US20080186436A1

asy United States
12 Patent Application Publication (o) Pub. No.: US 2008/0186436 A1
Chu et al. (43) Pub. Date: Aug. 7, 2008
(54) TRANSFLECTIVE LIQUID CRYSTAL (30) Foreign Application Priority Data
DISPLAY PANEL AND FABRICATING
METHOD THEREOF Feb.2,2007 (TW) .o 96103860
Publication Classification
(75) Inventors: Cheng-Jen Chu, Tainan Cqunty (51) Int.CL
(TW); Chen-Kuan Kao, Tainan GO2F 1/1335 (2006.01)
County (TW); Chung-Kuang Wei, GO2F 1/1333 (2006.01)
Tainan County (TW) (52) US.Cl oo 349/114; 349/187
&7 ABSTRACT
Correspondence Address: o ) )
LOWE HAUPTMAN HAM & BERNER, LLP A transflective liquid crystal display (LCD) panel includes an
1700 DIAGONAL ROAD. SUITE 300 active device array substrate, an opposite substrate, and a
ALEXANDRIA, VA 2231:‘ liquid crystal layer in between. The active device array sub-
strate includes scan lines, data lines, and pixel units. Each
) pixel unit includes an active device, a reflective pixel elec-
(73) Assignee: CHI MEI OPTOELECTRONICS trode, and a transparent pixel electrode. The active device is
CORP., Tainan County (TW) electrically connected to the corresponding scan line and data
line. The reflective pixel electrode and the transparent pixel
. electrode are respectively disposed in a reflective region and
(21)  Appl. No: 12/023,545 a transmissive region and both electrically connectgd to the
active device. The liquid crystal molecules in the reflective
(22) Filed: Jan. 31, 2008 region are pre-tilted at a pretilt angle.
r t
_A A
r Y A
-
_~ 4350
’ 0 0 7 4340
7 29,0
8100< \\\\\\\\\\\\\\\\\\'\\\\\\\\k\l\ \




Patent Application Publication = Aug. 7,2008 Sheet 1 of 12 US 2008/0186436 A1

r?Ob NP /4 T/-~"100
( ) / | ‘kmo
) L / |
1300 \ ) 7 130
! ! | —1330
> ! C ~— 1340
77 X070 00 7
i\ AT O
. 4 /\\// 777 47 1150
> AV i 11440
1144
1100 : 1146
\ 1110
W
FIG. 1A (PRIOR ART)
1120
./ //
)] N /
142 —77 7
10— |
)\.&
11440 LI

FIG. 1B (PRIOR ART)



Patent Application Publication = Aug. 7,2008 Sheet 2 of 12 US 2008/0186436 A1

fluminance

(%)

V

driving voltage (V)

FIG. 2 (PRIOR ART)



Patent Application Publication = Aug. 7,2008 Sheet 3 of 12 US 2008/0186436 A1

luminance

(%)

1'%

driving voltage (V)

FIG. 3 (PRIOR ART)



Patent Application Publication = Aug. 7,2008 Sheet 4 of 12 US 2008/0186436 A1

R

4130f FT
b

N Vcom Vcom

FIG. 4B




Patent Application Publication = Aug. 7, 2008 Sheet 5 of 12 US 2008/0186436 A1




Patent Application Publication = Aug. 7,2008 Sheet 6 of 12 US 2008/0186436 A1

fluminance

(%)

V

driving voltage (V)

F1G. 6



Patent Application Publication = Aug. 7,2008 Sheet 7 of 12 US 2008/0186436 A1

7100 /2 777 P27 VZZ7)




Patent Application Publication = Aug. 7,2008 Sheet 8 of 12 US 2008/0186436 A1

(NN N NN D "’1.',“ YV
8100< S S NN N NCR R N NNV N W N W N N ¢ | ‘#

800
FIG. BA
4120
( Z //
) N )
M ——17
—
I 3
30— |
4144q 8130



Patent Application Publication = Aug. 7, 2008 Sheet 9 of 12

US 2008/0186436 A1

1)1
4200</|0|
>LIOI

FIG. 9A



Patent Application Publication  Aug. 7,2008 Sheet 10 0f 12 US 2008/0186436 Al

r t
A A
g h'd N
<(( ~{3f-4310
4300
\ 4320
> 14330

002000540 ¢ 70047 |-t
W20 0002440 ¢ 200 124747

//// o207 &’ / / 70020
st
il

FIG. 9B



Patent Application Publication  Aug. 7,2008 Sheet 11 0f 12 US 2008/0186436 A1

A A I
b r
A
500
r ‘/IL v jt\ ™
| »
>' C4330
0 00 B0s0s000] °
4200</ y ///% //ﬂ/// 4210
OO0 000 Orfslrl
\ | . /4440
4144b
‘#4146
j(:n
400

FIG. 9C



Patent Application Publication  Aug. 7,2008 Sheet 12 0f 12 US 2008/0186436 Al

| —4148
|- 4144b

4146

| i

\

~— 903

—_————
—————
—————
e e e
——————
——————
—_———— -
—_—————

-y

FI1G. 10



US 2008/0186436 Al

TRANSFLECTIVE LIQUID CRYSTAL
DISPLAY PANEL AND FABRICATING
METHOD THEREOF

[0001] This application claims the benefit of Taiwan appli-
cation Serial No. 096103860, filed Feb. 2, 2007, the entirety
of which is incorporated herein by reference.

