






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































HD66300T \

How to Generate Three-Phase Shift Clocks valid display ratio is 95% in the NTSC system, the
base clock frequency f is about 9.59 MHz according

Three-phase shift clocks can be generated by dividing to the following equation.

the base clock, which is generated from a horizontal

synchronizing clock, through the use of a frequency f = (1/valid display period) x (no. of horizontal

multiplier such as a PLL circuit. pixels/valid display ratio)
= 480/(52.7 psec x 0.95)
The number of horizontal pixels of the LCD panel and = 9.59 (MHz)
the valid display ratio determines the base clock
frequency f. The three-phase clocks can be generated by divid-
ing f by 3 (in the monodirectional connection mode)
If the number of horizontal pixels is 480 and the or 6 (in the interleaved connection mode).

480 pixels (95%)

Video
signals

Horizbntal

iretrace peri Valid display period

-

Figure 15 Base Clock
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N I N S I

For upper .
drivers HCK2 | | l

For lower

drivers | HCK2 l , I |
 Hek3 | , l |

(b) In Interleaved Connection Mode

Figure 16 Three-Phase Shift Clocks
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Bias Voltage

Voltages VbsB , vbsH' and Vbo control the drive capa-
bility of the output buffer and differential amplifier.
Here the LSI must be used in the range of

40V 5V, 5, Vs Vi € Ve -20V

VCC
V, ¢ controls the drive current capability of the output
buffer when OE is high (IV ;) and V, ;. controls the
leakage correction current of when OE is low (IV ;).
Figure 17 and figure 18 show the relationship between
IV g and V, g and the relationship between IV ;; and
VbsH , respectively.
Vg and V, ,, should be to an appropriate level for
the electrical characteristics of the LCD panel used.

The rise time (t,p) and the fall time (t,;) of the
output buffer depend on the input level of V, .
Figure 19 shows the relationship between topr’ tooF
and V, ..

V,,, controls the bias current of the differential ampli-
fier (IV ).

Figure 20 shows the relationship between the riseand
fall times (tr,e, toop) of the output bufferand V, .
V,,, should be adjusted to an appropriate level for the

electrical characteristics of the LCD panel used.
Theincrease of total current consumption is 120 times
larger than that of IV, ;, IV, ., and IV, , because
figure 17, 18 and 21 each shows the case of one output
and HD66300T has 120 outputs.

Figure17,18, 19,20 and 21 are just for referenceand do
not guarantee the characteristics.

1Vss
(uA)

1,000
800}
600
400 -

1 1 !

f
T2 3 4 5 Vee—Visa (V)

|Vbsu

(uA)}
80}
60+
al
20

1 I A 1

T2 3 4 Sye—vye (V)

Figure 17 IV, , vs V-V,

Figure 18 IV, vs V-V
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toor
(us)
101
toor
(us)
Vbo=Vec—3V
CL=100pF
2r 5k
Vpo =Vee—3V
1 C.=100pF
11 é 1 L ! 1
1 2 3
Voss (V) Vose (V)
.
Figure 19 . ty, VS V, 5
toor toor
(us) (us)
s} 5|
Voan =Yoo -3V Vosa=Veo—3V
bss =Vee
Cu=100pF C.=100pF
1 é 1 | — 1 5
1 3 1 2
Voo (V) Voo (V)
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Voo
(uA)

501
a0
301
20

L Il L

1 2
3 s Vee —Voo (V)

Figure21 IV, vs V_-V,

O\

toor

90%(Vin=Vcc—3.5V)
D1—D120
10%(Vin=Vgg +1.5V)

toor

Figure 22 Definitionoft andt .
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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;

OE = high: Drives with large current (300 A, typ)
OE = low: Drives with small current (20 pA, 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 theoutput 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, o,
(large current) and V, ;, (small current).

OE
signal

Output
signal

Large
i current

Small

current

Ll

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
edgeinsingle-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

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,
itshould be high in both fields, but low foratleast 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.

Table2 Reference timing charts for each mode

Single (D/S = Low)

Double (D/S = High)

Interlace Non-Interlace

Filter Arrangement Per-Line Per-Field Per-Line Per-Field Per-Line Per-Field
Mosaic Top- Inter- MODE 15 MODE 18 MODE2 MODE6é MODES MODE 13

left to | d

bottom- eave

right Monodi- MODE 16 MODE 19 MODE1 MODES MODE8 MODE 12

rectional

Top- Inter- MODE 16 MODE19 MODE1 MODES5 MODES MODE 12

right to

bottom- leaved

left Monodi- MODE 15 MODE 18 MODE2 MODE6 MODE9 MODE 13

rectional
Vertical stripe MODE 17 MODE20 MODE3 MODE7 MODE10 MODE 14
Unicolor triangular MODE 17 MODE20 MODE4 MODE4 MODE11 MODE 11
Bicolor triangular MODE 17 MODE 17 MODE4 MODE4 MODE11 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 mode
Interleaved: Interleaved connection mode
Monodirectional: Monodirectional connection mode
HITACHI 1059
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First field

Second field

MODE 1
o/s Vee
L/F Vee
MSF1 GND
MSF2 Vee
o2, [ | 5 | o Y
DL/DR I | ] ] ] ] ] | Log |
e LN NMnnnnnnnnnnnnnnnnssynnnnnr
«
FD | 1) ;
A [T SAWREOUT] [ SAWPLE [oUT] [ SAWPLE JouT] [ SAWPLE[oUT] T 1S5 JouT
Sample and| B [T SAWPLE | JOUT] SAMFLE ] [OUT] SAWPLE | JOUT] SAMPLE [ JouTL L\ OUT
haldcirouits| ¢, T [ SAWPLE TOUT] [ SAWPLE TouT] | SAWPLE [oUT [ SAWPLETOUTT Y\ T SAWPLE ToUTT ]
o [ [T SAWPLE | [oUT] SAWPLE | ToUT] SAWPLE | JoUT] SAWPLE] 1)\ [ SAWPLE] JoUT]

D3k+1 XXX X XXXy XXX XX i ey XaxuyXiaXiyaX X
p3k+2 XX X X X¥xaxy IXx3XVy ¥ XYy XU Vy DXxX Uy XU DXy X2y IXVx ) Xx3Xy2Xx IXVy3X_ X

D3k+3 XXX X Xux3Xuy2xXux DXy XXy X DXy XXy IXaXiy 2 DR XXy Py XX

Ga-1 1 (¢
Ga-2 It £
Ga-480 e [
W
Video 282 283 2s4 [785] [ZEe] [ZET] [Ze] [ [Z0] [&] [0 [FE] 2
—u 5] u u u
DL/DR ] 1 | ] | 1 1 (|
e LLnnrurunJuuouuunn s nnnnonn.
«
b " |
A I T T TswrE oot [Pk oo Tsmwr Jour] T LS00 T ]
ﬁ:zi';c‘:"i‘g I T TSAWPLE | JOUT] SAMPLE 7] SAMPLE Ut N T Toum ]
c | | . [ T T SAMPLE JOUT] | SAMPLE JOUT] | SAMPLE JOUT] )) | SAMPLE JOUT] ]
p [ [T SAmPLE]  JouT| SAMPLE | JouT] SAMPLE] JouT] SAMPLE] T %) L SAWPLE] | ]

D3k+1 _ X X X X X XX Xy X axun Xy XXy XnaXuy2 ) iXuy xRy Xvauyaxie) XX
D3k+2 X X X X X X X XuyaXuxt)Xvy Xy Dy a)ux vy xumaxvy IXiaR) Xy XX X X

D3k+3 X X X X X X X Xy3XuaxXvy D@y DAy 3y DXy zXva gy XvaxiyzX XX X

Ga-1 1 £

Gg-z I_-l 2,

Ga-480 « 1
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MODE 2
D/s Vee
L/F Vee
MSF1 GND
MSF2 GND
Video 20 _[72] [(23 28 | [ 25 | [ 2 Hi 28 29 30 ] [ W] [262 ] [263] 264
DL/DR | | | | | | 1 | | (¢ |
e LNNnnnnnnnnnnnnhrnuonaanmgnnnnrnrn.
«
FD [ » 1
A [ SAMPLE JOUT] | SAMPLE JOUT] | SAMPLE JOUT] | SAMPLE JOUT] | Iﬁ]ourl I ]
Sample and | B MPLE SAMPLE GUT] SAMPLE GUT] SAMPLE
hold cireuits | [T T SAWPLE [OUT] | SAWPLE JOUT] | SAWPLE [OUT] | SAWPLETOUT] ) ] SAWPLE TOUT] ]
§ p [ T T SAWPLE] _JOUT] SAWPLE | [OUT] SAWPLE | JOUT] SAWPLE] T S [ SAWPLE oUT
B
1 p3k+1 XXX X XG0 DGO DT O XXy DXy X0 D@y D@03 X
p3k+2 XXX X X0x2)ry3Xvx Xy 23Xy XXy 3 Xy X3y XAy 3 ) Xux Xy 2XvadXVy DX X
D3k+3 X X X X X0x3Xry DXx2 Xy 3X0x DXy X3y IXvx2X vy 33 Xy 2XnaXy DX XXy 3 Xy X
Ga-1 1 (’(’
Ga-2 - e £
G40 I 1
Video 282 283 284 [ 2851] [ 286 ] [ 250 ] [ 291 ] s N I
DL/DR ] ] ] 1 L 1 1 Lo 1
e LM nnnnnnnnnnnnniuynnnnnre.
«
] d L
A [T [ 1 TSAwPiE Tour] T SAwPcE Jout] [ SAwPE oot] [ TS Io0T ]
sﬁ:zﬂ‘_’";; B [1 [T Tsawre | JouT] SAMPLE] — Jouil SAMPLE] Tout ] [y 1007 |
2 elred c | L T [T T SAMPLE JoUT] | SAPLE JOUT] ] SAWPLE [out] ) | SAVPLE [oUT
; D [ [ TSAMPLE ] TouT[ SAMPLE | [oUT] SAMPLE] _JOUT] SAMPLE | 1%} I SAMPLE
§D3k+1 X X XXX X X Xy XXy 3XvxiXy2 ey dixaXvy s Xy xxan) Xu X X~ X
D3k+2 @@@@@@@@@@@@ ) XXy axuaX X X
D3k+3 X X X X X XX Xy3Xux Xy 2XuaXvy DXuxVy 3 Xy 2Xvx Xy X2y XxaXvy iXvxeX_ X X
Ga-1 1 I
Ga-2 Pl £
Ga-480 (,( 1
HITACHI
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MODE 3
D/s Vee
L/F Vee
MSF1 Vee
MSF2 Vee

Video .21 _ [22] [23 22 % 76 21 28 29 1 [ 30 ] [ )1 [262 ] [263] 264

DL/DR | | | | | | | | | 1
(¢
| 7 | E—
A [ [ SAMPLE JOUT] [ SAMPLE JOUT] | SAMPLE JOUT] ] SAMPLE JOUT] I 1 gﬁoml | ]
Sample and | B [__] SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | _ JOUT] SAMPLE | _ JOUT] 1 OUT
hold circuits | [ [T SAWPLE JOUT] [ SAWPLE [oUT] | SAMPLE JouT] | SAMPLEJOUTT Y, [ SAWPLE TOUTT ]
.E 1o L [ [ SAMPLE] _ JoUT] SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE] lﬂs [ SAMPLE ] __JouT]
4
i .
D3k+1 X X X X X DXy X DXy DXV Xy DXV Ky DX DXy G DXy DX DXy DX D) X¥x XYy DXV DXV X X
p3k+2 — XX X X XxzXVy2XuxaXvy2Xx2Xiy2Xuxd)iy2XvxeXiy XXy Xvxaxy Xz Xinexiy2XvxeXvzX_ X
D3k+3 _ XX X X XuxaXy XXy 33Xy 3Xux Xy 3Xx3Xuy X3y Xy 3Xvxa| Xvxdxry3XuaxXWy3X X
Ga-1 1 ¢
Ga-2 R - £
Gga-480 ~~~~~~~~~~~~~~~

. 282 283 284 [ 285 | [286 | [287 | [288 | [289 | [ 290 | [ 291 thu 525 | 1 2
Video =5, U L.l-Ll u u u o u u L

DL/DR 1 ] ] | ] 1 1 (.
o LMLy
«
FD I ” 1
A [ [T T sawPiE JouT] T SAWPE Jout] [ sawpieTour] T T3 ool T ]
ﬁ:;;"‘“"d B [T T TSAWPE] JoUT] SAMPLE] _JouT] SAMPLE] _Jout] T\ T —Tout ]
its r{
ered C I T T 1 SAwPLE Tout] | SAWPLE JouT] | SAWPLE JoUTL Y} | SAWPLE [ouT] ]
b [ [T sawpie [ Jour] SAMPLE | Tout] samPLE ]| Jout] SAMPLE] [\ ] SAWPLE] [ ]

Second field

D3k+1 _ X X X X X X X Xy DX Xy DXV DXy DX DXy DX DXy DX DXy DXux D) X DXy XX X X
Dk+2 X X X X X XX XuyaXvxeXuy2XuxaXiy2Xx2xiyXx)y2x@adyaXixeR) XuxaXuyzXvxeX X X
D3k+3 Uy 33Xy 33Xy IXx 3Ny XV 3Ny XXy x|, XuxadyaX X X X

Gat L g
Ga-2 ) S— -
Ga-480 U L

)
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First field

Second field

MODE 4
D/s Vee
L/F Vee/GND
MSF1 Vee
MSF2 GND

i 21 22) [23 2 26 27 28 | [29 1[ 30 L’[:S 262 ] [263 264
video 21 2] [25] [2a ] [75] [ [2r ][] [75] [0 ] [ ] [700 ] [o&3]
DL/DR | | | | | | | L |
«
FD ”
A [ SAMPLE JOUT] ] SAMPLE JOUT] | SAMPLE JOUT] | SAMPLE JOUT] | | \ﬁ Toutl T ]
Sample and | B [_] SAMPLE | _ JOUT] SAMPLE |  JOUT] SAMPLE ]  JOUT] SAMPLE | __ JOUT] ST Toor——)

hold circuits | [ [T SAWPLE [OUT] [ SAWPLE JOUT] | SAMPLE JOUT] | SAMPLE JOUT] )5 T SAMPLE [OUTT ]
D [ [ SAWPLE][oUT] SAMPLE | JoUT] SAWPLE | JouT SAWPLE] ) [ SAWPLE |__JouT]

D3k+1 X X X X XXy XUy X DXy DX Xy DX Xy DX D0y DX DXy DX D) XWXy DX XWX X
D3k+2 XXX X Xux2Xuy2XuaXvy2XuxaxXyaxXvyaxXixaXuyaXimaXiya XXy ) XineXvyzXuxeXvwaX_ X

