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ABSTRACT

(1)

(52)
(7)

A transreflective liquid crystal display comprises a plurality
of pixels. Each pixel includes at least four subpixels including
a white subpixel, a red subpixel, a green subpixel and a blue
subpixel. Each subpixel comprises a transmissive area and a
reflective area. The reflective area of the white subpixel is
smaller than that of each of the R, G, and B subpixels so that
the percentages of effective output light of the white subpixel
and the other colored subpixels are consistent in both reflec-
tive and transmissive modes.
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TRANSREFLECTIVE LIQUID CRYSTAL
DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a transreflective lig-
uid crystal display (LCD), and more particularly, to an
RGBW transreflective LCD with improved image quality.
[0003] 2. Description of the Related Art

[0004] LCDs are among the most widely used flat panel
display devices. Generally, an LCD includes a pair of panels
each having an electrode on inner surface, and a dielectric
anisotropic liquid crystal layer interposed between the pan-
els. In the LCD, the variation of the voltage difference
between the field generating electrodes, e.g., the variation in
the strength of an electric field generated by the electrodes,
changes the transmittance of the light passing through the
LCD, and thus desired images are obtained by controlling the
voltage difference between the electrodes.

[0005] Depending on the type of the light source used for
image display, an LCD may be classified as one of the fol-
lowing three types: atransmissive LCD, a reflective LCD, and
atransreflective LCD. The transmissive LCD utilizes a back-
light module as the light source, and the reflective LCD uti-
lizes ambient light to illuminate the pixels from a front side.
The transreflective LCD combines the transmissive and the
reflective characteristics. Under medium light conditions
such as an indoor environment or under complete darkness
conditions, transreflective LCDs operate in the transmissive
mode, while under bright conditions such as in an outdoor
environment, they operate in the reflective mode.

[0006] Recently, an RGBW technology, in which a white
subpixel is added to a set of red, green and blue subpixels, has
been developed to improve the brightness of LCD panels.
This technology can further enhance the resolutionofan LCD
by a rendering method. Inthe subpixel rendering method, red,
green, blue and white subpixels are individually controlled.
When a specific subpixel is displayed, the subpixels adjacent
thereto are displayed along with the specific subpixel, so that
a pixel is represented as the brightness divided by the specific
subpixel and the adjacent displayed subpixels. With this
method, more specific expressions of slant lines or curved
lines become more possible, improving the resolution.
[0007] FIG. 1 is a sectional view of a conventional trans-
flective LCD, which helps to illustrate the operation of such
an LCD. As shown in FIG. 1, the LCD 10 includes a lower
substrate 100, an upper substrate 160 and aliquid crystal layer
130 interposed therebetween. The upper substrate 160 has a
common electrode 140 and a color filter 150 formed thereon.
The color filter 150 includes red (R), green (G), blue (B) and
white (W) regions 151-154. The lower substrate 100 has an
insulating layer 110 and a pixel electrode 120 formed thereon.
The pixel electrode 120 has an opaque portion 124 capable of
reflecting ambient light and a transparent portion 122 capable
of transmitting light from a backlight module 190 disposed at
the exterior of the low substrate 100. The liquid crystal layer
130isinterposed between the low substrate 100 and the upper
substrate 160, Therefore, the transreflective LCD 10 can dis-
play in both reflective and transmissive modes.

[0008] The R, G, B and W regions 151-154 respectively
provide red, green, blue and white subpixels 11-14 to display
different colors. Furthermore, the transmittance of the uncol-
ored region 154 is above 0.9 (or deemed as 1), and that of each
ofthe R, G, and B regions 151-153 is around ¥5. The B region

Dec. 25, 2008

153 absorbs %3 of the ambient light 283 when the ambient
light 283 passes through the B region 153. In particular, the B
region 153 further absorbs 25 of the reflective light 283' when
the reflective light 283" passes through the B region 153. That
is, the ratio of the reflective light 283' to the incident ambient
light 283 is 1:9. However, the transmitting light 273 from the
backlight module 190 passes through the B region 153 just
one time so that the ratio of the transmitting light 273 to its
incident light is 1:3. Similarly, regarding to the W region 154,
the ratio of the reflective light 284' to the incident ambient
light 284 is above 81:100, and the ratio of the transmitting
light 274 to its incident light is above 9:10.

