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FIG. 2
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FIG. 4

(Related Art)

A . /

Brightness J/

3 ’

g -~

o //

- — ~

5 <

3 _-="" X __Gamma
- Curve

Gray level



Patent Application Publication  Feb. 18, 2010 Sheet 5 of 26 US 2010/0039455 Al

FIG. 5

_ VGMAT ~ VGMAK
RGB i RGB f
RGB > RGB
1 DDC - 12

DE’ P

I — 1=

GDC -— L« Veom
13 10
— S
:T S~
GL
Dimming ——»] LC
Viny — 16 i




Patent Application Publication  Feb. 18, 2010 Sheet 6 of 26

US 2010/0039455 A1
FIG. 6
15 RGB
| 191 % 152
I Gamma curve GCx Data mapping .
setting unit g unit — =~ RGB
A
i
Storage unit
L L
U Uj ——153
-3 TR -
1 n




Patent Application Publication  Feb. 18, 2010 Sheet 7 of 26 US 2010/0039455 Al

FIG. 7

RGB
251 252 253

{ ]

[ | Ganma curve |GC1~GCn | Gamma ourve ggy /gy -

; ; Data mapping ) b
— ) | estimating and X —~»R'G'B
setting unit determining unit unit
)
Y
Storage unit
L L
U U | F—254
Tl 1
1 n




Patent Application Publication  Feb. 18, 2010 Sheet 8 of 26 US 2010/0039455 Al

FIG. 8

25

fnput gamma curve
information GCx

l

Calculate relative
brightness function F
for each gray level

l

Calculate |inearity Tx
for each gray level of
relative brightness
function F

‘ Calculate relative

y . .
- - brightness function F
N
RLeIfneeraerr:ctey vTaxluZe >——9——>for each gray level of
gamma curve informations
‘,Yes GC1 to GCn

Determine gamma
curve information GOx

i
Calculate linearity Tx
for each gray level of
relative brightness
function F

)\ J
Select gamma curve

information GGy with
maximum |inearity Tx




Patent Application Publication  Feb. 18, 2010 Sheet 9 of 26 US 2010/0039455 Al

FIG:. 9A

600

500

400

300

Luminance

200

100

0 ] ] | ]
0 50 100 150 200 250 300

gray

FIG. 9B

160
140
120
100

Brightness
S




Patent Application Publication  Feb. 18,2010 Sheet 10 of 26 US 2010/0039455 Al

FIG. 9C

140
190 [reeemresmmesmmessmmisensi s
00 [-errerresmrmemerese e siesi e 7 S

O [rerrerrreseersre e

Brightness

60 ............................................................................................
PRy I S,
20 ....... ‘ .................................................................................

FIG. 10A

600

500

400

300

Luminance

200

100

0 | l ] ] .
0 50 100 150 200 250 300
gray




Patent Application Publication  Feb. 18,2010 Sheet 11 of 26 US 2010/0039455 Al

FIG. 10B

200

150

100

Brightness

50

180
TBO [ormrremreermesmsemseessi sttt S
TAQ frerremmrmeerei ettt e
120 [orrorerrerrmriesireeeiesnesiecr e e 37 SR
TOO [oreemerremrrersmrrmerims it ettt e
e 7015 TP @
B0 fvrrerremeenrresirier e ettt
AQ | OO OO
20 |-eoe @ e

Brightness




Patent Application Publication  Feb. 18,2010 Sheet 12 of 26 US 2010/0039455 Al

FIG. 11

Brightness

”
-
-
'd
ﬂ—””d”k
= GCk

Gray level

Luminance




Patent Application Publication

Luminance

Feb. 18,2010 Sheet 13 of 26

FIG. 12

Brightness

rd

-
‘.—.——_"'

rd

rd

4"”
el \\GCJ

4

Gray level

US 2010/0039455 A1




Patent Application Publication  Feb. 18,2010 Sheet 14 of 26 US 2010/0039455 Al

FIG. 13
15 351 352
RGB 2
RGB —~ Gamma curve ~— 5 Gamma curve
gonversion No conversion unit —=—» R'G'B’
I ——{ controller > (gn to gn”)
Yes
» RGB
FIG. 14

oo
(4]
—_

[

!

Calculate relative brightness
function F for each gray level

A\
Calculate linearity Tx for each gray
level of relative brightness function F

Y

<i Linearity Tx = Reference value :}—————-—No
lYes




Patent Application Publication  Feb. 18,2010 Sheet 15 of 26 US 2010/0039455 Al

FIG. 15

352
No

l

Gonvert the number of gray levels frem gn to gn' through
data bit expansion (x-bit — %’ -bit, x < x* )

|
Equally divide relative brightness curve by x"-bit (x” £ %)
in plane comprised of gray level gn' and luminance

Y
Map gray level gn to equally divided gray level gn' to
generate gray level gn”

Y
Modulate digital video data RGB (gn) to output modulation
digital video data R"G'B’" (gn™)

|

R'G'B

RGB ——»




Patent Application Publication  Feb. 18,2010 Sheet 16 of 26 US 2010/0039455 Al

FIG. 16A

BG
Luminance &
__________________ GC

g0 gl g2 g3 g4 gn-1 gn  Gray Tével

FIG. 16B

BC

Luminance 4

e GG

I

[ |
|

o
cp |
| |
i |

|
|
g0 gl' g2 g3'g4’-gn-1'gn’ Gray Tevel



Patent Application Publication  Feb. 18,2010 Sheet 17 of 26 US 2010/0039455 Al

FIG. 16C

Luminance 4

|
|
|
|
!
|
|
!

g0 g1” g2” g3” g4” ... gn-1" gn” Gray level

FIG. 17
15
Video signal |~ 451
RGB =% determining unit
Ir 454
452-\\\\ Y 455
I First gamma curve
setting unit Y -
mux |.GC1x/GC2x | Data mapping | . o ep
unit
Second gamma curve | 6G2x [
setting unit
453—" ]
Storage unit
L
b Ul F——456
Tl T




US 2010/0039455 A1

FIG. 18

Feb. 18,2010 Sheet 18 of 26

Patent Application Publication

u L
L. 1
[66—— | N n
] ]
1lun sdeJois
i
x 1iun 3uilles
p”rz 11U 8U[U1LIa79p “xz9p | @Adn9 euwes puoosg
4.0 .Y < ; - pue Sullew|1ss | XNi
mc_aamf E3eq aAINs BULLRY X299/x139 jlun 3ujljes
\x_ow aAIND ewwes 1s4i4
955 !
GGG $65 A
BEN

11uUn Suluiwia]ep
lgg | Ieudis oopi




Patent Application Publication  Feb. 18,2010 Sheet 19 of 26 US 2010/0039455 Al

FIG. 19

99

Input gamma curve
information GC1xGC2x

Yy
Calculate relative
brightness function F
for each gray level

Y
Calculate linearity Tx
for each gray level of
relative brightness
function F

| Calculate relative

- - brightness function F

Linearity Tx 2 No

Reference value :>——____"f°r each gray level of
gamma curve informations

‘,Yes GC11 to GCIn/GC21 to GC2n

Determine gamma curve

information GC1x/G Y
mation x/GG2x Calculate linearity Tx

for each gray level of
relative brightness
function F

Y
Select gamma curve
GC1y/GC2y with maximum
[inearity Tx




Patent Application Publication  Feb. 18,2010 Sheet 20 of 26 US 2010/0039455 Al

FI1G. 20A
15
RGB —
A
RGB
MD i mmi Max_L S
I—» 6524 |— W8 | gy [T, g5g " 655 |~~RGB
No
Yes
i » RGB
FIG. 20B
15
— ' ReB
MD i mmi VAR
ReB—t—>] 651 |—v ol 6528 ' 8 g5y [MOXTI 654 [P 655 |emr o
Max Gray -
Mode Gray No
Yes

7 »RGB



Patent Application Publication  Feb. 18,2010 Sheet 21 of 26 US 2010/0039455 Al

FI1G. 20C
15
Il_.‘“— Y —RaB
MDimmi Max_L Pl
REB—-rl 651 || 652G [ 18 g5y [MACL) g5y 655 LimR 6B
Max Gray »
Mode Gray No

7 > RGB



US 2010/0039455 A1

Feb. 18,2010 Sheet 22 of 26

Patent Application Publication

FIG. 21

— - — fe——AuIp
0¢ 01 6 —— U U1
._fw
S
S N
/ 141 / .
{
_ o> _
| 350 219 — 34
uoop g
/ F\\
//(.\.\ -t
Woop\ —» 209 ¢
B (e T
W10
- . —r— 30
b4 . 0| T2
. a4 ~—~— g9y
AVIHOAN ~ LYNDAN
etk seslststeses et -
| —_— — J— —
80— A - 9 TANN 74
| —
. - - - ____——C 11



Patent Application Publication  Feb. 18,2010 Sheet 23 of 26 US 2010/0039455 Al

FIG. 22

26
GCx —— »  GOT GG2 GCn
R11 R21 Rn1
R12 R22 Rn2

R13 R23 |... ... Rn3

R1 k+1 R2 k+1 Rn k+1




Patent Application Publication  Feb. 18,2010 Sheet 24 of 26 US 2010/0039455 Al

FIG. 23
21
VDD
R1
— MVGMAT
R2
= MVGMA2
R3 .
Veom :
. - MVGMA3

Rk-1
=— MVGMAK-1
Rk
=~ MVGMAK

VSS



Patent Application Publication  Feb. 18, 2010 Sheet 25 of 26 US 2010/0039455 Al

FIG. 24

Gamma reference voltage VGMA before

a variation of variable resistances
Adjustment gamma reference voltage MVGMA
v after a variation of variable resistances

01 31 63 127 191 223 2549255 Gray level



Patent Application Publication  Feb. 18,2010 Sheet 26 of 26 US 2010/0039455 Al

FIG. 25

25 I

!