D3k+3 XX X X Xux3Xuy3xXx3Xy 33Xy aXuaXiy 33Xy XXy 3xXuaX iy XX XveaxXuy Xy 3X_ X
Ga-1 1 (’(,
G:a-Z 1 (4

Ga-480

i 282 283 284 285 286 287 288 289 290 1 2
Video 282, 283 o [ [7] [T (7] [0 [ ] [l [ 0

DL/DR 1 1 | ] ] ] ] Lo¢ |
e LILIMnrrninnnayronnrnnnnfrnnnirt
FD L (-

A1 [ 11 SAMPLE JoUT] | SAMPLE JoUT] ] SAMPLE Joui] | [\E (eI I . |
ﬁ:::':::;’i‘g B (11T T Tsawe JoUT] SAMPLE] _ JouT] SAMPLE] _ Jout] I}\LI Toutl ]

c [ | | [T TSAMPLE JOUT] | SAMPLE JOUT] | SAMPLE JOUT] )} | SAMPLE JOUT

D [ [ Tsampe] Jour] SAMPLE ] JouT[ SAMPLE | JOUT] SAMPLE | \§ [SawPle] [ |

D3k+1 X X X X X X X Xy DXun )y XXy DX Xy DX Xy DX Xy DX ) X)Xy XX X X
D3k+2 _ X X X XX X X XuyXuxaXuaXuxaXvyD@{y oy XuxaxiyaXveR) XuaxXvyaXveX X X
D3%k+3 _ X X X X X X X Xiy3XyxdxXVy Iy dxuaxy iy xunaxvyaxian) XXX X X

Ga-1 L (¢

Ga-2 Ml 5

Ga-a80 T T —
HITACHI

1063




HD66300T

MODE S§
D/s Vee
L/F GND
MSF1 GND
MSF2 Vee

i 1 2 24 25 28 29 3 262 264

Video 2 [2] [@] [0 [75) [ [ [ ][] [ 50 ] [ )] [7e2] [o6s]

DL/DR l 1 I 1l 1 | L | L ¢ |

e LNnnnnnnnnannnnninnannnn
(@

FD l L4

A [ SAMPLE JoUT] [ SAMPLE JouT] [ sampPLE JouT] ] SAMPLE JouT] I | \} fouT] | ]

{

Sample and | B [ [ SAMPLE JOUT] SAMPLE ].__JOUT] SAMPLE | JouT] SAMPLE | TouT] I \) | JouT] J

hold circuits ., SANPL SAMPLE [OUT] AMPLE JOUT, oUT VS [ SAMPLE TouTl ]
y
p [ [T SAWPLE ] JOUT] SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE] 1) ] SAMPLE

D3k+1 _ X X X X X0 )XOxaxed XU X2 )Xux A3 XX X D)) XueXvx )XixaXvuzX_ X
p3k+2 X X XX XXX ix XXX I unaXix g Xuxaxina) XXX

03k+3 XX XX XXX i i@ G i X T\ D) aaXvX_X
Ga-1 1 ()(,
G?-Z 1 «

First field

Ga-480

Video 282 283 284 [285] - [287 U 288 I] 250 Iul 291 Ujs ] [525] 1 2
] | 1 ] 1 ]

DL/DR | | ('(' |
e ULnnuunnnnnnnnnnnarennniiri
FD 1 7(
V{

A [ 1T SAMPLE JouT] | SAMPLE JouT] ] SAMPLEJouT] 1 T JOUT] | —]
i;’;’:';c‘:'i‘; B [T T TswrEe] Jout] SAWPLE] _Joui[ SAWPLE] Joutl l') T Toutl ]

c [ T 1 [ 1 T SAWPLE JouT] | SAMPLE JoUT] ] SAMPLE Jout] )) | SAMPLE Jout] ]

D | [ TSAMPLE] _ JOUT] SAMPLE |  [OUT] SAMPLE| _ JOUT] SAMPLE | TSTswrel 1]

Second field

D3k+1 X X X X XXX XuyDXiyaxuyaXv DX axiyaxXy DXiyax Xy DXy axXaX) XXy XXX
D3k+2 X X X X X X X XaX¥y Xy 3y 2y Dy Xy Xy Xy XX vy DXy Y) XvydxuyaX X X X
D3k+3 _ X X X X X X X Xoy3Xuy2X¥y IXVy3xXWr2)y DXy Xy Xy Xy 3y 2 Xy DY), Xy Xy 3y X X

Ga-t 1 4
Ga-2 Pl 4
Ga-480 « '
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First field

Second field

MODE 6
D/s Vee
L/F GND
MSF1 GND
MSF2 GND
video 20 [22] [23 ] [2 H'—TI ][z ][z]f 291! |] S,lzezl-

DL/DR

OE WMWM
«

FD ] 4

A [ ] SAMPLE JOUT] | SAMPLE JOUT] | SAMPLE JOUT] | SAMPLE JOUT] [ [\i TouT | ]
Sample and | g [ SAWPLE ] JOUT] SAMPLE | JOUT] SAWPLE | JouT[ SAWPLE | TouT] T§ OUT)
hold circuits | - (T SawpLE TOUT] [ SAWPLE ToUT] T SAWPLE [oUT] | SAWPLE [OUT 5§ T SAWPLE ToUT ]
p L [ T SAWPE ] JOUT] SAMPLE | JoUT] SAMPLE | JOUT] SAWPLE] 1 )} ] SAMPLE ouT

D3k+1 _ X X X X XuxtXuxzXun3Xva XixzXyaaXvn iXyx XV aXvx XX iaa)Xix DX VaXvxd)))  Xuxd)vu iXVx2XVx3X X
D3k+2 XXX X Xn2xxaxXyx iXvxz)ix3)¥x DX vx XX Wx DX XUxXIx DY) XVatXunX¥x3Xva X X

D3k+3 XXX X XuxXux iXixa X0z )Xyx ) X)X X uaX X v Xuxa )y Xus2)Vdxvx vz X

Ga-1 1 (,(’
Ga-2 T «
Gaa80 ey (T 1

Video _%J_Lr__u-,_,l % ] [767] [786 ] [769 | u-ur—' R

DL/DR | 1 L ¢ 1

oE U'Lﬂ.JLﬂﬂJLﬂ.FU’LFLFU'LFLFLﬂJ’UUU‘LﬂLFLFULﬂ_ﬂ_FL

FD 1 7(
A 1 T T T sAwpLe Tour] ] SAWPLE [oui] [ sAwPiE Jour] T T $§ 00T T l
i:z:':;"‘; B 1 1 TsAwniE ] JouT] SAMPLE]  JoutT] SAMPLE] _ Jout] |\ [ Toutl
c [ | [T T SAMPLE JouT] ] SAMPLE JOUT] | SAMPLE JouT] )S [ SAMPLE |out| |
D | [ _[sawPLe] JouT[ SAMPLE] — JouT] SAMPLE]  JOUT] SAMPLE | ]\\ [savPLE] T ]

D3+1 XX XX XX X XXX XXX XXX XaaxXaixmsX_ XX
D3k+2 _ X X X X X X X XuraXur3Xvy XiyaXvyady XyaXuy Xy DXy Xy 3Xuy DY) X XuyzXwy3X_ X X

D3k+3 X Uy 3y DXy 2y Xy DXy Xy Xy DXy 2 Xy 3y DXy 2R Xy Xy X X X

Ga-1 1 (4
Ga-2 L — 5
Ga-480 T e

)
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MODE 7
D/s Vee
L/F GND
MSF1 Vee
MSF2 vcc
H 21 22 23 24 25 26 21 29 30 262
Vieo 20 [ [@ [ [% ][ 7] u__Jur B W e o M
DL/DR | | | | | | 1 (( |
OE Lo || IHIIIIIII%HHIIHIIH
FD T
A [T SAMPLE JOUT] [ SAMPLE JOUT] _ | SAMPLE JOUT] | SAMPLE JOUT] I r\i Jout] T ]
Sample and | B [ [ SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | TouT] ')')| JouT] )
hold cireuits | ¢ f [T SAMPLE JOUT] | SAWPLE [0UT] | SAMPLE JOUT] | SAMPLE [0UT[ s [ SAMPLE [0UT] ]
D [ [ T samPLE]  JouT[ SAMPLE | JouT] SAMPLE[jOUT[ SAMPLE [ ['\ SAMPLE ouT

First field

D3k+1 X X X X X0 X D0 I X DX XG0 DX D X D0 DXV DX DXV TRy XU X DXV T X X
p3k+2 XX X X XxaXyx2)XxaxXvx2)Uxaxix2Xix2Xuxa)Xua)Xix)XueXyx XX )i XvxaXixeX XXX

D3k+3 XX X X Xux3XvxXndXuxaXundiinaXixxinaxinaXiaxaaXinaxXuaXaxiay XaxmaxaxwnaX X

Ga-1 s

a2 T (,(, 1

©____________________ —
D

Video 282 283 284 [ 285 [ 786 288 ] [289] [750] [7o1] | 1= 2
u o u

DL/DR ] I ] ] 1 ] ! Lo |
OE LFWFLFLFLILHJUULMLI’ULFS&J I O O
Fo (
A 1 [T TSampLe JouT] | SAMPLE JOUT] | SAMPLE Jout] | Tﬁ ouTT 1 ]
::::':';;’:; 1 [T T SAwPLE | JouT] SAMPLE] _ToUT] SAMPLE] _ ToUT] 4[[\§ [ Toutl ]
o c L I 1 [ T TSAMPLE JouT] | SAMPLE JOUT] _ | SAMPLE JouT] \'3 ] SAMPLE Joutl ]
3 £
; D L [ TsampiE] TouT[ SAMPLE]  JouT[ SAMPLE] _ JOUT] SAMPLE | | )) I SAMPLE] | ]
o
]
9 1D3k+1

X X X X XXX Xy X Xy X X DXy DX Xy DX X0y DX )Xoy Xy Xy XXX
3k+2 X X X X X X X XuaXzxXyaXyaXinadydXnaXunaXnmdxXyaxXiyaXuz)) XuaXuaXyeX X~ X

D3k+3 _ X X X X X XX XXXy Iy xVy iy axXiyaxXuyaXuyaxXvydn) XvyaxiysXuyaxX X X

Ga-1 1 1(d
Ga-2 SRS 5
Ga-480 e
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First field

Second field

MODE 8
/s Vee
L/F Vee

MSF1 GND

MSF2 Vee

Vieo 21 22 [ [ @[ @[ & ][ @[ @] [aE [ Ujs] 762 | 263 264
| |

DL/DR [ [ [T
Lnnnnnnnnnnnnannrinnrnisnnnrnnre
FD r %

A [__IsAMPLE JoUT] T SAMPLE [OUT] | SAMPLE JOUT] | SAMPLE Jout] | [')l Tout] T ]
Sampl_a ar.|d B [ [savmpie [ JouT] sAmPLE | JOUT] SAMPLE | _ JOUT] SAMPLE | Jout| | s T Jout] ]
hold circuits | 1 ][ SAMPLE JOUT] | SAMPLE JOUT] ] SAMPLE JoUT] | SAMPLE JouT] Y| | SAMPLE Jout] ]

D [ [ TsampLe | JouT[ SAMPLE | JOUT] SAMPLE | [OUT] SAMPLE | | \\ | SAMPLE ouT
D3k+1 X X X X XVxtXvy3Xux2)Xvy DXuxaXVy2Xvx Xy XV Xy XXy 2Xvx DXy X)) XXy XXy XX
D3k+2 XX XX XXy DXex3xy XXy 3XVx2X vy DXV Xy 2)Xvx DXy X2 X vy X)) XuaXvyaXyxXvy3X__ X
D3k+3 _ XX X X X3y 2Xx D)y 302Xy DX 3Ky 2Xux vy Xy XXl 2) G ) X IXuy )Xoy XX
Ga-1 1 e
Ga-2 R (,(,
Ga-480 e — Il
Video 283 284 [ 285 286 | [ 287 288 ] [ 289 290 291 292 524 1 2
DL/DR ] 1 ] | ] 1 | 1 | i 1
o LIMLMrininniunroonrnnnrnnnnnice
| 4

A [_IsampLe JOoUuT[ | SAMPLE JouT] | SAMPLE JoUT] | SAMPLE JouT] | J_)‘l Jour] 1 ]
sampl_e a(-d B [[_ISAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | __JOUT] SAMPLE | ouT J_)tl Tout] ]
hold circuits| . I [ T SAWPLE JOUT] [ SAMPLE JOUT] | SAMPLE JOUT] ] SAMPLE [OUT] ) ] SAWPLE JoUT] ]

p C [ [ SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | |OUT] SAMPLE | _ [Sﬁ [ SamPLE [__JouT]
D3k+1 X XX X Xy iXvxa Xy XU DXy 32Xy DXy X XUy XXy DXVaXy 29 Xy XumaXydxieX X
D3k+2 _ XXX X Xuy2Xux Xy dumaXy DXy 2Xx Xy 3xunely tXveaxy X Xy 3)) XiyaxueX(vy X¥xaX X
D3k+3 X X X X Xy 3Xvx2Xy vy X Xy 3Xux2X{y XXy 2 X v Xy 3xXx2)y 1) Xy Xud)ry 21X X
Ga-1 1 4
Ga-2 1 — 4
Ga-480 - -----(-L--_..--__ ™




HD66300T

First field

Second field

MODE 9
/s Vee
L/F Vee
MSF1 GND
MSF2 GND

Video 21 22 23 ][ 24 ][ 2 26 21 ] 28 ][ 29 ][ 30 ] -l - 263 264

DL/DR ] ] i ] | ] ] | Lo« |
)]
OE UornJuaononaonnnruuuuruagrn |$$|| MIen
[(4
FD I ”
A [_]sAMpLE JouT] T SAMPLE JouT] ] SAMPLE [OUT] | SAMPLE JoUT] I “1' fout] | ]
vi
ia:;p{earj‘d B [[_IsAaMPLE | [OUT] SAMPLE | JOUT] SAMPLE ] _ JouT] SAMPLE | JouT] T )Y 1 __ [OUT] |
0ld circuits
[ T T SAMPLE JOUT] | SAMPLE JoUT] ] SAMPLE [OUT] | SAMPLE JoUT] S5 1 SAWPE [ouT] ]
D [ [ IsampLe | Jout]SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE] | \\ | SAMPLE] __ JouT]

D3k+1 X X X X XXy )XndXy X)Xy XXy )Xuxdxry XVxaXy X ve DXUy X)) XaXy DXy 3 X
p3k+2 XX X X X0y axue DXy 2xux3xXry XX vy DX DXy 2xXVxaX iy IXxaX vy X ) XvxiXiyExaXvy X _X