BACKGROUND

[0002] 1. Technical Field

[0003] The disclosure generally relates to a display panel
and a fabricating method thereof, in particular, to a transflec-
tive LCD panel and a fabricating method thereof.

[0004] 2. Description of Related Art

[0005] Along with the popularization of LCDs (Liquid
Crystal Displays), many portable electronic products have
higher requirements for the display function of the LCDs. For
example, the portable electronic products are required not
only to provide a fine frame display effect indoors, but also to
maintain an appropriate display quality in high light environ-
ments. Therefore, the LCD technology is developed in the
trend of maintaining a vivid display quality ofan LCD in high
light environments. In view of the above-mentioned, a trans-
flective LCD is preferred as it can provide vivid display
effects both indoors and in a bright outdoor environment.
[0006] In detail, the conventional transflective LCD panel
generally adopts a dual cell gap design, in which the trans-
missive region and the reflective region both have a fine
display quality. However, the fabrication of the transflective
LCD panel with the dual cell gap design is complex, and each
pixel unit has poor transmittance at the junctions areas
between the transmissive regions and reflective regions.
Therefore, the transflective LCD panel with a single cell gap
design is desired.

[0007] FIG. 1A is a cross-sectional view of a conventional
transflective LCD panel with the single cell gap design, and
FIG. 1B is a schematic view of a pixel unit in FIG. 1A.
Referring to FIGS. 1A and 1B together, the conventional
transflective LCD panel 100 includes a thin-film transistor
(TFT) array substrate 1100, a color filter substrate 1300, and
a liquid crystal layer 1200 disposed therebetween. Further,
the color filter substrate 1300 includes a substrate 1310, a
color filter 1320, a common electrode layer 1330, and an
alignment film 1340. The color filter 1320 is disposed on the
substrate 1310, the common electrode layer 1330 is disposed
on the color filter 1320, and the alignment film 1340 is dis-
posed on the common electrode layer 1330.

[0008] The TFT array substrate 1100 includes a substrate
1110, a plurality of scan lines 1120, a plurality of data lines
1130, a plurality of pixel units, and an alignment film 1150.
The scan lines 1120, data lines 1130, and pixel units are
disposed on the substrate 1110. The alignment film 1150 is
disposed on the substrate 1110, and covers the scan lines
1120, data lines 1130, and pixel units. In detail, each pixel
unitincludesa TFT 1142, a transparent pixel electrode 1144a,
areflective pixel electrode 11445, and a dielectric layer 1146.
The TFT 1142 is electrically connected to the corresponding
scan line 1120 and data line 1130. The reflective pixel elec-
trode 11445 and the transparent pixel electrode 1144a are
disposed on the dielectric layer 1146. Moreover, the reflective
pixel electrode 11445 is connected to the transparent pixel
electrode 11444, and the transparent pixel electrode 1144a is
electrically connected to the TFT 1142. In addition, the align-
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ment film 1150 covers the reflective pixel electrode 11445
and the transparent pixel electrode 1144a.

[0009] Light rays 10a emitted by a backlight source (not
shown) sequentially pass through the substrate 1110, the
transparent pixel electrode 1144a, the liquid crystal layer
1200, and the common electrode 1330, and then emerge from
the substrate 1310. Furthermore, light rays 105 from a front
light source or an external environment may also sequentially
pass through the substrate 1310, the common electrode 1330,
and the liquid crystal layer 1200 and reach the reflective pixel
electrode 1144b. Afterwards, the light rays 104 reflected by
the reflective pixel electrode 11445 further sequentially pass
through the liquid crystal layer 1200 and the common elec-
trode 1330, and emerge from the substrate 1310.

[0010] FIG. 2 shows a driving voltage to transmittance ratio
(V-T) curve of a conventional transflective LCD panel with
the single cell gap design. Referring to FIGS. 1A and 2
together, since each pixel unit has a transparent pixel elec-
trode 1144¢ and a reflective pixel electrode 1144b, the con-
ventional transflective LCD panel 100 has a transmissive
region V-T curve T and a reflective region V-T curve R. The
transmittance ratio is a ratio between a light transmittance
value and the maximum light transmittance value of the
reflective or the transmissive region. Generally, the light
transmittance of the reflective or the transmissive region rep-
resents a display brightness of the reflective or the transmis-
sive region. However, at the same driving voltage, the trans-
mittance ratio of the transmissive region V-T curve T is
different from that of the reflective region V-T curve R. More-
over, a driving voltage V, required by the transmissive region
for reaching its maximum light transmittance is different
from a driving voltage V| required by the reflective region for
reaching its maximum light transmittance. Further, since an
optical path of the liquid crystal layer in the transmissive
region is approximately a half of that of the liquid crystal
layer in the reflective region, when the light transmittance
ratio of the transmissive region grows and reaches the maxi-
mum value along with the increase of the driving voltage, the
transmittance ratio of the reflective region has already passed
the maximum value and began to gradually decrease with the
increase of the driving voltage.

