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(57) ABSTRACT

It is an object of the present invention to prevent degradation
of an organic semiconductor film caused in forming an
alignment layer and to inexpensively provide a liquid crystal
display device with a high-performance organic thin film
transistor. According to the invention, in a liquid crystal
display device that includes: a thin film transistor substrate
having such members as a thin film transistor composed of
a gate electrode, a gate insulating film, source/drain elec-
trodes, and a semiconductor layer, a line, and a pixel
electrode; and an opposing substrate supporting a liquid
crystal layer between the thin film transistor substrate and
the opposing substrate, no alignment layer having a function
of controlling alignment of molecules in the liquid crystal
layer is interposed between the semiconductor layer and the
liquid crystal layer.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] (1) Field of the Invention

[0002] The present invention relates to a liquid crystal
display device using a thin film transistor.

[0003] (2) Description of Related Art

[0004] With the evolution of computerization, emphasis
has been on the development of a thin and lightweight
electronic paper display in place of a piece of paper, an IC
tag enabling instantaneous identification of one product
from another, and the like. At present, a thin film transistor,
which uses amorphous silicon or polysilicon for its semi-
conductor, is used as a switching element in such devices.
Fabricating a thin film transistor using silicon semiconduc-
tor, however, imposes equipment costs such as of expensive
plasma chemical vapor deposition (CVD) and sputtering
tools, and even has a problem of low production efliciency
due to a number of processes that are gone through, such as
a vacuum process, a photolithography, and other fabrication
processes.

[0005] For this reason, attention has recently been focused
on an-organic thin film transistor that uses in its semicon-
ductor layer an organic material, which can be formed by
coating or printing and can make it possible to inexpensively
provide a product. For a display using an organic thin film
transistor as a switching element for a pixel, JP-A-10-
209459 (Patent Document 1) discloses a structure in a
cross-section of a liquid crystal display. As disclosed in the
document, an alignment layer for inducing alignment of a
liquid crystal layer is formed after a thin film transistor,
which is composed of such members as a gate electrode, a
gate insulating film, a semiconductor layer, a source elec-
trode and a drain electrode, is formed on an insulating
substrate, and therefore, this results in a structure having a
thin film transistor also covered with the alignment layer.
This applies whether the semiconductor in the thin film
transistor is organic or inorganic.

[0006] The alignment layer is formed by applying poly-
imide solved in a high-boiling solvent (boiling point: 204°
C.) consisting primarily of y-butyrolactone, and then baking
it on the order of 230° C. Therefore, when an organic
compound is used for a semiconductor layer in the thin film
transistor while forming the alignment layer after the thin
film transistor is formed, as with a conventional practice,
causes the semiconductor layer to be agglomerated by heat,
posing a problem of performance degradation of the thin
film transistor. To address this problem, it is conceivable that
the polyimide is baked at a low temperature on the order of
80° C. to avoid degradation of the semiconductor layer. In
this case, however, there is a problem of a high-boiling
solvent for the polyimide remaining in the polyimide film,
which in turn infiltrates into the organic semiconductor,
degrading the organic semiconductor performance. Interpos-
ing a protective layer between the organic semiconductor
and the alignment layer may have the effect of reducing
infiltration of the solvent into the organic semiconductor:
however, this cannot completely prevent degradation of the
organic semiconductor caused by the solvent. Particularly
when the protective layer is formed by coating or printing,
the effect of reducing infiltration of the solvent is diminished
due to low film density of the protective layer.
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SUMMARY OF THE INVENTION

[0007] Tt is an object of the present invention to prevent
degradation of an organic semiconductor film caused in
forming an alignment layer and to inexpensively provide a
liquid crystal display device with an organic thin film
transistor.

[0008] 1Inorder to achieve the object, the present invention
provides a liquid crystal display device including: a pair of
substrates; a thin film transistor formed on one of the
substrates and having a gate electrode, a gate insulating
layer, a source electrode, a drain electrode, and a semicon-
ductor layer; a pixel electrode formed on the one of the
substrates; a common electrode formed on the other of the
substrates; a liquid crystal layer supported between the pair
of substrates; a first alignment layer disposed between the
liquid crystal layer and the pixel electrode; and a second
alignment layer disposed between the liquid crystal layer
and the other of the substrates, wherein the semiconductor
layer of the thin film transistor is formed of an organic
compound, and wherein the first alignment layer is formed
in a planar region other than an upper area of the semicon-
ductor layer.

[0009] Further, the present invention provides a liquid
crystal display device including: a pair of substrates; a thin
film transistor formed on one of the substrates and having a
gate electrode, a gate insulating layer, a source electrode, a
drain electrode, and a semiconductor layer; a pixel electrode
formed on the one of the substrates; a common electrode
formed on the other of the substrates; a liquid crystal layer
supported between the pair of substrates; and a second
alignment layer disposed between the liquid crystal layer
and the other of the substrates, wherein the semiconductor
layer of the thin film transistor is formed of an organic
compound, and wherein the gate insulating layer is formed
of a plurality of films laminated together, one of the plurality
of layers contacts the semiconductor layer above the gate
electrode, and the one of the plurality of layers is disposed
on the pixel electrode and has a function of controlling
alignment of liquid crystal molecules in the liquid crystal
layer.

[0010] Further, the present invention provides a liquid
crystal display device including: a pair of substrates; a thin
film transistor formed on one of the substrates and having a
gate electrode, a gate insulating layer, a source electrode, a
drain electrode, and a semiconductor layer; a pixel electrode
formed on the one of the substrates; a common electrode
formed on the other of the substrates; a liquid crystal layer
supported between the pair of substrates; a first alignment
layer disposed between the liquid crystal layer and the pixel
electrode; and a second alignment layer disposed between
the liquid crystal layer and the other of the substrates,
wherein the semiconductor layer of the thin film transistor is
formed of an organic compound, and wherein a film of the
same material as the first alignment layer is formed between
the semiconductor layer and the gate insulating layer.

[0011] Further, the present invention provides a liquid
crystal display device including: a pair of substrates; a thin
film transistor formed on one of the substrates and having a
gate electrode, a gate insulating layer, a source electrode, a
drain electrode, and a semiconductor layer; a common
electrode formed on the other of the substrates; a liquid
crystal layer supported between the pair of substrates; a first
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alignment layer disposed between the liquid crystal layer
and the one of the substrates; and a second alignment layer
disposed between the liquid crystal layer and the other of the
substrates, wherein the semiconductor layer of the thin film
transistor is formed of an organic compound, and wherein
the source electrode of the thin film transistor has a function
of pixel electrode and is disposed between the one of the
substrates and the first alignment layer, and the first align-
ment layer is formed in a planar region other than an upper
area of the semiconductor layer.

[0012] The present invention may prevent degradation of
an organic semiconductor film caused in forming an align-
ment layer and inexpensively provide a liquid crystal display
device with an organic thin film transistor.

