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(54) Liquid crystal display device and manufacturing method of liquid crystal display device

(57)  To sophisticate a portable electronic appliance
without hindering reduction of the weight and the size,
more specifically, to sophisticate a liquid crystal display
apparatus installed in a portable electronic appliance
without hindering the mechanical strength, a liquid crys-
tal display apparatus includes a first plastic substrate, a
light-emitting device which is disposed over the first
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plastic substrate, resin which covers the light-emitting
device, aninsulating film which is in contact with the res-
in, a semiconductor device which is in contact with the
insulating film, a liquid crystal cell which is electrically
connected to the semiconductor device, and a second
plastic substrate, wherein the semiconductor device
and the liquid crystal cell are disposed between the first
plastic substrate and the second plastic substrate.

(«
)}
L
/I—
S

540

527 533 509

Fig.6

R R NN mwmﬂ“" Wﬂ%

L b
ft/ :/,,(!,]l’;!.’M/!’.’l’yl,’l/Il‘/l/;l,’r’.’i’/I/:l,,f/.ll’.l/:!.,il

510

Printed by Jouve, 75001 PARIS (FR)



1 EP 1439 410 A2 2

Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The presentinvention relates to a liquid crystal
display apparatus, and more particularly such a trans-
parent liquid crystal display apparatus installed in a port-
able electronic appliance. Further, the invention relates
to a method for manufacturing a liquid crystal display
apparatus, and more particularly such a method for
manufacturing a transparent liquid crystal display appa-
ratus installed in a portable electronic appliance. More-
over, the invention relates to an electronic appliance us-
ing the liquid crystal display apparatus.

2. Related Art

[0002] A portable electronic appliance as typified by
a portable phone or an electronic book is required to
have various functions such as sending and receiving
mail, recognizing sound, and capturing an image using
a small camera, in addition to a flat panel display for
displaying an image. On the other hand, there is still a
strong demand by user such as reducing size and
weight. Therefore there is a need for installing IC having
further large size of circuit or amount of memory as
much as possible into limited volume of a portable elec-
tronic appliance.

[0003] Itis important how to manufacture a flat panel
display into thin and light in order to keep space to ac-
commodate IC and to reduce size and weight of a port-
able electronic appliance. For instance, a liquid crystal
display apparatus used relatively a lot for a portable
electronic appliance can be in some degree reduced its
size and weight by reducing a thickness of a glass sub-
strate used for a panel filled with liquid crystal and by
adopting a reflective type liquid crystal display appara-
tus that needs no light source, an optical waveguide, or
the like.

[0004] However, a glass substrate cannot be formed
into too thin considering mechanical strength of a panel.
For instance, in case of using barium borosilicate glass,
alumino borosilicate glass, or the like, thickness limit
and weight limit of 3-inch-square is at most from 1 to
2mm and 10g, respectively. A reflective type liquid crys-
tal display apparatus utilizing outside light is difficult in
recognition of an image in the dark so that an advantage
that a portable electronic appliance is not required to be
site-specific is not sufficiently utilized.

SUMMARY OF THE INVENTION

[0005] Itis an object of the present invention is to so-
phisticate a portable electronic appliance without hin-
dering reduction of the weight and the size. It is more
specific object of the invention is to sophisticate a liquid

10

15

20

25

30

35

45

50

55

crystal display apparatus installed in a portable electron-
ic appliance without hindering the mechanical strength.
[0006] A liquid crystal display apparatus according to
the invention uses a light-emitting device such as a light-
emitting diode (LED) or an electroluminescent device as
a light source. The light-emitting device formed over a
plastic substrate having flexibility is covered with a resin
that is transparent to light in order to flatten a surface of
the light-emitting device. Then, a liquid crystal cell and
a semiconductor device for driving the liquid crystal cell
are provided over the flattened resin. A light source in a
state that a light-emitting device is covered with a resin
is referred to as a solid-state light source.

[0007] Generally, a plastic substrate is superior in me-
chanical strength for vibration and shock by its flexibility
so that the thickness can easily be reduced. However,
a plastic substrate and a resin often have not enough
heat resistance to withstand heat treatment in manufac-
turing a semiconductor device used for a liquid crystal
display apparatus. In view of this, according to the in-
vention, a semiconductor device is formed over a sub-
strate having resistance enough to withstand the heat
treatment, and the semiconductor device is moved over
a solid-state light source.

[0008] A liquid crystal display apparatus according to
the invention is provided with a means of reflecting light
generated in a light-emitting device in a direction of a
liquid crystal cell. Specifically, light is reflected by past-
ing a ready-made reflection plate over the plastic sub-
strate or by depositing a metal film (hereinafter, reflec-
tion film) over a surface of the plastic substrate by vapor
deposition. Further, a polarization plate is provided be-
tween a resin covering a light-emitting device, and a
semiconductor device and liquid crystal cell.

[0009] Hereinafter, the first method for manufacturing
a liquid crystal display apparatus according to the inven-
tion will be explained in specific.

[0010] Afirst substrate that has heat resistance capa-
ble of withstanding heat treatment in a process for man-
ufacturing a semiconductor device is prepared. A metal
film is formed over the first substrate, and oxidized to
form a metal oxide film having an extreme thin film thick-
ness of several nm. Then, an insulating film and a sem-
iconductor film are sequentially stacked over the metal
oxide film. The insulating film can be formed into either
a single layer or a laminated layer composed of a plu-
rality of films. For instance, silicon nitride, silicon oxyni-
tride, silicon oxide, or the like can be used for the insu-
lating film. A semiconductor device used for a liquid
crystal display apparatus is formed by the semiconduc-
tor film.

[0011] After the semiconductor device is formed and
before completing a liquid crystal cell, a second sub-
strate is pasted onto the first substrate to cover the sem-
iconductor device in such a way that the semiconductor
device is sandwiched between the second substrate
and the first substrate. The liquid crystal cell includes a
pixel electrode, a counter electrode, and liquid crystal
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disposed between the pixel electrode and the counter
electrode. As used herein, the term "before completing
a liquid crystal cell" refers to a period between the for-
mation of a pixel electrode of a liquid crystal cell con-
nected electrically to a TFT, which is one of semicon-
ductor devices, and an orientation film covering the pixel
electrode, and the paste of a counter substrate provided
with a counter electrode.

[0012] A third substrate is pasted for reinforcing rigid-
ity of the first substrate onto an opposite side of the first
substrate on which the semiconductor device is formed.
The first substrate can be easily separated and the sem-
iconductor device is hardly damaged when rigidity of the
first substrate is stronger than that of the second sub-
strate. In addition, the third substrate is unnecessary to
be pasted in case that rigidity of the first substrate is
enough to separate the first substrate from the semicon-
ductor device.

[0013] Then, the metal oxide film is crystallized by
heat treatment or the like to enhance brittleness of the
metal oxide film and to make it easier for the first sub-
strate to be easily separated from the semiconductor de-
vice. Subsequently, the first substrate is separated to-
gether with the third substrate from the semiconductor
device. In addition, the heat treatment to crystallize the
first substrate can be carried out before pasting either
the third substrate or the second substrate. Alternative-
ly, the heat treatment in a process for forming the sem-
iconductor device can serve as the heat treatment to
crystallize the metal oxide film.

[0014] The first substrate may be separated together
with the third substrate from the semiconductor device
by splitting-off a boundary face of the metal film and the
metal oxide film, the boundary face of the insulating film
and the metal oxide film, or metal oxide film itself. In any
case, the first substrate is separated so as the semicon-
ductor device to attach to the second substrate.

[0015] A plastic substrate at the side of a light source
is prepared for being pasted with a semiconductor de-
vice. Hereinafter, the plastic substrate is referred to as
a device substrate to distinguish from a plastic substrate
at the side of a counter electrode used in later. A light-
emitting device is provided over the device substrate,
and a resin is coated to cover the light-emitting device.
Then, a first polarization plate is pasted onto the resin
that is flattened.

[0016] Next, by separating the first substrate, the
semiconductor device attached to the second substrate
is pasted onto the first polarization plate with adhesive
or the like. Then, the second substrate is separated to
fix the semiconductor device to the device substrate.
[0017] A liquid crystal cell for a liquid crystal appara-
tus is formed. Specifically, a plastic substrate provided
with a counter electrode, a second polarization sub-
strate, or the like (hereinafter, counter substrate) is pre-
pared separately, and pasted onto the semiconductor
device, then, a liquid crystal cell is completed. A color
filter, an orientation film, a black matrix, and the like may
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be provided to the counter substrate in addition to the
counter electrode and the second polarization plate.
[0018] Hereinafter, a second method for manufactur-
ing a liquid crystal display apparatus according to the
invention will be explained.

[0019] Afirst substrate that has heat resistance capa-
ble of withstanding heat treatment in a process for man-
ufacturing a semiconductor device is prepared. A metal
film is formed over the first substrate, and oxidized to
form a metal oxide film having an extreme thin film thick-
ness of several nm. Then, an insulating film and a sem-
iconductor film are sequentially stacked over the metal
oxide film. The insulating film can be either a single layer
or a laminated layer having a plurality of films. For in-
stance, silicon nitride, silicon oxynitride, silicon oxide, or
the like can be used for the insulating film. A semicon-
ductor device used for a liquid crystal display apparatus
is formed by the semiconductor film.

[0020] A liquid crystal cell for a liquid crystal appara-
tus is formed. The liquid crystal cell includes a pixel elec-
trode, a counter electrode, and liquid crystal disposed
between the pixel electrode and the counter electrode.
Specifically, a plastic substrate provided with a counter
electrode, a second polarization substrate, or the like
(hereinafter, counter substrate) is prepared separately,
and pasted onto the semiconductor device, then, a liquid
crystal cellis completed. A color filter, an orientation film,
a black matrix, and the like may be provided to the coun-
ter substrate in addition to the counter electrode and the
second polarization plate.

[0021] After forming the semiconductor device and
the liquid crystal cell, a second substrate is pasted onto
the semiconductor device and the liquid crystal cell so
as to cover them. Accordingly, the liquid crystal cell is
interposed between the first substrate and the second
substrate.

[0022] A third substrate is pasted for reinforcing rigid-
ity of the first substrate onto an opposite side of the first
substrate on which the semiconductor device and the
liquid crystal cell are formed. The first substrate can be
easily separated and the semiconductor device and the
liquid crystal cell are hardly damaged when rigidity of
the first substrate is stronger than that of the second
substrate. In addition, the third substrate is unnecessary
to be pasted in case that rigidity of the first substrate is
enough to be separated from the semiconductor device.
[0023] Then, the metal oxide film is crystallized by
heat treatment or the like to enhance brittleness of the
metal oxide film and to make it easier for the first sub-
strate to be easily separated form the semiconductor de-
vice. Subsequently, the first substrate is separated to-
gether with the third substrate from the semiconductor
device. In addition, the heat treatment to crystallize the
first substrate can be carried out before pasting either
the third substrate or the second substrate. Alternative-
ly, the heat treatment in a process for forming a semi-
conductor device can serve as the heat treatment to
crystallize the metal oxide film.
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[0024] The first substrate may be separated together
with the third substrate from the semiconductor device
and the liquid crystal cell by splitting-off a boundary face
of the metal film and the metal oxide film, the boundary
face of the insulating film and the metal oxide film, or
metal oxide film itself. In any case, the first substrate is
separated so as the semiconductor device and the liquid
crystal cell to attach to the second substrate.

