wO 2009072452 A1 |00 0 OO0 OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
11 June 2009 (11.06.2009)

lﬂfb A0 0

(10) International Publication Number

WO 2009/072452 Al

(51) International Patent Classification:

GO9F 9/30 (2006.01) HOIL 21/336 (2006.01)
GO2F 1/1368 (2006.01) HOIL 27/32 (2006.01)
G09G 3/20 (2006.01) HOIL 29/786 (2006.01)
G09G 3/36 (2006.01) HOIL 51/50 (2006.01)

(21) International Application Number:
PCT/IP2008/071757

(22) International Filing Date:
25 November 2008 (25.11.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

2007-312546 3 December 2007 (03.12.2007) JP

(71) Applicant (for all designated States except US): SEMI-
CONDUCTOR ENERGY LABORATORY CO., LTD.
[JP/JP]; 398, Hase, Atsugi-shi, Kanagawa, 2430036 (JP).

(72)
(75)

(81)

(34)

Inventor; and

Inventor/Applicant (for US only): KASAHARA,
Takahiro [JP/JP]; c/o SEMICONDUCTOR ENERGY
LABORATORY CO., LTD., 398, Hase, Atsugi-shi, Kana-
gawa, 2430036 (JP).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title: TFT ARRANGEMENT FOR DISPLAY DEVICE

FIG. 1
Ss(j()j+1) S(J'+2)S(j+§(i+4) SG+9 (Lo
LR I Jis i
G() | e
Y SR 13
x({ a b c a b
g Tr3 * v
GG+1) g e S __'i)/
¥ A ER BN EAE:
c a b c a b
¥ X
G(i+2) T

S(G+7
S(j+8)

(57) Abstract: A new TFT arrangement is demon-
strated, which enables prevention of TFT to be formed
over a joint portion between the adjacent SOI layers
prepared by the process including the separation of a
thin single crystal semiconductor layer from a semi-
conductor wafer. The TFT arrangement is character-
ized by the structure where a plurality of TFTs each
belonging to different pixels is gathered and arranged
close to an intersection portion of a scanning line and a
signal line. This structure allows the distance between
regions, which are provided with the plurality of TFTs,
to be extremely large compared with the distance be-
tween adjacent TFTs in the conventional TFT arrange-
ment in which all TFTs are arranged in at a regular
interval. The formation of a TFT over the joint por-
tion can be avoided by the present arrangement, which
leads to the formation of a display device with a neg-
ligible amount of display defects.
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DESCRIPTION
TFT ARRANGEMENT FOR DISPLAY DEVICE

TECHNICAL FIELD
{0001}

The present invention relates to a display device having a so-called SOI
(silicon on insulator) structure in which a semiconductor layer is provided over an

insulating surface.

BACKGROUND ART .
[0002]

An integrated circuit has been developed, which uses a semiconductor substrate
so-called a silicon-on-insulator (hereinafter also referred to as an SOI) that has a thin
single cfystal semiconductor layer over an insulating surface, as an alternative to a
silicon wafer that is manufactured by thinly slicing an ingot of a single crystal
semiconductor. The integrated circuit using the SOI substrate attracts much attention
because the use of the SOI substrate enables the reduction of parasitic capacitance
between a drain of a transistor and the substrate, which contributes to the improvement
in performance of a semiconductor integrated circuit.

{0003]

There are various methods for manufacturing an SOI substrate, and Smart Cut
(registered trademark) is known as a method which allows easy production (high
throughput) of SOI substrate having a SOI layer with high quality. The SOI substrate
is formed in the following manner: hydrogen ions are implanted into a base wafer which
is to be a base of a silicon layer, and the resulting wafer is bonded to another wafer (a
bond wafer) at room temperature. A strong bond can be formed between the base
wafer and the bond wafer even at room temperature due to van der Waals force. The
base wafer bonded to the bond wafer is subjected to heat treatment at a temperature of
about 500 °C, and a silicon layer is separated from the base wafer utilizing a layer to
which the hydrogen ions are implanted as a boundary.

[0004]
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As a method for forming a single crystal silicon thin film obtained by utilizing
Smart Cut (registered trademark) over a crystallized glass, which is a high heat resistant
glass, a method invented by the applicant of the present invention is known (Patent
Document 1: Japanese Published Patent Application No. H11-163363).

[0005]

Further, a thin film transistor which is included in a driving circuit and a
control circuit of a display, such as a liquid crystal display and an organic EL display, is
formed of an amorphous silicon film, a polycrystallinc silicon film, or the like which is
formed over a glass substrate. In recent years, demand for higher definition or higher
speed driving of the display has been increased. Therefore, many attempts have been
made to form a single crystal silicon film with higher carrier mobility over a glass
substrate.

[0006]

With recent increase in the size of a screen and improvement of productivity by
increasing the number of panels obtained from one substrate, the size of mother glass
has been increased. For example, although practice application has not been made, a
mother glass whose size is 2850 mm x 3050 mm (so-called tenth generation) is known
as the largest mother glass at the present time.

[0007]

On the other hand, the largest size of a silicon wafer is 300 mm in diameter.
Therefore, in order to form an SOI layer throughout a surface of a large glass substrate a
plurality of silicon wafers is required to be bonded. In this case, it is difficult to
manufacture a large SOI substrate over the large glass substrate without the formation of

a joint portion (gap) between adjacent SOI layers.

DISCLOSURE OF INVENTION
[0008]

Hereinafter, one dot which emits or transmits light is defined as a sub-pixel and
a sub-pixel group formed of a plurality of sub-pixels each of which exhibits a different
emitting color is defined as a pixel. For example, each of R (red), G (green), and B
(blue) can be a sub-pixel, and a group of these sub-pixels is defined as a pixel.

[0009]
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As a conventional example, FIG. 2 illustrates an example of a pixel structure of
an active matrix display device, in which one pixel is formed of three sub-pixels, that is,
“a” (also referred to as a first sub-pixel), “b” (also referred to as a second sub-pixel),
and “c” (also referred to as a third sub-pixel), and a thin film transistor (hereinafter,
referred to as a TFT) as a switching element is provided in each sub-pixel. As
illustrated in FIG. 2, the simplest pixel arrangement of a display portion is a pixel
arrangement with the three sub-pixels arranged in a stripe pattern. Each sub-pixel is
surrounded by wirings including a scanning line and a signal line, and a layout of a TFT
and a pixel electrode is all the same in each sub-pixel (for simplification of the drawing,
a storage capacitor is not illustrated). Therefore, a distance between adjacent TFTs is
equal to a pitch of the sub-pixel.

[0010]

As to most active matrix display devices, the distance between the neighboring
TFTs is short. Therefore, when a display device is manufactured using a large SOI
substrate which is formed by bonding a plurality of single crystal semiconductor
substrates to a large glass substrate, it is difficult to arrange all TFTs apart from the joint
portion. Hence, a sub-pixel in which a TFT cannot be formed or a sub-pixel whose
TFT does not operate is frequently formed, which readily causes a display defect such
as a point defect and a line defect. Thus, an alignment margin in formation of an SOI
layer is small, and high accuracy for alignment of a SOI layer is required.

[0011]

Further, in order to improve contrast and prevent a leakage current which is
caused by the exposure to light, a black matrix (hereinafter, referred to as a BM) is
provided over a substrate (hereinafter, referred to as an opposite substrate) which is
opposite to a substrate provided with a TFT (hereinafter, referred to as a TFT substrate).
In general, a BM is formed to have wide width to obtain a margin for aliment in
bonding the TFT substrate with the opposite substrate. Therefore, when the BM is
-misplaced, a pixel region which is shielded by the BM is enlarged and an aperture ratio
is decreased.

[0012]
The present invention is made in view of the above-described problem and

provides a TFT arrangement, by which a margin for alignment in formation of an SOl
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layer is increased or by which reduction of the aperture ratio due to misplacement in.
bonding the TFT substrate and the opposite substrate is suppressed. In addition, a
display device using the TFT arrangement is provided.

[0013]

The present invention relates to a display device. One feature of the present
invention is that the display device includes a display portion which includes a plurality
of pixels arranged in matrix. Each of the pixels includes a plurality of sub-pixels. A
plurality of scanning lines or a plurality of signal lines is provided between the adjacent
pixels. Alternatively, a plurality of scanning lines and a plurality of signal lines are
provided between the adjacent pixels. Furthermore, each of the plurality of sub-pixels
is provided with a TFT, and eaéh of the TFTs is arranged so as to be close to an
intersection portion of the scanning line and the signal line.

[0014]

Further, as the arrangement of the TFTs, it is applicable that each of the TFTs is
arranged so as to be opposite to an adjacent TFT across a scanning line or a signal line.
{0015}

That is, in the present invention, a plurality of TFTs, which control the
sub-pixels, is arranged collectively so as to surround the intersection portion of the
scanning line and the signal line to increase the distance between regions each provided
with the plurality of TFTs, whereby the present invention solves the above-described
problem. The distance between regions each provided with the plurality of TFTs is
large compared with the case where the TFTs are evenly spaced in the display portion,
which can prevent the TFT from overlapping with the joint portion between the adjacent
SOI layers. Further, the area of the margin of the BM, which is formed so as to be
overlapped with the scanning line and the signal line, can be reduced, and reduction of
the aperture ratio due to misplacement of the TFT substrate and the opposite substrate
can be suppressed.

[0016]

According to the present invention, increase in the margin for alignment in
formation of an SOI layer or suppression of the reduction of the aperture ratio due to
misplacement of the TFT substrate and the opposite substrate can be realized, which

enables the improvement of productivity and reduction of a display defect.
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BRIEF DESCRIPTION OF DRAWINGS
[0017]

FIG. 1 is a schematic view illustrating a pixel arrangement of a display portion
according to the present invention.

FIG. 2 is a schematic view illustrating a conventional pixel arrangement in a
display portion.

FIG. 3 is a schematic view illustrating a pixel arrangement of a display portion
according to the present invention.

FIG. 4 is a schematic vicW illustrating a conventional pixel arrangement in a
display portion.

FIG. 5 is a schematic view illustrating a pixel arrangement of a display portion
according to the present invention.

FIG. 6 is a schematic view illustrating a pixel arrangement of a display portion
according to the present invention.

FIG. 7 is a schematic view illustrating a pixel arrangement of a display portion
according to the present invention.

FIG. 8 is a schematic view illustrating a pixel arrangement of a display portion
according to the present invention.

FIG. 9 is a schematic view illustrating a conventional pixel arrangement in a
display portion.

FIG. 10 is a schematic view illustrating a pixel arrangement of a display portion
according to the present invention.

FIG. 11 is a schematic view illustrating a conventional pixel arrangement in a
display portion.