Calculate relative brightness function F
for each gray level

Y

Convert the number of gray levels from
gn to gn’ through data bit expansion
(x-bit = X’ -bit, x < X" )

\J
Equally divide relative brightness curve
by x"-bit (x” £ x) in plane comprised of
gray level gn" and luminance

Y

Map gray level gn to equally divideq gray
level gn" to generate gray level gn”

FIG. 26

26

| Calculate adjustment gamma reference voltage
corresponding to gray level gn” in plane
comprised of gray level and voltage

A

Calculate variable resistances for obtaining
adjustment gamma reference voltage

A

Set variable resistance




US 2010/0039455 Al

LIQUID CRYSTAL DISPLAY AND METHOD
OF DRIVING THE SAME

RELATED APPLICATIONS

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2008-0079919 filed Aug. 14, 2008
and Korea Patent Application No. 10-2009-0067456 filed on
Jul. 23, 2009, the entire contents of which is incorporated
herein by reference for all purposes as if fully set forth herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] Embodiments of the disclosure relate to a liquid

crystal display and a method of driving the same for solving
a distortion phenomenon of the image quality resulting from
external light.

[0004] 2. Discussion of the Related Art

[0005] Liquid crystal displays generally display an image
by controlling a light transmittance of a liquid crystal layer
using an electric field applied to the liquid crystal layer in
response to a video signal. Because the liquid crystal displays
are small-sized thin profile flat panel displays with low power
consumption, the liquid crystal displays have been used in
personal computers such as notebook PCs, office automation
equipment, audio/video equipment, and the like. In particular,
because active matrix type liquid crystal displays whose each
liquid crystal cell includes a switching element can actively
control the switching elements, the active matrix type liquid
crystal displays have an advantage in displaying a moving
picture.

[0006] A thin film transistor (TFT) has been mainly used as
the switching element of the active matrix type liquid crystal
displays.

[0007] As shown in FIG. 1, an active matrix type liquid
crystal display charges a liquid crystal cell Clc to a data
voltage by converting digital video data into an analog data
voltage based on a gamma reference voltage and simulta-
neously performing a supply of the analog data voltage to a
data line DL and a supply of a scan pulse to a gate line GL. For
the above-described operation, a gate electrode of a TFT used
as a switching element is connected to the gate line GL, a
source electrode of the TFT is connected to the data line DL,
and a drain electrode of the TFT is connected to a pixel
electrode of the liquid crystal cell Clc and an electrode at one
side of a storage capacitor Cst. A common voltage Vcom is
supplied to a common electrode of the liquid crystal cell Cle.
When the TFT is turned on, the storage capacitor Cst is
charged to the data voltage applied through the data line DL
to keep a voltage of the liquid crystal cell Cle constant. When
the scan pulse is applied to the gate line GL, the TFT is turned
on. Hence, a channel is formed between the source electrode
and the drain electrode of the TFT, and a voltage on the data
line DL is supplied to the pixel electrode of the liquid crystal
cell Cle. An arrangement state of liquid crystal molecules of
the liquid crystal cell Clc changes because of an electric field
between the pixel electrode and the common electrode, and
thus incident light is modulated.

[0008] The liquid crystal display generally displays an
image according to a previously determined gamma curve of
1.8 to 2.2 gamma irrespective of a watching environment (for
example, ailluminance of external light). However, the image
quality a user perceives may be easily distorted by changes in
the watching environment. A distortion phenomenon of the
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image quality is described with reference to FIGS. 2 to 4. FIG.
2 illustrates an image in a living room environment of a
middle brightness, FIG. 3 illustrates an image in a relatively
brighter living room environment than the middle brightness,
and FIG. 4 illustrates an image in a relatively darker living
room environment than the middle brightness. In FIGS.2to 4,
a gamma curve means a curve obtained by connecting output
luminances respectively corresponding to input gray levels,
and the brightness means a relative brightness of an image
perceived when the user perceives the output luminance being
an absolute concept.

[0009] To prevent the distortion phenomenon of the image
quality, as shown in FIG. 2, the relative brightness of the
image has to be kept at an original brightness level of the
image irrespective of changes in the watching environment
and must have a good linearity in all of gray level periods.
However, as shown in FIG. 3, arelative brightness of an image
in the brighter living room environment is less than an origi-
nal brightness level of the image and does not have a good
linearity ina low gray level region “A” because of a sensitivity
reduction resulting from a reduction of an iris stop. Hence, it
is difficult for the user to perceive the image in the low gray
level region “A” of the brighter living room environment.
Further, as shown in FIG. 4, a relative brightness of an image
in the darker living room environment is greater than an
original brightness level of the image and does not have a
good linearity in a low gray level region “A” and a high gray
level region “B” because of a sensitivity improvement result-
ing from an increase of an iris stop. Hence, in the darker living
room environment, a contour occurs between gray levels in an
image of the low gray level region “A”, and a glare phenom-
enon occurs in an image of the high gray level region “B”.
[0010] As described above, the distortion phenomenon of
the image quality in the specific gray level regions as shown
in FIGS. 3 and 4 is caused by the fact that the image is
displayed according to the previously determined gamma
curve irrespective of changes in the watching environment. In
the related art, a method of modulating a gamma curve in a
specific gray level range was proposed so as to improve
visibility at the specific gray level range. However, the
method does not consider the fact that a relative brightness of
an image a user perceives must be kept at an original bright-
ness level of the image irrespective of changes in watching
environment and must have a good linearity in all of gray level
periods. Therefore, the related art has a limit in uniformly
keeping the relative brightness of the image the user perceives
at an original brightness level of the image irrespective of
changes in the watching environment.

BRIEF SUMMARY

[0011] Embodiments of the disclosure provide a liquid
crystal display and a method of driving the same capable of
uniformly keeping a relative brightness of an image a user
perceives at an original brightness level of the image irrespec-
tive of changes in watching environment.

[0012] In one aspect, there is a liquid crystal display com-
prising a liquid crystal display panel for displaying an image,
an external light sensing unit for sensing an illuminance of
external light around the liquid crystal display panel, and a
gamma curve adjusting circuit for modulating digital video
data based on the illuminance of external light.

[0013] The gamma curve adjusting circuit includes a
gamma curve setting unit for selecting a first gamma curve
information corresponding to the illuminance of external
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light among gamma curve informations of each intensity of a
previously determined illuminance of external light to output
the first gamma curve information as a selected gamma curve
information, so that the relative brightness of the image the
user perceives has a good linearity in all of gray level periods,
and a data mapping unit for modulating the digital video data
using a lookup table corresponding to the selected gamma
curve information.

[0014] The gamma curve adjusting circuit further includes
a gamma curve estimating and determining unit calculating a
relative brightness function for each gray level based on the
first gamma curve information, comparing a linearity for each
gray level of the relative brightness function with a previously
determined reference value, and outputting the first gamma
curve information or a second gamma curve information dif-
ferent from the first gamma curve information as the selected
gamma curve information according to a comparison result.
The second gamma curve information has a maximum lin-
earity for each gray level of the relative brightness function
among the gamma curve informations other than the first
gamma curve information.

[0015] The gamma curve adjusting circuit includes a
gamma curve conversion controller calculating a relative
brightness function for each gray level based on a reference
gamma curve previously determined according to the illumi-
nance of external light, comparing a linearity for each gray
level of the relative brightness function with a previously
determined reference value, and generating an operation con-
trol signal for a modulation of the digital video data, and a
gamma curve conversion unit expanding a number of gray
levels from 2* to 2™ through data bit expansion from k-bit to
m-bit in response to the operation control signal, equally
dividing a relative brightness curve in a plane comprised of
the gray levels 2™ and a luminance by the k-bit, mapping the
gray levels 2% to the equally divided gray levels 2™ to change
gray levels, and modulating the digital video data in confor-
mity with the changed gray levels.

[0016] The gamma curve adjusting circuit includes a first
gamma curve setting unit setting a first gamma curve infor-
mation corresponding to each intensity of an illuminance
information of external light and outputting a gamma curve
information within a range including the illuminance of exter-
nal light, a second gamma curve setting unit outputting a
gamma curve information corresponding to the illuminance
of external light among second gamma curve informations of
each intensity of a previously determined illuminance of
external light, a multiplexer selecting one of outputs of the
first and second gamma curve setting units as a first selection
gamma curve information depending on whether or not the
illuminance information of external light is inclined in the
digital video data, and a data mapping unit modulating the
digital video data using a lookup table corresponding to the
first selection gamma curve information.

