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

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date 1 / 1

13 October 2011 (13.10.2011) W O 2U11/125453 A l

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
H01L 29/786 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,

PCT/JP201 1/056489 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,

11 March 201 1 ( 11.03.201 1) NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,
SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,

(25) Filing Language: English TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every

(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,

2010-088634 7 April 2010 (07.04.2010) JP GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(71) Applicant (for all designated States except US): SEMI¬ TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
CONDUCTOR ENERGY LABORATORY CO., LTD. EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
[JP/JP]; 398, Hase, Atsugi-shi, Kanagawa 2430036 (JP). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(72) Inventors; and

GW, ML, MR, NE, SN, TD, TG).
(75) Inventors/ Applicants (for US only): MIYAKE, Hiroyu-

ki [JP/JP]; c/o SEMICONDUCTOR ENERGY LABO Published:
RATORY CO., LTD., 398, Hase, Atsugi-shi, Kanagawa,

— with international search report (Art. 21(3))
2430036 (JP). KAYAMA, Masayo.

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(54) Title: TRANSISTOR

(57) Abstract: An object is to provide a

FIG. A transistor having a novel electrode structure
1 capable of substantially maintaining on-state

116 current while parasitic capacitance generated
112 1 0

1 1 3 114 120
in an overlap portion between a source elec

120 105a 115 106 trode layer (a drain electrode layer) and a
gate electrode layer is reduced. Parasitic ca
pacitance is reduced by using a source elec
trode layer and a drain electrode in a comb
shape in a transistor. Curved current flowing
from side edges of electrode tooth portions
can be generated by controlling the width of
an end of a comb-shaped electrode layer or
the interval between the electrode tooth por
tions. This curved current compensates for a
decrease in linear current due to a comb
electrode shape; thus, on-state current can be
kept unchanged even when parasitic capaci
tance is reduced.

150 105b 150



DESCRIPTION

TRANSISTOR

TECHNICAL FIELD

[0001]

The present invention relates to transistors, and an embodiment of the present

invention relates to the shape of electrodes of transistors.

BACKGROUND ART

[0002]

The development of informatization has called attention to the development of

an electronic paper display which is thin and lightweight and is an alternative to paper,

an IC tag which enables each product to be identified instantly, or the like. In addition,

liquid crystal display devices are widely used for display devices ranging from

large-sized display devices such as television sets to small-sized display devices such as

mobile phones. As these devices widely spread, development has been conducted to

reduce cost and add higher values. In particular, in recent years, the global

environment has received increasing attention, and the development of a device capable

of operating with less power consumption and at higher speed has been attracting

attention.

[0003]

In these devices, transistors are currently used as elements. A transistor is an

element in which regions called a source and a drain are provided in a semiconductor and

connected to respective electrodes, potentials are supplied to the electrodes, and an

electric field is applied to the semiconductor with the use of an electrode called a gate

through an insulating layer or a Schottky barrier so that the state of the semiconductor is

controlled, whereby current flowing between the source electrode and the drain electrode

is controlled.

[0004]

In order to realize a device capable of operating with less power consumption

and at higher speed, a transistor having a higher on/off ratio and a smaller parasitic



capacitance is needed. The on/off ratio refers to the ratio of on-state current to

off-state current the higher the on/off ratio is, the better the switching

characteristics are. Note that the on-state current is a current which flows between a

source electrode and a drain electrode when a transistor is turned on, and the off-state

current is a current which flows between a source electrode and a drain electrode when

a transistor is turned off. For example, in the case of an n-channel transistor, the

off-state current is a current which flows between a source electrode and a drain electrode

when gate voltage is lower than threshold voltage of the transistor. The parasitic

capacitance is a capacitance generated in an overlap portion between a source electrode

(a drain electrode) and a gate electrode, and an increase in parasitic capacitance leads to

an increase in switching time or a decrease in transfer gain for AC signals.

[0005]

The parasitic capacitance of a transistor varies depending on the area of an

overlap portion between a source electrode (a drain electrode) and a gate electrode. By

decreasing this area, the parasitic capacitance can be reduced. However, there is a

trade-off between the decrease in area and manufacturing cost, and it is very difficult to

balance the two.

[0006]

The on-state current of a transistor varies depending on the length and width of

a channel formation region. The length of a channel formation region corresponds to

the interval between an edge of a source electrode and an edge of a drain electrode

which face each other. By decreasing this length, the on-state current can be increased.

The width of the channel formation region corresponds to the length along which the

source electrode and the drain electrode face each other. By increasing this width, the

on-state current can be increased. For example, a transistor structure is disclosed (see,

for example, Patent Document 1) in which a source electrode and a drain electrode of a

transistor each have a comb shape and interdigitate with each other so that the transistor

can have a channel formation region with a larger width and can be tolerant of a

misalignment between the source electrode (the drain electrode) and a gate electrode.

However, in such a structure, the area of the overlap between the source electrode (the

drain electrode) and the gate electrode is large, which causes an increase in parasitic

capacitance. If the area of the overlap between the source electrode (the drain



electrode) and the gate electrode is decreased in order to reduce the parasitic

capacitance, the on-state current is decreased.

[0007]

Furthermore, an excessive increase in length of the channel formation region

causes the problem of a drastic decrease in the on-state current. In order to maintain

the on-state current at a certain value or more, it is important to maintain at a certain

value or less the length of the channel formation region (which may alternatively be the

length of the overlap portion between the source (drain) electrode and the gate electrode,

when the gate width is constant). In other words, a transistor which allows the area of

the overlap portion to be decreased without changing the length of the channel

formation region (without changing the length of the overlap portion between the source

(drain) electrode and the gate electrode, when the gate width is constant) is necessary.

[Reference]

[0008]

[Patent Document 1] Japanese Published Patent Application No. S62-287666

DISCLOSURE OF INVENTION

[0009]

In view of the above problems, it is an object of an embodiment of the present

invention to suppress a decrease in on-state current, as well as to reduce parasitic

capacitance generated in an overlap portion between a source electrode (a drain

electrode) and a gate electrode.

[0010]

The above object is achieved with a source electrode layer and a drain

electrode layer in a comb shape in a transistor.

[0011]

An embodiment of the present invention is a transistor including: a source

electrode layer in a comb shape, which includes electrode tooth portions arranged

adjacently at a predetermined interval and a connection portion for connecting the

electrode tooth portions; and a drain electrode layer in a comb shape, which includes

electrode tooth portions arranged adjacently at a predetermined interval and a

connection portion for connecting the electrode tooth portions. The source electrode



layer and the drain electrode layer are disposed such that the electrode tooth portions of

the source electrode layer and the electrode tooth portions of the drain electrode layer

face each other without interdigitating with each other. An end of one of the electrode

tooth portions of the source electrode layer and an end of one of the electrode tooth

portions of the drain electrode layer face each other. This structure is hereinafter

referred to as Structure A. The end of the electrode tooth portion of the source

electrode layer and the end of the electrode tooth portion of the drain electrode layer

may face each other along the same length.

[0012]

An embodiment of the present invention is a transistor including: a source

electrode layer in a comb shape, which includes electrode tooth portions arranged

adjacently at a predetermined interval and a connection portion for connecting the

electrode tooth portions; and a drain electrode layer in a comb shape, which includes

electrode tooth portions arranged adjacently at a predetermined interval and a

connection portion for connecting the electrode tooth portions. The source electrode

layer and the drain electrode layer are disposed such that the electrode tooth portions of

the source electrode layer and the electrode tooth portions of the drain electrode layer

face each other without interdigitating with each other. An end of one of the electrode

tooth portions of the source electrode layer and an end of one of the electrode tooth

portions of the drain electrode layer face each other along a length different from a

length of the end of the electrode tooth portion of the source electrode layer or a length

of the end of the electrode tooth portion of the drain electrode layer (misaligned with

each other). This structure is hereinafter referred to as Structure B.

[0013]

An embodiment of the present invention is a transistor including: a source

electrode layer in a comb shape, which includes electrode tooth portions arranged

adjacently at a predetermined interval and a connection portion for connecting the

electrode tooth portions; and a drain electrode layer in a rectangular shape. The source

electrode layer and the drain electrode layer are disposed such that the drain electrode

layer and the electrode tooth portions of the source electrode layer face each other.

This structure is hereinafter referred to as Structure C.

[0014]



An embodiment of the present invention is a transistor including: a drain

electrode layer in a comb shape, which includes electrode tooth portions arranged

adjacently at a predetermined interval and a connection portion for connecting the

electrode tooth portions; and a source electrode layer in a rectangular shape. The

source electrode layer and the drain electrode layer are disposed such that the source

electrode layer and the electrode tooth portions of the drain electrode layer face each

other. This structure is hereinafter referred to as Structure C.

[0015]

Any of the above transistors may include a gate electrode layer, a gate

insulating layer in contact with the gate electrode layer, and a semiconductor layer

overlapping with the gate electrode layer with the gate insulating layer interposed

therebetween. An edge of the source electrode layer may be in contact with one side

of the semiconductor layer and may overlap with the gate electrode layer with the gate

insulating layer and the semiconductor layer interposed therebetween. An edge of the

drain electrode layer may be in contact with the one side of the semiconductor layer and

may overlap with the gate electrode layer with the gate insulating layer and the

semiconductor layer interposed therebetween.

