
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































HD66300T 

Some position shift exists between the pixels of even 
number lines and those of odd number lines for LCD 
panels having triangular patterns. This requires gen
erating a phase shift' between the three-phase clocks 

for even number lines and those for odd number lines. 
The required phase shift is 1.5 pixels for LCD panels 
having a unicolor triangular pattern, while it is 0.5 
pixels for those having a bicolor triangular pattern. 

HCKI 

1st line 1l 
E 
::I HCK2 
I: 

2nd line 
'tI 

I 

�~�!�!�!� HCK3 I 
I 

01: I 
u-= 

OLloR JTl 3rd line 

: O.5-pixel delay 
-001---;..... 

4th line I 

HCKI 
II) 
CO> 
I: HCK2 c::= ., �~� 

�~�1�l� 
�~� E HCK3 0::1 

11.1: 

OLloR --Il 
(bl Bicolor Triangular Pattern 

Figure 14 
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How to Generate Three-Phase Shift Clocks 

Three-phase shift clocks can be generated by dividing 
the base clock, which is generated from a horizontal 
synchronizing clock, through the use of a frequency 
multiplier such as a PLL circuit. 

The number of horizontal pixels of the LCD panel and 
the valid display ratio determines the base clock 
frequency f. 

If the number of horizontal pixels is 480 and the 

HD66300T 

valid display ratio is 95% in the NTSC system, the 
base clock frequency f is about 9.59 MHz according 
to the following equation. 

f - (1lValid display period) x (no. of horizontal 
pixelslValid display ratio) 

- 480/(52.7 ~sec x 0.95) 
- 9.59 (MHz) 

The three-phase clocks can be generated by divid
ing f by 3 (in the monodirectional connection mode) 
or 6 (in the interleaved connection mode). 

480 pixels (95%) 

Video 
signals 

Horizontal 
r:etrace peri~. Valid display period 

Figure 15 Base Dock 
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For upper 
drivers 

For lower 
drivers 

HCK1 

HCK2 

HCK3 

(a) In Mor'lodirectional Connection Mode 

HCK1 J 
HCK2 L 
HCK3 I 

HCK1 ~ 

HCK2 ~~ ________ ~ 

HCK3 

(b) In Interleaved Connection Mode 

Figure 16 Three-Phase Shift Docks 
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Bias Voltage 

Voltages V beB' V bsH' and V bo control the drive capa
bility of the output buffer and differential amplifier. 
Here the LSI must be used in the range of 

V beB controls the drive current capability of the output 

buffer when OE is high (lVsB) and VbsH controls the 

leakage correction current of when OE is low (IV sH), 

Figure 17 and figure 18 show the relationship between 

IV 5B and V beB and the relationship between IV sH and 

V bsH ' respectively, 

V beB and V bsH should be to an appropriate level for 
the electrical characteristics of the LCD panel used. 

1.000 

800 

600 

400 

200 

5 Vee -VbS8 (V) 

Figure 17 IVbsB vs V CC-VbSB 

HD66300T 

The rise time (tODR) and the fall time (loOF) of the 

output buffer depend on the input level of V beB' 

Figure 19 shows the relationship between tOOR' tOOF 

and VbeB. 

V bo controls the bias current of the differential ampli

fier (IV bo)' 

Figure 20 shows the relationship between the rise and 

fall times (tOOR'tooP> of the output buffer and V bo' 

V bo should be adjusted to an appropriate level for the 
electrical characteristics of the LCD panel used. 
The increase of total current consumption is 120 times 

larger than that of IV beB' IV bsH and IV bo' because 
figure 17, 18 and 21 each shows the case of one output 
and HD66300T has 120 outputs. 
Figure 17, 18, 19,20and21 are just for reference and do 
not guarantee the characteristics. 

IVbSH 

(IlA) 

80 

60 

40 

20 /, 
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tDDR 

(Ps) 
5 

/ 
2 

V.,=Va;-3V 
Cl=100pF 

3 
V ••• (V) 

V.sB=Va;-3V 
Cl=100pF 

3 V •• (V) 

tDDF 

(ps) 
10 

Figure 20 looK' loop VS V bo 
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V .. =Vcc-3V 
CL =100pF 

3 V ••• (V) 

VbS.=Vcc -3V 
CL =100pF 

3 V •• (V) 



OE 

01-0120 

IVbO 

("A) 

50 

40 

30 

20 

10 

1 2 3 4 5 Vee-V •• (V) 

tOOR 

90%(Vin=Vee -3.5V) 

10%(Vin=V •• +1.5V) 

tOOF 

Figure 22 Definition of looR and looF 
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OE Signal 

The OE signal has the following functions: 

Clock for internal circuits: Controls the sample and 
hold circuitry and the controller of the shift matrix 
circuit, and switches the output signal at the OE signal 
rising edge. 

Switching of drive capability of the output buffer: 
Determines the current drive capability of the output 
buffer; 

~:nal~ , 
, 

OE = high: Drives with large current (300I1A. typ) 
OE .. low: Drives with small current (20 ILA. typ) 

This function allows the output buffer to operate with 
large current during the transition of an output Signal, 
thus shortening its falling time. At the same time it 
allows the output buffer to operate with small current 
while an output signal is stable, lowering current con
sumption. 

The drive current is controlled by bias voltages V bsB 

(large current) and V bsH (small current). 

~: i '/ <?utput! ; 
signal : : 

! '+---; -----1'i 
; Large : Small ' 

current I current :. -!. ., 

Figure 23 Switching of Drive Capability of the Output Buffer 
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FD Signal 

The FD signal is the field determination signal; a field 
is determined by the state of this signal at the rising 
edge of the OE signal. This signal synchronizes the 
internal controllers with TV signals. 

The order of outputting signals is determined at the 
fourth rising edge of the OE signal after the rising or 
falling edge of the FD signal in double-rate sequential 
drive mode, while it is determined at the third rising 
edge in single-rate sequential drive mode; hereinafter, 
as long as the FD signal is not changed, signals will be 
output in the determined order at most every 12 

Timing Charts for Each Mode 

HD66300T 

pulses of the OE signal in double-rate sequential drive 
mode, while at most every 6 pulses in single-rate 
sequential drive mode. 

The FD signal should usually be high in the first field 
and low in the second field. In some modes, however, 
it should be high in both fields, but low for at least one
pulse time period of the OE signal during the horizon
tal scanning period. 

The order of outputting signals and the timing of 
inputting the FD signal vary depending on the mode. 
For more details, refer to the appropriate timing 
charts. 

Table 2 Reference timing charts for each mode 

Single (DIS = Low) Double (DIS = High) 

Interlace Non-Interlace 

Filter Arrangement Per-Line Per-Field Per-Line Per-Field Per-Line Per-Field 

Mosaic Top- Inter- MODE1S MODE 18 MODE 2 MODE 6 MODE 9 MODE 13 

left to 
leaved 

bottom-
right Monodi- MODE 16 MODE 19 MODE 1 MODES MODE 8 MODE 12 

rectional 

Top- Inter- MODE 16 MODE 19 MODE 1 MODES MODE8 MODE 12 
right to 

leaved bottom-
left Monodi- MODE1S MODE 18 MODE 2 MODE 6 MODE 9 MODE 13 

rectional 

Vertical stripe MODE1? MODE 20 MODE 3 MODE? MODE 10 MODE 14 

Unicolor triangular MODE1? MODE 20 MODE 4 MODE 4 MODE 11 MODE 11 

Bicolor triangular MODE1? MODE1? MODE 4 MODE 4 MODE 11 MODE 11 

Single: Single-rate sequential drive mode 
Double: Double-rate sequential drive mode 
Per-Line: Per-line inversion mode 
Per-Field: Per-field inversion m9<ie 
Interleaved: Interleaved connection mode 
Monodirectional: Monodirectional connection mode 
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J 
I! 
II: 

MODE I 

D/S Vee 

L/F Vee 

MSFI GND 

MSF! Vee 

Video 

OL/DR 

DE 

FO --.J 

Sample and B r 
I SAMPLE loUt I I SAMPlE lourl I SAMI'lE lourl I SAMPLE lourl I '1 :our: : 

I SAMPLE: 526U1: ijij@: lour: SAMPLE : S2our: :t : !:: : rout 
hold ciR:uilS ~ I PLE 0 SAMPLE our! PLE 61" SA oUt ~ I SAMPLE l60tl I 

I I SAMPLE I lourl SAMPLE I louTI SAMPLE I louT! SAMPLE I I S~ I $AMpul lourl 

03k+l 

03k+2 

03k+3 

Ga-l 

Gr2 

Ga-480 

Video 

Vxl 3 Vx2 1 Vx3 y2 Vxl Vy Vx2 VYl 2 Vxl 

x2 yl x3 Vy2 1 Vy3 x2 VYl x3 Vy2 3 Vx2 

Vx3 2 Vxl y3 x2 VYl Vx3 VY2 xl VY3 1 Vx3 

------~!I~--------------~--------~~----------
__________ ~rI~ __ ~~~------------------~~)--------------

---------------------------···-···-···~··S~ 

OL/OR ____________ L-__ ~ __ ~ __ ~~ __ ~ __ ~ __ ~ ____ ~~~~------------

DE 

FO 

hold circuits 

I SAMPLE lour! I SAMPLE louT! I SAMPLE lour! I ~\ louT! I 
Sample and[: 

J C 
o 

: SAri: lour: OriPLE: lour: SAMPLE: lour: : ~ I louT! 
SAMPLE our SAMPLE our! SAMPLE our J I SAMPLE lour I 

I SAMPLE I lour I SAMPLE I louT! SAMPLE I lourl SAMPLE I I SS I SAMPLE I I 

) 

1060 

03k+l 

03k+2 

03k+3 

Ga-l 

Gr2 

Gt.-480 

X X X X X X X ~. X X 
X X X X X X X -~ X X 
g g g g g g g -~ X X 

______________ ~rI~ ____________________ ~~~~------------

--------------------~~~ .. ~ .. ~ .. ~.----------------------~%~---------------
·W·h ..... !I~ ____ _ 
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MOOE 2 

DIS Vee 

l/F Vee 

MSFI GND 

MSF2 GND 

Video 

DL/DR 

DE 

FD ---.J 

l Sample and B 

'" 
hold circulta ~ 

;Ji 
il 

I SAMPLE loutl I SAMPLE lour! I SAMPLE lourl I SAMPLE lourl I S~ 10UTI 
I SAMPLE I lOUT! SAMPLE I 10UTI SAMPLE I louT! SAMPLE I lOUT I I S\ I IOUTI 

I SAMPLE 'oUTI I SAMPLE lour! I SAMPLE louT! I SAMPLEloUTI ~\ I SAMPLE loufl 
I SAMPLE I 10UTI SAMPLE I 10UTI SAMPLE I 10UTI SAMPLE I I S~ I SAMPLE I lOUT I 

u:: 
D3k+l Vxl V 2 Yx3 VI x2 3 V.1 Vy Vx3 Vyl x2 Vy3 Vxl Vy2 Vd 

D3k+2 x2 Vy3 Vxl Vy2 x3 Vyl V,2 y3 VKI V 2 x3 Vyl V,2 Vy3 xl 

D3k+3 x3 Vyl Vx2 Vy3 xl y2 Vx3 Yyl Vx2 Y Vxl ".,2 x3 Vyl Vx2 

Ga-l 
________ ~Il~ ________________________ ~~~&------------

Gr2 __________ ~rI~ __ ~~----------------~~~&------------
~ -'" . -.. " 

G~-480 ------------------------------~S~ 

Video 

DL/DR ____________ ~ __ ~ ____ ~ __ ~ __ ~~ __ ~ __ ~ ____ ~~~~-------------

DE 

FD 

Sample and [: 
hold clrculta 

J C 

j D 

I SAMPLE lourl I SAMPLE lourl I SAMPLE louT! I S~ IOUTI 

: §AMPLE : ---lOUT: SAt!!PLE: lOUT: SAMPLE: lOUT: : \~ I 10UTI 
I SAMPLEOUn SAMPLEOUTI SAMPLE OUT S\ I SAMPLE 10UTI 

I SAMPLE I lour! SAMPLE I 10UTI SAMPLE I 10UTI SAMPLE I I SS I SAMPLE I I 

D3k+l g g g g g g g ~ X g 
D3k+2 g g g g Z Z Z ~ X Z 
D3k+3 X X X X X X X ~ X Z 

Ga-l --------------~rI~----------------------~s~~--------------
G~-2 ----------------~~~--_~_~--~------------~9~~--------------
G.l-480 ------------------------------------------'J-<;~ 
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:!! .. 
'" i! 
II: 

MODE 3 

DIs Vee 

L/F Vee 

MSFI Vee 
."---------

MSF2 Vee 

Video 

DL/DR 

DE 

FD 

r Sampleond B 
hold circuits ~ 

I SAMPLE loutl I SAMPLE IOUTI I SAMPLE IOUTI I SAMPLE IOUTI 

PLE SAMPLE OUT SAM E OUT SAMPLE OUT 

SAM SAMPLE OUT MPLE OUT 0 

I SAMPlE I louT! SAMPLE I IOUTI SAMPLE I IOUTI SAMPLE I 

D3Hl Vxl 1 Vxl Vyl V., Yr1 Val 1 Yxl VYI V.I Yr' V.I Vyl Vxl 

D3k+2 xl 2 xZ Vy2 Vx2 2 x2 Vy2 Yx2 Vy2 xl V 2 x2 Vy2 x2 

D3k+3 

Ga-l --------~!I~------------------------~~~&----------~ 
Ga-2 ------------~rI~--~~~--------------------~%r_-------------
Ga-480 ------------------------------~·s~ 

Video 

DL/DR ____________ ~ __ _L ____ L_ __ _L __ ~ ____ ~ __ _L ____ L_~~-L----------~-

DE 

FD 

hold circuits 

I SAMPLE loun I SAMPLE IOUTI I SAMPLE IOUTI I ~\ IOUTI 

MPLE OUT SAMPLE UT SAMPLE o T ~ I IOUTI 

SAMPLE OUT 

Sample Ond[: 
C 

~ D 

SAMPLE UT ~ I SAMPLE louT! 

louT! SAMPLE I I S~ I SAMPLE I I I SAMPLE I lOUT I SAMPLE I lOUT I SAMPLE I 

1 D3Hl Vyl V.l Vyl V.l Vyl .1 Vyl .1 Vyl V.l Vyl V.l ~ X X 

D3k+2 X X X X X X X ~ X X 

D3k+3 X X X X X X X ~ X X 

Ga-I --------------~rI~----------------------~~~s--------------
Ga-2 -----------------------J~~h~ .. ~.-.----------------------~~~i------------.......... 
G~-480 ___________________________________________ .. ----'! .. \~ 

1062 HITACHI 



~ 
'" 
~ 

~ 
'" "0 
C 
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~ 

HD66300T 

MODE 4 

0/5 Vee 

L/F VeelGND 

MSFI Vee 

MSF2 GND 

Video 

DL/DR 

OE 

FD ~ 
! SAMPLE !out! ! SAMPLE !OUT! ! SAMPLE 10UTI I SAMPLE !OUT! ! S~ 10UTI 

Sample and B [ I SAMPLE I !outl SAMPLE I 10uTi SAMPLE! 10uTi SAMPLE I lOUT! I ~\ I !OUTI 

hold circuits ~ I SAMPLE 10Uf! I SAMPLE lOUT! I SAMPLE 10UTI SAMPLE lOUT I ~\ I SAMPLE lOUT! 

c= I SAMPLE I lourl SAMPLE I 10uTi SAMPLE I 10UTI SAMPLE I I S~ I SAMPLE I 10UTI 

D3k+l 

D3k+Z 

D3k+3 

Ga-l 

Ga-Z 

G~-480 

Video 

DL/DR 

OE 

FD 

V,I Vyl V,I Vyl 

V,2 V,2 V,2 Vy2 

V,J VyJ V,J VyJ 

n 
n 

V,I Vyl V,I 

VxZ VyZ V,2 

V,J Vy3 Vx3 

Vyl V,I 

VyZ VxZ 

V" 

