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MICRO REFLECTION-TYPE LIQUID
CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention generally relates to a micro
reflection-type liquid crystal display (LCD) and, more par-
ticularly, to a micro reflection-type liquid crystal display
using a step difference resulting from the existing array pro-
cessing and a liquid crystal cell comprising liquid crystal
molecules being aligned in parallel to perform optical com-
pensation according to the difference between slow axes on
optical compensation films and the alignment orientation of
the liquid crystal molecules to improve image contrast and
reflectivity.

[0003] 2. Description of the Prior Art

[0004] In early years, the conventional transmission-type
thin-film transistor liquid crystal display (TFI-LCD), as
shown in FIG. 1, comprises a liquid crystal layer 13 disposed
between a top substrate 11 and a bottom substrate 12. A top
polarizer 14 and a bottom polarizer 15 are disposed respec-
tively on the top substrate 11 and the bottom substrate 12. A
backlight (not shown) is further disposed under the bottom
polarizer 15. Moreover, a thin-film transistor (not shown) and
a storage capacitor 16 corresponding to each of the pixels are
disposed on the bottom substrate 12. The storage capacitor 16
comprises a bottom metal layer 161, an insulating layer 162
and a top metal layer 163 that are stacked. On the top substrate
11 is disposed a black matrix covering the storage capacitor
16 and the thin-film transistor to avoid the reduction of the
image contrast.

[0005] The transmission-type thin-film transistor liquid
crystal display (TFT-LCD) is problematic in poor image con-
trast under the sun light because there is no reflection mecha-
nism to reflect the external light.

[0006] In order to overcome such a problem, it has been
reported to use a reflection plate comprising a reflection elec-
trode region and a transmission electrode region correspond-
ing to each of the pixels on the bottom substrate to overcome
poor image contrast under the sun light, for example, U.S. Pat.
No. 6,295,109 entitled “L.CD with plurality of pixels having
reflective and transmissive regions.” However, the reflection
plate leads to reduced aperture ratio with complicated optical
design and processing.

[0007] Moreover, in U.S. Pat. No. 6,744,480, a scattering
layer and a reflection type polarizer such as a dual brightness
enhancement film (DBEF) are used in a transmission-type
panel. However, this results in image parallax, poor contrast
and low reflectivity under a reflection mode.

[0008] Therefore, to overcome the problems in the afore-
mentioned prior art references, there is need in providing a
micro reflection-type liquid crystal display using optical
compensation films and a step difference resulting from the
existing array processing to improve image contrast and
reflectivity.

SUMMARY OF THE INVENTION

[0009] Itis one object of the present invention to provide a
micro reflection-type liquid crystal display using a step dif-
ference resulting from the existing array processing and a
liquid crystal cell comprising liquid crystal molecules being
aligned in parallel to perform optical compensation according
to the difference between slow axes on optical compensation
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films and the alignment orientation of the liquid crystal mol-
ecules to improve image contrast and reflectivity.

[0010] Inorder to achieve the foregoing object, the present
invention provides a micro reflection-type liquid crystal dis-
play (LCD), comprising: a first polarizer;

[0011] afirst optical compensation film disposed on the
first polarizer and comprising a first slow axis;

[0012] a liquid crystal cell disposed on the first optical
compensation film and comprising;

[0013] a first substrate comprising a first alignment
film disposed thereon, a plurality of scan lines and a
plurality of data lines enclosing a plurality of pixel
units, each pixel unit comprising a transmissive
region and a reflective region;

[0014] asecond substrate, comprising a second align-
ment film disposed thereon and facing the first align-
ment film;

[0015] aliquid crystal layer disposed between the first
alignment film and the second alignment film, the
liquid crystal layer comprising liquid crystal mol-
ecules being aligned in parallel, and the first slow axis
being perpendicular to the alignment directions of the
first and the second alignment films;

[0016] a second optical compensation film disposed on
the liquid crystal cell and comprising a second slow axis,
the second slow axis being parallel with the alignment
directions of the first and the second alignment films;
and

[0017] a second polarizer disposed the second optical
compensation film;

[0018] wherein the thickness ofthe liquid crystal layer in
the transmissive region is larger than the thickness of the
liquid crystal layer in the reflective region, and the phase
retardation in the reflective region is from 110 to 310nm
and the phase retardation in the transmissive region is
from 200 to 380 nm.