[0016]

In some of the above transistors, the connection portion of the source electrode

layer (comb-shaped electrode layer) and the gate electrode layer do not overlap each

other. In addition, the connection portion of the drain electrode layer (comb-shaped

electrode layer) and the gate electrode layer do not overlap each other.

[0017]

In some of the above transistors, the width of the end of the source electrode

layer in the comb shape may be 3/8 to 1/1 of the width of the source electrode layer and

3/8 to 8/3 of the width of the drain electrode layer.

[0018]

In some of the above transistors, the width of the end of the drain electrode

layer in the comb shape may be 3/8 to 1/1 of the width of the drain electrode layer and

3/8 to 8/3 of the width of the source electrode layer.

[0019]

In any of the above transistors, the interval between the electrode tooth portions



may be greater than 0 µ and less than or equal to 5 µ ιτ .

[0020]

Note that if the transistors do not satisfy the above conditions, the on-state

current may be decreased beyond the acceptable range. In this specification, a

decrease of approximately several percent of on-state current also means that the

on-state current is maintained.

[0021]

Terms used in this specification are briefly described here. In this specification,

the term "comb shape" refers to any shape that includes a depressed portion and a

projecting portion. The term "comb-shaped electrode layer" refers to a whole source

(drain) electrode layer including a depressed portion and a projecting portion at one

edge. The term "end (also referred to top edge) of a comb-shaped electrode layer (a

source electrode layer or a drain electrode layer)" refers to all ends of the electrode

tooth portions of the source (drain) electrode layer, which are parallel to an edge of the

connection portion and overlapping with the gate electrode layer, excluding the edge of

the connection portion. The term "width of an end of a comb-shaped electrode layer"

refers to the sum of the lengths of all ends of the electrode tooth portions of the source

(drain) electrode layer, parallel to an edge of the connection portion and overlapping

with the gate electrode layer, excluding the edge of the connection portion. The term

"interval between electrode tooth portions" refers to the length of an edge of a gate

electrode layer in a region where the gate electrode layer and a source (drain) electrode

layer do not overlap each other, from a point where the edge of the gate electrode layer

intersects one electrode tooth portion of the source (drain) electrode layer overlapping

with the gate electrode layer to a point where the edge of the gate electrode layer

intersects the next electrode tooth portion of the source (drain) electrode layer

overlapping with the gate electrode layer.

[0022]

In this specification, functions of a "source" and a "drain" are sometimes

interchanged with each other when a transistor of opposite polarity is used or when the

direction of current flow is changed in circuit operation, for example. Therefore, the

terms "source" and "drain" can be used to denote the drain and the source, respectively, in

this specification.



[0023]

Note that the terms of degrees which are used in this specification, such as

"substantially", "about", "slightly", and "approximately", mean a reasonable amount of

deviation from the modified term such that the end result is not significantly changed,

unless this deviation would negate the meaning of the word it modifies.

[0024]

With the use of a source (drain) electrode layer in a comb shape extending over

a semiconductor layer, the area of a portion where the source (drain) electrode layer and

the gate electrode layer overlap each other can be decreased, and parasitic capacitance

can thus be reduced. In addition, with a source electrode layer and a drain electrode

layer in a comb shape arranged such that comb tooth portions thereof face each other,

indirect current can be utilized, and a transistor without a decrease in on-state current

can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0025]

FIGS. 1A and I B illustrate a transistor of Embodiment 1.

FIGS. A and 2B each illustrate a transistor of Embodiment 1.

FIGS. 3A and 3B each illustrate a transistor of Embodiment 1.

FIGS. 4A and 4B each illustrate a current path in a transistor of Embodiment 1.

FIGS. 5A and 5B each illustrate a transistor of Example 1.

FIGS. 6A and 6B each illustrate a transistor of Example 1.

FIGS. 7A to 7D show capacitance characteristics of transistors of Example 1.

FIGS. 8A and 8B show current characteristics of transistors of Example 1.

FIGS. 9A to 9E illustrate a transistor of Embodiment 2.

BEST MODE FOR CARRYING OUT THE INVENTION

[0026]

Embodiments will be described in detail with reference to the drawings. Note

that the present invention is not limited to the following description and it will be readily

appreciated by those skilled in the art that the modes and details of the present invention

can be modified in various ways without departing from the spirit and scope thereof.



Therefore, the present invention should not be interpreted as being limited to the

description in the following embodiments. Note that the same portions or portions

having similar functions are commonly denoted by the same reference numerals in

different drawings, and repetitive description thereof is omitted.

[0027]

(Embodiment 1)

In this embodiment, embodiments of transistors capable of reducing parasitic

capacitance without decreasing on-state current will be described with reference to

FIGS. l A and IB, FIGS. 2A and 2B, FIGS. 3Aand 3B, FIGS. 4Aand 4B, FIGS. 5A and

5B, FIGS. 6A and 6B, FIGS. 7A to 7D, and FIGS. 8A and 8B.

[0028]

A planar structure of a transistor given as an example in this embodiment,

which has Structure A including a source electrode layer and a drain electrode layer with

a devised shape, is described with reference to FIG. 1A, and a cross-sectional structure

thereof is described with reference to FIG. IB. Note that the cross-sectional view

illustrated in FIG. I B corresponds to a cross-sectional view taken along section line

A1-A2 of FIG. 1A. As illustrated in FIG. IB, a transistor 121 is provided over a

substrate 100 and includes a gate electrode layer 111, a gate insulating layer 102 in

contact with the gate electrode layer 111, a semiconductor layer 106 overlapping with

the gate electrode layer 111 with the gate insulating layer 102 interposed therebetween,

a source electrode layer 105a and a drain electrode layer 105b each having an edge in

contact with one side of the semiconductor layer 106 and having the edge overlapping

with the gate electrode layer 111 with the gate insulating layer 102 interposed

therebetween.

[0029]

A schematic plan view of the transistor of Structure A is illustrated in FIG. 1A.

The source electrode layer 105a includes a plurality of electrode tooth portions 112, 113,

114, and 115 arranged adjacently at predetermined intervals si, s2, and s3 and a

connection portion 116 for connecting the electrode tooth portions.

[0030]

The drain electrode layer 105b includes a plurality of electrode tooth portions

142, 143, 144, and 145 arranged adjacently at predetermined intervals s4, s5, and s6 and



a connection portion 146 for connecting the electrode tooth portions.

[0031]

The source electrode layer 105a and the drain electrode layer 105b are disposed

such that the electrode tooth portions 112, 113, 114, and 115 of the source electrode

layer 105a and the electrode tooth portions 142, 143, 144, and 145 of the drain electrode

layer 105b face each other without interdigitating with each other.

[0032]

An end of the electrode tooth portion 112 and an end of the electrode tooth

portion 142 are disposed to face each other along the same length (PI). An end of the

electrode tooth portion 113 and an end of the electrode tooth portion 143 are disposed to

face each other along the same length (P2). An end of the electrode tooth portion 114

and an end of the electrode tooth portion 144 are disposed to face each other along the

same length (P3). An end of the electrode tooth portion 115 and an end of the

electrode tooth portion 145 are disposed to face each other along the same length (P4).

[0033]

It is preferable that the interval between the end of the source electrode layer

105a and the end of the drain electrode layer 105b be 3 µιη or more, for example. This

is in order to prevent a contact between the electrode layers so as not to cause a defect

such as a short circuit.

[0034]

The source electrode layer 105a and the drain electrode layer 105b may each be

formed by stacking a plurality of layers.

[0035]

As illustrated in FIG. 1A, each of the electrode tooth portions 112, 113, 114,

and 115 of the source electrode layer 105a and each of the electrode tooth portions 142,

143, 144, and 145 of the drain electrode layer 105b include an overlap portion 120 and

an overlap portion 150, respectively, so as to ensure partial overlaps with the gate

electrode layer 111 with the semiconductor layer 106 interposed therebetween.

Alternatively, the entire area of each of the electrode tooth portions 112, 113, 114, and

115 of the source electrode layer 105a and the entire area of each of the electrode tooth

portions 142, 143, 144, and 145 of the drain electrode layer 105b may overlap with the

gate electrode layer 111.



[0036]

The connection portion 116 of the source electrode layer (comb-shaped

electrode layer) 105a and the gate electrode layer 111 are disposed so as not to overlap

each other, and the connection portion 146 of the drain electrode layer (comb-shaped

electrode layer) 105b and the gate electrode layer 111 are disposed so as not to overlap

each other.

[0037]

The length a of the overlap portion 120 between each of the electrode tooth

portions 112, 113, 114, and 115 of the source electrode layer 105a and the gate electrode

layer 111 in a direction where each of the electrode tooth portions of the source

electrode layer 105a extends and the length b of the overlap portion 150 between each

of the electrode tooth portions 142, 143, 144, and 145 of the drain electrode layer 105b

and the gate electrode layer 111 in a direction where each of the electrode tooth portions

of the drain electrode layer 105b extends are each preferably 1.5 µη or more, for

example. This is because, when the gate width g is constant, if the length a of the

overlap portion 120 (the length b of the overlap portion 150) is too short, the interval L

between the end of the source electrode layer 105a and the end of the drain electrode

layer 105b is too long, in which case there is a problem such as a drastic decrease in

on-state current, or an increase in electrical resistance of a transistor due to impossibility

of establishment of contact in the overlap portion 120 (the overlap portion 150) between

the source electrode layer 105a (the drain electrode layer 105b) and the gate electrode

layer 111. Note that the length a of the overlap portion 120 between each of the

electrode tooth portions of the source electrode layer 105a and the gate electrode layer

111 may be either longer or shorter than the length b of the overlap portion 150 between

each of the electrode tooth portions of the drain electrode layer 105b and the gate

electrode layer 111.