FIG. 12 is a schematic view illustrating a conventional positional relation
between a pixel and a BM in a display portion. '

FIG. 13 is a schematic view illustrating a positional relation between a pixel
and a BM according to the present invention.

FIGS. 14A to 14E are cross-sectional views illustrating a process for
manufacturing a display device according to the present invention.

FIG. 15 is a cross-sectional view illustrating a display device according to the
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present invention.

FIGS. 16A to 16C are views illustrating a structure of a display device

according to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[0018] |

Hereinafter, embodiment modes of the present invention will be described with
reference to the drawings. Note that, the present invention is not limited to the
following description, and it is easily understood by those skilled in the art that various
changes may be made in forms and details without departing from the spirit and the
scope of the invention. Therefore, the present invention is not to be construed as being
limited to the following description of the embodiment modes. Note that, in structures
of the present invention described below, reference numerals denoting the same or
corresponding elements are used commonly in the drawings. .
[0019]

(Embodiment Mode 1)

FIG. 1 is a schematic view illustrating an example of a structure of an active
matrix display device according to one mode of the present invention. A pixel of this
embodiment mode has a structure in which three sub-pixels each having a rectangular
shape or a shape similar to the rectangular shape, that is, “a” (also referred to as a first
sub-pixel), “b” (also referred to as a second sub-pixel), and “c” (also referred to as a
third sub-pixel) are arranged in a stripe pattern so that the long side of the sub-pixel is
parallel to a signal line and in which three signal lines are close to each other and
interposed between adjacent pixels.

[0020]

Note that a specific structure of the sub-pixels “a”, “b”, and “c” is not limited.
For example, R (red), G (green), and B (blue) can be applied to the three sub-pixels.
[0021] ’

A TFT which is provided at the first sub-pixel of a first pixel arranged in a
region surrounded by a scanning line G(i), a scanning line G(i+1), signal lines S(j+3) to
S(j+5), and signal lines S(j+6) to S(j+8) is a Trl (also referred to as a first thin film

transistor), a TFT which is provided at the second sub-pixel of a second pixel provided
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in a region surrounded by the scanning line G(i+1), a scanning line G(i+2), the signal
lines S(j+3) to S(j+5), and the signal lines S(j+6) to S(j+8) is a Tr2 (also referred to as a
second thin film transistor), and a TFT which is provided at the third sub-pixel of a third
pixel provided in a region surrounded by the scanning line G(i+1), the scanning line
G(i+2), signal lines S(j) to S(j+2), the signal lines S(j+3) to S(j+5) is a Tr3 (also referred
to as a third thin film transistor). The Trl is connected to the scanning line G(i+1) and
the signal line S(j+5), the Tr2 is connected to the scanning line G(i+1) and the signal
line S(j+4), and the Tr3 is connected to the scanning line G(i+1) and the signal line
S(j+3). The same configuration is applied to other pixels, and three TFTs are arranged
so as to be close to an intersection portion of a scanning line and three signal lines.
[0022]

The structure of the present embodiment mode can be expressed in a different
way as shown below. The pixel shown in the present embodiment mode comprises
first to third sub-pixels which are arranged parallel to each other, first to third signal
lines (e.g., S(j+1) to S(j+3)) which are arranged parallel to each other, and first and
second scanning lines (e.g., G(i) and G(i+1)) which are parallel to each other. The
second sub-pixel is sandwiched between the first and third sub-pixels. The first to

third signal lines intersect perpendicularly with the first and second scanning lines, the

~ second signal line is interposed between the first and third signal lines, and the first to

third sub-pixels are provided in a region surrounded by the second signal line, the third
signal line, the first scanning line and the second scanning line. Each of the first to
third sub-pixels comprises a TFT. The TFT of the first sub-pixel is operated by the
second scanning line and the second signal line, the TFT of the second sub-pixel is
operated by the first scanning line and the first signal line, and the TFT of the third
sub-pixel is operated by the first scanning line and the third signal line. Furthermore,
-the TFT of the first sub-pixel is provided nearer to the second signal line than the third
signal line and nearer to the second scanning line than the first scanning line. The TFT
of the second sub-pixel is provided nearer to the second signal line than the third signal
line and nearer to the first scanning line than the second scanning line. The TFT of the
third sub-pixel is provided nearer to the third signal line than the second signal line and
nearer to the first scanning line than the second scanning line. According to this

embodiment mode, apart from the conventional arrangement in which all TFTs are
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arranged at a regular interval, three TFTs which are included in diffcreht pixels are
provided close to the intersection portion of three signal lines and one scanning line to
form a TFT group. In the TFT group, any of the TFTs is arranged so as to be opposite
to other TFTs across the scanning line or the signal line, as illustrated in FIG. 1, whereby
a distance between regions each provided with the TFT can be extended to be
approximately doubled compared to that of a conventional TFT arrangement illustrated
in FIG. 2. Namely, as illustrated in FIGS. 1 and 2, the distance X; between the TFT
groups which comprise three TFTs each belonging to different pixels is larger than the
distance X; between adjacent two TFTs in the conventional TFT arrangement.
Therefore, a margin for alignment in formation of an SOI layer is increased.

[0023]

Next, arrangement of the pixel and a BM will be described with reference to
FIG. 12 and FIG. 13. FIG. 12 illustrates a positional relation between a BM and a pixel
of a conventional display device. FIG. 13 illustrates a positional relation between a
BM and a pixel of a display device formed by this embodiment mode. In other words,
FIG. 12 corresponds to part of FIG. 2, and FIG. 13 corresponds to part of FIG. 1.

[0024] ‘

Since a BM 10 is provided over each signal line, a large number of the BMs 10
with relatively narrow width are provided in FIG. 12. In contrast, since a BM 11 is
provided over gathered three signal lines, a small number of the BMs 11 with relatively
wide width is provided in FIG 13. When the same number of signal lines is provided
over a substrate as in FIG12 and FIG. 13, a margin provided in each signal line can be
shared in FIG. 13, whereby an area where the BM is formed can be smaller than that of
FIG 12.

[0025]

* That is, since the BM is formed so as to overlap the scanning line and the
signal line formed in the pixel where the plurality of signal lines is gathered as in this
embodiment mode, the total area of the margin provided in consideration of
misplacement of a TFT substrate and an opposite substrate is decreased. Accordingly,
reduction of an aperture ratio due to misplacement can be suppressed. |
{0026} '

By applying the above-described TFT arrangement, a plurality of thin film
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transistors each provided in the sub-pixels can be provided close to the intersection
portion of the scanning line and the signal line. Therefore, the margin for alignment in
formation of the SOI layer can be increased or reduction of the aperture ratio due to the
misplacement in bonding the TFT substrate and the opposite substrate can be
suppressed.

{0027]

(Embodiment Mode 2)

FIG. 3 is a schematic view illustrating an example of a structure of an active
matrix display device according to one mode of the present invention. A pixel of this
embodiment mode has a structure in which three sub-pixels having a rectangular shape
or a shape similar to the rectangular shape, that is, “a” (also referred to as a first
sub-pixel), “b” (also referred to as a second sub-pixel), and “c” (also referred to as a
third sub-pixel) are arranged in a stripe pattern so that the long side of the sub-pixel is
parallel to a scanning line and in which three scanning lines are close to each other and
interposed between adjacent pixels.

[0028]

Note that a specific structure of the sub-pixels “a”, “b”, and “c” is not limited.
For example, R (red), G (green), and B (blue) can be applied to the three sub-pixels.
[0029]

A TFT which is provided at the first sub-pixel of a first pixel arranged in a
region surrounded by scanning lines G(i) to G(i+2), scanning lines G(i+3) to G(i+5), a
signal line S(j+1), and a signal line S(j+2) is a Tr1 (also referred to as a first thin film
transistor), a TFT which is provided at the second sub-pixel of a second pixel provided
in a region surrounded by the scanning lines G(i+3) to G(i+5), scanning lines G(i+6) to
G(i+8), the signal line S(j+1), and the signal line S(j+2) is a Tr2 (also referred to as a
second thin film transistor, and a TFT which is provided at the third sub-pixel of a third
pixel provided in a region surrounded by the scanning lines G(i+3) to G(i+5), the
scanning lines G(i+6) to G(i+8), a signal line S(j), and the signal line S(j+1) is a Tr3
(also referred to as a third thin film transistor). The Trl is connected to the scanning
line G(i+3) and the signal line S(j+1), the Tr2 is connected to the scanning line G(i+5)
and the signal line S(j+1), and the Tr3 is connected to the scanning line G(i+4) and the
signal line S(j+1). The same configuration is applied to other pixels, and three TFTs
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are arranged so as to be close to an intersection portion of three scanning lines and a
signal line.
[0030]

The structure of the present embodiment mode can be expressed in a different
way as shown below. The pixel shown in the present embodiment mode comprises
first to third sub-pixels which are arranged parallel to each other, first and signal lines
(e.g., S(j) and S(j+1)) which are arranged parallel to each other, and first to third
scanning lines (e.g., G(i+1) to G(i+3)) which are parallel to each other. The second
sub-pixel is sandwiched between the first and third sub-pixels. The first and second
signal lines intersect perpendicularly with the first to third scanning lines, the second
scanning line is interposed between the first and third scanning lines, and the first to
third sub-pixels are provided in a region surrounded by the first signal line, the second
signal line, the second scanning line and the third scanning line. Each of the first to
third sub-pixels comprises a TFT. The TFT of the ﬁrét sub-pixel is operated by the
third scanning line and the first signal line, the TFT of the second sub-pixel is operated
by the second scanning line and the first signal line, and the TFT of the third sub-pixel
is operated by the first scanning line and the second signal line. Furthermore, the TFT
of the first sub-pixel is provided nearer to the first signal line than the second signal line
and nearer to the third scanning line than the second scanning line. The TFT of the
second sub-pixel is provided nearer to the first signal line than the second signal line
and nearer to the second scanning line than the third scanning line. The TFT of the
third sub-pixel is provided nearer to the second signal line than the first signal line and
nearer to the second scanning line than the third scanning line. According to this
embodiment mode, apart from the conventional arrangement in which all TFTs are
arranged at a regular interval, three TFTs which are included in different pixels are
provided close to the intersection portion of a signal lines and three scanning lines to
form a TFT group. In the TFT group, any of the TFTs is arranged so as to be opposite
to other TFTs across the scanning line or the signal line as illustrated in FIG. 3, whereby
a distance between regions each provided with the TFT can be extended to be
approximately doubled compared to that of a conventional TFT arrangement illustrated
in FIG. 4. Namely, as illustrated in FIGS. 3 and 4, the distance X, between the TFT

groups which comprise three TFTs each belonging to different pixels is larger than the
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distance X, between two TFTs in the conventional TFT arrangement. Therefore, a
margin for alignment in formation of an SOI layer is increased.
[0031]

Further, since a BM which is formed so as to overlap the scanning line and the
signal line formed in the pixel where the plurality of scanning lines is gathered as in the
present invention, the total area of the margin provided in consideration of
misplacement of a TFT substrate and an opposite substrate can be decreased.
Accordingly, reduction of an aperture ratio due to misplacement can be suppressed.
[0032]

By applying the above-described TFT arrangement, a plurality of thin film
transistors each provided in the sub-pixels can be provided close to the intersection
portion of the scanning line and the signal line. Therefore, the margin for alignment in
formation of an SOI layer can be increased or reduction of the aperture ratio due to the
misplacement in bonding the TFT substrate and the opposite substrate can be
suppressed.