V,2 

ss 
({ 
II 

-------------------------------.-~·s~ 

~ 
I SAMPLE lOUT I I SAMPLE 10UTI I ~ 10UTI I SAMPLE, lOUT I 

Sample and B [' SAMPLE OUl SAMPLE 

SAMPLE OUT 

OUT SAMPLE OUT \ I 10UTI 
hold circuits ~ 

SAMPLE OUT SAMPLE OUT \ I SAMPLE 10UTI 

lourl SAMPLE I I SS I SAMPLE I I I SAMPLE I lourl SAMPLE I lOUT I SAMPLE I 

D3k+l 

D3k+Z 

D3k+3 

Ga-l 

Ga-Z 

G~-480 

VyZ VICZ Vy2 Vx 

_=---Ll~'-'-..L>.__'_"__""___'_'~"V:.<.y;;/3 Vx3 Vy3 VII3 Vy3 Vx3 Vy3 Vx3 Vy3 Vx3 

x X 
X X 
X X 

--------------~II~---------------------s\~\-------------
-----------~~~ .. ~~-----------------~(~h-----------
--~--------------------------~·s~ 
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.., 
;; 

'" Ii! 
Ii: 

~ 
'" 1 
Jl 

MODE 5 

DIS Vee 

L/F GND 

MSFI GND 

MSF2 Vee 

Video 

DL/DR 

OE 

FD 

-~f hold circuits C 

D 

I SAMPlE loutl I SAMPLE 10UTI I SAMPLE IOUTI I SAMPLE lourl 

SAMPLE au U AMPlE OUT SAMPLE OUT SAMPLE 

SAMPl SAMPLE OUT SAMPLE OUT Pl 

I SAMPLE I lOUT I SAMPlE I 10UTI SAMPLE I lOUT I SAMPLE I 

D3k+l V,l x3 Vx2 V,l V,3 ,2 V,l ,3 Vx2 Yxl V,3 ,2 V,l ,3 VxZ 

D3k+Z V,2 V,l ,3 V,2 V,l Yx3 Vx2 ,1 x3 VxZ xl V,3 V,2 V,l Vx3 

D3k+3 Yx3 Vx2 V,l Vx3 V,l xl Vx3 Yx2 V,l Vx3 Yx2 xl V,3 V,l V,l 

Ga-l 
________ ~!lL __________________________ ~~~------------

GrZ ____________ ~!lL_ __ ~~~------------------_;~.~-------------

Ga-480 ------------------------------··~··s~ 

Video 

DL/DR 

OE 

FD ---, if 

.m"~f hold circuits 
C 

D 

I SAMPLE lOUT I I SAMPLE lOUT I I ~\ lOUT I I SAMPLE 10UTI 

SAMPLE a T ~ I 10UTI 

SAMPLE UT ~ I SAMPlE lour! 
lourl SAMPLE I I S~ I SAMPlE I I 

OUT SAMPLE UT SAMPLE 

SAMPlE OUT SAMPLE OUT 

I SAMPlE I lour! SAMPLE I lour! SAMPLE I 

D3k+l 

D3k+Z 

D3k+3 

Ga-l 

Ga-Z 

G~-480 

Vy2 Vyl 

Vy3 Vyl 

x X 
X X 
X X 

--------------~IIL---------------------~S~S--------------
----------------~rJ~_.~----------------~~~~-------------

ss··--····· 11<----
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MOOE 6 

DIS Vee 

L/F GND 

MSFI GND 

MSF2 GND 

Video 

DL/DR 

OE 

FD ~ _ .. [: 
hold circuits C 

0 

SAMPLE 

I S~ IOUTI 

~ I IOUTI 

SAMPL PLE OUT AMPLE OUT UT ~ I SAMPLE I OUTI 

I SAMPLE loufl I SAMPLE IOUTI I SAMPlE IOUTI I SAMPLE IOUTI 

OUT SAMPLE OUT SAMPLE OUT SAMPLE ou 

I SAMPLE I lour! SAMPLE I IOUTI SAMPLE I lOUT I SAMPLE I I ~H SAMPLE I IOUTI 

l! 
~ D3k+l 
~ 

VII' x2 Yd Yal xZ d Val VI( Vx3 Yll x2 x3 Yx1 Vx 

D3k+Z xl x3 Vxl VxZ Vx3 Val Yd 'lx3 Val x2 x3 Val x2 Vx3 

D3k+3 Va3 Yal YaZ Vxl V., x2 Yx3 VII x2 Va Vxl V. Va3 Val 

Ga-l -------IIlL..---------------\S)-S--------
Gf-Z ____________ ~r_1~ ____ ~~----------------------~%)----------------
G~-480 _____________________ ·_'j···S~ 

Video 

DL/DR ____________ J-__ _L ____ L_ __ _L __ ~ ____ ~ __ _L ____ L_~~-L-------------

OE 

FD ------'A ~il~~~~~~5Iii~lf ~Ir-[ 

I. I SAMPLE lour! I SAMPLE lOUT I I SAMPLE lour! I I Sf-~ "Io""'ufn-I--.-----, 

::~~= CB PLE OUT PLE T SAMPLE 0 T ~ I IOUTI 

SAMPLE OUT SAMPLE OUT SAMPLE OUT ~ I SAMPLE louT! 

~ 0 I SAMPLE I louT! SAMPLE I IOUTI SAMPLE I IOUTI SAMPLE I I SS I SAMPLE I I 

] D3k+l X X X X X X X -~ X X 
D3k+Z X X X X X X X -~ X X 
D3k+3 X X X X X X X -~ X X 

Ga-l --------------~r-1L----------------· __ --~~~S------____ ___ 
GrZ ---------~I]~ .. ~ .. ~ .. -~-------~~~~--------
GIi-480 ------------------------------------------.-.. -'l.~~ 
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" a; 

"" i1 
u:: 

:Jl 

" '" " c 
0 
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MODE 7 

Dis Vee 

L/F GND 

MSFI Vee 

MSF2 Vee 

Video 

DL/DR 

DE 

FD 

I SAMPLE lOUT I I SAMPLE IOUTI I SAMPLE lourl I SAMPLE IOUTI I S~ IOUTI 
Sample and 8 [' I SAMPLE I IOUTI SAMPLE I lourl SAMPLE I IOUTI SAMPLE I IOUTI .=n~ I IOUTI 
hold circuits ~ I SAMPLE IOUTI I SAMPLE IOUTI I SAMPLE IOUTI SAMPLE loUT I ~\ I SAMPLE lourl 

I SAMPLE I lourl SAMPLE I IOUTI SAMPLE r IOUTI SAMPLE I I)~ I SAMPLE I IOUTI 

D3k+l Vxl Vxl Vxl Vxl Vxl Vxl Vxl Vxl Vxl Vxl Vxl Vxl Vxl Vxl Vxl 

D3k+Z Vx2 VxZ VxZ Vx2 Vx2 Vx2 Vx2 Vx2 

D3k+3 VKJ Vx3 VxJ Vx3 VxJ VxJ VxJ VxJ Vx3 VxJ Vx3 VxJ VxJ 

Ga-l ------~!lL------------------------~~~S-----------
G~-Z -------~~L--~~~~----------~~~S---------
Ga-480 ------------------------------4--S~ 

Video 

DL/DR 

OE 

FD ~ 
I SAMPLE lourl 

\~ 
I SAMPLE lourl I ~~ lOUT I I SAMPLE lOUT I 

Sample and B [' hold circuits ~ 
SAMPLE OUT SAMPLE UT SAMPLE OUT ~ I lourl 

D3k+l 

D3k+Z 

D3k+3 

Ga-l 

Ga-Z 

G~-480 

SAMPLE OUT SAMPLE OUT 
I SAMPLE I lOUT I SAMPLE I IOUTI SAMPLE I 

Vyl Vyl Vyl Vyl V 1 Vyl 

Vy3 Vy3 VyJ Vy3 

SAMPLE OUT \ I SAMPLE I ourl 
lourl SAMPLE I I SS I SAMPLE I I 

x X 
X X 
X X 

--------------~II~------~------------~S~\-------------

------------------------J~~._~--------------------------(~h------------------

-------------------------------------·~·s~ 
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MODE 8 

D/S Vee 

L/F Vee 

MSFI GND 

MSF2 Vee 

Video 21 22 ~ 
DL/DR I 

OE 

FD -.--J 

~ 
Sample and B 

hold circuits ~ 

I SAMPLE lour I I SAMPLE lourl I SAMPLE lourl I SAMPLE lourl I S\ lourl 
I SAMPLE I lourl SAMPLE I lourl SAMPLE I lourl SAMPLE I lourl I S\ I lourl 

I I SAMPLE lourl I SAMPLE lourl I SAMPLE lourl I SAMPLE lourl \\ I SAMPLE lourl 
I SAMPLE I lour I SAMPLE I lourl SAMPLE I jour I SAMPLE I I S~ I SAMPLE I lourl 

D3k+l V.l Vyl V.3 VyZ V.I Vy3 V,Z Vyl V,3 Vyl V,I Vy3 VxZ 

D3k+2 V,l Vyl V.3 VyZ Vxl Vyl Vxl Vyl V, VyZ Vxl Vy3 V,l Vyl v,3 

D3k+3 V,I y3 Vxl Vyl Vxl 'f;2 V.l VyJ YxZ Vyl V)l3 VyZ Vxl 

Ga-l 
______ ~!lL _________________________ ~~\-----------

Ga-2 ________ ~!lL_~==~----------------~~-----------
G~-480 ---------------------------------~--S~ 

Video 

DL/DR 

OE 

FD I 

l Sample and B 

:2 

hold circuits ~ 

~ 

'" 

I SAMPLE lour I I SAMPLE lour I I SAMPLE lour I I SAMPLE lour I I SS lour I 
I SAMPLE I lour I SAMPLE I lourl SAMPLE I lour I SAMPLE I lourl I 1\ I lourl 

I SAMPLE lourl I SAMPLE jourl I SAMPLE louT! I SAMPLE lourl II I SAMPLE lourl 
I SAMPLE I lourl SAMPLE I lour I SAMPLE I lour I SAMPLE I I 1\ I SAMPLE I lOUT I 

" c 
0 

~ D3k+l Vyl V,3 Vyl Vxl Vy3 VXZ V 1 V,3 VyZ Vxl VyJ Vx2 Vyl Vd 

D3k+2 Vyl V,I Vyl VxZ Vyl Vxl Vy2 Vxl VyJ Vxl v 1 vx3 VyZ V,I 

D3k+3 Vy3 V,l yl Vxl VyZ V,I Vy3 vxZ Vyl V)l3 Vyl 

Ga-l ________ ~!IL ___________________________ I\~I------------

Ga-2 __________ ~rtL_ ____ ~--------------------~IIIr_------------
G~-480 ------------------------------------~-i~ 
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MODE 9 

Dis Vee 

L/F Vee 

MSFI GND 

MSFZ GND 

Video 21 ~ 
DL/DR I 

OE 

FD 

[ Sample and B 

.., 
hold circuits ~ 

;; 

'" 
~ 

D3k+l 

I SAMPLE lOUT I I SAMPLE lourl I SAMPLE 10UTI I SAMPLE 10UTI I S~ 10UTI 
I SAMPLE I lOUT I SAMPLE I 10UTI SAMPLE I lourl SAMPLE I lourl I S~ I 10UTI 

I I SAMPLE lourl I SAMPLE lourl I SAMPLE 10UTI I SAMPLE 10UTI S\ I SAMPLE 10UTI 
I SAMPLE I 10UTI SAMPLE I 10UTI SAMPLE I 10UTI SAMPLE I I \S I SAMPLE I 10UTI 

V,l VyZ Vx3 Vyl Vx2 Vy3 Vxl Vy2 Vx3 Vyl VxZ Vy3 V,l VyZ Vx3 

D3k+2 VxZ Vy3 Vxl VyZ Vx3 Vyl VICZ V'll Vxl VyZ Vx3 Vyl VxZ Vy3 Yxl 

D3k+3 Vx3 Vyl V,Z Vy3 Vxl VyZ Vx3 Vyl Vxl Vy3 Vxl VyZ Yx3 Vyl VxZ 

Ga-l 
______ ~!lL ________________________ ~~-----------

Ga-2 --------~!lL--~==----------------_4~t-----------
G~-480 -----------------------------------~--S~ 

Video 283 

DL/DR 

OE 

FD I 

[' Sample and B 
hold circuits ~ 

I SAMPLE lOUT I I SAMPLE lOUT I I SAMPLE lour! I SAMPLE lOUT I . I I SS lour! 
I SAMPLE I 10UTI SAMPLE I lourl SAMPLE I 10UTI SAMPLE I 10UTI I 1\ I 10UTI 

I I SAMPLE 10UTI I SAMPLE lourl I SAMPLE 10UTI I SAMPLE lour! SI I SAMPLE lourl 
I SAMPLE I 10UTI SAMPLE I lour! SAMPLE I 10UTI SAMPLE I I S\ I SAMPLE I 10UTI 

D3k+l --""'-L>--'-"~>-J V'll Vx2 Vy3 Vxl Vy2 Vx3 V l' VxZ Vy3 Vxl Vy2 Vx3 

D3k+2 --,"--..00--<':"--'",,-,/ Vy2 Vx3 Vyl Vx Vy3 Vxl V Z Vxl Vyl Vx2 Vy3 Vxl VyZ 

.D3k+3 Vy3 Vxl VyZ Vx3 Vyl "-Vx::.::Z"V,-,-y,,,3 ""","-'-'" 

Ga-l ______ ~rlL ________________________ ~II~I------------

Ga-2 __________ ~rtL ____ -= ____________________ _;I~I-------------
-------------

G~-480 --------------------------------------~-~~. 
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Video 

OL/OR 

DE 

FO 

HD66300T 

MOOE10 

Dis Vee 

L/F Vee 

MSFl Vee 

MSF2 Vee 

~ 
I 

I SAMPLE IOUTI I SAMPLE IOUTI I SAMPLE lour! I SAMPLE-loUTI I S~ IOUTI 

Sample and [: 
hold circuits C 

o 

I SAMPLE I IOUTI SAMPLE I IOUTI SAMPLE I lourl SAMPLE I IOUTI I S\ I IOUTI 

I SAMPLE IOUTI I SAMPLE IOUTI I SAMPLE IOUTI I SAMPLE IOUTI S~ I SAMPLE IOUTI 

I SAMPLE I lourl SAMPLE I IOUTI SAMPLE I lOUT I SAMPLE I I S~ I SAMPLE I IOUTI 

V,l Vyl V,1 Vyl Yxl Vyl V,1 

Y,Z VyZ y,Z YyZ Yx2 vy2 vxZ 

Vx3 Vy3 v,3 Vy3 VK3 VyJ vx3 Vy3 Vxl Vy3 Vx3 y3 ,3 Vy3 

Ga-l ________ ~IlL_ ____________________________ ~~~------------

Ga-2 __________ --'!lL __ ~=:------------.,S~I_-------

Ga-480 --------------------------------------------------\--i:~ 

Video 

OL/OR 

DE 

FO ~~~~~~~~~~~~~~~~~~;~~~~---
[

A I SAMPLE IOUTI I SAMPLE IOUTI I SAMPLE IOUTI I SAMPLE IOUTI I ~\ lourl 

Sample and B I SAMPLE I IOUTI SAMPLE I IOUTI SAMPLE I IOUTI SAMPLE I IOUTI I S\ I IOUTI 

hold circuits Co I I SAMPLE lOUT! I SAMPLE IOUTI I SAMPLE lOUT! I SAMPLE IOUTI ~t I SAMPLE IOUTI 

I SAMPLE I lourl SAMPLE I IOUTI SAMPLE I IOUTI SAMPLE I I S\ I SAMPLE I IOUTI 

03k+l Vyl V.I Vy. V)(, Yr' Viti Vy' Viti Vyl Vxl Yy. "V::.;'I",-,YY",I.=J\:.~ 

Ga-l ________ ~!lL-__________________ ~ ____ ~II~\------------

Ga-2 _____ ----~!lL----~~------------------~III--------------

Ga-480 ---------------------------------------.-----4--\~ 
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HD66300T 

MODEll 

Dis Vee 

L/F Vec/GND 

MSFI Vee 

MSF2 GND 

Video ~ 
DL/DR I 

OE 

FD ---1 

r 
Sample and B 

~ 

hold circuits ~ 

'" 

I SAMPLE lour! I SAMPLE lOUT I I SAMPLE IOUTI I SAMPLE IOUTI I S~ IOUTI 
I SAMPLE I IOUTI SAMPLE I IOUTI SAMPLE I IOUTI SAMPLE I IOUTI I S\ I IOUTI 

I I SAMPLE IOUTI I SAMPLE lour! I SAMPLE loun I SAMPLE IOUTI S\ I SAMPLE IOUTI 
I I SAMPLE I IOUTI SAMPLE I IOUTI SAMPLE I IOUTI SAMPLE I I S~ I SAMPLE I IOUTI 

~ D3k+l Vxl Vyl Vxl Vyl Vxl Vyl Vxl Vyl Vxl Vyl 

D3k+2 Vxl Vyl Vxl Vyl Vxl Vxl Vyl Vxl Vyl ~ 
D3k+3 Vx3 Vy3 Vx3 Vy3 Vx3 Vy3 Vx3 Vy3 Vx3 VyJ YxJ Vy3 Vxl Vy3 Vx3 

Ga-l --------~,,~--------------------------~~~------------
Ga-2 ----------~,,~--~==------------------~~~------------
Ga-480 -----------------------------------~--S~ 

Video 

DL/DR 

OE 

FD I 

[' Sample and B 

~ 
hold circuits ~ 

'" '0 

I SAMPLE IOUTI I SAMPLE IOUTI I SAMPLE lour! I SAMPLE IOUTI I ~\ IOUTI 
I SAMPLE I lOUT I SAMPLE I IOUTI SAMPLE I IOUTI SAMPLE I loun I ~\ I IOUTI 

I I SAMPLE lour! I SAMPLE IOUTI I SAMPLE louT! I SAMPLE lou" S\ I SAMPLE IOUTI 
I SAMPLE I IOUTI SAMPLE I IOUTI SAMPLE I IOUTI SAMPLE I I S\ I SAMPLE I lour! 

