US 20090213289A1

12y Patent Application Publication (o) Pub. No.: US 2009/0213289 A1l

a9y United States

Yoshimoto

(43) Pub, Date: Aug, 27,2009

(54) LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE

SAME
(76) Inventor: Yoshikazu Yoshimoto, Sendai (JP)
Correspondence Address:

ANTONELLI, TERRY, STOUT & KRAUS, LLP
1300 NORTH SEVENTEENTH STREET, SUITE
1800

ARLINGTON, VA 22209-3873 (US)

(21) Appl.No:  12/369,220

(22) Filed: Feb. 11, 2009

Related U.S. Application Data

(62) Division of application No. 11/452,978, filed on Jun.

15, 2006.

(30) Foreign Application Priority Data

Dec. 20,2005  (JP) covevvmenercerrcenenas 2005-365739
Publication Classification

(51) Int.CL
GO2F 1/1368 (2006.01)

(52) USuCL wooooooeooeeeeeeeeeeeeee 349/46
(57) ABSTRACT

The present invention provides a liquid crystal display device
to be operated at high speed and with high precision by
improving performance of a thin-film transistor without
increasing cross capacity of gate lines and data lines. On an
upper layer of a gate insulator GI at an intersection of gate
lines GL and data lines DL to be prepared on an active matrix
substrate SUB1, which makes up a liquid crystal display
panel ofa liquid crystal display device, an insulating material
with low dielectric constant is dropped by ink jet coating
method to prepare another insulator LDP in order to improve
performance characteristics of the thin-film transistor to be
prepared on a silicon semiconductor layer SI without increas-
ing cross capacity on said intersection.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE
SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional application of U.S.
application Ser. No. 11/452,978, filed Jun. 15, 2006, the con-
tents of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a liquid crystal
device of active matrix type and to a method for manufactur-
ing the same. In particular, the invention relates to a thin-film
transistor formed on one of substrates of a liquid crystal
display panel, which makes up the liquid crystal display
device. The invention also relates to a method for manufac-
turing the same.

BACKGROUND ART

[0003] A liquid crystal display panel to make up a liquid
crystal display device of active matrix type has aliquid crystal
interposed between a substrate (an active matrix substrate)
and another substrate (a color filter substrate). In a manufac-
turing process to prepare a thin-film transistor (TFT) on the
active matrix substrate, a plurality of gate lines disposed in
parallel to each other and comprising metal film such as
chromium are prepared on said substrate, and a gate electrode
extending from each of said gate lines to each pixel is formed.
[0004] FIG. 17 represents diagrams to explain an equiva-
lent circuit of a display panel of a liquid crystal display device
of active matrix type. FIG. 17 (a) is a circuit diagram of the
entire device, and FIG. 17 () is an enlarged view of the
diagram of a pixel unit PXL in FIG. 17 (a). In FIG. 17 (a), a
multiple of pixel units PXL are arranged in matrix-like form
on a display panel PNL. Each pixel PXL is selected at a scan
line driving circuit GDR and is turned on according to a
display data signal from a data line (also called “source line”)
driving circuit DDR.

[0005] Specifically, in response to the gate line GL selected
by the scan line driving circuit GDR, a display data (voltage)
is sent to a thin-film transistor TFT on the pixel unit PXL of
the display panel PNL via a data line DL from the data line
driving circuit DDR.

[0006] AsshowninFIG. 17 (b), the thin-film transistor TEFT
to constitute the pixel unit PXL is provided at an intersection
of the gate line GL and the data line DL. The gate line GL is
connected to a gate electrode GT of the thin-film transistor
TFT, and the data line DL is connected to a drain electrode or
a source electrode (“drain electrode” at this moment) SD2 of
the thin-film transistor TFT.

[0007] The drain electrode or the source electrode (“source
electrode” at this moment) SD1 of the thin-film transistor
TFT is connected to a pixel electrode PX of a liquid crystal
(element) LC. The liquid crystal LC is positioned between a
pixel electrode PX and a common electrode CT and is driven
by a data (voltage) to be supplied to the pixel electrode PX. An
auxiliary capacity Ca to temporarily maintain the data is
connected between the drain electrode SD2 and an auxiliary
capacity line CL.

[0008] FIG. 18 represents a plan view to show a pixel unit
PXL of a display panel PNL shown in FIG. 17 and a cross-
sectional view to explain an arrangement of a thin-film tran-
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sistor TFT to make up the pixel unit PXL. Specifically, FIG.
18 (a) is a plan view of a pixel unit PXL arranged in matrix-
like form as shown in FIG. 17, and FIG. 18 (b) is a cross-
sectional view of the thin-film transistor TFT in the pixel unit
PXL along the line A-A".

[0009] As shown in FIG. 18 (a), in the pixel unit PXL
arranged in matrix-like form, the thin-film transistor TFT is
disposed at an intersection of the gate line GL. and the data
line DL. Also, a pixel electrode PX is connected to the thin-
film transistor TFT, and an auxiliary capacity is formed with
the auxiliary capacity line CL.

[0010] InFIG. 18 (b), in the thin-film transistor TFT, a gate
electrode GT and a gate insulator GI to cover the gate elec-
trode GT are prepared on an insulating substrate SUB1. On
the insulator, a silicon (Si) semiconductor layer SI, an ohmic
contact layer (n* Si) NS, a source electrode SD1 and a drain
electrode SD2 are sequentially laminated on the insulator.
[0011] To prepare a gate insulator GI, silicon nitride (SiNx)
is deposited to cover the gate line GL and the gate electrode
GT, and a plurality of data lines DL are prepared to intersect
the gate lines GL. At the same time as the preparation of the
data lines DL, the source electrode SD1 and the drain elec-
trode SD2 are formed on the same layer.

[0012] As described above, in a region enclosed by each
gate line GL and each data line DL, a unit pixel comprising a
pixel unit PXL is provided. This unit pixel has a sub-pixel of
asingle color (red, green, or blue) in case of full-color display.
Hereinafter, the unit pixel is also simply referred as “pixel”.
The thin-film transistor (TFT) to make up the pixel unit PXL
comprises, as described above, a gate electrode, a silicon
semiconductor film prepared by patterning on the gate elec-
trode, an ohmic contact layer (n* silicon) separately formed
on upper layer of the silicon semiconductor film, and a source
electrode and a drain electrode connected respectively to the
separated ohmic contact layer.

[0013] On the upper layer of the thin-film transistor, a pro-
tective layer PAS is deposited. On it, a pixel electrode
PX—preferably made of ITO, is prepared by patterning, and
it is connected to the source electrode (or to the drain elec-
trode) SD1 via a contact hole provided in the protective film
PAS. Anorientation film (not shown) is deposited to cover the
pixel electrode PX.

