US20090146940A1

a9y United States

a2 Patent Application Publication (o) Pub. No.: US 2009/0146940 A1

Kang et al. (43) Pub. Date: Jun. 11, 2009
(54) LIQUID CRYSTAL DISPLAY DEVICE Apr. 28,2004  (KR) wooooceerccricecnen 10-2004-0029611
Apr. 28,2004  (KR) .oovoeercriceinen 10-2004-0029612
(76) Inventors: Sin Ho Kang, Suwon-si (KR);
Hong Sung Song, Kumi-si (KR); Publication Classification
Jin Cheol Hong, Kumi-si (KR) (51) Int.ClL
Correspondence Address: G09G 3/36 (2006.01)
MCKENNA LONG & ALDRIDGE LLP (52) US.Cle o 345/100; 345/87
1900 K STREET, NW
WASHINGTON, DC 20006 (US) 7 ABSTRACT
A display having a data driving integrated circuit includes N
(21)  Appl. No.: 12/320,894 number of output channels (where N is an integer) having at
- least two regions including a first output channel and an Nth
(22) Filed: Feb. 6, 2009 output channel, a data output channel group including M data
L output channels (where M is an integer less than N), the M
Related U.S. Application Data data output channels supplying pixel data to a corresponding
(63) Continuation of application No. 10/964,779, filedon ~ number of the data lines in accordance with a desired resolu-
Oct. 15, 2004, now Pat. No. 7,495,648. tion of the display, wherein (N-M) output channels are not
supplied with pixel data, and the (N-M) output channels are
(30) Foreign Application Priority Data located between the first output channel and the Nth output
channel, and a channel selector selecting the M data output
Dec. 11,2003 (KR) wovcecvenrcccnens 10-2003-0090301 channels.
g | D8SSB.SSCROL f1b2 P1P2
104
CONTROLLER ' ) »
~110
e e LK I 2
\ 112~ DATAIC |—~L-116 DATA IC
108 \' | I
114~ ses 2o
118
, 106 DL1\\ DLm
G GL1 “
A |
! \
~102
L * L4
D . . .
R . . °
|
v |
: I
R GlLn //




Patent Application Publication  Jun. 11, 2009 Sheet 1 of 18 US 2009/0146940 A1
RELATED ART
8
/ 4
- TIMING ' d
CONTROLLER|—™ DATA DRIVER
l DL1 DL2 DL3-.- [DLm
7
|/
; fcie| 3ol Clc
7 |G TETET THTFRT TFT
E Clc Clc
GL2 TIFT ITET
D
R = — 2
6~ | |.
vV |GLn—1
- XClo Cle
Gln | [ STFT UTFT




Patent Application Publication

10 —

GATE
IC

GATE
IC

GATE
IC

RELATED ART

Jun. 11, 2009 Sheet 2 of 18

FIG.2A

US 2009/0146940 A1

GL

GL

GL

GL

-

GL

GL

—



Patent Application Publication  Jun. 11, 2009 Sheet 3 of 18 US 2009/0146940 A1

< A
s L
—
QO
’<£ °
e .
()
-
Q
o |
° 1
— . a
rI]gct
C\lO
- LU &o .
.
CD'— < = .
_5 O
Lo
o -
(@)
1
|
)
— < — .
(]
-
&)
\




US 2009/0146940 A1

Jun. 11, 2009 Sheet 4 of 18

Patent Application Publication

c1a1d

ok

H ﬁ 1HVd IOVLII0A JOVLII0A
| YINNYD <+—— 30N3d3434
OP~ H344N9 LNd1NO VINNVO
“ﬂvf XN J_
| H H |
. L ova Qv |
[93G0030 N H300534 d| |
ac . 10d
Hllléwllllmr%lll_ HITIOHLNOO an
IYNDIS
9E~ HO LY 305 TYNDIS
0 N *A3g | TOYLINOD
il 11 ! )
an
ve~ H31S1934 1dIHS [+ dSS
— _ 0SS >
0c =T

14V d3.1vi3d

€ Old



US 2009/0146940 A1

Jun. 11, 2009 Sheet 5 of 18

Patent Application Publication

I w1 [ g
I 3
! "
. . ] d
c0l ~

3

A\ L

R v

| 5 O

H1a // 17g 90+t~ ¢

8Ll
LI O [ 2 I 1/\‘V—._'
| Ol vlva 91—~ 2Iviva /!m: wo/F
- ot — H3T10HLINQD
vo_‘\\\i ﬁ i H : — . ONINIL
2d Ld 1 L 0d70ss dss ® an

v Old




Patent Application Publication  Jun. 11, 2009 Sheet 6 of 18 US 2009/0146940 A1

F|G:.5

P P2

OP1 ; oP2

GND | VCC | GND
|

116~ ~ DATAIC
] e ] o]
1 2 3 600 601602 642

DUMMY OUTPUT
CHANNEL




Patent Application Publication  Jun. 11, 2009 Sheet 7 of 18 US 2009/0146940 A1

F1G.0

P1 P2
OP1  }—O0P2
Gﬂ VCC I GND
' |
116~ DATA IC

12 3 618 619 620 642

DUMMY OUTPUT
CHANNEL




Patent Application Publication  Jun. 11, 2009 Sheet 8 of 18 US 2009/0146940 A1

FIG. 7

P1

2

OP1 ~ }—OP2

GND | VCC | GND
|

116 DATA IC
| ‘ e | , |
1 2 3 630 631 632 642

DUMMY OUTPUT
CHANNEL




Patent Application Publication  Jun. 11, 2009 Sheet 9 of 18 US 2009/0146940 A1

F1G.8

116~

P1 P2
OP1 OP2
GND I VCC I GND
| |
DATA IC

638 639 640 641 642



(2¥971Q ‘0€910
‘81974 ‘0097Q) €10 ¢1d 11d

ﬁ .................. ﬂﬁﬂ

US 2009/0146940 A1

1HVd 3OV1I10A JOVII0A

VININYD <— JON3IH3I434

VINNVO

Y3 TIOHLNOD

wNols (v A
IVNDIS
JOHLNOD

434408 LNd1NO _,
ovL~ ﬁ ................... el
- i |
z “ XN =
< I Py )
= O ovQ ¥ "
Nt | :
g i ¢¥i~JuzaooaaN 9" u3goo3aa 4] 0d
wn 1 [
= rl\llllllll N 2 ) -
m 8tt ﬂ
= 308
g HOLV -
B 9L~ 1 11 11 1 o S
- i i dA
TI
2voys) - (0£95S] - [B19HS] - -[009HS) - (265 ] [THS ][, dSS
0SS

yeL”

dOL1D0313S TANNVHO

ot~ | |
gd Ld

6 9l

Patent Application Publication

ogL”



Patent Application Publication  Jun. 11, 2009 Sheet 11 of 18  US 2009/0146940 A1

FIG.10

DATA
CONTROL A A
SIGNAL OP1~ — OP2
l 216 GND | VCC | GND
/ | t |
VD—» DATA IC

1ST OUTPUT |\ DUMMY OUTPUT |\  2ND OUTPU
CHANNEL GROUP CHANNEL CHANNEL GROUP

260

264 262



Patent Application Publication  Jun. 11, 2009 Sheet 12 of 18  US 2009/0146940 A1

FIG.11

DATA
CONTROL P1 p2
SIGNAL OP1— — OP2
l 216 GND | VvCC | GND

/ | |
VD—» DATAIC

t t j::::t e S i e N S e i

299 300/ > d 343 344 640 641 642

\ - \DUMMY OUTPUT

260
264 262



Patent Application Publication  Jun. 11, 2009 Sheet 13 0f 18  US 2009/0146940 A1
DATA
 CONTROL P1 P2
SIGNAL OP1~ — OP2
l 216 GND | VCC GND
/ t—1 |
VD —»> DATA IC
'~--_-______——1’ \_I_'_'_:I_,# li:_‘_'_l___i-ﬁ{’
1 2 3 308309(> ~ ~ (334 335 640 641 642
\ . - |DUMMY QUTPUT| ~——, .
309c¢h CHANNEL 309ch
260

264

262



Patent Application Publication  Jun. 11, 2009 Sheet 14 of 18  US 2009/0146940 A1

FIG.13

DATA
CONTROL P1 P2
SIGNAL OP1~ |~ OP2

l 216 GND | VCC GND

VD—» DATA IC

S B s S S PO S i s e
12 3 314315 ——~ 7 (328 329 640 641 642
N - \DUMMY OUTPUT{ ~~— ~

315CH CHANNEL- 315CH

260

264 262



Patent Application Publication  Jun. 11, 2009 Sheet 150f18  US 2009/0146940 A1

FIG.14

DATA
CONTROL P1 P2
SIGNAL OP1— — OP2
l 216 GND | vCC | GND
/ | |
VD—» DATA IC

]

