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EP 1 801 640 B1
Description

[0001] The present invention relates to a liquid crystal device of active matrix type and to a method for manufacturing
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 manufacturing the same.
[0002] A liquid crystal display panel to make up a liquid crystal display device of active matrix type has a liquid crystal
interposed between a substrate (an active matrix substrate) and another substrate (a color filter substrate). In a manu-
facturing 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.

[0003] Fig. 17 represents diagrams to explain an equivalent 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 (b) 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.

[0004] 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.

[0005] As showninFig. 17 (b), the thin-film transistor TFT 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.

[0006] 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.

[0007] 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 transistor 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’.

[0008] Asshownin Fig. 18 (a), in the pixel unit PXL arranged in matrix-like form, the thin-film transistor TFT is disposed
at anintersection 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.

[0009] In Fig. 18 (b), in the thin-film transistor TFT, a gate electrode GT and a gate insulator Gl to cover the gate
electrode GT are prepared on an insulating substrate SUB1. On the insulator, a silicon (Si) semiconductor layer Sl, an
ohmic contact layer (n* Si) NS, a source electrode SD1 and a drain electrode SD2 are sequentially laminated on the
insulator.

[0010] To prepare a gate insulator Gl, 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 electrode SD2 are formed on the same layer.

[0011] 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 subpixel of a single 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 electrode, 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.

[0012] On the upper layer of the thin-film transistor, a protective 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 electrode)
SD1 via a contact hole provided in the protective film PAS. An orientation film (not shown) is deposited to cover the pixel
electrode PX.

[0013] Onthe other hand, on another substrate (not shown in the figure), a counter electrode (in Fig. 17 (b)) is prepared
via a smooth layer (overcoat layer) 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.

[0014] The Patented 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 transistor TFT is prepared by ink jet coating method using a liquid containing a conductive material. Also,
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it is described that a source electrode and a drain electrode of the thin-film transistor are prepared by ink jet coating
method using a liquid containing a semiconductor material.

[0015] [Patented Reference 1] JP-2003-318193

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 transistor are
improved. Also, the thinner the gate insulator is, the 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 intersection 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.

[0016] 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. US-A-2005/0095356 describes a liquid crystal display device having a plurality of
gate and data lines, which lines intersect via an intermediate insulating layer. That layer covers the gate line and a gate
electrode of a thin film transistor extending from the gate lime to a region enclosed by the gate and data lines.

EP-A-0 750 350 describes a solid state array device having a plurality of pixels with respective thin film transistor switches
and a manufacturing method therefor. A plurality of first address lines are arranged perpendicular to a plurality of second
address lines. A TFT gate dielectric layer is disposed over the first address lines, and a crossover region supplemental
dielectric layer is disposed in respective ones of the crossover regions between the first and second address lines.
US-A-5,365,079 describes a liquid crystal display panel and a manufacturing method therefor, the liquid crystal display
panel including an additional insulating layer formed between crossing orthogonal source lines and gate lines to provide
a higher breakdown voltage between the source lines and gate lines than at the gate insulating layer of the thin film
transistors.

JP-A-09-045774 describes a film semiconductor device wherein a film transistor and wiring part are stacked on an
insulating substrate. The wiring part has a lower wiring and an upper wiring patterned on the insulating substrate, and
a composite insulating pad interposed at least in the crossing of both wirings. The composite insulating pad contains a
lower insulating film, a middle semiconductor film, and an upper insulating film.

[0017] To attain the above object, according to the present invention, another insulator may be provided by applying
a further insulator layer with low dielectric constant on an upper or lower surface of the gate insulator layer, locally formed
at the intersections of said gate line and said data lines, the peripheral edges of said further insulator layer on each side
of each gate line having a tapered form with a gentle slope in cross sectional view, and performance characteristics of
the thin-film transistor is improved without increasing cross capacity at the intersection and a capacity from the counter
electrode (counter capacity)

[0018] Also, according tothe presentinvention, a further insulating material with low dielectric constant may be 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, peripheral edges of said further insulating material with low dielectric
constant on each side of each gate line being turned into tapered form with a gentle slope in cross sectional view.
Thus, the performance characteristics of the thin-film transistor are improved without increasing cross capacity at the
intersection and a capacity (counter capacity) with the counter electrode.

[0019] 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
preparing an ohmic 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.

[0020] 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
unnecessary 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 edges of the insulator are prepared in
a tapered form with a gentle slope in cross sectional view. Thus, disconnection can be avoided, which may be caused
by skipping over as data line goes over the gate line when crossing.

IN THE DRAWING

[0021]
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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 a liquid crystal display device according to the
present invention;

Fig. 2 is a cross-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;

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;

Fig. 4 is a cross-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;

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;

Fig. 6 is a cross-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. 5;

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;

Fig. 8 is a cross-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. 7;

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;

Fig. 10 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. 9 and another substrate is attached to seal the liquid crystal;

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;

Fig. 12 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. 11 and another substrate is attached to seal the liquid crystal;

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;

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;

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;

Fig. 16 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. 15 and another substrate is attached to seal the liquid crystal;

Fig. 17 represents an equivalent circuit of a display panel unit of a liquid crystal display device of active matrix type; and
Fig. 18 represents drawings to explain an arrangement 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.

