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(57) ABSTRACT

Systems for displaying images including a micro-reflective
transmission liquid crystal display with improved reflection
and reflective contrast ratio (CR). The micro-reflective
transmission liquid crystal display comprises a first sub-
strate, a second substrate, and a liquid crystal layer inter-
posed between the first substrate and the second substrate.
The first substrate comprises an array of three primary color
sub-pixel regions and a white sub-pixel region. Each pixel
region has a transistor and a storage capacitor with respect
to the transistor. The storage capacitor with respect to the
storage capacitor of the white sub-pixel region is disposed
within the area of one of the three primary color sub-pixel
regions.
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SYSTEMS FOR DISPLAYING IMAGES

BACKGROUND

[0001] The invention relates to systems for displaying
images, and more particularly, to micro-reflective transmis-
sion liquid crystal displays.

[0002] Liquid crystal displays (LCDs) are widely used in
information displays. Generally, liquid crystal displays
(LCDs) comprise a liquid crystal panel assembly including
two substrates provided with two kinds of field generating
electrodes such as pixel electrodes and a common electrode
and a liquid crystal layer with dielectric anisotropy inter-
posed therebetween. The variation of the voltage difference
between the field generating electrodes, i.e., the variation in
the strength of an electric field generated by the electrodes,
changes the transmittance of the light passing through the
LCD, and desired images are thus obtained by controlling
the voltage difference between the electrodes.

[0003] The conventional three primary color LCD com-
prises a plurality of pixels with pixel electrodes and red (R),
green (G) and blue (B) color filters. Each pixel is separately
driven to perform display operation by way of the signals
applied thereto through display signal lines. The signal lines
include gate lines (or scanning signal lines) for carrying the
scanning signals, and data lines for carrying data signals.
Each pixel has a thin film transistor (TFT) connected to one
of the gate lines and one of the data lines to control the data
signals applied to the pixel electrode. However, the conven-
tional three primary color LCDs have poor optical efficiency
which may be eliminated by adding a white pixel spacer to
set the three RGB color pixels apart in a transmissive LCD
device.

[0004] FIG. 1A shows the spatial arrangement of four
color RGBW pixels of a conventional LCD. The conven-
tional four color LCD 10 includes a plurality of pixel regions
of red (RP), green (GP), blue (BP), and white (WP). The
white pixel (WP) may have no color filter. FIG. 1B is a
cross-section of an arrangement of a conventional micro-
reflective transmission display. A micro-reflective transmis-
sion liquid crystal display 100 comprises a liquid crystal
panel assembly including a lower substrate 11 provided with
storage capacitor CST and thin film transistor (not shown)
thereon, an upper substrate 13, and a liquid crystal layer 12
with dielectric anisotropy interposed between the lower
substrate 11 and the upper substrate 13. A color filter 14 is
disposed on the upper substrate 13. The micro-reflective
transmission display 100 can provide a reflective image due
to reflection of the ambient light from the backlight unit
(BLU) 15.

[0005] FIG. 2 is a block diagram of a conventional micro-
reflective transmission LCD. The micro-reflective transmis-
sion display LCD 100 comprises an L.C panel assembly 30,
a gate driver 40 and a data driver 50 which are connected to
the panel assembly 30, and a signal controller (not shown)
controlling the desired elements.

[0006] The LC panel assembly 30, in the structural view
shown in FIG. 1B, includes a lower substrate 11, an upper
substrate 13 and a liquid crystal layer 12 interposed ther-
ebetween. The LC panel includes a plurality of display
signal lines G,-G, and D,-D_, and a plurality of pixels
connected thereto and arranged substantially in a matrix as
shown in circuital view of FIG. 1A.
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[0007] The display signal lines G,-G, and D,-D,, are
provided on the lower substrate 11 and comprise a plurality
of gate lines G,-G, transmitting gate signals (called scan-
ning signals) and a plurality of data lines D,-D,, transmitting
data signals. The gate lines G,-G,, extend substantially in a
row direction and are substantially parallel to each other,
while the data lines D,-D,,, extend substantially in a column
direction and are substantially parallel to each other.