[0011] Inorder to solve the above problems, a technique of
adjusting the status of capacitance of the liquid crystal mol-
ecules arranged in series in the reflective region to reduce the
voltage difference originally generated between the reflective
pixel electrode and the common electrode layer by a driving
voltage is provided. More particularly, the driving voltage
required by the reflective region for reaching the maximum
transmittance is made larger than the driving voltage V, in
FIG. 2. Therefore, the status of capacitance of the liquid
crystal molecules arranged in series in the reflective region
may be appropriately adjusted to make the driving voltage
required by the reflective region for reaching its maximum
transmittance approximate to the driving voltage required by
the transmissive region for reaching its maximum transmit-
tance, as shown in FIG. 3.

[0012] However, when the driving voltage required by the
reflective region for reaching its maximum transmittance is
increased, a threshold driving voltage (the voltage turning on
the transmittance) required by the reflective region is also
increased accordingly, and the addition of the threshold volt-
age differs from that of the driving voltage for reaching the
maximum transmittance. That is, the above conventional
technique cannot make both the threshold voltage of the
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reflective region and the driving voltage required by the
reflective region for reaching its maximum transmittance
simultaneously approximate to the threshold voltage of the
transmissive region and the driving voltage required by the
transmissive region for reaching its maximum transmittance
(as shown in FIG. 3). As such, the transflective LCD panel
cannot have the optimal optical performances in both of the
transmissive state and the reflective state simultaneously.
Accordingly, there is a need for a transflective LCD panel and
fabricating method that can solve the problem of the incon-
sistency of driving characteristics of the reflective region and
the transmissive region in both a bright state and a dark state.

SUMMARY

[0013] Inanembodiment, the present invention provides a
transflective LCD panel including an opposite substrate, an
active device array substrate, and a liquid crystal layer in
between. The active device array substrate includes a plural-
ity of scan lines, a plurality of data lines, and a plurality of
pixel units. Each pixel unit has a transmissive region, areflec-
tive region and an active device. The active device is electri-
cally connected to the corresponding scan line and data line.
The liquid crystal layer comprises a plurality of liquid crystal
molecules. The liquid crystal molecules disposed above the
reflective region are pre-tilted at a first pretilt angle.

[0014] In another embodiment, the present invention pro-
vides a fabricating method of a transflective LCD panel. A
liquid crystal layer is formed between an active device array
substrate and an opposite substrate. The liquid crystal layer
comprises a plurality ofliquid crystal molecules and is doped
with a plurality of monomer molecules. A first voltage is
applied to the reflective pixel electrode of each pixel unit of
the active device array substrate, such that the liquid crystal
molecules located above a reflective region of the pixel unit
are titled at a first pretilt angle. Then, the monomer molecules
in the reflective region are converted into polymer molecules.
[0015] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary only. Additional aspects and advantages of the disclosed
embodiments are set forth in part in the description which
follows, and in part are apparent from the description, or may
be learned by practice of the disclosed embodiments. The
aspects and advantages of the disclosed embodiments may
also berealized and attained by means of the instrumentalities
and combinations particularly pointed out in the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings are included to pro-
vide a furtherunderstanding of embodiments of the invention,
and are incorporated in and constitute a part of this specifi-
cation.

[0017] FIG. 1A is a cross-sectional view of a conventional
transflective LCD panel with a single cell gap design.
[0018] FIG. 1B is a schematic view of a pixel unit in FIG.
1A.

[0019] FIG. 21s aV-T curve of a conventional transflective
LCD panel with the single cell gap design.

[0020] FIG. 3 is a V-T curve of another conventional trans-
flective LCD panel with the single cell gap design.

[0021] FIG. 4A is a cross-sectional view of a transflective
LCD panel according to a first embodiment of the present
invention.
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[0022] FIG. 4B is an equivalent circuit diagram of a pixel
unit in FIG. 4A.

[0023] FIG. 5isa schematic cross-sectional view of a trans-
flective LCD panel according to a second embodiment of the
present invention.

[0024] FIG. 6 is a V-T curve of a transflective LCD panel
according to the first embodiment of the present invention.
[0025] FIG. 7 is a cross-sectional view of a transflective
LCD panel according to a third embodiment of the present
invention.

[0026] FIG. 8A is a cross-sectional view of a transflective
LCD panel according to a fourth embodiment of the present
invention.

[0027] FIG. 8B is a schematic view of a pixel unit in FIG.
8A.

[0028] FIGS. 9A to 9C are cross-sectional views of pro-
cesses of fabricating a transflective LCD panel according to
an embodiment of the present invention.

[0029] FIG.101s a schematic cross-sectional view showing
the liquid crystal molecules having a pretilt angle in the
transmissive region according to an embodiment of the
present invention.

DESCRIPTION OF THE EMBODIMENTS

[0030] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers are used in the drawings and the descrip-
tion to refer to the same or like parts.