D3k+3 _ X X X X XuxaXuy iXx2)y s Xy )Xy X)Xy X XAy X)), XxaxXusaXu{aX_ X

Ga-1 1 ‘;9
Ga-2 1 ST e (’s
Ga-480 ‘;S““_;[_'
Video 283 284 285 286 287 288 289 290 291 292 524 1 2
DL/DR l ] ] ] ] ] 1 ] ] o ]
oe LIy
FD | (! :

A [ _IsawpLe Jout] — TsampLe JouT] — [sampLe JouT] [sampLe Jout] "] [3\ four] | 1
Sample and | g [T TSAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | _JouUT] T TouT ]
hold circuits} ¢ T SAWPLE JoUT] ] SAMPLE JoUT] | SAMPLE JOUT] ] SAMPLE [o0TL 95 | SAWPLE [out] ]

p [ [ T SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | JoUT] SAMPLE | |S§ [ SAMPLE | __JouT]

D3+1 XXX X XX XN XD X NG TR XXX X
bak+2 X X X X XXX XX X XX G DX EXaDEX X
D3+3 X X X X XX e D e DX D@ mEX X

Ga-1 1 ¢

Ga-2 SRS p 4

Gorag0 T Fi—— 1
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HD66300T

First field

Second field

MODE10
D/s Vee
L/F Vee
MSF1 Vee
MSF2 Vee

Video %] 2] [5] [
DL/DR | | ] | | ] 1 ] 1 « |

LA REnRhERERERERDGEORRLLLRRR GG
FD I ¢

A [_Tsawpie JoUT] T samPLE JOUT] | SAMPLE JoUT] _I'sampLE Jout] T IS jouT] | ]
ﬁ:mzl;ct?; B [_IsampLe | JouT] samPLE] JOUT[ SAMPLE | JOUT] SAMPLE |  JouT] ‘]j] TouT] ]
c I T TSAMPLE JOUT] | SAMPLE JoUT] | SAMPLE JOUT] | SAMPLE JOUT] V) | SAMPLE JouT] ]
D [ ] Tsampe | JouT] SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | | \\ | SAMPLE] __JouT])

D3+1 XX XX XXX GG DX XX DG X DB GEDHE| XD E GG X
p3k+2 X X X X XuxdxuyaXuaXiy2XixqyaxXixaXiyXixaxly )X ixaxiy X veXiyXina))) Xuzxyaxixe)XvyaxX X

D3k+3 _ X X X X Xux3Xuy3Xuxdxry3X vy XKy XXl axiaXvy i)y Xy axuxsXvydX _ X

Ga-1 I (;s
Ga-2 M g
Ga-480 T T — i
N 4
Video 283 284 285 286 2817 288 289 290 291 292 524 1 2
DL/DR | | | 1 I 1 | ] ] « 1
e LMnrnnnuruuonrunononnonsnnnnrrrt
FD ] S(

A L__IsampLe Jout] [ sampLE JouT| [sampLe JouT] [ sampLe jout] | ]3) Tout] | ]
ﬁ:ﬁn{e and| g [ TSAMPLE | _ JOUT] SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | JoUi] T T —Toutl ]

1¢
ciroutts c L 1T SAwPLE JouT] [SAMPLE JOUT] | SAMPLE JOUT] | SAMPLE JOUT] S [ SAMPLE JOUT] |
p [ [ [sampLe | Jout['sampLE | JouT] SAMPLE | JouT] SAMPLE | ﬁ SAMPLE ouT

LTINS 6 6D 6D CD TD UD D D CDUD T U1 (D UDALD UD D D W D ) D ),
p3k+2 XXX X XieXodX @G X XuaxXaan) XXX X
03k+3 XXX X XXX XXt XXX i XX ud) DO X

Ga-1 1 £
Ga-2 1 4
(Ga-480 R M

HITACHI Joss
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MODE1!

o/s Vee
L/F | Vec/GND
MSF1 Vee
MSF2 GND

Video 21 22 23 | [2a 1[25 ][ ][ 21 28 29 30 1) 262 263 264

DL/DR | | 1 | ] ] ] | Lo« |
24
CE Loy i s e
FD r §
A [_Tsawpe JOUT] T SAMPLE JOUT] | SAMPLE JOUT] | SAMPLE JoOT] | | S oUT
::;zple and B [_JSAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | _ JOUT] SAMPLE | JoUT] |§ [ Jout] ]
circuits 1
c [ [T SAMPLE JOUT] — T'SAMPLE JOUT] | SAMPLE [OUT] | SAMPLE JOUT] )} | SAMPLE JOUT] ]
D [ [T sAMPLE | JouT] SAMPLE | JouT] SAMPLE | Jout] saMPie [ [ ST Sawrie | TouT]

First field

D3k+1 X X X X Xy XG0 Xy X DXy DX DXy DX DXy DX Xy DX DXy DX XXy XUy XX
p3k+2 __X X XX Xuxdxry XXy XXXy )iy Xy Xy Xian) XinaXvyaxXuneXyyzX X

p3k+3 _ X X X X Xuxaxuy3xusaxuy ey iy X3y Xy axta)iyaxinaq) XuaiyaxuaxvdX X

a-1 I §
Ga-2 Pl — 1
Ga-480 T % ----------- 1
Video 283 284 285 286 2817 288 289 290 291 292 524 1 2
DL/DR | ] ] ] | ] I 1 ] o 1
e LM MMM i s e
FD | ((

A [ ISAPLE [oUT] ] SAMPLE JouT] [ SAMPLE JoUT] [ SAWPLE Jout] | [ Iouil 1 ]
Sample and | g [ TSAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | oUT] T T Tout] ]
hold cireits| T T SAMPLE JOUT] [ SAWPLE JOUT] | SAMPLE [0UT] | SAMPLE JouT] $y | SAMPLE [oUT] ]

o [ [T sAmPLE | JOUT] SAMPLE | [0UT] SAMPLE | JOUT] SAMPLE | | \\ ] SAMPLE OUT.

Second field

D3+ —X X X :.mm@mm«m@m@mmmmmm~
D3k+2 XX XX XXXy dXu X O iy u XXXy o h) edXeraXudaX X
D3k+3 XX XX XoaX XX i X XXX s A DT X

Ga-1 I 1 %
Ga-2 [ S — 4
Ga-480 T P .
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First field

Second field

MODE12
D/s Vee
L/F GND
MSF1 GND
MSF2 Vee

i 22 [ Z w1 & 0] ’ 1 [ze2
Video __U_J ]u[ 2 1| s [ Iul Iul 28] LJI 29 1 30 6. 263 264
|

DL/DR | ] ] | ] ] | N 4 |
o UL U UL U s o none
D ¢

A [ IsampLe JouT] T SAMPLE JouT] | SAMPLE [OUT] | SAMPLE JOUT] T 1) Jout] | ]

v
ﬁ’:;‘l"f' arygs B [_ISAMPLE | JoUT| SAMPLE | JOUT] SAMPLE | _ JoUT] SAMPLE | Jout] [ )] JouT] ]
10ia circul <

c [C I [ sampLE JouT] [ SAMPLE JouT] [ samPLE JouT] [ sampLE JouT] \t l SAMPLE lOUYl |

D | [ Tsawpee [ JouT] SAMPLE | [OUT] SAMPLE| JoUT] SAMPLE] | S TSwmre [ JouT)
D3k+1 _ X X X X XX Vx3XuxdX VX vx XX v XaXue X X)) XigxXix X)X X
p3k+2 _ X X X X XedX XX DT XXX u XX udX i X)) XraXmDdaX_X
D3k+3 _ X X X X Xux3Xun2)Xuxt)rdXyx2)x )xaXuxg)(va XV 3Xux)vx X3z )vx X)) X Xuaauaxvx )X X
Ga-1 1 g
Ga-2 | R I (¢
Ga40 T S — —— 1
Video 283 284 [285 | [286 | [287 ] [ 288 | [289 ] [290 | [ 291 [ 292 524 1 2
DL/DR 1 | ] 1 ] | | ] 1 f ]
e LuuuuruuuuuuugononnonssnnonnTe
T L (!
A [ SAWMPLE JOUT] | SAMPLE JouT] ] SAMPLE JOUT] | SAMPLE JouT] | | S TouT T ]
Sample and | g [T SAMPLE | JOUT] SAMPLE | _ JOUT] SAMPLE | _ JOUT] SAMPLE | JoUT] T T Toul ]
hold circuits ¢ I —TAwric Joui] __[SAWPLE JoUT] ] SAMPLE JOUT] | SAMPLE JouT] )\ 1 SAMPLE Joutl ]
p T T sawpie | JouT] SAMPLE | TouT] SAMPLE | Jout] SAWPLE] [ 5% | SAWFLE ] Jout]
D3k+1 X X X X Xuy DXy Dy X0y DAy Dy DXy DXV Xy Xy DXy Xy Dy DXy D2 Xy 2y DXy Xy X
D3k+2 __X_ X XX Xuy2Xuy DXy dxyaXy DXy Xy 2oy DXy 3y )y DXy Xy Xy Xy 3X) XXy 2y iXw3X X
D3k+3 X X X X XuyaXuyaX oy Xuy3Xuy Xy DXy XXy DXvy Dy Xy DGy D) Xy XXXy i X X
Ga-1 1 {
Ga-2 S R I 4
Gaa0 T Fr— 1
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First field

Second field

MODE13
/s Vee
L/F GND

MSF1 GND

MSF2 GND

Video 21 22 23 |[2a 1 [ 25 26 27 28 1 [ 29 1 [30 ][ ) 262 263 264
DL/DR | | ] | ] ] ] | | (|

W
of LIy oo oo
FD 1 - $

A [_TsAmPLE JouT] ] SAMPLE JOUT] | SAMPLE JoUT] | SAMPLE JouT] [ | 3 Tout] | ]
Sample and | g [ IsawPie | __JouT] SAMPLE | JOUT] SAMPLE ] _ JOUT] SAMPLE | JouT] Tﬂ [ JouT] ]
hold circuits | T T SAmPLE JOUT] ] SAMPLE JOUT] | SAMPLE JoUT] | SAMPLE [OUT] 9§ | SAWPLE Jout] ]
D [ T TsamPLe | JouT[ SAMPLE | JOUT] SAMPLE | ~ JOUT] SAMPLE | ] \\ | SAMPLE] __JouT]

D3k+1 _ XX X X XuxOXx2xuxdxXVrIXux2)Xvx v XX ) XuxaXx X X¥x2){3x)) XuxaX v Xz XudX X
p3k+2 XX XX XX udux X2V XX px ) XV xaX V3 x DX V2 )X(ixa)(vx X)) X XuXinadun XX

D3k+3 __ X X X X XuxaxXux X uxa)vaxie DX X2 X udXd)uaXva) Q) XixaxXuad)xixineX X

Ga-1 1 ss
Ga-2 M e f
Ga-480 T (:(' ............. ']
Video 283 284 [ 285 | ["286 287 288 | [ 289 290 291 292 1 [ ) 524 1 2
DL/DR I ] ] | 1 1 | | | { 1
of LM U UL U LU LN LU
FD ] g(

A [_Isampie Jout] TsampLE JouT] [sampLe JouT] [sampte Jout] [ )Y Jout] 1 ]
Sampleand| g [___SAMPLE |  JOUT] SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE | JouT] T8 T ToorT—1
hold circuits c [T SAMPLE JOUT] | SAMPLE JOUT] | SAMPLE JOUT] ] SAMPLE JOUT] I-

p C [ I SAMPLE | [OUT] SAMPLE | JOUT] SAMPLE | [OUT] SAMPLE | 1\@?{"’]3’07[

TS 6D 6 @D 69 D U B U1 U5 B, D UB UB D U8, UE U1 UD TP, Y TP UD TP D .
p3k+2 X X X X G XXX XX e XX XXX XXX a D@ X m G X
03k+3 —X XX X XX oo XXX XX XaaX X XXX a O @@ @ X

Ga-1 1 I

Ga-2 S I 4

Ga-480 T (-5 -------- |
1072
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First field

Second field

MODE14
D/s Vee
L/F GND
MSF1 Vee
MSF2 Vee
Video 21 22 23 [ 24 ] 25 26 21 28 29 30 [ ) 262 263 264
DL/DR | 1 | 1 | ] 1 | | 4 |
OE LuuyuyrnouJuuuyguruuarn |$“| LUt
FD | 4
A [_IsAMPLE JouT]™ [ samPLE JoUT] | SAMPLE JOUT] | SAMPLE JOUT] | TS Jout] 1| ]
Saspi_ear}d B [ IsawpLe | JouT] sampLe [ [OUT] SAMPLE | JOUT] SAMPLE | JouT] [3 [ JouT] ]
hold circuits| v 1 [ T SAMPLE JoUT] | SAMPLE JoUT] ] SAMPLE JOUT] ] SAMPLE JOUT] $§ | SAMPLE JouT] ]
D | [ Isampe T Jout] sampLe | Jout] SAMPLE | JOUT] SAMPLE | | \\ | SAMPLE ] __ JouUT]

D3k+1 _X X X X XXV X XV X )XV XU X T XV XU XV DX DX DX ) X DX XU XY XX
p3k+2 _ XX XX XX @xzXinaXvnaXixpme)Xyxe){ixxnaxuxaXixaxuna)XineXia)ixan)) Xva)uxaXueXyxeX X

D3k+3 _ X X XX XoxaXuaxXundin )i iaxinaxiiaxiaxuspian)) XuXuax XXX

Ga-1 1 (’g
Ga-2 | ) EOR—— (8
Ga-480 T (;(,‘ ------------ Il
Video 283 _ 284 285 286 2817 288 289 230 291 292 524 T 2
DL/DR | i ] ] ] | 1 l ] f |
oe LML M s UL L
FD l g(

A [_TsampPLE JouT] [ SAMPLE JOUT] | SAMPLE JOUT] | SAMPLE JOUT] | [)) JouT] T ]
Sample and | g [ TSAMPLE | JOUT] SAMPLE | JOUT| SAMPLE | JOUT] SAMPLE | _ JouT] T8 T TouT ]
hold cirouits c L [T SAWPLE JOUT] | SAWPLE [OUT] | SAPLE JOUT] T SAMPLE Jout] $§ | SAWPLE Jout] ]

p [ | T sampLE | JouT] SAMPLE | Jout] SAMPLE | JouUT] SAMPLE] | % | SAMPLE] Jout]

D3k-+1 X X XX X vy DXy DXy DX DXy DXy DXy DXy DXy DXy DXy DXy DGy DXy DXy D) X0y DXy DXy DX XX
p3k+2 _ X X XX XuyaXbyX 2y aXy2XydXyd)dy Xy iy)dyan) XodXvaxiyaXwzX X

D3k+3 X X XX XuyaXuyadxy XX XXX a3 axu Xy X axdaX) XXy XX

Ga-1 1 e
Ga-2 e 4
Gaag0 T e
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MODE1S

