LC450210PCH

1/8 to 1/16 Duty Dot Matrix LCD
Controller Driver

ON Semiconductor®

Overview
The LC450210PCH is the 1/8 to 1/16 duty dot matrix LCD controller driver. By
controlling this driver with a microcontroller, it is used in applications such as
character display and simple graphic display etc. This driver can drive a LCD
panel of up to 3,200 dots (16 x 16 dot font: 1-line display of up to 12 digits and
128 segments, 5 x 7 dot font: 2-line display of up to 40 digits). The operating
temperature range is from —40 to +105°C.
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Features
1. Selectable duty ratio by serial data: 1/8 duty to 1/16 duty
1/8 duty: 8 x 200 = 1,600 dots 1/11 duty: 11 x 200 = 2,200 dots 1/14 duty: 14 x 200 = 2,800 dots
1/9 duty: 9 x 200 = 1,800 dots 1/12 duty: 12 x 200 = 2,400 dots 1/15 duty: 15 x 200 = 3,000 dots
1/10 duty: 10 x 200 = 2,000 dots 1/13 duty: 13 x 200 = 2,600 dots 1/16 duty: 16 x 200 = 3,200 dots

2. Selectable LCD bias voltage ratio by serial data: 1/4 bias or 1/5 bias
. Selectable inversion drive of LCD drive waveform by serial data: line inversion or frame inversion
4. Adjustable frame frequency of common and segment output waveforms and clock frequency of voltage booster by
serial data, for preventing interference with the frequency of the backlight.
5. Selectable operation modes by serial data: power-saving mode (maintains display data),
the state of display (ON, all ON, all OFF, all forced OFF)
6. Built-in oscillator circuit (built-in resistor and capacitor for oscillation)
7. Selectable fundamental clock operating modes by serial data: internal oscillator operating mode or external clock
operating mode
8. Input of serial data supports CCB* format (for 5 V and 3 V)
9. Selectable voltage range of power supply for logic block by setting REGE pad
(VDD): 4.5V to+5.5V (5 V power supply (REGE = VDD))
+2.7Vto+3.6 V. (3 V power supply (REGE = VSYS))
10. Built-in quadruple and quintuple voltage booster with discharge function
Base voltage of boosting (VBTI2): +3.2 V (Typ.) (5 V power supply (REGE = VDD))
(VBTII=VBTI2): +2.7 V to VDDIV] (3 V power supply (REGE = VSS))
11. Power supply for LCD driver block (V,cD): +16.0 V (Typ.) (VDD =5V, Quintuple voltage booster is used.)
+16.5V (VDD = 3.3 V, Quintuple voltage booster is used.)
+4.5Vto+16.5V (range with external power supply)

[98)

12. Built-in contrast adjuster
LCD drive bias voltage (VI,cp0): +4.65 V to +13.5 V (Typ.) (VDD =5V, Quintuple voltage booster is used.)
+4.65Vto+14.1V (VDD = 3.3 V, Quintuple voltage booster is used.)
+4.65Vto+14.1V (VLCD = 16.5 V with external power supply)
13. The initialization of this driver and the prevention of an unintended display are controllable by setting RES pad.
14. Wide range of operating temperature: —40 to +105°C
15. CMOS process and chip with Au bumps

* 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 53 of this data sheet.
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LC450210PCH

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

Parameter Symbol Conditions Ratings Unit
Vop max EECEE - VDD -0.3to +6.0
Supply voltage REG’E _vss _0.31t0 +4.2 \
Vicp max | VLCD (Note.1) -0.3t0 +17.0
CE, CL, DI, RES, TSIN1 to TSIN4, OSCI -0.3t0 +4.2
VINT CE, CL, DI, RES, TSIN1 to TSIN4, OSCI, 0310 +6.0
Supply more than 2.7 V to Vpp before VN1 is input.
Input voltage VIN2 VBTH -03toVpp+0.3 | V
VIN3 REGE -0.3t0 +6.0
VN4 VLCD5 (Note.1) -0.3to V| cp*0.3
VouT1 VLCD -0.3to VL cp+0.3
VouT2 S1 to S200, COM1 to COM16 -0.3to V| cp*0.3
Output voltage VouT3 CP12N, CP34N, VLOGIC, TSOUT1 to TSOUTS3, TSO, Vv

— +
VDD < 3.9V (REGE=VSS) 0-3t0Vpp*0.3

CP12N, CP34N, VLOGIC, TSOUT1 to TSOUT3, TSO,

VDD > 3.9V (REGE=VDD) “03to+4.2
VINOUT CP1P, CP2P, CP3P, CP4P -0.3to V| cp+0.3
VINOUT2 VLCDO, VLCD1, VLCD2, VLCD3, VLCD4 (Note.1) -0.3 to V| cp*0.3
ViNouT3
Input / Output voltage VBTI2, -0.3 to VT|1+0.3 v
VgTI1£3.9V (REGE = VSS)
VBTI2,
- +
VgT|1 > 3.9 V (REGE = VDD) 0-3to+4.2
louT1 VLCD 8
Output current louT2 S1to S200 0.3 | mA
louT3 COM1 to COM16 1
Operating temperature Topr —40 to +105 °C
Storage temperature Tstg -55to +125 °C

(Note.1) Follow a condition of V. cp = VLcDO > VLcD1 > VLecD2 > VLeD3 > ViLcD4 > VLCD5-

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.
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LC450210PCH

Allowable Operating Ranges at Ta = -40to +105°C, Vgg =0V

minimum width

i Ratings )
Parameter Symbol Conditions - Unit
Min. Typ. Max.
VDD,
REGE = VDD 4.5 55
Supply voltage ven VDD, 2.7 3.6 \Y
pply voltag REGE = VSS ' '
VLCD
Vv ) 4. 16.
LCD | when VLCD is supplied from the outside. 5 6.5
VBTI1,
VeTI1 Vpp =4.5Vto 5.5V (REGE = VDD), 4.5 VDD \Y
Quadruple/Quintuple voltage booster is used.
Inout base voltage for VBTI1, VBTI2 (VBTI1 = VBTI2), v
P 9 VDD = 2.7 V t0 3.6 V (REGE = VSS), 27 DD
voltage booster . (£3.6)
VRT2 Quadruple voltage booster is used. Vv
BTI VBT, VBTI2 (VBTH = VBTI2), v
Vpp = 2.7 V10 3.3 V (REGE = VSS), 2.7 s 3D3E;
Quintuple voltage booster is used. e
VLCDO, 4.5 VLcD
Vicp0 Contrast adjuster is not used. (Note. 1) (Note. 1) (Note. 1) v
Viep!
Input voltage for LCD | " 275 1\ cp1, viLeD2, VLED3, VLCD4,
drive bias voltage . . . (Note.1) \Y
VLeDp3 LCD drive bias voltage generator is not used.
generator
Vicp4
0
VLcDb5 VLCD5 (Note.1) \Y
CE, CL, DI, RES, OSCI
Vpp = 4.5V to 5.5 V (REGE = VDD) 0-5VbD 55
Input High-level VIH1 p—
voltage CE, CL, DI, RES, OSCI 0.8V 36 \
E Vpp = 2.7 V1o 3.6 V (REGE = VSS) VDD :
V|H2 REGE 0.8Vpp 55
CE, CL, DI, RES, TSIN1 to TSIN4, OSCI 0 0.2V
Vpp = 4.5V to 5.5 V (REGE = VDD) <'DD
Input Low-level vt —
CE, CL, DI, RES, TSIN1 to TSIN4, OSCI \Y
voltage 0 0.2Vpp
Vpp =2.7 Vto 3.6 V (REGE = VSS)
VL2 REGE 0 0.2Vpp
External clock OSCl,
input frequency fck External clock operating mode [Fig.1] 100 300 600 | kHz
OScCl, 0
External clock duty Dck External clock operating mode [Fig.1] 30 50 70 %
Data setup time tds CL, DI [Fig.2], [Fig.3] 160 ns
Data hold time tdh CL, DI [Fig.2], [Fig.3] 160 ns
CE wait time tcp CE, CL [Fig.2], [Fig.3] 160 ns
CE setup time tcs CE, CL [Fig.2], [Fig.3] 160 ns
CE hold time tch CE, CL [Fig.2], [Fig.3] 160 ns
High-level ) )
clock pulse width toH CL [Fig.2], [Fig.3] 160 ns
Low-level ) )
clock pulse width toL CcL [Fig.2], [Fig.3] 160 ns
Rise time tr CE, CL, DI [Fig.2], [Fig.3] 160 ns
Fall time tf CE, CL, DI [Fig.2], [Fig.3] 160 ns
R I R
eset pulse twres RES [Fig.5] to [Fig.8] 1.0 ms

(Note.1) Follow a condition of V. cp = VLcDO > VLcD1 > VLcD2 > VLcD3 > ViLcD4 > VLCD5.

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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LC450210PCH

Electrical Characteristics in the Allowable Operating Ranges

Parameter

Symbol

PAD

Conditions

Ratings

Min.

Typ.

Max.

Unit

Hysteresis

VH

CE, CL, DI,
RES, OSCI

Vpp =45Vt0 5.5V (REGE =VDD)

0.03Vpp

Vpp =2.7Vt0 3.6V (REGE =VSS)

0.05Vpp

Input High-level
current

IIx1

CE, CL, DI,
RES, OSCI

V)=36V

5.0

V=55V,

Supply more than 2.7 V to Vpp before V| is input.

5.0

IIH2

REGE

V=55V

5.0

Input Low-level
current

i1

CE, CL, DI,
RES,

TSIN1 to TSIN4,
REGE, OSCI

Vi=0V

Input current for
voltage booster

IBTI1

VBT

Vpp =5.5V,VgT|1=5.5V, REGE = VDD,
Quadruple voltage booster is used.
Contrast adjuster is used.

LCD drive bias voltage generator is used.
Common and segment outputs are open.
display on (normal display)

2,050

4,100

Vpp =5.5V, VgT|1 =5.5V, REGE = VDD,
Quintuple voltage booster is used.

Contrast adjuster is used.

LCD drive bias voltage generator is used.
Common and segment outputs are open.
display on (normal display)

2,550

5,100

IBTI2

VBTI2

Vpp=36V,VgTI1=VRTI2=3.6V,
REGE = VSS,

Quadruple voltage booster is used.
Contrast adjuster is used.

LCD drive bias voltage generator is used.
Common and segment outputs are open.
display on (normal display)

2,000

4,000

Vpp=33V,VgT|1=VRgTI2=33V,
REGE = VSS,

Quintuple voltage booster is used.
Contrast adjuster is used.

LCD drive bias voltage generator is used.
Common and segment outputs are open.
display on (normal display)

2,500

5,000

ON-resistance of
segment driver
output

RoNs

S1 to S200

VLcD = 4.5 V (with external supply),
VLcDO = 4.5V (with external input),
VLcp1 to VL cp5 = 1/5 bias (with external input)

20

kQ

ON-resistance of
common driver
output

RoNec

COM1 to COM16

VLcD = 4.5 V (with external supply),
VLcDO = 4.5V (with external input),
VLcp1to Vi cp5 = 1/5 bias (with external input)

20

kQ

Output voltage

VBTI2

VBTI2

VBTI1=45V1t0 55V (REGE =VDD)
Voltage booster is used.

Contrast adjuster is not used.

LCD drive bias voltage generator is not used.
No-load.

3.2

3.3

ViLcp

VLCD

Quadruple voltage booster is used.

Contrast adjuster is not used.

LCD drive bias voltage generator is not used.
No-load.

(VBTI2x4)
-0.4

VBTI2x4

(VBTI2>4)
+0.4

Quintuple voltage booster is used.

Contrast adjuster is not used.

LCD drive bias voltage generator is not used.
No-load.

(VBTI2x5)
-0.4

VBT|2x5

16.5

Oscillator
frequency

fosc

Internal clock
generator

Internal oscillator operating mode

210

300

390

kHz
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Continued from preceding page.

LC450210PCH

Parameter

Symbol

PAD

Conditions

Ratings

Min.

Typ.

Max.

Unit

Power current

Ipp1

VDD

<Power-saving mode>
Vpp =3.6 V (REGE = VSS),
communication inactive,
Input level is Vgg or Vpp.

15

< Power-saving mode >
Vpp =5.5V (REGE = VDD),
communication inactive,
Input level is Vgg or Vpp.

50

120

IpD2

VbD

<Normal mode>
Vpp = 3.6 V (REGE = VSS),
display on (normal display),
internal oscillator operating mode,
communication inactive,
Input level is Vgg or Vpp.

100

500

< Normal mode >
Vpp =5.5V (REGE = VDD),
display on (normal display),
internal oscillator operating mode,
communication inactive,
Input level is Vgg or Vpp.

150

600

ILcp

VLep

< Normal mode >
VL cD = 16.5 V (with external supply),
display on (normal display),
Voltage booster is not used.
Contrast adjuster is used.
LCD drive bias voltage generator is used.
Common and segment outputs are open.

500

1,000

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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LC450210PCH

(1) Clock timing of OSCI pad in the external clock operating mode

1
tckH toklL fok= ToRFrioRl [kHz]
osc ;/(I)H1
I 0% tckH
IL - ek o
DCK= o+l X 100%]
[Fig.1]
(2) When CL is stopped at the low level
v R
IH
CE 2 / \EVIU
toL toH
B V!
L o — S 7‘ L, 7‘
tt >ll<  tr>l|< <ol < >
» tcp  tecs 9 tch
\ I Vin ¢ X X <«
DI / ViL! ) 2
tds tdh
[Fig.2]
(3) When CL is stopped at the high level
v b
IH
CE 2 ] \:Vnﬂ
toL toH
B— ————\— Vi
T S, 7‘ \ / \ /
<—>l<—> <>
tf>1 < =>||<tr 9 th tcs » tch
3 Vit € X «—x
DI y = ViLT 5y »
<« o
tds tdh
[Fig.3]
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Block Diagram

LC450210PCH

_ ©
s s =
o) o) Q -
(&) (&) (7] (%)
C] O]
REGE [}
VBT [}
VBTI2 [}
cP1P [ Vg'(—)TSAGE
CP12N [ BOOSTER
cP2p [ COMMON DRIVER |«»| SEGMENT DRIVER
cP3pP [}
CP34N [} T T
CP4P [} v
S — LACTH
vLeD [} ® T
Iiﬁ/
CONTRAST
ADJU|STER D { DISPLAY DATA
ADDRESS
RAM
VLCDO [ ] COUNTER .
VLCD1 [} LCD DRIVE (16 x 200 bits)
vLCD2 [} BIAS VOLTAGE i\
VLCD3 [} M T
vLCD4 [ GENERATOR
vLCD5 [} INSTRUCTION REGISTER & DECODER
SHIFT REGISTER
RES [ 2>
voD [] I o> TMING | ]
GENERATOR
L—>| REGULATOR [-#=>
L] CLOCK | | CCB INTERFACE |
GENERATOR
vssS [ H—>
TSINTto 4 [ F+—
TSOUT1 to 3 [ J<+—— S 5\ /8\ /§
TSO [J<+——
O O O 0O O
O o d p Y
o 2 © ° 0
o) o
—
>
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LC450210PCH

Pad Functions

Handling
Pad Name Pad No. Function Active /0 when
unused

This is a power supply for logic block.
REGE = VDD: Supply a voltage from 4.5V to 5.5 V to VDD.

VDD 231 to 234 - - -
REGE = VSS: Supply a voltage from 2.7 VV to 3.6 V to VDD.
In addition, make sure to connect a capacitor between VDD and VSS.
226 to 229,
VSS Make sure to connect VSS to ground. - - -
235 to 243

This is a monitor of a regulator output for logic power supply.
VLOGIC 216 ) . - O OPEN
Do not use VLOGIC with an external circuit.

This is an input for controlling the regulator of logic power supply and the regulator of

voltage booster.

Depending on specification of power supply, make sure to connect REGE to VDD or

VSS.

REGE = VDD: 5V Power supply is used.

REGE 230 , - | -
The regulator of logic power supply runs.
The regulator of voltage booster runs.

REGE = VSS: 3V Power supply is used.
The regulator of logic power supply stops.
The regulator of voltage booster stops.

S1 to 200 2 to 201 These are segment driver outputs. - (0] OPEN

COM1 to 8, 313 to 320,

These are common driver outputs. - O OPEN
COM9 to16 210 to 203

This is an input for a base voltage for voltage booster.

< When voltage booster is used >

Make sure to connect a capacitor between VBTI1 and VSS.

REGE = VDD: Input the voltage from 4.5 V to Vppl[V] to VBTI1.

REGE =VSS: Connect VBTI1 to VBTI2, and Input the voltage from 2.7 V to Vppl[V] to
VBT 244 to 248 - | OPEN
VBTI1.

(When quadruple booster is used : VgT|1<3.6 V,

When quintuple booster is used : VgT|1 < 3.3 V)

< When voltage booster is not used >

Make sure to open VBTI1.

This is an input-output for a base voltage for voltage booster.

< When voltage booster is used >

Make sure to connect a capacitor between VBTI2 and VSS.

REGE = VDD: VBTI2 outputs a base voltage for voltage booster.

REGE = VSS: Connect VBTI1 to VBTI2, and Input the voltage from 2.7 V to Vppl[V] to
VBTI2 249 to 253 - 110 OPEN
VBTI1.

(When quadruple booster is used : VgT|1<3.6 V,

When quintuple booster is used : VgT|1 < 3.3 V)

< When voltage booster is not used >

Make sure to open VBTI2.

These are Input-outputs for voltage booster.

< When gquadruple voltage booster is used >
Make sure to connect a capacitor between CP1P(+) and CP12N(-).
Make sure to connect a capacitor between CP2P(+) and CP12N(-).

