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57) ABSTRACT

The present invention discloses a four-mask method of
manufacturing an array substrate of a liquid crystal display
device and the liquid crystal display device having the same
array substrate. The method includes forming a plurality of
gate lines, gate clectrodes and gate extension lines by
depositing a first metallic material on a substrate and pat-
terning the first metallic material with a first mask, the gate
extension lines extending toward the opposite direction of
the gate electrodes; forming a first insulating layer on the
whole surface having gate lines, gate electrodes, and gate
extension lines; forming a plurality of data lines, source
electrodes, drain electrodes, and capacitor electrodes over
the gate lines by depositing a semiconductor layer, an ohmic
contact layer and a second metallic material sequentially on
the first insulating layer, and patterning the second metallic
material and the ohmic contact layer with a second mask;
forming a passivation layer and a plurality of first and
second contact holes by depositing a second insulating layer
on the data lines, the source electrodes, the drain electrodes
and the capacitor electrodes, and patterning the second
insulating layer with a third mask, the first contact holes
exposing a portion of the drain electrode, the second contact
holes exposing a portion of the capacitor electrodes; and
forming a plurality of pixel electrodes by depositing a
transparent conductive layer on the passivation layer, and
patterning the transparent conductive layer by a fourth mask,
the pixel electrodes contacting the drain electrodes through
the first contact holes and contacting the capacitor electrodes
through the second contact holes.
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ARRAY SUBSTRATE FOR LIQUID CRYSTAL
DISPLAY DEVICE AND THE FABRICATION
METHOD OF THE SAME

[0001] While the invention has been particularly shown
and described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art that
the foregoing and other changes in form and details may be
made therein without departing from the spirit and scope of
the invention.

CROSS REFERENCE

[0002] This application claims the benefit of Korean
Patent Application No. 1999-0038016, filed on Sep. 8§, 1999,
under 35 U.S.C. §119, the entirety of which is hereby
incorporated by reference.

BACKGROUND OF THE INVENTION
[0003] 1. Field of the Invention

[0004] The present invention relates to a liquid crystal
display (LCD) device and a method of fabricating the LCD
device, and more particularly, to an array substrate having
thin film transistors for the liquid crystal display device and
the method of fabricating the array substrate.

[0005] 2. Description of Related Art

[0006] Recently, according to a rapid development in a
thin-film-transistor addressed liquid crystal display device
(TFT/LCD, hereinafter noted simply as a liquid crystal
display device), various portable electric appliances adopt
the liquid crystal display device due to its advantage in a
light weight and a wide applicability. Thus, an improved
manufacturing process technology of the liquid crystal dis-
play device becomes required for a cheaper production cost
and a higher productivity.

[0007] The liquid crystal display device manufacturing
process requires repeated steps of depositing and patterning
of various layers. The patterning step adopts a photolithog-
raphy mask step including a light exposing with a mask.
Since one cycle of the photolithography step is facilitated
with one mask, the number of masks used in the fabrication
process is a critical factor in determining the number of
patterning steps. Namely, the production cost substantially
depends on the number of masks used in the manufacturing
process.

[0008] Now, referring to the attached drawings, a conven-
tional array substrate of the liquid crystal display device
manufactured by a conventional method is explained in
detail. For convenience of explanation, the attached draw-
ings of plan views do not illustrate insulating layers inter-
posed between metal films, but the insulating layers are
shown in the cross-sectional views.

[0009] In FIGS. 1, 2A and 2B, on a transparent insulating
substrate 1, a gate line 10 is horizontally formed with a data
line 14 formed perpendicular to the gate line 10. Near a cross
point between the gate and data lines 10 and 14, a portion of
the gate line 10 is protruded as a gate electrode 10a, and, at
one end of the gate line 10, a gate pad 10b is positioned.
Further, near the cross point between the gate and data lines
10 and 14, a source electrode 14a is protruded from the data
line 14, and, spaced apart from the source electrode 144, a
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drain electrode 16 is formed. Also at one end of the data line
14, a data pad 14b is positioned.

[0010] Herein, in the same layer of the data line 14,
between the drain electrode 16 and the gate pad 10b, a
capacitor electrode 18 of the same material as the data line
14 is formed in shape of an island. The capacitor electrode
18 overlaps a corresponding portion of the gate line 10 so
that the capacitor electrode 18 makes a storage capacitor
together with the corresponding overlapped portion of the
gate line 10.

[0011] FIGS. 2A and 2B illustrate cross-sections taken
along lines “A-A” and “B-B” of FIG. 1, respectively. As
shown in FIGS. 2A and 2B, a conductive metal layer is
deposited on a surface of the substrate 1, and patterned with
a first mask so as to form the gate line 10 including the gate
electrode 10aq and the gate pad 10b.

