LC75809PTS-T

1/4 and 1/3-Duty General-Purpose
LCD Driver

Overview

The LC75809PTS-T is the 1/4 duty and 1/3 duty general-purpose
microprocessor-controlled LCD driver that can be used in applications
such as frequency display in products with electronic tuning. In addition
to being able to drive up to 352 segments directly, the LC75809PTS-T
can also control up to 12 general-purpose output ports. Because it has the
PWM output of a maximum of 6ch, the brightness control of the LED
backlight of RGB x 2 can be done. Incorporation of an oscillation circuit
helps to reduce the number of external resistors and capacitors required.

Features

e Support for 1/4-duty 1/3-bias or 1/3-duty 1/3-bias drive techniques
under serial data control.

When 1/4-duty : Capable of driving up to 352 segments
When 1/3-duty : Capable of driving up to 267 segments

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

o 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 6 ch.
(1t can output from the general-purpose output port)

o Support for clock output function of 1 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 switching between the internal oscillator operating
mode and external clock operating mode.

e High generality, since display data is displayed directly without the
intervention of a decoder circuit.

e Built-in display contrast adjustment 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.
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LC75809PTS-T

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

Parameter Symbol Conditions Ratings Unit
Maximum supply voltage Vpp max | Vpp -0.3to0 +6.8 \%
Input voltage VNl CE, CL, DI, INH -0.310 +6.8 v

VIN2 OSCl, Vppl, Vpp2 -0.3to Vpp+0.3
Output voltage VouT S1 to S89, COM1 to COM4, P1 to P12 -0.3to Vpp+0.3 \%
Output current louTl S1to S88 300 pA
louT2 COM1 to COM4, S89 3 A
loyT3 P1to P12 5
Allowable power dissipation Pd max Ta = 105°C 100 mw
Operating temperature Topr —40 to +105 °C
Storage temperature Tstg -55to +125 °C

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 +105°C, Vg5 = 0V

o Ratings .
Parameter Symbol Conditions - Unit
min typ max
Supply voltage VDD VDD 4.5 6.3 \%
Input voltage Vppl Vppl 2/3Vpp0 VppO0 v
*1 Vpp2 VpD2 1/3Vpp0 VppO
Input high level voltage ViHl CE, CL, DI, INH 0.4Vpp 6.3 v
V|H2 OSCI: External clock operating mode 0.4Vpp Vpp
Input low level voltage VLl CE, CL, DI, INH 0 0.2Vpp v
VL2 OSCI: External clock operating mode 0 0.2Vpp
E;((teer;rtl;alnlgclftr)gguency fck OSCI: External clock operatlFlgigmu?:; 10 300 600 | KkHz
External clock duty cycle Dck OSCI: External clock operating mode 30 50 70 %
[Figure4]
Data setup time tds CL, DI [Figure2], [Figure3] 160 ns
Data hold time tdh CL, DI [Figure2], [Figure3] 160 ns
CE wait time tcp CE, CL [Figure2], [Figure3] 160 ns
CE setup time tcs CE, CL [Figure2], [Figure3] 160 ns
CE hold time tch CE, CL [Figure2], [Figure3] 160 ns
High level clock pulse width toH CL [Figure2], [Figure3] 160 ns
Low level clock pulse width toL CL [Figure2], [Figure3] 160 ns
Rise time tr CE, CL, DI [Figure?2], [Figure3] 160 ns
Fall time tf CE, CL, DI [Figure2], [Figure3] 160 ns
INH switching time tc INH, CE [F?gure5], [F?gure6] 10 s
[Figure7], [Figure8]

Note : *1. Vpp0 = 0.70Vpp to Vpp

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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LC75809PTS-T

Electrical Characteristics for the Allowable Operating Ranges

) » Ratings )
Parameter Symbol Pin Conditions - Unit
min typ max
Hysteresis VH CE, CL, DI, INH 0.03Vpp v
Input high level Il CE,CL,DI,INH | V|=6.3V 5.0
current K2 oscl V| =Vpp: External 50 HA
clock operating mode '
Input low level L1 CE, CL, DI, INH V=0V -5.0
current hL2 oscl V| =0V: External 50 HA
clock operating mode '
Output high level VoH1 S1to S89 lo =-20 pA Vpp0-0.9
voltage *1 VOH2 | COM1toCOM4 | Ig=-100 pA Vpp0-0.9 %
Von3 P1to P12 lo=-1mA Vpp-0.9
Output low level VoLl S1to S89 lo =20 pA 0.9
voltage Vo2 COM1to COM4 | Ig =100 pA 0.9 Y,
VoL3 P1to P12 lo=1mA 0.9
Output middle Vmipl S1to S89 1/3 bias Ig = £20 pA 2/3Vpp0 2/3Vpp0
level voltage -0.9 +0.9
*1 VMID2 S1to S89 1/3 bias Ig = +20 pA 1/3Vpp0 1/3Vpp0
*2 -0.9 +0.9 Vv
VMID3 COM1 to COM4 1/3 bias Ip = £100 pA 2/3Vpp0 2/3Vpp0
-0.9 +0.9
VmiD4 COM1 to COM4 1/3 bias Ig = +100 pA 1/3Vpp0 1/3Vpp0
-0.9 +0.9
Oscillator fosc Inte.rnal o Interne?l oscillator 240 300 360 KHz
frequency oscillator circuit operating mode
Current drain Ippl VDD Power-saving mode 100
IDD2 VDD Vpp =6.3V
Output open 1000 2000
Internal oscillator
operating mode
IDD3 VDD Vpp=6.3V WA
Output open
External clock
operating mode 1000 2000
fck = 300 kHz
V|42 = 0.5Vpp
V) 12=0.1Vpp

Note: *1. VppO0 = 0.70Vpp to Vpp
Note: *2. Excluding the bias voltage generation divider resistors built in the Vpp1 and Vpp2. (See Figure 1.)

VDD *
CONTRAST
ADJUSTER
~ 1~ VDDO
Vbpl g % g To the common and segment drivers
Vpp2 - -
Vss i j

[Figure 1]

)
— Except these resistors.

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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LC75809PTS-T

1. When CL is stopped at the low level

)
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C
tds tdh
[Figure 2]

2. When CL is stopped at the high level

)

ViHt “ \
CE / Vil

R —
ol tH
_— ————\ VIH1
cL bl -~ 50% \ /
s ‘_F
<> <—> S
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\ I VlHl 1C X C X
DI 1 VLl 5 by
e C
tds tdh
[Figure 3]

3. OSCI pin clock timing in external clock operating mode

tckH tckL =1 [kHz
fek tckH + tckL 1 ]
VIH2
50%
OSCl Wi Dek= —CKH . 100[9]
CK tckH + tckL
[Figure 4]
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LC75809PTS-T

Pin Assignment
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COM1 T S36
S88 1 T S35
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DI O
CLO
CE O

www.onsemi.com
5



Pin Functions

LC75809PTS-T

Pin

Pin No.

Function

Active

110

Handling
when
unused

S1/P1to
S12/P12
S13 to S86
S88

1to12

13 to 86
91

Segment outputs for displaying the display data transferred by serial data
input. The S1/P1 to S12/P12 pins can be used as general-purpose output
ports under serial data control.

OPEN

COM1 to COM3
COM4/s87

90 to 88
87

Common driver outputs
The frame frequency is fo[Hz].
The COM4/S87 pin can be used as a segment output in 1/3 duty.

OPEN

S89/0SClI

96

Segment output. This pin can also be used as the external clock input pin
when the external clock operating mode is selected by control data.

lfe}

OPEN

CE

CL

DI

98

99

100

Serial data transfer inputs. Must be connected to the controller.
CE : Chip enable
CL : Synchronization clock
DI : Transfer data

GND

97

Display off control input
omzlow(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 S86, S88=low(Vgs)
COML1 to COM3=low(Vsg)
COM4/S87=low(Vss)
S89/0SCl=low(Vgs)
(This pin is forcibly set to the segment output port function
and held at the Vgg level.)
Stops the internal oscillator. Inhibits external clock input.
Display contrast adjustment circuit stopped.
-m:high(VDD)...Display on
Enables the internal oscillator circuit.
(Internal oscillator operating mode)
Enables external clock input.
(External clock operating mode)
Display contrast adjustment circuit operation is enabled.
However, serial data transfer is possible when the display is forced off.

GND

Vppl

93

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

OPEN

Vpp2

94

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

OPEN

VDD

92

Power supply pin. A power voltage of 4.5 to 6.3 V must be applied to this pin.

