United States Patent

US007636076B2

(12) (10) Patent No.: US 7,636,076 B2
Hung et al. 45) Date of Patent: Dec. 22,2009
(54) FOUR-COLOR TRANSFLECTIVE COLOR 6,897,876 B2 5/2005 Murdochetal. ............ 345/589
LIQUID CRYSTAL DISPLAY 7,365,722 B2* 4/2008 Lee .....cccoeeenenn. veeeees 345/88
2004/0178743 Al 9/2004 Milleretal. ............ 315/169.3
(75) Inventors: Kuo-Yung Hung, Hsinchu (TW); 5882; 88;;%2; i} * 3; 5882 g‘_’k e 31354 ;/66993
AT . : . IZGINS wevevvireivniieeennne
gﬂiﬂ-ﬁfﬁfhﬁ’;ﬁg {??%%KIII)FTW)’ 2005/0099426 A1 5/2005 Primerano etal. .......... 345/580
Chih-Chun Pei, Hsinchu (TW); FOREIGN PATENT DOCUMENTS
Chih-Hao Chen, Tianjhong Township,
Changhua County (TW) P 09-43604 2/1997
Jp 2001-184037 7/2001
(73) Assignee: Au Optronics Corporation, Hsinchu » 2003-248217 9/2003
TW JP 573284 1/2004
( ) JP 2005-141196 6/2005
JP 2005-338824 12/2005
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 * cited by examiner
U.S.C. 154(b) by 628 days.
(®) by as Primary Examiner—Amare Mengistu
(21) Appl No.: 11/233,850 Assistant Examiner—Seokygn Moon
(74) Attorney, Agent, or Firm—Ware, Fressola, Van Der
(22) Filed: Sep. 22, 2005 Sluys & Adolphson, LLP
(65) Prior Publication Data (67 ABSTRACT
US 2007/0063945 Al Mar. 22, 2007 The pixel in a transflective color LCD panel of the present
invention has an additional sub-pixel area. The pixel is
(1) Int. Cl. divided into three or more color sub-pixels in R, G, B and at
G09G 3/36 (2006.01) least one sub-pixel M. Each of the color sub-pixels is divided
GO2F 1/1343 (2006.01) into a transmission area and a reflection area to display color
G09G 5/00 (2006.01) image data. The sub-pixel M can be entirely reflective or
(52) US.CL ..cocvvenee 345/88; 345/690; 335882//511662; partially reflective for displaying a further image data. Two or
more algorithms are used to compute the further image data
(58) Field of Classification Search ........... 345/87-102,  hased on the color image data. A selector is used to select one
345{ 60(?, 690-694; 358/516; 382/ 16.2; 349/143 of the algorithms for displaying the further image data. The
See application file for complete search history. algorithm selection can be used by a user or automatically
. selected according to the brightness of ambient light. The
(56) References Cited transflective LCD panel can be used in a reflective mode when
U.S. PATENT DOCUMENTS the ambient light reaches a brightness level.
6,724,934 Bl 4/2004 Leeetal. ....oovueeneeeenn. 382/167
6,876,764 B2* 4/2005 Leeetal. ...cccevevnennene 382/162 18 Claims, 13 Drawing Sheets

130
/‘

134,
Algorithm 1

R 134,
G e Algorithm 2

B MUX — W

7 Algorithm 3

—134,
132/ Algorithm 4

Selector input
142



U.S. Patent Dec. 22, 2009 Sheet 1 of 13 US 7,636,076 B2

FIG. 1
(prior art)

b e — ——

,4_ RA :{: TA _>I
12 Y

<

o
oo R RLRITXIRR
PRk SRROANXHHKS
B SOARNRHANK

820
830

AR ARIICHKN 438101070 9 0 e s 4
RO KRR

Liquid crystal
layer —>

> 850 ‘\'

3 R TR A RTE R
o XX TXATRIRE
860 X rasieareialiiolel
LK
00.0
KX .

T3 0,000,000 %3
Q> (R o, o,
X CORHRHRS S
ol

t

R DTXRIRIAS 0,8,8,4. 0,00 XRIRRS
%, KARI KR (KR X XXID WSenatess:
0%t a0t 0% 0 0 e % e a % % e e % et tata%e?.) 4%0%0%0% %

% SN R BANAARANKS RS ROXN
;
;
7
D
:.:.:.:':.:':.:.:.:.:.:..’0"’0'0.'.0 L 0.0' OO 0.0’0.‘.0.0‘0.0‘0.0‘0‘

£ T (L
1200070000, 0.0 0 00005000 040 (02620
B KR KNRIKRS R

FIG. 3
(prior art)




L h f— & —f— = —

/

~

i _\w

Q\\\\\

/

%

///




U.S. Patent Dec. 22, 2009 Sheet 3 of 13 US 7,636,076 B2

R G B M R G B M
RA RA
TA TA .