[0012] On the whole surface including the gate lines of the
substrate 1, an insulating material, a semiconductor material,
and a doped semiconductor material are sequentially depos-
ited, and patterned with a second mask so as to form a first
insulating layer 3, a semiconductor layer 12, and an ohmic
contact layer 13.

[0013] Next, another conductive metallic material is
deposited on the whole surface including the ohmic contact
layer 13 of the substrate 1, and thereafter the metal layer and
the ohmic contact layer 13 are patterned with a third mask
so that the source, drain and capacitor electrodes 144, 16 and
18 are formed. At this point, between the source and drain
electrodes 14a and 16, a back channel is opened so as to
expose a portion of the semiconductor layer 12.

[0014] FIGS. 3, 4A and 4B illustrate a completed array
substrate for the liquid crystal display device.

[0015] On the whole surface including the patterned metal
layer of FIG. 2, a second insulating layer 7 shown in FIGS.
4A and 4B is deposited, and patterned with a fourth mask so
as to form a first to a fourth contact holes 20a, 205, 20c, and
20d. The first contact hole 20a exposes a portion of the data
pad 14b; the second contact hole 206 exposes a portion of
the capacitor electrode 18; the third contact hole 20c exposes
a portion of the gate pad 10b; and the fourth contact hole 204
exposes a portion of the drain electrode 16. Via the data and
gate pads 145 and 16, an outer circuit transmits data and gate
signals, respectively.

[0016] On the whole surface including the second insu-
lating layer 7, an indium tin oxide (ITO) layer is deposited
and patterned so as to form a pixel electrode 24 and a data
pad terminal 26; the data pad terminal contacts with the data
pad 14b through the first contact hole 20a.

[0017] Further, a portion of the pixel electrode 24 is
electrically connected with the capacitor electrode 18
through the second contact hole 20b; another portion of the
pixel electrode 24 is electrically connected with the drain
electrode 16 through the fourth contact hole 204d.

[0018] At this point, the capacitor electrode 18, electri-
cally connected with the pixel electrode 24 through the
second contact hole 205 of FIG. 3, plays a role of an
electrode of the storage capacitor; the overlapped portion of
the gate line 10 under the capacitor electrode 18 plays a role
of the other electrode of the storage capacitor.
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[0019] Since the above-described conventional method of
manufacturing the array substrate of the liquid crystal dis-
play device employs too many masks, the method has a
disadvantage of too many-repeated photolithography steps,
which results in high production cost and inferiority per-
centage.

SUMMARY OF THE INVENTION

[0020] In view of the foregoing and other problems of the
conventional manufacturing method of the liquid crystal
display device, it is an object of the present invention to
provide a relatively low cost manufacturing method of the
array substrate for the liquid crystal display device.

[0021] 1t is another object of the present invention to
provide an improved array substrate for the liquid crystal
display device manufactured by the above-mentioned
method.

[0022] To achieve the above-mentioned objects, the
present invention provides a four-mask method of manufac-
turing an array substrate of a liquid crystal display device
and an array substrate fabricated by the method. The method
includes forming a plurality of gate lines, gate electrodes and
gate extension lines by depositing a first metallic material on
a substrate and patterning the first metallic material with a
first mask, the gate extension lines extending toward the
opposite direction of the gate electrodes; forming a first
insulating layer on the whole surface having gate lines, gate
electrodes, and gate extension lines; forming a plurality of
data lines, source electrodes, drain electrodes, and capacitor
electrodes over the gate lines by depositing a semiconductor
layer, an ohmic contact layer and a second metallic material
sequentially on the first insulating layer, and patterning the
second metallic material and the ohmic contact layer with a
second mask; forming a passivation layer and a plurality of
first and second contact holes by depositing a second insu-
lating layer on the data lines, the source electrodes, the drain
electrodes and the capacitor electrodes, and patterning the
second insulating layer with a third mask, the first contact
holes exposing a portion of the drain electrode, the second
contact holes exposing a portion of the capacitor electrodes;
and forming a plurality of pixel electrodes by depositing a
transparent conductive layer on the passivation layer, and
patterning the transparent conductive layer by a fourth mask,
the pixel electrodes contacting the drain electrodes through
the first contact holes and contacting the capacitor electrodes
through the second contact holes.