[0022] Detailed description will be given below on embodiments 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 man-
ufacturing method as given below.

[Embodiment 1]

[0023] 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 of a thin-film transistor is provided to protrude on it.

(2) Preparation of island: A gate insulator Gl is deposited to cover the entire area of the substrate including the gate
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line GL and the gate electrode GT. To form the gate insulator Gl, 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 Sl is 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 Sl is separately prepared as connecting regions of a source electrode and a drain
electrode respectively.

(3) Ink jet coating of the crossing portion: Only on a crossing portion where data line crosses the gate insulator Gl
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.

(4) Formation of source and channel: On the gate insulator Gl, and on the insulator LDP with low dielectric constant
on the gate line GL, a source line, i.e. a data line DL, is formed. In this case, the source electrode SD1 and the drain
electrode of the thin-film transistor are processed by patterning 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 such as formation of a protective film and formation of a pixel electrode and through coating process
to form an orientation film.

[0024] 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 Gl is formed over the entire surface of the glass substrate SUB1 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 Gl, 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.

[0025] On the 2-layer insulating structure of the gate insulator Gl 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
constant dropped by ink jet coating method and hardened is turned to a tapered form with gentle slope in cross sectional
view. As a result, the data line DL crossing the gate line GL runs over the gate line GL with gentle slope in cross sectional
view and this prevents breaking of lines caused by skip-over. Between the data line DL and a counter electrode on a
color filter substrate (not shown), there is no dielectric substance, which narrows down the distance between electrodes
except the above-mentioned crossing portion.

[0026] According to Embodiment 1, it is possible to improve performance characteristics of the thin-film transistor
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 2]

[0027] 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 substrate - preferably a transparent glass substrate. On the
gate line GL, a gate electrode GT of the thin-film transistor is prepared to protrude.

(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.

(3) Preparation of island: A gate insulator Gl is deposited over the entire Substrate including the gate line GL, the
gate electrode GT, and the insulator LDP with low dielectric constant. The gate insulator Gl is formed by silicon
nitride (SiNx) by CVD. Similarly by 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 impurities are
deposited. By processing the ohmic contact layer, which has been turned to the amorphous silicon semiconductor
layer, a silicon semiconductor island Sl is prepared 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 Sl is separately prepared as connecting regions
of a source electrode and a drain electrode.

(4) Formation of source and channel: On the insulator LDP with low dielectric constant and on the gate insulator
Gl, and on the gate insulator Gl on the intersecting gate line GL, a source line, i.e. a data line DL, is prepared. In
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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. Then, through pixel
forming process to form a protective film and a pixel electrode and through coating process to coat an orientation
film, an active matrix substrate is prepared.

[0028] 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 Fig. 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
constant. Then, a gate insulator Gl is formed over the entire surface of the glass substrate SUB1 to cover the gate line
GL, which has the insulator LDP with low dielectric constant at the intersection.

[0029] Then, a data line DL is disposed on a 2-layer insulating structure, which comprises the insulator LDP with low
dielectric constant and the gate insulator Gl. 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 a tapered form with gentle slope. It forms an edge more
gently tapered than the gate insulator Gl 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 in cross sectional view. 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 substance, which narrows down the distance between electrodes.

[0030] According to Embodiment 2, it is possible to improve performance characteristics of the thin-film transistor
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]

[0031] 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 on the 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 substrate - 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 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.

(2) Preparation of island: A gate insulator Gl 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
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 semiconductor island Sl 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 Sl is separately
provided as connecting regions of a source electrode and drain electrode respectively.

(3) Ink jet coating of the crossing portion: On the gate insulator Gl 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 constant is prepared.

(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 electrode is provided. The bank BNK-D 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 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 formation of a protective film and
a pixel electrode and through coating process to coat an orientation film.

[0032] 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 Gl is prepared over the entire surface of the glass substrate
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SUBH1 to cover the gate line GL. On the gate insulator GlI, 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 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.

[0033] On the 2-layer insulating structure of the gate insulator Gl and the insulator LDP with low dielectric constant,
the data line DL is prepared to cross it. As shown in Fig. 6, the gate insulator Gl is formed flatly on the bank BNK-G.
Peripheral 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 in cross sectional view. As a result, the data line DL to cross the gate line GL goes over
the gate line GL with gentle slope in cross sectional view, 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), there
is no dielectric substance, which narrows down the distance between electrodes except the intersection as described
above.

[0034] According to Embodiment 3, it is possible to improve performance characteristics of the thin-film transistor
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]

[0035] 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 tofillit. Then, this is dried up, and a gate line GL and a gate electrode GT are prepared by baking.