CP1P, 254 to 257, Make sure to connect a capacitor between CP3P(+) and CP34N(-).

CP12N, 258 to 264, Make sure to connect CP4P and VLCD.

CP2P, 265 to 268,

CP3P, 269 to 272, < When quintuple voltage booster is used > - /o OPEN
CP34N 273 to 279 Make sure to connect a capacitor between CP1P(+) and CP12N(-).

CP4P 280 to 283 Make sure to connect a capacitor between CP2P(+) and CP12N(-).

Make sure to connect a capacitor between CP3P(+) and CP34N(-).
Make sure to connect a capacitor between CP4P(+) and CP34N(-).

< When voltage booster is not used >
Make sure to open CP1P, CP12N, CP2P, CP3P, CP34N and CP4P.

Continued on next page.
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LC450210PCH

Continued from preceding page.

Handling
Pad Name Pad No. Function Active /0 when
unused

This is a power supply for LCD driver block.
Make sure to connect a capacitor between VLCD and VSS.

< When voltage booster is used >

(i) When quadruple booster is used: VLCD outputs the booster voltage (VgT|2 x 4).
VLCD 284 to 289 . ] . - 110 -
(if) When quintuple booster is used: VLCD outputs the booster voltage (VgT|2 x 5).

< When voltage booster is not used >
Supply a voltage from 4.5V to 16.5 V to VLCD.
When contrast adjuster is used, follow a condition of V| cp 2 V| cp0 + 2.4 V.

This is an input-output for the LCD drive bias voltage (High level).
Make sure to connect a capacitor between VLCDO and VLCD5.

< When contrast adjuster is used >

VLCDO outputs the LCD drive bias voltage (High level) set by “Set of display contrast”
VLCDO 290 to 294 instruction (CTO to CT5). - 110 OPEN
Follow a condition of V| cp0 < V| cp -2.4 V.

< When contrast adjuster is not used >
Input the LCD drive bias voltage (High level) to V| cp0 from the outside, and follow a
condition of V| cp1 < VLcp0 <V cD:

This is an input-output for the LCD drive bias voltage (3/4 level, 4/5 level).
Make sure to connect a capacitor between VLCD1 and VLCD5.

< When LCD drive bias voltage generator is used >
(i) When 1/4 bias is used: VLCD1 outputs the LCD drive bias voltage (3/4 x V| cp0).
(if) When 1/5 bias is used: VLCD1 outputs the LCD drive bias voltage (4/5 x V|_cp0).

VLCD1 306 to 308 < When LCD drive bias voltage generator is not used > - 110 OPEN

(i) When 1/4 bias is used: Input the LCD drive bias voltage (3/4 x V| cp0) to VLCD1
from the outside, and follow a condition of V| cp2 < V| ¢cp1
<ViLcpoO-

(if) When 1/5 bias is used: Input the LCD drive bias voltage (4/5 x V| cp0) to VLCD1
from the outside, and follow a condition of V| cp2 < V| cp1

<V_cpo.

This is an input-output for the LCD drive bias voltage (2/4 level, 3/5 level).
Make sure to connect a capacitor between VLCD2 and VLCD5.

< When LCD drive bias voltage generator is used >
(i) When 1/4 bias is used: VLCD2 outputs the LCD drive bias voltage (2/4 x V| cp0).
(if) When 1/5 bias is used: VLCD2 outputs the LCD drive bias voltage (3/5 x V|_cp0).

VLCD2 300 to 302 < When LCD drive bias voltage generator is not used > - 110 OPEN

(i) When 1/4 bias is used: Input the LCD drive bias voltage (2/4 x V| cp0) to VLCD2
from the outside, and follow a condition of V| cp4 < V| cp2
<ViLcp!t-

(if) When 1/5 bias is used: Input the LCD drive bias voltage (3/5 x V| cp0) to VLCD2
from the outside, and follow a condition of V| cp3 < V| cp2

<V_cp!-

This is an input-output for the LCD drive bias voltage (2/5 level).

< When LCD drive bias voltage generator is used >
(i) When 1/4 bias is used: Make sure to open VLCD3.
(if) When 1/5 bias is used: VLCD3 outputs the LCD drive bias voltage (2/5 x V| cp0).
Make sure to connect a capacitor between VLCD3 and

VLCDS.
VLCD3 303 to 305 - 110 OPEN

< When LCD drive bias voltage generator is not used >
(i) When 1/4 bias is used: Make sure to open VLCD3.
(ii) When 1/5 bias is used: Make sure to connect a capacitor between VLCD3 and
VLCD5. Input the LCD drive bias voltage (2/5 x V| cp0) to
VLCD3 from the outside, and follow a condition of V| cp4 <

VLcp3 < Vicp2

Continued on next page.
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LC450210PCH

Continued from preceding page.

Handling
Pad Name Pad No. Function Active /0 when
unused
This is an input-output for the LCD drive bias voltage (1/4 level, 1/5 level).
Make sure to connect a capacitor between VLCD4 and VLCD5.
< When LCD drive bias voltage generator is used >
(i) When 1/4 bias is used: VLCD4 outputs the LCD drive bias voltage (1/4 x V| cp0).
(if) When 1/5 bias is used: VLCD4 outputs the LCD drive bias voltage (1/5 x V|_cp0).
VLCD4 309 to 311 < When LCD drive bias voltage generator is not used > - lle} OPEN
(i) When 1/4 bias is used: Input the LCD drive bias voltage (1/4 x V| cp0) to VLCD4
from the outside, and follow a condition of V| cp5 < V| cp4
<ViLcp2:
(if) When 1/5 bias is used: Input the LCD drive bias voltage (1/5 x V| cp0) to VLCD4
from the outside, and follow a condition of V| cp5 < V| cp4
<VLcDps3.
This is an input-output for the LCD drive bias voltage (Low level).
VLCD5 295 to 299 ) ] . . - | VSS
Make sure to connect VLCD5 to VSS even if the LCD drive bias generator is not used.
This is an input for the external clock, when external clock operating mode is selected.
By “Set of display method” instruction,
OSCI 221 ) ) . - [ VSS
OC = 0 (internal oscillator operating mode): Make sure to connect OSCI to VSS.
OC = 1 (external clock operating mode): OSCI is used to input the external clock.
CE 218 These are Inputs for transferring serial data. These pads are connected to a controller. H I
cL 220 CE: Chip enables. r | VSS
CL: Synchronous clock.
DI 219 DlI: Transfer data. - |
This is an input for reset of this LSI.
RES 217 RES = VSS: The state of this LSl is reset. L | VSS
Refer to about the “System Reset”.
RES = VDD: Normal state.
TSIN1 to These are inputs for a test.
222 to 225 - | VSS
TSIN4 Make sure to connect these pads to VSS.
TSOUT1 to These are outputs for a test.
212to 214 - (0] OPEN
TSOUT3 Make sure to open these pads.
These are output for a test.
TSO 215 ) - o OPEN
Make sure to open this pad.
These are dummy pads.
DUMMY 1,202, 211, 312| These pads are not available. Don’'t connect between dummy pads. - - OPEN

Moreover, don’t use them with an external circuit.
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VYD 01 OVYD Sssalppe uwnjo)

www.onsemi.com

H.D H9D HSO H¥O HED HZO HLO H0D H60 H80 | HZ0 H90 HS0 H?0 HEO Hz0 HL0 | HOO
H4 [91700ca|9L 66LQ|9L 86LA|9L 26LA(9L 96LA[9L S6LA[9L ¥6LA[9L €6LA| gL oLaloLea |9 ea|oL a9 ea|oLsaloLvalolea|olealolia
H3 [|S1 002q|SL 66LA|SL 86LA(SL L6LA|SL 96LA|SL S6LA|SL ¥6LA|SL €6LA| gl oLa| sl ea|sLealsLzafsioa|sLsa|sLvalshea|stealstia
Ha [vL 0ozalvl e6LA|YL 86LA|YL Z6LA|YL 96LA|YL S6LA|VL v6LA|YL €6LA| viola| v ea |yl ea| vk Za| v 9a| v Sa | vl vA | vL€a | vl 2a | vk LA
HO |€1-00zaleL 66LAlEL 86LAlEL 26LAlEL 96LA(EL S6LAlEL vBLA|EL €6LA €L oLajerealelealerzaleroa| e sal€ervyal e ealelealel La
Ha [cl 00za|zl 66La|zL 86LA(CL L6LA|CL 96LA|2L S6LA|ZL ¥6LA|ZL €6La| zrolalzieajeiealzyalziealzisal|zyvalziea|zreale la g
evN1 | HY [L1 00zalLL 66LA(LL 86LA|LL Z6LA|LL 96LA|LL S6LA|LL vBLA|LL €6LA| lowajLiealileal i zaboalbsal bl yal b ea| ki edlbia
0 H6 [0L00zaloL 66La|0L 86LA|0L Z6LA[0L 96LA|0L S6LA|0L ¥6LAlOL €6LA| oL oLajorealoLea| oL zaloLoa| oL sa|o0L¥a| 0L ea|oLealolla vod
OYNT e |6 00za |6 6610 | 6 8610 | 6 2610 | 6 9610 | 6 S6La | 6 ¥6La | 6 €640 600|660 | 681|620 |69 |60 |6va| 6¢d|6ca|6.la
H. |8700za| 8 6640 |8 8610 |8 /610 |8 9610 |8 610 |8 ¥6L |8 €61 | §0L0| 860 | 880 | 820 | 890 | 860 | 8vA | 8ea | 8¢a |8 Ld ssoippe
ssaippe | H9 |2 00za |/ 66LA |2 86La| . /6LA |2 96LA| L S6LA| L v6La | L €6LA | L 01| Le6a | L8a|L./a| L9a | Lsa|.Lva| Lea|Lza|la abed
8UN | Hg |9 00za |9 66LA |9 86LA |9 26LA |9 96LA |9 S6LA |9 v6LA |9 €6LA | 900|960 |980 | 9.0 | 990 | 9sa|9va| 9¢ea |9ca|9lLa
HY |G 00za|g 66LA |G 86LA |G 26LA |G 96LA |G S6LA|S v6LA|S €610 gola|Se6a |Ss8a|S.2a| 990 | ssa|sva| sea|sealqsa
HE | ¥ 00za|v 66LA| ¥ 86LA | ¥ L6LA | ¥ 9614 |+ S6LA | ¥ ¥6LA | ¥ €6LA | = voa|vea |¥ea|via | ved | vsa | vva | vead |ved|tvid 0
Hz |€o0oza|€e 66La|€86LA|€ L6LA|€ 96LA | € S6LA| € vBLA | € €6LA | €00 €60 | €80 | €/0| €90 | €sa|eva| cea |€calela
Hl |cooza|z e6La|c e6La|c L6LA|C 96La |2 S6LA |2 v6LA |2 €6LA | zola| cea |csea| z.a | cea | Tsa | zva | Tea |zea|La
HO [ L 00za| L e6La| L e6La| L Z6LA| L 96LA | L S6LA| L ¥6LA| L €6LA | Lola| Vea | Lea| Lz | Vea | Vsa | vva | Vea | vea | Lia
(.}, ="I0s) uonoalip
1S zs €S vS gs 9s IS 8s | 16LS | 26LS | €6LS | v6LS | S6LS | 96LS | L6LS | 86LS | 66LS | 00TS wonoaup pesiensy | sseippe
00zS | 66lS | 86LS | Z6lS | 96LS | S6LS | v6LS | €6LS |- oLs 6S 8s 1S 9s Gs ¥S €S zs 1S (.0, = Hias) Hnies
uol}oalIp [ewIoN JLREIN

ped jndino Juswbag

ped 1ndinp Juawbag pue Nvy JO 90Uapuodsalion

11



LC450210PCH

Transfer Format of Serial Data

This LSI has several internal registers. These internal registers are written by CCB interface. Structure of transfer bits
consists of CCB address and instruction data. First 8 bits are CCB address. The subsequent bits are instruction data. The
bit number of instruction data is different depending on an instruction, and these bits are from 16 bits to 272 bits.

The serial data is taken by the positive edge of the CL signal, which is latched by the negative edge of the CE signal.
When the number of data in CE = “High level” period is different from the defined number, LSI does not execute the
instruction and holds the old state. For more information about the number of instruction data, refer to “Instruction

Table”.

(1) When CL is stopped at the low level

CE |

L

pi oY1 fo)Yo)1 )1 o)1) oo b1 p2)p3)p4)

Yb2ro) D271)

BO B1 B2 B3 A0 A1 A2 A3

< CCB address Instruction data
8 bits (fixed) 272 bits (Max.)

(2) When CL is stopped at the high level

—_—

CE |

L

DI YoYX1)YoYo)X1)1) o)X 1 Yoo)Yp1)p2)p3)p4)

Y o2ro) o271

BO B1 B2 B3 A0 A1 A2 A3

<——— CCB address Instruction data
8 bits (fixed) 272 bits (Max.)
*BOtoB3,A0to A3 «+------- CCB address is “B2H”
*DOto D271  eeeeeees Instruction data (from 16 bits to 272 bits)

www.onsemi.com
12

S



LC450210PCH

L=W ‘00Z 0} 91=Gl+U ‘G8| O} L=U (G'OJON)
6 ‘L=W ‘00Z O} GL=pL+U ‘98| O} |=U (# BJON)

"paJoub] sI Bjep UOONJSUl PaIajSUBl) 8y} ‘Blep UOONJISUl paiIajsUBl) JO Jaquinu 8y} WOJ) JUSISIP S 8jN0aXa O} JUBM UOIUM BJep UONONJ)SUI JO Jaquinu 8y} Usyp (£ 910N)

‘[6°614] 03 [G'B14] wouy sajey ,

"[oasw]og st 1no1d sy} jo aw uonezijigess ays ‘(,1°0,=10L00010 “.0,=09QA) pasn si Jojessusb abeyjon selq aalp a7 UBYMA (€)
‘[oasw]og s1 synaJd asay) jo awi uoneziigels aul ‘(.1‘L,=LD10‘001D “.0,=09d) pasn aJe Jojelauab abe}joA seiq aAlp QD7 pue Jalsnlpe 1senuod uayp (g)
‘[pasw]pogz s! sunauo asayy Jo awiy uonezijiqels ayl ‘(,11,=LD1LD001D ‘.1,=09a) pasn aie iojelouab abe}joA seiq aAup D7 pue Jajsnipe 1seqjuod ‘1aysooq abeyjon uaypa (L)

‘[oasw]poz ueyy alow (awiy abieyosip) awiy uonisues; doys e aingas (.|, 01 ,.0,=Ng) @pow Buires-lomod 0} pabueyd si apow [BuIOU USYAA
“JIN2JID Yoea JO uolezijiqe)ls 10} papaau si (g) 01 (1) woly umoys awin yem (.0, 01 .1,=Ng) apow |ewou 0} pabueyd si apow Buires-1amod uaypp (2 810N)
" Jone] mo,=s38 Ag walsAs e jasal Buiney Jaye INID Yoes JO Uoljezi|ige)s 10 papaau si (€) 0} (]) Wolj UMoys awli} Jlem
‘pasn ale Jojesauab abeyoA seiq aaLp O pue Jalsnipe Jsesjuod ‘18)s00q abe)joA J| "1Sil} palndaxa aq isnw uononiisul poyiow Aeidsip Jo 185, (L' 910N)

www.onsemi.com

___ ___ _______ _ _ _ _
o o [ T T R | | \ |
o o [ T T R | | | |
o o [ T R R | | | |
9l 0oL L'ololo| 0! 0 !s10710/€10/210!110/010 D! ' ' 1sesjuoo Ae(dsip jo 199
- - [ T R R A | | | |
o o [ T T R | | | |
o o I | | | |
Vo o R a4 T S L S S S SR [ R S S R S T . N (ga10N) (dwnj
] ] ] ] ] ] N ] 9 ] S ] ¥ ] ¢ ] z ] L ] 0 GL+W L +W (CL+W iZL+W | L+W QL +W  BHW 1 QW [J4W Q4+W GHW W i€4W iZ+HW il W W |GL+W LW S LW g LW PEHW  ZHW W W GL+W L +W _m+—tl_ N..y—.cl_ T?EI_ W
clc Lo 01 0 1 0 VO in i hen Imes o v e GL+U | GL+U | GL+U | GL4U | Gl+U | GL+U | GL+U | GL+U [GL+U GL+UIGL+U|GL+U GL+UIGL+U GL+UIGL+U[ P+l | PLall | Phal | PL+U | o yy | B+U | B+U | B+U | QU | J4U | J4u | \ wa \ wa \ w \ wa e ul sjq @rxo_\v NV
1 1 1 1 1 1 1 1 1 1 1 1 1 a+qgt+azt+a a+ Qg +vaq ¢+ a a'rg+rg+'g+gragragtva a+ Qg Qv [« I « I I« B ¢ a Qg 1 1 1 1
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ' ' ' ' ' 0] ejep >N_Qw_v OIUAA
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 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 * N
I I S R N S R Loy I R S N S N I S R S T I I S
o o I T R [ [ I R R T T R S S T [ T R i i (y"210N) (dwin|
' ' ' ' ' ' Jlete !y lelzt iy ' ' ' | | | |L+WTIGH WG+ Hy LU I+ LU IZ+LUT 1L +UTY W | /4L 1 QR 1 GHUT 1 el Lenw e ! W ' '
1443 010, 0101 0 WO il v o e o v | © 1 O 1 0 1 0 1 0 10 1 0 1 0 [PHUIBLAUpLApL AUl pe) gl L el e el L 5 190 T g i i B Ul S)q G1xg) INVY
o IR | VRO VR0 V0 | O | VO VR0 | [ [ glalagiatalaiatalaiaiatoal jua | uaua g i i 01 B1ED AB1dSiD a1l
o o [ T R [ [ R T A [ N R i i } BJep Ae|dsip 8]
R IR R | I 1 !
o [ [ T B R i i i i
o [ T i i i i
9l bibiog 010, by 0[070,0 0 iymingiw i e i i SSaJppe aul| JO }85
o o [ A A A A i i i i
R R R i i i i
Vo o R ) ) | | (z'®10N)
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
91 [ 0! 110} 0(Nalo0 1LDSI00S O L ! 0 'ONd Daea ! ! ! 440/ NO
Vo o R ) ) | | Aedsip jo j0u0))
] ] ] ] ] ] ] ] ] ] ] ] ] ] ) ] )
— —— — — T 7T — T } i
. . [ S A e [ R R R | | | | (1-910N)
S R VT 0 0 gl T S S S B A V0 gt i i i | 3
| £04204,104,004| 0 0| L |MGSIMEO| 0 | L |OAM| ¥a |€Ld}2ld, LlaioLal| 0 080 0 L | 0 |00
ce R e (d8dEa |y C T T [ e T e A R jO10 20 T T T | | | | poyjow Aedsip jo 105
o o Vo oo Vo | | | |
(g°®10N) - - [ R R [ [ R R [ [ o [
SHO  |[12za 0zza 6520 18920 | 1921 199201 1990 14920 €920 129201 11921 1099116501 186201 126201196201 | 9521 1 620 1 €520 1 2521 1 121 1 0620 1 64201 1 82 | 470119421 1621 201 1642112421 Ll 10420 | 6621 1 86201 1 2621 1 9620 1w w4 1 14 1 6L 1 62V 1 8241 | 2230 1 9 1€d1zai 1d1 oa uononJsu|
lelol - - [ R A [ [ R R R [ [ o [
I R I o I

3]qel uononasuy

13



Explanation of Instruction Data

1. “Set of display method” instruction

LC450210PCH

The display method is set by “Set of display method” instruction.
After having reset a system by RES =

“Low level”, make sure to execute “Set of display method” first.