[0013] Other objects, features and advantages of the
invention will become apparent from the following descrip-
tion of the embodiments of the invention taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 shows an arrangement and a schematic plan
view of an example of a liquid crystal display device
according to the invention;

[0015] FIG. 2 shows a structure in a cross-section of a thin
film transistor according to the invention;

[0016] FIG. 3 shows a structure in a plan view of a pixel
portion according to the invention;

[0017] FIG. 4 shows another structure in a cross-section of
a thin film transistor according to the invention;

[0018] FIG. 5 shows yet another structure in a cross-
section of a thin film transistor according to the invention;

[0019] FIG. 6 shows yet another structure in a cross-
section of a thin film transistor according to the invention;

[0020] FIG. 7 shows yet another structure in a cross-
section of a thin film transistor according to the invention;
and

[0021] FIG. 8 shows yet another structure in a cross-
section of a thin film transistor according to the invention.

DESCRIPTION OF SYMBOLS

[0022] 101, 101'...INSULATING SUBSTRATE, 102 .
.. GATE ELECTRODE, 102' . . . SCAN LINE, 103, 401 .
.. PIXEL ELECTRODE, 104 . . . COMMON LINE, 105,
301 .. . GATE INSULATING LAYER, 106, 106', 202 . . .
THROUGH HOLE, 107, 402 . . . ALIGNMENT LAYER,
108 .. . DRAINELECTRODE, 108'.. . SIGNALLINE, 109
... SOURCE ELECTRODE, 110 . . . SEMICONDUCTOR
LAYER, 111 . .. PROTECTIVE FILM, 112 . . . COMMON
ELECTRODE, 113 . . . BLACK MATRIX, 114 . . . COLOR
FILTER, 115 . . . LIQUID CRYSTAL LAYER, 201 . . .
GATE INSULATING LAYER, 302 . . . FILM FOR
IMPROVING THE ELECTRON FIELD-EFFECT MOBIL-
ITY

DETAILED DESCRIPTION OF THE
INVENTION

[0023] Hereafter, examples of the invention will now be
described in detail with reference to the drawing.
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EXAMPLE 1

[0024] FIG. 1 shows an example of an arrangement and a
schematic plan view of a liquid crystal display device
according to the invention.

[0025] There are disposed in a matrix multiple pixels 1
arranged in rows and columns, a scan line 102' for use in
selecting a pixel in a predetermined cycle, and a signal line
108' for providing information to the pixel. Each scan line is
connected to a scan driver 2. In addition, each signal line is
connected to a signal driver 3. As an example, a pixel in mth
row and nth column is operated during one cycle as follows:
when the scan line in the nth column connected to the pixel
is selected, a predetermined voltage is applied to the gate
electrode of a thin film transistor (TFT) of the pixel in the nth
column, which turns on the transistor. At this time, bright-
ness information, or a signal voltage Vs=Vdmn, is captured
from the signal line in the mth row, and is applied to the
drain electrode of the pixel in the mth row and nth column.
Bven after the scan line in the nth column connected to the
pixel is deselected, the brightness information is retained in
the pixel capacitor for a predetermined period of time.

[0026] FIG. 2 shows a schematic cross-section of a pixel
portion in the liquid crystal display device according to the
invention.

[0027] FIG. 2 relates to a cross-section taken along line
(A)-(A) of FIG. 1. The description will be made with
reference to FIGS. 1 and 2.

[0028] A TFT substrate was first fabricated according to
the procedure as described below. An insulating substrate
101 used a glass substrate. The insulating substrate 101 may
be selected from a wide variety of insulating materials.
Specifically, the substrate may use an inorganic substrate
such as of quartz, sapphire, or silicon; a substrate of alumi-
num, stainless steel, or the like coated with an insulating
film; or an organic plastic substrate such as of acryl, epoxy,
polyamide, polycarbonate, polyimide, polyester, polynor-
bornene, polyphenylene oxide, polyethylene naphthalene
dicarboxylate, polyethylene terephthalate, polyethylene
naphthalate, polyallylate, polyetherketone, polyethersul-
fone, polyketone, or polyphenylene sulfide. A substrate
provided with a film such as of silicon oxide or silicon
nitride on the surface thereof may also be used. An ITO film
sputtered thereon was patterned by photolithography to form
a gate electrode 102 and a scan line 102", a pixel electrode
103, as well as a common line 104, all having a thickness of
150 nm in the same layer. The gate electrode 102, scan line
102', pixel electrode 103, and common line 104 may be any
conductor without limitation, and may use, for example, a
metal or alloy such as Al, Cu, Tj, Cr, Au, Ag, Ni, Pd, Pt, Ta,
or Mo; a silicon material such as single crystal silicon or
polysilicon; a transparent conductive material such as ITO
or 170; an organic conductor such as polyaniline or poly-
3,4-ethylenedioxythiophene/polystyrene sulfonate; or the
like, and may be formed by a known method such as plasma
CVD, thermal deposition, sputtering, screen printing, ink
Jetting, electrolytic polymerization, electroless plating, elec-
troplating, or hot stamping. Besides a single layer structure,
the gate electrode may have a stacked structure of multiple
layers, for example, a combination of a Cr layer and an Au
layer, a combination of a Ti layer and a Pt layer, or the like.
The gate electrode 102, scan line 102", pixel electrode 103,
and common line 104 may also be formed into a desired
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shape by photolithography, shadow masking, microprinting,
laser abrasion, and the like. Additionally, the gate electrode
102, scan line 102", pixel electrode 103, and common line
104 may be formed of any materials different from each
other.

[0029] Spin-coated polysilazane was then baked at 450°
C., and a SiO2 film having a thickness of 200 nm was used
for a gate insulating layer 105. An inorganic film such as of
silicon nitride, aluminum oxide, or tantalum oxide; an
organic film such as of polyvinylphenol, polyvinyl alcohol,
polyimide, polyamic acid, polyamide, parylene, polymethyl
methacrylate,  polyvinyl chloride, polyacrylonitrile,
poly(perfluoroethylene-co-butenyl vinyl ether), polyisobu-
tylene, poly(4-methyl-1-pentene), poly(propylene-co-(1-
butene)), or a benzocyclobutene resin; or a laminated film
thereof may be used for the gate insulating layer 105, which
may be formed by plasma CVD, thermal deposition, sput-
tering, anodic oxidation, spray coating, spin coating, dip
coating, roll coating, blade coating, doctor roll coating,
screen printing, ink jetting, and the like. A through hole 106
was formed by photolithography so that the gate insulating
film over the pixel electrode was removed. When the gate
insulating layer 105 is formed by printing as described
above, the through hole 106 can be formed concurrently
with the gate insulating layer 105.

[0030] A polyimide film was then formed to a thickness of
50 nm by spin coating, baked at 200° C., and thereafter
patterned by photolithography so that the pixel electrode
was covered, to form an alignment layer 107. Besides
polyimide, the alignment layer 107 may use polyamic acid
or a film consisting of polyimide and polyamic acid, as well
as a resin material such as acryl, polychloropyrene, poly-
ethylene terephthalate, polyoxymethylene, polyvinyl chlo-
ride, polyvinylidene fluoride, cyanoethylpullulan, polym-
ethyl methacrylate, polysulfone, or polycarbonate. When the
same material is used for both the gate insulating layer 105
and alignment layer 107, the number of processes may be
reduced because the gate insulating film and alignment layer
can be concurrently formed.