[0014] On the other hand, on another substrate (not shown
in the figure), a counter electrode (in FIG. 17 (b)) is prepared
via a smooth layer (overcoatlayer) and a 3-color filter (in case
of full-color display). An orientation film is deposited to
cover the counter electrode. An active matrix substrate (i.e.
one of the substrates as described above) is superimposed on
it, and a liquid crystal is sealed in a gap therebetween.
[0015] ThePatented Reference 1 as given below discloses a
method for manufacturing lines of the active matrix substrate
as described above by means of ink jet coating method. In the
Patented Reference 1, the gate electrode of the thin-film tran-
sistor TFT is prepared by ink jet coating method using aliquid
containing a conductive material. Also, it is described that a
source electrode and a drain electrode of the thin-film tran-
sistor are prepared by ink jet coating method using a liquid
containing a semiconductor material.

[0016] [Patented Reference 1] JP-2003-318193

[0017] The gate insulator to be formed on the active matrix
substrate of the liquid crystal display panel is provided to
insulate the gate line and data line. The thinner the gate
insulator is, the more the performance of the thin-film tran-
sistor are improved. Also, the thinner the gate insulator is, the
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finer the auxiliary capacity line can be produced, and this
contributes to the improvement of aperture rate. However,
when the gate insulator is thinner, cross capacity at the inter-
section with the data line is increased, and this results in the
delay of signal. Also, the counter capacity between the gate
line and the counter electrode is also increased. If the gate
insulator is designed thicker to reduce the cross capacity and
counter capacity, performance of the thin-film transistor are
decreased as described above.

[0018] Itis an object of the present invention to provide a
liquid crystal display device, which can be operated at high
speed and with high precision by improving performance
characteristics of the thin-film transistor without increasing
cross capacity and counter capacity.

SUMMARY OF THE INVENTION

[0019] To attain the above object, according to the present
invention, another insulator is provided by dropping an insu-
lating material with low dielectric constant by ink jet coating
method to an upper layer or to a lower layer of the gate
insulator at the intersection of the gate line and the data line,
and performance characteristics of the thin-film transistor is
improved without increasing cross capacity at the intersec-
tion and a capacity from the counter electrode (counter capac-
ity).

[0020] Also, according to the present invention, an insulat-
ing material with low dielectric constant is dropped by ink jet
coating method along the gate line including an intersection
with the data line to an upper layer or to a lower layer of a gate
insulator to cover the gate line. Thus, the performance char-
acteristics of the thin-film transistor are improved without
increasing cross capacity at the intersection and a capacity
(counter capacity) with the counter electrode.

[0021] After the formation of the data lines, the source
electrode, and the drain electrode, a silicon semiconductor
layer is deposited and a semiconductor island is prepared by
patterning. Then, the thin-film transistor is provided by pre-
paring an chmic conduct layer, the source electrode, and the
drain electrode. After the formation of a protective film, a
pixel electrode connected to the source electrode (or drain
electrode) of the thin-film transistor is prepared via a contact
hole opened in the protective film. Then, the liquid crystal
display panel is prepared by a process already known, and the
liquid crystal display device can be provided.

[0022] According to the present invention, it is possible to
provide coating of an insulating material with low dielectric
constant to the extent as necessary only on the intersection of
the gate line and the data line or on the gate line including the
intersection and to an upper layer or to a lower layer of the
gate insulator. Thus, without increasing cross capacity of the
intersection and the capacity (counter capacity) with the
counter electrode and without the need to remove unneces-
sary portion and to perform subsequent process, performance
characteristics of the thin-film transistor can be improved.
When the insulating material is dropped by ink jet coating,
peripheral edge of the insulator can be prepared in a tapered
form with gentle slope. Thus, disconnection can be avoided,
which may be caused by skipping over as data line goes over
the gate line when crossing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 represents plan views to explain essential
processes of a method for manufacturing an active matrix
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substrate of a liquid crystal display panel, which constitutes
Embodiment 1 of a liquid crystal display device according to
the present invention;

[0024] FIG.21isacross-sectional view along the line A-A of
the active matrix substrate when data lines are prepared in a
process (4) as shown in FIG. 1;

[0025] FIG. 3 represents plan views to explain essential
processes of a method for manufacturing the active matrix
substrate of the liquid crystal display panel, which constitutes
Embodiment 2 of the liquid crystal display device of the
present invention;

[0026] FIG. 41sacross-sectional view along the line A-A of
the active matrix substrate when data lines are prepared in a
process (4) as shown in FIG. 3;

[0027] FIG. 5 represents plan views to explain essential
processes of a method for manufacturing the active matrix
substrate of the liquid crystal display panel, which constitutes
Embodiment 3 of the liquid crystal display device of the
present invention;

[0028] FIG. 6isa cross-sectional view along theline A-A of
the active matrix substrate when data lines are prepared in a
process (4) as shown in FIG. 5;

[0029] FIG. 7 represents plan views to explain essential
processes of a method for manufacturing the active matrix
substrate of the liquid crystal display panel, which constitutes
Embodiment 4 of the liquid crystal display device of the
present invention;

[0030] FIG. 8isacross-sectional view along theline A-A of
the active matrix substrate when data lines are prepared in a
process (4) as shown in FIG. 7,

[0031] FIG. 9 represents plan views to explain essential
processes of a method for manufacturing the active matrix
substrate of the liquid crystal display panel, which constitutes
Embodiment 5 of the liquid crystal display device of the
present invention;

[0032] FIG. 10 s across-sectional view of the active matrix
substrate along the line B-B when data lines are prepared in
the process (4) of FIG. 9 and another substrate is attached to
seal the liquid crystal,

[0033] FIG. 11 represents plan views to explain essential
processes of a method for manufacturing the active matrix
substrate of the liquid crystal display panel, which constitutes
Embodiment 6 of the liquid crystal display device of the
present invention;

[0034] FIG. 12 is across-sectional view of the active matrix
substrate along the line B-B when data lines are prepared in
the process (4) of FIG. 11 and another substrate is attached to
seal the liquid crystal,

[0035] FIG. 13 represents plan views to explain essential
processes of a method for manufacturing the active matrix
substrate of the liquid crystal display panel, which constitutes
Embodiment 7 of the liquid crystal display device of the
present invention;

[0036] FIG. 14 is a cross-sectional view of the active matrix
substrate along the line B-B when data lines are prepared in
the process (4) of FIG. 13 and another substrate is attached to
seal the liquid crystal,

[0037] FIG. 15 represents plan views to explain essential
processes of a method for manufacturing the active matrix
substrate of the liquid crystal display panel, which constitutes
Embodiment 8 of the liquid crystal display device of the
present invention;



US 2009/0213289 A1

[0038] FIG.16 is across-sectional view of the active matrix
substrate along the line B-B when data lines are prepared in
the process (4) of FIG. 15 and another substrate is attached to
seal the liquid crystal,

[0039] FIG. 17 represents an equivalent circuit of a display
panel unit of a liquid crystal display device of active matrix
type; and

[0040] FIG. 18 represents drawings to explain an arrange-
ment of a pixel unit PXL of a display panel PNL shown in
FIG. 17 and an arrangement of a thin-film transistor TFT to
constitute a pixel unit PXL.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] Detailed description will be given below on embodi-
ments of the present invention referring to the drawings. The
structure of the liquid crystal display device of the present
invention will be described in connection with the manufac-
turing method as given below.