C 

8 
Jl D3k+l ~v-~-,r-"-v~VX~I~Vy~I~V~x~I'~y~lhV~xl~Vy~I~Vx~I~V~y~I~V~x~I~V~yl~VX~I~Vy~I~V~X~I~y~I~~ 

D3k+2 VxZ VyZ =1V':"'y-::2v.;:Vx::;-2~:;v:~' 

D3k+3 --''''-..L>.-L",,-~.J VxJ Vy3 VxJ VyJ Vxl Vy3 "Vx;;.:3,,-,,,-,,=,,,,-,,,,,==,,,-,= 

Ga-l --------~rtL ____________________________ I~~------------

Ga-2 __________ ~rtL ____ ~~ __________________ _;I\I-------------
-------------

Ga-480 
------------------~------------~-,~ 
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HD66300T 

MODE12 

Dis Vee 

L/F GND 

MSFI GND 

MSF2 Vee 

Video 

DL/DR 

DE 

FD 

-.~~ hold circuits 
C 

0 

I SAMPLE lour I I SAMPLE lourl I SAMPLE lourl I SAMPLE lourl I ~E-\ r.lo"'u"'rlr--,---, 
I SAMPLE I lourl SAMPLE I lourl SAMPLE I lourl SAMPLE I lour! I ~\ I lourl 

I I SAMPLE lourl I SAMPLE lour I I SAMPLE lourl I SAMPLE lourl SI I SAMPLE lourl 
I SAMPLE I lour I SAMPLE I lour I SAMPLE I lour I SAMPLE I I S~ I SAMPLE I lour I 

D3k+l Y,1 Y,3 Y,2 v" YxJ VxZ v" Y,3 Y,2 v" Y,3 Y,2 v" Yx3 Yx 

D3k+2 Y,2 v" Y,3 V,2 v" Vx3 VXZ Vxl Yx3 Yx2 V.' Y,3 Y,2 v,, Y,3 

D3k+3 Y,3 V,2 

Ga-l ______ ~!lL------------------------~S~\------------
Ga-2 ________ ~!lL __ ~ __ = __ = ___ ~ __ -___ -_ .. -.. -.--------------~~------------

-----.- -------.-

G~-480 ----------------------~------------~--S~ 

Video 

DL/DR 

DE 

FD I S~ 

~-·t hold circuits 
C 

l! 0 G 

'" 

I SAMPLE lourl I SAMPLE lourl I SAMPLE lourl I SAMPLE lourl I \S lourl 
I SAMPLE I lourl SAMPLE I lourl SAMPLE I lourl SAMPLE I lourl I S\ I lourl 

I I SAMPLE lourl I SAMPLE lourl I SAMPLE lourl I SAMPLE lourl ~\ I SAMPLE lourl I 
I SAMPLE I lourl SAMPLE I lourl SAMPLE I lourl SAMPLE I I S\ I SAMPLE I lourl 

." 
C 

8 D3k+l c1l Vyl Vy3 Vy2 Yyl Vy3 Vy2 V 1 Vy3 VyZ Yyl Yy3 VyZ yl Yy3 

D3k+2 --"C>o.-.L>.-~-L"--" V 2 Vyl Yy3 Yy2 Vyl Vy3 VyZ Vyl Vy Vy2 Vyl Yyl Yy2 

D3k+3 --"-'--D..-..£>.---L"--" Vy3 Vy2 Yyl Vy3 Vy2 Vyl Vy3 V'l2 Vyl Vy3 V 2 Vyl. Yyl VyZ 

Ga-l --------~rlL------__________________ ~!~l------------
Ga-2 __________ ~!lL ____ ~~------------------*«-------------
G~-480 

---- -. --. - ------

------------------------------·----4-~~ 
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HD66300T 

MODEI3 

DIS Vee 

L/F GND 

MSFI GND 

MSF2 GND 

Video 

DL/DR 

OE 

FD 

[ Sample and B 

hold circuits ~ 

I SAMPLE lour I I SAMPLE lourl I SAMPLE lourl I SAMPLE lourl I Sf-\ r.lo"'u'01r1r--.,.----, 
I SAMPLE I lourl SAMPLE I lourl SAMPLE I lour! SAMPLE I lourl I ~~ I lourl 

I I SAMPLE lour! I SAMPLE lour! I SAMPLE lourl I SAMPLE lourl ~~ I SAMPLE lourl 
I I SAMPLE I lourl SAMPLE I lourl SAMPLE I lourl SAMPLE I I S~ I SAMPLE I lourl 

D3k+l Vx 1 Vx2 Vx Vx 1 VxZ Vx3 Vx 1 V"Al Vx3 

D3k+Z 

D3k+3 

Ga-l ___ ---In ~\ 

Ga-Z ____ --'11 SS 

Ga-480 -----------------------------------------4----S~ 

Video 283 284 

DL/DR 

OE 

FD I 

[' Sample and B 

il 
hold circuits ~ 

'" " 

I SAMPLE lour! I SAMPLE lour! I SAMPLE lourl I.SAMPLE lourl I S\ lourl 
I SAMPLE I lour! SAMPLE I lourl SAMPLE I lourl SAMPLE I lourl I S\ I lourl 

I SAMPLE lour! I SAMPLE lour! I SAMPLE lour! I SAMPLE lourl S\ I SAMPLE lour! 
I SAMPLE I lourl SAMPLE I lourl SAMPLE I lourl SAMPLE I I S\ I SAMPLE I lourl 

c: 
8 .. D3k+l en Vyl V 2 Vy3 Vyl VyZ Vy3 Vyl VyZ Vy3 yyl Vy2 "V,-"y3"",yCJ' ''''-''''=~ 

D3k+Z VyZ VyJ Vyl VyZ Vy3 Vyl 

D3k+3 

Ga-l ________ ~rlL ____________________________ ~!~I-------------

Ga-Z ----------~n~--~~=_------------------11~1-------------
Ga-480 

~-------------

-------------------------------------~i~ 
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" :! 
~ 

HD66300T 

MOOEI4 

0/5 Vee 

L/F GNO 

MSFI Vee 

MSF2 Vee 

Video 21 22 

DL/DR 

DE 

FD 

I SAMPLE lOUT I I SAMPLE IOUTI I SAMPLE IOUTI I SAMPLE IOUTI I S~ IOUTI 
Sample and B 

~ I SAMPLE I lOUT I SAMPLE I IOUTI SAMPLE I lOUT I SAMPLE I lOUT I I ~\ I IOUTI 
hold circuits ~ I I SAMPLE IOUTI I SAMPLE IOUTI I SAMPLE IOUTI I SAMPLE IOUTI ~\ I SAMPLE IOUTI 

I SAMPLE I IOUTI SAMPLE I IOUTI SAMPLE! IOUTI SAMPLE I I SS I SAMPLE I lourl 

D3k+l 

D3k+2 

D3k+3 

Ga-l 

Ga-2 

G~-480 

Video 

DL/DR 

OE 

FD 

V,1 V,1 V,1 V,1 V,1 V,1 V,1 V,1 

~ 
V,3 V,3 V,3 'VI(3 VxJ Vx3 V.3 Vxl Vxl Vxl Vxl Vxl Vxl 

------~!I~--------------------------'\rl-----------
________ ~!IL __ ~~------------------~~------------

-------------------------------------~---~----S~ 

I 
I SAMPLE lourl I SAMPLE lour! I SAMPLE lourl I SAMPLE lourl I S~ IOUTI 

Sample and B [' I SAMPLE I lourl SAMPLE I lourl SAMPLE I lourl SAMPLE I lourl I \\ I lourl 
hold circuits ~ I I SAMPLE lourl I SAMPLE lourl I SAMPLE lOUr! I SAMPLE lourl ~\ I SAMPLE lourl 

I SAMPLE I lourl SAMPLE I lourl SAMPLE I lourl SAMPLE I I S\ I SAMPLE I lourl 

D3k+l Vy1 V'II V'll Vyl V 1 Vyl V 1 vyl V 1 

D3k+2 VyZ Vy2 V 2 Vy2 

D3k+3 -<'",,-L.>--<->"--"'--' V 3 V 3 V 3 Vy3 Vy3 Vy3 

Ga-l --------~!I~----------------------------~lIr-------------
Ga-2 __________ ~rJL ____ ~~------------------~III--------------------------

G~-480 
-----------------------------------~-i~ 
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HD66300T 

MODElS 

D/S GND 

L/F Vee 

MSFI GND 

MSF2 Vee 

Video 20 

DL/DR 

OE 

FD 

-[: and 
hold C 

i 
circuits 0 

ISAMPlEI OUT ISAMPlE lOUT I SAMPlE! OUT I SAMPlE lOUT I SAMPlE lOUT I SAMPlE I 

Not used 

Not used 

I SAMPI.E lOUT I SAMPI.E lOUT I SAMPlE lOUT I SAMPlE lOUT I SAMPI.E I but I 

SSI OUT I 

'" 
~ D3k+l Vxl Yy2 Vx3 V.I Vx2 V.3 Vxl Yy2 ¥x3 V I 

D3k+l Vx2 V.3 Vxl Yy2 Vx3 V.I Vx2 Yy3 Vxl Yy2 

D3k+3 Vx3 V.I Vx2 V.3 Vxl V.2 Vd V.I Vx2 

Ga-l __________ ~r--1L ________________ ----------------~!~~-------------
Gail 

Ga:Z40 
__________ ~r--1~ __ ~~-_ .. -_.-... -.. -.. _-.. -.. _-.. _-.. -___ -.. -. __ -.. -... -__ -_ .. ~~~~ ... -._--.------

I SAMPlE lOUT I SAMPlE lOUT I SAMPlE lOUT I SAMPlE I \\ I SAMPI.E lOUT I 
Not used 

Not used 

I I I SAMPI.E lOUT I SAMPlE! OUT ISAMPlE lOUT ISAMPU lOUT I \~ lOUT I 

X X X X X 

X X X X X 

X X X X X 

________ ~r_, S\ 

.--.. Q.------... -.... ---....... ----.... ---.~~ 
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Video 

DL/DR 

DE 

FD 

[

A 
Sample 
and 8 
hold C 
circuits 0 

D3k+l 

D3k+2 

D3k+3 

Ga~l 

Ga-2 

Ga~240 

Video 

HD66300T 

MODEI6 

Dis GND 

L/F Vee 

MSFI GND 

MSF2 GND 

r SAMPLE! OUT rSAMPLE rOUT r SAMPLE! OUT r SAMPLE! OUT r SAMPLE rOUT r SAMPLE! SS rOUT r 
Not used 

Not used 

r SAMPLE! OUT r SAMPLE rOUT r SAMPLE! OUT r SAMPLE( OUT r SAMPLE rOUT r ~\ r SAMPLE! OUT r 

Vxl Vy3 Vx2 Vyl Vx3 Vy2 Vxl Vy3 Vx2 Vyl 

____________ ~r__lL ______________________________________ ~~,~\---------------

________________ ~r__l~ ____ ~------------------------~~&~--------------

-------------------------------------------------------------------~--~~ 

DL/DR I (,I 

DE tf1-SLIL-J1 
FD ~L-____________________________________ ~\~I ________ ___ 

[

A rSAMPLEr OUT rSAMPLEr OUT rSAMPLEr OUT rSAMPLEr \\ rSAMPLE! OUT r 

=~;ple B Not used 

hold C Not used 

circuits 0 I SAMPLE lOUT I SAMPLE lOUT (SAMPLE lour I SAMPLll OUT I t\ lOUT I 
~ ~) 

j D3k+l 

D3k+2 

D3k+3 

Ga-l 

Ga-2 

Ga~240 

~ X ~ ~ ~ ~ ~ 

~ X ~ X ~ Z ~ 

~ X X ~ ~ Z ~ 
__________________________ ~r__lL __________________________ ~%\~--------------

________________________ -= __ ~ __ ~_~L-------------------~~\r-------------
-------------------------------,)~ 
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HD66300T 

Video 

Dl/DR 

OE 

FD 

r 
~~;Ple B 

hold C 

il 
circuits 0 

'" ~ D3k+l 

D3k+Z 

D3k+3 

Ga-l 

Ga-;-Z 

Ga~Z40 

Video 

Dl/DR 

OE 

FD 

r 
Sample 
and B 

:2 
hold C 

o!l circuits 0 

" ~ 8 
" D3k+l (J) 

D3k+2 

D3k+3 

Ga-l 

Ga-2 

Ga~240 

1076 

20 

MOOE17 

DIs 
L/F 

MoFI 

MSF2 
'-----. 

I SAMPlE lOUT ISAMPlE lOUT I SAMPlE lOUT I SAMPlE lOUT I SAMPlE lOUT I SAMPlE I SS lOUT I 

Not used 

Not used 

I SAMPLE lOUT I SAMPLE! OUT I SAMPlE ! OUT I SAMPlE! OUT I SAMPlE I OUT I S~ !SAMPlE! OUT ! 

Vlt3 Vy3 

GND 

Vee 

Vee 

Vee 

----------~r--lL--------------__________________ ~~~\r_-----------
------------~r--lL--~ .. ~ .. _~ .. ~ ... ~ .. -.. -._-__ ----------------~~r---------___ 

--.. n---·-.. -.. ····--·---.. ······V~ 

".- Lr--·-ur---u.~ 
! S~ ! 

ISAMPlE! OUT !SAMPlE! OUT ISAMPLEI OUT !SAMPlEI \\ I SAMPlE I OUT I 
Not used 

Not used 

! SAMPLE! OUT ! SAMPLE! OUT ISAMPLE! OUT !SAMPLE! OUT ! S~ ! OUT ! 

X X X X X X ~ 

X X X X X X ~ 

X X X X X X ~ 

------------------------~r--o~------------------------~~~s--------------
------------------~ .• ~ •• _~L __ -_--------------~~r----------

---·---.. · .. ·--------- .. -- .. S~ 
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:2 • '" 'C 
C 

8 
c1l 

Video 

DL/DR 

OE 

FD 

[

A 
Sample 
and B 
hold C 
circuits 0 

D3k+l 

D3k+2 

D3k+3 

.Ga-l 

Ga-2 

Ga:240 

Video 

DL/DR 

OE 

FD 

~ :~~Ple 8 

hold C 
circuits 0 

D3k+l 

D3k+2 

D3k+3 

Ga-l 

Ga-2 

Ga-240 

HD66300T 

MODEl8 

DIS GND 

L/F GND 

MSFI GND 

MSF2 Vee 

I SAMPLE lOUT ISAMPlE lOUT ISAMPlE lOUT I SAMPlE! OUT I SAMPLE lOUT I SAMPlE I S~ lOUT I 

Not used 

Not used 

I SAMPlE lOUT I SAMPLE lOUT I SAMPLEj OUT I SAMPLE lOUT I SAMPlE lOUT I S~ I SAMPlE lOUT I 

____________ ~r--lL_ ____________________________________ ~\'~~--------------

----------------~r--r~----~------------------------~~~S--------------________________________________ -_--_---_--_---_--_--_--_--_--~-hl~ 

I SAMPlE lOUT ISAMPlEI OUT ISAMPlE! OUT I SAMPlE I \\ ISAMPLE! OUT I 
Not used 

Not used 

I SAMPLE I OUT I !j,\MPlE lOUT ISAMPLE lOUT ISAMPlE I OUT I S~ I OUT I 

X X X X X X ~ 

X X X X X X XSifX:ii£l3iIXJifX3iIX31IXSfY::S)::13IXJiIX::::r.. 