[0031] FIG. 4A is a cross-sectional view of a transflective
LCD panel according to a first embodiment of the present
invention, and FIG. 4B is an equivalent circuit diagram of a
pixel unitin FIG. 4A. Referring to FIGS. 4A and 4B together,
the transflective LCD panel 400 includes an active device
array substrate 4100, an opposite substrate 4300, and a liquid
crystal layer 4200. In this embodiment, the opposite substrate
4300 is a color filter substrate, and the active device array
substrate 4100 may be a TFT array substrate, a diode array
substrate, or a substrate comprised of other three-terminal
active devices. However, the active device array substrate
4100 may also be a color-filter-on-array (COA) substrate,
while the opposite substrate 4300 is a glass substrate. The
COA substrate has a structure with a color filter formed on a
TFT array.

[0032] The opposite substrate 4300 includes a substrate
4310, acolor filter 4320, a common electrode layer 4330, and
an alignment film 4340. The color filter 4320 is disposed on
the substrate 4310, the common electrode layer 4330 is dis-
posed on the color filter 4320, and the alignment film 4340 is
disposed on the common electrode layer 4330.

[0033] The active device array substrate 4100 includes a
substrate 4110, a plurality of scan lines 4120, a plurality of
data lines 4130, a plurality of pixel units (unnumbered), and
an alignment film 4150. The scan lines 4120, data lines 4130,
and pixel units are disposed on the substrate 4110. The align-
ment film 4150 is disposed on the substrate 4110, and covers
the scan lines 4120, data lines 4130, and the pixel units.
[0034] Moreover, each pixel unit has a reflective region r
and a transmissive region t and includes an active device
4142, a transparent pixel electrode 4144a, and a reflective
pixel electrode 4144b. The active device 4142 is electrically
connected to the corresponding scan line 4120 and data line
4130. Furthermore, a material of the reflective pixel electrode
4144b may be Al, Ag, or any other metals with high reflec-
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tance. The reflective pixel electrode 41445 and the transpar-
ent pixel electrode 4144a are respectively disposed in the
reflective region r and the transmissive region t and both
electrically connected to the active device 4142.

[0035] It should be noted that the reflective pixel electrode
41445 may be directly electrically connected to the active
device 4142. Or, the reflective pixel electrode 41445 may be
electrically connected to the active device 4142, for example,
adrainofthe active device 4142, through the transparent pixel
electrode 4144q. Similarly, the transparent pixel electrode
4144a may be directly electrically connected to the active
device 4142. Or, the transparent pixel electrode 4144a may be
electrically connected to the active device 4142 through the
reflective pixel electrode 41445b. In other words, when the
active device 4142 is turned on, the transparent pixel elec-
trode 4144a and the reflective pixel electrode 41445 may
obtain the same pixel driving voltage. It should be noted that
the active device 4142 is, for example, a TFT, and the trans-
parent pixel electrode 4144a and the reflective pixel electrode
4144b are electrically connected to a drain of the active device
4142. Definitely, the active device 4142 is not limited to the
above embodiment, and may also be a diode or any other
three-terminal active device.

[0036] When a driving voltage is input into the transparent
pixel electrode 4144 and the reflective pixel electrode 41445
through the active device 4142, the potential difference
between the reflective pixel electrode 41444 and the common
electrode layer 4330 of the opposite substrate 4300 is smaller
than that between the transparent pixel electrode 41444 and
the common electrode layer 4330. As such, the driving volt-
age required by the reflective region r of the transflective LCD
panel 400 for reaching its maximum transmittance is
increased to be approximate to the driving voltage required by
the transmissive region t for reaching its maxinum transmit-
tance.

[0037] Further, in this embodiment, for example, a dielec-
tric layer 4148 is disposed on the substrate 4110 and covers
the reflective pixel electrode 41445. The transparent pixel
electrode 4144a is disposed on the dielectric layer 4148. In
this manner, the distance between the reflective pixel elec-
trode 41445 and the common electrode layer 4330 is greater
than that between the transparent pixel electrode 4144a and
the common electrode layer 4330. Therefore, when a driving
voltage is input into the transparent pixel electrode 4144q and
the reflective pixel electrode 41445, the electric field intensity
in the reflective region r is smaller than that in the transmissive
region t.

[0038] The material of the dielectric layer 4148 is an
organic material or an inorganic material, and may also be a
gate insulating layer extending from the active device 4142 or
other additional dielectric layers. However, the dielectric
layer 4148 may also be a passivation layer or a planarization
layer covering on the active device 4142. Further, the material
ofthe transparent pixel electrode 4144a is an indium tin oxide
(ITO), indium zinc oxide (IZ0), aluminium zinc oxide
(AZ0), or other transparent conductive materials.

[0039] Inaddition, the transparent pixel electrode 4144a is
partially disposed above, i.e., overlapping, the reflective pixel
electrode 41445, so as to shield against light leakage caused
by the liquid crystal molecules irregularly arranged at the
junction area of the reflective region r and the transmissive
regiont.

[0040] The liquid crystal layer 4200 is comprised of a plu-
rality of liquid crystal molecules 4210, and the liquid crystal
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molecules 4210 are, for example, nematic liquid crystal mol-
ecules. Further, the liquid crystal layer 4200 is disposed
between the active device array substrate 4100 and the oppo-
site substrate 4300. In addition, a single cell gap is approxi-
mately formed between the active device array substrate 4100
and the opposite substrate 4300 in this embodiment.