[0033]
(Embodiment Mode 3)

FIG. 5 is a view illustrating an example of a structure in which four TFTs are
arranged in the periphery of an intersection portion of a scanning line and a signal line
in an active matrix display device. A pixel of this embodiment mode has a structure in
which three sub-pixels each having a rectangular shape or a shape similar to the
rectangular shape, that is, “a” (also referred to as a first sub-pixel), “b” (also referred to
as a second sub-pixel), and “c” (also referred to as a third sub-pixel) are arranged in a
stripe pattern so that the long side of the sub-pixel is parallel to a signal line and in
which four signal lines are close to each other and interposed between adjacent pixels.
[0034]

In other words, the pixel of this embodiment mode has a structure in which
four sub-pixels having a rectangular shape or a shape similar to the rectangular shape,
that is, “a” (also referred to as a first sub-pixel), “b” (also referred to as a second

sub-pixel),“c” (also referred to as a third sub-pixel), and “a” (also referred to as a fourth

sub-pixel (0=a, b, or c)) are arranged in a stripe pattern so that the long side of the
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sub-pixel is parallel to the signal line and in which the four signal lines are gathered and
interposed between adjacent pixels.
[0035]

Note that a specific structure of the sub-pixels “a”, “b”, and “c” is not limited.
For example, R (red), G (green), and B (blue) can be applied to the three sub-pixels.
[0036]

The four sub-pixels are arranged within a lattice formed by the scanning line
and the signal line. Therefore, taking a given row (i-row) for example, sub-pixels for
four pixels (twelve sub-pixels) are arranged with three lattices lining successively along
a row direction as a unit.

[0037]

A TFT which is provided at the first sub-pixel of a first pixel arranged in a
region surrounded by a scanning line G(i), a scanning line G(i+1), signal lines S(j) to
S(j+3), and signal lines S(j+4) to S(j+7) is a Trl (also referred to as a first thin film
transistor), a TFT which is provided at the second sub-pixel of a second pixel provided
in a region surrounded by the scanning lines G(i+1), a scanning line G(i+2), the signal
lines S(j) to S(j+3), and the signal lines S(j+4) to S(j+7) is a Tr2 (also referred to as a
second thin film transistor), a TFT which is provided at the third sub-pixel of a third
pixel provided in a region surrounded by the scanning line G(i), the scanning line
G(i+1), the signal lines S(j+4) to S(j+7), and signal lines S(j+8) to S(j+11) is a Tr3 (also
referred to as a third thin film transistor), and a TFT which is provided at the fourth
sub-pixel of a fourth pixel arranged in a region surrounded by the scanning line G(i+1),
the scanning line G(i+2), the signal lines S(j+4) to S(j+7), and the signal lines S(j+8) to
S(j+11) is a Tr4 (also referred to as a fourth thin film transistor). The Trl is connected
to the scanning line G(i+1) and the signal line S(j+4), the Tr2 is connected to the
scanning line G(i+1) and the signal line S(j+5), the Tr3 is connected to the scanning line
G(i+1) and the signal line S(j+7), and the Tr4 is connected to the scanning line G(i+1)
and the signal line S(j+6). The same configuration is applied to other pixels, and four
TFTs are arranged so as to be close to an intersection portion of a scanning line and four
signal lines.

{0038]

Note that although the structure in which the sub-pixel is arranged in a stripe
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pattern so that the long side of the sub-pixel is parallel to the signal line and in which
the four signal lines are gathered is illustrated in this embodiment mode, the four TFTs
may be arranged close to the intersection portion of the scanning line and the signal line
even in a structure in which the sub-pixel is arranged in a stripe pattern so that the long
side of the sub-pixel is parallel to the scanning line and in which the four scanning lines
are gathered (not shown).

[0039]

The structure of the present embodiment mode can be expressed in a different
way as shown below. The pixel shown in the present.embodiment mode comprises
first to fourth sub-pixels which are arranged parallel to each other, first to fourth signal
lines (e.g., S(j+2) to S(j+5)) which are arranged parallel to each other, and first and
second scanning (e.g., G(i) and G(i+1)) lines which are parallel to each other. The first
and third sub-pixels are sandwiched between the second and fourth sub-pixels, the third
sub-pixel is nearer to the second sub-pixel than the fourth sub-pixel, and the first
sub-pixel is nearer to the fourth sub-pixel than the second sub-pixel. The first to fourth
signal lines intersect perpendicularly with the first and second scanning lines, the
second signal line and third signal line are interposed between the first and fourth signal
lines, the second signal line is nearer to the first signal line than the fourth signal line,
and the third signal line is nearer to the fourth signal line than the first signal line. The
first to fourth sub-pixels are provided in a region surrounded by the second signal line,
the third signal line, the first scanning line and the second scanning line. Each of the
first to fourth sub-pixels comprises a TFT. The TFT of the first sub-pixel is operated
by the second scanning line and the third signal line, the TFT of the second sub-pixel is
operated by the second scanning line and the second signal line, the TFT of the third
sub-pixel is operated by the first scanning line and the first signal line, and the TFT of
the fourth sub-pixel is operated by the first scanning line and the fourth signal line.
Furthermore, the TFT of the first sub-pixel is provided nearer to the third signal line
than the second signal line and nearer to the second scanning line than the first scanning
line. The TFT of the second sub-pixel is provided nearer to the second signal line than
the third signal line and nearer to the second scanning line than the first scanning line.
The TFT of the third sub-pixel is provided nearer to the second signal line than the third

signal line and nearer to the first scanning line than the second scanning line. The TFT
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of the fourth sub-pixel is provided nearer to the third signal line than the second signal
line and nearer to the first scanning line than the second scanning line. According to
this embodiment mode, apart from the conventional arrangement in which all TFTs are
arranged at a regular interval, four TFTs which are included in different pixels are
provided close to the intersection portion of four signal lines and one scanning line to
form a TFT group. In the TFT group, any of the TFIs is arranged so as to be
opposite to other TFTs across the scanning line or the signal line as illustrated in FIG. 5,
whereby a distance between regions each provided with the TFT can be extended to be
approximately trebled compared to a conventional TFT arrangement illustrated in FIG. 2.
Namely, as illustrated in FIG. 5, the distance X, between TFT groups which comprise
four TFTs each belonging to different pixels can be larger than the distance between
adjacent TFTs in the conventional TFT arrangement. Therefore, a margin for
alignment in formation of an SOI layer is increased.

[0040]

Further, since a BM which is formed so as to overlap the scanning line and the
signal line formed in the pixel where the plurality of scanning lines or the plurality of
signal lines is gathered as in the present invention, the total area of the margin provided
in consideration of misplacement of a TFT substrate and an opposite substrate can be
decreased. Accordingly, reduction of an aperture ratio due to the misplacement can be
suppressed.

(0041}

By applying the above-described TFT arrangement, a plurality of the thin film
transistors each provided in the sub-pixel can be provided close to the intersection
portion of the scanning line and the signal line. Therefore, the margin for alignment in
formation of an SOI layer can be increased or reduction of the aperture ratio due to
misplacement in bonding the TFT substrate and the opposite substrate can be
suppressed.

[0042]
(Embodiment Mode 4)

FIG. 6 is a view illustrating an example of a structure in which four TFTs are
arranged in the periphery of an intersection portion of a scanning line and a signal line

in an active matrix display device. A pixel of this embodiment mode has a structure in
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which four sub-pixels having a rectangular shape or a shape similar to rectangular shape,
that is, “a” (also referred to as a first sub-pixel), “b” (also referred to as a second
sub-pixel),“c” (also referred to as a third sub-pixel), and “d” (also referred to as a fourth
sub-pixel) are arranged in a stripe pattern so that the long side of the sub-pixel is parallel
to the signal line and in which the four signal lines are close to each other and
interposed between adjacent pixels.

[0043]

Note that a specific structure of the sub-pixels “a”, “b”, “c”, and “d” is not
limited. For example, R (red), G (green), B (blue), and W (white) can be applied to the
four sub-pixels.

[0044]

A TFT which is provided at the first sub-pixel of a first pixel arranged in a
region surrounded by a scanning line G(i), a scanning line G(i+1), signal lines S(j) to
S(j+3), and signal lines S(j+4) to S(j+7) is a Trl (also referred to as a first thin film
transistor), a TFT which is provided at the second sub-pixel of a second pixel provided
in a region surrounded by the scanning line G(i+1), a scanning line G(i+2), the signal
lines S(j) to S(j+3), and the signal lines S(j+4) to S(j+7) is a Tr2 (also referred to as a
second thin film transistor, a TFT which is provided at the third sub-pixel of a third
pixel provided in a region surrounded by the scanning line G(i), the scanning line
G(i+1), the signal lines S(j+4) to S(j+7), and signal lines S(j+8) to S(j+11) is a T3 (also
referred to as a third thin film transistor), and a TFT which is provided at the fourth
sub-pixel of a fourth pixel arranged in a region surrounded by the scanning line G(i+1),
the scanning line G(i+2), the signal lines S(j+4) to S(j+7), and the signal lines S(j+8) to
S(j+11) is a Tr4 (also referred to as a fourth thin film tran/sistor). The Trl is connected
to the scanning line G(i+1) and the signal line S(j+4), the Tr2 is connected to the
scanning line G(i+1) and the signal line S(j+5), the Ti3 is connected to the scanning line
G(i+1) and the signal line S(j+7), and the Tr4 is connected to the scanning line G(i+1)
and the signal line S(j+6). The same configuration is applied to other pixels, and four
TFTs are arranged so as to be close to an intersection portion of a scanning line and four
signal lines.

[0045]

Note that although the structure in which the sub-pixel is arranged in a stripe
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pattern so that the long side of the sub-pixel is parallel to the signal line and in which
the four signal lines are gathered is illustrated in this embodiment mode, the four TFTS
can be arranged in the intersection portion of the scanning line and the signal line even
in a structure in which the sub-pixel is arranged in a stripe pattern so that the long side
of the sub-pixel is parallel to the scanning line and in which four scanning lines are
gathered (not shown).