[0031] AnITO film having a thickness of 150 nm was then
formed by sputtering and patterned by photolithography to
form a drain electrode 108, a source electrode 109, and a
signal line 108", and the source electrode 109 was connected
to the pixel electrode 103. As with the gate electrode, the
materials for the drain electrode 108, source electrode 109,
and signal line 108' may be any conductor without limita-
tion, and may use, for example, a metal such as Al, Cu, Tj,
Cr, Au, Ag, Ni, Pd, Pt, or Ta; a transparent conductive
material such as IZO; an organic conductor such as polya-
niline or poly-3,4-ethylenedioxythiophene/polystyrene sul-
fonate; or the like and may be formed by a known method
such as plasma CVD, thermal deposition, sputtering, screen
printing, ink jetting, electrolytic polymerization, electroless
plating, electroplating, or hot stamping. Besides a single
layer structure, the drain electrode 108, source electrode
109, and signal line 108' may have a stacked structure of
multiple layers. The drain electrode 108, source electrode
109, and signal line 108' may also be formed into a desired
shape by photolithography, shadow masking, microprinting,
laser abrasion, and the like. Additionally, the drain electrode
108, source electrode 109, and signal line 108' may be of any
materials different from each other.
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[0032] The top of the gate insulating layer 105 was then
modified by a monomolecular film of octadecyltrichlorosi-
lane. The monomolecular film may use a silane compound
such as heptafluoroisopropoxypropylmethyldichlorosilane,
trifluoropropylmethyldichlorosilane, hexamethyldisilazane,
vinyltriethoxysilane, y-methacryloxypropyltrimethoxy-
silane, y-aminopropyltriethoxysilane, N-phenyl-y-amino-
propyltrimethoxysilane, y-mercaptopropyltrimethoxysilane,
heptadecafluoro-1,1,2,2-tetrahydrodecyl-1-trimethoxysi-
lane, octadecyltriethoxysilane, decyltrichlorosilane, decyl-
triethoxysilane, or phenyltrichlorosilane; a phosphonic acid
compound such as 1-phosphonooctane, 1-phosphonohex-
ane, 1-phosphonohexadecane, 1-phosphono-3,7,11,15-tet-
ramethylhexadecane, 1-phosphono-2-ethylhexane,
1-phosphono-2.4,4-trimethylpentane, or 1-phosphono-3,5,
S-trimethylhexane; or the like. The modification is achieved
by bringing the surface of the gate insulating layer 105 into
contact with a solution or vapor of the compound to cause
the compound to be adsorbed to the surface of the gate
insulating film. Alternatively, the surface of the gate insu-
lating layer 105 may not necessarily be modified by a
monomolecular film.

[0033] A soluble pentacene derivative was then patterned
by contact printing and baked at 150° C. to form a semi-
conductor layer 110 composed of an organic compound,
having a thickness of 100 nm. The semiconductor layer 110
may use a phthalocyanine compound such as copper phtha-
locvanine, lutetium bisphthalocyanine, or aluminum phtha-
locyanine chloride; a condensed polycyclic aromatic com-
pound such as tetracene, a chrysene, pentacene, pyrene,
perylene, or coronene; a conjugated polymer such as polya-
niline, polythienylenevinylene, poly(3-hexylthiophene),
poly(3-butylthiophene), poly(3-decylthiophene), poly(9,9-
dioctylfluorene), poly(9,9-dioctylfluorene-co-benzothiadia-
zole), or poly(9,9-dioctylfluorene-co-dithiophene); or the
like, and may be formed by thermal deposition, molecular
beam epitaxy, spray coating, spin coating, roll coating, blade
coating, doctor roll coating, screen printing, ink jetting, and
the like. When a low molecular weight organic semicon-
ductor such as pentacene is used for the semiconductor layer
110, a gate insulating film portion in contact with the
semiconductor layer is not subjected to rubbing in order to
maintain smoothness of an interface between the semicon-
ductor and the gate insulating film and improve the electron
field-effect mobility of the thin film transistor.

[0034] When a liquid crystalline material such as poly-9,
9-dioctylfluorene-co-dithiophene (F8T2) is used for the
semiconductor layer 110, the surface of the gate insulating
film in contact with the semiconductor layer may in advance
be subjected to a photo-alignment process in the direction
from where the source electrode is formed toward where the
drain electrode is formed or in the direction from where the
drain electrode is formed toward where the source electrode
is formed, before the semiconductor layer is formed, to
uniaxially orient the liquid crystal semiconductor in the
direction of carriers moving through a channel, so that the
electron field-effect mobility of thin film transistor may be
improved.

[0035] A parylene film was then formed by CVD, and a
protective film 111 having a thickness of 500 nm and a
through hole 106' were formed by photolithography. The
protective film 111 is not limited to parylene, and may use
an inorganic film such as of silicon oxide or silicon nitride;
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an organic film such as of polyvinylphenol, polyvinyl alco-
hol, polymethyl methacrylate, polyvinyl chloride, or poly-
acrylonitrile; or a laminated film thereof, and may be formed
by plasma CVD, thermal deposition, sputtering, anodic
oxidation, spray coating, spin coating, roll coating, blade
coating, doctor roll coating, screen printing, ink jetting, and
the like.

[0036] The alignment layer 107 was then subjected to
rubbing so that liquid crystal was aligned in the diagonal
direction of the insulating substrate 101 to complete the TFT
substrate. Because the rubbing direction for the alignment
layer depends mainly on the viewing angle of the liquid
crystal, alignment directions of the alignment layer and the
surface of the gate insulating film are not necessarily coin-
cident with each other when a liquid crystalline material is
used and an alignment process is performed on the surface
of the gate insulating film in contact with the semiconductor
layer.

[0037] An opposing substrate was fabricated according to
the procedure as described below.

[0038] An insulating substrate 101' used a glass substrate.
As with the TFT substrate, the insulating substrate 101' may
be selected from a wide variety of insulating materials.

[0039] An ITO film having a thickness of 150 nm was
formed on the insulating substrate 101' by sputtering and a
common line 112 was formed.

[0040] A Cr film having a thickness of 100 nm was then
formed and a black matrix 113 by photolithography.

[0041] After a color filter 114 was formed, a polyimide
film was formed to a thickness of 50 nm by spin coating and
baked at 200° C. to form an alignment layer 107'.

[0042] The alignment layer 107" was then subjected to
rubbing to complete the opposing substrate.

[0043] A polymer spacer agent having a grain size of 5 um
is spread on the TFT substrate, and thereafter a UV curing
sealer is applied on the periphery of the display portion by
a dispenser. After the TFT substrate and opposing substrate
are bonded together, ultraviolet light is radiated to cure the
sealer. Finally, a liquid crystal layer 115 is enclosed to
complete the liquid crystal panel.