N
1 2 3 | 640 641 642



Patent Application Publication  Jun. 11, 2009 Sheet 16 of 18  US 2009/0146940 A1

FIG.15

els
DATA I\
CONTROL S2———>\Q2
SIGNAL S1—=\Q1
216 P1 P2
| y OP1 0P2
VD—» DATA IC

1ST OUTPUT |\ DUMMY OUTPUT |  2ND QUTPUT
CHANNEL GROUP CHANNEL CHANNEL GROUP

e

260

264 262



Patent Application Publication  Jun. 11, 2009 Sheet 17 0f 18  US 2009/0146940 A1

FIG.16

VeC 550
DATA £
CONTROL DIP SWITCH
SIGNAL o
216 P2
l J OP1—~ ~ OP2
VD —» DATA IC

fE::t}Z-ZEI-IL::/b ~E:II-I-IEI-1::}» fE::j:-Z-IZEj:::/b

1ST OUTPUT ' DUMMY OUTPUT \  2ND QUTPUT
CHANNEL GROUP CHANNEL CHANNEL GROUP

260

264 262



US 2009/0146940 A1

Jun. 11, 2009 Sheet 18 of 18

Patent Application Publication

it i I SR B R A B % N St R SN I AR NS RSN N A S Ity Al SR
m |
ey — ™ o~ < ™ @ I~ © w o (o)} ~ o !
[}
13| |[S S| |3 & |3 S| |8 Sl e S |18 3 |13 | |
e @nv o o o (a ng o o o o (a e o o o w "
| w [9p] (93] LS w w [9p] wn w) (9] wn w w )
19 — q — L — q -4 - 4 —4 L] -4
o N B SV ¥ RN 1 R N 4
T st T e Bt M
vee
v L e e ey T T -
ABEVO 1 | } “
- ' |
- I |
] 2se | 0Sg !
| | 8G€ 9G¢ vGE N ! x !
P 2d Ld zd i |
| X0 | x |
] S (et —-) |
Lo ED._ I = f
o -« ! fe— |
L I “
m I A n [ “
|
\%sa ......... ]
g1E . o
AN 9le

-SSP

SSC



US 2009/0146940 A1

LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of Korean Patent
Application No. P2003-90301, filed Dec. 11, 2003, and
P2004-29611 and P2004-29612 filed on Apr. 28, 2004, which
are hereby incorporated by reference for all purposes as if
fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] This invention relates to a liquid crystal display.
More particularly, the invention relates to a liquid crystal
display device that improves the working efficiency of a lig-
uid crystal display device, as well as reduces manufacturing
cost.

[0004] 2. Description of the Related Art

[0005] Gernerally, a liquid crystal display (LCD) controls
light transmittance of a liquid crystal using an electric field to
display a picture.

[0006] To this end, as shown in FIG. 1, the LCD includes a
liquid crystal display panel 2 having liquid crystal cells
arranged in a matrix, a gate driver 6 for driving gate lines GL.1
to GLn of the liquid crystal display panel 2, a data driver 4 for
driving data lines DL1 to DLm of the liquid crystal display
panel 2, and a timing controller 8 for controlling the gate
driver 6 and the data driver 4.

[0007] The liquid crystal display panel 2 includes a thin
film transistor TFT provided at each crossing of the gate lines
GL1 to GLn and the data lines DL1 to DLm, and a liquid
crystal cell 7 connected to the thin film transistor TFT. The
thin film transistor TFT is turned on when supplied with a
scanning signal, for example, a gate high voltage VGH from
the gate line GL, to apply a pixel signal from the data line DL
to the liquid crystal cell 7. Further, the thin film transistor TFT
is turned off when supplied with a gate low voltage VGL from
the gate line GL to keep a pixel signal charged in the liquid
crystal cell 7.

[0008] The liquid crystal cell 7 can be equivalently repre-
sented as a liquid crystal capacitor. The liquid crystal cell 7
includes a pixel electrode connected with a common elec-
trode and a thin film transistor with a liquid crystal therebe-
tween. Further, the liquid crystal cell 7 includes a storage
capacitor that maintains a signal level of the charged pixel
signal until the next pixel signal is charged. The storage
capacitor is provided between the pixel electrode and the
pre-stage gate line. Such a liquid crystal cell 7 varies an
alignment state of the liquid crystal having a dielectric anisot-
ropy in accordance with a pixel signal charged through the
thin film transistor TFT to control a light transmittance,
thereby implementing gray scale levels.

[0009] The timing controller 8 generates gate control sig-
nals (i.e., gate start pulse (GSP), gate shift clock (GSC) and
gate output enable (GOE)) and data control signals (i.e.,
source start pulse (SSP), source shift clock (SSC), source
output enable (SOE) and polarity control (POL)) using syn-
chronizing signals V and H supplied from a video card (not
shown). The gate control signals (i.e., GSP, GSC and GOE)
are applied to the gate driver 6 to control the gate driver 6,
while the data control signals (i.e., SSP, SSC, SOE and POL)
are applied to the data driver 4 to control the data driver 4.
Further, the timing controller 8 aligns red (R), green (G) and
blue (B) pixel data VD and applies the data to the data driver
4

[0010] The gate driver 6 sequentially drives the gate lines
GL1 to GLn. To this end, the gate driver 6 includes a plurality
of gate integrated circuits (IC’s) 10 as shown in FIG. 2A. The
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gate IC’s 10 sequentially drive the gate lines GL1 to GLn
connected thereto under control of the timing controller 8.
Specifically, the gate IC’s 10 sequentially apply a gate high
voltage VGH to the gate lines GL1 to GLn in response to the
gate control signals (i.e., GSP, GSC and GOE) from the
timing controller 8.

[0011] The gate driver 6 shifts a gate start pulse GSP in
response to a gate shift clock GSC to generate a shift pulse.
Then, the gate driver 6 applies a gate high voltage VGH to the
corresponding gate line GL every horizontal period in
response to the shift pulse. The shift pulse is shifted line-by-
line for each horizontal period, and any one ofthe gate IC’s 10
applies the gate high voltage VGH to the corresponding gate
line GL to correspond with the shift pulse. The gate IC’s
supply a gate low voltage, VGL, in a remaining interval when
the gate high voltage, VGH, is not supplied to the gate lines
GL1 to GLn.

[0012] The data driver 4 applies pixel signals for each line
to the data lines DL1 to DLm for each horizontal period. The
data driver 4 includes a plurality of data IC’s 16 as shown in
FIG. 2B. The data IC’s 16 apply pixel signals to the data lines
DL1 to DLm in response to data control signals (i.e., SSP,
SSC, SOE and POL) from the timing controller 8. The data
IC’s 16 convert pixel data VD from the timing controller 8
analog pixel signals using a gamma voltage from a gamma
voltage generator (not shown) to output them.

[0013] The data IC’s 16 shift a source start pulse SSP in
response to a source shift clock SSC to generate sampling
signals. Then, the data IC’s 16 sequentially latch the pixel
data VD for a particular unit in response to the sampling
signals. Thereafter, the data IC’s 16 convert the latched pixel
data VD for one line to analog pixel signals, and apply the
signals to the data lines DL1 to DLm in an enable interval of
a source output enable signal SOE. The data 1C’s 16 convert
the pixel data VD to positive or negative pixel signals in
response to a polarity control signal POL.

[0014] AsshowninFIG.3,eachofthe data IC’s 16 includes
a shift register part 34 for sequential applying sampling sig-
nals, a latch part 36 for sequentially latching the pixel data VD
in response to the sampling signals to simultaneously output
the signals, a digital to analog converter (DAC) 38 for con-
verting the pixel data VD from the latch part 38 to pixel
voltage signals, and an output buffer part 46 for buffering
pixel voltage signals from the DAC 38 to output them. Fur-
ther, the data IC 16 includes a signal controller 20 for inter-
facing various control signals (i.e., SSP, SSC, SOE, REV and
POL, etc.) from the timing controller 8 and the pixel data VD,
and a gamma voltage part 32 for supplying positive and
negative gamma voltages required for the DAC 38.

[0015] The signal controller 20 controls various control
signals (i.e., SSP, SSC, SOE, REV and POL, etc.) from the
timing controller 8 and the pixel data VD in such a manner to
be output to the corresponding elements.

[0016] The gamma voltage part 32 sub-divides a plurality
of gamma reference voltages input from a gamma reference
voltage generator (not shown) for each gray level to output
them.

[0017] Shift registers included in the shift register part 34
sequentially shift a source start pulse SSP from the signal
controller 20 in response to a source sampling clock signal
SSC to output it as a sampling signal.

[0018] The latch part 36 sequentially samples the pixel data
VD from the signal controller 20 for a certain unit in response
to the sampling signals from the shift register part 34 to latch
them. The latch part 36 is comprised of i latches (wherein i is
an integer) to latch 1 pixel data VD, and each of the latches has
a dimension corresponding to the bit number of the pixel data
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VD. Particularly, the timing controller 8 divides the pixel data
VD into even pixel data VD,,,, and odd pixel data VD, ,, to
reduce a transmission frequency, and simultaneously outputs
the data through each transmission line. Each of the even
pixel data VD, and the odd pixel data VD, , includes red
(R), green (G) and blue (B) pixel data. Thus, the latch part 36
simultaneously latches the even pixel data VD,, ,, and the odd
pixel data VD, ,, supplied via the signal controller 20 for each
sampling signal. Then, the latch part 36 simultaneously out-
puts 1 latched pixel data VD in response to a source output
enable signal SOE from the signal controller 20.

[0019] The latch part 36 restores pixel data VD modulated
such that the transition bit number is reduced in response to a
data inversion selection signal REV to output them. The tim-
ing controller 8§ modulates the pixel data VD such that the
number of transition bits are minimized using a reference
value to determine whether the bits should be inverted or not.
This minimizes an electro-magnetic interference (EMI) upon
data transmission due to a minimal number of bit transactions
from LOW to HIGH or HIGH to LOW.