Vss

95

Ground pin. Must be connected to ground.

www.onsemi.com
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LC75809PTS-T

Serial Data Input

1. 1/4 duty
(1) When CL is stopped at the low level
» When the display data is transferred

CE | Ly

DI fo)fo)fofofoYoY1)o) b1y

XD72XD73XD74XD75XD76XD77XD78XD79XD80XD81XD82XD83XD84XD85XD86XD87XD88X 0 )( 0 )( 0 )( 0 )( 0 )( 0 )( 0 )( 0 )( :
BO Bl B2 B3 A0 Al A2 A3 b

<—— CCB address Display data <— Fixed data 9‘< DD >
8 bits 88 bits 5 bits 3 bits

;X ofoYoYoYo)o)1)o)pso) oue e preoY b s pasepasr e e parfpira{pura{ourafoarfoaref 0 Y 0 Y 0 Y 0 {0 Yo Y 0} 1 ) :

<—— CCB address Display data < Fixed data %L DD >
8 bits 88 bits 5 bits 3 bits

;)(0)(0)(0)(0)(0)(0)(1)(0)(0177)( _____ XDQA8XDQ49XDQSOXDQS]XD252XDRXD254XDZSBXDZSGXDZS?XDZSBXDZSE)XDQGOXOXOXOXOXOXOXOXOXOXOX1XOX;

<—— CCB address Display data Fixed data %L DD >
8 bits 84 bits 9 bits 3 bits

A= o o [ ]

< DD 9‘

YoV oYoYoYo oY xYo oz]
/B0 B1 B2 B3 A0 AL A2 A3 ‘
<—— CCB address Display data <

8 bits 92 bits Fixed - 3 pjts
data
1 bits

www.onsemi.com
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LC75809PTS-T

* When the control data is transferred

CE |

ShhhhhhEhhhEhhhsh GGG

pi Jo)o)fo)o)oJ o)1) o)prafrfpicfrio)paaypaspacypanfpsspacyparfpasfpacypsafpsafpscypelpseypeckpralpralprcypeapes)pacypeafpoe|pac) -5

BO B1 B2 B3 A0 Al A2 A3

<—— CCB address Control data
8 hits 61 bits

{puonYpro)pucpraa pusypucpran puzepracyprofproprayprsfFoofFerreaockctoferryer2f Po ) p1 ) p2 ) pa YpTYoNY e YscfuY 0 0 Y o Y o { 1 {0 f o ) ;

‘é DD >
3 bits

2 |
s

JUUUUIUUriuiuiuiuiuiuyu T

)}

HoYoYoYo)o)o)a)o) wuo fwuafwofwasfwiefwis\waofwarfwzzfwzsfwaafwasfwaofwssywaz)wsswsdfwss)

€

BO B1 B2 B3 A0 Al A2 A3

<—— CCB address Control data
8 bits 45 bits

(weaofwafwaYwasfwadwasywsofws fwsafwssfwsafwssfwsofwerfwez\wezwedfwesf o Y oY oY oY o oY oY ofof 1) o} 1)

L DD >‘
3 bits

Note: DD is the direction data.
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LC75809PTS-T

(2) When CL is stopped at the high level
» When the display data is transferred

CE

DI

fofofofofofofayo forf Yor2{or3)or4) ors) o) o778 7Y DeoY a1y ez pes)pe4 pss)pse)perpesf 0 0 Y 0 Y 0 {0 {0 Y o} o} ;

<— CCB address Display data <— Fixed data 9‘4 DD >
8 bits 88 bits 5 bits 3 bits

:)( ofofofoyofofay o Yosf oue pas e pusa{ s pree pnes o pizfpara{para{ourafprfoaref 0 Y 0 Y 0 Y 0 0 {0 f 0} 1 ) ;

<—— CCB address Display data <- Fixed data %L DD >
8 bits 88 bits 5 bits 3 bits

;)(0)(0)(0)(0)(0)(0)(1)( o fom{ XD248XDQ49XDQSOXDQ5]XDZSZXDRXD254XD255XD256XD257XD258XD259XD260XOXOXOXOXOXOXOXOXOXOX1XOX;

<—— CCB address Display data ‘ Fixed data %L DD >
8 bits 84 bits 9 bits 3 bits

ToYoYo oo oz} o Jeaf

‘|Bo B1 B2 B3 A0 A1 A2 A3

T R o o L ]

Display data ‘eL DD >

<—— CCB address <
8 bits 92 bits Fixed 3 pits
data
1 bits

www.onsemi.com
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LC75809PTS-T

* When the control data is transferred

CE |

Snhhighihhihh GG GG i
DI foYoYofoYoYo)1) o Yriafpisfpicpio)paaypaspacypaafpssfpacypeafpasfpacypealpsafpscypealpesypeckprafprayprcypeapes)pacypoafpoelpec)

BO B1 B2 B3 A0 A1 A2 A3

<— CCB address Control data
8 bits 61 bits

{PuonpuYpuocypraaYpusypricpraafprasfprack o) prepro) praf o) FenFeaocyeToferferaf o 1 P2) P3Y oTYoNY e Y sc)BuY 0 Y o Y o Yo Y 1 Y o { o )

L DD >
3 bits

~N A

bl |
s

VU DU U U UL

|

:X ofofofofofo)a) o Jwfwrifwsofwssfwsdfwrs\waofwarfwarfwasfwaefwasfwsofwaifwacfwssfwadfwss) i
“[Bo B1 B2 B3 AD AL A2 A3 '
<— CCB address Control data |
8 bits 45 bits :

]

]

(o) war)waawasYwadfwasywsofwsywszfwsafwsafwssfweofwerfwezfweawsdfwssy 0 Y o Yo Yo Yo Y oY oY oY o) 1 o) 1)

‘é DD >‘

3 bits

Note: DD is the direction data
* CCB address ......cccccevrvenennen. “40H”
*D1to D352 ....coevveviiiene, Display data
«P1A, P1B, P1C, P1D ............ General-purpose output port (P1) function setting control data
* P2A, P2B, P2C to P12A,....... General-purpose output port (P2 to P12) function setting control data

P12B, P12C
*PFOtOPF3 ..o, PWM output waveform frame frequency setting control data
*FCOtOFC2 ..ot Common/segment output waveform frame frequency setting control data
*OC i, Internal oscillator operating mode/external clock operating mode switching control data
*CTOtOCT2 .oviiiee Display contrast setting control data
*POtOP3 .o, Segment output port/general-purpose output port switching control data
DT 1/4-duty 1/3-bias drive or 1/3-duty 1/3-bias drive switching control data
DN i S88 pin and S89/0OSCI pin state setting control data
CEXF o, External clock operating frequency setting control data
®SC Segment on/off control data
*BU o, Normal mode/power-saving mode control data

* W10 to W15, W20 to W25,... PWM data of the PWM output
W30 to W35, W40 to W45,
W50 to W55, W60 to W65

www.onsemi.com
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LC75809PTS-T

2. 1/3 duty
(1) When CL is stopped at the low level
» When the display data is transferred

CE | L

DI fofo)fofofoYoY1)o) o1y

Jo72)(o73){b4) p75)p76) 7Y 078 D79 0} D8 2} 83} e pespeser) 0 Y 0 Y o Yo o f o f o f o 0] :

<—— CCB address Display data ‘% Fixed data %‘é DD >
8 bits 87 bits 6 bits 3 bits

;X ofofofofofofsfoyossf oo pas s p1s2{ e oseepneef e pueefpaea pamfarfparfprprrforrmfomefoirf 0 Y o Y o Y o f o ) 1 )

<—— CCB address Display data < data 9‘< DD >
8 bits 90 bits 3 bits 3 bits

~ A

;)( ofo)o)oYo)o)1)o)pis) oo o) oo esaasdY e e e e s s s essoaspaseyoasefoasy o Y o Y o f o f 1 o )

BO B1 B2 B3 A0 Al A2 A3 ‘ Eed ‘ ‘
IXe!
<—— CCB address Display data < data »I< DD >
8 bits 90 bits 3 bits 3 bits

www.onsemi.com
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LC75809PTS-T

* When the control data is transferred

CE |

ShhnhhhGEEhGEEhEEh LG hEGhi

DI Jfo)o)fo)o)oY o)1) o)piaYrisypickpiofpaaypasfpackpsafpaspacypaaypes)pacypsaypselpsciponypesipecyprafpre)prcypeaypes)pacyponypes)pac) i

BO B1 B2 B3 A0 Al A2 AS‘

<—— CCB address Control data
8 bits 61 bits

{puonYpuYprocypruaYorsypucpuafpufpuckprof prepr2)prafreofrerfrcaocyeroferiierf o) p1 f P2 ) psY T )oY e Ysc)BuY o Y o Y o Yo Y 1 Y o Y o ) {

bY
T

< DD >
3 bits

2 |
€

Uiy T
:)( ofoYoYo)o)o)a) oY wio fwudfwofwsswsdfwss\wao\warfwazfwasfwaafwasfwaofwaifwacfwsafwadfas)

BO B1 B2 B3 A0 Al A2 AS‘

<—— CCB address Control data
8 bits 45 bits

--»

(o) warwazwazywadwasywsofwsywsafwssfwsafiussfiveofwerfwsz\woawedfwssy 0 Y o Y o Y oY o oY oY oY o) 1 o) 1)

< DD >
3 bits

Note: DD is the direction data.
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LC75809PTS-T

(2) When CL is stopped at the high level
» When the display data is transferred

CE | L

pi fo)fofofofofoyi) o jorf Yo72)(o3){o4) o7)p76) 7Y 07879 80} D8 2| D83} pepespese7 0 Y 0 Y o Y o o f o f o f o) o) E

<—— CCB address Display data ‘% Fixed data %‘é DD >
8 bits 87 bits 6 bits 3 bits

—

:)( ofoYoYoYofo)a) o Yoeg o puso i 1Yo e oneepusrpuee e perfoarfoarpurorrforreforreforr 0 Y o Yo Y o f o ) 1 Y

