3/052724 A2

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 03/052724 A2

26 June 2003 (26.06.2003) PCT
(51) International Patent Classification’: G09G
(21) International Application Number: PCT/KR02/02322

(22) International Filing Date:

10 December 2002 (10.12.2002)

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
2001/80714
2002/39499

(71) Applicant:
[KR/KR]; 416, Maetan-dong,
Gyeonggi-do 442-742 (KR).

18 December 2001 (18.12.2001)
8 July 2002 (08.07.2002)

English

(74)

English

81

KR
KR

SAMSUNG ELECTRONICS CO., LTD.

Paldal-gu, Suwon-si,

89

(72) Inventors: JANG, Yong-Kyu; 124-120 Jugong ldanji
Apt., #488, Gokbanjeong-dongGwonseon-gu, Suwon-si,

Gyeonggi-do, Korea,

Gyeonggi-do 441-400 (KR).

KIM, Hyung-Guel; 505-206, Samsung laemian S5cha

Apt., Suji-eup, Yongin-si, Gyeonggi-do 449-840 (KR).
YOON, Jong-Soo; 15, #473, Guseong-dong, Cheonan-si,
Chungcheongnam-do 330-060 (KR). LEE, Dong-Ho;
203-101 Hanseong 2cha Apt., Giheung-eup, Yongin-si,
Gyeonggi-do 435-735 (KR).

Agent: PARK, Young-Woo; 5E, Seil Building, #727-13,
Yoksam-dong, Gangnam-gu, Seoul 135-921 (KR).

Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, I, IN, IS, JP, KE, KG, KP,KZ, LC, LK,
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC, VN,
YU, ZA, ZM, ZW.

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
EBuropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SI, SK,

[Continued on next page]

(54) Title: TRANSMISSIVE AND REFLECTIVE TYPE LIQUID CRYSTAL DISPLAY

\  185—|}-180 \ /
TN v T 7771165
\ \\ 130
\ / \ ~—135
— S — |\
— — R — S —
e % e Pt e ~—~_150
L L] [ [
O o] (o] (o]
11 \ ] L [ 1 7 —115
\ \/ 110
: Aozt 133
Pttt mEEEEEEEEEEEE
70O

(57) Abstract: Disclosed is a transmissive and reflective type LCD. In the LCD, a second substrate faces a first substrate. Liquid
crystal layer is formed between the first and second substrate. A first polarizing plate is formed on outer surface of the first substrate.
A second polarizing plate is formed on outer surface of the second substrate. A backlight is arranged at a rear side of the first polariz-
ing plate. A transparent transflective film is arranged between the first polarizing plate and the backlight and has a plurality of layers
where a first and a second layer each having different refractivity indexes are alternatively stacked. The transparent transflective film
partially reflects and transmits incident light. By a restoring process occurring between the transflective film and the backlight, a
predetermined amount of the incident light is transmitted through the transflective film repeatedly, so that transmissivity and light

efficiency are enhanced.



w0 03/052724 A2 NI 00 0

TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,  For two-letter codes and other abbreviations, refer to the "Guid-
GW, ML, MR, NE, SN, TD, TG). ance Notes on Codes and Abbreviations" appearing at the begin-

ning of each regular issue of the PCT Gazette.
Published:

—  without international search report and to be republished
upon receipt of that report



10

15

20

25

WO 03/052724 PCT/KR02/02322

TRANSMISSIVE AND REFLECTIVE TYPE LIQUID CRYSTAL DISPLAY

Technical Field

The present invention relates to a liquid crystal display, and more particularly,
to a transmissive and reflective type liquid crystal display in which the display
operation is carried out in a reflection mode of a low power consumption at a bright
place where a light amount is abundant and the display operation is also carried out
in a transmission mode of a high luminance at a dark place where a light amount is

deficient.

Background Art

In an information-oriented society these days, the role of an electronic display
is getting more important. All kinds of electronic displays are widely used in
various industrial fields.

Generally, the electronic display is an apparatus for visually providing a
variety of information to a person. In other words, an electrical information signal
output from various electronic devices is converted into a visually recognizable
optical information signal at the electronic display. Therefore, the electronic
display serves as a bridge for connecting the person and the electronic devices.

Electronic display is classified into an emissive display in which the optical
information signal is displayed by a light-emitting way, and a non-emissive display
in which the optical information signal is displayed by an optical modulation way
such as light-reflecting, dispersing and interfering phenomenon, etc. As the
emissive display called an active display, for example, there are a CRT (Cathode
Ray Tube), a PDP (Plasma Display Panel), an LED (Light Emitting Diode) and an
ELD (Eelectroluminescesnt Display), etc. ~ As the non-emissive display as a passive

display, there are an LCD (Liquid Crystal Display), an ECD (Electrochemical
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Display) and an EPID (Electrophoretic Image Display), etc.

The CRT used in an image display such as a television receiver and a monitor,
etc., has the highest market share in an aspect of displaying quality and economical
efficiency, but also has many disadvantages such as heavy weight, large volume and
high power consumption.

Meanwhile, due to rapid development of a semiconductor technology, various
kinds of electronic devices are driven by lower voltage and lower power, and thus
the electronic equipments became much slimmer and lighter. Therefore, a flat panel
type display having the slimmer and lighter characteristic as well as the lower
driving voltage and lower power consumption characteristic is required according to
the new environment.

The LCD among the various developed flat panel type displays is much
slimmer and lighter than any other displays, and has the lower driving voltage and
the lower power consumption, and also has the displaying quality similar to that of
the CRT. Therefore, the LCD is widely used in various electronic equipments.

The LCD is classified into a transmission type LCD for displaying an image
using an external light source such as a backlight assembly, a reflection type LCD
for displaying an image using natural light, and a transmissive and reflective type
LCD in which the display operates in a transmission mode using an internal light
source provided in the display itself at indoors or a dark place where an external
light source does not exist and the display operates in a reflection mode to display an
image by reflecting an external incident light at a high brightness environment of
outdoors.

Also, the LCD controls to align liquid crystal molecules using a voltage
applied to the liquid crystal layer, and can be classified depending on the driving
way thereof into a passive matrix type and an active matrix type. In the passive

matrix type, pixels are driven using a root-mean-square (rms) of a difference
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between voltages applied to signal lines and scanning lines while a line addressing
in which a signal voltage is applied to all of the pixels at the same time is carried out.
In the active matrix type, pixels are driven by a switching element such as a MIN
(Metal-insulator-metal) device or a thin film transistor.

FIG. 1 is a sectional view of a conventional transmissive and reflective type
LCD, and shows an active matrix type LCD using the thin film transistor.

Referring to FIG. 1, a conventional transmissive and reflective type LCD
includes a first substrate 10, a second substrate 40 arranged facing the first substrate
10, a liquid crystal layer 50 formed between the first substrate 10 and the second
substrate 40, and a light source, i.e., a backlight assembly disposed at a rear side of
the first substrate 10.

The first substrate 10 comprises a first insulating substrate 11, a thin film
transistor 25 formed on the first insulating substrate 11, a passivation film 30 having
a contact hole 32 for exposing a part of the thin film transistor 25, a transparent
electrode 34, and a reflection electrode 36. The thin film transistor 25 comprises a
gate electrode 12, a gate insulating film 14, an active pattern 16, an ohmic contact
pattern 18, a source electrode 20 and a drain electrode 22. The transparent
electrode 34 functions as a pixel electrode for transmitting a light that is generated
from the backlight 60 and is then incident through the first substrate 10. The
transparent electrode 34 is connected to the thin film transistor 25 formed on every
unit pixel region on the first substrate 10. The reflection electrode 36 reflects the
light that is incident through the second substrate 40 and at the same time functions
as the pixel electrode. In other words, regions where the transparent electrodes 34
exist are a transmission part (T), portions other than the transmission part (T) are a
reflection part (R) for reflecting an external light that is incident through the second
substrate 40.

The second substrate 40 comprises a second insulating substrate 42, a color
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filter 44 comprised of RGB pixels for displaying colors while a light is transmitted
therethrough, a black matrix 46 for preventing a light from being leaked between the
pixels, and a transparent common electrode 48.

The liquid crystal layer 50 is made of 90°twisted nematic liquid crystal, and

has an approximately 0.24 of And which is a product of anisotropy An in refractive
index and thickness d of the liquid crystal layer.

Also, according to an alignment direction of the liquid crystal molecules, a
first polarizing plate 54 and a second polarizing plate 58 are respectively attached to
external surfaces of the first and second substrates 10 and 40 so as to transmit only a
light vibrating in a specific direction. The first and second polarizing plates 54 and
58 are all linear polarizer in which each polarizing axe of the first and second
polarizing plates 54 and 58 are normal to each other.

Between the first substrate 10 and the first polarizing plate 54, and between
the second substrate 40 and the second polarizing plate 58, there are respectively
arranged a first 1/4 wavelength phase difference plate 52 and a second 1/4
wavelength phase difference plate 56. Each of the 1/4 wavelength phase difference
plates 52 and 56 functions to convert a linearly polarized light to a circularly
polarized light, or vice versa by causing a phase difference of 1/4 wavelength
between two polarization components that are normal to each other and are parallel
to optical axes of the 1/4 wavelength phase difference plates 52 and 56.

Hereinafter, there are respectively described operation principles in the
reflection mode and the transmission mode in the conventional transmissive and
reflective type LCD shown in FIG. 1.

FIGS. 2A and 2B are schematic views for illustrating an operation principle
of the conventional LCD in the reflection mode.

First, when a pixel voltage is not applied (OFF), as shown in FIG. 2A, a light

that is incident from an outside is transmitted through the second polarizing plate 58,
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so that the light is linearly polarized in a direction parallel to the polarizing axis of
the second polarizing plate 58. The linearly polarized light is transmitted through
the second 1/4 wavelength phase difference plate 56, so that the linearly polarized
light is converted into a left-handed circularly polarized light. The lefi-handed
circularly polarized light is transmitted through the liquid crystal layer 50, so that
the left-handed circularly polarized light is linearly polarized in a direction vertical
to the polarizing axis of the second polarizing plate 58, and is then incident into the
reflection electrode 36. The linearly polarized light, which is reflected by the
reflection electrode 36, is transmitted through the liquid crystal layer 50, so that the
linearly polarized light is converted into the left-handed circularly polarized light.
The left-handed circularly polarized light is transmitted through the second 1/4
wavelength phase difference plate 56, so that the left-handed circularly polarized
light is linearly polarized in a direction parallel to the polarizing axis of the second
polarizing plate 58. And then, the linearly polarized light is transmitted through
the second polarizing plate 58, so that a white image is displayed.