[0044] As shown in the example, the alignment layer 107
is formed earlier than the semiconductor layer 110 so that the
alignment layer is not disposed above the semiconductor
layer 110; in other words, there is provided a structure
including;: insulating substrates 101 and 101", or a pair of
substrates; a thin film transistor formed on one of the
substrates (insulating substrate 101) and having a gate
electrode, a gate insulating layer, a source electrode, a drain
electrode, and a semiconductor layer 110; a pixel electrode
103 formed on the one of the substrates; a common electrode
112 formed on the other of the substrates (insulating sub-
strate 101'"); a liquid crystal layer 115 supported between the
pair of substrates; a first alignment layer (alignment layer
107) disposed between the liquid crystal layer 115 and the
pixel electrode 103; and a second alignment layer (align-
ment layer 107') disposed between the liquid crystal layer
115 and the other of the substrates, wherein the semicon-
ductor layer 110 of the thin film transistor is formed of an
organic compound, and wherein the first alignment layer is
formed in a planar region other than an upper area of the
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semiconductor layer 110: this can prevent degradation of the
organic semiconductor layer due to a baking temperature for
the first alignment layer, or alignment layer 107, or due to a
solvent for the alignment layer 107.

[0045] In addition, the alignment layer and the gate insu-
lating film are formed in the same layer, so that the align-
ment layer and the gate insulating film may be formed in the
same process, advantageously providing an inexpensive
liquid crystal display device.

[0046] The electron field-effect mobility of the TFT fab-
ricated in the example was not less than 2 orders of mag-
nitude larger than that of a TFT fabricated in conventional
processes, which would form an alignment layer on the TFT
substrate later than the semiconductor layer, and a value of
approximately 1.2 cm2/Vs was obtained.

EXAMPLE 2

[0047] A second example of the invention will now be
described with reference to FIGS. 3 and 4. FIG. 3 shows a
schematic plan view of a pixel portion in a liquid crystal
display device according to the invention, and FIG. 4 shows
a schematic cross-section taken along line (A)-(A)' of FIG.
3

[0048] A TFT substrate was fabricated according to the
procedure as described below. An insulating substrate 101
used a glass substrate. As with Example 1, the insulating
substrate 101 may be selected from a wide variety of
materials. An ITO film sputtered thereon was patterned by
photolithography to form a gate electrode 102 and a scan
line 102', a pixel electrode 103, as well as a common line
104, all having a thickness of 150 nm in the same layer. The
materials for the gate electrode 102, scan line 102', pixel
electrode 103, and common line 104 may be selected from
a wide variety of conductors without limitation as with
Example 1. They may be formed by a known method such
as plasma CVD, thermal deposition, sputtering, screen print-
ing, ink jetting, electrolytic polymerization, electroless plat-
ing, electroplating, or hot stamping. The gate electrode 102,
scan line 102', pixel electrode 103, and common line 104
may also be formed into a desired shape by photolithogra-
phy, shadow masking, microprinting, laser abrasion, and the
like. Additionally, the gate electrode 102, scan line 102',
pixel electrode 103, and common line 104 may be formed of
any materials different from each other.

[0049] Polysilazane was then applied by dip coating to a
thickness of 5 nm, and thereafter baked at 90° C. to
metamorphose into a SiO2 film, forming a first layer of a
gate insulating film 201 (gate insulating film 201-1). The
first layer of the gate insulating film 201 may use an
inorganic film such as of silicon nitride, aluminum oxide, or
tantalum oxide; an organic film such as of polyvinylphenol,
polyvinyl alcohol, parylene, polymethyl methacrylate, poly-
vinyl chloride, polyacrylonitrile, poly(perfluoroethylene-co-
butenyl vinyl ether), polyisobutylene, poly(4-methyl-1-pen-
tene), poly(propylene-co-(1-butene)), or a
benzocyclobutene resin; or a laminated film thereof, and
may be formed by plasma CVD, thermal deposition, sput-
tering, anodic oxidation, spray coating, spin coating, dip
coating, roll coating, blade coating, doctor roll coating,
screen printing, ink jetting, and the like. The first layer of the
gate insulating film 201 may particularly use a material
exhibiting better resistance to voltage and less polarization,
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such as Si02, SiN, Al203, or Ta205, to improve perfor-
mance of the thin film transistor.

[0050] A through hole 106 was formed by photolithogra-
phy so that the gate insulating film over the pixel electrode
103 was removed. When the first layer of the gate insulating
film 201 is formed by printing as described above, the
through hole 106 can be formed concurrently with the first
layer of the gate insulating film 201.

[0051] Polyvinylphenol was spin-coated to a thickness of
100 nm to form a second layer of the gate insulating film 201
(gate insulating film 201-2). The second layer of the gate
insulating film 201 may use an inorganic film such as of
silicon nitride, aluminum oxide, or tantalum oxide; an
organic film such as of polyvinyl alcohol, parylene, polym-
ethyl methacrylate, polyvinyl chloride, polyacrylonitrile,
poly(perfluoroethylene-co-butenyl vinyl ether), polyisobu-
tylene, poly(4-methyl-1-pentene), poly(propylene-co-(1-
butene)), or a benzocyclobutene resin; or a laminated film
thereof, and may be formed by plasma CVD, thermal
deposition, sputtering, anodic oxidation, spray coating, spin
coating, dip coating, roll coating, blade coating, doctor roll
coating, screen printing, ink jetting, and the like.

[0052] A through hole 106' is again formed by photoli-
thography. When the second layer of the gate insulating film
201 is formed by printing as described above, the through
hole 106' can be formed concurrently with the second layer
of the gate insulating film 201.

[0053] A polyimide film was formed to a thickness of 50
nm by spin coating and baked at 200° C. to form a third layer
of the gate insulating film 201 (gate insulating film 201-3).
Besides polyimide, the third layer of the gate insulating film
201 may use polyamic acid or a film consisting of polyimide
and polyamic acid, as well as a resin material such as acryl,
polychloropyrene, polyethylene terephthalate, polyoxym-
ethylene, polyvinyl chloride, polyvinylidene fluoride, cya-
noethylpullulan, polymethyl methacrylate, polysulfone, or
polycarbonate. As shown in FIG. 3, a through hole 202 for
connecting the pixel electrode 103 to the source electrode
was formed by photolithography. When the third layer of the
gate insulating film 201 is formed by printing as described
above, the through hole 202 can be formed concurrently
with the third layer of the gate insulating film 201.

[0054] The third layer of the gate insulating film was
formed so that the pixel electrode 103 was also covered. The
second layer of the gate insulating film may be omitted by
securing resistance to voltage of the first layer of the gate
insulating film. Alternatively, the first and second layers of
the gate insulating film may be omitted by thickening the
polyimide layer of the gate insulating film to on the order of
200 nm to 500 nm: in other words, only the third layer of the
gate insulating film may be formed.