[0020] The DAC 38 simultaneously converts the pixel data
VD from the latch part 36 to positive and negative pixel
voltage signals. The DAC 38 includes a positive (P) decoding
part 40 and a negative (N) decoding part 42 commonly con-
nected to the latch part 36, and a multiplexer (MUX) part 44
for selecting output signals of the P decoding part 40 and the
N decoding part 42.

[0021] Then P decoders included in the P decoding part 40
convert n pixel data simultaneously input from the latch part
36 to positive pixel voltage signals using positive gamma
voltages from the gamma voltage part 32. The i N decoders
included in the N decoding part 42 convert i pixel data simul-
taneously input from the latch part 36 to negative pixel volt-
age signals using negative gamma voltages from the gamma
voltage part 32. The i multiplexers included in the multiplexer
part 44 selectively output the positive pixel voltage signals
from the P decoder 40 or the negative pixel voltage signals
from the N decoder 42 in response to a polarity control signal
POL from the signal controller 20.

[0022] The i output buffers included in the output buffer
part 46 are comprised of voltage followers, etc. connected, in
series, to the respective i data lines DL1 to DLi. Such output
buffers 46 buffer pixel voltage signals from the DAC 38 to
apply the signals to the data lines DL1 to DLi.

[0023] Such a related art LCD differentiates output chan-
nels of the data IC’s 16 included in the data driver 4 based
upon a resolution of the liquid crystal display panel 2. This is
because the data IC’s 16 have certain channels connected to
the data lines DL for each resolution of the liquid crystal
display panel 2. Thus, problems arise in that a different num-
ber of data IC’s 16 having different output channels for each
resolution type of the liquid crystal display panel 2 need to be
used. This reduces working efficiency and increases manu-
facturing cost.

[0024] More specifically, for aliquid crystal display having
aresolution of an eXtended Graphics Array (XGA) class (i.e.,
1024x3) with 3072 datalines DL iF requires four data IC’s 16,
each of which has 768 data output channels. For a liquid
crystal display having a resolution of a Super eXtended
Graphics Adapter+ (SXGA+) class (i.e., 1400x3) with 4200
data lines DL it requires six data IC’s 16, each of which has
702 data output channels. The remaining 12 data output chan-
nels are treated as dummy lines. Additionally, a liquid crystal
display having a resolution of a Wide eXtended Graphics
Array (WXGA) class (i.e., 1280x3) with 3840 data lines DL,
it requires six data IC’s 16, each of which has 642 data output
channels. In this case, the remaining 12 data output channels
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are treated as dummy lines. As mentioned above, different
data IC’s 16 having a specific number of output channels have
to be used for each resolution of the liquid crystal display
panel 2. As a result, the related art liquid crystal display has a
drawback in that the working efficiency is reduced and manu-
facturing cost is increased.

SUMMARY OF THE INVENTION

[0025] Accordingly, the present invention is directed to a
liquid crystal display (LCD) device that improves the work-
ing efficiency of the LCD, as well as reduce manufacturing
Costs.

[0026] An advantage of the present invention is to provide
a liquid crystal display device that is capable of controlling
output channels of data integrated circuits based upon a reso-
lution of a liquid crystal display panel.

[0027] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. These and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0028] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, a display according to one embodi-
ment of the present invention includes N number of data
output channels where N is an integer including a first data
output channel and an Nth data output channel; a data output
channel group including M data output channels (where M is
an integer less than or equal to N), the M data output channels
supplying pixel data to a corresponding number of data lines
in accordance with a desired resolution of the display,
wherein (N-M) data output channels are not applied with
pixel data, and the (N-M) data output channels are located
between the first data output channel and the Nth data output
channel; and a channel selector selecting the M data output
channels.

[0029] In another embodiment of the present invention, a
data driving integrated circuit for connecting to a plurality of
data lines of a display includes N number of data output
channels where N is an integer including a first data output
channel and an Nth data output channel; a data output channel
group including M data output channels (where M is an
integer less than or equal to N), the M data output channels
supplying pixel data to a corresponding number of the data
lines in accordance with a desired resolution of the display,
wherein (N-M) data output channels are not applied with
pixel data, and the (N-M) data output channels are located
between the first data output channel and the Nth data output
channel; and a channel selector selecting the M data output
channels.

[0030] In another embodiment of the present invention, a
data driving integrated circuit includes output channels
including first, second and third output channel groups, the
second output channel group being dummy output channels
which do not receive pixel data; and a channel selector for
selecting the first and third data output channel groups corre-
sponding to a plurality of data lines of a display having a
desired resolution, the channel selector being capable of
selecting any one of the first, second and third data output
groups as dummy output channels, wherein the second output
channel group is located between the first and third output
channel groups.

[0031] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
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plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Theaccompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0033] FIG. 1 is a block circuit diagram showing a related
art liquid crystal display;

[0034] FIG. 2A illustrates gate integrated circuits included
in a related art gate driver;

[0035] FIG. 2B illustrates data integrated circuits included
in a related art data driver;

[0036] FIG. 3 is a block diagram showing an internal con-
figuration of the data integrated circuit in FIG. 2B;

[0037] FIG. 4 is a block circuit diagram showing a liquid
crystal display according to a first embodiment of the present
mvention;

[0038] FIG. 5illustrates a data integrated circuit set to have
600 data output channels in accordance with first and second
output selection signals shown in FIG. 4;

[0039] FIG. 6 illustrates a data integrated circuit set to have
618 data output channels in accordance with first and second
output selection signals shown in FIG. 4;

[0040] FIG. 7 illustrates a data integrated circuit set to have
630 data output channels in accordance with first and second
output selection signals shown in FIG. 4;

[0041] FIG. 8 illustrates a data integrated circuit set to have
642 data output channels in accordance with first and second
output selection signals shown in FIG. 4;

[0042] FIG. 9 is a block diagram showing an internal con-
figuration of the data integrated circuit in F1G. 4;

[0043] FIG. 10 s a block circuit diagram showing a liquid
crystal display according to a second embodiment of the
present invention;

[0044] FIG. 11 illustrates a data integrated circuit set to
have 600 data output channels in accordance with first and
second output selection signals shown in FIG. 10;

[0045] FIG. 12 illustrates a data integrated circuit set to
have 618 data output channels in accordance with first and
second output selection signals shown in FIG. 10,

[0046] FIG. 13 illustrates a data integrated circuit set to
have 630 data output channels in accordance with first and
second output selection signals shown in FIG. 10;

[0047] FIG. 14 illustrates a data integrated circuit set to
have 642 data output channels in accordance with first and
second output selection signals shown in FIG. 10;

[0048] FIG. 15 illustrates switching devices for generating
the first and second channel selection signals shown in FIG.
10;

[0049] FIG. 16 illustrates a dip switch for generating the
first and second channel selection signals shown in FIG. 10;
and

[0050] FIG. 17 is a block diagram showing a channel selec-
tor and a shift register part in a data integrated circuit accord-
ing to a third embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0051] Reference will now be made in detail to an embodi-
ment of the present invention, examples of which are illus-
trated in the accompanying drawings.
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[0052] FIG. 4 schematically shows a liquid crystal display
(LCD) according to a first embodiment of the present inven-
tion.

[0053] InFIG. 4, the LCD includes a liquid crystal display
panel 102 having liquid crystal cells arranged in a matrix, a
gate driver 106 for driving gate lines GL.1 to GLn of the liquid
crystal display panel 102, a data driver 104 for driving data
lines DL1 to DLm of the liquid crystal display panel 102, and
atiming controller 108 for controlling the gate driver 106 and
the data driver 104.

[0054] The liquid crystal display panel 102 includes a thin
film transistor TFT provided at each crossing portion of the
gate lines GL1 to GLn and the data lines DL1 to DLim, and a
liquid crystal cell (not shown) connected to the thin film
transistor TFT. The thin film transistor TFT is turned on when
supplied with a scanning signal, that is, a gate high voltage
VGH from the gate line GL, to apply a pixel signal from the
data line DL to the liquid crystal cell. Further, the thin film
transistor TFT is turned off when supplied with a gate low
voltage VGL from the gate line GL. The pixel signal remains
charged in the liquid crystal cell.

[0055] The liquid crystal cell can be equivalently repre-
sented as a liquid crystal capacitor. The liquid crystal cell
includes a pixel electrode connected with a common elec-
trode and a thin film transistor with a liquid crystal therebe-
tween. Further, the liquid crystal cell includes a storage
capacitor for maintaining the charged pixel signal until the
next pixel signal is charged. This storage capacitor is pro-
vided between the pixel electrode and the pre-stage gate line.
Such a liquid crystal cell 7 varies an alignment state of the
liquid crystal having a dielectric anisotropy in accordance
with a pixel signal charged through the thin film transistor
TFT to control a light transmittance and implement gray scale
levels.

[0056] The timing controller 108 generates gate control
signals (i.e., gate start pulse (GSP), gate shift clock (GSC)and
gate output enable (GOE)) and data control signals (i.e.,
source start pulse (SSP), source shift clock (SSC), source
output enable (SOE) and polarity control (POL)) using syn-
chronizing signals V and H supplied from a video card (not
shown). The gate control signals (i.e., GSP, GSC and GOE)
are applied to the gate driver 106 to control the gate driver 106
while the data control signals (i.e., SSP, SSC, SOE and POL)
are applied to the data driver 104 to control the data driver
104. Further, the timing controller 108 aligns pixel data VD
and applies the data to the data driver 104.