[0038]

The upper surface of each of the electrode tooth portions 112, 113, 114, and

115 of the source electrode layer 105a may have at least one rounded corner, and either

or both side surfaces thereof may be inclined or curved.

[0039]

The upper surface of each of the electrode tooth portions 142, 143, 144, and



145 of the drain electrode layer 105b may have at least one rounded corner, and either

or both side surfaces thereof may be inclined or curved.

[0040]

The length h of each of the electrode tooth portions 112, 113, 114, and 115 of

the source electrode layer 105a and the length of each of the electrode tooth portions

142, 143, 144, and 145 of the drain electrode layer 105b may be the same or different.

[0041]

The interval (si) between the electrode tooth portions 112 and 113, the interval

(s2) between the electrode tooth portions 113 and 114, and the interval (s3) between the

electrode tooth portions 114 and 115 of the source electrode layer 105a and the interval

(s4) between the electrode tooth portions 142 and 143, the interval (s5) between the

electrode tooth portions 143 and 144, and the interval (s6) between the electrode tooth

portions 144 and 145 of the drain electrode layer 105b are each preferably greater than 0

µ η and less than or equal to 5 µπ . In particular, in order to ensure a reduction in

parasitic capacitance, the interval si, the interval s2, the interval s3, the interval s4, the

interval s5, and the interval s6 are each preferably greater than 3 µη and less than or

equal to 5 µ . Furthermore, in order to keep a decrease in on-state current within the

acceptable range, the intervals are each preferably less than or equal to the length of a

channel formation region (the interval L between the end of the source electrode layer

105a and the end of the drain electrode layer 105b).

[0042]

The width of the end of the source electrode layer 105a (comb-shaped electrode

layer) is preferably 3/8 to 1/1 of the width l of the source electrode layer 105a and 3/8

to 8/3 of the width 2 of the drain electrode layer 105b.

[0043]

The width of the end of the drain electrode layer 105b (comb-shaped electrode

layer) is preferably 3/8 to 1/1 of the width 2 of the drain electrode layer 105b and 3/8

to 8/3 of the width wl of the source electrode layer 105a.

[0044]

Note that, as illustrated in FIG. 2A (Structure B), the ends of the electrode tooth

portions 112, 113, 114, and 115 and ends of electrode tooth portions 152, 153, 154, and



155 may be disposed to face each other along lengths (Ρ Ι ' , Ρ2', Ρ3', and Ρ4 ) different

from the lengths of the end of the electrode tooth portions 112, 113, 114, and 115 or the

electrode tooth portions 152, 153, 154, and 155, respectively (i.e., misaligned with each

other).

[0045]

In that case, the interval (si) between the electrode tooth portions 112 and 113,

the interval (s2) between the electrode tooth portions 113 and 114, and the interval (s3)

between the electrode tooth portions 114 and 115 of the source electrode layer 105a and

the interval (s4') between the electrode tooth portions 152 and 153, the interval (s5')

between the electrode tooth portions 153 and 154, and the interval (56') between the

electrode tooth portions 154 and 155 of a drain electrode layer 106b may be the same or

different. The length h of each of the electrode tooth portions 112, 113, 114, and 115

of the source electrode layer 105a and the length V of each of the electrode tooth

portions 152, 153, 154, and 155 of the drain electrode layer 106b may be the same or

different.

[0046]

Note that, as illustrated in FIG. 2B (Structure C), a drain electrode layer 107b in

a rectangular shape may be employed.

[0047]

Next, it is explained that, with a transistor where a source electrode layer and a

drain electrode layer have a devised novel shape, on-state current can be substantially

maintained while parasitic capacitance generated in an overlap portion between the

source electrode layer (the drain electrode layer) and a gate electrode layer is decreased,

in comparison to a conventional transistor.

[0048]

An example of a schematic plan view of a conventional transistor 200 is

illustrated in FIG. 3A, and an example of a schematic plan view of a transistor 201

having a novel electrode shape (Structure A) is illustrated in FIG. 3B. Note that

cross-sectional structures of the transistors 200 and 201 are identical to the

cross-sectional structure of the transistor 121 of Structure A in FIG. IB.

[0049]

FIG. 3A illustrates a source electrode layer 205a, a drain electrode layer 205b, a



gate electrode layer 222, and a semiconductor layer 106. FIG. 3B illustrates a source

electrode layer 206a, a drain electrode layer 206b, a gate electrode layer 222, and a

semiconductor layer 106.

[0050]

Note that the width of the source electrode layer 205a (the drain electrode

layer 205b) and the width ' of the source electrode layer 206a (the drain electrode

layer 206b) are the same. The length a of an overlap portion between the source

electrode layer 205a and the gate electrode layer 222, the length b of an overlap portion

between the drain electrode layer 205b and the gate electrode layer 222, the length a ' of

an overlap portion between each of electrode tooth portions of the source electrode layer

(comb-shaped electrode layer) 206a and the gate electrode layer 222, and the length b '

of an overlap portion between each of electrode tooth portions of the drain electrode

layer (comb-shaped electrode layer) 206b and the gate electrode layer 222 are the same.

The interval L between an edge of the source electrode layer 205a and an edge of the

drain electrode layer 205b and the interval between an end of the source electrode

layer 206a and an end of the drain electrode layer 206b are the same.

[0051]

As illustrated in FIGS. 3A and 3B, the area of the overlap portions between the

source electrode layer 206a (the drain electrode layer 206b) and the gate electrode layer

222 of the transistor 201 is smaller than the area of the overlap portion between the

source electrode layer 205a (the drain electrode layer 205b) and the gate electrode layer

222 of the transistor 200.

[0052]

For example, when the lengths of the electrode tooth portions of the source

electrode layer 206a (the drain electrode layer 206b) illustrated in FIG. 3B are all the

same, the widths of the electrode tooth portions of the source electrode layer 206a (the

drain electrode layer 206b) are all the same, and the intervals between the electrode

tooth portions are all the same, the area of the overlap portions between the source

electrode layer 206a (the drain electrode layer 206b) and the gate electrode layer 222

can be about half of the area of the overlap portion between the source electrode layer

205a (the drain electrode layer 205b) and the gate electrode layer 222 illustrated in FIG.

3A.



[0053]

Therefore, by using a source (drain) electrode layer in a comb shape instead of

a rectangular shape, parasitic capacitance generated in an overlap portion can be

decreased.

[0054]

An example of a schematic plan view showing a current path in the transistor

200 is illustrated in FIG. 4A, and an example of a schematic plan view showing a

current path in the transistor 201 (Structure A) is illustrated in FIG. 4B.

[0055]

In the transistor 200, as illustrated in FIG. 4A, linear current flows from the

edge of the source electrode layer 205a to the edge of the drain electrode layer 205b.

On the other hand, in the transistor 201, as illustrated in FIG. 4B, linear current flows

from ends of electrode tooth portions 212, 213, 214, and 215 of the source electrode

layer 206a to ends of electrode tooth portions 242, 243, 244, and 245 of the drain

electrode layer 206b, and in addition, linear current flows from an edge of a connection

portion 216 of the source electrode layer 206a to an edge of a connection portion 246 of

the drain electrode layer 206b. The amount of linear current in the transistor 201 is

smaller than the amount of linear current in the transistor 200. This is because the

connection portion 216 (the connection portion 246) and the gate electrode layer 222 do

not overlap each other, which results in an increase in electrical resistance and a

decrease in linear current flowing from the edge of the connection portion 216 to the

edge of the connection portion 246.

[0056]

However, in the transistor 201, as illustrated in FIG. 4B, curved current flows

from side edges of the electrode tooth portions 212, 213, 214, and 215 of the source

electrode layer 206a to side edges of the electrode tooth portions 242, 243, 244, and 245

of the drain electrode layer 206b so as to compensate for a smaller linear current than in

the transistor 200. Accordingly, the amount of linear current in the transistor 200 and

the sum of the amounts of linear current and curved current in the transistor 201 can be

made substantially equal.

[0057]

In the transistor 200 illustrated in FIG. 4A, when the gate width g is constant,



the area of the overlap portion can be decreased by decreasing the length a of the

overlap portion between the source electrode layer 205a and the gate electrode layer 222

(the length b of the overlap portion between the drain electrode layer 205b and the gate

electrode layer 222). However, in that case, the length L of a channel formation region

(the interval L between the edge of the source electrode layer 205a and the edge of the

drain electrode layer 205b) is increased, and thus, on-state current cannot be maintained.

[0058]

In contrast, by changing the shape of each electrode layer from the source

electrode layer 205a (the drain electrode layer 205b) in a rectangular shape to the source

electrode layer 206a (the drain electrode layer 206b) in a comb shape, the area of the

overlap portion can be decreased without changing the length of the channel formation

region (which means that the interval L between the edge of the source electrode layer

205a and the edge of the drain electrode layer 205b and the interval between the end

of the source electrode layer 206a and the end of the drain electrode layer 206b are

equal). Furthermore, in that case, curved current which flows from the side edges of

the electrode tooth portions of the source electrode layer 206a to the side edges of the

electrode tooth portions of the drain electrode layer 206b so as to surround the electrode

tooth portions can be generated. Thus, even when the width of a channel formation

region is decreased, on-state current can be kept unchanged. In other words, in the

transistor 201, as in the transistor 200, on-state current which depends only on the

length of the channel formation region can be maintained.