~ A

BO B1 B2 B3 A0 Al A2 A3‘ ‘ Fred ‘
IXe
<—— CCB address Display data < data >I€ DD >
8 bits 90 bits 3 bits 3 bits

—

E)( ofoYoYoYofofa) o Jomsf oo oo bt o) osasY e e e e s oo s oo paeefpasefoasf 0 Y 0 Y o o f 1 [ o ]

BO Bl B2 B3 A0 AL A2 A3 ‘ Fied ‘ ‘
IX
<—— CCB address Display data < data >I< DD >
8 bits 90 bits 3 bits 3 bits

www.onsemi.com
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LC75809PTS-T

* When the control data is transferred

CE |

Snhihighihhihh GG GGG ki
DI foYoYofoYoYo)1) o Yriafpisfpicpio)paaypaspacypaafpssfpacypeafpasfpacypealpsafpscypealpesypeckprafprayprcypeafpes)pacypoafpoeipec)

BO B1 B2 B3 A0 A1 A2 A3

<— CCB address Control data
8 bits 61 bits

{PuonpuYpuocYpruaYpusypricpranfprasfprack o) prepro) praf o) FenFeaocyeToferiferaf o 1 P2) P3Y oTYoNY e Y sc)BuY 0 Y o Y o Y o Y 1 Y o Y o )

L DD >
3 bits

~N A

2 |
[s

nhnnnniehnhnhnnimnhnnnhnhiy

|

:X ofoYfofofofofay o fwiofwuifwrafwasfwiefwasfwac\warfwzzfwzsfwaafwasfwaofwarywsz)wsswsdfwss) i
“[Bo B1 B2 B3 AD AL A2 A3 '
<—— CCB address Control data |
8 bits 45 bits :

]

]

(o) war)waawasYwadfwasywsofwsywszfwsfwsafwssfweofwerfwez\weawsdfwssy 0 Y o Yo Yo Yo Y oY oY oY o) 1 o) 1)

L DD >‘

3 bits

Note: DD is the direction data
* CCB address ......cccccevrvenennen. “40H”
¢ D1t0 D267 .ccovevveveiecernn, Display data
«P1A, P1B, P1C, P1D ............ General-purpose output port (P1) function setting control data
* P2A, P2B, P2C to P12A,....... General-purpose output port (P2 to P12) function setting control data

P12B, P12C
*PFOtOPF3 ..o, PWM output waveform frame frequency setting control data
*FCOtOFC2 ..ot Common/segment output waveform frame frequency setting control data
*OC i, Internal oscillator operating mode/external clock operating mode switching control data
*CTOtOCT2 .oviiiee Display contrast setting control data
*POtOP3 .o, Segment output port/general-purpose output port switching control data
DT 1/4-duty 1/3-bias drive or 1/3-duty 1/3-bias drive switching control data
DN i S88 pin and S89/0OSCI pin state setting control data
CEXF o, External clock operating frequency setting control data
®SC Segment on/off control data
*BU o, Normal mode/power-saving mode control data

* W10 to W15, W20 to W25,... PWM data of the PWM output
W30 to W35, W40 to W45,
W50 to W55, W60 to W65

www.onsemi.com
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3. 1/4 duty (Simple mode transfer)

(1) When CL is stopped at the low level

LC75809PTS-T

CE |

L

by

pi JoJoJoJ oY o o)1) o] b1 o]

Yo79)(pso){Dsr De2) pes){peaY pasyasype7ypes) o Yoc)ctofctrer2) poY p1y P2y psfoTfoN)Fc)scauf 0 Y o ) ©

BO B1 B2 B3 A0 Al A2 A3

T

<—— CCB address
8 bits

Display data ‘ Control data —  >|<DD>
88 bits 14 bits 2 bits

~

L

pooXoXoXoXoX1XoXD%Xmﬂ

ﬁmﬁﬁﬁmﬁmﬁmﬁm%m%m%m%m%OXOXOXOXOXOXOXOXOXOXOXOX0X0X0X1X;

BO B1 B2 B3 A0 A1 A2 A3

<—— CCB address
8 hits

Display data ‘ Fixed data %LDD>
88 bits 14 bits 2 bits

~

L

by

pooXoXoXoXoX1XomeﬁmX

[ S 00000 0000000000080 N

BO B1 B2 B3 A0 Al A2 A3

<—— CCB address ——>
8 bits

<— Display data ‘ Fixed data

T

<DD>
84 bits 18 bits 2 bits

~

2

HoYoJoYo)o)o)a)o)asrjou

oae oo st oo oo e e oo pfoesio 0 f 0 Y 0 Yo Y o {0 Y o YooY o) 1)1

BO B1 B2 B3 A0 Al A2 A3

Display data Fixed data %LDD>

<—— CCB address
8 hits

Note: DD is the direction data.

92 bits 10 bits 2 bits

www.onsemi.com
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(2) When CL is stopped at the high level

CE

LC75809PTS-T

DI

fofofofofofofs) o

e

Xm#mﬂm%m%mﬂmﬂmﬂmﬁm«m%0Xm*meXmXmeXmeXmeXmeXwXoXoX:

BO B1 B2 B3 A0 A1 A2 A3

Display data ‘ Control data — > |<DD>

<— CCB address
8 bits

88 bits 14 bits 2 bits

~

.

_____ i ipapapipipupnpipipuppipipupipipipupipinipipe

XBX0X0X0X0X0X1X0

ool

Xwﬂwﬂwﬁmﬂmﬂm%m%m%m%mqoXoXoXoXoXoXoXoXoXoXoXoXoXoXoX1X;

C

BO B1 B2 B3 A0 A1 A2 A3

Display data ‘ Fixed data —>|<DD>

<— CCB address
8 bits

88 bits 14 bits 2 bits

~

L

_____ Apupapipipapapipipuppipipuppipipupipipipupipinipipe

hy
C
2
s

fofofofofofofs) o

oo

EEEEETo0000000000000000080E

BO B1 B2 B3 A0 A1 A2 A3

8 bits

<— CCB address —>|<— Display data ‘ Fixed data <DD>

L4

84 bits 18 bits 2 bits

~

ToYoTo o foYoal o ool Yoottt o Yo o [o [T o o fo Lo o i ]

2
s
2
€

Note:

BO B1 B2 B3 A0 A1 A2 A3

<— CCB address
8 bits

DD is the direction data

* CCB address .......cccoeevvverruneen.
eD1toD352 ..o,

*0OC

*CTOtOCT2 i

* POt

OP3 e,

“40H"

Display data Fixed data —>|<DD>
92 bits 10 bits 2 bits

Display data

Internal oscillator operating mode/external clock operating mode switching control data
Display contrast setting control data

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

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

S88 pin and S89/0OSCI pin state setting control data

Common/segment output waveform frame frequency setting control data

Segment on/off control data

Normal mode/power-saving mode control data

www.onsemi.com
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4. 1/3 duty (Simple mode transfer)

(1) When CL is stopped at the low level

LC75809PTS-T

CE |

DI YoYoJoYoYoYo)1)o) o1 )p2f

BO B1 B2 B3 A0 Al A2 A3

Jo79)(pao) s ps2) De3) peY pesypasyoe7y 0 Y o Yoc) cnY enY cr2) poY p1Y P2Y P3YpTYDNYFCscBu) o Y o Y :

<—— CCB address
8 bits

Display data ‘ Control data —  >I<DD>
87 bits 15 bits 2 bits

~

;XOXOXOXOXOXOX1XOXD88XD89X

YoueoyouspuedDuee Dir{pird{our{oar{oard{prmoamforry 0 Y o Y o oY oY oY o Yo YoYoY oY oo 1 ) i

BO B1 B2 B3 A0 Al A2 A3

<—— CCB address
8 bits

Display data Fixed data —>|<DD>
90 bits 12 bits 2 bits

~

:XOXOXOXOXOXOXlXOXDl?BXDﬂQX

Yoo 0 0 0 f 0 Yo f 0 Yo f 0 Yo fo {0 Yo 1 o

BO B1 B2 B3 A0 Al A2 A3

Display datar ‘ Fixed data ——— > |<DD>

<—— CCB address
8 bits

Note: DD is the direction data.

90 bits 12 bits 2 bits

www.onsemi.com
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LC75809PTS-T

(2) When CL is stopped at the high level

CE | L

DI JofofoYoYoYo)1) o Yoi)o2) (o79){pso) ez pez) pes) peaY pasyasyoe7y o J o Joc|ctofcrserz) poY p1Y p2Y p3YpTYDNYFc)sc)Bu) 0 ) 0 )

<— CCB address Display data Control data %LDD>
8 bits 87 bits 15 bits 2 bits

~A ~

—

;X ofoYoYoYoYo 1Y o Yossoesf Yousous{ous{oued{prroforrforrorforrdforsforeforyf 0 Yo Yo Yo Yo Yo Yo Yo oo o oY o] 1Y

<— CCB address Display data Fixed data —>|<DD>
8 bits 90 bits 12 bits 2 bits

~ o~

;XFXOXOXOXOXOXQ( 0 Yordfour Yoeseoes{ o oese oo et oo pesdfpesd{pasefoesoasy 0 Yo Y o Yo Yo Yo Yo Yo Yo Yoo oY1} oY

<— CCB address Display data Fixed data ——>|<DD>
8 bits 90 bits 12 bits 2 bits

Note: DD is the direction data

* CCB address .......cccovevvrvenenne “40H”

*D1t0 D267 cooveeeeeee, Display data

*OC Internal oscillator operating mode/external clock operating mode switching control data
cCTOtOCT2 v, Display contrast setting control data

*POtOP3 .o, Segment output port/general-purpose output port switching control data

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

*DN oo, S88 pin and S89/0OSCI pin state setting control data

CFC Common/segment output waveform frame frequency setting control data

@ SC Segment on/off control data

*BU i, Normal mode/power-saving mode control data

www.onsemi.com
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LC75809PTS-T

Serial Data Transfer Example
1. 1/4 duty
¢ When 261 or more segments are used
All 496 bits of serial data must be sent.