[0023] The foregoing and other objectives of the present
invention will become more apparent from the detailed
description given hereinafter. However, it should be under-
stood that the detailed description and specific examples,
while indicating preferred embodiments of the invention, are
given by way of illustration only, since various changes and
modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from this
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] For a more complete understanding of the present
invention and the advantages thereof, reference is now made
to the following descriptions taken in conjunction with the
accompanying drawings, in which like reference numerals
denote like parts, and in which:
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[0025] FIG. 1 is a schematic plan view illustrating source
and drain electrodes formed on an array substrate according
to a conventional manufacturing method;

[0026] FIG. 2A is a cross-sectional view taken along the
line “A-A” of FIG. 1,

[0027] FIG. 2B is a cross-sectional view taken along the
line “B-B” of FIG. 1;

[0028] FIG. 3 is a plan view illustrating a completed array
substrate according to the conventional manufacturing
method,;

[0029] FIG. 4A is a cross-sectional view taken along the
line “C-C” of FIG. 3;

[0030] FIG. 4B is a cross-sectional view taken along the
line “D-D” of FIG. 3;

[0031] FIG. 5A is a plan view illustrating an array sub-
strate formed by a first mask according to an embodiment of
the present invention;

[0032] FIG. 5B is a plan view illustrating an array sub-
strate formed by a second mask according to an embodiment
of the present invention;

[0033] FIG. 6A is a cross-sectional view taken along the
line “E-E” of FIG. 5B;

[0034] FIG. 6B is a cross-sectional view taken along the
line “F-F” of FIG. 5B;

[0035] FIG. 7 is a plan view illustrating an array substrate
formed by a third mask according to an embodiment of the
present invention;

[0036] FIG. 8A is a cross-sectional view taken along the
line “G-G” of FIG. 7;

[0037] FIG. 8B is a cross-sectional view taken along the
line “K-K” of FIG. 7;

[0038] FIG. 9 is a plan view illustrating an array substrate
formed by a fourth mask according to an embodiment of the
present invention;

[0039] FIG. 10A is a cross-sectional view taken along the
line “H-H” of FIG. 9;

[0040] FIG. 10B is a cross-sectional view taken along the
line “I-I” of FIG. 9; and

[0041] FIG. 10C is a cross-sectional view taken along the
line “J-J” of FIG. 9.

DETAILED DESCRIPTION OF PREFFERED
EMBODIMENTS

[0042] Referring now to the drawings, and more particu-
larly to FIGS. 5A to 10C, a preferred embodiment of the
present invention will be described.

[0043] FIG. 5A illustrates a gate line formed with a first
mask according to the preferred embodiment of the present
invention.

[0044] In order to form the gate line 30 including a gate
electrode 30a which is perpendicularly extended from a
portion of the gate line 30, a first metallic material is
deposited on a surface of a substrate (shown in FIG. 6A),
and patterned by the first mask. The gate line 30 also has a
couple of gate extension lines 30b spaced apart from each
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other and extended toward an opposite direction of the gate
electrode 304, and each of the gate extension lines 30b is
formed near corresponding data line 34 and extended sub-
stantially parallel to the data line 34. The gate extension lines
30b serve to expand the capacity of a storage capacitor,
which will be explained later in detail. Between the gate
extension lines 30b, a pixel electrode will be located in a
later step. The first metallic material is selected from a group
consisting of molybdenum (Mo) and Chromium (Cr).

[0045] On the whole surface having the above-mentioned
gate line 30 of the substrate, a first insulating material (not
shown) is deposited. The first insulating material is made of
silicon nitride (SiNx) or silicon oxide (Si02); especially
silicon nitride is widely used for the first insulating material.

[0046] Next, as shown in FIGS. 5B, 6A and 6B, a semi-
conductor material, a doped semiconductor material and a
second metallic material are sequentially deposited on the
first insulating layer 31 of the substrate 29; the doped
semiconductor layer and the second metal film are patterned
with a second mask so as to form a data line 34, a source
electrode 344, a drain electrode 36, a capacitor electrode 38,
a semiconductor layer 33, and an ohmic contact layer 32.
The second metallic material is selected from a group
consisting of molybdenum (Mo), and chromium (Cr); the
semiconductor material is an amorphous silicon; and the
doped semiconductor material is a doped amorphous silicon.

[0047] In FIG. 5B, the data line 34 is arranged perpen-
dicular to the gate line 30; the source clectrode 34a is
protruded from the data line 34 near the cross point between
the gate and data lines 30 and 34; the drain electrode 36, in
the shape of an island, is formed spaced apart from the
source electrode 34a. The source and the drain electrodes
34a and 36 overlap a portion of the gate electrode 30a; and
a capacitor electrode 38, in the shape of another island
longitudinally parallel to the gate line 30, is formed spaced
apart from the data line 34, and overlaps a portion of the gate
line 30.