(2) Ink jet coating of the crossing portion: On the gate insulator Gl 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.

(3) Preparation of island: A gate insulator Gl 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 Gl, silicon nitride (SiNXx) 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 impurities are
deposited. By processing the ohmic contact layer, which has been turned to the amorphous silicon semiconductor
layer, a silicon semiconductor island Sl 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 Sl is separately provided as connecting regions of a
source electrode and a drain electrode respectively.

(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 prepared. 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.

[0036] 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 gate insulator Gl, 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 Gl is prepared over the entire surface of
the glass substrate SUB1 to cover the insulator LDP with low dielectric constant.

[0037] On the 2-layer insulating structure of the insulator LDP with low dielectric constant and the gate insulator Gl,
the data lines DL are formed to cross. As shown in Fig. 8, in the gate insulator Gl formed on the insulator LDP with low
dielectric constant, peripheral edge is prepared having a tapered form with a gentle slope in cross sectional view because
of the bank 8NK-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 in cross sectional view over the gate line GL. Also between the data
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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.

[0038] According to Embodiment 4, it is possible to improve performance characteristics of the thin-film transistor
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]

[0039] 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 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 GL is prepared by
patterning 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 protrude.

(2) Preparation of an island: A gate insulator Gl is deposited to cover the entire surface of the substrate including
the gate line GL and the gate electrode GT. The insulator Gl 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
silicon intermingled with phosphor or the like as impurities are deposited by similar CVD processing. By processing
the ohmic contactlayer, which has been turned to the amorphous silicon semiconductor layer, a silicon semiconductor
island Sl 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 Sl is separately provided as connecting regions of the source electrode and the drain
electrode respectively.

(3) Ink jet coating of gate line: On the gate insulator Gl 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.

(4) Formation of source and channel: On the gate insulator Gl 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.

[0040] 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 attaching 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 insulator Gl is formed on the entire surface of the glass substrate SUB1 to cover the gate line GL. On the gate line
GL and on the gate line GL of a portion where data line crosses and on the gate insulator Gl, 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 Gl along the gate line GL.

[0041] On the 2-layer insulating structure of the gate insulator Gl and the insulator LDP with low dielectric constant,
the dataline DL is prepared to cross. As shown in Fig. 10, peripheral edge of the insulator LDF with low dielectric constant
is formed in a tapered form with gentle slope in cross sectional view. 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.

[0042] 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 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 characteristics of the thin-film transistor.
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[Embodiment 6]

[0043] 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) Preparation of gate electrode: A gate line GL is prepared by
patterning 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.

(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.

(3) Preparation of island: A gate insulator Gl 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
Gl, 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 impurities are deposited. By processing the ohmic contact layer, which has been turned to the amorphous silicon
semiconductor layer, a silicon semiconductor island Sl 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 Sl is separately provided as connecting
regions of the source electrode and the drain electrode respectively.

(4) Formation of source and channel: On the gate insulator Gl and on the insulator LDP with low dielectric constant
on the intersecting gate line GL, a source ling, i.e. a data line 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.

[0044] 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 SUB1, which makes up the active matrix substrate. An insulator
LDP with low dielectric constant is prepared on the gate line GL including a portion where data line crosses and a gate
insulator Gl 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 Gl along the gate line GL.

[0045] On the 2-layer insulating structure of the insulator LDP with low dielectric constant and the gate insulator Gl,
the dataline DL is prepared to cross. As shown in Fig. 12, when ink is dropped by ink jet coating method and is hardened,
peripheral edge of the insulator LDP with low dielectric constant is prepared in a tapered form with gentle in cross
sectional view. As a result, the data line DL crossing the gate line GL goes over the gate line GL at gentle slope in cross
sectional view, 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 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.

[0046] 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 itis 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 characteristics of the thin-film transistor.

[Embodiment 7]

[0047] 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
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with groove pattern of the gate electrode are prepared on the surface of the insulating substrate - preferably a transparent
glass substrate. 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.

(2) Preparation of island: A gate insulator Gl 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 Gl, silicon nitride (SiNXx) 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 impurities are
deposited. By processing the ohmic contact layer, which has been turned to the amorphous silicon semiconductor
layer, a semiconductor island Sl 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 Sl is provided separately as connecting regions of the source
electrode and the drain electrode respectively.

(3) Ink jet coating of the gate line: On the gate insulator Gl 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 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.

(4) Formation of source and channel: On the gate insulator Gl, 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 data line 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.

[0048] 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 SUB1, which constitutes the active matrix substrate. A gate
insulator Gl is prepared over the entire surface of the glass substrate SUB1 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 Gl, 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
theinkis dried up, itis turned to an insulator LDP with low dielectric constant on the gate insulator Gl along the gate line GL.
[0049] On the 2-layer insulating structure comprising the gate insulator Gl and the insulator LDP with low dielectric
constant, a data line DL is prepared to cross. As shown in 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
in cross sectional view. As a result, the data line DL crossing the gate line GL goes over the gate line GL with gentle
slope in cross sectional view, 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 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.