When a maximum pixel voltage is applied (ON), as shown in FIG. 2B, a light
that is incident from an outside is transmitted through the second polarizing plate 58,
so that it is linearly polarized in a direction parallel to the polarizing axis of the
second polarizing plate 58. The linearly polarized light is transmitted through the
second 1/4 wavelength phase difference plate 56, so that it is converted into a
left-handed circularly polarized light. The left-handed circularly polarized light is
transmitted through the liquid crystal layer 50 without a variation in the polarization
state, and is then incident into the reflection electrode 36. The light, which is
incident into the reflection electrode 36, is reflected by the reflection electrode 36,
so that it is converted into a right-handed circularly polarized light and the converted
right-handed circularly polarized light is transmitted through the liquid crystal layer
50. Thus, the right-handed circularly polarized light, which has been passed
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through the liquid crystal layer 50, is transmitted through the second 1/4 wavelength
phase difference plate 56, so that it is linearly polarized in a direction perpendicular
to the polarizing axis of the second polarizing plate 58. The linearly polarized light
is shielded by the second polarizing plate 58, so that a black image is displayed.

FIGS. 3A and 3B are schematic views for illustrating an operation
mechanism of the transmission mode.

When a pixel voltage is not applied (OFF), as shown in FIG. 3A, a light that
is irradiated from a backlight disposed below the first polarizing plate 54 is incident
into the first polarizing plate 54, and only a light vibrating in a direction parallel to
the polarizing axis of the first polarizing plate 54 is transmitted through the first
polarizing plate 54. At this time, since the polarizing axis of the first polarizing
plate 54 is perpendicular to that of the second polarizing plate 58, the light that has
been passed through the first polarizing plate 54 is converted into a light linearly
polarized in a direction perpendicular to the polarizing axis of the second polarizing
plate 58. The linearly polarized light is converted into a right-handed circularly
polarized light by a first 1/4-wavelength phase difference plate 52. The
right-handed circularly polarized light is transmitted through a transparent electrode
34, and is then incident into a liquid crystal layer 50. The right-handed circularly
polarized light is transmitted through the liquid crystal layer 50, so that it is linearly
polarized in a direction parallel to the polarizing axis of the second polarizing plate
58. The linearly polarized light is transmitted through a second 1/4-wavelength
phase difference plate 56, so that it is converted into the right-handed circularly
polarized light. At this time, since only a component vibrating in a direction
parallel to the polarizing axis of the second polarizing plate 58 can be transmitted
through the second polarizing plate 58, only 50% of the right-handed circularly
polarized light is transmitted through the second polarizing plate 58. Accordingly,

a light loss of 50% is generated, so that an image having a middle brightness is
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displayed.

Meanwhile, although not shown in the drawings, an optical path of the
incident light becomes different at a region where a metal layer, such as the gate line,
the data line, or the reflection electrode exists in the transmission mode. In other
words, a light that is incident from the backlight is transmitted through the first
polarizing plate 54, so that it is linearly polarized in a direction parallel to the
polarizing axis of the first polarizing plate 54. The linearly polarized light is
transmitted through the first 1/4 wavelength phase difference plate 52, so that it is
right-handed circularly polarized. The right-handed circularly polarized light is
reflected by above illustrated metal layers, so that it is lefi-handed circularly
polarized. Then, the left-handed circularly polarized light is transmitted through
the first 1/4 wavelength phase difference plate 52, so that it is linearly polarized in a
direction parallel to the polarizing axis of the first polarizing plate 54. Accordingly,
the linearly polarized light is absorbed in the first polarizing plate 54, and does not
return to the backlight. Thus, the light reflected by the metal layers is not
reproduced and disappears, so that an overall light efficiency is lowered.

When a maximum pixel voltage is applied (ON), as shown in FIG. 3B, a light
that is irradiated from a backlight disposed below the first polarizing plate 54 is
incident into the first polarizing plate 54, so that only a light vibrating in a direction
parallel to the polarizing axis of the first polarizing plate 54 is transmitted through
the first polarizing plate 54. The light linearly polarized by the first polarizing
plate 54 is converted into a right-handed circularly polarized light after being
transmitted through the first 1/4 wavelength phase difference plate 52. The
right-handed circularly polarized light is transmitted through the transparent
electrode 34, and is then incident into the liquid crystal layer 50. The right-handed
circularly polarized light is transmitted through the liquid crystal layer 50 without a

variation in the polarization state, and is linearly polarized in a direction normal to
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the polarizing axis of the second polarizing plate 58 after being transmitted through
the second 1/4 wavelength phase difference plate 56. Afterwards, the light linearly
polarized in the direction normal to the polarizing axis of the second polarizing plate
58 is not transmitted the second polarizing plate 58, so that a dark image is
displayed.

As described above, since the conventional transmissive and reflective type
LCD has to be provided with the wide band 1/4 wavelength phase difference plates
52 and 56 covering an overall frequency band of the visible ray, as well as the first
and second polarizing plates 54 and 58 with respect to each of the first and second
substrates 10 and 40, a manufacturing cost is elevated compared with the
transmission type LCD. Also, since the polarization characteristic in the
transmission mode causes a light loss of 50%, there are drawbacks in that a light
transmissivity decreases by 50% and a contrast ratio (C/R) is lowered.

Further, since And of the liquid crystal layer 50 is only 0.24 pum which is a
half of And (0.48 um) of the conventional transmission type LCD, the cell gap of the

liquid crystal cell should be decreased to a level of 3 pm, and the refractive

anisotropy An of the liquid crystal also should be decreased. Accordingly, there are
problems in that the manufacturing process becomes difficult and degeneration in

the reliability of the liquid crystal is caused.

Disclosure of the Invention

Accordingly, the present invention is to solve the aforementioned problems of
the conventional art, and it is an object of the present invention to provide a
transmissive and reflective type LCD capable 6f simplifying a structure of a liquid
crystal cell and decreasing light loss in the transmission mode. _

In one aspect, there is provided a transmissive and reflective type LCD

comprising a first substrate, a second substrate, a liquid crystal layer, a first
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polarizing plate, a second polarizing plate, a backlight, and a transparent
transflective film. In the transmissive and reflective type LCD, the second substrate
has an inner surface that is arranged so as to face the first substrate, and the liquid
crystal layer is formed between the first substrate and the second substrate. The first
polarizing plate is formed on an outer surface of the first substrate. The second
polarizing plate is formed on an outer surface of the second substrate, the outer
surface being opposite to the inner surface of the second substrate. The backlight is
arranged at a rear side of the first polarizing plate. The transparent transflective film
is arranged between the first polarizing plate and the backlight, the transparent
transflective film has a plurality of layers in which a first layer and a second layer
having different refractivity indexes from each other are alternatively stacked, and
the transparent transflective film partially reflects and partially transmits incident
lights.

According to another aspect of the invention, there is provided a transmissive
and reflective type LCD comprising an LC cell, a first polarizing plate, a second
polarizing plate, a backlight and a transparent transflective film. The LC cell
includes a first substrate, a second substrate having an inner surface that is arranged
to face the first substrate, and a liquid crystal layer formed between the first
substrate and the second substrate. The first polarizing plate is formed on an outer
surface of the first substrate. The second polarizing plate is formed on an outer
surface of the second substrate that oppositely faces the inner surface of the second
substrate. The backlight is arranged at a rear side of the first polarizing plate. The
transparent transflective film is arranged between the first polarizing plate and the
backlight, and has a plurality of layers in which a first layer and a second layer
having different refractivity indexes from each other are alternatively stacked. The
transmissive and reflective type LCD has a reflection light path along which a first
incident light beam is incident into the LC cell from a front side of the LC cell, is
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reflected by the transflective film, and is outputted through the front side of the LC
cell. And, The transmissive and reflective type LCD has a transmission light path
along which a second incident light beam is incident into the LC cell from a rear
side of the LC cell, is transmitted through the transflective film, and is outputted
through the front side of the LC cell.

According to another aspect of the invention, there is provided a transmissive
and reflective type LCD comprising: a first substrate including a gate line formed on
an insulating substrate, a data line insulated from the gate line and arranged to
intersect the gate line, and a pixel electrode electrically connected to the data line; a
second substrate of which an inner surface is arranged so as to face the first substrate,
the inner surface of the second substrate having a transparent common electrode
thereon; a liquid crystal layer formed between the first substrate and the second
substrate; a first polarizing plate formed on an outer surface of the first substrate; a
second polarizing plate formed on an outer surface of the second substrate
oppositely facing the inner surface of the second substrate; a backlight arranged at a
rear side of the first polarizing plate; and a transparent transflective film arranged
between the first polarizing plate and the backlight, said transparent transflective
film having a plurality of layers in which a first layer and a second layer having
different refractivity indexes from each other are alternatively stacked, the
transparent transflective film partially reflecting and partially transmitting incident
lights.

According to another aspect of the invention, there is provided a transmissive
and reflective type LCD comprising: a first substrate including i) a thin film
transistor having a gate electrode formed on an insulating substrate, a gate insulating
layer formed on the gate electrode and on the insulating substrate, an active pattern
formed on the gate insulating layer to be disposed above the gate electrode, and a

source electrode and a drain electrode separately formed on the active pattern each

10



10

15

20

25

WO 03/052724 PCT/KR02/02322

other, and ii) a pixel electrode electrically connected to one of the source electrode
and the drain electrode; a second substrate of which an inner surface is arranged so
as to face the first substrate, the inner surface of the second substrate having a
transparent common electrode thereon; a liquid crystal layer formed between the
first substrate and the second substrate; a first polarizing plate formed on an outer
surface of the first substrate; a second polarizing plate formed on an outer surface of
the second substrate oppositely facing the inner surface of the second substrate; a
backlight arranged at a rear side of the first polarizing plate; and a transparent
transflective film arranged between the first polarizing plate and the backlight, said
transparent transflective film having a plurality of layers in which a first layer and a
second layer having different refractivity indexes from each other are alternatively
stacked, the transparent transflective film partially reflecting and partially
transmitting incident lights.