8 bits 64 bits

<olofofofofo[1]0 |—|P1A|P1B|P1C|P1D|P2A|PZB|P2C|P3A|PSB|P3C|P4A|P4B|P4C|P5A|PSB|PSC|P6A|P68|P60|P7A|P7B|P7C|P8A|P8B|P8C|P9A|P9B|P9C|P1M|P108|P10C|P1]A| ~~~~~
BO BL B2 B3 A0 AL A2 A3

~~~~~~ |PﬂB|P].1C|P12A|PlzB|P]ZC|PFO|PF1|PF2|PF3|FCO|FCllFCZlOClCTOlCTllCTZl PO|PllP2|P3|DT|DN|EXT|SC|BU| 0 | 0 | 0 | 0 | 1 | 0 | 0 |é|

8 hits 48 bits
0 | 0 | 0 | 0 | 0 | 0 | 1 | 0 |—|W10|W11|W12|W13|W14|W15|W20|W21|W22|W23|W24|W25|W30|W31|W32|W33|W34|W35|W40|W41|W42|W43|W44|W45| ~~~~~
BO B1 B2 B3 A0 Al A2 A3

~~~~~~ |W50|w51|w52|w53|w54|wss|weo|we1|we2|ws3|ws4|we5| o[ofofofofofofo]o]1]0]1 |e|

8 hits 96 bits
o[ofofo]o]o]1]o}—b1]n2] - | s 06| o70] 071] 72| 073|074 075 076 | 077 78 79| D8O D8 | D82 D83 D84 D85 | D88 [ 87 [ 88| 0 [ 0 [0 [0 [0 [0 [ 0 [ 0 |
BO Bl B2 B3 A0 Al A2 A3 N

|—{ o[of[ofo]o]o]1]o|—pss|pso| - [p1s6]ps7]piss|pass|paeo[paet sz pasa|pee|pass{oiseloispuss|pies|prro]pin[pirzlpraprraprrslpare| 0 [0 [0 [o[o o] o] 1]«
BO Bl B2 B3 A0 Al A2 A3 N

|—{ o[ofofo]o|o]1]o|—pmfpm - [p2saooss|pose|o47]pase|pass paso|pasi pasz|pasalpasaloass pestoestlpzselpzssfpeso] 0 [0 [0 [0 [0 [0 [ofoo]o]1]0]<
BO Bl B2 B3 A0 Al A2 A3 N

|—{ o[ofofo]o]o]1]o|—pmips] - Ipazs pazo|paao]Dast[paae|paas[paa|psss 035 |pss7 pass pssa|paso]pastpase]ass|pas|pass|psss|psarpasspasspasalpasalasz] 0 [0 [ 1 [ 1 |
BO Bl B2 B3 A0 Al A2 A3 N

o When fewer than 261 segments are used
The serial data shown below (the control data) must always be sent.

8 bits 64 bits

<olofofofofo]1]0 |—|P1A|P1B|P1c|P1D|P2A|st|ch|P3A|P38|P3c|P4A|P4B|P4c|P5A|P5B|Psc|P6A|PeB|Pec|P7A|P7B|P7c|P8A|PaB|Pac|P9A|P93|P9c|mm|mos|moc|PnA| ~~~~~
BO B1 B2 B3 A0 AL A2 A3

~~~~~~ |P1]B|P11C|P12A|PIZB|P]2C|PFO|PF1|PF2|PF3|FCO|FCllFC2|OC|CTO|CT1|CT2| po|p1[p2|p3[oT|onfext|scleul o [o[o]o]1]0]0 |é|

8 bits 48 bits
o[ofofofofo]1]0 |—|w1o|w11|w12|w13|w14|w15|w20|w21|w22|w23|wz4|w25|w30|w31|w32|w33|w34|w35|w40|w41|w4z|w43|w44|w45| ~~~~~
BO BL B2 B3 A0 AL A2 A3 |

~~~~~~ |w50|w51|w52|w53|w54|w55|weo|we1|we2|ws3|ws4|we5| o[ofofofofofofofo1]0]1]
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2. 1/3 duty
e When 178 or more segments are used
All 400 bits of serial data must be sent.

8 bits 64 bits

<olofofofofo]1]0 |—|P1A|P1B|P1C|P1D|P2A|PZB|P2C|P3A|P38|P3C|P4A|P4B|P4C|P5A|PSB|P5C|P6A|P68|P6C|P7A|P7B|P7C|P8A|P8B|P8C|P9A|P9B|P9C|P1M|PIOB|P10C|P1]A| ~~~~~
BO BL B2 B3 A0 AL A2 A3

~~~~~~ |P1]B|P11C|P12A|P128|P]20|PFO|PF1|PF2|PF3|FCO|FCllFC2|OC|CTO|CT1|CT2| po|p1[p2[r3[oT|onfext|sc[eul o [o[o]o]1]0]0 |é|

8 bits 48 bits

Holofofo]o]o]1]o |—|w1o|w11|w1z|w13|w14|w15|w20|w21|w22|w23|w24|w25|w30|w31|w32|w33|w34|w35|w40|w41|w4z|w43|w44|w45| ~~~~~
BO BL B2 B3 A0 AL A2 A3 |

~~~~~~ |w50|w51|w52|w53|w54|w55|weo|we1|we2|w53|ws4|we5| o[ofofofofofofo]o]1]0]1 |é|

8 hits 96 bits
o[ofofo]o]o]1]o}—p1]n2] - | s 06| o70] 071 ] 72| 073|074 D75 076 | D77 78 79| D8O D81 | D82 D83 D84 D85 [ D88 [ 87| 0 [ 0 [0 [0 [0 [0 [ O [ 0] 0|
BO Bl B2 B3 A0 Al A2 A3 N

|—{ o[ofofofo]o]1]o|—pes|ow] - [p1ss|ps6|ps7]pase[pase[pseo[pasi sz paea|p1s4|pass{oasefpier|puss|pres]pirolpira|prraprralprralparslpreloar] 0 o [0 [0 [ o [ 1 |«
BO Bl B2 B3 A0 Al A2 A3 N

|—{ 0 | 0 | 0 | 0 | 0 | 0 | 1 | 0 |—|D178|D179| - |D245|D246|D247|D248|D249|D250|D251|D252|D253|D254|D255|D256|D257|D258|D259|D260|D261|D262|DZG3|DZG4|D265|D266|D267| 0 | 0 | 0 | 0 | 1 | 0 |
BO Bl B2 B3 A0 Al A2 A3 N

o When fewer than 178 segments are used
The serial data shown below (the control data) must always be sent.

8 bits 64 bits

<olofofofofo]1]0 |—|P1A|P1B|P1C|P1D|P2A|PZB|P2C|P3A|P38|P3C|P4A|P4B|P4C|P5A|PSB|P5C|P6A|P68|P6C|P7A|P7B|P7C|P8A|P8B|P8C|P9A|P9B|P9C|P1M|PIOB|P10C|P1]A| ~~~~~
BO BL B2 B3 A0 AL A2 A3

~~~~~~ |P1]B|P11C|P12A|P128|P]20|PFO|PF1|PF2|PF3|FCO|FCllFC2|OC|CTO|CT1|CT2| po|p1[p2[r3[oT|onfext|scleu o [o[o]o]1]0]0 |€|

8 hits 48 bits
o[ofofofofo]1]0 |—|w10|w11|w12|w13|w14|w15|w20|w21|w22|w23|w24|w25|w30|w31|W32|w33|w34|w35|w40|w41|w42|w43|w44|w45| ~~~~~
BO BL B2 B3 A0 AL A2 A3 |

~~~~~~ |w50|w51|w52|w53|w54|w55|weo|we1|we2|w53|ws4|we5| o[ofofofofofofofo1]0]1]
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3. 1/4 duty (Simple mode transfer)
e When 261 or more segments are used
All 416 bits of serial data must be sent.

