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G7) ABSTRACT

In a liquid crystal display device, a first substrate includes
electrical wirings and a semiconductor integrated circuit
which has TFTs and is connected electrically to the electrical
wirings, and a second substrate includes a transparent con-
ductive film on a surface thereof. A surface of the first
substrate on which the electrical wirings are formed is
opposite to the transparent conductive film on the second
substrate. The semiconductor integrated circuit has substan-
tially the same length as one side of a display screen (ie., a
matrix circuit) of the display device and is obtained by
peeling it from another substrate and then forming it on the
first substrate. Also, in a liquid crystal display device, a first
substrate includes a matrix circuit and a peripheral driver
circuit, and a second substrate is opposite to the first
substrate, includes a matrix circuit and a peripheral driver
circuit and has at least a size corresponding to the matrix
circuit and the peripheral driver circuit. Spacers are provided
between the first and second substrates. A seal material is
formed outside the matrix circuits and the peripheral driver
circuits in the first and second substrates. A liquid crystal
material is filled inside a region enclosed by the seal
material. A protective film is formed on the peripheral driver
circuit that has a thickness substantially equivalent to an
interval between the substrates which is formed by the
spacers.

BN N N M L N L L




Patent Application Publication Dec. 30, 2004 Sheet 1 of 15 US 2004/0263712 Al

1 2
/__ﬁ'/\‘ = >
6 Q
S y

\_ J 3

FIG. 1A

R, 4

9 \7 \'g \s 3

FIG. 1B



Patent Application Publication Dec. 30,2004 Sheet 2 of 15 US 2004/0263712 Al

TR
%ﬁz‘}"‘““‘" 2
S e : 25 .
S

Ly FIG. 2A

s

y P FIG. 26
= = /




Patent Application Publication Dec. 30, 2004 Sheet 3 of 15 US 2004/0263712 Al

33

/—31

34 \
A s

40
FIG. 3A
77 / / // 31
//// /////// 777,
| 40
FIG. 3B
_ P
//”,///////////‘0 [
" |

FIG. 3C



Patent Application Publication Dec. 30, 2004 Sheet 4 of 15 US 2004/0263712 Al

7 58
5f; \/\-5 ->'1/’/'56 | /_53

51

FIG 4A

62 51/%1 é'ﬁe‘? L 64 67

T 7 1 Y/ lll\\I |
-39 “-60
FIG 4B
70
7771 risa v/ Il

FIG 4C



Patent Application Publication Dec. 30, 2004 Sheet 5 of 15 US 2004/0263712 Al

72
7 s
Z 2
53\Tr:]1rljl\_d4r/1 [51
a0
FIG. 5A
72

222277

FIG. 5B

93~




Patent Application Publication Dec. 30, 2004 Sheet 6 of 15 US 2004/0263712 Al

106

amar—

717 L il 102
-

FIG. 6B



Patent Application Publication Dec. 30, 2004 Sheet 7 of 15 US 2004/0263712 Al

111 112
/*A_,\/ e >
: /114
116 )
122
115 ) — /
N\ _ 113
FIG. 7A

TR NN O O TR NNV A NN [ 4

117 \118 ‘115 113

FIG. 7B



Patent Application Publication Dec. 30, 2004 Sheet 8 of 15 US 2004/0263712 Al

N
\ \\\\\\\\\\\\ T 131

FIG 8A

136-\
133
~135

X
P00 ”

FIG 8B

133
_—137

T o

FIG 8C




Patent Application Publication Dec. 30, 2004 Sheet 9 of 15 US 2004/0263712 Al

155
157 158~
150
FIG. 9A

161 163 -
162 [ ;5164/_161
__/?: I , - ‘/-153 /’-151

759 <160

FIG. 9B

FIG. 9C



Patent Application Publication Dec. 30, 2004 Sheet 10 of 15 US 2004/0263712 Al

172
7777777777 T IIIIL 1-1/
FIG. 104
‘/'151
: 172
7777 72 72 /1210 FIG-1OB
170
///////l/ 77 7272727272727
190 FIG. 10C
7 1176 180
172

185
- FIG. 10D

AMILLTEITLELILTLALA KR LR ALLATILLLALLERAARL R KRN




Patent Application Publication Dec. 30,2004 Sheet 11 of 15 US 2004/0263712 Al
203 |
<~ TSNS VAN /'202
22 NN ”
AN NN \\ /
200
FIG. 11A
/-206
208~_ ¥
203 7
S0 Z
N
\ Z
N
200

FIG. 11B



Patent Application Publication Dec. 30,2004 Sheet 12 of 15 US 2004/0263712 Al

\\\\%\\\\\\
1
CE )
A,

304—

SIS
o)
&
NN

— 7
//////////////////////////////////////

FIG. 12 (PRIOR ART)

505 - oL A
— o7 a0l
507~ /////////////////////////4{///////(///// %/’5 10
506 ,/////////////////////7'_7////_/7//7/.@/ /
Z 7 - / 502
N //
504~§\ 2 /
f /
/ \4 505 /
n 17
| /
i /
% ////////////////////////////////////////

FIG. 13



Patent Application Publication Dec. 30, 2004 Sheet 13 of 15

US 2004/0263712 A1l
402
A J(A
)]
502 |
i | : /906 _
VAT \ﬂ.zv\/\ty‘/\/'\/\ : 7 1) ]
) BRSRAA 510 S8 |
'/, 507 ARRADMrer R AANNN
17277 A A \ FAAS \\_ —
\-503 401
< 501 o

)]



Patent Application Publication Dec. 30, 2004 Sheet 14 of 15 US 2004/0263712 Al

7o 735~ 738
] [

> ]
— =

////////////\/\////////\////1/[/

731 733  -732 E:
FIG. 15A

__fl

M2~ T4 T8
\ - 7

AMANAN ANANND N\ }\\\l l\\?\\\\‘l
//f/\X////I!//////V/[//I/][//////

\-739” \- 740~ I
FIG. 158

als

748
e
747

746 a\

‘ ; 1 T
///////////I// T T L LY [T, % //’ )

T\
1111117 Y7z AMAANY DAWMWNY

///////////[/////////////l[//.

T T

FIG. 15C



Patent Application Publication Dec. 30, 2004 Sheet 15 of 15 US 2004/0263712 Al

1

T 750~ 748 T
747\ I

-
| 7272720\ 77777/ KA Y

'FIG. 16A

/ / 2 7////7/////%%%“ FIG. 168

N Y/

RSN TNWWWY

T ¥

=

// T e
Usw R e FIG. 16C

752 _\’1' AT R e —j:/’-752
{__L____i_ﬁ—r jl'
/-753
WAARN T FIG. 16D
TSSO SIS S AN S SV

!

:r.




US 2004/0263712 Al

METHOD FOR PRODUCING DISPLAY-DEVICE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a passive matrix
type or an active matrix type display device such as a liquid
crystal display device, in particular, a fashionable display
device having a large occupying area of a display portion on
a substrate which is obtained by effectively forming a
semiconductor integrated circuit for driving.

[0003] 2. Description of the Related Art

[0004] Structures of a passive matrix type and an active
matrix type have been known as a matrix type display
device.

[0005] In the passive matrix type, a large number of strip
type electrical wirings (row wirings) made of a transparent
conductive film or the like are formed on a first substrate
along a desired direction, and strip type electrical wirings
(column wirings) are formed on a second substrate in a
direction substantially perpendicular to the desired direction
of the electrical wirings formed on the first substrate. These
substrates are arranged so that the electrical wirings formed
on both the substrates are opposite to one another.

[0006] If an electro-optical material such as a liquid crys-
tal material that a transparent (transmittance) degree and a
photoreflective-scattering degree are changed by a voltage,
a current or the like is formed between the substrates, the
transparent degree, the photoreflective-scattering degree and
the like in its intersection portion can be selected by apply-
ing (supplying) a voltage, a current or the like between a
desired row wiring on the first substrate and a desired
column wiring on the second substrate. Thus, a matrix
display can be performed.

[0007] In the active matrix type, row wirings and column
wirings are formed on the first substrate using a multilayer
wiring (interconnection) technique, pixel electrodes are
formed in those intersection portions, and an active element
such as a thin film transistor (TFT) is formed at each pixel
electrode, so that a structure which controls a voltage
(potential) or a current with respect to the pixel electrodes is
obtained. Also, a transparent conductive film is formed on
the second substrate. The first and second substrates are
arranged so that the pixel electrodes on the first substrate are
opposite to the transparent conductive film on the second
substrate.