X X X X X X ~~ 
________________________ ~r__r~ ________________________ ~~~\ ____________ __ 

~-----------------h __ h __ h _____ h __ ~~ 
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HD66300T 

31 .. 
'" .., 
c 
8 .. 
Ul 

1078 

Video 

DL/DR 

DE 

FD 

Sample [:. and 
hold C 
circuits 0 

D3k+l 

D3k+Z 

D3k+3 

Ga-l 

Ga;Z 

Ga~Z40 

Video 

DL/DR 

DE 

FD 

~ 
Sample 
and B 
hold C 
circuits 0 

D3k+l 

D3k+Z 

D3k+3 

Ga-l 

Ga-Z 

Ga-240 

MODEl 9 

Dis GND 

L/F GND 

MSFI GND 

MSF2 GND 

Lr--'l."~ , 

, SAMPLE! OUT 'SAMPLE , OUT , SAMPlE , OUT , SAMPlE , OUT , SAMPLE , OUT , SAMPlE' SS , OUT , 

Not used 

Not used 

'SAMPlE! OUT , SAMPLE! OUT !SAMPLE! OUT !SAMPLE! OUT !SAMPLE! OUT! ~~ !SAMPLE! OUT ! 

__________ -Jr--lL-______________________________ ~~\\-------------

____________ ~r-!~ __ ~ ... ~._-. __ -._-.. _-_.-__ -__ -__ -__ -__ -__ -__ -__ -__ -__ -.. _-__ -__ -__ -__ -_.-.. -__ ~:~r-----.----------

~ 
! 

!SAMPlE! OUT !SAMPLE! OUT !SAMPLE! OUT !SAMPLE! \\ !SAMPLE! OUT' 

Not used 

Not used 

I SAMPlE I OUT IW!!PlEI OUT ISAMPLEI OUT ISAMPLEI OUT I ~~ I OUT I 

X X X X X X ~~ 

X X X X X X lGDGillGillGDCEDGDGDC$X]!DC:yrDC::::X: 

X X X X X X ~~ 
__________________ ~r-J~ __________________ ~~~ __________ _ 

------------------------~_.~._~_~~------~------------~~r-------------
--n---------·--------------·------·--S~ 
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Video 

DL/DR 

DE 

FD 

[

A 
~~;ple B 

hold C 
circuits 0 

D3k+l 

D3k+Z 

D3k+3 

Ga-l 

Ga-Z 

Ga~Z40 

Video 

DL/DR 

DE 

FD 

~ 
Sample 
and B 
hold C 
circuits 0 

D3k+l 

D3k+Z 

D3k+3· 

Ga-l 

Ga-Z 

Ga~Z40 

HD66300T 

MODE20 

Dis GND 

L/F GND 

MSFI Vee 

MSF2 Vee 

I SAMPlE! OUT ISAMPlE I OUT I SAMPLE I OUT I SAMPLE lOUT I SAMPLE I OUT I SAMPLE I SSIOUTI 

Not used 

Not used 

I SAMPLE I OUT I SAMPlE I OUT I SAMPLE I OUT I SAMPLE lOUT I SAMPLE I OUT I S~ I SAMPLE lOUT I 

V,I V,1 V,1 V,1 V,1 V,1 V,1 V,1 V,1 V,1 

V,2 V,2 V,2 V,2 V,2 V,2 

V,3 V,3 V,3 Vd V,3 V,3 V,3 V>3 V,3 V,3 

__________ ~r__lL ________________________________ ~~\\r_-----------

----------------~r--lL----~~------------------------~V~i----~-----------n--------_n ___ n __ h _______ n_~ 

~ 

I SAMPLE I OUT ISAMPLE! OUT ISAMPLEI OUT ISAMPLEl \\ ISAMPLE lOUT I 
Not used 

Not used 

I SAMPLE lOUT I SAMPLE lOUT ISAMPLE! OUT I SAMPLE lOUT 1 S~ lOUT I 

X X X 

X X X 

X X X 

______________________ ~r__lL ________________________ ~~r-------------

____________________ ~r--l~----------------~~----------_ 
------------------------------------------------------~---S~ 
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HD66300T 

NTSC System TV Signals and LCD 

A TV screen display, which is updated 30 times per 
second, is called a "frame" and is composed of 525 
scanning lines. One frame contains two fieldsi scan
ning lines 1 to 262.5 scanthe display in the first field, 
and scanning lines 262.5 to 525 scan the display in the 
second field to fill the gaps which are left unscanned 
in the first field. This scanning mode is called an 
"interlace scan." 

The time period in which one scanning line scans the 
display is called a "horizontal scanning period" and is 
about 63.5 f.Ls. Within the horizontal scanning period, 
the time period that display operation is actually 
performed is called the "valid display period". The 
other period is called the "horizontal retrace period". 

There are two modes for displaying a TV screen image 
on an LCD panel. In the first mode, each scanning line 
in the two fields is assigned to one line of the LCD 
panelithus, each of the 240 lines of the panel are driven 
by the positive signal in the first field and by the 
negative signal inthe second field. Here, 3D-Hz alter
nating frequency is available, but the number of ver
tical pixels is limited to 240. 

(Single-rate sequential drive mode) 

In the second mode, every other line of the LCD panel 
can be driven by the first field and the remaining lines 

23 

24 

25 

I 
I 
I 
I 

: 
! 

--- --

-----

can be driven likewise by the second field. In this case, 
if one pixel of the LCD panel is considered, it is recog
nized that the pixel is driven by signals with opposite 
polarity every frame. This lowers the alternating fre
quency to 15 MHz, which is only half of the frame 
frequency. Driving LCD elements with signals of such 
low alternating frequency causes flickering and de
grades display quality. To raise the alternating fre
quency to 30 MHz, a method can be employed in 
which LCD elements are driven once every field in
stead of once every frame. 

Specifically, in the first field, the first and second lines 
of the LCD panel are driven respectively during the 
first half and second half of the complete horizontal 
scanning period. The same rule is repeated for the 
following lines. In the second field, on the other hand, 
the combination of two lines is different. The first line 
is driven during the second half of the horizontal 
scanning period, and then the second and third lines 
are driven respectively during the first and second 
half of the following horizontal scanning period. The 
same rule is repeated for the following lines. 

Employing this method enables the implementation 
of 480 vertical pixels. 

(Double-rate sequential drive mode) 

--------- 285 

-- -- ---------
286 

287 
---------- ---

I 

: 
! 
I 

1 
------------

! 
i 

1080 

: 
! 

262 

263 

Scanning line No. 
in the 1 st field 

523 

-------------
524 

------------- -- ---- 525 

Scanning line No. 
in the 2nd field 

Figure 24 Example of NTSC System TV Signals Scanning 
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,-23 A 

24 D 

25 A 

1-,-

260 D 

261 A 

262 D 

---
Scanning line No. 
in the 1 st field 

1st line 

2nd line 

3rd line 

,238th line 

239111 Une 

240th line 

I--
I--
I--

D 286 

A 287 

D 288 

-, 
_I 

1-, 

A 523 
D 524 

A 525 

Scanning line No. 
in the 2nd field 

HD66300T 

Figure 25 Middle-Resolution Display by Single-Rate Sequential Drive Mode 

A 
23 

B 

C 
24 
: 0 

: A 
261 

B 

C 
262 

o 

Scanning line No. 
in the 1 st field 
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Absolute Maximum Ratings 

Item Symbol Ratings Unit Remarks Note 

Power supply for Vee -0.3 to +7.0 V 

logic unit 

Power supply for VBB VCC- 23 to Vee+ 0.3 V 

analog unit 

Input voltage for VTC -0.3 to V cc+ 0.3 V 3 

logic unit 

Input voltage for VTB VBB- 0.3 to Vcc+ 0.3 V 4 

analog unit 

Operating Topr ~to+75 'C Applies to logic circuit 

temperature -10 to +60 'C Applies to analog circuit 

Storage TSIg -40 to +125 °C 

temperature 

LCD level voltage VLCD VBBto Vee+ 0.3 V 

Notes: 1. Value referred to GND = 0 V. 
2. If LSIs are used above absolute maximum ratings, they maybe permanently destroyed. Using them 

within electrical characteristics limits is strongly recommended for normal operation. Use beyond 
these conditions will cause malfunction and poor reliability. 

3. Applies to pins HCK1, HCK2, HCK3, DL"DR, FO, RS, OE,SHL, 0/5, L/F, MSFl, MSF2, TESfl, 
TEST2, Vbo, VbsH, and VbsB. 

4. Applies to pins Vxl, Vx2, Vx3, Vyl, Vy2, and Vy3. 
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Electrical Characteristics 

DC Characteristics (VLCO = Vcc=5V ±10%,GND=OV, Vcc - VBB = 16 to 20 V, Ta =-20 to +75 °C) 

hem Symbol Min Typ Max Unit Test Conditions Notes 

Input high-level voltage VIH 0.7 Vee Vee V 3 

Input low-level voltage Vil GND O.3Vee V 

Output high-level voltage VOH Vee -0.4 V -loH =0.3rnA 4 

Output low-level voltage VOL 0.4 V IOl =0.3 mA 

Input leakage current (1) IUl -10 +10 IIA VI = 0 V, Vee 1 

Input leakage current (2) IU2 -10 +10 IIA VI = VBB' Vee 2 

Output current (1 ) lOUT -150 IIA Vee - VBB = 20 V Ok = Vin - 0.5 V OE = Vee 5 

-10 IIA Apply Vin to Vx and Vy. 

Vin = (Vee - V BB)12 
OE=GND 

l: ;t Output current (2) liN +150 IIA Voo =Vee -3V OK = Vin + 0.5 V OE= Vee 

~ +10 IIA VbsH =Vee -3V 

:E VbSB = Vee - 3 V OE=GND 

Current consumption IGNO 3.0 rnA fCk = 2.5 MHz, Voo = Vee - 3 V 6 

IBB 15 30 iliA VbSH = Vee -3 V, VbSB = Vee -3 V 

OE = 33kHz, 

FD= 30 Hz 

OE duty = 7/32 

Bias voltage Vb Vee -4.0 Vee -3.0 V Voo = VbSH = VbSB, 

Cl = 100 pF, tOOR ~ 6.3 lis 

Dynamic range VOY VBB + 1.5 Vee -3.5 V Vee -VBB =20V, ::r: 
Ta = -10 to +60°C 5,7,9 0 

en 
-0.5 V < VOlt < +0.5 V en 

W 
Voo = VbSH = VbSB = Vee - 3 V 0 

0 0 
co t-3 w 



g DC Characteristics (V LCD = Vee = 5 V ±10%, GND = 0 V, vee - V BB = 16 to 20 V, Ta = -20 to +75 °C) (Cont.) 
l>-

J: 

~ o 
J: -

Hem Symbol Min Typ Max Un" Test CondHlons 

Offset voltage VOff(L) -5-180 -5 + 180 mV Vee - VBB = 20 V Yin =-11 V 

Ta = -10 to + 60°C 

VOff(H) +55-180 +55 + 180 mV fCk = 2.5 MHz Yin =-1 V 

Voo = VbsH = VbSB 

= Vee -3 V 

Notes: 1. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, DIS, L/F, MSFl, MSF2, TESTl, TEST2, V ho' V bsH' and V bsB' 
2. Applies to pins Vx1, Vx2, Vx3, Vy1, Vy2, and Vy3. 
3. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, DIS, L/F, MSF1, MSF2, TESTl, and TEST2. 
4. Applies to pins DL and DR. 
5. Applies to pins 01 - 0120. 
6. The shift register is constantly shifting one 1. 

Mode setting: L/F = V CC' DIS = V CC' MSFl = GND, MSF2 = V CC 

(The other jnput pins must be V cc or GND level.) 
7. The operations are the same as those when offset voltage is measured. 
8. Definition of "offset voltage" is shown figure 27. 
9. These characteristics are defined within the temperature which is shown in the test condition. 

Notes 

5,8,9 

S 
m 
m 
w 
o o 
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HD66300T 

AC Characteristics<vLCD = Vcc=5 V± 10%, GND = OV, VCC - VBB = 16 to 20 V,Ta =-20 to +75°C) 

Item Symbol Min Max Unit Test Condition Notes 

Three-phase clock period tCKCK 2.10 1000 ns 

Three-phase clock tCWH 100 ns 
pulse width 

tcwL 

Interval between three-phase tlr1 30 ns 

clock falling edge and rising 
tlr2 edge 

tfr3 

Interval between three-phase trf 20 ns 2 
clock rising edge and falling 
edge 

Clock rise and fall times tet 30 ns 

DL, DR input setup time tsu 50 ns 

DL, DR input hold time tHLI 20 ns 

DL, DR output delay time tpd 90 ns CL = 15 pF 

DL, DR output hold time tHLO 5 ns 

OE input period tcvco 30 80 Ils 

OE input high-level pulse tOWH 3 15 IlS 
width 

OE rise and fall times tor 30 ns 

tol 

FD input setup time tFS 100 ns 

FD input hold time tFH 100 ns 

Notes: l. Necessary for preventing the three-phase shift register from racing. 
2. trf must satisfy the DR and DL input hold time (1Jru) of the next horizontal driver. 

(trf + tHLO > tHLI) 
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OE :: ~"::~!l,----~ ~ ~)-----1 ! 10jts I 
" I I .. , I. I 

I : : ' : I 

I 
60t's I 60t's 

1 • • I ~ • I 

: 59t's r: SS~ : 59t's I 

-lV ----------------1-------- -------------------- --------------

Voff(H) 

Voff(L) 
-l1V ---------------------------- ------------ ---------------

)5 t 

Dout 

Figure 27 Offset Voltage 

HCKl 

HCK2 

HCK3 

Figure 28 Three-Phase Clock Timing 
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HCK1 

HCK2 

HCK3 

OL 
DR 

(OUTPUT) 

OL 
DR 

(INPUT) 

OE 

FO 

-
.....J 

0.7Vcc 
0.3Vcc 

HD66300T 

0.7Vcc 

0.3Vcc "----t-------------

tsu 

Figure 29 Input and Output Timing 

tOWH ~ 

0.7Vcc 

0.3VCC 

t'H t .. J 
}~ 

'- 0.7VCC 

r O.3Vcc 

tDDR 

~90%(Vin-Vcc-3.5V) 

01-0120 X 10%(Vin=V •• +1.5V) 

Figure 30 OE, FD Input Timing, Driver Output Timing 
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HD66310T-----------
(TFT -Type LCD Driver for VDT) 

Description 

The HD66310T is a drain bus driver for TFr-type 
(thin film ttansistor) LCDs. It receives 3-bit digital 
data for one dot, selects a level from eight voltage 
levels, and outputs the level to an LCD. 

The HD66310T can drive an LCD panel with an 
RGBW filter to display a maximum of 4096 
colors. 

Features 

• Full color display: a maximum of 4096 colors 
RGB color filter: 512 colors, 8 gray scales 
RGBW color fIlter: 4096 colors, 8 gray scales 

Ordering Information 

• High-speed operation 
Number of input data bits: 3 bits x 4 
Maximum operation clock frequency: 
- l2MHz(HD66310TOO) 
- 15 MHz (HD6631OTOOI5) 
Maximum pixels: 480 x 640 dots 
160 internal driver circuits 

• Bidirectional shift 
• Internal chip enable signal generator 
• Stand-by function 
• LCD driving voltage: 15 V to 23 V 
• CMOS process 

Max. Operating Power Supply Operating 
TYpe No. Clock Frequency for Logic Unit Temperature Package 

_H_D_6_63_1_0_T_00 ____ 1_2_M_H_z ______ 5_V_±_1_0_% ____ -2_0_t_o_+_7_5_oC __ 203-pin TCP 

HD66310T0015 15 MHz 5 V ± 5% -20 to +65°C 

Note: The details of TCP pattern are shown in "The Information of TCP: 
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Pin Arrangement 

(Top view) 

Yl54 Yl56 Yl58 Yl60 
Yl!B Yl55 Yl57 Yl59 

HD66310T 

1 VOL 22 DMYl 
2 Vll 23 D20 
3 V2l 24021 
4 Wl 25 D22 
5 V4l 26 D23 
6 V5l 'Z1 DMY2 
7 V6l 28 CL1 
8 V7l 29 CL2 
9 Vee, 30BS 
10 VCC2 31 SHl 
11 EI01 32 EI02 
12 RVS 33 TEST 
13 DOO 34GND 
14 DOl 35 VEE 
15 D02 36 V7R 
16 D03 37 V6R 
17 DMYO 38 V5R 
18010 39 V4R 
19011 40 V3R 
20 012 41 V2R 
21 013 42 V1R 

43 VOR 
Note: This does not apply to TCP dimensions. 

Pin Description 

Pin List 

Pin Name Number of Pins Input/Output Functions (Refer to) 

Vcc1, Vcc2 2 Power supply 1. 