[0041] In particular, the liquid crystal molecules 4210
located in the reflective region r are subject to a pretilt angle
0,, in other words, are pre-tilted at a pretilt angle 0, before
being driven by the driving electric field in use. The liquid
crystal molecules 4210, for example, maintain the pretilt
angle thereof through polymer molecules (not shown) doped
in the liquid crystal layer 4200 (a fabricating method thereof
will be described in detail herein below). Since the liquid
crystal molecules 4210 in the reflective region r are subject to
apretilt angle 0, they are easily driven by the electric field to
rotate, such that the threshold voltage of the liquid crystal
molecules 4210 in the reflective region r is reduced to be
approximate to the threshold voltage of the liquid crystal
molecules 4210 in the transmissive region t.

[0042] In particular, before a driving voltage is input into
the transflective LCD panel 400, the alignment films 4340 and
4150 are used to, for example, make the liquid crystal mol-
ecules 4210 in the transmissive region t arranged in a vertical
alignment. That is, the pretilt angle of liquid crystal molecules
4210 in the transmissive region is 0°, and the liquid crystal
molecules 4210 in the reflective region r are arranged at an
angle of 0, from the normal of the alignment films 4340 and
4150. Definitely, in other embodiments, the alignment films
4340 and 4150 may also be used to make the liquid crystal
molecules 4210 in the transmissive region t arranged in a
horizontal alignment. Thus, the liquid crystal molecules 4210
in the reflective region r are arranged at an angle of 0, relative
to the surface, of the alignment films 4340 and 4150, respec-
tively.

[0043] FIG. 5is a schematic cross-sectional view of a trans-
flective LCD panel according to a second embodiment of the
present invention. Referring to FIG. 5, in this embodiment,
the liquid crystal molecules 4210 in the transmissive region t
may also are subject to a pretilt angle 8,, such that the liquid
crystal molecules 4210 in both the transmissive region t and
the reflective region r can be driven by a driving voltage to
rotate quickly. It should be noted that after a driving voltage is
input into the transparent pixel electrode 4144a and the
reflective pixel electrode 41445, the electric field intensity in
the reflective region r is still smaller than that in the transmis-
sive region t, so the pretilt angle 0, must be smaller than the
pretilt angle 0, (including 6,=0° in the first embodiment).
Thus, the threshold voltage of the liquid crystal molecules
4210 in the reflective region r can be adjusted to be approxi-
mate to that of the liquid crystal molecules 4210 in the trans-
missive region t.

[0044] FIG. 6 is a V-T curve of a transflective LCD panel
according to the first embodiment of the present invention.
Referring to FIGS. 4A and 6 together, the appropriate mate-
rial and thickness of the dielectric layer 4148 may be selected
according to the above disclosed arrangement. When the
same driving voltage is respectively input into the transparent
pixel electrode 4144a and the reflective pixel electrode
41445, the difference between the transmittance ratios of the
transmissive V-T curve T and the reflective V-T curve R is
reduced. In other words, the transflective LCD panel 400 of
this embodiment may be driven in a conventional driving
manner. The transmittance of the transmissive region t and the
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reflective region r rises with the increase of the driving volt-
age, and the driving voltage required by the transmissive
region t for reaching its maximum transmittance is approxi-
mate to that required by the reflective region r for reaching its
maximum transmittance.

[0045] In particular, in the disclosed embodiments of the
present invention, when the driving voltage required by the
reflective region r for reaching its maximum transmittance is
increased, the liquid crystal molecules are provided with an
appropriate pretilt angle to lower the threshold voltage of the
liquid crystal molecules 4210 in the reflective region r. Thus,
the transflective LCD panel 400 of the disclosed embodi-
ments of the present invention has similar voltage-transmit-
tance performance in the transmissive region t and the reflec-
tive region r in both the bright state and the dark state. That s,
the transflective LCD panel of the disclosed embodiments of
the present invention has high brightness and good display
quality without adopting the dual cell gap design.

[0046] The V-T curve of the transflective LCD panel in the
second embodiment is similar to FIG. 6, and the details will
not be described herein again.

[0047] Further, referring to FIGS. 4A and 6, in order to
improve the reflectivity of the reflective pixel electrode
4144b, the reflective pixel electrode 4144b is fabricated to
have a bumped surface, and the surface pattern of the reflec-
tive pixel electrode 41445 is not limited thereto, in accor-
dance with the present invention. The reflective pixel elec-
trode 41445 with a bumped surface is fabricated by first
forming a dielectric layer 4146 with a bumped surface on the
substrate 4100. Then, a reflective pixel electrode 41445 is
conformally formed on the dielectric layer 4146 by, for
example, a sputtering process. However, the reflective pixel
electrode 41445 with a bumped surface may have other pat-
terns details of which will be illustrated herein below.

[0048] FIG. 7 is a cross-sectional view of a transflective
LCD panel according to a third embodiment of the present
invention. This embodiment is similar to the first embodi-
ment, but differs from the first embodiment in the manner of
forming the reflective pixel electrode 41445 with a bumped
surface, which will be described as follows.