[0050] 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 adielectric substance to narrow down the distance between electrodes, and itis 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 characteristics of the thin-film transistor.

[Embodiment 8]

[0051] 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 substrate. 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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(2) Ink jet coating of the gate line: On the gate insulator Gl 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 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.

(3) Preparation of island: A gate insulator Gl 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 Gl, silicon nitride (SiNXx) 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 impurities are
deposited. By processing the ohmic contact layer, which has been turned to the amorphous silicon semiconductor
layer, a semiconductor island Sl 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 Sl is provided separately as connecting regions of the source
electrode and the drain electrode respectively.

(4) Formation of source and channel: On the gate insulator Gl, 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 data line 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.

[0052] 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 attaching 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
Gl along the gate line GL. A gate insulator Gl is prepared on it. The gate insulator Gl is prepared in flat form because
of the presence of the bank BNK-G.

[0053] On the 2-layer insulating structure comprising the insulator LDP with low dielectric constant and the gate
insulator Gl, 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 in cross sectional view. As a result, the data line intersecting the gate line GL goes over the gate line GL at a
gentle angle in cross sectional view, 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 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.

[0054] 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 characteristics of the thin-film transistor.

[0055] 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.

[0056] 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. Capacity C, of the intersection of only the gate insulator Gl is given by:

Co= (Egu/ dg) S = (7.0 / 0.4) S

where

dgi : Thickness of gate insulator GI (0.4 wm)

e4ic Dielectric constant of gate insulator Gl (7.0)

S : Area of intersection

when a gate insulator Gl is present between the gate line GL and the data line DL at the intersection of both lines.
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[0057] Here, it is 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=C {1/ (1 + deg / dyE))

where

d : Thickness of the insulator LDP with low dielectric constant
¢: Dielectric constant of the insulator LDP with low dielectric constant

[0058] Here, if it is supposed that the dielectric constant E of the insulator LDP with low dielectric constant is approx-

imately 3, and when the thickness d of the insulator LDP with low dielectric constant is changed, the capacity C at the
intersection is given as:

d=0.4 ym — C = 0.30C,
d=0.8 gm — C = 0.18Cy

d=1.2 ym — C = 0.13C,

[0059] Now, the counter capacity as explained in connection with Embodiment 7 is now described by referring to the
cross-sectional structure shown in Fig. 14. The capacity Cy of the intersection of the gate insulator Gl only is given by:

Co = {(Egs * €10/ (dg1E,c + dicEq1) }S

where
dgi : Thickness of gate insulator GI (0.4 wm)
€ 4i : Dielectric constant of gate insulator GI(7.0)
d,. : Thickness of liquid crystal LC(3.5 um)
€ 4. : Dielectric constant of liquid crystal LC(8.5)
S : Area of opposing portion of the gate line GL and the counter electrode CT

[0060] When the insulator LDP with low dielectric constant is prepared by ink jet coating along the gate insulator Gl,
the counter capacity C is given by:

C =0Coll / ((L + (d€gi€E1c) / (dgi€1c + d1c€Egy) €]

where
d : Thickness of the insulator LDP with low dielectric constant
¢ : Dielectric constant of the insulator LDP with low dielectric constant
[0061] Here, ifitis assumed 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 intersection
is given by:
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d=1pm—C=0.58C,
d=2pm— C=041C,
d =3 pum — C=0.32C,

Claims

1. Aliquid crystal display device with a liquid crystal layer (LC) interposed between a first insulating substrate (SUB1)
and a second insulating substrate (SUB2), wherein said liquid crystal display device comprises:

a plurality of gate lines (GL) prepared in parallel to each other and disposed on said first insulating substrate
(SuB1);

aplurality of data lines (DL) prepared in parallel to each other and being disposed on said first insulating substrate
(SUB1) to intersect the gate lines (GL) via a gate insulator layer (Gl) ;

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

said liquid crystal display device further comprising a plurality of thin-film transistors, each consisting of a gate
electrode (GT) extending from a respective gate line (GL) to said unit pixel region, said gate insulator layer (Gl)
covering said gate line (GL) and said gate electrode (GT), a semiconductor layer (Sl) sequentially prepared on
said gate insulator layer (GI), an ohmic contact layer (NS) separately prepared on surface of said semiconductor
(SI), and a source electrode (SD1) and a drain electrode (SD2) formed on said separated ohmic contact layer
(NS); and

characterised in that the liquid crystal display device comprises a further insulator layer (LDP) with low dielectric
constant on an upper or lower surface of the gate insulator layer (Gl), locally formed at the intersections of said
gate lines (GL) and said data lines (DL), the peripheral edges of said further insulator layer (LDP) on each side
of each gate line (GL) having a tapered form with a gentle slope in cross sectional view.

2. Aliquid crystal display device according to claim 1, wherein said further insulator layer (LDP) is provided along said
gate lines (GL) in addition to all said intersections.