[0019] For general rod-like liquid crystal molecules, the
equivalent retardation is added when the alignment direction
is identical to the slow axis on the retardation film, and is
subtracted when the alignment direction and the slow axis on
the retardation film are orthogonal. Therefore, the present
invention achieves micro reflection-type liquid crystal dis-
play (LCD) with both the reflection mode and the transmis-
sion mode by the aforesaid approach.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The objects, spirits and advantages of the preferred
embodiments of the present invention will be readily under-
stood by the accompanying drawings and detailed descrip-
tions, wherein:

[0021] FIG. 1 is a cross-sectional view of a conventional
transmission-type thin-film transistor liquid crystal display
(TFT-LCDy;

[0022] FIG. 2 is a top view of a layout of a sub-pixel of the
present invention;

[0023] FIG. 3 is a cross-sectional view of a transmissive
region in FIG. 2 along 2-2;

[0024] FIG. 4isacross-sectional view ofa reflective region
in FIG. 2 along 3-3;

[0025] FIG. 5A is a cross-sectional view of a micro reflec-
tion-type thin-film transistor liquid crystal display according
to a first embodiment of the present invention;
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[0026] FIG. 5B shows the reflectivity at different voltages
under the reflection mode according to the first embodiment
of the present invention;

[0027] FIG.5C shows the transmission at different voltages
under the transmission mode according to the first embodi-
ment of the present invention;

[0028] FIG. 5D shows both the transmission and the reflec-
tivity according to the first embodiment of the present inven-
tion;

[0029] FIG. 6A and FIG. 6B are cross-sectional views of a
micro reflection-type thin-film transistor liquid crystal dis-
play according to a second embodiment of the present inven-
tion;

[0030] FIG. 6C shows the reflectivity at different voltages
under the reflection mode according to the second embodi-
ment of the present invention; and

[0031] FIG. 6D shows the transmission at different volt-
ages under the transmission mode according to the second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] The present invention providing a micro reflection-
type liquid crystal display can be exemplified by the preferred
embodiments as described hereinafter.

[0033] Pleaserefer to FIG. 2, whichis a top view of a layout
of a sub-pixel of the present invention. The cross-sectional
views of a transmissive region T and a reflective region R can
be acquired respectively along 2-2 and 3-3 in FIG. 2. In FIG.
3, the transmissive region T is disposed between two metal
plates 22 so that the light passes through a glass substrate 21,
a gate oxide 23, a passivation layer 25 and a transparent
electrode (ITO) 26 in sequence. The thickness dl of the
transmissive region T from the surface of the glass substrate
21 is 7500 A. The metal plates 24 in FIG. 3 are used as data
lines. In F1G. 4, the metal plate 24 is used as a reflection plate
in the reflective region R. The metal plate 24 is also used as an
electrode plate of a storage capacitor. The thickness d2, d3 of
the reflective region R from the surface of the glass substrate
21 is from 9000 to 11500 A. Therefore, a step difference 46 is
defined as the difference between the thicknesses of the trans-
missive region T and the reflective region R is from 1500 to
4000 A.