[0017] The gamma curve adjusting circuit further includes
a gamma curve estimating and determining unit calculating a
relative brightness function for each gray level based on the
first selection gamma curve information, comparing a linear-
ity for each gray level of the relative brightness function with
a previously determined reference value, and outputting the
first selection gamma curve information or a second selection
gamma curve information different from the first selection
gamma curve information according to a comparison result.
The second selection gamma curve information has a maxi-
mum linearity for each gray level of the relative brightness
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function among the gamma curve informations other than the
first selection gamma curve information.

[0018] In another aspect, there is a liquid crystal display
comprising a liquid crystal display panel for displaying an
image, an external light sensing unit for sensing an illumi-
nance of external light around the liquid crystal display panel,
a backlight unit whose an output luminance is controlled by
an adjustment dimming signal, and a gamma curve adjusting
circuit for modulating digital video data according to a rela-
tive maximum white luminance based on the adjustment dim-
ming signal to uniformly keep a relative brightness of the
input image a user perceives irrespective of changes in the
illuminance of external light.

[0019] The gamma curve adjusting circuit includes a dim-
ming ratio adjusting unit for generating the adjustment dim-
ming signal, a maximum luminance calculating unit for cal-
culating the relative maximum white luminance, a gamma
curve conversion controller for calculating a relative bright-
ness function for each gray level based on a reference gamma
curve previously determined according to the relative maxi-
mum white luminance, comparing a linearity for each gray
level of the relative brightness function with a previously
determined reference value, and generating an operation con-
trol signal for a modulation of the digital video data, and a
gamma curve conversion unit expanding a number of gray
levels from 2% to 2™ through data bit expansion from k-bit to
m-bit in response to the operation control signal, equally
dividing a relative brightness curve in a plane comprised of
the gray levels 2” and a luminance by the k-bit, mapping the
gray levels 2* to the equally divided gray levels 2 to change
gray levels, and modulating the digital video data in confor-
mity with the changed gray levels.

[0020] The gamma curve adjusting circuit further includes
a video signal analyzing unit analyzing the digital video data
corresponding to one frame to extract data having a maximum
gray level or a minimum gray level.

[0021] In another aspect, there is a liquid crystal display
comprising a liquid crystal display panel for displaying an
image, an external light sensing unit for sensing an illumi-
nance of external light around the liquid crystal display panel,
and a gamma curve adjusting circuit for varying resistances of
variable resistors constituting a gamma resistor string based
on the illuminance of external light to uniformly keep a rela-
tive brightness of the input image a user perceives irrespective
of changes in the illuminance of external light.

[0022] In another aspect, there is a liquid crystal display
comprising a liquid crystal display panel for displaying an
image, an external light sensing unit for sensing an illumi-
nance of external light around the liquid crystal display panel,
a backlight unit whose an output luminance is controlled by
an adjustment dimming signal, and a gamma curve adjusting
circuit for varying resistances of variable resistors constitut-
ing a gamma resistor string according to a relative maximum
white luminance based on the adjustment dimming signal to
uniformly keep a relative brightness of the input image a user
perceives irrespective of changes in the illuminance of exter-
nal light.

[0023] In another aspect, there is a method of driving a
liquid crystal display including a liquid crystal display panel
displaying an image, the method comprising sensing an illu-
minance of external light around the liquid crystal display
panel, and modulating digital video data based on the illumi-
nance of external light to uniformly keep a relative brightness
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of the input image a user perceives irrespective of changes in
the illuminance of external light.

[0024] In another aspect, there is a method of driving a
liquid crystal display including a liquid crystal display panel
displaying an image and a backlight unit whose an output
luminance is controlled by an adjustment dimming signal, the
method comprising sensing an illuminance of external light
around the liquid crystal display panel, and modulating digi-
tal video data according to a relative maximum white lumi-
nance based on the adjustment dimming signal to uniformly
keep a relative brightness of the input image a user perceives
irrespective of changes in the illuminance of external light.
[0025] In another aspect, there is a method of driving a
liquid crystal display including a liquid crystal display panel
displaying an image, the method comprising sensing an illu-
minance of external light around the liquid crystal display
panel, and varying resistances of variable resistors constitut-
ing a gamma resistor string based on the illuminance of exter-
nal light to uniformly keep a relative brightness of the input
image a user perceives irrespective of changes in the illumi-
nance of external light.

[0026] In another aspect, there is a method of driving a
liquid crystal display including a liquid crystal display panel
displaying an image and a backlight unit whose an output
luminance is controlled by an adjustment dimming signal, the
method comprising sensing an illuminance of external light
around the liquid crystal display panel, and varying resis-
tances of variable resistors constituting a gamma resistor
string according to a relative maximum white luminance
based on the adjustment dimming signal to uniformly keep a
relative brightness of the input image a user perceives irre-
spective of changes in the illuminance of external light.
[0027] Further scope of applicability of the present disclo-
sure will become apparent from the detailed description given
hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the disclosure, are given by illus-
tration only, since various changes and modifications within
the spirit and scope of the disclosure will become apparent to
those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, which are included to
provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with the
description serve to explain the principles of the disclosure. In
the drawings:

[0029] FIG. 1 is an equivalent circuit diagram of a pixel of
a general liquid crystal display;

[0030] FIG. 2 illustrates an image in a living room environ-
ment of a middle brightness;

[0031] FIG. 3 illustrates an image in a relatively brighter
living room environment than a middle brightness;

[0032] FIG. 4 illustrates an image in a relatively darker
living room environment than a middle brightness;

[0033] FIG. 5 is a block diagram of a liquid crystal display
according to a first exemplary embodiment of the disclosure;
[0034] FIG. 6 illustrates a first exemplary configuration of
a gamma curve adjusting circuit;

[0035] FIG. 7 illustrates a second exemplary configuration
of the gamma curve adjusting circuit;

[0036] FIG. 8 illustrates an operation of a gamma curve
estimating and determining unit of FIG. 7;
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[0037] FIGS. 9A to 9C are graphs related to Table 1;
[0038] FIGS. 10A to 10C are graphs related to Table 2;
[0039] FIG.11 illustrates alinearity of a relative brightness,

that a user perceives in a relatively brighter living room envi-
ronment than a middle brightness, in all of gray level periods;
[0040] FIG.12illustrates alinearity of a relative brightness,
that a user perceives in a relatively darker living room envi-
ronment than a middle brightness, in all of gray level periods;
[0041] FIG. 13 illustrates a third exemplary configuration
of the gamma curve adjusting circuit;

[0042] FIG. 14 illustrates an operation of a gamma curve
conversion controller;

[0043] FIG. 15 illustrates an operation of a gamma curve
conversion unit;
[0044] FIGS.16A to 16C illustrate graphs showing opera-

tions of a gamma curve conversion unit;

[0045] FIG. 17 illustrates a fourth exemplary configuration
of the gamma curve adjusting circuit;

[0046] FIG. 18 illustrates a fifth exemplary configuration of
the gamma curve adjusting circuit;

[0047] FIG. 19 illustrates an operation of a gamma curve
estimating and determining unit;

[0048] FIGS. 20A to 20C illustrate a sixth exemplary con-
figuration of the gamma curve adjusting circuit;

[0049] FIG. 21 is ablock diagram of a liquid crystal display
according to a second exemplary embodiment of the disclo-
sure;

[0050] FIG. 22 illustrates a exemplary configuration of a
gamma resistance setting unit;

[0051] FIG. 23 illustrates a gamma reference voltage con-
version unit;
[0052] FIG. 24 is a graph showing a gamma curve modu-

lated by an controlled gamma reference voltages;

[0053] FIG. 25 illustrates an operation of the gamma curve
setting unit; and

[0054] FIG. 26 illustrates an operation of the gamma resis-
tance setting unit.

DETAILED DESCRIPTION OF THE DRAWINGS
AND THE PRESENTLY PREFERRED
EMBODIMENTS

[0055] Reference will now be made in detail embodiments
of the disclosure examples of which are illustrated in the
accompanying drawings.

[0056] FIGS. 5to 20 illustrate a liquid crystal display and a
method of driving the same capable of uniformly keeping a
relative brightness of an image a user perceives at an original
brightness level of the image through for example, a modu-
lation of input data, irrespective of changes in watching envi-
ronment.

[0057] As shown in FIG. 5, a liquid crystal display accord-
ing to a first exemplary embodiment of the disclosure
includes a liquid crystal display panel 10, a timing controller
11, a data drive circuit 12, a gate drive circuit 13, an external
light sensing unit 14, a gamma curve adjusting circuit 15, an
inverter 16, and a backlight unit 17.

[0058] The liquid crystal display panel 10 includes an
upper glass substrate, a lower glass substrate, and a liquid
crystal layer between the upper and lower glass substrates.
The liquid crystal display panel 10 includes mxn liquid crys-
tal cells Clc arranged in a matrix format at each crossing of m
data lines DL and n gate lines GL.

