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(57) ABSTRACT
(76) " Tnventors: zf:ghmézvu’ ??ahen Cc"sty("i“{)\\;?; A micro-reflective liquid crystal display including an upper
I-kan Lhen, laman Lty polarizing plate, an upper substrate having transparent elec-
Cotrespondence Address: trode, a color light-filtering plate, a liquid crystal layer, an
’ inner polarizing film, a lower substrate having transparent
ggg%ii?ggﬁl};lé%g]%; l]E)IIJQIVE-SUITE 101 electrode, driving cell and storage capacitor, a lower polar-
izing plate and a backlight source. The inner polarizing film
ELLICOTT CITY, MD 21043 (US) is deposited on one face of the lower substrate adjacent to
1) Appl. No.: 11/025.953 the liquid crystal layer. The color light-filtering plate is
T ’ formed with an opening corresponding to the storage capaci-
(22) Filed: Jan. 3, 2005 tor, whereby external light can go in through the opening.
The upper metal layer of the storage capacitor forms a
Publication Classification reflective region for reflecting the external light to serve as
a light source for the liquid crystal display. Accordingly,
(51) Int.CL when exposed to outdoor sunlight, the micro-reflective
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liquid crystal display can still present a clear image.
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MICRO-REFLECTIVE LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] The present invention is related to a micro-reflec-
tive liquid crystal display in which the color light-filtering
plate is formed with an opening, whereby external light can
go in through the opening. An upper metal layer of the
storage capacitor serves to reflect the external light to serve
as a light source for the liquid crystal display.

[0002] FIG. 4 shows a conventional Transmissive type
Thin Film transistor (TFT) liquid crystal display. A liquid
crystal layer 83 is disposed between the upper and lower
substrates 81, 82. An upper polarizing plate 84 and a lower
polarizing plate 85 are disposed respectively corresponding
to the upper and lower substrates 81, 82. A backlight source
(not shown) is disposed under the lower polarizing plate 85.
A film transistor matrix electrode 86 and a storage capacitor
87 are disposed on the lower substrate 82 corresponding to
each pixel. The storage capacitor 87 is composed of a lower
metal layer 871, an insulating layer 872 and an upper metal
layer 873 which are piled. A black matrix 88 is disposed
under the upper substrate 81 corresponding to the thin film
transistor matrix electrode 86 and a storage capacitor 87 to
shade the same so as to avoid reduction of contrast of the
displayed image.

[0003] The above TFT liquid crystal display lacks reflec-
tive structure for reflecting external light. Only the backlight
source serves as the light source of the image. Therefore,
when exposed to outdoor sunlight, the contrast of the image
of the TFT liquid crystal display will be reduced so that the
displayed image can be hardly clearly seen.

[0004] Inorder to obviate the above problem, some manu-
facturers arrange reflective board structure on the lower
substrate corresponding to each pixel. The reflective board
structure is composed of reflective electrode region and
transparent electrode region. For example, such structure is
disposed in Taiwanese Patent Publication No. 482917,
entitled “liquid crystal display device” (U.S. Pat. No. 6,295,
109). However, such structure will sacrifice the opening
ratio of the transparent mode. Moreover, the manufacturing
procedure is complicated and it is hard to design the optical
structure.

[0005] In the existent micro-reflective liquid crystal dis-
play device, a dual brightness enhancement film (DBEF)
with scattering particles is externally attached to the display
for solving the problem of reduction of contrast. However,
in reflective mode, the DBEF tends to result in parallax
problem of the displayed image. In addition, the cost for the
DBEF is quite high so that it is not economic to use the
DBEF.

SUMMARY OF THE INVENTION

[0006] Tt is therefore a primary object of the present
invention to provide amicro-reflective liquid crystal display
in which the inner polarizing film is deposited on one face
of the lower substrate adjacent to the liquid crystal layer. The
color light-filtering plate is formed with an opening corre-
sponding to the storage capacitor, whereby external light can
go in through the opening. The upper metal layer of the
storage capacitor forms a reflective region for reflecting the
external light to serve as a light source for the liquid crystal
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display. Accordingly, when exposed to outdoor sunlight, the
micro-reflective liquid crystal display can still present a
clear image.