8 bits 104 bits

é| 0 | 0 | 0 | 0 | 0 | 0 | 1 | 0 |—|D1|D2| - |D76|D77|D78|D79|D80|D81|D82|D83|D84|D85|D86|D87|D88| 0 |OC|CTO|CT1|CT2|PO|P1|P2|P3|DT|DN|FC|SC|BU| 0 | 0 |e
BO Bl B2 B3 A0 Al A2 A3 N

|—{ 0 | 0 | 0 | 0 | 0 | 0 | 1 | 0 |—|D89|D90| - |D164|D165|D166|D167|D168|D169|D170|D171|D172|D173|D174|D175|D176| 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 1 |e
BO Bl B2 B3 A0 Al A2 A3 N

|—{0|0|0|0|0|0|1|0|—|D177|D178| - [p2s2{pasa|pasa|pass|pase[pas7jpaselpesafoase| 0 [ o [0 [0 [o]o]oofofo]o]o]o[o]o]ofo]o[1]0]s
BO B1 B2 B3 A0 AL A2 A3 N

|—{ o[ofofo]o|o]1]o|—pmipx] - Ipass pa37|pase|paas|paao|pt a4z s pasapass pass paurpaselpasslpasofpasifpaszl 0 [0 [0 [0 [o[oo]o]ofo[1]1]
BO B1 B2 B3 A0 AL A2 A3 N

e When fewer than 261 segments are used
Either 104, 208 or 312 bits of serial data must be sent, depending on the number of segments to be used.
However, the serial data shown below (the D1 to D88 display data and the control data) must always be sent.

8 bits 104 bits

<olofofofofo]1]o}—p1]pe] - |o76 07| 78] D79 D80 081 | a2 &3 a4 s s D87 pes| 0 [oc[cro[cra[cra| Po | Pa | P2 | P3 DT DN]Fe]sc[Bu| 0 [ 0 |
BO B1 B2 B3 A0 AL A2 A3 N

4. 1/3duty (Simple mode transfer)
e When 178 or more segments are used
All 312 bits of serial data must be sent.

8 bits 104 bits

<{olofofofofo]1]o}—p1]pe]| - |06 077] 78] D79 D80 D81 | be2  pe3| a4 g5 | g6 087 0 | 0 [oc]cro[cra[cT[ o[ P1 | P2 | P3| T[N [FC]SC]BU] 0 [ 0 |<
BO Bl B2 B3 A0 Al A2 A3 N

|—{ o[ofofo]o]o]1]o|—pes|os] - [p1sapiea]pes|pee]pez|preelpsss|parolorrilparzlparalorraloursloursoirr] 0 [0 [0 [o [0 [o]o[o[ofoo]o]o] 1]«
BO Bl B2 B3 A0 Al A2 A3 N

|—{ o[ofofo]o|o]1]o|—pmsfprm| - [p2sa|osa]poss|pase[past|pass|pass|paso|pasi|pasa|passfoasaloesslposelpzer] 0 [0 [0 [0 [ o[ o[ofoo]o]ofo[1]0]
BO Bl B2 B3 A0 Al A2 A3 N

o When fewer than 178 segments are used
Either 104 or 208 bits of serial data must be sent, depending on the number of segments to be used.
However, the serial data shown below (the D1 to D87 display data and the control data) must always be sent.

8 bits 104 bits

<olofofofofo]1]o}—p1]pe] - |o76 07| 78] D79 D80 081 | a2 &3 a4 s s 087 0 | 0 [oc[cro[era[era| Po | Pa | P2 | P3 DT DN]Fe]sc[Bul 0 [ 0 |
BO B1 B2 B3 A0 AL A2 A3 N
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Control Data Functions

(1) PIAPIB,PICPID ...t General-purpose output port (P1) function setting control data
P2A,P2B,P2C to P12A,P12B,P12C ... General-purpose output port (P2 to P12) function setting control data
These control data bits set the general-purpose output function (High or low level output), PWM output function or
clock output function of the P1 output pin, and the general-purpose output function (High or low level output) or
PWM output function of the P2 to P12 output pins.
However, 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").
In addition, be careful of setting of the general-purpose output function (High or low level output) in the case of the

simple mode transfer forcibly.

P1A

P1B pPiC

o
iy
w)

General-purpose output port (P1) function

General-purpose output function (High or low level output)

PWM output function (Ch1) (Support for PWM data W10 to W15)

PWM output function (Ch2) (Support for PWM data W20 to W25)

PWM output function (Ch3) (Support for PWM data W30 to W35)

PWM output function (Ch4) (Support for PWM data W40 to W45)

PWM output function (Ch5) (Support for PWM data W50 to W55)

PWM output function (Ch6é) (Support for PWM data W60 to W65)

P |k |O|FR |[O|F |O

PP, [O|O | |k |O|O
O |oflo|o|o (o |o |o

Clock output function (Clock frequency : fosc/2, fck/2)

0

O |rPr |k ||k |O|O|lO|O

0

1 Clock output function (Clock frequency : fosc/8, fck/8)

Note : When are setting (P1A,P1B,P1C,P1D)=(1,X,X,1), (X,1,X,1), and (X,X,1,1), the function of general-purpose
output ports P1 is set the general-purpose output function (High or low level output). X: don’t care

PnA

PnB PnC General-purpose output port (P2 to P12) function

General-purpose output function (High or low level output)

PWM output function (Ch1) (Support for PWM data W10 to W15)

PWM output function (Ch2) (Support for PWM data W20 to W25)

PWM output function (Ch3) (Support for PWM data W30 to W35)

PWM output function (Ch4) (Support for PWM data W40 to W45)

o ||k |k, |[O|O
P |, |lO|]O|O |O

PWM output function (Ch5) (Support for PWM data W50 to W55)

Ok |O |k |[O]|F |O

1 1 PWM output function (Ch6) (Support for PWM data W60 to W65)

Notel :

Note2 :

The data PnA, PnB and PnC (Note : n=2 to 12) are the control data switching the general-purpose output
function or PWM output function of the general-purpose output ports Pn (Note : n=2 to 12).

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 (Chl)

when (P10A,P10B,P10C)=(1,0,0).

When are setting (PnA,PnB,PnC)=(1,1,1) / (Note : n=2 to 12), the function of general-purpose output ports
Pn (Note : n=2 to 12) is set the general-purpose output function (High or low level output).
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(2) 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") or when the serial data transfer
is the simple mode transfer, 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 fok1/896
0 1 1 0 fosc/768 fok1/768
1 1 1 0 fosc/640 fck1/640
0 0 0 1 fosc/512 fck1/512
1 0 0 1 fosc/384 fok1/384
0 1 0 1 fosc/256 fok1/256

Note : When is setting (PFO,PF1,PF2,PF3)=(1,1,0,1) and (X,X,1,1), the frame frequency is same as frame

frequency at the time of the (PFO,PF1,PF2,PF3)=(1,0,1,0) setting (fosc/896, fCk1/896). X: don’t care

(3) FCO to FC2 ... Common/segment output waveform fram frequency 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]
i External clock External clock
Internal oscillator R R
. operating mode operating mode
operating mode . .
FCO FC1 FC2 . (The control data OC is 1 (The control data OC is 1
(The control data OC is 0, . ’
and EXF is 0, and EXFis 1,
fosc=300[kHz] typ)
fck1=300[kHz] typ) fck2=38[kHz] typ)
0 0 0 fosc/6144 fck1/6144 fck2/768
0 0 1 fosc/4608 fck1/4608 fck2/576
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 (FC0,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).

However, in the case of the simple mode transfer, the frame frequency of the common and segment output
waveforms is set as following by the control data FC.

Control data Common/segment output waveform frame frequency fo[Hz]
Internal oscillator operating mode External clock operating mode
FC (The control data OC is 0, (The control data OC is 1
fosc=300[kHz] typ) fck1=300[kHz] typ)
0 fosc/3072 fck1/3072
1 fosc/1536 fck1/1536
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(4) 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 1/0 pin (S89/0SCI) state
0 Internal oscillator operating mode S89
1 External clock operating mode OSCI
Note : S89  : Segment output

(5) CTO to CT2 ... Display contrast setting control data

OSCI : External clock input

These control data bits set display contrast.

CTO to CT2 : Sets the display contrast (7 steps)

CTO

CT1

CT2 LCD drive 3/3 bias voltage VppO0 level

1.00Vpp=Vpp-(0.05Vppx0)

0.95Vpp=Vpp-(0.05Vppx1)

0.90Vpp=Vpp-(0.05Vppx*2)

0.85Vpp=Vpp-(0.05Vppx3)

0.80Vpp=Vpp-(0.05Vppx4)

P |k |O|]O|O |O

0.75Vpp=Vpp-(0.05Vppx5)

Ok |O | |[O]|Fr |O

P |[O|O |k [k, |O|O

1 0.70Vpp=Vpp-(0.05Vppx6)

Note : When is setting (CT0,CT1,CT2)=(1,1,1), the LCD drive 3/3 bias voltage VppO level is 1.00Vpp.

Note that although the display contrast can be adjusted by operating the built-in display contrast
adjustment circuit, it can also be adjusted by modifying the supply pin Vpp voltage level.

(6) PO to P3 ... Segment output port/general-purpose output port switching control data
These control data bits switch the segment output port/general-purpose output port functions of the S1/P1 to
S12/P12 output pins.

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

Notel : Sn(n=1 to 12) : Segment output ports

Pn(n=11t0 12) :

General-purpose output ports

Note2 : When are setting (P0,P1,P2,P3)=(1,1,0,1), (1,1,1,0), and (1,1,1,1), the all P1/S1 to P12/S12 output
pins selects the segment output port.
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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 1/3 duty
S1/P1 D1 D1
S2/P2 D5 D4
S3/P3 D9 D7
S4/P4 D13 D10
S5/P5 D17 D13
S6/P6 D21 D16
S7/P7 D25 D19
S8/P8 D29 D22
S9/P9 D33 D25
S10/P10 D37 D28
S11/P11 D41 D31
S12/P12 D45 D34

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 (Vpp) level when the
display data D13 is 1, and will output a low (Vss) level when D13 is 0.