According to another aspect of the invention, there is provided a transmissive
and reflective type LCD comprising: a first substrate including i) a thin film
transistor having an active pattern formed on an insulating substrate, a gate
insulating layer formed on the active pattern and on the insulating substrate, a gate
electrode formed on the gate insulating layer to be disposed above the active pattern,
an interinsulation layer formed on the gate electrode and the gate insulating layer,
and a source electrode and a drain electrode separately formed on the interinsulation
layer each other, and ii) a pixel electrode electrically connected to one of the source
electrode and the drain electrode; a second substrate of which an inner surface is
arranged so as to face the first substrate, the inner surface of the second substrate
having a transparent common electrode thereon; a liquid crystal layer formed
between the first substrate and the second substrate; a first polarizing plate formed
on an outer surface of the first substrate; a second polarizing plate formed on an

outer surface of the second substrate oppositely facing the inner surface of the

11
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second substrate; a backlight arranged at a rear side of the first polarizing plate; and
a transparent transflective film arranged between the first polarizing plate and the
backlight, said transparent transflective film having a plurality of layers in which a
first layer and a second layer having different refractivity indexes from each other
are alternatively stacked, the transparent transflective film partially reflecting and
partially transmitting incident lights.

Acdording to another aspect of the invention, there is provided a transmissive
and reflective type LCD comprising: a first substrate including i) a display cell array
circuit formed on an insulating substrate, a plurality of data lines and a plurality of
gate lines arranged in a matrix shape to intersect each other on the display cell array
circuit, and ii) a gate driver circuit, formed adjacent to a first portion of the display
cell array circuit, for driving the gate lines; a second substrate of which an nner
surface is arranged so as to face the first substrate, the inner surface of the second
substrate having a transparent common electrode thereon; a liquid crystal layer
formed between the first substrate and the second substrate; a first polarizing plate
formed on an outer surface of the first substrate; a second polarizing plate formed on
an outer surface of the second substrate oppositely facing the inner surface of the
second substrate; a backlight arranged at a rear side of the first polarizing plate; and
a transparent transflective film arranged between the first polarizing plate and the
backlight, said transparent transflective film having a plurality of layers in which a
first layer and a second layer having different refractivity indexes from each other
are alternatively stacked, the transparent transflective film partially reflecting and
partially transmitting incident lights.

The transmissive and reflective type LCD of the invention has no reflection
electrode within LC cell and no 1/4-wavelength phase difference plate on each of
the upper substrate (second substrate) and the lower substrate (first substrate).

Hence, compared with the conventional transmissive and reflective type LCD, the

12
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transmissive and reflective type LCD of the present invention can be made in a more |
simple structure. u

Further, it is possible that the transflective film of partially being transmitted
and reflecting incident light performs both functions of the reflection electrode and
the transparent electrode at the same time, and a recycling process of light is
lastingly generated, so that light loss is not generated m the transmission mode.
Accordingly, compared with the conventional transmissive and reflective type LCD,
the transmissive and reflective type LCD of the invention has an enhanced
transmissivity. Also, since the transmissive and reflective type LCD of the
invention does not utilize the 1/4 wavelength phase difference plate, the light that is
incident from the backlight and is then reflected by metal regions of LC cell is
recycled and again used, so that it becomes possible to enhance an overall light
efficiency. .

Furthermore, since the optical conditions applied to the liquid crystal of the
conventional transmissive and reflective type LCD can be identically applied to that
of the transmissive and reflective type LCD of the present invention, degeneration in

the reliability of the liquid crystal can be prevented.

Brief Description of Drawings

The above objects and other advantages of the present invention will become
more apparent by describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

FIG. 1 is a sectional view of a conventional transmissive and reflective type
LCD;

FIGs. 2A and 2B are schematic views for illustrating an operation mechanism
of the conventional transmissive and reflective type LCD of FIG. 1 in the reflection

mode;

13
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FIGs. 3A and 3B are schematic views for illustrating an operation mechanism
of the conventional transmissive and reflective type LCD of FIG. 1 in the
transmission mode;

FIG. 4 is a sectional view of a transmissive and reflective type LCD in
accordance with a first embodiment of the present invention;

FIG. 5 is a schematic view showing a structure of the transflective film
shown in FIG. 4;

FIGs. 6A and 6B are sectional views for illustrating a position of a light
scattering layer that is applicable to the transmissive and reflective type LCD of FIG.
4;

FIGs. 7A and 7B are schematic views for illustrating an operation mechanism
of the transmissive and reflective type LCD of FIG. 4 to which a integrally formed
transflective film is applied in the reflection mode;

FIGs. 8A and 8B are schematic views for illustrating an operation mechanism
of the transmissive and reflective type LCD of FIG. 4 to which a integrally formed
transflective film is applied in the transmission mode;

FIGs. 9A and 9B are schematic views for illustrating an operation mechanism
of the transmissive and reflective type LCD of FIG. 4 to which a separation type
transflective film is applied in the reflection mode;

FIGs. 10A and 10B are schematic views for illustrating an operation
mechanism of the transmissive and reflective type LCD of FIG. 4 to which a
separation type transflective film is applied in the transmission mode; and

FIG. 11 is a sectional view of a transmissive and reflective type LCD in
accordance with a second embodiment of the present invention.

FIG. 12 is a sectional view of a transmissive and reflective type LCD in
accordance with a third embodiment of the present invention.

FIG. 13 is a sectional view of a transmissive and reflective type LCD in

14



10

15

20

25

WO 03/052724 PCT/KR02/02322

accordance with a fourth embodiment of the present invention.

FIG. 14 is a plane view of a first substrate of FIG. 13.

Best Mode for Carrying Out the Invention

Now, exemplary embodiments of the present invention will be described in
detail with reference to the annexed drawings.

FIG. 4 is a sectional view of a transmissive and reflective type LCD in
accordance with one embodiment of the present invention.

Referring to FIG. 4, a transmissive and reflective type LCD in accordance
with one embodiment of the present invention includes a first substrate 110, a
second substrate 130 of which an inner surface is arranged facing the first substrate
110, and a liquid crystal layer 150 formed between the first substrate 110 and the
second substrate 130.

The first and second substrates 110 and 130 are preferably manufactured
using a glass substrate.

On the inner surface of the first substrate 110 is formed a first transparent
electrode 115 made of conductive oxide film such as indium tin oxide (ITO).
Preferably, the first transparent electrode 115 is elongated in a first direction, and
serves as a signal electrode that is repeatedly arranged in a second direction normal
to the first direction.

On the outer surface of the first substrate 110 is disposed a first polarizing
plate 155. A second polarizing plate 165 is formed on an outer surface of the
second substrate 130 oppositely facing the inner surface of the second substrate 130.
The first and second polarizing plates 155 and 165 function to absorb a
predetermined polarization component and to transmit other polarization component,
thereby allowing an incident light to be transmitted in a specific direction. The

first and second polarizing plates 155 and 165 are linear polarizers of which
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polarizing axes are arranged to be normal to each other.

At arear side of the first polarizing plate 155 is installed a backlight 170.

On the inner surface of the second substrate 130 facing the first substrate 110
is formed a second transparent electrode 135 made of conductive oxide film such as
ITO. Preferably, the second transparent electrode 135 serves as a scanning
electrode that is repeatedly arranged in the second direction and is elongated in the
first direction. In other words, in a passive matrix type LCD, the first transparent
electrode 115 of the first substrate 110 and the second transparent electrode 135 of
the second substrate 130 are arranged to be normal to each other such that they are
used as the signal electrode and scanning electrode, respectively.

The liquid crystal layer 150 is made of 270° twisted STN liquid crystal
composition. Selectively, the liquid crystal layer 150 can be made of 90° twisted
nematic liquid crystal composition. It is well known that the passive matrix type
LCD uses STN liquid crystal while the active matrix type LCD uses TN liquid
crystal. According to the present embodiment, the liquid crystal layer 150 has an

And of 0.2 — 0.6 pm that is a product of a refractive anisotropy An and a thickness d

of the liquid crystal layer 150, preferably 0.48 pm. The value of 0.48 pm allows
the LCD of the present invention to identically use the LC optical condition of the
conventional transmission type LCD without a variation, thereby preventing the
reliability of the liquid crystal from being degenerated.

Between the first polarizing plate 155 and the backlight 170 is disposed a
transflective film 160 including at least two transparent layers having different
refractivity index V.alues from each other, i.e., a first layer 161 and a second layer
162 alternatively stacked as shown in FIG. 5. The transparent transflective film
160 functions to partially reflect and transmit an incident light. Accordingly, the
transmissive and reflective type LCD in accordance with the present embodiment of

the invention has a reflection light path 180 and a transmission light path 185. In
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the reflection light path, an incident light is incident toward the second substrate 130,
is transmitted through the first substrate 110, is reflected by the transflective film
160, and is outputted through the second substrate 130. In the transmission light
path 185, the incident light is incident from the backlight into the first substrate 110,
is transmitted through the transflective film 160, and is outputted through the second
substrate 130.

Hereinafter, structure and operation of the transflective film 160 are in detail
described.

As shown in FIG. 5, when it is assumed that the transflective film 160 has a
film thickness direction of z-axis and a film plane of x-y plane, the transflective film
160 according to one aspect of the invention is characterized in that the first layer
161 thereof has a refractive anisotropy within the film plane, i.e., x-y plane, and the
second layer 162 does not have a refractive anisotropy within the film plane.