3. Aliquid crystal display device according to claim 1 or 2, wherein said further insulator layer (LDP) is formed of a
heat-resistant resin.

4. Aliquid crystal display device according to claim 1 or 2, wherein said further insulator layer (LDP) is formed of an
aromatic hydrocarbon type organic polymer or a polyallyl ether type organic polymer.

5. A method for manufacturing a liquid crystal display device with a liquid crystal layer (LC) interposed between a first
insulating substrate (SUB1) and a second insulating substrate (SUB2), said method comprising the steps of:

preparing a plurality of gate lines (GL) running in parallel to each other on said first insulating substrate (SUB1) ;
depositing a gate insulator layer (Gl) to cover said first insulating substrate (SUB1) and said gate lines (GL) ;
locally preparing a further insulator layer (LDP) with low dielectric constant on said gate insulator layer (GI) at
portions of said gate lines (GL); and

preparing a plurality of data lines (DL) running in parallel to each other and crossing said gate lines (GL) on
said gate insulator layer (Gl) and said further insulator layer (LDP) at said portions;

characterised in that said insulator layer (LDP) with low dielectric constant is prepared by ink jet coating,
peripheral edges of the insulator layer (LDP) with low dielectric constant on each side of the gate lines (GL)
being turned into a tapered form with a gentle slope in cross sectional view.

6. A method for manufacturing a liquid crystal display device with a liquid crystal layer (LC) interposed between a first
insulating substrate (SUB1) and a second insulating substrate (SUB2), said method comprising the steps of:

preparing a plurality of gate lines (GL) running in parallel to each other on said first insulating substrate (SUB1);
locally preparing an insulator layer (LDP) with low dielectric constant on said gate lines (GL) at portions of said
gate lines (GL);

depositing a gate insulator layer (Gl) to cover said first insulating substrate UB1), said gate lines (GL) and said
insulator layer (LDP) with low dielectric constant; and
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preparing a plurality of data lines (DL) running in parallel to each other and crossing said gate lines (GL) on
said insulator layer (LDP) with low dielectric constant and said gate insulator layer (Gl) at said portions, char-
acterised in that said insulator layer (LDP) with low dielectric constant is prepared by ink jet coating, peripheral
edges of the insulator layer (LDP) with low dielectric constant (LDP) on each side of the gate lines (GL) being
turned into a tapered form with a gentle slope in cross sectional view.

A method according to claim 5 or claim 6 wherein said further insulator layer with low dielectric constant (LDP) is
prepared along the whole of said gate lines (GL).

A method for manufacturing a liquid crystal display device according to one of the claims 5 to 7, said method further
comprising a step of:

preparing a thin-film transistor, said thin-film transistor has a semiconductor layer (SlI) on said gate insulator
layer (Gl) and an ohmic contact layer (NS) separately provided on a surface of said semiconductor layer (Sl),
a source electrode (SD1) and a drain electrode (SD2) being prepared on said separate ohmic contact layer
(NS), and a display region (PNL) is made up with unit pixel regions (PXL) to be formed on each portion enclosed
by said plurality of gate lines (GL) and said plurality of data lines (DL).

A method for manufacturing a liquid crystal display device according to one of claims 5 to 8, wherein said further
insulator layer with low dielectric constant (LDP) is formed of a heat-resistant resin.

A method for manufacturing a liquid crystal display device according to one of claims 5 to 8, wherein said further
insulator layer with low dielectric constant (LDP) is formed of an aromatic hydrocarbon type organic polymer or
polyallyl ether type organic polymer.

Patentanspriiche

1.

Flussigkristallanzeigevorrichtung mit einer Flissigkristall- (LC-) Schicht, die zwischen einem ersten isolierenden
Substrat (SUB1) und einem zweiten isolierenden Substrat (SUB2) angeordnet ist, worin die FlUssigkristallanzeige-
vorrichtung Folgendes umfasst:

eine Vielzahl an Gate-Leitungen (GL), die parallel zu einander hergestellt und auf dem ersten isolierenden
Substrat (SUB1) angeordnet sind;

eine Vielzahl an Datenleitungen (DL), die parallel zu einander hergestellt und auf dem ersten isolierenden
Substrat (SUB1) so angeordnet sind, dass sie die Gate-Leitungen (GL) iber eine Gate-Isolationsschicht (Gl)
hinweg schneiden;

wobei jeder der durch die Gate-Leitungen (GL) und Datenleitungen (DL) eingeschlossenen Bereiche als Einheit-
spixelbereich (PXL) definiert ist und ein Bereich, in dem die Vielzahl an Gate-Leitungen (GL) und die Vielzahl an
Datenleitungen (DL) einander kreuzen, einen Anzeigebereich (PNL) bildet;