[0008] A substrate to be used is selected in accordance
with a producing process. In the passive matrix type, since
a complex process is not performed except that a transparent
conductive film is formed and then etched to form row and
column wiring patterns, a glass substrate and a plastic
substrate can be used. On the other hand, in the active matrix
type, since a film formation process with relatively high
temperature is performed and the prevention of an active ion
such as sodium is required, it is necessary to use a glass
substrate having an extremely low alkali concentration.

[0009] Thus, in a conventional matrix type display device,
except for a special device, it is necessary to provide the
display device with a semiconductor integrated circuit (a
peripheral driver circuit or a bar circuit) for driving a matrix
circuit. Such a circuit is mounted by using tape automated
bonding (TAB). or chip on glass (COG). However, since it
has a large scale matrix with, for example, about several
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hundred lines, the number of terminals in an integrated
circuit is extremely large. Since a driver circuit is con-
structed by a rectangular-shaped integrated circuit (IC)
package and a semiconductor chip, it is necessary to lead
wirings in order to connect these terminals to electrical
wirings on a substrate. Therefore, an area of peripheral
portion cannot be neglected in comparison with a display
screen. That is, this area is large relatively.

[0010] To solve the problem, a method for forming a
driver circuit on a long and narrow substrate (stick or stick
crystal) having substantially the same length as a side of a
matrix circuit and then connecting the driver circuit to
terminals of the matrix circuit is disclosed in Japanese Paten
Application Open No. 7-14880. Since a width of about 2 mm
is sufficient for the driver circuit, such arrangement is
possible. Thus, an area on the substrate can be almost used
as a display screen.

[0011] In this state, when a matrix circuit has a large area,
since a circuit cannot be formed on a silicon wafer, it is
necessary to form it on a glass substrate or the like. Thus, an
active element disposed in the pixel electrode on a semi-
conductor circuit formed on a glass substrate or the like is a
TFT using a crystalline semiconductor or an amorphous
semiconductor.

[0012] With respect to the stick crystal, a thickness of a
substrate for a driver circuit suppresses miniaturization of
the whole display device. It is possible that a thickness of a
substrate is set to 0.3 mm in order to obtain a thinner display
device, by optimizing a kind of a substrate and a process.
From a strength required in a producing process, it is difficult
to set a thickness of the stick crystal to 0.5 mm or less.

[0013] When a kind of the stick crystal is different from
that of the substrate of the display device, a defect may occur
in a circuit by a difference of thermal expansion or the like.
In particular, when a plastic substrate is used in the display
device, this occurs remarkably. This is because that, it is
substantially impossible from a view of heat resistance that
plastic is used as a substrate of the stick crystal. Also, since
the formed semiconductor integrated circuit is thin, wirings
to be connected to the semiconductor integrated circuit is
disconnected (broken) at a large step portion of end portions
of the semiconductor integrated circuit or a wiring resistance
becomes high, so that a product yield of the whole device
and: reliability are reduced.

[0014] In the passive matrix type liquid crystal display
device, a first plurality of strip type electrode wirings made
of a transparent conductive film are provided on a first
substrate and extended to a first direction. A second plurality
of electrode wirings made of a transparent conductive film
are provided on a second substrate and extended to a
direction substantially perpendicular to the first direction.
The first electrode wirings are provided to be opposite to the
second electrode wiring through spacers scattered between
the first and second substrates. A liquid crystal material is
filled between the first and second electrode wirings and
sealed by mainly a seal material (member) which is provided
in periphery of a region that the first substrate is opposite to
the second substrate. A peripheral driver circuit, which is
connected to the first and second electrode wirings and
controls pixels formed by these electrode wirings and the
liquid crystal material, is provided outside the region that the
first substrate is opposite to the second substrate.
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[0015] In the passive matrix type liquid crystal display
device, a complex process is not performed except that a
transparent conductive film is formed on a substrate and then
etched to form strip type electrical wirings and a temperature
that the substrate is to be processed is low. Thus, a glass
substrate and a plastic substrate can be used as the first and
second substrates.

[0016] In an active matrix driver type liquid crystal dis-
play device, a first substrate in which an active matrix circuit
is provided is disposed to be opposite to a second substrate
(an opposite substrate) that an opposite electrode of a
transparent electrode is provided on the whole surface,
through spacers scattered on the first substrate. A liquid
crystal material is sealed by mainly a seal material which is
provided in periphery of a region that the first substrate is
opposite to the second substrate. In the active matrix circuit,
pixel electrodes connected to TFTs are disposed in a plu-
rality of matrix forms. Outside the region that the first
substrate is opposite to the second substrate, a source driver
circuit and a gate driver circuit are provided as a peripheral
driver circuit for driving the active matrix circuit.

[0017] Inaconventional matrix type liquid display device,
the peripheral driver circuit is formed by using a semicon-
ductor integrated circuit and mounted by using TAB or
COG. However, the number of electrode wirings for con-
structing a display screen is several hundreds or more. Since
a driver circuit is an IC package and a semiconductor chip,
it is necessary to lead wirings in order to connect these
terminals to electrical wirings on a substrate. Therefore, an
area of peripheral portion cannot be neglected in comparison
with a display screen.

[0018] To solve the above problem, there is a method
forming directly a semiconductor integrated circuit using
TFTs on a substrate except a region in that the first substrate
is opposite to the second substrate and pixels are formed.
Also, there is a method for obtaining the semiconductor
integrated circuit by forming directly a driver circuit on a
substrate on which a silicon thin film is deposited using an
integrated circuit producing technique. In another method,
an semiconductor integrated circuit using TFT5s is formed on
other supporting substrate by using the same technique, and
then peeled to adhere it on the first and second substrates, or
adhered to the substrate before removing an original sup-
porting substrate.

[0019] In a liquid crystal display device having such a
structure, it is necessary to provide a protective film made of
an organic resin and a silicon nitride system substance in
order to prevent the semiconductor integrated circuit from
contaminating due to an impurity such as moisture, dust,
sodium. However, when such a structure is used, stress due
to the protective film acts to the TFTs constructing the
semiconductor integrated circuit. Thus, a density of a recom-
bination center of silicon in the TFT is increased and various
characteristics such as threshold voltage of the TFT are
changed. Also, a characteristic of the TFT constructing the
semiconductor integrated circuit is changed by influence due
to a pressure applied from an external after the liquid crystal
display device is completed.

[0020] To solve the above problem, an example of a
conventional active matrix type liquid crystal display device
is shown in FIG. 12. In FIG. 12, an active matrix circuit 305
including pixel electrodes (not shown), a source driver
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circuit 303 and a gate driver circuit 304 are provided on a
first substrate 301. An opposite (counter) electrode opposite
to the pixel electrodes is provided on a whole surface of a
second substrate (counter substrate) 302. Spacers (not
shown) are scattered on the first substrate 301. Between both
electrodes a liquid crystal material 306 is filled and sealed by
a seal material 307.

[0021] In FIG. 12, not only the active matrix circuit 305
but also the source driver circuit 303 and the gate driver
circuit 304 which are a peripheral driver circuit are opposite
to the counter substrate to be in contact with the liquid
crystal material 306. That is, by the liquid crystal material
306, TFTs constructing the peripheral driver circuit are
protected. This structure is disclosed in Japanese Patent
Application Open No. 5-66413, for example.

[0022] In the liquid crystal display device, spacers which
have a spherical shape, a stick shape, an angular shape or the
like between the substrates and are made of a hard material
such as silica are scattered uniformly, to maintain an interval
between two substrates. Each spacer has a diameter corre-
sponding to the same length as an interval between the
substrates. The diameter is about 3 um to 8 um in a display
device using a nematic liquid crystal, and 1 ym to 4 ym in
a display device using a smectic liquid crystal. The number
of the spacers is about 50 to 1000 per one pixel in a case
wherein a size of one pixel is several 10 um square to several
100 pm square.