[0046]

The structure of the present embodiment mode can be expressed in a different
way as shown below. The pixel shown in the present embodiment mode comprises
first to fourth sub-pixels which are arranged parallel to each other, first to fourth signal
lines (e.g., S(j+2) to S(j+5)) which are arranged parallel to each other, and first and
second scanning lines (e.g., G(i) and G(i+1)) which are parallel to each other. The first
and fourth sub-pixels are sandwiched between the second and third sub-pixels, the first
sub-pfxel is nearer to the second sub-pixel than the third sub-pixel, and the fourth
sub-pixel is nearer to the third sub-pixel than the second sub-pixel. The first to fourth
signal lines intersect perpendicularly with the first and second scanning lines, the
second signal line and third signal line are interposed between the first and fourth signal
lines, the second signal line is nearer to the first signal line than the fourth signal line,
and the third signal line is nearer to the fourth signal line than the first signal line. The
first to fourth sub-pixels are provided in a region surrounded by the second signal line,
the third signal line, the first scanning line and the second scanning line. Each of the
first to fourth sub-pixels comprises a TFT. The TFT of the first sub-pixel is operated
by the second scanning line and the third signal line, the TFT of the second sub-pixel is
operated by the first scanning line and the fourth signal line, the TFT of the third
sub-pixel is operated by the second scanning line and the second signal line, and the
TFT of the fourth sub-pixel is operated by the first scanning line and the first signal line.
Furthermore, the TFT of the first sub-pixel is provided nearer to the third signal line
than the second signal line and nearer to the second scanning line than the first scanning
line. The TFT of the second sub-pixel is provided nearer to the third signal line than
the second signal line and nearer to the first scanning line than the second scanning line.
The TFT of the third sub-pixel is provided nearer to the second signal line than the third

signal line and nearer to the second scanning line than the first scanning line. The TF1
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of the fourth sub-pixel is provided nearer to the second signal line than the third signal
line and nearer to the first scanning line than the second scanning line. According to
this embodiment mode, apart from the conventional arrangement in which all TFTs are
arranged at a regular interval, four TFTs which are included in different pixels are
provided close to the intersection portion of four signal lines and one scanning line to
form a TFT group. In the TFT group, any of the TFTs is arranged so as to be opposite
to other TFTs across the scanning line or the signal line as illustrated in FIG. 6, whereby
a distance between regions each provided with the TFT can be increased compared to
that of a conventidnal TFT arrangement. Namely, as illustrated in FIG. 6, the distance
X; between TFT groups which comprise four TFTs each belonging to different pixels is
larger than the distance between TFTs in the conventional TFT arrangement.
Therefore, a margin for alignment in formation of an SOI layer is increased.

[0047]

Further, since a BM which is formed so as to overlap the scanning line and the
signal line formed in the pixel where the plurality of scanning lines, the plurality of
signal lines, or the plurality of scanning lines and the plurality of signal lines are
gathered as in the present invention, the total area of the margin provided in
consideration of misplacement of a TFT substrate and an opposite substrate can be
decreased. Accordingly, reduction of an aperture ratio due to misplacement can be

| suppressed.
[0048]

By applying the above-described TFT arrangement, a plurality of thin film
transistors each provided in the sub-pixels can be provided close to the intersection
portion of the scanning line and the signal line. Therefore, the margin for alignment in
formation of an SOI layer can be increased or reduction of the aperture ratio due to
misplacement in bonding the TFT substrate and the opposite substrate can be
suppressed.

[0049]
(Embodiment Mode 5)

FIG. 7 is a view illustrating an example of a structure in which four-TFI‘s are
arranged in the periphery of an intersection portion of a scanning line and a signal line

in an active matrix display device. A pixel of this embodiment mode has a structure in
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which four sub-pixels having a square or similar to a square shape, that is, “a” (also
referred to as a first sub-pixel), “b” (also referred to as a second sub-pixel), “c” (also
referred to as a third sub-pixel), and “d” (also referred to as a fourth sub-pixel) are
arranged in a mosaic pattern and in which four signal lines are close to each other and
interposed between adjacent pixels.

[0050]

Note that a specific structure of the sub-pixels “a”,“b”, “c”, and “d” is not
limited. For example, R (ted), G (green), B (blue), and W (white) can be applied to the
four sub-pixels. |
[0051]

A TFT which is provided at the first sub-pixel of a first pixel arranged in a
region surrounded by a scanning line G(i), a scanning line G(i+1), signal lines S(j) to
S(j+3), and signal lines S(j+4) to S(j+7) is a Trl (also referred to as a first thin film
transistor), a TFT which is provided at the second sub-pixel of a second pixel provided
in a region surrounded by the scanning line G(i+1), a scanning line G(i+2), the signal
lines S(j) to S(j+3), and the signal lines S(j+4) to S(G+7) is a Tr2 (also referred to as a
second thin film transistor), a TFT which is provided at the third sub-pixel of a third
pixel provided in a region surrounded by the sczinning line G(i), the scanning line
G(i+1), the signal lines S(j+4) to S(j+7), and signal lines S(j+8) to S(j+11) is a T13 (also
referred to as a third thin film transistor), and a TFT which is provided at the fourth
sub-pixel of a fourth pixel arranged in a region surrounded by the scanning line G(i+1),
the scanning line G(i+2), the signal lines S(j+4) to S(j+7), and the signal lines S(j+8) to
S(j+11) is a Tr4 (also referred to as a fourth thin film transistor). The Trl is connected
to the scanning line G(i+1) and the signal line S(j+4), the Tr2 is connected to the
scanning line G(i+1) and the signal line S(j+5), the Tr3 is connected to the scanning line
G(i+1) and the signal line S(j+7), and the Tr4 is connected to the scanning line G(i+1)
and the signal line S(j+6). The same configuration is applied to other pixels, and four
TFTs are arranged so as to be close to an intersection portion of a scanning line and four
signal lines.

{0052}
Note that although the structure in which the four signal lines are gathered is

illustrated in this embodiment mode, the four TFTs can be arranged close to the
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intersection portion of the scanning line and the signal line even in a structure in which
four scanning lines are gathered (not shown).  Further, by gathering two scanning lines
and two signal lines, a similar TFT arrangement can be realized as illustrated in FIG. 8.
[0053]

The structure of the present embodiment mode illustrated in FIG. 7 can be
expressed in a different way as shown below. The pixel shown in the present
embodiment mode of FIG. 7 comprises first to fourth sub-pixels which are arranged in a
mosaic pattern, first to fourth signal lines (e.g., S(j+2) to S(j+5)) which are arranged
parallel to each other, and first and second scanning lines (e.g., G(i) to G(i+1)) which
are parallel to each other. The first sub-pixel is nearer to the second scanning line than
the first scanning line and nearer to the third signal line than the second signal line.
The second sub-pixel is nearer to the first scanning line than the second scanning line
and nearer to the third signal line than the second signal line. The third sub-pixel is
nearer to the second scanning line than the first scanning line and nearer to the second
signal line than the first signal line. The fourth sub-pixel is nearer to the first scanning
line than the second scanning line and nearer to the second signal line than the third
signal line. The first to fourth signal lines intersect perpendicularly with the first and
second scanning lines, the second signal line and third signal line are interposed
between the first and fourth signal lines, the second signal line is nearer to the first
signal line than the fourth signal line, and the third signal line is nearer to the fourth
signal line than the first signal line. The first to fourth sub-pixels are provided in a
region surrounded by the second signal line, the third signal line, the first scanning line
and the second scanning line. Each of the first to fourth sub-pixels comprises a TFT.
The TFT of the first sub-pixel is operated by the second scanning line and the third
signal line, the TFT of the second sub-pixel is operated by the first scanning line and the
fourth signal line, the TFT of the third sub-pixel is operated by the second scanning line
and the second signal line, and the TFT of the fourth sub-pixel is operated by the first
scanning line and the first signal line. Furthermore, the TFT of the first sub-pixel is
provided nearer to the third signal line than the second signal line and nearer to the
second scanning line than the first scanning line. The TFT of the second sub-pixel is
provided nearer to the third signal line than the second signal line and nearer to the first

scanning line than the second scanning line. The TFT of the third sub-pixel is
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provided nearer to the second signal line than the third signal line and nearer to the
second scanning line than the first scanning line. The TFT of the fourth sub-pixel is
provided nearer to the second signal line than the third signal line and nearer to the first
scanning line than the second scanning line. In a similar way, the structure of the
present embodiment mode illustrated in FIG 8 can be expressed as shown below. A
pixel comprises first to fourth sub-pixels which are arranged in a mosaic pattern, first
and second signal lines (e.g., S(j+1) and S(j+2)) which are arranged parallel to each
other, and first and second scanning lines (e.g., G(i+1) and G(i+2)) which are parallel to
each other. The first sub-pixel is nearer to the first scanning line than the second
scanning line and nearer to the first signal line than the second signal line. The second
sub-pixel is nearer to the first scanning line than the second scanning line and nearer to
the second signal line than the first signal line. “The third sub-pixel is nearer to the
second scanning line than the first scanning line and nearer to the first signal line than
the second signal line. The fourth sub-pixel is nearer to the second scanning line than
the first scanning line and nearer to the second signal line than the first signal line.
The first and second signal lines intersect perpendicularly with the first and second
scanning lines. The first to fourth sub-pixels are provided in a region surrounded by
the first signal line, the second signal line, the first scanning line and the second
scanning line. Each of the first to fourth sub-pixels comprises a TFT. The TFT of the
first sub-pixel is operated by the first scanning line and the first signal line, the TFT of
the second sub-pixel is operated by the first scanning line and the second signal line, the
TFT of the third sub-pixel is operated by the second scanning line and the first signal
line, and the TFT of the fourth sub-pixel is operated by the second scanning line and the
second signal line. Furthermore, the TFT of the first sub-pixel is provided nearer to
the first signal line than the second signal line and nearer to the first scanning line than
the second scanning line. The TFT of the second sub-pixel is provided nearer to the
second signal line than the first signal line and nearer to the first scanning line than the
second scanning line. The TFT of the third sub-pixel is provided nearer to the first
signal line than the second signal line and nearer to the second scanning line than the
first scanning line. The TFT (Tr4) of the fourth sub-pixel is provided nearer to the
second signal line than the first signal line and nearer to the second scanning line than

the first scanning line. According to this embodiment mode, apart from the
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convéntional arrangement in which all TFTs are arranged at a regular interval, four
TFTs which are included in different pixels are provided close to the intersection portion
of four signal lines and one scanning line or to the intersection portion of two signal
lines and two scanning line to form a TFT group. In the TFT group, any of the TFTs is
arranged so as to be opposite to the other TFTs across the scanning line or the signal line
as illustrated in FIG. 7 and FIG. 8, whereby a distance between regions each provided
with the TFT can be extended to be approximately doubled compared to a conventional
TFT arrangement illustrated in FIG 9. Namely, as illustrated in FIGS. 7 to 9, the
distance X; between two TFT groups which comprise four TFTs each belonging to
different pixels can be larger than the distance X, between TFTs in the conventional
TFT arrangement. Therefore, a margin for alignment in formation of an SOI layer is
increased. In addition, the pixels are arranged in a mosaic pattern as illustrated in FIG
7 and FIG. 8, whereby a secondary effect of increasing visibility can also be obtained.
[0054]

Further, a wiring of the TFT is not overlapped with the scanning line and the
signal line in FIG 8 which is a top view. In the general manufacturing process, in
order to avoid undesired connection between the scanning line and the signal line, an
insulating layer is formed, and a contact hole is formed in the insulating layer, which is
followed by the formation of a conductive layer to electrically contact the TFT with an
appropriately selected scanning line or signal line. However, such a process is not
required in the present embodiment mode.