wobei die Flussigkristallanzeigevorrichtung ferner Folgendes umfasst: eine Vielzahl an Diinnschichtransistoren, die
jeweils aus einer Gate-Elektrode (GT) bestehen, die sich von jeweils einer Gate-Leitung (GL) zu dem Einheitspi-
xelbereich erstreckt, wobei die Gate-Isolationsschicht (Gl) die Gate-Leitung (GL) und die Gate-Elektrode (GT) ab-
deckt; eine Halbleiterschicht (SI), die sequenziell auf der Gate-Isolationsschicht (Gl) hergestellt ist; eine ohmsche
Kontaktschicht (NS), die separat auf der Oberflache der Halbleiterschicht (SI) hergestellt ist; und eine Source-
Elektrode (SD1) und eine Drain-Elektrode (SD2), die auf der separaten onmschen Kontaktschicht (NS) ausgebildet
sind;

dadurch gekennzeichnet, dass die Flissigkristallanzeigevorrichtung eine weitere Isolationsschicht (LDP) mit nied-
riger Dielektrizitatskonstante auf einer oberen oder unteren Oberflache der Gate-Isolationsschicht (Gl) umfasst, die
lokal an den Schnittpunkten der Gate-Leitungen (GL) und der Datenleitungen (DL) ausgebildet ist,

wobei die am Rand gelegenen Kanten der weiteren Isolationsschicht (LDP) auf jeder Seite jeder Gate-Leitung (GL)
eine angeschragte Form mit einem in der Querschnittsansicht flachen Anstieg aufweisen.

Flissigkristallanzeigevorrichtung nach Anspruch 1, worin die weitere Isolationsschicht (LDP) zusétzlich zu allen
Schnittpunkten entlang der Gate-Leitungen (GL) bereitgestellt ist.

Flussigkristallanzeigevorrichtung nach Anspruch 1 oder 2, worin die weitere Isolationsschicht (LDP) aus einem
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warmebesténdigen Harz ausgebildet ist.

4. Flussigkristallanzeigevorrichtung nach Anspruch 1 oder 2, worin die weitere Isolationsschicht (LDP) aus einem
organischen Polymer vom aromatischen Kohlenwasserstofftyp oder einem organischen Polymer vom Polyallyle-
thertyp ausgebildet ist.

5. Verfahren zur Herstellung einer Flissigkristallanzeigevorrichtung mit einer Flissigkristallschicht (LC), die zwischen
einem ersten isolierenden Substrat (SUB1) und einem zweiten isolierenden Substrat (SUB2) angeordnet ist, wobei
das Verfahren folgende Schritte umfasst:

Herstellen einer Vielzahl an Gate-Leitungen (GL), die parallel zueinander verlaufen, auf dem ersten isolierenden
Substrat (SUB1);

Abscheiden einer Gate-Isolationsschicht (Gl) zum Abdecken des ersten isolierenden Substrats (SUB1) und der
Gate-Leitungen (GL);

lokales Herstellen einer weiteren Isolationsschicht mit niedriger Dielektrizitatskonstante (LDP) auf der Gate-
Isolationsschicht (Gl) auf Abschnitten der Gate-Leitungen (GL); und

Herstellen einer Vielzahl an Datenleitungen (DL), die parallel zueinander verlaufen und die Gate-Leitungen
(GL) auf der Gate-Isolationsschicht (Gl) und der weiteren Isolationsschicht (LDP) auf den zuvor genannten
Abschnitten kreuzen,

dadurch gekennzeichnet, dass die Isolationsschicht mit niedriger Dielektrizitdtskonstante (LDP) durch Tin-
tenstrahlbeschichtung hergestellt wird, wobei die am Rand gelegenen Kanten der Isolationsschicht mit niedriger
Dielektrizitatskonstante (LDP) auf jeder Seite der Gate-Leitungen (GL) in eine angeschragte Form gebracht
werden, wobei sie in der Querschnittsansicht einen flachen Anstieg aufweisen.

6. Verfahren zur Herstellung einer Flussigkristallanzeigevorrichtung mit einer Flussigkristallschicht (LC), die zwischen
einem ersten isolierenden Substrat (SUB1) und einem zweiten isolierenden Substrat (SUB2) angeordnet ist, wobei
das Verfahren folgende Schritte umfasst:

Herstellen einer Vielzahl an Gate-Leitungen (GL), die parallel zueinander verlaufen, auf dem ersten isolierenden
Substrat (SUB1);

lokales Herstellen einer Isolationsschicht (LDP) mit niedriger Dielektrizitatskonstante auf den Gate-Leitungen
(GL) auf Abschnitten der Gate-Leitungen (GL);

Abscheiden einer Gate-Isolationsschicht (Gl) zur Abdeckung des ersten Isolationssubstrats (SUB1), der Gate-
Leitungen (GL) und der Isolationsschicht (LDP) mit niedriger Dielektrizitdtskonstante; und

Herstellen einer Vielzahl an Datenleitungen (DL), die parallel zueinander verlaufen und die Gate-Leitungen
(GL) auf der Isolationsschicht (LDP) mit niedriger Dielektrizitdtskonstante und der Gate-Isolationsschicht (Gl)
auf den zuvor genannten Abschnitten kreuzen, dadurch gekennzeichnet, dass die Isolationsschicht (LDP)
mit niedriger Dielektrizitatskonstante durch Tintenstrahlbeschichtung ausgebildet wird, wobei die am Rand ge-
legenen Kanten der Isolationsschicht (LDP) mit niedriger Dielektrizitatskonstante auf jeder Seite der Gate-
Leitungen (GL) in eine angeschragte Form gebracht werden, wobei sie in der Querschnittsansicht einen flachen
Anstieg aufweisen.