[0025] A plastic substrate at the side of a light source
(device substrate) is prepared for being pasted with the
semiconductor device and the liquid crystal cell. A light-
emitting device is provided over the device substrate,
and a resin is coated to cover the light-emitting device.
Then, a first polarization plate is pasted onto the resin
that is flattened.

[0026] Next, by separating the first substrate, the
semiconductor device and the liquid crystal cell at-
tached to the second substrate is pasted onto the first
polarization plate with adhesive or the like. Then, the
second substrate is separated to fix the semiconductor
device to the device substrate. And then, a liquid crystal
display apparatus is completed.

[0027] In case that a plurality of liquid crystal display
apparatus is formed from one large substrate, the large
substrate is diced to divide into the plurality of liquid
crystal display apparatus.

[0028] According to the invention, a thickness of a lig-
uid crystal display apparatus can be at least 0.6mm and
at most 1.5mm.

[0029] As described above, the liquid crystal display
apparatus is superior in mechanical strength for shock
since the device substrate and the counter substrate
have flexibility compared with a glass substrate. Conse-
quently, a thickness of the liquid crystal display appara-
tus can easily be reduced. Further, the freedom of shape
of the liquid crystal display apparatus is increased since
the device substrate and the counter substrate have
flexibility. Therefore a liquid crystal display apparatus
can be formed into a curved shape to be capable of past-
ing onto a kind of a columned bottle.

[0030] Light generated in the light-emitting device is
dispersed by covering the light-emitting device with a
resin that is transparent to light to equalize brightness
of a pixel portion of a liquid crystal display apparatus.
Brightness can be further equalized by providing disper-
sion plate between a liquid crystal cell and a resin cov-
ering a light-emitting device.

[0031] According to the invention, a liquid crystal dis-
play apparatus can be drastically formed into thin and
reduced its weight without being damaged the mechan-
ical strength by above described structure. Applying a
liquid crystal display apparatus according to the inven-
tion to an electronic appliance, a space for using IC can
be kept large and an electronic appliance can be sophis-
ticated without preventing the electronic appliance from
being lightweight and downsized. Especially, a liquid
crystal display apparatus according to the present in-
vention is useful for a portable electronic appliance

10

15

20

25

30

35

40

45

50

55

since usability thereof becomes improved by reducing
the weight and the size. According to the invention, even
when size of a pixel portion of a liquid crystal display
apparatus is increased, weight thereof is almost same
as that of a liquid crystal display apparatus using a con-
ventional glass substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

FIGS. 1A to 1D are views showing cross-sectional
views of a liquid crystal display apparatus according
to the invention;

FIGS. 2A to 2D are views showing cross-sectional
views of a liquid crystal display apparatus according
to the invention;

FIGS. 3A to 3 E are explanatory views showing a
method for manufacturing a liquid crystal display
apparatus according to the invention;

FIGS. 4A to 4C are explanatory views showing a
method for manufacturing a liquid crystal display
apparatus according to the invention;

FIGS. 5A and 5B are explanatory views showing a
method for manufacturing a liquid crystal display
apparatus according to the invention;

FIG 6 is an explanatory view showing a method for
manufacturing a liquid crystal display apparatus ac-
cording to the invention;

FIGS. 7A to 7C are explanatory views showing a
method for manufacturing a liquid crystal display
apparatus according to the invention;

FIGS. 8A and 8B are explanatory views showing a
method for manufacturing a liquid crystal display
apparatus according to the invention;

FIGS. 9A and 9B are explanatory views showing a
method for manufacturing a liquid crystal display
apparatus according to the invention;

FIG 10 is an explanatory view showing a method
for manufacturing a liquid crystal display apparatus
according to the invention;

FIGS. 11A and 11B are explanatory views showing
a method for manufacturing a liquid crystal display
apparatus according to the invention;

FIGS. 12A to 12C are cross-sectional views show-
ing a thin film circuit or an LED driver thin film circuit;
FIGS. 13A to 13D are cross-sectional views show-
ing an electronic card utilizing a liquid crystal display
apparatus according to the invention;

FIG 14 is an oblique perspective view showing a
large device substrate;

FIG 15 is a view showing an LED utilizing an FPC
and the state that the LED is pasted onto a device
substrate;

FIGS. 16A and 16B are views showing the structure
of a device substrate;

FIGS. 17A and 17B are an oblique perspective view
and a cross-sectional view showing a sensor elec-
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tronic card, respectively;

FIGS. 18A to 18F are views showing electronic ap-
pliances;

FIGS. 19A and 19B are cross sections of TEM im-
ages of a metal oxide film before separating;
FIGS. 20A and 20B are cross sections of TEM im-
ages of an insulating film after separating; and
FIGS. 21A and 21B are cross-sectional views
showing a liquid crystal display apparatus accord-
ing to the present invention.

[0033] These and other objects, features and advan-
tages of the present invention will become more appar-
ent upon reading of the following detailed description
along with the accompanied drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0034] The structure of a liquid crystal display appa-
ratus according to the present invention will be ex-
plained with reference to FIGS. 1A to 1D. FIG 1A is a
cross-sectional view of a device substrate 101 before
semiconductor device is pasted to the device substrate.
FIG 1B is a top surface view of the device substrate 101
illustrated in FIG 1A. FIG 1A is a cross-sectional view of
the device substrate 101 illustrated in FIG 1B taken
along the line A-A'.

[0035] The device substrate 101 illustrated in FIGS.
1A and 1B has a concave portion 102. One or a plurality
of LED 103 is provided in the concave portion 102. The
concave portion 102 can be formed by a known means,
for example, a mold. The driving of the LED 103 is con-
trolled by a thin film circuit (hereinafter, LED driver thin
film circuit) 104 for driving the LED 103. The LED driver
thin film circuit 104 is not always necessary to be pro-
vided in the concave portion 102, that is, the LED driver
thin film circuit 104 can be provided except the concave
portion 102. The way of forming the LED driver thin film
circuit 104 will be described later.

[0036] Reference numeral 105 denotes a wiring
formed over the device substrate 101. The wiring 105
connects electrically the LED 103 to the LED driver thin
film circuit 104, and also connects electrically the LED
driver thin film circuit 104 to a semiconductor device
pasted later to an exterior of the liquid crystal display
apparatus. The wiring 105 can be formed over the de-
vice substrate 101 by a known means such as plating.
[0037] Reference numeral 106 denotes a reflection
film that is formed by depositing metals by vapor depo-
sition in the concave portion 102. To prevent short-
circuiting, the reflection film 106 is deposited to be elec-
trically separated from the wiring 105 or the LED 103.
In this embodiment, as a means for reflecting light emit-
ted from the LED 103 in the direction of a liquid crystal
cell, a reflection film that is formed by vapor deposition
is used, however, a reflection plate that is formed sep-
arately may be pasted onto the device substrate 101. In
this case, the reflection plate is preferably pasted onto
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the position so as to reflect light emitted from the LED
103 in the direction of a liquid crystal cell. For instance,
the reflection plate can be provided over surface that is
opposing to the LED 103 and that is not provided with
the concave portion 102.

[0038] The LED 103 is covered with a resin 107. In
this embodiment, the resin 107 fills the concave portion
102. In case that the LED driver thin film circuit 104 is
provided in the concave portion 102, the LED driver thin
film circuit 104 is covered with the resin 107. As the resin
107, known resin such as acrylic resin, epoxy resin, ure-
thane resin, polycarbonate resin, or vinyl resin can be
used. Transparent particles having different refractive
index from that of the resin can be dispersed in the resin
107. For instance, spherical particles can be dispersed
in polymethyl methacrylate resin. It is desired that resin
be appropriately selected according to the pasting proc-
ess of a semiconductor device.

[0039] InFIGS. 1Aand 1B, reference numeral 108 de-
notes a light source portion that is provided with the LED
103 and the reflection film 106, and that is covered with
the resin 107.

[0040] FIG 1C is a cross-sectional view of the liquid
crystal display apparatus according to the invention in
which a semiconductor device is pasted and a liquid
crystal cell is completed. FIG 1D is a top view of the
liquid crystal display apparatus illustrated in FIG 1C. FIG
1C is a cross-sectional view of FIG 1D taken along the
line of B-B'.

[0041] A semiconductor device 110 is pasted to the
resin 107 by an adhesive 109. Not shown in FIG 1C, a
first polarization plate is provided between the resin 107
and the adhesive 109. In this embodiment, as shown in
FIGS. 1C and 1D, the semiconductor device 110 is not
only used to a pixel portion of a liquid crystal display
apparatus but also used to a thin film circuit 111 for driv-
ing or signal processing a liquid crystal display appara-
tus.

[0042] Reference numeral 113 denotes a counter
substrate that is encapsulated with liquid crystal 112 by
a sealant 114. The region where the liquid crystal 112 is
encapsulated by the counter substrate 113 corresponds
to a panel 115. Light from the light source portion 108 is
radiated to a pixel portion 116 provided to the panel 115.
In addition, the thin film circuit 111 is electrically connect-
ed to the wiring 105 by wire bonding method, flip chip
method, or the like.

[0043] According to this embodiment, signals or pow-
er source voltage can be supplied to a liquid crystal dis-
play apparatus via the wiring 105, but not exclusively,
signals or power source voltage may be supplied by light
using a light-emitting device, a light sensor, or the like,
or by electromagnetic induction using an antenna coil.
[0044] As a plastic substrate, ARTON® containing
norbornene resin with polar group by JSR Corporation
can be used. In addition, a plastic substrate such as pol-
yethylene terephthalate (PET), polyether sulfone (PES),
polyethylene naphthalate (PEN), polycarbonate (PC),
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nylon, polyether ether ketone (PEEK), polysulfone
(PSF), polyetherimide (PEI), polyalylate (PAR), poly-
butylene terephthalate (PBT), or polyimide can be used.
[0045] An example that a concave portion is provided
to a device substrate and an LED is provided in the con-
cave portion is explained in this embodiment, however,
the invention is not limited thereto. A flat plastic sub-
strate without concave portion can be used as the de-
vice substrate.

[0046] A structure of the liquid crystal display appara-
tus that utilizes a flat plastic substrate as a device sub-
strate will be explained with reference to FIGS. 2A to
2D. FIG 2A is a cross-sectional view of a device sub-
strate in which a semiconductor device has not pasted
yet. The device substrate 201 is flat and not provided
with a concave portion. FIG 2B is a top view of the device
substrate 201 illustrated in FIG 2A. FIG 2A is a cross-
sectional view of FIG 2B taken along the line A-A'.
[0047] One or a plurality of LED 203 is provided over
the device substrate 201 illustrated in FIGS. 2A and 2B.
Reference numeral 204 denotes an LED driver thin film
circuit. The LED driver thin film circuit 204 is electrically
connected to the LED 203 by a wiring 205. The wiring
205 is used for electrically connecting the LED driver
thin film circuit 204 or a semiconductor device, which is
formed later, to exterior of the liquid crystal display ap-
paratus. To prevent short-circuiting, a reflection film 206
is deposited to be separated from the wiring 205 and the
LED 203. A reflection film that is formed separately can
be used instead of that formed by vapor deposition.
[0048] The LED 203 is covered with a resin 207. In
this embodiment, a photosensitive resin is coated and
partly exposed, then, the resin 207 is coated in order to
expose a part of the wiring 205. The LED driver thin film
circuit 204 may also be covered with the resin 207. In
FIGS. 2A and 2B, reference numeral 208 denotes a light
source portion that is provided with the LED 203 and the
reflection film 206, and that is covered with the resin 207.
[0049] FIG 2C is a cross-sectional view of a liquid
crystal display apparatus according to the invention in
which a semiconductor device is pasted and a liquid
crystal cell is completed. FIG 2D is a top view of the
liquid crystal display apparatusillustrated in FIG 2C. FIG
2C is a cross-sectional view of FIG 2D taken along the
line of B-B'.