[0009] Apparently, the percentages of effective output light
of the white subpixel 14 and the subpixels 11-13 are incon-
sistent in both reflective and transmissive modes. Such an
inconsistency gets worse, when the sub-pixel rendering tech-
nology is applied to the LCD 10. This leads to different
chrominance in reflective regions and transmissive regions,
decreasing display quality.

SUMMARY OF THE INVENTION

[0010] An objective of the present invention is to provide a
transreflective liquid crystal display with improved image
quality. The reflective area of the W subpixel is optimized and
smaller than that of each of the R, G, and B subpixels so that
the percentages of effective output light of the white subpixel
and the subpixels are consistent in both reflective and trans-
missive modes.

[0011] The second objective of the present invention is to
provide a transreflective liquid crystal display with balanced
luminance and chrominance. An uncolored block is inserted
into eachofthe R, G, and B regions on a color filter to increase
the transmittance of each of the R, G, and B regions. There-
fore, the percentages of effective output light of the white
subpixel and the subpixels are consistent in both reflective
and transmissive modes.

[0012] To achieve the objective, the present invention pro-
vides a transreflective liquid crystal display comprising a
plurality of pixels. Each pixel includes at least four subpixels
including a white subpixel, a red subpixel, a green subpixel
and a blue subpixel. Each subpixel comprises a transmissive
area and a reflective area. The reflective area of the white
subpixel is smaller than that of each of the R, G and B
subpixels so that the percentages of effective output light of
the white subpixel and the other subpixels are consistent in
both reflective and transmissive modes.

[0013] The present invention also provides a transreflective
liquid crystal display comprising a plurality of pixels and a
color filer. Each pixel includes at least four subpixels includ-
ing a white subpixel, a red subpixel, a green subpixel and a
blue subpixel. Each subpixel comprises a transmissive area
and a reflective area. An uncolored block is inserted into each
of the red, green and blue regions on the color filter, and the
uncolored block is located above the reflective area. There-
fore, the percentages of effective output light of the white
subpixel and the other subpixels are consistent in both reflec-
tive and transmissive modes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will be described according to the
appended drawings in which:

[0015] FIG. 1 is a sectional view of a conventional trans-
flective LCD;
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[0016] FIG. 2 is a plan view showing the arrangement of
one pixel including R, G, B and W sub-pixels according to an
embodiment;

[0017] FIG.3is partial cross-sectional view taken along the
1-1 of FIG. 2 and shows the structure including a white
subpixel and a green subpixel: and

[0018] FIG. 4 is cross-sectional view shows another pixel
structure including a white subpixel and a green subpixel.

PREFERRED EMBODIMENT OF THE PRESENT
INVENTION

[0019] FIG. 2 is a plan view showing the arrangement of
one pixel including R, G, B and W sub-pixels according to an
embodiment. A transreflective liquid crystal display com-
prises a plurality of pixels. As shown in F1G. 2, a pixel 20 is
composed of a red subpixel 21, a green subpixel 22, a blue
subpixel 23 and a white subpixel 24 that are arranged in a
two-by-two matrix. Two gate lines 26 extend substantially in
a transverse direction, while being separated from each other,
and transmit gate signals. Two source lines 25 extend sub-
stantially in a longitudinal direction and across the gate lines
26, and transmit data voltages.