[0048] Referring to FIGS. 6A and 6B, a more detailed
description about the above-mentioned structure will be
followed; FIGS. 6A and 6B illustrate cross-sections taken
along lines “E-E” and “F-F” of FIG. 5B, respectively.

[0049] As mentioned previously, on the insulating layer
31, the semiconductor material, the doped semiconductor
material, and the second metallic material are sequentially
deposited; the doped semiconductor layer and the second
metal film are patterned with the second mask.

[0050] In the conventional five-mask method of manufac-
turing the conventional liquid crystal display device, after
the semiconductor layer and the doped semiconductor layer
are patterned with the conventional second mask, the second
metallic material is deposited, and patterned with the con-
ventional third mask. But, in the four-mask method of
manufacturing the liquid crystal display device according to
the embodiment of the present invention, all of the semi-
conductor material, the doped semiconductor material, and
the second metallic material are sequentially deposited, and
thereafter the doped semiconductor layer and the second
metal film are patterned with the second mask. The semi-
conductor layer will be patterned with another mask in a
later step.

[0051] Accordingly, since the conventional second mask
is excluded, the number of masks decreases by one.
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[0052] FIGS. 7, 8A and 8B illustrate the array substrate
formed just after a third mask step.

[0053] A second insulating material is deposited over the
whole surface including the patterned second metal film, and
patterned with the third mask so as to form a passivation film
40, and first and second contact holes 44 and 46.

[0054] For the sake of protection, the passivation film 40
covers a portion of the gate line 30, the gate extension lines
30b, the source and drain electrodes 34a and 36, a portion of
the data line 34, the capacitor electrode 38, and a back
channel 43 that is defined between the source and drain
electrodes 34a and 36.

[0055] The first and the second contact holes 44 and 46
expose a portion of the drain and the source electrodes 36
and 38, respectively.

[0056] FIGS. 9, 10A, 10B and 10C illustrate the array
substrate formed just after a fourth mask step.

[0057] As shown in FIG. 9, a transparent conductive
material is deposited on the whole surface including the
passivation layer 40, and patterned with the fourth mask so
as to form a pixel electrode 48 that is electrically connected
with the drain electrode 36 through the first contact hole 44,
and with the capacitor electrode 38 through the second
contact hole 46. The pixel electrode 48 partially overlaps the
gate extension lines 30b. The array substrate of the invention
is for an active matrix type liquid crystal display, and thus
the first and second pixel electrodes 48a and 48b are shown.
In FIG. 9, The second pixel electrode 48b, which is not
electrically connected with the “TFT”, overlaps the gate line
30 included in the “TFT” as in the conventional art.

[0058] Asshown in FIG. 10A, the first pixel electrode 48a
contacts with the drain electrode 36 through the first contact
hole 44.

[0059] The pixel electrode 48 not only applies an electric
field to the liquid crystal but also plays a role of an electrode
of the storage capacitor. That is to say, the second pixel
electrode 48b is electrically connected with the capacitor
electrode 38 that plays the role of one electrode of the
storage capacitor. The storage-electrode-overlapping portion
of the gate line 30 plays the role of the other electrode of the
storage capacitor.

[0060] FIGS. 10B and 10C illustrate the two different
cross-sections of the storage capacitor. As shown in FIG.
101B, at the capacitor electrode 38, the transparent conduc-
tive material of the second pixel electrode 48b fills the
second contact hole 46 so as to connect the capacitor
electrode 38 and the pixel electrode 48b electrically. On the
substrate 1, the gate line 30, the first insulating layer 31, the
semiconductor layer 33, the ohmic contact layer 32, the
capacitor electrode 38, the passivation film 40, and the pixel
electrode 48 are formed sequentially.

[0061] Comparing with the conventional storage capaci-
tor, since the semiconductor layer 31 is not patterned before
this fourth mask step, and the ohmic contact layer 32 is
patterned together with the capacitor electrode 38, portions
of the semiconductor layer 31 and the ohmic contact layer 32
are included in the storage capacitor according to the
embodiment of the present invention. The elongated vertical
distance between the storage-electrode-overlapping portion
of the gate electrode 30 and the capacitor electrode 38
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decreases the capacity of the storage capacitor. But, since an
expanded portion of the storage capacitor including the gate
extension lines 30b, the corresponding covering portion of
the passivation layer 40, and the corresponding overlapping
portion of the second pixel electrode 485 compensates for
the decrease in the capacity of the storage capacitor, the total
capacity of the storage capacitor increases so as to improve
the display quality of the liquid crystal display device.

[0062] FIG. 10C shows the cross-sectional structure of
the expanded portion of the storage capacitor.