[0008] Each pixel includes a switching element T con-
nected to the display signal lines G,-G, and D,-D_, and an
LC capacitor CLC and a storage capacitor CST that are
connected to the switching element T. The switching ele-
ment T such as a TFT is provided on the lower substrate 11
and has three terminals: a control terminal connected to one
of the gate lines G,-G,; an input terminal connected to one
of the data lines D,-D,, and an output terminal connected to
the LC capacitor CLC and the storage capacitor Cqr.

[0009] The storage capacitor CST is an auxiliary capacitor
for the LC capacitor CLC. The storage capacitor CST is
supplied with a predetermined voltage such as the common
voltage V...

[0010] The conventional transmissive LCD 10 with four
color RGBW pixels, however, may have other difficulties.
For example, the four color liquid crystal display applied as
a micro-reflective transmission display requires improving
both reflectance and reflective contrast ratio (CR). For
micro-reflective transmission LCDS, reflection from back
light unit (BLU) is defined as external reflection, while
reflection from electrodes of storage capacitor CST or metal
signal and data lines is defined as internal reflection. The
internal reflection can cause noise in micro-reflective trans-
mission LCDS, thus the reflective contrast ratio (CR) is
reduced. As such, the storage capacitor CST corresponding
to each pixel reflects the ambient light internally, as indi-
cated in LR. Since internal reflection LRW in the white
sub-pixel WP lacks color filter blocking, both internal and
external reflection in the white sub-pixel WP may deteriorate
reflective quality noise such that the conventional four color
liquid crystal display cannot attain the desired reflective
image quality due to deteriorated reflective contrast ratio
(CR).

SUMMARY

[0011] Accordingly, the invention provides a micro-reflec-
tive transmission LCD with four color RGBW sub-pixel
regions in which the storage capacitor corresponding to the
white pixel region is positioned at one of the other three
color sub-pixel regions.

[0012] Systems for displaying images are provided. In this
regard, an exemplary embodiment of such a system com-
prises a liquid crystal display (LCD) panel. The LCD panel
comprises a first substrate with an array of three primary
color sub-pixel regions and a white sub-pixel region, a
second substrate, and a liquid crystal layer interposed
between the first substrate and the second substrate. Each
sub-pixel region has a transistor and a storage capacitor with
respect to the transistor. The storage capacitor with respect
to the transistor of the white sub-pixel region is disposed
within the area of one of the three primary color sub-pixel
regions.

[0013] Another exemplary embodiment of the invention
also provides a system for displaying images comprising a
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liquid crystal display (LCD) panel. The LCD panel com-
prises a first substrate comprising an array of three primary
color sub-pixel regions and a white sub-pixel region. Each
sub-pixel region has a transistor and a storage capacitor with
respect to the transistor. A second substrate comprises three
primary color filters with respect to the three primary color
sub-pixel regions. A liquid crystal layer is interposed
between the first substrate and the second substrate. The area
of one of the three primary color filters is greater than the
area of the corresponding sub-pixel regions. Therefore, the
storage capacitor of the white pixel is disposed within the
area of the greater of the three primary color filters.

DESCRIPTION OF THE DRAWINGS

[0014] The invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings, given by way of illustration only
and thus not intended to be limited.

[0015] FIG. 1A shows the spatial arrangement of four
color RGBW pixels of a conventional LCD.

[0016] FIG. 1B is a cross-section of an arrangement of a
conventional micro-reflective transmission display.

[0017] FIG. 2 is a block diagram of a conventional micro-
reflective transmission LCD.

[0018] FIG. 3 is a cross-section of an arrangement of an
embodiment of a micro-reflective transmission LCD.

[0019] FIG. 4 is a block diagram of an embodiment of a
four color micro-reflective transmission LCD.

[0020] FIG. 5 is a layout view of an exemplary embodi-
ment of a TFT array substrate for a micro-reflective trans-
mission LCD of the invention.

[0021] FIG. 6 is a cross-section of the TFT array substrate
shown in FIG. 5 taken along the line V-V'.

[0022] FIG. 7 is a cross-section of another arrangement of
an embodiment of a micro-reflective transmission LCD.

[0023] FIG. 8A is a layout view of an exemplary blue
color sub-pixel region, where blue color filter BP' is made
substantially extending to the white sub-pixel region cover-
ing the storage capacitor Cg'".

[0024] FIG. 8B is a layout view of an exemplary white
sub-pixel region of the micro-reflective transmission LCD.

[0025] FIG. 9 schematically shows another embodiment
of a system for displaying images.