FIG. 4A FIG. 4B

R G B M R G B M

RA RA
RA

TA TA

FIG. 4C FIG. 4D



U.S. Patent Dec. 22, 2009

RA
TA T
FIG. 4E
R G B M
RA
__________ - |
TA

FIG. 4G

Sheet 4 of 13 US 7,636,076 B2

RA
TA B
FIG. 4F
B M R G
RA
TA ===

FIG. 4H



=

\\\\\\\\

//////%/////

2

—

.

U.S. Patent Dec. 22, 2009 Sheet 5 of 13

FIG. 5B

FIG. 5A

e

/////////////

FIG. 5D

FIG. 5C



US 7,636,076 B2

U.S. Patent Dec. 22, 2009 Sheet 6 of 13

FIG. 5F

FIG. 5E

=

\\\\\\\\\\

=

FIG. 5G



U.S. Patent Dec. 22, 2009 Sheet 7 of 13 US 7,636,076 B2

R fiIter B ﬁlter G filter

R filter B filter G filter f"te'

////// 27222 AN

xxxxxxxxxxxxx

% /

\N / f
\\w\ﬁ z\\w\é
transmlsswe transmissive transmlsswe transmissive
electrode R electrode B  electrode G electrode W

FIG. 6B



U.S. Patent Dec. 22, 2009 Sheet 8 of 13 US 7,636,076 B2

non-color

R filter B filter G filter filter

/// ////////// AR RRTNNS

A /
| / \_ ]
reﬂectlve reflective reﬂectlve reflective
electrode R electrode B electrode G electrode W

FIG. 6¢C

130
/’_

134,
7 Algorithm 1
R -~ 134,
G e Algorithm 2
5 MUX L — W
7 Algorithm 3
_—
13 2/ < Algorithm 4

Selector input

142 FIG. 8



U.S. Patent

Dec. 22, 2009 Sheet 9 of 13
150 120
User |/ f
control
T Data IC
|
140~ + 130
.
Algorithm »| computation
selector > module
142
1 w| R|G|B
S
v 160 —1
Back-lightin -—>
CoT S < DISPLAY
PANEL
\< 190

FIG. 7

US 7,636,076 B2

100

110



U.S. Patent Dec. 22, 2009 Sheet 10 of 13 US 7,636,076 B2

! 1/MAX | YRMAX
R
Exp.

Exp.

1/MAX Yamax
B C D
Exp.
1/Exp. —@——\N
Y R MAX  FIG. 9B




U.S. Patent

(% ) DSIN 2ADRNY

Dec. 22, 2009 Sheet 11 of 13

Level

FIG. 10

Digital Gamma Adjustable

40%
35%
30%
25%
20%
15%
10%

US 7,636,076 B2

—=—gamma 2.8
——gamma 1.6

-+ oamma 2.2

(I 0 T O O IO I

0.8 1 1.21.41.61.8 2 2.22.42.6

Digital Gamma

FIG. 11



U.S. Patent Dec. 22, 2009 Sheet 12 of 13 US 7,636,076 B2

RA RA
TA TA
RA RA
TA TA
FIG. 12A FIG. 12D
RA RA
_________________ R e s B
TA TA
RA RA
""" RA | O rRa [T
TA TA
FIG. 12B FIG. 12E
RA RA
_________________ IS SN H [
TA TA |
RA RA
_____ RA | ———— | rp Fo-f---
wl - TA |

FIG. 12C FIG. 12F



U.S. Patent Dec. 22, 2009 Sheet 13 of 13 US 7,636,076 B2

N\
TA B : /»x :====:=.:f':

RA i
T RA [T RA

N\

TA

FIG. 12G

TA

T RA[TTT RA

TA

FIG. 12H

FIG. 13C




US 7,636,076 B2

1
FOUR-COLOR TRANSFLECTIVE COLOR
LIQUID CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is related to patent application Ser.
No. 11,321,011, assigned to the assignee of the present inven-
tion.

FIELD OF THE INVENTION

The present invention relates generally to a liquid crystal
display panel and, more particularly, to a transflective-type
liquid crystal display panel.

BACKGROUND OF THE INVENTION

Due to the characteristics of thin profile and low power
consumption, liquid crystal displays (LCDs) are widely used
in electronic products, such as portable personal computers,
digital cameras, projectors, and the like. Generally, LCD
panels are classified into transmissive, reflective, and trans-
flective types. A transmissive LCD panel uses a back-light
module as its light source. A reflective LCD panel uses ambi-
ent light as its light source. A transflective LCD panel makes
use of both the back-light source and ambient light.