GNO 1 Power supply 

VEE Power supply 

VOL-V7L, 16 Power supply 2. 
VOR-V7R 

CL1 Input 3. 

CL2 Input 4. 

000, 010, 020, 12 Input 5. 
to 
003,013,023 

RVS Input 6. 

SHL 1 Input 7. 

EI01, EI02 2 Input/output 8. 

TEST, BS 2 Input 9. 

Y1-Y160 160 Output 10. 

OMYO-OMY2 3 11. 
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Pin Functions 

1. Veel, Vee2, GND, VEE: These pins are used 
for the power supply. 

V cc-GND: Power supply of low voltage 
Vee-VEE: Power supply of high voltage 

2. VOL-V7L, VOR-V7R: 8-level LCD driving 
voltage is applied to these pins. One of the eight 
levels is selected according to the value of the 3-bit 
input display data. The L and R pins of the same 

voltage level are connected in the driver. 

3. CLl: Inputs clock pulses, which determine the 
output timing of the LCD driving voltage. The 
output changes at the CLl rising edge. 

4. eL2: Inputs clock pulses, which detennine the 
input timing of display data. The driver samples 
data at the CL2 falling edge. 

Table 1 Voltage Level Selection According to Display Data Value 

Display Data Voltage Level 

02J D1J DOJ RVS=1 RVS=O 

0 0 0 VO V7 

0 0 1 V1 V6 

0 1 0 V2 VS 

0 1 V3 V4 

0 0 V4 V3 
0 VS V2 

0 V6 V1 

1 V7 VO 

Vee .1+ 
GND 

J- + 
_10.. 

-
VEE 

Figure 1 Power Supply for the Device 
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s. Doo-003, DlO-Dl3, D20-»23: Input display 
data. See table 1 for the voltage level selection by 
the display data. 

6. RVS": Determines if logical I/O display data is 
reversed. Display data is reversed when R.VS is 
low. 

7. SHL: Selects the shift direction of display data. 

8. EIOI, EI02: Inputs/outputs chip enable sig
nals. The SHL signal selects which pin is for input 

Table 2 Input/Output Selection for EIOI and 
EI02 

SHL EI01 El02 

GND Input Output 

Vee Output Input 

HD66310T 

or output When the chip enable input signal is 
low, data input starts. When display data corre
sponding to 160 outputs are input, the chip enable 
output signal changes from high to low. 

9. TEST, BS: Used for test purposes only. 
Connect to a low level for nonnal operation. 

10. Yl-Y160: Output LCD driving signals. 

11. DMYO-DMY2: Reserved pins that should be 
left open. 

SHL Output Direction 

i-o-2 
DiO 

GND Di1 
Di2 
Di3 

(12 bits) 

i .. o-2 
DiO 

Vee Di1 
Di2 
Di3 

(12 bits) 

d03,d13,d23 
d02,d12,d22 
d01,d11,d21 
dOO,d10,d20 

5 
d03,d13,d23 
d02,d12,d22 
d01,d11,d21 
dOO,d10,d20 

dOO,d10,d20 
d01,d11,d21 
d02,d12,d22 
d03,d13,d23 

5 
dOO, d10, d20 
d01,d11,d21 
d02,d12,d22 
d03,d13,d23 

Figure.2 Display Data and Output Direction 
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Y1 
Y2 
Y3 
Y4 

Y157 
Y158 
Y159 
Y160 

Y1 
Y2 
Y3 
Y4 

Y157 
Y158 
Y1.59 
Y160 
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HD66310T 

Internal Block Diagram 

VOL, V1L 
V2L, V3L _______ ~ 

V4L, V5L --------,.1 
VSL, V7L 

Vcc1,Vcc2 _ 

GNO -
VEE ~ Test circuit 

TEST .1 r 1 
RVS-----, 

CL1 
BS 

Oata reverse 
circuit 

000,010,020 
001,011,021 
002,012,022 
003,013,023 

SHL ---===il 
CL2-----, 

Y1 Y2Y3Y4 Y5 

LCO driving circuit 

Level shifter 

Y156 Y158 Y160 
Y157 Y159 

EI01 ":~~===:~::::::::::::::::::::::::::::::::::~J EI02 11. 

Latch address selector 
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Block Functions 

Latch Address Selector: Contains a 6-bit upl 
down counter and a decoder, and sends the latch 
signals to latch circuit (1) at the CL2 falling edge. 

Data Reverse Circuit: Reverses the input display 
data when RVS = 0, and does not reverse data 
whenRVS= 1. 

Latch Circuit (1): Consists of three planes of 
160-bit latch circuit. Each bit of 3-bit data is sepa
rately latched in its corresponding plane depending 
on its significance. Each plane is divided into 
forty 4-bit blocks, and all four bits are latched into 
the block at once, as specified by the latch signal 
from the address selector. In total, the 3-plane cir
cuit latches 12 bits of data at one time. 

HD66310T 

Latch Circuit (2): Consists of three planes of 
160-bit latch circuit, which latches the data from 
latch circuit (1) at the timing determined by CLl, 
and holds the data for one line scanning period. 

Level Shifter: Raises the driving voltage of 5 V 
to the appropriate LCD driving voltage. 

LCD Driving Circuit: Outputs an 8-level LCD 
driving voltage. This circuit receives 3-bit data for 
one dot from latch circuit (2) and selects one level 
from eight voltage levels. 

Test Circuit: Generates test signals. 
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System Configuration 

A block configuration of the TFf-typecolor dis
play system using the HD66310 is shown in figure 
3. 

The HD66310 receives 3-bit data for one pixel and 
selects one of the eight LCD driving voltage levels 
to send to the LCD. The LCD driving output 

CPU 

circuit, which is produced by the CMOS Slructure, 
can use any LCD driving voltage level from V cc 
to VEE' When the LCD panel uses an ROB color 
filter (the Triad arrangement), 512 (83) colors can 
be displayed. When using an ROBW color filter 
(the Quad arrangement), 4096 (84) colors can be 
displayed. 

Une synchronization signal, data sampling signal, 

1094 

Controller 

12 

12 
3 
2 

Frame synchronization signal, 
line synchronization signal 

HD61105 
No.1 

HD61105 
No.6 

3 alternating signal 

TFT-type color LCD panel 
Triad arrangement 
512 colors 
640 x 480 pixels 

Figure 3 TFT-Type Multiple Color Display System 

HITACHI 



Internal Operation 

80 Levei Output 

The HD66310 internal circuit unit for one data out
put is shown in figure 4. The circuit receives 3-bit 
data (DOj, Dlj, D2j) and selects one of eight volt
age levels (V~ V7) to output to the LCD. 

The· transfer gates of the output circuit are pro
duced by the CMOS structure. Therefore, any 
voltage level between V cc to VEE can be applied 
to lines VO to V7. 

The HD66310 has 160 of the above circuits. 

Operation Timing 

The HD66310 operation timing is shown in figure 
5. 

When the SHL signal is at the GND level, data 
input is started by a low EIOI (data input enable) 

V7 V6 
V'" V4 

Vl vo 
V3 V2 

HD66310T 

signal. At the CL2 falling edge, 12 bits of data, 
which are for four outputs (3 bits for gray scales x 
4 outputs), are input together. When the data input 
corresponding to 160 outputs are completed, the 
HD66310 automatically enters the stand-by mode, 
and the EI02 signal changes to low. 

The LCD driving output changes at the CLI rising 
edge. The voltage level selected by data dl is out
put from pin Yl, and the level selected by dl60 is 
output from YI60. See table 1 for the voltage 
level selection by the input data. 

When the SHL signal is at the Vee level, data 
input is started by a low EI02 signal. When the 
data input for 160 outputs are completed, the EIOI 
signal changes to low. The voltage level selected 
by data dl is output from pin YI60, and the level 
selected by dl60 is output from Yl. 

Yn p. P-MOS 
N: N-MOS 

~~~~~~,-J~~~ __ ~~~~~ 
I Voltage level selector I 

f ~ ~ 
CL1 Latch circuit (2) I 

f f f 
CL2 Latch circuit (1 ) J 
RVS A A A 

I I I 
Display data Display data Display data 

(DOi) (Dli) (D2j) 

Figure 4 LCD Driving Circuit 
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1096 

CL1 ~ 

CL2 Jl.SLfl..nSL ___ Jl.SLfl..nSL 
12345 3637383940 

000 ~ 
to 

003 
(Lower bit) ~ 

011 ~ 
to 

013 ~ 

020 ~ 
to 

023 ~ 
(Upper bit) ~ 

SHL=GNO 

EI01 ' .... ____________________ _ 

EI02 

Y1 

to 

Y160 

--------------------------------~~ 
------------------------------------~ 

SHL=Vcc 

EI02 ' .... ____________________ _ 

EI01 

Y1 --------------------------------------------~~ 
to 

Y160 --------------------------~ 

Figure 5 Basic Operation Timing Chart 
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Cascade Connection 

When the SHL signal is at the GND level, the 
HD66310 begins to input data when the BIOI sig
nal goes low. When the data input is completed, 
the ElQ2 signal changes to low. By connecting the 
ElQ2 pin of the first HD66310 to the BIOI pin of 
the next HD66310, the low EIQ2 signal activates 

the next HD66310. Figure 6 shows a connection 
example. 

When the SHL signal is at the Vee level, the EIQ2 
pin of the fJI'St HD66310 is connected to GND, and 
the EIOI pin is connected to the next HD66310 
EI02pin. 

DATA----~~._------------._------~----~----

c~--------~~----------_r_.----------_+~~-----

SHL SHL 

Driver 1 Driver 2 Driver 3 

EI01 EI01 EI02 EI01 EI02 

EI01 ~'--____________ } 

C~ ------...fl..I"lSlJ"l Driver 2 
signals 

EI02 

A Driver 2 input enabled 

B 

Figure 6 Chip Enable Operation (SHL = GND) 
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LCD Driving Power Supply Circuitry 

Multiple-Level Driving Voltage Method 

AC voltage must be applied to the LCD, since DC 
voltage deteriomtes the LCD. To display eight 
gmy scales, 16 voltage levels, shown in figure 7, 
must be applied. 

Although the HD66310 has eight LCD driving 
voltage input levels, it can output 16 driving volt
age levels using the level selector shown in figure 
8, since the tmnsfer gates of the output circuit are 
produced by the CMOS structure. 

External Power Supply Circuitry 

Figures 8 and 9 show the external power supply 
circuit when displaying 512 colors in the Triad 

armngement, and figure 10 shows the circuit for 
displaying 64 colors in the Triad armngement 
Table 3 shows the specifications of the LCD panel 
and the HD66310 pins for each power supply cir
cuit. 

The circuit shown in figure 8 is the basic one used 
when displaying 512 colors in the Triad armnge
ment. However, the HD66310 can dispense with 
the level selector, as shown in figure 9, using the 
internal RVS (output reverse) pin. See table 1 for 
detailed RVS functions. 

When displaying 64 colors in the Triad armnge
ment, the RVS pin functions as the alternating sig
nal input pin, as shown in figure 10. 

Vee 
V1 

V2 

V3 

V4 

V5 

V6 

V7 

va 

V9 

V10 

V11 

V12 

V13 

V14 

V15 

V16 
-------------------------------------------- VEE 

Figure 7 HD66310 Output Waveform 
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Table 3 Color Display and Pin Specifications 

Output 
Display Data 

Power Supply 
Level Panel Spec. DI2 DI1 DIO RVSpln (Refer to} 

8x2 Quad: 4096 colors 1/0 1/0 1/0 1 Fig. 8 
(AC) Triad: 512 colors (upper bit) (lower bit) 

8x2 Quad: 4096 colors 1/0 1/0 1/0 Alternating Fig. 9 
(AC) Triad: 512 colors (upper bit) (lower bit) signal 

4x2 Quad: 256 colors 1/0 1/0 Alternating Fig. 10 
(AC) Triad: 64 colors (upper bit) (lower bit) signal 

1: Vee level voltage 
0: GND level voltage 

Alternating 
signal Vee 
Vee V1 V16 V7 

V2 V15 V6 lW§ 
V3 V14 V5 
V4 V13 I/O 

V4 
V5 V12 I/O 

V3 
V6 V11 110 

V2 
V7 V10 V1 Level 

selector va, V9 VO 

Figure 8 ExternalPower Supply Example 1 

HITACHI 1099 



HD66310T 

1100 

Alternating 
signal-_-------------. 

V7 
V6 RVS 
V5 
V4 
V3 
V2 
V1 
VO 

VEE 

Figure 9 External Power Supply Example 2 

110 

va 
va 

Alternating Vee 
signal 

Vee V1 V7 
V2 V6 RVS 
V3 V5 
V4 Di2 

V4 
V5 Di1 I/O 

V3 
V6 DiO I/O 

V2 
V7 V1 
va vo 

VEE\.~--

Figure 10 External Power Supply Example 3 
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Design for Timing 

When using the RVS pins to simplify the power 
source, as shown in figures 9 and 10, it is recom
mended to add a vertical retrace period, (a scan
ning period in which no scan electrode is selected) 
at the end of a frame scanning period, as shown in 
figure 12, for the following two reasons. 

11. However, the power supply lines immedi
ately reverses polarity after a transition of the 
RVS signal, as shown in figures 9 and 10. 
Therefore, the HD66310 outputs invalid data 
during the last CL 1 of a frame period. 

As shown in figure 4, the data reverse circuit is 
before the latch circuit (1). The LCD driving 
output is reversed one CLl period after a 
transition of the RVS signal, as shown in figure 

In the power supply circuits shown ill figures 9 
and 10, voltage temporarily becomes unstable 
just after the RVS transition, causing the LCD 
display to become jumbled. 

CL1 -IlL--__ ---InL-____ fL 

RVS :x _____ (+---_ 
LCD output _ x'----

Figure 11 IlVS" and LCD Driving Signals Timing 

_--------Oneframe period _______ _ 

Frame synchronization signal --fl 
~-----------------------------

Line synchronization signal (ell) ~ __ _ 

Alternating signal •• .' '. -------~ 

~ L...---~ 

~~~i~5ilectrodes XI ,: {.J . ~~~ 
X2 --------~--~---

, I 
I 

J480 ------~.------~ 

HD66310T Vl-VI60 

Figure 12 Vertical Retrace Period 
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J: 

~ 
0 ; 

Frame synchronizalion s~naJ 
line synchronization signal 

Data fetch signal 
Display data (even number) 
Display data (odd number) 

Alernating signal 

Controller 

(r~ 

V5 

V4 

U V3 

Vee 0--

.--oGND 
Ih' (0 V) 

I 

LCDpanei 

Number of colors: 512 
Color arrangement: Triad type 
Display capacity: 480 x 640 dots 
IC for scanning: HD61105 

NoI .. : 1. An operational aIIl>Iifier should be installed on each I_I of the power supply line (VO-V7) to lower the il'l'l'8danoe. 
2. Condensers should be installed nesr the ICs to stabnize the power supply voltage. 

Two O.I-~F condensers are recommended to be installed on one IC: one ~n V co and GND. and one ~n Vee and VEE' 
a This system uses 12 HD66310T chips and 12 HD61105 chips. 