[0059]

Therefore, by using a source (drain) electrode layer in a comb shape instead of

a rectangular shape, on-state current can be substantially maintained while parasitic

capacitance is reduced.

[0060]

Note that if the intervals between the electrode tooth portions and the interval

between the ends of the comb-shaped electrode layers in the transistor 201 illustrated in

FIG. 3B and FIG. 4B are further increased, the amount of parasitic capacitance can be

reduced. However, it becomes impossible to generate curved current flowing so as to

surround the electrode tooth portions, in an amount sufficient to compensate for a

decrease in linear current. In that case, on-state current is drastically decreased.



Therefore, the intervals between the electrode tooth portions and the interval between

the ends of the comb-shaped electrode layers should be set at a certain value or less in

order to obtain a certain amount of on-state current or more.

[0061]

With such a structure as described above, it is possible to provide a transistor

having a novel structure capable of substantially maintaining on-state current while

reducing parasitic capacitance generated in an overlap portion between a source

electrode layer (a drain electrode layer) and a gate electrode layer.

[0062]

Note that each of the structures described in this embodiment can be combined

with any structure described as an example in the other embodiments as appropriate.

[0063]

(Embodiment 2)

In this embodiment, a manufacturing process in the case of using an oxide

semiconductor as a material of the semiconductor layer included in the transistor

described in Embodiment 1 will be described with reference to FIGS. 9A to 9E. The

same portion as or a portion having a function similar to that in the above embodiment

can be formed as in the above embodiment, and the same step as or a step similar to that

in the above embodiment can be performed as in the above embodiment, and thus,

repetitive description is omitted. In addition, detailed description of the same portions

is not repeated.

[0064]

A process of manufacturing a transistor 510 over a substrate 505 will be

described below with reference to FIGS. 9Ato 9E.

[0065]

First, a conductive film is formed over the substrate 505 having an insulating

surface, and then, a gate electrode layer 511 is formed in a first photolithography step.

Note that a resist mask may be formed by an inkjet method. Formation of the resist

mask by an inkjet method requires no photomask; thus, manufacturing cost can be

reduced.

[0066]

In this embodiment, a glass substrate is used as the substrate 505 having an



insulating surface.

[0067]

An insulating film which serves as a base film may be provided between the

substrate 505 and the gate electrode layer 511. The base film has the function of

preventing diffusion of an impurity element from the substrate 505, and can be formed

with a single-layer structure or a stacked-layer structure using one or more of a silicon

nitride film, a silicon oxide film, a silicon nitride oxide film, and a silicon oxynitride film.

[0068]

The gate electrode layer 511 can be formed to have a single-layer or

stacked-layer structure using a metal material such as molybdenum, titanium, tantalum,

tungsten, aluminum, copper, neodymium, or scandium or an alloy material which

contains any of these materials as its main component.

[0069]

Next, a gate insulating layer 507 is formed over the gate electrode layer 511.

The gate insulating layer 507 can be formed to have a single-layer structure or a

stacked-layer structure using one or more of a silicon oxide layer, a silicon nitride layer, a

silicon oxynitride layer, a silicon nitride oxide layer, an aluminum oxide layer, an

aluminum nitride layer, an aluminum oxynitride layer, an aluminum nitride oxide layer,

and a hafnium oxide layer by a plasma CVD method, a sputtering method, or the like.

[0070]

For the oxide semiconductor in this embodiment, an i-type semiconductor or a

substantially i-type semiconductor obtained by removing an impurity therefrom is used.

Such a purified oxide semiconductor is highly sensitive to an interface state and interface

charge; thus, the interface between the oxide semiconductor layer and the gate insulating

layer is important. Therefore, the gate insulating layer that is to be in contact with the

purified oxide semiconductor needs to have high quality.

[0071]

For example, a high-quality insulating layer which is dense and has high

withstand voltage can be formed by a high density plasma CVD method using

microwaves (e.g., with a frequency of 2.45 GHz), which is preferable. This is because

when the purified oxide semiconductor and the high-quality gate insulating layer are

disposed in close contact with each other, interface states can be reduced and interface



characteristics can be made favorable.

[0072]

Needless to say, other film formation methods, such as a sputtering method or a

plasma CVD method, can be employed as long as a high-quality insulating layer can be

formed as the gate insulating layer. A gate insulating layer whose film quality is

improved, or an insulating layer whose characteristics of an interface with the oxide

semiconductor are improved, by heat treatment after the formation may be used. In any

case, any insulating layer that has a reduced interface state density and can form a

favorable interface with the oxide semiconductor as well as having favorable film quality

as a gate insulating layer can be used.

[0073]

In order to prevent the gate insulating layer 507 and an oxide semiconductor

film 530 from containing hydrogen, a hydroxyl group, and moisture as much as possible,

it is preferable to preheat the substrate 505 provided with the gate electrode layer 511 or

the substrate 505 provided with the gate electrode layer 511 and the gate insulating layer

507 in a preheating chamber of a sputtering apparatus before formation of the oxide

semiconductor film 530 so that an impurity such as hydrogen or moisture adsorbed on the

substrate 505 is eliminated, and then perform evacuation. As an evacuation unit

provided in the preheating chamber, a cryopump is preferable. This preheating step is

not necessarily performed. This preheating step may be performed in a similar manner

on the substrate 505 provided with components up to and including a source electrode

layer 515a and a drain electrode layer 515b before an insulating layer 516 is formed.

[0074]

Next, the oxide semiconductor film 530 having a thickness of 2 n to 200 nm,

preferably 5 nm to 30 nm, is formed over the gate insulating layer 507 (see FIG. 9A).

[0075]

Note that before the oxide semiconductor film 530 is formed by a sputtering

method, it is preferable to perform reverse sputtering in which an argon gas is introduced

and plasma is generated so that powder substances (also referred to as particles or dust)

on a surface of the gate insulating layer 507 is removed. The reverse sputtering refers to

a method in which, without application of voltage to a target side, an RF power source is

used for application of voltage to a substrate side in an argon atmosphere to generate



plasma in the vicinity of the substrate and modify a surface. Note that an atmosphere of

nitrogen, helium, oxygen, or the like may be used instead of an argon atmosphere.

[0076]

The oxide semiconductor film 530 can be formed using a four-component

metal oxide such as an In-Sn-Ga-Zn-O-based oxide semiconductor, a three-component

metal oxide such as an In-Ga-Zn-O-based oxide semiconductor, an In-Sn-Zn-O-based

oxide semiconductor, an In-Al-Zn-O-based oxide semiconductor, a Sn-Ga-Zn-O-based

oxide semiconductor, an Al-Ga-Zn-O-based oxide semiconductor, or a

Sn-Al-Zn-O-based oxide semiconductor, a two-component metal oxide such as an

In-Zn-O-based oxide semiconductor, a Sn-Zn-O-based oxide semiconductor, an

Al-Zn-O-based oxide semiconductor, a Zn-Mg-O-based oxide semiconductor, a

Sn-Mg-G-based oxide semiconductor, or an In-Mg-O-based oxide semiconductor, a

single-component oxide semiconductor such as an In-O-based oxide semiconductor, a

Sn-O-based oxide semiconductor, or a Zn-O-based oxide semiconductor, or the like. In

addition, the oxide semiconductor may include SiO?. For example, an

In-Ga-Zn-O-based oxide semiconductor means an oxide containing indium (In), gallium

(Ga), and zinc (Zn), and there is no limitation on the stoichiometric proportion thereof.

In addition, the oxide semiconductor may contain an element other than In, Ga, and Zn.

In this embodiment, the oxide semiconductor film 530 is formed by a sputtering method

using an In-Ga-Zn-O-based metal oxide target. A cross-sectional view at this stage is

FIG. 9A.

[0077]

As the target for forming the oxide semiconductor film 530 by a sputtering

method, for example, an oxide target having a composition ratio of In20 3:Ga 0 3:ZnO =

1:1:1 [molar ratio] is used to form an In-Ga-Zn-O film. Without limitation to the

material and the composition of the above target, for example, an oxide target having a

composition ratio of In20 3:Ga 0 3:ZnO = 1:1:2 [molar ratio] may be used.

[0078]

Furthermore, the filling rate of the oxide target is 90 % to 100 %, preferably

95 % to 99.9 %. The oxide semiconductor film is dense when formed using a metal

oxide target with high filling rate.



[0079]

As a sputtering gas used in formation of the oxide semiconductor film 530, a

high-purity gas in which an impurity such as hydrogen, water, a hydroxyl group, or

hydride is reduced is preferably used.

[0080]

The substrate is held in a deposition chamber kept under reduced pressure, and

the substrate temperature is set in the range from 100 °C to 600 °C, preferably 200 °C to

400 °C. By heating the substrate during the film formation, the concentration of an

impurity contained in the oxide semiconductor film can be decreased. Moreover,

damage due to sputtering is reduced. Then, a sputtering gas in which hydrogen and

water are reduced is introduced into the deposition chamber from which remaining

moisture is removed, and the oxide semiconductor film 530 is formed over the substrate

505 using the above target. In order to remove moisture remaining in the deposition

chamber, an entrapment vacuum pump such as a cryopump, an ion pump, or a titanium

sublimation pump is preferably used. The evacuation unit may be a turbo pump

provided with a cold trap. From the deposition chamber evacuated with a cryopump, a

hydrogen atom, a compound including a hydrogen atom such as water (H20 ) (preferably,

also a compound including a carbon atom), or the like, for example, is removed; thus, the

concentration of an impurity in the oxide semiconductor film formed in the deposition

chamber can be reduced.