(7) DT ... 1/4-duty 1/3-bias drive or 1/3-duty 1/3-bias drive switching control data
This control data bit selects either 1/4-duty 1/3-bias drive or 1/3-duty 1/3-bias drive.

DT Drive scheme The COM4/S87 pin state
0 1/4-duty 1/3-bias drive COM4
1 1/3-duty 1/3-bias drive s87

Note : COM4 : Common output
S87  : Segment output

(8) DN ... S88 pin and S89/0OSCI pin state setting control data
This control data bit sets state of the S88 pin and the S89/OSCI pin.

N Number of display segments Pin state
1/4 duty 1/3 duty S88 S89/0SCI
0 Up to 344 segments Up to 261 segments “L"(Vss) “L"(Vgg)/OSCI
1 Up to 352 segments Up to 267 segments S88 S89/0SClI
Note : "L" (Vss) : Low (Vss) level output
588 : Segment output

"L" (Vss)/OSCI : Low (Vss) level output in internal oscillator operating mode (OC=0)
External clock input in external clock operating mode (OC=1)

S89/0SCI : Segment output in internal oscillator operating mode (OC=0)
External clock input in external clock operating mode (OC=1)

(9) 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, be careful of setting the fck1=300[kHz]typ when the
external clock operating mode (OC="1") is set in the case of the simple mode transfer forcibly. In addition, this 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
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(10) 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.

(11) 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 S89/0OSCI 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 S89/0OSCI pin
1 is configured for external clock input) if the IC is in the external clock operating mode (OC=1).
The common and segment output pins go to the Vgg level. 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 or clock output).
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(12) W10 to W15, W20 to W25, W30 to W35, W40 to W45, W50 to W55, W60 to W65 ... PWM data of the PWM output
These control data bits set the pulse width of the PWM output P1 to P12. However, when the PWM output
function isn’t used, these control data bits become invalid. In addition, when the external clock operating frequency
is set the fck2=38[kHz]typ (EXF="1") in external clock operating mode (OC= "1") or when the serial data
transfer is the simple mode transfer, these control data bits become invalid.

Wno Wwnl Wn2 Wn3 Wn4 Wn5 Pulse width of Wno Wwnl 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 (2164)<Tp 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)<Tp 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 (Ch1l) n=110 6
W20 to W25 ... PWM data of the PWM output (Ch2)

W30 to W35 ... PWM data of the PWM output (Ch3) Tp= fl_p

W40 to W45 ... PWM data of the PWM output (Ch4)
W50 to W55 ... PWM data of the PWM output (Ch5)
W60 to W65 ... PWM data of the PWM output (Ch6)
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Output pin COM1 Ccom2 COoM3 COM4 Output pin CcoM1 COM2 COM3 COomM4
S1/P1 D1 D2 D3 D4 S45 D177 D178 D179 D180
S2/P2 D5 D6 D7 D8 S46 D181 D182 D183 D184
S3/P3 D9 D10 D11 D12 S47 D185 D186 D187 D188
S4/P4 D13 D14 D15 D16 S48 D189 D190 D191 D192
S5/P5 D17 D18 D19 D20 S49 D193 D194 D195 D196
S6/P6 D21 D22 D23 D24 S50 D197 D198 D199 D200
S7/P7 D25 D26 D27 D28 S51 D201 D202 D203 D204
S8/P8 D29 D30 D31 D32 S52 D205 D206 D207 D208
S9/P9 D33 D34 D35 D36 S53 D209 D210 D211 D212

S10/P10 D37 D38 D39 D40 S54 D213 D214 D215 D216
S11/P11 D41 D42 D43 D44 S55 D217 D218 D219 D220
S12/P12 D45 D46 D47 D48 S56 D221 D222 D223 D224
S13 D49 D50 D51 D52 S57 D225 D226 D227 D228
S14 D53 D54 D55 D56 S58 D229 D230 D231 D232
S15 D57 D58 D59 D60 S59 D233 D234 D235 D236
S16 D61 D62 D63 D64 S60 D237 D238 D239 D240
S17 D65 D66 D67 D68 S61 D241 D242 D243 D244
S18 D69 D70 D71 D72 S62 D245 D246 D247 D248
S19 D73 D74 D75 D76 S63 D249 D250 D251 D252
S20 D77 D78 D79 D80 S64 D253 D254 D255 D256
S21 D81 D82 D83 D84 S65 D257 D258 D259 D260
S22 D85 D86 D87 D88 S66 D261 D262 D263 D264
S23 D89 D90 D91 D92 S67 D265 D266 D267 D268
S24 D93 D94 D95 D96 S68 D269 D270 D271 D272
S25 D97 D98 D99 D100 S69 D273 D274 D275 D276
S26 D101 D102 D103 D104 S70 D277 D278 D279 D280
S27 D105 D106 D107 D108 S71 D281 D282 D283 D284
S28 D109 D110 D111 D112 S72 D285 D286 D287 D288
S29 D113 D114 D115 D116 S73 D289 D290 D291 D292
S30 D117 D118 D119 D120 S74 D293 D294 D295 D296
S31 D121 D122 D123 D124 S75 D297 D298 D299 D300
S32 D125 D126 D127 D128 S76 D301 D302 D303 D304
S33 D129 D130 D131 D132 S77 D305 D306 D307 D308
S34 D133 D134 D135 D136 S78 D309 D310 D311 D312
S35 D137 D138 D139 D140 S79 D313 D314 D315 D316
S36 D141 D142 D143 D144 S80 D317 D318 D319 D320
S37 D145 D146 D147 D148 S81 D321 D322 D323 D324
S38 D149 D150 D151 D152 S82 D325 D326 D327 D328
S39 D153 D154 D155 D156 S83 D329 D330 D331 D332
S40 D157 D158 D159 D160 S84 D333 D334 D335 D336
S41 D161 D162 D163 D164 S85 D337 D338 D339 D340
S42 D165 D166 D167 D168 S86 D341 D342 D343 D344
S43 D169 D170 D171 D172 S88 D345 D346 D347 D348
S44 D173 D174 D175 D176 S89/0SCI D349 D350 D351 D352

Note : This table assumes that pins S1/P1 to S12/P12 and S89/0OSCI are configured for segment output.
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For example, the table below lists the output states for the S21 output pin.

Display data

Output pin (S21) state
D81 D82 D83 D84

The LCD segments corresponding to COM1, COM2, COM3, and COM4 are off.

The LCD segment corresponding to COM4 is on.

The LCD segment corresponding to COM3 is on.

The LCD segment corresponding to COM3 and COM4 are on.

The LCD segment corresponding to COM2 is on.

The LCD segment corresponding to COM2 and COM4 are on.

The LCD segment corresponding to COM2 and COMS3 are on.

The LCD segments corresponding to COM2, COM3, and COM4 are on.

The LCD segment corresponding to COML1 is on.

The LCD segment corresponding to COM1 and COM4 are on.

The LCD segment corresponding to COM1 and COM3 are on.

The LCD segments corresponding to COM1, COM3, and COM4 are on.

The LCD segment corresponding to COM1 and COM2 are on.

The LCD segments corresponding to COM1, COM2, and COM4 are on.

The LCD segments corresponding to COM1, COM2, and COMS3 are on.

Pl (PP (PP [P |P|O]JlO|lO|J|O|O|O|O |O
Pl |k |k |lo|lo|lo|lOo|r |k ||k |lOo|Oo|o |O
r|r|lO|lOo|r |k |lO|lOo|r |k |lo|Oo |k |k |Oo|O
|||l |[O|Fr|[O|lFr|O|Fr|O|FR, |O|FRr |O | |O

The LCD segments corresponding to COM1, COM2, COM3, and COM4 are on.
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Display Data and Output Pin Correspondence (1/3 Duty)

Output pin CcomMm1 CcOom2 COM3 Output pin CcOomM1 COom2 COM3
S1/P1 D1 D2 D3 S46 D136 D137 D138
S2/P2 D4 D5 D6 S47 D139 D140 D141
S3/P3 D7 D8 D9 S48 D142 D143 D144
S4/P4 D10 D11 D12 S49 D145 D146 D147
S5/P5 D13 D14 D15 S50 D148 D149 D150
S6/P6 D16 D17 D18 S51 D151 D152 D153
S7/P7 D19 D20 D21 S52 D154 D155 D156
S8/P8 D22 D23 D24 S53 D157 D158 D159
S9/P9 D25 D26 D27 S54 D160 D161 D162