[0020] The red subpixel 21 comprises a transmissive area
T1 and a reflective area R1, the green subpixel 22 comprises
a transmissive area T2 and a reflective area R2, the blue
subpixel 23 comprises a transmissive area T3 and a reflective
area R3, and the white subpixel 24 comprises a transmissive
area T4 and a reflective area R4. Because the transmittance of
the uncolored region on a color filter is much higher that of
each of the red, green and blue regions, the ratio of the
transmissive area T4 to the reflective area R4 is different from
the ratio of the transmissive area (T1, T2 or T3) of a colored
subpixel (R, G or B) to thereflective area (R1,R2 or R3) of the
colored subpixel and is optimized to have balanced chromi-
nance for the pixel 20 in both reflective and transmissive
modes. Especially, subpixel rendering in the RGBW is bal-
anced between the reflective and transmissive modes.

[0021] FIG.3is partial cross-sectional view taken along the
1-1 of FIG. 2 and shows the structure including a white
subpixel and a green subpixel. An upper substrate 360 has a
common electrode 340 and a color filter 350 formed thereon.
As shown in FIG. 3, the color filter 350 includes a green
region 352 and an uncolored region 354, but a red region and
a blue region of the color filter 350 cannot be illustrated in the
same figure. Gate lines 313 are formed on a lower substrate
300 formed of glass, quartz, or the like. A gateinsulating layer
314 having an insulation property is formed on the lower
substrate 300 and the gate lines 313. A passivation layer 315
is formed on source lines (not shown), capacitance holding
electrodes 316 and the gate insulating layer 314. The passi-
vation layer 315 has contact holes (openings) at positions
where the passivation layer 315 overlaps the capacitance
holding electrodes 316. A plurality of resin layers 317 is
overlaid on the passivation layer 315. Reflectors 302 and 304
formed of Al (aluminum), AINd (Neodymium) or the like and
having a reflective function are provided on the resin layers
317, and have a plurality of concave portions 306 and convex
portions 305 for scattering light. Pixel electrodes 318 are
formed on the reflectors 302 and 304 and the resin layers 317.
A liquid crystal layer 330 is interposed between the common
electrode 340 and the pixel electrodes 318. Furthermore, the
thickness of the liquid crystal layer 330 within the reflective
area R2 (or R4) and the thickness of that within the transmis-
sive area T2 (or T4) are different.
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[0022] The green region 352 absorbs around %3 of ambient
light R ; when the ambient light R ; passes through the green
region 352. In particular, the green region 352 further absorbs
% of the reflective light R’ when the reflective light R
passes through the green region 352. In contrast, the uncol-
ored region 354 absorbs few of ambient light R, when the
ambient light R, passes through the uncolored region 354. In
particular, the uncolored region 354 also absorbs very few of
the reflective light R, when the incident reflective light
passes through the uncolored region 354. Furthermore, the
transmitting light T ; from the backlight module 370 passes
through the green region 352 just one time so that %5 of
original incident light is absorbed by the green region 352.
[0023] Examples of the optimal design of the areas of the
reflectors 302 and 304 are illustrated hereinafter. When the
ratio of the reflective areas R1-R3 to the transmissive areas
T1-T3 is given as 15:85, the ratio of the reflective area R4 to
the transmissive area T4 should be 56:944. Furthermore,
when the ratio of the reflective areas R1-R3 to the transmis-
sive areas T1-T3 is changed into 45:55, the ratio of the reflec-
tive area R4 to the transmissive area T4 should be 214:786. In
other words, the reflective areas R1-R4 and the reflective area
R1-R4 should satisfy the equation as follows:

2
Apsy Xty
(Apy+ Az + Ags) Xnif

Ay Xnw

(Ar1 + A2 + Aps) Xng

where Ay, A, A and A, respectively represent the areas
of T1-T4, Agy, Aps, Ags and Ay, respectively represent the
areas of R1-R4, n;, is the light transmission rate of the uncol-
ored region of the color filter and n- is the light transmission
rate of the colored regions (R, G, B) of the color filter. In the
aforesaid examples, 1, is given as Y3, and ny, is given as 1. If
the color of the uncolored region 354 is gray, instead of white,
ny,will be smaller than 1.