As known in the art, a color LCD panel 1 has a two-
dimensional array of pixels 10, as shown in FIG. 1. Each of
the pixels comprises a plurality of sub-pixels, usually in three
primary colors of red (R), green (G) and blue (B). These RGB
color components can be achieved by using respective color
filters. FIG. 2A illustrates a plan view of a pixel 10 in a
conventional transflective liquid crystal panel. The pixel 10 is
divided into three color sub-pixels 12R, 12G and 12B and
each sub-pixel can be divided into a transmission area (TA)
and a reflection area (RA). The pixel 10 is associated with a
gate line, Gate n. The color sub-pixels 12R, 12G and 12B are
separately associated with data lines Data, m, Data m and
Dataz m. The color filter for use with a pixel 10 is shown in
FIG. 2B. In FIG. 2B, the color filter has three color filter
sections R, G, B corresponding to the color sub-pixels 12R,
12G, 12B of the pixel 10. A cross sectional view of a color
sub-pixel 12 is shown in FIG. 3. As shown, the color sub-pixel
12 has an upper layer structure, a lower layer structure and a
liquid crystal layer 900 disposed between the layer structures.
The upper layer structure comprises an upper substrate 810, a
color filter 820 and an upper electrode 830. The lower layer
structure comprises a lower substrate 870, a device layer 860,
a passivation layer 850 and an electrode layer. The electrode
layer comprises a reflective electrode 842 in the reflection
area electrically connected to the device layer through a via
852, and a transmissive electrode 844 in the transmission area
electrically connected to the reflective electrode 842. The
transmissive electrode 844 and the upper electrode are made
from a transparent material such as indium-tin oxide (ITO).
The reflective electrode 842 also serves as a reflector and is
made from one or more highly reflective metals such as Al,
Ag, Cr, Mo, Ti and AINd.

If the overall reflectivity in the reflection areas is insuffi-
cient to produce a desired color density, voids or colorless
filters within the color filter sections in the reflection areas are
used to increase the reflectivity, as shown in FIG. 2B. With
this color correction method, the color image quality of the
LCD panel may not be desirable.

It is thus advantageous and desirable to provide a method
and a sub-pixel structure for use in a transflective color LCD
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panel for increasing the reflectivity in the pixel without
unduly degrading the color quality of the panel.

SUMMARY OF THE INVENTION

The pixel in a transflective color LCD panel of the present
invention has an additional sub-pixel area. According to the
present invention, a pixel is divided into a plurality of sub-
pixels. At least three of the sub-pixels are color sub-pixels in
R, G, B and at least one of the sub-pixels is a sub-pixel M.
Each of the color sub-pixels R, G and B is divided into a
transmission area and a reflection area. The sub-pixel M can
be entirely reflective or partially reflective. The color filter for
use in the pixel comprises R, G, B color filter segments
corresponding to the R, G, B color sub-pixels and possibly a
filter segment for the sub-pixel M. The filter segment for the
sub-pixel M can be entirely colorless or partially colorless.
Furthermore, one or more of the R, G, B color filer segments
associated with the reflection area may have a colorless sub-
segment.

Preferably, the number of sub-pixels is four, with three
sub-pixels being color sub-pixels in R, G and B and one pixel
being the sub-pixel M. However, it is possible to have six
sub-pixels in a pixel. Among these six sub-pixels, one is the
sub-pixel M and five are color sub-pixels, for example. It is
also possible to have eight sub-pixels. Among these eight
sub-pixels, two are sub-pixels M and six are color sub-pixels
in R, G and B, for example.

The colorless sub-segment is referred to as the white sub-
segment W, which can be used to control the brightness and
the color quality of the display panel. The color signal pro-
vided to the sub-segment W is computed based on the color
signals provided to the R, G, B color sub-segment. In particu-
lar, the present invention uses two or more algorithms to
compute the W color signal so that one of the algorithms can
be used based on the brightness of the environment, on the
preference of a user or on a predetermined criterion.

Alternatively, the “colorless sub-segment” is used to pro-
vide a non-primary color and the color signal provided to this
sub-segment is yellow, magenta, cyan or the combination
thereof.

The present invention will become apparent upon reading
the description taken in conjunction with FIGS. 4A-13C.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a typical LCD
panel.

FIG. 2A is a schematic representation showing a plan view
of the pixel structure of a conventional transflective color
LCD panel.

FIG. 2B is a schematic representation showing a color filter
for use with a pixel in a conventional transflective color LCD
panel.

FIG. 3 is schematic representation showing a cross sec-
tional view of a sub-pixel in the conventional transflective
LCD panel, and the reflection and transmission of light beams
in the sub-pixel.

FIG. 4A-4H are schematic representations of various sub-
pixel structures, according to the present invention, wherein a
pixel is divided into three color sub-pixels R, G, B and a
fourth sub-pixel M and wherein each of the color sub-pixels
R, G, B is divided into a transmission area and a reflection
area.

FIG. 4A shows a pixel wherein the areas of the sub-pixels
R, G, B and M are substantially the same, and the reflection
areas in those sub-pixels are also substantially equal to each
other.
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FIG. 4B shows a pixel wherein the areas of the sub-pixels
R, G, B and M are substantially the same, but the reflection
area in the sub-pixel M is larger than the reflection area in
sub-pixels R, G and B.

FIG. 4C shows a pixel wherein the area of the sub-pixels R,
G, B and M are substantially the same, but the sub-pixel M is
entirely reflective.

FIG. 4D shows a pixel wherein the areas of the sub-pixels
R, G, B and M are substantially the same, but the reflection
area in the sub-pixel M is smaller than the reflection area in
sub-pixels R, G and B.