[0023] In the peripheral driver circuit, a large number of
TFTs are provided extremely adjacent to one another. Thus,
in the liquid crystal display device of FIG. 12, since the
peripheral driver circuit is provided within a liquid crystal
region, if external stress is applied to the substrates, the
peripheral driver circuit may be broken by the spacers
provided between the substrates. Thus, the peripheral driver
circuit do not operate regularly, a point defect and a line
defect occur and further a display may be impossible, so that
reliability and durability of the liquid crystal display device
are reduced. Such a phenomenon occurs remarkedly in the
liquid crystal display device using a plastic substrate which
is modifiable by external stress.

SUMMARY OF THE INVENTION

[0024] The object of the present invention is to solve the
problem with respect to the stick crystal and to obtain a
small and light-weight display device.

[0025] In the present invention, only a semiconductor
integrated circuit equivalent to the stick crystal is connected
mechanically and electrically on a substrate of a display
device to thin a driver circuit portion. In this state, it is
characterized in that a cross section of the semiconductor
integrated circuit portion becomes a taper shape that is wide
in a connection portion to the display device and become
narrow as it is apart therefrom. In such a structure, there is
no vertical step and disconnection of an electrical wiring
does not occur easily. Also, since electrical connection is
performed by heating treatment in a lump, thereby to obtain
high throughput.

[0026] Also, to obtain a small and light-weight liquid
crystal display device by providing a peripheral driver
circuit for controlling display pixels and electrode wirings in
aregion in which a liquid crystal is injected, the object of the
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present invention is to prevent the peripheral driver circuit
and TFTs constructing the peripheral driver circuit from
breaking due to stress application to the substrates and to
improve reliability and durability of the liquid crystal dis-
play device.

[0027] A basic structure of a display device according to
the present invention is as follows. That is, a first substrate
includes electrical wirings and a long and narrow semicon-
ductor integrated circuit which has TFTs and is connected
electrically to the electrical wirings, and a second substrate
includes a transparent conductive film on a surface thereof.
A surface of the first substrate that the electrical wirings are
formed is opposite to the transparent conductive film on the
second substrate. Thus, as the stick crystal disclosed in
Japanese Paten Application Open No. 7-14880, the semi-
conductor integrated circuit has substantially the same
length as one side of a display screen (i.e., a matrix circuit)
of the display device and is obtained by peeling it from
another substrate and then forming it on the first substrate.

[0028] In the passive matrix type, a first substrate includes
first electrical wirings of a plurality of transparent conduc-
tive films extended to a first direction and a first long and
narrow semiconductor integrated circuit having TFTs which
is connected to the first electrical wirings and extended to a
second direction substantially vertical to the first direction,
and a second substrate includes second electrical wirings of
a plurality of transparent conductive films extended to the
second direction and a second semiconductor integrated
circuit having TFTs which is connected to the second
electrical wirings and extended to the first direction. The first
and second substrates in the display device are arranged so
that the first electrical wirings are opposite to the second
electrical wirings. The first and second semiconductor inte-
grated circuits are obtained by peeling them from another
substrate and then forming them on the first and second
substrates.

[0029] In the active matrix type, a first substrate includes
a first plurality of electrical wirings extended to a first
direction and a first semiconductor integrated circuit having
TFTs which is connected to the first electrical wirings and
extended to a second direction substantially vertical to the
first direction, a second plurality of electrical wirings
extended to the second direction, and a second semiconduc-
tor integrated circuit having TFTs which is connected to the
second electrical wirings and extended to the first direction,
and a second substrate includes a transparent conductive
film on a surface thereof. The first and second substrates in
the display device are arranged so that the first and second
electrical wirings on the first substrate are opposite to the
transparent conductive film on the second substrate. The first
and second semiconductor integrated circuits are obtained
by peeling them from another substrate and then forming
them on the first substrate.

[0030] A method for forming a semiconductor integrated
circuit having TFTs on a substrate, peeling the formed
circuit from the substrate and adhering the peeled circuit on
another substrate (or removing the substrate after adhering
the circuit on another substrate) has been known as a silicon
on insulator (SOI) technique. The technique disclosed in
Japanese Patent Application Open No. 6-504139, another
known technique or a technique used in an embodiment
described below may be used.
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[0031] FIGS. 1A and 1B show an example of a cross
section of a passive matrix type display device. FIG. 1A is
a cross section obtained at a relatively low magnification.
The left side shows a driver circuit portion 1 formed on a
semiconductor-integrated circuit, and the left shows a matrix
portion 2. A semiconductor integrated circuit 6 having a
taper-shaped cross section is fixed mechanically on a sub-
strate 3 by a resin 5. A pattern of an electrical wiring 4 made
of a transparent conductive film or the like is formed and at
the same time an electrical connection is performed. FIG.
1B is obtained by magnifying a region enclosed by a dot line
in FIG. 1A. The semiconductor integrated circuit 6 has a
structure that an N-channel type TFT 7 and a P-channel type
TFT 8 are disposed between a base insulating film 9, an
interlayer insulator 10 and a passivation film 11 of silicon
oxide or the like.

[0032] With respect to a contact portion of a semiconduc-
tor integrated circuit and a wiring electrode, a wiring may be
patterned after the semiconductor integrated circuit is fixed
on a substrate. As shown in FIG. 3A, a semiconductor
integrated circuit 34 having a metal wiring 33 may be fixed
on a substrate 40 having an electrical wiring 31 of a
transparent conductive film or the like in advance and then
electrical connection may be performed. FIGS. 3B and 3C
are magnification views of connection portions. The elec-
trical connection is performed by a method for using an
anisotropic conductive adhesive 32 in FIG. 3B or a method
for crimping the metal wiring 33 in a bump 35 disposed on
a wiring electrode 31 in advance in FIG. 3C.

[0033] FIGS. 7A and 7B show another example of a cross
section of a passive matrix type display device. FIG. 7A is
a cross section obtained at a relatively low magnification.
The left side shows a driver circuit portion 111 formed on a
semiconductor integrated circuit, and the left shows a matrix
portion 112. A metal wiring 114 and a semiconductor
integrated circuit 116 are fixed mechanically on a substrate
113 by a resin 115.

[0034] An overlapping portion of an electrical wiring 122
made of a material such as a transparent conductive film
formed on the substrate 113 and the metal wiring 114 is
heated by laser irradiation and then melted, to perform
electrical connection. At this time, it is desired that the metal
wiring 114 is melted easily. Thus, it is preferable to use a
metal such as an indium tin oxide (ITO) having a low
melting point.

[0035] FIG. 7B is obtained by magnifying a region
enclosed by a dot line in FIG. 7A. The semiconductor
integrated circuit 116 has a structure that an N-channel type
TFT 117 and a P-channel type TFT 118 are disposed
between a base insulating film 119, an interlayer insulator
120 and a passivation film 121 of silicon oxide or the like.

[0036] With respect to a contact portion of the metal
wiring 114 and the wiring electrode 122, in addition to a
laser melting method, in FIG. 8A, a semiconductor inte-
grated circuit 134 having a metal wiring 133 may be fixed
on a substrate 140 having an electrical wiring 131 of a
transparent conductive film or the like by using an aniso-
tropic conductive adhesive 135 and then electrical connec-
tion may be performed by heating and crimping. FIGS. 8B
and 8C are magnification views of connection portions. In
the connection using an anisotropic conductive adhesive 135
(FIG. 8B), the metal wiring 133 is connected electrically to
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the electrical wiring 131 by using conductive particles 136
in the anisotropic conductive adhesive 135. In FIG. 8C, a
method for disposing a bump 137 made of a metal having a
low melting point on the wiring electrode 131 in advance
and then melting the bump 137 by heating to electrically
connect the electrical wiring 131 to the metal wiring 133 can
be used.