/s GND
L/F Vee
MSF1 GND
MSF2 Vee

Video 20 21 [22][23][24][25] [26] [27] [28] [29] [30] [31] [32] [33] [\ ] [262] [263] 264
DL/DR Lol g
e _fLILTIiJiJjrrnrnrnrnrrernnrnngtrrnimn
(
FD —
[ JFAMPLE] OUT JSAMPLE | OUT JSAMPLE | OUT [SAMPLE] OUT ] SAMPLE] OUT ] SAMPLE] J‘\j oUT | ]
1
f::\pe B Not used
hold  |C Not used
- et 1p L | JSAMPLE | OUT | SAMPLE] OUT [SAMPLE]| OUT | SAMPLE] OUT JSAMPLE] OUT |\ [SAMPLE] OUT ]
-] -
=
ag D3k+1 X X X X v X vyz X v X vyt X vez X 0y3 ) vat X vz X Va3 Xyt X9y Xvee X Wy3 X X
D3k+2 _X X X X X vya X vat X vyz X vaa X vyt X vz X vy3 X vt X vz X ) X v X vyt X X
D3k+3 _ X X X X3 X yn X2 vy X var X vz Y Xt X2 X vy X)X vt X w2 X X
Ga-1 I <.
Ga-2 1 45
Ga240 __ 00000 T b | —
Video 280 281 282 283 284 [285] [286] [289] [290] [291] [292] [293] CIJ-SEIU_I_U_Z_U
DL/DR I | | I ] | | Lg 1
7S [ A N Ny N N Yy
FD T i
A L T L 1 TsampLe ] ouT JsamPLE] ouT [SAMPLE] ouT Jsampte] ) [sampLe | ouT |
Sample B Not used
and
- hold | C Not used
< | circuits
& D [ | | I TSAWPLE] OUT [saMPLE] OUT [SAPLE] OUT JSAWPLE] OUT | ) | OUT | ]
°
c
8 - <
S{oxk+1- X X X X X X vyt X2 X vy3 Xvmt X vyz X vas X Wt XC Y Xwa X vd X X

D3k+2 X X X X X X X vz Xowa vyt X X vy X X vz ) X W3 X et X X
p3k+3 X X X XXX X wa wa X vy X Yt X X w3 X ) X vt X vz X X

Ga-1 N 4
Ga 72 I | () (’
Ga-240 s’ Y I 1
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First field

Second field

MODE16
D/s GND
L/F Vee
MSF1 GND
MSF2 GND

Video 20 21 mmmmmmmml

DL/DR IS N S N IS U A S SN N .

e JTLITLITULIL L e e re eIt gt i n
I({

FD I 7

Semph A [ [SAMPLE] OUT JsAMPLE | OUT [SAMPLE | OUT | SAMPLE]| OUT | SAMPLE] OUT |SAMPLE] )}y | OUT | ]
ample
and B Not used
hold C Not used
circuits
D | | [sampLE] OUT T sampLeE] OUT [SAMPLE] OUT [SAMPLE] OUT [SAMPLE] OUT | _ \(TSAMPLE] OUT |

D3k+1 X X X Xt X3 X Xt X v X vy Xt X W3 X2 X vyt X9y X vid X w2 XX
p3k+2 _ X X X X vee Xwyn X wa X vz ) vat X w3 X Va2 X vyt X3 X vyz X)) X vt X w3 X X
p3k+3 X X X X X vz }var X3 Xz X vyt X3 vz X vt X w3 XY X w2 Xt X~ X

Ga-1 | 1 (.
Ga-2 I 1 46
Ga-200 T s e — 1

Video 280 281 282 283 284 [286] [289] [290] [291] [293] [\'] [525] 1 2

DL/DR 1 ] ] 1 1 | ] | (O
LS N S U N N Y N
FD | 4

A C [ | 1 I TSAMPLE] OUT [SAMPLE] GUT [SAWPLE] OUT [SAMPLE] )} JSAWPLE | OUT ]
Sample B Not used
and
h}°‘d‘ c Not used
cireuts | o [ I I T TSAwPLE | OUT [sAMPLE] OUT JSAWPLE | OUT [SAWPLE] OUT | §).1 OUT | ]
D3k+1 X X X X X X X X vz X vt Xy X v X X X3 X we X X
ok+2 _ X X X X X X CCvy2 X vt Xy X v vyt X vea X vz Y Xt X v X X
pxk+3 XX X X X X ETED &T°D &TID E7D €77 ATID E7D @)Y &77D ETI G’
Ga-1 J 1 :)()
Ga-2 1 16
Ga200 0000000000000 e o — J l
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First field

Second field

MODE17
D/s GND
L/F Vee

MoF1 Vee

MSF2 Vee

Video 20 21 mmmmmmmmmmml

DL/DR NN RN Y [N N A N SN E

e JLTILTLIJL I rrrrngtrrnn
(
”

FD —

' A [ TSAMPLE | OUT_JSAMPLE | OUT [SAMPLE | OUT | SAMPLE] OUT [ SAWPLE] OUT [SWPE] ST 00T | ]
f::;\pe B Not used
hold IC Not used
circuits D

[ T “[SAMPLE |_OUT | SAMPLE] OUT [SAMPLE] OUT lmw

D3k-+1
D3k+2
D3k+3

Ga-1 | £
Gaz2 N S 4
Ga200 0T o [

Video 280 281 282 283 284 [285] [286] [289] [290] [291] [292] ]293] Sl':] 1 2

DL/DR 1 1 | 1 | | 1 ] lg |
OE J"L_ﬂ_J_L_FLJ"L_ﬂ_FI_FLJ"l_H_H_F\_H_ﬂ_;,IL_FLIIJ
FD 1 “
A [ I 1 1 I TSAWPLE | OUT [SAMPLE] OUT [SAWPLE] OUT [SAWPLE] 3% [SAWPLE | oOUT |
Sample Not used
and B
h.o'd.n c Not used
revts p { | | | TSAMPLE] OUT [SAMPLE] OUT [SAMPLE | OUT [SAMPLE] OUT | )1 00T ] ]

p3+1 X X X X XX XX Y X Y O X e X X S X v XX
p3k+2 XX X XXX X X XX X X X e X SO X XX
pak+3 X X X X X X X X X X X X X XWX X e XX

1076
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Ga-:z AAAAA I 1 () (I
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First field

Second field

MODE18
D/s GND
L/F GND
MSF1 GND
MSF2 Vee
video 20 21 [22][23] [24] [25] [26] [27] [28] [29] [30] [31] [321] [33] [\ ] [262] [263] 264
DL/DR - l | | | [ 1 ] | | | | ] (-
N T I Y T T N T O O N B B R U B B B
It
FD | 4
Sampi A [ TsampLe] OUT JSAMPLE | OUT [SAMPLE] OUT |SAMPLE] OUT | SAMPLE] OUT | SAMPLE] \‘\l OuT [ ]
a::\po 8 Not used
hold |C Not used
cireuits | ny [ I [SAMPLE | _OUT | SAMPLE] OUT [SAMPLE | OUT [SAMPLE] OUT SAWPLE] OUT |\ [SAWRLE] OUT ]
D3k+1 X X X X X vz X X v X vez ) wd Y vet X2 Va3 X X9 (Ve X v XX
D3k+2 _ X X X X w2 X v X vt X vz )3 Xt X Va2 W ved Y vt X ez Xy X wea X vt X X
D3k+3 X X X X3 X Y vae X3 X X wee Y3 X vt Xvee X v Y ) Xt w2 X X
Ga-1 1 (¢
Ga-2 i B 6
Ga200 e e
Video 280 281 282 283 284 [285] [286] [289] [290] [291] [292] [293] m
DL/DR | ] ] ] ] | | | 1 ('(’4
0E Ww
T $
A [ | | | L [SAMPLE ] OUT [SAWPLE] OUT [SAWPLE] OUT [SAWPLE] 3} [SAWPLE] OUT ]
Sample B Not used
and
h.old. C Not used
cireuits | [ T 1 TSAMPLE] OUT [spupLE] OUT [SAWPLE] OUT [SAWPLE] OUT | \\ ] OUT ] ]
pk+1 _X X X X X X vyt Xz X3 Xy X2 X3 X X W X2 X w3 X X
pk+2 _X X X X X X vy X3 Xyt X vy X vy3 Xwt X vy YO X3 X X X

o3k+3 X X X X XX X wa Xt Xz X3 X1 X vz X w3 X)X Wyt X wz X X

Ga-1 | I 4
‘Ga-2 J 1 £
G200 00T G J '

HITACHI 1077




HD66300T

First field

Second field

MODE19
D/s GND
L/F GND

MSF1 GND

MSF2 GND

Video 20 21 mmmmmmmmmmml

DL/DR ] ] ] ] | | ] ] ] ] 1 lg |
e JLILITLIL I rmnrmnniii ittt irninn
(«

FD ] 4

A f JSAMPLE] OUT JSAMPLE | OUT [SAMPLE] OUT |SAMPLE] OUT ] SAMPLE] OUT ] SAMPLE] STowm T ]
E:rdnple B Not used
hold {C Not used
circuits

D [ | TSAMPLE] OUT | SAMPLE] OUT [SAMPLE] OUT ] SAMPLE] OUT | SAMPLE] OUT | \\ [SAMPLE] OUT ]
D3k+1 X X XX X vad Xwnz Xt X v X2 Yt X XV X vt X9 X3 X vz XX
p3k+2 _X X X Xwe2 X v Xvaa X 2 X vt X Va3 X Va2 W Vet X va3 X W2 X ) X v X a3 X X
D3k+3 _ X X X X W X a2 X X ved X vz X vat Y ved X vz X vt X(va3 X D) X v Y vxt X X
Ga-1 J ] ({4

W

Ga-2 I | I i
Ga-240 ____ e o 1
Video 280 281 282 283 284 [7g5] [286] [289] [290] [737] [252] [253] %
DL/DR 1 | 1 | | 1 | | 1 4 |
e JLILITLILIL L L niiiyltrnrnir
FD | ((

A [ | | | I TSAMPLE| OUT [SAWPLE] OUT [SAWPLE] OUT JSAWPLE] _ §y JSWPLE] oUT |
Sample Not used
and B .
h,°|d. C Not used
clroutts D l 1 T 1 TSAMPLE] OUT JSAMPLE| OUT [SAMPLE] OUT SAMPLE] OUT | NI 0ouT] ]
ok+1 X X X X X X 71D &7ED 477D A7ID €7ED A77D 671D @AY 677D AT Gl

o3+2 XXX X XX X XX X X i X X2 XSO X X X
D+3 XX X X X X X X X X X o Xt Xwd X X X i XX

Ga-1 SR | I,l,

Ga:2 1 4%

Ga20 _ T S
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First field

Second field

MODE20
/s GND
L/F GND

MSF1 Vee

MSF2 Vee

video 20 2 [22][]23][2a][25] [26] [27] [[28] [29] [30] [31] [32] [33] [\ 1] [262] Jo63] 264

DL/DR | | 1 1 | I | ] | | ] lg |
e JLILTIL M Jrrermn ity i ngt i rrt
«
FD | K
A { [SAMPLE] OUT JsamPLE | OUT JSAMPLE] OUT JSAMPLE| OUT | SAMPLE] OUT | SAMPLE] \§1 ouT | ]
i::‘ple B Not used
hold |C Not used
circuits
D [ | [SAMPLE] _OUT | SAMPLE] OUT | SAMPLE | OUT | SAMPLE] OUT ] SAMPLE] OUT ( TsawPLE] OUT ]

D3k+1 X X X X X i X e X vt Xt Xt Yt X Vet X vt X vt X 99 Xt X ¥t XX
p3k+2 _X X X Xvee X v X vee X wez X ez X w2 X ez Y vaz X V2 X ez X ) X w2 X vs2 X X
D3k+3 _ X X X X ves X X3 X3 X vad X ¥x3 Xvxa X(ve3 X W3 X w3 X 5) X(ve3 X ¥a3 X X

Ga-1 | ] £
Ga-2 I — I .
Ga-240 e T —

1)

Video 280 281 282 283 284 [285] [286] [289] [290] [291] [292] [293] “'::l ! 2

DL/DR 1 ] | 1 | | | | ] (8 |
e LM LI I It Jjrrtrer It rerirl
o Tl ss

A [ I I | I [SAWPLE | OUT [SAWPLE] OUT [SAWPLE] OUT [SAWPLE] ) [SWPLE] oUT ]
Sample B Not used
and
h‘°'dA c Not used
cireutts | p [ I I | [SAMPLE ] OUT JSAMPLE] OUT JSAMPLE | OUT JSAMPLE] OUT |\ | ouT | ]
D3k+1 X X X X X X G &1 &7 471D &7 471D 471D 6A)Y 471D &1 Gl
pk+2 X X X X X X V2 X vz X W2 X 2 X vz X Wz X w2 XYW X2 X e X X
pk+3 _X X X X X X (Vy3 X3 Y3 V3 W03 X W3 X w3 XX W3 X w3 X X
Ga-1 | 1 4
Ga:Z _____ | 1 - (’%
Ga200 ____ T e Y {dtid J L
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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 fields; scan-
ning lines 1 to 262.5 scan the 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 iscalled a “horizontal scanning period” and is
about 63.5 ps. 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”.

Therearetwo modes fordisplaying a TV screenimage
on anLCD panel. In the first mode, each scanning line
in the two fields is assigned to one line of the LCD
panel; thus, eachofthe 240 lines of the panel aredriven
by the positive signal in the first field and by the
negative signal in the second field. Here, 30-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

can bedriven 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)
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N
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!
[}
1
/ /
1
i
o o
2

263 pP—ou

287

______ 525

Scanning line No.
in the 1st field

Scanning line No.
in the 2nd field

Figure 24 Example of NTSC System TV Signals Scanning
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23 A ——ef 1st line je—— D 286

24 D—= 2nd line ja— A 287

25 A— 3rd line [*—D 288
260 D—= 238th line oA 533
261 A——ey 239th line le—D 524
262 D—= 240th line le—A 525
Scanning line No. Scanning line No.
in the 1st field in the 2nd field

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

I ¢ 285
A 1st line [»)
23
B 2nd line A
c 3rd line j 8 26
24
: D 4th line c
H . ' 287
H D :
. c:
: ::l 523
A 237th line 0
Bl B8 E: 238th line ::’ A
4
¢ 238th line g ¥
22 o E 240th line c
I 525
Scanning line No. 0
in the 1st field Scanning line No.
in the 2nd field

Figure 26 High-Resolution Display by Double-Rate Sequential Drive Mode
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Absolute Maximum Ratings

Item Symbol Ratings Unit Remarks Note
Power supply for Ve -0.3t0+7.0 \"

logic unit

Power supply for . Ves Vec—2BtoVe+03  V

analog unit

Input voltage for VTc -03toV..+ 03 v 3
logic unit

Input voltage for Vis Vgg= 03to V+ 03 V 4
analog unit

Operating Topr -20to +75 °C Applies to logic circuit
temperature -10 to +60 °‘C Applies to analog circuit
Storage Teg -4010 +125 °C

temperature

LCD level voltage V| o Vggto Vi o+ 0.3 v

Notes: 1. Value referredto GND=0V.