FIG. 4E shows a pixel wherein the areas of the sub-pixels
R, G, B and M are substantially the same, but the reflection
area in the sub-pixel M and the reflection area in sub-pixel G
are different from the reflection area in sub-pixels R and B.

FIG. 4F shows a pixel wherein the area of the sub-pixel M
is smaller than the area of the sub-pixels R, G, B and the
sub-pixel M is partially reflective.

FIG. 4G shows a pixel wherein the area of the sub-pixel M
is smaller than the area of the sub-pixels R, G, B and the
sub-pixel M is entirely reflective.

FIG. 4H shows a pixel wherein the areas of the sub-pixels
R, G, B and M are substantially the same, but the reflection
area in the sub-pixel M is larger than the reflection area in
sub-pixels R, G and B and the sub-pixel M is located between
two color sub-pixels.

FIG. 5A-5G are schematic representations showing vari-
ous color filters for use in the sub-pixel structures, according
to the present invention, wherein a color filter is divided into
three color filter segments R, G, B and a fourth filter segment.

FIG. 5A shows a color filter wherein the areas of the color
filter segments R, G, B and the fourth filter segment are
substantially the same, and the fourth filter segment is par-
tially colorless.

FIG. 5B shows a color filter wherein the areas of the color
filter segments R, G, B and the fourth filter segment are
substantially the same, and the fourth filter segment is entirely
colorless.

FIG. 5C shows a color filter wherein the area of the fourth
filter segment is smaller than the area of the color filter seg-
ments R, G, B, and the fourth filter segment is partially
colorless.

FIG. 5D shows a color filter wherein the area of the fourth
filter segment is smaller than the area of the color filter seg-
ments R, G, B, and the fourth filter segment is entirely color-
less.

FIG. 5E shows a color filter wherein the color filter in the
reflection area has three color filter sections of R, G, B and a
fourth section of colorless filter, whereas the color filter in the
transmission area has only three color filter sections of R, G
and B.

FIG. 5F shows a color filter wherein the areas of the color
filter segments R, G, B and the fourth filter segment are
substantially the same, and the fourth filter segment is par-
tially colorless and wherein the filter segment is located
between two color filter segments.

FIG. 5G shows a color filter wherein one or more of the R,
G, B color filter segments associated with the reflection area
of the pixel may have a colorless sub-segment.

FIG. 6A is a schematic representation showing a cross
sectional view of a pixel with three transmissive electrodes.

FIG. 6B is a schematic representation showing a cross
sectional view of a pixel with four transmissive electrodes.

FIG. 6C is a schematic representation showing a cross
section view of a pixel with four reflective electrodes.

FIG. 7 is a block diagram showing various components in
the display system, according to the present invention.
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FIG. 8 is a block diagram showing an algorithm selector.

FIG. 9A is a block diagram showing one of the algorithm
computation module.

FIG. 9B is a block diagram showing another algorithm
computation module.

FIG. 10 shows a relationship between brightness level and
gray level for different gamma curves.

FIG. 11 shows a simulated relationship between reflective
NTSC and digital gamma.

FIG. 12A is a schematic representation of a different sub-
pixel structure, according to the present invention, wherein a
pixel is divided into six sub-pixels, and wherein each of the
sub-pixels is divided into a transmission area and a reflection
area.

FIG. 12B shows a pixel divided into six sub-pixels,
wherein one of the sub-pixel is entirely reflective.

FIG. 12C shows a pixel divided into six sub-pixels,
wherein the reflection area in one of the sub-pixel is larger
than that in the other sub-pixels.

FIGS. 12D-12H are schematic representations of a sub-
pixel structure wherein a pixel is divided into eight sub-pixels
with each of six sub-pixels being divided into a transmission
area and a reflection area and the remaining two sub-pixels
being partially reflective or totally reflective, wherein:

FIG. 12D shows each of the remaining two sub-pixels
being divided into a transmission area and a reflective area,
similar to the other six sub-pixels;

FIGS. 12E and 12G show each of the remaining two sub-
pixels being totally reflective; and

FIGS. 12F and 12H show each of the remaining two sub-
pixels being partially reflective with its reflection area being
larger than that in the other six sub-pixels.

FIG. 13 A shows a pixel being divided into six sub-pixels,
wherein the filter segment for one of the sub-pixels is color-
less.

FIG.13B shows a pixel being divided into eight sub-pixels,
wherein the filter segments for two of the sub-pixels are
colorless.

FIG.13C shows a pixel being divided into eight sub-pixels,
wherein the filter segments for two of the sub-pixels are
colorless in a different arrangement.