[0034] Please refer to FIG. 5A, which is a cross-sectional
view of a micro reflection-type thin-film transistor liquid
crystal display according to a first embodiment of the present
invention. The micro reflection-type liquid crystal display
(LCD) comprises a first polarizer 42, a first optical compen-
sation film 44, a liquid crystal cell 45, a second optical com-
pensation film 41, a second polarizer 43 and a backlight
module 48. The first optical compensation film 44 is disposed
on the first polarizer 42. The liquid crystal cell 45 is disposed
on the first optical compensation film 44. The liquid crystal
cell 45 comprises a first substrate 45a, a second substrate 455
and a liquid crystal layer 45¢. The first substrate 45a com-
prises a plurality of scan lines and a plurality of data lines,
enclosing a plurality of pixel units. Each pixel unit comprises
a transmissive region T and a reflective region R. The second
substrate 456 is disposed facing the first substrate 45a. A
plurality of liquid crystal molecules in the liquid crystal layer
45¢ are aligned in parallel. The alignment directions 451, 452
of the liquid crystal layer 45¢ are orthogonal to the direction
441 of a slow axis on the first optical compensation film 44.
Therefore, a step difference 46 is defined as the difference
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between the thicknesses of the transmissive region T and the
reflective region R, which results from the existing array
processing. The liquid crystal molecules in the liquid crystal
layer are aligned in parallel. The second optical compensation
film 41 is disposed on the liquid crystal cell 45. The direction
411 of a slow axis on the second optical compensation film 41
is in parallel with the alignment directions 451, 452 the liquid
crystal layer. The second polarizer 43 is disposed on the
second optical compensation film 41. A backlight module 48
1s disposed below the first polarizer 42 and comprises a light
source 47. The polarization direction 421 of the first polarizer
42 is orthogonal to the polarization direction 431 of the sec-
ond polarizer 43.

[0035] In a compensation system comprising orthogonal
polarizers, the direction 441 of the slow axis on the first
optical compensation film 44 and the direction 411 of the
slow axis on the second optical compensation film 41 are
referred to. When the liquid crystal voltage is off, i.e., the
liquid crystal cell 45 is not driven, the liquid crystal molecules
in the liquid crystal layer are aligned in parallel in the trans-
missive region T. Meanwhile, an equivalent retardation
approaches a half wavelength (A/2) to achieve the optimal
bright state according to the retardation of the liquid crystal
cell 45 in the transmissive region T, the retardation of the first
optical compensation film 44 and the retardation of the sec-
ond optical compensation film 41. When the liquid crystal
voltage is on, i.e., the liquid crystal cell 45 is driven, the liquid
crystal molecules in the liquid crystal layer are raised verti-
cally in the transmissive region T. Meanwhile, an equivalent
retardation approaches zero to achieve the optimal dark state
with orthogonal polarizers according to a residual retardation
of the liquid crystal cell 45 in the transmissive region T, the
retardation of the first optical compensation film 44 and the
second optical compensation film 41.

[0036] Please refer to FIG. 5B and FIG. 5C for optical
simulation results of the first embodiment. FIG. 5B shows the
reflectivity at different voltages under the reflection mode
according to the first embodiment of the present invention,
and FIG. 5C shows the transmission at different voltages
under the transmission mode according to the first embodi-
ment of the present invention. In the first embodiment, the
direction of a transmission axis on the second polarizer 43 is
45°, the direction of the slow axis on the second optical
compensation film 41 is 0° and the retardation of the second
optical compensation film 41 is 60 nm. The liquid crystal
molecules in the liquid crystal cell are aligned in parallel
(homogeneous cell). The alignment direction is downward.
The birefringence of the liquid crystal molecules An is 0.066.
The cell gap in the transmissive region T is 4 pm, while the
cell gap in the reflective region R is from 3.6 to 3.85 pm. The
direction of the slow axis on the first optical compensation
film 44 is 90° and the retardation of the first optical compen-
sation film 44 is 140 nm. The direction of the transmission
axis on the first polarizer 42 is 135°. The transmission con-
trast in the first embodiment is 235, while the reflection con-
trast is 8.5.