Instruction data (32 bits)

D240 | D241 | D242 | D243 | D244 | D245 | D246 | D247 | D248 | D249 | D250 | D251 | D252 | D253 | D254 | D255 | D256 | D257 | D258 | D259 | D260 | D261 | D262 | D263 | D264 | D265 | D266 | D267 | D268 | D269 | D270 | D271
oc| o | 1| o |pBclcTeolcTet| o |DTO|DT1|DT2|DT3| DR |Wvc| 1 | 0 |[cDIR[SDIR| 1 | 0 [DBFO|DBF1[DBF2| 0 |FCO|FC1|FC2|FC3| 0 | 0 | 0 | 1
(LSB) (MSB) (LSB)  (MSB) (LSB) (MSB)

(1-1) OC --- This is control data to set a fundamental clock operating mode.
Internal oscillator operating mode and external clock operating mode are set by this control data.
When the internal oscillator operating mode is set, clock generator begins to run after power-saving mode is

canceled (BU = “0”).

oC

Fundamental clock operating mode

The state of OSCI

Internal oscillator operating mode

Make sure to connect OSCI to VSS.

External clock operating mode

Input the clock fck from 100 to 600 [kHz].

(1-2) DBC --- This is control data to set a state of voltage booster.
Run or Stop of voltage booster is set by this control data.
About the combination of DBC, CTCO0 and CTCl, refer to the following table.

(1-3) CTCO, CTC1 --- These are control data to set a state of contrast adjuster and LCD drive bias voltage generator.
Run or Stop of contrast adjuster and LCD drive bias voltage generator is set by these control data.

About the combination of DBC, CTCO0 and CTCI, refer to the following table.

DBC | CTCO | CTC1 | Voltage booster Contrast adjuster | LCD drive bias voltage generator
0 0 0 Stop Stop Stop
0 0 1 Stop Stop Run
0 1 0 Stop Run Stop
0 1 1 Stop Run Run
1 0 0 Run Stop Stop
1 0 1 Run Stop Run
1 1 0 Run Run Stop
1 1 1 Run Run Run

www.onsemi.com
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About the state of Voltage booster, VBTI1, VBTI2 and VLCD, refer to the following table.

The state of
voltage booster

The state of VBTI1

The state of VBTI2

The state of VLCD

Unused

Make sure to open VBTI1.

Make sure to open VBTI2.

Supply a voltage from
4.5V 10 16.5V to VLCD
from the outside.

Quadruple voltage
booster is used.

<REGE = VDD >
Input the voltage from 4.5 V to Vppl[V] to
VBTI.

<REGE =VSS >
Connect VBTI1 to VBTI2.

< REGE = VDD >
VBTI2 outputs a base voltage for voltage
booster.

<REGE =VSS >
Connect VBTI1 to VBTI2, and Input the
voltage from 2.7 V to Vppl[V] (£3.6 V) to
VBTI1.

VLCD outputs the
(VBTI2 x 4) voltage

Quintuple voltage
booster is used.

<REGE =VDD >
Input the voltage from 4.5 V to Vppl[V] to
VBTII.

<REGE =VSS >
Connect VBTI1 to VBTI2.

<REGE = VDD >
VBTI2 outputs a base voltage for voltage
booster.

< REGE =VSS >
Connect VBTI1 to VBTI2, and Input the
voltage from 2.7 V to Vpp|[V] (<3.3 V) to
VBTI1.

VLCD outputs the
(VBTI2 x 5) voltage

(Note.1) During (1) or (2) time, voltage booster stops forcibly and is the discharge state. In the discharge state, the
electric potential of VLCD is same as VBTII.

(1) The period of RES = “Low level” (Regardless of the setting of voltage booster)

(2) DBC = “1” is set by “Set of display method” instruction, and power-saving mode (BU = “1”) is set by
“Control of display ON / OFF” instruction.

www.onsemi.com
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(Note.2) The peripheral circuit of VBTI1, VBTI2, CP1P, CP12N, CP2P, CP3P, CP34N, CP4P and VLCD is as follows.

LC450210PCH

Only changing the connection of CP4P, a multiple of the voltage booster is selectable.

< 5V Power supply (REGE=VDD),

Quadruple voltage booster is used (DBC=1") >

< 3V Power supply (REGE=VSS),

Quadruple voltage booster is used (DBC="1") >

4 N 7
+4.5V to Vpp|V] * VBTI1 +2.7V to VpplV] VBTI1
(£5.5V) [ VvBTI2 (s3.6V) VBTI2
Cbt ;l/; D Cbt ;E Cbt ;E D
e CP1P o1t | CP1P
1[uF] < Cbt < 10[uF] c2 4 CPI2N 1[uF] < Cbt < 10[uF] o & CPI2N
1[uF] < C1 < 10[uF] +— cP2p 1[uF] < C1 < 10[uF] +—— cpzp
1[uF] < C2 < 10[uF] +— CP3P 1[uF] = C2 < 10[uF] +——| CP3P
1[uF] < C3 < 10[F] C3 — | cpaan 1[uF] < C3 < 10[uF] C3 — | cpaan
1[uF] < Cvl < 10[uF] 1[uF] = Cvl < 10[pF]
CP4pP CP4P
N VLCD N VLCD
Cvl Cvl
\_ 2N
< 5V Power supply (REGE=VDD), < 3V Power supply (REGE=VSS),
Quintuple voltage boost is used (DBC="1") > Quintuple voltage boost is used (DBC=1") >
~ N 7
+4.5V to Vppl[V] ® T VBTI1 +2.7V to VpplV] VBTI1
(£5.5V) [ | vBTI2 (s3.3V) VBTI2
Cbt ;L D Cbt ;E Cbt ;l/; D
o1 +——| CP1P c +— | CP1P
1
1[uF] < Cbt < 10[uF] .. CP12N 1[uF] < Cbt < 10[uF] .. &— CP12N
1[uF] £ C1 < 10[uF] ST cp2p 1[uF] < C1 < 10[uF] + = cP2pP
1[uF] < C2 < 10[uF] o3t CP3P 1[nF] = C2 < 10[pF] +— CP3P
1[uF] < C3 < 10[uF] | cPaaN 1[uF] < C3 < 10[uF] c3 | cP34N
1[uF] < C4 < 10[pF] C4 —— | 1[uF] = C4 < 10[uF] C4 — |
1[uF] < Cvl < 10[uF] + CP4P 1[uF] < Cvl < 10[uF] * cPap
. VLCD . VLCD
Cvl Cvl
\_ NG
< 5V Power supply (REGE=VDD), < 3V Power supply (REGE=VSS),
Voltage booster is not used (DBC="0") > Voltage booster is not used (DBC=“0") >
4 N
+4.5V to +5.5V ® VDD +2.7V to +3.6V ® VDD
r (
Cbt — vBTH et | veTH
— VBTI2 — VBTI2
— CP1P ~ | CP1P
1[uF] < Cbt < 10[uF] open < CP12N 1[uF] < Cbt < 10[uF] open < CP12N
1[uF] £ Cvl £ 10[uF] — CP2P 1[uF] < Cvl £ 10[uF] — | CP2P
— CP3P — | CP3P
—| CP34N — CP34N
\_— cP4P \ "~ | CP4P
+4.5V to +16.5V 9 VLCD +4.5V 1o +16.5V = VLCD
Cvl 7%72 Cvl 7%72
- DN
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About the state of contrast adjuster, LCD drive bias voltage generator and the state from VLCD1 to VLCD4, refer to the

following table.
The state of The state of LCD drive
] . The state of VLCDO The state from VLCD1 to VLCD4
contrast adjuster bias voltage generator
. . . Input LCD drive bias voltage (Middle level) to pads
Input LCD drive bias voltage (High level) .
Unused Unused i from VLCD1 to VLCD4 from the outside.
to VLCDO from the outside. L
(When 1/4 bias is used, make sure to open VLCD3.)
VLCDO outputs the LCD drive bias
voltage (High level) set by “Set of display Input LCD drive bias voltage (Middle level) to pads
Use Unused contrast” instruction (CTO to CT5). Make from VLCD1 to VLCD4 from the outside.
sure to connect a capacitor between (When 1/4 bias is used, make sure to open VLCD3.)
VLCDO and VLCD5.
Pads from VLCD1 to VLCD4 outputs LCD drive bias
. . . voltage (Middle level).
Input LCD drive bias voltage (High level) )
Unused Use . Make sure to connect a capacitor between pads
to VLCDO from the outside.
from VLCD1 to VLCD4 and VLCD5.
(When 1/4 bias is used, make sure to open VLCD3.)
VLCDO outputs the LCD drive bias Pads from VLCD1 to VLCD4 outputs LCD drive bias
voltage (High level) set by “Set of display voltage (Middle level).
Use Use contrast” instruction (CTO to CT5). Make Make sure to connect a capacitor between pads
sure to connect a capacitor between from VLCD1 to VLCD4 and VLCD5.
VLCDO and VLCD5. (When 1/4 bias is used, make sure to open VLCD3.)

(Note.1) During (1) or (2) or (3) time, contrast adjuster and LCD drive bias voltage generator stop forcibly, and are
the discharge state. In the discharge state, the electric potential of VLCDO0, VLCD1, VLCD2, VLCD3 and
VLCD#4 are same as VLCDS.

(1) The period of RES = “Low level” (Regardless of the setting of contrast adjuster and LCD drive bias
voltage generator)
(2) CTCO = “1”is set by “Set of display method” instruction, and power-saving mode (BU = “1”) is set by
“Control of display ON / OFF” instruction.
(3) CTC1 =“1"is set by “Set of display method” instruction, and power-saving mode (BU = “1”) is set by
“Control of display ON / OFF” instruction.

(Note.2) When 1/4 bias is set (DR = “0”), set a peripheral circuit from VLCDO to VLCDS as follows.

< Contrast adjuster is not used, and LCD drive bias
voltage generator is used. (CTC0,CTC1="0,1") >

< Contrast adjuster and LCD drive bias voltage
generator are used. (CTC0,CTC1="1,1") >

I VLCDO +4.5V to V| cplV]— —*= VLCDO
Cvm Cvm
VLCD1 VLCD1
VLCD2 VLCD2
VLCD3 VLCD3
VLCD4 VLCD4
VLCD5 VLCD5
0.1[uF] £ Cvm £ 0.47[uF] 0.1[uF] £ Cvm £ 0.47[uF]

VLcDO £ Vicp-2.4[V]

< Contrast adjuster and LCD drive bias voltage
generator are not used. (CTC0,CTC1="0,0") >

< Contrast adjuster is used, and LCD drive bias voltage
generator is not used. (CTC0,CTC1="1,0") >

_C VLCDO +4.5V to V| cplV] = —*= VLCDO
__Cvm __Cvm
3/4V, ov]— VLCD1 3/4V ofv]— VLCD1
LCDOIV] ——Cvm LCDOIV] =
2/4V ov]— VLCD2 2/4V ov]— VLCD2
LCDOV] _L_ Cvm LcoOv] i Cvm
open —] VLCD3 open —] VLCD3
1/4V_cpO[V] —~> — VLCD4 1/4V_cpO[V] =~ —9 VLCD4
—4-Cym —_Cvm
hd VLCD5 ot VLCD5
0.1[uF] < Cvm =< 0.47[uF] 7;7 0.1[uF] < Cvm =< 0.47[uF] 7;7

VLcDO £ Vicp-2.4[V]

www.onsemi.com
17



LC450210PCH

(Note.3) When 1/5 bias is set (DR="1"), set a peripheral circuit from VLCDO to VLCDS5 as follows.

< Contrast adjuster is not used, and LCD drive bias
voltage generator is used. (CTC0,CTC1="0,1") >

< Contrast adjuster and LCD drive bias voltage
generator are used. (CTC0,CTC1="1,1") >

- VLCDO +4.5V to V| cplV] — —%= VLCDO
Cvm Cvm
VLCD1 VLCD1
VLCD2 VLCD2
VLCD3 VLCD3
VLCD4 VLCD4
VLCD5 VLCD5
0.1[uF] < Cvm =< 0.47[uF] 0.1[uF] < Cvm < 0.47[uF]

VLcDO £ Vicp-2.4[V]

< Contrast adjuster and LCD drive bias voltage
generator are not used. (CTC0,CTC1="0,0") >

< Contrast adjuster is used, and LCD drive bias voltage
generator is not used. (CTC0,CTC1="1,0") >

= VLCDO +4.5V to V| cp[V] = —#- VLCDO
——Cvm ——Cvm
4/5V_cpO[V] = - C VLCD1 4/5V_cpO[V] = - c VLCD1
——Cvm ——Cvm
3/5VcpO[vV] —> =+ VLCD2 3/5V cpO[V]— =+ VLCD2
——Cvm ——Cvm
2/5V| cpOV] = - VLCD3 2/5V| cpOV] = T VLCD3
—__Cvm —__Cvm
1/5V_cpO[v] = VLCD4 1/5V cpO[v]l = VLCD4
—-Cym —-oym
hd VLCD5 ® VLCD5
0.1[uF] £ Cvm < 0.47[uF] 7;7 0.1[uF] £ Cvm < 0.47[uF] 7;7

VLcpO = Vi cp-24[V]

(1-4) DTO to DT3 -+ These are control data to set duty from 1/8 to 1/16.
Duty from 1/8 to 1/16 is set by these control data.

The state from COM1 to COM16
oo | oT1 | bT2 | DT3 Duty Pads which output scan pulse Pads which output pulse of display off
Normal scan Reversed scan Normal scan Reversed scan
CDIR =“0" CDIR="1" CDIR =“0" CDIR ="1"
0 0 0 0 1/8 duty COM1 to COM8 COM16 to COM9 COM9 to COM16 COM8 to COM1
1 0 0 0 1/9 duty COM1 to COM9 COM16 to COM8 COM10 to COM16 COM?7 to COM1
0 1 0 0 | 1/10 duty COM1 to COM10 COM16 to COM7 COM11 to COM16 COM6 to COM1
1 1 0 0 | 1/11 duty COM1 to COM11 COM16 to COM6 COM12 to COM16 COM5 to COM1
0 0 1 0 | 1/12 duty COM1 to COM12 COM16 to COM5 COM13 to COM16 COM4 to COM1
1 0 1 0 | 1/13 duty COM1 to COM13 COM16 to COM4 COM14 to COM16 COM3 to COM1
0 1 1 0 | 1/14 duty COM1 to COM14 COM16 to COM3 COM15, COM16 COM2, COM1
1 1 1 0 | 1/15 duty COM1 to COM15 COM16 to COM2 COM16 COM1
X X X 1 1/16 duty COM1 to COM16 COM16 to COM1 - -
X: don’t care

www.onsemi.com
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(1-5) DR --- This is control data to set 1/4 bias or 1/5 bias.
1/4 bias or 1/5 bias is set by this control data.

DR Bias VLCD1 voltage VLCD2 voltage VLCD3 voltage VLCD4 voltage
0 1/4 bias 3/4 V| cp0 2/4 V| cp0 Make sure to open VLCD3 1/4 V| cpO0
1 1/5 bias 4/5V| cp0 3/5 V| cpo 2/5V| cp0 1/5Vcp0

(1-6) WVC --- This is control data to set inversion drive of LCD drive waveform.
Line inversion or frame inversion is set by this control data.

wvC LCD drive waveform
0 Line inversion
1 Frame inversion

(1-7) CDIR --- This is control data to set scan direction of common outputs.
Scan direction of common outputs is set by this control data.

CDIR Scan direction of common outputs

0 Normal scan  (COM1 —» COM2 — COM3 — ----- — COM15 — COM16)
1 Reversed scan (COM16 - COM15 — COM14 — ==+ — COM2 — COM1)

(1-8) SDIR --- This is control data to set a correspondence of a segment output and a column address of RAM.
A correspondence of a segment output and a column address of RAM are set by this control data.
Only just changing the setting of SDIR data does not change the display of LCD. When display data is
written to RAM, column address of RAM is converted. Then display data is saved to there.