DETAILED DESCRIPTION OF THE INVENTION

The pixel in a transflective color LCD panel of the present
invention uses at least one additional sub-pixel having a col-
orless (W) filter segment and a reflective electrode associated
with that filter segment. Alternatively, the additional sub-
pixel has a filter segment in a non-primary color such as
yellow, magenta, cyan or acombination thereof. According to
the present invention, a pixel is divided into a plurality of
sub-pixels, wherein at least three of the sub-pixels are color
sub-pixels in R, G, B and at least one of sub-pixels is a
sub-pixel M. Each of the color sub-pixels R, G and B is
divided into a transmission area and a reflection area. Accord-
ingly, each of the color sub-pixels R, G, B has a transmissive
electrode in the transmission area and a reflective electrode in
the reflection area. The sub-pixel M can be entirely reflective
or partially reflective. Thus, the sub-pixel M may or may not
have a transmissive electrode. The color filter for use in the
pixel comprises R, G, B color filter segments corresponding
to the R, G, B color sub-pixels and a filter segment for the
fourth sub-pixel. The filter segment for the fourth sub-pixel
can be entirely colorless or partially colorless. The filter seg-
ment for the fourth sub-pixel can be at least partially in a
non-primary color, such as yellow, magenta, cyan or a com-
bination thereof.
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Because there are numerous combinations in the sizes and
in the arrangement of electrodes and filter segments in the
sub-pixel M, the embodiments disclosed herein and associ-
ated drawings are only examples for illustration purposes. In
general, a pixel is divided into four sub-pixels R, G, B and M.
As shown in FIGS. 4A-4H, each of the color sub-pixels R, G,
B is divided into a transmission area and a reflection area, but
the sub-pixel M can be entirely or partially reflective. As
shown in FIG. 4A, the areas of the sub-pixels R, G, B and M
are substantially the same, and the reflection areas in those
sub-pixels are also substantially equal to each other. In FIG.
4B, the areas of the sub-pixels R, G, B and M are substantially
the same, but the reflection area in the sub-pixel M is larger
than the reflection areas in sub-pixels R, G and B. In FIG. 4C,
the sub-pixel M is entirely reflective. In FIG. 4D, the reflec-
tion area in the sub-pixel M is smaller than the reflection area
in sub-pixels R, G and B. In FIG. 4E, the sub-pixels R, G, B
and M are substantially the same, but the reflection area in the
sub-pixel M and the reflection area in sub-pixel B are larger
than the reflection areas in sub-pixels R and G. It is noted that
the arrangement of sub-pixels as shown is for illustrative
purpose only, and other arrangements are possible. For
example, the reflection area in the sub-pixel M and the reflec-
tion area in sub-pixel G are larger than the reflection areas in
sub-pixels R and B.

The pixel structures as shown in FIGS. 4F and 4G are
essentially the same as those shown in FIGS. 4B and 4C
except that the area of sub-pixel M is smaller than the area of
the color sub-pixels. In FIG. 4H, sub-pixel M is located
between two of the color sub-pixels.

The color filter for use in a pixel as shown in FIGS. 4A to
4H can have many different designs. In general, the color
filter must have three color filter segments in R, G, B, each
corresponding to a color sub-pixel. The color filter also has a
fourth filter segment. The fourth filter segment can be par-
tially colorless, as shown in FIGS. 5A, 5C, 5E and 5F, but it
can be entirely colorless (transparent, W), as shown in FIGS.
5B and 5D. The width of the fourth filter segment is generally
the same as the width of the fourth sub-pixel M (see FIGS.
4A-4H). In a color filter where the fourth filter segment is
partially colorless, the color of the remaining part of the
fourth filter segment can be R, G or B. For example, the color
of the remaining part is G, as shown in FIGS. 5A and 5C. In
FIGS. 5A, 5C, 5E and 5F, the color combination in the fourth
filter segment is W/G. However, the color combination can
also be W/B or W/R. Alternatively, the letter W is used to
represent a non-primary color, such as yellow, magenta, cyan
or a combination thereof.

In a pixel where the fourth filter segment is partially col-
orless as shown in FIGS. 5A, 5C, SE, and 5F, the transmission
area of the pixel has three transmissive electrodes and one of
these transmissive electrode is electrically connected to the
transmissive electrode for the fourth sub-pixel. For example,
when the color of the remaining part of the fourth filter seg-
ment is G, then the transmissive electrode for the fourth
sub-pixel (M) is electrically connected to the transmissive
electrode for the G sub-pixel, as shown in FIG. 6 A. Accord-
ingly, three switching elements (TFTs) are used to control the
liquid crystal layers associated with the R, B and G/M trans-
missive electrodes.

In a different embodiment, the fourth filter section is
entirely colorless and one or more of the color filter segments
in R, G and B associated with the reflection area (see FIGS.
4A, 4B, 4C, 4D, 4E and 4H) have a colorless sub-segment.
For example, all three color filter segments in R, G and B
associated with the reflection area have a colorless sub-seg-
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ment, as shown in FIG. 5G. The colorless sub-segments can
be equal in size to each other or different in size.

In a pixel where the fourth filter segment is entirely color-
less (W) as shown in FIGS. 5B, 5D and 5G, the transmission
area has four transmissive electrodes such that each of the
transmissive electrodes is separately controlled by a switch-
ing element. The four separate transmissive electrodes for R,
B, G and W are shown in FIG. 6B.