The transflective film 160 has various transmissivity and reflectivity
characteristics depending on a polarizing state and a direction of the incident light.
For instance, when it is assumed that a direction parallel to an elongated airection of
the transflective film 160 is x-direction and a direction perpendicular to the
elongated direction is y-direction, each of the first layer 161 having a high
refractivity and refractive anisotropy within the film plane and the second layer 162
not having refractive anisotropy have three main refractive indexes of ny, ny and n,
that satisfy the following relationships (1):

nly=nl,#nly;

n2, =n2y =n2,

nly #n2y;

nly #n2y; and

|n1, —n2,| <|nl,—n2,| —

(nlx, nly, nlz denotes a main refractive index of the first layer in.an x-axis,
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y-axis, z-axis, respectively, and n2x, n2y, n2z denotes a main refractive index of the
second layer in an x-axis, y-axis, z-axis, respectively)

Thus, if a refractivity difference in the x-direction between the first layer 161
and the second layer 162 is less than a refractivity difference in the y-direction
between the first layer 161 and the second layer 162, when a non-polarized light is
incident in the direction perpendicular to the film plane, i.e., z-direction, a
polarization component polarized parallel to the y-direction is mostly reflected due
to a high difference in the refractivity based on Fresnel’s equation, but a polarization
component polarized parallel to the x-direction partially is transmitted and reflected
due to a low difference in the refractivity.

There are disclosed methods for enhancing the display brightness by using a
reflection type polarizing plate made of dielectric multilayered film having
birefringence in Japanese Patent Laid Open Publication No. 9-506985 and
International Patent Publication No. WO 97/01788. The dielectric multilayered
film having birefringence has a structure in which two kinds of polymer layers are
alternatively stacked. One of the two kinds of polymer layers is selected from a
polymer group having a high refractivity and the other is selected from a polymer
group having a low refractivity.

Hereinafter, the structure of the dielectric multilayered film is reviewed in an
aspect of optical property.

For instance, when it is assumed that there is the following relationship
between the first layer in which a material having a high refractivity is elongated,
and a second layer in which a material having a low refractivity is elongated:

nl,=nl,=1.57,nl,= 1.86; and

n2, =n2,=n2,= 1.57.

Thus, in case that refractivity values of the first and second layers in the

x-direction and the z-direction are identical each other and refractivity values of the

18



10

15

20

25

WO 03/052724 PCT/KR02/02322

first and second layers in the y-direction are different from each other, when a
non-polarized light is incident in the direction perpendicular to the film plane, i.e.,
z-direction, polarization components in the x-direction are all transmitted,
polarization components in the y-direction are all reflected based on Fresnel’s
equation. A representative example of birefringence dielectric multilayered films
having the above characteristics is DBEF (Dual brightness enhancement film) made
by 3M company. The DBEF has a multilayered structure in which two kinds of
films made of different material are a few hundred layers stacked. In other words,
polyethylene naphtalate layer having a high birefringence and polymethyl
methacrylate (PMMA) layer are alternatively stacked to form the DBEF layer.
Since naphthalene radical has a flat plane structure, when these radicals are
adjacently placed to each other, it is easy to stack the polyethylene naphtalate layer
and the DBEF layer, so that the refractivity in the stacking direction becomes
considerably different from those in other directions. On the contrary, since the
PMMA is an amorphous polymer and is isotropically aligned, the PMMA has an
identical refractivity in all directions.

The DBEF made by 3M company transmits all x-directional polarization
components and reflects all y-directional polarization components, while the
transflective film 160 according to one aspect of the invention mostly reflects a
specific-directional (for instance, y-directional) polarization component, but
partially reflects and transmits polarization component, which is polarized in a
direction (for instance, x-direction) normal to the specific direction. The
transflective film may be made by vertically attaching two anisotropic transflective
films having various transmissivity and reflectivity depending on polarizing state
and direction of an incident light. Selectively, the transflective film may be made
by attaching an anisotropic transflective film having various transmissivity and

reflectivity depending on polarizing state and direction of an incident light and a
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transflective film having isotropic reflection and transmission characteristics
regardless of polarizing state and direction of incident light. The two transflective
films can be made in an integrally formed structure, or made in a separately formed
film structure.

Also, according to another preferred aspect of the invention, the transflective
film 160 has isotropic reflection and transmission characteristics regardless of
polarizing state and direction of an incident light. ~For instance, if it is assumed that
a direction parallel to an elongated direction of the film is x-direction and a direction
perpendicular to the elongated direction of the film is y-direction, the first layer 161
having a high refractivity and the second layer 162 having a low refractivity both
have a refractive isotropy within x-y plane of the film, and each of the first and
second layers 161 and 162 have three main refractive indexes of ny, ny and n, that
satisfy the following relationships:

nly=nly,=nl, and

n2,=n2y,=n2,#nl,------ (2).

Thus, in case that the first and second layers 161 and 162 have different
refractivity index values in the z-direction, when a non-polarized light is incident in
the direction (i.e., z-direction) perpendicular to the film, polarization components in
the x-direction are partially transmitted and reflected according to Fresnels’s
equation, and polarization components in the y-direction are partially transmitted
and reflected. At this time, the reflectivity of a reflected light can be adjusted to
match with characteristics of the transmissive and reflective type LCD by
controlling the thickness or the refractivity of the first layer 161 or the second layer
162. In other words, a reflection characteristic-enhanced transmissive and
reflective type LCD enhances the reflectivity, whereas a transmissive and reflective
type LCD in which transmission characteristic is considered to be an important issue,

lowers the reflectivity to thereby enhance the transmissvity.
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As described above, the transflective film 160 of the invention can be formed
to have an anisotropy characteristic in which transmissivity and reflectivity of the
film 160 varies with polarizing state and direction of incident light, or can be formed
to have an isotropy characteristic in which transmissivity and reflectivity of the film
160 do not depend on polarizing state and direction of the incident light. In any
case, it is desirous that the transflective film 160 has a reflectivity of no less than
about 4% with respect to polarization component in all directions when light is
incident in a direction perpendicular to the film plane.

The transflective film 160 of the invention can be made in an integrally
formed structure together with the first polarizing plate 155, or made in a separately
formed film structure separated from the first polarizing plate 155. In case that the
transflective film 160 is made in an integrally formed structure together with the
first polarizing plate 155, it is possible to decrease the thickness of the LC cell, and
the LCD has an advantage in an aspect of manufacturing cost.

In the above, there is explained a method of forming the transflective film
160 by depositing or coating the polymer multilayered film on a surface of the first
polarizing plate 155, which is an contrary concept to an anti-reflection treatment in
the polarizing plate. In other words, in the anti-reflection treatment, two kinds of
transparent films having different refractivity are repeatedly deposited or coated in a
constant thickness such that destructive interference occurs by multi-reflection
within the polymer multilayered film. However, in order to form a transflective
film capable of partially transmitting and partially reflecting an incident light, the
film thickness should be adjusted such that constructive interference occurs.

Further, as shown in FIGs. 6A and 6B, the transmissive and reflective type
LCD in accordance with the current embodiment may further include a light
scattering layer 168 formed on the first substrate 110 or the second substrate 130 in

order to prevent specular reflection and to properly diffuse a reflected light in
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various angles. For instance, it is possible to form the light scattering layer 168
between the first substrate 110 and the first polarizing plate 155, between the second
substrate 130 and the second polarizing plate 165, or between the first polarizing
plate 155 and the transflective film 160. The light scattering layer 168 can be
made in an integrally formed structure together with the first polarizing plate 155 or
the second polarizing plate 165, or made in a separate film structure separated from
the polarizing plates. Further, the light scattering layer 168 can be made in the form
of a plastic film in which transparent biz is dispersed. Moreover, the light
scattering layer 168 can be made in a state in which biz is added to adhesive, which
makes it possible to directly attach the first substrate 110 to the first polarizing plate
155.

Furthermore, in order to optimize light efficiency in the transmissive and
reflective type LCD in accordance with the current embodiment of the invention, it
is possible to form a phase difference plate (not shown) on the first substrate 110 or
the second substrate 130. For instance, the phase difference plate is formed in an
integrally formed structure together with polarizing plate or a separate film structure
separated from the polarizing plate between the first substrate 110 and the first
polarizing plate 155, or between the second substrate 130 and the second polarizing
plate 165.

Hereinafter, there is described in detail an operation mechanism of the
transmissive and reflective type LCD having the above structure.

FIG. 7A through FIG. 8B are schematic views for illustrating operation
mechanisms of reflection mode and transmission mode in the transmissive and
reflective type LCD in which the transflective film 160 is made an integrally formed
structure together with the first polarizing plate 155. Here, polarization directions
of the light are represented on the basis of a polarizing axis of the second polarizing

plate 165, and a partially reflected light and a partially transmitted light by a dotted
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line.

First, when a pixel voltage is not applied (OFF) in the reflection mode, as
shown in FIG. 7A, a light that is incident from an outside is transmitted through the
second polarizing plate 165, so that the light is linearly polarized in a direction
parallel to the polarizing axis of the second polarizing plate 165. The linearly
polarized light is transmitted through the liquid crystal layer 150 and the first
transparent electrode 115, so that the linearly polarized light is linearly polarized in a
direction perpendicular to the polarizing axis of the second polarizing plate 165 and
is then incident into the transflective film 160 made an integrally formed structure
together with the first polarizing plate 155. At this time, since the polarizing axis
of the first polarizing plate 155 is normal to that of the second polarizing plate 165,
the light that is incident into the first polarizing plate 155 comes to have the
direction parallel to the polarizing axis of the first polarizing plate 155.
Accordingly, the light linearly polarized in the direction parallel to the polarizing
axis of the first polarizing plate 155 partially is transmitted through the transflective
film 160 and is partially reflected by the transflective film 160. In other words, in
case that the transflective film 160 has the refractivity characteristic of the
relationship (1), a polarization component, which is polarized in the x-direction
parallel to the elongated direction of the transflective film 160, in the lights that are
incident into the transflective film 160 is partially transmitted and reflected, whereas
a polarization component which is polarized in the direction perpendicular to the
clongated direction is mostly reflected. Further, in case that the transflective film
160 has the refractive characteristic of the relationship (2), in the lights that are
incident into the transflective film 160, the polarization components which is
polarized in the x- and y-directions are partially transmitted and partially reflected.