[0037] A schematic order of processes for producing such
a passive matrix type display device is shown in FIGS. 2A
to 2G. A large number of semiconductor integrated circuits
(peripheral driver circuits) 22 are formed on a desired
substrate 21. (FIG. 2A) The substrate 21 having the circuits
22 is divided to obtain stick crystals 23 and 24. Electrical
characteristics in the obtained stick crystals are tested before
performing next process, to select a good product. (FIG. 2B)

[0038] The stick crystals 23 and 24 are adhered on sur-
faces 26 and 28 of another substrates 25 and 27 in which
patterns of wirings made of a transparent conductive film are
formed, by the SOI technique, and semiconductor integrated
circuits 29 and 30 on the stick crystals 23 and 24 are
connected electrically to the wirings. (FIGS. 2C and 2D)

[0039] The stick crystals 23 and 24 are peeled so as to
remain only the semiconductor integrated circuits 29 and 30
on the surfaces 26 and 28 of the substrates 25 and 27. (FIGS.
2E and 2F)

[0040] The obtained substrates are opposed to one another,
so that a passive matrix type display device is obtained. A
surface 26 is a reverse surface of the surface 26, ie., a
surface on which a wiring pattern is not formed. (FIG. 2G)

[0041] Inthe above case, a row stick crystal (a stick crystal
for a driver circuit for driving a row wiring) and a column
stick crystal (a stick crystal for a driver circuit for driving a
column wiring) are divided from the same substrate 21.
However, these stick crystals may be divided from another
substrate. Although a passive matrix type display device is
shown in FIGS. 2A to 2G, the same process may be
performed for an active matrix type display device. A case
wherein a material such as a film is formed as a substrate is
shown in an embodiment.

[0042] According to the present invention, there is pro-
vided a liquid crystal display device includes a first substrate
in which a passive matrix circuit and a peripheral driver
circuit are provided, a second substrate which is provided to
be opposite to the first substrate, includes a passive matrix
circuit and a peripheral driver circuit and has at least a size
corresponding to the passive matrix circuit and the periph-
eral driver circuit, spacers provided between the first and
second substrates to maintain a desired substrate interval, a
seal material formed outside at least the passive matrix
circuits and the peripheral driver circuits in the first and
second substrates, and a liquid crystal material filled inside
a region enclosed by the seal material, wherein a protective
film formed on the peripheral driver circuit has substantially
a thickness equivalent to an interval between the substrates
which is formed by the spacers.

[0043] According to the present invention, there is pro-
vided a liquid crystal display device includes a first substrate
in which an active matrix circuit and a peripheral driver
circuit are provided, a second substrate which is provided to
be opposite to the first substrate and has at least a size
corresponding to the active matrix circuit and the peripheral
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driver circuit, spacers provided between the first and second
substrates to maintain a desired substrate interval, a seal
material formed outside at least the active matrix circuits
and the peripheral driver circuits in the first and second
substrates, and a liquid crystal material filled inside a region
enclosed by the seal material, wherein a protective film
formed on the peripheral driver circuit has substantially a
thickness equivalent to an interval between the substrates
which is formed by the spacers.

[0044] FIG. 13 shows an example of a liquid crystal
display device according to the present invention. In FIG.
13, a first substrate 501 made of glass, plastic or the like and
a second substrate 502 which is a counter substrate are
provided to be opposite to one another. A counter electrode
(not shown) is provided inside the second substrate 502.

[0045] On the first substrate 501, a large number of
electrode wirings made of a transparent conductive film and
a peripheral driver circuit 503 connected to the electrode
wirings are provided. Also, on the second substrate 502, a
large number of electrode wirings made of a transparent
conductive film and a peripheral driver circuit 504 con-
nected to the electrode wirings are provided.

[0046] In a region outside the electrode wirings made of
the transparent conductive film and the peripheral driver
circuits 503 and 504 in the first and second substrates 501
and 502, a seal material 507 is provided, and a liquid crystal
material 506 which is injected from a liquid crystal inlet (not
shown) is filled. A plurality of spacers are provided in a
region that the liquid crystal material 506 is injected.

[0047] On the peripheral driver circuits 503 and 504,
protective films 510 and 511 are provided. A thickness of the
protective films 510 and 511 is substantially the same as an
interval between the substrates 501 and 502 which is formed
by the spacers. Note that numeral 505 represents display
pixel electrodes and numeral 509 represents external con-
nection terminals.

[0048] FIG. 14 shows cross section along a line A-A' in
FIG. 13. The protective film 510 is provided on the periph-
eral driver circuit 503. Also, between the first and second
substrates, spacers 401 having a spherical shape is scattered
uniformly.

[0049] In the present invention, since the protective film
110 provided on the peripheral driver circuit 503 in the
substrate 501 has a thickness substantially equivalent to an
interval between the substrates which is formed by the
spacers, a concentration of local stress due to external stress
402 can be suppressed and breaking of the peripheral driver
circuit 103 can be prevented.

[0050] A schematic order of processes for producing such
a display device is shown in FIGS. 2A to 2G, as described
above. In this case, the stick crystals (stick substrates) 23 and
24 in which peripheral driver circuits are formed are
obtained by cutting the same substrate 21. However, these
stick crystals may be obtained by different substrates.
Although a passive matrix type display device is shown in
FIGS. 2A to 2G, the same process may be performed for an
active matrix type display device. Further, since a driver
circuit is formed on another substrate and then adhered, a
material such as a plastic film can be used as a substrate.
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[0051] According to the present invention, in a liquid
crystal display device, a matrix circuit and a peripheral
driver circuit are provided in a liquid crystal region, and a
protective film having a thickness substantially equivalent to
a size of the spacers scattered in the liquid crystal region is
provided on the peripheral driver circuit, so that breaking of
TFTs constructing the peripheral driver circuit due to stress
application to the substrates can be prevented and an interval
between the substrates can be maintained to be constant.
Thus, reliability and durability of the liquid crystal display
device can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] FIGS. 1A and 1B show a cross section structure
according to the present invention;

[0053] FIGS. 2A to 2G show a producing method of a
display device of the present invention;

[0054] FIGS. 3A and 3C show an example of a cross

section structure of a display device of the present invention;

[0055] FIGS. 4A to 4C show an example of a producing
process of a semiconductor integrated circuit used in the
present invention;

[0056] FIGS. 5A to 5D show a process for adhering a
semiconductor integrated circuit to a substrate of a display
device;

[0057] FIGS. 6A and 6B show an example of a producing
process of a semiconductor integrated circuit used in the
present invention;

[0058] FIGS.7A and 7B show another example of a cross
section structure of a display device of the present invention;

[0059] FIGS. 8A to 8C show a cross section structure
according to the present invention;

[0060] FIGS. 9A to 9C show another example of a pro-
ducing process of a semiconductor integrated circuit used in
the present invention;

[0061] FIGS. 10A to 10D a process for adhering a semi-
conductor integrated circuit to a substrate of a display
device;

[0062] FIGS. 11A and 11B show an example of a process
of electrical connection of a wiring in the present invention;

[0063] FIG. 12 shows a conventional liquid crystal dis-
play device;

[0064] FIG. 13 shows a liquid crystal display device
according to the present invention;

[0065] FIG. 14 is a cross section view in a line A-A' of
FIG. 13;

[0066] FIGS. 15A to 15C show a producing process of a

stick substrate used in the present invention; and

[0067] FIGS. 16A to 16D show a process for adhering a
peripheral driver circuit on the stick substrate to another
substrate in the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiment 1

[0068] The embodiment shows a schematic producing
process for one substrate in a passive matrix type liquid
crystal display device, using FIGS. 4A to 5D. FIGS. 4A to
4C show a schematic process for forming a driver circuit on
a stick crystal, and FIGS. 5A to 5D show a schematic
process for forming the driver circuit on a substrate in a
liquid crystal display device.

[0069] A silicon film having a thickness of 3000 A is
deposited as a peeling layer 51 on a glass substrate 50. Since
this silicon film is etched when a circuit formed thereon is
peeled from the substrate, there is no problem almost with
respect to a film quality, so that the silicon film may be
deposited by a method that mass-production is possible. The
silicon film may be amorphous or crystalline and include
another element.

[0070] As the glass substrate, a glass (containing no alkali
or alkali at a low concentration) or a quartz glass such as
Corning 7059, Corning 1737, NH technoglass NA 45, NH
technoglass NA 35 or Japan electric glass OA2 may be used.
When a quartz glass is used, there is a problem in its cost.
However, since, in the present invention, an area used in one
liquid crystal display device is extremely small, a cost per
unit is sufficiently low.

[0071] A silicon oxide film 53 having a thickness of 200
nm is deposited on the peeling layer 51. Since the silicon
oxide film 53 is used as a base film, it is necessary to pay
sufficient attention to its formation. By a known method,
crystalline island silicon regions (silicon islands) 54 and 55
are formed. A thickness of these silicon islands 54 and 55
influence characteristics of a necessary semiconductor cir-
cuit. In general, it is preferable to be a thin film. In the
embodiment, the thickness is 40 to 60 nm.