[0057] Thegatedriver 106 sequentially drives the gate lines
GL1 to GLn. The gate driver 106 includes a plurality of gate
integrated circuits (IC’s) (not shown). The gate IC’s sequen-
tially drive the gate lines G1 to GLn connected thereto under
control of the timing controller 108. The gate IC’s sequen-
tially apply a gate high voltage VGH to the gate lines GL1 to
GLn in response to the gate control signals (i.e., GSP, GSC
and GOE) from the timing controller 108.

[0058] Specifically, the gate driver 106 shifts a gate start
pulse GSP in response to a gate shift clock GSC to generate a
shift pulse. Then, the gate driver 106 applies a gate high
voltage VGH to the corresponding gate line GL for each
horizontal period in response to the shift pulse. In other
words, the shift pulse is shifted line-by-line for each horizon-
tal period, and any one of the gate IC’s applies the gate high
voltage VGH to the corresponding gate line GL in accordance
with the shift pulse. In this case, the gate IC’s supply a gate
low voltage VGL in the remaining gate lines.

[0059] The data driver 104 applies pixel signals to the data
lines DL1 to DLm one line at a time each horizontal petiod.
The data driver 104 includes a plurality of data IC’s 116. Each
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of the data IC’s 116 may be mounted in a data tape carrier
package (TCP) 110. Such data IC’s 116 are electrically con-
nected, viaa data TCP pad 112, a data pad 114 and a link 118,
to the data lines DL1 to DLm. The data IC’s 116 apply pixel
signals to the data lines DL1 to DLm in response to data
control signals (i.e., SSP, SSC, SOE and POL) from the
timing controller 108. The data IC’s 116 convert pixel data
VD from the timing controller 108 to analog pixel signals
using gamma voltages from a gamma voltage generator (not
shown).

[0060] Specifically the data IC’s 116 shift a source start
pulse SSP in response to a source shift clock SSC to generate
sampling signals. Then, the data IC’s 116 sequentially latch
the pixel data VD for a certain unit in response to the sampling
signals. Thereafter, the data IC’s 16 convert the latched pixel
data VD for each line to analog pixel signals, and apply the
analog data to the data lines DL1 to DLm in an enable interval
of a source output enable signal SOE. The data IC’s 116
convert the pixel data VD to positive or negative pixel signals
in response to a polarity control signal POL.

[0061] Meanwhile, each of the data IC’s 116 of the LCD
according to the first embodiment of the present invention
varies an output channel to apply a pixel signal to each data
line DL1 to DLm in response to first and second channel
selection signals P1 and P2 input from the exterior thereof.
Each of the data IC’s 116 includes first and second option pins
OP1 and OP2, for example, supplied with the first and second
channel selection signals P1 and P2.

[0062] Each of the first and second option pins OP1 and
OP2 is selectively connected to a voltage source VCC and a
ground voltage source GND to have a 2-bit binary logical
value. Thus, the first and second channel selection signals P1
and P2 applied, via the first and second option pins OP1 and
OP2 have values of 00, °01”, ‘10’ and ‘11’ to the data IC 116.
[0063] Accordingly, each of the data IC’s 116 has the num-
ber of an output channels set in advance based on a resolution
type of the liquid crystal display panel 102 using the first and
second channel selection signals P1 and P2 applied via the
first and second option pins OP1 and OP2.

[0064] The number of data IC’s 116 according to output
channels of the data IC’s 116 based upon a resolution of the
liquid crystal display panel 102 is described in the following
Table:

TABLE 1

Pixel number The number of data IC’s according

Data  Gate to output channels of data IC’s
Resolution line line 600CH 618CH  630CH  642CH
XGA 3072 768 5.12 4.97 4.88 4.79
SXGA+ 4200 1050 7.00 6.80 6.67 6.54
UXGA 4800 1200 .00 7.77 7.62 7.48
WXGA 3840 800 6.40 6.21 6.10 5.98
WSXGA- 4320 900 7.20 6.99 6.86 6.73

WSXGA 5040 1050 8.40 8.16 8.00 7.85
WUXGA 5760 1200 9.60 9.32 9.14 8.97

[0065] In Table 1, all resolutions can be expressed by four
channels. Specifically, the liquid crystal display panel 102
having a resolution of XGA class requires five data IC’s 116,
eachof which has 618 data output channels. The remaining 18
data output channels are treated as dummy lines. The liquid
crystal display panel 102 having a resolution of SXGA+ class
requires seven data IC’s 116, each of which has 600 data
output channels. The liquid crystal display panel 102 having
a resolution of Ultra eXtended Graphics Adapter (UXGA)
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class requires eight data IC’s 116, each of which has 600 data
output channels. The liquid crystal display panel 102 having
a resolution of WXGA class requires six data IC’s 116, each
of which has 642 data output channels. The liquid crystal
display panel 102 having a resolution of Wide aspect Super
eXtended Graphics Adapter- (WSXGA-) class requires
seven data IC’s 116, each of which has 618 data output chan-
nels. The liquid crystal display panel 102 having a resolution
of Wide aspect Super eXtended Graphics Adapter (WSXGA)
class requires eight data IC’s 116, each of which has 630 data
output channels. The liquid crystal display panel 102 having
aresolution of Wide aspect Ultra eXtended Graphics Adapter
(WUXGA) class requires nine data IC’s 116, each of which
has 642 data output channels.

[0066] The LCD according to the first embodiment of the
present invention sets the number of output channels of the
data IC’s 116 to any one of 600 channels, 618 channels, 630
channels and 642 channels in response to the first and second
channel selection signals P1 and P2, thereby expressing all
resolutions ofthe liquid crystal display panel 102. The data IC
116 of the LCD according to the first embodiment of the
present invention may be made to have 642 data output chan-
nels and the number of active output channels of the data IC’s
116 are set in response to the first and second channel selec-
tion signals P1 and P2 from the first and second option pins
OP1 and OP2, for example, so that it can be compatibly used
for all resolution types of the liquid crystal display panel 102.

[0067] The data IC 116 of the LCD according to the first
embodiment of the present invention may be manufactured to
have 642 data output channels. When a value of the first and
second channel selection signals P1 and P2 applied to the data
IC 116 is ‘00’ by connecting each of the first and second
option pins OP1 and OP2 to the ground voltage source GND,
the data IC 116 outputs pixel voltage signals via only the 1st
to 600th data output channels from the 642 data output chan-
nels available as shown in FIG. 5. In this case, the 601st to
642nd output channels become dummy output channels. On
the other hand, when a value of the first and second channel
selection signals P1 and P2 applied to the data IC 116 is ‘01°
by connecting the first option pin OP1 to the ground voltage
source GND and the second option pin OP2 to the voltage
source VCC, the data IC 116 outputs pixel voltage signals via
only the 1st to 618th data output channels from 642 data
output channels available as shown in FIG. 6. In this case, the
619th to 642nd output channels become dummy output chan-
nels. When a value of the first and second channel selection
signals P1 and P2 applied to the data IC 116 is ‘10’ by
connecting the first option pin OP1 to the voltage source VCC
and, the second option pin OP2 to the ground voltage source
GND, the data IC 116 outputs pixel voltage signals via only
Istto 630th data output channels of 642 data output channels
from the 642 data output channels available as shown in FIG.
7. The 631st to 642nd output channels become dummy output
channels. Finally, when a value of the first and second channel
selection signals P1 and P2 applied to the data IC 116 is “11°
by connecting each of the first and second option pins OP1
and OP2 to the voltage source VCC, the data IC 116 outputs
pixel voltage signals via the 1st to 642nd data output chan-
nels, as shown in FIG. 8.

[0068] As shown in FIG. 9, the data IC 116 of the LCD
according to the first embodiment of the present invention
includes a channel selector 130 for setting an output channel
of the data IC 116 in response to the first and second channel
selection signals P1 and P2 applied to the first and second
option pins OP1 and OP2, for example, a shift register part
134 for sequentially applying sampling signals, a latch part
136 for sequentially latching the pixel data VD in response to
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the sampling signals from the shift register part 134 to simul-
taneously output the data a digital-to-analog converter (DAC)
138 for converting the pixel data VD from the latch part 136
to pixel voltage signals, and an output buffer part 146 for
buffering pixel voltage signals from the DAC 138 to output
them to the data lines.

[0069] The data IC 116 further includes a signal controller
120 for interfacing with various control signals from the
timing controller 108 and the pixel data VD, and a gamma
voltage part 132 for supplying positive and negative gamma
voltages required for the DAC 138.

[0070] The signal controller 120 controls various control
signals (i.e., SSP. SSC, SOE, REV and POL, etc.) from the
timing controller 108 and the pixel data VD so as to output
them to the corresponding elements.

[0071] The gamma voltage part 132 sub-divides a plurality
of gamma reference voltages input from a gamma reference
voltage generator (not shown) for each gray level.

[0072] Thechannelselector 130 applies first to fourth chan-
nel control signals CS1 to CS4, via the first and second option
pins OP1 and OP2, to the shift register part 134 in response to
the first and second channel selection signals P1 and P2. In
other words, the channel selector 130 generates the first chan-
nel selection signal CS1 corresponding to the first and second
channel selection signals P1 and P2 having a value of ‘00”, the
second channel selection signal CS2 corresponding to the
first and second channel selection signals P1 and P2 having a
value of ‘01°, the third channel selection signal CS3 corre-
sponding to the first and second channel selection signals P1
and P2having avalue of “10”, and the fourth channel selection
signal CS4 corresponding to the first and second channel
selection signals P1 and P2 having a value of ‘11°.