[0055] A sputtered ITO film having a thickness of 150 nm
was then patterned by photolithography to form a drain
electrode 108, a source electrode 109, and a signal line 108',
and the source electrode 109 was connected to the pixel
electrode 103. The materials for the drain electrode 108,
source electrode 109, and signal line 108' may be selected
from a wide variety of conductors without limitation as with
Example 1. They may be formed by a known method such
as plasma CVD, thermal deposition, sputtering, screen print-
ing, ink jetting, electrolytic polymerization, electroless plat-
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ing, electroplating, or hot stamping. Besides a single layer
structure, the drain electrode 108, source electrode 109, and
signal line 108 may have a stacked structure of multiple
layers. The drain electrode 108. source electrode 109, and
signal line 108' may also be formed into a desired shape by
photolithography, shadow masking, microprinting, laser
abrasion, and the like. Additionally, the drain electrode 108,
source electrode 109, and signal line 108' may be of any
materials different from each other.

[0056] A soluble pentacene derivative was then patterned
by contact printing and baked at 150° C. to form a semi-
conductor layer 110 having a thickness of 100 nm. The
material for the semiconductor layer 110 may be selected
from a wide variety of semiconductors without limitation as
with Example 1. It may be formed by thermal deposition,
molecular beam epitaxy, spray coating, spin coating, roll
coating, blade coating, doctor roll coating, screen printing,
ink jetting, and the like. When a low molecular weight
organic semiconductor such as pentacene is used for the
semiconductor layer 110, a gate insulating film portion in
contact with the semiconductor layer is not subjected to
rubbing in order to maintain smoothness of an interface
between the semiconductor and the gate insulating film and
improve the electron field-effect mobility of the thin film
transistor.

[0057] When a liquid crystalline semiconductor such as
poly-9,9-dioctylfluorene-co-dithiophene (F8T2) is used for
the semiconductor layer 110, the surface of the gate insu-
lating film in contact with the semiconductor layer may in
advance be subjected to a photo-alignment process in the
direction from where the source electrode is formed toward
where the drain electrode is formed or in the direction from
where the drain electrode is formed toward where the source
electrode is formed, to uniaxially orient the liquid crystal
semiconductor in the direction of carriers moving through a
channel, so that the electron field-effect mobility of the thin
film transistor may be improved.

[0058] A parylene film was then formed by CVD, and a
protective film 111 having a thickness of 500 nm and a
through hole 106" were formed by photolithography. The
protective film 111 is not limited to parylene, and may be
selected from insulators as with Example 1. It may be
formed by plasma CVD, thermal deposition, sputtering,
anodic oxidation, spray coating, spin coating, roll coating,
blade coating, doctor roll coating, screen printing, ink jet-
ting, and the like.

[0059] Finally, the gate insulating film 201 over the pixel
was then subjected to rubbing to complete the TFT substrate.
Because the rubbing direction for the alignment layer
depends mainly on the viewing angle of the liquid crystal,
alignment directions of the alignment layer and the surface
of the gate insulating film are not necessarily coincident with
each other when a liquid crystalline material is used and an
alignment process is performed on the surface of the gate
insulating film in contact with the semiconductor layer.

[0060] As described above, there is provided a structure in
which the semiconductor layer 110 of the thin film transistor
is formed of an organic compound, and in which the gate
insulating layer 201 is formed of a plurality of films lami-
nated together, one of the plurality of layers contacts the
semiconductor layer 110 above the gate electrode 102, and
the one of the plurality of layers is disposed on the pixel
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electrode 103 and has a function of controlling alignment of
liquid crystal molecules in the liquid crystal layer 115: this
can prevent degradation of the organic semiconductor layer,
while the gate insulating film having a function of alignment
layer may be formed in one process, advantageously pro-
viding an inexpensive liquid crystal display device, as with
Example 1.

[0061] The fabrication of an opposing substrate and
enclosing of the liquid crystal layer 115 was accomplished
in the same way as Example 1.

[0062] As with Example 1, the electron field-effect mobil-
ity of the TFT fabricated in the example is advantageously
improved comparing to that of a TFT fabricated in conven-
tional processes, which form an alignment layer on the TFT
substrate later than the semiconductor layer.

EXAMPLE 3

[0063] A third example of the invention will now be
described with reference to FIG. 5. FIG. 5 shows a sche-
matic cross-section of an organic thin film transistor accord-
ing to the invention.

[0064] A TFT substrate was fabricated according to the
procedure as described below. An insulating substrate 101
used a glass substrate. As with Example 1, the insulating
substrate 101 may be selected from a wide variety of
materials. An Al film sputtered thereon was patterned by
photolithography to form a gate electrode 102 and a scan
line 102", as well as a common line 104, all having a
thickness of 300 nm in the same layer. The materials for the
gate electrode 102, scan line 102', pixel electrode 103, and
common line 104 may be selected from a wide variety of
conductors without limitation as with Example 1. They may
be formed by a known method such as plasma CVD, thermal
deposition, sputtering, screen printing, ink jetting, electro-
lytic polymerization, electroless plating, electroplating, or
hot stamping. The gate electrode 102, scan line 102", and
common line 104 may also be formed into a desired shape
by photolithography, shadow masking, microprinting, laser
abrasion, and the like. Additionally, the gate electrode 102,
scan line 102, pixel electrode-103, and common line 104
may be formed of any materials different from each other.

[0065] Anodic oxidized A1203 having a thickness of 200
nm was formed on the gate electrode 102, scan line 102", and
common line 104 to use as a gate insulating layer 301. The
gate insulating layer 301 may be selected from a wide
variety of materials as with Example 1. [t may be formed by
plasma CVD, thermal deposition, sputtering, anodic oxida-
tion, spray coating, spin coating, dip coating, roll coating,
blade coating, doctor roll coating, screen printing, ink jet-
ting, and the like.

[0066] A sputtered ITO film having a thickness of 150 nm
was then patterned by photolithography to form a drain
electrode 108, a source electrode 109, a signal line 108", and
pixel electrode 103. In the example, the source electrode 109
and the pixel electrode 103 are integrated. The materials for
the drain electrode 108, source electrode 109, and signal line
108 may be selected from a wide variety of conductors
without limitation as with Example 1. They may be formed
by a known method such as plasma CVD, thermal deposi-
tion, sputtering, screen printing, ink jetting, electrolytic
polymerization, electroless plating, electroplating, or hot
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stamping. Besides a single layer structure, the drain elec-
trode 108, source electrode 109, and signal line 108' may
have a stacked structure of multiple layers.

[0067] The drain electrode 108, source electrode 109, and
signal line 108' may also be formed into a desired shape by
photolithography, shadow masking, microprinting, laser
abrasion, and the like. Additionally, the drain electrode 108,
source electrode 109, and signal line 108' may be of any
materials different from each other.