[0081]

The atmosphere for a sputtering method may be a rare gas (typically, argon)

atmosphere, an oxygen atmosphere, or a mixed atmosphere containing a rare gas and

oxygen.

[0082]

As an example of the film formation conditions, the following conditions are

employed: the distance between the substrate and the target is 100 mm; the pressure is 0.6

Pa; the direct current (DC) power is 0.5 kW; and the atmosphere is oxygen (the proportion

of oxygen flow is 100 ). Note that a pulsed direct current power source is preferable

because powder substances (also referred to as particles or dust) generated in film

formation can be reduced and the film thickness can be made uniform.



[0083]

Next, the oxide semiconductor film 530 is processed into an oxide

semiconductor layer having an island shape in a second photolithography step. A resist

mask for forming the oxide semiconductor layer having an island shape may be formed

by an inkjet method. Formation of the resist mask by an inkjet method requires no

photomask; thus, manufacturing cost can be reduced.

[0084]

In the case where a contact hole is formed in the gate insulating layer 507, a step

thereof can be performed at the time of the processing of the oxide semiconductor film

530.

[0085]

Note that the etching of the oxide semiconductor film 530 may be dry etching,

wet etching, or both dry etching and wet etching. An example of an etchant which can

be used for wet etching of the oxide semiconductor film 530 includes a mixed solution of

phosphoric acid, acetic acid, and nitric acid or the like. An etchant such as ITO-07N

(produced by KANTO CHEMICAL CO., INC.) may also be used.

[0086]

Next, first heat treatment is performed on the oxide semiconductor layer. The

oxide semiconductor layer can be dehydrated or dehydrogenated by the first heat

treatment. The first heat treatment is performed at a temperature higher than or equal to

400 °C and lower than or equal to 750 °C, or higher than or equal to 400 °C and lower

than a strain point of the substrate. Here, the substrate is introduced into an electric

furnace which is one of heat treatment apparatuses, and the heat treatment of the oxide

semiconductor layer is performed in a nitrogen atmosphere at 450 °C for 1 hour. After

that, the oxide semiconductor layer is prevented from being exposed to the air, which

prevents water or hydrogen from re-entering the oxide semiconductor layer. Thus, an

oxide semiconductor layer 531 is obtained (see FIG. 9B).

[0087]

The heat treatment apparatus is not limited to an electric furnace and may be an

apparatus that heats an object to be processed by thermal conduction or thermal radiation

from a heater such as a resistance heater. For example, a rapid thermal annealing (RTA)



apparatus such as a gas rapid thermal annealing (GRTA) apparatus or a lamp rapid

thermal annealing (LRTA) apparatus can be used. The LRTA apparatus is an apparatus

for heating an object to be processed by radiation of light (an electromagnetic wave)

emitted from a lamp such as a halogen lamp, a metal halide lamp, a xenon arc lamp, a

carbon arc lamp, a high pressure sodium lamp, or a high pressure mercury lamp. The

GRTA apparatus is an apparatus for performing heat treatment using a high-temperature

gas. As the high-temperature gas, an inert gas which does not react by heat treatment

with the object to be processed, like nitrogen or a rare gas such as argon, is used.

[0088]

For example, as the first heat treatment, GRTAmay be performed as follows: the

substrate is transferred into an inert gas heated to a high temperature of 650 °C to 700 °C,

heated for several minutes, and transferred and taken out of the inert gas heated to the

high temperature.

[0089]

In the first heat treatment, it is preferable that water, hydrogen, or the like be not

contained in nitrogen or a rare gas such as helium, neon, or argon. Alternatively, the

purity of nitrogen or a rare gas such as helium, neon, or argon introduced into a heat

treatment apparatus is preferably set to 6N (99.9999 %) or more, more preferably 7N

(99.99999 %) or more (i.e., the impurity concentration is 1 ppm or less, preferably 0.1

ppm or less).

[0090]

After the oxide semiconductor layer is heated by the first heat treatment, a

high-purity oxygen gas, a high-purity N20 gas, or ultra-dry air (having a dew point of

-40 °C or lower, preferably -60 °C or lower) may be introduced into the same furnace.

It is preferable that the oxygen gas or the N20 gas do not contain water, hydrogen, or the

like. Alternatively, the purity of an oxygen gas or an N20 gas which is introduced into

the heat treatment apparatus is preferably 6N or higher, more preferably 7N or higher

(that is, the concentration of impurities in the oxygen gas or the N20 gas is 1 ppm or less,

preferably 0.1 ppm or less). By the effect of the oxygen gas or the N20 gas, oxygen

which is one of main components of the oxide semiconductor and which has been

reduced at the same time as the step for removing impurities by dehydration or



dehydrogenation is supplied, so that the oxide semiconductor layer can be purified to be

electrically i-type (intrinsic).

[0091]

The first heat treatment of the oxide semiconductor layer can also be performed

on the oxide semiconductor film 530 before being processed into the oxide

semiconductor layer having an island shape. In that case, the substrate is taken out from

the heating apparatus after the first heat treatment, and then a photolithography step is

performed.

[0092]

Note that other than the above timing, the first heat treatment may be performed

at any of the following timings as long as it is after the oxide semiconductor layer is

formed. For example, the timing may be after a source electrode layer and a drain

electrode layer are formed over the oxide semiconductor layer or after an insulating layer

is formed over the source electrode layer and the drain electrode layer.

[0093]

Further, in the case where a contact hole is formed in the gate insulating layer

507, the formation of the contact hole may be performed before or after the first heat

treatment is performed on the oxide semiconductor film 530.

[0094]

Alternatively, the oxide semiconductor layer may be formed through two

deposition steps and two heat treatment steps. The thus formed oxide semiconductor

layer has a thick crystalline region (single-crystal region), that is, a crystalline region the

c-axis of which is aligned in a direction perpendicular to a surface of the layer,

regardless of whether the material of a base component is an oxide, a nitride, a metal, or

the like. For example, a first oxide semiconductor film with a thickness greater than or

equal to 3 nm and less than or equal to 15 nm is deposited, and first heat treatment is

performed in a nitrogen, oxygen, rare gas, or dry air atmosphere at 450 °C to 850 °C,

preferably 550 °C to 750 °C, so that the first oxide semiconductor film has a crystalline

region (including a plate-like crystal) in a region including its surface. Then, a second

oxide semiconductor film which has a larger thickness than the first oxide semiconductor

film is formed, and second heat treatment is performed at 450 °C to 850 °C, preferably



600 °C to 700 °C, so that crystal growth proceeds upward with use of the first oxide

semiconductor film as a seed of the crystal growth and the whole second oxide

semiconductor film is crystallized. In such a manner, the oxide semiconductor layer

having a thick crystalline region may be obtained.

[0095]

Next, a conductive film to be the source and drain electrode layers (including a

wiring formed using the same layer as the source and drain electrode layers) is formed

over the gate insulating layer 507 and the oxide semiconductor layer 531. As a

conductive film used for the source electrode layer and the drain electrode layer, for

example, a metal film containing an element selected from Al, Cr, Cu, Ta, Ti, Mo, and W

or a metal nitride film containing any of the above elements as its main component (a

titanium nitride film, a molybdenum nitride film, or a tungsten nitride film) can be used.

A high-melting-point metal film of Ti, Mo, W, or the like or a metal nitride film of any of

these elements (a titanium nitride film, a molybdenum nitride film, and a tungsten nitride

film) may be stacked on one of or both of a lower side or an upper side of a metal film of

Al, Cu, or the like. In particular, it is preferable to provide a conductive film containing

titanium on the side in contact with the oxide semiconductor layer.

[0096]

A resist mask is formed over the conductive film by a third photolithography step,

and the source electrode layer 515a and the drain electrode layer 515b are formed by

selective etching, and then, the resist mask is removed (see FIG. 9C).

[0097]

Note that the source electrode layer 515a and the drain electrode layer 515b

have a comb shape, and at least part of each of electrode tooth portions extending over

the oxide semiconductor layer 531 overlaps with the gate electrode layer 511.

[0098]

By using the source electrode layer 515a and the drain electrode layer 515b in a

comb shape, the area of a portion where the source electrode layer 515a (the drain

electrode layer 515b) and the gate electrode layer 511 overlap each other can be

decreased, and parasitic capacitance can thus be reduced.

[0099]

In addition, when the source electrode layer 515a and the drain electrode layer



515b in a comb shape are disposed such that the electrode tooth portions thereof face

each other as illustrated in FIG. 9C, curved current which flows from side edges of the

electrode tooth portions of the source electrode layer 515a to side edges of the electrode

tooth portions of the drain electrode layer 515b so as to surround the electrode tooth

portions can be generated. By utilizing this curved current (indirect current), a

decrease in on-state current can be prevented.

[0100]

Light exposure at the time of the formation of the resist mask in the third

photolithography step may be performed using ultraviolet light, KrF laser light, or ArF

laser light. The channel length L of a transistor to be formed is determined by the

distance between a lower edge of the source electrode layer and a lower edge of the drain

electrode layer, which are adjacent to each other over the oxide semiconductor layer 531.