[0037] Pleaserefer to FIG. 5D, which shows both the trans-
mission and the reflectivity according to the first embodiment
of the present invention. It is observed that the slope of the
transmission curve and the slope of the reflection curve are
similar, which is helpful in selecting the first grey scale volt-
age and the final grey scale voltage to provide a proper and
common y value. The optical compensation system in the first
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embodiment not only achieves lowest dark state but also
adopts the same y value both in the transmission mode and the
reflection mode.

[0038] The first optical compensation film 44 and the sec-
ond optical compensation film 41 can be implemented using
a hybrid liquid crystalline polymer (LCP) layer. When the
retardation of the optical compensation film is from 60 to 190
nm or the alignment direction of the liquid crystal molecules
in the hybrid liquid crystalline polymer layer is tilted by a tilt
angle from 30° to 70° and the retardation of the hybrid liquid
crystalline polymer layer is from 70 to 160 nm, the step
difference 46 in the liquid crystal cell 45 is used in the present
invention to achieve the foregoing object. Moreover, if the
retardation of the liquid crystal cell 45 in the transmissive
region T is from 200 to 380 nm and the retardation of the
liquid crystal cell 45 in the reflective region is from 100 to 200
nm, the compensation system comprising orthogonal polar-
izers of the present invention can achieve the foregoing
object.

[0039] Please refer to FIG. 6A and FIG. 6B for cross-
sectional views of a micro reflection-type thin-film transistor
liquid crystal display according to a second embodiment of
the present invention. In addition to the optical compensation
films in the previous embodiment, a hybrid liquid crystalline
polymer layer is used to replace any one or both of the two
optical compensation films to perform optical compensation
in the present embodiment. As shown in FIG. 6A, the liquid
crystal molecules 511 in the hybrid liquid crystalline polymer
(LCP) layer 51 have the pretilt angle function and there exists
the retardation in the hybrid liquid crystalline polymer (LCP)
layer 51. The hybrid liquid crystalline polymer layer 51 can
be formed by taping or coating. In the present embodiment,
the hybrid liquid crystalline polymer layer 51 is formed by
taping on the top surface of the liquid crystal cell 55. Alter-
natively, the hybrid liquid crystalline polymer layer 51 can be
formed by coating on the both of the top surface and the
bottom surface of the liquid crystal cell 55 to perform optical
compensation. Moreover, the hybrid liquid crystalline poly-
mer layer 51 is aligned in the alignment direction 512.