[0059] The data lines DL, the gate lines GL, thin film tran-
sistors (TFTs), and a storage capacitor Cst are formed on the
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lower glass substrate of the liquid crystal display panel 10.
The liquid crystal cells Clc are connected to the TFTs and are
driven by an electric field between pixel electrodes 1 and a
common electrode 2. A black matrix, a color filter, and the
common electrode 2 are formed on the upper glass substrate
ofthe liquid crystal display panel 10. The common electrode
2 may be formed on the upper glass substrate in a vertical
electric drive manner, such as a twisted nematic (TN) mode
and a vertical alignment (VA) mode. The common electrode
2 and the pixel electrode 1 may be formed on the lower glass
substrate in a horizontal electric drive manner, such as an
in-plane switching (IPS) mode and a fringe field switching
(FFS) mode. Polarizing plates are attached respectively to the
upper and lower glass substrates. Alignment layers for setting
a pre-tilt angle of liquid crystals are respectively formed on
the upper and lower glass substrates.

[0060] The timing controller 11 receives timing signals,
such as a data enable signal DE and a dot clock signal CLK
from an external system board (not shown) to generate a data
timing control signal DDC for controlling operation timing of
the data drive circuit 12 and a gate timing control signal GDC
for controlling operation timing of the gate drive circuit 13.

[0061] The gate timing control signal GDC includes a gate
start pulse GSP, a gate shift clock signal GSC, a gate output
enable signal GOE, and the like. The data timing control
signal DDC includes a source sampling clock signal SSC, a
source output enable signal SOE, a polarity control signal
POL, and the like.

[0062] The timing controller 11 rearranges modulation
digital video data R'G'B' received from the gamma curve
adjusting circuit 15 in conformity with a resolution of the
liquid crystal display panel 10 to supply the rearranged modu-
lation digital video data R'G'B' to the data drive circuit 12.

[0063] The data drive circuit 12 converts the modulation
digital video data R'G'B' into an analog gamma compensation
voltage based on gamma reference voltages VGMAL1 to
VGMAK in response to the data timing control signal DDC
received from the timing controller 11 to supply the analog
gamma compensation voltage as a data voltage to the data
lines DL of the liquid crystal display panel 10. For the above
operation, the data drive circuit 12 includes a plurality of data
drive integrated circuits (ICs) each including a shift register,
a resistor, a latch, a digital-to-analog converter, a multiplexer,
an output buffer, and so on. The shift register samples a clock
signal, and the register temporarily stores digital video data
RGB. The latch stores data of each line in response to the
clock signal sampled by the shift register and simultaneously
outputs the data of each line. The digital-to-analog converter
selects a positive or negative gamma voltage based on a
gamma reference voltage in response to digital data from the
latch. The multiplexer selects the data lines DL receiving
analog data converted from the positive/negative gamma volt-
age. The output buffer is connected between the multiplexer
and the data lines DL.

[0064] The gate drive circuit 13 sequentially supplies scan
pulses for selecting horizontal lines of the liquid crystal dis-
play panel 10, to which the data voltage will be supplied, to
the gate lines GL. For the above operation, the gate drive
circuit 13 includes a plurality of gate drive ICs each including
a shift register, a level shifter for shifting an output signal of
the shift register to a swing width suitable for a TFT drive of
the liquid crystal cell Clc, and an output buffer connected
between the level shifter and the gate lines GL.
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[0065] The external light sensing unit 14 includes a known
optical sensor to sense an illuminance I of external light
around the liquid crystal display panel 10. The sensed illumi-
nance I of external light is supplied to the gamma curve
adjusting circuit 15.

[0066] Thegamma curve adjusting circuit 15 modulates the
digital video data RGB based on the illuminance I of external
light or based on an adjustment dimming signal according to
the illuminance I of external light or an input image to gen-
erate the modulation digital video data R'G'B', so that a rela-
tive brightness of an image a user perceives is uniformly kept
irrespective of changes in watching environment. The relative
brightness of the image the user perceives is uniformly kept at
an original brightness level of the image irrespective of
changes in watching environment and has a good linearity in
all of gray level periods due to the modulation digital video
data R'G'B'. The gamma curve adjusting circuit 15 will be
described later with reference to FIGS. 6 to 20. In a liquid
crystal display using an YCbCr color space instead of an RGB
color space, the gamma curve adjusting circuit 15 may gen-
erate modulation digital video data Y'Cb'Cr' in the same man-
ner as a generating manner of the modulation digital video
data R'G'B'. Hereinafter, the modulation digital video data
R'G'B' based on the RGB color space will be described for the
convenience of explanation.

[0067] The inverter 16 generates a backlight control signal
LC in conformity with an input dimming signal using a DC
voltage Vinv received from a system board (not shown). For
the above-described operation, the inverter 16 includes a
pulse width modulation (PWM) controller for controlling a
lighting-up period of the backlight unit 17 depending on the
dimming signal, a switching unit for converting the DC volt-
age Vinv into an AC voltage under the control of the PWM
controller, a transformer that raise the AC voltage to supply
the raised AC voltage, and a feedback circuit for inspecting a
driving signal supplied to the backlight unit 17.

[0068] The backlight unit 17 may be mainly classified into
a direct type backlight unit and an edge type backlight unit.
The edge type backlight unit has a structure in which a plu-
rality of light sources are positioned opposite a light guide
plate and a plurality of optical sheets are positioned between
the liquid crystal display panel 10 and the light guide plate.
The direct type backlight unit has a structure in which a
plurality of optical sheets and a diffusion plate are positioned
under the liquid crystal display panel 10 and a plurality of
light sources are positioned under the diffusion plate. The
backlight unit 17 may be applied to a backlit liquid crystal
display in which the liquid crystal display panel 10 transmits
light from a light source to display an image. The backlight
unit 17 may be omitted in a reflective liquid crystal display in
which the liquid crystal display panel 10 reflects external light
to display an image. Because the embodiments of the disclo-
sure may be applied to both the backlit liquid crystal display
and the reflective liquid crystal display, the backlight unit 17
is not necessarily required in the embodiments of the disclo-
sure.

[0069] FIG. 6 illustrates a first exemplary configuration of
the gamma curve adjusting circuit 15.

[0070] As shown on FIG. 6, the gamma curve adjusting
circuit 15 includes a gamma curve setting unit 151, a data
mapping unit 152, and a storage unit 153.

[0071] The gamma curve setting unit 151 selects a gamma
curve information GCx corresponding to the illuminance I of
external light received from the external light sensing unit 14
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among gamma curve informations of each intensity of a pre-
viously determined illuminance of external light to output the
selected gamma curve information GCx. The intensity of the
illuminance of external light is divided into a plurality of
levels, and thus gamma curve informations correspond to
each level of the intensity of the illuminance of external light.
For example, a gamma curve information GC1 corresponds
to the illuminance of external light whose an intensity is less
than A1, a gamma curve information GC2 corresponds to the
illuminance of external light whose an intensity is equal to or
greater than A1 and less than A2, a gamma curve information
GC3 corresponds to the illuminance of external light whose
an intensity is equal to or greater than A2 and less than A3, a
gamma curve information GC4 corresponds to the illumi-
nance I of external light whose an intensity is equal to or
greater than A3 and less than A4, and a gamma curve infor-
mation GCn corresponds to the illuminance of external light
whose an intensity is equal to or greater than A(n-1) and less
than An. Each gamma curve information is determined so that
arelative brightness of an image that a user perceives at a level
of the corresponding illuminance of external light, is kept at
an original brightness level of the image and has a good
linearity in all gray level periods.

[0072] The data mapping unit 152 selects a lookup table
corresponding to the gamma curve information GCx output
by the gamma curve setting unit 151 and then one-to-one
maps the digital video data RGB to data registered in the
selected lookup table to generate the modulation digital video
data R'G'B'. Hence, even if an illuminance of external light
changes, a relative brightness of an image the user perceives
is uniformly kept at an original brightness level of the image
due to the modulation digital video data R'G'B'. For example,
the user can perceive an image as a same gray level in a living
room environment shown in FIG. 11 brighter than a living
room environment having a middle brightness based on a
previously determined reference gamma curve and a living
room environment shown in FIG. 12 darker than the middle
brightness. This is because a relative brightness the user per-
ceives is uniformly kept at an original brightness level of the
image irrespective of changes in watching environment and
has a good linearity in all of gray level periods by performing
a gamma curve modulation using the modulation digital
video data R'G'B'. Therefore, a reduction of the image quality
in the specific gray level regions A and B illustrated in FIGS.
3 and 4 can be completely solved.

[0073] The storage unit 153 includes a plurality of lookup
tables LUT1 to LUTn one-to-one corresponding to the
gamma curve informations corresponding to the intensities of
the illuminance of external light.
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[0074] FIGS. 7 to 10C illustrate a second exemplary con-
figuration of the gamma curve adjusting circuit 15. In FIGS.
7 to 10C, a better linearity of a relative brightness may be
secured as compared with FIG. 6.

[0075] As shown in FIG. 7, the gamma curve adjusting
circuit 15 includes a gamma curve setting unit 251, a gamma
curve estimating and determining unit 252, a data mapping
unit 253, and a storage unit 254.

[0076] The gamma curve setting unit 251 and the storage
unit 254 perform substantially the same functions as the
gamma curve setting unit 151 and the storage unit 153 shown
in FIG. 6.