Figure 13 App6cation System Connection Example 
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l: 

~ 
i 

8 

X1 

Scanning 
electrodes X2 
(HD61105) 

X3 

X~O __ ~ ____ ~ ______ ~ ______ ~ ______ ~ 

._ U ~, ~~ 

HD66310T Y1-Y160 iiiJ' - - _n_ --,.-- A -----------
~ One line period 1-1-----_____________ _ 

L!ne synchronization ., n 
signal ..J I , L." __ _ 

Data fetch signal 

{

DOO TITUTTI I I I I I I I 1 I I I I I 
Display data 001 I I I I I I I I I I I I I I I I I I I I I 

12 bit S 
023 I I I I I I II I I I I I I I I I I I I I 

........ .JlJ1JlIU1J1JL-
fl] frl If-I[I J 
I I I I I I I I I I I I 

III I I I II I I J I 

Figure 14 Timing Chart 
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Absolute Maximum Ratings 

Item 

Power supply for 
logic unit 

Power supply for 
LCD driving unit 

Input voltage (1) 

Input voltage (2) 

Operating temperature 

Storage temperature 

Symbol 

Vee 

VEE 

Vn 

VT2 

Topr 

TslO 

Ratings Unit Note. 

-0.3 to +7.0 V 2 

Vee -25 to Vee + 0.3 V 

-0.3 to Vee + 0.3 V 2,3 

VEE - 0.3 to Vee + 0.3 V 

-20 to +75 (H06631 OTOO) °C 
-20 to +65 (H066310T0015) 

-40 to +125 °C 

Notes: 1. Exceeding the absolute maximum ratings could result in permanent damage to the LSI. The 
recommended operating conditions are within the electrical characteristic limits listed on the 
following pages. Exceeding these limits may cause malfunctions and affect reliability. 

1104 

2. Values are in reference to GNO .. 0 V. 
3. Applies to input pins SHL, CL 1, CL2, as, RVS, TEST, and 000-023. Also applies to input! 

output pins EI01 and EI02 when these pins function as input pins. 
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Electrical Characteristics 

DC Characteristics 
(Vee = +5V ±lO%, GND =0 V, Vee - VEE = 15 to 23 V, T. =-20 to +75°C in 12 MHz version) 
(Vee = +5V±5%, GND =0 V, Vee - VEE = 15 to 23 V, T. =-20 to +6SOC in 15 MHz version) 

Hem Symbol Min. TYP. Max. Unit Test CondHlons 

LCD driving power VCC-VEE 15 23 V 
supply voltage 

Input high· level V1H1 0.8 x VCC VCC V 
voltage (1) 

Input low-level V1L1 0 0.2 x Vee V 
voltage (1) 

Input high-level V1H2 0.75 x Vee V 
voltage (2) Vee 

Input low-level V1L2 0 0.25 x V 
voltage (2) Vee 

Output high-level VOH Vee- 0.4 V IOH =-0.4 rnA 
voltage 

Output lOW-level VOL 0.4 V lot. = 0.4 rnA 
voltage 

Input leakage III -5.0 +5.0 I1A V1N = Vcc to GND 
current (1) 

Input leakage IL2 -10 +10 I1A V1N - Vee to GND 
current (2) 

Input leakage b -100 +100 I1A V1N .. Vee to VEE 
current (3) 

LCD driver on RON 2.5 kn Vcc - VEE - 20 V 
resistance 

Current -IP1 25 rnA Data fetch 12 MHz 
consumption (1) 30 rnA Data fetch 15 MHz 

Current -lp2 2 rnA Stand-by 12 MHz 
consumption (2) 2.5 rnA Stand-by 15 MHz 

Current -1P3 3 rnA 12 MHz 
consumption (3) 3.7 rnA 15MHz 

Notes: 1. Voltage between Vcc and VEE. 
2. Applies to CL 1, CL2, SHl, Dij, RVS, TEST, and B5. 
3. Applies to EI01. (input) and EI02 (input). 
4. Applies to EI01 (output) and EI02 (output). 
5. Applies to CL 1, CL2, SHL, RVS, Dij, TEST, and BS. 
6. Applies to EI01 (input) and EI02 (input). 
7. Applies to VOL to V7L and VOR to V7R. 
8. Applies to Y1 to Y160. 

Not .. 

2 

2 

3 

3 

4 

4 

5 

6 

7 

8 

9, 11 

9, 11 

10, 11 

9. Current between Vee and GND under the conditions of V1H - Vee, V1L - 0 V, and no load on the 
output pins. 

10. Current between Vce and VEE under the conditions of V1H = Vee, VIL - 0 V, and no load on the 
output pins. 

11. fCL2 and fCLl are 15 MHz, 37.5 kHz respectively in 15 MHz version. 
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AC Characteristics 
(Vee = +5 V±10%, GND = 0 V, Ta = -20 to +75°C in 12 MHz version) 
(Vee = +5 V ±5%, GND = 0 V, T a = -20 to +65°C in 15 MHz version) 

Item Symbol Min. Typ. Max. Unit Test Conditions Notes 

Clock period tcvc 83 (66) ns 

Clock high·level tcwH 30 (23) ns 
pulse width 

Clock low-level tcwL 30 (23) ns 
pulse width 

Clock rise time tR 10 (10) ns 2 

Clock fall time tF 10 (10) ns 2 

Clock setup time tsu 100 (100) ns 2 

Clock hold time tH 100 (100) ns 2 

Data setup time tosu 20 (10) ns 3 

Data hold time tOH 30 (25) ns 3 

Enable input tEsU 20 (10) ns 4 
setup time 

Enable output tED 53 (46) ns See figure 16 4 
delay time for test load 

CL 1 high-level tWH 100(100) ns 5 
pulse width 

RVS setup time tRsu 50 (50) ns 6 

RVS hold time tRH 50 (50) ns 6 

Data in ( ) is the characteristics in 15 MHz version. 

Notes: 1. Applies to CL2. 
2. Applies to CL 1 and CL2. 
3. Applies to Dij and CL2. 
4. Applies to EI01, EI02, and CL2. 
5. Applies to CL 1. 
6. Applies to RVS and CL2. 
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Cl2 

Dij 

Cl1 

Cl2 

LCD output 

Enable output 

Enable input 

Figure 15 Timing Chart 

Chip enable 
output :-:l 

30 PF:;: 

Figure 16 Test Load 
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HD66330T (TFT Driver)--
(64-Level Gray Scale Driver 
for TFT Liquid Crystal Display) 

Description 

The HD66330T, a signal driver LSI, drives an 
active ma1rix LCD panel having TFrs (thin fllm 
transistor) in the picture element (pixel) area. The 
LSI receives 6-bit digital display data per dot and 
outputs corresponding gray scale voltage. This LSI 
easily achieves multicoloring of a VGA-sized color 
TFr LCD anlt is suitable for applications such as 
multimedia. 

Ordering Information 

lYpe No. Outer lead pitch (1Lf11) 

HD66330TAO 160 

- Preliminary -

Features 

• Multicolor display 
The HD66330T receives 6-bit digital display 
data per dot, and selects and outputs an LCD 
drive voltage among 64-level gray scale volt
ages. When R, G, and B color fllters are added 
to the LCD panel, a maximum of 260,000 colors 
can be displayed. 

• High-speed operation 
Operating clock: 28 MHz maximum 
Amount of input data: 3 dots x 6 bits (gray scale 
data) 

• Applicable systems 
PC (640 x 480/400 dots) systems 

• Internal I92-bit drive function 
• Internal standby function 
• Internal chip-enable signal generation circuit 
• Supply voltage: 4.5 V to 5.5 V 
• Bidirectional shift 

Package 

236-pinTCP 

Note: The details of TCP pattern are shown in "The Information of TCP." 
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Pin Arrangement 

Note: This figure does not specify the tape carrier package dimensions. 

1 V8L 11 001 21 SHL 31 021 41 V5R 
2 V7L 12 002 22 GNO 32 022 42 V6R 
3 V6L 13 003 23 EI02 33 023 43 V7R 
4 V5L 14 004 24 010 34 024 44 V8R 
5 V4L 15 005 25 011 35 025 
6 V3L 16 EI01 26 012 36 VOR 
7 V2L 17 CL4 27 013 37 V1R 
8 V1L 18 CL2 28 014 38 V2R 
9 VOL 19 CL1 29 015 39 V3R 
10 000 20 Vee 30 020 40 V4R 
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Internal Block Diagram 

CL2 

EI02~--~~---L~~+---J-------------------------~ 

~.---t.--r--~ Latch address selector 

SHL ------'-----t--' 

• • • • • • • • 02S-020 
01S-010 
005-000 ~Ianes 

1110 

CL1 

~~======~> 
CL4 

vaL, V7L, 
V6L, VSL, 
V4L, V3L, 
V2L, V1L, 
VOL 

192-bit latch circuit 2 

192-bit decoder 

• • • • • • • • • • • 

• • • • • • • • • • • 
Y1 Y2 Y3 Y4 YS Y192 

HITACHI 

VaR, 
V7R, 
V6R, 
VSR, 
V4R, 
V3R, 
V2R, 
V1R, 
VOR 



Block Functions 

Clock Controller: Generates chip enable signals 
(ElO2 and mol) and controls the internal timing 
signals. 

Latch Address Selector: Generates latch signals. 
which sequentially trigger latch operation of input 
display data. 

Latch Circuit 1: Latches 3-pixel x 6-bit sequen
tially input display data; composed of 192 x 6 bits. 

Latch Circuit 2: Latches 192 x 6-bit data latched 
in latch circuit 1 synchronously with the CLl 
signal. 

HD66330T 

Decoder: Generates a decode signal per pixel for 
the LCD drive voltage generation circuit using an 
upper 3-bit decoder and a lower 3-bit decoder. 

LCD Drive Voltage Generation Circuit: Generates 
LCD drive voltages from LCD drive power supply 
voltages according to the decode signals generated 
by the decoder. 
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CL2 

025-020, 
015-010, 
005-000 

SHL 

CL4 

1112 

Input 

18 Input 

Input 

Input 

Functions 

Supplies power to the LCD drive voltage generation circuit. 
The same voltage must be applied to corresponding L- and 
R-power pins within a range of Vee to GNO. 

Inputs display data latch pulses for latch circuit 2. At the 
rising edge of each CL 1 pulse, latch circuit 2 latches display 
data input from latch circuit 1 and outputs LCD drive 
voltages corresponding to the latched data. 

Inputs display data latch pulses for latch circuit 1. At the 
falling edge of each CL2 pulse, latch circuit 1 latches display 
data input via 025-000 and outputs the latched data to latch 
circuit 2. 

Inputs 6-bit (gray scale data) x 3-pixel display data. 

Selects the shift direction of the display data. 

~ 025-020 Y1 

~ 
015-010 Y2 
005-D00 Y3 025-020 , 

is GNO 015-010 
, : , , , 

005-000 
, , 

~ 025-020 Y190 
Last 015-010 Y191 

V 005-000 Y192 

~ 025-020 Y192 

~ 
015-010 Y191 
005-000 Yl90 025-020 

is 015-010 
, , 

Vee 
, , 
: , 

005-000 
, 

~ 025-020 Y3 
Last-V 015-010 Y2 

005-000 Y1 

Controls the 2-phase function. A high level period of this 
signal specifies the first phase period that performs high 
output current operation, and a low level specifies the 
second phase period that outputs the voltage corresponding 
to the display daia. 
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Pin Functions (cont) 

Signal Name Numbers 

2 

Y1-Y192 192 

HD66330T 

110 Functions 

Input/output Provides chip-enable signals. Input or output depends on 
the SHL signal, as shown below. At anyone time. the signal 
being used for input must go low to enable the LSI to latch 
display data, and the signal being used for output will be 
driven low after 192 pixels of display data have been read. 

SHL Level EI01 EI02 

GND Input Output 

Vee Output Input 

Output Outputs LCD drive voltages. 
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System Overview 

The following shows a block diagram of a TFf 
color LCD system configured with multiple 
HD66330Ts. The HD66330Ts latch 6-bit data per 
dot, and selects and outputs one level among 

SJlllem black diagram 

64 internally generated LCD drive voltage levels. 
When the pixels are structured using R, G, and B 
color filters, a maximum of 260,000 colors can be 
displayed. 

nmlng chait 'example 01 the common· voltage AC·drlve method) 

CL1 

CL2 

FLM 

vo va VO vo vo 
vo-va ~ VO va 
Common I electrode 
(OVI5 V) 

Y1-Y192 

54·leval gray scala 
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Timing Chart for Display Data 

The following figures show the display data timing 
and hardware configuration for the TFT color LCD 
system configured with HD66330Ts. Since color 
panels usually have a narrow connection pitch with 
driver LSIs, the HD66330Ts should be located 
above (upper drivers) and below (lower drivers) 

the panel and alternately connected to the panel 
pins. In such a configuration, the ROB data and the 
system dot clock (DCLK) should be divided 
between the upper and lower drivers. Here, DCLK 
should be divided into two by the controller. 

R5-RO, 
Gs-<30, 

FLM 

18 (6 bilS x 3 pixels) 

TFT color panel 
260,000 colors, 
640 x 480 dolS 

-

Timing chart 
OTMG ~f.o .. t------valid display period------t ... 

OCLK /"'.../ 

Upper driver display data CL2U 

R5-Ro (odd pixel) - 025-020 
Bs-<30 (odd pixel) - 015-010 
G5-BO (even pixel)_ 005-000 

Lower driver display data CL2L /"'.../ 

Gs-<30 (odd pixel) _ 025-020D-::t~,..~:,..l::!r..t:~;~'~~r':::~~'~ 
R5-RO (even pixel)_ 015-010 /"'.../ 
B5-BO (even pixel) _ 005-000 

, 
I I I , I I I 
I , I I I I I 

HITACHI 

Numbers in the figure indicate 
pixels. 
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HD66330T 

Power Supply Circuit Example 

The figures below show an example of a circuit 
used to generate LCD drive power supply voltages 
VO to V8. In this example, 18 levels of voltage are 
generated by divided resistance to alternate the cur
rent for the LCD panel, and either positive or nega-

+5V 
+5V 

V8+N8-

V7+N7-

Selector 

t--'--'---t--*--' 
18 to 9 VO+No

+Vs 

o to ±100 mA .. .. 

-Vs 

LCD drive power supply circuit example 
(per one voltage level) 

tive voltages are selected and supplied to the 
HD66330T. To stabilize voltage, an operational 
amplifier should be connected to each selector 
output. 

V8 

V7 
HD66330T 

VO 

Maximum ±10 mA direct current 
(maximum ±5 mA for each of the L- and 
R-pins) flows in the LCD drive power 
supply voltage pins Vo to V8 of one 
HD66330T. When 10 ICs are used, the 
current amounts to ±100 mA maximum. 
The direct current changes within 0 to 
±100 mA depending on the display data. 

The LCD drive power supply circuit must 
be able to provide stable voltage despite 
the change in the current input to the IC. 
The following shows a circuit example: 
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Power Supply Voltage Examples 

Voltage levels to be input to LCD drive power sup
ply pins VO to V8 should be determined according 
to panel specifications such as voltage intensity 

VO V1 V2 V3 V4 

HD66330T 

characteristics. The table below lists voltage level 
examples for reference: 

V5 V6 V7 V8 Counter Electrode 

Voltage (V) o 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 0 

5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0 5.0 
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Relationship between Display Data and Output Voltage 

The HD66330T outputs 64-level gray scale voltage shows the relationship among the input voltages 
generated by 9 levels of LCD drive power supply from the LCD drive power supply circuit, digital 
voltage and 6-bit digital data. The figure below codes, and output voltages. 