[0040] In FIG. 6B, the optical compensation film 54 is
disposed on the first polarizer 52. The liquid crystal cell 55 is
disposed on the optical compensation film 54. The alignment
directions 551, 552 of alignment films (not shown) in a liquid
crystal layer 55¢ are orthogonal to the direction 541 of a slow
axis on the first optical compensation film 54. The liquid
crystal cell 55 comprises a first substrate 55a, a second sub-
strate 55b and the liquid crystal layer 55¢. The first substrate
55a comprises a plurality of scan lines and a plurality of data
lines, enclosing a plurality of pixel units. Each pixel unit
comprises a transmissive region T and a reflective region R.
The second substrate 555 is disposed facing the first substrate
55a. Therefore, a step difference 56 is defined as the differ-
ence between the thicknesses of the transmissive region T and
the reflective region R, which results from the existing array
processing. The liquid crystal molecules in the liquid crystal
layer are aligned in parallel (homogeneous cell). The hybrid
liquid crystalline polymer layer 51 is disposed on the liquid
crystal cell 55. The direction 513 of an optical axis on the
hybrid liquid crystalline polymer layer 51 is in parallel with
the alignment directions 551, 552 of the alignment films (not
shown) in the liquid crystal layer. The second polarizer 53 is
disposed on the hybrid liquid crystalline polymer layer 51. A
backlight module 58 is disposed below the first polarizer 52
and comprises a light source 57. The direction 521 of the
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transmission axis on the first polarizer 52 is orthogonal to the
direction 531 of the transmission axis on the second polarizer
53.
[0041] Please refer to FIG. 6C and FIG. 6D for optical
measurement results of the second embodiment. FIG. 6C
shows the reflectivity at different voltages under the reflection
mode according to the second embodiment of the present
invention, and FIG. 6D shows the transmission at different
voltages under the transmission mode according to the sec-
ond embodiment of the present invention. In the second
embodiment, the liquid crystal molecules in the liquid crystal
cell 55 are aligned in parallel. The alignment direction of the
liquid crystal molecules is 90°. The direction of a transmis-
sion axis on the second polarizer 53 is 45°, the direction 513
of the optical axis on the hybrid liquid crystalline polymer
layer 51 is in parallel with the alignment directions 551, 552
of the alignment films in the liquid crystal cell 55. The retar-
dation of the hybrid liquid crystalline polymer layer 511is 120
nm and the liquid crystal molecules in the hybrid liquid crys-
talline polymer layer 51 is tilted by a tilt angle of 50°. The
retardation of the liquid crystal cell 55 in the reflective region
R is from 240 to 260 nm, and the retardation of the liquid
crystal cell 55 in the transmissive region T is 270 nm. The
direction of the slow axis on the optical compensation film 54
is 0°, and the retardation of the optical compensation film 54
is 140 nm. The direction of the transmission axis on the first
polarizer 52 is 135°. The transmission contrast in the first
embodiment is 778, while the reflection contrast is 9.2. It is
observed that, in FIG. 6C and FIG. 6D, when the same driving
voltage is used both in the transmission mode and the reflec-
tion mode, the optical compensation system in the second
embodiment achieves the lowest dark state.
[0042] Accordingly, in the micro reflection-type liquid
crystal display (LCD) of the present invention, a liquid crystal
cell comprising liquid crystal molecules being aligned in
parallel is used to perform optical compensation according to
the retardation difference between slow axes on orthogonal
optical compensation films. In a compensation system com-
prising orthogonal polarizers, a step difference resulting from
the existing array processing is used and an equivalent retar-
dation value is acquired according to the differences between
the slow axes on the optical compensation films and the
alignment orientation of the liquid crystal molecules when
the liquid crystal cell is driven or not to determine the optimal
dark/bright state. More particularly, an equivalent retardation
value approaches a half wavelength (1/2) to achieve the opti-
mal bright state when the liquid crystal cell is not driven,
otherwise an equivalent retardation value approaches zero to
achieve the optimal dark state when the liquid crystal cell is
driven. Therefore, the optimal dark state can be achieved at
the same driving voltage under both the reflection mode and
the transmission mode. Thereby, the present invention
achieves improved image contrast and reflectivity without
additional processing steps.
[0043] Although this invention has been disclosed and
illustrated with reference to particular embodiments, the prin-
ciples involved are susceptible for use in numerous other
embodiments that will be apparent to persons skilled in the
art. This invention is, therefore, to be limited only as indicated
by the scope of the appended claims.

What is claimed is:

1. A micro reflection-type liquid crystal display (LCD),
comprising:

a first polarizer;

a first optical compensation film disposed on the first polar-

izer and comprising a first slow axis;
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a liquid crystal cell disposed on the first optical compen-
sation film and comprising:

a first substrate comprising a first alignment film dis-
posed thereon, a plurality of scan lines and a plurality
of data lines enclosing a plurality of pixel units, each
pixel unit comprising a transmissive region and a
reflective region;

a second substrate, comprising a second alignment film
disposed thereon and facing the first alignment film;

a liquid crystal layer disposed between the first align-
ment film and the second alignment film, the liquid
crystal layer comprising a plurality of liquid crystal
molecules being aligned in parallel, and the first slow
axis being perpendicular to the alignment directions
of the first and the second alignment films;

a second optical compensation film disposed on the liquid
crystal cell and comprising a second slow axis, the sec-
ond slow axis being parallel with the alignment direc-
tions of the first and the second alignment films; and

a second polarizer disposed the second optical compensa-
tion film;

wherein the thickness of the liquid crystal layer in the
transmissive region is larger than the thickness of the
liquid crystal layer in the reflective region, and the retar-
dation in the reflective region is from 110 to 310 nm and
the phase retardation in the transmissive region is from
200 to 380 nm.