Thus, the linearly polarized light reflected by the transflective film 160 is
transmitted through the first transparent electrode 115 and the liquid crystal layer
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150, so that it is linearly polarized in the direction parallel to the polarizing axis of
the second polarizing plate 165. Afterwards, the light is transmitted through the
second polarizing plate 165, so that a white image is displayed. Also, the lights
that have been transmitted through the transflective film 160 are restored between
the transflective film 160 and the backlight 170, and the restored lights repeatedly
carry out a procedure of a partial reflection and a partial transmission. As a
consequence, light loss is eliminated and reflectivity and light efficiency are
enhanced.

When a maximum pixel voltage is applied (ON) in the reflection mode, as
shown in FIG. 7B, a light that is incident from an outside is transmitted through the
second polarizing plate 165, so that the light is linearly polarized in a direction
parallel to the polarizing axis of the second polarizing plate 165. Afterwards, the
linearly polarized light is transmitted through the liquid crystal layer 150 without a
variation in the polarizing state, and is then incident into the transflective film 160
integrally formed with the first polarizing plate 155. At this time, since the linearly
polarized light is perpendicular to the polarizing axis of the first polarizing plate 155
the light is all absorbed in the first polarizing plate 155. Thus, the linearly
polarized light is not reflected by the transflective film 160, so that a black image is
displayed.

When a pixel voltage is not applied (OFF) in the transmission mode, as
shown in FIG. 8A, a light that is irradiated from the backlight 170 is incident into
the transflective film 160 integrally formed with the first polarizing plate 155. In
case that the transflective film 160 has the refractive characteristic of the
relationship (1), a polarization component, which is polarized parallel to the
x-direction in the lights that are parallel to the polarizing axis of the first polarizing
plate 155, is partially transmitted and reflected, whereas a polarization component

which is polarized parallel to the y-direction is mostly reflected. Also, in case that
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the transflective film 160 has the refractive characteristic of the relationship (2), the
lights, which are parallel to the polarizing axis of the first polarizing plate 155, are
partially transmitted and partially reflected because all polarization components
which are polarized in the x-direction and y-direction is partially transmitted and
reflected.

Thus, the light that has been transmitted through the transflective film 160
and the first polarizing plate 155 becomes a linearly pole;rized light having a
vibrating direction parallel to the polarizing axis of the first polarizing plate 155.
The linearly polarized light is transmitted through the first transparent electrode 115
and the liquid crystal 150, so that it is linearly polarized in a direction parallel to the
polarizing axis of the second polarizing plate 165. Accordingly, the light linearly
polarized in the direction parallel to the polarizing axis of the second polarizing
plate 165 is transmitted through the second polarizing plate 165, ‘so that a white
image is displayed. Also, a light reflected by the transflective film 160 is restored
between the backlight 170 and the transflective film 160, and then repeats to carry
out the above steps. Thus, polarization components parallel to the x-direction or
polarization components parallel to the x- and y-directions continuously is
transmitted through the transflective film 160 and are used, so that light loss is
eliminated and transmissivity and light efficiency are enhanced.

When a maximum pixel voltage is applied (ON) in the transmission mode, as
shown in FIG. 8B, a light that is irradiated from the backlight 170 is incident into
the transflective film 160 integrally formed with the first polarizing plate 155, so
that the light parallel to the polarizing axis of the first polarizing plate 155 is
partially transmitted and reflected. The light that has been transmitted through the
transflective film 160 and the first polarizing plate 155, is converted into a light
lineally polarized in the direction parallel to the polarizing axis of the first polarizing

plate 155, i.e., in the direction perpendicular to the polarizing axis of the second
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polarizing plate 165. The linearly polarized light is transmitted through the first
transparent electrode 115 and the liquid crystal layer 150 without a variation in the
polarizing state.  Accordingly, the light linearly polarized in the direction
perpendicular to the polarizing axis of the second polarizing plate 165 is not
transmitted through the second polarizing plate 165, so that a black image is
displayed.

FIG. 9A through FIG. 10B are schematic views for illustrating an operation
mechanism in the transmission mode and the reflection mode of a transmissive and
reflective type LCD in which the transflective film 160 is separated from the first
polarizing plate 155 and is made in a film structure. Here, polarization directions
of the light are represented on the basis of a polarizing axis of the second polarizing
plate 165, and a partially reflected light and a partially transmitted light by a dotted
line.

First, when a pixel voltage is not applied (OFF) in the reflection mode, as
shown in FIG. 9A, a light that is incident from an outside is transmitted through the
second polarizing plate 165, so that the light is linearly polarized in a direction
parallel to the polarizing axis of the second polarizing plate 165. The linearly
polarized light is transmitted through the liquid crystal layer 150 and the first
transparent electrode 115, so that the linearly polarized light is linearly polarized in a
direction perpendicular to the polarizing axis of the second polarizing plate 165 and
is then incident into the first polarizing plate 155. At this time, since the polarizing
axis of the first polarizing plate 155 is normal to that of the second polarizing plate
165, the light that has been linearly polarized in a direction perpendicular to the
polarizing axis of the second polarizing plate 155 is transmitted through the first
polarizing plate 155 and is then incident into the transflective film 160. In case
that the transflective film 160 has the refractivity characteristic of the relationship

(1), a polarization component, which is polarized in the x-direction parallel to the
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elongated direction of the transflective film 160, in the lights that are incident into
the transflective film 160 is partially transmitted and reflected, whereas a
polarization component, which is polarized in the y-direction perpendicular to the
elongated direction, is mostly reflected. Further, in case that the transflective film
160 has the refractive characteristic of the relationship (2), in the lights that are
incident into the transflective film 160, the polarization components polarized in the
x- and y-directions are partially transmitted and partially reflected.

Thus, since the linearly polarized light reflected by the transflective film 160
is parallel to the polarizing axis of the first polarizing plate 155, it is transmitted
through the first polarizing plate 155, and is incident into the liquid crystal layer 150
via the transparent electrode 115. The linearly polarized light is transmitted
through the liquid crystal layer 150, whereby it is linearly polarized in the direction
parallel to the polarizing axis of the second polarizing plate 165. Afterwards, the
light is transmitted through the second polarizing plate 165, so that a white image is
displayed. Also, the lights that have been transmitted through the transflective film
160 are restored between the transflective film 160 and the backlight 170, and the
restored lights repeatedly carry out a procedure of a partial reflection and a partial
transmission. As a consequence, light loss is eliminated and reflectivity and light
efficiency are enhanced.

When a maximum pixel voltage is applied (ON) in the reflection mode as
shown in FIG. 9B, a light that is incident from an outside is transmitted through the
second polarizing plate 165, so that the light is linearly polarized in a direction
parallel to the polarizing axis of the second polarizing plate 165. Afterwards, the
linearly polarized light is transmitted through the liquid crystal layer 150 without a
variation in the polarizing state, and is then incident into the first polarizing plate
155. At this time, since the linearly polarized light is perpendicular to the
polarizing axis of the first polarizing plate 155, the light is all absorbed in the first
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polarizing plate 155. Thus, since the linearly polarized light is not reflected by the
transflective film 160, a black image is displayed.

When a pixel voltage is not applied (OFF) in the transmission mode, as
shown in FIG. 10A, a light that is irradiated from the backlight 170 is incident into
the transflective film 160, so that the light is partially transmitted and reflected. In
case that the transflective film 160 has the refractive characteristic of the
relationship (1), polarization components, which is polarized in the x-direction
parallel to the elongated direction of the transflective film 160. in the lights that have
been incident into the transflective film 160 is partially transmitted and reflected,
whereas polarization components, which is polarized in the y-direction
perpendicular to the elongated direction, are mostly reflected. Also, in case that
the transflective film 160 has the refractive characteristic of the relationship (2),
polarization components, which is polarized in the x- and y-directions, in the lights
that have been incident into the transflective film 160 are partially transmitted and
reflected.

Thus, the light that has been transmitted through the transflective film 160
and the first polarizing plate 155 is linearly polarized in a direction parallel to the
polarizing axis of the first polarizing plate 155. Afterwards, the linearly polarized
light is transmitted through the first transparent electrode 115 and the liquid crystal
150, so that it is linearly polarized in a direction parallel to the polarizing axis of the
second polarizing plate 165. Accordingly, the light linearly polarized in the
direction parallel to the polarizing axis of the second polarizing plate 165 is
transmitted through the second polarizing plate 165, so that a white image is
displayed. Also, a light reflected by the transflective film 160 is restored between
the backlight 170 and the transﬂecﬁve film 160, and then repeats to carry out the
above steps. Thus, polarization components polarized parallel to the x-direction or

polarization components polarized parallel to the x- and y-directions continuously is
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transmitted through the transflective film 160 and are used, so that light loss is
eliminated and transmissivity and light efficiency are enhanced.

When a maximum pixel voltage is applied (ON) in the transmission mode, as
shown in FIG. 10B, a light that is irradiated from the backlight 170 is incident into
the transflective film 160, so that the incident light is partially transmitted through
the transflective film 160 and is partially reflected by the transflective film 160.
The light that has been transmitted through the transflective film 160 is transmitted
through the first polarizing plate 155, so that it is converted into a light lineally
polarized parallel to the polarizing axis of the first polarizing plate 155, ie., a
direction perpendicular to the polarizing axis of the second polarizing plate 165.
Afterwards, the linearly polarized light is transmitted through the first transparent
electrode 115 and the liquid crystal layer 150 without a variation in the polarizing
state. Accordingly, the light linearly polarized in the direction perpendicular to the
polarizing axis of the second polarizing plate 165 cannot be transmitted through the
second polarizing plate 165, so that a black image is displayed.

FIG. 11 is a sectional view of a transmissive and reflective type LCD in
accordance with another embodiment of the present invention.

Referring to FIG. 11, a transmissive and reflective type LCD inciudes a first
substrate 200, a second substrate 250 arranged facing the first substrate 200, a liquid
crystal layer 260 formed between the first substrate 200 and the second substrate
250, and a backlight 270 arranged at a rear side of the first substrate 200.

The first substrate 200 includes a first insulating substrate 210. On the first
insulating substrate 210 is formed a plurality of gate lines (not shown) and a
plurality of data lines (not shown) in a matrix configuration. A pixel electrode 234
and a thin film transistor 225 are formed at a region defined by a pair of gate line
and a pair of data lines. The second substrate 250 includes a second insulating

substrate 252, a color filter 254 of RGB pixels, for displaying colors while a light is
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transmitted therethrough, a black matrix 256 for preventing a light from being
leaked between pixels, and a transparent common electrode 258.