[0049] Referring to FIGS. 4B and 7 together, in the trans-
flective LCD panel 700 of this embodiment, each pixel unit of
an active device array substrate 7100 includes an active
device 4142, a bumped metal layer 7110, a dielectric layer
7120, a transparent pixel electrode 4144a, a reflective pixel
electrode 4144b, and a dielectric layer 4148. The bumped
metal layer 7110 is disposed on the substrate 4110 and may be
a part of a first metal layer that constitutes the active device
4142. That is, the bumped metal layer 7110 may be electri-
cally connected to a common line (not shown) of the active
device array substrate 7100 or the bumped metal layer 7110 is
a part of a common line. Thus, a storage capacitor is formed
between the bumped metal layer 7110 and the reflective pixel
electrode 4144b. Here, since the common line is mostly dis-
posed below the reflective pixel electrode 41446, the back-
light source of the transmissive region t may not be shielded
by the common line, and the aperture ratio thereof is
improved.

[0050] Further, the dielectric layer 7120 is conformally
disposed on the bumped metal layer 7110, and may be a gate
insulating layer. The reflective pixel electrode 41445 is con-
formally disposed on the dielectric layer 4120, and thus has a
bumped surface for improving the reflectivity. Inaddition, the
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reflective pixel electrode 41445 may be a portion of a second
metal layer that constitutes the active device 4142.

[0051] Similarly, the appropriate material and thickness of
dielectric layer 4148 may be selected according to the above-
disclosed electrical configuration. When the active device
4142 is turned on, the driving voltage required by the trans-
missive region t for reaching its maximum transmittance is
approximate to that required by the reflective region r for
reaching its maximum transmittance. On the other hand,
since the pretilt angle 6, of the liquid crystal molecules 4210
in the reflective region r is larger than that (which is 0° in this
embodiment) of the liquid crystal molecules 4210 in the
transmissive region t, the threshold voltage of the transmis-
sive region t is approximate to that of the reflective region r.
Therefore, the transflective LCD panel 700 of this embodi-
ment has similar voltage controlled transmittance perfor-
mance in the transmissive region t and the reflective region r,
without adopting the dual cell gap design. In addition, the
reflective pixel electrode 41444 having a bumped surface may
achieve a high reflectivity.

[0052] FIG. 8A is a cross-sectional view of a transflective
LCD panel according to a fourth embodiment of the present
invention, and FIG. 8B is a schematic view of a pixel unit in
FIG. 8A. This embodiment is similar to the first embodiment,
and the difference is described as follows. The potential dif-
ference between the reflective pixel electrode 41445 and the
common electrode layer 4330 of the opposite substrate 4300
is smaller than that between the transparent pixel electrode
41444 and the common electrode layer 4330. The difference
between the two embodiments will be illustrated below.
[0053] Referring to FIGS. 8A and 8B together, in the trans-
flective LCD panel 800 of this embodiment, each pixel unit of
an active device array substrate 8100 includes an active
device 4142, a metal layer 8110, a dielectric layer 8120, a
transparent pixel electrode 4144 ¢, and a reflective pixel elec-
trode 8130. The metal layer 8110 is electrically connected to
the active device 4142, and may be a part of a first or a second
metal layer that constitutes the active device 4142. Further-
more, the metal layer 8110 may be directly electrically con-
nected to the active device 4142. Or, the metal layer 8§110 is
electrically connected to the active device 4142 through the
transparent pixel electrode 4144a. Moreover, the dielectric
layer 8120 is disposed on the substrate 2110, and covers the
metal layer 8110. In addition, the material of the dielectric
layer 8120 is an organic material or an inorganic material.
[0054] The reflective pixel electrode 8130 is disposed on
the dielectric layer 8120, and is coupled with the metal layer
8110 to form a capacitor C,. In other words, the reflective
pixel electrode 8130 is a floating electrode, i.e., an indepen-
dent conductor layer without connecting to other potentials.
In another embodiment, the reflective pixel electrode 8130
may have a bumped surface for improving the reflectivity.
[0055] It should be noted that, the overlapping area of and
the distance between the reflective pixel electrode 8130 and
the metal layer 8110 determine an effective voltage applied to
the liquid crystal layer 4200 above the reflective pixel elec-
trode 8130. The transparent pixel electrode 4144a is directly
electrically connected to the active device 4142, and the
reflective pixel electrode 8130 is electrically coupled to the
metal layer 8110. Therefore, when a particular driving volt-
age is inputinto the pixel units through the datalines 4120, the
voltage of the transparent pixel electrode 4144a is opposite to
that of the reflective pixel electrode 8130, and thus the effec-
tive voltage applied to the transparent pixel electrode 4144a is
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opposite to that applied to the liquid crystal layer 4200 above
the reflective pixel electrode 8130. The overlapping area of
and the distance between the reflective pixel electrode 8130
and the metal layer 8110 may determine the voltage of the
reflective pixel electrode 8130, so the driving voltage
required by the transmissive region t for reaching its maxi-
mum transmittance is approximate to that required by the
reflective region r for reaching its maximum transmittance.