2. The liquid crystal display as recited in claim 1, further
comprising a metal reflection-type layer in the reflective
region, the metal reflection-type layer being a top electrode
plate of a storage capacitor.

3. The liquid crystal display as recited in claim 2, wherein
the metal reflection-type layer further comprising the data
lines.

4. The liquid crystal display as recited in claim 1, wherein
the retardation of the first optical compensation film is from
60 to 190 nm.

5. The liquid crystal display as recited in claim 1, wherein
the retardation of the second optical compensation film is
from 60 to 170 nm.

6. The liquid crystal display as recited in claim 1, wherein
an equivalent retardation approaches a half wavelength (1/2)
according to the retardation of the liquid crystal layer in the
transmissive region, the retardation of the first optical com-
pensation film and the retardation of the second optical com-
pensation film when the liquid crystal cell is not driven.

7. The liquid crystal display as recited in claim 1, wherein
the liquid crystal molecules in the transmissive region are
vertically aligned and an equivalent retardation approaches
zero according to a residual retardation of the liquid crystal
layer in the transmissive region, the retardation of the first
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optical compensation film and the retardation of the second
optical compensation film when the liquid crystal cell is
driven.

8. The liquid crystal display as recited in claim 7, wherein
the angle between a transmission axis on the first polarizer
and the first slow axis on the first optical compensation film is
45°, the retardation of the first optical compensation film is
140 nm, the first slow axis on the first optical compensation
film is in parallel with the alignment directions of the first and
the second alignment films, the birefringence of the liquid
crystal molecules is 0.066, the thickness of the liquid crystal
layer in the transmissive region is 4 pm, the thickness of the
liquid crystal layer in the reflective region is from 3.6 to 3.85
wm, the angle between a transmission axis on the second
optical compensation film and a transmission axis on the
second polarizer is 45°, the retardation of the second optical
compensation film is 60 nm, and the angle between the trans-
mission axis on first polarizer and the transmission axis on the
second polarizer is 90°.

9. The liquid crystal display as recited in claim 1, wherein
at least one of the first and the second optical compensation
films is a hybrid liquid crystalline polymer (LCP) layer.

10. The liquid crystal display as recited in claim 9, wherein
the transmission axis on the first polarizer and the transmis-
sion axis on the second polarizer are orthogonal, the align-
ment direction of liquid crystal molecules in the hybrid liquid
crystalline polymer layer is in parallel with the alignment
directions of the alignment films in the liquid crystal layer, the
retardation of the hybrid liquid crystalline polymer layer is
120 nm, the liquid crystal molecules in the hybrid liquid
crystalline polymer layer are tilted by a tilt angle of 50°, the
retardation of the other one of the first and the second optical
compensation films is 140 nm, and the angle between the slow
axis of the other one of the first and the second optical com-
pensation films and the transmission axis on the second polar-
izer is 45°.

11. The liquid crystal display as recited in claim 9, wherein
the transmission axis on the first polarizer and the transmis-
sion axis on the second polarizer are orthogonal, the align-
ment direction of liquid crystal molecules in the hybrid liquid
crystalline polymer layer is vertical to the alignment direc-
tions of the alignment films in the liquid crystal layer, the
retardation of the hybrid liquid crystalline polymer layer is
120 nm, the liquid crystal molecules in the hybrid liquid
crystalline polymer layer are tilted by a tilt angle of 50°, the
retardation of the other one of the first and the second optical
compensation films is 140 nm, and the angle between the slow
axis of the other one of the first and the second optical com-
pensation films and the transmission axis on the second polar-
izer is 45°.
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