[0063] As shown in FIG. 10C, on the substrate 1, the
gate-extension line 305, the first insulating layer 31, the
semiconductor layer 33, the passivation film 40, and the
second pixel electrode portion 48b are formed sequentially.

What is claimed is:

1. A method of fabricating an array substrate for an active
matrix type liquid crystal display device, the method com-
prising:

a) forming a plurality of gate lines and gate electrodes by
depositing a first metallic material on a substrate and
patterning the first metallic material with a first mask;

b) forming a first insulating layer on the whole surface
having gate lines and gate electrodes;

¢) forming a plurality of data lines, source electrodes,
drain electrodes, and capacitor electrodes over the gate
lines by depositing a semiconductor layer, an ohmic
contact layer and a second metallic material sequen-
tially on the first insulating layer, and patterning the
second metallic material and the ohmic contact layer
with a second mask;
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d) forming a passivation layer and a plurality of first and
second contact holes by depositing a second insulating,
layer on the data lines, the source electrodes, the drain
electrodes and the capacitor electrodes, and patterning
the second

insulating layer with a third mask, the first contact holes
exposing a portion of the drain electrode, the second
contact holes exposing a portion of the capacitor
electrodes; and

e) forming a plurality of pixel electrodes by depositing a
transparent conductive layer on the passivation layer,
and patterning the transparent conductive layer by a
fourth mask, the pixel electrodes contacting the drain
electrodes through the first contact holes and contacting
the capacitor electrodes through the second contact
holes.

2. The method according to claim 1, wherein, in pattern-
ing with the first mask, a plurality of gate extension lines
extended from the gate lines substantially parallel to the data
lines are further formed, in patterning with the third mask,
the passivation layer covers the extension lines, and the pixel
electrodes overlap the gate extension lines.

3. The method according to claim 1, wherein the trans-
parent conductive layer is selected from a group consisting
of indium tin oxide and indium zinc oxide.

4. The method according to claim 1, wherein the semi-
conductor layer is an amorphous silicon layer.

5. An array substrate for a liquid crystal display device,
the array substrate manufactured by the method according to
claim 1.



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

patsnap
ATHRREREENEIIERREFESZE

US20030219931A1 NI (»&E)B 2003-11-27

US10/455435 RiEH 2003-06-06

AHN BYUNG CHUL
LIM BYOUNG HO
HIESUNG
EKWAN

AHN BYUNG#H
LIM BYOUNG-HO
HIEZESUNG
K29

LG DISPLAY CO. , LTD.

[FR1Z B A AHN BYUNG CHUL

LIM BYOUNG HO

YOO SOON SUNG

KIM YONG WAN
4PN AHN, BYUNG-CHUL

LIM, BYOUNG-HO

YOO, SOON-SUNG

KIM, YONG-WAN
IPCH %S GO02F1/1343 HO1L21/77 HO1L21/84 HO1L27/12 HO1L27/13 HO1L21/00
CPCH¥SE HO01L27/1255 HO1L27/1288 HO1L27/124
£ £ 1019990038016 1999-09-08 KR
H A AT 32k US7242022
SNEBEEE Espacenet USPTO
BE(R) 34 2y 0 36
RERNFT7 —MHEREEREBWEYERGEBE S ENERZ \ ( 44
MEHERWERI NEE, ZHFE8REIEERLENIRE—SEMR ( @'
HAZE—BERRE—SEMRRTR S MR | MR AR Al /43
fog  MREREBnBeRmRR s nEmER  RELRRAER _ TN L o
B, IRAIMRE RN E —RE R BT EE— R LORTTRES K ] d ’GF f [ ek ?8 46
B, RIBEMENE _—SEME  EMRE LERSZHEL , RE (— '

1 / I
f 7T  A—
B, REBANBABGRELE , RS- BEERLE-SEMRA S{ /—I — S
RIS EME B ERES , RBR  RERABABER ENRE=L ) 7

SR, ARE=BERRCE_LER , ERELENSIE-ME=

M7, B BMARRL - HoROR , FTEMILAEL B (K -

RERBEEFMRELE LNRERSER | H BT E N EEXFrdE
ASBEEHITERLL KRS NMEERR , RRGERBRED PR —
Ea A ERndRBEREA | BT FTRE —EM A SFR B R Bz

=l



https://share-analytics.zhihuiya.com/view/71b8162c-1448-4545-9be7-6ae9e4c0e4eb
https://worldwide.espacenet.com/patent/search/family/019610492/publication/US2003219931A1?q=US2003219931A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220030219931%22.PGNR.&OS=DN/20030219931&RS=DN/20030219931