As shown in FIGS. 5A-5G, there is a W sub-segment in the
reflection area. Thus, the reflection area has four reflective
electrodes such that each of the reflective electrodes is sepa-
rately controlled by a switching element. The four separate
reflective electrodes for R, B, G and W are shown in FIG. 6C.

The data signal in the M sub-segment, according to the
present invention, is calculated from the data signals for R, G
and B with a number of algorithms. As such, the brightness or
color quality of the display panel can be improved. FIG. 7 is
a block diagram showing a display system, according to the
presentinvention. As shown in FIG. 7, the display system 100
comprises a transflective LCD panel 110 driven by one or
more Gate driver ICs (not shown). The image data in three
colors, R, G, B, is provided by one or more Data IC 120,
which provides the color image data to the LCD panel 110. A
back-lighting source 190 is used to provide the image bright-
ness in the transmission mode of the LCD panel 110.

The data signal for the M sub-segment is provided by a
computation module 130. The computation module 130 may
have two or more algorithms (see FIG. 8) to compute the M
data signal. The display system 100 may comprise an algo-
rithm selector 140 to select one of the algorithms. The selec-
tion can be made by a user through a wired or wireless control
150 or by the optical sensor signal 160.

For example, the M data signal can be computed based on
a linear relationship with the data signal for each of the color
components. In the algorithm as shown below, the M data
signal is a weighted sum of the data signals R, G and B:

M=aR+BG+yB, (1)
with o being in the range of about 0.08 to about 0.4, 3 being
in the range of about 0.3 to about 0.8 and y being in the range
of'about 0.1 to about 0.3. It is preferred that

a+B+y=1 2).
However, the sum o+fp+y can be smaller or greater than 1.
According to Equation 1, even when one or two of R, G, B
color image data signals are equal to zero, M is always greater
than zero.

In another algorithm, the M data signal has an exponential
relationship with the data signal for each of the color compo-
nents, for example. As shown below, the data signal for each
of the color components is modified by an exponential index
gamma>1. The range of gamma can be between 1 and 4, for
example.

YreB = TRma(R/MAX)E™™™ 4 3

Y Gimax(G [ MAX)E™ + ¥ (B [MAX)$7

1/gamma

YrGp )

M = MAX
* ( YrGBMAX

where Y .00 Y Gmax @04 Y 5, are the maximum brightness
levels of the display; and Yzggarsr is the sum of Yy,
Y Gmaxs Y Bmax- 101 @ display where the brightness level of each

color is expressed in the number of bits, n, the maximum
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brightness level is 2”. MAX is the maximum input signal level
expressed in gray scale. If the gray scale is expressed in the
number of bits, m, then MAX is equal to 2. In the above
equations, R, G, B are input digital data for the color compo-
nents. According to Equation 3, even when one or two of the
R, G, B colorimage data signals are equal to zero, M is always
greater than zero.

Preferably, the data for the color components R, G,, B,
provided to the display panel 110 are the same as the input
data R, G, B. Furthermore, the gamma voltage for the M
sub-pixel can be changed by a gamma voltage generator (not
shown) so as to achieve different brightness levels at different
gray levels as shown in FIG. 10. As such, a different reflective
NTSC can be achieved, as shown in FIG. 11. Reflective
NTSC can be measured when the LCD is operated at reflec-
tive mode with the back-lighting source is turned off.

In order to compute the W data signal with different algo-
rithms, the computation module 130 can have a number of
software or hardware sub-modules 134;, with i=1,2,3 .. ..
These sub-modules can be selected through a multiplexer 132
under the control of a selector input 142 and the output of the
sub-modules can be linked to a summing device 136, as
shown in FIG. 8.

It should be noted that a transflective LCD panel is nor-
mally used along with a back-lighting source 190 (FIG. 7) so
that light from the back-lighting source can be transmitted
through the transmissive electrode in the transmission area of
each color sub-pixel. In addition, part of the image brightness
of the panel is the result of reflection of ambient light by the
reflective electrode in the reflection area of each color sub-
pixel. When the ambient light is sufficiently low, the trans-
flective LCD panel is essentially operated as a transmissive
display panel. When the ambient light is adequate, the trans-
flective display panel uses the transmission mode or the
reflection mode. When the ambient light is so strong that the
transmission mode becomes insignificant, the back-lighting
source can be switched off so that the transflective display
panel can be operated as a reflective display panel.

It is possible that the algorithms are selected automatically
based on the brightness of the ambient light. For example, a
photo-sensor 160 can be placed on or near the display panel
110 to monitor the ambient brightness. The photo-sensor 160
is operatively connected to the algorithm selector 140 for
algorithm selection. For example, when the brightness is
below a certain level, e.g. 5 kLux, the computation of the M
data signal according to Equation 1 may be used. Above the 5
kLux level, Equation 3 may be used. But when the brightness
reaches a certain higher level, such as 100 kLux, the back-
lighting source 190 can be turned off, and a different algo-
rithm may be used, for example. Thus, the input signal to the
fourth sub-pixel can be related to whether the back-lighting
source is turned on or turned off.