Embodiment 1

[0042] FIG. 1 represents plan views to explain essential
processes of a method for manufacturing an active matrix
substrate of a liquid crystal display panel, which constitutes
Embodiment 1 of the liquid crystal display device according
to the present invention. Here, description will be given on
processes to form data lines and source electrodes and drain
electrodes in the processes (1) to (4). First, (1) Preparation of
gate electrode: a gate line GL is prepared by patterning on
surface of an insulating substrate—preferably a transparent
glass substrate. On the gate line GL, a gate electrode GT ofa
thin-film transistor is provided to protrude on it.

[0043] (2) Preparation of island: A gate insulator GI is
deposited to cover the entire area of the substrate including
the gate line GL and the gate electrode GT. To form the gate
insulator GI, silicon nitride (SiNx) is deposited by CVD
(chemical vapor deposition). Then, an amorphous silicon
semiconductor layer and an n* silicon semiconductor layer
(ohmic contact layer) with silicon mixed with phosphor or the
like as impurities are prepared by CVD. By processing the
ohmic contact layer, which has been turned to the amorphous
silicon semiconductor layer, a silicon semiconductor island
SIis formed on upper portion of the gate electrode GT. In this
case, the ohmic contact layer to be formed on the upper layer
of the island SI is separately prepared as connecting regions
of a source electrode and a drain electrode respectively.

[0044] (3) Ink jet coating of the crossing portion: Only ona
crossing portion where data line crosses the gate insulator GI
of the gate line, an insulating material with low dielectric
constant is dropped and coated by ink jet coating, and another
insulator layer LDP is formed. This another insulator LDP
will be referred below as the insulator LDP with low dielectric
constant.

[0045] (4) Formation of source and channel: On the gate
insulator GI, and on the insulator LDP with low dielectric
constant on the gate line GL, a source line, i.e. adata line DL,
1s formed. In this case, the source electrode SD1 and the drain
electrode of the thin-film transistor are processed by pattern-
ing at the same time, and a channel is provided between the
source electrode SD1 and the drain electrode. Then, the active
matrix substrate is prepared through a pixel forming process
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such as formation of a protective film and formation of a pixel
electrode and through coating process to form an orientation
film.

[0046] FIG. 2 is a cross-sectional view of the active matrix
substrate along the line A-A when the data line is prepared in
the process (4) shown in FIG. 1. As shown in the figure, a gate
line GL is formed on surface of a glass substrate SUB1. The
gate insulator GI is formed over the entire surface of the glass
substrate SUBI to cover the gate line GL. On the gate line GL
on a portion where the gate line GL and the data line cross
each other and on the gate insulator GI, an ink of an insulating
material with low dielectric constant such as an aromatic
hydrocarbon type organic polymer and polyallyl ether type
organic polymer is dropped by ink jet coating method. When
this ink is dried up, it is turned to the insulator LDP with low
dielectric constant.

[0047] On the 2-layer insulating structure of the gate insu-
lator GI and the insulator LDP with low dielectric constant,
the data lines DL are provided to cross. As shown in FIG. 2,
peripheral edge of the insulator LDP with low dielectric con-
stant dropped by ink jet coating method and hardened is
turned to a tapered form with gentle slope. As a result, the data
line DL crossing the gate line GL runs over the gate line GL
with gentle slope, and this prevents breaking of lines caused
by skip-over. Between the data line DL and a counter elec-
trode on a color filter substrate (not shown), there is no dielec-
tric substance, which narrows down the distance between
electrodes except the above-mentioned crossing portion.
[0048] According to Embodiment 1, it is possible to
improve performance characteristics of the thin-film transis-
tor without increasing cross capacity and counter capacity
and to provide aliquid crystal display device to be operated at
high speed and with high precision.

Embodiment 2

[0049] FIG. 3 represents plan views to explain essential
processes of a method for manufacturing an active matrix
substrate of a liquid crystal display panel, which makes up
Embodiment 2 of the liquid crystal display device according
to the present invention. Here again, the processes to prepare
the data line, the source electrode and drain electrode are
described in the order of (1) to (4). Similarly to Embodiment
1, first, (1) Preparation of gate electrode: A gate line GL is
prepared by patterning on the surface of an insulating sub-
strate—preferably a transparent glass substrate. On the gate
line GL, a gate electrode GT of the thin-film transistor is
prepared to protrude.

[0050] (2) Ink jet coating of the crossing portion: On the
gate line GL and only on the crossing portion where data line
intersects, an insulating material with low dielectric constant
is coated by ink jet coating, and an insulator LDP with low
dielectric constant is prepared.

[0051] (3) Preparation of island: A gate insulator GI is
deposited over the entire Substrate including the gate line GL,
the gate electrode GT, and the insulator LDP with low dielec-
tric constant. The gate insulator G is formed by silicon nitride
(SiNx) by CVD. Similarly by CVD processing, an amor-
phous silicon semiconductor layer and an n* silicon semicon-
ductor layer (ohmic contact layer) with silicon intermingled
with phosphor or the like as impurities are deposited. By
processing the ohmic contact layer, which has been turned to
the amorphous silicon semiconductor layer, a silicon semi-
conductor island SI is prepared on upper portion of the gate
electrode GT. In this case, the ohmic contact layer to be
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formed on the upper layer of the island S1 is separately pre-
pared as connecting regions of a source electrode and a drain
electrode.

[0052] (4) Formation of source and channel: On the insu-
lator LDP with low dielectric constant and on the gate insu-
lator GI, and on the gate insulator GI on the intersecting gate
line GL, a source line, i.e. a data line DL, is prepared. In this
case, patterning is performed at the same time for the source
electrode SD1 and the drain electrode of thin film transistor,
and a channel is formed between the source electrode SD1
and the drain electrode.

[0053] Then, through pixel forming process to form a pro-
tective film and a pixel electrode and through coating process
to coat an orientation film, an active matrix substrate is pre-
pared.