[0007] According to the above object, the micro-reflective
liquid crystal display of the present invention includes an
upper polarizing plate, an upper substrate having transparent
electrode, a color light-filtering plate, a liquid crystal layer,
an inner polarizing film, a lower substrate having transparent
electrode, driving cell and storage capacitor, a lower polar-
izing plate and a backlight source. The storage capacitor is
composed of a lower metal layer, an insulating layer and an
upper metal layer which are piled. The inner polarizing film
is deposited on one face of the lower substrate adjacent to
the liquid crystal layer. The color light-filtering plate is
formed with an opening corresponding to the storage capaci-
tor, whereby external light can go in through the opening.
The upper metal layer of the storage capacitor forms a
reflective region for reflecting the external light to serve as
a light source for the liquid crystal display.

[0008] The present invention can be best understood
through the following description and accompanying draw-
ings wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a sectional view showing the structure of
the present invention;

[0010] FIG. 2 is a sectional view showing the working
state of the present invention when the voltage is cut off;

[0011] FIG. 3 is a sectional view showing the working
state of the present invention when the voltage is turned on;
and

[0012] FIG. 4 is a sectional view showing the structure of
a conventional transparent film transistor liquid crystal dis-
play.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0013] Please refer to FIGS. 1 to 3. The micro-reflective
liquid crystal display of the present invention includes an
upper polarizing plate 11, an upper substrate 12 having
transparent electrode, a color light-filtering plate 13 associ-
ated with the upper substrate 12, a liquid crystal layer 14, an
inner polarizing film 15, a lower substrate 17 having trans-
parent electrode, driving cell (that is, TFT) and storage
capacitor 16, a lower polarizing plate 18 and a backlight
source (not shown). The storage capacitor 16 is composed of
alower metal layer 161, an insulating layer 162 and an upper
metal layer 163 which are piled.

[0014] The inner polarizing film 15 is deposited on one
face of the lower substrate 17 adjacent to the liquid crystal
layer 14. The light penetration axis of the inner polarizing
film 15 is parallel to the light penetration axis of the lower
polarizing plate 18. The material of the storage capacitor 16
contains over 90% silver or aluminum. The thickness of the
storage capacitor 16 is within 50 nm~200 nm. The color
light-filtering plate 13 is formed with an opening 131
corresponding to the storage capacitor 16. The opening 131
is 5%~95% the surface area of the upper metal layer 163 of
the storage capacitor 16. The external light can go in through
the opening 131. The surface of the upper metal layer 163 of
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the storage capacitor 16 serves as a reflective region,
whereby the external light going in through the opening 131
can be reflected as a light source for the liquid crystal
display.

[0015] In contrast to the traditional TFT liquid crystal
display in which black matrix is disposed on the upper
substrate corresponding to the thin film transistor matrix
electrode and storage capacitor to shade the same, in the
present invention, the black matrix above the storage capaci-
tor is removed. Instead, the color light-filtering plate 13 is
formed with an opening 131 corresponding to the storage
capacitor 16. By means of the ratio of the opening, the
reflectivity of the reflective region formed by the upper
metal layer 163 of the storage capacitor 16 can be controlled.
It is proved through tests that in condition that the surface
area of the storage capacitor 16 is about “io~'4 the subpixel
and the opening 131 of the color light-filtering plate 13 is
about Y5 the surface area of the storage capacitor 16, the
reflectivity of light can reach about 2%. Apparently, the
structure of the present invention can achieve micro-reflec-
tive function.

[0016] A TN-type liquid crystal is exemplified for describ-
ing the actual working state of the present invention as
follows:

[0017] Referring to FIG. 2, when the voltage is cut off, the
TN-type liquid crystal is 90 degrees revolved. The external
light A is polarized by the upper S-polarizing plate 11 into
S-polarized light. Then the light is revolved by the 90-degree
TN-type liquid crystal to form P-polarized light. The light
penetration axis of the inner polarizing film 15 is parallel to
the light penetration axis of the lower polarizing plate 18 and
both are in P-polarized state. Therefore, the light is revolved
by the TN-type liquid crystal to form P-polarized light which
can pass through the inner polarizing film 15 to be reflected
by the reflective region of the upper metal layer 163 and then
outgo from the inner polarizing film 15. The light is kept in
P-polarized state. The light B of the backlight source is
polarized by the lower polarizing plate 18 to form P-polar-
ized light. Both the reflected external light and the light, of
the backlight source are P-polarized. The light is further
revolved by the 90-degree TN-type liquid crystal to form
S-polarized light. Finally, the light outgoes from the upper
polarizing plate 11. That is, when the voltage is cut off, no
matter whether the display is in the reflective mode of
outdoor sunlight or in the transparent mode of the backlight
source, clear image can be presented.