An exemplary hardware module for computing the M data
signal based on Equation 1 is shown in FIG. 9A, and an
exemplary hardware module for computing the M data signal
based on Equation 2 is shown in FIG. 9B. These hardware
modules use known electronic components such as multipli-
ers and summing devices to carry out necessary computation.
It is possible that one of the algorithms to be selected in FIG.
8 is M=0. Itis also possible to use a separate hardware module
to modify the gamma curve of the M sub-segment so that it is
different from the gamma curve for the color sub-segments.
Gamma curve modification can also be achieved by a look-up
table (LUT), for example.

In sum, the present invention uses two or more algorithms
to compute an auxiliary data signal based on the data signals
for the color sub-pixels in a transflective LCD panel. The
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auxiliary data signal can be white (W), for example. The
auxiliary data signal can be a weighted sum of the data signals
for the color sub-pixels in a linear relationship or an expo-
nential relationship. The selection of algorithms can be made
by a user, or carried out automatically based on the brightness
of'the ambient light. Algorithm selection can also be linked to
the operation modes of the transflective LCD panel, wherein
the transflective LCD panel is operable in a transflection
mode, a reflection mode and a transmission mode. The aux-
iliary data signal can be a non-primary color such as yellow,
magenta, cyan or a combination thereof. In that case, one of
the algorithms computes the image data for the fourth sub-
pixel based on a complementary relationship of the color
image data.

Furthermore, even when one or two of the data signals for
the color sub-pixels are substantially equal to zero, the aux-
iliary data signal is greater than zero.

In the preferred embodiment of the present invention, a
pixel is divided into four sub-pixels, wherein three of the
sub-pixels are color sub-pixels and one is a sub-pixel M. In
another embodiment of the present invention, a pixel is
divided into six sub-pixels, wherein five of the sub-pixels are
color sub-pixels and one is a sub-pixel M (the middle lower
sub-pixel). The sub-pixel M can be divided into a transmis-
sion area and a reflection area, similar to the other five sub-
pixels, as shown in FIG. 12A. However, the sub-pixel M can
be totally reflective, as shown in FIG. 12B. Alternatively, the
sub-pixel M has a larger reflection area than that in the other
five sub-pixels, as shown in FIG. 12C.

Inyet another embodiment of the present invention, a pixel
is divided into eight sub-pixels, wherein six of the sub-pixels
are color sub-pixels and the remaining two are sub-pixels M
(corresponding to the location of filter segments W in FIG.
13B or 13C). Each of the sub-pixels M can be divided into a
transmission area and a reflection area, similar to the other six
sub-pixels, as shown in FIG. 12D. However, the sub-pixels M
can be totally reflective, as shown in FIGS. 12E and 12G.
Alternatively, each of the sub-pixels M has a larger reflection
area than that in the other six sub-pixels, as shown in FIGS.
12F and 12H.

The color filter associated with the pixel structures as
shown in FIG. 12A-12C may comprise a colorless filter seg-
ment and five color filter segments, as shown in FIG. 13A.
The color filter associated with the pixel structures as shown
in FIGS. 12E and 12F may comprise two colorless filter
segments and six color filter segments, as shown in FIG. 13B.
As shown in FIG. 13B, each of the upper and lower parts of
the color filter comprises four different filter segments. The
color filter associated with the pixel structures as shown in
FIGS. 12G and 12H may comprise two colorless filter seg-
ments and six color filter segments, as shown in FIG. 13C. As
shown in FIG. 13C, both colorless filter segments are located
in the lower part of the color filter.

Thus, although the invention has been described with
respect to one or more embodiments thereof, it will be under-
stood by those skilled in the art that the foregoing and various
other changes, omissions and deviations in the form and
detail thereof may be made without departing from the scope
of this invention.

What is claimed is:

1. A display panel comprising:

a transflective liquid crystal display having a plurality of

pixels, comprising:

a first substrate having a common electrode;

a second substrate; and

a liquid crystal layer disposed between the first and
second substrate, the liquid crystal layer comprising a
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plurality of layer segments associated with a plurality
of pixels, wherein at least some of the pixels comprise
a plurality of sub-pixels and wherein at least three of
the sub-pixels are color sub-pixels and at least one of
the sub-pixels is a fourth sub-pixel, and wherein each
of the color sub-pixels comprises a transmission area
having a transmissive electrode disposed on the sec-
ond substrate and a reflection area having a reflective
electrode disposed on the second substrate, and the
fourth sub-pixel comprises a further electrode dis-
posed on the second substrate, wherein the further
electrode is at least partially reflective;

a data input device to provide color image data to the color
sub-pixels;

a computation module to compute further image data for
the fourth sub-pixel based on the color image data, the
computation module has two or more sub-modules for
computing the further image data using different algo-
rithms; and

a selector operatively connected to the computation mod-
ule for selecting the algorithms, wherein one of the
algorithms computes the further image data for the
fourth sub-pixel based on the color image data modified
by an exponential index, wherein said one algorithm has
a form of

gamma

YRGB = Y Rmae (RIMAX) + Yomax (GIMAXY ™ 4 ¥gpae (BIMAX )™
Y, RCB 1/ gamma
M = MAXx ( )
YrcBmAx

where gamma is the exponential index greater than 1;
Y gmars Y Gmax A0AY 5. are maximum brightness levels
of the display for the color sub-pixels; Y zgparsx 15 the
sum of Yz, Y Gmars Y 5mae; MAX is the maximum
input signal level expressed in gray scale; M is the fur-
ther image data for the fourth sub-pixel and R, G, B are
color image data provided to the color sub-pixels.