SDIR Correspondence of a segment output and a column address of RAM

Normal direction
0 (Column address “CRAO to CRA7=00H, 01H, 02H, — C5H, C6H, C7H” of RAM corresponds to segment output “S1, S2, S3, —, S198,
S199, S200”.)

Reversed direction
1 (Column address “CRAO to CRA7=00H, 01H, 02H, — C5H, C6H, C7H” of RAM corresponds to segment output “S200, S199, S198, — ,
S3, 82, 817)

(1-9) DBFO to DBF2 - These are control data to set clock frequency of voltage booster.
A clock frequency of voltage booster is set by these control data.

DBFO | DBF1 | DBF2 Clock frequency of voltage booster (fcp)
0 0 0 fosc/12 or fok/12
1 0 0 fosc/14 or fok/14
0 1 0 fosc/18 or fok/18
1 1 0 fosc/22 or fok/22
0 0 1 fosc/26 or fok/26
1 0 1 fosc/28 or fok/28
0 1 1 fosc/30 or fok/30
1 1 1 fosc/34 or fok/34

www.onsemi.com
19



LC450210PCH

(1-10) FCO to FC3 --- These are control data to set frame frequency of common and segment output waveforms.
A frame frequency of common and segment output waveforms are set by these control data.

(Note.1) The value of “<>”is a frame frequency when fosc(fCK) is 300[kHz].

www.onsemi.com
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Frame frequency fo[Hz]
FCO | FC1 | FC2 | FC3
1/8 duty 1/9 duty 1/10 duty 1/11 duty 1/12 duty
0 0 0 0 fosc(fck)/4352 fosc(fck)/4320 fosc(fck)/4320 fosc(fck)/4400 fosc(fck)/4320
< 68.9[Hz] > < 69.4[Hz] > < 69.4[Hz] > < 68.2[Hz] > < 69.4[Hz] >
1 0 0 0 fosc(fck)/3712 fosc(fck)/3744 fosc(fck)/3760 fosc(fck)/3784 fosc(fck)/3744
< 80.8[Hz] > < 80.1[Hz] > < 79.8[Hz] > < 79.3[Hz] > < 80.1[Hz] >
0 1 0 0 fosc(fck)/2944 fosc(fck)/2952 fosc(fck)/2960 fosc(fck)/2992 fosc(fck)/2976
< 101.9[Hz] > <101.6[Hz] > < 101.4[Hz] > < 100.3[Hz] > < 100.8[Hz] >
1 1 0 0 fosc(fck)/2368 fosc(fck)/2376 fosc(fck)/2400 fosc(fck)/2376 fosc(fck)/2400
< 126.7[Hz] > < 126.3[Hz] > < 125.0[Hz] > < 126.3[Hz] > < 125.0[Hz] >
0 0 1 0 fosc(fck)/1984 fosc(fck)/1944 fosc(fck)/2000 fosc(fck)/1936 fosc(fck)/1968
<151.2[Hz] > < 154.3[Hz] > < 150.0[Hz] > < 155.0[Hz] > < 152.4[Hz] >
1 0 ’ 0 fosc(fck)/1696 fosc(fck)/1692 fosc(fck)/1720 fosc(fck)/1672 fosc(fck)/1728
< 176.9[Hz] > <177.3[Hz] > < 174.4[Hz] > < 179.4[Hz] > < 173.6[Hz] >
0 1 1 0 fosc(fck)/1472 fosc(fck)/1476 fosc(fck)/1480 fosc(fck)/1496 fosc(fck)/1488
< 203.8[Hz] > < 203.3[Hz] > < 202.7[Hz] > < 200.5[Hz] > < 201.6[Hz] >
1 1 1 0 fosc(fck)/1312 fosc(fck)/1332 fosc(fck)/1320 fosc(fck)/1320 fosc(fck)/1320
< 228.7[Hz] > < 225.2[Hz] > < 227.3[Hz] > < 227.3[Hz] > < 227.3[Hz] >
0 0 0 1 fosc(fck)/1184 fosc(fck)/1188 fosc(fck)/1200 fosc(fck)/1188 fosc(fck)/1200
< 253.4[Hz] > < 252.5[Hz] > < 250.0[Hz] > < 252.5[Hz] > < 250.0[Hz] >
1 0 0 1 fosc(fck)/1088 fosc(fck)/1080 fosc(fck)/1080 fosc(fck)/1100 fosc(fck)/1104
< 275.7[Hz] > < 277.8[Hz] > < 277.8[Hz] > < 272.7[Hz] > < 271.7[Hz] >
0 1 0 1 fosc(fck)/1056 fosc(fck)/1044 fosc(fck)/1040 fosc(fck)/1056 fosc(fck)/1056
< 284.1[Hz] > < 287.4[Hz] > < 288.5[Hz] > < 284.1[Hz] > < 284.1[Hz] >
1 1 0 1 fosc(fck)/992 fosc(fck)/1008 fosc(fck)/1000 fosc(fck)/990 fosc(fck)/984
< 302.4[Hz] > < 297.6[Hz] > < 300.0[Hz] > < 303.0[Hz] > < 304.9[Hz] >
0 0 1 1 fosc(fck)/960 fosc(fck)/972 fosc(fck)/960 fosc(fck)/946 fosc(fck)/960
< 312.5[Hz] > < 308.6[Hz] > < 312.5[Hz] > <317.1[Hz] > < 312.5[Hz] >
1 0 ’ 1 fosc(fck)/928 fosc(fck)/936 fosc(fck)/920 fosc(fck)/924 fosc(fck)/936
< 323.3[Hz] > < 320.5[Hz] > < 326.1[Hz] > < 324.7[Hz] > < 320.5[Hz] >
0 1 1 1 fosc(fck)/896 fosc(fck)/900 fosc(fck)/900 fosc(fck)/902 fosc(fck)/888
< 334.8[Hz] > < 333.3[Hz] > < 333.3[Hz] > < 332.6[Hz] > < 337.8[Hz] >
1 1 1 1 fosc(fck)/864 fosc(fck)/864 fosc(fck)/860 fosc(fck)/858 fosc(fck)/864
< 347.2[Hz] > < 347.2[Hz] > < 348.8[Hz] > < 349.7[Hz] > < 347.2[Hz] >
Frame frequency fo[Hz]
FCO | FC1 | FC2 | FC3
1/13 duty 1/14 duty 1/15 duty 1/16 duty
0 0 0 0 fosc(fck)/4264 fosc(fck)/4256 fosc(fck)/4320 fosc(fck)/4352
< 70.4[Hz] > < 70.5[Hz] > < 69.4[Hz] > < 68.9[Hz] >
1 0 0 0 fosc(fck)/3744 fosc(fck)/3808 fosc(fck)/3720 fosc(fck)/3712
< 80.1[Hz] > < 78.8[Hz] > < 80.7[Hz] > < 80.8[Hz] >
0 1 0 0 fosc(fck)/2964 fosc(fck)/2968 fosc(fck)/3000 fosc(fck)/2944
<101.2[Hz] > <101.1[Hz] > < 100.0[Hz] > <101.9[Hz] >
1 1 0 0 fosc(fck)/2392 fosc(fck)/2408 fosc(fck)/2400 fosc(fck)/2368
< 125.4[Hz] > < 124.6[Hz] > < 125.0[Hz] > < 126.7[Hz] >
0 0 1 0 fosc(fck)/1976 fosc(fck)/1960 fosc(fck)/1980 fosc(fck)/1984
<151.8[Hz] > < 153.1[Hz] > < 151.5[Hz] > <151.2[Hz] >
1 0 1 0 fosc(fck)/1716 fosc(fck)/1708 fosc(fck)/1710 fosc(fck)/1696
<174.8[Hz] > < 175.6[Hz] > < 175.4[Hz] > <176.9[Hz] >
0 1 1 0 fosc(fck)/1482 fosc(fck)/1456 fosc(fck)/1500 fosc(fck)/1472
< 202.4[Hz] > < 206.0[Hz] > < 200.0[Hz] > < 203.8[Hz] >
1 1 1 0 fosc(fck)/1326 fosc(fck)/1316 fosc(fck)/1350 fosc(fck)/1312
< 226.2[Hz] > < 228.0[Hz] > < 222.2[Hz] > < 228.7[Hz] >
0 0 0 1 fosc(fck)/1196 fosc(fck)/1204 fosc(fck)/1200 fosc(fck)/1184
< 250.8[Hz] > < 249.2[Hz] > < 250.0[Hz] > < 253.4[Hz] >
1 0 0 1 fosc(fck)/1118 fosc(fck)/1092 fosc(fck)/1080 fosc(fck)/1088
< 268.3[Hz] > < 274.7[Hz] > < 277.8[Hz] > < 275.7[Hz] >
0 1 0 1 fosc(fck)/1040 fosc(fck)/1036 fosc(fck)/1050 fosc(fck)/1056
< 288.5[Hz] > < 289.6[Hz] > < 285.7[Hz] > < 284.1[Hz] >
1 1 0 1 fosc(fck)/988 fosc(fck)/980 fosc(fck)/990 fosc(fck)/992
< 303.6[Hz] > < 306.1[Hz] > < 303.0[Hz] > < 302.4[Hz] >
0 0 1 1 fosc(fck)/962 fosc(fck)/952 fosc(fck)/960 fosc(fck)/960
<311.9[Hz] > < 315.1[Hz] > < 312.5[Hz] > < 312.5[Hz] >
1 0 1 1 fosc(fck)/936 fosc(fck)/924 fosc(fck)/930 fosc(fck)/928
< 320.5[Hz] > < 324.7[Hz] > < 322.6[Hz] > < 323.3[Hz] >
0 1 1 1 fosc(fck)/884 fosc(fck)/896 fosc(fck)/900 fosc(fck)/896
< 339.4[Hz] > < 334.8[Hz] > < 333.3[Hz] > < 334.8[Hz] >
1 1 1 1 fosc(fck)/858 fosc(fck)/868 fosc(fck)/870 fosc(fck)/864
< 349.7[Hz] > < 345.6[Hz] > < 344.8[Hz] > < 347.2[Hz] >
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2. “Control of display ON / OFF” instruction

A state of display is set by “Control of display ON / OFF” instruction.

Instruction data (16 bits)

D256

D257 | D258

D259

D260 | D261

D262 | D263 | D264 | D265

D266

D267 | D268 | D269

D270 | D271

PNC

SC0 | ScC1

0 BU 0 0

(2-1) PNC - This is control data to set normal display or reversed display.
Normal display or reversed display is set by this control data. When a state of display is ON
(SCO0, SC1="0, 0™), the setting of PNC becomes effective.

wqn

1

PNC Normal display or Reversed display Display data Dn_m="0"
0 Normal display OFF ON
Reversed display ON OFF

(Note.1) Display data “Dn_m” is from D1 _1 to D200 _16.

(2-2) SCO0, SC1 --- These are control data to set a state of display.
A state of display is set by these control data.

SCO0 | SC1 The state of display The state of segment outputs The state of common outputs
0 0 ON Waveform corresponding to display data Scan pulse
1 0 All OFF OFF waveform Scan pulse
0 1 All ON ON waveform Scan pulse
1 1 All forced OFF VL cD5 level VLcD5 level

(2-3) BU --- This is control data to set normal mode or power-saving mode.
Normal mode or power-saving mode (low current) is set by this control data.
The state of X i Internal oscillator
. LCD drive bias .
BU Mode common and Voltage booster Contrast adjuster (Reception state of the external
voltage generator
segment outputs clock)
: - Run
Normal Normal display These circuits can run L
0 . ) (The external clock reception is
mode operation (depend on the setting of DBC,CTCO and CTCH1). )
possible)
) Stop and Stop and Stop and Stop
Power-saving ) . . .
1 g VLcD5 level discharge discharge discharge (The external clock is not
mode
(Note.1) (Note.1) (Note.1) received.)

(Note.1) During (1) or (2) or (3) or (4) time, voltage booster, contrast adjuster and LCD drive bias voltage generator
stop forcibly. And each circuit is the discharge state.
(1) The period of RES=“Low level” (Regardless of the setting of voltage booster, contrast adjuster or
LCD drive bias voltage generator)
In the discharge state, the electric potential of VLCD is same as VBTI1. And the electric potential of
VLCDO, VLCD1, VLCD2, VLCD3 and VLCD4 are same as VLCDS.
(2) DBC=1"is set by “Set of display method” instruction, and power-saving mode (BU="1") is set by
“Control of display ON / OFF” instruction. In the discharge state, the electric potential of VLCD is
same as VBTII1.
(3) CTCO="1"is set by “Set of display method” instruction, and power-saving mode (BU="1") is set by
“Control of display ON / OFF” instruction. In the discharge state, the electric potential of VLCDO is
same as VLCDS.
(4) CTC1="1"is set by “Set of display method” instruction, and power-saving mode (BU="1") is set by
“Control of display ON / OFF” instruction. In the discharge state, the electric potential of VLCDI,
VLCD2, VLCD3 and VLCD4 are same as VLCDS.
(Note.2) When the setting is changed from normal mode to power-saving mode (BU="“0"—“1"), secure a stop
transition time more than 200 [msec]. When the setting is changed from power-saving mode to normal
mode (BU="1"—0"), a time shown from (1) to (3) is needed for stabilization of each circuit.
(Refer to [Fig.9])
(1) When voltage booster, contrast adjuster and LCD drive bias voltage generator are used (DBC="1",
CTCO0,CTC1="1,17), the stabilization time of these circuits is 200 [msec].
(2) When contrast adjuster and LCD drive bias voltage generator are used (DBC=“0", CTC0,CTC1=1,1"),
the stabilization time of these circuits is 20 [msec].
(3) When LCD drive bias voltage generator is used (DBC=“0", CTC0,CTC1="0,1"), the stabilization time

of this circuit is 20 [msec].
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3. “Set of line address” instruction

LC450210PCH

A line address of RAM to specify a start display position is set by “Set of line address” instruction.

Instruction data (16 bits)

D256 | D257 | D258 | D259 | D260 | D261 | D262 | D263 | D264 | D265 | D266 | D267 | D268 | D269 | D270 | D271
LNAO | LNAT | LNA2 | LNA3 | © 0 0 0 0 1 0 0 0 1 1
(LSB) (MSB)

(3-1) LNAO to LNA3 -

(ex.1) When a line address is “8H”, the relation between the common output and RAM at the normal scan

(CDIR="0") is as follows.

These are control data to set a line address of RAM.
A line address of RAM to specify a start display position is set by these control data.

Line address of RAM . "
LSB MSB A start display position
LNAO | LNA1 | LNA2 | LNA3 1/8 duty 1/9duty | 1/10duty | 1/11duty | 1/12duty | 1/13duty | 1/14 duty | 1/15duty | 1/16 duty
0 0 0 1 COM1 COoM1 COM1 COoM1 COM1 COoM1 COM1 COM1 COM1
1 0 0 1 COM2 CoM2 COoM2 COM2 COM2 ComM2 COM2 COM2 COM2
0 1 0 1 COM3 COM3 COM3 COM3 COM3 COM3 COM3 COM3 COM3
1 1 0 1 COM4 Ccom4 COoM4 COM4 COm4 COoM4 COM4 COM4 COM4
0 0 1 1 COM5 COM5 COM5 COM5 COM5 COM5 COM5 COM5 COM5
0 1 1 COM6 COM6 COM6 COM6 COM®6 COM6 COM6 COM®6 COM6
0 1 1 1 COoM7 com7 Ccom7 COoM7 COM7 Ccom7 COoMm7 COM7 CoMm7
1 1 1 1 COM8 COoM8 COM8 COM8 COM8 COM8 COM8 COM8 COM8
0 0 0 0 - COM9 COM9 COM9 COM9 COM9 COM9 COM9 COM9
1 0 0 0 - - COM10 COoM10 COM10 COoM10 COM10 COM10 COM10
0 1 0 0 - - - COoM11 COM11 COM11 COM11 COM11 COM11
1 1 0 0 - - - - COM12 COM12 COM12 COM12 COM12
0 0 1 0 - - - - - COM13 COM13 COM13 COM13
1 0 1 0 - - - - - - COM14 COM14 COM14
0 1 1 0 - - - - - - - COM15 COM15
1 1 1 0 - - - - - - - - COM16

(ex.2) When a line address is “8H”, the relation between the common output and RAM at the reversed scan
(CDIR="1") is as follows.

Line address of RAM . .
LSB MSB A start display position
LNAO | LNA1 | LNA2 | LNA3 1/8 duty 1/9duty | 1/10duty | 1/11duty | 1/12duty | 1/13 duty | 1/14 duty | 1/15duty | 1/16 duty
0 0 0 1 COM16 COM16 COM16 COM16 COM16 COM16 COM16 COM16 COM16
1 0 0 1 COM15 COM15 COM15 COM15 COM15 COM15 COM15 COM15 COM15
0 1 0 1 COoM14 COM14 COM14 COoM14 COoM14 COM14 COM14 CcoM14 COoM14
1 1 0 1 COM13 COM13 COM13 COM13 COM13 COM13 COM13 COM13 COM13
0 0 1 1 COM12 COM12 COM12 COM12 COM12 COM12 COM12 COM12 COM12
1 0 1 1 COM11 COM11 COM11 COM11 COM11 COM11 COM11 COM11 COM11
0 1 1 1 COoM10 COM10 COM10 COoM10 COoM10 COM10 COM10 COoM10 COoM10
1 1 1 1 COM9 COM9 COM9 COM9 COM9 COM9 COM9 COM9 COM9
0 0 0 0 - COM8 COM8 COM8 COM8 COM8 COM8 COoM8 COM8
1 0 0 0 - - COom7 Ccom7 COom7 Com7 COoM7 CcOomM7 COM7
0 1 0 0 - - - COM®6 COM6 COM6 COM®6 COM6 COM6
1 0 0 - - - - COM5 COM5 COM5 COM5 COM5
0 0 1 0 - - - - - COM4 COM4 COM4 COM4
1 0 1 0 - - - - - - COM3 COM3 COM3
0 1 1 0 - - - - - - - COoM2 COM2
1 1 1 0 - - - - - - - - COoM1
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4. “Write display data to RAM (8 x 15 bits in a lump)” instruction

The page address and column address of RAM are set by the “Write display data to RAM (8 x 15 bits in a lump)”
instruction. And the display data of “8 x 15 bits (8§ common outputs x 15 segment outputs)” are written to the specified
page address and column address of RAM in a lump by this instruction.