A thin film transistor 225 comprises a gate electrode 212 formed on the first
insulating substrate 210, a gate insulating film 214 formed on the gate electrode 212
and the first insulating substrate 210, an active pattern 216 and an ohmic contact
pattern 218 both formed on the gate insulating film 214 on the gate electrode 212,
and source and drain electrodes 220 and 222 formed apart from each other on the
ohmic contact pattern 218. On the first insulating substrate 210 including the thin
film transistor 225 is formed a passivation film 230 made of organic or inorganic
substance. A contact hole 232 of penetrating the passivation film 230 is formed in
the passivation film 230 to expose the drain electrode 222. The pixel electrode 234
is made of transparent conductive oxide such as ITO (Indium tin oxide).

The liquid crystal layer 260 is made of 90° twisted nematic (TN) liquid
crystal, and has a And of 0.2 — 0.6 um that is a product of a refractive anisotropy An

and a thickness d of the liquid crystal layer 150, preferably 0.48 pm. Thus, the
value on the refractivity anisotropy allows the LCD of the present invention to use
the LC optical condition of the conventional transmission type LCD without any
variation, thereby preventing the reliability of the liquid crystal from being
degenerated.

Depending on alignment direction of the liquid crystal layer 260, first and
second polarizing plates 262 and 266 for transmitting only a light vibrating in a
specific direction are respectively attached on outer surfaces of the first and second
substrates 210 and 252. Preferably, the first and second polarizing plates 262 and
266 are linear polarizers of which polarizing axes are arranged perpendicular to each
other.

The gate electrode 212 of the thin film transistor 225 is connected to the gate

line, the source electrode 220 is connected to the data line, and the drain electrode
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222 is connected to the pixel electrode 234 through the contact hole 232.
Accordingly, as a scanning voltage is applied to the gate electrode 212, a signal
voltage flowing through the data line is applied to the drain electrode 222 through
the active pattern 216 from the source electrode 220. If the signal voltage is
applied to the drain electrode 222, there is generated a voltage difference between
the pixel electrode 234 connected to the drain electrode 222 and the common
electrode 258 of the second substrate 252. As a consequence, molecular
arrangement of the liquid crystal layer 260 injected between the pixel electrode 234
and the common electrode 258 varies, and thereby light transmissivity through the
liquid crystal layer 260 varies. Thus, the thin film transistor 225 performs the role
as switching element for turning on or turning off pixels of the LC cell.

Between the first polarizing plate 262 and the backlight 270 is arranged the

" transflective film 264 of a plurality of transparent layers in which first and second

layers having different refractivity are alternatively stacked. As described in the
above embodiment, the transflective film 264 functions to partially transmit and
reflect the incident light. In other words, the transflective film 264 can be formed
in a structure having anisotropy characteristic in which degrees of the transmissivity
and the reflectivity vary with polarizing state and direction of the incident light, or in
a structure having isotropy characteristic in which degrees of the transmissivity and
the reflectivity do not vary with polarizing state and direction of the incident light.
In any cases, it is desirous that the transflective film 264 is formed to have 4% or
more in the reflectivity with respect to polarization components in all directions.
The transflective film 264 is formed in an integrally formed structure with the first
polarizing plate 262 or in a structure separated from the first polarizing plate 262.
Further, in order to prevent specular reflection and properly diffuse reflected
lights in several directions, the transmissive and reflective type LCD in accordance

with the present embodiment may further include a light scattering layer (not
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shown) on either the first substrate 200 or the second substrate 250. For instance,
the light scattering layer can be formed between the first substrate 200 and the first
polarizing plate 262, between the second substrate 250 and the second polarizing
plate 266, or between the first polarizing plate 262 and the transflective film 264.
The light scattering layer is formed in an integrally formed structure with the first
polarizing plate 262 or the second polarizing plate 266, or in a structure separated
from the first polarizing plate 262 or the second polarizing plate 266. Also, the
light scattering layer can be made by mixing adhesive and biz.

Moreover, in order to optimize light efficiency in the transmissive and
reflective type LCD of the present embodiment, a phase difference plate (not shown)
can be formed on either the first substrate 200 or the second substrate 250. For
instance, the phase difference plate is formed between the first substrate 200 and the
first polarizing plate 262 or between the second substrate 250 and the second
polarizing plate 266. Also, the phase difference plate is formed in an integrally
formed structure with the first polarizing plate 262 or the second polarizing plate
266, or in a structure separated from the first polarizing plate 262 or the second
polarizing plate 266.

According to the transmissive and reflective type LCD of the present
embodiment, a reflection electrode is not formed within the LC cell, but the
transflective film 264 substitutes for the reflection electrode, and performs the role
of the reflection electrode. Accordingly, a light that is incident toward the second
substrate 252 from an outside has a reflection light path 280 in which the light is
transmitted through the first substrate 210, is reflected by the transflective film 264,
and is outputted through the second substrate 252. Also, a light that is incident
toward the first substrate 200 from the backlight 270 has a transmission light path
285 in which the light is transmitted through the transflective film 264 and then is
outputted through the second substrate 250.
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The transmissive and reflective type LCD shown in FIG. 11 has the same
operation mechanism in the reflection mode and the transmission mode as those
described with reference to FIG. 7A through FIG. 10B. In other words, by using
the transflective film which partially transmits and reflects the incident light, light
loss is not generated in the reflection mode and the transmission mode, so that it is
possible to enhance both of the reflectivity and transmissivty. Also, compared with
the conventional transmissive and reflective type LCD of FIG. 1, the transmissive
and reflective type LCD is not provided with a 1/4-wavelength phase difference
plate on the lower substrate, i.e., the first substrate 210. To this end, lights that are
incident from the backlight 270 and are reflected from regions where a metal layer,
such as the gate line or data line, exists within the L.C cell, are restored between the
transflective film 264 and the backlight 270 and the restored lights are used, so that
it increases an overall light efficiency. ‘

FIG. 12 is a sectional view of a transmissive and reflective type LCD in
accordance with a third embodiment of the present invention, especially shows a
thin film transistor (TFT) LCD having top-gate structure.

Referring to FIG. 12, a transmissive and reflective type LCD includes a first
substrate 300, a second substrate 350 facing the first substrate 300, a liquid crystal
layer 360 disposed between the first substrate 300 and the second substrate 350, and
a backlight assembly disposed below the first substrate 300.

The first substrate 300 includes a plurality of gate lines (not shown) and a
plurality of data lines (not shown), pixel electrodes 334 and thin film transistors
(TFTs) 325 on a first insulating substrate 310. The data lines and gate lines are
arranged in a matrix shape on the first insulating substrate 310, Each pixel electrode
and each TFT 325 are disposed on a intersection of the data and gate lines. The
second substrate 350 includes a second insulating substrate 352, color filters 354

having RGB pixels for representing predetermined colors, black matrix (light
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blocking layer) 356 for preventing light from being leaked from the pixels, and a
transparent common electrode 358.

The TFT includes an active pattern 312 formed on a first insulating substrate
310, a gate insulating layer 314 formed on the active pattern 312 and on the first
insulating substrate 310, a gate electrode 316 formed on the gate insulating layer
314 to be disposed above the active pattern 312, an interinsulation layer 318 formed
on the gate electrode 316 and the gate insulating layer 314, and a source electrode
and a drain electrode separately formed on the interinsulation layer each other. The
source and drain electrodes (320, 322) are connected to a source region (S) and a
drain region (D) of the active pattern 312, respectively, through first contact holes
319 that penetrate the interinsulation layer 318 and the gate insulating layer 314.
The active pattern 312 is comprised of one of polycrystalline silicon and amorphous
silicon.

A passivation film 330 comprised of organic or inorganic substanée is formed
on the first insulating substrate 310 having the TFTs 325. A second contact hole 332
penetrates the passivation film 330 and exposes the drain electrode 322. The pixel
electrode is a transparent electrode 334 comprised of a conductive oxide film, such
as indium tin oxide (ITO).

The liquid crystal layer 360 is made of 90°twisted nematic liquid crystal, and
has an approximately 0.2-0.6 pm, preferably 0.48 pm, of And which is a product of
anisotropy (An) of refractive index and thickness (d) of the liquid crystal layer.
Accordingly, optical condition of the conventional transmissive LCD device can be
applied to the present invention, to thereby prevent reliability of the liquid crystal
from being deteriorated.

Also, according to an alignment direction of the liquid crystal molecules in
the liquid crystal layer 360, a first polarizing plate 362 and a second polarizing plate

366 are respectively attached to external surfaces of the first and second substrates
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300 and 350 so as to transmit only a light vibrating in a specific direction. The first
and second polarizing plates 362 and 366 are all linear polarizer in which each
polarizing axe of the first and second polarizing plates 362 and 366 are normal to
each other.

Between the first polafizing plate 362 and the backlight 370 is disposed a
transparent transflective film 364 including at least two transparent layers having
different refractivity index values from each other, i.e. a first layer and a second
layer alternatively stacked. The transparent transflective film 364 partially reflects
and transmit incident light. The transparent transflective film 364 serves as a
reflection electrode.

Accordingly, the transmissive and reflective type LCD in accordance with the
present invention has a reflection light path 380 and a transmission light path 385.
In the reflection light path 380, incident light is incident toward the second substrate
350, is transmitted through the first substrate 300, is reflected by the fransparent
transflective film 364, and is exited toward the second substrate 130. In the
transmission light path 385, the incident light is incident from the backlight 370 into
the first substrate 300, is transmitted through the transflective film 364, and is exited
toward the second substrate 350.

FIG. 13 is a sectional view of a transmissive and reflective type LCD in
accordance with a fourth embodiment of the present invention, and FIG. 14 is a
plane view of a first substrate of FIG. 13.

Referring to FIG. 13 and FIG. 14, the transmissive and reflective type LCD
includes a first substrate 412a, a second substrate 412b facing the first substrate
412a, a liquid crystal layer (LC, not shown) disposed between the first substrate
412a and the second substrate 412b, and a backlight assembly 490 disposed below
the first substrate 412a.