[0050] A semiconductor device 210 is pasted onto the
resin 207 by an adhesive 209. Not shown in FIG 2C, a
first polarization plate is provided between the resin 207
and the adhesive 209. In addition, reference numeral
211 corresponds to a thin film circuit formed using the
semiconductor device 210.

[0051] Reference numeral 213 denotes a counter
substrate that is encapsulated with liquid crystal 212 by
a sealant 214. The region where the liquid crystal 212
is encapsulated by the counter substrate 213 corre-
sponds to a panel 215. Light from the light source portion
208 is radiated to a pixel portion 216 provided with the
panel 215. In addition, the thin film circuit 211 is electri-
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cally connected to the wiring 205 by wire bonding meth-
od, flip chip method, or the like.

[0052] The concave portion of the device substrate al-
lows the LED to be covered with a resin while wiring is
exposed by only dropping a resin into the concave por-
tion. Further, a reflection film in the concave portion al-
lows light emitted from LED to radiate effectively to the
pixel portion. In case that the concave portion is not pro-
vided, the intensity of the device substrate can be further
increased compared with the case that the concave por-
tion is provided.

[0053] Then, a specific method for manufacturing a
semiconductor device used for the thin film circuit and
the liquid crystal display apparatus and a way of pasting
the semiconductor device onto the device substrate will
be explained hereinafter. In this embodiment, though
two TFTs are exemplified as the semiconductor device,
the semiconductor device included in a thin film circuit
and a liquid crystal display apparatus is not limited to
the two TFTs, any circuit device can be used. A memory
device, a diode, a photoelectric conversion device, a re-
sistive element, a coil, a capacitance element, an induc-
tor, or the like can be typically given as examples for the
semiconductor device, in addition to TFTs.

[0054] Asshownin FIG 3A, a metal film 501 is depos-
ited over a first substrate 500 by sputtering. Here, tung-
sten is used for forming the metal film 501 and formed
to have a thickness of from 10 to 200nm, preferably,
from 50 to 75nm. In this embodiment, the metal film 501
is deposited directly on the first substrate 500, but the
metal film 501 may also be deposited after covering the
first substrate 500 by an insulating film such as silicon
oxide, silicon nitride, silicon oxynitride, or the like.
[0055] An oxide film 502 is deposited to be stacked
after depositing the metal film 501 without exposing to
the air. A silicon oxide film is deposited to have a thick-
ness of from 150 to 300nm as the oxide film 502. In case
of depositing by sputtering, a film is deposited over the
edge of the first substrate 500. Hence, the metal film
501 and the oxide film 502 are preferably removed se-
lectively by O, ashing and the edge of the first substrate
500 is preferably cut by dicing to prevent the oxide film
502 from remaining over the first substrate 500 in sep-
arating in a later process.

[0056] In depositing the oxide film 502, pre-sputter-
ing, that is, plasma is generated by shielding between
a target and a substrate with shutter, is carried out as a
preliminary step toward sputtering. The first substrate
500 is pre-sputtered under the equilibrium state, that is,
Ar flow rate used is 10sccm; O, 30scem; substrate tem-
perature, 270°C; and deposition power, 3kW. A metal
oxide film 503 is deposited having an ultra thin thickness
of several nm (here, 3nm) between the metal film 501
and the oxide film 502 by the pre-sputtering. The metal
oxide film 503 is formed by oxidization of the metal film
501. Hence, the metal oxide film 503 is formed of tung-
sten oxide.

[0057] The metal oxide film 503 is, but not exclusively,
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deposited by pre-sputtering in this embodiment. For ex-
ample, the metal oxide film 503 may be deposited by
oxidizing deliberately the surface of the metal film 501
in plasma using oxygen or oxygen added with inert gas-
es such as Ar or the like.

[0058] After depositing the oxide film 502, a base film
504 is deposited by plasma chemical vapor deposition
(hereinafter, PCVD). Here, a silicon oxynitride film is de-
posited to have a thickness approximately of 100nm as
the base film 504. After depositing the base film 504, a
semiconductor film 505 is deposited without exposing
to the atmosphere. The semiconductor film 505 is
formed to have a thickness of from 25 to 100nm, pref-
erably, from 30 to 60nm. The semiconductor film 505
may be either an amorphous semiconductor or a poly-
crystalline semiconductor. The semiconductor film may
be formed by not only silicon but also silicon germanium.
In case of using silicon germanium, the concentration of
germanium is preferably approximately from 0.01 to
4. 5atomic%.

[0059] As shown in FIG 3B, the semiconductor film
505 is crystallized by a known technique. As the known
technique, thermal crystallization using an electric heat-
ing furnace, laser crystallization using a laser light, and
ramp annealing crystallization using an infrared light. Al-
ternatively, crystallization using catalytic elements can
be used according to the technique disclosed in Unex-
amined Patent Publication No. 7-130652.

[0060] The semiconductor film 505 that is a polycrys-
talline semiconductor film may be formed in advance by
sputtering, PCVD, or thermal CVD.

[0061] The semiconductor film 505 is crystallized by
laser crystallization in this embodiment. A crystal having
a large grain diameter can be obtained by laser light ir-
radiation of from a second harmonic to a fourth harmonic
of a fundamental wave by using a solid laser capable of
continuously oscillating. Typically, a second harmonic
(532nm) or a third harmonic (355nm) of Nd: YVO, laser
(fundamental wave of 1064nm) may be applied. When
a continuously oscillating laser is used, a laser light emit-
ted from the continuously oscillating YVO, laser having
an output power of 10W is converted to a harmonic by
a nonlinear optical device. There is also a method in
which a harmonic is outputted by using nonlinear optical
device. Preferably, the laser light is formed by using an
optical system such that it becomes in a rectangular
shape or an elliptical shape on an irradiating face and
radiated to the semiconductor film 505. The laser irradi-
ation is carried at energy density of approximately from
0.01 to 100MW/cm?2 (preferably from 0.1 to 10MW/cm?2)
and a scanning speed of approximately from 10 to 2000
cm/s.

[0062] The laser crystallization may be carried out by
radiating a continuous wave laser light of fundamental
wave and a continuous wave laser light of harmonic
wave, or radiating a continuous wave laser light of fun-
damental wave and a pulsed laser light of harmonics.
[0063] A laser light may be radiated in an inert gas
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atmosphere such as rare gas or nitride. According to
this, the surface roughness of a semiconductor due to
a laser irradiation, further, the variations of a threshold
value due to the variations of interface state density can
be prevented.

[0064] A semiconductor film 506 that is enhanced its
degree of crystallinity is formed by irradiating the above
described semiconductor film 505 with a laser light.
Next, as shown in FIG 3C, the semiconductor film 506
is patterned to form island like semiconductor films 507,
508. Various semiconductor devices as typified by TFTs
are formed using the island like semiconductor films
507, 508. In this embodiment, the base film 504 and the
island like semiconductor films 507, 508 are in contact
with each other, but an electrode, an insulating film, or
the like may be formed between the base film 504 and
the island like semiconductor films 507, 508 depending
on a semiconductor device. For example, in case of a
bottom gate type TFT that is one of the semiconductor
devices, a gate electrode and a gate insulating film are
formed between the base film 504 and the island like
semiconductor films 507,508.

[0065] In this embodiment, top gate type TFTs 509
and 510 are formed using the island like semiconductor
films 507, 508 (FIG. 3D). Specifically, a gate insulating
film 511 is deposited so as to cover the island like sem-
iconductor films 507, 508. Then, a conductive film is de-
posited over the gate insulating film 511 and patterned,
and gate electrodes 512, 513 are formed. Next, impuri-
ties imparting n-type are added to the island like semi-
conductor films 507, 508 using the gate electrodes 512,
513 or resist that is deposited and patterned as masks
to form a source region, a drain region, and an LDD
(Lightly Doped Drain) region. Here, TFTs 509, 510 are
n-type, in case of using p-type TFTs, impurities impart-
ing p-type are added.

[0066] According to the above described process,
TFTs 509, 510 can be formed. A method for manufac-
turing the TFTs is not limited to the above described
process.

[0067] A firstinterlayer insulating film 514 is fabricat-
ed so as to cover the TFTs 509, 510. Contact holes are
formed at the gate insulating film 511 and the first inter-
layer insulating film 514, and terminals 515 to 518 con-
nected to the TFTs 509, 510 via the contact holes are
formed so as to be in contact with the first interlayer in-
sulating film 514.

[0068] A pixel electrode 540 of a liquid crystal cell is
formed by a transparent conductive film such as ITO so
as to be in contact with the terminal 515. Then, an ori-
entation film 541 is formed to cover the pixel electrode
540, and rubbing treatment is carried out to the orienta-
tion film 541. A part of the terminal 518 is exposed by
etching or the like so as not to be covered by the orien-
tation film 541.

[0069] A protective layer 521 is formed over the ori-
entation film 541. As a material for forming the protective
layer 521, a material which can protect the surface of
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the TFTs 509, 510, the orientation film 541, and termi-
nals 515 to 518 in pasting or separating the second sub-
strate in a later process, and which can be removed after
separating a second substrate is used. For example, the
protective film 521 can be formed by coating resin of
epoxy series, acrylate series, or silicon series that is sol-
uble in water over the whole surface, and baking.
[0070] Inthis embodiment, a water-soluble resin (TO-
AGOSEI Co., Ltd.: VL-WSHL10) is spin-coated to have
a thickness of 30um, and exposed for two minutes to be
partially cured, then, exposed its back with UV rays for
2.5 minutes, and then, exposed its surface for 10 min-
utes, thatis, 12.5 minutes in total, to be fully cured. Con-
sequently, the protective layer 521 is formed (FIG 3E).
[0071] Though an example that the protective layer
521 is formed after the orientation film 541 is formed is
explained in this embodiment, the orientation film 541
may be formed after removing the protective layer 521
in a later process. However, in case of stacking a plu-
rality of organic resins, there is a threat of melting the
stacked organic resin depending on the solvent in coat-
ing or baking, or increasing excessively its density. In
case of forming the protective layer 521 after forming
the orientation film 541, each of which is formed by or-
ganic resin soluble in the same etchant, an inorganic
insulating film (a SiNy film, a SiNyOy film, an AIN, film,
or an AINyOy film) is preferably formed so as to cover
the first interlayer insulating film 514, and be disposed
between the first interlayer insulating film 514 and the
terminals 515 to 518 for removing smoothly the protec-
tive film 521 in a later process.