[0056] On the other hand, since the pretilt angle 8, of the
liquid crystal molecules 4210 in the reflective region r is
larger than that (which is 0° in this embodiment) of each
liquid crystal molecule 4210 in the transmissive region t, the
threshold voltage of the transmissive region t is made
approximate to that of the reflective region r.

[0057] In disclosed embodiments of the present invention,
in the course of the fabrication of the transflective LCD panel,
the pretilt angle of the liquid crystal molecules in the reflec-
tive region is made to be larger than that of the liquid crystal
molecules in the transmissive region. The fabricating method
of a transflective LCD panel of the present invention is illus-
trated in the following embodiments.

[0058] FIGS. 9A to 9C are cross-sectional views of pro-
cesses of fabricating a transflective LCD panel according to
an embodiment of the present invention. Referring to FIG.
9A, first, an active device array substrate 9100 is provided. It
should be noted that although the active device array substrate
9100 in FIG. 9A is similar to the active device array substrate
4100 in FIG. 4A, the active device array substrate 9100 may
be any active device array substrate described in the above
embodiments. Next, an opposite substrate 4300 is disposed
above the active device array substrate 9100, and a liquid
crystal layer 4200 is formed between the opposite substrate
4300 and the active device array substrate 9100. The liquid
crystal layer 4200 is, for example, doped with a plurality of
monomer molecules 4211.

[0059] Referring to FIG. 9B, a first voltage V,, is applied
through an external circuit (not shown) to the reflective pixel
electrode 41445, such that the liquid crystal molecules 4210
located in the liquid crystal layer 4200 are tilted in a pretilt
angle 0,. Afterwards, referring to FIG. 9C, the monomer
molecules 4211 in the reflective region r are exposed by a
masking process, so as to be converted into polymer mol-
ecules (not shown). The expose-to-convert principle is
described in detail in U.S. Pat. No. 6,781,665, which is incor-
porated by reference herein. Thus, the transflective LCD
panel 900 is substantially completed. In this embodiment, the
monomer molecules are exposed to, for example, UV light
901. The TV light 901 is incident from above the opposite
substrate 4300, and the transmissive region t is covered by a
mask 500, such that the monomer molecules 4211 in the
transmissive region t are not irradiated with the UV light 901
to be converted into polymer molecules. Further, the subse-
quent process of the transflective LCD panel 900 is similar or
identical to that of a transflective LCD panel, which is known
to those skilled in the art, and the details will not be described
herein again.

[0060] Itshould be noted that in another embodiment of the
present invention, before the monomer molecules 4211 in the
transmissive region t are converted into polymer molecules, a
second voltage V, is applied to the transparent pixel electrode
4144a, such that the liquid crystal molecules 4211 in the
transmissive region t are tilted in a pretilt angle 8,, as shown
inFIG. 10. The second voltage is smaller than the first voltage
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applied to the reflective pixel electrode 4144b. In other words,
the pretilt angle 8, is smaller than the pretilt angle 6.
[0061] Thereafter, the monomer molecules 4211 in the
transmissive region t are exposed, and the liquid crystal mol-
ecules 4210 in the transmissive region t become restricted to
be subject to a pretilt angle 0,. In this embodiment, for
example, the monomer molecules 4211 in the transmissive
region t are exposed to UV light 903, and the UV light 903 is,
for example, incident from below the active device array
substrate 9100 (i.e., from the back of the transflective LCD
panel). At this time, since the reflective pixel electrode 41445
is capable of shielding the light, the monomer molecules 4211
in the reflective region r may not be irradiated by the UV light
903.

[0062] Thus, in order to make the liquid crystal molecules
4210 inthe transmissive region t and the reflective region r are
subject to different pretilt angles, a low voltage is first applied
to the transparent pixel electrode 4144a, and then the expo-
sure light is incident from below the active device array
substrate 9100, such that the monomer molecules 4211 in the
transmissive region t are exposed and converted into poly-
mers. After that, a higher voltage is applied to the reflective
pixel electrode 41445, and the exposure light is incident from
above the opposite substrate 4300, such that the monomer
molecules 4211 in the reflective region r are exposed and
converted into polymers.

[0063] Inview of the above, disclosed embodiments of the
present invention are superior to the conventional art in the
following aspects. For the transflective LCD panel, the driv-
ing voltage required by the reflective region for reaching its
maximum transmittance is approximate to that required by
the transmissive region for reaching its maximum transmit-
tance. Meanwhile, the threshold voltage of the reflective
region is approximate to that of the transmissive region. In
other words, in disclosed embodiments of the present inven-
tion, the reflective V-T curve and the transmissive V-T curve
of the transflective LCD panel are highly coincident. There-
fore, the transflective LCD panel of embodiments of the
present invention not only has similar voltage controlled
transmittance performance in the transmissive and reflective
regions in the bright state, and achieves high brightness and
good display quality without adopting the dual cell gap
design, but also has optimized optical performance in the dark
state.

[0064] It will be apparent to those skilled in the art that
various modifications and variations can be made to the dis-
closed embodiments of the present invention without depart-
ing from the scope or spirit of the invention. In view of the
foregoing, it is intended that the present invention cover
modifications and variations that fall within the scope of the
following claims and their equivalents.