[0024] Further examples of the optimal design of the areas
of the reflectors 302 and 304 are illustrated hereinafter.

EXAMPLE A

[0025] Therelationship between the reflective areas and the
transmissive areas of the red, green, blue and white subpixels
can be represented as:

Tnr1 Xyl Ry %1y,
N = N 2
N Zlﬂi N [Z i
T; x| =— . L
(Ei ‘] N (Ei R‘]X N

where the transmissive areas of the subpixels are represented
by T, the reflective areas of the subpixels are represented by R,
the light transmission rates of the red, green and blue regions
are represented by n,, the light transmission rates of the uncol-
ored region is represented by n,, , the number of the red,
green and blue subpixels is represented by N, and the number
of the white subpixel is represented by N+1.

[0026] Accompanying the above equation, the relationship
between the reflective areas and the transmissive areas of the
red, green, blue and white subpixels would be satisfied the
inequality as follows:
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Tyi1 XByp1

N
xn

bl gl

EXAMPLE B

[0027] Therelationship between the reflective areas and the
transmissive areas of the red, green, blue and white subpixels
can be represented as:

2
Ty Xnns Ry Xny g
N TN B
X Tixn % Rixnf

1 =1

where the transmissive areas of the subpixels are represented
by T, the reflective areas of the subpixels are represented by R,
the light transmission rates of the red, green and blue regions
are represented by n,, the light transmission rates of the uncol-
ored region is represented by n,,, ,, the number of the red,
green and blue subpixels is represented by N, and the number
of the white subpixel is represented by N+1.

[0028] Accompanying the above equation, the relationship
between the reflective areas and the transmissive areas of the
red, green, blue and white subpixels would be satisfied the
inequality as follows:

Ty Xnyen Ry Xy, <001
N N
> Tixm Y Rixn}
=l i1
EXAMPLE C

[0029] Therelationship between the reflective areas and the
transmissive areas of the red, green, blue and white subpixels
can be represented as:

Ty Ry Xnng XN

T N
nn
i=1

where the transmissive areas of the subpixels are represented
by T, the reflective areas of the subpixels are represented by R,
the light transmission rates of the red, green and blue regions
are represented by n,, the light transmission rates of the uncol-
ored region is represented by ny, ;, the number of the red,
green and blue subpixels is represented by N, and the number
of the white subpixel is represented by N+1.

[0030] Accompanying the above equation, the relationship
between the reflective areas and the transmissive areas of the
red, green, blue and white subpixels would be satisfied the
inequality as follows:
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Tyi1 Ryp Xnyg XN

T, v
o
=

<0.01

[0031] FIG. 4 is cross-sectional view shows another pixel
structure including a white subpixel and a green subpixel.
Compared with the FIG. 3, the area of reflectors 304' is the
same as the area of reflector 302 so that the transmissive area
T4' of a white subpixel 24" is substantial equal to the trans-
missive area T2 of a green subpixel 22. Similarly, the reflec-
tive area R4' of the white subpixel 24' is substantial equal to
the reflective area R2 of the white subpixel 22. Instead of
decreasing the reflective area of the white subpixel, an uncol-
ored block 3522 is inserted into a green region 3521 or the
other colored regions, and located above the reflective area
R2 so0 as to balance chrominance between the reflective and
transmissive modes.

[0032] The above-described embodiments of the present
invention are intended to be illustrative only. Numerous alter-
native embodiments may be devised by persons skilled in the
art without departing from the scope of the following claims.

What is claimed is:

1. A transreflective liquid crystal display, comprising: a
substrate; a plurality of pixels, each pixel comprising a first
subpixel and a second subpixel;

wherein each of the subpixels comprises a transmissive

area and a reflective area, and the reflective area of the
first subpixel is smaller than that of the second subpixel.