[0073] Shift registers included in the shift register part 134
sequentially shift a source start pulse SSP from the signal
controller 120 in response to a source sampling clock signal
SSC and output a sampling signal. In this example, the shift
register part 134 consists of 642 shift registers SR1 to SR642.
[0074] Such a shift register part 134 applies output signals
of the 600th, 618th, 630th and 642nd shift registers SR600,
SR628, SR630 and SR642 to a next stage data IC 116 in
response to the first to fourth channel control signals CS1 to
CS4 from the channel selector 130.

[0075] More specifically, when the first output control sig-
nal CS1 is applied from the channel selector 130, the shift
register part 134 sequentially shifts a source start pulse SSP
signal from the signal controller 120 in response to a source
sampling clock signal SSC using the 1st to 600th shift regis-
ters SR1 to SR600, and outputs them as sampling signals. In
this case, an output signal (i.e., a carry signal) of the 600th
shift register SR600 is applied to the 1st shift register SR1 of
the next stage data IC 116 for a daisy chain connection. Thus,
the 601st to 642nd shift registers SR601 to SR642 do not
output sampling signals. If the shift registers are driven in a
bilateral direction, then it becomes possible to more advan-
tageously use them by using a dummy treatment without
employing the 42 middle channels.

[0076] When the second output control signal CS2 is
applied from the channel selector 130, the shift register part
134 sequentially shifts a source start pulse SSP signal from
the signal controller 120 in response to a source sampling
clock signal SSC using the 1st to 618th shift registers SR1 to
SR618, and outputs them as sampling signals. In this case, an
output signal (i.e., a carry signal) of the 618th shift register
SR618 is applied to the 1st shift register SR1 of the next stage
dataIC 116. Thus, the 619th to 642nd shift registers SR619 to
SR642 do not output sampling signals. If the shift registers
are driven in a bilateral direction, then it is possible to more
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advantageously use the shift registers by making a dummy
treatment without employing the 24 middle channels.
[0077] When the third output control signal CS3 is applied
from the channel selector 130, the shift register part 134
sequentially shifts a source start pulse SSP signal from the
signal controller 120 in response to a source sampling clock
signal SSC using the 1st to 630th shift registers SR1 to
SR630, and outputs them as sampling signals. In this case, an
output signal (i.e., a carry signal) of the 630th shift register
SR630 is applied to the 1st shift register SR1 of the next stage
dataIC116. Thus, the 631 st to 642nd shift registers SR631 to
SR642 do not output sampling signals. Herein, if the shift
registers are driven in a bilateral direction, then it is possible
to more advantageously use the shift registers by using a
dummy treatment without employing the 12 middle channels.
[0078] When the fourth output control signal CS4 is
applied from the channel selector 130, the shift register part
134 sequentially shifts a source start pulse SSP signal from
the signal controller 120 in response to a source sampling
clock signal SSC using the 1st to 642nd shift registers SR1 to
SR642, and outputs them as sampling signals. In this case, an
output signal (i.e., a carry signal) of the 642nd shift register
SR642 is applied to the 1st shift register SR1 of the next stage
data IC 116.

[0079] The latch part 136 sequentially samples the pixel
data VD from the signal controller 120 for a particular unit in
response to the sampling signals from the shift register part
134 to latch them. To this end, the latch part 136 is comprised
of at most 642 latches so as to latch 642 pixel data VD, and
each of the latches has a dimension corresponding to a bit
number of the pixel data VD. Particularly, the timing control-
ler 108 divides the pixel data VD into even pixel data VD, ,
and odd pixel data VD, to reduce a transmission frequency,
and simultaneously outputs the data through each transmis-
sion line. Bach of the even pixel data VD, and the odd pixel
data VD, includes red (R), green (G) and blue (B) pixel
data.

[0080] The latch part 136 simultaneously latches the even
pixel data VD, and the odd pixel data VD, ,, supplied via
the signal controller 120 for each sampling signal. Then, the
latch part 136 simultaneously outputs the pixel data VD
through the selected number of output channels, (600, 618,
630 or 642 data output channels) in response to a source
output enable signal SOE from the signal controller 120. The
latch part 136 restores pixel data VD which have been modu-
lated such that the transition bit number is reduced in response
to a data inversion selection signal REV. This is because the
timing controller 108 modulates the pixel data VD, in which
the transited bit number goes beyond a reference value, such
that the transition bit number is reduced so as to minimize an
electro-magnetic interference (EMI) upon data transmission.
[0081] The DAC 138 simultaneously converts the pixel
data VD from the latch part 136 to positive and negative pixel
voltage signals. The DAC 138 includes a positive (P) decod-
ing part 140 and a negative (N) decoding part 142 commonly
connected to the latch part 136, and a multiplexer (MUX) part
144 for selecting output signals of the P decoding part 140 and
the N decoding part 142.

[0082] The n P decoders included in the P decoding part
140 convert n pixel data simultaneously input from the latch
part 136 to positive pixel voltage signals using positive
gamma voltages from the gamma voltage part 132. The i N
decoders included in the N decoding part 142 convert i pixel
data simultaneously input from the latch part 136 to negative
pixel voltage signals using negative gamma voltages from the
gamma voltage part 132. In the example, at most 642 multi-
plexers included in the multiplexer part 144 selectively output
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the positive pixel voltage signals from the P decoder 140 or
the negative pixel voltage signals from the N decoder 142 in
response to a polarity control signal POL from the signal
controller 120.

[0083] At most, 642 output buffers included in the output
buffer part 146 include voltage followers, etc. connected, in
series, to the respective 642 data lines DL1 to DL642. Such
output buffers 146 buffer pixel voltage signals from the DAC
138 to apply the signals to the data lines DL1 to DL642.

[0084] 1Inthe LCD according to the first embodiment of the
present invention, the data IC 116 having 600 data output
channels is used for the liquid crystal display panel 102 hav-
ing a resolution of SXGA+ class or UXGA class; the data IC
116 having 618 data output channels is used for the liquid
crystal display panel 102 having a resolution of XGA class or
WSXGA- class; the data IC 116 having 630 data output
channels is used for the liquid crystal display panel 102 hav-
ing a resolution of WSXGA class; and the data IC 116 having
642 data output channels is used for the liquid crystal display
panel 102 having a resolution of WXGA class or WUXGA
class as indicated in the above Table 1.

[0085] Meanwhile, in the LCD according to the first
embodiment of the present invention, the TCP pad 112, the
data pad 114 of the liquid crystal display panel 102 and the
link 118 correspond to output channels of the data IC 116
varied in response to the first and second channel selection
signals P1 and P2.

[0086] The LCD according to the first embodiment of the
present invention sets the number of output channels of the
data IC 116 in accordance with a resolution of the liquid
crystal display panel 102 as indicated in the above Table 1
using the first and second channel selection signals P1 and P2
applied to the first and second option pins OP1 and OP2,
thereby configuring multiple resolutions using only one type
of data IC 116. Accordingly, the LCD according to the first
embodiment of the present invention improves the working
efficiency of an LCD device as well as reduce manufacturing
cost.

[0087] FIG. 101s a block diagram showing a configuration
of a data IC in a liquid crystal display according to a second
embodiment of the present invention.

[0088] In FIG. 10, the LCD according to the second
embodiment of the present invention has the same elements
as the LCD according to the first embodiment of the present
invention except for a data IC 216. Therefore, in the LCD
according to the second embodiment of the present invention,
the data IC 216 will be described in conjunction with FIG. 10
and FIG. 4, and an explanation as to similar elements will be
omitted. Herein, a reference numeral “116” of the data IC
shown in FIG. 4.

[0089] Inthe LCD according to the second embodiment of
the present invention, the data IC 216 includes a first data
output channel group 260 and a second data output channel
group 262 for applying data to the data lines DL.1 to DL.m, and
adummy output channel group 264 provided between the first
and second data output channel groups 260 and 262.

[0090] The data IC 216 further includes first and second
option pins OP1 and OP2 supplied with first and second
channel selection signals P1 and P2 for determining whether
a pixel data applied, via a dummy data output channel group
264, to the data lines DL1 to DLm in accordance with the
number of the data lines DL1 to DLm is output.

[0091] Each of the first and second option pins OP1 and
OP2 is selectively connected to a voltage source VCC and a
ground voltage source GND to have a 2-bit binary logical
value. Thus, the first and second channel selection signals P1
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and P2 applied, via the first and second option pins OP1 and
OP2,tothe dataIC 216 may have values of 00, ‘01”, ‘10’ and
171,

[0092] Accordingly, each of the data 1C’s 216 has output
channels set in advance based on a desired resolution of the
liquid crystal display panel 102 using first and second channel
selection signals P1 and P2 applied via the first and second
option pins OP1 and OP2.

[0093] The number of data IC’s 216 according to output
channels of the data IC’s 216 is based upon a resolution of the
liquid crystal display panel 102 as indicated in the above
Table 1.