[0077] As shown in FIG. 8, the gamma curve estimating
and determining unit 252 calculates a relative brightness
function F for each gray level based on a gamma curve infor-
mation GCx selected by the gamma curve setting unit 251.
The relative brightness function F is defined by a relative
brightness B of an image varying depending on a luminance
L of input gray level as indicated in the following Equations
1 to 4. The luminance L of input gray level is affected by a
reference gamma G, an illuminance I of external light, a
maximum white luminance Max_L of the image, a surface
reflectance R of the liquid crystal display panel 10, etc. The
maximum white luminance Max_I. of the image may be
determined depending on a maximum gray level among gray
levels of input data corresponding to one frame or depending
on a minimum gray level based on a histogram analyzing
result of input data corresponding to one frame.

B=15.0 L9*_-23.8 (L=10 nit) [Equation 1]
B=17.2 L%34-28.6 (10<L=25 nit) [Equation 2]
B=20.2 1.9%-34.3 (25<L.=1,000 nit) [Equation 3]
B=271°%°-2.65 [Equation 4]

[0078] For example, when the reference gamma G, the
illuminance I of external light, the maximum white lumi-
nance Max_L of the image, and the surface reflectance R of
the liquid crystal display panel 10 are 2.2 gamma, 300 nit, 500
nit, and 0%, respectively, the relative brightness function F is
represented by the above Equations 1 to 3. When the lumi-
nance L of input gray level is provided as indicated in the
following Table 1 and FIG. 9A, the Equation 1 is applied to a
luminance equal to or less than 10 nit, the Equation 2 is
applied to a luminance that is greater than 10 nit and equal to
or less than 25 nit, and the Equation 3 is applied to a lumi-
nance that is greater than 25 nit and equal to or less than 1,000
nit.

TABLE 1

Luminance L of input

Calculated relative  Adjusted relative

Input gray level gray level brightness B brightness B Adjusted luminance L

0 0.0 -23.8000 0.0000 3.8874

15 1.0 -8.8939 7.8123 8.9588

31 4.8 1.8559 16.1455 16.6432

47 12.1 11.5620 24.4786 27.5034

63 23.1 21.4026 32.8118 34.1718

79 38.0 35.2559 41.1449 48.2139

127 107.9 64.9097 66.1443 111.8787

191 264.8 100.3239 99.4769 259.8925

255 500.0 132.8095 132.8095 500.0000
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[0079] The relative brightness B for each gray level calcu-
lated through the Equations 1 to 3 is —=23.8000 to 132.8095 as
indicated in the above Table 1.

[0080] As another example, when the reference gamma G,
the illuminance I of external light, the maximum white lumi-
nance Max_L of the image, and the surface reflectance R of
the liquid crystal display panel 10 are 2.2 gamma, O nit, 500
nit, and 0%, respectively and the luminance L of input gray
level is provided as indicated in the following Table 2 and
FIG. 10A, the relative brightness function F is represented by
the above Equation 4.

TABLE 2
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image the user perceives is uniformly kept at an original
brightness level of the image due to the modulation digital
video data R'G'B'. For example, for an image, the user can
perceive a same gray level in the brighter living room envi-
ronment shown in FIG. 11 than the middle brightness and in
the darker living room environment shown in FIG. 12 than the
middle brightness as the gray level in a general living room
environment of a middle brightness. In other words, the gray
levels of a same image in the brighter living room environ-
ment than the middle brightness, in the general living room
environment of a middle brightness and in the darker living

Luminance L of input ~ Calculated relative

Adjusted relative

Input gray level gray level brightness B brightness B Adjusted luminance L

0 0.0 -2.6500 0.0000 0.0003

15 1.0 24.2058 9.4739 0.0632

31 4.8 40.0258 19.5794 0.5115

47 12.1 53.0033 29.6849 1.8622

63 23.1 64.4421 39.7903 4.7566

79 38.0 74.8637 49.8958 9.9347

127 107.9 102.2847 80.2123 47.7845

191 264.8 133.4919 120.6342 188.0567

255 500.0 161.0562 161.0562 500.0000

[0081] The relative brightness B for each gray level calcu-
lated through the Equation 4 is -2.6500 to 161.0562 as indi-
cated in the above Table 2.

[0082] After the calculation of the relative brightness func-
tion F for each gray level is completed, the gamma curve
estimating and determining unit 252 calculates a linearity Tx
of the relative brightnesses B calculated through the relative
brightness function F as indicated in FIGS. 9B and 10B. The
gamma curve estimating and determining unit 252 compares
the linearity Tx of the relative brightnesses B with a previ-
ously determined reference value and outputs the selected
gamma curve information GCx without modulation if the
linearity Tx is equal to or greater than the previously deter-
mined reference value. The reference value is a critical value
for determining whether or not a relative brightness the user
perceives has a good linearity in all of gray level periods
irrespective of changes in an illuminance of external light. If
the linearity Tx is smaller than the reference value, the gamma
curve estimating and determining unit 252 calculates a rela-
tive brightness function F for each gray level of each of
gamma curve informations GC1 to GCn. Then, the gamma
curve estimating and determining unit 252 calculates a lin-
earity Tx of relative brightnesses B calculated through the
calculated relative brightness function F and selects a gamma
curve information GCy with a maximum linearity Tx to out-
put the gamma curve information GCy. The relative bright-
nesses B may adjusted to 0.0000 to 161.0562, for example,
based on the gamma curve information GCy as indicated in
Table 1 and FIG. 9C, or may adjusted to 0.0000 to 132.8095,
for example, based on the gamma curve information GCy as
indicated in Table 2 and FIG. 10C.

[0083] The data mapping unit 253 selects a lookup table
corresponding to the gamma curve information GCx or GCy
output by the gamma curve estimating and determining unit
252 and then one-to-one maps the digital video data RGB to
data registered in the selected lookup table to generate the
modulation digital video data R'G'B'. Hence, even if an illu-
minance of external light changes, a relative brightness of an

room environment than the middle brightness may be actually
different from each other, while the perceived gray levels of
the same image in those environment are the same. This is
because a relative brightness of an image the user perceives is
uniformly kept at an original brightness level of the image
irrespective of changes in watching environment and has a
good linearity in all of gray level periods by performing a
gamma curve modulation using the modulation digital video
data R'G'B'. Therefore, a reduction of the image quality in the
specific gray level regions A and B illustrated in FIGS. 3 and
4 can be completely solved.

[0084] FIGS. 13 to 16C illustrate a third exemplary con-
figuration of the gamma curve adjusting circuit 15. In FIGS.
13 to 16C, a gamma curve may be changed in real-time
without a lookup table, so that a better linearity of a relative
brightness is secured as compared with FIGS. 6 to 10C.
[0085] As shown in FIG. 13, the gamma curve adjusting
circuit 15 includes a gamma curve conversion controller 351
and a gamma curve conversion unit 352.

[0086] As shown in FIG. 14, the gamma curve conversion
controller 351 calculates a relative brightness function F for
each gray level corresponding to the illuminance I of external
light received from the external light sensing unit 14 based on
a previously determined gamma curve. The relative bright-
ness function F is defined by a relative brightness B of an
image varying depending on a luminance L of input gray level
asindicated in the above Equations 1 to 4. The luminance L of
input gray level is affected by a reference gamma G, an
illuminance I of external light, a maximum white luminance
Max_L of the image, a surface reflectance R of the liquid
crystal display panel 10, etc. The maximum white luminance
Max_L. of the image may be determined depending on a
maximum gray level among gray levels of input data corre-
sponding to one frame or depending on a minimum gray level
based on a histogram analyzing result of input data corre-
sponding to one frame. After the calculation of the relative
brightness function F for each gray level is completed, the
gamma curve conversion controller 351 calculates a linearity
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Tx of relative brightnesses calculated through the relative
brightness function F. The gamma curve conversion control-
ler 351 compares the linearity Tx with a previously deter-
mined reference value and outputs the digital video data RGB
without the modulation if the linearity Tx is equal to or greater
than the previously determined reference value. If the linear-
ity Tx is smaller than the previously determined reference
value, the gamma curve conversion controller 351 generates
an operation signal NO indicating an operation of the gamma
curve conversion unit 352. The reference value is a critical
value for determining whether or not a relative brightness the
user perceives has a good linearity in all of gray level periods
irrespective of changes in an illuminance of external light.
[0087] As shown in FIG. 15, the gamma curve conversion
unit 352 converts the number of gray levels from g0 to gn to
20 to gn' (refer to FIGS. 16A and 16B) through data bit
expansion (data bit expansion from x-bit to x'-bit, x<x") in
response to the operation signal NO generated by the gamma
curve conversion controller 351. For example, if 8-bit data is
expanded into 10-bit data, the number of gray levels changes
from 256 to 1024. Subsequently, the gamma curve conversion
unit 352 equally divides a relative brightness curve BC in a
plane comprised of the gray levels g0 to gn' and a luminance
by x"-bit (x"=x). For example, the relative brightness curve
BC is equally divided by 8-bit. Subsequently, the gamma
curve conversion unit 352 maps the gray levels g0 to gn to the
equally divided gray levels g0 to gn' to generate gray levels g0
to gn" (refer to FIG. 16C). Subsequently, the gamma curve
conversion unit 352 modulates the digital video data RGB in
conformity with the gray levels g0 to gn" to output the modu-
lation digital video data R'G'B'. Hence, even if an illuminance
of external light changes, a relative brightness of an image the
user perceives is uniformly kept at an original brightness level
of the image due to the modulation digital video data R'G'B'.
Namely, as shown in FIG. 16C, the relative brightness curve
BC has a good linearity in all of gray level periods by chang-
ing the gamma curve GC through the modulation of the
digital video data RGB in conformity with the gray levels g0
to gn" generated according to the illuminance I of external
light. Therefore, a reduction of the image quality in the spe-
cific gray level regions A and B illustrated in FIGS. 3 and 4
can be solved.