2. [fLSIsareused aboveabsolute maximum ratings, they may be 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, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1,

TEST2, Vbo, VbsH, and VbsB.

4. Applies to pins Vx1, Vx2, Vx3, Vy1, Vy2, and Vy3.
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Electrical Characteristics

DC Characteristics (V; o= V=5V +10% GND =0V, V.~ V5, =16 020V, Ta =20 to +75 °C)

cc”
tem Symbol Min Typ Max Unit Test Conditions " Notes
Input high-level voltage Viu 0.7V - Vcc v 3
Input low-level voitage Ve GND — 0.3V v
Outputhigh-level voltage  V,,, Vee-04  — — v oy =0-3mA 4
Outputlow-level voltage V. -_ — 04 v lo =03 mA
Input leakage current (1) |, -10 — +10 pA V=0V, V. 1
Input leakage current (2) |, -10 - +10 pA V,=Vgg Ve 2
Output current (1) lout — — -150 BA Vee—Vgg =20V Dk=V, -05V OE=V,. 5
—_ - -10 pA Apply V| to Vx and Vy. OF GND
T Vip= Vo= Vgp)2 -
q Output current (2) l.N +150 —_ —_ HA Vo= Ve -3V DK = Vin +05V OE=V.,
g +10 = = PR Vpy=Vec-3V
I Vosg = Vec =3V OE=GND
Currentconsumption lanp _ —_ 3.0 mA fy=25MHz, V=V -3V 6
las — 15 30 mA Vos=Vec =3V Vg =Vec -3V
OE = 33 kHz,
FD =30 Hz
OE duty = 7/32
Bias voltage vy Vee =40 Ve —-30 — v Voo = Vosu = VbsB,
| CL =100 pF, toor S 6.3 us
| Dynamic range Voy Vgg+15 — V=35 V Vee—Vgg =20V,
T,=-1010 +60°C 57,9
‘ -0.5V<V  <+0.5V
Voo = Vot = Vosa = Vec =3V

€801
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DC Characteristics (V, ;= V.=5V £10% GND=0V, V.-V, =160 20V, Ta=-20to +75 °C) (Cont.)

tem Symbol Min Typ Max Unit Test Conditions Notes
Offset voltage Voﬁ 1) -5-180 - -5+180 mVv Vcc - vBB =20V Vin =-11V 58,9
T,=-10t0+60°C
voﬂ ™) +55-180 — - +55+180 mv fck =2.5MHz Vp,=-1V
Voo = Vost = Vuss
=V -3V
Notes: 1. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/, L/F, MSF1, MSF2, TEST1, TEST2, V|,V ., and V| o.
2. Applies to pins Vx1, Vx2, Vx3, Vyl, Vy2, and Vy3.
3. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, and TEST2.
4. Applies to pins DL and DR.
5. Applies to pins D1 -D120.
6. The shift register is constantly shifting one 1.
Mode setting: L/F =V, D/S =V, MSF1 = GND, MSF2 =V

(The other input pins must be V- or GND level)

The operations are the same as those when offset voltage is measured.

Definition of “offset voltage” is shown figure 27.

These characteristics are defined within the temperature which is shown in the test condition.

© ® N
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AC Characteristics (V; ., =V .=5V£10% GND =0V, V .- Vg, =160 20 V, T, = -20 to +75°C)

Item Symbol Min Max Unit Test Condition Notes
Three-phase clock period tekek 210 1000 ns
Three-phase clock town 100 — ns
pulse width
towL
Interval between three-phase t, 30 —_ ns 1
clock falling edge and rising '
edge fr2
Y3
Interval between three-phase t; 20 —_ ns 2
clock rising edge and falling
edge
Clock rise and fall times t — 30 ns
DL, DR input setup time te 50 — ns
DL, DR input hold time t 20 — ns
DL, DR output delay time td — 90 ns C =15pF
DL, DR output hold time tio 5 — ns
OE input period teveo 30 80 us
OE input high-level pulse town 3 185 us
width
OE rise and fall times to — 30 ns
tof
FD input setup time teg 100 — ns
FD input hold time ten 100 — ns

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

(trf +tno> tHLI)
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L1 10us i U1 10us :

—— ! - !
P ; P -
! 60us | ! 60us '
' : 1 1
: 59us ' i 59us '

—1V "rrmmsTm s s T """""""""""""""""""""""""""""
Voff(H)
Dout
Voff(L)
L s S s
Figure 27 Offset Voltage
tekek
R :q‘w ter
0.7Vee
HCK1 0.3Vee
cwL i trr2
texex I~

ter tewn ter

7 0.7Vc¢1
HCK2 0.3Vee
| towe
tekek tees

ter town ‘_t_cr
0.7V¢c F
HeKs _\__J 0.3Vec Y j

tewe

Figure 28 Three-Phase Clock Timing
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HCK2

HCK3 —\k / \ 0.3V / —\_—/—\—

toa tee toa
tuo
tuo
DL 0.7Vec
DR 0.3Vee &
(OUTPUT)
tsul | tuu
s
tun
DL 0.7Vec
DR 0.3Vee
(INPUT)

Figure 29 Input and Output Timing

OE

FD

D1~D120

NA-0.7Vec

0.3Vec

toor

90%(Vin=V¢c—3.5V)

10%(Vin=Vgg+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 TFT-type  * High-speed operation
(thin film transistor) LCDs. It receives 3-bit digital Number of input data bits: 3 bits x4
data for one dot, selects a level from eight voltage Maximum operation clock frequency:
levels, and outputs the level to an LCD. — 12 MHz (HD66310T00)
— 15 MHz (HD66310T0015)

The HD66310T can drive an LCD panel with an Maximum pixels: 480 x 640 dots
RGBW filter to display a maximum of 4096 « 160 internal driver circuits
colors. » Bidirectional shift

« Internal chip enable signal generator

» Stand-by function

» LCD driving voltage: 15V to23V
Features *  CMOS process

« 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

Max. Operating Power Supply Operating
Type No. Clock Frequency for Logic Unit Temperature Package
HD66310T00 12 MHz 5V+10% —20 to +75°C 203-pin TCP
HD66310T0015 15 MHz 5V+5% -20 to +65°C

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

Y2 Y4 Y6 Y8 Y154 Y156 Y158 Y160 1 VOL 22 DMY1
Y1 Y153 Y185Y157 Y159 2 ViL 23D2
3 V2L 24 D21
- 4 V3L 25 D22
5 vaL 26 D23
6 V5L 27 DMY2
7 VeL 28 CL1
8 WL 20cCL2
9 Veey 30BS
10 Vecz 31 SHL
1234567809 3040414243 11 EIO1 32 EIO2

12RVS 33 TEST

— 13000 34 GND

14 D01 35 Ve
15002 36 VIR

16 D03 37 V6R
) 17 DMYO 38 V5R
(Top view) 18 D10 39 V4R

19 D11 40 V3R
20 D12 41 V2R
21 D13 42 VIR

43 VOR
~ Note: This does not apply to TCP dimensions.
Pin Description
Pin List
Pin Name Number of Pins Input/Output Functions (Refer to)
Veel, Vee?2 2 Power supply 1.
GND 1 Power supply
Ve 1 Power supply
VOL-V7L, 16 Power supply 2.
VOR-V7R
CL1 1 Input 3.
CL2 1 Input 4,
Doo, D10, D20, 12 Input 5.
tgoa, D13, D23
RVS 1 Input 6
SHL 1 Input’ 7.
ElO1, EIO2 2 Input/output 8
TEST, BS 2 Input 9.
Y1-Y160 160 Output 10.
DMY0-DMY2 3 — 11.
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Pin Functions

1. VCCI! Vee2, GND, Vgg: These pins are used
for the power supply.

Vcc—GND: Power supply of low voltage
Vee—-VEeg: 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. CL1: Inputs clock pulses, which determine the
output timing of the LCD driving voltage. The
output changes at the CL1 rising edge.

4. CL2: Inputs clock pulses, which determine 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
D2j D1} DOj RVS=1 RVS=0
] 0 0 Vo v7
0 0 1 V1 vé
0 1 0 V2 V5
0 1 1 V3 V4
1 0 0 V4 V3
1 0 1 Vs V2
1 1 0 Vé V1
1 1 1 v7 Vo

Vee
+

GND —T +

Figin'e 1 Power Supply for the Device
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5. D00-D03, D10-D13, D20-D23: 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 RVS is
low.

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

8. EIO1, EIO2: Inputs/outputs chip enable sig-
nals. The SHL signal selects which pin is for input

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 normal operation.

10. Y1-Y160: Output LCD driving signals.

11. DMY0-DMY2: Reserved pins that should be
left open.

Table 2 Input/Output Selection for EIO1 and

EIO2
SHL EIO1 EIO2
GND Input Output
Vee Output Input
SHL Output Direction
do3, d13, d23 Y1
1st do2, d12, d22 Y2
i=0-2 dot, d11, d21 Y3
Dio | | doo, d10, d20 Y4
GND Dit
D2 | 5
Di3 do3, d13, d23 Y157
(12 bits) Last do2, d12, d22 Y158
dot, d11, d21 Y159
doo, d10, d20 Y160
doo, d10, d20 Y1
dot, d11, d21 Y2
i=0-2 Last do2, d12, d22 Y3
Dio | | do3, d13, d23 Y4
Vee Dit '
D2 | 5
Di3 doo, d10, d20 Y157
(12 bits) 1st dot, d11, d21 Y158
do2, d12, d22 Y159
d03, d13, d23 Y160

Figure 2 Display Data and Output Direction

HITACHI
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Internal Block Diagram
) Y156 Y158 Y160
Y1Y2Y3Y4 Y5 Y157 Y159
VoL, ViL
V2L, V3L
' VOR, VIR
Y,f;::' zg:: > LCD driving circuit V2R, V3R
, V4R, V5R
Veel, Vg2 ——» _r// \r- VR, V7R
GND —
Vee Test circuit Level shifter I
resT—[ ] .-{ \
BRVS —4m8M8M —
CL1 Latch circuit (2)
® 1_1/\&\
Data rever: - =
(:ircuite se\\ I Latch circuit (1) LL
D00, D10, D20
DO1. D11, D21 — /‘2""7 SfERE S S 7
DO2 D12 D22
DOS, D13. D23 _-L—I——'.
SHL
CL2 L'——' Latch address selector
EIO1 j
ElO2
1/0 control
HITACHI
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Block Functions

Latch Address Selector: Contains a 6-bit up/
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
when RVS = 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.

HITACHI

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 CL1,
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 TFT-type color 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

circuit, which is produced by the CMOS structure,
can use any LCD driving voltage level from Ve
to Vgg. When the LCD panel uses an RGB color
filter (the Triad arrangement), 512 (83) colors can
be displayed. When using an RGBW color filter
(the Quad arrangement), 4096 (84) colors can be
displayed.

CPU
Line synchronization signal, data sampling signal,
@ 3 alternating signal
7
Control signal 1 /2 3 biits x 4 pixels
Controller | Display data ; - i
/;2 HD66310 HDes3to | .| HDes310
/2 No. 1 No. 2 No. 6
7 Frame synchronization signal, 160 160 160
line synchronization signal
HD61105 80 _E @
No.t | /A T
. TFT-type color LCD panel
Triad arrangement
512 colors
H 640 x 480 pixels
HD61105 80
No. 6 /
2
A Vee Vee 160 160 160
L] LCD driving HD66310 HD66310 HD66310
power source No. 7 No. 8 No. 12
K
| &, vo-vz I I I

m\\\{ﬂ

ey

Figure 3 TFT-Type Multiple Color Display System
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Internal Operation
8-Level Output

The HD66310 internal circuit unit for one data out-
put is shown in figure 4. The circuit receives 3-bit
data (DOj, D1j, D2j) and selects one of eight volt-
age levels (VO-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 Ve to Vg 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 EIO1 (data input enable)

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 EIO2 signal changes to low.

The LCD driving output changes at the CL1 rising
edge. The voltage level selected by data d1 is out-
put from pin Y1, and the level selected by d160 is
output from Y160. See table 1 for the voltage
level selection by the input data.

When the SHL signal is at the V¢ level, data
input is started by a low EIO2 signal. When the
data input for 160 outputs are completed, the EIO1
signal changes to low. The voltage level selected
by data d1 is output from pin Y160, and the level
selected by d160 is output from Y1.

L

Voltage level selector

f f f
CL1 ——I Latch circuit (2)
1 t t
CL2 ——-—[ Latch circuit (1)
Display data Display data Display data
(DOj) (D1j) (D2j)

Figure 4 LCD Driving Circuit
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cL1 M
cL2 ||||||||||

1 2 3 4 8§ ~—° 36 37 38 39 40
oo _oaf(oe)anzfwreX_ ___ _ Yeredfpresforsarsyned
to

(Lower bity o relreferedfersdns)

ot N 72 T2 T T
D13 ai)asXao XuaX _ _—  Ynadresfonag(orsdrs)

N T T T

to

ppori  rerenadfrsdfrs)

SHL = GND
Eor ~ |
EIO2 L
Y1 X di
to .
Y160 Xd160
SHL = V¢c
goz |
EIO1 L
Y1 Xd160
to
Y160 ‘ X d1
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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 EIO1 sig-
nal goes low. When the data input is completed,
the EIO2 signal changes to low. By connecting the
EIO2 pin of the first HD66310 to the EIO1 pin of
the next HD66310, the low EIO2 signal activates

the next HD66310. Figure 6 shows a connection
example.

When the SHL signal is at the V¢ level, the EIO2
pin of the first HD66310 is connected to GND, and
the EIO1 pin is connected to the next HD66310
EIO2 pin.

pATA———12
CL2 * » »
[ [ |
SHL SHL SHL —
Driver 1 ,J: Driver 2 ,J: Driver 3
EIO1 ElO2 ElO1 ElO02 EIO1 ElO2}——
EIO1 \ 7
— LTI L Driver2
l signals
Driver 2 input enabled |
B

Figure 6 Chip Enable Operation (SHL = GND)

HITACHI
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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 deteriorates the LCD. To display eight
gray 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 transfer 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

arrangement, and figure 10 shows the circuit for
displaying 64 colors in the Triad arrangement.
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 arrange-
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 arrange-
ment, the RVS pin functions as the alternating sig-
nal input pin, as shown in figure 10.