D'se'a:t Data Outeut Voltas· D'se'a:t Data Outeut Vohell! 
DIS 014 013 012011 010 1st Phase 2nd Phase DIS 014 013 012 011 010 1st Phase 2nd Ph ••• 
0 0 0 0 0 0 VI VO + 1/8)( 1Y,-VOI 0 0 0 0 0 V5 V4 + 118)( IVs.-V41 
0 0 0 0 0 VI VO + 218)( lVI-VOl 0 0 0 0 I V5 V4 + 218 )( IVs.-V41 
0 0 0 0 I 0 VI VO + 318)( lVI-VOl 0 0 0 0 VS V4 + 318 )( IVs.-V41 
0 0 0 0 I I VI VO + 4/8)( lVI-VOl 0 0 0 I I VS V4 + 418 )( IVs.-V41 
0 0 0 0 0 VI VO + 518 )( lVI-VOl 0 0 0 0 V5 V4 + 518 )( IVs.-V41 
0 0 0 0 I VI VO + 6/8)( lVI-VOl 0 0 0 I V5 V4 + 6/8 )( IVs.-V41 
0 0 0 0 VI VO + 7/8 )( lVI-VOl 0 0 I 0 V5 V4 + 7/8)( IVs.-V41 
0 0 0 I I VI VI 0 0 I I I V5 VS 
0 0 0 0 0 V2 VI + 1/8)( IV2-Vl1 0 0 0 0 V6 V5 + 118)( IV6-V51 
0 0 0 0 I V2 VI + 218 )( IV2-Vl I 0 0 0 I V6 V5 + 2/8 )( IV6-V51 
0 0 0 0 V2 VI + 318 )( IV2-Vl I 0 0 0 VB VS + 318 )( IV6-V51 
0 0 0 I I V2 VI + 418 )( IV2-Vl I 0 0 I I VB V5 + 418 )( IV6-V51 
0 0 0 0 V2 VI + 518)( IV2-Vl1 0 0 0 V6 V5 + 518 )( IV6-V51 
0 0 0 I V2 VI + 6/8 x IV2-Vl1 0 0 I V6 V5 + 6/8 " IV6-V51 
0 0 I 0 V2 VI + 7/8 )( IV2-Vl I 0 0 V6 V5 + 7/8)( IV6-V51 
0 0 I I I V2 V2 0 I I I V6 V6 
0 0 0 0 0 V3 V2 + 1/8 " IV3-V21 0 0 0 0 V7 V6 + 118" IV7-V61 
0 0 0 0 I V3 V2 + 218 )( IV3-V21 0 0 0 1 V7 V6 + 218 )( IV7-V61 
0 0 0 0 V3 V2 + 318 " IV3-V21 0 0 0 V7 V6 + 318 " IV7-V61 
0 0 0 1 I V3 V2 + 418 )( IV3-V21 0 0 I 1 V7 V6 + 418 x IV7-V61 
0 0 0 0 V3 V2 + 518 x IV3-V21 0 0 0 V7 V6 + 518 " IV7-V61 
0 0 0 I V3 V2 + 6/8 x IV3-V21 0 0 1 V7 V6 + 6/8 x IV7-V61 
0 0 0 V3 V2 + 7/8 )( IV3-V21 0 0 V7 V6 + 718 " IV7-V61 
0 0 1 1 1 V3 V3 0 I I V7 V7 
0 0 0 0 V4 V3 + 1/8 x IV4-V31 0 0 0 V8 V7 + 1/8" IV6-V71 
0 0 0 I V4 V3 + 218 x (V 4-V31 0 0 I V8 V7 + 218 " IV6-V71 
0 0 0 V4 V3 + 318)( (V4-V31 0 0 V8 V7 + 3/8 )( IV6-V71 
0 0 I 1 V4 V3 + 418 x (V4-V31 0 I I V8 V7 + 418 )( (V6-V71 
0 0 0 V4 V3 + 518 )( (V4-V31 0 0 V8 V7 + 518 " IV6-V71 
0 0 I V4 V3 + 6/8 )( (V 4-V31 0 I V8 V7 + 618 )( (V6-lm 
0 0 V4 V3 + 7/8 )( (V4-V31 0 V8 V7 + 718 )( IV6-V71 
0 V4 V4 V8 V8 

Note: 1st phase: The period in which 2-phase control signal CL4 is high and high output current operation is performed. 
2nd phase: The period in which 2-phase control signal CL4 is low and low output current operation is performed (see p. 1199 for 
details). 

va Y1 

Power 
) H066330T supply 64 levels 

circuit 
vo 

~ 
Display data 

(6-bit digital data) 
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Output Offset Voltage 

The HD66330T has an internal DA converter per 
output The upper three bits of 6-bit display data 
select and apply the LCD drive power supply volt
age level to the DA converter, and the lower three 
bits select and output one analog voltage level. 

Output offset voltage Vocc is defined as the differ
ence between the actual output voltage and the 
ideal output voltage expected from the LCD drive 
power supply voltage and digital display data. The 
Voff can be considered as the total output voltage 
differences including the differences between LSIs, 
between different output pins of the same LSI, and 

LCD Drive Power Supply Voltage Examples 

HD66330T 

that caused by concentrated current in a LSI due to 
a particular display pattern. 

The figure below shows the characteristics of out
put voltage with respect to LCD drive power sup
ply voltages. Since output offset voltage Voff 
depends on the difference between adjoining LCD 
drive power supply voltages IVn - Vn + 11 (n = 0 to 
7) output offset voltage will also decrease when the 
power supply voltage difference IVn - Vn + 11 is 
decreased. 

Vo V1 V2 V3 V4 V5 V6 V7 va 
Voltage (V) o 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 

(VO < Vl < ... < Va) 

!itA Output voltage dispersion range 
Ideal output voltage 

va --------------------------------------------------------
"~"~I --OJ voH = 60 mV 

V7 , 

V6 ------------------------------------- -
.... ...: 
lVa-V7 = 1,v , , 

V5 III l 

V4 ~~~~~~~~~~~~:~~~~~~~~~~;, ;;;:-:--~i ::ft = r mV i 
V3 . l V5 - V4 = 0.5 V l 

I: : 
': : 
" , , ' 

V2 
, , 

~1 V,2 V3 V,4 1./.5 V6 V,7 va , , , 

V1 -.-------~ --- Voff = 60 mV : 

l' r---f1 : : 
Voff =60mV :: : 

f~o~i~----~'---'--~--~--~-+---'~----4-
, 

;: ~ ~ ;: ;: ;: 
;:; g ;:; ;:; 

§ 
;:; ;: 

0 ;:; ;:; 0 ~ ;: 0 ~ 

LSB 8o~ 

I~ 
MSB 

LCD drive power supply voltage 

HITACHI 

'" (mV) 
~ 

J 60 g 

~ o 30 

oL--";"-~'---
0.5 1.0 (V) 

IVn-Vn+ 11 

1119 



HD66330T 

LCD Drive Power Supply Voltage Examples 

va V7 V6 V5 V4 V3 

VoHage (V) o 1.0 1.5 2.0 2.5 3.0 

(va < V7 < .•. < YO) 

1120 

til Output voltage dispersion range 

VO """" """"""""""""."""""""""""""""""""""."""" """"""""""""" 

VI 

V2 

V3 

V4 

VS 

V6 

V7 

"L" 

LSB 

MSB 

"L 
""""""""""""""""""".""""""""y pg. ':' "~9" l!I..y" 

, 
, 
, , 

:.. ~ 
"""""""""""""""""""."""""""""""""""" lve-vl = r;v 
""""""""""""""""""""""·t""""""~ ,~: ::YOff = ~O mV i: 
"""""""""""Voff",:"~QJrtY: :: : t:: : 

.0, 
, , 

, 

:" 'V~f = 60 mV 

L"t' , : : 1 
: : : 
: I ' 

I I I I I 

.~ :: : 
,V3 - V4 = O.S V: : : : :: : 
: : :: : 
I I I I I 

: : :: : 
I I ,I I 
• I I I , 
I I I I I 
I I I I I 

: 1 :: : 
: 1 :: : 
: : :: : 
I I • I I 
I I I I , 

V7 '1,6 I/.S V4 v.3 V2 V,l iVO , 
, , , , 
:: :: :: § 

0 0 0 0 0 8 0 
:: ~ 0 0 0 0 8 

LCD drive power supply voltage 
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V2 

3.5 

V1 Vo 
4.0 5.0 

Ideal output voltage 

o '--~0~.5::----:-1.'::-0--:(V~) 
IVn-Vn + 11 



2·Phase Operation 

A high-speed low-power output switching function 
is provided by dividing the horizontal period into 
1st-and 2nd-phase periods. where high output cur
rent operation and low output current operation are 
alternately performed. 

During the 1st-phase period. the specified voltage 
is applied to the LCD panel quickly with a low out
put impedance of about 215 kQ (high output 
current operation). Here. the applied voltage is 
selected by the upper three bits of display data 
(see p. 1196). 

During the 2nd-phase period. a voltage is applied 

, , 
i" 

Horizontal period 

HD66330T 

corresponding to the display data with an output 
impedance of about 17 ill (low output current 
operation). 

In general. since it is not required to secure the 1st 
phase in a 640 x 480-dot color panel (see the figure 
below for assumed load condition). CL4 can be 
fixed low. 

This function is effective when the panel load is 
large or when a horizontal period is short and gray 
scale voltage must be applied quickly. For settings 
in the 1st-phase period. see note 4 in Electrical 
Characteristics. 

, , 
: .. 1st phase 2nd phase 

CL4 

Output resistance 
2.Skn 

Output resistance 
17kn 

r-- Assumed load condition ------. 

LCD load: 
Skn 

~200PF 

HITACHI 
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Absolute Maximum Ratings 

Item Symbol Rating Unit Notes 

Power supply voltage Vee -0.3 to +7.0 V 

Input voltage (1) Vt1 -0.3 to +Vee + 0.3 V 1,2 

Input voltage (2) Vt2 -0.3 to +Vee + 0.3 V 1,3,4 

LCD power supply input current II ±20 mA 5 

Operating temperature Topr -20 to +75 ·C 

Storage temperature T SI9 -40 to + 125 ·C 

If the LSI is used beyond the above maximum ratings, it may be permanently damaged. It should always be 
used within its specified operating range for normal operation to prevent malfunction or degraded reliability. 

Notes: 1. Assuming GND = 0 V. 

1122 

2. Applies to input pins CL 1, CL2, CL4, SHL, and Dij, and I/O pins EI01 and EI02 when used as 
input. 

3. Specifies voltage to be input to the LCD drive power supply pins. 
Either of the following relationships must hold: 

VleD ~ va ~ V7 ~ V6 ~ V5 ~ V4 ~ V3 ~ V2 ~ V1 ~ VO ~ GND or 
VleD ~ VO ~ V1 ~ V2 ~ V3 ~ V4 ~ V5 ~ V6 ~ V7 ~ va ~ GND 

4. The following relationship must hold for VO to va potentials: 

IVn - Vn + 11 :s; 2 V (n '" 0 to 7) 

5. Specifies the maximum ratings for current in the LCD drive power supply input pins Vo to va 
(total current for both Land R pins). 
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Electrical Characteristics 

DC Characteristics (Vee - GND = 4.5 to 5.5 V, and Ta = 20 to 75°C, unless otherwise Doted) 

Applicable 
Item Symbol Pins Min Typ Max Unit Test Conditions Notes 

Input high-level V1H CL1. C12. o.a x Vee Vee V 
voltage SHL. Dii. CL4. 

Input low-level V1L 
EI01 (I). 

0 0.2 x Vee V 
voltage 

EI02(1) 

Output high-level VOH EI01(O). Vee- 0.4 V IOH=-O.4 mA 
voltage EI02(O) 

Output low-level VOL 0.4 V 101." 0.4 mA 
voltage 

Input leakage lu CU. C12. -5 +5 IlA 
current (1) SHL. Dii. CL4 

input leakage IL2 EI01 (I). -10 +10 IlA 
current (2) EI02(1) 

LCD drive power II VOL-VaL. -10 +10 mA Total of Land 
supply input VOR-VaR Rpins 
current IVn - Vn + 11 .. 1 V 

(n = 0 to 7) 

Output offset Voll Y1-Y192 60 mV Vee - GND =5V 
voltage IVn - Vn + 11 .. 1 V 

(n .. Oto 7) 

30 mV Vee -GND.5 V 
IVn - Vn + 11 • 0.5 V 
(n = 0 to 7) 

Difference Vref Y1-Y192 ±30 mV Vee-GND .5V 2 
between IVn - Vn + 11 .. 1 V 
output pins (n .. 0 to 7) 

±15 mV Vee-GND.5 V 
IVn - Vn + 11 .. 0.5 V 
(n = 0 to 7) 

Driver output Ronl Y1-Y192 2.5 kn 1st phase 
ON resistance Vee-GND -5 V 

Ron2 Y1-Y192 17 kn 2nd phase 
Vee-GND -5 V 

Current IPl Between 20 mA Data latch 3 
consumption (1) Vee and feL2 = 15 MHz. 

GND fcu .. 33 kHz 

Current Ip2 Between 4 mA Standby 
consumption (2) Vec and fCL2 = 15 MHz. 

GND fell = 33 kHz 
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Notes: 1. Output offset voltage Volt is defined as difference between the actual output voltage and output 
voltage expected from the LCD drive power supply voltage and digital display data. 

1124 

Volt shows the following characteristics with respect to voltage difference between adjoining LCD 
drive power supply pins IVn - Vn + 11. 

Q) (mV) 
~ 
~ 

§2 
Q; 

~ 
'5 
a. 
'5 
0 

(V) (n = 0 to 7) 

IVn - Vn + 11 

2. Vref can be considered as the maximum total output voltage differences including the differences 
between LSls, between output pins of the same LSI, and that caused by concentrated current in 
an LSI due to a particular display pattern. 

3. Except for the current flowing in VO to V8; outputs are unloaded. 
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AC Characteristics (Vcc- GND = 4.5 to 5.5 V, and T. = -20 to +75°C, unless otherwJsenoted) 

Item 

Clock cycle time 

Clock high-level 
width 

Clock high-level 
width 

Clock rise time 

Clock fall time 

Clock setup time 

Clock hold time 

Data setup time 

Data hold time 

Enable setup time 

Enable output 
delay time 

CL 1 high-level 
width 

Driver output 
delay time 

CL2 

Dij 

CL1 

CL2 

Symbol 

fmax 

TOII/h 

Tc:wI 

Tr 

T, 

Tau 

Th 

Tdau 

Tdh 

Tesu 

Ted 

Tcl1Wh 

Tdd 

0.8 Vee 

0.2 Vee 

Applicable Pin 

CL2 

CL2 

CL2 

CL1, CL2 

CL1, CL2 

CL1, CL2 

CL1, CL2 

Dij,CL2 

Dij,CL2 

EI01, EI02, CL2 

EI01, EI02, CL2 

CL1 

CL1, Y1-Y192 

Notes: 1. The figure below shows the load condition 
for the enable output pins. 

Enable output o~--.... 
-L 30pF 

~ 

Min ~ Max Unit 

28 MHz 

10 ns 

10 ns 

6 ns 

6 ns 

50 ns 

70 ns 

10 ns 

10 ns 

7 ns 

20 ns 

56 ns 

22 J1S 

Enable output 

Enable input 
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1126 

2. Specified by the following load condition and timing. 

Cl1 

load condition ----------, 

load resistance 
5kn 

Y1-192 ~ load capacnance 

~200PF 

(Cl4 is fixed at low level.) 

T 

---;~------=::======:::!~SP'ecified output voltage - Volt 

Y1-192 
---_______ ~S:fpecified output voltage + Volt 

3. Driver output delay time Tdd has the following characteristics with respect to the load condition. 

load resistance 10 kn 
40 

load resistance 5 kn 
Ii) 30 
.,:, 
." 

20 ~ 

10[ 

0 

{Cl4 is fixed low.) 