S10/P10 D28 D29 D30 S55 D163 D164 D165

S11/P11 D31 D32 D33 S56 D166 D167 D168

S12/P12 D34 D35 D36 S57 D169 D170 D171
S13 D37 D38 D39 S58 D172 D173 D174
S14 D40 D41 D42 S59 D175 D176 D177
S15 D43 D44 D45 S60 D178 D179 D180
S16 D46 D47 D48 S61 D181 D182 D183
S17 D49 D50 D51 S62 D184 D185 D186
S18 D52 D53 D54 S63 D187 D188 D189
S19 D55 D56 D57 S64 D190 D191 D192
S20 D58 D59 D60 S65 D193 D194 D195
S21 D61 D62 D63 S66 D196 D197 D198
S22 D64 D65 D66 S67 D199 D200 D201
S23 D67 D68 D69 S68 D202 D203 D204
S24 D70 D71 D72 S69 D205 D206 D207
S25 D73 D74 D75 S70 D208 D209 D210
S26 D76 D77 D78 S71 D211 D212 D213
S27 D79 D80 D81 S72 D214 D215 D216
S28 D82 D83 D84 S73 D217 D218 D219
S29 D85 D86 D87 S74 D220 D221 D222
S30 D88 D89 D90 S75 D223 D224 D225
S31 D91 D92 D93 S76 D226 D227 D228
S32 D94 D95 D96 S77 D229 D230 D231
S33 D97 D98 D99 S78 D232 D233 D234
S34 D100 D101 D102 S79 D235 D236 D237
S35 D103 D104 D105 S80 D238 D239 D240
S36 D106 D107 D108 S81 D241 D242 D243
S37 D109 D110 D111 S82 D244 D245 D246
S38 D112 D113 D114 S83 D247 D248 D249
S39 D115 D116 D117 S84 D250 D251 D252
S40 D118 D119 D120 S85 D253 D254 D255
S41 D121 D122 D123 S86 D256 D257 D258
S42 D124 D125 D126 S87/COM4 D259 D260 D261
S43 D127 D128 D129 S88 D262 D263 D264
S44 D130 D131 D132 S89/0SCI D265 D266 D267
S45 D133 D134 D135

Note : This table assumes that pins S1/P1 to S12/P12, S87/COM4 and S89/0OSCI are configured for segment

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

Display data

9
[N
=

D62

vl
[}
w

Output pin (S21) state

The LCD segments corresponding to COM1, COM2, and COM3 are off.

The LCD segment corresponding to COM3 is on.

The LCD segment corresponding to COM2 is on.

The LCD segment corresponding to COM2 and COM3 are on.

The LCD segment corresponding to COML1 is on.

The LCD segment corresponding to COM1 and COM3 are on.

The LCD segment corresponding to COM1 and COM2 are on.

PP |k |k |[O|lO|O |O

PPk OOk, |k |O|O

POk |O|(Fr |O|F |O

The LCD segments corresponding to COM1, COM2, and COM3 are on.
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Output waveforms (1/4-Duty 1/3-Bias Drive Scheme)

fo[Hz]
|
] — VbpO
com1 [ L [ — ypo?
|| | || b2
— oV
] N [ | = Yool
com2 _|H H H — Vopl
] || — VDD2
— — oV
M ] — Voo
Ccom3 L [ LT 0Ro;
— VbD2
— oV
— VbDO
Ccom4 L L L N
— VpD2
— oV
— VbDO
LCD driver output when all LCD segments — Vppl
corresponding to COM1, COM2, COM3, and _‘ |_||_|’_‘ uﬂUﬂ Uﬂ\_ — Vpp2
COM4 are off. — oV
— VppO
LCD driver output when only LCD segments —| —| —| — Vppl
corresponding to COM1 are on. u’_‘ Uﬂ L — Vpp2
— — oV
— — VbpO
LCD driver output when only LCD segments —‘ —| — Vppl
corresponding to COM2 are on. —“_“_ H|_ \_‘L — Vpp2
— oV
] ] — ] — VbpO
LCD driver output when LCD segments —‘ —| — Vppl
corresponding to COM1 and COM2 are on. — Vpp2
— — — | — ov
— VbDO
LCD driver output when only LCD segments — Vppl
corresponding to COM3 are on. —‘ ’_“_“_ ’_‘L‘L r“_ — Vpp2
— oV
— VbDO
LCD driver output when LCD segments —‘L‘ —‘L‘ —|L‘ — Vppl
corresponding to COM1 and COMS3 are on. \_“_ \_‘L L — Vpp2
— — oV
] ] — — VbpO
LCD driver output when LCD segments — Vppl
corresponding to COM2 and COMS3 are on. _“_“_ \_“_ \_‘L — Vpp2
— — — ov
— ] — ] — [ — Vbpo
LCD driver output when LCD segments — Vppl
corresponding to COM1, COM2, and COM3 — Vpp2
are on. — I | — oV
— VbDO
LCD driver output when only LCD segments — Vppl
corresponding to COM4 are on. THHHH u’_‘um UHL — Vpp2
— oV
— — VbpO
LCD driver output when LCD segments —“_‘ —| — Vppl
corresponding to COM2 and COM4 are on. _“_“_ \_“_ \_‘L — Vpp2
— ov
— ] — ] — [ — Vbpo
LCD driver output when all LCD segments — Vppl
corresponding to COM1, COM2, COM3, and — Vpp2
COM4 are on. — I - - — ov
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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/6144 fck1/6144 fck2/768
0 0 1 fosc/4608 fck1/4608 fck2/576
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 (FCO0,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, ok 1/3072, fok2/384).

In addition, if the serial data transfer is the simple mode transfer, the frame frequency is set the fosc/3072 or

fck1/3072 when the control data FC is 0, and is set the fosc/1536 or fck1/1536 when FC is 1.
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Output waveforms (1/3-Duty 1/3-Bias Drive Scheme)

fo[Hz]

VpDp2
— oV

com ) HmuHr HmuHr Epk —

con il HﬂuHr HﬂuHrJr E%%E

N = B

covs T S i
— oV

— VppO

LCD driver output when all LCD segments

corresponding to COM1, COM2, and COM3 —‘u’_‘u’_‘u’_‘u’_‘u’_‘u’_‘u’_‘u’_ : vbo*

are off. VbD2
— oV

— VppO
LCD driver output when only LCD segments —“_‘ —“_‘ —“_‘ N

Vppl
corresponding to COM1 are on. u’_ — Vpp2

| — ov

— VppO

LCD driver output when only LCD segments —‘ —‘ —“_ — Vppl

corresponding to COM2 are on. —“_‘ — Vpp2
L L — oV

— VppO

LCD driver output when LCD segments B —“_‘L‘ [ ] —“_‘L‘ B —“_ — Vppl

corresponding to COM1 and COM2 are on. — Vpp2
I I O

THuHHL E§§§

LCD driver output when only LCD segments

corresponding to COM3 are on. —“_ﬂ_“_‘

— — — VppO
LCD driver output when LCD segments —‘ —‘ —‘ — Vppl
corresponding to COM1 and COMS are on. \_‘ \_‘ \_‘ o

VpD2
L W

— — — — VbppO
LCD driver output when LCD segments —‘ —‘ — Vppl
corresponding to COM2 and COMS3 are on. —“_“_ \_‘ \_‘ o

VpD2
I v

e T s T e T s T s T e T s T — VppO

LCD driver output when all LCD segments — Vppl
corresponding to COM1, COM2,and COM3

— Vpp2
are on. DD
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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/6144 fck1/6144 fck2/768
0 0 1 fosc/4608 fck1/4608 fck2/576
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 fck1/1152 fck2/144
1 1 0 fosc/768 fck1/768 fck2/96

Note : When is setting (FC0,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).
In addition, if the serial data transfer is the simple mode transfer, the frame frequency is set the fosc/3072 or
fck1/3072 when the control data FC is 0, and is set the fosc/1536 or fck1/1536 when FC is 1.
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PWM output waveforms

: ~— VbD
P1to P12 : I I I _
(PWM output Ch1) (56/64)xTp ; (56/64)xTp ; sS
: —— — VDD
P1to P12 ; oy
(PWM output Ch2) | (48/64)xTp ; (48/64)xTp : sS
' ' — VpD
P1to P12 : «— > «~— > oy
1y { (WM outbut Ch3) | (40/64)<Tp | (40/64)<Tp | SS
; — VpD
P1to P12 : «— «— > oy
(PWM output Ch4) (32/64)pr§ (32/64)pr§ SS
: —— VpbD
P1to P12 ; D —— «~—> —
(PWM output Ch5) | (24/64)xTp| (24/64)xTp| sS
i — VpD
P1to P12 E «—> — oy
(PWM output Ché) (16/64)xTp; (16/64)xTp; sS
5 — ] — VDD
P1to P12 : <~ <~ oy
(PWM output Chl) (8/64)xTp! (8/64)xTp! SS
; — VpD
P1to P12 ; «—> «—> —
(PWM output Ch2) ; (24164)<Tp] (24164)<Tp] SS
—— — VoD
P1to P12 ; oy
(PWM output Ch3) | @8/64)xTp | @8/64)xTp | SS
2 ; 1 ] — VDD
P1to P12 E > «—> .y
(PWM output Ch4) (16/64)xTp! (16/64)xTp: SS
: ~— VpD
P1to P12 ; «— «— > oy
(PWM output Chs) : (32/64)xTp (32/64)xTp SS
E — VpD
P1to P12 : oy
(PWM output Ché) | (40/64)xTp | (40/64)xTp | SS
| | | L
; Tp ; Tp ; ="
Control data PWM
PWM output Chl PWM output Ch2 PWM output Ch3 output
W10 | Wil | wi2 | 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 1 1 0 0 0 1 1 1 0 1 0 1 1 1 1 0 1 )
Control data PWM
PWM output Ch4 PWM output Ch5 PWM output Ch6 output
W40 | W41 | W42 | W43 | W44 | W45 | W50 | W51 | W52 | W53 | W54 | W55 | W60 | W61 | W62 | W63 | W64 | W65 waveforms
1 1 1 1 1 0 1 1 1 0 1 0 1 1 1 1 0 0 1)
1 1 1 1 0 0 1 1 1 1 1 0 1 1 1 0 0 1 )

Continued on next page.
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Continued from preceding page.