[0054] FIG. 4 is a cross-sectional view of the active matrix
substrate along the line A-A with the data line prepared in the
process (4) of F1G. 3. As shown in the figure, the gate line GL
is formed on the surface of a glass substrate SUB1. On the
gate line GL and on a portion of the gate line GL where the
data line intersects, an ink of an insulating material with low
dielectric constant such as aromatic hydrocarbon type
organic polymer or polyallyl ether type organic polymer is
dropped and coated by ink jet coating. When the ink is dried
up, it is turned to an insulator LDP with low dielectric con-
stant. Then, a gate insulator GI is formed over the entire
surface of the glass substrate SUBI1 to cover the gate line GL,
which has the insulator LDP with low dielectric constant at
the intersection.

[0055] Then, a data line DL is disposed on a 2-layer insu-
lating structure, which comprises the insulator LDP with low
dielectric constant and the gate insulator GI. As shown in FIG.
4, peripheral edge of the insulator LDP with low dielectric
constant prepared by ink jet coating and hardened is turned to
atapered form with gentle slope. It forms an edge more gently
tapered than the gate insulator GI on it. As a result, the data
line DL intersecting with the gate line GL goes over the gate
line GL at a gentle angle. Thus, disconnection can be avoided,
which may be caused by skip-over when jumping at a steep
angle. Between the data line DL and a counter electrode of a
color filter substrate (not shown), there is no dielectric sub-
stance, which narrows down the distance between electrodes.
[0056] According to Embodiment 2, it is possible to
improve performance characteristics of the thin-film transis-
tor without increasing cross capacity and counter capacity
and to provide a liquid crystal display device to be operated at
high speed and with high precision.

Embodiment 3

[0057] FIG. 5 represents plan views to explain essential
processes of a method for manufacturing an active matrix
substrate of a liquid crystal display panel, which makes up
Embodiment 3 of the liquid crystal display device according
to the present invention. In Embodiment 3, the gate line and
the data line are also prepared by ink jet coating. Description
will be given now onthe processes to prepare the data line, the
source electrode and drain electrode in the order of (1) to (4).
First, (1) Preparation of the gate electrode: A gate line and a
bank BNK-G to form a groove on the pattern of the gate
electrode are provided on the surface of an insulating sub-
strate—preferably a transparent glass substrate. The bank
BNK-G and its groove are prepared from a photosensitive
resist by photolithographic method. This is the same in the
other embodiments. An ink containing conductive particles
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such as silver or copper is dropped into the groove of the bank
BNK-G by ink jet coating and the groove is filled. When the
ink is dried up, the gate line GL and the gate electrode GT are
prepared by baking.

[0058] (2) Preparation of island: A gate insulator GI of
SiNx by CVD is deposited over the entire substrate including
the gate line GL, the gate electrode GT and the bank BNK-G.
Then, by similar CVD processing, an amorphous silicon
semiconductor layer and an n* silicon semiconductor layer
(ohmic contact layer) with silicon intermingled with phos-
phor or the like as impurities are deposited. By processing the
ohmic contact layer, which has been turned to the amorphous
silicon semiconductor layer, a silicon semiconductor island
SI is prepared on upper portion of the gate electrode GT. In
this case, the ohmic contact layer prepared on the upper layer
of the island SI is separately provided as connecting regions
of a source electrode and drain electrode respectively.

[0059] (3) Ink jet coating of the crossing portion: On the
gate insulator GI of the gate line and only on the crossing
portion where the data line crosses, an insulating material
with low dielectric constant is dropped and coated by ink jet
coating, and an insulating layer LDP with low dielectric con-
stant is prepared.

[0060] (4) Formation of source and channel: On the surface
of the insulating substrate, a data line, a bank BNK-D to form
groove on pattern of the source electrode and the drain elec-
trode is provided. The bank BNK-D and its groove are pre-
pared from a photosensitive resist by photolithographic
method. This is the same in the other embodiments. An ink
containing conductive particles such as silver and copper is
dropped into the groove of the bank BNK-D and the groove is
filled. When this is dried up, a data line DL, a source electrode
SD1 and a drain electrode SD2 are prepared by baking. In this
case, a channel is formed between the source electrode SD1
and the drain electrode SD2. Then, an active matrix substrate
is prepared through pixel forming process such as the forma-
tion of a protective film and a pixel electrode and through
coating process to coat an orientation film.

[0061] FIG. 6 is a cross-sectional view of an active matrix
substrate along the line A-A with the data line prepared in the
process (4) of FIG. 5. As shown in the figure, the gate line GL
is prepared in the groove of the bank BNK-G formed on the
surface of a glass substrate SUB1. A gate insulator GI is
prepared over the entire surface of the glass substrate SUB1 to
cover the gate line GL. On the gate insulator GI, an ink of an
insulating material with low dielectric constant such as aro-
matic hydrocarbon type organic polymer or polyallyl ether
type organic polymer is dropped by ink jet coating on the gate
line GL and on the gate line GL on a portion where the data
line intersects. When this ink is dried up, it is turned to an
insulator LDP with low dielectric constant.

[0062] On the 2-layer insulating structure of the gate insu-
lator GI and the insulator LDP with low dielectric constant,
the data line DL is prepared to cross it. As shown in F1G. 6, the
gate insulator GI is formed flatly on the bank BNK-G. Periph-
eral edge of the insulator LD with low dielectric constant
prepared by ink jet coating and hardened is formed in a
tapered form with gentle slope. As aresult, the data line DL to
cross the gate line GL goes over the gate line GL with gentle
slope, and disconnection caused by skip-over when jumping
at steep angle can be avoided. Between the data line DL and
a counter electrode on a color filter substrate (not shown),
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there is no dielectric substance, which narrows down the
distance between electrodes except the intersection as
described above.

[0063] According to Embodiment 3, it is possible to
improve performance characteristics of the thin-film transis-
tor without increasing cross capacity and counter capacity
and to provide a liquid crystal display device to be operated at
high speed and with high precision.

Embodiment 4

[0064] FIG. 7 represents plan views to explain essential
processes of a method for manufacturing an active matrix
substrate of a liquid crystal display panel, which makes up
Embodiment 4 of the liquid crystal display device of the
present invention. Similarly to Embodiment 3, the gate line
and data line are prepared in Embodiment 4 by ink jet coating
method. Here again, description will be given on the process
to prepare the data line, the source electrode and the drain
electrode in the order of (1) to (4). First, (1) Preparation of
gate electrode: On the surface of an insulating substrate—
preferably a transparent glass substrate, a gate line and a bank
BNK-G to form a groove on the pattern of the gate line and
gate electrode are provided. An ink containing conductive
particles such as silver or copper is dropped into the groove of
the bank BNK-G to fill it. Then, this is dried up, and a gate line
GL and a gate electrode GT are prepared by baking.