[0068] A polyimide film was then formed to a thickness of
50 nm by spin coating and baked at 200° C., and thereafter
patterned by photolithography so that the pixel electrode 103
was covered, forming an alignment layer 107, and while at
the same time, a film 302 for improving the electron
field-effect mobility was formed so that the gap between the
drain electrode 108 and the source electrode 109 was filled.
The alignment layer 107 was subjected to a photo-alignment
process so that liquid crystal was aligned in the diagonal
direction of the insulating substrate 101. On the other hand,
the film 302 for improving the electron field-effect mobility
was subjected to a photo-alignment process so that a liquid
crystal semiconductor, which would be formed later, would
be aligned in the direction from the source electrode toward
the drain electrode. The rubbing direction for the alignment
layer depends mainly on the viewing angle of the liquid
crystal.

[0069] A liquid crystalline semiconductor may be uniaxi-
ally oriented in the direction from the source electrode
toward the drain electrode, which is the direction of carriers
moving through a channel, to improve the electron field-
effect mobility of the thin film transistor. Therefore, the
directions, in which the alignment layer 107 and the film 302
for improving the electron field-effect mobility are subjected
to alignment process, are not necessarily coincident with
each other.

[0070] The ink jetting is then used to pattern F8T2 to form
a semiconductor layer 110 having a thickness of 100 nm.
The material for the semiconductor layer 110 may be
selected from a wide variety of semiconductors without
limitation as with Example 1. It may be formed by thermal
deposition, molecular beam epitaxy, spray coating, spin
coating, roll coating, blade coating, doctor roll coating,
screen printing, contact printing, and the like.

[0071] A parylene film was then formed by CVD, and a
protective film 111 having a thickness of 500 nm and a
through hole 106' were formed by photolithography. The
protective film 111 is not limited to parylene, and may be
selected from insulators as with Example 1. It may be
formed by plasma CVD, thermal deposition, sputtering,
anodic oxidation, spray coating, spin coating, roll coating,
blade coating, doctor roll coating, screen printing, ink jet-
ting, and the like.

[0072] In this way, the TFT substrate was completed. The
fabrication of an opposing substrate-and enclosing of the
liquid crystal layer 115 was accomplished in the same way
as Example 1.

[0073] As described above, the example provides a struc-
ture in which a film (the film 302 for improving the electron
field-effect mobility) of the same material as the first align-
ment layer, or the alignment layer 107, is formed between
the semiconductor layer 110 and the gate insulating layer
301.
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[0074] As with Example 1, the electron field-effect mobil-
ity of the TFT fabricated in the example is advantageously
improved comparing to that of a TFT fabricated in conven-
tional processes, which form an alignment layer on the TFT
substrate later than the semiconductor layer.

[0075] In addition, the alignment layer 107 and the film
302 for improving the electron field-effect mobility can be
concurrently fabricated, so that the number of processes may
be reduced to advantageously provide an inexpensive liquid
crystal display device.

EXAMPLE 4

[0076] A fourth example of the invention will now be
described with reference to FIG. 6. FIG. 6 shows a sche-
matic cross-section of an organic thin film transistor accord-
ing to the invention.

[0077] An insulating substrate 101, a gate electrode 102, a
scan line 102', a common line 104, a gate insulating layer
105, a through hole 106, a drain electrode 108, a source
electrode 109, a signal line 108', a semiconductor layer 110,
and a protective film 111 are formed in the same way as
Example 1.

[0078] The pixel electrode 401 was formed by extending
the source electrode 109 to the through hole 106, and formed
in the same layer as the drain electrode 108 and signal line
108 by patterning a sputtered ITO film having a thickness of
150 nm by photolithography. The materials for the pixel
electrode 401 may be any conductor without limitation, and
may use, for example, a metal such as Al, Cu, Ti, Cr, Au, Ag,
Ni, Pd, Pt, or Ta; other transparent conductive materials such
as 1Z0; an organic conductor such as polyaniline or poly-
3,4-ethylenedioxythiophene/polystyrene sulfonate; or the
like and may be formed by a known method such as plasma
CVD, thermal deposition, sputtering, screen printing, ink
jetting, electrolytic polymerization, electroless plating, elec-
troplating, or hot stamping.

[0079] Besides a single layer structure, the pixel electrode
401 may have a stacked structure of multiple layers. It may
be formed into a desired shape by photolithography, shadow
masking, microprinting, laser abrasion, and the like. Addi-
tionally, the pixel electrode 401 may be of any materials
different from each of the drain electrode 108, source
electrode 109, and signal line 108"

[0080] After the pixel electrode 401 was formed, an align-
ment layer 402 was formed by using spin coating to form a
polyimide film to a thickness of 50 nm, baking it at 200° C.,
and thereafter patterning it by photolithography so that the
pixel electrode was covered. At this time, the alignment
layer 402 was formed to expose the semiconductor layer 110
as with Examples 1 and 3. Besides polyimide, the alignment
layer 402 may use polyamic acid or a film consisting of
polyimide and polyamic acid, as well as a resin material
such as acryl, polychloropyrene, polyethylene terephthalate,
polyoxymethylene, polyvinyl chloride, polyvinylidene fluo-
ride, cyanoethylpullulan, polymethyl methacrylate, polysul-
fone, or polycarbonate.

[0081] In this way, the TFT substrate was completed. The
fabrication of an opposing substrate and enclosing of the
liquid crystal layer was accomplished in the same way as
Example 1.
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[0082] In the invention, therefore, there is provided a
structure in which the source electrode 109 of the thin film
transistor has a function of a pixel electrode 401 and is
disposed between the one insulating substrate 101 and the
alignment layer 402, and the alignment layer 402 is formed
in a planar region other than an upper area of the semicon-
ductor layer 110: this can prevent degradation of the organic
semiconductor layer, while a source electrode and a pixel
electrode may be formed in one process, advantageously
providing an inexpensive liquid crystal display device
through simple manufacturing processes.

[0083] As with Example 1, the electron field-effect mobil-
ity of the TFT fabricated in the example is advantageously
improved comparing to that of a TFT fabricated in conven-
tional processes, which form an alignment layer on the TFT
substrate later than the semiconductor layer.

EXAMPLE 5

[0084] A fifth example of the invention will now be
described with reference to FIG. 7. FIG. 7 shows a sche-
matic cross-section of a pixel portion in the liquid crystal
display device according to the invention.

[0085] A TFT substrate was fabricated according to the
procedure as described below. An insulating substrate 101
used a glass substrate. As with Example 1, the insulating
substrate 101 may be selected from a wide variety of
materials. An ITO film sputtered thereon was patterned by
photolithography to form a gate electrode 102 and a scan
line 102', a pixel electrode 103, as well as a common line
104, all having a thickness of 150 nm in the same layer. The
materials for the gate electrode 102, scan line 102', pixel
electrode 103, and common line 104 may be selected from
a wide variety of conductors without limitation as with
Example 1. They may be formed by a known method such
as plasma CVD, thermal deposition, sputtering, screen print-
ing, ink jetting, electrolytic polymerization, electroless plat-
ing, electroplating, or hot stamping. The gate electrode 102,
scan line 102', pixel electrode 103, and common line 104
may also be formed into a desired shape by photolithogra-
phy, shadow masking, microprinting, laser abrasion, and the
like. Additionally, the gate electrode 102, scan line 102',
pixel electrode 103, and common line 104 may be formed of
any materials different from each other.