Vee
\"Al

V2
V3
V4
Vs
V6

V8

Vo

VALY
AR

vi2
V13
Vi4

V15
Vié

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 RVS pin (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 1/0 1/0 Alternating Fig. 10
(AC) Triad: 64 colors (upper bit)  (lowerbit)  signal
1: Vg level voltage
0: GND level voltage
A]ternating
signal — Vee
Voo V1 V1, Vie [ ‘_T
V2, V1§ V6 RVS
V3, Vi4 Vs ' )
V4, V13 va Di2}e— I/O
V5, V12 V3 Ditje— /O
Ve, V11 V2 DiOje— I/O
Level V7, V10 1y
selector |V8. V9 |\

Vee O

Figure 8 External Power Supply Example 1
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Alternating

signal
Vee

RVS

Di
Di
Di

=y

Vee

2j¢— |/O
l«— |/O
Of¢— 11O

Figure 9 External Power Supply Example 2

Alternating Vee
signal ’
Vee O Vi v7
Ve RVS
Vs !
Di2
v4
Ditje— I/O
| V3 .
DiOje— I/O

| V2

vi
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.

As shown in figure 4, the data reverse circuit is
before the latch circuit (1). The LCD driving
output is reversed one CL1 period after a
transition of the RVS signal, as shown in figure

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 CL1 of a frame period.

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

CL1 I I

RVS ) 4

-
\,

LCD output

Figure 11 RVS and LCD Driving Signals Timing

One frame period

Frame synchronization signal | | l |
Vertical
Line synchronization signal (CL1) l_l Line 1 l_l l_l Line 480 - |_| retrace penodl—l
Altemating signal —_—
X1 Z =-== v o
Scanning electrodes R B \ .
(HD61105) . ; H
X2 K ’ -0 !
Lo ; :
[} . ’ .' '
1 H / K :
| | . J .
X480 - v v
HD66310T  Y1-Y160

Invalid data

Figure 12 Vertical Retrace Period
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altl

IHOVLIH

hd

b A I
@ CL1CL2 DATARVS

V.
“l CL1CL2 DATARVS  VO-V7

=11 "

Ver  HDees3t0T EIO1  HpesatoT El02)

SHL No.6 Ver
GND, TEST, BS s GND, TEST, BS|
159 Y160___ Y159 Yi

Frame synchronization signal
Line synchronization signal
Data fetch signal

Display data (even number)

Display data (odd number) [~-12

g signal
LCD panel
Controll
roler J Number of colors: 512
Vv Py Color arrangement: Triad type
(‘ﬁ’)c ,_.E * Display capacity: 480 x 640 dots

£ .Note 1 IC for scanning: HD61105
b 4 \
b V6
<
#
b, V5
4 [ Ve Voo L) )
3 va Lt v Y160 tt v Y2 Y160
¥ GND Ve HDee31oT El02 Vi HDe6310T 02

S? b V3 ©ov) ’)’— EIO1 No 7 TEST, BS, SHL |~ EIO1 No. 12 TEST, BS, SHL
21|, CL1CL2 DATARYS Vo-y7 GND 4 loL1 012 DATARYS vovr GND n
b hd Jl
R Vv -
g

gj! Vo
p.
R E:
Vee 0—

Notes: 1 Anoporanonalanpﬁfngsbould be installed on each level of the power supply line (VO-V7) to lower the impedance.

TmO! -uF *

i ‘neartholcnosl&izethepowofsmpiyvonage
d to be installed on one IC: one between V¢ and GND, and one between V¢ and Vee.

3. This system uses 12 HDeesz chips and 12 HD61105 chips.

Figure 13 Application System Connection Example
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€oLl

Frame synchronization N
signal 1

One frame period

il

Line synchronization
signal

Line 1

Vertical
[T ]__Line 480 [ |retrace period

[1 Line2 [ | Line3d [
\

—

Alternating signal

T

1

\

N

X1
Scannin
electrodgs X2
(HD61105) /
X3
X480 /

b
—_—

/| One line period }-\

Line synchronization
signal _l—l

1

\
L
|

Dmatechsgnal [ [ULUUULUUUULUUUARUUL - JUUUARL_ UL

Dpiaydata | oot T -+ T L
12 bit

]

Figure 14 Timing Chart
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Absolute Maximum Ratings

Item Symbol Ratings Unit Notes

Power supply for Vee -0.310 +7.0 v 2
logic unit
Power supply for Vee Vec—25to Voo + 0.3 v
LCD driving unit
Input voltage (1) V14 -0.3t0 Vg + 0.3 v 2,3
Input voltage (2) V12 Veg - 0.3 to Ve + 0.3 Vv
Operating temperature Topr —20 to +75 (HD66310T00) °C
~20 to +65 (HD66310T0015)
Storage temperature Teg -40to +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.

2. Values are in reference to GND =0 V.
3. Applies to input pins SHL, CL1, CL2, BS, RVS, TEST, and D00-D23. Also applies to input/
output pins EIO1 and EIO2 when these pins function as input pins.
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Electrical Characteristics

DC Characteristics
(Vec=+5V +10%, GND =0 V, Vo — Vgg = 15 t0 23 V, T, = -20 to +75°C in 12 MHz version)
(Vec=+5V 5%, GND =0V, Voo - Vgg =15t0 23 V, T, = -20 to +65°C in 15 MHz version)

item Symbol Min. Typ. Max. Unit Test Conditions  Notes
LCD driving power  Vec—Vge 15 23 v 1
supply voltage

lnput high-level VIH1 0.8 x Vcc Vcc \ 2
voltage (1)

Input low-level ViL 0 02xVee V 2
voltage (1)

Input high-level Vi 0.75 x Vee \" 3
voltage (2) Vee

Input low-level ViLz 0 0.25 x v 3
voltage (2) Vee

Output high-level Vou Vge - 0.4 " loy = —0.4 mA 4
voltage

Output low-level VoL 0.4 v loL = 0.4 mA 4
voltage

Input leakage Iq -5.0 +5.0 pA ViN=VcctoGND 5
current (1)

Input leakage 2 -10 +10 pA ViN=VcctoGND 6
current (2)

Input leakage I -100 +100 RA ViN=VectoVgg 7
current (3)

LCD driver on RON 25 kQ Vee=Vege=20V 8
resistance

Current —lpq 25 mA Data fetch 12 MHz 9, 11
consumption (1) 30 mA Data fetch 15 MHz
Current ~lpa 2 mA Stand-by 12 MHz 9, 11
consumption (2) 25 mA Stand-by 15 MHz

Current —lp3 3 mA 12 MHz 10, 11
consumption (3) 3.7 mA 15 MHz

Notes: 1. Voltage between V¢c and Vgg.

Applies to CL1, CL2, SHL, Dij, RVS, TEST, and BS.

Applies to EIO1 (input) and EIO2 (input).

Applies to EIO1 (output) and EIO2 (output).

Applies to CL1, CL2, SHL, RVS, Dij, TEST, and BS.

Applies to EIO1 (input) and EIO2 (input).

Applies to VOL to V7L and VOR to V7R.

Applies to Y1 to Y160.

Current between V¢ and GND under the conditions of Vi = Veg, V) = 0V, and no load on the

output pins.

10. Current between V¢ and Vig under the conditions of Vi = Vg, VL = 0 V, and no load on the
output pins.

11. foLp and fg 4 are 15 MHz, 37.5 kHz respectively in 15 MHz version.

CONOOA~LN
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AC Characteristics

(Ve = +5 V£10%, GND =0 V, T, = =20 to +75°C in 12 MHz version)
(Vec=+5V 5%, GND =0 V, T, = -20 to +65°C in 15 MHz version)

Item Symbol Min. Typ. Max. Unit  Test Conditions  Notes
Clock period teye 83 (66) ns 1
Clock high-level toewH 30 (23) ns 1
pulse width

Clock low-level tewL 30 (23) ns 1
pulse width

Clock rise time tr 10 (10) ns 2
Clock fall time t 10(10) ns 2
Clock setup time tsu 100 (100) ns 2
Clock hold time tH 100 (100) ns 2
Data setup time tpsu 20 (10) ns 3
Data hold time ton 30 (25) ns 3
Enable input tesu 20 (10) ns 4
setup time

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

CL1 high-level twH 100 (100) ns 5
pulse width

RVS setup time trsu 50 (50) ns

RVS hold time tRH 50 (50) ns

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

Notes: Applies to CL2.

1.
2. Appliesto CL1 and CL2.

3. Applies to Dij and CL2.

4. Applies to EIO1, EIO2, and CL2.
5

6

. Applies to CL1.

. Applies to RVS and CL2.

1106
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CcL2

Dij

cL1

l———

tow. tove ]

0.8Vee
0.2Vee
S|

K X
I‘\NHHS'(

cz /N

RVS

LCD output

Last data

Enable output 0.2 x Veg

Enable input

tesu

Figure 15 Timing Chart

Chip enable

output

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 matrix LCD panel having TFTs (thin film
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
TFT LCD and is suitable for applications such as
multimedia.

— 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 filters 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 192-bit drive function

Internal standby function

Internal chip-enable signal generation circuit
Supply voltage: 4.5 Vto 55V

Bidirectional shift
Ordering Information
Type No. Outer lead pitch (um) Package
HD66330TAO 160 236-pin TCP

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

388538859
FSSIPLESS SESEESESS
/\_/
TNO T ENO O NN RO R AR INRIBEANEREFIRIBS5BRSTYLT

Note: This figure does not specify the tape carrier package dimensions.
1 V8L 11 Dot 21 SHL 31 D21 41 V5R
2 V7L 12 D02 22 GND 32 D22 42 V6R
3 veL 13 D03 23 EIO2 33 D23 43 V7R
4 VvsL 14 D04 24 D10 34 D24 4 VSR
5 V4L 15 D05 25 D11 35 D25
6 V3L 16 EIO1 26 D12 36 VOR
7 vaL 17 CL4 27 D13 37 VIR
8 ViL 18 CL2 28 D14 38 V2R
9 VoL 19 CL1 29 Di5 39 V3R
10 = DOO 20 Vee 30 D20 40 V4R
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Internal Block Diagram

CL2

]

Ei02 «——»
EIOT. +——»

Clock controller

f Iy I_, Latch address selector -
SHL
gfss:gfg rooooco.oﬂ
192-bit latch circuit 1
—\S\planes
cL1 > 192-bit latch circuit 2
Vec
GND
CL4 > 192-bit decoder
{}{}{}{}{}ooooooooooo{} V8R,
vaL, V7L, V7R,
VeL,; VsL, V6R,
vat, vaL, > 192-bit LCD drive voltage generation circuit <: V5R,
vaL, viL, V4R,
voL lllloooooooooool zgg-
Y1Y2Y3Y4Y5 Y192 \\;;:.
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Block Functions

Clock Controller: Generates chip enable signals
(EIOZ2 and EIOT) 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 CL1
signal.

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.

HITACHI .
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Pin Functions

Signal Name Numbers Vo Functions

Vee 1 Power v

supply cC ]+
. Vec—-GND: Supplies power to the LSI.
GND 1 Power GND | T~ pplies po
supply

v8eL-VoL, 18 Power Supplies power to the LCD drive voltage generation circuit.

V8R-VOR supply The same voltage must be applied to corresponding L- and
R-power pins within a range of Vgg to GND.

cL1 1 Input Inputs display data latch pulses for latch circuit 2. At the
rising edge of each CL1 pulse, latch circuit 2 latches display
data input from latch circuit 1 and outputs LCD drive
voltages corresponding to the latched data.

CL2 1 Input 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 D25-D00 and outputs the latched data to latch
circuit 2. ]

D25-D20, 18 Input Inputs 6-bit (gray scale data) x 3-pixel display data.

D15-D10,

D05-D00

SHL 1 Input Selects the shift direction of the display data.

D25-D20 | Y1
1st D15-D10 | Y2
535520 | r ' D05-D00 | Y3
GND D15-D10 ' H S
D05-D00 |— !
D25-D20 |Y190
Last D15-D10 Y191
D05-D00 Y192
D25-D20 Y192
1st D15-D10 |Y191
525 D0 1| l D05-DO00_|Y190
Vee D15-D10 : S
D05-D00 |— !
D25-D20 | Y3
Last D15-D10 | Y2
D05-D00 | Y1
CL4 1 Input 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 data.

1112
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Pin Functions (cont)

Signal Name Numbers Vo Functions
EIOf7, EI02 2 Input/output  Provides chip-enable signals. Input or output depends on

the SHL signal, as shown below. At any one time, the signal
being used for input must go low to enable the LS| 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 EIO1 EIO2

GND Input Output

Vee Output Input
Y1-Y192 192 Output Outputs LCD drive voltages.
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System Overview

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

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.

Common
electrode

System block diagram
Display data 18 (6 bits x 3 pixels)
Control signals 3 (CL1, CL2, and CL4)
] 9(V8-VO
g LCDdrive |7
S — power supply a r
a cireuit THD66330T HD66330T 3] _____
No.1 No. 2
2 (VGATE, GND) 192 192
L > 2 L TFT color panel
2(Fufel | o |8 260,000 colors, 640 x 480 dots
©
(0]

Display data 18 (6 bits x 3 pixels)

Control signals 3 (CL1, CL2, and CL4)

of the AC-drive

Timing chart (

|

cL1

hod)

1

|

cL2

D25-D20 E
D15-D10 m

i
~nnpardf_nnn

e

ous-00 T UL LA AT TTT T T

64-level gray scale

s 1-frame period
FLM =ﬂ
, 1 1 horizontal ~ 480

CL1 period H ﬂ ~— n

\L:) Vo V8 Vo Vo Vo
vo-v X X j

Vo V8 Vo vs vs vs
Common )
electrode
oVisV)
Y1-Y192
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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 RGB 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.

gg‘;’ Upper driver displa)'l data 18 (6 bits x 3 pixels)
B5-B0 . glju
DCLK
Y
e . HDe6330T I
=22(SHL = GND
vsyne | Yii Y20 ¥ai (SHL=GND)
HSYNC Ve
DTMG
T e o | \| B
- o E TFT color panel
2 |cly 5 $ 260,000 colors,
£ 2 640 x 480 dots
(4]
o
cu
CLaL
Lower driver display data 18 (6 bits x 3 pixels)
7

Timing chart

cL2u

Upper driver display data

DIMG e Vaiddisplay poricd————

I

R5-R0 (odd pixel) —® D25-D20
B5-GO (odd pixel) ——» D15-D10
G5-B0 (even pixel)—— D05-D00

Lower driver display data ~ CL2L , l I I I I l l , I , l l I I I/\/
i O3 8 £33 20) I O O g

G5-GO (odd pixel) —» D25-D20
R5-R0 (even pixel) —— D15-D10
B5-BO (even pixel) ——» D05-D00

1,2§3,4156]7.8

Numbers in the figure indicate
pixels.