2. The transreflective liquid crystal display of claim 1,
wherein the pixels operate with a rendering method.

3. The transreflective liquid crystal display of claim 1,
further comprising a color filter including a colored region
and uncolored region.

4. The transreflective liquid crystal display of claim 3,
wherein the transmissive area of the subpixel is represented
by T, and the reflective area of the subpixel is represented by
R.

5. The transreflective liquid crystal display of claim 4,
wherein a number of the second subpixels is represented by
N, and a number of the first subpixel is represented by N+1.

6. The transreflective liquid crystal display of claim 5,
wherein a light transmission rate of the colored region is
represented by n,, and a light transmission rate of the uncol-
ored region is represented by n, ;.

7. The transreflective liquid crystal display of claim 6,
wherein the relationship between the reflective areas and the
transmissive areas of the first and second subpixels is repre-
sented as:

Tyva Xy Ryn XNy
N = N v
(gT]X & . [;21”"
x| —=— x| =—
i=1 N i=1 N

8. The transreflective liquid crystal display of claim 6,
wherein the relationship between the reflective areas and the
transmissive areas of the first and second subpixels is repre-
sented as:
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Ty Xn, Ry1 X103
N+1 N+1 _ N+1 N+1 . <001
N

N
PR S

gap] gl

9. The transreflective liquid crystal display of claim 6,
wherein the relationship between the reflective areas and the
transmissive areas of the first and second subpixels is repre-
sented as:

2
Ty Xnnag  RyorXny

N N B
> Tixn; 2 Rixnf
=1 =1

10. The transreflective liquid crystal display of claim 6,
wherein the relationship between the reflective areas and the
transmissive areas of the first and second subpixels is repre-
sented as:

2
Tyvi Xnyer Ry Xy

<0.01

N
> Ry xn?

N
2 Tixm
i= i=1

11. The transreflective liquid crystal display of claim 6,
wherein the relationship between the reflective areas and the
transmissive areas of the first and second subpixels is repre-
sented as:

Tn-t Byoi Xnya XN
T, - N
A

i=1

12. The transreflective liquid crystal display of claim 6,
wherein the relationship between the reflective areas and the
transmissive areas of the first and second subpixels is repre-
sented as:
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Tyi1 Ryp Xnyg XN

T, v
o
=

<0.01

13. The transreflective liquid crystal display of claim 1,
further comprising a plurality of reflectors formed in the
reflective areas.

14. The transreflective liquid crystal display of claim 13,
further comprising a passivation layerinterposed between the
reflectors the substrate.

15. The transreflective liquid crystal display of claim 14,
further comprising a plurality of resin layers interposed
between the reflectors and the passivation layer.

16. The transreflective liquid crystal display of claim 1,
further comprising a first color filter and a second color filter,
wherein the second color filter including an uncolored block
located above the reflective area.

17. The transreflective liquid crystal display of claim 16,
wherein the first color filter is white color filter, and second
color filter is red, green or blue color filter.

18. The transreflective liquid crystal display of claim 1,
further comprising a liquid crystal layer formed on the reflec-
tive areas and the transmissive areas, wherein a thickness of
the liquid crystal layer on the reflective areas and a thickness
of the liquid crystal layer on the transmissive areas are differ-
ent.

19. A transreflective liquid crystal display, comprising: a
plurality of pixels, each pixel comprising a red subpixel, a
green subpixel, a blue subpixel and a white subpixel, each of
the four subpixels including a transmissive area and a reflec-
tive area; and a color filter comprising red regions, green
regions, blue regions and uncolored regions, one of the red
regions, the green regions and the blue regions including a
uncolored block located above one of the reflective areas.

20. The transreflective liquid crystal display of claim 19,
wherein a percentage of effective output light of the white
subpixelis consistent with that of the other subpixels in one of
the pixels upon reflective and transmissive modes.
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