Instruction data (144 bits)

D128 D129

D130

D131

D132

D243

D244 D245 D246

D247

Dn_m Dn_m+1

Dn_m+2

Dn_m+3

Dn_m+4

Dn+14_m+3|Dn+14_m+4

Dn+14_m+5|Dn+14_m+6

Dn+14_m+7

(Note.1) n=1 to 186, n+14=15 to 200, m=1, 9

Instruction data (continuance)

D248|D249

D250({D251|D252|D253|D254| D255

D256 D257 |D258|D259|D260|D261

D262 |D263|D264|D265|D266 | D267 |D268|D269|D270

D271

CRAO|CRA1|CRA2|CRA3ICRA4|CRAS|

CRAGB|CRA7| PGA| 0

(4-1) CRAO to CRA7 -+

(LSB)

(MSB)

These are control data to set a column address of RAM.

The settable range of a column address from CRAO to CRA7 is from 00H to C7H.
When a column address is set more than BAH, display data is written from start position and the
overflowed data from RAM is canceled.

(4-2) PGA --- This is control data to set a page address of RAM.

(4-3) Dn_m, Dn_m+1 to Dn+14 m+7 --- These are display data which are written to RAM.

A start position of writing to RAM is set by PGA and the data from CRAO to
CRA7.

(ex.1) When a page address PGA is set to 0 and a column address from CRAQ to CRA7 is set to 00H, the relation between
instruction data and a direction of writing to RAM is as follows.

Start position _+—"

of writing

Column
address 00H | 01H | OEH C7H
}:; Dn_m Dn+1_m Dn+14_m
Dn_m+1 |Dn+1_m+1 Dn+14_m+1

R

Dn_m+7 |Dn+1_m+7

Page address

b/
’
’
.

'

End position

of writing
prota m}

display data RAM

(ex.2) When a page address PGA is set to 1 and a column address from CRAO to CRA7 is set to BAH, the relation between
instruction data and a direction of writing to RAM is as follows.

Column

R Rn—

R E— W P o
0
" Canceled
Start position 4
P of writing display data
o PR ~
g display data RAM L t
o | 1 y Dn_m | Dn+1_m Dn+13_m || | Dn+14_m
& Dn_m+1 [Dn+1_m+1 Dn+13_m+1 : Dn+14_m+1
|
¢ « « « l P
’ /  essssssEEEmEEEEE 7z 1
4 7’ 4 I 1
4 | '
Dn_m+7 |Dn+1_m+7 [pn+13_m+7] ! |Dn+14_m+7
7 e /
End position
of writing
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5. “Write display data to RAM (16 x 16 bits in alump)” instruction

The page address and column address of RAM are set by the “Write display data to RAM (16 x 16 bits in a lump)”

instruction. And the display data of “16 x 16 bits (16 common outputs x 16 segment outputs)” are written to the

specified page address and column address of RAM in a lump by this instruction.

Instruction data (272 bits)

DO

D1

D2

D3

D4 ......

D251 D252 D253

D254 D255

Dn_m

Dn_m+1

Dn_m+2

Dn_m+3

Dn_m+4 | o

Dn+15_m+11| Dn+15_m+12 | Dn+15_m+13

Dn+15_m+14

(Note.1) n=1 to 185, n+15=16 to 200, m=1

(5-1) CRAO to CRA7 -

Dn+15_m+15 —‘

Instruction data (continuance)

D256|D257|D258|D259|D260|D261|D262|D263|D264 |D265|D266|D267|D268|D269|D270| D271
CRAO|CRA1|CRA2|CRA3|CRA4/CRA5/CRAB|ICRA7|PGA| 0 | 0 | 0 | 0 | 1 0| 1
(LSB) (MSB)

These are control data to set a column address of RAM.

The settable range of a column address from CRAO to CRA7 is from 00H to C7H.
When a column address is set more than BOH, display data is written from start position and the
overflowed data from RAM is canceled.

(5-2) PGA --- This is control data to set a page address of RAM.
When PGA is set to 1, display data is written from start position and the overflowed data from RAM is
canceled.

(5-3) Dn_m, Dn_m+1 to Dn+15 m+15 --- These are display data which are written to RAM.

The start position of writing to RAM is set by PGA and the data from CRAO to
CRA7.

(ex.1) When a page address PGA is set to 0 and a column address from CRAQ to CRA7 is set to 04H, the relation between

instruction data and a direction of writing to RAM is as follows.

COlumn OOH 01H 02H 03H 04H 05H ------------ 13H llllllllllllllllll C7H
address
0 2 Dn_m Dn+1_m Dn+15_m

Start position Dn_m+1 [Dn+1_m+1 Dn+15_m+1
§ of writing
o - « « « display data RAM
© 1 ’ ’
[}
% II /I lllllllll II
e ,/ End position

Y4 of writing
Dn_m+15 |Dn+1_m+15) Dn+15_m+15

(ex.2) When a page address PGA is set to 1 and a column address from CRAOQ to CRA7 is set to BOH, the relation between
instruction data and a direction of writing to RAM is as follows.

Column

| address | 0°H | 01H | 02H | 03H | BYH BAH | wmrmrmreees C7H
0 Canceled
display data
3 '/ ________ \
[
I 1 Dn_m Dn+1_m Dn+14_m 1| Dn+15_m
° . 2 ! _ ! _|
<] |
o dlsplay data RAM Start position Dn_m+1 | Dn+1_m+1 Dn+14_m+1 | 1| Dn+15_m+1
I3 of writing 1
o ¢ b4 ¢ b 4 b ¢ | !
’ /7 ammmmmmas . I 1
’ ’ ,
7’ 1 0
Dn_m+7 [Dn+1_m+7 Dn+14_m+7 1 1
1
: |
——————————————————————————————— N |
Canceled 1 1 ! ! :
display data ' ! ! : |
]
]

_______________________________
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| Dn+14_m+15|

| Dn+15_m+7

/
7\ ’

End position
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6. " Set of display contrast” instruction
When contrast adjuster is used, LCD drive bias voltage VI ,cDO (High level) is set by “Set of display contrast”
instruction.

Instruction data (16 bits)

D256 | D257 | D258 | D259 | D260 | D261 | D262 | D263 | D264 | D265 | D266 | D267 | D268 | D269 | D270 | D271
CTO | CT1 | CT2 | CT3 | CT4 | CT5 | © 0 0 0 0 1 0 1 1 0
(LSB) (MSB)

(6-1) CTO to CT5 --- These are control data to set a display contrast.
LCD drive bias voltage VI,cDO (High level) is set by these control data.
Follow a condition of VI,cDO0 < VLD - 2.4[V]. (Reference example: from (ex.1) to (ex.4))

(ex.1) VBTI1=VBT[2=3.3V, REGE=VSS,
Quintuple voltage booster and
contrast adjuster are used.

VicpO [V]
VBTI|2 x 5=16.50

14.10

4.65

0 63
Value from CTO to CT5

(ex.3) VBTII=VBTI2=3.0V, REGE=VSS,

Quintuple voltage booster and
contrast adjuster are used.

VicpO V]

VBTI|2 x 5=15.00

12.60

4.65

Value from CTO to CT5
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(ex.2) VBTI1=5.0V, REGE=VDD,
VBT2=3.2V (Output, Typ.).
Quintuple voltage booster and
contrast adjuster are used.

VicpO V]
VBTI2 x 5=16.00

13.60
13.50

4.65

Value from CTO to CT5

(ex.4) VBTI1=5.0V, REGE=VDD,
VBTI2=3.2V (Output, Typ.),
Quadruple voltage booster and
contrast adjuster are used.

VLcpO [V]

VBTI2 x 4=12.80

10.40
10.35

4.65

0 25 63
Value from CTO to CT5



LC450210PCH

Step voltage of LCD drive bias V| .cpO (High level)

(Step voltage width: 0.15V (fixed))

step | cTo | cT1 | cT2 | o3 | cTa | c15 | VicDOlevel step | cTo|cT | T2 | cTa | cta| crs | VicDOlevel
(High level) (High level)
0 o | o o] o] o] o 1410V 32 ol o | o] o | o]l 1 9.30 V
1 1 ol o | o] o] o 13.95V 33 1 o] o | ol o] 1 9.15V
2 0 | 1 o | o | o o 13.80V 34 o | 1 o] o | o] 1 9.00 V
3 1 1 o | o | o] o 13.65V 35 111 0] 0| o 1 8.85V
4 o | o | 1 o | o o 13.50 V 36 ol o | 1] o | o] 1 870V
5 1 o | 1 o | o o 13.35V 37 1 o] 1| 0] o] 1 8.55V
6 0 | 1 1 o | o o 1320V 38 o | 1 1 o] o 1 8.40V
7 1 1 1 o | o o 13.05V 39 1| 1 1 o] o 1 8.25V
8 ol o | o1 o | o 12.90 V 40 ol oo 1] o] 1 8.10V
9 1 o | o | 1 o | o 12,75V 41 1 o] o | 1] 0| 1 7.95V
10 0 | 1 0o | 1 o | o 12,60 V 42 o | 1| o] 1| o] 1 7.80V
11 1 1 0o | 1 o | o 1245V 43 1 1] o | 1] 0| 1 7.65V
12 o | o | 1 1 o | o 12.30V 44 o | o | 1 1] 0 | 1 7.50 V
13 1 o | 1 1 o | o 1215V 45 1] 0 | 1 1] 0 | 1 7.35V
14 0 | 1 1 1 o | o 12.00V 46 o | 1 1 1] 0 | 1 7.20V
15 1 1 1 1 o | o 11.85V 47 1| 1 1 1] 0 | 1 7.05V
16 o | o o | o | 1 0 11.70V 48 ol o | o] o 1 1 6.90 V
17 1 o | o | o] 1 0 11.55V 49 1 o] o | o] 1 1 6.75V
18 0 | 1 o | o | 1 0 11.40 V 50 o | 1o o | 1 1 6.60 V
19 1 1 o | o | 1 0 11.25V 51 111 ] 0| o 1 1 6.45V
20 o | o | 1 o | 1 0 1110V 52 ol o | 1] o | 1 1 6.30 V
21 1 o | 1 o | 1 0 10.95V 53 1 o] 1|01 1 6.15V
22 0 | 1 1 o | 1 0 10.80 V 54 0o | 1 10 0 | 1 1 6.00 V
23 1 1 1 o | 1 0 10.65V 55 1| 1 10 0 | 1 1 5.85V
24 o | o | o | 1 1 0 10.50 V 56 o | o | o 1 1 1 570V
25 1 o | o | 1 1 0 10.35V 57 11 0] o | 1 1 1 555V
26 0 | 1 o | 1 1 0 10.20V 58 o | 1| o 1 1 1 540V
27 1 1 0o | 1 1 0 10.05V 59 101 ] 0| 1 1 1 525V
28 o | o | 1 1 1 0 9.90 V 60 o | o | 1 1 1 1 510V
29 1 o | 1 1 1 0 9.75V 61 1] 0 | 1 1 1 1 495V
30 0 | 1 1 1 1 0 9.60 V 62 o | 1 1 1 1 1 480V
31 1 1 1 1 1 0 9.45V 63 1| 1 1 1 1 1 465V
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LC450210PCH
1/8 to 1/16 Duty, 1/4 bias, Line inversion (DR="0", WVC="0", CDIR="0")

(? N -~ [30] (\Il -~
— PN P iy T < c c C i i P c c c C i iONiMm S
— ViLepO
L emmmm brmmamma [ ke
com | 1]
= J ™ B S .. . NN —t d L . R Iy B S W _VLCD4
- L TL — VicpS
— ViLcpO
= TL ] sliulEuEulE TL ] sBululnln TL — | — Vicp!
COM2
o= B W S R NN ITT N = B S Ry S Ry B R S R 2 YT B S By Ny NSy BN = = — vV 4
L ! i —yens
—V, 0
R L e
UUUUUL| BUUUUUUUL) L
L L i, .. L L U .. .. = == L L _VLCD4
| U U | 7 yeeo
1 \\ ~ g
! ~. ~
h h — VicpO
e e . . TL — e . . — — T _VLCD1
e [T UL | UUUHLE UL | UL
- N R I O - N g U B N O - — Vi cp4
i a2l Vs
— Vico0
AR RRRR AR N ENRRRRE RN 1 v
con UL TUUL UL UL U
2. U R U B N OO 3 T O N o L] L L BN B iy M — v cp4
2 i — Vo5
— VienO
Segment driver output when all
LCD segments are off — VLep?
— Vicpd
Segment driver output when LCD n ] — Vien®
segment corresponding to COM1 is — Vicp2
on
— = — ViLebS
Segment driver output when LCD JF [T [ — Vicn0
segment corresponding to COM2 is . — VicDp2
on
» — Vicpd
— —V, 0
Segment driver output when LCD 1 JF ] [] LCD
segment corresponding to COM1 — —— — | — — Vicp2
and COM3 is on
o b — B —vies
—V, 0
Segment driver output when LCD [] LCD
segment corresponding to — VicDp2
COM(n-1) is on
— — ViLcbS
Segment driver output when LCD [ ] — Viend
segment corresponding to COM(n) — Vicp2
is on ¢
— — ViLebS
aisininiaisininininininininkcisintninin i nn i n R Ee
Segment driver output when all
LCD segments are on — Vicbp?
HERERENE HNERENERERERERE LLLLLLLL_VLCD5
<-To/n
Frame frequency: fo=1/To

To

1/n duty (n is integer from 8 to 16)

(Note.1) The duty and frame frequency “fo” are set by DT0, DT1, DT2, DT3, FCO, FC1, FC2 and FC3 in “Set of display
method” instruction.
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LC450210PCH
1/8 to 1/16 Duty, 1/5 bias, Line inversion (DR="1", WVC="0", CDIR="0")

n-3
n-2
n-3
n-2

n-1
n
1
2
3
4

n-1
n
1
2
3
4

— Vicpo

B — Viep!
COoM1
. N NN D SN PR TTT B Sy BNy SO S D U R - OO Y B N B BNy WO l____VLCD4
| gl gl e
— Vicpo

= — . — Vicd!
COM2
JE I N 0 I N B B O B N N O % I N B I Ny N — v cp4
i L L VB
— Vicpo

L — Vien!
COM3

- SR B A B U R B B B R BNy B I S 2 4 I U R B B N By L
all 1 sl —ykeos

— Vicp0
(L A0 — vVeep!

COM(n-1)

— Vicp4
— VLcDp5

— Vicno
i nlinln TL\‘\_\_\ — Vicp!

coM(n)
____....__TL____....I__TL :xtggg

—V, 0
Segment driver output when all nEs =t LCD
LCD segments are off UL L L A L LU = veRs
— VLcpd
Segment driver output when LCD 7] B ] — ViLep0

segment corresponding to COMTis | 9 [ ¢ 1 (LALLM | pUrrl ooy | o — Veeos

— VicpS
Segment driver output when LCD ] ] ] — Vicp0

segment corresponding to COM2is = || m (7 1 1 LALLM | (UL i | pure — veens

— Vicpd
Segment driver output when LCD ] ] M ] B B — VicpO

t ding to COM1 g e g e — Vi cp2
segment corresponding to U | e ruruund | pd | rueruurund | pu | e S vess

r

— VLcpS
Segment driver output when LCD ] M — Vieno

segment corresponding to g g g e — V| ~p2
COM(n1) 15 on LML | ULy | UL = ees

— VicpS
Segment driver output when LCD ] [ — Vieno

pegment corresponding to COMM) 9  m Uy | Uy mouny | oL = vess

— ViLebS
. A0S NO0NnNAnNnNssSnnnNAannnm: — Ve
Segment driver output when all

— Vicp?
LCD segments are on — VLcbp3

— VLcDS

< To/n

Frame frequency: fo=1/To
To

1/n duty (n is integer from 8 to 16)

(Note.1) The duty and frame frequency “fo” are set by DT0, DT1, DT2, DT3, FCO, FC1, FC2 and FC3 in “Set of display
method” instruction.
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LC450210PCH
1/8 to 1/16 Duty, 1/4 bias, Frame inversion (DR="0", WVC="1", CDIR="0")

................................. Q8T Ly oS QT
— N <0 cCcCcCcC~ANMTWO cCcCccC—ANMITWO cCccc—ANm
] — ViepO
— — Viep!
COoM1
— Vicp4
— VicpS
M M — xLCD?
1 [~ — VLCD
COM2
— — — Vicp4
— — — VicpS
] M — Vico0
— — | — Vicpl
coM3 LCD
] —— — Vicp4
! T ut TA — — VieoS
! TN T~ ~ T~
1 ~ i NS
™~ S~ ~ ~
] + ] - xLCD?
COM(n-1) LCD
— Vicp4
» — ViLebS
— ViLepO
COM(n) — Vieo!
— Vicp4
— ViLcbS
— VienO
Segment driver output when all
LCD segments are off — ViLeb2
— Vicpd
— —V, 0
Segment driver output when LCD LCD
segment corresponding to COM1 is L v op2
on
— — — VLcpS
Segment driver output when LCD M~ Vieo?
segment corresponding to COM2 is L L — Vicp2
on
— — VLcpd
. 1 — VienO
Segment driver output when LCD U U
segment corresponding to COM1 — — — Vi cp2
and COM3 is on
— — — VLcpS
—V, 0
Segment driver output when LCD LCD
segment corresponding to — VicDp2
COM(n-1) is on
» — ViLebS
Segment driver output when LCD [ — Vico0
segment corresponding to COM(n) — Vicp2
is on
— — — VicpS
— Viepo
Segment driver output when all
LCD segments are on — VLcp2
— ViLebS
—>—<To/n —>—<To/n
Frame frequency: fo=1/To

To To

1/n duty (n is integer from 8 to 16)

(Note.1) The duty and frame frequency “fo” are set by DT0, DT1, DT2, DT3, FCO, FC1, FC2 and FC3 in “Set of display
method” instruction.
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LC450210PCH
1/8 to 1/16 Duty, 1/5 bias, Frame inversion (DR="1", WVC="1", CDIR="0")

— Vicpo
] — — Vicp!