[0094] Accordingly, the LCD according to the second
embodiment of the present invention may set output channels
of the data IC’s 216, for example, to any one of 600 channels,
618 channels, 630 channels and 642 channels in response to
the first and second channel selection signals P1 and P2,
thereby configuring multiple resolutions of the liquid crystal
display panel 102. In other words, the data IC 216 of the LCD
according to the second embodiment of the present invention
may be set to have 642 data output channels that are set in
response to the first and second channel selection signals P1
and P2 from the first and second option pins OP1 and OP2, so
that the data IC 216 can be compatibly used for all resolutions
of the liquid crystal display panel 102. Further, in the LCD
according to the second embodiment, the dummy data output
channel group 264 of the data IC 216 is arranged according to
adetermination of the output channel at the middle portion of
data output channels of the data IC 216. In other words, first
and second data output channel groups 260 and 262 of the
data IC 216 have the same output channels, with the dummy
data output channel group 264 therebetween. Thus, the LCD
according to the second embodiment of the present invention
equalizes the output channels of each of the first and second
data output channel groups 260 and 262 of the data IC 216,
which reduces an electro-magnetic interference upon output
of the pixel data.

[0095] ThedatalIC 216 of the LCD according to the second
embodiment of the present invention may be manufactured to
have, for example, 642 data output channels.

[0096] When a value of the first and second channel selec-
tion signals P1 and P2 applied to the data IC 216 is ‘00°, by
connecting each of the first and second option pins OP1 and
OP2 to the ground voltage source GND, the data IC 216
outputs pixel data via the first data output channel group 260
having the 1st to 300th output channels. From the 642 data
output channels available and the second data output channel
group 262 having the 343rd from the 642nd output channels
available as shown in FIG. 11. The dummy data output chan-
nel group 264 has the 301 st to 342nd output channels which
are treated as dummy lines.

[0097] In FIG. 12, when a value of the first and second
channel selection signals P1 and P2 applied to the data IC 216
is ‘01°, by connecting the first option pin OP1 the ground
voltage source GND and, the second option pin OP2 to the
voltage source VCC, the data IC 216 outputs pixel data via the
first data output channel group 260 having the 1st to 309th
output channels. From the 642 data output channels and the
second data output channel group 262 having the 334th from
the 642nd output channels as shown in FIG. 12. The dummy
data output channel group 264 has the 310th to 333rd output
channels which are treated as dummy lines.

[0098] In FIG. 13, when a value of the first and second
channel selection signals P1 and P2 applied to the data IC 216
is “10” by connecting the first option pin OP1 to the voltage
source VCC and, the second option pin OP2 to the ground
voltage source GND, the data IC 216 outputs pixel data via
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the first data output channel group 260 having the 1st to 315th
output channels from the 642 data output channels and the
second data output channel group 262 having the 328th from
the 642nd output channels available as shown in FIG. 13. The
dummy data output channel group 264 has the 316th to 327th
output channels which are treated as dummy lines thereby.
[0099] Finally, in FIG. 14, when a value of the first and
second channel selection signals P1 and P2 applied to the data
IC 216 is ‘11’ by connecting each of the first and second
option pins OP1 and OP2 to the voltage source VCC, the data
IC 216 outputs pixel data via the first data output channel
group 260, the dummy data output channel group 264 and the
second output channel group 262, that is, via the 1st to 642nd
data output channels as shown in FIG. 14.

[0100] To this end, similar to FIG. 9, the data IC 216 of the
LCD according to the second embodiment of the present
invention includes a channel selector 130 for setting an output
channel of the data IC 216 in response to the first and second
channel selection signals P1 and P2 applied to the first and
second option pins OP1 and OP2, a shift register part 134 for
sequential applying sampling signals, a latch part 136 for
sequentially latching the pixel data VD in response to the
sampling signals to simultaneously output the data, a digital
1o analog converter (DAC) 138 for converting the pixel data
VD from the latch part 136 to pixel voltage signals, and an
output buffer part 146 for buffering pixel voltage signals from
the DAC 138.

[0101] The data IC 216 further includes a signal controller
120 for interfacing various control signals from the timing
controller 108 and the pixel data VD, and a gamma voltage
part 132 for supplying positive and negative gamma voltages
required for the DAC 138.

[0102] Because the data IC 216 including the channel
selector 130, the shift register part 134, the latch part 136, the
DAC 138, the output buffer part 146, the signal controller 120
and the gamma voltage part are identical to the data IC 116 of
the LCD according to the first embodiment of the present
invention, an explanation as to the similar elements will be
replaced by the above-mentioned description.

[0103] As described above, the LCD according to the sec-
ond embodiment of the present invention sets the output
channels of the data IC 216 based upon a resolution of the
liquid crystal display panel 102, as indicated in the above
Table 1 in response to the first and second channel selection
signals P1 and P2 applied to the first and second option pins
OP1 and OP2, thereby expressing all resolutions only by a
kind of data IC 216. Accordingly, the LCD according to the
second embodiment of the present invention improves a
working efficiency of the LCD as well as reduces manufac-
turing costs.

[0104] Inanother embodiment, the first and second channel
selection signals P1 and P2 applied to the first and second
option pins OP1 and OP2 of the data IC’s 116 and 216 of the
first and second embodiments, respectively, of the present
invention may be generated by a selective switching of first
and second switches Q1 and Q2 as shown in FIG. 15.
[0105] The first switch Q1 is connected between the volt-
age source VCC and the firstoption pin OP1, while the second
switch Q2 is connected between the voltage source VCC and
the second option pin OP2. The first and second switches Q1
and Q2 are switched by switching signals S1 and S2 from the
timing controller 108, respectively, or are switched by switch-
ing signals S1 and S2 set based upon a resolution type of the
liquid crystal display panel 102, respectively.

[0106] Otherwise, the first and second channel selection
signals P1 and P2 applied to the first and second option pins
OP1 and OP2 of the data IC’s 116 and 216 according to the
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first and second embodiments of the present invention may
also be generated by a switching operation of a dip switch 250
connected to the voltage source VCC and, at the same time,
connected to the respective first and second option pins OP1
and OP2 as shown in F1G. 16.

[0107] The dip switch 250 may be pre-set by a system
engineer based upon a resolution of the liquid crystal display
panel 102, to generate the first and second channel selection
signals and apply the signals to the first and second option
pins OP1 and OP2, respectively.

[0108] FIG. 17 is a block diagram showing a configuration
of a data IC in a liquid crystal display according to a third
embodiment of the present invention.

[0109] InFIG. 17. the LCD according to the third embodi-
ment of the present invention has the same elements as the
LCD according to the first embodiment of the present inven-
tion except for a data IC 316. Therefore, inthe LCD according
to the third embodiment of the present invention, the data IC
316 only will be described in conjunction with FIG. 17 and
FIG. 4, and an explanation as to the other elements will be
omitted. Herein, a reference numeral “116” of the data IC
shown in FIG. 4 will be replaced by a reference numeral
“316” shown in FIG. 17.

[0110] Inthe LCD accordingto the third embodiment of the
present invention, the data IC 316 includes a first data output
channel group 360 and a second data output channel group
362 for applying data to the data lines DL1 to DLm, and a
dummy output channel group 364 provided between the first
and second data output channel groups 360 and 362.

[0111] Such adata IC 316 further includes first and second
option pins, for example, OP1 and OP2 supplied with firstand
second channel selection signals P1 and P2 for determining
whether or not pixel data applied, via a dummy data output
channel group 364, to the data lines DL1 to DLm in accor-
dance with the number of the data lines DL1 to DLm is output.
[0112] Each of the first and second option pins OP1 and
OP2 is selectively connected to a voltage source VCC and a
ground voltage source GND to have a 2-bit binary logical
value. Thus, the first and second channel selection signals P1
and P2 applied, via the first and second option pins OP1 and
OP2,tothe dataIC 216 may have valuesof 00, ‘01”, ‘10’ and
‘a1,

[0113] Accordingly, each of the data IC’s 316 has output
channels set in advance based upon a resolution of the liquid
crystal display panel 102 in response to the first and second
channel selection signals P1 and P2 applied via the first and
second option pins OP1 and OP2.

[0114] The number of data IC’s 316 according to output
channels of the data IC’s 316 based upon a resolution-type of
theliquid crystal display panel 102 is as indicated in theabove
Table 1.

[0115] Accordingly, the LCD according to the third
embodiment of the present invention sets output channels of
the data IC’s 316, for example, to any one of 600 channels,
618 channels, 630 channels and 642 channels in response to
the first and second channel selection signals P1 and P2,
thereby configuring multiple resolution types of the liquid
crystal display panel 102. In other words, the data IC 316 of
the LCD according to the third embodiment of the present
invention may have 642 data output channels. The output
channels of the dataIC’s 316 are setinresponse to the firstand
second channel selection signals P1 and P2 from the first and
second option pins OP1 and OP2, so that the LCD panel can
be compatibly used for all resolution types of liquid crystal
display panel 102. Further, the I.CD according to the third
embodiment of the present invention arranges the dummy
data output channel group 364 of the data IC 316 at the middle
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portion of data output channels of the data IC 316. In other
words, first and second data output channel groups 360 and
362 of the data IC 216 have the same number of output
channels with having the dummy data output channel group
364 therebetween. Thus, the LCD according to the third
embodiment of the present invention equalizes output chan-
nels of each of'the first and second data output channel groups
360 and 362 of the data IC 316, thereby reducing an electro-
magnetic interference upon output of the pixel data.