[0088] FIG. 17 illustrates a fourth exemplary configuration
of the gamma curve adjusting circuit 15. In FIG. 17, because
an input image may be displayed without changes in the input
image irrespective of changes in watching environment as
compared with FIG. 6, a display accuracy of the input image
may be improved.

[0089] As shown in FIG. 17, the gamma curve adjusting
circuit 15 includes a video signal determining unit 451, a first
gamma curve setting unit 452, a second gamma curve setting
unit 453, a multiplexer (MUX) 454, a data mapping unit 455,
and a storage unit 456. The storage unit 456 performs the
substantially same functions as the storage unit 153 shown in
FIG. 6.

[0090] The video signal determining unit 451 determines
whether or not the digital video data RGB includes an illu-
minance information Ir of external light and generates a selec-
tion signal SEL. More specifically, when the digital video
data RGB includes the illuminance information Ir of external
light, the video signal determining unit 451 generates a selec-
tion signal SEL of a first logic level and extracts the illumi-
nance information Ir of external light to supply the extracted
information to the first gamma curve setting unit 452. When
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the digital video data RGB does not include the illuminance
information Ir of external light, the video signal determining
unit 451 generates a selection signal SEL of a second logic
level. The illuminance information Ir of external light may be
generally assigned to a data packet of the digital video data
RGB with several bits.

[0091] The first gamma curve setting unit 452 sets a gamma
curve information corresponding to each intensity of the illu-
minance information Ir of external light using the illuminance
information Ir of external light supplied by the video signal
determining unit 451. The first gamma curve setting unit 452
selects a gamma curve information GC1 corresponding to the
illuminance I of external light received from the external light
sensing unit 14 to output the gamma curve information GC1.
[0092] The second gamma curve setting unit 453 selects a
gamma curve information GC2 corresponding to the illumi-
nance I of external light received from the external light
sensing unit 14 among gamma curve informations of each
intensity of a previously determined illuminance of external
light to output the gamma curve information GCx2. The
second gamma curve setting unit 453 performs the substan-
tially same functions as the gamma curve setting unit 151
shown in FIG. 6.

[0093] The multiplexer 454 selectively outputs the gamma
curve informations GCx1 and GCx2 in response to the selec-
tion signal SEL received from the video signal determining
unit 451. More specifically, the multiplexer 454 outputs the
gamma curve information GCx1 in response to the selection
signal SEL of the first logic level and outputs the gamma
curve information GCx2 in response to the selection signal
SEL of the second logic level.

[0094] The data mapping unit 455 selects a lookup table
corresponding to the gamma curve information GCx1/GCx2
output by the multiplexer 454 and then one-to-one maps the
digital video data RGB to data registered in the selected
lookup table to generate the modulation digital video data
R'G'B'. Hence, even if an illuminance of external light
changes, a relative brightness of an image the user perceives
is uniformly kept at an original brightness level of the image
due to the modulation digital video data R'G'B'.

[0095] FIGS.18and 19 illustrate a fifth exemplary configu-
ration of the gamma curve adjusting circuit 15. In FIGS. 18
and 19, because an input image may be displayed without
changes in the input image irrespective of changes in watch-
ing environment as compared with FIGS. 7 to 10C, a display
accuracy of the input image may be improved.

[0096] As shown in FIG. 18, the gamma curve adjusting
circuit 15 includes a video signal determining unit 551, a first
gamma curve setting unit 552, a second gamma curve setting
unit 553, a multiplexer (MUX) 554, a gamma curve estimat-
ing and determining unit 555, a data mapping unit 556, and a
storage unit 557.

[0097] The video signal determining unit 551, the first
gamma curve setting unit 552, the second gamma curve set-
ting unit 553, the multiplexer 554, and the storage unit 557
perform the substantially same functions as the video signal
determining unit 451, the first gamma curve setting unit 452,
the second gamma curve setting unit 453, the multiplexer
454, and the storage unit 456 shown in FIG. 17.

[0098] As shown in FIG. 19, the gamma curve estimating
and determining unit 555 calculates a relative brightness
function F for each gray level based on a gamma curve infor-
mation GC1x/GC2x received from the multiplexer 554. The
relative brightness function F is defined by a relative bright-
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ness B of an image varying depending on a luminance L of
input gray level as indicated in the above Equations 1to 4. The
luminance L of input gray level is affected by a reference
gamma G, an illuminance I of external light, a maximum
white luminance Max_L of the image, a surface reflectance R
of the liquid crystal display panel 10, etc. The maximum
white luminance Max_L of the image may be determined
depending on a maximum gray level among gray levels of
input data corresponding to one frame or depending on a
minimum gray level based on a histogram analyzing result of
input data corresponding to one frame. After the calculation
of the relative brightness function F for each gray level is
completed, the gamma curve estimating and determining unit
555 calculates a linearity Tx of relative brightnesses B calcu-
lated through the relative brightness function F. The gamma
curve estimating and determining unit 555 compares the lin-
earity Tx with a previously determined reference value and
outputs the selected gamma curve information GCx1/GCx2
without modulation if the linearity Tx is equal to or greater
than the previously determined reference value. The refer-
ence value is a critical value for determining whether or not a
relative brightness the user perceives has a good linearity in
all of gray level periods irrespective of changes in the illumi-
nance of external light. If the linearity Tx is smaller than the
reference value, the gamma curve estimating and determining
unit 555 calculates the relative brightness function F for each
gray level of each of all of gamma curve informations GC11
to GC1n/GC21 to GC2n. The gamma curve estimating and
determining unit 555 calculates linearity Tx of relative bright-
nesses B calculated through the calculated relative brightness
function F and selects gamma curve information GC1y/GC2y
with a maximum linearity Tx to output the gamma curve
information GC1y/GC2y.

[0099] The data mapping unit 556 selects a lookup table
corresponding to the gamma curve information GC1x/GC2x/
GC1y/GC2y output by the gamma curve estimating and deter-
mining unit 555 and then one-to-one maps the digital video
data RGB to data registered in the selected lookup table to
generate the modulation digital video data R'G'B'. Hence,
even if an illuminance of external light changes, a relative
brightness of an image the user perceives is uniformly kept at
an original brightness level of the image due to the modula-
tion digital video data R'G'B'.

[0100] FIGS. 20A to 20C illustrate a sixth exemplary con-
figuration of the gamma curve adjusting circuit 15. More
specifically, FIGS. 20A to 20C illustrate a modulation of the
digital video data RGB based on an adjustment dimming
signal according to the illuminance I of external light or an
input image, unlike FIGS. 6 to 18 illustrating a modulation of
the digital video data RGB based on the illuminance I of
external light.

[0101] As shown in FIG. 20A, the gamma curve adjusting
circuit 15 includes a dimming ratio adjusting unit 652A, a
maximum luminance calculating unit 653, a gamma curve
conversion controller 654, and a gamma curve converting unit
655.

[0102] The dimming ratio adjusting unit 652 A generates an
adjustment dimming signal MDimming based on the illumi-
nance I of external light received from the external light
sensing unit 14. The adjustment dimming signal MDimming
is supplied to the inverter 16 and is used to control a lumi-
nance of the backlight unit 17.

Feb. 18,2010

[0103] The maximum luminance calculating unit 653 cal-
culates a maximum white luminance Max_[ of an input
image according to the adjustment dimming signal MDim-
ming.

[0104] The gamma curve conversion controller 654 calcu-
lates a relative brightness function F for each gray level cor-
responding to the maximum white luminance Max_L of the
input image received from the maximum luminance calculat-
ing unit 653 based on a previously determined reference
gamma curve. The relative brightness function F is defined by
a relative brightness B of an image varying depending on a
luminance L of input gray level as indicated in the above
Equations 1 to 4. The luminance L of input gray level is
affected by a reference gamma G, an illuminance I of external
light, the maximum white luminance Max_L of the image, a
surface reflectance R of the liquid crystal display panel 10,
etc. After the calculation of the relative brightness function F
for each gray level is completed, the gamma curve conversion
controller 654 calculates a linearity Tx of relative bright-
nesses B calculated through the relative brightness function F.
The gamma curve conversion controller 654 compares the
linearity Tx with a previously determined reference value and
outputs the digital video data RGB without modulation if the
linearity Tx is equal to or greater than the previously deter-
mined reference value. If the linearity Tx is smaller than the
previously determined reference value, the gamma curve con-
version controller 654 generates an operation signal NO indi-
cating an operation of the gamma curve converting unit 655.