7. Verfahren nach Anspruch 5 oder 6, worin die weitere Isolationsschicht (LDP) mit niedriger Dielektrizitdtskonstante
entlang aller Gate-Leitungen (GL) hergestellt wird.

8. Verfahren zur Herstellung einer Flissigkristallanzeigevorrichtung nach einem der Anspriiche 5 bis 7, wobei das
Verfahren ferner folgenden Schritt umfasst:

Herstellen eines Diinnschichttransistors, wobei der Diinnschichtransistor eine Halbleiterschicht (SI) auf der
Gate-Isolationsschicht (Gl) und eine separat bereitgestellte ohmsche Kontaktschicht (NS) auf einer Oberflache
der Halbleiterschicht (Sl) aufweist, wobei eine Source-Elekirode (SD1) und eine Drain-Elektrode (SD2) auf der
separaten ohmschen Kontaktschicht (NS) hergestellt sind; und ein Anzeigebereich (DNL) aus Einheitspixelbe-
reichen (PXL) ausgebildet wird, die auf jedem durch die Vielzahl an Gate-Leitungen (GL) und die Vielzahl an
Datenleitungen (DL) umschlossenen Abschnitten auszubilden sind.

9. Verfahren zur Herstellung einer FlUssigkristallanzeigevorrichtung nach einem der Anspriiche 5 bis 8, worin die

weitere Isolationsschicht mit niedriger Dielektrizitdtskonstante (LDP) aus einem warmebestandigen Harz ausgebildet
ist.

15



10

15

20

25

30

35

40

45

50

55

EP 1 801 640 B1

10. Verfahren zur Herstellung einer Flissigkristallanzeigevorrichtung nach einem der Anspriiche 5 bis 8, worin die
weitere Isolationsschicht (LDP) aus einem organischen Polymer vom aromatischen Kohlenwasserstofftyp oder
einem organischen Polymer vom Polyallylethertyp ausgebildet ist.

Revendications

1. Dispositif d’affichage a cristaux liquides avec une couche de cristaux liquides (LC) interposée entre un premier
substrat isolant (SUB1) et un deuxiéme substrat isolant (SUB2), ou ledit dispositif d’affichage a cristaux liquides
comprend:

une pluralité de lignes de grille (GL) préparées en paralléle les unes aux autres et disposées sur ledit premier
substrat isolant (SUB1);

une pluralité de lignes de données (BL) préparées en paralléle les unes aux autres et étant disposées sur ledit
premier substrat isolant (SUB1) pour se croiser avec les lignes de grille (GL) par une couche d’isolation de grille
(Gl);

chacune des régions renfermées par lesdites lignes de grille (GL) et lesdites lignes de données (DL) est con-
sidérée comme une région de pixels unitaires (PXL), et une région dans laquelle ladite pluralité de lignes de
grille (GL) et ladite pluralité de lignes de données (DL) se croisent constitue une région d’affichage (PNL);
ledit dispositif d’affichage a cristaux liquides comprend en outre une pluralité de transistors a film mince, chacun
consistant en une électrode de grille (GT) s’étendant d’une ligne de grille respective (GL) a ladite région de
pixels unitaires, ladite couche d’isolation de grille (Gl) couvrant ladite ligne de grille (GL) et ladite électrode de
grille (GT), une couche semi-conductrice (SI) séquentiellement préparée sur ladite couche d’isolation de grille
(Gl), une couche de contact ohmique (NS) préparée séparément surla surface de ladite couche semi-conductrice
(SI), et une électrode source (SD1) et une électrode drain (SD2) formées sur ladite couche de contact ohmique
séparée (NS); et

caractérisé en ce que le dispositif d’affichage a cristaux liquides comprend une autre couche d’isolation (LDP)
avec une faible constante diélectrique sur une surface supérieure ou inférieure de la couche d’isolation de grille
(Gl), formée localement aux intersections desdites lignes de grille (GL) et desdites lignes de données (DL), les
bords périphériques de ladite autre couche d’isolation (LDP) sur chaque cbté de chaque ligne de grille (GL)
ayant une forme diminuée avec une Iégére inclinaison vue en section transversale.

2. Dispositif d’affichage a cristaux liquides selon la revendication 1, ou ladite autre couche d’isolation (LDP) est réalisée
le long desdites lignes de grille (GL) en plus de toutes lesdites intersections.