[0055]

Further, since a BM is formed so as to overlap the scanning line and the signal
line formed in the pixel where the plurality of scanning lines, the plurality of signal
lines, or the plurality of scanning lines and the plurality of signal lines are gathered as in
the present invention, the total area of the margin provided in consideration of
misplacement of a TFT substrate and an opposite substrate can be decreased.
Accordingly, reduction of an aperture ratio due to misplacement can be suppressed.
[0056]

By applying the above-described TFT arrangement, a plurality of thin film
transistors each provided in the sub-pixels can be provided close to the intersection

portion of the scanning line and the signal line. Therefore, the margin for alignment in
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formation of an SOI layer can be increased or reduction of the aperture ratio due to
misplacement in bonding the TFT substrate and the opposite substrate can be
suppressed.

[0057]

(Embodiment Mode 6)

FIG. 10 is a view illustrating an example of a structure in which two TFTs are
arranged in the periphery of an intersection portion of a scanning line and a signal line
in an active matrix display device. A pixel of this embodiment mode has a structure in
which three sub-pixels having a rectangular shape or a shape similar to rectangular
shape, that is, “a” (also referred to as a first sub-pixel), “b” (also referred to as a second
sub-pixel), and “c” (also referred to as a third sub-pixel) are arranged in a delta pattern
and in which two scanning lines are close to each other and interposed between adjacent
pixels.

[0058]

Note that a specific structure of the sub-pixels “a”, “b”, and “c” is not limited.
For example, R (red), G (green), and B (blue) can be applied to the three sub-pixels.
[0059] '

The first pixel comprises a first sub-pixel, and a TFT provided at the first
sub-pixel that is arranged in a region surrounded by scanning lines G(i) and G(i+1),
scanning lines G(i+2) and G(i+3), a signal line S(j+1), and a signal line S(j+2) is a Trl
(also referred to as a first thin film transistor). The second pixel comprises a second
sub-pixel, and a TFT provided at the second sub-pixel that is arranged in a region
surrounded by the scanning lines G(i+2) and G(i+3), scanning lines G(i+4) and G(i+5),
a signal line S(j), and the signal line S(j+1) is a Tr2 (also referred to as a second thin
film transistor. The Trl is connected to the scanning line G(i+2) and the signal line
S(j+1), and the Tr2 is connected to the scanning line G(i+3) and the signal line S(j+1).
The same configuration is applied to other pixels, and two TFTs are arranged so as to be
close to an intersection portion of two scanning lines and a signal line.

[0060]

Note that although a structure in which the two scanning lines are gathered is

illustrated in this embodiment mode, the two TFTs can be arranged close to the

intersection portion of the scanning line and the signal line even in a structure in which
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two signal lines are gathered (not shown). Also, by gathering two scanning lines and
two signal lines, a structure in which four TFTs are arranged close to the intersection
portion of the scanning line and the signal line can be realized (not shown).

[0061]

According to this embodiment mode, the TFTs included in the sub-pixels of a
display portion are arranged as illustrated in FIG. 10, whereby a distance X; between
regions each provided with the TFTs can be approximately doubled compared to a
distance X, in a conventional TFT arrangement in which all TFTs are arranged at a
regﬁlar interval as illustrated in FIG. 11. Therefore, a margin for alignment in
formation of an SOI layer is increased.

[0062] _

Further, since a BM is formed so as to overlap the scanning line and the signal
line formed in the pixel where the plurality of scanning lines, the plurality of signal
lines, or the plurality of scanning lines and the plurality of signal lines are gathered as in
the present invention, the total area of the margin provided in consideration of
misplacement of a TFT substrate and an opposite substrate can be decreased.
Accordingly, reduction of an aperture ratio due to misplacement can be suppressed.
[0063]

In addition, a wiring of the TFT is not overlapped with the scanning line and
the signal line in FIG. 10 which is a top view. In the general manufacturing process, in
order to avoid undesired connection between the scanning line and the signal line, an
insulating layer is formed, and a contact hole is formed in the insulating layer, which is
followed by the formation of a conductive layer to electrically contact the TFT with an
appropriately selected scanning line or signal line. However, such a process is not
required in the present embodiment mode.

[0064)

By applying the above-described TFT arrangement, a plurality of thin film
transistors each provided in the sub-pixels can be provided close to the intersection
portion of the scanning line and the signal line. Therefore, the margin for alignment in
formation of an SOI layer can be increased or reduction of the aperture ratio due to
misplacement in bonding the TFT substrate and the opposite substrate can be

suppressed.
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[0065]
(Embodiment Mode 7)

A method for manufacturing a transmissive liquid crystal display device
including the TFT arrangement which is described in Embodiment Mode 1 to
Embodiment Mode 6 will be described in this embodiment mode.

[0066]

First, a process for forming a single crystal semiconductor thin film over a base
substrate will be described with reference to FIGS. 14A to 14E. A silicon oxide film
or a silicon oxynitride film is formed over a single crystal semiconductor substrate 100
which is processed to have a rectangular shape, and a silicon nitride film or a silicon
nitride oxide is formed thereover. Here, a silicon oxynitride film 101 and a silicon
nitride oxide film 102 are formed sequentially. At this time, the thickness of the
silicon oxynitride film is preferably greater than or equal to 10 nm and less than or
equal to 150 nm. Further, the thickness of the silicon nitride oxide film is preferably
greater than or equal to 10 nm and less than or equal to 200 nm.

{0067}

Note that the silicon oxynitride film 101 and the silicon nitride oxide film 102
are provided in order to prevent contamination of a single crystal semiconductor layer
due to impurities such as sodium ions diffused from a base substrate 106. Here, the
silicon nitride oxide film refers to a film that contains higher composition of nitrogen
than oxygen and that includes oxygen, nitrogen, silicon, and hydrogen at concentrations
ranging from 15 to 30 at.%, 20 to 35 at.%, 25 to 35 at.%, and 15 to 25 at.%, respectively,
where the total of the concentrations is 100 at.%. The silicon oxynitride film refers to
a film that contains higher composition of oxygen than nitrogen and includes oxygen,
nitrogen, silicon, and hydrogen at concentrations ranging from 55 at.% to 65 at.%, 1
at.% to 20 at.%, 25 at.% to 35 at.%, and 0.1 at.% to 10 at.%, respectively, where the
total of the concentrations is 100 at.%. Note that aluminum nitride, aluminum nitride
oxide, or the like may also be used. The silicon oxynitride film 101 and the silicon
nitride oxide film 102 are not necessarily provided, and a substrate in which only an ion
implantation layer is formed by performing ion implantation on a single crystal

semiconductor substrate to be described later may also be used.
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[0068]

Next, an ion implantation layer 104 is formed by implanting hydrogen ions 103
into the single crystal semiconductor substrate 100 (see FIG. 14A). This implantation
of the hydrogen ions is performed in consideration of the thickness of the single crystal
semiconductor layer to be transferred to the base substrate. The thickness of the single
crystal semiconductor layer is set at 10 nm to 200 nm, and preferably 10 nm to 50 nm.
An accelerating voltage for implanting hydrogen ions is set in consideration of the
thickness. With this treatment, the ion implantation layer 104 is formed in a region at
a predetermined depth from a surface of the single crystal semiconductor substrate 100.
Note that the ion implantation layer 104 may be formed using hydrogen, a rare gas, or a
mixture of hydrogen and a rare gas.

[0069]

Next, a silicon oxide film 105 is formed over the silicon nitride oxide film 102
by a chemical vapor deposition (CVD) method or a plasma chemical vapor deposition
(plasma CVD) method using a mixed gas of a TEOS gas and an oxygen gas (FIG. 14B).
The silicon oxide film 105 may be formed before the ions are implanted to the single
crystal semiconductor substrate 100. Note that when the silicon oxide film is formed
by a CVD method or a plasma CVD method using a mixed gas of a TEOS gas and an
oxygen gas, it is preferable that the thickness of the silicon oxide film is set to be greater
than or equal to 10 nm and less than or equal to 800 nm.

[0070]

Here, “TEOS gas” refers to a tetraethyl orthosilicate gas. When the silicon
oxide film formed by a CVD method or a plasma CVD method using a mixed gas of a
TEOS gas and an oxygen gas is provided at a bonding interface between the single
crystal semiconductor substrate and a supporting substrate, adhesion between the
substrates can be increased. |
[0071]

In the case where the silicon oxynitride film 101 or the silicon nitride oxide
film 102 is not formed, it is preferable that an ultra-thin metal oxide film formed by the
spontaneous oxidation, chemical oxidation, or UV irradiation under an atmosphere
containing oxygen be formed over the surface of the single crystal semiconductor

substrate 100. In a similar way, the above-mentioned oxide film is preferably formed
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before formation of the silicon oxynitride film 101 or the silicon nitride oxide film 102
over the single crystal semiconductor substrate 100. A chemically formed oxide film
can be formed by treating the surface of the single crystal semiconductor substrate with
oxidizer such as ozone-containing water, an aqueous solution of hydrogen peroxide, or
sulfuric acid.

[0072]

Then, a plurality of the single crystal semiconductor substrates 100 processed
with the steps of FIG. 14A and 14B is prepared, and the base substrate 106 and the
silicon oxide film 105 over the single crystal semiconductor substrate 100 are bonded to
each other as illustrated in FIG. 14C. In order to simplify the drawing, the drawing
illustrating a step for bonding two single crystal semiconductor substrates 100 is
employed. Note that a base film 107 is formed over the surface of the base substrate
106. As the base film 107, a silicon oxide film formed by a CVD method or a plasma
CVD method using a mixed gas of a TEOS gas and an oxygen gas is represented. By
attaching the silicon oxide films 105 and 107 which is the base film to each other, the
single crystal semiconductor substrates 100 and the base substrate 106 can be bonded to
each other. Note that, although the base film 107 such as the silicon oxide film is not
necessarily formed, it is preferably provided in order to improve adhesion of the
substrates.