[0072] To obtain crystalline silicon, a method for irradi-
ating an intense light such as a laser into amorphous silicon
(a laser annealing method) or a method for making solid
phase growth (crystallization) by thermal annealing (a solid
phase growth (crystallization) method) is used. In using the
solid phase growth method, as disclosed in Japanese Patent
Application Open No. 6-244104, when a catalytic element
such as nickel is added to silicon, a crystallization tempera-
ture can be reduced and an annealing time can be shortened.
Also, as disclosed in Japanese Patent application Open No.
6-318701, silicon crystallized by the solid phase growth
method may be laser-annealed. A method to be used may be
determined in accordance with characteristics of a necessary
semiconductor integrated circuit, a heat-resistance tempera-
ture of a substrate and the like.

[0073] By plasma chemical vapor deposition (plasma
CVD) or thermal CVD, a silicon oxide having a thickness of
120 nm is deposited as a gate insulating film 56, and then
gate electrode-wirings 57 and 58 using crystalline silicon
having a thickness of 500 nm are formed. The gate elec-
trode-wirings may be a metal such as aluminum, tungsten or
titanium, or siliside thereof. When metal gate electrode-
wirings 57 and 58 are formed, as disclosed in Japanese
Patent Application No. 5-267667 or 6-338612, an upper or
a side surface of the gate electrode-wirings may be coated
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with an anodic oxide. A material constructing the gate
electrode-wirings 57 and 58 may be determined in accor-
dance with characteristics of a necessary semiconductor
circuit, a heat-resistance temperature of a substrate and the
like. (FIG. 4A)

[0074] In a self-alignment, an N-type and a P-type impu-
rities are introduced into the silicon islands 54 and 55 by ion
doping or the like, to form N-type regions 59 and P-type
regions 60. An interlayer insulator 61 (a silicon oxide film
having a thickness of 500 nm) is deposited by a known
method, and then contact holes are formed therein, to form
aluminum alloy wirings 62 to 64. (FIG. 4B)

[0075] A polyimide film 70 is formed as a passivation film
on those films by adding varnish and then curing it. In the
embodiment, Photoneath UR-3800 of Toray Industries Inc.
is used. Addition is performed by a spinner (not shown). An
addition condition may be determined in accordance with a
desired film thickness. The polyimide film 70 having a
thickness of about 4 um is formed at 3000 rpm for 30
seconds. After drying, exposure and development are per-
formed. By selecting a desired condition, a desired taper
shape can be obtained. The film is then cured by processing
at 300° C. in an atmosphere containing nitrogen. (FIG. 4C)

[0076] A transfer substrate 72 is adhered to the semicon-
ductor integrated circuit by a resin 71. It is desired that the
transfer substrate 72 has a strength and a flat surface to hold
the integrated circuit impermanently. Thus, glass, plastic or
the like can be used. Since the transfer substrate 72 is peeled
later, it is preferable that the resin 71 is a removable material.
Also, as the resin 71, a removable material such as an
adhesive may be used. (FIG. 5A)

[0077] The processed substrate is left within air flow of a
mixture gas of fluorine trichloride (CIF;) and nitrogen. A
flow rate of fluorine trichloride and nitrogen is set to 500
sccm. A reaction process is 1 to 10 Torr. A temperature is a
room temperature. It has been known that fluorine halide
such as fluorine trichloride has a characteristic for selec-
tively etching silicon. On the other hand, silicon oxide is not
almost etched. Thus, the peeling layer made of silicon is
etched in accordance with an elapse. However, the base film
53 made of silicon oxide is not almost etched, so that a TET
element is not damaged. When further elapsing a time, the
peeling layer 51 is etched completely, thereby to peel the
semiconductor integrated circuit completely. (FIG. 5B)

[0078] The peeled semiconductor integrated circuit is
adhered to a substrate 75 of a liquid crystal display device
by a resin 76 and then the transfer substrate 72 is removed.
(FIG. 5C)

[0079] Thus, a transfer of the semiconductor integrated
circuit to the substrate 75 of the liquid crystal display device
is completed. The substrate of the liquid crystal display
device is polyether sulfate (PES) having a thickness of 0.3
mm.

[0080] By sputtering, an indium tin oxide (ITO) film 80
having a thickness of 100 nm is formed. The ITO film is a
transparent conductive oxide and patterned to complete
electrical connection between the electrical wirings and the
semiconductor integrated circuit. (FIG. 5D)

[0081] As a result, the formation of the semiconductor
integrated circuit on one substrate of the liquid crystal
display device is completed. The liquid crystal display
device is completed by using the obtained substrate.
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Embodiment 2

[0082] The embodiment shows a schematic process for
producing a semiconductor integrated circuit on a stick
crystal. The embodiment will be explained using FIGS. 6A
and 6B.

[0083] In FIG. 6A, a peeling layer 102 made of silicon is
formed on a substrate 101, and then a driver circuit (a
semiconductor integrated circuit) 100 having TFTs is
formed on the peeling layer 102. These are formed by the
same process as in Embodiment 1. A silicon oxide film is
formed as a passivation film. In the embodiment, two-layer
silicon oxide films 103 and 104 are formed by plasma CVD.
The first silicon oxide film 103 is formed by applying a
relatively high power, and the second silicon oxide film 104
is formed by a relatively low power. A thickness of the first
silicon oxide film 103 is 100 to 500 nm, and a thickness of
the second silicon oxide film 104 is 500 to 1000 nm.

[0084] After a resist 105 for patterning is formed, the
substrate having a laminate is immersed in a %10 hydrofluoric
acid solution to etch the silicon oxide films 103 and 104. At
this time, an etching rate of the first silicon oxide film 103
formed by applying the relatively high power is low than
that of the second silicon oxide film 104 formed by applying
the relatively low power. As a result, the second silicon
oxide film 104 is undercut greatly. (FIG. 6B)

[0085] Finally, by peeling the resist, a semiconductor
integrated circuit having a taper-shaped cross section is
completed.

[0086] In the embodiment, the two-layer silicon oxide
films 103 and 104 for a passivation film are used. Three-
layers or more may be used. Also, by changing a film
formation condition successively, a film may be used so that
an etching rate becomes large in a direction from a lower
layer to an upper layer. Further, a material such as silicon
nitride having the same effect or a combination thereof can
be used.

[0087] Inthe embodiment, since periphery of end portions
of the insulating film 70 covering the semiconductor inte-
grated circuit 100 has a taper shape, disconnection of a
formed wiring in a step portion can be prevented. Also, a
product yield and reliability can be improved.

Embodiment 3

[0088] The embodiment shows a schematic producing
process for one substrate in a passive matrix type liquid
crystal display device, using FIGS. 9A to 10D. FIGS. 9A to
9C show a schematic process for forming a driver circuit on
a stick crystal, and FIGS. 10A to 10D show a schematic
process for forming the driver circuit on a substrate in a
liquid crystal display device.

[0089] A silicon film having a thickness of 3000 A is
deposited as a peeling layer 151 on a glass substrate 150.
Since this silicon film is etched when a circuit formed
thereon is peeled from the substrate, there is no problem
almost with respect to a film quality, so that the silicon film
may be deposited by a method that mass-production is
possible. Also, the silicon film used as the peeling layer 151
may be amorphous or crystalline and include another ele-
ment.
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[0090] As the glass substrate 150, a glass (containing no
alkali or alkali at a low concentration) or a quartz glass such
as Corning 7059, Corning 1737, NH technoglass NA 45, NH
technoglass NA 35 or Japan electric glass OA2 may be used.
When a quartz glass is used, there is a problem in its cost.
However, since, in the present invention, an area used in one
liquid crystal display device is extremely small, a cost per
unit is sufficiently low.

[0091] Asilicon oxide film 153 having a thickness of 200
nm is deposited on the peeling layer 151. Since the silicon
oxide film 153 is used as a base film, it is necessary to pay
sufficient attention to its formation. By a known method,
crystalline island silicon regions (silicon islands) 154 and
155 are formed. A thickness of the silicon islands 154 and
155 influence characteristics of a necessary semiconductor
circuit. In general, it is preferable to be a thin film. In the
embodiment, the thickness is 40 to 60 nm.