[0086] Spin-coated polysilazane was then baked at 450°
C., and a SiO2 film having a thickness of 200 nm was used
for a gate insulating layer 105. The gate insulating layer 105
may be selected from a wide variety of insulators without
limitation as with Example 1, and may be formed by plasma
CVD, thermal deposition, sputtering, anodic oxidation,
spray coating, spin coating, dip coating, roll coating, blade
coating, doctor roll coating, screen printing, ink jetting, and
the like.

[0087] A through hole 106 was formed by photolithogra-
phy so that the gate insulating film over the pixel electrode
103 was removed. When the gate insulating layer 105 is
formed by printing as described above, the through hole 106
can be formed concurrently with the gate insulating layer
105.

[0088] A polyimide film was then formed to a thickness of
50 nm by spin coating, baked at 200° C., and thereafter
patterned by photolithography so that the pixel electrode 103
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was covered, to form an alignment layer 107. Besides
polyimide, the alignment layer 107 may be selected from a
wide variety of resin materials as with Example 1. When the
same material is used for both the gate insulating layer 105
and alignment layer 107, the number of processes may be
reduced because the gate insulating film and alignment layer
can be concurrently formed.

[0089] The top of the gate insulating layer 105 was then
modified by a monomolecular film of octadecyltrichlorosi-
lane. The monomolecular film may be selected from a wide
variety of materials as with Example 1. The modification is
achieved by bringing the surface of the gate insulating layer
105 into contact with a solution or vapor of the compound
to cause the compound to be adsorbed to the surface of the
gate insulating film. Alternatively, the surface of the gate
insulating layer 105 may not necessarily be modified by a
monomolecular film.

[0090] A soluble pentacene derivative was then patterned
by contact printing and baked at 150° C. to form a semi-
conductor layer 110 having a thickness of 100 nm. The
semiconductor layer 110 may be selected from semiconduc-
tor materials of a wide variety of organic compounds as with
Example 1, and may be formed by thermal deposition,
molecular beam epitaxy, spray coating, spin coating, roll
coating, blade coating, doctor roll coating, screen printing,
ink jetting, and the like. When a low molecular weight
organic semiconductor such as pentacene is used for the
semiconductor layer 110, a gate insulating film portion in
contact with the semiconductor layer is not subjected to
rubbing in order to maintain smoothness of an interface
between the semiconductor and the gate insulating film and
improve the electron field-effect mobility of the thin film
transistor.

[0091] When a liquid crystalline material such as poly-9,
9-dioctylfluorene-co-dithiophene (F8T2) is used for the
semiconductor layer 110, the surface of the gate insulating
film in contact with the semiconductor layer may in advance
be subjected to a photo-alignment process in the direction
from where the source electrode is formed toward where the
drain electrode is formed or in the direction from where the
drain electrode is formed toward where the source electrode
is formed, before the semiconductor layer is formed, to
uniaxially orient the liquid crystal semiconductor in the
direction of carriers moving through a channel, so that the
electron field-effect mobility of thin film transistor may be
improved.

[0092] Masked deposition was then used to form an ITO
film having a thickness of 150 nm, which was in turn shaped
into a drain electrode 108, a source electrode 109, and a
signal line 108", and the source electrode 109 was connected
to the pixel electrode 103. As with the gate electrode, the
materials for the drain electrode 108, source electrode 109,
and signal line 108' may be any conductor without limita-
tion, and may be selected from a wide variety of conductive
materials as with Example 1. Besides a single layer struc-
ture, they may have a stacked structure of multiple layers.
Additionally, the drain electrode 108, source electrode 109,
and signal line 108' may be of any materials different from
each other.

[0093] A parylene film was then formed by CVD, and a
protective film 111 having a thickness of 500 nm and a
through hole 106' were formed by photolithography. The
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protective film 111 is not limited to parylene, and may be
selected from insulators as with Example 1. It may be
formed by plasma CVD, thermal deposition, sputtering,
anodic oxidation, spray coating, spin coating, roll coating,
blade coating, doctor roll coating, screen printing, ink jet-
ting, and the like.

[0094] The alignment layer 107 was then subjected to
rubbing so that liquid crystal was aligned in the diagonal
direction of the insulating substrate 101 to complete the TFT
substrate. Because the rubbing direction for the alignment
layer depends mainly on the viewing angle of the liquid
crystal, alignment directions of the alignment layer and the
surface of the gate insulating film are not necessarily coin-
cident with each other when a liquid crystal semiconductor
is used and an alignment process is performed on the surface
of the gate insulating film in contact with the semiconductor
layer.

[0095] The fabrication of an opposing substrate and
enclosing of the liquid crystal layer was accomplished in the
same way as Example 1.

[0096] As with Example 1, the electron field-effect mobil-
ity of the TFT fabricated in the example is advantageously
improved comparing to that of a TFT fabricated in conven-
tional processes, which form an alignment layer on the TFT
substrate later than the semiconductor layer.

[0097] The example replaces a thin film transistor having
a bottom-contact structure with that having a top-contact
structure by inverting the order of formation of the source/
drain electrodes and the semiconductor layer in Example 1.
The same advantages may be achieved when the thin film
transistors in Examples 2 to 4 is converted to those having
the top-contact structure.

EXAMPLE 6

[0098] A sixth example of the invention will now be
described with reference to FIG. 8. FIG. 8 shows a sche-
matic cross-section of a pixel portion in the liquid crystal
display device according to the invention.

[0099] A TFT substrate was fabricated according to the
procedure as described below. An insulating substrate 101
used a glass substrate. As with Example 1, the insulating
substrate 101 may be seclected from a wide variety of
materials. An ITO film sputtered thereon was patterned by
photolithography to form a drain electrode 601, a signal line,
a source electrode 602, and a pixel electrode 603, all having
a thickness of 150 nm in the same layer.

[0100] A polyimide film was then formed to a thickness of
50 nm by spin coating, baked at 200° C., and thereafter
patterned by photolithography so that the pixel electrode
was covered, to form an alignment layer 604. Besides
polyimide, the alignment layer 604 may be selected from a
wide variety of resin materials as with Example 1.

[0101] A soluble pentacene derivative was then patterned
by contact printing and baked at 150° C. to form a semi-
conductor layer 605 having a thickness of 100 nm. The
semiconductor layer 605 may be selected from semiconduc-
tor materials of a wide variety of organic compounds as with
Example 1, and may be formed by thermal deposition,
molecular beam epitaxy, spray coating, spin coating, roll
coating, blade coating, doctor roll coating, screen printing,
ink jetting, and the like.
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[0102] A polyvinylphenol film having a thickness of 500
nm was formed by screen printing to form a gate insulating
film 606. The gate insulating film 606 is not limited to
polyvinylphenol, and may be selected from insulators as
with Example 1. It may be formed by plasma CVD, thermal
deposition, sputtering, anodic oxidation, spray coating, spin
coating, roll coating, blade coating, doctor roll coating,
screen printing, ink jetting, and the like.