[0105] The gamma curve converting unit 655 converts the
number of gray levels from g0 to gn to g0 to gn' through data
bit expansion (data bit expansion from x-bit to x'-bit, x<x') in
response to the operation signal NO generated by the gamma
curve conversion controller 654. Subsequently, the gamma
curve converting unit 655 equally divides a relative brightness
curve BC in a plane comprised of the gray levels g0 to gn' and
a luminance by x"-bit (X"=x). Subsequently, the gamma
curve converting unit 655 maps the gray levels g0 to gn to the
equally divided gray levels g0 to gn' to generate gray levels g0
to gn". Subsequently, the gamma curve converting unit 655
modulates the digital video data RGB in conformity with the
gray levels g0 to gn" to output the modulation digital video
data R'G'B'. Hence, even if an illuminance of external light
changes, a relative brightness of an image the user perceives
is uniformly kept at an original brightness level of the image
due to the modulation digital video data R'G'B'.

[0106] As shown in FIG. 20B, the gamma curve adjusting
circuit 15 includes a video signal analyzing unit 651, a dim-
ming ratio adjusting unit 652B, a maximum luminance cal-
culating unit 653, a gamma curve conversion controller 654,
and a gamma curve converting unit 655.

[0107] The video signal analyzing unit 651 analyzes input
data corresponding to one frame to extract a maximum gray
level Max Gray or analyzes a histogram of input data corre-
sponding to one frame to extract a minimum gray level Mode
Gray.

[0108] The dimming ratio adjusting unit 652B generates an
adjustment dimming signal MDimming based on the maxi-
mum gray level Max Gray or the minimum gray level Mode
Gray extracted by the video signal analyzing unit 651.
[0109] Since configurations of the maximum luminance
calculating unit 653, the gamma curve conversion controller
654, and the gamma curve converting unit 655 in FIG. 20B
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are substantially the same as those shown in FIG. 20A, a
further description may be briefly made or may be entirely
omitted.

[0110] As shown in FIG. 20C, the gamma curve adjusting
circuit 15 includes a video signal analyzing unit 651, a dim-
ming ratio adjusting unit 652C, a maximum luminance cal-
culating unit 653, a gamma curve conversion controller 654,
and a gamma curve converting unit 655.

[0111] The video signal analyzing unit 651 analyzes input
data corresponding to one frame to extract a maximum gray
level Max Gray or analyzes a histogram of input data corre-
sponding to one frame to extract a minimum gray level Mode
Gray.

[0112] The dimming ratio adjusting unit 652C generates an
adjustment dimming signal MDimming based on the maxi-
mum gray level Max Gray or the minimum gray level Mode
Gray extracted by the video signal analyzing unit 651 and
based on the luminance I of external light received from the
external light sensing unit 14.

[0113] Since configurations of the maximum luminance
calculating unit 653, the gamma curve conversion controller
654, and the gamma curve converting unit 655 in FIG. 20C
are substantially the same as those shown in FIG. 20A, a
further description may be briefly made or may be entirely
omitted.

[0114] FIGS. 21 to 26 illustrate a liquid crystal display and
a method of driving the same capable of uniformly keeping a
relative brightness of an image a user perceives at an original
brightness level of the image through for example, an varia-
tion of resistances of variable resistors constituting a gamma
resistor string, irrespective of changes in watching environ-
ment.

[0115] AsshowninFIG.21,aliquid crystal display accord-
ing to a second exemplary embodiment of the disclosure
includes a liquid crystal display panel 20, a timing controller
21, a data drive circuit 22, a gate drive circuit 23, an external
light sensing unit 24, a gamma curve adjusting circuit 28, an
inverter 29, and a backlight unit 30. Since configurations of
the liquid crystal display panel 20, the timing controller 21,
the gate drive circuit 23, the external light sensing unit 24, the
inverter 29, and the backlight unit 30 are substantially the
same as the liquid crystal display panel 10, the timing con-
troller 11, the gate drive circuit 13, the external light sensing
unit 14, the inverter 16, and the backlight unit 17 shown in
FIG. 5, a further description may be briefly made or may be
entirely omitted.

[0116] The data drive circuit 22 converts digital video data
RGB into an analog gamma compensation voltage based on
adjustment gamma reference voltages MVGMA1 to MVG-
MAKk received from the gamma curve adjusting circuit 28 in
response to a data timing control signal DDC received from
the timing controller 21 to supply the analog gamma com-
pensation voltage as a data voltage to data lines DL of the
liquid crystal display panel 20. Since a detailed configuration
ofthe data drive circuit 22 is substantially the same as the data
drive circuit 12 shown in FIG. 5, a further description may be
briefly made or may be entirely omitted.

[0117] The gamma curve adjusting circuit 28 varies resis-
tances of variable resistors constituting a gamma resistor
string based on an illuminance I of external light or based on
an adjustment dimming signal according to the illuminance I
of external light or an input image to modulate a gamma
curve, so that a relative brightness of an image a user per-
ceives is uniformly kept irrespective of changes in watching
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environment. Hence, the relative brightness of the image the
user perceives is uniformly kept at an original brightness level
of'the image irrespective of changes in watching environment
and has a good linearity in all of gray level periods due to the
modulation of the gamma curve. For the above-described
operation, the gamma curve adjusting circuit 28 includes a
gamma curve setting unit 25, a gamma resistance setting unit
26, and a gamma reference voltage conversion unit 27.
[0118] The gamma curve setting unit 25 may have one of a
configuration of the gamma curve setting unit 151 shown in
FIG. 6, a configuration comprised of the gamma curve setting
unit 251 and the gamma curve estimating and determining
unit 252 shown in FIG. 7, a configuration comprised of the
video signal determining unit 451, the first and second
gamma curve setting units 452 and 453, and the multiplexer
454 shown in FIG. 17, and a configuration comprised of the
video signal determining unit 551, the first and second
gamma curve setting units 552 and 553, the multiplexer 554,
and the gamma curve estimating and determining unit 555
shown in FIG. 18.

[0119] As shown in FIG. 22, the gamma resistance setting
unit 26 selects a gamma resistance determining information
corresponding to a gamma curve information GCx deter-
mined by the gamma curve setting unit 25 among previously
determined gamma resistance determining informations
(R11-R1(k+1))to (Rn1-Rn(k+1)) respectively corresponding
to gamma curve informations GC1 to GCn to output the
gamma resistance determining information as an electrical
signal. The selected gamma resistance determining informa-
tion is used to vary resistances of variable resistors constitut-
ing a gamma resistor string inside the gamma reference volt-
age conversion unit 27 and to modulate the gamma curve.
[0120] As shown in FIG. 23, the gamma reference voltage
conversion unit 27 includes a gamma resistor string including
a plurality of variable resistors R1 to Rk dividing a voltage
between a high voltage source VDD and a low voltage source
VSS. A resistance of each of the variable resistors R1 to Rk is
electrically varied in response to the gamma resistance deter-
mining information output by the gamma resistance setting
unit 26. The variable resistors R1 to Rk may be implemented
as a known digital resistor, a variable resistor using a transis-
tor, and the like. The adjustment gamma reference voltages
MVGMA1 to MVGMAK are generated through voltage divi-
sion nodes between the variable resistors R1 to Rk. The
gamma curve, as shown in FIG. 24, is modulated by the
adjustment gamma reference voltages MVGMA1 to MVG-
MAK. Hence, the relative brightness of the image the user
perceives has a good linearity in all the gray level periods.
[0121] The gamma curve setting unit 25 may operate as
illustrated in FI1G. 25. As shown in FIG. 25, the gamma curve
setting unit 25 calculates a relative brightness function F for
each gray level corresponding to the illuminance I of external
light received from the external light sensing unit 24 based on
a previously determined gamma curve. The relative bright-
ness function F is defined by a relative brightness B of an
image varying depending on a luminance L. of input gray level
asindicated in the above Equations 1 to 4. The luminance L of
input gray level is affected by a reference gamma G, an
illuminance I of external light, a maximum white luminance
Max_L of the image, a surface reflectance R of the liquid
crystal display panel 10, etc. The maximum white luminance
Max_L of the image may be determined depending on a
maximum gray level among gray levels of input data corre-
sponding to one frame or depending on a minimum gray level
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based on a histogram analyzing result of input data corre-
sponding to one frame. After the calculation of the relative
brightness function F for each gray level is completed, the
gamma curve setting unit 25 converts the number of gray
levels from g0 to gn to g0 to gn' (refer to FIGS. 16A and 16B)
through data bit expansion (data bit expansion from x-bit to
x'-bit, x<x'). Subsequently, the gamma curve setting unit 25
equally divides a relative brightness curve BC in a plane
comprised of the gray levels g0 to gn' and a luminance by
x"-bit (x"=x). In this case, the number of divided relative
brightness curve BC is equal to the number of divided positive
voltages or the number of divided negative voltages based on
a common voltage Vcom of the gamma reference voltage
conversion unit 27 shown in FIG. 23. Subsequently, the
gamma curve setting unit 25 maps the gray levels go to gn to
the equally divided gray levels g0 to gn' to generate gray
levels g0 to gn" (refer to FIG. 16C).

[0122] The gamma resistance setting unit 26 may operate
as illustrated in FIG. 26. As shown in FIG. 26, the gamma
resistance setting unit 26 calculates the adjustment gamma
reference voltages MVGMA1 to MVGMAK corresponding
to the gray levels g0 to gn" in a plane comprised of a gray level
and a voltage shown in FIG. 24. The gamma resistance setting
unit 26 calculates the variable resistances for obtaining the
adjustment gamma reference voltages MVGMA1 to MVG-
MAKk and selects the calculated variable resistances as the
gamma resistance determining information. Then, the
gamma resistance setting unit 26 outputs the gamma resis-
tance determining information as an electrical signal.