[0092] To obtain crystalline silicon, a method for irradi-
ating an intense light such as a laser into amorphous silicon
(a laser annealing method) or a method for making solid
phase growth (crystallization) by thermal annealing (a solid
phase growth (crystallization) method) is used. In using the
solid phase growth method, as disclosed in Japanese Patent
Application Open No. 6-244104, when a catalytic element
such as nickel is added to silicon, a crystallization tempera-
ture can be reduced and an annealing time can be shortened.
Also, as disclosed in Japanese Patent application Open No.
6-318701, silicon crystallized by the solid phase growth
method may be laser-annealed. A method to be used may be
determined in accordance with characteristics of a necessary
semiconductor integrated circuit, a heat-resistance tempera-
ture of a substrate and the like.

[0093] By plasma CVD or thermal CVD, a silicon oxide
having a thickness of 120 nm is deposited as a gate insu-
lating film 156, and then gate electrode-wirings 157 and 158
using crystalline silicon having a thickness of 500 nm are
formed. The gate electrode-wirings 157 and 158 may be a
metal such as aluminum, tungsten or titanium, or siliside
thereof. When metal gate electrode-wirings are formed, as
disclosed in Japanese Patent Application No. 5-267667 or
6-338612, an upper or a side surface of the gate electrode-
wirings may be coated with an anodic oxide. A material
constructing the gate electrode-wirings 157 and 158 may be
determined in accordance with characteristics of a necessary
semiconductor circuit, a heat-resistance temperature of a
substrate and the like. (FIG. 9A)

[0094] In a self-alignment, an N-type and a P-type impu-
rities are introduced into the silicon islands 154 and 155 by
ion doping or the like, to form N-type regions 159 and
P-type regions 160 in the silicon islands 154 and 155. An
interlayer insulator 161 (a silicon oxide film having a
thickness of 500 nm) is deposited by a known method, and
then contact holes are formed therein, to form aluminum
alloy wirings 162 to 164. (FIG. 9B)

[0095] A polyimide film 170 is formed as a passivation
film by adding varnish and then curing it. In the embodi-
ment, Photoneath UR-3800 of Toray Industries Inc. is used.
Addition is performed by a spinner (not shown). An addition
condition may be determined in accordance with a desired
film thickness. The polyimide film 170 having a thickness of
about 4 um is formed at 3000 rpm for 30 seconds. After
drying, exposure and development are performed. By select-
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ing a desired condition, a desired pattern can be obtained.
Then, the film is cured by processing at 300° C. in an
atmosphere containing nitrogen. A metal wiring 190 of
aluminum is formed thereon by sputtering. (FIG. 9C)

[0096] A transfer substrate 172 is adhered to the semicon-
ductor integrated circuit by a resin 171. It is desired that the
transfer substrate 172 has a strength and a flat surface to hold
the integrated circuit impermanently. Thus, glass, plastic or
the like can be used. Since the transfer substrate 172 is
peeled later, it is preferable that the resin 71 is a removable
material. Also, as the resin 71, a removable material such as
an adhesive may be used. (FIG. 10A)

[0097] The processed substrate is left in air flow of a
mixture gas of fluorine trichloride (CIF;) and nitrogen. A
flow rate of fluorine trichloride and nitrogen is 500 sccm. A
reaction process is 1 to 10 Torr. A temperature is a room
temperature. It has been known that fluorine halide such as
fluorine trichloride has a characteristic for selectively etch-
ing silicon. Silicon oxide is not almost etched. Thus, the
peeling layer 151 made of silicon is etched in accordance
with an elapse. Since the base film 153 made of silicon oxide
is not almost etched, a TFT element is not damaged. When
further elapsing a time, the peeling layer 151 is etched
completely, thereby to peel the semiconductor integrated
circuit completely. (FIG. 10B)

[0098] The peeled semiconductor integrated circuit is
adhered to a substrate 175 of a liquid crystal display device
by aresin 176 and then the transfer substrate 172 is removed.
(FIG. 10C)

[0099] Thus, a transfer of the semiconductor integrated
circuit to the substrate of the liquid crystal display device is
completed. The substrate of the liquid crystal display device
is polyether sulfate (PES) having a thickness of 0.3 mm.

[0100] An overlapping portion of a wiring electrode 180
and the metal wiring 190 which are formed on the substrate
of the liquid crystal display device is irradiated with a YAG
laser 185 and then heated, to perform electrical connection.
(FIG. 10D)

[0101] As a result, the formation of the semiconductor
integrated circuit on one substrate of the liquid crystal
display device is completed. The liquid crystal display
device is completed by using the obtained substrate.

Embodiment 4

[0102] The embodiment shows a schematic process for
electrically connecting a wiring on a substrate of a liquid
crystal display device to a metal wiring in a semiconductor
integrated circuit using FIGS. 11A and 11B. FIGS. 11A and
11B are magnification views of a connection portion of a
wiring electrode on a substrate of a liquid crystal display
device and a metal wiring of a semiconductor integrated
circuit.

[0103] A wiring electrode 201 made of a transparent
conductive film is formed on a substrate 200 of a liquid
crystal display device by sputtering. Further, a pad 202 made
of a metal having a low melting point is formed in a portion
to be electrically connected to a semiconductor integrated
circuit by sputtering.

[0104] Using the method as described in Embodiment 1, a
semiconductor integrated circuit and a metal wiring which
are formed on another substrate 203 are fixed mechanically
through an adhesive 204. (FIG. 11A)
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[0105] An overlapping portion of the metal wiring on
another substrate 203 and the pad 202 is melted by a YAG
laser 206, to complete an electrical connection 208. (FIG.

11B)

[0106] In the embodiment, a laser is irradiated from a
position over the metal wiring of another substrate 203. In
a case wherein a laser is irradiated from a position under the
substrate 200, the same effect is also obtained.

Embodiment 5

[0107] The embodiment shows a schematic producing
process for one substrate in a passive matrix type liquid
crystal display device, using FIGS. 15A to 16D. FIGS. 15A
to 15C show a schematic process for forming a peripheral
driver circuit on a stick substrate, and FIGS. 16A to 16D
show a schematic process for forming the peripheral driver
circuit on a substrate in a liquid crystal display device.

[0108] A silicon film having a thickness of 3000 A is
deposited as a peeling layer 732 on a glass substrate 731.
Since this silicon film is etched when a circuit formed
thereon is peeled from the substrate, there is no problem
almost with respect to a film quality, so that the silicon film
may be deposited by a method that mass-production is
possible. The silicon film may be amorphous or crystalline.

[0109] As the glass substrate 731, a glass (containing no
alkali or alkali at a low concentration) or a quartz glass such
as Corning 7059, Corning 1737, NH technoglass NA 45, NH
technoglass NA 35 or Japan electric glass OA2 may be used.
When a quartz glass is used, there is a problem in its cost.
However, since, in the present invention, an area used in one
liquid crystal display device is extremely small, a cost per
unit is sufficiently low.

[0110] Asilicon oxide film 733 having a thickness of 5000
A is deposited on the peeling layer 732. Since the silicon
oxide film 733 is used as a base film, it is necessary to pay
sufficient attention to its formation. By a known method,
crystalline island silicon regions (silicon islands) 734 and
735 are formed. A thickness of these silicon islands 734 and
735 influence characteristics of a necessary semiconductor
circuit. In general, it is preferable to be a thin film. In the
embodiment, the thickness is 400 to 600 A.

[0111] To obtain crystalline silicon, a method for irradiat-
ing an intense light such as a laser into amorphous silicon (a
laser annealing method) or a method for making solid phase
growth (crystallization) by thermal annealing (a solid phase
growth (crystallization) method) is used. In using the solid
phase growth method, as disclosed in Japanese Patent Appli-
cation Open No. 6-244104, when a catalytic element such as
nickel is added to silicon, a crystallization temperature can
be reduced and an annealing time can be shortened. Also, as
disclosed in Japanese Patent application Open No.
6-318701, silicon crystallized by the solid phase growth
method may be laser-annealed. A method to be used may be
determined in accordance with characteristics of a necessary
semiconductor integrated circuit, a heat-resistance tempera-
ture of a substrate and the like.