[0116] Specifically, the data IC 316 of the LCD according
to the third embodiment of the present invention may be
manufactured to have 642 data output channels.

[0117] When a value of the first and second channel selec-
tion signals P1 and P2 applied to the data IC 216 is ‘00°, by
connecting each of the first and second option pins OP1 and
OP2 to the ground voltage source GND, the data IC 316
outputs pixel data via the first data output channel group 360
having the 1st to 300th output channels from the 642 data
output channels and the second data output channel group
362 having the 343rd to 642nd output channels similar to
FIG. 11. In this case, the dummy data output channel group
264 has the 301st to 342nd output channels and are treated as
dummy lines.

[0118] When a value of the first and second channel selec-
tion signals P1 and P2 applied to the data IC 316 is ‘01’ by
connecting as the first option pin OP1 to the ground voltage
source GND and the second option pin OP2 to the voltage
source VCC, the data IC 316 outputs pixel data via the first
data output channel group 360 having the 1st to 309th output
channels from the 642 data output channels and the second
data output channel group 262 having the 334th to 642nd
output channels similar to FIG. 12. In this case, the dummy
data output channel group 264 has the 310th to 333rd output
channels and are treated as dummy lines.

[0119] Meanwhile, when a value of the first and second
channel selection signals P1 and P2 applied to the dataIC 316
is “10” by connecting the first option pin OP1 to the voltage
source VCC and the second option pin OP2 to the ground
voltage source GND, the data IC 316 outputs pixel data via
the first data output channel group 360 having the 1st to 315th
output channels of 642 data output channels and the second
data output channel group 262 having the 328th to 642nd
output channels similar to FIG. 13. In this case, the dummy
data output channel group 264 has the 316th to 327th output
channels and are treated as dummy lines.

[0120] Finally, when a value of the first and second channel
selection signals P1 and P2 applied to the data IC316is “11°
by connecting each of the first and second option pins OP1
and OP2 are connected to the voltage source VCC, the data IC
316 outputs pixel data via the first data output channel group
360, the dummy data output channel group 364 and the sec-
ond output channel group 362, that is, via the 1st to 642nd
data output channels similar to FIG. 14.

[0121] To this end, as shown in FIG. 17, the data IC 316 of
the LCD according to the third embodiment of the present
invention includes a channel selector 318 for setting an output
channel of the data IC 316 in response to the first and second
channel selection signals P1 and P2 applied to the first and
second option pins OP1 and OP2, a shift register part 334 for
applying sequential sampling signals, a latch part (not shown)
for sequentially latching the pixel data VD in response to the
sampling signals to simultaneously output them, a digital to
analog converter (DAC) (not shown) for converting the pixel
data VD from the latch part to pixel voltage signals, and an
output buffer part (not shown) for buffering pixel voltage
signals from the DAC.
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[0122] The data IC 316 further includes a signal controller
(not shown) for interfacing various control signals from the
timing controller 108 and the pixel data VD, and a gamma
voltage part (not shown) for supplying positive and negative
gamma voltages required for the DAC.

[0123] Because a data IC 316 including the latch part, the
DAC, the output buffer part, the signal controller and the
gamma voltage part except for the channel selector 318 and
the shift register part 334 are identical to the data IC 116 of the
LCD according to the first embodiment of the present inven-
tion.

[0124] Inthe data IC 316 of the LCD according to the third
embodiment of the present invention, the shift register part
334 of the data IC 216 is comprised of N shift registers SR1 to
SRn. Shift registers included in the shift register part 334
sequentially shift a source start pulse SSP signal from the
signal controller in response to a source sampling clock signal
SSC to output the signals as sampling signals. An output
signal, Carry, of the Nth shift register SRn of the shift register
part 334 is applied to the 1st shift register SR1 of a next stage
data IC 216. In this case, the shift register part 334 will be
described assuming that it consists of 642 shift registers SR1
to SR642.

[0125] Thechannel selector 318 includes a first multiplexer
350 for selectively outputting one of an output signal of the
I1th shift register SRI1 (wherein 11 is an integer larger than 1),
an output signal of the 12nd shift register SRI2 (wherein 12 is
an integer larger than I1) and an output signal of the 13th shift
register SRI3 (wherein I3 is an integer larger than 12 and
smaller than N) in response to the first and second channel
selection signals P1 and P2; a demultiplexer 352 for applying
the output signal of the first multiplexer 350 to one of the J1th
shift register SRJ1 (wherein J1 is an integer larger than 13),
the J2nd shift register SRI2 (wherein J2 is an integer larger
than J1) and the J3th shift register SRI3 (wherein I3 is an
integer larger than J2 and smaller than N) in response to the
first and second channel selection signals P1 and P2; a second
multiplexer 354 for applying one of the output signal of the
(J1-1)th shift register SRI1-1 and the output signal of the
demultiplexer 352 to the J1th shift register SRJ1 in response
to the second channel selection signal P2, a third multiplexer
356 for applying one of the output signal of the (J2-1)th shift
register SRI2-1 and the output signal of the demultiplexer
352 to the J2nd shift register SRJ2 in response to the first
channel selection signal P1, and a fourth multiplexer 358 for
applying any one of the (J3-1)th shift register SRJ3-1 and the
demultiplexer 352 to the J3th shift register SRJ3 in response
to the second channel selection signal P2. Hereinafter, 11
should be referred to as the 300th shift register SR300; 12
should be referred to as the 309th shift register SR309; and I3
should be referred to as the 315th shift register SR315. Fur-
ther, J1 should be referred to as the 328th shift register SR328;
J2 should be referred to as the 334th shift register SR334; and
J3 should be referred to as the 343rd shift register SR343.
Herein, the first multiplexer 350 becomes a first selector, and
the demultiplexer 352 and the second to fourth multiplexers
354, 356 and 358 become a second selector 319.

[0126] The first multiplexer 350 selects an output signal of
the 300th shift register SR300 when alogical value of the first
and second channel selection signals P1 and P2 is “00”, and
applies it to the demultiplexer 352. The first multiplexer 350
selects an output signal of the 309th shift register SR309
when a logical value of the first and second channel selection
signals P1 and P2 is “01”, and applies it to the demultiplexer
352. The first multiplexer 350 selects an output signal of the
315th shift register SR315 when a logical value of the firstand
second channel selection signals P1 and P2 is “10”, and
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applies it to the demultiplexer 352. When a logical value of
the first and second channel selection signals P1 and P2 is
“117, the first multiplexer 350 and demultiplexer 352 are not
necessary.

[0127] The demultiplexer 352 applies an output signal of
the first multiplexer 350 to the fourth multiplexer 358 when a
logical value of the first and second selection signals P1 and
P2 15 “00”. The demultiplexer 352 applies an output signal of
the first multiplexer 350 to the third multiplexer 356 when a
logical value of the first and second selection signals P1 and
P2is “01”. The demultiplexer 352 applies an output signal of
the first multiplexer 350 to the second multiplexer 354 when
a logical value of the first and second selection signals P1 and
P2 is “10”. On the other hand, the demultiplexer 352 is not
necessary when a logical value of the first and second selec-
tion signals P1 and P2 is “11”.

[0128] Thesecond multiplexer 354 applies an output signal
of the demultiplexer 352 to the 328th shift register SR328
when a logical value of the second channel selection signal P2
is ‘0’. The second multiplexer 354 applies an output signal of
the 327th shift register SR327 to the 328th shift register
SR328 when a logical value of the second channel selection
signal P2 is “1°.

[0129] Thethird multiplexer 356 applies anoutput signal of
the demultiplexer 352 to the 334th shift register SR334 when
a logical value of the first channel selection signal P1 is ‘0”.
The third multiplexer 356 applies an output signal of the
333rd shift register SR333 to the 334th shift register SR334
when a logical value of the first channel selection signal P1 is
‘1.

[0130] The fourth multiplexer 358 applies an output signal
of the demultiplexer 352 to the 343rd shift register SR343
when a logical value of the second channel selection signal P2
1s ‘0", The fourth multiplexer 358 applies an output signal of
the 342nd shift register SR342 to the 343rd shift register
SR343 when a logical value of the second channel selection
signal P2 is “1”.

[0131] Operations of the channel selector 318 and the shift
register part 334 according to the first and second channel
selection signals P1 and P2 will be described below.

[0132] First, as shown in FIG. 11, when the 1st to 300th
output channels, of the output channels of the data IC 216, are
selected as a first output channel group 260, the 301st to
342nd output channels are selected as a dummy output chan-
nel group 264, and the 343rd to 642nd output channels are
selected as a second output channel group 262. The channel
selector 318 of the data IC 316 is supplied with the first and
second channel selection signals P1 and P2 having a logical
value of “00”. Thus, the shift register part 334 sequentially
shifts the source start pulse SSP signal in response to the
source sampling clock signal SSC using the 1st to 600th shift
registers SR1 to SR600 to thereby output them as sampling
signals. At this time, an output signal of the 300th shift reg-
ister. SR300 is applied, via the first multiplexer 350, the
demultiplexer 352 and the fourth multiplexer 358, to the
343rd shift register SR343. Further, an output signal of the
642nd shift register SR642 is applied to the 1st shift register
SR1 of the next stage data IC 316. Thus, the 1st to 300th shift
registers SR1 to SR300 and the 343rd to 642nd shift registers,
SR343 and SR642, apply the sampling signals to the latch
part. At this time, the 301st to 342nd shift registers SR301 to
SR342 also substantially apply the sampling signals to the
latch part.