[0072] For separating smoothly in a later process, the
metal oxide film 503 is crystallized. By this crystalliza-
tion, the metal oxide film 503 becomes susceptible to
fracture in grain boundary and enhanced its brittleness.
The crystallization is carried out by heat-treating for ap-
proximately at from 420 to 550°C for from 0.5 to 5 hours.
[0073] Then, some treatments are carried out on the
metal oxide film 503 in order to make it easier for the
metal oxide film 503 to be separated by weakening part-
ly the adhesiveness between the metal oxide film 503
and the oxide film 502 or the adhesiveness between the
metal oxide film 503 and the metal film 501. Specifically,
the periphery of the region that is to be separated is lo-
cally pressed from outside to be damaged a part of the
inside or the boundary face-neighborhood of the oxide
film 503. Specifically, a hard needle such as a diamond
pen is attached perpendicular to the edge-neighbor-
hood of the metal oxide film 503 and moved along with
the metal oxide film 503 with applying loading. Prefera-
bly, a scriber device can be used to move with applying
loading on the region with press force ranging from 0.1
to 2mm. It is important to carry out some treatment for
easy separating, that is, it is important to prepare for
separating process. Such preparatory process to weak-
en selectively the adhesiveness will prevent poor sepa-
rating and improve the process yield.

[0074] Next, a second substrate 523 is pasted onto
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the protective film 521 with a two-sided tape 522, and a
third substrate 525 is pasted over the first substrate 500
with a twp-sided tape 524 (FIG 4A). An adhesive can be
used instead of a two-sided tape. For example, it is pos-
sible to reduce the load of a semiconductor device,
which becomes increased by separating the second
substrate, by using an adhesive that is melted with UV
light.

[0075] The third substrate 525 prevents the first sub-
strate 500 from being damaged in a later process for
separating. For the second substrate 523 and the third
substrate 525, the substrate that has higher rigidity than
that of the first substrate 500, for example, a quartz sub-
strate or a semiconductor substrate is preferably to be
used.

[0076] Then, the metal film 501 is separated from the
oxide film 502 by a physical means. The separation of
metal film 501 is started from the region that is partly
weakened its adhesiveness to the metal film 501 or the
oxide film 502 in the previous process.

[0077] The metal film 501 may be removed by sepa-
rating the metal film 501 from metal oxide film 503, by
separating the oxide film 502 from the metal oxide film
503, or splitting the metal oxide film 503 into two. Fur-
ther, the second substrate 523 to which semiconductor
devices (here, TFTs 509, 510) are pasted is separated
from the third substrate 525 to which the first substrate
500 and the metal film 501 are pasted. The separation
can be carried out with comparatively small force (for
example, man's hand, air pressure of gas sprayed from
a nozzle, ultrasonic waves, or the like). FIG 4B shows
a state of after separating.

[0078] A first polarization plate 527 provided over a
resin 533 is bonded to the oxide layer 502 that is partly
attached with the metal oxide film 503 with an adhesive
526 (FIG 4C). At this time, it is important that the material
for the adhesive 526 is selected in order that the adhe-
siveness between the oxide layer 502 and the first po-
larization plate 527 by the adhesive 526 to be stronger
than that between the second substrate 523 and the pro-
tective layer 521 by the two-sided tape 522.

[0079] If the metal oxide film 503 is remained over the
surface of the oxide film 502, the adhesiveness of the
polarization plate 527 may get worse, so that the re-
mained metal oxide film may be completely removed be-
fore bonding to the oxide film 502.

[0080] In case of using the semiconductor devices
509, 510 are used for the thin film circuit, the semicon-
ductor devices 509, 510 are unnecessary to be pasted
to overlap with the first polarization plate 527.

[0081] Asthe adhesive 526, various curing adhesives
such as a photo-curing adhesive, for example, a reac-
tion-curing adhesive, a thermal-curing adhesive, or a
UV-curing adhesive, or an anaerobic adhesive can be
used. More preferably, the adhesive 526 is given high
thermal conductivity by means of mixing powder com-
prising silver, nickel, aluminum, or aluminum nitride, or
filler.
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[0082] In addition, reference numeral 530 denotes a
wiring formed over the device substrate 534. The wiring
530 is formed by coating copper with solder, gold, or tin.
[0083] As shown in FIG 5A, the two-sided tape 522
and the second substrate 523 are separated sequen-
tially or simultaneously from the protective layer 521.
The two-sided tape 522 can be separated simultane-
ously with curing the adhesive 526 by using UV-curing
adhesive as the adhesive 526, and by using a tape or
adhesive that is separated by UV light as the two-sided
tape 522.

[0084] As shown in FIG 5B, the protective film 521 is
removed by water since the protective film 521 is formed
by a resin that is soluble in water. In case that the re-
mained protective film 521 causes deterioration, the re-
mained protective film 521 is preferably removed by car-
rying out cleaning treatment or O, plasma treatment to
the surface.

[0085] In this embodiment, tungsten is used for a ma-
terial of the metal film 501, however, the present inven-
tion is not limited thereto. Any material can be used as
long as which includes metals that allows a substrate to
be separated by forming the metal oxide film 503 over
the surface of the material and crystallizing the metal
oxide film 503. For instance, TiN, WN, Mo, or the like
can be used in addition to tungsten. In case of using
these alloys as the metal film, the optimal temperature
for heat treatment to crystallize differs depending on the
composition ratio of the metal film. On the basis of the
fact, the heat treatment can be carried out at the tem-
perature that has no adverse effects on the manufactur-
ing process for a semiconductor device, and selection
ranges of the manufacturing process become difficult to
be restricted by adjusting the composition ratio of the
metal film.

[0086] A liquid crystal cell is formed as illustrated in
FIG 6.

[0087] After the protective layer 521 is formed, a
counter substrate 542 that is formed separately is past-
ed with sealant 543. Filler may be mixed into the sealant.
The counter substrate 542 has a thickness of approxi-
mately several hundreds um, and is provided with a
counter electrode 543 formed by a transparent conduc-
tive film and an orientation film 544 that is rubbing treat-
ed. In addition, a color filter and a black matrix (a shield-
ing film) to prevent disclination may be formed. Further,
a second polarization plate 545 is pasted onto the op-
posite side of the counter electrode 543 on which the
counter substrate 542 is formed.

[0088] Then, liquid crystal 546 is injected and encap-
sulated to complete a panel 550. In addition, the way of
injecting liquid crystal may be dispenser method or dip
method. A spacer may be provided between the pixel
electrode 540 and the counter electrode 543 for keeping
cell gaps. The liquid crystal display apparatus is com-
pleted by connecting electrically the terminal 518 to the
wiring 530 provided with the device substrate 534 by
wire bonding method.
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[0089] Then, a method for manufacturing a liquid
crystal display apparatus according to the invention,
which is different from that illustrated in FIGS. 3 to 6, will
be explained. In this embodiment, though a TFT is ex-
emplified as the semiconductor device, the semicon-
ductor device included in a thin film circuit and a liquid
crystal display apparatus is not limited to the TFT, any
circuit device can be used. For example, a memory de-
vice, a diode, a photoelectric conversion device, a re-
sistive element, a coil, a capacitance element, an induc-
tor, or the like can be typically given, in addition to TFTs.
[0090] As shown in FIG 7A, a metal film 1501 is de-
posited over a first substrate 1500 by sputtering. Here,
tungsten is used for forming the metal film 1501 and
formed to have a thickness of from 10 to 200nm, pref-
erably, from 50 to 75nm. In this embodiment, the metal
film 1501 is deposited directly on the first substrate
1500, but the metal film 1501 may also be deposited
after covering the first substrate 1500 by an insulating
film such as silicon oxide, silicon nitride, silicon oxyni-
tride, or the like.

[0091] An oxide film 1502 composing the insulating
filmis deposited to be stacked after depositing the metal
film 1501 without exposing to the air. A silicon oxide film
is deposited to have a thickness of from 150 to 300nm
as the oxide film 1502. In case of depositing by sputter-
ing, afilmis deposited over the edge of the first substrate
1500. Hence, the metal film 1501 and the oxide film
1502 are preferably removed selectively by O, ashing
to prevent the oxide film 1502 from remaining over the
first substrate 1500 in separating in a later process.
[0092] In depositing oxide film 1502, pre-sputtering,
that is, plasma is generated by shielding between a tar-
get and a substrate with shutter, is carried out as a pre-
liminary step toward sputtering. The first substrate 1500
is pre-sputtered under the equilibrium state, that is, Ar
flow rate used is 10sccm; O,, 30sccm; substrate tem-
perature, 270°C; and deposition power, 3kW. A metal
oxide film 1503 is deposited having an ultra thin thick-
ness of several nm (here, 3nm) between the metal film
1501 and the oxide film 1502 by the pre-sputtering. The
metal oxide film 1503 is formed by oxidization of the met-
al film 1501. Hence, the metal oxide film 1503 is formed
of tungsten oxide.

[0093] The metal oxide film 1503 is, but not exclusive-
ly, deposited by pre-sputtering in this embodiment. For
example, the metal oxide film 1503 may be deposited
by oxidizing deliberately the surface of the metal film
1501 in plasma using oxygen or oxygen added with inert
gases such as Ar or the like.

[0094] After depositing the oxide film 1502, a base film
1504 composing the insulating film is deposited by
PCVD. Here, a silicon oxynitride film is deposited to
have a thickness of approximately 100nm as the base
film 1504. After depositing the base film 1504, a semi-
conductor film 1505 is deposited without exposing to the
atmosphere. The semiconductor film 1505 is formed to
have a thickness of from 25 to 100nm, preferably, from
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30 to 60nm. The semiconductor film 1505 may be either
an amorphous semiconductor or a polycrystalline sem-
iconductor. The semiconductor film may be formed by
not only silicon but also silicon germanium. In case of
using silicon germanium, the concentration of germani-

um is preferably approximately from 0.01 to
4. 5atomic%.
[0095] Next, the semiconductor film 1505 is crystal-

lized by a known technique. As the known technique,
thermal crystallization using an electric heating furnace,
laser crystallization using a laser light, and ramp anneal-
ing crystallization using an infrared light. Alternatively,
crystallization using catalytic elements can be used ac-
cording to the technique disclosed in Unexamined Pat-
ent Publication No. 7-130652.

[0096] The semiconductor film 1505 is crystallized by
laser crystallization in this embodiment. Before the laser
crystallization, the semiconductor film is thermal-an-
nealed at 500°C for 1 hour to increase resistance of the
semiconductor film to laser. In this embodiment, the heat
treatment enhances the brittleness of the metal oxide
film 1503 to make it easier for the first substrate 1500 to
be separated later. By this crystallization, the metal ox-
ide film 1503 becomes susceptible to fracture in grain
boundary and enhanced its brittleness. The crystalliza-
tion of the metal oxide film 1503 is preferably carried out
by heat-treating for approximately at from 420 to 550°C
from 0.5 to 5 hours.

[0097] A crystal having a large grain diameter can be
obtained by laser light irradiation of from a second har-
monic to a fourth harmonic of a fundamental wave by
using a solid laser capable of continuously oscillating.
Typically, a second harmonic (532nm) or a third harmon-
ic (355nm) of Nd: YVO, laser (fundamental wave of
1064nm) may be applied. When a continuously oscillat-
ing laser is used, a laser light emitted from the continu-
ously oscillating YVO, laser having an output power of
10W is converted to a harmonic by a nonlinear optical
device. There is also a method in which a harmonic is
outputted by using a nonlinear optical device. Prefera-
bly, the laser light is formed by using an optical system
such that it becomes in a rectangular shape or an ellip-
tical shape when radiated to an irradiating face, and ra-
diated to the semiconductor film 1505. On this occasion,
an energy density of approximately from 0.01 to
100MW/cm?2 (preferably from 0.1 to 10MW/cm2) is nec-
essary and a semiconductor film may be irradiated with
the laser light while it is moved relatively thereto at a
speed of approximately from 10 to 2000 cm/s.