COM1

— Vicp4
— VLcD5
B B — Vicpo
B 1 — — Veb!

COM2

- — — Vicp4
— — | — VLcDS

M M — Vicp0
] — | — Vieb!

COM3

— —— — Vicp4
~ - -~ — — VicpS

] "+ ] — Vicp0
B — Vicp!

COM(n-1)

= = — Vicp4
— — VicpS
— Vicp0
— VL&p?
COM(n) LCD

— Vicp4
— VicpS

— Vieno

Segment driver output when all —_ ¥t88§
LCD segments are off
— Vicpd

TL — Vicp0
Segment driver output when LCD — — V| cp2
segment corresponding to COM1 is — Vicps
on

— VicpS

HL — ViLenO
Segment driver output when LCD — Vi cDp2
segment corresponding to COM2 is T — Vicp3

on
— VLcDS

TUH — Vicp0

— VLcDp2
Jﬂ — Vicp3

— Vicpd
— Vicp0
Segment driver output when LCD — VLcD2
segment corresponding to — ViLcp3
COM(n-1) is on — Vicp5
— Vicp0
Segment driver output when LCD — VLcD2

segment corresponding to COM(n) — Vicps
ison

Segment driver output when LCD TU
segment corresponding to COM1 ﬂ
and COM3 is on J

— VLcDS
— Vieno

Segment driver output when all - xtggg
LCD segments are on

— VLcDS

—>—<To/n —>—<To/n

To To Frame frequency: fo=1/To

1/n duty (n is integer from 8 to 16)

(Note.1) The duty and frame frequency “fo” are set by DT0, DT1, DT2, DT3, FCO, FC1, FC2 and FC3 in “Set of display
method” instruction.
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LC450210PCH

Caution About Using CE, CL, DI, RES and OSCI with 5V signal

When CE, CL, DI, RES and OSCI are input the 5V signal, these input pads must be observed following points to
prevent destruction.

(1) Supply VDD (power supply for logic block) before inputting 5V signal to CE, CL, DI, RES and OSCI.
(2) Input OV to CE, CL, DI, RES and OSCI before shutting down VDD (power supply for logic block).
Peripheral Circuit of OSCI

(1) Internal oscillator operating mode (OC="0")
When internal oscillator operating mode is set, make sure to connect OSCI to VSS.

{ OSCl

(2) External clock operating mode (OC="1")
When external clock operating mode is set, make sure to input the clock (fcg: 100 to 600 [kHz]) to OSCI from the
outside.

External clock output pad M\ OSCI

External oscillator
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LC450210PCH

Power Supply Seguence
The following sequence must be observed when power supply is supplied and shut down. (Refer from [Fig.5] to

[Fig.8])

e When voltage booster is used
<5V power supply REGE = VDD >
(1) When power supply is supplied:
Supply VDD (power supply for logic block). —
Input a base voltage for voltage booster to VBTI1 after wait time for inputting voltage (> 0). Reset
cancellation with RES=“High level” (Reset pulse width (> 1[msec])). —
Wait time for inputting serial data (> 1[msec]). >
Set DBC to 1 by “Set of display method” instruction.

(2) When power supply is shut down:
Set BU to 1 by “Control of display ON / OFF” instruction. —
Wait for stop transition time of each circuit (= 200[msec]). Reset with RES=“Low level”. -
Stop inputting a base voltage for voltage booster to VBTI1. —»
Wait time for shutting down the power supply (= 0). —
Shut down VDD (power supply for logic block).

<3V power supply REGE = VSS >
(1) When power supply is supplied:
Supply VDD (power supply for logic block). —
Input a base voltage for voltage booster to VBTI1 and VBTI2 after wait time for inputting voltage (> 0).
Reset cancellation with RES=“High level” (Reset pulse width (> 1[msec])). —
Wait time for inputting serial data (> 1[msec]). —
Set DBC to 1 by “Set of display method” instruction.

(2) When power supply is shut down:
Set BU to 1 by “Control of display ON / OFF” instruction. —
Wait for stop transition time of each circuit (> 200[msec]). Reset with RES=“Low level”. -
Stop inputting a base voltage for voltage booster to VBTII and VBTI2. —
Wait time for shutting down the power supply (= 0). —
Shut down VDD (power supply for logic block).

e When voltage booster is not used
(1) When power supply is supplied:
Supply VDD (power supply for logic block). —
Reset cancellation with RES=“High level” (Reset pulse width (> 1[msec])). =
Wait time for supplying voltage and wait time for inputting serial data (> 1[msec]). —»
Supply VLCD (power supply for LCD driver block). —
Set DBC to 0 by “Set of display method” instruction.

(2) When power supply is shut down:
Set BU to 1 by “Control of display ON / OFF” instruction. —
Wait for stop transition time of each circuit (> 200[msec]). —
Shut down VLCD (power supply for LCD driver block). —
Wait time for a reset (> 0). —
Reset with RES="“Low level”. —
Wait time for shutting down the power supply (= 0). >
Shut down VDD (power supply for logic block).

(Note.1) Make sure to open VBTI1, VBTI2, CP1P, CP12N, CP2P, CP3P, CP34N and CP4P.
After the following page, examples of power supply sequence and set or cancel the power-saving mode during

supplying power.
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LC450210PCH
(ex.1) Voltage booster, contrast adjuster and LCD drive bias voltage generator are used.

twres

>i?c | :
VBTI1 (Input) L | e :
— ' ' BTI2 x5, VBT|2 > ! '
P VBTt ! . . . VeIt :
VLCD (Output) : : 1< Voltage booster is running. ————————>1 AN
VLCDO (Output) Vieps | | , ! Vicps ,
i \&<——— Contrast adjuster is running. —————>} 1
VLCD1 to VLCD4 (Output E E : : : E
(Outpuy VicoS | = : : =~ VicoS :
E E < LCD drive bias voltage generator is running. > i E
Internal oscillator ; ' .
(Internal oscillator oo X ' ‘ X S ‘
operating mode) P A Run A top

OSCI (Input)

(External clock : ||"|"|"|"|"|"|"|"|"|"|"|"|"|"|"|"|"|"|""""""""I"""" .
operating mode) T

,
External clock receiver T
(External clock Disable X Enable

i X Disable
operating mode) H 5 5 T : 1
State of display : : : ' , '
(COI’anI’] and Segment All forced OFF : Fixed low level(V| cp5) X ON X All forced OFF : Fixed low level(V| cp5)
output pads) : : : ] 5 :
AN A A A
Instruction (1 (2)3)(4) (5) (6)

e Instruction

(1) “Set of display method” is executed. (DBC="1", CTCO0, CTC1="1, 1)
Make sure to execute “Set of display method” first.
When external clock operating mode is set, make sure to set OC to 1.

(2) “Set of display contrast” is executed.

(3) “Write display data to RAM (8x15 bits in a lump)” or “Write display data to RAM (16x16 bits in a
lump)” is executed.

(4) “Set of line address” is executed.

(5) “Control of display ON / OFF” is executed. (SC0, SC1=0, 0”, BU="0")

(6) “Control of display ON / OFF” is executed. (SCO, SC1="1, 17, BU="1")

e Constraint on the timing

Reset pulse width : twres > 1[msec]
Wait time for inputting voltage 1220
Wait time for inputting serial data 119 > 1 [msec]
Stabilization time of voltage booster, contrast adjuster
and LCD drive bias voltage generator : t4 > 200 [msec]
Wait time for display on (t5>0
Stop transition time of voltage booster, contrast adjuster
and LCD drive bias voltage generator :t6 > 200 [msec]
Wait time for shutting down the power supply (t11>0

[Fig.5]
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LC450210PCH

(ex.2) VLCD (power supply for LCD driver block) is supplied from the outside. Contrast adjuster and LCD drive bias

voltage generator are used.

twres

t13

<

-
VDD (Power) /i

9 !
L2

— .y 27
RES (Input) i AR

operating mode)

o , P . >l
VLCD (Power) | i if : ; : ;
T 9: :%; : ; Supplied from the outside. . P é
t10 ! 1 1 1 i
VLCDO (Output) Vieps | / , 5 ' . .
E i%— Contrast adjuster is running. %E i
VLCD1 to VLCD4 (Output 5 i = : E
(Output) Viep5 | = : ' S VicoS
E E% LCD drive bias voltage generator is running. HE E
Internal oscillator : : : f
(Internal oscillator Stop | X Run X Stop

OSCI (Input) ;

(External clock ' "|"l"|"|"|"|"l"|"||||"|"|"|"|"|"|"|"""""""""""""
operating mode) : .

External clock receiver
(External clock Disable

X Enable

Disable

operating mode) 5

State of display

(common and segment All forced OFF : Fixed low level(V| cp5) |

All forced OFF : Fixed low level(V| cp5)

output pads) '

Instruction

e Instruction

AAAA A
(1) (2) (3)(4) (5)

(1) “Set of display method” is executed. (DBC="0", CTC0, CTC1="1, 1)
Make sure to execute “Set of display method” first.
When external clock operating mode is set, make sure to set OC to 1.
(2) “Set of display contrast” is executed.
(3) “Write display data to RAM (8x15 bits in a lump)” or “Write display data to RAM (16x16 bits in a

lump)” is executed.

(4) “Set of line address” is executed.

(5) “Control of display ON / OFF” is executed. (SC0, SC1=0, 0”, BU="0")
(6) “Control of display ON / OFF” is executed. (SC0, SC1=“1, 17, BU=“1")

¢ Constraint on the timing

Reset pulse width : twres > 1 [msec]
Wait time for supplying voltage :t10 > 1 [msec]
Wait time for inputting serial data 119 > 1 [msec]
Stabilization time of contrast adjuster

and LCD drive bias voltage generator :t12 > 20 [msec]
Wait time for display on (t5>0

Stop transition time of contrast adjuster

and LCD drive bias voltage generator :t13 > 200 [msec]
Wait time for shutting down the power supply (t11>0

Wait time for a reset :t18>0

!
E—

e Follow a condition of V,cD =2 VLLcDO > VL.cD!1 > VLcD2 > VL.cD3 > VLcD4 > VL.CDS.

[Fig.6]
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LC450210PCH

(ex.3) VLCD (power supply for LCD driver block) is supplied from the outside. Contrast adjuster is not used, and VLCDO
is input from the outside. LCD drive bias voltage generator is used.

twres
, t12 LB, ' t13 . . t11 '
> i< PENLLENPLEN . P !
VDD (Power) /i | : P E P \
Vo9 ' ' ' ' ' '
Do : P : Lo
RES (Inputy | /- 5 . | | \;E -
Vit : ; : : | Vi1

: — : \ s
| P | \

| 9: E%i : : Supplied from the outside. : : E E
t1q ! 1 : : Lo
VLCDO (Input) i ' ' ' ' \
Eéé—e— Input from the outside. : : E
VLCD1 to VLCD4 (Output) i 5 — : E
VicpS | = f f § ' VicpSs

1< LCD drive bias voltage generator is running. > 1
,
Internal oscillator 1 i i

(Internal oscillator st X i i X i
. O
operating mode) P A ) Run . Stop

OSClI (Input) : : : : : :

(External clock '
operating mode) W ;
External clock receiver s ; : : ; :
(External clock Disable X Enable X Disable
operating mode) i ; X X T T
State of display : : : ' ' :
(common and segment Al forced OFF : Fixed low level(V|_cp5) X ON X All Forced OFF : Fixed low level(V|_cp5)
output pads) ’ v
rAAA A A
Instruction 1@ B4 (%) (6)

e Instruction

(1) “Set of display method” is executed. (DBC="0", CTC0, CTC1="0, 1)
Make sure to execute “Set of display method” first.
When external clock operating mode is set, make sure to set OC to 1.

(2) “Set of display contrast” is executed.

(3) “Write display data to RAM (8x15 bits in a lump)” or “Write display data to RAM (16x16 bits in a
lump)” is executed.

(4) “Set of line address” is executed.

(5) “Control of display ON / OFF” is executed. (SC0, SC1=0, 0”, BU="0")

(6) “Control of display ON / OFF” is executed. (SC0, SC1=“1, 17, BU="1")

¢ Constraint on the timing

Reset pulse width : twres > 1 [msec]
Wait time for supplying voltage :t10 > 1 [msec]
Wait time for inputting serial data 119 > 1 [msec]
Stabilization time of LCD drive bias voltage generator : t12 > 20 [msec]
Wait time for display on (t5>0

Stop transition time of LCD drive bias voltage generator : t13 > 200 [msec]
Wait time for shutting down the power supply (t11>0

Wait time for a reset 1t18>0

e Follow a condition of V,cD =2 VLLcDO > VL.cD!1 > VLcD2 > VLL.cD3 > VLcD4 > VL.CDS.

[Fig.7]
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(ex.4) VLCD (power supply for LCD driver block) is supplied from the outside. Contrast adjuster and LCD drive bias
voltage generator are not used. From VLCDO to VLCDA4 is input from the outside.

tw
res . 4, 5, R T t11

< e ! ! !
.

VDD (Power) _7 \_

19:
P> ' ' ' ' ' '

BES .y ST : ; T\
RES (nput) | /2 | | Ly

LA 5 — 5 SR
VLCD (Power) ! ol . . 1 . \ .

| g g Supplied from the outside. . vt
SR : : Do
t10 !

VLCDO (Input) / \

Input from the outside.

j )

VLCD1 to VLCD4 (Input) :

Internal oscillator
(Internal oscillator
operating mode)

Stop X Run X Stop
OSClI (Input) ’ P ' ' : P

(External clock

operating mode)

External clock receiver L —i T *
(External clock Disable X Enable
operating mode) 7

Disable

H
H
State of display '
(common and segment All forced OFF : Fixed low level(V| cp5) X ON X All Forced OFF : Fixed low level(V| cp5)
(6

output pads) :

AArAL A
Instruction (1) (2) (3)(4) (5)

e Instruction

(1) “Set of display method” is executed. (DBC="0", CTC0, CTC1="0, 0”)
Make sure to execute “Set of display method” first.
When external clock operating mode is set, make sure to set OC to 1.

(2) “Set of display contrast” is executed.

(3) “Write display data to RAM (8x15 bits in a lump)” or “Write display data to RAM (16x16 bits in a
lump)” is executed.

(4) “Set of line address” is executed.

(5) “Control of display ON / OFF” is executed. (SC0, SC1="0, 0, BU="0")

(6) “Control of display ON / OFF” is executed. (SC0, SC1="1, 17, BU="1")

e Constraint on the timing

Reset pulse width :twres > 1 [msec]

Wait time for supplying voltage :t10 > 1 [msec]

Wait time for inputting serial data 119 > 1 [msec]

Stabilization time of external power supply : t14 > Stabilization time of external power supply
Wait time for display on 1t5>0

Stop transition time of external power supply : t15 > Stop time of external power supply

Wait time for shutting down the power supply 1t1120

Wait time for a reset 1t18>0

e Follow a condition of V[,cD =2 VLcDO > VLcD! > VLcD2 > VL.cD3 > VL.cD4 > VLCDS.

[Fig.8]
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(ex.5) Power-saving mode is set and canceled. (Voltage booster, contrast adjuster and LCD drive bias voltage generator

are used.)

VDD (Power)

RES (Input)

VBTI1 (Input)

VLCD (Output)

VLCDO (Output)

VLCD1 to VLCD4 (Output)

Internal oscillator
(Internal oscillator
operating mode)

OSCI (Input)
(External clock
operating mode)

External clock receiver
(External clock
operating mode)

State of display
(common and segment
output pads)

Instruction

Power-saving mode

IS
3]

is running.

LCD drive bias voltage
generator is running.

_

VicpS

is running.

(AN

LCD drive bias voltage >
generator is running.

\ \
1 1
i : i : :
5.0V A <> <—>
i E i E E
: : : : :
High level : : : : :
T T T T T
! 1 ! 1 1
| | o
; ! ; ! !
5.0V ' 1 ' 1 1
! 1 ! 1 1
i : i : :
! 1 ! 1 1
! 1 ! | 1
VBTI2 x5, VBT|2 x 4 ' H ' VBTI2 x5, VBT|2 x 4
B ! : : :
| | V2
Voltage boost Vem!; :E Voltage boost 5
oltage booster 1 T 1 Oltage booster
is running. 1 E 1 is running.
H ' H ' '
! 1 ! p 1
Vicpo ; , : VLCD? ,
, i ! i i
: VLCDS: i 1 1
Contrast adjuster S ' ' i 2 Contrast adjuster s
| ! |
. ! |
; :
: :
1
1

Py
=
=]

All forced OFF : Fixed low level(V| cp5)

e Instruction

(1) “Control of display ON / OFF” is executed. (SC0, SC1=“1, 17, BU="1")
(2) “Control of display ON / OFF” is executed. (SC0, SC1=“1, 17, BU="0")
(3) “Control of display ON / OFF” is executed. (SC0, SC1=0, 0”, BU=“0")

?