In the case where light exposure is performed for a channel length L of less than 25 nm,

the light exposure at the time of the formation of the resist mask in the third

photolithography step is performed using extreme ultraviolet light having an extremely

short wavelength of several nanometers to several tens of nanometers. The resolution of

light exposure with extreme ultraviolet rays is high and the depth of focus is large.

Accordingly, the channel length L of the transistor can be made to be 10 nm to 1000 nm,

and the operation speed of a circuit can be increased.

[0101]

Note that it is preferable that etching conditions be optimized so as not to etch

and divide the oxide semiconductor layer 531 when the conductive film is etched.

However, it is difficult to obtain conditions under which only the conductive film is

etched and the oxide semiconductor layer 531 is not etched at all. Therefore, in some

cases, only part of the oxide semiconductor layer 531 is etched to be an oxide

semiconductor layer having a groove (a depressed portion) at the time of etching of the

conductive film.

[0102]

In this embodiment, a Ti film is used as the conductive film and the

In-Ga-Zn-O-based oxide semiconductor is used for the oxide semiconductor layer 531;

thus, an ammonium hydrogen peroxide mixture (31 wt. hydrogen peroxide water: 28



wt. ammonia water: water = 5:2:2) is used as an etchant of the Ti film.

[0103]

Next, plasma treatment using a gas such as N20 , N , or Ar may be performed to

remove water or the like adsorbed on a surface of the oxide semiconductor layer which is

exposed. In the case where the plasma treatment is performed, the insulating layer 516

is formed without exposure to the air, as a protective insulating layer which is in contact

with part of the oxide semiconductor layer.

[0104]

The insulating layer 516 can be formed to a thickness of at least 1 nm by a

method by which an impurity such as water or hydrogen does not enter the insulating

layer 516, such as a sputtering method, as appropriate. When hydrogen is contained in

the insulating layer 516, entry of the hydrogen to the oxide semiconductor layer, or

extraction of oxygen from the oxide semiconductor layer by hydrogen may occur, in

which case the backchannel of the oxide semiconductor layer may have lower resistance

(become n-type), so that a parasitic channel may be formed. Therefore, it is important

that a formation method in which hydrogen is not used be employed so that the lat ng

layer 516 contains hydrogen as little as possible.

[0105]

In this embodiment, a silicon oxide film is formed to a thickness of 200 nm as the

insulating layer 516 by a sputtering method. The substrate temperature during film

formation may be higher than or equal to room temperature and lower than or equal to

300 °C, and is 100 °C in this embodiment. The silicon oxide film can be formed by a

sputtering method in a rare gas (typically, argon) atmosphere, an oxygen atmosphere, or a

mixed atmosphere of a rare gas and oxygen. As a target, a silicon oxide target or a

silicon target may be used. For example, the silicon oxide film can be formed using a

silicon target by a sputtering method in an atmosphere containing oxygen. As the

insulating layer 516 which is formed in contact with the oxide semiconductor layer, an

inorganic insulating film which does not contain impurities such as moisture, a hydrogen

ion, and OH~ and blocks the entry of these impurities from the outside is used. Typically,

a silicon oxide film, a silicon oxynitride film, an aluminum oxide film, an aluminum

oxynitride film, or the like is used.



[0106]

As in the case of forming the oxide semiconductor film 530, an entrapment

vacuum pump (e.g., a cryopump) is preferably used in order to remove moisture

remaining in a deposition chamber used for forming the insulating layer 516. When the

insulating layer 516 is formed in the deposition chamber evacuated using a cryopump, the

concentration of impurities in the insulating layer 516 can be reduced. A turbo pump

provided with a cold trap may be used as an evacuation unit for removing moisture

remaining in the deposition chamber used for forming the insulating layer 516.

[0107]

As a sputtering gas used in formation of the insulating layer 516, a high-purity

gas in which an impurity such as hydrogen, water, a hydroxyl group, or hydride is reduced

is preferably used.

[0108]

Next, second heat treatment is performed in an inert gas atmosphere or an

oxygen gas atmosphere (preferably, at 200 °C to 400 °C, for example, 250 °C to 350 °C).

For example, the second heat treatment is performed in a nitrogen atmosphere at 250 °C

for 1 hour. In the second heat treatment, part of the oxide semiconductor layer (a

channel formation region) is heated while being in contact with the insulating layer 516.

[0109]

Through the above process, the first heat treatment is performed on the oxide

semiconductor film so that an impurity such as hydrogen, moisture, a hydroxyl group, or

hydride (also referred to as a hydrogen compound) is intentionally removed from the

oxide semiconductor layer. Additionally, oxygen which is one of main components of

the oxide semiconductor and is reduced at the same time as the step for removing an

impurity can be supplied. Accordingly, the oxide semiconductor layer is purified to be

an electrically i-type (intrinsic) semiconductor.

[0110]

Through the above process, the transistor 510 is formed (FIG. 9D).

[0111]

When a silicon oxide layer having many defects is used as the insulating layer

516, heat treatment after formation of the silicon oxide layer has an effect in diffusing an



impurity such as hydrogen, moisture, a hydroxyl group, or hydride contained in the oxide

semiconductor layer to the oxide insulating layer so that the impurity contamed in the

oxide semiconductor layer can be further reduced.

[0112]

A protective insulating layer 506 may be additionally formed over the insulating

layer 516. As the protective insulating layer 506, for example, a silicon nitride film is

formed by an RF sputtering method. The RF sputtering method is preferably used for

forming the protective insulating layer because high productivity is achieved. The

protective insulating layer is formed using an inorganic insulating film which does not

include impurities such as moisture and blocks entry of these impurities from the outside;

for example, a silicon nitride film, an aluminum nitride film, or the like is used. In this

embodiment, the protective insulating layer 506 is formed using a silicon nitride film

(see FIG. 9E).

[0113]

In this embodiment, as the protective insulating layer 506, a silicon nitride film is

formed by introducing a sputtering gas containing high-purity nitrogen in which

hydrogen and moisture are reduced and by using a silicon semiconductor target, while

heating the substrate 505, which is provided with components to and including the

insulating layer 516, to a temperature of 100 °C to 400 °C. In that case, it is also

preferable that residual moisture be removed from the treatment chamber during

formation of the protective insulating layer 506 as in the case of the insulating layer 516.

[0114]

After the formation of the protective insulating layer, heat treatment may be

performed in the air at a temperature of 100 °C to 200 °C for 1 hour to 30 hours. This

heat treatment may be performed at a fixed heating temperature. Alternatively, the

following change in the heating temperature may be conducted plural times repeatedly:

the heating temperature is raised from room temperature to a temperature of 100 °C to

200 °C and then lowered to room temperature.

[0115]

With the use of an oxide semiconductor in the transistor described as an

example in this embodiment, high field-effect mobility can be obtained, and thus,



high-speed operation can be achieved. In addition, because the source electrode layer

515a (the drain electrode layer 515b) has a comb shape, parasitic capacitance generated

between the source electrode layer 515a (the drain electrode layer 515b) and the gate

electrode layer 511 can be reduced, and at the same time, high-speed operation can be

achieved. Furthermore, distortion of a signal applied to the gate electrode layer 511 is

negligible, and a transistor circuit including an oxide semiconductor can be operated at a

high frequency.

[0116]

Various devices including such a transistor can operate with less power

consumption and at higher speed. It can be said that this expands the possibility for a

built-in driver in a larger panel or in a more high-definition panel of a liquid crystal

display device, for example.

[0117]

Note that each of the structures described in this embodiment can be combined

with any structure described as an example in the other embodiments as appropriate.

[0118]

The above-described structures will be described below in more detail as an

example of the present invention.

[Example 1]

[0119]

In this example, transistors each including a source electrode layer and a drain

electrode layer having a devised shape as described in Embodiment 1 as an example

were manufactured. It will be specifically verified by experiment that the

manufactured transistors can substantially maintain on-state current even when parasitic

capacitance generated in the overlap portion between the source electrode layer (the

drain electrode layer) and the gate electrode layer is reduced.

[0120]

The details of a cross-sectional structure of each transistor in this example are

as follows. A base film was formed over a glass substrate. The base film was formed

by stacking two layers which were a silicon nitride film with a thickness of 100 nm and

a silicon oxynitride film with a thickness of 150 nm. A gate electrode layer was

formed over the base film. The gate electrode layer was formed using tungsten (W) to



a thickness of 100 nm. Then, a gate insulating film was formed over the gate electrode

layer. The gate insulating film was formed using a silicon oxynitride film with a

thickness of 100 nm. Furthermore, an oxide semiconductor film was formed so as to

overlap with the gate electrode layer with the gate insulating film interposed

therebetween. The oxide semiconductor film was formed using IGZO to a thickness

of 15 nm. Moreover, a source electrode layer and a drain electrode layer were formed

such that edges thereof were in contact with the oxide semiconductor film and overlap

with the gate electrode layer. The source electrode layer and the drain electrode layer

were formed by stacking three layers of titanium (Ti), aluminum (Al), and titanium (Ti)

with thicknesses of 50 nm, 200 nm, and 50 nm, respectively.

[0121]

The details of planar structures of transistors in this example are shown in

FIGS. 5A and 5B and FIGS. 6A and 6B. Four types of transistors including source

electrode layers and drain electrode layers having different shapes were manufactured.