[0073]

. Since a substrate for the base substrate 106 is acceptable as long as the
substrate has light-transmitting property, an insulating substrate such as a glass substrate
or a quartz substrate can be used for the base substrate 106. In this embodiment mode,
a glass substrate is used.

[0074]

In this embodiment mode, the bond-formation is performed by attaching the
silicon oxide film 105 formed on the single crystal semiconductor substrate 100 to the
base film 107 formed over the base substrate 106. The bond can be formed at room
temperature. This bonding takes place at the atomic level, and a strong bond is formed
at room temperature due to interaction of the van der Waals force.

{0075}

After the bond of the single crystal semiconductor substrates 100 and the base
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substrate 106 is formed, a part of the single crystal semiconductor layer (i.e., the single
crystal semiconductor layer 108) is separated from the single crystal semiconductor
substrates 100 (FIG. 14D). A change in volume of microvoids formed in the ion
implantation layers 104 occurs upon heating, cleavage sections are generated along the
ion implantation layer 104, and the single crystal semiconductor layer 108 can be
separated (divided) along the cleavage sections. After that, heat treatment is preferably
performed at 400 °C to 700 °C to increase the bond strength. In this manner, a single
crystal semiconductor layer 109 is formed over the base substrate 106. Then, in order
to planarize surfaces of the single crystal semiconductor layer 109, chemical mechanical
polishing (CMP) is preferably performed.

[0076]

As illustrated in FIG. 14D, as for the plurality of single crystal semiconductor
layers 109 formed over the base substrate 106, joint portions 110 (gaps) are generated
between the adjacent single crystal semiconductor layers. For example, when
conventional TFT arrangement shown in FIG 2, FIG 4, FIG. 9, and FIG. 11 are used,
since a distance between TFTs is small, it is extremely difficult to form all TFTs
avoiding the joint portions 110. In contrast, the TFT arrangement described in
Embodiment Mode 1 to Embodiment Mode 6 makes it possible to arrange TFTs
efficiently avoiding the joint portions 110.

[0077]

Next, a resist is formed over the single crystal semiconductor layer 109. By
etching the single crystal semiconductor layer 109 using the resist as a mask,
island-shaped single crystal semiconductor layers 201 are formed (FIG. 14E).

[0078]

Hereinafter, a process for forming a TFT and manufacturing a liquid crystal
display device will be described with use of FIG 15.

[0079]

A first insulating layer 202 which covers the island-shaped single crystal
semiconductor layers 201 is formed. The first insulating layer 202 is formed of an
insulating film containing silicon with a thickness of 10 nm to 150 nm by a plasma
CVD method, a sputtering method, or the like. The first insulating layer 202 may be

formed of a material such as an oxide or nitride of silicon, typified by silicon nitride,
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silicon oxide, silicon oxynitride, and silicon nitride oxide and may be a stacked layer or
a single layer. Further, the insulating layer may be a stacked layer of three layers
including a silicon nitride film, a silicon oxide film, and a silicon nitride film, a single
layer of a silicon oxynitride film, or a stacked layer of two silicon oxynitride films. A
silicon nitride oxide with dense film quality is preferably used. Further, a thin silicon
oxide film with a thickness of 1 to 100 nm, preferably 1 to 10 nm, and more preferably

2 to 5 nm may be formed between the island-shaped single crystal semiconductor layer

* 201 and the first insulating layer 202. A thermally induced oxidation is represented as

a method for forming the thin silicon oxide film, in which a semiconductor surface of a
semiconductor region is oxidized by a GRTA method, an LRTA method, or the like,
thereby forming a thin silicon oxide film. Note that it is preferable to allow the
insulating film to include a rare gas element such as argon by adding fhe rare gas
element to the reactive gas in order to form a dense insulating film with negligible gate
leak current at a low film-formation temperature. The first insulating layer 202
functions as a gate insulating layer.

[0080]

Then, a first conductive layer 203 functioning as a gate electrode or a
connection electrode is formed over the first insulating layer 202. In this embodiment
modé, an example in which the first conductive layer 203 is formed of a single layer is
illustrated; however, the first conductive layer 203 may have a structure in which two,
three or more layers of conductive materials are stacked. Note that the first conductive
layer 203 is formed by selectively etching a conductive layer which is formed so as to
cover the first insulating layer 202. ‘

[0081]

The first conductive layer 203 can be formed using an element selected from
tantalum (Ta), tungsten (W), titanium (Ti), molybdenum (Mo), aluminum (Al), copper
(Cu), chromium (Cr), niobium (Nb), and the like, or an alloy or a compound containing
such an element as a main component. Further, a semiconductor material typified by
polycrystalline silicon doped with an impurity element such as phosphorus can also be
used. For example, when the first conductive layer 203 formed to have a stacked layer
structure, tantalum nitride may be used as a first layer and tungsten may be used as a

second layer. Note that the first conductive layer 203 is not limited to this combination
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and can be proﬁded by freely combining any of the materials described above.
[0082]

Then, impurity regions 201b and 201c, and a channel region 201a to which an
impurity element is not added are formed in the island-shaped single crystal
semiconductor layer 201 by adding an impurity element into the island-shaped single
crystal semiconductor layer 201 using the first conductive layer 203 as a mask. Here,
an impurity element is added after the first conductive layer 203 is formed so as to cross
the island-shaped single crystal semiconductor layer 201. Thus, the impurity regions
201b and 201c are formed by adding an impurity to a region which is not covered with
the first conductive layer 203. The channel region 201a to which an impurity element
is not added is formed in the region which is covered with the first conductive layer
203.

[0083]

In this embodiment mode, an impurity element which imparts n-type
conductivity or an impurity element which imparts p-type conductivity can be used for
the impurity element. As the impurity element imparting n-type conductivity,
phosphorus (P), arsenic (As), or the like can be used. As the impurity element
imparting p-type conductivity, boron (B), aluminum (Al), gallium (Ga), or the like can
be used. For example, phosphorus (P) can be used as the impurity element and
introduced into the island-shaped single crystal semiconductor layer 201 at a
concentration of 1 x 10" t0 1 x 10* atoms/cm® to form the impurity regions 201b and
201c which have n-type conductivity. Note that a lightly-doped drain region (an LDD
region) to which an impurity is added at a lower concentration than the impurity regions
201b and 201c that function as a source or drain region may be formed between the
channel region 201a and the impurity regions 201b and 201c.

[0084]

Next, a second insulating layer 204 is formed so as to cover the first conductive
layer 203 and the first insulating layer 202. Here, as the second insulating layer 204,
silicon oxide, silicon oxynitride (SiO4Ny, where x > y > 0), silicon nitride oxide (SiNxOy,
where x > y > 0), or the like, which is formed by a CVD method, a sputtering method,

or the like, can be used. Alternatively, the second insulating layer 204 can be formed
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to have a single layer structure or a stacked layer structure including an organic material
such as polyimide, polyamide, poly(vinylphenol), benzocyclobutene-based resin, acrylic,
or epoxy; a siloxane material such as a siloxane resin; oxazole resin; and the like.
Note that the siloxane material is a material having a Si-O-Si bond. Siloxane has a
skeleton formed from a bond of silicon (Si) and oxygen (O). As a substituent, an
organic group (for example, an alkyl group or aromatic hydrocarbon), or a fluoro group
may be used. The organic group may contain a fluoro group. An oxazole resin is a
photosensitive polybenzoxazole or the like, for example. @ A photosensitive
polybenzoxazole is a material which has a low dielectric constant (a dielectric constant
of 2.9 at 1 MHz at room temperature), high heat resistance (according to results of
thermogravimetry-differential thermal analysis (TG-DTA) at a rate of temperature
increase of 5 °C/min, it has a thermal decomposition temperature of 550 °C), and a low
rate of water absorption (0.3 % at room temperature over 24 hours). Compared with a
dielectric constant of polyimide or the like (approximately 3.2 to 3.4), an oxazole resin
has a lower dielectric constant (approximately 2.9). Therefore, when an oxazole resin
is used, generation of parasitic capacitance can be suppressed and high-speed operation
can be performed. In this embodiment mode, a single layer structure or a stacked layer
structure including silicon oxide, silicon oxynitride (SiOxNy, where x > y > 0), and/or
silicon nitride oxide (SiN,Oy, where x > y > 0) which are formed by a CVD method is
provided as the second insulating layer 204. Further, the second insulating layer 204
may be formed as a stacked layer of an organic material such as polyimide, polyamide,
poly(vinylphenol), benzocyclobutene-based resin, acrylic, or epoxy; a siloxane material
such as a siloxane resin; or an oxazole resin. Next, a resist is formed over the second
insulating layer 204 selectively. As the resist, a positive photoresist, a negative
photoresist, or the like can be selected as appropriate.

[0085]

Then, the second insulating layer 204 and the first insulating layer 202 are
etched by dry etching using the resist as a mask to form contact holes which reach the
island-shaped single crystal semiconductor layer 201. There is no particular limitation
on an etching gas in the dry etching as long as the etching gas provides high etching

selectivity of the second insulating layer 204 and the first insulating layer 202 with
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respect to the semiconductor layer so that the semiconductor layer is not etched. For
example, a fluorine-based gas sﬁch as CF4, NF3, SFg, CHF3, or CF4; a mixed gas in
which O, gas, H, gas, or an inert gas such as He or Ar is added as appropriate to a
fluorine-based gas; or the like can be used. Preferably, a mixed gas containing CHF;
and He, a mixed gas containing CF; and O, or a mixed gas containing CHF3, He, and
H, is used. |

[0086]

The contact holes formed in the second insulating layer 204 and the first
insulating layer 202 are filled with a conductive material, resulting in a second
conductive layer 205 which is connected electrically to the impurity regions 201b and
201b of the island-shaped single crystal semiconductor layer 201 at a surface
therebetween. Note that the second conductive layer 205 can be formed by selectively
etching a conductive layer which is formed so as to cover the second insulating layer
204.

[0087]

Then, a third insulating layer 206 is formed so as to cover the second insulating
layer 204 and the second conductive layer 205. The third insulating layer 206 can be
formed of a material selected from silicon oxide, silicon nitride, silicon oxynitride,
silicon nitride oxide, aluminum nitride, aluminum oxynitride (AION), aluminum nitride
oxide (AINO) containing higher composition of nitrogen than oxygen, aluminum oxide,
diamond-like carbon (DLC), a nitrogen-containing carbon film (CN), phosphosilicate
glass (PSG), borophosphosilicate glass (BPSG), an alumina film, polysilazane, or
another substance containing an inorganic insulating material. Further, a siloxane resin
may be used as well. Further, an organic insulating material may be used. An
organic material may be either photosensitive or non-photosensitive, and polyimide,
acrylic, polyamide, polyimideamide, a resist, or benzocyclobutene-based resin can be
used.