What is claimed is:
1. A transflective liquid crystal display (LCD) panel, com-
prising:

an active device array substrate comprising a plurality of
scan lines, a plurality of data lines, and a plurality of
pixel units, wherein each said pixel unit comprises a
transmissive region, a reflective region and an active
device electrically connected to a corresponding one of
the scan lines and a corresponding one of the data lines;

an opposite substrate; and

a liquid crystal layer, disposed between the active device
array substrate and the opposite substrate, and compris-
ing a plurality of liquid crystal molecules, wherein liquid
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crystal molecules disposed above the reflective region
are pre-tilted at a first pretilt angle.

2. The transflective LCD panel according to claim 1,
wherein a single cell gap is formed between the active device
array substrate and the opposite substrate.

3. The transflective LCD panel according to claim 1,
wherein the liquid crystal molecules disposed above the
transmissive region are pre-tilted at a second pretilt angle
smaller than the first pretilt angle.

4. The transflective LCD panel according to claim 1, fur-
ther comprising a plurality of polymer molecules in the liquid
crystal layer.

5. The transflective LCD panel according to claim 1,
wherein the liquid crystal molecules are nematic liquid crys-
tal molecules.

6. The transflective LCD panel according to claim 1,
wherein each pixel unit further comprises

areflective pixel electrode disposed in the reflective region

and electrically connected to the active device; and

a transparent pixel electrode disposed in the transmissive

region and electrically connected to the active device.

7. The transflective LCD panel according to claim 6,
wherein the reflective pixel electrode comprises a bumped
surface.

8. The transflective LCD panel according to claim 6, fur-
ther comprising a dielectric layer disposed in the transmissive
region and the reflective region and covering the reflective
pixel electrode, wherein the transparent pixel electrode is
disposed on the dielectric layer.

9. The transflective LCD panel according to claim 8,
wherein the reflective pixel electrode and the transparent
pixel electrode partially overlap each other.

10. The transflective LCD panel according to claim 6,
wherein the reflective pixel electrode s electrically connected
1o the active device through the transparent pixel electrode.

11. The transflective LCD panel according to claim 1,
wherein each pixel unit further comprises:

a metal layer, disposed in the reflective region and electri-

cally connected to the active device;
a dielectric layer, disposed in the reflective region and the
transmissive region and covering the metal layer;

areflective pixel electrode, disposed on the dielectric layer
in the reflective region and coupled with the metal layer
to form a capacitor; and

a transparent pixel electrode, disposed on the dielectric

layer in the transmissive region and electrically con-
nected to the active device.

12. The transflective LCD panel according to claim 11,
wherein the reflective pixel electrode comprises a bumped
surface.

13. The transflective LCD panel according to claim 12,
wherein the metal layer is electrically connected to the active
device through the transparent pixel electrode.

14. The transflective LCD panel according to claim 1,
wherein each pixel unit further comprises:
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a bumped metal layer, disposed in the reflective region;

a first dielectric layer, conformally disposed on the bumped
metal layer;

a reflective pixel electrode, conformally disposed on the
first dielectric layer and electrically connected to the
active device;

a second dielectric layer, disposed in the reflective region
and the transmissive region and covering the reflective
pixel electrode; and

a transparent pixel electrode, disposed on the second
dielectric layer in the transmissive region and electri-
cally connected to the active device.

15. The transflective LCD panel according to claim 14,
wherein the reflective pixel electrode and the transparent
pixel electrode partially overlap each other.

16. The transflective LCD panel according to claim 14,
wherein the reflective pixel electrode is electrically connected
to the active device through the transparent pixel electrode.

17. A method of fabricating a transflective LCD panel, said
method comprising:

providing an active device array substrate comprising a
plurality of scan lines, a plurality of data lines, and a
plurality of pixel units, wherein each said pixel unit
comprises a transmissive region, a reflective region, an
active device electrically connected to a corresponding
one ofthe scan lines and a corresponding one of the data
lines, a reflective pixel electrode in the reflective region,
and a transparent pixel electrode in the transmissive
region;

providing an opposite substrate;

forming a liquid crystal layer between the active device
array substrate and the opposite substrate, wherein the
liquid crystal layer comprises a plurality ofliquid crystal
molecules and is doped with a plurality of monomer
molecules;

applying a first voltage to the reflective pixel electrode of
each pixel unit, such that the liquid crystal molecules
located in the reflective region are tilted at a first pretilt
angle; and

converting the monomer molecules in the reflective region
into polymer molecules.

18. The method according to claim 17, further comprising:

applying a second voltage to the transparent pixel electrode
of each pixel unit, such that the liquid crystal molecules
located in the transmissive region are tilted at a second
pretilt angle smaller than the first pretilt angle; and

converting the monomer molecules in the transmissive
region into polymer molecules.

19. The method according to claim 17, wherein, in said

converting, the monomer molecules are exposed to UV light.

20. The method according to claim 18, wherein the mono-
mer molecules in the transmissive region are converted into
polymer molecules by being exposed to 1V light radiated
from the side of said active device array substrate, with the
reflective pixel electrode acting as a mask to shield the mono-
mer molecules in the reflective region from said UV light.
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