[0103] The alignment layer 604 was then subjected to
rubbing.
[0104] Masked deposition was then used to form an Al

film having a thickness of 150 nm, and a gate electrode 607
and a scan line, as well as a common line were formed. The
materials for the gate electrode 607, scan line, and common
line may be selected from a wide variety of conductors
without limitation as with Example 1. Additionally, the gate
electrode 607, scan line, and common line may be formed of
any materials different from each other.

[0105] A polyvinylphenol film having a thickness of 500
nm was formed by screen printing to form a protective film
608. The protective film 608 is not limited to polyvinylphe-
nol, and may be selected from insulators as with Example 1.
It may be formed by plasma CVD, thermal deposition,
sputtering, anodic oxidation, spray coating, spin coating, roll
coating, blade coating, doctor roll coating, screen printing,
ink jetting, and the like.

[0106] In this way, the TFT substrate was completed. The
fabrication of an opposing substrate and enclosing of the
liquid crystal layer 115 was accomplished in the same way
as Example 1.

[0107] Accordingly, in the example, there is provided a
structure including: a pair of substrates (insulating substrates
101 and 101"); a thin film transistor formed on one of the
substrates (insulating substrate 101) and having a source
electrode 602, a drain electrode 601, a semiconductor layer
605, a gate insulating layer 606, and a gate electrode 607; a
common electrode 112 formed on the other of the substrates
(insulating substrate 101'); a liquid crystal layer 115 sup-
ported between the pair of substrates; a first alignment layer
(alignment layer 604) disposed between the liquid crystal
layer and the one of the substrates; and a second alignment
layer (alignment layer 107") disposed between the liquid
crystal layer and the other of the substrates, wherein the
semiconductor layer 605 is formed of an organic compound,
and wherein the source electrode 602 of the thin film
transistor has a function of a pixel electrode 603 and is
disposed between the one of the substrates 101 and the
alignment layer 604, and the alignment layer 604 is formed
in a planar region other than an upper area of the semicon-
ductor layer 605: this can prevent degradation of the organic
semiconductor layer, while a source electrode and a pixel
electrode may be formed in one process, advantageously
providing an inexpensive liquid crystal display device
through simple manufacturing processes.

[0108] The difference between the example and Example
4 in FIG. 6 is that the layered structure of the thin film
transistor is inverted, and in the example, the gate insulating
film 606 is formed over the semiconductor layer 605, and a
gate electrode 607 is further formed thereon.

[0109] As with Example 1, the electron field-effect mobil-
ity of the TFT fabricated in the example is advantageously
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improved comparing to that of a TFT fabricated in conven-
tional processes, which form an alignment layer on the TFT
substrate later than the semiconductor layer.

[0110] It should be further understood by those skilled in
the art that although the foregoing description has been
made on embodiments of the invention, the invention is not
limited thereto and various changes and modifications may
be made without departing from the spirit of the invention
and the scope of the appended claims.

1. A liquid crystal display device comprising:
a pair of substrates;

a thin film transistor formed on one of the pair of
substrates and having a gate electrode, a gate insulating
layer, a source electrode, a drain electrode, and a
semiconductor layer;

a pixel electrode formed on the one of the substrates;
a common electrode formed on the other of the substrates;

a liquid crystal layer supported between the pair of
substrates;

a first alignment layer disposed between the liquid crystal
layer and the pixel electrode; and

a second alignment layer disposed between the liquid
crystal layer and the other of the substrates,

wherein the semiconductor layer of the thin film transistor
1s formed of an organic compound, and

wherein the first alignment layer is formed in a planar
region other than an upper area of the semiconductor
layer.

2. A liquid crystal display device comprising:
a pair of substrates;

a thin film transistor formed on one of the pair of
substrates and having a gate electrode, a gate insulating
layer, a source electrode, a drain electrode, and a
semiconductor layer;

a pixel electrode formed on the one of the substrates;
a common electrode formed on the other of the substrates;

a liquid crystal layer supported between the pair of
substrates; and

a second alignment layer disposed between the liquid
crystal layer and the other of the substrates,

wherein the semiconductor layer of the thin film transistor
is formed of an organic compound, and

wherein the gate insulating layer is formed of a plurality
of films laminated together, one of the plurality of
layers contacts the semiconductor layer above the gate
electrode, and the one of the plurality of layers is
disposed on the pixel electrode and has a function of
controlling alignment of liquid crystal molecules in the
liquid crystal layer.
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3. A liquid crystal display device comprising:

a pair of substrates;

a thin film transistor formed on one of the pair of
substrates and having a gate electrode, a gate insulating

layer, a source electrode, a drain electrode, and a
semiconductor layer;

a pixel electrode formed on the one of the substrates;
a common electrode formed on the other of the substrates;

a liquid crystal layer supported between the pair of
substrates;

a first alignment layer disposed between the liquid crystal
layer and the pixel electrode; and

a second alignment layer disposed between the liquid
crystal layer and the other of the substrates,

wherein the semiconductor layer of the thin film transistor
is formed of an organic compound, and

wherein a film of the same material as the first alignment
layer is formed between the semiconductor layer and
the gate insulating layer.

4. A liquid crystal display device comprising:

a pair of substrates;

a thin film transistor formed on one of the pair of
substrates and having a gate electrode, a gate insulating
layer, a source electrode, a drain electrode, and a
semiconductor layer;

acommon electrode formed on the other of the substrates;

a liquid crystal layer supported between the pair of
substrates;

a first alignment layer disposed between the liquid crystal
layer and the one of the substrates; and

a second alignment layer disposed between the liquid
crystal layer and the other of the substrates,

10
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wherein the semiconductor layer of the thin film transistor
is formed of an organic compound, and

wherein the source electrode of the thin film transistor has
a function of pixel electrode and is disposed between
the one of the substrates and the first alignment layer,
and the first alignment layer is formed in a planar
region other than an upper area of the semiconductor
layer.

5. The liquid crystal display device according to claim 1,
wherein the first alignment layer is polyimide, polyamic
acid, or a film consisting of polyimide and polyamic acid.

6. The liquid crystal display device according to claim 1,
wherein the gate insulating layer and the first alignment
layer are formed of the same material.

7. The liquid crystal display device according to claim 1,
wherein

the semiconductor layer is formed of a liquid crystalline
material, and

the gate insulating layer in contact with the semiconductor

layer is subjected to an alignment process.

8. The liquid crystal display device according to claim 7,
wherein a surface of the gate insulating layer in contact with
the semiconductor layer is subjected to an alignment process
in a direction from where the source electrode is formed
toward where the drain electrode is formed or in a direction
from where the drain electrode is formed toward where the
source electrode is formed.

9. The liquid crystal display device according to claim 7,
wherein an alignment direction formed on a surface of the
gate insulating layer in contact with the semiconductor layer
and an alignment direction formed on a surface of the
alignment layer are not coincident with each other.

10. The liquid crystal display device according to claim 1,
wherein a color filter is included between the other of the
substrates and the second alignment layer.
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