[0065] (2) Ink jet coating of the crossing portion: On the
gate insulator GI of the gate line and only on the crossing
portion where the data line crosses, an insulating material
with low dielectric constant is dropped by ink jet process, and
an insulator LDP with low dielectric constant is prepared.
[0066] (3) Preparation of island: A gate insulator GI is
deposited over the entire surface of the substrate including the
gate line GL, the gate electrode GT, and the bank BNK-G. To
prepare the gate insulator GI, silicon nitride (SiNx) is depos-
ited by CVD. Then, by similar CVD processing, an amot-
phous silicon semiconductor layer and an n* silicon semicon-
ductor layer (ohmic contact layer) with silicon intermingled
with phosphor or the like as impurities are deposited. By
processing the ohmic contact layer, which has been turned to
the amorphous silicon semiconductor layer, a silicon semi-
conductor island SI is prepared on upper portion of the gate
electrode GT. In this case, the ohmic contact layer formed on
the upper layer of the island SI is separately provided as
connecting regions of a source electrode and a drain electrode
respectively.

[0067] (4) Formation of source and channel: On the surface
of the insulating substrate, a data line and a bank BNK-D with
groove formed on the pattern of the source electrode and the
drain electrode are disposed. An ink with conductive particles
such as silver or copper is dropped into the groove of the bank
BNK-D to fill it. Then, this is dried up, and the data line DL,
a source electrode SD1, and a drain electrode SD2 are pre-
pared. In addition, a channel is formed between the source
electrode SD1 and the drain electrode SD2. Then, the active
matrix substrate is prepared through pixel forming process to
form a protective film and a pixel electrode and through
coating process to coat an orientation film,

[0068] FIG. 8 is a cross-sectional view of an active matrix
substrate along the line A-A with the data line prepared in the
process (4) of FIG. 7. As shown in the figure, a gate line GL
is prepared in the groove of the bank BNK-G formed on the
surface of the glass substrate SUB1. On the gate line GL. on a
portion where the gate line GL crosses the data line and on the
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gate insulator GI, an ink of an insulating material with low
dielectric constant such as aromatic hydrocarbon type
organic polymer, polyallyl ether type organic polymer, etc. is
dropped by ink jet coating. When this ink is dried up, it is
turned to an insulator LDP with low dielectric constant. The
gate insulator GI is prepared over the entire surface of the
glass substrate SUB1 to cover the insulator LDP with low
dielectric constant.

[0069] On the 2-layer insulating structure of the insulator
LDP with low dielectric constant and the gate insulator G,
the data lines DL are formed to cross. As shown in FIG. 8, in
the gate insulator GI formed on the insulator LDP with low
dielectric constant, peripheral edge is prepared with gentle
slope because of the bank BNK-G. As a result, disconnection
can be avoided, which may be caused by skip-over when the
data line DL crossing the gate line GL goes with gentle slope
over the gate line GL. Also, between the data line DL and a
counter electrode of a color filter substrate (not shown), there
is no dielectric substance, which narrows down distance
between electrodes except at the intersection.

[0070] According to Embodiment 4, it is possible to
improve performance characteristics of the thin-film transis-
tor without increasing cross capacity and counter capacity
and to provide a liquid crystal display device to be operated at
high speed and with high precision.

Embodiment 5

[0071] FIG. 9 represents plan views to explain essential
processes of a method for manufacturing an active matrix
substrate of a liquid crystal display panel, which makes up
Embodiment 5 of the liquid crystal display device of the
present invention. Here again, description will be given onthe
processes to prepare the data line, the source electrode, and
the drain electrode in the order of (1) to (4). First, (1) Prepa-
ration of gate electrode: A gate line GL is prepared by pat-
terning on the surface of an insulating substrate—preferably
a transparent glass substrate. On the gate line GL, a gate
electrode GT of the thin-film transistor is prepared to pro-
trude.

[0072] (2) Preparation of an island: A gate insulator GI is
deposited to cover the entire surface of the substrate including
the gate line GL and the gate electrode GT. The insulator GI
is prepared by depositing silicon nitride (SiNx) by CVD.
Then, an amorphous silicon semiconductor layer and an n*
silicon semiconductor layer (ohmic contact layer) with sili-
con intermingled with phosphor or the like as impurities are
deposited by similar CVD processing. By processing the
ohmic contact layer, which has been turned to the amorphous
silicon semiconductor layer, a silicon semiconductor island
SI is prepared on upper portion of the gate electrode GT. In
this case, the ohmic contact layer formed on the upper layer of
the island SI is separately provided as connecting regions of
the source electrode and the drain electrode respectively.
[0073] (3) Ink jet coating of gate line: On the gate insulator
GT of the gate line and not only on the crossing portion where
data line crosses but also along the gate line GL, an ink of an
insulating material with low dielectric constant is dropped by
ink jet process, and an insulator LDP with low dielectric
constant is formed. The insulator LDP with low dielectric
constant is prepared on upper layers of all of the gate lines GL
at least within a display region (a region where a multiple of
pixels are arranged in matrix-like form) of the active matrix
substrate.
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[0074] (4) Formation of source and channel: On the gate
insulator GI and on the insulator LDP with low dielectric
constant on the crossing gate line GL, a source line, i.e. a data
line DL, is prepared. In this case, the source electrode SD1 of
the thin-film transistor and the drain electrode are prepared at
the same time by patterning, and a channel is formed between
the source electrode SD1 and the drain electrode. Then, an
active matrix substrate is prepared through pixel forming
process to form a protective film and a pixel electrode, and
through coating process to coat an orientation film.

[0075] FIG. 10 is a cross-sectional view of an active matrix
substrate along the line B-B with the data line prepared in the
process (4) of FIG. 9, and a liquid crystal is sealed by attach-
ing another substrate on it. As shown in the figure, a gate line
GL is prepared on the surface of the glass substrate SUB1,
which makes up the active matrix substrate. The gate insula-
tor GI is formed on the entire surface of the glass substrate
SUBL to cover the gate line GL. On the gate line GL and on
the gate line GL ofa portion where data line crosses and on the
gate insulator GI, an ink of an insulating material with low
dielectric constant such as aromatic hydrocarbon type
organic polymer, polyallyl ether type organic polymer, etc. is
dropped by ink jet coating. When this ink is dried up, it is
turned to an insulator LDP with low dielectric constant on the
insulator GI along the gate line GL.

[0076] On the 2-layer insulating structure of the gate insu-
lator GI and the insulator LDP with low dielectric constant,
the data line DL is prepared to cross. As shown in FIG. 10,
peripheral edge of the insulator LDF with low dielectric con-
stant is formed in a tapered form with gentle slope. As a result,
disconnection can be avoided, which may be caused by skip-
over when the data line DL crossing the gate line GL goes
over the gate line GL at a steep angle. Also, between the data
line DL and a counter electrode CT of the color filter substrate
SUB2, there is no dielectric substance, which narrows down
the distance between electrodes except the portion of the gate
line GL including the intersection as described above. A
liquid crystal LC is sealed between an orientation film ORI1
on the active matrix substrate SUB1 and an orientation film
ORI2 on the color filter substrate SUB2.