2. The display panel of claim 1, wherein another one of the
algorithms computes the further image data for the fourth
sub-pixel to a value substantially equal to zero.

3. The display panel of claim 1, wherein one of the algo-
rithms computes the further image data for the fourth sub-
pixel based on a weighted sum of the color image data.

4. The display panel of claim 1, wherein another one of the
algorithms has a form of

M=aR+BG+yB,

with o being substantially in the range 0f 0.08 to 0.4; {3 being
substantially in the range of 0.3 to 0.8; and y being substan-
tially in the range of 0.1 to 0.3, and where M is the further
image data for the fourth sub-pixel and R, G, B are color
image data provided to the color sub-pixels.

5. The display panel of claim 1, wherein the transflective
liquid crystal display is operable in a transflection mode, a
reflection mode and a transmission mode, and the further
image data can be used in one of the modes.

6. The display panel of claim 1, further comprising means
for sensing ambient light so as to allow the selector to select
the algorithms based on the sensed ambient light.

7. The display panel of claim 6, further comprising a back-
lighting source which is operable in an “ON” state and in an
“OFF” state based on the sensed ambient light, wherein the
selecting of the algorithms is based on the operated state of
the back-lighting source.
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8. The display panel of claim 1, wherein when one or two
ofthe color image data of the three color sub-pixels is greater
than zero, the further image data for the fourth sub-pixel is
greater than zero.

9. The display panel of claim 1, wherein the color image
data R, G, B provided to the color sub-pixels are substantially
identical to the respective input data to the data input device.

10. The display panel of claim 1, wherein the further elec-
trode is entirely reflective.

11. A method to improve viewing quality of a transflective
liquid crystal display having a plurality of pixels, wherein
each ofat least some of the pixels is partitioned into a plurality
of sub-pixels, wherein at least three of the sub-pixels are color
sub-pixels and at least one of the sub-pixels is a fourth sub-
pixel, each of said color sub-pixels partitioned into a trans-
mission area having a transmissive electrode and a reflection
area having a reflective electrode to display color image data,
said method comprising the steps of;

providing a further electrode in the fourth sub-pixel to

display a further image data, where the further electrode
is at least partially reflective;

computing the further image data based on the color image

data with two or more algorithms; and

selecting one of the algorithms for displaying the further

image data, wherein one of the algorithms computes the
further image data for the fourth sub-pixel based on the
color image data modified by an exponential index,
wherein said one algorithm has a form of

YR8 = Yrmax(RIMAX) ™™ + ¥ e (GIMAXY ™™ + ¥ gy (BIMAX)* ™™

M = MAX( Yra )”gamm

YrGBmax

where gamma is the exponential index greater than 1;

Yz Y Gmae @AY 5, are maximum brightness levels

of the display for the color sub-pixels; Y g gz x 1S the

sum of Yz, .Y Goaxs Y amar 3 MAX is the maximum
input signal level expressed in gray scale; M is the fur-
ther image data for the fourth sub-pixel and R, G, B are
color image data provided to the color sub-pixels.

12. The method of claim 11, wherein another one of the
algorithms sets the further image data for the fourth sub-pixel
to a value substantially equal to zero.

13. The method of claim 11, wherein another one of the
algorithms computes the further image data for the fourth
sub-pixel based on a weighted sum of the color image data.

14. The method of claim 13, wherein said another one of
the algorithms has a form of

M=aR+BG+yB,

with a being substantially in the range of 0.08 to 0.4; 3 being
substantially in the range of 0.3 to 0.8; and y being substan-
tially in the range of 0.1 to 0.3, and where M is the further
image data for the fourth sub-pixel and R, G, B are color
image data provided to the color sub-pixels.

15. The method of claim 11, wherein the transflective lig-
uid crystal display is operable in a transflection mode, a
reflection mode and a transmission mode, and the further
image data can be used in one of the modes.

16. The method of claim 11, wherein another one of the
algorithms computers the further image data for the fourth
sub-pixel based on a complementary relationship of the color
image data.
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17. The method of claim 11, wherein when one or two of 18. The method of claim 11, wherein the further electrode
the color image data of the three color sub-pixels is substan- is entirely reflective.

tially equal to zero, the further image date signal for the fourth
sub-pixel is greater than zero. EIE T T
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