[0088] A

In this embodiment mode, the third insulating layer 206 is preferably formed
by using a spin coating method or the like.
[0089]

Next, a resist is formed over the third insulating layer 206 selectively, and
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etching is performed on the third insulating layer 206 using the resist as a mask,
whereby contact holes reaching the second conductive layer 205 are formed. Then, a
pixel electrode 207 connected to the second conductive layer 205 electrically is formed
over the third insulating layer 206. Further, an orientation film 208 is formed over the
third insulating layer 206 and the pixel electrode 207.

{00901

Subsequently, an opposite substrate 802 is prepared. The opposite substrate
802 includes a glass substrate 300, an opposite electrode 301 formed of a transparent
conductive film, and an orientation film 302.

[0091]

Then, a TFT substrate 801 obtained through the above-described process and
the opposite substrate 802 are bonded to each other with a sealant interposed
therebetween. Here, a spacer may be provided between the orientation film 208 and
the orientation film 302 to keep a constant space between the both substrates. After
-that, liquid crystal 803 is injected between the both substrates and the both substrates

are sealed with a sealing material, whereby a transmissive liquid crystal display device

~ as illustrated in FIG. 15 is completed.

[0092]

In accordance with the present invention, increase of a margin for alignment in
formation of an SOI layer, improvement of productivity, and reduction of a display
defect can be realized. In other words, a display device with high reliability can be
manufactured.

[0093]

A transmissive liquid crystal display device is described in this embodiment
mode. However, a display device to which the present invention is applied is not
limited to the transmissive liquid crystal display device. For example, the present
invention can also be applied to a reflective liquid crystal display device by using an
electrode layer having reflectivity as the pixel electrode 207, or by providing a reflective
film for an upper surface or a bottom surface of the pixel electrode 207. Also, the
present invention can be applied to a display device including an electroluminescent
element (an EL display device).

[0094]
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(Embodiment Mode 8)

FIGS. 16A to 16C exemplifies a structure of a mobile phone .1000 according to
the present invention. FIG. 16A is a front view, FIG. 16B is a rear view, and FIG. 16C
is a development view. The mobile phone 1000 is a so-called smartphone which has
both functions of a mobile phone and a portable information terminal, is incorporated
with a computer, and can perform a variety of data processing in addition to voice calls.
[0095]

The mobile phone 1000 includes two housings 1001 and 1002. The housing
1001 includes a display portion 1101, a speaker 1102, a microphone 1103, operation
keys 1104, a pointing device 1105, a camera lens 1106, an external connection terminal
1107, and the like, while the housing 1002 includes a keyboard 1201, an external
memory slot 1202, a camera lens 1203, a light 1204, an earphone terminal 1108, and the
like. In addition, an antenna is incorporated in the housing 1001.

[0096] ‘

Further, in addition to the above structure, the mobile phone 1000 may
incorporate a non-contact IC chip, a small size memory device, or the like. '
[0097] | |

The display device described in the above embodiment mode can be
incorporated in the display portion 1101, and display direction can be changed
depending on a usage pattern. The mobile phone 1000 is provided with the camera
lens 1106 on the same surface as the display portion 1101, and thus it can be used as a
video phone. Further, a still image and a moving image can be taken with the camera
lens 1203 and the light 1204 by using the display portion 1101 as a viewfinder. The
speaker 1102 and the microphone 1103 are not limited to use for verbal communication,
and can be used for a videophone, recording, reproduction, and the like. With use of
the operation keys 1104, operation of incoming and outgoing calls, easy input of
information such as electronic mails or the like, scrolling of a screen, cursor motion and
the like are possible. Furthermore, the housing 1001 and the housing 1002 (FIG. 16A),
which are overlapped with each other, are slid to expose the housing 1002 as illustrated
in FIG. 16C, and can be used as a portable information terminal. In this case, smooth
operation is possible with use of the keyboard 1201 and the pointing device 1105. The

external connection terminal 1107 can be connected to an AC adapter and various types
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of cables such as a USB cable, and charging and data communication with a personal
computer are possible. Moreover, a large amount of data can be stored and transferred
by using a storage medium inserted into the external memory slot 1202.

[0098] _

Further, in addition to the above-described functions, the mobile phone 1000
may also have an infrared communication function, a television reception function, or
the like.

[0099]
The display device with a reduced number of display defect and high reliability

can be manufactured in accordance with the present invention.

This application is based on Japanese Patent Application serial no.
2007-312546 filed with J apan Patent Office on December 3, 2007, the entire contents of

which are hereby incorporated by reference.
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CLAIMS

1. Adisplay device comprising:

a substrate;

first and second scanning lines formed over the substrate;

first to third signal lines formed over the substrate, the second signal line being
located between the first and third signal lines; and

a pixel having first to third sub-pixels formed over the substrate, the pixel
being provided in a region surrounded by the second signal line, the third signal line, the
first scanning line, and the second scanning line,

wherein the second sub-pixel is located between the first and third sub-pixels,

wherein the first and second scanning lines each intersect with the first to third
signal lines,

wherein the first sub-pixel has a first thin film transistor connected to the
second scanning line and the second signal line,

wherein the second sub-pixel has a second thin film transistor connected to the
first scanning line and the first signal line,

wherein the third sub-pixel has a third thin film transistor connected to the first
scanning line and the third signal line,

wherein the first thin film transistor is nearer to the second scanning line than
the first scanning line and nearer to the second signal line than the third signal line,

wherein the second thin film transistor is nearer to the first scanning line than
the second scanning line and nearer to the second signal line than the third signal line,
and _

wherein the third thin film transistor is nearer to the first scanning line than the

second scanning line and nearer to the third signal line than the second signal line.

2. The display device according to claim 1,

wherein the first to third sub-pixels exhibit different colors from each other.

3. The displéy device according to claim 1,

wherein the first to third thin film transistors each have a single crystal
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semiconductor layer.

4. The display device according to claim 1,
wherein each of the first to third sub-pixels has a pixel electrode, and

wherein each of the first to third thin film transistors is connected to the pixel

electrode.

5. The display device according to claim 1,
wherein the first to third thin film transistors each have a single crystal
semiconductor layer,
wherein the display device further comprises:
a base film between the substrate and the first to third thin film
transistors; and
an insulating layer which covers the single crystal semiconductor layer
and is in contact with the single crystal semiconductor layer, and
wherein the base film has a gap in which the insulating layer and the substrate

are in contact with each other.

6. Adisplay device comprising:

a substrate;

first to third scanning lines formed over the substrate, the second scanning line
being located between the first and third scanning lines;

first and second signal lines formed over the substrate; and

a pixel having first to third sub-pixels formed over the substrate, the pixel
being provided in a region surrounded by the first signal line, the second signal line, the
second scanning liﬁe, and the third scanning line,

wherein the second sub-pixel is located between the first and third sub-pixels,

wherein the first to third scanning lines each intersect with the first and second
signal lines,

wherein the first sub-pixel has a first thin film transistor connected to the third
scanning line and the first signal line,

wherein the second sub-pixel has a second thin film transistor connected to the
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first scanning line and the second signal line,

wherein the third sub-pixel has a third thin film transistor connected to the
second scanning line and the first signal line,

wherein the first thin film transistor is nearer to the third scanning line than the
second scanning line and nearer to the first signal line than the second signal line,

wherein the second thin film transistor is nearer to the second scanning line
than the third scanning line and nearer to the second signal line than the first signal line,
and n

wherein the third thin film transistor is nearer to the second scanning line than

the third scanning line and nearer to the first signal line than the second signal line.

7. The display device according to claim 6,

wherein the first to third sub-pixels exhibit different colors from each other.

8. The display device according to claim 6,
wherein the first to third thin film transistors each have a single crystal

semiconductor layer.

9. The display device according to claim 6,
wherein each of the first to third sub-pixels has a pixel electrode, and
wherein each of the first to third thin film transistors is connected to the pixel

electrode.

10. The display device according to claim 6,

wherein the first to third thin film transistors each have a single crystal
semiconductor layer,
wherein the display device further comprises:
a base film between the substrate and the first to third thin film
transistors; and
an insulating layer which covers the single crystal semiconductor layer
and is in contact with the single crystal semiconductor layer, and

wherein the base film has a gap in which the insulating layer and the substrate
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are in contact with each other.

11. A display device comprising:

a substrate;

first and second scanning lines formed over the substrate;

first to fourth signal lines formed over the substrate, the second and third signal
lines being located between the first and fourth signal lines; and

a pixel having first to fourth sub-pixels formed over the substrate, the pixel
being provided in a region surrounded by the second signal line, the third signal line, the
first scanning line, and the second scanning line,

wherein the second signal line is nearer to the first signal line than the fourth
signal line and the third signal line is nearer to the fourth signal line than the first signal
line,

wherein the first and second scanning lines each intersect with the first to
fourth signal lines,

wherein the first sub-pixel has a first thin film transistor connected to the
second scanning line and the second signal line,

wherein the second sub-pixel has a second thin film transistor connected to the
first scanning line and the first signal line,

wherein the third sub-pixel has a third thin film transistor connected to the
second scanning line and the third signal line,

wherein the fourth sub-pixel has a fourth thin film transistor connected to the
first scanning line and the fourth signal line,

wherein the first thin film transistor is nearer to the second scanning line than
the first scanning line and nearer to the second signal line than the third signal line,

wherein the second thin film transistor is nearer to the first scanning line than
the second scanning line and nearer to the second signal line than the third signal line,

wherein the third thin film transistor is nearer to the second scanning line than
the first scanning line and nearer to the third signél line than the second signal line, and

wherein the fourth thin film transistor is nearer to the first scanning line than

the second scanning line and nearer to the third signal line than the second signal line.
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12. The display device according to claim 11,

wherein at least three of the first to fourth sub-pixels exhibit different colors

from each other.

13. The display device according to claim 11,

wherein the first to fourth thin film transistors each have a single crystal

semiconductor layer.

14. The display device according to claim 11,
wherein each of the first to fourth sub-pixels has a pixel electrode, and
wherein each of the first to fourth thin film transistors is connected to the pixel

electrode.

15. The display device according to claim 11,
wherein the first to fourth thin film transistors each have a single crystal
semiconductor layer,
wherein the display device further comprises:
a base film between the substrate and the first to fourth thin film
transistors; and
an insulating layer which covers the single crystal semiconductor layer
and is in contact with the single crystal semiconductor layer, and
wherein the base film has a gap in which the insulating layer and the substrate

are in contact with each other.