HITACHI
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HD66330T

Power Supply Circuit Example

The figures below show an example of a circuit  tive voltages are selected and supplied to the
used to generate LCD drive power supply voltages  HD66330T. To stabilize voltage, an operational
VO to V8. In this example, 18 levels of voltage are  amplifier should be connected to each selector
generated by divided resistance to alternate the cur-  output.

rent for the LCD panel, and either positive or nega-

+

(4]

<
+
(3]
<

V8s Q_, V8iNB-

—O

v8

<
?
/

V7+N7-
Selector

v7

HD66330T

Divided resistance
_,,M,--.-._*,_4< AN —4—ANy————
T
s
+
Al

<
?

18109 VO+/VO-] 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
1100 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.
0to 100 mA The following shows a circuit example:
-+

V—
y

Liingezaot ] V7 V¥
l P Y, e
| Vs | H06633Q/Tn vnLV vh\]

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

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

Vo \4l v2 V3 V4

V5 Vé v7 vs Counter Electrode

Voltage (V) 0 1.0 1.5 2.0 2.5

30 35 40 50 O

50 40 35 30 25

20 15 10 O 5.0
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Relationship between Display Data and Qutput Voltage

The HD66330T outputs 64-level gray scale voltage
generated by 9 levels of LCD drive power supply

shows the relationship among the input voltages
from the LCD drive power supply circuit, digital

voltage and 6-bit digital data. The figure below  codes, and output voltages.
Display Data Output Voltage Display Data Output Voltage
DI5 Di4 DI3 Di2 Di1 Di0 _ 1stPhase 2nd Phase Di5 Di4 DI3 Di2 Di1 Di0__ 1st Phase 2nd Phase

0 0 0 0 0 0 Vi VO+1/8x(Vi-VO) 1_0 0 0 0 0 Vs V4 + 1/8 x (V5-Va)

0 0 0 0 0 1 Vi VO+28x(V1-VO) 1_0 0 0 0 1 V5 V4 + 2/8 x (V5-V4)

0 0 0 0 1 0 Vi VO+a8x(Vi-VO) 1_0 0 0 1 0 Vs V4 + 3/8 x (V5-V4)

0 0 0 0 1 1 V1 VO+48x(Vi-VO) 1 _0 0 0 1 1 V5 V4 + 4/8 x (V5-V4)

0 0 0 1 0 0 Vi VO+58x(VI-VO) 1_0 0 1 0 0 V5 V4 + 5/8 x (V5-V4)

0 0 0 1 0 1 Vi VO+68x(VIVO) 1_0 0 1 0 1 V5 V4 + 6/8 x (V5-V4)

0 0 0 1 1 0 V1 VO+78x(Vi-VO) 1_0 0 1 _1 0 Vs V4 +7/8 x (V5-Va)
0 0 0 1 1 1 Vi Vi 1.0 0 1 1 1 V5 Vs

0 0 1 0 0 0 V2 Vis1/8x(V2V1) 1_0 1 _0 0 0 Ve V5 + 1/8 x (V6-V5)
0 0 1 0 0 1 V2 Vi+28x(V2V1)) 1_0 1 _0 0 1 V6 V5 + 2/8 x (V6-V5)
0 0 1 0 1 0 V2 Vi+38x(V2-V1) 1_0 1 _0 1 0 V6 V5 +3/8 x (V6-V5)
0 0 1 0 1 1 V2 Vi+a8Bx(V2V]) 1_0 1_0 1 1 Ve VS + 4/8 x (V6-V5)
0 0 1 1 0 0 V2 Vi+5Bx(V2-Vl) 1_0 1 1 0 0 Ve V5 + 5/8 x (V6-V5)
0 0 1 1 _0 1 V2 Vi+6/8x(V2Vl) 1_0 1 1 _0 1 V6 V5 + 6/8 x (V6-V5)
0 0 1 1 1 0 V2 Vi+78x(V2V1) 1_0 1 _1 1 _0_ Ve V5 +7/8 x (V6-V5)
0 0 1 1 1 1 V2 V2 1.0 1 1 1 1 Ve V6

0O 1 0 0 0 0 V3 V2+1/8x(V3V2) 1_1 0 _0 0 0 V7 V6 + 1/8 x (V7-V6)
0 1 0 0 0 1 V3 V2+28x(V3V2) 1_1 _0 0 0 1 V7 V6 + 2/8 x (V7-V6)
0 1 0 0 1 0 V3 V2+3/8x(V3V2) 1 _1 0 0 1 0 V7 V6 + 3/8 x (V7-V6)
0 1 0 0 1 1 V3 V2+4/8x(V3V2) 1 _1_0 0 1 1 V7 V6 + 4/8 x (V7-V6)
0 1 0 1 0 0 V3 V2+58x(V3V2) 1 _1 0 1 _0 0 V7 V6 + 5/8 x (V7-V6)
0 1 0 1 0 1 v3 V2+6/8x(V3V2) 1 1 0 1 0 1 V7 V6 + 6/8 x (V7-V6)
0 1 0 1 1 0 V3 V2+7/8x(V3-V2) 1 _1_ 0 1 1 _0 V7 V6 + 7/8 x (VI-V6)
0 1 0 1 1 1 v3 V3 11 0 111 V7 V7

0 1 1 0 0 0 Va4 V3+18x(Va-V3) 1_1_1_0 0 0 Vs V7 + 1/8 x (V8-V7)

0 1 1 0 0 1 Va4 V3+28x(VaV3) 1 1 1 _0 0 1 V8 V7 +2/8 x (V8-V7)

0 1 1 0 1 0 Va4 V3+38x(V4V3) 1_1 1 _0 1 _0_ Vs V7 +3/8 x (V8-V7)

0 1 1 0 1 1 Va4 V3+a8x(V4V3) 1_1 1 _0 1 1 V8 V7 +4/8 x (V8-V7)

0 1 1 1 0 0 Va V3+58x(V4V3) 1_1 1 1 _0 0 V8 V7 + 5/8 x (V8-V7)

0 1 1 1 0 1 va V3+6/B8x(V4V3) 1 1 1 1 _0 1 V8 V7 +6/8 x (V8-V7)

0 1 1 1 1 0 Va4 V3+78x(V4-V3) 1_1 1 1 1 0 V8 V7 + 7/8 x (V8-V7)

01 1 1 1 1 Va4 Va4 11 1 1 11 ') 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).

Power

supply
circuit

V8 Y1

HD66330T

yyvevvvvy

0
\ Y192 f/—»

= >~

Display data
(6-bit digital data)

64 levels
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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 Vg 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
V,fs can be considered as the total output voltage
differences including the differences between LSIs,
between different output pins of the same LSI, and

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 Vg
depends on the difference between adjoining LCD
drive power supply voltages IVn—-Vn+ 1 (n=0to
7) output offset voltage will also decrease when the
power supply voltage difference IVn — Vn + 1l is
decreased.

LCD Drive Power Supply Voltage Examples

Vo Vi V2 V3 V4 V5 V6 V7 V8
Voltage (V) 0 1.0 1.5 2.0 25 3.0 3.5 4.0 5.0
(VO <V1<..<V8)
Ideal output voltage
Output voltage dispersion range P ¢
l . V°" =60mV
Vo = 60V i
r———
VB |eommmmmmmm e - 1Ve-V7=1V
& 7, ! :
] E— l """" T Veg=30mV
3 vafee Vonz30mVocig” o T P §
2 -— :
SV SO Fivs-va-05Vi ; 3™
A i 8
A A : £ 60
vi R i s 5
A e bomy ! 3 ;
L ;0 ; : E ; : ; £ g :
AR N : 5 i
Vo =60 mV. IR s 2 :
; e : o] : !
Vo! Vi V2 V3 V4 V5 Ve V7 Ve ° 05 10 (V)
; R T A A T s Vn—Vn+ 1|
LsBg2 - - &= £ & © = b
2 5 : 5t 5§ : ¢ z
[=lala) o o o o - - - -
MsB
LCD drive power supply voltage
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LCD Drive Power Supply Voltage Examples

Vo

V1

V2

V3

V4

V5

V6

V7

V8
0

25 3.0 3.5 4.0 5.0

2.0

1.5

1.0

Voltage (V)

< VO0)

(V8<V7<...

Ideal output voltage
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LCD drive power supply voltage
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HD66330T

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

corresponding to the display data with an output
impedance of about 17 kQ (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.

Horizontal period

1st phase

2nd phase

A S S

Output resistance
25kQ

Assumed load condition

5kQ
LCD load: o—'\M——_Lzoo .
p
<

Output resistance

17 kQ

HITACHI
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Absolute Maximum Ratings

Item Symbol Rating Unit Notes
Powaer supply voltage Vee -0.3t0 +7.0 \ 1
Input voltage (1) Vi -0.3t0 +Vgc + 0.3 \' 1,2
Input voltage (2) Vio -0.3t0 +Vgg + 0.3 \') 1,3,4
LCD power supply input current I +20 mA 5
Operating temperature Topr —20to +75 °C

Storage temperature Ts_,g -40to +125 °C

If the LS| 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.

2. Applies to input pins CL1, CL2, CL4, SHL, and Dij, and I/0 pins EIO1 and EIO2 when used as
input.

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

Vicp2V82V72V62V52V42V32V22V12V02GND or
Vicp2V02V12V22V32V42V52V62V72V82GND

4. The following relationship must hold for VO to V8 potentials:
IVn=Vn+1|<2V(n=0t07)

5. Specifies the maximum ratings for current in the LCD drive power supply input pins VO to V8
(total current for both L and R pins). )
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Electrical Characteristics

DC Characteristics (Voc - GND = 4.5 to 5.5V, and T, = 20 to 75°C, unless otherwise noted)

Applicable
ltem Symbol Pins Min Typ Max Unit Test Conditions  Notes
Input high-level Vi CL1, ClI2, 0.8 x Ve Vee \"
voltage SHL, Dij, CL4,
EIO1(l),
Input low-level Vi 0 02xVge V
voltage ElIO2()
Output high-level Vgy EIO1(0), Vec - 0.4 \' loy =—0.4 mA
voltage EIO2(0)
Output low-level Vo 0.4 \' loL = 0.4 mA
voltage
Input leakage 14 CL1, Ci2, -5 +5 RA
current (1) SHL, Dij, CL4
Input leakage 2 EIO1(l), -10 +10 A
current (2) ElIO2(l)
LCD drive power | VoL-vsL, -10 +10 mA Total of L and
supply input VOR-V8R R pins
current IVn-Vn+1]=1V
(n=0to7)
Output offset Vot Y1-Y192 - 60 mV Vgc-GND=5V 1
voltage Vn=Vn+1]=1V
(n=0to7)
_— 30 mV Vcc -GND =5V
i(Vn-Vn+1|=05V
(n=0t07)
Difference Viet Y1-Y192 —_ 130 mV Vec-GND=5V 2
between IVn=Vn+1|=1V
output pins (n=0t07)
— +15 mV Vec-GND =5V
IVn=Vn+1|=05V
(n=0t07)
Driver output Ron1 Y1-Y192 — 25 kQ 1stphase
ON resistance Vec=GND =5V
Ron2 Y1-Y192 — 17 kQ 2ndphase
Vec-GND =5V
Current Ip1 Between — 20 mA Data latch 3
consumption (1) Ve and foLz = 15 MHz,
GND foLy =33 kHz
Current 3 Between - ‘ 4 mA  Standby
consumption (2) Vee and fcre = 15 MHz,
GND foLy = 33 kHz
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Notes: 1. Output offset voltage V. is defined as difference between the actual output voltage and output
voltage expected from the LCD drive power supply voltage and digital display data.
Voit shows the following characteristics with respect to voltage difference between adjoining LCD
drive power supply pins |[Vn = Vn + 1|.

(]

:.-.-“”’ (mV)

S 60

3

5 30

32 o

3 05 10 (V) (n=0t07)

IVh=Vn + 1|

2. V,ef can be considered as the maximum total output voltage differences including the differences
between LSIs, between output pins of the same LS|, and that caused by concentrated current in
an LS| 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 (Voc— GND =4.5t0 5.5 V, and T, = -20 to +75°C, unless otherwise noted)

em Symbol Applicable Pin Min Typ Max Unit TestCondition Notes
Clock cycle time fmix CL2 28 MHz
Clock high-level Towh CL2 10 ns
width
Clock high-level Tewl CcL2 10 ns
width
Clock rise time T, CL1, CL2 6 ns
Clock fall time Tt CL1, CL2 6 ns
Clock setup time Tg_u CL1, CL2 50 ns
Clock hold time Th CL1, CL2 70 ns
Data setup time Tdsu Dij, CL2 10 ns
Data hold time TQ, Dij, CL2 10 ns
Enable setuptime T, ElO1, EIO2,CL2 7 ns
Enable output Ted ElO1, EIO2, CL2 20 ns 1
delay time
CL1 high-level Taiwh CL1 56 ns
width
Driver output Tad CL1, Y1-Y192 22 us 2,3, 4
delay time
T,

CL2
Dij
Totwh
0.8 Voo 0.8 Ve
cL1 0.2 Ve i Sro,z Vee
Teu Th 0.8 Veg Last First
cL2 ﬁ oy / \ /—\_]
= —cc 0.2 Ve .- 0.2 Ve
Ted
Notes: 1. The figure below shows the load condition 0.2V
for the enable output pins. Enable output - Vee
Enable output o——:_ Teeu
30 pF Enable input 0.2 Ve

5
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2. Specified by the following load condition and timing.

Load condition

Load resistance

5kQ
Y1-192 o—AM Load capacitance
$ 200 pF

(CL4 is fixed at low level.)

cL1 _]‘__\

/ \

Taq

Y1-192

§pecified output voltage — Vs

Specified output voltage + Vg

3. Driver output delay time Ty4 has the following characteristics with respect to the load condition.

Load resistance 5 kQ

(CL4 is fixed low.)