[0026] FIG. 10 schematically shows another embodiment
of a system for displaying images.

DETAILED DESCRIPTION OF THE
INVENTION

[0027] Before explaining the disclosed invention in detail,
it is to be understood that the invention is not limited in its
application to the details of the particular arrangements
shown since the invention is capable of other embodiments.
Also, the terminology used herein is for the purpose of
description and not limited thereto.

[0028] FIG. 3 is a cross-section of an arrangement of an
embodiment of a micro-reflective transmission LCD. A
micro-reflective transmission LCD 200 comprises four color
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RGBW sub-pixel regions. Each sub-pixel region comprises
a lower substrate 211 provided with storage capacitor CST
and thin film transistor (not shown) thereon, an upper
substrate 213, and a liquid crystal layer 212 with dielectric
anisotropy interposed between the lower substrate 211 and
the upper substrate 213. The storage capacitor Cg' corre-
sponding to the white sub-pixel region WP is positioned at
one of the other three color sub-pixel regions. For example,
the storage capacitor Cg' with respect to the transistor of the
white sub-pixel region WP can be disposed within the area
of the blue sub-pixel region BP due to its ability to block
internal reflection.

[0029] Color filters 214 are disposed on the upper sub-
strate 213. The white sub-pixel region WP may have no
color filter. A pair of polarizers (not shown) polarizing
incident light are attached on the outer surface of the
substrates 211 and 213 of the micro-reflective transmission
LCD 200.

[0030] The micro-reflective transmission LCD 200 can
provide a reflective image since ambient light is incident to
the panel and externally reflects from the backlight unit
(BLU) 215.

[0031] FIG. 4 is a block diagram of an embodiment of a
four color micro-reflective transmission LCD of the inven-
tion. The micro-reflective transmission LCD 200 comprises
a LC panel assembly 230, a gate driver 240 and a data driver
250 which are connected to the panel assembly 230 and a
signal controller (not shown) controlling the above ele-
ments.

[0032] The LC panel assembly 230, in structural view
shown in FIG. 3, includes a lower substrate 211, an upper
substrate 213 and a liquid crystal layer 212 interposed
therebetween while it comprises a plurality of display signal
lines G,-G,, and D,-D,, and a plurality of pixels connected
thereto and arranged substantially in a matrix.

[0033] The display signal lines G,-G, and D,-D_, are
provided on the lower substrate 211 and comprise a plurality
of gate lines G,-G,, transmitting gate signals (called scan-
ning signals) and a plurality of data lines D,-D,, transmitting
data signals. The gate lines G,-G,, extend substantially in a
row direction and are substantially parallel to each other,
while the data lines D,-D,, extend substantially in a column
direction and are substantially parallel.

[0034] Each pixel includes a switching element T con-
nected to the display signal lines G -G, and D,-D_ and an
LC capacitor C; and a storage capacitor Cgr that are
connected to the switching element T.

[0035] The switching element T such as a TFT is provided
on the lower substrate 211 and has three terminals: a control
terminal connected to one of the gate lines G,-G,; an input
terminal connected to one of the data lines D,-D_, and an
output terminal connected to the LC capacitor C; . and the
storage capacitor Cgr.

[0036] The LC capacitor CLC includes a pixel electrode
on the lower substrate, a common electrode on the upper
substrate, and the LC layer as a dielectric between the
electrodes. The pixel electrode is connected to the switching
element T, and the common electrode covers the entire
surface of the upper substrate.
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[0037] The storage capacitor CST is an auxiliary capacitor
for the LC capacitor C; . Alternatively, the storage capaci-
tor Cgr includes the pixel electrode 190 and an adjacent gate
line called a previous gate line, which overlaps the pixel
electrode 190 via an insulator. Each sub-pixel region has a
transistor T and a storage capacitor Cy with respect to the
transistor T. The storage capacitor Cq' with respect to the
transistor T of the white sub-pixel region WP is disposed at
one of the other three color sub-pixel regions. More spe-
cifically, the storage capacitor Cg;' with respect to the
transistor T of the white pixel WP is disposed within the area
of the blue sub-pixel region BP.

[0038] Color filters can block internal reflection, thereby
reducing noise in micro-reflective transmission LCDS.
Since the storage capacitor Cqp. of the white sub-pixel
region WP is disposed at one of the three primary color
regions, internal reflection of the ambient light from elec-
trodes the storage capacitor Cgr. is blocked by color filters.