[0098] The laser crystallization may be carried out by
radiating a continuous wave laser light of fundamental
wave and a continuous wave laser light of harmonic
wave, or radiating a continuous wave laser light of fun-
damental wave and a pulsed laser light of harmonics.
[0099] A laser light may be radiated in the inert gas
atmosphere such as rare gas or nitride. According to
this, the surface roughness of a semiconductor due to
a laser irradiation, further, the variations of a threshold
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value due to the variations of interface state density can
be prevented.

[0100] The crystallinity of the semiconductor film 1505
is further enhanced by the above described crystalliza-
tion. The semiconductor film 1505 that is a polycrystal-
line semiconductor film may be formed in advance by
sputtering, PCVD, thermal CVD, or the like.

[0101] Next, as shown in FIG. 7B, the semiconductor
film 1505 is patterned to form island like semiconductor
films 1507, 1508. Various semiconductor devices as
typified by TFTs are formed using the island like semi-
conductor films 1507, 1508. In this embodiment, the
base film 1504 and the island like semiconductor films
1507, 1508 are in contact with each other, but an elec-
trode, an insulating film, or the like may be formed be-
tween the base film 1504 and the island like semicon-
ductor films 1507, 1508 depending on a semiconductor
device. For example, in case of a bottom gate type TFT
that is one of the semiconductor devices, a gate elec-
trode and a gate insulating film are formed between the
base film 1504 and the island like semiconductor films
1507, 1508.

[0102] In this embodiment, top gate type TFTs 1509,
1510 are formed using the island like semiconductor
films 1507, 1508 (FIG 7C). Specifically, a gate insulating
film 1511 is deposited so as to cover the island like sem-
iconductor films 1507, 1508. Then, a conductive film is
deposited over the gate insulating film 1511 and pat-
terned, and then, gate electrodes 1512, 1513 are
formed. Next, impurities imparting n-type are added to
the gate electrodes 1507, 1508 using the gate elec-
trodes 1512, 1513 or resist that is deposited and pat-
terned as masks to form a source region, a drain region,
and an LDD (Lightly Doped Drain) region. Here, TFTs
1509, 1510 are n-type, but impurities imparting p-type
are added in case of using p-type TFTs.

[0103] According to the above described process,
TFTs 1509, 1510 can be formed. A method for manu-
facturing the TFTs is not limited to the above described
process.

[0104] Afirstinterlayerinsulating film 1514 is fabricat-
ed so as to cover the TFTs 1509, 1510. Contact holes
are formed in the gate insulating film 1511 and the first
interlayer insulating film 1514, and terminals 1515 to
1518 connected to the TFTs 1509, 1510 via the contact
holes are formed so as to be in contact with the first in-
terlayer insulating film 1514.

[0105] The TFT 1510 used as a switching element of
the pixel portion of the liquid crystal display apparatus
is electrically connected to the terminal 1518. A pixel
electrode of a liquid crystal cell is formed by transparent
conductive film such as ITO so as to connect to the ter-
minal 1518. A spacer 1519 is formed by using an insu-
lating film. Then, an orientation film 1520 is formed to
cover the pixel electrode 1550, the terminal 1518, and
the spacer 1519, and rubbing treatment is carried out
thereto. In addition, the orientation film 1520 may be
formed to overlap with the thin film circuit.
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[0106] Then, asealant 1521 is formed to encapsulate
liquid crystal. As shown in FIG 8A, liquid crystal 1522 is
dropped in the region encircled by the sealant 1521. A
counter substrate 1523 that is formed separately is past-
ed with sealant 1521. FIG 8B is a view showing a state
after the counter substrate 1523 is pasted. Filler may be
mixed into the sealant 1521. The counter substrate 1523
has a thickness of approximately several hundreds um,
and is provided with a counter electrode 1524 formed
by a transparent conductive film and an orientation film
1526 that is rubbing treated. In addition, a color filter and
a black matrix (a shielding film) to prevent disclination
may be formed. Further, a second polarization plate
1527 is pasted onto the opposite side of the counter
electrode 1524 on which the counter substrate 1523 is
formed.

[0107] The region where the counter electrode 1524,
the liquid crystal 1522, and the pixel electrode 1550 are
overlapped each other corresponds to a liquid crystal
cell 1528. When the liquid crystal cell 1528 is completed,
a panel 1529 is also completed. In addition, though a
thin film circuit 1530 is not overlapped with the counter
substrate 1523, the thin film circuit 1530 may dare to be
overlapped with the counter substrate 1523. In this
case, a resin may be filled between the counter sub-
strate and the thin film circuit to increase mechanical
strength of a liquid crystal display apparatus.

[0108] In this embodiment, the liquid crystal is encap-
sulated by dispenser method (dropping method)
though, the invention is not limited thereto. The liquid
crystal may be encapsulated by dipping method (pump-
ing method) utilizing capillary phenomenon after pasting
the counter substrate onto the liquid crystal.

[0109] Next, as shown in FIG 9A, a protective film
1531 is formed to cover the thin film circuit 1530 and the
panel 1529. The protective layer 1531 is formed by a
material that can protect the thin film circuit 1530 and
the panel 1529 in pasting or separating a second sub-
strate 1533 later, and that can be removed after sepa-
rating the second substrate 1533. For example, the pro-
tective film 1531 can be formed by coating resin of epoxy
series, acrylate series, or silicon series that is soluble in
water over the whole surface.

[0110] In this embodiment, a water-soluble resin (TO-
AGOSEI Co., Ltd.: VL-WSHL10) is spin-coated to have
a thickness of 30um, and exposed for two minutes to be
partially cured, then, exposed its back with UV rays for
2.5 minutes, and then, exposed its surface for 10 min-
utes to be fully cured. Consequently, the protective layer
1531 is formed.

[0111] Incase of stacking a plurality of organic resins,
there is a threat of melting the stacked organic resin de-
pending on the solvent in coating or baking, or increas-
ing excessively its density. In case of forming simulta-
neously both the first interlayer insulating film 1514 and
the protective layer 1531, each of which is formed by
organic resin soluble in the same etchant, an inorganic
insulating film (a SiNy film, a SiNyOy film, an AINy film,
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or an AINyOy film) is preferably formed so as to cover
the first interlayer insulating film 1514.

[0112] Then, some treatments are carried out on the
metal oxide film 1503 in order to make it easier for the
metal oxide film 1503 to be separated by weakening
partly the adhesiveness between the metal oxide film
1503 and the oxide film 1502 or the adhesiveness be-
tween the metal oxide film 1503 and the metal film 1501.
Specifically, the periphery of the region that is to be sep-
arated is locally pressed from outside to damage a part
of the inside or the boundary face-neighborhood of the
oxide film 1503. Specifically, a hard needle such as a
diamond pen is attached perpendicular to the edge-
neighborhood of the metal oxide film 1503 and moved
along with the metal oxide film 1503 with applying load-
ing. Preferably, a scriber device can be used to move
with applying loading on the region with press force
ranging from 0.1 to 2mm. It is important to carry out
some treatment for easy separating, that is, it is impor-
tant to prepare for separating. Such preparatory process
to weaken selectively the adhesiveness will prevent
poor separating and improve the process yield.

[0113] Next, a second substrate 1533 is pasted onto
the protective layer 1531 with a two-sided tape 1532,
and a third substrate 1535 is pasted over the first sub-
strate 1500 with a two-sided tape 1534. An adhesive can
be used instead of a two-sided tape. For example, it is
possible to reduce the load of a semiconductor device,
which is increased by separating the second substrate,
by using an adhesive that is melted with UV light. The
third substrate 1535 prevents the destruction of the first
substrate 1500 in the subsequent process of separating.
For the second substrate 1533 and the third substrate
1535, the substrate that has higher rigidity than that of
the first substrate 1500, for example, a quartz substrate
or a semiconductor substrate is preferably to be used.
[0114] Then, the metal film 1501 is separated from the
oxide film 1502 by a physical means. The separation of
metal film 1501 is started from the region that is partly
weakened its adhesiveness with respect to the metal
film 1501 or the oxide film 1502 in the previous process.
[0115] Three separating portions may be resulted
from the separation of metal film 1501, that is, the sep-
arating portion of the metal film 1501 and metal oxide
film 1503, the separating portion of the oxide film 1502
and the metal oxide film 1503, or the separating portion
within the metal oxide film 1503. Further, the second
substrate 1533 on which semiconductor devices (here,
TFTs 1509, 1510) are pasted is separated from the third
substrate 1535 on which the first substrate 1500 and the
metal film 1501 are pasted. The separation can be car-
ried out with comparatively small force (for example,
man's hand, air pressure of gas sprayed from a nozzle,
ultrasonic waves, or the like). FIG 9B shows a state of
after the separating process.

[0116] A device substrate 1540 is bonded with an ad-
hesive 1539 to the oxide layer 1502 that is partly at-
tached with the metal oxide film 1503 (FIG 10). At this
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time, it is important that the material for the adhesive
1539 is selected in order that the adhesiveness to be
stronger between the oxide layer 1502 and the device
substrate 1540 by the adhesive 1539 than that between
the second substrate 1533 and the protective layer 1531
by the two-sided tape 1532.

[0117] As the adhesive 1539, various curing adhe-
sives such as a photo-curing adhesive, for example, a
reaction-curing adhesive, a thermal-curing adhesive, or
a UV-curing adhesive, or an anaerobic adhesive can be
used. More preferably, the adhesive 1539 is given high
thermal conductivity by means of mixing powder com-
prising silver, nickel, aluminum, or aluminum nitride, or
filler.

[0118] If the metal oxide film 1503 is remained over
the surface of the oxide film 1502, the adhesiveness of
the device substrate 1540 may get worse, so that the
remained metal oxide film may be completely removed
by etching or the like before bonding to a printed wiring
board.

[0119] As shown in FIG 10, the two-sided tape 1532
and the second substrate 1533 are separated sequen-
tially or simultaneously from the protective layer 1531.
The two-sided tape 1532 can be separated simultane-
ously with curing the adhesive 1539 by using UV-curing
adhesive as the adhesive 1539, and by using a tape or
adhesive that is separated by UV light as the two-sided
tape 1532.

[0120] As shown in FIG 11A, the protective film 1531
is removed by water since the protective film 1531 is
formed by a resin that is soluble in water. In case that
the remained protective film 1531 causes deterioration,
the remained protective film 1531 is preferably removed
by carrying out cleaning treatment or O, plasma treat-
ment to the surface.

[0121] A terminal 1518, a wiring 1551 provided with
the device substrate 1540 are electrically connected
each other by a wiring 1552 by wire bonding method,
and a liquid crystal display apparatus is completed. The
wiring 1551 is completed, for example, by coating cop-
per with gold or tin. In addition, a timing for connecting
the terminal 1518 and the wiring 1551 is not limited to
the above described one.