A transistor 400 of Structure A was formed as illustrated in FIG. 5A. Specifically, the

interval L between an end of a source electrode layer 105a (comb-shaped electrode

layer) and an end of a drain electrode layer 105b (comb-shaped electrode layer) was 3

µπ . The width w of the source electrode layer 105a (the width w of the drain electrode

layer 105b) was 50 µ . Each of the widths 11, 12, 13, 14, 15, 16, 17, and 18 of electrode

tooth portions was 3 µ . Each of the intervals si, s2, s3, s4, s5, and s6 between the

electrode tooth portions was 3 µπ . The length h (i) of each of the electrode tooth

portions of the source electrode layer 105a (the drain electrode layer 105b) was 2 µηι .

The length a b) of an overlap portion between each of the electrode tooth portions of

the source electrode layer 105a (the drain electrode layer 105b) and a gate electrode

layer 111 was 1.5 µπ . The gate width g was 6 µ . The length P along which the

ends of the electrode tooth portions face each other was 3 µ .

[0122]

A transistor 401 of Structure B was formed as illustrated in FIG. 5B.

Specifically, the interval L between an end of a source electrode layer 105a

(comb-shaped electrode layer) and an end of a drain electrode layer 106b (comb-shaped

electrode layer) was 3 µπ . The width w of the source electrode layer 105a (the width



w of the drain electrode layer 106b) was 50 µη . Each of the widths 11, 12, 13, 14, 15',

16', and 17' of electrode tooth portions was 3 µπ , and the width 18' was 1.5 µ ι . Each

of the intervals si, s2, s3, s5', s6', and s7' between the electrode tooth portions was 3

µπ , and the interval s4' was 1.5 µ . The length h ( ) of each of the electrode tooth

portions of the source electrode layer 105a (the drain electrode layer 106b) was 2 µ .

The length a (b') of an overlap portion between each of the electrode tooth portions of

the source electrode layer 105a (the drain electrode layer 106b) and a gate electrode

layer 111 was 1.5 µπι . The gate width g was 6 µηι . The length P ' along which the

ends of the electrode tooth portions face each other was 1.5 µ η .

[0123]

A transistor 402 of Structure C was formed as illustrated in FIG. 6A.

Specifically, the interval L between an end of a source electrode layer 105a

(comb-shaped electrode layer) and an end of a drain electrode layer 107b was 3 µπ .

The width w of the source electrode layer 105a (the width w of the drain electrode layer

107b) was 50 µ . Each of the widths 11, 12, 13, and 14 of electrode tooth portions was

3 µ . Each of the intervals si, s2, and s3 between the electrode tooth portions was 3

µ . The length h of each of the electrode tooth portions of the source electrode layer

105a was 2 µ . The length a of an overlap portion between each of the electrode

tooth portions of the source electrode layer 105a and a gate electrode layer 111 was 1.5

µη . The length b " of an overlap portion between the drain electrode layer 107b and

the gate electrode layer 111 was 1.5 µιη . The gate width g was 6 µ .

[0124]

A transistor 403 of a conventional structure was formed as illustrated in FIG.

6B. Specifically, the interval L between an edge of a source electrode layer 107a and

an edge of a drain electrode layer 107b was 3 µη . The width w of the source electrode

layer 107a (the width w of the drain electrode layer 107b) was 50 µπι . The length a '

(b") of an overlap portion between the source electrode layer 107a (the drain electrode

layer 107b) and a gate electrode layer 111 was 1.5 µ ι. The gate width g was 6 µπ .

[0125]

It is verified as below by experiment that parasitic capacitance is reduced in

three types of transistors each including a source electrode layer and a drain electrode



layer having a devised shape, i.e., the transistors 400, 401, and 402, as compared to the

transistor 403 of the conventional structure.

[0126]

The experimental conditions are given below. The parasitic capacitance C

generated in the overlap portion between the source electrode layer (the drain electrode

layer) and the gate electrode layer of each transistor was measured at a room

temperature of 25 °C, at a substrate temperature of 25 °C, and at VG varying from -20

V to 30 V (in increments of 0.25 V in 201 steps) by using an impedance analyzer

(4294A manufactured by Agilent Technologies, Inc.) having four terminals. Two of

the four terminals of the impedance analyzer were connected to respective manipulators

through respective GPIB cables (manufactured by Agilent Technologies, Inc.). The

measurement was performed with a probe placed on only one of the source electrode

layer and the drain electrode layer and the other set floating. Calibration was

performed before the measurement, and calibration was also performed every time the

frequency was changed. For the calibration, all terminals of the manipulator were set

to GND. The measurement was performed under four different conditions at

frequencies f of 1 MHz, 100 kHz, 10 kHz, and 1 kHz.

[0127]

FIGS. 7A to 7D show capacitance characteristics of the transistors, which are

obtained from the actually measured parasitic capacitances C generated in the overlap

portions between the source electrode layers (the drain electrode layers) and the gate

electrode layers of the transistors. FIG. 7A shows capacitance characteristics of the

transistor 400 of Structure A; FIG. 7B, the transistor 401 of Structure B; FIG. 7C, the

transistor 402 of Structure C; and FIG. 7D, the transistor 403 of the conventional

structure.

[0128]

It is confirmed that the parasitic capacitance C in each of FIGS. 7A to 7C is

lower than that in FIG. 7D. For example, the parasitic capacitances C of the transistor

400, the transistor 401, the transistor 402, and the transistor 403 of the conventional

structure are 5.50 x 10 14 F, 5.41 x 10 14 F, 6.74 x 10 14 F, and 9.63 x 10 14 F,

respectively, when measured at a frequency of 1 MHz and at VG of -20 V.



Furthermore, the parasitic capacitances C of the transistor 400, the transistor 401, the

transistor 402, and the transistor 403 of the conventional structure are 5.54 x 10 14 F,

5.57 x 10~14 F, 6.81 x 10 14 F, and 9.61 x 10~14 F, respectively, when measured at a

frequency of 1 MHz and at VG of 0 V.

[0129]

This confirms that the area of the overlap portion between the source electrode

layer (the drain electrode layer) and the gate electrode layer of each of the transistors

400 and 401 is about half of that of the transistor 403 of the conventional structure, and

that of the transistor 402 is about 3/4 of that of the transistor 403 of the conventional

structure, and in a similar manner, the capacitance C of each of the transistors 400 and

401 is also about half of that of the transistor 403 of the conventional structure, and that

of the transistor 402 is also about 3/4 of that of the transistor 403 of the conventional

structure.

[0130]

Therefore, it is confirmed that parasitic capacitance can be reduced by

decreasing the area of the overlap portion between the source electrode layer (the drain

electrode layer) and the gate electrode layer. Furthermore, it is confirmed that the area

of the overlap portion between the source electrode layer (the drain electrode layer) and

the gate electrode layer is substantially proportional to the parasitic capacitance

generated in the overlap portion.

[0131]

It is verified as below by experiment that there is substantially no difference in

on-state current between the transistor 403 of the conventional structure and each of the

three types of transistors each including the source electrode layer and the drain

electrode layer having a devised shape, i.e., the transistors 400, 401, and 402.

[0132]

The experimental conditions are given below. The on-state current ID (which

means a current flowing between the source electrode layer and the drain electrode

layer) of each transistor was measured at a room temperature of 25 °C, at a substrate

temperature of 25 °C, at VG varying from -20 V to 20 V (in increments of 0.2 V in 201

steps), and at VDS of 1 V by using a semiautomatic prober (4155B).



[0133]

FIGS. 8A and 8B each show current characteristics of the transistors, which are

obtained from the actually measured on-state currents of the transistors. FIG. 8A is

obtained by converting the y-axis of FIG. 8B to a logarithmic scale. In FIG. 8B, (1),

(2), (3), and (4) represent current characteristics of the transistor 400 of Structure A, the

transistor 401 of Structure B, the transistor 402 of Structure C, and the transistor 403 of

the conventional structure, respectively.

[0134]

It can be confirmed from FIGS. 8A and 8B that there is substantially no

difference in on-state current between the transistor 403 of the conventional structure

and each of the three types of transistors including the source electrode layer and the

drain electrode layer having a devised shape, i.e., the transistors 400, 401, and 402.

For example, the on-state currents ID (1), (2), (3), and (4) of the transistor 400, the

transistor 401, the transistor 402, and the transistor 403 of the conventional structure are

10.1 x 10 5 A, 9.69 x 10 5 A, 11.0 x 10 5 A, and 13.35 x 10 5 A, respectively, when

measured at VG of 20 V.

[0135]

This confirms that although a slight decrease in on-state current is caused by a

decrease in the area of the overlap portion between the source electrode layer (the drain

electrode layer) and the gate electrode layer, the decrease is approximately several

percent.

[0136]

This indicates that it is possible to generate, in the transistors 400, 401, and 402,

curved current flowing so as to surround the electrode tooth portions, in an amount

sufficient to compensate for a decrease in linear current due to a reduction in parasitic

capacitance. In other words, it is indicated that, by using a source (drain) electrode

layer in a comb shape instead of a rectangular shape, on-sate current can be kept

unchanged even when the width of a channel formation region is decreased. That is, it

is confirmed that each of the on-state currents of the transistors 400, 401, and 402 and

the transistor 403 of the conventional structure can be considered to depend only on the

length of the channel formation region.

[0137]



Therefore, it is confirmed that in a transistor including a source electrode layer

and a drain electrode layer having a devised shape, on-state current can be substantially

maintained even when parasitic capacitance generated in an overlap portion between the

source electrode layer (the drain electrode layer) and a gate electrode layer is reduced.