3. Dispositif d’affichage a cristaux liquides selon la revendication 1 ou 2, ou ladite autre couche d’isolation (LDP) est
réalisée en une résine résistante a la chaleur.

4. Dispositif d’affichage a cristaux liquides selon la revendication 1 ou 2, ou ladite autre couche d’isolation (LDP) est
réalisée a partir d’un polymére organique du type d’hydrocarbure aromatique ou d’'un polymeére organique du type
de polyallyl éther.

5. Procédé de fabrication d'un dispositif d’affichage a cristaux liquides avec une couche de cristaux liquides (LC)
interposée entre un premier substrat isolant (SUB1) et un deuxieme substrat isolant (SUB2), ledit procédé compre-
nant les étapes de:

préparer une pluralité de lignes de grille (GL) s’étendant parallélement les unes aux autres sur ledit premier
substrat isolant (SUB1);

déposer une couche d’isolation de grille (Gl) pour couvrir ledit premier substrat isolant (SUB1) et lesdites lignes
de grille (GL);

préparer localement une autre couche d’isolation (LDP) d’une faible constante diélectrique sur ladite couche
d’isolation de grille (Gl) aux portions desdites lignes de grille (GL); et

préparer une pluralité de lignes de données (DL) s’étendant parallélement les unes aux autres et se croisant
avec lesdites lignes de grille (GL) sur ladite couche d’isolation de grille (Gl) et ladite autre couche d’isolation
(LDP) auxdites portions;

caractérisé en ce que ladite couche d’isolation (LDP) d’une faible constante diélectrique est préparée par un
revétement a jet d’encre, les bords périphériques de la couche d’isolation (LDP) d’une faible constante diélec-
trique (LDP) sur chaque c6té des lignes de grille (GL) étant tournés en une forme diminuée avec une légére
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inclinaison en une vue en section transversale.

Procédé de fabrication d’'un dispositif d'affichage a cristaux liquides avec une couche de cristaux liquides (LC)
interposée entre un premier substrat isolant (SUB1) et un deuxieme substrat isolant (SUB2), ledit procédé compre-
nant les étapes de:

préparer une pluralité de lignes de grille (GL) s’étendant parallélement les unes aux autres sur ledit premier
substrat isolant (SUB1);

préparer localement une couche d’isolation (LDP) avec une faible constante diélectrique sur lesdites lignes de
grille (GL) aux portions desdites lignes de grille (GL);

déposer une couche d’isolation de grille (Gl) pour couvrir ledit premier substrat isolant (SUB1), lesdites lignes
de grille (GL) et ladite couche d’isolation d’'une faible constante diélectrique; et

préparer une pluralité de lignes de données (DL) s’étendant paralleélement les unes aux autres et se croisant
avec lesdites lignes de grille (GL) sur ladite couche d’isolation (LDP) avec une faible constante diélectrique et
ladite couche d’isolation de grille (Gl) auxdites portions, caractérisé en ce que ladite couche d’isolation (LDP)
d’une faible constante diélectrique est préparée par un revétement a jet d’encre, les bords périphériques de la
couche d’isolation (LDP) d’'une faible constante diélectrique (LDP) sur chaque cété des lignes de grille (GL)
étant tournées en une forme diminuée avec une légére inclinaison vue en section transversale.

Procédé selon la revendication 5 ou la revendication 6, dans lequel ladite autre couche d’isolation d’une faible
constante diélectrique (LDP) est préparée le long de I'ensemble desdites lignes de grille (GL).

Procédé de fabrication d’'un dispositif d’affichage a cristaux liquides selon I'une des revendications 5 a 7, ledit
procédé comprenant en outre une étape de:

préparer un transistor a film mince, ledit transistor a film mince posséde une couche semi-conductrice (Sl) sur
ladite couche d’isolation de grille (Gl) et une couche de contact ohmique (NS) réalisée séparément sur une
surface de ladite couche semi-conductrice (Sl), une électrode source (SD1) et une électrode drain (SD2) étant
préparées sur ladite couche de contact ohmique séparée (NS), et une région d’affichage (PNL) est constituée
avec des régions de pixels unitaires (PXL) a former sur chaque portion renfermée par ladite pluralité de lignes
de grille (GL) et ladite pluralité de lignes de données (DL).

Procédé de fabrication d’un dispositif d’affichage a cristaux liquides selon I'une quelconque des revendications 5 a
8, ou ladite autre couche d’isolation avec une faible constante diélectrique (LDP) est réalisée a partir d’'une résine
résistant a la chaleur.

Procédé de fabrication d’un dispositif d’affichage a cristaux liquides selon I'une quelconque des revendications 5 a

8, ou ladite autre couche d’isolation avec une faible constante diélectrique (LDP) est réalisée a partir d’'un polymére
organique du type d’hydrocarbure aromatique ou d’un polymére organique du type de polyallyl éther.
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