[0122] Itcanbe considered that aliquid crystal display
apparatus is completed in this state. However, accord-
ing to this embodiment, mechanical strength of the liquid
crystal display apparatus is enhanced by encapsulating
the liquid crystal display apparatus by a sealing mem-
ber.

[0123] As shown in FIG 11B, the thin film circuit 1530
and the panel 1529 are covered with a resin 1542 and
a cover member 1543 is provided to protect the thin film
circuit 1530 and the panel 1529. In addition, the cover
member 1543 is not always necessary to be provided,
the device substrate 1540 can be covered directly with
a sealing member.

[0124] As material for the sealing member used for
encapsulating the liquid crystal display apparatus, a ma-
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terial that is used in general can be used. For instance,
polymeric material such as polyester, acrylic acid, poly-
vinyl acetate, propylene, chloroethene, acrylonitrileb-
utadiene styrene resin, or polyethylene terephthalate
can be used. The pixel portion of the liquid crystal dis-
play apparatus is exposed, or a material for the resin
1542 or a cover member 1543 is appropriately selected
in encapsulating in order to pass light therethrough.
[0125] By encapsulating a liquid crystal display appa-
ratus with a sealing member, mechanical strength of the
liquid crystal display apparatus is enhanced, heat gen-
erated in the liquid crystal display apparatus is radiated,
and electromagnetic noises from adjacent circuit of ex-
ternal of the liquid crystal display apparatus can be re-
jected.

[0126] A plastic substrate can be used for the device
substrate 1540, the cover member 1543, and the coun-
ter substrate 1523. As a plastic substrate, ARTON®
containing norbornene resin with polar group by JSR
Corporation can be used. In addition, a plastic substrate
such as polyethylene terephthalate (PET), polyether
sulfone (PES), polyethylene naphthalate (PEN), poly-
carbonate (PC), nylon, polyether ether ketone (PEEK),
polysulfone (PSF), polyetherimide (PEI), polyalylate
(PAR), polybutylene terephthalate (PBT), or polyimide
can be used. Itis desired that the device substrate 1540
has high thermal conductivity of approximately from 2
to 30W/mK to radiate heat generated in the liquid crystal
display apparatus.

[0127] In this embodiment, tungsten is used for a ma-
terial of the metal film 1501, however, the present inven-
tion is not limited thereto. Any material can be used as
long as which includes metals that allows a substrate to
be separated by forming the metal oxide film 1503 over
the surface of the material and crystallizing the metal
oxide film 1503. For instance, TiN, WN, Mo, or the like
can be used in addition to tungsten. In case of using
these alloys as the metal film, the optimal temperature
for heat treatment to crystallize differs depending on the
composition ratio of the metal film. On the basis of the
fact, the heat treatment can be carried out at the tem-
perature that has no adverse effects on the manufactur-
ing process for a semiconductor device, and selection
ranges of the manufacturing process become difficult to
be restricted by adjusting the composition ratio of the
metal film.

[0128] In addition, a semiconductor device used for
an LED driver thin film circuit can be formed according
to the above described method for forming a semicon-
ductor device.

[0129] A material for a resin covering a light-emitting
diode is preferably and appropriately selected depend-
ing on the method for curing a first substrate, a second
substrate, and an adhesive.

[0130] An example that a wiring formed over a device
substrate is electrically connected to a thin film circuit or
an LED driver thin film circuit by flip chip method instead
of wire bonding method will be explained hereinafter.
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[0131] FIG. 12Ais a cross-sectional view of a thin film
circuit or an LED driver thin film circuit, each of which is
provided with solder balls.

[0132] As shownin FIG 12A, a semiconductor device
301 is electrically connected to a wiring over a device
substrate with a solder ball 302. The solder ball 302 is
provided to the side of the device substrate of the sem-
iconductor device 301 and connected to an electrode
303 that is electrically connected to the semiconductor
device 301. The electrode 303 may be formed by a con-
ductive film that is the same as that of a gate electrode
of a TFT in case that the semiconductor device is the
TFT.

[0133] FIG 12B is a cross-sectional view of the thin
film circuit or the LED driver thin film circuit in which sem-
iconductor devices are stacked by flip chip method. As
shown in FIG 12B, semiconductor devices 310 and 311,
each of which is provided to two layers, are stacked. A
wiring provided to a device substrate is electrically con-
nected to the semiconductor device 310 with a solder
ball 312. In addition, the semiconductor device 310 is
electrically connected to the semiconductor device 311
with a solder ball 313.

[0134] FIG 12C is a view showing an example that a
wiring formed over a device substrate is connected to a
solder ball. As shown in FIG. 12C, a solder ball 312 is
connected to a wiring 321 directly connected to a sem-
iconductor device 320.

[0135] In addition, flip chip method is effective for the
case that the number of connections between a thin film
circuit or an LED driver thin film circuit and a wiring is
large, since a pitch between wirings can be relatively
reserved large compared with wire bonding method.
[0136] A solder ball and a wiring over a device sub-
strate can be connected by various methods such as
thermo-compression bonding and thermo-compression
bonding with vibrations from ultrasonic wave. An under
fill may fill interspace of thermo-compressed solder balls
between each other to improve the mechanical strength
of connection portions or the efficiency of radiation of
heat generated in a thin film circuit. An under fill is not
always necessary to be used, but it can prevent poor
connection due to stress occurred by mismatch of coef-
ficient of thermal expansion of a device substrate and a
semiconductor device. The compression by applying ul-
trasonic wave can prevent poor connection compared
with compression without ultrasonic wave. Especially, it
is effective for the case that the number of bumps used
for connecting is at least approximately 300.

[0137] A wiring formed over a device substrate can
be electrically connected to a thin film circuit or an LED
driver thin film circuit in various forms by combining the
ways described with reference to FIGS. 12A to 12C. In
addition, a flip chip method and wire bonding method
can be combined for connecting.

[0138] An active matrix liquid crystal display appara-
tus is explained in this embodiment though, a passive
matrix liquid crystal display apparatus can be adopted
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in the invention.

[0139] According to above described structure of the
invention, a liquid crystal display apparatus can be dras-
tically reduced its thickness and weight without being
damaged the mechanical strength. Applying a liquid
crystal display apparatus according to the invention to
an electronic appliance, a space for using IC can be kept
large and an electronic appliance can be sophisticated
without preventing the electronic appliance from being
lightweight and downsized. Especially, a liquid crystal
display apparatus according to the present invention is
useful for a portable electronic appliance since usability
thereof becomes improved by reducing the weight and
the size. According to the invention, even when size of
a pixel portion of a liquid crystal display apparatus is in-
creased, weight thereof is almost the same as that of a
liquid crystal display apparatus using a conventional
glass substrate.

Examples

[0140] Hereinafter, examples of the present invention
will be explained.

Example 1

[0141] The case that the present invention is applied
to a card as typified by an electronic card will be ex-
plained in this example.

[0142] The configuration of an electronic card accord-
ing to this example will be explained with reference to
FIGS. 13A to 13D. FIG. 13A is a cross-sectional view
showing a device substrate 401 at the time that a panel
is completed. FIG 13B is a top surface view of the device
substrate illustrated in FIG 13A. FIG 13A shows the
state that is taken along the line of A-A'.

[0143] The device substrate 401 illustrated in FIGS.
13A and 13B has a concave portion 402 in which an
LED 403 or a plurality of those is formed. An LED driver
thin film circuit 404 is provided to the concave portion
402. The LED 403 and the LED driver circuit are covered
with a resin 407.

[0144] Reference numeral 415 denotes a panel, and
411 denotes a thin film circuit. The panel and the thin
film circuit are formed separately and pasted onto the
device substrate 401. The thin film circuit 411 has an
antenna coil 406. A wiring 405 formed over the device
substrate 401 is connected electrically to the antenna
coil 406.

[0145] FIG 13C is a cross-sectional view of a liquid
crystal display apparatus according to the invention at
the time of completing an electronic card. FIG 13D is a
top view showing a liquid crystal display apparatus illus-
trated in FIG 13C. FIG 13C is a cross-sectional view
showing FIG 13D taken along the line B-B'.

[0146] An electronic card as illustrated in FIGS. 13C
and 13D is covered with a cover member 420 so as to
seal the panel 415 and the thin film circuit 411 formed
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over the device substrate with a resin 422. In this em-
bodiment, light emitted from the panel 415 is transmitted
through a portion 421, but not exclusively, the cover
member can be formed of a material that is transparent
to light in order that light emitted from panel 415 also
passes through the area except the portion 421.
[0147] In this embodiment, the structure of an elec-
tronic card that supplies signal or power supply voltage
by electromagnetic introduction using an antenna coil is
explained, however, the electronic card can have the
structure that supplies signal or power supply voltage
by light using a light-emitting device or light sensor. Fur-
ther, the electronic card is not limited to a noncontact
card. The electronic card may be a contact card that
transmits directly signals to a terminal device via a ter-
minal.

[0148] The electronic card can be used for various
purposes such as a cash card, a credit card, a prepaid
card, an ID card used for identification, and a commuter
pass. If an electronic card is installed with the liquid crys-
tal display apparatus according to the invention, data of
the electronic card can be displayed on a pixel portion.
Further, the reliability of certification of identity can be
improved by displaying a photograph of a face. If a pho-
tograph of a face is used instead of a picture for identity,
resolution of at least approximately QVGA (320 x 240)
is required.

Example 2

[0149] A method for manufacturing a plurality of liquid
crystal display apparatus from a large sized device sub-
strate will be explained with reference to FIGS. 14A and
14B.

[0150] A shown in FIGS. 14A and 14B, in case of us-
ing a large sized device substrate 601, a plurality of con-
cave portions 603 is formed in areas 602, each of which
is corresponding to each liquid crystal display appara-
tus. LEDs 604 are provided in each concave portion
603. A wiring connected electrically to the LED 604, an
LED driver thin film circuit, a reflection film, or the like
(all are not shown) are provided with the LEDs, and a
resin 605 is filled with each concave portion 603 as
shown in FIG 14B.

[0151] A panelora thin film circuit is formed and diced
in accordance with the method explained in the embod-
iment, and a plurality of liquid crystal display apparatus
can be manufactured from one device substrate. The
dicing can be carried out either before or after forming
the panel or the thin film circuit.

Example 3

[0152] In this embodiment, the example that an LED
is connected to a flexible printed wiring board (FPC) and
the FPC is connected to a wiring over a device sub-
strate, instead that the LED is directly connected to the
wiring over a device substrate.
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[0153] FIG 15Ais a top surface view of an FPC con-
nected with an LED. An LED 701 is connected to a lead
702 that is sandwiched by a plastic film 703. A terminal
704 connected with the lead 702 is not covered with the
plastic film 703 and is exposed.

[0154] FIG 15B is a view showing the state that the
LED 701 illustrated in FIG 15A is pasted onto a concave
portion 705 in the device substrate 706. FIG. 15C is a
view showing a reverse side of the device substrate 706
illustrated in FIG 15B.

[0155] Inthe device substrate 706, a wiring 707 is pro-
vided with a reverse side of the concave portion 705.
The LED 701 provided in the concave portion 705 and
the wiring 707 are electrically connected each other by
the lead 702.

[0156] The surface of the device substrate 706 pro-
vided with the wiring 707 has a concave portion 710.
The regions provided with the concave portions 705,
710 are preferably not overlapped each other consider-
ing the intensity of the device substrate 706. A solar cell
708 and a driver circuit 709 for controlling the driving of
the solar cell 708 are provided in the concave portion
710. The wiring 707 is electrically connected to the driv-
er circuit 709.