LC75809PTS-T

Control data

PWM output waveform frame frequency fp[Hz]

Internal oscillator operating mode External clock operating mode

PFO PF1 PF2 PF3 (The control data OC is 0, (The control data OC is 1 and

fosc=300[kHz] typ) EXF is 0, fck1=300[kHz] typ)
0 0 0 0 fosc/1536 fck1/1536
1 0 0 0 fosc/1408 fck1/1408
0 1 0 0 fosc/1280 fck1/1280
1 1 0 0 fosc/1152 fok1/1152
0 0 1 0 fosc/1024 fck1/1024
1 0 1 0 fosc/896 fck1/896
0 1 1 0 fosc/768 fck1/768
1 1 1 0 fosc/640 fck1/640
0 0 0 1 fosc/512 fck1/512
1 0 0 1 fosc/384 fck1/384
0 1 0 1 fosc/256 fck1/256

Note: 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).

Clock output waveforms

P1

X: don’t care

|

Control data Clock frequency of clock output P1
. A P1A | P1B | P1C | PID fc(=1/Tc)[Hz]
Tc/2 Clock output function
1 1 1 0
T (fosc/2, fck/2)
¢ Clock output function
0 0 0 1
(fosc/8, fck/8)
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Display Control and the INH Pin

LC75809PTS-T

Since the LSI internal data (1/4 duty : the display data D1 to D352 and the control data, 1/3 duty : the display data D1 to
D267 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 S86, COM1 to COM3,
COMA4/S87, S88, and S89/0SCI 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 5, Figure 6, Figure 7 and Figure 8.)

(1)1/4 duty

VbD

CE

P1A,P1B,P1C,P1D,

P2A,P2B,P2C to P12A,P12B,P12C
PFO to PF3,FCO to FC2,0C,CTO to CT2
PO to P3,DT,DN,EXT,SC,BU

| data [W20t0 W15 W20 to W25, W30 to W35
Internal data. | w0 1o W45 W50 to W55, W60 to W65

Internal data

Internal data (D1 to D88)
Internal data (D89 to D176)
Internal data (D177 to D260)

Internal data (D261 to D352)

(2)1/3 duty

VbD

INH

CE

P1A,P1B,P1C,P1D,

P2A,P2B,P2C to P12A,P12B,P12C
PFO to PF3,FCO to FC2,0C,CTO to CT2
PO to P3,DT,DN,EXT,SC,BU

W10 to W15,W20 to W25, W30 to W35 ]

Internal data [W40 0 W45, W50 to W55 W60 to W65

Internal data

Internal data (D1 to D87)

Internal data (D88 to D177)

Internal data (D178 to D267)
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Etl : Et2E
‘ R
ﬁLl
>| tc |€
B I e e e e P = A == A i [
< Display data and control data transferred = N
Undefined X Define:éj Undefined
L£8
R
Undefined X Definejgi Undefined
L£8
R
Undefined X Define)gj Undefined
T
s
Undefined X Define)sj Undefined
R
Undefined X Define)g Undefined
R
Undefined | Defined Undefined
T
Note : t1>1ms
t2>0
tc ... 10pus min
[Figure 5]
tl t2
[<——> 2 <>
ﬁLl
>| tc |€
N — — — — Vil R
<- Display data and control data transferred > N
Undefined >< Define%i Undefined
R
Undefined X Definejsi Undefined
L£8
R
Undefined X Defingg Undefined
R
Undefined X Define)gj Undefined
T
R
Undefined >< Defingg Undefined
L£8
Note : t1>1ms
t2>0
tc ... 10us min
[Figure 6]



LC75809PTS-T

(3)1/4 duty (Simple mode transfer)

t1 t2
‘ )
VDD
— o
INH
ﬁLl
>| tc |€
CE [N AT
— e L~ »
< isplay data and control >
D1 to D88,0C data transferred 2
Internal data | CTO to CT2,P0Oto P3,| Undefined Defined Undefined
DT,DN,FC,SC,BU s
Internal data (D89 to D176) Undefined X Define:Ej Undefined
L8
Internal data (D177 to D260) Undefined X Define:Ej Undefined
Internal data (D261 to D352) Undefined XDefinéa Undefined
Note : t1>1ms
t2>0
i tc ... 10us min
[Figure 7]
(4)1/3 duty (Simple mode transfer)
t1 t2

byY
L8

VbD

N 2
INH
ﬁLl
> tc |€

CE / \ / \ VL1
< Display data anA control >

N
1{s

D1 to D87,0C data transferred 2
Internal data | CTO to CT2,P0 to P3, Undefined Defined Undefined
DT,DN,FC,SC,BU R
Internal data (D88 to D177) Undefined X Defineiéi Undefined
Internal data (D178 to D267) Undefined X Defineiéi Undefined
Note : t1>1ms
t2>0
tc ... 10us min
[Figure 8]
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Notes on Controller Transfer of Display Data
When using the LC75809PTS-T in 1/4 duty, applications transfer the display data (D1 to D352) in four operations,
and in 1/3 duty, they transfer the display data (D1 to D267) in three operations. In either case, applications should
transfer all of the display data within 30 ms to maintain the quality of displayed image.

S89/0SCI Pin Peripheral Circuit

(1) Internal oscillator operating mode (control data OC=0)
Connect the S89/OSCI pin to the LCD panel when the internal oscillator operating mode is selected.

OSCI/S89 |——>To LCD panel

(2) External clock operating mode (control data OC=1)
When the external clock operating mode is selected, insert a current protection resistor Rg (2.2 to 22kQ) between
the S89/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.

External clock output pin ANV OSCI/S89
Rg

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

(3) Unused pin treatment
When the S89/OSCI pin is not to be used, select the internal oscillator operating mode (setting control data OC to 0)
to keep the pin open.

0OSCl/s89 —— > OPEN

P1to P12 Pin Peripheral Circuit
It is recommended the circuit shown below be used to adjust the brightness of the LED backlight using the PWM
output P1 to P12

+5V

LED
re

P1to P12
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LC75809PTS-T

Sample Application Circuit 1
General-purpose

1/4 Duty, 1/3Bias (P1). output ports
— (P2)y ("ysed for functions

such as backlight

PI12] control

5V — * VbD com1
com2
Vppl COM3 &
S87/COM4 =
 — Vpp2 P1/S1 E
c c P2/S2 &
P A T
' ' ™
P12/S12 e
s13pb———> s
C>0.047uF , ' =
. ! 2
i i ©
! ! =
—> INH ! 5
Fromthe — __5 CE {.g sgefb— > -
controller N cL el <
— DI *4 OSCl/S89 ——m— >

*3 The pins to be connected to the controller (CE, CL, DI, m) can handle 3.3V or5V.

*4 Connect the S89/0SCI 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 S89/0OSCI pin and external clock output pin (external oscillator) in the
external clock operating mode (see “S89/OSCI Pin Peripheral Circuit”)

Sample Application Circuit 2

1/3 Duty, 1/3 Bias
General-purpose

(P1)_ output ports
(P2, .
Used for functions

! such as backlight

P12) control

+5vV —> * VDD COoM1
COM2
Vpp1l COM3 -
P1/S1 £
 — VDD2 P2/S2 E
c_—c ; S
; ; Vss P12/S12 ©
s3> S
, 1 %
C>0.047pF ' : 2
: : T
Il ' c
- : &
i o
~ — a
—> INH S86 S
Fromthe —> CE 3 COM4/S87T [—>
controller __s cL S88 S
- DI *4 0SCI/Sg9 |———>

*3 The pins to be connected to the controller (CE, CL, DI, m) can handle 3.3V or5V.

*4 Connect the S89/0SCI 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 S89/0OSCI pin and external clock output pin (external oscillator) in the
external clock operating mode (see “S89/0OSCI Pin Peripheral Circuit”)
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Package Dimensions

unit : mm

TQFP100 14x14 / TQFP100

CASE 932AY
ISSUE A

16.0+0.2

LC75809PTS-T

14.0+0.1

AARARARAARAARARARRARAAAAR ‘

100

ARAARAAARAARARARRARRARARS

O

LR LR
14.0+0.1
16.0+0.2

i

1.0)

(1.0)

G

+0.05
0.2 904

AR

1.2 MAX

0.1+0.1

SOLDERING FOOTPRINT*

15.40

Hil—1—10

(Unit: mm)

|
|

an
[m]8]

—1

Hil—

— 1

15.40

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.
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/s w

GENERIC

MARKING DIAGRAM*

= XOOKXXXX

= YMDDD
20

XXXXX = Specific Device Code
Y = Year

M = Month
DDD = Additional Traceability Data

*This information is generic.
Pb-Free indicator, “G” or microdot “=
may or may not be present.
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ORDERING INFORMATION

Device Package Shipping (Qty / Packing)

TQFP100 14x14 / TQFP100
(Pb-Free / Halogen Free)

LC75809PTS-T-H 90/ Tray JEDEC

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
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