[0077] According to Embodiment 5, cross capacity and
counter capacity are not increased. Between the signal lines
such as data line and the counter electrode, there is only an
insulator LDP with low dielectric constant on the gate line GL
as adielectric substance to narrow down the distance between
electrodes, and it is not a structure to extensively increase the
capacity. For this reason, it is possible to provide a liquid
crystal display device to be operated at high speed and with
high precision without decreasing the performance charac-
teristics of the thin-film transistor.

Embodiment 6

[0078] FIG. 11 represents plan views to explain essential
processes of a method for manufacturing an active matrix
substrate of a liquid crystal display panel, which makes up
Embodiment 6 of the liquid crystal display device of the
present invention. Here again, description will be given on the
processes to prepare the data line, the source electrode, and
the drain electrode in the order of (1) to (4). First, (1) Prepa-
ration of gate electrode: A gate line GL is prepared by pat-
terning on the surface of an insulating substrate—preferably
a transparent glass substrate. On the gate line GL, a gate
electrode GT of the thin-film transistor is formed to protrude.
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[0079] (2) Ink jet coating of the gate line: On the gate line,
not only on the crossing portion where data line crosses but
also along the gate line GL, an insulating material with low
dielectric constant is dropped and coated, and an insulator
LDP with low dielectric constant is prepared. The insulator
LDP with low dielectric constant is prepared on upper layers
of all gate lines GL at least within a display region (a region
where a multiple of pixels are arranged in matrix-like form) of
the active matrix substrate.

[0080] (3) Preparation of island: A gate insulator GI is
deposited on the gate line GL, the gate electrode GT, and over
the entire surface of the substrate including the insulator LDP
with low dielectric constant. To prepare the gate insulator GI,
silicon nitride (SiNx) is deposited by CVD. Then, by similar
CVD processing, an amorphous silicon semiconductor layer
and an n* silicon semiconductor layer (ohmic contact layer)
with silicon intermingled with phosphor or the like as impu-
rities are deposited. By processing the ohmic contact layer,
which has been turned to the amorphous silicon semiconduc-
tor layer, a silicon semiconductor island SI is prepared on
upper portion of the gate electrode GT. In this case, the ohmic
contact layer prepared on the upper layer of the island SI is
separately provided as connecting regions of the source elec-
trode and the drain electrode respectively.

[0081] (4) Formation of source and channel: On the gate
insulator GI and on the insulator LDP with low dielectric
constant on the intersecting gate line GL, a source line, i.e. a
dataline DL, is prepared. In this case, patterning is performed
at the same time on the source electrode SD1 and the drain
electrode of the thin-film transistor, and a channel is formed
between the source electrode SD1 and the drain electrode.
Then, an active matrix substrate is prepared through pixel
forming process to form a protective film and a pixel electrode
and through coating process to coat an orientation film.

[0082] FIG. 12 is a cross-sectional view of an active matrix
substrate along the line B-B with the data line prepared in the
process (4) of FIG. 11, and a liquid crystal is sealed by
attaching another substrate. As shown in the figure, the gate
line GL is prepared on the surface of the glass substrate
SUBT1, which makes up the active matrix substrate. An insu-
lator LDP with low dielectric constant is prepared on the gate
line GL including a portion where data line crosses and a gate
insulator GI is prepared on it. To prepare the insulator LDP
with low dielectric constant, an ink of an insulating material
with low dielectric constant such as aromatic hydrocarbon
type organic polymer, polyallyl ether type organic polymer,
etc. is dropped by ink jet coating method. When it is dried up,
it is turned to an insulator LDP with low dielectric constant on
the gate insulator GI along the gate line GL.

[0083] On the 2-layer insulating structure of the insulator
LDP with low dielectric constant and the gate insulator GI,
the data line DL is prepared to cross. As shown in FIG. 12,
when ink is dropped by ink jet coating method and is hard-
ened, peripheral edge of the insulator LDP with low dielectric
constant is prepared in a tapered form with gentle slope. As a
result, the data line DL crossing the gate line GL goes over the
gate line GL at gentle slope, and disconnection can be
avoided, which may be caused by skip-over when jumping at
a steep angle. Also, between the data line DL and the counter
electrode CT of the color filter substrate SUB2, there is no
dielectric substance, which narrows down the distance
between electrodes except a portion of the gate line GL
including the intersection as described above. A liquid crystal
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LC is sealed between an orientation film ORI1 on the active
matrix substrate SUB1 and an orientation film ORI2 on the
color filter substrate SUB2.

[0084] According to Embodiment 6, cross capacity and
counter capacity are not increased. Between the signal lines
such as data line and the counter electrode, there is only an
insulator LDP with low dielectric constant on the gate line as
a dielectric substance to narrow down the distance between
electrodes, and it is not a structure to extensively increase the
capacity. For this reason, it is possible to provide a liquid
crystal display device to be operated at high speed and with
high precision without decreasing the performance charac-
teristics of the thin-film transistor.

Embodiment 7

[0085] FIG. 13 represents plan views to explain essential
processes of a method for manufacturing an active matrix
substrate of a liquid crystal display panel, which makes up
Embodiment 7 of the liquid crystal display device of the
present invention. Here again, description will be given on the
processes to prepare the data line, the source electrode and the
drain electrode in the order of (1) to (4). First, (1) Preparation
of gate electrode: A gate line and a bank BNK-G with groove
pattern of the gate electrode are prepared on the surface of the
insulating substrate—preferably a transparent glass sub-
strate. An ink containing conductive particles such as silver or
copper is dropped into the grooves of the bank BNK-G by ink
jet coating method. It is then dried up, and a gate line GL and
a gate electrode GT are prepared by baking.

[0086] (2) Preparation of island: A gate insulator GI is
deposited over the entire surface of the substrate including the
gate line GL, the gate electrode GT and the bank BNK-G. To
prepare the gate insulator GI, silicon nitride (SiNX) is depos-
ited by CVD. Then, by similar CVD processing, an amor-
phous silicon semiconductor layer and an n* silicon semicon-
ductor layer (ohmic contact layer) with silicon intermingled
with phosphor or the like as impurities are deposited. By
processing the ohmic contact layer, which has been turned to
the amorphous silicon semiconductor layer, a semiconductor
island SI is prepared on upper portion of the gate electrode
GT. In this case, the ohmic contact layer prepared on the
upper layer of the island SIis provided separately as connect-
ing regions of the source electrode and the drain electrode
respectively.

[0087] (3) Ink jet coating of the gate line: On the gate
insulator GI of the gate line, and not only on the crossing
portion where data line crosses but also along the gate line
GL, an ink of an insulating material with low dielectric con-
stant is dropped by ink jet coating method, and an insulator
LDP with low dielectric constant is prepared. The insulator
LDP with low dielectric constant is formed on upper layers of
all gate lines GL at least within a display region (a region
where a multiple of pixels are arranged in matrix-like form) of
the active matrix substrate.