[0157] According to the FPC, devices that are provid-
ed with both sides of the device substrate are electrically
connected each other. Thus, the device substrate can
be utilized without waste.

[0158] FIG 15D is a cross-sectional view of the con-
cave portion 705 taken along the dotted line A-A'. A met-
al reflection film 711 is deposited over the surface of the
concave portion 711. According to this example, micro-
scopic irregularities are formed on the surface of the re-
flection film 711 by corroding and by sandblasting using
emery, and light emitted from the LED can be diffusely
reflected and emitted evenly to the pixel portion.

Example 4

[0159] A method for forming a device substrate hav-
ing a concave portion will be explained in this example.
[0160] FIG 16A is a view showing a plastic substrate
801 having an opening portion 803 and a plastic sub-
strate 802 that is planarized. The plastic substrates 801
and 802 are pasted each other. Then, a device substrate
805 having a concave portion 804 is formed in the region
where the opening portion 803 overlaps with the plastic
substrate 802 that is planarized.

Example 5

[0161] An example that an area sensor is provided
with an electronic card utilizing a liquid crystal display
according to the present invention.

[0162] FIG 17Ais a view showing that a tip of a finger
presses a pixel portion 910 that serves not only as an
image display portion but also as an area sensor. FIG
17Bis a view showing a cross-sectional view of the pixel
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portion 910 illustrated in FIG 17A.

[0163] As shown in FIG 17B, a device substrate 901
is formed to have a concave portion 905. A reflection
film 902 is formed over the surface of the concave por-
tion 905. An LED 903 is provided in the concave portion
905 and covered with a resin 904.

[0164] A TFT 906 for applying voltage to a liquid crys-
tal 907 and a photo diode 908 are provided over the de-
vice substrate 901. The TFT 906 and the photo diode
908 are separately formed over different substrates, and
separated to paste onto the device substrate 901.
[0165] Light emitted from the LED 903 is reflected by
afinger 911 that serves as a subject, and radiated to the
photo diode 908. Then, image data of the finger 911 can
be obtained.

Example 6

[0166] A liquid crystal display apparatus according to
the present invention can be utilized for various elec-
tronic appliances. Especially, it is effective to use the lig-
uid crystal display apparatus for portable type electronic
appliances since the usability thereof is drastically im-
proved by reducing the weight or the size.

[0167] FIG. 18A is a view showing a sheet-shaped
cellular phone comprising a main body 2101, a display
unit 2103, a sound input unit 2104, a sound output unit
2105, a switch 2106, an external connection port 2107,
or the like. An earphone 2108 prepared separately can
be connected to the cellular phone via the external con-
nection port 2107. A touch panel liquid crystal display
apparatus having a sensor according to the present in-
vention is used for the display unit 2103. A continuous
stream of operation can be carried out by touching a
touch panel operation key 2109 displayed on the display
unit 2103. A thin film circuit provided with the liquid crys-
tal display apparatus according to the invention can be
used as various signal processing circuits provided in
the main body 2101.

[0168] FIG 18B is a view showing an electronic book
comprising a main body 2201, a display unit 2202, an
operation key 2203, and the like. The main body 2201
can have a built-in modem. A liquid crystal display ap-
paratus having a sensor according to the present inven-
tion is used for the display unit 2202. A thin film circuit
provided with the liquid crystal display apparatus ac-
cording to the invention can be used as various signal
processing circuits.

[0169] FIG 18C is a view showing a wrist watch com-
prising 2301, a display unit 2302, a fastening 2303, and
the like. A liquid crystal display apparatus having a sen-
sor according to the present invention is used for the
display unit 2302. A thin film circuit provided with the
liquid crystal display apparatus according to the inven-
tion can be used as various signal processing circuits
provided in the main body 2301.

[0170] FIG 18D is a view showing a personal compu-
ter comprising a main body 2401, a display unit 2402, a
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touch panel key board 2403, a mouse 2404, an external
connection port 2405, a power source plug 2406, and
the like. A liquid crystal display apparatus having a sen-
sor according to the present invention is used for the
display unit 2402. A touch panel liquid crystal display
apparatus having a sensor according to the present in-
vention is used for the touch panel keyboard 2403 and
the mouse 2404. A continuous stream of operation can
be carried out by touching the touch panel key board
2403 and the mouse 2404. A thin film circuit provided
with the liquid crystal display apparatus according to the
invention can be used as various signal processing cir-
cuits.

[0171] FIG 18Eisaview showing a front glass viewing
from the inside of a car. A front glass 2501 is pasted with
a liquid crystal display apparatus 2503 according to the
present invention. A display unit 2502 can display vari-
ous pieces of information required by a driver. In FIG
18E, an example that the liquid crystal display apparatus
according to the invention is pasted onto the front glass
is explained, but the liquid crystal display apparatus can
be pasted onto a window glass of side and back of a
driver's seat. Further, the liquid crystal display appara-
tus can be pasted onto either inside or outside of a car.
[0172] FIG 18F is a view showing an electronic card
comprising a main body 2601, a display unit 2602, a
connection terminal 2603, and the like. The pixel portion
of the liquid crystal display apparatus according to the
invention can be utilized as the display unit 2602. A thin
film circuit provided with the liquid crystal display appa-
ratus according to the invention can be used as various
signal processing circuits provide in the main body
2601.

[0173] Therefore the applicable range of the invention
is extremely large, and the invention can be utilized for
electronic appliances in various fields. The electronic
appliances described in this embodiment can use any
structure of liquid crystal structures described in Embod-
iments 1 to 5.

Example 7

[0174] A measurement result of a first substrate side
after separating and a cross-section of an insulating film
side by TEM will be described in this example.

[0175] On a glass substrate, a W film is deposited to
have a thickness of 50nm by sputtering, a silicon oxide
film is deposited to have a thickness of 200nm by sput-
tering, a silicon oxynitride film is deposited to have a
thickness of 100nm by PCVD, an amorphous silicon film
is deposited by PCVD to have a thickness of 50nm as
a semiconductor film, sequentially. Thereafter, the re-
sulted film is heat-treated at 500°C for 1 hour, further,
at 550°C for 4 hours, then, separated by a physical
means such as polytetrafluoroethylene tape. FIG 19 is
a TEM photograph showing the W film and an oxide lay-
er at the substrate side. FIG 20 is a TEM photograph
showing an oxide layer and a silicon oxide film at the
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semiconductor film side.

[0176] As shown in FIG 19, a metal oxide film is inho-
mogeneously remained in contact with a metal film. As
shown in FIG 20, a metal oxide film is also inhomoge-
neously remained in contact with a metal film. According
to both the TEM photographs, the facts are proved that
the metal oxide film is split off by or separated at bound-
ary faces of both sides, and that the metal oxide film is
remained inhomogeneously adhered to the metal film
and the silicon oxide film.

[0177] Therefore a quantity of the metal oxide film is
attached to the device substrate side of the insulating
film in the liquid crystal display apparatus according to
the present invention.

Example 8

[0178] A liquid crystal material used for separating a
first substrate after completing a liquid crystal display
apparatus will be explained in this example.

[0179] FIGS. 21A and 21B are cross-sectional views
showing a liquid crystal display apparatus according to
this example. The liquid crystal display apparatus illus-
trated in FIG 21A is provided with a columnar shaped
spacer 1401 in a pixel to enhance the adhesiveness of
a counter substrate 1402 and a polarizing plate 1403 at
adevice side. According to this, a semiconductor device
except thatin the region thatis overlapped with a sealing
member at the separation of the first substrate can be
prevented from remaining at the first substrate side.
[0180] FIG 21B a cross-sectional view showing a lig-
uid crystal display apparatus utilizing a nematic liquid
crystal, smectic liquid crystal, ferroelectric liquid crystal
or PDLS (polymer dispersed liquid crystal) containing
these liquid crystals in polymer resin. The adhesiveness
of the counter substrate 1402 and the polarizing plate
1403 at a device side are enhanced, and a semiconduc-
tor device except that in the region that is overlapped
with a sealing member at the separation of the first sub-
strate can be prevented from remaining at the first sub-
strate side by using PDLC 1404.

[0181] Although the present invention has been fully
described by way of examples with reference to the ac-
companying drawings, itis to be understood that various
changes and modifications will be apparent to those
skilled in the art. Therefore, unless otherwise such
changes and modifications depart from the scope of the
present invention hereinafter described, they should be
construed as being included therein.

Claims
1. Aliquid crystal display apparatus comprising:
a first plastic substrate;

a light-emitting device formed over the first
plastic substrate;
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a resin covering the light-emitting device;

a semiconductor device formed on the insulat-
ing film;

a liquid crystal cell electrically connected to the
semiconductor device; and

a second plastic substrate,

wherein the semiconductor device and the lig-
uid crystal cell are formed between the first plastic
substrate and the second plastic substrate.

2. Aliquid crystal display apparatus comprising:

a first plastic substrate having a concave por-
tion;

a light-emitting device formed in the concave
portion of the first plastic substrate;

a resin formed in the concave portion to cover
the light-emitting device;

an insulating film formed on the resin;

a semiconductor device formed on the insulat-
ing film;

a liquid crystal cell electrically connected to the
semiconductor device; and

a second plastic substrate,

wherein the semiconductor device and the lig-
uid crystal cell are formed between the first plastic
substrate and the second plastic substrate.

3. Aliquid crystal display apparatus comprising:

a first plastic substrate;

a metal film formed on the first plastic substrate;
a light-emitting device formed over the first
plastic substrate;

a resin covering the light-emitting device;

an insulating formed on the resin;

a semiconductor device formed on the insulat-
ing film;

a liquid crystal cell electrically connected to the
semiconductor device; and

a second plastic substrate,

wherein the semiconductor device and the lig-
uid crystal cell are formed between the first plastic
substrate and the second plastic substrate.

4. A liquid crystal display apparatus comprising:

a first plastic substrate having a concave por-
tion;

a metal film and formed over the concave por-
tion;

a light-emitting device formed in the concave
portion;

a resin formed in the concave portion to cover
the light-emitting device;
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an insulating film formed on with the resin;

a semiconductor device formed on the insulat-
ing film;

a liquid crystal cell electrically connected to the
semiconductor device; and

a second plastic substrate,

wherein the semiconductor device and the lig-
uid crystal cell are formed between the first plastic
substrate and the second plastic substrate.

A liquid crystal display apparatus according to any
one of claims 3 and 4, wherein the metal film is sand
blasted.

A liquid crystal display apparatus according to any
one of claims 1 to 4, wherein the liquid crystal cell
is transparent to light.

Aliquid crystal display apparatus according to claim
1, wherein the light-emitting device is a light-emit-
ting diode.

Aliquid crystal display apparatus according to claim
7, wherein the light-emitting diode is connected to
an FPC and supplied with current via the FPC.

Aliquid crystal display apparatus according to claim
2, wherein the light-emitting device is a light-emit-
ting diode.

Aliquid crystal display apparatus according to claim
9, wherein the light-emitting diode is connected to
an FPC and supplied with current via the FPC.

Aliquid crystal display apparatus according to claim
3, wherein the light-emitting device is a light-emit-
ting diode.

Aliquid crystal display apparatus according to claim
11, wherein the light-emitting diode is connected to
an FPC and supplied with current via the FPC.