A display cell array circuit 450, a data driver circuit 460, a gate driver circuit
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470, a first external terminal 463 for connecting the data driver circuit 460 and a
second external terminal 472 for connecting the gate driver circuit 470. The liquid
crystal layer (LC) is disposed between the first substrate 412a having color filters
and the second substrate 412b having transparent common electrode (CE).
According to an alignment direction of the liquid crystal molecules in the liquid
crystal layer (LC), a first polarizing plate 480 and a second polarizing plate (not
shown) are respectively attached to external surfaces of the first and second
substrates 300 and 350 so as to transmit only a light vibrating in a specific direction.

An integrated control and data driver chip 418 and circuits on a first suﬁstrate
412a is electrically connected each other by a flexible circuit board 416. The
integrated control and data driver chip 418 is installed on the flexible circuit board
416. The flexible circuit board 416 provides a data signal, a data timing signal, a
gate timing signal and a gate driving voltage signal to the data driver circuit 460 and
the gate driver circuit 470 of the first substrate 412a.

The display cell array circuit 450 includes m data lines (DL1~DLm) extended
in a column direction and a n gate lines (GL1~GLn) extended in a low direction.
Switching transistors (ST) are disposed at intersections between the gate lines and
the data lines. A drain of the switching transistor (ST) is connected to the data line
(DLi), and a gate of the switching transistor (ST) is connected to the gate lines (GLi)
A source of the switching transistor (ST) is connected to transparent pixel electrode
(PE)

The gate driver circuit 470 includes a shift resistor. The shift resistor has a
plurality of stages, each stage is connected in cascade. An starting signal is inputted
to input terminal of a first stage. The gate lines (GL1~GLn) is selected sequentially
by output signal of each stage.

The data driver circuit 460 includes a shift resistor 464 and a plurality of

switching transistors - for example, 528(176*3) switching transistors-. The 528
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switching transistors are divided into 8 data line blocks (BL1~BL8), and each data
line block includes 66 switching transistors. 66 input terminals of each data line
block (BLi) is commonly connected to the external input terminal 463 having 66
data input terminals. 66 output terminal s of the shift resistor 464 are connected to
corresponding 66 data lines. The shift resistor 464 is provided clock signals (CK,
CKB) and a block-selection starting signal (STH) through the external connecting
terminal 462 having 3 terminals. Also, a block selection terminal is connected to one
corresponding output terminal of 8 output terminal s of the shift resistor 464. Each
source of the 528 switching transistors is connected to corresponding data line, each
drain of the 528 switching transistors is connected to corresponding input terminal
of 66 data input terminals, and each gate of the 528 switching transistors is
connected to the block selection terminal. The switching transistors is an amorphous
silicon (a-Si) thin film transistors. 528 data lines is divided to 8 blocks, each block
has 66 data lines, and each block is selected sequentially by 8 block selection signals
of the shift resistor 464.

In the reflective and transmissive type LCD device according to the fourth
preferred embodiment of the present invention, the gate driver circuit 470 and the
data driver circuit 460 is integrated with the display cell array circuit 450 on the first
substrate 412a.

Between the first polarizing plate 480 and the backlight 490 is disposed a
transparent transflective film 495 including at least two transparent layers having
different refractivity index values from each other, i.e. a first layer and a second
layer alternatively stacked. The transparent transflective film 495 can be formed on
the first polarizing plate 480 in one-piece, i.e in an integral structure.

The transparent transflective film 495 partially reflects and transmit incident
light. The transparent transflective film 495 can have an anisotropy characteristic

having various transmissivity and reflectivity depending on a polarizing state and a
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direction of incident light, or can have an isotropic transmission and reflection
characteristics regardless of a polarizing state and a direction of the incident light. In
all cases, preferably, the transparent transflective film 495 has reflectivity (reflection
ratio) more than 4 % for all polarized component polarized in all directions when
light is incident perpendicular to the transparent transflective film 495.

According to the fourth preferred embodiment of the present invention, both
the data driver circuit and the gate driver circuit employ shift resistor(s). However,
the shift resistor(s) can be employed only at the data driver circuit, or only at the
gate driver circuit.

While the present invention has been described in detail, it should be
understood that various changes, substitutions and alterations can be made hereto
without departing from the spirit and scope of the invention as defined by the

appended claims.

38



10

15

20

25

WO 03/052724 PCT/KR02/02322

CLAIMS

1. A transmissive and reflective type LCD comprising:

a first substrate;

a second substrate having an inner surface that is arranged so as to face the
first substrate;

a liquid crystal layer formed between the first substrate and the second
substrate;

a first polarizing plate formed on an outer surface of the first substrate;

a second polarizing plate formed on an outer surface of the second substrate,
the outer surface being opposite to the inner surface of the second substrate;

a backlight arranged at a rear side of the first polarizing plate; and

a transparent transflective film arranged between the first polarizing plate and
the backlight, said transparent transflective film having a plurality of layers in which
a first layer and a second layer having different refractivity indexes from each other
are alternatively stacked, the transparent transflective film partially reflecting and

partially transmitting incident lights.

2. The transmissive and reflective type LCD of claim 1, wherein the

transflective film is integrally formed with the first polarizing plate.

3. The transmissive and reflective type LCD of claim 1, wherein the

transflective film is separately formed from the first polarizing plate.
4, The transmissive and reflective type LCD of claim 1, wherein the first

layer of the transflective film has a refractive anisotropy and the second layer of the

transflective film does not have the refractive anisotropy within a plane thereof.
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5. The transmissive and reflective type LCD of claim 1, wherein the
transflective film has an anisotropy characteristic having various transmissivity and

reflectivity depending on a polarizing state and a direction of the incident light.

6. The transmissive and reflective type LCD of claim 5, when it is
assumed that the transflective film has a thickness direction of z-axis and a film
plane of x-y plane, wherein each of the first layer and the second layer has three
main refractive indexes of 1, ny and n, that satisfy the following relationships:

nly=nl,#nly

n2, =n2,=n2,;

nl, #n2,;

nly #n2,; and

lnlx—nZXl <| nly—n2y|

wherein nlx, nly, nlz denotes a main refractive index of the first layer in an
X-axis, y-axis, z-axis, respectively, and n2x, n2y, n2z denotes a main refractive index

of the second layer in an x-axis, y-axis, z-axis, respectively.

7. The transmissive and reflective type LCD of claim 1, wherein the
transflective film has isotropic transmission and reflection characteristics regardless

of a polarizing state and a direction of the incident light.

8. The transmissive and reflective type LCD of claim 7, when it is
assumed that the transflective film has a thickness direction of z-axis and a film
plane of x-y plane, wherein each of the first layer and the second layer has three
main refractive indexes of ny, ny and n, that satisfy the following relationships:

nly,=nly=nl,; and
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n2, =n2,=n2,#nl,.
wherein nlx, nly, nlz denotes a main refractive index of the first layer in an
x-axis, y-axis, z-axis, respectively, and n2x, n2y, n2z denotes a main refractive index

of the second layer in an x-axis, y-axis, z-axis, respectively.

9. The transmissive and reflective type LCD of claim 1, wherein the
transflective film comprises two transflective films having various transmissivity
and reflectivity depending on a polarizing state and a direction of the incident light,

the two transflective films being vertically attached to each other.

10. The transmissive and reflective type LCD of claim 1, wherein the
transflective film comprises a first transflective film and a second transflective film
attached to each other, the first transflective film having a transmissivity and a
reflectivity that vary according to a polarizing state and a direction of the incident
light, and the second transflective film having isotropic transmission and reflection
characteristics regardless of the polarizing state and the direction of the incident

light.

11. The transmissive and reflective type LCD of claim 1, when the
incident light is incident into the transflective film with an angle perpendicular to a
surface thereof, wherein the transflective film has a reflectivity of no less than about

4% with respect to all directions of polarization components.
12. The transmissive and reflective type LCD of claim 1, further

comprising a light scattering layer formed on the first substrate or the second

substrate.
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13.  The transmissive and reflective type LCD of claim 12, wherein the
light scattering layer is formed between the first substrate and the first polarizing
plate, between the second substrate and the second polarizing plate, or between the

first polarizing plate and the transflective film.

14. The transmissive and reflective type LCD of claim 1, further
comprising a phase difference plate formed on the first substrate or the second

substrate.

15. The transmissive and reflective type LCD of claim 14, wherein the
phase difference plate is formed between the first substrate and the first polarizing

plate, or between the second substrate and the second polarizing plate.

16. The transmissive and reflective type LCD of claim 1, wherein the
liquid crystal layer has a And of about 0.2 — 0.6 pm that is a product of a refractive
anisotropy An and a thickness d of the liquid crystal layer.

17. A transmissive and reflective type LCD comprising:

an LC cell including a first substrate, a second substrate having an inner
surface that is arranged to face the first substrate, and a liquid crystal layer formed
between the first substrate and the second substrate;

a first polarizing plate formed on an outer surface of the first substrate;

a second polarizing plate formed on an outer surface of the second substrate
that oppositely faces the inner surface of the second substrate;

a backlight arranged at a rear side of the first polarizing plate; and

a transparent transflective film arranged between the first polarizing plate and

the backlight and having a plurality of layers in which a first layer and a second
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layer having different refractivity indexes from each other are alternatively stacked,

wherein the transmissive and reflective type LCD has a reflection light path
along which a first incident light beam is incident into the LC cell from a front side
of the LC cell, is reflected by the transflective film, and is outputted through the
front side of the LC cell,

and a transmission light path along which a second incident light beam is
incident into the LC cell from a rear side of the LC cell, is transmitted through the
transflective film, and is outputted through the front side of the LC cell.

18.  The transmissive and reflective type LCD of claim 17, wherein the
first layer of the transflective film has a refractive anisotropy and the second layer of

the transflective film does not have the refractive anisotropy.

19. The transmissive and reflective type LCD of claim 17, wherein the
transflective film has an anisotropy characteristic of various transmissivity and

reflectivity depending on a polarizing state and a direction of the incident light.