16. The display device according to claim 11,
wherein the second and third sub-pixels are located between the first and fourth
sub-pixels, the second sub-pixel is nearer to the first sub-pixel than the fourth sub-pixel,

and the third sub-pixel is nearer to the fourth sub-pixel than the first sub-pixel.

17. Adisplay device comprising:
a substrate;

first and second scanning lines formed over the substrate;
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first and second signal lines formed over the substrate; and

a pixel having first to fourth suprixels formed over the substrate, the pixel
being provided in a region surrounded by the first signal line, the second signal line, the
first scanning line, and the second scanning line,

wherein the first and second scanning lines each intersect with the first and
second signal lines,

wherein the first sub-pixel has a first thin film transistor connected to the
second scanning line and the first signal line,

wherein the second sub-pixel has a second thin film transistor connected to the
first scanning line and the first signal line,

wherein the third sub-pixel has a third thin film transistor connected to the
second scanning line and the second signal line,

wherein the fourth sub-pixel has a fourth thin film transistor connected to the
first scanning line and the second signal line, |

wherein the first thin film transistor is nearer to the second scanning line than
the first scanning line and nearer to the first signal line than the second signal line,

wherein the second thin film transistor is nearer to the first scanning line than
the second scanning line and nearer to the first signal line than the second signal line,

wherein the third thin film transistor is nearer to the second scanning line than
the first scanning line and nearer to the second signal line than the first signal line, and

wherein the fourth thin film transistor is nearer to the first scanning line than

the second scanning line and nearer to the second signal line than the first signal line.

18. The display device according to claim 17, ,
wherein at least three of the first to fourth sub-pixels exhibit different colors

from each other.
19. The display device according to claim 17,
wherein the first to fourth thin film transistors each have a single crystal

semiconductor layer.

20. The display device according to claim 17,
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wherein each of the first to fourth sub-pixels has a pixel electrode, and

wherein each of the first to fourth thin film transistors is connected to the pixel

electrode.

21. The display device according to claim 17,
wherein the first to fourth thin film transistors each have a single crystal
semiconductor layer,
wherein the display device further comprises:
a base film between the substrate and the first to fourth thin film
transistors; and
an insulating layer which covers the single crystal semiconductor layer
and is in contact with the single crystal semiconductor layer, and
wherein the base film has a gap in which the insulating layer and the substrate

are in contact with each other.

22. A display device comprising:

a substrate;

first to third pixels over the substrate, the first to third pixels being adjacent to
each other;

a scanning line formed between the first and second pixels; and

first to third signal lines formed between the second and third pixels,

wherein the scanning line intersects with the first to third signal lines,

wherein the first to third pixels each have first to third sub-pixels,

wherein the first sub-pixel in the first pixel has a first thin film transistor
connected to the scanning line and the first signal line,

wherein the second sub-pixel in the second pixel has a second thin film
transistor connected to the scanning line and the second signal line,

wherein the third sub-pixel in the third pixel has a third thin film transistor

connected to the scanning line and the third signal line.

23. The display device according to claim 22,

wherein the first to third thin film transistors are arranged close to an
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intersection portion of the scanning line and the first to third signal lines.

24. The display device according to claim 22,
wherein the first sub-pixel in the first pixel, the second sub-pixel in the second

pixel, and the third sub-pixel in the third pixel exhibit different colors from each other.

25. The display device according to claim 22,

wherein the first to third thin film transistors each have a single crystal

semiconductor layer.

26. The display device according to claim 22,
wherein each of the first to third sub-pixels has a pixel electrode, and

wherein each of .the first to third thin film transistors is connected to the pixel

electrode.

27. The display device according to claim 22,
wherein the first to third thin film transistors each have a single crystal
semiconductor layer,
wherein the display device further comprises:
a base film between the substrate and the first to third thin film
transistors; and
an insulating layer which covers the single crystal semiconductor layer
and is in contact with the single crystal semiconductor layer, and
wherein the base film has a gap in which the insulating layer and the substrate

are in contact with each other.

28. Adisplay device comprising:

a substrate;

first to third pixels over the substrate, the first to third pixels being adjacent to.
each other;

first to third scanning lines formed between the first and second pixels; and

a signal line formed between the second and third pixels,
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wherein the first to third scanning lines intersect with the signal line,

wherein the first to third pixels each have first to third sub-pixels,

wherein the first sub-pixel in the first pixel has a first thin film transistor
connected to the first scanning line and the signal line,

wherein the second sub-pixel in the second pixel has a second thin film
transistor connected to the third scanning line and the signal line,

wherein the third sub-pixel in the third pixel has a third thin film transistor

connected to the second scanning line and the signal line.

29. The display device according to claim 28,
wherein the first to third thin film transistors are arranged close to an

intersection portion of the first to third scanning lines and the signal line.

30. The display device according to claim 28,
wherein the first sub-pixel in the first pixel, the second sub-pixel in the second

pixel, and the third sub-pixel in the third pixel exhibit different colors from each other.

31. The display device according to claim 28,
wherein the first to third thin film transistors each have a single crystal

semiconductor layer.

32. The display device according to claim 28,
wherein each of the first to third sub-pixels has a pixel electrode, and
wherein each of the first to third thin film transistors is connected to the pixel

electrode.

33. The display device according to claim 28,
wherein the first to third thin film transistors each have a single crystal
semiconductor layer,
wherein the display device further comprises:
a base film between the substrate and the first to third thin film

transistors; and
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an insulating layer which covers the single crystal semiconductor layer
and is in contact with the single crystal semiconductor layer, and
wherein the base film has a gap in which the insulating layer and the substrate

are in contact with each other.

34. A display device comprising;:

a substrate;

first to fourth pixels over the substrate, the first to fourth pixels being adjacent
to each other;

a scanning line formed between the first and second pixels, and the third and
fourth pixels; and

first to fourth signal lines formed between the first and third pixels, and the
second and fourth pixels,

wherein the scanning line intersects with the first to fourth signal lines,

wherein the first to fourth pixels each have first to fourth sub-pixels,

wherein the first sub-pixel in the first pixel has a first thin film transistor
connected to the scanning line and the first signal line,

wherein the second sub-pixel in the second pixel has a second thin film
transistor connected to the scanning line and the second signal line,

wherein the third sub-pixel in the third pixel has a third thin film transistor
connected to the scanning line and the fourth signal line,

wherein the fourth sub-pixel in the fourth pixel has a fourth thin film transistor

connected to the scanning line and the third signal line.

35. The display device according to claim 34,
wherein the first to fourth thin film transistors are arranged close to an

intersection portion of the scanning line and the first to fourth signal lines.

36. The display device according to claim 34,
wherein at least three of the first sub-pixel in the first pixel, the second
sub-pixel in the second pixel, the third sub-pixel in the third pixel, and the fourth

sub-pixel in the fourth pixel exhibit different colors from each other.
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37. The display device according to claim 34,
wherein the first to fourth thin film transistors each have a single crystal

semiconductor layer.

38. The display device according to claim 34,
wherein each of the first to fourth sub-pixels has a pixel electrode, and
wherein each of the first to fourth thin film transistors is connected to the pixel

electrode.

39. The display device according to claim 34,
wherein the first to fourth thin film transistors each have a single crystal
semiconductor layer,
wherein the display device further comprises:
a base film between the substrate and the first to fourth thin film
transistors; and | |
an insulating layer which covers the single crystal semiconductor layer
and is in contact with the single crystal semiconductor layer, and
wherein the base film has a gap in which the insulating layer and the substrate

are in contact with each other.

40. A display device comprising:

a substrate;

first to fourth pixels over the substrate, the first to fourth pixels being adjacent
to each other;

first and second scanning lines formed between the first and second pixels, and
the third and fourth pixels; and

first and second signal lines formed between the first and third pixels, and the
second and fourth pixels,

wherein the first and second scanning lines each intersect with the first and the
second signal lines,

wherein the first to fourth pixels each have first to fourth sub-pixels,
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wherein the first sub-pixel in the first pixel has a first thin film transiétor
connected to the first scanning line and the first signal line,
wherein the second sub-pixel in the second pixel has a second thin film
transistor connected to the second scanning line and the first signal line,
wherein the third sub-pixel in the third pixel has a third thin film transistor
connected to the first scanning line and the second signal line,
wherein the fourth sub-pixel in the fourth pixel has a fourth thin film transistor

connected to the second scanning line and the second signal line.

41. The display device according to claim 40,
wherein the first to fourth thin film transistors are arranged close to an
intersection portion of the first and second scanning lines and the first and second signal

lines.

42. The display device according to claim 40,
wherein at least three of the first sub-pixel in the first pixel, the second
sub-pixel in the second pixel, the third sub-pixel in the third pixel, and fourth sub-pixel

in the fourth pixel exhibit different colors from each other.

43. The display device according to claim 40,
wherein the first to fourth thin film transistors each have a single crystal

semiconductor layer.

44. The display device according to claim 40,
wherein each of the first to fourth sub-pixels has a pixel electrode, and

wherein each of the first to fourth thin film transistors is connected to the pixel

electrode.

45. The display device according to claim 40,
wherein the first to fourth thin film transistors each have a single crystal
semiconductor layer,

wherein the display device further comprises:
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a base film between the substrate and the first to fourth thin film
transistors; and

an insulating layer which covers the single crystal semiconductor layer
and is in contact with the single crystal semiconductor layer, and
wherein the base film has a gap in which the insulating layer and the substrate

is in contact with each other.
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EXPLANATION OF REFERENCE

10: BM, 11: BM, 100: single crystal semiconductor substrate, 101: silicon oxynitride
film, 102: silicon nitride oxide film, 103: hydrogen ion, 104: ion implantation layer,
105: silicon oxide film, 106: base substrate, 107: base film, 108; single crystal
semiconductor layer, 109; single crystal semiconductor layer, 110: joint portion, 201:
island-shaped single crystal semiconductor layer, 201a: channel region, 201b: impurity
region, 201c: impurity region, 202: first insulating layer, 203: first conductive layer,
204: second insulating layer, 205:second conductive layer, 206: third insulating layer,
207: pixel electrode, 208: orientation film, 300: glass substrate, 301: opposite electrode,
302: orientation film, 801: TFT substrate, 802: opposite substrate, 803: liquid crystal,
1000: mobile phone, 1001: housing, 1002: housing, 1101: display portion, 1102: speaker,
1103: microphone, 1104: operation keys, 1105: pointing device, 1106: camera lens,
1107: external connection terminal, 1108: earphone terminal, 1201: keyboard, 1202:

external memory slot, 1203: camera lens, 1204: light.
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