Run Stop
; ' ' '
! . 1 \
i
.
: | : | |
1 : 1 ! !
Enable X Disable X Enable
= E = E
E | : i
ON X ON
A

¢ Constraint on the timing

Stabilization time of voltage booster, contrast adjuster

—

and LCD drive bias voltage generator

Stop transition time of voltage booster, contrast adjuster

and LCD drive bias voltage generator
Wait time for display on

[Fig.9]

~
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System Reset

1.

Reset function

This LSI can reset the system by RES pad.

. State of each block during reset

(1) CLOCK GENERATOR, TIMING GENERATOR
These circuits are initialized forcibly during reset (RES="Low level”).

(2) INSTRUCTION REGISTER & DECODER, CCB INTERFACE, SHIFT REGISTER
Contents of these circuits are initialized forcibly, and these circuits don't accept serial data during reset (RES
=“Low level”).

(3) ADDRESS COUNTOR
Contents of this circuit are initialized forcibly during reset (RES="“Low level”).

(4) DISPLAY DATA RAM
Contents of RAM are not affected by reset.

(5) LATCH
Contents of LATCH are not affected by reset.

(6) COMMON DRIVER, SEGMENT DRIVER
Common drivers and segment drivers output VI,cDS5 level, the display of LCD is forced OFF during reset
(RES=“Low level”).

(7) VOLTAGE BOOSTER
Voltage booster stops, and the electric potential of VLCD is same as VBTII during reset (RES="Low level”).

(8) CONTRAST ADJUSTER
Contrast adjuster stops, and the electric potential of VLCDO is same as VLCDS during reset (RES="Low level”).

(9) LCD DRIVE BIAS VOLTAGE GENERATOR
LCD drive bias voltage generator stops, and the electric potential of VLCD1, VLCD2, VLCD3 and VLCD4 are
same as VLCDS5 during reset (RES="Low level”).
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3. The state of PAD during reset

LC450210PC

H

PAD The state during reset PAD The state during reset
S1t0 S200 Vi cp5 VLCD1 Vi cp5
COM1 to COM16 Vi cp5 VLCD2 Vi cp5
VLCD VgTi1 VLCD3 VLcD5
VLCDO VLcp5 VLCD4 ViLcp5
- ©
s s 9
o) o Q -
(@) (&) () (7))
L] L] L] L]
REGE [}
veTi1 [
veTi2 [}
e
CP12N [}
cP2p [ COMMON DRIVER |<« | SEGMENT DRIVER
CP3P [}
CP34N [} T T
CP4pP [} =
LACTH
Viep U o ? T
”ﬁ/
CONTRAST
ADJU|STER DISPLAY DATA
ADDRESS RAM
Vicpo L COUNTER
Vicpt [ LCD DRIVE (16 x 200 bits )
Vicp2 [ BIAS VOLTAGE A
Vicp3 [ GENERATOR v T T
Vicp4 [}
Vicp5 [} INSTRUCTION REGISTER & DECODER
SHIFT REGISTER
RES [ @c
Vop [J I os| TMING [
GENERATOR
L—>| REGULATOR 9>
|| CLOCK || | CCB INTERFACE |
GENERATOR
Vss [LF—
TSINT to 4 [ H—>
TSOUT1 to 3 [ J<b—— § 5\ /5\ /5
TSO [ J«t+——
u O 00 0
1) —_ = — w
S ? 2 © o
o O
|
>
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Sample Circuits

Sample circuits are as follows.

LC450210PCH

LCD drive bias

Duty Bias VDD VLCD Voltage booster Contrast adjuster voltage
generator
o VLCD is not supplied Quintuple
Sample circuit (1) 1/8 to 1/16 1/5 5.0V ) Used Used
from the outside. voltage boost
o VLCD is not supplied Quadruple
Sample circuit (2) 1/8 to 1/16 1/5 5.0V ) Used Used
from the outside. voltage boost
L VLCD is not supplied Quintuple
Sample circuit (3) 1/8 to 1/16 1/5 3.0v ) Used Used
from the outside. voltage boost
VLCD is supplied from
Sample circuit (4) 1/8 to 1/16 1/5 5.0V the outside. Unused Used Used
(16.5V)
VLCD is supplied from
Sample circuit (5) 1/8 to 1/16 1/5 5.0V the outside. Unused Unused Used
(16.5V)
VLCD is supplied from
Sample circuit (6) 1/8 to 1/16 1/5 5.0V the outside. Unused Unused Unused
(16.5V)
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Sample circuit (1)

1/8 to 1/16 Duty, 1/5 bias,

VpDp=50V,VBTI1 =50V,

Quintuple voltage booster, Contrast adjuster and LCD drive bias voltage generator are used.

(REGE=VDD, “Set of display method” instruction (DBC="“1", CTC0, CTC1="1, 17, DR="1") is executed.)

+5.0V ® ® vDD
COM1
Cvd
ngg LCD panel
COM6
TSIN1 to TSIN4 GOM7
VSS COM8 1/8 duty
777 C%?/Mg (8com x 200seg)
+5.0V » s VBTI1 COM11 1/16§0d t
COM12 uty
l VBTI2 COM13 (16com x 200seg)
Cbt D Cbt 3 gom1
;I/; COM16
e
(4) , = | CPP S198
“&—{ CP12N S197
c2 S196
+L—— cp2p
+——| CP3P 6
C3
& CP34N gg
c4
p S3
+ CP4P >
VLCD ST
T VLCDO
__Cvm
[ VLCD1
Cvm
+ ———— VILCD2
cvl 17 —[ Cvm
T _— VLCD3 (*1)
Cvm
T _—1 VLCD4
—Cvm
*—0—0 0 ¢ VLCD5
777 7;7
Input the external clock  ----->------------1 OSCI (*2)
——>— 'RES VLOGIC
From the controller { G TSOUT1 to TSOUT3 OPEN
G TSO
1[uF] < Cvd < 10[uF] (*1) When 1/4 bias is set (DR=0"), make sure to open VLCD3.
1[uF] < Cbt < 10[uF]
1[uF] < C1 < 10[puF] (*2) When the internal oscillator operating mode is set (OC="0"),
I[uF] < C2 < 10[uF] make sure to connect OSCI to VSS.
I[uF] < C3 < 10[uF]
I[uF] < C4 < 10[uF] (*3) Make sure to open unused common and segment drivers.
1[uWF] < Cvl < 10[uF]
0.1[uF] £ Cvm < 0.47[pF] (*4) When “VBTI1 > 5.5V” is assumed during discharge of
4.5V<VBTIl =VDD <55V capacitors for voltage booster, make sure to connect
VLcD=16.0V[Typ.] EVBTI2 % 5) a zener diode “D” between VBTII and VSS.
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Sample circuit (2)

1/8 to 1/16 Duty, 1/5 bias,

VpDp=50V,VBTI1 =50V,

Quadruple voltage booster, Contrast adjuster and LCD drive bias voltage generator are used.

(REGE=VDD, “Set of display method” instruction (DBC="“1", CTC0, CTC1="1, 17, DR="1") is executed.)

+5.0V . * VDD
COM1
Cvd
v ngg LCD panel
COM6
TSIN1 to TSIN4 GOM7
VSS COM8 1/8 duty
777 C%?/Mg (8com x 200seg)
+5.0V » s VBTI1 COM11 1/16§0d t
COM12 uty
l VBTI2 COM13 (16com x 200seg)
Cht D Cht 3 gom1
;I/; COM16
S200
(4, *=—|CPIP Siee
“&—{ CP12N S197
c2 S196
+— cP2pP
+——1 CP3P 6
3 — | cpan gg
CP4P o>
VLCD ST
T VLCDO
__Cvm
T VLCD1
Cvm
+ ———— VILCD2
cvl 17 Cvm
_|__C— VLCD3 (*1)
T Vl_—m VLCD4
—Cvm
e o 0o oo VLCD5
777 7;7
Input the external clock  ----->------------1 OSCI (*2)
——— 'RES VLOGIC
From the controller { — 2 8E TSOUT1 to TSOUT3 OPEN
G TSO
1[uF] < Cvd < 10[uF] (*1) When 1/4 bias is set (DR="0"), make sure to open VLCD3.
1[uF] < Cbt < 10[uF]
1[uF] < C1 < 10[puF] (*2) When the internal oscillator operating mode is set (OC="0"),
I[uF] < C2 < 10[uF] make sure to connect OSCI to VSS.
I[uF] < C3 < 10[uF]
I[uF] < Cvl < 10[uF] (*3) Make sure to open unused common and segment drivers.
0.1[uF] £ Cvmm < 0.47[pF]
4.5V <VRTIl £ VDD <5.5V (*4) When “VBT]1 > 5.5V” is assumed during discharge of
VLcD=12.8V[Typ.] (=VBTIZ x 4) capacitors for voltage booster, make sure to connect

a zener diode “D” between VBTI1 and VSS.
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Sample circuit (3)

1/8 to 1/16 Duty, 1/5 bias,

VpDp=3.0V,VBTIl =VBTI2=3.0V,

Quintuple voltage booster, Contrast adjuster and LCD drive bias voltage generator are used.

(REGE=VSS, “Set of display method” instruction (DBC="1", CTC0, CTC1="1, 17, DR="1") is executed.)

+3.0V ® vDD COM1
REGE COM2
cua cous
comg LCD panel
COM6
TSIN1 to TSIN4 GOM7
VSS COM8 1/8 duty
3.0V ” VBTI1 8?03%"\48 eem 10200569)
+3. » * M11
COM13 (16com x 200seg)
Cbt D COM14
;I/; (*3) COM15
COM16
e
4, =] CPIP o8
“&—{ CP12N S197
c2 S196
+— cP2pP
+— CP3P 6
c3 & CP34N gg
c4
p S3
+ CP4P >
VLCD ST
T VLCDO
__Cvm
T VLCD1
Cvm
+ ———— VILCD2
cvl 17 Cvm
_|_C— VLCD3 (*1)
vm
T “——1 VLCD4
—Cvm
*—0—0 0 ¢ VLCD5
777 7;7
Input the external clock  ----->------------1 OSCI (*2)
——>— 'RES VLOGIC
From the controller { G TSOUT1 to TSOUT3 OPEN
G TSO
1[uF] < Cvd < 10[pF] (*1) When 1/4 bias is set (DR="0"), make sure to open VLCD3.
1[uF] < Cbt < 10[pF]
1[uF] < C1 < 10[uF] (*2) When the internal oscillator operating mode is set (OC="0"),
1[uF] £ C2 < 10[uF] make sure to connect OSCI to VSS.
1[uF] £ C3 < 10[uF]
1[uF] £ C4 < 10[uF] (*3) Make sure to open unused common and segment drivers.
1[WF] < Cvl < 10[uF]
0.1[uF] < Cvm < 0.47[uF] (*4) When “VBT]1 > 3.6V” is assumed during discharge of
2.7V <VBTII=VBTI2 £ VDD < 3.3V capacitors for voltage booster, make sure to connect
VLcD=15.0V[Typ.] EVBTIZ x 5) a zener diode “D” between VBTI1 and VSS.
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Sample circuit (4)

1/8 to 1/16 Duty, 1/5 bias,

LC450210PCH

VDD =5.0V, VLcD = 16.5 V (Voltage booster is not used, and supply VLCD from the outside),
Contrast adjuster and LCD drive bias voltage generator are used.
(REGE=VDD, “Set of display method” instruction (DBC=“0", CTC0, CTC1="1, 17, DR="1") is executed.)

+5.0V ® ‘-[
+
Cvd
777
/ N
OPEN <
\
+16.5V
:IZCvm
_C
Cvm
+ I
Ccvl ZZ Cvm
]
Cvm
JE=N
A W
. he
Input the external clock  ----->------------4
—
From the controller { - s
—

VDD COMH1
REGE COM2
o
comg LCD panel
COM®6
TSIN1 to TSIN4 CoMy
VSS COMS8 1/8 duty
C%?/Mg (8com x 200seg)
VBTH COM11 1/1€§0d
COM12 uty
VBTI2 COM13 (16com x 200seg)
COM14
(*3) COM15
COM16
o
CP1P %18?
CP12N
S196
CP2P
CP3P gg
CP34N g g
CP4P 35
VLCD St
VLCDO
VLCD1
VLCD2
VLCD3 (*1)
VLCD4
VLCD5
OSCI (*2)
RES VLOGIC
CE TSOUT1 to TSOUT3 OPEN
CL
DI TSO

1[uF] < Cvd < 10[puF]
1[uF] < Cvl < 10[pF]
0.1[uF] < Cvm < 0.47[pF]
45V<VLcDp < 16.5V

(*1) When 1/4 bias is set (DR="0"), make sure to open VLCD3.

(*2) When the internal oscillator operating mode is set (OC="0"),
make sure to connect OSCI to VSS.

(*3) Make sure to open unused common and segment drivers.
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Sample circuit (5)

1/8 to 1/16 Duty, 1/5 bias,

LC450210PCH

VDD =5.0V, VLcD = 16.5 V (Voltage booster is not used, and supply VLCD from the outside),

Contrast adjuster is not used (Input the VLCD voltage to VLCDO pad),

LCD drive bias voltage generator is used.

(REGE=VDD, “Set of display method” instruction (DBC=*0", CTC0, CTC1="0, 17, DR="1") is executed.)

+5.0V ® ‘-[
+
Cvd
777
/ N
OPEN <
k
+16.5V T
__Cvm
+ I
Ccvl ZZ Cvm
]
Cvm
_-1_?chm
a
Input the external clock  ----->------------4
—
From the controller { - s

—

VDD COMH1
REGE COM2
COM3
ggmg LCD panel
COM®6
TSIN1 to TSIN4 CoMy
VSS COMS8 1/8 duty
C%?/Mg (8com x 200seg)
VBTH COM11 1/1€§0d
COM12 uty
VBTI2 COM13 (16com x 200seg)
COM14
(*3) COM15
COM16
o
CP1P %18?
CP12N
S196
CP2P
CP3P gg
CP34N g g
CP4P 35
VLCD St
VLCDO
VLCD1
VLCD2
VLCD3 (*1)
VLCD4
VLCD5
OSCI (*2)
RES VLOGIC
CE TSOUT1 to TSOUT3 OPEN
CL
DI TSO

1[uF] < Cvd < 10[pF]
1[uF] < Cvl < 10[puF]
0.1[uF] < Cvm < 0.47[pF]
45V<VLcD<16.5V
VLCDO=VLCD

(*1) When 1/4 bias is set (DR="0"), make sure to open VLCD3.

(*2) When the internal oscillator operating mode is set (OC="0"),
make sure to connect OSCI to VSS.

(*3) Make sure to open unused common and segment drivers.
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Sample circuit (6)

1/8 to 1/16 Duty, 1/5 bias,

VDD =5.0V, VLcD = 16.5 V (Voltage booster is not used, and supply VLCD from the outside),

LC450210PCH

Contrast adjuster and LCD drive bias voltage generator are not used (Input the voltage to VLCDO, VLCD1, VLCD2,

VLCD3 and VLCD4 from the outside.).

(REGE=VDD, “Set of display method” instruction (DBC="“0", CTC0, CTC1=0, 0”, DR="1") is executed.)

+5.0V * T

Cvd

OPEN <

+16.5V
+
Cvl 7%72

5/5 V|_cpO (when 1/5 bias is used) T

Cvm

4/5 V| cpO (when 1/5 bias is used) *

€
3/5 V| cpO (when 1/5 bias is used) i

2/5 V| cp0 (when 1/5 bias is used) 4

1/5 VL.cpO (when 1/5 bias is used) *

Input the external clock ----->--------
e

—

From the controller J|: IS
e

1[uF] < Cvd < 10[pF]
1[uF] < Cvl < 10[uF]

VoD COM1
REGE COM2
COM3
COM4
coMs
TSIN1 to TSIN4 gome
VSS COM8
COM9
COM10
VBTI1 COM11
VBTI2 gom12
oM
*3
CP1P (*3) ZomMia
CP12N $200
S199
CcP2P S198
CP3P AL
CP34N :
S6
CP4P 22
VLCD
S3
S2
S1
VLCDO
VLCD1
VLCD2
VLCD3  (*1)
VLCD4
VLCD5
OSCI (*2)
RES VLOGIC
CE TSOUT1 to TSOUT3
CL

LCD panel

1/8 duty
(8com x 200seg)
to
1/16 duty
(16com x 200seg)

} OPEN

(*1) When 1/4 bias is set (DR="0"), make sure to open VLCD3.

0.1[uF] < Cvm < 0.47[uF]
45V <VLcD<16.5V
VLcD! <VLeDO = VLCD
VLCcD2 <VLcD! <VLeDO
VLCD3 <VLcD2 < VLCDl
VLCD4 <VLCD3 <VLCD2
VLCDS <VLCD4 < VLCD3

(*2) When the internal oscillator operating mode is set (OC="0"),

make sure to connect OSCI to VSS.

(*3) Make sure to open unused common and segment drivers.

www.onsemi.com
46




LC450210PCH

Caution

Caution is provided as follows for the stable operation of this LSI. However, caution does not provide any guarantee
for operation and characteristics of this LSI.

Moreover, examples of application circuit described are used only to explain internal operation and usage of this LSI.
Therefore, it is necessary to design an application or set, in consideration of an LCD specification and condition.