[0039] An exemplary detailed structure of a TFT array
panel for an LCD according to an embodiment of the
invention will be described with reference to FIGS. 5 and 6.

[0040] FIG. 5 is a layout view of an exemplary embodi-
ment of a TFT array substrate for a micro-reflective trans-
mission LCD of the invention, and FIG. 6 is a cross-section
of the TFT array substrate shown in FIG. 5 taken along the
line V-V'.

[0041] The storage capacitor conductors 177 overlap the
expansions 127 of the gate lines 121. An embodiment of the
invention provides a storage capacitor conductor 177" cor-
responding to white sub-pixel region WP disposed overlap-
ping the expansions 127' of the gate lines 121 at the blue
color sub-pixel region BP.

[0042] Since the storage capacitor Cgy', with respect to the
transistor T of the white sub-pixel region WP, is disposed at
blue color sub-pixel region BP, internal reflection of the
ambient light is blocked by the blue color filter. Thus, both
reflective image quality and reflective contrast ratio (CR) are
improved.

[0043] Alternatively, another embodiment of the invention
provides one of the three primary color filters formed with
an area greater than the corresponding sub-pixel area. For
example the blue color filter is formed overlying parts of
white sub-pixel region WP, i.e., the storage capacitor Cqr.
corresponding to white sub-pixel region is disposed under
the area of the blue color filter.

[0044] FIG. 7 is a cross-section of an arrangement of
another embodiment of a micro-reflective transmission LCD
300. One of the three primary color filters can be made to
substantially extend to the white sub-pixel region covering
the storage capacitor Cq' corresponding to the white sub-
pixel WP. For example, blue color filter BP' is made to
substantially extend to the white sub-pixel region covering
the storage capacitor Cgp'. The white sub-pixel region
corresponds to one of a clear filter with high transparency,
a white filter, or no filter. Since the blue color filter can
efficiently block internal reflection, noise of the micro-
reflective transmission LCD is therefore reduced and both
reflectance and reflective contrast ratio (CR) are improved.

[0045] FIG. 8A is a layout view of an exemplary blue
color sub-pixel, where blue color filter BP' is made to
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substantially extend to the white sub-pixel region WP'
covering the storage capacitor Cq1'. FIG. 8B is a layout view
of an exemplary white sub-pixel region WP' of the micro-
reflective transmission LCD 300.

[0046] FIG. 9 schematically shows another embodiment
of a system for displaying images, which in this case, is
implemented as a display device 3 comprising the micro-
reflective transmission liquid crystal display panel 1 of the
invention, such as the display panel 200 and 300 shown in
FIG. 3 and FIG. 7. The micro-reflective transmission LCD
panel 1 can be coupled to a controller 2, forming a display
device 3 as shown in FIG. 9. The controller 3 can comprise
a source and a gate driving circuits (not shown) to control
the micro-reflective transmission LCD panel 1 to render
image in accordance with an input.

[0047] FIG. 10 schematically shows another embodiment
of a system for displaying images, which in this case, is
implemented as an electronic device 5, incorporating a
display device comprising the micro-reflective transmission
LCD panel of the invention. An input device 4 is coupled to
the controller 2 of the display device 3 shown in FIG. 10 can
include a processor or the like to input data to the controller
2 to render an image. The electronic device 5 may be a
portable device such as a PDA, notebook computer, tablet
computer, cellular phone, or a desktop computer.

[0048] While the invention has been described by way of
example and in terms of the preferred embodiments, it is to
be understood that the invention is not limited to the
disclosed embodiments. To the contrary, it is intended to
cover various modifications and similar arrangements (as
would be apparent to those skilled in the art). Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:
1. A system for displaying images comprising:

a liquid crystal display panel comprising:

a first substrate comprising an array of three primary
color sub-pixel regions and a white sub-pixel region,
each sub-pixel region having a transistor and a
storage capacitor with respect to the transistor;

a second substrate; and

a liquid crystal layer interposed between the first sub-
strate and the second substrate;

wherein the storage capacitor with respect to the transistor
of the white sub-pixel region is disposed within the area
of one of the three primary color sub-pixel regions.
2. The system for displaying images as claimed in claim
1, wherein the liquid crystal display is a micro-reflective
transmission liquid crystal display.
3. The system for displaying images as claimed in claim
1, wherein the three primary color sub-pixel regions com-
prise a red sub-pixel region, a green sub-pixel region, and a
blue sub-pixel region.
4. The system for displaying images as claimed in claim
1, wherein the white color sub-pixel region corresponds to
one of a clear filter, a white filter, or no filter.
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5. The system for displaying images as claimed in claim
3, wherein the storage capacitor with respect to the transistor
of the white sub-pixel region is located within the area of the
blue sub-pixel region.

