | D131 | D132 BD33
s16 D61 | D62 | D63 | Des BD16 s34 D133 | D134 | D135 | D136 BD34
17 D65 | Des | D67 | Des BD17 S35 D137 | D138 | D139 | D140 BD35
s18 D69 | D70 | D7 D72 BD18 S36 D141 | D142 | D143 | D144 BD36
ss7ioscl | D145 | D146 | D147 | Di4s 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
D81 D82 D83 D84 BD21 Output pin (S21) state
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 COMS 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 COMT1 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 COMS 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 COMS 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 COMS 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)

LC75890W

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/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 COMT1 is off.
1 0 The LCD segment corresponding to COM1 is on.
0 1 The LCD segment corresponding to COMT1 is off.

The LCD segment corresponding to COM1 is blinking.
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Output waveforms (1/4-Duty 1/3-Bias Drive Scheme)

fo[Hz]
- 1 — VLCD
— 2/3VLCD
COMH Hﬂu rlr — 1/3VLCD
|| || —ov
— VLCD
Hr Hr __ 2/3VLeD
com2 o H — 1/3VLCD
|| L | _ ov
|— — VLCD
— 2/3VLCD
COM3 L |_||JH L — 1svico
oV
— VLCD
— 2/3VLCD
COM4 L pEgN L1 — 13vico
— oV
LCD driver output when all LCD segments — \2//%(\3/13
corresponding to COM1, COM2, COMS3, and —| |_||—||_||—| |—||_ - 1/3Vtgg
COM4 are off. : oV
_| —| — VLCD
LCD driver output when only LCD segments H H|_ — 2/3VLCD
corresponding to COM1 are on. — SGWLCD
— — _— VLCD
LCD driver output when only LCD segments = \—‘ — 2/3VLCD
corresponding to COM2 are on. H|_ H|_ — (1)6”VLCD
- _| — — — VLCD
LCD driver output when LCD segments H — 2/3VLCD
corresponding to COM1 and COM2 are on. — (1)</3VLCD
— VLCD
LCD driver output when only LCD segments — 2/8VLCD
corresponding to COM3 are on. n |—||_|HL L — SG’NLCD
_| —| — VLCD
LCD driver output when LCD segments H H|_ — 2/3VLCD
corresponding to COM1 and COM3 are on. H|_ — (1J<5/3VLCD
— — — VLCD
LCD driver output when LCD segments m — 2/3VLCD
corresponding to COM2 and COM3 are on. H|_ H|_ — 863VLCD
LCD driver output when LCD segments 1 [] 1 [ _ \2//I§C\;/ECD
corresponding to COM1, COM2, and COM3 __ 1/3VLCD
are on. L | L || __ oV
— VLCD
LCD driver output when only LCD segments — 2/3VLCD
corresponding to COM4 are on. n L LI — és”VLCD
—| — — VLCD
LCD driver output when LCD segments m H — 2/8VLCD
corresponding to COM2 and COM4 are on. H|_ H|_ — 86VLCD
LCD driver output when all LCD segments — [ — — \2//|§C\3/D
corresponding to COM1, COM2, COM3, and — MSB
COM4 are 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, fog1=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 fok2/288
1 0 0 fosc/1536 fck1/1536 fck2/192
1 0 1 fosc/1152 fck1/1152 fok2/144
1 1 0 fosc/768 fok1/768 foK2/96

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, fcg1/3072, fcK2/384).

www.onsemi.com

22




LC75890W

Output waveforms (Static Drive Scheme)

fo[Hz]
Y
COM1 LCD
] T oV
, ~ Viep
LCD driver output when off.
| — oV
]~ Viep
LCD driver output when on.
v

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, fgk1=300[kHz]typ) and EXF is 1, fok2=38[kHz]typ)
0 0 0 fosc/4608 fok1/4608 fck2/576
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 fok2/288
1 0 0 fosc/1536 fck1/1536 fck2/192
1 0 1 fosc/1152 fok1/1152 fok2/144
1 1 0 fosc/768 fok1/768 fok2/96

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, fCcK2/384).
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PWM output waveforms

LC75890W

— Viep
Pn (PWM output Ch1) | J J
: . . — Vss
1 (56/64)xTp ! (56/64)xTp !
: — — Vicd
(1) Pn (PWM output Ch2)
— — Vss
g (48/64)xTp ; (48/64)xTp ;
| ' ' — Viep
Pn (PWM output Ch3) <« @@ 5 « S
. . . — Vss
' (40/64)xTp ' (40/64)xTp '
' ' — Viep
Pn (PWM output Ch1) ! PEN PEN oy
i (8/64)xTp} (8/64)xTp} S8
i — VLcD
(2) Pn (PWM output Ch2) E <> <> v
E (16/64)xTp! (16/64)xTp! Ss
| — Viep
Pn (PWM output Ch3) | <> <—>
r — V
| (24/64)xTp! (24/64)xTp! S8
i ' ' — VLeD
Pn (PWM output Ch1) E <« > <« >
— , . — Vss
' (32/64)xTp: (32/64)xTp:
; — VLeD
(3) Pn (PWM output Ch2) ! <« > <« >
_— — V
| (32/64)xTp! (32/64)xTp! S8
| — VicD
Pn (PWM output Ch3) «— >
- ! ! — Vss
: (32/64)<Tp: (32/64)xTp:
E E i 1
Pn (n=1to 12) ! Tp ! Tp ! Tp= %o
Control data PWM output
W10 | W11 | 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 1 1 1 1 0 0 1 1 0 1 0 2)
1 1 1 1 1 1 1 1 1 1 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, fok1=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 foK1/1280
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 foK1/640
0 0 0 1 fosc/512 fck1/512
1 0 0 1 fosc/384 fok1/384
0 1 0 1 fosc/256 fck1/256

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, fCcg 1/896).
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LC75890W
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 S37/0SCI pins to the Vg 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 (VDD) on — LCD driver block power supply (VL CD) on
* At power off : LCD driver block power supply (VL cD) off — Logic block power supply (VDD) 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
t2
t1 <>
— % <78
VDD
VLCD .
__ —
INH Vi1
> tc |€
cE [N\ ViLt )
: Display data and control s «
BD1 to BD37,BFO to BF2 data ransferred %
’ ’ fi Defi fi
Internal data[FCO to FCZ,DT,EXF,OC,SC,BU] Undefined efined 2 Undefined
W10 to W15,W20 to W25, 2
Internal data | W30 to W35,PF0 to PF3,P1A, |  Undefined X Defined Undefined
P1B to P12A,P12B,P0 to P3 h
)
Internal data (D1 to D48) Undefined >< Defined . Undefined
Internal data (D49 to D96) 2>
Undefined >< Defined N Undefined
Internal data (D97 to D148) 2
Undefined X Defined N Undefined

Notel : t1>0
2>0
t3>0 (t2>t3)
tc ... 10 us min

[Figure 4]
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