[0018] Referring to FIG. 3, when the voltage is turned on,
the direction of the TN-type liquid crystal is parallel to the
direction of the electric field. The external light a is polarized
by the upper S-polarizing plate 11 into S-polarized light.
Then the light goes through the TN-type liquid crystal
parallel to the electric field direction and keeps S-polarized.
The light penetration axis of the inner polarizing film 15 is
in P-polarized and normal to the S-polarized light. There-
fore, the S-polarized light cannot pass through the inner
polarizing film 15. The light b of the backlight source is
polarized by the lower polarizing plate 18 to form P-polar-
ized light. After the light goes through the TN-type liquid
crystal parallel to the electric field direction and the inner
polarizing film 15, the light keeps P-polarized and cannot
pass through the upper S-polarizing plate 11. That is, when
the voltage is turned on, no matter whether the display is, in
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the reflective mode of outdoor sunlight or in the transparent
mode of the backlight source. no bright image can be
achieved.

[0019] In conclusion, in the present invention, the inner
polarizing film 15 is deposited on one face of the lower
substrate 17 adjacent to the liquid-crystal layer 14, whereby
a reflective region 19 is formed on the surface of the storage
capacitor 1.6. In addition, the color light-filtering plate 13 is
formed with an opening 131 corresponding to the storage
capacitor 16. After the external light goes in through the
opening 131 of the color light-filtering plate 13, the external
light is reflected by the reflective region formed by the upper
metal layer 163 of the storage capacitor 16 to serve as a light
source for the liquid crystal display. Accordingly, when
exposed to outdoor sunlight, a clear image can be still
presented.

[0020] In another embodiment, the color light-filtering
plate can be disposed on the lower substrate to achieve the
same effect as the above embodiment.

[0021] The above embodiments are only used to illustrate
the present invention, not intended to limit the scope thereof.
Many modifications of the above embodiments can be made
without departing from the spirit of the present invention.

What is claimed is:

1. A micro-reflective liquid crystal display comprising an
upper polarizing plate, an upper substrate having transparent
electrode, a color light-filtering plate, a liquid crystal layer,
an inner polarizing film, a lower substrate having transparent
electrode, driving cell and storage capacitor, a lower polar-
izing plate and a backlight source, the storage capacitor
being composed of a lower metal layer, an insulating layer
and an upper metal layer which are piled, said micro-
reflective liquid crystal display being characterized in that
the inner polarizing film is deposited on one face of the
lower substrate adjacent to the liquid crystal layer, the color
light-filtering plate being formed with an opening corre-
sponding to the storage capacitor, whereby external light can
go in through the opening, the upper metal layer of the
storage capacitor forming a reflective region for reflecting
the external light to serve as a light source for the liquid
crystal display.

2. The micro-reflective liquid crystal display as claimed in
claim 1, wherein the opening of the color light-filtering plate
is 5%~95% the surface area of the upper metal layer of the
storage capacitor.

3. The micro-reflective liquid crystal display as claimed in
claim 1, wherein the light penetration axis of the lower
polarizing plate is parallel to the light penetration axis of the
inner polarizing film.

4. The micro-reflective liquid crystal display as claimed in
claim 1, wherein the material of the storage capacitor
contains over 90% silver or aluminum, the thickness of the
storage capacitor being within 50 nm~200 nm.

5. The micro-reflective liquid crystal display as claimed in
claim 1, wherein the color light-filtering plate is disposed on
the upper substrate.

6. The micro-reflective liquid crystal display as claimed in
claim 1, wherein the color light-filtering plate is disposed on
the lower substrate.
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