(1) Power supply pads
All power supply pads must be connected to the power supply, and don’t open.

(2) ITO (Indium Tin Oxide) line
Wire the ITO line for power supply and voltage booster as short and wide as possible, because it is necessary to
minimize the parasitic resistance of ITO line.

(3) Signal wiring and connection
DUMMY pads should be opened.

(4) Unused input pads
Unfixed input pads cause the unstable operation or the leak current of power supply, because this LSI adopts a
CMOS process. Make sure to connect the open pad of logic input to VDD or VSS.

(5) Protection from light
An exposure to the light may cause the malfunction of this LSI. Make sure to shut out the surface, side and back of
this LSI from the light when this LSI is mounted to the product.
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PAD Assignment (Bump Side View)

LC450210PCH

>_
ONOUTONT =
, SS=S===== S
Unit: [um] 00000000 >
[ONOHNONONONO NGO NGNS
rrrTTTTTTT T
OO O0OMNOWUSM N
BEmHOmnn »
O 0O 0O O0OO0OO0OO0OOo o
Z2Z2Z2Z2Z2ZZZ Z
[apalalalalalalale)
I <
[ I a I o M B n N a R n IR 0 o
DUMMY <« PAD No.1 | 1 EENEEREER O
@)
= Alignment mark 2
S1 <« PADNo2 | == “~-------------- 0 | PADNo.311 — VLCD4
S2 « PADNo.3 | ==
S3 « PADNo4 | == 0 | PAD No.310 — VLCD4
S4 « PADNo5 | ==
25 «PADNo.6 | =3 [0 | PAD No.309 — VLCD4
6 <« PADNo.7 | =
(=] O | PAD No0.308 — VLCD1
=
1
1 — [ | PAD No.307 — VLCD1
1
! — [0 | PAD N0.306 — VLCD1
! (=
: . [0 | PADNo.305 — VLCD3
1 1
: ! ; .
1 1 : :
1 1 | 1
Bump shape A : ! | | Bump shape C
(Segment driver) =1 , ; / (Power supply, 1/0)
1 1 1 1
: ' Y | | 68
L1700 | : )
1 ' : ! 1 ' ) BN
..... , 1 | l ] i
TrEEE |3 o5 : : os [
""" ' | ' : : L - 100
;";N/ e :
| ;:% : : : T4
S = 4,590 [um?] (Typ.) ! i | | :
X ! | | -
N i I I S = 4,420 [um?] (Typ.)
AN 1 | |
N 1 | 1 P
L 1 | |
n | : r
N ! !
1 AN 1 .
1 ] . .-
| Chip name e PadNo218 o ce
1 \I'*\__I R
| = s [0 | PADNo217 - RES
I =
i = [0 | PADNo.216 — VLOGIC
I (=]
] 0 | PADNo.215 — TSO
S195 « PADNo.196 | =
S196 « PAD No.197 | 3 Alignment mark 3 [ | PAD No.214 — TSOUT3
S$197 « PADNo.198 | == ~  A~lgnmentmark.s
S198 « PADNo.199 | == ' [ | PADNo.213 — TSOUT2
S199 « PADNo.200 | == . \
S200 « PADNo201 | == _Alignmentmark 1 [ | PADNo.212 — TSOUT1
B y
© 'EJ Bump shape B
(Common driver)
DUMMY « PAD No.202 | == OOOOEREE-O
O SFWON®DODO - 130 45
[oNoNolNolNolNolNoll o by N i il I ] i
NNNNNNNN ~ : R
00000000 O | ]
Z2Z2Z2Z22Z2ZZ2Z2 z ' '
afalaNalalalalalyys] I Y B il | 99
LI < | |
[a I a I o M n B n N a R B 0 Y o ' '
VIdddidi 4 : -
ewIeN-2e Z "
EEEEEEZE S
OODOOOO0BO 2R S = 4,455 [um?] (Typ.)
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e Chip size (X, Y and S are based on the dicing center.)
X=149mm Y=1063mm S=158387 mm’

Chip thickness =400 pm

e Au bump (Typ.)
Size
ltem PAD No. Bump shape 5
X [um] Y [pm] S [um’]
1to0 202 A 170 27 4,590
. 203 to 210,
Bump size B 45 99 4,455
313 to 320
211to0 312 Cc 68 65 4,420
1to0 202 A 50 -
Min. bump pitch 20310210, B 75 -
313 to 320
211 to 312 C 100 -
1to 202 A 23 -
. 203 to 210,
Min. bump clearance B 30 -
313 to 320
211 to 312 C 35 -
Bump height All bumps 17 -

e Alignment mark

Alignment mark 1

Alignment mark 2

e Center coordinates of alignment marks

Alignment mark

X coordinate [um]

Y coordinate [um]

Alignment mark 1 -628 -5110
Alignment mark 2 -628 5110
Alignment mark 3 638 -5070
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Center coordinates of PADs

LC450210PCH

PAD PAD X Y Bump PAD PAD X Y Bump
No. Name coordinate coordinate shape No. Name coordinate coordinate shape
[pm] [pm] [pm] [um]

1 DUMMY -574.5 5216 A 61 S60 -574.5 2025 A
2 S1 -574.5 4975 A 62 S61 -574.5 1975 A
3 S2 -574.5 4925 A 63 S62 -574.5 1925 A
4 S3 -574.5 4875 A 64 S63 -574.5 1875 A
5 S4 -574.5 4825 A 65 S64 -574.5 1825 A
6 S5 -574.5 4775 A 66 S65 -574.5 1775 A
7 S6 -574.5 4725 A 67 S66 -574.5 1725 A
8 S7 -574.5 4675 A 68 S67 -574.5 1675 A
9 S8 -574.5 4625 A 69 S68 -574.5 1625 A
10 S9 -574.5 4575 A 70 S69 -574.5 1575 A
11 S10 -574.5 4525 A 71 S70 -574.5 1525 A
12 S11 -574.5 4475 A 72 S71 -574.5 1475 A
13 S12 -574.5 4425 A 73 S72 -574.5 1425 A
14 S13 -574.5 4375 A 74 S73 -574.5 1375 A
15 S14 -574.5 4325 A 75 S74 -574.5 1325 A
16 S15 -574.5 4275 A 76 S75 -574.5 1275 A
17 S16 -574.5 4225 A 77 S76 -574.5 1225 A
18 S17 -574.5 4175 A 78 S77 -574.5 1175 A
19 S18 -574.5 4125 A 79 S78 -574.5 1125 A
20 S19 -574.5 4075 A 80 S79 -574.5 1075 A
21 S20 -574.5 4025 A 81 S80 -574.5 1025 A
22 S21 -574.5 3975 A 82 S81 -574.5 975 A
23 S22 -574.5 3925 A 83 S82 -574.5 925 A
24 S23 -574.5 3875 A 84 S83 -574.5 875 A
25 S24 -574.5 3825 A 85 S84 -574.5 825 A
26 S25 -574.5 3775 A 86 S85 -574.5 775 A
27 S26 -574.5 3725 A 87 S86 -574.5 725 A
28 S27 -574.5 3675 A 88 S87 -574.5 675 A
29 S28 -574.5 3625 A 89 S88 -574.5 625 A
30 S29 -574.5 3575 A 90 S89 -574.5 575 A
31 S30 -574.5 3525 A 91 S90 -574.5 525 A
32 S31 -574.5 3475 A 92 S91 -574.5 475 A
33 S32 -574.5 3425 A 93 S92 -574.5 425 A
34 S33 -574.5 3375 A 94 S93 -574.5 375 A
35 S34 -574.5 3325 A 95 S94 -574.5 325 A
36 S35 -574.5 3275 A 96 S95 -574.5 275 A
37 S36 -574.5 3225 A 97 S96 -574.5 225 A
38 S37 -574.5 3175 A 98 S97 -574.5 175 A
39 S38 -574.5 3125 A 99 S98 -574.5 125 A
40 S39 -574.5 3075 A 100 S99 -574.5 75 A
41 S40 -574.5 3025 A 101 S100 -574.5 25 A
42 S41 -574.5 2975 A 102 S101 -574.5 -25 A
43 S42 -574.5 2925 A 103 S102 -574.5 -75 A
44 S43 -574.5 2875 A 104 S103 -574.5 -125 A
45 S44 -574.5 2825 A 105 S104 -574.5 -175 A
46 S45 -574.5 2775 A 106 S105 -574.5 -225 A
47 S46 -574.5 2725 A 107 S106 -574.5 -275 A
48 S47 -574.5 2675 A 108 S107 -574.5 -325 A
49 S48 -574.5 2625 A 109 S108 -574.5 -375 A
50 S49 -574.5 2575 A 110 S109 -574.5 -425 A
51 S50 -574.5 2525 A 111 S110 -574.5 -475 A
52 S51 -574.5 2475 A 112 S111 -574.5 -525 A
53 S52 -574.5 2425 A 113 S112 -574.5 -575 A
54 S53 -574.5 2375 A 114 S113 -574.5 -625 A
55 S54 -574.5 2325 A 115 S114 -574.5 -675 A
56 S55 -574.5 2275 A 116 S115 -574.5 -725 A
57 S56 -574.5 2225 A 117 S116 -574.5 -775 A
58 S57 -574.5 2175 A 118 S117 -574.5 -825 A
59 S58 -574.5 2125 A 119 S118 -574.5 -875 A
60 S59 -574.5 2075 A 120 S119 -574.5 -925 A
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No. Name coordinate coordinate shape No. Name coordinate coordinate shape
[pm] [pm] [um] [pm]
121 S120 -574.5 -975 A 181 S180 -574.5 -3975 A
122 S121 -574.5 -1025 A 182 S181 -574.5 -4025 A
123 S122 -574.5 -1075 A 183 S182 -574.5 -4075 A
124 S123 -574.5 -1125 A 184 S183 -574.5 -4125 A
125 S124 -574.5 -1175 A 185 S184 -574.5 -4175 A
126 S125 -574.5 -1225 A 186 S185 -574.5 -4225 A
127 S126 -574.5 -1275 A 187 S186 -574.5 -4275 A
128 S127 -574.5 -1325 A 188 S187 -574.5 -4325 A
129 S128 -574.5 -1375 A 189 S188 -574.5 -4375 A
130 S129 -574.5 -1425 A 190 S189 -574.5 -4425 A
131 S130 -574.5 -1475 A 191 S190 -574.5 -4475 A
132 S131 -574.5 -1525 A 192 S191 -574.5 -4525 A
133 S132 -574.5 -1575 A 193 S192 -574.5 -4575 A
134 S133 -574.5 -1625 A 194 S193 -574.5 -4625 A
135 S134 -574.5 -1675 A 195 S194 -574.5 -4675 A
136 S135 -574.5 -1725 A 196 S195 -574.5 -4725 A
137 S136 -574.5 -1775 A 197 S196 -574.5 -4775 A
138 S137 -574.5 -1825 A 198 S197 -574.5 -4825 A
139 S138 -574.5 -1875 A 199 S198 -574.5 -4875 A
140 S139 -574.5 -1925 A 200 S199 -574.5 -4925 A
141 S140 -574.5 -1975 A 201 S200 -574.5 -4975 A
142 S141 -574.5 -2025 A 202 DUMMY -574.5 -5216 A
143 S142 -574.5 -2075 A 203 COM16 -135 -5182 B
144 S143 -574.5 -2125 A 204 COM15 -60 -5182 B
145 S144 -574.5 -2175 A 205 COM14 15 -5182 B
146 S145 -574.5 -2225 A 206 COM13 90 -5182 B
147 S146 -574.5 -2275 A 207 COM12 165 -5182 B
148 S147 -574.5 -2325 A 208 COM11 240 -5182 B
149 S148 -574.5 -2375 A 209 COM10 315 -5182 B
150 S149 -574.5 -2425 A 210 COM9 390 -5182 B
151 S150 -574.5 -2475 A 211 DUMMY 623.5 -5197 C
152 S151 -574.5 -2525 A 212 TSOUT1 623.5 -4900 C
153 S152 -574.5 -2575 A 213 TSOUT2 623.5 -4800 C
154 S153 -574.5 -2625 A 214 TSOUT3 623.5 -4700 C
155 S154 -574.5 -2675 A 215 TSO 623.5 -4600 C
156 S155 -574.5 -2725 A 216 VLOGIC 623.5 -4500 C
157 S156 -574.5 -2775 A 217 'RES 623.5 -4400 C
158 S157 -574.5 -2825 A 218 CE 623.5 -4300 C
159 S158 -574.5 -2875 A 219 DI 623.5 -4200 C
160 S159 -574.5 -2925 A 220 CL 623.5 -4100 C
161 S160 -574.5 -2975 A 221 OSCI 623.5 -4000 C
162 S161 -574.5 -3025 A 222 TSIN1 623.5 -3900 C
163 S162 -574.5 -3075 A 223 TSIN2 623.5 -3800 C
164 S163 -574.5 -3125 A 224 TSIN3 623.5 -3700 C
165 S164 -574.5 -3175 A 225 TSIN4 623.5 -3600 C
166 S165 -574.5 -3225 A 226 VSS 623.5 -3500 C
167 S166 -574.5 -3275 A 227 VSS 623.5 -3400 C
168 S167 -574.5 -3325 A 228 VSS 623.5 -3300 C
169 S168 -574.5 -3375 A 229 VSS 623.5 -3200 C
170 S169 -574.5 -3425 A 230 REGE 623.5 -3100 C
171 S170 -574.5 -3475 A 231 VDD 623.5 -3000 C
172 S171 -574.5 -3525 A 232 VDD 623.5 -2900 C
173 S172 -574.5 -3575 A 233 VDD 623.5 -2800 C
174 S173 -574.5 -3625 A 234 VDD 623.5 -2700 C
175 S174 -574.5 -3675 A 235 VSS 623.5 -2600 C
176 S175 -574.5 -3725 A 236 VSS 623.5 -2500 C
177 S176 -574.5 -3775 A 237 VSS 623.5 -2400 C
178 S177 -574.5 -3825 A 238 VSS 623.5 -2300 C
179 S178 -574.5 -3875 A 239 VSS 623.5 -2200 C
180 S179 -574.5 -3925 A 240 VSS 623.5 -2100 C
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PAD PAD X Y Bump PAD PAD X Y Bump
No. Name coordinate coordinate shape No. Name coordinate | coordinate shape
[pm] [um] [um] [pm]

241 VSS 623.5 -2000 C 301 VLCD2 623.5 4000 C
242 VSS 623.5 -1900 C 302 VLCD2 623.5 4100 C
243 VSS 623.5 -1800 C 303 VLCD3 623.5 4200 C
244 VBTI1 623.5 -1700 C 304 VLCD3 623.5 4300 C
245 VBTI1 623.5 -1600 C 305 VLCD3 623.5 4400 C
246 VBTI1 623.5 -1500 C 306 VLCD1 623.5 4500 C
247 VBTI1 623.5 -1400 C 307 VLCD1 623.5 4600 C
248 VBTI1 623.5 -1300 C 308 VLCD1 623.5 4700 C
249 VBTI2 623.5 -1200 C 309 VLCD4 623.5 4800 C
250 VBTI2 623.5 -1100 C 310 VLCD4 623.5 4900 C
251 VBTI2 623.5 -1000 C 311 VLCD4 623.5 5000 C
252 VBTI2 623.5 -900 C 312 DUMMY 623.5 5197 C
253 VBTI2 623.5 -800 C 313 COM1 390 5182 B
254 CP1P 623.5 -700 C 314 COM2 315 5182 B
255 CP1P 623.5 -600 C 315 COM3 240 5182 B
256 CP1P 623.5 -500 C 316 COM4 165 5182 B
257 CP1P 623.5 -400 C 317 COM5 90 5182 B
258 CP12N 623.5 -300 C 318 COM®6 15 5182 B
259 CP12N 623.5 -200 C 319 COM7 -60 5182 B
260 CP12N 623.5 -100 C 320 COM8 -135 5182 B
261 CP12N 623.5 0 C

262 CP12N 623.5 100 C

263 CP12N 623.5 200 C

264 CP12N 623.5 300 C

265 CP2P 623.5 400 C

266 CP2P 623.5 500 C

267 CP2P 623.5 600 C

268 CP2P 623.5 700 C

269 CP3P 623.5 800 C

270 CP3P 623.5 900 C

271 CP3P 623.5 1000 C

272 CP3P 623.5 1100 C

273 CP34N 623.5 1200 C

274 CP34N 623.5 1300 C

275 CP34N 623.5 1400 C

276 CP34N 623.5 1500 C

277 CP34N 623.5 1600 C

278 CP34N 623.5 1700 C

279 CP34N 623.5 1800 C

280 CP4P 623.5 1900 C

281 CP4P 623.5 2000 C

282 CP4P 623.5 2100 C

283 CP4P 623.5 2200 C

284 VLCD 623.5 2300 C

285 VLCD 623.5 2400 C

286 VLCD 623.5 2500 C

287 VLCD 623.5 2600 C

288 VLCD 623.5 2700 C

289 VLCD 623.5 2800 C

290 VLCDO 623.5 2900 C

291 VLCDO 623.5 3000 C

292 VLCDO 623.5 3100 C

293 VLCDO 623.5 3200 C

294 VLCDO 623.5 3300 C

295 VLCD5 623.5 3400 C

296 VLCD5 623.5 3500 C

297 VLCD5 623.5 3600 C

298 VLCD5 623.5 3700 C

299 VLCD5 623.5 3800 C

300 VLCD2 623.5 3900 C
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ORDERING INFORMATION

Device Package Shipping (Qty / Packing)
LC450210PCH-T3 Chip with Au bumps 960 / Waffle Pack
(Pb-Free)

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
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