6. The system for displaying images as claimed in claim
1, wherein the second substrate is a color filter substrate.

7. The system for displaying images as claimed in claim
1, wherein each of the three primary color sub-pixel region
and the white sub-pixel region have equal pixel area.

8. The system for displaying images as claimed in claim
1, further comprising a backlight unit disposed outside the
second substrate.

9. The system for displaying images as claimed in claim
1, further comprising a controller coupled to the liquid
crystal display panel to control the panel to render an image
in accordance with an input.

10. The system for displaying images as claimed in claim
9, further comprising: an input device coupled to the con-
troller of the liquid crystal display device to control the
display device to render an image.

11. A system for displaying images comprising:

a liquid crystal display panel comprising:

a first substrate comprising an array of three primary
color pixel regions and a white pixel region, each

pixel region having a transistor and a storage capaci-
tor with respect to the transistor;

a second substrate comprising three color filters with
respect to the three primary color pixel regions; and

a liquid crystal layer interposed between the first sub-
strate and the second substrate;
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wherein one of the three primary color filters is greater
than its corresponding sub-pixel area, thereby covering
the storage capacitor of the white sub-pixel region.

12. The system for displaying images as claimed in claim
11, wherein the liquid crystal display is a micro-reflective
transmission liquid crystal display.

13. The system for displaying images as claimed in claim
11, wherein the white color sub-pixel region corresponds to
one of a clear filter, a white filter, or no filter.

14. The system for displaying images as claimed in claim
11, wherein the three color sub-pixel regions comprises a red
sub-pixel region, a green sub-pixel, and a blue sub-pixel.

15. The system for displaying images as claimed in claim
11, wherein the three primary color filters comprise a red
filter, a green filter, and a blue filter.

16. The system for displaying images as claimed in claim
15, wherein the greater one of the three primary color filters
is the blue filter.

17. The system for displaying images as claimed in claim
11, further comprising a backlight unit disposed outside the
second substrate.

18. The system for displaying images as claimed in claim
11, further comprising a controller coupled to the liquid
crystal display panel to control the panel to render an image
in accordance with an input.

19. The system for displaying images as claimed in claim
18, further comprising: an input device coupled to the
controller of the liquid crystal display device to control the
display device to render an image.

* % Ed Ed %



patsnap

ERBH(ER) ATEREGHNRS
DI (BE)S US20070236621A1 NI(AE)R 2007-10-11
S US11/402586 B B 2006-04-11
R E(ERRAGR) SELBRAERLT
B (BRI A (1B) GENERHERAT.
LA E(ERR)A(R) BolNE
[ﬁ\]ﬁi‘ﬁﬂk TSAI CHIA YI
LEE MU CHIA
CHANG SHIH CHANG
KA TSAI, CHIA-YI
LEE, MU-CHIA
CHANG, SHIH-CHANG
IPCH%E GO2F1/1343
CPCH#%E GO2F1/136213 GO2F1/133555
H {0 FF STk US7499116
SNERaE Espacenet USPTO
BE(F) 200
ATFEREGNREDELEUHN RS RSN LE (CR ) fAR 5 @ BP WP
EHERERE, AR EHRERRETRAEE—ER , EERA
N FE-BRAS-ENCHGRAR. S-BRAF= EeFex L Ly Li Ly

XEMEeFREXENES, SMEXSENTREEERRGE
NEHEBERR. AN TAEFEAERENFRETRNFHERTRRE
E=MEBFHEEREZ-HXEA,



https://share-analytics.zhihuiya.com/view/0e997bd5-23d5-48de-9254-372bbff16abf
https://worldwide.espacenet.com/patent/search/family/038574826/publication/US2007236621A1?q=US2007236621A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070236621%22.PGNR.&OS=DN/20070236621&RS=DN/20070236621