[0088] (4) Formation of source and channel: On the gate
insulator GI, and on the insulator LDP with low dielectric
constant on the crossing gate line GL, the data line, and the
bank BNK-D with groove pattern of the source electrode SD1
and the drain electrode SD2 are prepared. An ink containing
conductive particles such as silver or copper is dropped into
the groove of the bank BNK-G. Then, it is dried up, and the
source line, i.e. the dataline DL, and the source electrode SD1
and the drain electrode SD2 are prepared by baking. In this
case, a channel is formed between the source electrode SD1
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and the drain electrode. Then, an active matrix substrate is
prepared through pixel forming process to form a protective
film, a pixel electrode, etc. and through coating process to
coat the orientation film.

[0089] FIG. 14 is a cross-sectional view of an active-matrix
substrate along the line B-B with data line prepared in the
process (4) of FIG. 13, and the liquid crystal is sealed by
attaching another substrate. As shown in the figure, a gate line
GL is prepared on the entire surface of the glass substrate
SUBL, which constitutes the active matrix substrate. A gate
insulator GI is prepared over the entire surface of the glass
substrate SUBI to cover the gate line GL. The gate insulator
Gl is prepared in flat form because of the presence of the bank
BNK-G. On the gate line where the gate line GL and the data
line intersect, and on the gate insulator GI, an ink of an
insulating material with low dielectric constant such as aro-
matic hydrocarbon type organic polymer, polyallyl ether type
organic polymer, etc. is dropped by ink jet coating. When the
ink is dried up, it is turned to an insulator LDP with low
dielectric constant on the gate insulator GI along the gate line
GL.

[0090] On the 2-layer insulating structure comprising the
gate insulator GI and the insulator LDP with low dielectric
constant, a dataline DL is prepared to cross. As shownin FIG.
14, when ink is dropped by ink jet coating method and is
hardened, peripheral edge of the insulator LD with low
dielectric constant is formed in a tapered form with gentle
slope. As a result, the data line DL crossing the gate line GL
goes over the gate line GL with gentle slope, and disconnec-
tion can be avoided, which may be caused by skip-over when
jumping at a steep angle. Also, between the data line DL and
the counter electrode CT of the color filter substrate SUB2,
there is no dielectric substance, which narrows down the
distance between electrodes except a portion of the gate line
GL including the intersection as described above. A liquid
crystal LC is sealed between an orientation film ORI1 on the
active matrix substrate SUB1 and an orientation film ORI2 on
the color filter substrate SUB2.

[0091] According to Embodiment 7, cross capacity and
counter capacity are not increased. Between the signal lines
such as data line and the counter electrode, there is only an
insulator LDP with low dielectric constant on the gate line as
a dielectric substance to narrow down the distance between
electrodes, and it is not a structure to extensively increase the
capacity. For this reason, it is possible to provide a liquid
crystal display device to be operated at high speed and with
high precision without decreasing the performance charac-
teristics of the thin-film transistor.

Embodiment 8

[0092] FIG. 15 represents plan views to explain essential
processes of a method for manufacturing an active matrix
substrate of a liquid crystal display panel, which makes up
Embodiment 8 of the liquid crystal display device of the
present invention. Here again, description will be given on the
processes to prepare the data line, the source electrode and the
drain electrode in the order of (1) to (4). First, (1) Preparation
of gate electrode: A gate line and a bank BNK-G with groove
pattern of the gate electrode are prepared on the surface of the
insulating substrate—preferably a transparent glass sub-
strate. An ink containing conductive particles such as silver or
copper is dropped into the grooves of the bank BNK-G by ink
jet coating method. It is then dried up, and a gate line GL and
a gate electrode GT are prepared by baking.
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[0093] (2) Ink jet coating of the gate line: On the gate
insulator GI of the gate line, and not only on the crossing
portion where data line crosses but also along the gate line
GL, an ink of an insulating material with low dielectric con-
stant is dropped by ink jet coating method, and an insulator
LDP with low dielectric constant is prepared. The insulator
LDP with low dielectric constant is formed on upper layers of
all gate lines GL at least within a display region (a region
where a multiple of pixels are arranged in matrix-like form) of
the active matrix substrate.

[0094] (3) Preparation of island: A gate insulator GI is
deposited over the entire surface of the substrate including the
gate line GL, the gate electrode GT and the bank BNK-G. To
prepare the gate insulator GI, silicon nitride (SiNx) is depos-
ited by CVD. Then, by similar CVD processing, an amor-
phous silicon semiconductor layer and an n* silicon semicon-
ductor layer (ohmic contact layer) with silicon intermingled
with phosphor or the like as impurities are deposited. By
processing the ohmic contact layer, which has been turned to
the amorphous silicon semiconductor layer, a semiconductor
island SI is prepared on upper portion of the gate electrode
GT. In this case, the ohmic contact layer prepared on the
upper layer of the island SI is provided separately as connect-
ing regions of the source electrode and the drain electrode
respectively.

[0095] (4) Formation of source and channel: On the gate
insulator GI, and on the insulator LDP with low dielectric
constant on the crossing gate line GL, the data line, and the
bank BNK-D with groove pattern of the source electrode SD1
and the drain electrode SD2 are prepared. An ink containing
conductive particles such as silver or copper is dropped into
the groove of the bank BNK-G. Then, it is dried up, and the
source line, i.e. the dataline DL, and the source electrode SD1
and the drain electrode SD2 are prepared by baking. In this
case, a channel is formed between the source electrode SD1
and the drain electrode. Then, an active matrix substrate is
prepared through pixel forming process to form a protective
film, a pixel electrode, etc. and through coating process to
coat the orientation film.

[0096] FIG. 16 is a cross-sectional view of an active matrix
substrate along the line B-B with data line prepared in the
process (4) of FIG. 15 with the liquid crystal sealed by attach-
ing another substrate. As shown in the figure, a gate line GL is
prepared on the surface of the glass substrate SUB1, which
makes up the active matrix substrate. Including a portion
where the gate line GL and the data line DL intersect, an ink
of an insulating material with low dielectric constant such as
aromatic hydrocarbon type organic polymer, polyallyl ether
type organic polymer, etc. is dropped by ink jet coating
method. When the ink is dried up, it is turned to an insulator
LDP with low dielectric constant on the gate insulator GI
along the gate line GL. A gate insulator GI is prepared on it.
The gate insulator GI is prepared in flat form because of the
presence of the bank BNK-G.