[0112] By plasma CVD or thermal CVD, a silicon oxide
having a thickness of 1200 Ais deposited as a gate insu-
lating film 736, and then gate electrode-wirings 737 and 738
using crystalline silicon having a thickness of 5000 A are
formed. The gate electrode-wirings may be a metal such as
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aluminum, tungsten or titanium, or siliside thereof. When
metal gate electrode-wirings are formed, as disclosed in
Japanese Patent Application No. 5-267667 or 6-338612, an
upper or a side surface of the gate electrode-wirings may be
coated with an anodic oxide. A material constructing the gate
electrode-wirings 737 and 738 may be determined in accor-
dance with characteristics of a necessary semiconductor
circuit, a heat-resistance temperature of a substrate and the
like. (FIG. 15A)

[0113] In a self-alignment, an N-type and a P-type impu-
rities are introduced into the silicon islands 134 and 135 by
ion doping or the like, to form N-type regions 739 and
P-type regions 740. An interlayer insulator 741 (a silicon
oxide film having a thickness of 5000 A) is deposited by a
known method, and then contact holes are formed therein, to
form aluminum alloy wirings 742 to 744. (FIG. 15B)

[0114] A silicon nitride film 746 having a thickness of
2000 A is deposited as a passivation film by plasma CVD,
and then a contact hole for the wiring 744 of an output
terminal is formed therein. By sputtering, an electrode 747
made of an ITO film having a thickness of 1000 A is formed.
The ITO film is a transparent conductive oxide. Then, a
bump 748 made of gold having a diameter of about 50 um
and a height of about 30 um is formed mechanically on the
ITO electrode 747. The obtained circuit is divided to obtain
stick substrates each having a desired size. (FIG. 15C)

[0115] On the other hand, as shown in FIGS. 16A, an ITO
electrode 750 having a thickness of 1000 A is formed on a
substrate 749 used in a liquid crystal display device. In the
embodiment, the substrate in the liquid crystal display
device is polyether sulfate (PES) having a thickness of 0.3
mm. Stress (pressure) are applied to the substrate 749 and
the stick substrate 731 to adhere to these substrates one
another. At this time, the ITO electrode 747 is connected
electrically to the ITO electrode 750 through the bump 748.
(FIG. 16A)

[0116] An adhesive 751 which is mixed with a thermally
curable organic resin is injected into a gap between the stick
substrate 731 and the substrate 749 in the liquid crystal
display device. The adhesive 751 may be applied to a surface
of one of the substrates in advance before the stick substrate
731 is crimped to the substrate 749 in the liquid crystal
display device.

[0117] By processing at 120° C. for 15 minutes in an
atmosphere containing nitrogen in an oven, electric connec-
tion and mechanical adhesion between the stick substrate
731 and the substrate 749 are completed. Before complete
adhesion, it may be tested whether or not sufficient electrical
connection state is obtained, by a method disclosed in
Japanese Patent Application Open No. 7-14880, and then a
main adhesion method may be utilized. (FIG. 16B)

[0118] The processed substrates are left within air flow of
a mixture gas of fluorine trichloride (CIF;) and nitrogen. A
flow rate of fluorine trichloride and nitrogen is set to 500
sccm. A reaction process is 1 to 10 Torr. A temperature is a
room temperature. It has been known that fluorine halide
such as fluorine trichloride has a characteristic for selec-
tively etching silicon. On the other hand, silicon oxide is not
almost etched. However, oxides (silicon oxide and ITO) are
not almost etched. Also, when a stable oxide film is formed
on a surface of aluminum, since reaction is stopped, etching
is not performed.
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[0119] In the embodiment, a material which is etchable by
fluorine trichloride is the peeling layer (silicon) 732, the
silicon islands 734 and 735, the gate electrodes 737 and 738,
the aluminum alloy wirings 742 to 744 and the adhesive 751.
With respect to the materials other than the peeling layer 732
and the adhesive 751, since a material such as silicon oxide
is formed outside the materials, fluorine trichloride cannot
reach the materials. Actually, as shown in FIG. 16C, only
the peeling layer 732 is etched selectively, thereby to form
holes 752.

[0120] When a time elapses, the peeling layer 732 is
etched completely, so that a bottom surface 753 of the base
film 733 is exposed. Therefore, the stick substrate 731 can
be separated from a semiconductor circuit. In etching using
fluorine trichloride, since etching is stopped at the bottom
surface 753 of the base film 733, the bottom surface 753 is
extremely flat. (FIG. 16D)

[0121] By such processing, a transfer of the peripheral
driver circuit from the stick substrate to one substrate of the
liquid crystal display device is completed. Then, a polyimide
film is formed as a protective film on the transferred periph-
eral driver circuit by adding varnish and then curing it. In the
embodiment, Photoneath UR-3800 of Toray Industries Inc.
is used. Addition is performed by a spinner (not shown). An
addition condition may be determined in accordance with a
desired film thickness. The polyimide film having a thick-
ness of about 5 um is formed at 2000 rpm for 20 seconds.
After the addition is performed, drying, exposure and devel-
opment are performed to remove an unnecessary polyimide.
The film is then cured by processing it at 300° C. in an
atmosphere containing nitrogen. It is important that a thick-
ness of the polyimide film is set to be substantially the same
as a diameter of spacers to be used later. Thus, it can be
prevented that the spacers are present on the peripheral
driver circuit. A thickness of the polyimide film may be set
to be substantially the same as that of a seal material.
However, in general, the thickness of the seal material is
determined by the spacers, the thickness of the polyimide
film is generally set to be the diameter of the spacers. In a
passive matrix type display device, the other substrate is
produced by substantially the same process as described
above.

[0122] Next, a producing process for a passive matrix type
liquid crystal display device is explained below.

[0123] The first and second substrates produced by the
above processes are sufficiently washed to remove various
chemicals such as an etching solution, a resist solution and
a peeling solution which are used for surface-processing.

[0124] An orientation film is adhered to an electrode
region which is made of ITO and constructs pixels. An
orientation material is obtained by dissolving, in a solvent
such as butyl cellosolve or N-methyl pyrrolidone, a poly-
imide having about 10 weight % of the solvent.

[0125] The orientation films adhered to the first and sec-
ond substrates are heated and cured (baked). Then, rubbing
treatment is performed so that a surface of a glass substrate
to which the orientation film is adhered is rubbed in a desired
direction by using a buff cloth (a fiber such as rayon and
nylon) having of a wool length of 2 to 3 mm at a surface and
thus fine grooves are formed.

[0126] Spherical spacers of a polymer system, a glass
system, a silica system or the like are scattered (dispersed)
on one of the first and second substrates. A spacer scattering
method includes a wet method for scattering, on a substrate,
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spacers into which a solvent such as pure water or alcohol
is mixed and a dry method for scattering, on a substrate,
spacers without using a solvent. In the embodiment, the dry
method is used.

[0127] Aresin used as a seal material provided in an outer
side of a substrate is applied. The seal material to be used is
obtained by dissolving an epoxy resin and a phenol curing
agent in a solvent of ethyl cellosolve. An acrylate system
resin may be used. Also, a thermal-curable type or a ultra-
violet-curable type may be used.

[0128] By a screen printing method, a seal material is
applied and formed on the first substrate or the second
substrate.

[0129] After forming the seal material, two glass sub-
strates are adhered to one another. As a method for adhering
and curing, a heating curing method for curing a seal
material for about 3 hours by high temperature press at about
160° C. is used.

[0130] A liquid crystal material is injected from a liquid
crystal inlet of the passive matrix type display device
produced by adhering the first and second substrates, and
then the liquid crystal inlet is sealed by using an epoxy
system resin.

[0131] Thus, the passive matrix type liquid crystal display
device is completed.

Embodiment 6

[0132] The embodiment shows a schematic producing
process for one substrate in a passive matrix type liquid
crystal display device, using FIGS. 4A to 5D.

[0133] As described in Embodiment 1, the silicon film is
deposited as the peeling layer 51 on the glass substrate 50.
The silicon oxide film 53 is deposited as a base film on the
peeling layer 51. The crystalline silicon islands 54 and 55 are
formed. Also, by plasma CVD or thermal CVD, the silicon
oxide is deposited as the gate insulating film 56, and then
gate electrode-wirings 57 and 58 using crystalline silicon are
formed.