Load resistance 10 kQ
40
g 30+
S 20|
101 7
0 ] 1 1
100 200 300

Load capacitance (pF)

4. Driver output delay time Ty4q4 has the following characteristics with respect to the CL4 high-level

width.
20 v
- -
2
'_§ 10 [~
| Load resistance 5 kQ2
Load capacitance 200 pF
0 I N N N R N

5
CL4 high-level width (us)
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LCD Module Line Up

Graphic Display LCD Module

OLM258XB

OLMG6390QHGR

OLM238XB

OLMG6400PLGR
@LMG5040XUFC
OLM215XB
mvmmmwsmwmm -
OLM266XW
OLMG6151XUFE

OLMG6281XNGE

OLM300XM

OLMG90402ZFC
HITACHI
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LCD Module Line Up

Character Display LCD Module

1-line Series

A

OLMO70L OLM568F

WHTTACAT LCD FOOULEY|

OLM038

OH2572

oo prsm——— s

|k LHBSE ek 48 CHARGCTERS

OLMO52L

A

OLMO17L

OLMO18L

OLMO32L, LMO032XML
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LCD Module Line Up

4-line Series Segment-type LCD module

LLECELELEE] ::

OLMO039

OLMO041L

OLMO044L

LED with backlight

OLMO92LN

OLMO93LN
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LCD Module Line Up

Graphic Display LCD Module (Reflection type)

Type Effective

Controller[NOte] Screen Size Module size Screen Size | Dot Pitch | Duty
E: type On-thip type wxh (dots) | Color wxhxt (mm) wxh (mm) |wxh (mm) | Cycle
LM268X8 - *1 [240x64 | Yellow-green | 149x57x13max. 117x41 0.47x0.47 | 1/64
LM300XM - #1 (24064  |New gray 180x76x 1 1max. 132x39 0.53x0.53 | 1/32
- LM213XB *1 [266x64 | Yellow-green | 184x75x 10max. 149.6x43  |0.56x0.56 | 1/64
LMGB390QHGR | LMGE3BOQHGR | »1 | 266x64 New gray 160x68x9.6max. #4 | 126.3x37 | 0.47x0.47 | 1/64
LMGB392QHFR | LMG6382QHFR | %1 | 256x64 | Black & White | 160x68x9.6max. %4 | 126.3x37 | 0.47x0.47 | 1/64
LM221XB LM238XB #1240x128 | Yellow-green | 180x 120 13.8max. 148x75 0.56x0.55 | 1/64
LMG6410PLGR | LMGE40OPLGR | %1 [240x128 | New gray 159.4x101x9.5max. 4 | 126x71 0.50x0.50 | 1/128
LMG6412PLFR | LMG6402PLFR | *1 [240x128 | Black & White |159.4x101x9.5max. 4 | 126x71 0.50x0.50 | 1/128
LM246X - *2 [320%256 | Yellow-green | 168x 150 13.5max. 142x116  |0.43x0.43[1/128
LM211XB - *1 [480x64 | New gray 270x82x 13max. 240x 38 0.49x0.49 [ 1/64
LM211XMC - *1 | 480x64 New gray 270x82x 13max. 240x38 0.49x0.49 | 1/64
LM215XB - «1 [480x128  |Yellow-green |[270x110x11.5max. | 242x69 0.48x0.48 | 1/64
LMG6250ULGR | - *3 |480x128 | New gray 270x110x11.5max. | 242x69 0.48x0.48 | 1/128
LMG6252ULFR | - #3 |480x128  |Black & White |270x110x11.5max. | 242x69 0.48x0.48 | 1/128
LM266XW - *2 |640x100 | New gray 287.5x71.5x11.5max. | 243x42 0.36x0.36 | 1/100
LM280X - #3 |640x200 | Yellow-green | 270x104x11max. 236.4x78 | 0.36x0.36 | 1/200
LMG6270XNGR | — *3 |640x200  [New gray 265 90 X 8max. 221.2x73 | 0.33x0.33 | 1/200
LMG6272XNFR | - #3 [640x200  [Black & White |265x 90 8max. 221.2x73  |0.33x0.33 | 1/200
LMG6273XNFR | — *3 |640x200 | iack & White | 555 90 x 8max. 221.2x73  (0.33x0.33 | 1/200
LMG6280XNGR | - #3 |640x200 | New gray 270116 8max. 217.2x96  |0.33x0.45 | 1/200
LMG6282XNFR | - *3 [640x200 | Black & White | 270x116x8max. 217.2x96  |0.33x0.45 | 1/200
LMGE283XNFR | — *3 | 640%200 | Black & White | 370116 x gmax. 217.2x96  [0.33x0.45 | 1/200
LMGE111XTFR | - *3 | 640x400 | Bleck & White | 5881737, 5max. 223.17x143.97 |0.33x0.33'{ 1/200
LMGB150XUFR | — *3 640x480 | Bleck BWAS | 575178 x 9max. 202.37x152.77 |0.31x0.31 [ 1/240
Graphic Display LCD Module (with EL backlight)
LMG6391QHGE | LMG6381QHGE | *1 | 25664 New gray 160x68x9.5max. ¥4 126.3x37 0.47x0.47 | 1/84
LMG6411PLGE |LMGB4O1PLGE | *1 |240x128 | New gray 159.4x101x9.5max. #4 | 126x71 0.50x0.50 | 1/128
LMG6251ULGE | ~ *3 |480x128 | New gray 270x110x11.5max. | 242x69 0.48x0.48 | 1/128
LMG6271XNGE | - #3 |640x200 | New gray 265X 90X 9max. 221.2x73  |0.33x0.33 | 1/200
LMG6281XNGE | - *3 |640x200 | New gray 270% 116 x9max. 217.2x96 | 0.33x0.45 | 1/200
LMGE171XTBE | - *3 |640x400  [Bho 256 146X 9max. 197x1256 | 0.30x0.30 | 1/200
LMG6173XTFE | - #3 |640x400 | DAtk & WS | 556146 x 9max. 197x126  |0.30x0.30 | 1/200
LMGB161XUFE | - *3 |640x480 | Dleck & WS | 577178 x gmax. 202.37x162 |0.31x0.31 | 1/240
LMG6221XUFE | - *3 |640x480 | Dok B WA | 260160 x gmax. 183x138.4 |0.28x0.28 | 1/240
Graphic Display LCD Module (with CFL backlight)
LM721XBNP | - *3 [320%200 | Yellow 142x103x30max. 113x77 0.33x0.35 | 1/200
LMG6160XTFC | - *3 |640x400 | Black & White | 326 191.6x26max. 236x162 | 0.36x0.36 | 1/200
LMGB371XTBC | - *3 |640x400 [Bue 250% 145 10.6max. 196x124  |0.30x0.30 | 1/200
LMG6471XTFC | - *3 [640x400 | Black & White | 550x 145x10.6max. 196x124 | 0.30x0.30 | 1/200
LMGBO40XUFC | - +3 |640x480 | Dleck & WIS | 256.6x160 10max. 183x137 | 0.28x0.28 | 1/242
LMG5060XUFC | — #3 |640x480 | Dleck & White | 250172 10.5max. 196x150  |0.30x0.30 | 1/240
LMGS0502ZFC | - - |102ax768 |Dack & White | 300x234x 17max. 231176 [0.22x0.22 | 1/387
LMG90402ZFC | - - |1120x780 | Black S White | 316x230x 31max. 236x166  |0.205x0.205 | 1/390
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LCD Module Line Up

Volitage

(Note)

Vpp-Vss | Vee-Vss Power Operating Storage Power

) v) Weight | Supply | 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 £ 0~+40 -20~+60 | 160 2 Double | LC7940/7941/7942 | LMG6330QHGR

+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 | HD61200/61203 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

+6 -13.5 100 0~+40 -20~+60 |320. 2 Double | HD61100/61103 LM2115XB

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

+5 -13 100 0~+40 -20~+60 |320 2 Double | LC7940/7942° LMG6262ULFR

+5 -19 154 0~+50 -20~+60 | 200 2 Double | HD61104/61105 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 -205 200 0~+40 -20~+60 |420 2 Double | MSM5298/5299 LMG6111XTFR

+5 -215 200 0~+40 -20~+60 420 2 Double | MSM5298/5299 LMG6150XUFR

+6 -13 29008 0~+40 -20~+60 | 190 2 Double | LC7940/7942 LMG6391QHGE

+5 -15 9900xs 0~+40 -20~+60 |200 2 Double | LC7940/7942 LMG6411PLGE

+5 -13 1800xs 0~+40 -20~+60 | 380 2 Double | LC7940/7942 LMG6251ULGE

+5 -22 le80%6 0~+40 -20~+60 | 280 2 Double | MSM5298/5299 LMG6271XNGE

+5 -22 le80s 0~+40 —-20~+60 | 340 2 Double | MSM5298/5299 LMG6281XNGE

+5 -22 200 oxs 0~+40 -20~+60 |360 2 Double | MSM5298/5299 LMG6171XTBE

+5 -22 20005 0~+40 -20~+60 |350 2 Double | MSM5298/5299 LMG6173XTFE

+5 -22 2005 0~+40 -20~+60 |480 2 Double | MSM5298/5299 LMG6151XUFE

+5 -22 Soa0w5 0~+40 -20~+60 | 450 2 Double | MSM5298/5299 LMG6221XUFE

+5 -21.5 23 w6 0~+40 ~20~+60 {340 2 Double | MSM6298/5299 LM721XBNP

+5 -205 e oxe +10~+40 | -20~+60 |950 2 Double | MSM5298/5299 LMGB160XTFC

+5 -22 3006 +10~+40 |-20~+60 |400 2 Double | MSM5298/5299 LMG6371XTBC

+5 -22 2e00s +10~+40 | -20~+60 |400 2 Double | MSM5298/5299 LMG6471XTFC

+5 -22 19906 +6~-40 | -10~+60 |430 2 Double | MSM5298/5299 LMG5040XUFC

+5 -20.5 3e00xe +10~+40 | -20~+60 | 460 2 Double | MSM5298/5299 LMG5080XUFC

+5 +34 A +5~+40 | -10~+60 [1100 2 Double | HD66107T LMG90502ZFC

+5 RAA SR B4 +6~+40 | -10~+60 |1400 3 Double | HD66107T LMG90402ZFC
Note: Contoller LSI % 1: HD61830 *2: HD63645F/64645F *3: HDB6841 *4: typ ller maxi i is 9.0 mm.

*5: EL power consumption *6: CFL power consumption *7: VEc—Vgs

HITACHI 1133




LCD Module Line Up

Character Display LCD Module

Effective Character Recommended
Screen Size Module Size - Size Dii i Voltage
Type (Char. X Line) Color wxhxt (mm) wxh (mm) wxh (mm) | Duty Cycle | Vpp-Vgs (V)
LMO054 8x1 Gray 88 x44 x 12max. 61x15.8 6.45%x9.4 1/8 +5
LMO15 16x1 Gray 80x36x 12max. 64.5x13.8 3.16x5.5 1/8 +5
H2570 16x1 Gray 80x36x 12max. 64.5x13.8 3.16x7.9 /11 +5
LMO20L 16x1 Gray 80x36x 12max. 64.5x13.8 3.07x5.73 1/16 +5
LM020XMBL 16x1 New gray 80x36x 12max. 64.5x13.8 3.07x5.73 1/16 +5
LMO70L 20x1 Gray 105x39.0% 11max. 84.0x13.0 3.2x5.2 1/8 +5
LMO038 20x1 Gray 182x%35.5x 13max. 1564.0x15.3 6.7x9.4 1/8 +5
LMO027 24x1 Gray 126 %36 % 12max. 100x13.8 3.15x7.9 /1 +5
H2571 32x1 Gray 174.5x33x13.4max. 132.5x14 3.16x7.9 /1 +5
H2572 40x1 Gray 182x35.5x 13max. 154.0x15.3 3.15x7.9 1/11 +5
LM058 40x1 Gray 290x 60X 13max. 245x19 4.82x8.18 1/8 +5
LMo52L 16x2 Gray 80x36x11max. 64.5x13.8 2.95%x3.8 1/16 +5
LMO16L 16x2 Gray 84 x44x 12max. 61x15.8 2.96x4.86 1/16 +5
LMO16XMBL 16x2 New gray 84 x44x12max. 61x15.8 2.96x4.86 1/16 +5
LMO32L 20x2 Gray 116x39% 13max. 83x18.6 3.2x4.85 1/16 +5
LMO032XMBL 20x2 New gray 116x37%10.5max. 83x18.6 3.2x4.85 1/16 +5
LMO60L 24x2 Gray 116x 39X 13max. 83x18.6 2.7x4.85 1/16 +5
LMO17L 32x2 Gray 174.5x33x13.4max. 141.19x16.76 |3.45x4.85 1/16 +5
LMO18L 40x2 Gray 182x35.5x 13max. 154x15.3 3.2x4.85 1/16 +5
LMO18XMBL 40%2 New gray 182x35.5% 13max. 154x15.5 3.2x4.85 1/16 +5
LMO41L 16x4 Gray 87 x60x 12max. 61.8x25.2 2.95%4.15 1/16 +5
LMO44L 20x4 Gray 98 Xx60x 12max. 76x%x25.2 2.95x4.15 |1/16 +5
Character Display LCD Module (with LCD backlight)
LMO87LN 16x1 Gray 90x36 % 14max. 64.5x13.8 3.07x6.56 |[1/16 +5, (+5)
LMOS6ALN 16x2 Gray 90X 36 % 14max. 64.5x13.8 2.95x3.8 1/16 +5, (-)
LMO93LN 16x2 Gray 90x44x13.8max. 61.0x15.3 2.96x4.86 |1/16 +5, (+5)
LMO91LN 20x2 Gray 126x 39X 14max. 83x18.6 3.2x4.85 1/16 +5, (+5)
LMO92LN 40x2 Gray 192x36.5 % 14max. 1564x15.3 3.2x4.85 1/16 +5, (+5)
Note: Parentheses indicate Viep.
Segment-Type LCD Module
[LM039 T16X1 [Gray |87X27.5x11max. ‘[64‘7x13.3 TZ.ZXGA i1/4 +5
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LCD Module Line Up

Power

C Operating Te s Woeight C ller (on-chip) Type

10 0~+50 -20~+70 35 HD44780 LMO54

10 0~+50 -20~+70 25 HD44780 LMO15

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

10 0~+50 -20~+70 25 HD44780 LMo20L

10 0~+50 —-20~+70 25 HD44780 LMO20XMBL
10 0~+50 -20~+70 40 HD44780 LMO70L

25 0~+50 -20~+70 65 HD44780 LMO38

10 0~+50 —-20~+70 40 HD44780 LMO027

10 0~+50 —-20~+70 60 HD44780 H2671

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

15 0~+50 -20~+70 160 HD44780 LMO58

15 0~+50 —-20~+70 25 HD44780 LMO52L

15 0~+50 -20~+70 35 HD44780 LMO16L

16 0~+40 —-20~+60 35 HD44780 LMO16XMBL
15 0~+50 -20~+70 50 HD44780 LMO32L

15 0~+40 —-20~+60 50 HD44780 LMO32XMBL
15 0~+50 —-20~+70 60 HD44780 LMO60L

15 0~+50 -20~+70 60 HD44780 LMO17L

15 0~+50 -20~+70 65 HD44780 LMO18L

15 0~+50 -20~+70 65 HD44780 LMO18XMBL
15 0~+50 -20~+70 60 HD44780 LMO41L
17.6 0~+50 -20~+70 65 HD44780 LMO044L

155 0~+50 —-20~+70 40 HD44780 LMO87LN
150 0~+50 —-20~+70 40 HD44780 LMOS6ALN
405 0~+50 -20~+70 50 HD44780 LMO93LN
555 0~+50 -20~+70 70 HD44780 LMOS1LN
855 0~+50 -20~+70 100 HD44780 LMO92LN
1.05 0~+50 -20~+70 20 1PD7225G LMO39
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