[0097] On the 2-layer insulating structure comprising the
insulator LDP with low dielectric constant and the gate insu-
lator GI, the data line DL is prepared to cross. As shown in
FIG. 16, when ink is dropped by ink jet coating method and is
hardened, peripheral edge of the insulator LDP with low
dielectric constant is formed in a tapered form with gentle
slope. As a result, the data line intersecting the gate line GL
goes over the gate line GL ata gentle angle, and disconnection
can be avoided, which may be caused by skip-over when
Jumping at a steep angle. Also, between the data line DL and
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the counter electrode CT of the color filter substrate SUB2,
there is no dielectric substance, which narrows down the
distance between electrodes except a portion of the gate line
GL including intersection as described above. A liquid crystal
LC is sealed between an orientation film ORI1 on the active
matrix substrate SUB1 and an orientation film ORI2 on the
color filter substrate SUB2.

[0098] According to Embodiment 8, cross capacity and
counter capacity are not increased. Between the signal lines
such as data line and the counter electrode, there is only an
insulator LDP with low dielectric constant on the gate line as
a dielectric substance to narrow down the distance between
electrodes, and it is not a structure to extensively increase the
capacity. For this reason, it is possible to provide a liquid
crystal display device to be operated at high speed and with
high precision without decreasing the performance charac-
teristics of the thin-film transistor.

[0099] Here, description will be given on concrete effects
of the present invention on capacity at the intersection in
Embodiment 3 and on the counter electrode in Embodiment
7.

[0100] Now, description will be given on capacity at the
intersection as described in connection with Embodiment 3
by referring to the cross-sectional structure of FIG. 6. Capac-
ity C, of the intersection of only the gate insulator Gl is given
by:

C=(E./d_)S=(7.0/0.4)S

g gl

where
[0101] d,;: Thickness of gate insulator GI (0.4 pm)
[0102] &, Dielectric constant of gate insulator GI (7.0)
[0103] S: Area of intersection
when a gate insulator GI is present between the gate line GL
and the data line DL at the intersection of both lines.
[0104] Here, itis assumed that the thickness of the insulator
LDP with low dielectric constant coated on the gate insulator
GI by ink jet coating method is d. Then, the capacity C of the
intersection is given by:

C=Co{1A1+dE,/d )}

where
[0105] d: Thickness of the insulator LDP with low
dielectric constant

[0106] ¢&: Dielectric constant of the insulator LDP with
low dielectric constant
[0107] Here, if it is supposed that the dielectric constant €
of the insulator LDP with low dielectric constant is approxi-
mately 3, and when the thickness d of the insulator LDP with
low dielectric constant is changed, the capacity C at the inter-
section is given as:

d=0.4 pm—>C=0.30C,
d=0.8 um—>C=0.18C,

d=1.2 im—C=0.13C,

[0108] Now, the counter capacity as explained in connec-
tion with Embodiment 7 is now described by referring to the
cross-sectional structure shown in FIG. 14. The capacity C, of
the intersection of the gate insulator GI only is given by:

Co{(ExE/dE 40 E) TS

where
[0109] d.: Thickness of gate insulator GI (0.4 pm)
[0110] &,;: Dielectric constant of gate insulator GI(7.0)
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[0111] d,.: Thickness of liquid crystal LC(3.5 um)
[0112] €&, Dielectric constant of liquid crystal LC(8.5)
[0113] S: Area of opposing portion of the gate line GL

and the counter electrode CT
[0114] When the insulator LDP with low dielectric con-
stant is prepared by ink jet coating along the gate insulator GI,
the counter capacity C is given by:

C=Co[I{(1+(dE /6 )/(dgi €141, Eg)E]

where
[0115] d: Thickness of the insulator LDP with low
dielectric constant
[0116] &: Dielectric constant of the insulator LDP with
low dielectric constant
[0117] Here,ifitisassumed that dielectric constant € of the
insulator LDP with low dielectric constant is approximately
3, and when the thickness d of the insulator LDP with low
dielectric constant is changed, the capacity C of the intersec-
tion is given by:

d=1 pm—C=0.58C,
d=2 pm—C=0.41C,

d=3 pm’C=0.32C,

[0118] The embodiments as described above can be com-
bined as appropriate, and it is needless to say that various
changes and modifications of the present invention can be
made without departing from the spirit and the scope of the
present invention.

1. A liquid crystal display device with a liquid crystal
interposed between a first insulating substrate and a second
insulating substrate, wherein said liquid crystal display
device comprises:

a plurality of gate lines prepared in parallel to each other

and disposed on said first insulating substrate;

a plurality of data lines prepared in parallel to each other
and being disposed to intersect via said gate line insu-
lating layer;

each of regions enclosed by said gate lines and said data
lines is regarded as a unit pixel region, and a region
where said plurality of gate lines and said plurality of
data lines cross each other makes up a display region;

said liquid crystal display device further comprising a thin-
film transistor, consisting of a gate electrode extending
from said gate line to said unit pixel region, a gate
insulator to cover said gate line and said gate electrode,
asemiconductor layer sequentially prepared on said gate
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insulator, an ohmic contact layer separately prepared on
surface of said semiconductor layer, and a source elec-
trode and a drain electrode formed on said separated
ohmic contact layer; and

said insulating layer at the intersection of said gate line and
said data line has a 2-layer structure, comprising said
gate insulator and an insulator with low dielectric con-
stant prepared by ink jet coating on an upper layer or on
a lower layer of said gate insulator.

2. A liquid crystal display device with a liquid crystal
interposed between a first insulating substrate and a second
insulating substrate, wherein said liquid crystal display
device comprises:

a plurality of gate lines prepared in parallel to each other

and disposed on said first insulating substrate;

a plurality of data lines prepared in parallel to each other
and being disposed to intersect via said gate line insu-
lating layer;

each of regions enclosed by said gate lines and said data
lines is regarded as a unit pixel region, and a region
where said plurality of gate lines and said plurality of
data lines cross each other makes up a display region;

said liquid crystal display device further comprising a thin-
film transistor, consisting of a gate electrode extending
from said gate line to said unit pixel region, a gate
insulator to cover said gate line and said gate electrode,
asemiconductor layer sequentially prepared on said gate
insulator, an ohmic contact layer separately prepared on
surface of said semiconductor layer, and a source elec-
trode and a drain electrode formed on said separated
ohmic contact layer; and

over the entire area of said display region, said gate insu-
lating layer on said gate line has a 2-layer structure,
comprising said gate insulator and an insulator with low
dielectric constant prepared by ink jet coating along said
gate line on an upper layer or on a lower layer of said gate
insulator.

3. A liquid crystal display device according to claim 1 or 2,
wherein said insulator with low dielectric constant is a heat-
resistant resin.

4. A liquid crystal display device according to claim 1 or 2,
wherein said insulator with low dielectric constant is an aro-
matic hydrocarbon type organic polymer or a polyallyl ether
type organic polymer.

5-11. (canceled)
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