[0133] Next, as shown in FIG. 12, when the 1st to 309th
output channels of the output channels of the data IC 216 are
selected as a first output channel group 260; the 310th to
333rd output channels are selected as a dummy output chan-
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nel group 264; and the 334th to 642nd output channels are
selected as a second output channel group 262, the channel
selector 318 of the data IC 316 is supplied with the first and
second channel selection signals P1 and P2 having a logical
value of “017. Thus, the shift register part 334 sequentially
shifts the source start pulse SSP signal in response to the
source sampling clock signal SSC using the 1st to 600th shift
registers SR1 to SR600 to thereby output them as sampling
signals. At this time, an output signal of the 309th shift reg-
ister SR309 is applied, via the first multiplexer 350, the
demultiplexer 352 and the third multiplexer 356, to the 334th
shift register SR334. Further, an output signal of the 642nd
shift register, SR642, is applied to the 1st shift register SR1 of
the next stage data IC 316. Thus, the 1st to 309th shift regis-
ters, SR1 to SR309, and the 334th to 642nd shift registers,
SR334 and SR642, apply the sampling signals to the latch
part. At this time, the 310th to 3331d shift registers SR310 to
SR333 also substantially apply the sampling signals to the
latch part.

[0134] Subsequently, as shown in FIG. 13, when the 1st to
315th output channels of the output channels of the data IC
216 are selected as a first output channel group 260, the 316th
to 327th output channels are selected as a dummy output
channel group 264, and the 328th to 642nd output channels
are selected as a second output channel group 262. The chan-
nel selector 318 of the data IC 316 is supplied with the first
and second channel selection signals P1 and P2 having a
logical value of *“10”. Thus, the shift register part 334 sequen-
tially shifts the source start pulse SSP signal inresponse to the
source sampling clock signal SSC using the 1st to 600th shift
registers SR1 to SR600 to thereby output them as sampling
signals. At this time, an output signal, of the 315th shift
register SR315 is applied, via the first multiplexer 350, the
demultiplexer 352 and the second multiplexer 354, to the
328th shift register SR328. Further, an output signal, Carry, of
the 642nd shift register, SR642, is applied to the 1st shift
register SR1 of the next stage data IC 316. Thus, the 1st to
315th shift registers, SR1 to SR315, and the 328th to 642nd
shift registers, SR328 and SR642, apply the sampling signals
to the latch part. The 316th to 327th shift registers, SR310 to
SR327, also substantially apply the sampling signals to the
latch part.

[0135] Consequently, as shown in FIG. 14, when the 1st to
321st output channels of the output channels of the data IC
216 are selected as a first output channel group 260, and the
322nd to 642nd output channels are selected as a second
output channel group 262, the channel selector 318 of the data
1C 316 is supplied with the first and second channel selection
signals P1 and P2 having a logical value of “117. Thus, the
shift register part 334 sequentially shifts the sourcestart pulse
SSP signal in response to the source sampling clock signal
SSC using the 1st to 642nd shift registers SR1 to SR642 to
thereby output them as sampling signals. The first multiplexer
350 and the demultiplexer 352 are not necessary when the
logical value is “11.” Further, an output signal of the 327th
shift register SR327 is applied, via the second multiplexer
352, to the 328th shift register SR328; an output signal of the
333rd shift register SR333 is applied, via the third multiplexer
356, to the 334th shift register SR334; and an output signal of
the 342nd shift register SR342 is applied, via the fourth mul-
tiplexer 358, to the 343rd shift register SR342. Thus, each of
the 1st to 642nd shift registers SR1 to SR642 of the shift
register part 334 applies the sampling signal to the latch part.
Herein, an output signal of the 642nd shift register SR642 is
applied to the 1st shift register SR1 of the next stage data IC
216.
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[0136] SuchadataIC 316 ofthe LCD according to the third
embodiment of the present invention converts data VD from
the timing controller 108 to pixel data using the sampling
signals output from the shift register part 334 in accordance
with an operation of the data IC 116 of the LCD according to
the first embodiment of the present invention to thereby apply
them, via a portion of the first and second output channel
groups 260 and 262 and the dummy output channel group
264, to the data lines DL of the liquid crystal display panel
102.

[0137] As described above, the LCD according to the third
embodiment of the present invention sets the output channels
of the data IC 316 in accordance with a desired resolution of
the liquid crystal display panel 102 as indicated in the above
Table 1 in response to the first and second channel selection
signals P1 and P2 applied to the first and second option pins
OP1 and OP2, thereby configuring multiple resolution types
using only one data IC 316. Accordingly, the LCD according
to the third embodiment of the present invention improves
working efficiency as well as reduces manufacturing cost.

[0138] Alternatively, in the LCD according to the third
embodiment of the present invention, the first and second
channel selection signals P1 and P2 applied to the first and
second option pins OP1 and OP2 of the data IC 316 may be
generated by selectively switching first and second switches
Q1 and Q2 as shown in FIG. 15. An explanation as to the first
and second switches Q1 and Q2 is identical to the above-
mentioned description of the LCD according to the second
embodiment of the present invention.

[0139] Otherwise, in the LCD according to the third
embodiment of the present invention, the first and second
channel selection signals P1 and P2 applied to the first and
second option pins OP1 and OP2 of the data IC 316 may be
generated by a switching operation of a dip switch 250 con-
nected to the voltage source VCC and, at the same time,
connected to the respective first and second option pins OP1
and OP2 as shown in FIG. 16. An explanation as to the dip
switch 250 is identical to the above-mentioned description of
the LCD according to the second embodiment of the present
invention.

[0140] TheLCD according to the first to third embodiments
of the present invention as described above is not limited to
only varying output channels of the data IC’s 116, 216 and
316, each having 642 data output channels in response to the
first and second channel selection signals P1 and P2, but is
applicable to the data IC’s 116, 216 and 316 having 642
output channels or less and 642 output channels or more.

[0141] Furthermore, the output channels of the data IC’s
116, 216 and 316 set in response to the first and second
channel selection signals P1 and P2 is not limited to only 600,
618, 630 and 642 data output channels, but may be applicable
to other cases. In other words, the output channels of the data
IC’s 116, 216 and 316 set in response to the first and second
channel selection signals P1 and P2 are determined based
upon at least one condition of a resolution type of the liquid
crystal display panel 102, the number of data TCP’s, a width
of the data TCP and the number of data transmission lines
between the timing controller 108 and the data IC’s 116, 216
and 316 for applying the pixel data from the timing controller
108 to the data IC’s 116, 216 and 316. Accordingly, the
number of output channels of the data IC’s 116, 216 and 316
set in response to the first and second channel selection sig-
nals P1 and P2 may be 600, 618, 624, 630, 642, 645, 684, 696,
702 or 720, etc.

[0142] Moreover, the channel selection signals P1 and P2
for setting the output channels of the data IC’s 116, 216 and
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316 also are not limited to a 2-bit binary logical value, but may
be a binary logical value having two or more bits.

[0143] The data IC’s of the LCD according to the first to
third embodiments of the present invention may be used for a
flat panel display device including the above-mentioned
LCD.

[0144] As described above, the LCD according to the
presentinvention varies channels of the data integrated circuit
in accordance with a resolution type of the liquid crystal
display panel using the channel selection signals, thereby
configuring multiple resolution types of the liquid crystal
display panel.

[0145] Furthermore, the LCD according to the present
invention includes the data integrated circuit having the
dummy data output channel group provided between the first
and second data output channel groups for applying data to
the data lines, and varies channels of the data integrated
circuit based upon a resolution type of the liquid crystal
display panel using the channel selection signals, thereby
driving all resolutions ofthe liquid crystal display panel using
one-type of data integrated circuit.

[0146] Accordingly, the LCD according to the present
invention can compatibly use the data integrated circuit inde-
pendently of a resolution type of the liquid crystal display
panel, so that the number of data integrated circuits can be
reduced. As aresult, the LCD according to the present inven-
tion improves working efficiency as well as reduces manu-
facturing cost.

[0147] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

1-63. (canceled)

64. A display having a data driving integrated circuit, com-
prising:

N number of output channels where N is an integer includ-

ing a first to Nth output channel,

a first and second data output channel groups having data
output channels which supply pixel data to a corre-
sponding number of data lines in accordance with a
desired resolution of the display;

a dummy output channel group provided between the first
and second data output channel groups and having
dummy output channels wherein the dummy output
channels are not supplied with pixel data;

a shift register part including a sequence of N shift registers
for shifting a source start pulse, wherein the Nth shift
register output a carry signal to 1st shift register of next
data driving integrated circuit; and

a channel selector setting the data output channels corre-
sponding to a channel selection signal.

65. The display according to claim 64, wherein the channel
selection signal applied into first and second selection termi-
nals selectively connected to a voltage source and ground
voltage source.

66. The display according to claim 64, further comprising:

aselection signal generator for generating and applying the
channel selection signal to select the data output chan-
nels; and
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a timing controller controlling the data driving integrated ~ minals, each of the first and second selection terminals being
circuit and supplying the pixel data to the data output connected to one of a voltage source and a ground voltage
channels. source to generate and supply the channel selection signal.

67. The display according to claim 66, wherein the selec-

tion signal generator includes first and second selection ter- ok ok E %
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