[0123] As described above, in the liquid crystal display and
the method of driving the same according to the embodiments
of the disclosure, a relative brightness of an image the user
perceives can be uniformly kept at an original brightness level
of the image through for example, a modulation of input data
irrespective of changes in watching environment and can
have a good linearity in all of gray levels.

[0124] Furthermore, in the liquid crystal display and the
method of driving the same according to the embodiments of
the disclosure, a relative brightness of an image the user
perceives can be uniformly kept at an original brightness level
of the image through for example, an variation of resistances
of variable resistors constituting a gamma resistor string,
irrespective of changes in watching environment and can
have a good linearity in all of gray levels.

[0125] Any reference in this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” etc.,
means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at
least one embodiment of the disclosure. The appearances of
such phrases in various places in the specification are not
necessarily all referring to the same embodiment. Further,
when a particular feature, structure, or characteristic is
described in connection with any embodiment, it is submitted
that it is within the purview of one skilled in the art to effect
such feature, structure, or characteristic in connection with
other ones of the embodiments.

[0126] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
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disclosure, the drawings and the appended claims. In addition
to variations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled in the art.

1. A liquid crystal display comprising:

a liquid crystal display panel for displaying an image;

an external light sensing unit that senses an illuminance of
external background light of the liquid crystal display
panel; and

a gamma curve adjusting circuit that modulates digital
video data based on the illuminance of external light and
uniformly keeps a relative brightness of the image a user
perceives irrespective of changes in the illuminance of
external light.

2. The liquid crystal display of claim 1, wherein the gamma

curve adjusting circuit comprises:

a gamma curve setting unit that selects a first gamma curve
information corresponding to the illuminance of exter-
nal light among gamma curve information of each inten-
sity of a previously determined illuminance of external
light to output the first gamma curve information as a
selected gamma curve information, so that a relative
brightness of the image a user perceives has a linearity in
all of gray level periods; and

a data mapping unit that modulates the digital video data
using stored values.

3. The liquid crystal display of claim 2, wherein the stored
values are in a lookup table corresponding to the selected
gamma curve information.

4. The liquid crystal display of claim 2, wherein the gamma
curve adjusting circuit further comprises a gamma curve esti-
mating and determining unit calculating a relative brightness
function for each gray level based on the first gamma curve
information, comparing a linearity for each gray level of the
relative brightness function with a previously determined
reference value, and outputting the first gamma curve infor-
mation or a second gamma curve information different from
the first gamma curve information as the selected gamma
curve information according to a comparison result,

wherein the second gamma curve information has a maxi-
mum linearity for each gray level of the relative bright-
ness function among the gamma curve informations
other than the first gamma curve information.

5. The liquid crystal display of claim 1, wherein the gamma
curve adjusting circuit comprises:

a gamma curve conversion controller calculating a relative
brightness function for each gray level based on a refer-
ence gamma curve previously determined according to
the illuminance of external light, comparing a linearity
for each gray level of the relative brightness function
with a previously determined reference value, and gen-
erating an operation control signal for a modulation of
the digital video data; and

a gamma curve conversion unit expanding a number of
gray levels from 2* to 2™ through data bit expansion from
k-bit to m-bit in response to the operation control signal,
equally dividing a relative brightness curve in a plane
comprised of the gray levels 2™ and a luminance by the
k-bit, mapping the gray levels 2 to the equally divided
gray levels 2 to change gray levels, and modulating the
digital video data in conformity with the changed gray
levels.
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6. Theliquid crystal display of claim 1, wherein the gamma
curve adjusting circuit comprises:

a first gamma curve setting unit setting a first gamma curve
information corresponding to each intensity of an illu-
minance information of external light and outputting a
gamma curve information within a range including the
illuminance of external light;

a second gamma curve setting unit outputting a gamma
curve information corresponding to the illuminance of
external light among second gamma curve informations
of each intensity of a previously determined illuminance
of external light;

a multiplexer selecting one of outputs of the first and sec-
ond gamma curve setting units as a first selection gamma
curve information depending on whether or not the illu-
minance information of external light is included in the
digital video data; and

adata mapping unit modulating the digital video data using
a lookup table corresponding to the first selection
gamma curve information.

7. Theliquid crystal display of claim 6, wherein the gamma
curve adjusting circuit further includes a gamma curve esti-
mating and determining unit calculating a relative brightness
function for each gray level based on the first selection
gamma curve information, comparing a linearity for each
gray level of the relative brightness function with a previously
determined reference value, and outputting the first selection
gamma curve information or a second selection gamma curve
information different from the first selection gamma curve
information according to a comparison result,

wherein the second selection gamma curve information
has a maximum linearity for each gray level of the rela-
tive brightness function among the gamma curve infor-
mations other than the first selection gamma curve infor-
mation.

8. A liquid crystal display comprising:

a liquid crystal display panel that displays an image;

an external light sensing unit that senses an illuminance of
external light around the liquid crystal display panel;

a backlight unit whose an output luminance is controlled
by an adjustment dimming signal; and

a gamma curve adjusting circuit that modulates digital
video data according to a maximum white luminance
based on the adjustment dimming signal and uniformly
keeps a relative brightness of the input image a user
perceives irrespective of changes in the illuminance of
external light.

9. The liquid crystal display of claim 8, wherein the gamma

curve adjusting circuit comprises:

a dimming ratio adjusting unit that generates the adjust-
ment dimming signal;

a maximum luminance calculating unit that calculates the
maximum white luminance;

a gamma curve conversion controller that calculates a rela-
tive brightness function for each gray level based on a
reference gamma curve previously determined accord-
ing to the maximum white luminance, comparing a lin-
earity for each gray level of the relative brightness func-
tion with a previously determined reference value, and
generating an operation control signal for a modulation
of the digital video data; and

a gamma curve conversion unit expanding a number of
gray levels from 2 to 2™ through data bit expansion from
k-bit to m-bit in response to the operation control signal,
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equally dividing a relative brightness curve in a plane
comprised of the gray levels 2™ and a luminance by the
k-bit, mapping the gray levels 2 to the equally divided
gray levels 2 to change gray levels, and modulating the
digital video data in conformity with the changed gray
levels.

10. The liquid crystal display of claim 9, wherein the
gamma curve adjusting circuit further includes a video signal
analyzing unit analyzing the digital video data corresponding
to one frame to extract data having a maximum gray level or
a minimum gray level.

11. A liquid crystal display comprising:

a liquid crystal display panel that displays an image;

an external light sensing unit that senses an illuminance of

external light around the liquid crystal display panel;
and

a gamma curve adjusting circuit that varies resistances of a

gamma resistor string based on the illuminance of exter-
nal light and uniformly keeps a relative brightness of the
image a user perceives irrespective of changes in the
illuminance of external light.

12. A liquid crystal display comprising:

a liquid crystal display panel that displays an image;

an external light sensing unit that senses an illuminance of

external light around the liquid crystal display panel;

a backlight unit whose an output luminance is controlled

by an adjustment dimming signal; and

a gamma curve adjusting circuit that varies resistances of a

gamma resistor string according to a white luminance
based on the adjustment dimming signal and uniformly
keeps a relative brightness of the input image a user
perceives irrespective of changes in the illuminance of
external light.

13. A method of driving a liquid crystal display including a
liquid crystal display panel displaying an image, the method
comprising:

sensing an illuminance of external light around the liquid

crystal display panel; and

modulating digital video data based on the illuminance of

external light and uniformly keeping a relative bright-
ness of the input image a user perceives irrespective of
changes in the illuminance of external light.

14. A method of driving a liquid crystal display including a
liquid crystal display panel displaying an image and a back-
light unit whose an output luminance is controlled by an
adjustment dimming signal, the method comprising:

sensing an illuminance of external light around the liquid

crystal display panel; and

modulating digital video data according to a white lumi-

nance based on the adjustment dimming signal and uni-
formly keeping a relative brightness of the input image a
user perceives irrespective of changes in the illuminance
of external light.

15. A method of driving a liquid crystal display including a
liquid crystal display panel displaying an image, the method
comprising:

sensing an illuminance of external light around the liquid

crystal display panel; and

varying resistances of a gamma resistor string based on the

illuminance of external light and uniformly keeping a
relative brightness of the input image a user perceives
irrespective of changes in the illuminance of external

light.
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16. A method of driving a liquid crystal display including a 17. The method of claim 15, wherein varying resistances
liquid crystal display panel displaying an image and a back- comprises varying resistances of variable resistors in a

light unit whose an output luminance is Cont‘rqlled by an gamma resistor string based on the illuminance of external
adjustment dimming signal, the method comprising:

sensing an illuminance of external light around the liquid light. ) . ) )
crystal display panel; and 18. The method of claim 16, wherein varying resistances
varying resistances of a gamma resistor string according to comprises varying resistances of variable resistors in a
a white luminance based on the adjustment dimming gamma resistor string according to a maximum white lumi-

signal and uniformly keeping a relative brightness of the nance based on the adjustment dimming signal.
input image a user perceives irrespective of changes in
the illuminance of external light. kok ok ok ok
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