100 200 300 

load capacitance (pF) 

4. Driver output delay time Tdd has the following characteristics with respect to the Cl4 high-level 
width. 

Ii) 
.,:, 

20 

~ 10 

5 

load resistance 5 kn 
load capacnance 200 pF 

Cl4 high-level width (J,ls) 
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LCD Module Line Up 

Graphic Display LCD Module 

eLM258XB 
eLM213XB 

eLM721XBNP 

eLMG63900HGR 

eLM246X 

eLMG6471XTFC 

eLM238XB 

eLMG6400PLGR 

eLMG5040XUFC 

eLM215XB 

eLM266XW 

eLMG6151XUFE 

eLMG6281XNGE 

eLM300XM 
eLMG9040ZZFC 

HITACHI 
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LCD Module Line Up 

Character Display LCD Module 

1-line Series 

eH2570 eLM020L eLM015 

eLM070L eLM568F eLM027 

eLM038 eH2571 

eH2572 

eLM058 

2-line Series 

"i..M107XML 
eLM052L 

eLM017L 

eLM016L, LM016XML 

eLM018L 
eLM032L, LM032XML 

1130 
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LCD Module Line Up 

4-line Series Segment-type LCD module 

eLM041L 

eLM044L 

LED with backlight 

eLM087LN 
eLM091LN 

eLM088ALN 
eLM092LN 

eLM093LN 
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LCD Module Line Up 

Graphic Display LCD Module (Reflection type) 

Type ERectIve ...--.- M __ -- Dot_ Duty 

~tYPe On-1IIIp tYPe wxhl ...... ) Color wxhxtlnun) wXhlmm) wXhlmm) Cycle 

LM258X8 - .1 240x64 Yellow-green 149 x 67 x 13max. 117x41 0.47xO.47 1/64 

LM300XM - *1 240x64 New gray 160x76xllmax. 132x39 0.63xO.63 1/32 

- LM213X6 *1 266)(64 YeIIow-green 184)(75)(10max. 149.6)(43 0.66)(0.66 1/64 

LMG6390QHGR LMG63800HGR .1 256)(64 New gray 160)(68)(9.5max. *4 126.3)(37 0.47)(0.47 1/64 

LMG63920HFR LMG63820HFR *1 256)(84 Black Ik White 160)(68)(9.6max.$4 126.3)(37 0.47)(0.47 1/64 

LM221XB LM23BX8 *1 240)(128 Yellow-green 160)(120)(13.8max. 148)(76 0.55)(0.66 1/64 

LMG6410PLGR LMG6400PLGR *1 240)(128 New gray 169.4)( 101 )(9.6max. *4 126)(71 0.60)(0.60 1/128 

LMG6412PLFR LMG8402PLFR *1 240)(128 8lack Ik White 159.4)(101 )(9.5max.*4 126)(71 0.50)(0.50 1/128 

LM246X - *2 320><266 YeIIow-green 168>< 150)( 13.6max. 142)(116 0.43)(0.43 1/128 

LM211X8 - *1 460)(64 New gray 270)(82)(13max. 240)(38 0.49)(0.49 1/64 

LM211XMC - *1 480)(64 New gray 270)( 82)( 13max. 240)(38 0.49)(0.49 1/84 

LM216XB - *1 480)(128 Yellow-green 270)( 110)(11.5max. 242)(69 0.48><0.48 1/84 

LMG6250ULGR - *3 480><128 New gray 270>< 110>< 11.5max. 242><69 0.48><0.48 1/128 

LMG6252ULFR - *3 480><128 Black Ik White 270)( 110>< 11.6max. 242><89 0.48><0.48 1/128 

LM266XW - *2 840><100 New gray 287.6)(71.6><11.6max. 243><42 0.36><0.36 1/100 

LM260X - *3 840><200 Yellow-graen 270>< 104)( 11 max. 236.4)(78 0.38><0.36 1/200 

LMG6270XNGR - *3 640><200 New gray 266 >< 90>< 8max. 221.2)(73 0.33><0.33 1/200 

LMG6272XNFR - • 3 840><200 81ack IkWhite 265)(90)(8max . 221.2><73 0.33><0.33 1/200 

LMG6273XNFR - *3 640><200 Black &. White 265>(90)(8max. 221.2><73 0.33xO.33 1/200 antI-glare 

LMG6280XNGR - *3 840><200 New gray 270>< 116)( 8max. 217.2><96 0.33)(0.45 1/200 

LMG6282XNFR - *3 840)(200 Black Ik White 270>< 116><8max. 217.2><96 0.33)(0.46 1/200 

LMG6283XNFR - *3 840><200 stack&. White 270>< 116><8max. 217.2><96 0.33xO.46 1/200 antl-gla ... 

LMG6111XTFR - *3 840)(400 Black &. White 288>< 173><7.5max. 223.17x 143.97 0.33><0.33 1/200 anti-glare 

LMG6160XUFR - *3 840><480 Black &. White 272>< 178><9max. 202.37xI62.77 0.31)(0.31 1/240 anti-glare 

Graphic Display LCD Module (with EL backlight) 

LMG63910HGE LMG63810HGE *1 268><64 Newgrav 180>< S8 ><S.5max. *4 126.3><37 0.47)(0.47 U64 

LMG6411 PLGE LMG8401 PLGE *1 240x128 New gray 169.4><101 ><9.5max.*4 126><71 0.50><0.50 1/128 

LMG6251 ULGE - *3 460><128 New gray 270>< 110>< 11.5max. 242><69 0.48)(0.48 1/128 

LMG8271 XNGE - *3 840><200 New gray 266><90><9max. 221.2><73 0.33)(0.33 1/200 

LMG6281XNGE -. . *3 640x2oo New gray 270>< 116><9max . 217.2)(96 0.33><0.45 1/200 

LMG6171XTBE - *3 640)(400 Blue 256)( 148 >< 9max. 197><126 0.30><0.30 1/200 anti-glare 

LMG6173XTFE - *3 840)(400 Black 6. White 258)( 148 >< 9max. 197><125 0.30><0.30 1/200 anti-glare 

LMG6151XUFE - *3 640)(480 Black &. White 272 >< 178><9max. 202.37><152 0.31 ><0.31 1/240 anti-glare 

LMG6221 XUFE - *3 640)(480 Black &. White 260>< 180>< 9max. 183><138.4 0.28><0.28 1/240 anti-glare 

Graphic Display LCD Module (with CFL baCklight) 

LM721XBNP - *3 320)(200 Yellow 142>< 103 >< 30max. 113><77 0.33><0.35 1/200 

LMG6160XTFC - *3 640)(400 Black&. White 325>< 191.8><28max. 238)(152 0.38><0.36 1/200 anti-glare 

LMG~71XT8C - *3 840x400 Blue 250>< 145>< 10.8max. 196><124 0.30><0.30 1/200 antI-glare 

LMG8471XTFC - *3 640)(400 Black &. White 250X 145><10.6max. 196)(124 0.30><0.30 1/200 sntt-gla,. 

LMG6040XUFC - *3 640X480 Black &. White 256.6>< 160>< lOmax. 183)(137 0.28><0.28 1/242 anti-glare 

LMG5060XUFC - *3 640)(480 Black&. White 250>< 172 >< 10.5max. 196><150 0.30)(0.30 1/240 .nti-glare 

LMG9050ZZFC - - 1024)(768 Black & White 300><234>< 17max. 231><175 0.22><0.22 1/387 anti-glare 

LMG904022FC - - 1120)(780 Black &Whlta 316><230><31max. 236)(166 0.206)(0.206 1/390 anti-glere 
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LCD Module Line Up 

_v ........ 
(N<*) 

VDD-VaS I&f"ss -- o~ storage --~f CanoumptIon T_ 
T __ 

Weight s~ Driver (on-chip) Type 

+5 -12 66 0-+40 -20-+60 120 2 Double LC7940 /7941/7942 LM258XB 

+5 -9 33 0-+40 -20-+60 150 2 Double LC7940 /7941/7942 LM300XM 

+5 -10.5 250 0-+40 -20-+60 150 2 Double MSM5839/5238 LM213XB 

+5 -13 90 0-+40 -20-+60 160 2 Double LC7940/7941/7942 LMC'6390QHGR 

+5 -13 90 0-+40 -20-+60 160 2 Double LC7940/7941/7942 LMG6392QHFR 

+5 -13.5 210 0-+40 -20-+60 220 2 Double HD612oo/61203 LM238XB 

+5 -15 90 0-+40 -20-+60 160 2 Double LC7940/7942 LMG6410PLGR 

+5 -15 90 0-+40 -20-+60 160 2 Double LC7940/7942 LMG6412PLFR 

+5 -20 76 0-+40 -20-+60 265 2 Double HD61104/61105 LM246X 

+5 -10.5 130 0-+40 -20-+60 180 2 Double MSM5839/5238 LM211XB 

+5 -13 90 0-+40 -20-+60 210 2 Double LC7940/7942 LM211XMC 

+5 -13.5 100 0-+40 -20-+60 320. 2 Double HD611oo/61103 LM2115XB 

+5 -13 100 0-+40 -20-+60 320 2 Double LC7940/7942 LMG6250ULGR 

+5 -13 100 0-+40 -20-+60 320 2 Double LC794O/7942 LMG6252ULFR 

+5 -19 154 0-+50 -20-+60 200 2 Double HD611 04/611 05 LM266XW 

+5 -20.5 180 0-+40 -20-+60 290 2 Double MSM5298/5299 LM280X 

+5 -22 115 0-+40 -20-+60 230 2 Double MSM5298/5299 LMG6270XNGR 

+5 -22 115 0-+40 -20-+60 230 2 Double MSM5298/5299 LMG6272XNFR 

+5 -22 115 0-+40 -20-+60 230 2 Double MSM5298/5299 LMG6273XNFR 

+5 -22 115 0-+40 -20-+60 275 2 Double MSM5298/5299 LMG6280XNGR 

+5 -22 115 0-+40 -20-+60 275 2 Double MSM5298/5299 ·LMG6282XNFR 

+5 -22 115 0-+40 -20-+60 275 2 Double MSM5298/5299 LMG6283XNFR 

+5 -20.5 200 0-+40 -20-+60 420 2 Double MSM5298/5299 LMG6111 XTFR 

+5 -21.5 200 0-+40 -20-+60 420 2 Double MSM5298/5299 LMG6150XUFR 

+5 -13 90 0-+40 -20-+60 190 2 Double LC7940/7942 LMG6391QHGE 1000*5 

+5 -15 90 0-+40 -20-+60 200 2 Double LC7940/7942 LMG6411 PLGE 1000*5 

+5 -13 100 0-+40 -20-+60 380 2 Double LC7940/7942 LMG6251 ULGE 1500*6 

+5 -22 116 0-+40 -20-+60 280 2 Double MSM5298/5299 LMG6271 XNGE 1500*6 

+5 -22 116 0-+40 -20-+60 340 2 Double MSM 5298/5299 LMG6281XNGE 1500*6 

+5 -22 200 0-+40 -20-+60 360 2 Double MSM5298/5299 LMG6171XTBE 2000*5 

+5 -22 360 0-+40 -20-+60 350 2 Double MSM5298/5299 LMG6173XTFE 2000*5 

+5 -22 200 0-+40 -20-+60 480 2 Double MSM5298/5299 LMG6151XUFE 2000*6 

+5 -22 400 0-+40 -20-+60 450 2 Double MSM5298/5299 LMG6221 XUFE 2000*5 

+5 -21~.5 
230 0-+40 -20<--+00 340 2 Double MSMS298/5299 LM721X8NP 1000*6 

+5 -20.5 360 +10-+40 -20-+60 950 2 Double MSM 5298/5299 LMG6160XTFC 6000*6 

+5 -22 360 +10-+40 -20-+60 400 2 Double MSM5298/5299 LMG6371 XTBC 2000*6 

+5 -22 360 +10-+40 -20-+60 400 2 Double MSM5298/5299 LMG6471 XTFC 2000*6 

+5 -22 400 +5--40 -10-+60 430 2 Double MSM5298/5299 LMG5040XUFC 1800*6 

+5 -20.5 360 +10-+40 -20-+60 460 2 Double MSM5298/5299 LMG5060XUFC 2500*6 

+5 +34 1700 +5-+40 -10-+60 1100 2 Double HD66107T LMG9050ZZFC 6000*6 

+5 +38 1700 +5-+40 -10-+60 1400 3 Double HD66107T LMG9040ZZFC (+12)*7 6000 

Note: Contolier LSI * 1: HD61830 *2: HD63645F/64645F * 3: HD66841 *4: External-type contoller maximum thickne .. is 9.0 mm . 
• 5: EL power consumption *6: CFl power consumption *7: VFC-VSS 
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LCD Module Line Up 

Character Display LCD Module - a-- -.cIed 

....... - Module .... ....... - - Voltage 
Type 1~.xUneI Cob wxhxtlmml wXhlmml wXhlmml Duty Cycle IIDD-Vas IV) 

LM054 8xl Gray 88X44x12max. 61 x15.8 6.45X9.4 1/8 +5 

LM015 16xl Gray 80x36x12max. 64.5x13.8 3.15x5.5 1/8 +5 

H2570 16xl Gray 80x36x 12max. 64.5x13.8 3.15x7.9 1/11 +5 

LM020L 18xl ·Gray 80x36x 12max. 64.5x13.8 3.07x5.73 1/16 +5 

LM020XM8L 16xl New gray 8Ox36x12max. 64.5x13.8 3.07X5.73 1/16 +5 

LM070L 20Xl Gray 105x39.0xllmax. 84.0x13.0 3.2x5.2 1/8 +5 

LM038 20Xl Gray 182x35.5x13max. 154.0X15.3 6.7x9.4 1/8 +5 

LM027 24Xl Gray 126x36x12max. 100x13.8 3.15x7.9 1/11 +5 

H2571 32xl Gray 174.5x33x 13.4max. 132.5X14 3.15x7.9 1/11 +5 

H2572 40xl Gray 182x35.5x13max. 154.0X15.3 3.15x7.9 1/11 +5 

LM058 40xl Gray 280 x 80 x 13max. 245x19 4.82x8.18 1/8 +5 

LM052L 16x2 Gray 80x36xllmax. 64.5x13.8 2.95x3.8 1/16 +5 

LM016L 16x2 Gray 84x44x 12max. 61 X15.8 2.96x4.86 1/16 +5 

LM016XMBL 16x2 New gray 64x44x 12max. 61 X15.B 2.96x4.86 1/16 +5 

LM032L 20x2 Gray 116x39x13max. 83x18.6 3.2x4.85 1/16 +6 

LM032XMBL 20x2 New gray 116x37xl0.5max. B3x18.6 3.2x4.86 1/16 +6 

LM080L 24x2 Gray 116x39x13mox. B3x18.6 2.7x4.85 1/16 +5 

LM017L 32x2 Gray 174.5x33x 13.4max. 141.19x 16.75 3.45x4.85 1/16 +6 

LM018L 40x2 Gray 182x35.5x13max. 154X 15.3 3.2x4.85 1/16 +5 

LM018XMBL 4Ox2 Now gray 182x35.5x 13max. 154x15.5 3.2x4.85 1/16 +5 

LM041L 16x4 Gray 87x60x 12max. 61.8x25.2 2.95x4.15 1/16 +5 

LM044L 20X4 Gray 98x60x 12max. 76x25.2 2.95x4.15 1/16 +5 

Character Display LCD Module (with LCD backlight) 

LM087LN 16xl Gray 90x36x14max. 64.5x13.8 3.071<6.56 1/16 +5, (+5) 

LM086ALN 16x2 Gray 90x36xl4max. 64.5x13.8 2.95x3.8 1/16 +5, (-) 

LM093LN 16x2 Gray 90x44x 13.8max. 61.0xI5.3 2.96x4.86 1/16 +6, (+5) 

LM091LN 20x2 Gray 126x39x 14max. 83x 18.6 3.2x4.85 1/16 +5, (+5) 

LM092LN 4Ox2 Gray 192x36.6x14max. 154x15.3 3.2x4.85 1/16 +5, (+5) 

Note: Parentheses indicate VLEO. 

Segment-Type LCD Module 

87X27.5xllmax. 
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LCD Module Line Up 

Po_ 
Con8umptlon 

~r __ 8 __ r ............ 
Weight Controller (on-chlpl Type 

10 0-+50 -20-+70 35 HD44780 LM054 

10 0-+50 -20-+70 25 HD44780 LM015 

10 0-+50 -20-+70 25 HD44780 H2570 

10 0-+50 -20-+70 25 HD44780 LM020L 

10 0-+50 -20-+70 25 HD44780 LM020XMBL 

10 0-+50 -20-+70 40 HD44780 LM070L 

25 0-+50 -20-+70 65 HD44780 LM038 

10 0-+50 -20-+70 40 HD44780 LM027 

10 0-+50 -20-+70 60 HD44780 H2571 

10 0-+50 -20-+70 65 HD44780 H2572 

15 0-+50 -20-+70 150 HD44780 LM058 

15 0-+50 -20-+70 25 HD44780 LM052L 

15 0-+50 -20-+70 35 HD44780 LM016L 

15 0-+40 -20-+60 35 HD44780 LM016XMBL 

15 0-+50 -20-+70 50 HD44780 LM032L 

15 0-+40 -20-+60 50 HD44780 LM032XMBL 

15 0-+50 -20-+70 60 HD44780 LM060L 

15 0-+50 -20-+70 60 HD44780 LM017L 

15 0-+50 -20-+70 65 HD44780 LM018L 

15 0-+50 -20-+70 65 HD44780 LM018XMBL 

15 0-+50 -20-+70 60 HD44780 LM041L 

17.5 0-+50 -20-+70 65 HD44780 LM044L 

155 0-+50 -20-+70 40 HD44780 LM087LN 

150 0-+50 -20-+70 40 HD44780 LM086ALN 

405 0-+50 -20-+70 50 HD44780 LM093LN 

555 0-+50 -20-+70 70 HD44780 LM091LN 

855 0-+50 -20-+70 100 HD44780 LM092LN 

1 1.05 10-+50 1-20-+70 1 "PD7225G 1 LM039 
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