20. The transmissive and reflective type LCD of claim 19, when it is
assumed that the transflective film has a thickness direction of z-axis and a film
plane of x-y plane, wherein each of the first layer and the second layer has three
main refractive indexes of ny, ny and n, that satisfy the following relationships:

nly=nl;#nly;

n2y =n2y = n2y;

nl, # n2y;

nly # n2y; and

|n1,—n2| <|nly,—n2,].

wherein nlx, nly, nlz denotes a main refractive index of the first layer
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in an x-axis, y-axis, z-axis, respectively, and n2x, n2y, n2z denotes a main refractive

index of the second layer in an x-axis, y-axis, z-axis, respectively.

21. The transmissive and reflective type LCD of claim 17, wherein the
transflective film has isotropic transmission and reflection characteristics regardless

of a polarizing state and a direction of the incident light.

22.  The transmissive and reflective type LCD of claim 21, when it is
assumed that the transflective film has a thickness direction of z-axis and a film
plane of x-y plane, wherein each of the first layer and the second layer has three
main refractive indexes of n,, ny and n, that satisfy the following relationships:

nly=nly,=nl; and

n2y =n2,=n2,#nl,

wherein nlx, nly, nlz denotes a main refractive index of the first layer in an
x-axis, y-axis, z-axis, respectively, and n2x, n2y, n2z denotes a main refractive index

of the second layer in an x-axis, y-axis, z-axis, respectively.

23.  The transmissive and reflective type LCD of claim 17, wherein the
transflective film comprises two transflective films having various transmissivity
and reflectivity depending on a polarizing state and a direction of the incident light,

the two transflective films being vertically attached to each other.

24. The transmissive and reflective type LCD of claim 17, wherein the
transflective film comprises a first transflective film and a second transflective film
attached to each other, the first transflective film having a transmissivity and a
reflectivity that varying with a polarizing state and a direction of the incident light,

and the second transflective film having isotropic transmission and reflection
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characteristics regardless of the polarizing state and the direction of the incident

light.

25. The transmissive and reflective type LCD of claim 17, when the
incident light is incident into the transflective film with an angle perpendicular to a
plane thereof, wherein the transflective film has a reflectivity of no less than about

4% with respect to all directions of polarization components.

26. The transmissive and reflective type LCD of claim 17, further
comprising a light scattering layer formed on the first substrate or the second

substrate.

27. A transmissive and reflective type LCD comprising:

a first substrate on which a first transparent electrode is formed;

a second substrate of which an inner surface is arranged so as to face the first
substrate, the inner surface of the second substrate having a second transparent
electrode thereon;

a liquid crystal layer formed between the first substrate and the second
substrate;

a first polarizing plate formed on an outer surface of the first substrate;

a second polarizing plate formed on an outer surface of the second substrate
oppositely facing the inner surface of the second substrate;

a backlight arranged at a rear side of the first polarizing plate; and

a transparent transflective film arranged between the first polarizing plate and
the backlight, said transparent transflective film having a plurality of layers in which
a first layer and a second layer having different refractivity indexes from each other

are alternatively stacked, the transparent transflective film partially reflecting and
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partially transmitting incident lights.

28.  The transmissive and reflective type LCD of claim 27, wherein the
first transparent electrode is a signal electrode and the second transparent electrode

is a scanning electrode.

29. A transmissive and reflective type LCD comprising:

a first substrate on which a switching element and a transparent pixel
electrode connected to the switching element are formed,;

a second substrate of which an inner surface is arranged so as to face the first
substrate, the inner surface of the second substrate having a transparent common
electrode thereon;

a liquid crystal layer formed between the first substrate and the second
substrate;

a first polarizing plate formed on an outer surface of the first substrate;

a second polarizing plate formed on an outer surface of the second substrate
oppositely facing the inner surface of the second substrate;

a backlight arranged at a rear side of the first polarizing plate; and

a transparent transflective film arranged between the first polarizing plate and
the backlight, said transparent transflective film having a plurality of layers in which
a first layer and a second layer having different refractivity indexes from each other
are alternatively stacked, the transparent transflective film partially reflecting and

partially transmitting incident lights.

30. The transmissive and reflective type LCD of claim 29, wherein the

switching element is a thin film transistor.
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31. A transmissive and reflective type LCD comprising:

a first substrate including a gate line formed on an insulating substrate, a data
line insulated from the gate line and arranged to intersect the gate line, and a pixel
electrode electrically connected to the data line;

a second substrate of which an inner surface is arranged so as to face the first
substrate, the inner surface of the second substrate having a transparent common
electrode thereon,;

a liquid crystal layer formed between the first substrate and the second
substrate;

a first polarizing plate formed on an outer surface of the first substrate;

a second polarizing plate formed on an outer surface of the second substrate
oppositely facing the inner surface of the second substrate;

a backlight arranged at a rear side of the first polarizing plate; and

a transparent transflective film arranged between the first polarizing plate and
the backlight, said transparent transflective film having a plurality of layers in which
a first layer and a second layer having different refractivity indexes from each other
are alternatively stacked, the transparent transflective film partially reflecting and

partially transmitting incident lights.

32. The transmissive and reflective type LCD of claim 31, wherein the
transparent transflective film has an anisotropy characteristic having various
transmissivity and reflectivity depending on a polarizing state and a direction of the

incident light.
33.  The transmissive and reflective type LCD of claim 31, wherein the

transparent transflective film has isotropic transmission and reflection characteristics

regardless of a polarizing state and a direction of the incident light.
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34. The transmissive and reflective type LCD of claim 31, wherein the
transflective film comprises two transflective films having various transmissivity
and reflectivity depending on a polarizing state and a direction of the incident light,

the two transflective films being vertically attached to each other.

35. The transmissive and reflective type LCD of claim 31, wherein the
transflective film comprises a first transflective film and a second transflective film
attached to each other, the first transflective film having a transmissivity and a
reflectivity that vary according to a polarizing state and a direction of the incident
light, and the second transflective film having isotropic transmission and reflection
characteristics regardless of the polarizing state and the direction of the incident

light.

36. The transmissive and reflective type LCD of claim 31, when the
incident light is incident into the transflective film with an angle perpendicular to a
surface thereof, wherein the transflective film has a reflectivity of no less than about

4% with respect to all directions of polarization components.

37. A transmissive and reflective type LCD comprising:

a first substrate including i) a thin film transistor having a gate electrode
formed on an insulating substrate, a gate insulating layer formed on the gate
electrode and on the insulating substrate, an active pattern formed on the gate
insulating layer to be disposed above the gate electrode, and a source electrode and a
drain electrode separately formed on the active pattern each other, and ii) a pixel
electrode electrically connected to one of the source electrode and the drain

electrode;
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a second substrate of which an inner surface is arranged so as to face the first
substrate, the inner surface of the second substrate having a transparent common
electrode thereon;

a liquid crystal layer formed between the first substrate and the second
substrate;

a first polarizing plate formed on an outer surface of the first substrate;

a second polarizing plate formed on an outer surface of the second substrate
oppositely facing the inner surface of the second substrate;

a backlight arranged at a rear side of the first polarizing plate; and

a transparent transflective film arranged between the first polarizing plate and
the backlight, said transparent transflective film having a plurality of layers in which
a first layer and a second layer having different refractivity indexes from each other
are alternatively stacked, the transparent transflective film partially reflecting and

partially transmitting incident lights.

38. The transmissive and reflective type LCD of claim 37, wherein the

active pattern is comprised of polycrystalline silicon.

39. The transmissive and reflective type LCD of claim 37, wherein the

active pattern is comprised of amorphous silicon.

40. A transmissive and reflective type LCD comprising:

a first substrate including i) a thin film transistor having an active pattern
formed on an insulating substrate, a gate insulating layer formed on the active
pattern and on the insulating substrate, a gate electrode formed on the gate insulating
layer to be disposed above the active patterh, an interinsulation layer formed on the

gate electrode and the gate insulating layer, and a source electrode and a drain
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electrode separately formed on the interinsulation layer each other, and ii) a pixel
electrode electrically connected to one of the source electrode and the drain
electrode;

a second substrate of which an inner surface is arranged so as to face the first
substrate, the inner surface of the second substrate having a transparent common
electrode thereon;

a liquid crystal layer formed between the first substrate and the second
substrate;

a first polarizing plate formed on an outer surface of the first substrate;

a second polarizing plate formed on an outer surface of the second substrate
oppositely facing the inner surface of the second substrate;

a backlight arranged at a rear side of the first polarizing plate; and

a transparent transflective film arranged between the first polarizing plate and
the backlight, said transparent transflective film having a plurality of layers in which
a first layer and a second layer having different refractivity indexes from each other
are alternatively stacked, the transparent transflective film partially reflecting and

partially transmitting incident lights.

41. The transmissive and reflective type LCD of claim 40, wherein the

active pattern is comprised of polycrystalline silicon.

42. The transmissive and reflective type LCD of claim 40, wherein the

active pattern is comprised of amorphous silicon.
43. A transmissive and reflective type LCD comprising:

a first substrate including i) a display cell array circuit formed on an

insulating substrate, a plurality of data lines and a plurality of gate lines arranged in

50



WO 03/052724 PCT/KR02/02322

a matrix shape to intersect each other on the display cell array circuit, and ii) a gate
driver circuit, formed adjacent to a first portion of the display cell array circuit, for
driving the gate lines;
a second substrate of which an inner surface is arranged so as to face the first
5 substrate, the inner surface of the second substrate having a transparent common
electrode thereon;
a liquid crystal layer formed between the first substrate and the second
substrate;
a first polarizing plate formed on an outer surface of the first substrate;
10 a second polarizing plate formed on an outer surface of the second substrate
oppositely facing the inner surface of the second substrate;
a backlight arranged at a rear side of the first polarizing plate; and
a transparent transflective film arranged between the first polarizing plate and
the backlight, said transparent transflective film having a plurality of layers in which
15  a first layer and a second layer having different refractivity indexes from each other
are alternatively stacked, the transparent transflective film partially reflecting and
partially transmitting incident lights.

44. The transmissive and reflective type LCD of claim 43, further

20 comprising a data driver circuit, formed adjacent to a second portion of the display

cell array circuit, for driving the data lines.
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