[0134] An N-type and a P-type impurities are introduced
into the silicon islands 54 and 55 by ion doping or the like,
to form the N-type regions 59 and the P-type regions 60. The
interlayer insulator 61 is deposited, and then contact holes
are formed therein, to form the aluminum alloy wirings 62
to 64.

[0135] The polyimide film 70 is formed as a passivation
film at 2000 rpm for 25 seconds by a spinner. The thickness
of the polyimide film 70 is set in accordance with a diameter
of spacers.

[0136] The transfer substrate 72 is adhered to the semi-
conductor integrated circuit by the resin 71.

[0137] The processed substrate is left within air flow of a
mixture gas of fluorine trichloride and nitrogen. Fluorine
halide such as fluorine trichloride has a characteristic for
selectively etching silicon. On the other hand, silicon oxide
is not almost etched. Thus, the peeling layer made of silicon
is etched in accordance with an elapse. However, the base
film 53 made of silicon oxide is not almost etched, so that
a TFT element is not damaged. When further elapsing a
time, the peeling layer 51 is etched completely, thereby to
peel the semiconductor integrated circuit completely.
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[0138] The peeled semiconductor integrated circuit is
adhered to a substrate 75 of a liquid crystal display device
by a resin 76 and then the transfer substrate 72 is removed.
Thus, a transfer of the semiconductor integrated circuit to
the substrate 75 of the liquid crystal display device is
completed.

[0139] By sputtering, the ITO film 80 is formed. The ITO
film is a transparent conductive oxide and patterned to
complete electrical connection between the electrical wir-
ings and the semiconductor integrated circuit.

[0140] As a result, the formation of the semiconductor
integrated circuit on one substrate of the liquid crystal
display device is completed. The liquid crystal display
device is completed by using the obtained substrate.

[0141] Next, a producing process for a passive matrix type
liquid crystal display device is explained below.

[0142] The first and second substrates produced by the
above processes are sufficiently washed to remove various
chemicals such as an etching solution, a resist solution and
a peeling solution which are used for surface-processing.

[0143] An orientation film is adhered to an electrode
region which is made of ITO and constructs pixels. An
orientation material is obtained by dissolving, in a solvent
such as butyl cellosolve or N-methyl pyrrolidone, a poly-
imide having about 10 weight % of the solvent.

[0144] The orientation films adhered to the first and sec-
ond substrates are heated and cured (baked). Then, rubbing
treatment is performed so that a surface of a glass substrate
to which the orientation film is adhered is rubbed in a desired
direction by using a buff cloth (a fiber such as rayon and
nylon) having of a wool length of 2 to 3 mm at a surface and
thus fine grooves are formed.

[0145] Spherical spacers of a polymer system, a glass
system, a silica system or the like are scattered (dispersed)
on one of the first and second substrates. A spacer scattering
method includes a wet method for scattering, on a substrate,
spacers into which a solvent such as pure water or alcohol
is mixed and a dry method for scattering, on a substrate,
spacers without using a solvent. In the embodiment, the dry
method is used.

[0146] Aresin used as a seal material provided in an outer
side of a substrate is applied. The seal material to be used is
obtained by dissolving an epoxy resin and a phenol curing
agent in a solvent of ethyl cellosolve. An acrylate system
resin may be used. Also, a thermal-curable type or a ultra-
violet-curable type may be used.

[0147] By a screen printing method, a seal material is
applied and formed on the first substrate or the second
substrate.

[0148] After forming the seal material, two glass sub-
strates are adhered to one another. As a method for adhering
and curing, a heating curing method for curing a seal
material for about 3 hours by high temperature press at about
160° C. is used.

[0149] A liquid crystal material is injected from a liquid
crystal inlet of the passive matrix type display device
produced by adhering the first and second substrates, and
then the liquid crystal inlet is sealed by-using an epoxy
system resin.
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[0150] Thus, the passive matrix type liquid crystal display
device is completed.

[0151] In the present invention, it is possible to use various
variations with respect to a kind, a thickness and a size of a
substrate in a display device. For example, as described in
Embodiment 1, a extremely thin film-shaped liquid crystal
display device can be obtained. In this case, the display
device may be adhered along a curved surface. Also, since
a limitation of a kind of a substrate is relaxed, a material
having light weight and high shock resistance, such as a
plastic substrate, can be used, thereby to improve portability.

[0152] In particular, by forming periphery of end portions
of an insulating film covering a semiconductor integrated
circuit into a taper shape, a structure having no disconnec-
tion of a wiring in step portion can be formed at formation
of wirings or after the formation. thus, reliability of a display
device can be improved.

[0153] Also, since an occupying area a driver circuit is
small, a degree of freedom in arrangement of one display
device and another display device is increased. Typically,
since a driver circuit can be arranged in an area (several mm
in width) around a display surface, a display device itself is
an extremely simple and fashionable product. Its application
is extended to various fields.

[0154] According to the present invention, in a liquid
crystal display device that a peripheral driver circuit is
provided in a liquid crystal region wherein contamination
resistance and humidity resistance of the peripheral driver
circuit are improved and an external appearance is simple,
breaking of the peripheral driver circuit due to a stress
pressure to a substrate can be prevented and a substrate
interval can be maintained constant. In particular, in a liquid
crystal display device in which a plastic substrate modifiable
by an external stress is used, breaking of the peripheral
driver circuit can be prevented. Thus, reliability and dura-
bility of the liquid crystal display device can be improved
further.

[0155] Thus, the present invention has an extremely high
industrial value.

1-26. (Canceled)

27. A semiconductor integrated circuit comprising:
a first plastic substrate;

a semiconductor integrated circuit fixed over the first
plastic substrate with a resin layer interposed therebe-
tween, wherein the semiconductor integrated circuit
comprises a thin film transistor having a crystalline
semiconductor film;

a passivation film formed over the semiconductor inte-
grated circuit; and

a second plastic substrate formed over the passivation

film.

28. A semiconductor integrated circuit according to claim
27, wherein the passivation film comprises polyimide.
29. A semiconductor integrated circuit comprising:

a first plastic substrate;

a semiconductor integrated circuit fixed over the first
plastic substrate with a resin layer interposed therebe-



US 2004/0263712 Al

tween, wherein the semiconductor integrated circuit
comprises a thin film transistor having a crystalline
semiconductor film;

a passivation film formed over the semiconductor inte-
grated circuit;

a wiring formed over the passivation film, and electrically
connected to the thin film transistor via a contact hole
opened in the passivation film; and

a second plastic substrate formed over the passivation
film.

30. A semiconductor integrated circuit according to claim

29, wherein the passivation film comprises polyimide.

31. A semiconductor integrated circuit comprising:

a first plastic substrate;

a resin layer formed on the first plastic substrate;

a base film formed on the resin layer;

a crystalline semiconductor film formed on the base film;

a gate electrode formed over the crystalline semiconduc-
tor film with a gate insulating film interposed therebe-
tween;

a passivation film formed over the crystalline semicon-
ductor film and the gate electrode; and

a second plastic substrate formed over the passivation
film.
32. A semiconductor integrated circuit according to claim
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33. A semiconductor integrated circuit according to claim
31, wherein the base film comprises silicon oxide.

34. A semiconductor integrated circuit according to claim
31, wherein the passivation film comprises polyimide.

35. A semiconductor integrated circuit comprising:

a first plastic substrate;

a resin layer formed on the first plastic substrate;

a base film formed on the resin layer;

a crystalline semiconductor film formed on the base film;

a gate electrode formed over the crystalline semiconduc-
tor film with a gate insulating film interposed therebe-
tween;

a passivation film formed over the crystalline semicon-
ductor film and the gate electrode; and

a wiring formed over the passivation film, and electrically
connected to the crystalline semiconductor film via a
contact hole opened in the passivation film; and

a second plastic substrate formed over the passivation

film.

36. A semiconductor integrated circuit according to claim
35, wherein the gate electrode comprises at least one
selected from the group consisting of Al, W, Ti, WSi, and
TiSi.

37. A semiconductor integrated circuit according to claim
35, wherein the base film comprises silicon oxide.

38. A semiconductor integrated circuit according to claim

31, wherein the gate electrode comprises at least one 35, wherein the passivation film comprises polyimide.
selected from the group consisting of Al, W, Ti, WSi, and
TiSi. % % % % %
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