Aliquid crystal display apparatus according to claim
4, wherein the light-emitting device is a light-emit-
ting diode.

Aliquid crystal display apparatus according to claim
13, wherein the light-emitting diode is connected to

an FPC and supplied with current via the FPC.

A cellular phone having the liquid crystal display ap-
paratus according to any one of claims 1 to 4.

An electronic book having the liquid crystal display
apparatus according to any one of claims 1 to 4.

A wrist watch having the liquid crystal display appa-
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18.

19.

20.

21.

22,

32
ratus according to any one of claims 1 to 4.

A personal computer having the liquid crystal dis-
play apparatus according to any one of claims 1 to
4.

A front glass having the liquid crystal display appa-
ratus according to any one of claims 1 to 4.

An electronic card having the liquid crystal display
apparatus according to any one of claims 1 to 4.

A method for manufacturing a liquid crystal display
apparatus comprising the steps of:

forming sequentially a metal film, a metal oxide
film, an insulating film, and a semiconductor
film over either face of a first substrate;
forming a semiconductor device by the semi-
conductor film;

pasting a second substrate with a first adhesive
onto the first substrate to face the first substrate
in such a way that the semiconductor device is
sandwiched therebetween,;

crystallizing the metal oxide film by heat treat-
ment;

separating the first substrate by splitting the
metal oxide film into two, each of which is ad-
hered to the metal film and the insulating film;
forming a light-emitting device over a plastic
substrate and coating the plastic substrate with
a resin so as to cover the light-emitting device;
pasting the semiconductor device onto the
plastic substrate by bonding the insulating film
adhered with a part of the metal oxide film to
the resin with a third adhesive;

separating the second substrate by removing
the first adhesive; and

forming a liquid crystal cell electrically connect-
ed to the semiconductor device.

A method for manufacturing a liquid crystal display
apparatus comprising the steps of:

forming sequentially a metal film, a metal oxide
film, an insulating film, and a semiconductor
film over either face of a first substrate;
forming a semiconductor device by the semi-
conductor film;

pasting a second substrate with a first adhesive
onto the first substrate to face the first substrate
in such a way that the semiconductor device is
sandwiched therebetween;

separating the first substrate by splitting the
metal oxide film into two, each of which is ad-
hered to the metal film side and the insulating
film side;

forming a light-emitting device over a plastic
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substrate and coating the plastic substrate with
a resin so as to cover the light-emitting device;
pasting the semiconductor device onto the
plastic substrate by bonding the insulating film
adhered with a part of the metal oxide film to
the resin with a third adhesive;

separating the second substrate by removing
the first adhesive;

forming a liquid crystal cell electrically connect-
ed to the semiconductor device; and
crystallizing the metal oxide film by heat treat-
ment in forming the semiconductor device.

23. A method for manufacturing a liquid crystal display
apparatus comprising the steps of:

forming sequentially a metal film, a metal oxide
film, an insulating film, and a semiconductor
film over either face of a first substrate;
forming a semiconductor device by the semi-
conductor film;

pasting a second substrate with a first adhesive
onto the first substrate to face the first substrate
in such a way that the semiconductor device is
sandwiched therebetween;

crystallizing the metal oxide film by heat treat-
ment;

separating the first substrate by splitting the
metal oxide film into two, each of which is ad-
hered to the metal film side and the insulating
film side;

forming a light-emitting device in a concave
portion of a plastic substrate and coating the
concave portion with a resin so as to cover the
light-emitting device;

pasting the semiconductor device onto the
plastic substrate by bonding the insulating film
adhered with a part of the metal oxide film to
the resin with a third adhesive;

separating the second substrate by removing
the first adhesive; and

forming a liquid crystal cell electrically connect-
ed to the semiconductor device.

24. A method for manufacturing a liquid crystal display
apparatus comprising the steps of:

forming sequentially a metal film, a metal oxide
film, an insulating film, and a semiconductor
film over either face of a first substrate;
forming a semiconductor device by the semi-
conductor film;

pasting a second substrate with a first adhesive
onto the first substrate to face the first substrate
in such a way that the semiconductor device is
sandwiched therebetween;

separating the first substrate by splitting the
metal oxide film into two, each of which is ad-
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hered to the metal film side and the insulating
film side;

forming a light-emitting device in a concave
portion of a plastic substrate and coating the
concave portion with a resin so as to cover the
light-emitting device;

pasting the semiconductor device onto the
plastic substrate by bonding the insulating film
adhered with a part of the metal oxide film to
the resin with a third adhesive;

separating the second substrate by removing
the first adhesive;

forming a liquid crystal cell electrically connect-
ed to the semiconductor device; and
crystallizing the metal oxide film by heat treat-
ment in forming the semiconductor device.

25. A method for manufacturing a liquid crystal display
apparatus comprising the steps of:

forming sequentially a metal film, a metal oxide
film, an insulating film, and a semiconductor
film over either face of a first substrate;
forming a semiconductor device by the semi-
conductor film;

forming a liquid crystal cell which is electrically
connected to the semiconductor device;
pasting a second substrate with a first adhesive
onto the first substrate to face the first substrate
in such a way that the semiconductor device
and the liquid crystal cell are sandwiched ther-
ebetween;

crystallizing the metal oxide film by heat treat-
ment;

separating the first substrate by splitting the
metal oxide film into two, each of which is ad-
hered to the metal film side and the insulating
film side;

forming a light-emitting device over a plastic
substrate;

coating the plastic substrate with a resin so as
to cover the light-emitting device;

pasting the semiconductor device and the liquid
crystal cell onto the plastic substrate by bond-
ing the insulating film adhered with a part of the
metal oxide film to the resin with a third adhe-
sive; and

separating the second substrate by removing
the first adhesive.

26. A method for manufacturing a liquid crystal display
apparatus comprising the steps of:

forming sequentially a metal film, a metal oxide
film, an insulating film, and a semiconductor
film over either face of a first substrate;
forming a semiconductor device by the semi-
conductor film;
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forming a liquid crystal cell which is electrically
connected to the semiconductor device;
pasting a second substrate with a first adhesive
onto the first substrate to face the first substrate
in such a way that the semiconductor device
and the liquid crystal cell are sandwiched ther-
ebetween;

separating the first substrate by splitting the
metal oxide film into two, each of which is ad-
hered to the metal film side and the insulating
film side;

forming a light-emitting device over a plastic
substrate;

coating the plastic substrate with a resin so as
to cover the light-emitting device;

pasting the semiconductor device and the liquid
crystal cell onto the plastic substrate by bond-
ing the insulating film adhered with a part of the
metal oxide film to the resin with a third adhe-
sive;

separating the second substrate by removing
the first adhesive; and

crystallizing the metal oxide film by heat treat-
ment in forming the semiconductor device.

27. A method for manufacturing a liquid crystal display

apparatus comprising the steps of:

forming sequentially a metal film, a metal oxide
film, an insulating film, and a semiconductor
film over either face of a first substrate;
forming a semiconductor device by the semi-
conductor film;

forming a liquid crystal cell electrically connect-
ed to the semiconductor device;

pasting a second substrate with a first adhesive
onto the first substrate to face the first substrate
in such a way that the semiconductor device
and the liquid crystal cell are sandwiched ther-
ebetween;

crystallizing the metal oxide film by heat treat-
ment;

separating the first substrate by splitting the
metal oxide film into two, each of which is ad-
hered to the metal film side and the insulating
film side;

forming a light-emitting device in a concave
portion of a plastic substrate and coating the
concave portion with a resin so as to cover the
light-emitting device;

pasting the semiconductor device and the liquid
crystal cell onto the plastic substrate by bond-
ing the insulating film adhered with a part of the
metal oxide film to the resin with a third adhe-
sive; and

separating the second substrate by removing
the first adhesive.
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28.

29,

30.

31.

32,

33.

34,

36

A method for manufacturing a liquid crystal display
apparatus comprising the steps of:

forming sequentially a metal film, a metal oxide
film, an insulating film, and a semiconductor
film over either face of a first substrate;
forming a semiconductor device by the semi-
conductor film;

forming a liquid crystal cell which is electrically
connected to the semiconductor device;
pasting a second substrate with a first adhesive
onto the first substrate to face the first substrate
in such a way that the semiconductor device
and the liquid crystal cell are sandwiched ther-
ebetween;

separating the first substrate by splitting the
metal oxide film into two, each of which is ad-
hered to the metal film side and the insulating
film side;

forming a light-emitting device in a concave
portion of a plastic substrate and coating the
concave portion with a resin so as to cover the
light-emitting device;

pasting the semiconductor device and the liquid
crystal cell onto the plastic substrate by bond-
ing the insulating film adhered with a part of the
metal oxide film to the resin with a third adhe-
sive;

separating the second substrate by removing
the first adhesive; and

crystallizing the metal oxide film by heat treat-
ment in forming the semiconductor device.

A method for manufacturing a liquid crystal display
apparatus according to any one of claims 21 to 28,
wherein the liquid crystal cell is transparent to light.

A method for manufacturing a liquid crystal display
apparatus according to claim 21, wherein the light-
emitting device is a light-emitting diode.

A method for manufacturing a liquid crystal display
apparatus according to claim 30, wherein the light-
emitting diode is connected to an FPC and supplied
with current via the FPC.

A method for manufacturing a liquid crystal display
apparatus according to claim 22, wherein the light-
emitting device is a light-emitting diode.

A method for manufacturing a liquid crystal display
apparatus according to claim 32, wherein the light-
emitting diode is connected to an FPC and supplied
with current via the FPC.

A method for manufacturing a liquid crystal display
apparatus according to claim 23, wherein the light-
emitting device is a light-emitting diode.



35.

36.

37.

38.

39.

40.

41,

42,

43.

44,

45,

37 EP 1439 410 A2

A method for manufacturing a liquid crystal display
apparatus according to claim 34, wherein the light-
emitting diode is connected to an FPC and supplied
with current via the FPC.

A method for manufacturing a liquid crystal display
apparatus according to claim 24, wherein the light-
emitting device is a light-emitting diode.

A method for manufacturing a liquid crystal display
apparatus according to claim 36, wherein the light-
emitting diode is connected to an FPC and supplied
with current via the FPC.

A method for manufacturing a liquid crystal display
apparatus according to claim 25, wherein the light-
emitting device is a light-emitting diode.

A method for manufacturing a liquid crystal display
apparatus according to claim 38, wherein the light-
emitting diode is connected to an FPC and supplied
with current via the FPC.

A method for manufacturing a liquid crystal display
apparatus according to claim 26, wherein the light-
emitting device is a light-emitting diode.

A method for manufacturing a liquid crystal display
apparatus according to claim 40, wherein the light-
emitting diode is connected to an FPC and supplied
with current via the FPC.

A method for manufacturing a liquid crystal display
apparatus according to claim 27, wherein the light-
emitting device is a light-emitting diode.

A method for manufacturing a liquid crystal display
apparatus according to claim 42, wherein the light-
emitting diode is connected to an FPC and supplied
with current via the FPC.

A method for manufacturing a liquid crystal display
apparatus according to claim 28, wherein the light-
emitting device is a light-emitting diode.

A method for manufacturing a liquid crystal display
apparatus according to claim 44, wherein the light-
emitting diode is connected to an FPC and supplied
with current via the FPC.
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