This application is based on Japanese Patent Application serial no.

2010-088634 filed with Japan Patent Office on April 7, 2010, the entire contents of

which are hereby incorporated by reference.



CLAIMS

1. A transistor comprising:

a source electrode layer in a comb shape, including electrode tooth portions

arranged adjacently at a predetermined interval and a connection portion for connecting

the electrode tooth portions; and

a drain electrode layer in a comb shape, including electrode tooth portions

arranged adjacently at a predetermined interval and a connection portion for connecting

the electrode tooth portions,

wherein the source electrode layer and the drain electrode layer are disposed

such that the electrode tooth portions of the source electrode layer and the electrode

tooth portions of the drain electrode layer face each other without interdigitating with

each other.

2. The transistor according to claim 1, further comprising:

a gate electrode layer;

a gate insulating layer in contact with the gate electrode layer; and

a semiconductor layer overlapping with the gate electrode layer with the gate

insulating layer interposed therebetween,

wherein an edge of the source electrode layer is in contact with the

semiconductor layer and overlaps with the gate electrode layer with the gate insulating

layer and the semiconductor layer interposed therebetween, and

wherein an edge of the drain electrode layer is in contact with the

semiconductor layer and overlaps with the gate electrode layer with the gate insulating

layer and the semiconductor layer interposed therebetween.

3. The transistor according to claim 2, wherein the semiconductor layer

comprises an oxide semiconductor.

4. The transistor according to claim 1, wherein the connection portion of the

source electrode layer and the gate electrode layer do not overlap with each other, and

wherein the connection portion of the drain electrode layer and the gate electrode layer



do not overlap with each other.

5. The transistor according to claim 1, wherein a sum of widths of ends of the

electrode tooth portions of the source electrode layer is 3/8 to 1/1 of a width of the

source electrode layer and 3/8 to 8/3 of a width of the drain electrode layer.

6 . The transistor according to claim 1, wherein a sum of widths of ends of the

electrode tooth portions of the drain electrode layer is 3/8 to 1/1 of a width of the drain

electrode layer and 3/8 to 8/3 of a width of the source electrode layer.

7. The transistor according to claim 1, wherein an interval between adjacent

electrode tooth portions of at least one of the source electrode layer and the drain

electrode layer is greater than 0 µ a d less than or equal to 5 µπ .

8. The transistor according to claim 1, wherein an end of one of the electrode

tooth portions of the source electrode layer and an end of one of the electrode tooth

portions of the drain electrode layer face each other along a same length.

9. A transistor comprising:

a source electrode layer in a comb shape, including electrode tooth portions

arranged adjacently at a predetermined interval and a connection portion for connecting

the electrode tooth portions; and

a drain electrode layer in a comb shape, including electrode tooth portions

arranged adjacently at a predetermined interval and a connection portion for connecting

the electrode tooth portions,

wherein the source electrode layer and the drain electrode layer are disposed

such that the electrode tooth portions of the source electrode layer and the electrode

tooth portions of the drain electrode layer face each other without interdigitating with

each other, and

wherein an end of one of the electrode tooth portions of the source electrode

layer and an end of one of the electrode tooth portions of the drain electrode layer face

each other along a length different from a length of the end of the electrode tooth



portion of the source electrode layer or a length of the end of the electrode tooth portion

of the drain electrode layer.

10. The transistor according to claim 9, further comprising:

a gate electrode layer;

a gate insulating layer in contact with the gate electrode layer; and

a semiconductor layer overlapping with the gate electrode layer with the gate

insulating layer interposed therebetween,

wherein an edge of the source electrode layer is in contact with the

semiconductor layer and overlaps with the gate electrode layer with the gate insulating

layer and the semiconductor layer interposed therebetween, and

wherein an edge of the drain electrode layer is in contact with the

semiconductor layer and overlaps with the gate electrode layer with the gate insulating

layer and the semiconductor layer interposed therebetween.

11. The transistor according to claim 10, wherein the semiconductor layer

comprises an oxide semiconductor.

12. The transistor according to claim 9, wherein the connection portion of the

source electrode layer and the gate electrode layer do not overlap with each other, and

wherein the connection portion of the drain electrode layer and the gate electrode layer

do not overlap with each other.

13. The transistor according to claim 9, wherein a sum of widths of ends of the

electrode tooth portions of the source electrode layer is 3/8 to 1/1 of a width of the

source electrode layer and 3/8 to 8/3 of a width of the drain electrode layer.

14. The transistor according to claim 9, wherein a sum of widths of ends of the

electrode tooth portions of the drain electrode layer is 3/8 to 1/1 of a width of the drain

electrode layer and 3/8 to 8/3 of a width of the source electrode layer.

15. The transistor according to claim 9, wherein an interval between adjacent



electrode tooth portions of at least one of the source electrode layer and the drain

electrode layer is greater than 0 µ and less than or equal to 5 µηι .

16. A transistor comprising:

a source electrode layer in a comb shape, including electrode tooth portions

arranged adjacently at a predetermined interval and a connection portion for connecting

the electrode tooth portions; and

a drain electrode layer,

wherein the source electrode layer and the drain electrode layer are disposed

such that the electrode tooth portions of the source electrode layer and the drain

electrode layer face each other.

17. The transistor according to claim 16, further comprising:

a gate electrode layer;

a gate insulating layer in contact with the gate electrode layer; and

a semiconductor layer overlapping with the gate electrode layer with the gate

insulating layer interposed therebetween,

wherein an edge of the source electrode layer is in contact with the

semiconductor layer and overlaps with the gate electrode layer with the gate insulating

layer and the semiconductor layer interposed therebetween, and

wherein an edge of the drain electrode layer is in contact with the

semiconductor layer and overlaps with the gate electrode layer with the gate insulating

layer and the semiconductor layer interposed therebetween.

18. The transistor according to claim 17, wherein the semiconductor layer

comprises an oxide semiconductor.

19. The transistor according to claim 16, wherein the connection portion of the

source electrode layer and the gate electrode layer do not overlap with each other.

20. The transistor according to claim 16, wherein a sum of widths of ends of

the electrode tooth portions of the source electrode layer is 3/8 to 1/1 of a width of the



source electrode layer and 3/8 to 8/3 of a width of the drain electrode layer.

21. The transistor according to claim 16, wherein an interval between adjacent

electrode tooth portions of the source electrode layer is greater than 0 µιη and less than

or equal to 5 µπι .

22. The transistor according to claim 16,

wherein an entire edge of the drain electrode layer, which faces the source

electrode layer, is straight.

23. A transistor comprising:

a drain electrode layer in a comb shape, including electrode tooth portions

arranged adjacently at a predetermined interval and a connection portion for connecting

the electrode tooth portions; and

a source electrode layer,

wherein the source electrode layer and the drain electrode layer are disposed

such that the source electrode layer and the electrode tooth portions of the drain

electrode layer face each other.

24. The transistor according to claim 23, further comprising:

a gate electrode layer;

a gate insulating layer in contact with the gate electrode layer; and

a semiconductor layer overlapping with the gate electrode layer with the gate

insulating layer interposed therebetween,

wherein an edge of the source electrode layer is in contact with the

semiconductor layer and overlaps with the gate electrode layer with the gate insulating

layer and the semiconductor layer interposed therebetween, and

wherein an edge of the drain electrode layer is in contact with the

semiconductor layer and overlaps with the gate electrode layer with the gate insulating

layer and the semiconductor layer interposed therebetween.



25. The transistor according to claim 24, wherein the semiconductor layer

comprises an oxide semiconductor.

26. The transistor according to claim 23, wherein the connection portion of the

drain electrode layer and the gate electrode layer do not overlap with each other.

27. The transistor according to claim 23, wherein a sum of widths of ends of

the electrode tooth portions of the drain electrode layer is 3/8 to 1/1 of a width of the

drain electrode layer and 3/8 to 8/3 of a width of the source electrode layer.

28. The transistor according to claim 23, wherein an interval between adjacent

electrode tooth portions of the drain electrode layer is greater than 0 µιη and less than or

equal to 5 µπι .

29. The transistor according to claim 23,

wherein an entire edge of the source electrode layer, which faces the drain

electrode layer, is straight.

30. A transistor comprising:

a gate electrode layer;

a gate insulating layer adjacent to the gate electrode layer;

a semiconductor layer adjacent to the gate electrode layer with the gate

insulating layer interposed therebetween;

a source electrode layer in electrical contact with the semiconductor layer; and

a drain electrode layer in electrical contact with the semiconductor layer,

wherein at least one of the source electrode layer and the drain electrode layer

has at least a first inner edge and a second inner edge, each of the first inner edge and

the second inner edge facing the other of the source electrode layer and the drain

electrode layer,

wherein the first inner edge is closer to the other of the source electrode layer

and the drain electrode layer than the second inner edge, and



wherein the first inner edge overlaps with the gate electrode layer and the

second inner edge does not overlap with the gate electrode.

31. The transistor according to claim 30, wherein the semiconductor layer

comprises an oxide semiconductor.

32. The transistor according to claim 30, wherein a width of the first inner edge

of the one of the source electrode layer and the drain electrode layer is 3/8 to 1/1 of a

width of the one of the source electrode layer and the drain electrode layer and 3/8 to

8/3 of a width of the other of the source electrode layer and the drain electrode layer.

33. The transistor according to claim 30, wherein a width of the second inner

edge is greater than 0 µ and less than or equal to 5 µ .
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