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(57) ABSTRACT

A thin film transistor, a method of fabricating the same, and an
organic light emitting diode display device including the
same. The thin film transistor includes: a substrate; a semi-
conductor layer disposed on the substrate, including a chan-
nel region, source/drain regions, and a body contact region; a
gate insulating layer disposed on the semiconductor layer so
as to expose the body contact region; a gate electrode dis-
posed on the gate insulating layer, so as to contact the body
contact region; an interlayer insulating layer disposed on the
gate electrode; and source/drain electrodes disposed on the
interlayer insulating layer and electrically connected to the
source/drain regions. The body contact region is formed in an
edge of the semiconductor layer.
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THIN FILM TRANSISTOR, METHOD OF
FABRICATING THE SAME, AND ORGANIC
LIGHTING EMITTING DIODE DISPLAY
DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 2008-28324, filed on Mar. 27, 2008 in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein, by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Aspects of the present invention relate to a thin film
transistor, a method of fabricating the same, and an organic
light emitting diode display device including the same.
[0004] 2. Description of the Related Art

[0005] In general, a polycrystalline silicon layer is widely
used as a semiconductor layer of a thin film transistor,
because ofits high field effect mobility and its applicability to
a high-speed circuit and/or a complementary metal-oxide
semiconductor (CMOS) circuit. A thin film transistor using
such a polycrystalline silicon layer is used as a switching
device of an active matrix liquid crystal display (AMLCD)
device. Such a thin film transistor is also used as a switching
device and/or a driving device of an active matrix organic
light emitting diode display device (AMOLED).

[0006] The polycrystalline silicon thin film transistor used
in the active matrix display devices is generally a floating
body polycrystallinesilicon thin film transistor (poly-Si TFT)
having a floating, island-shaped semiconductor layer. As a
floating body polycrystalline silicon thin film transistor is
scaled down, it leads to a reduced drain current and a reduced
saturation region thereof.

[0007] To solve this problem, a gate-body contact TFT, in
which a semiconductor layer is connected with a gate elec-
trode, has been proposed. The gate-body contact TFT has an
enhanced sub-threshold slope value and a high drain current
at a low gate voltage. Accordingly, an on/off characteristic
can be achieved, even at such a low gate voltage, resulting in
a low-power, flat panel display device.

[0008] Conventionally, a body contact region that contacts
a gate electrode was separately formed, so as to extend from
a conventional semiconductor layer having no body contact
region, in order to implement a gate-body contact thin film
transistor. However, this configuration increases an area
occupied by a semiconductor layer and the body contact
region, and is inappropriate for device integration.

SUMMARY OF THE INVENTION

[0009] Aspects of the present invention provide a thin film
transistor having a smaller area thana conventional gate-body
contact thin film transistor, by implementing a gate-body
contact structure, without extending a separate body contact
region from a semiconductor layer, by using an edge region of
asemiconductor layer as a body contact region. Aspects of the
present invention also relate to a method of fabricating the
thin film transistor, and an organic light emitting diode dis-
play device including the same.

[0010] According to an exemplary embodiment of the
present invention, a thin film transistor includes: a substrate;
a semiconductor layer disposed on the substrate and includ-
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ing a channel region, source/drain regions, and a body contact
region; a gate insulating layer disposed on the semiconductor
layer and exposing the body contact region; a gate electrode
disposed on the gate insulating layer, in contact with the body
contact region; an interlayer insulating layer disposed on the
gate electrode; and source/drain electrodes disposed on the
interlayer insulating layer and electrically connected to the
source/drain regions. The body contact region is disposed at
an edge of the semiconductor layer.

[0011] According to another exemplary embodiment of the
present invention, a method of fabricating a thin film transis-
tor includes: forming a semiconductor layer on a substrate;
forming a gate insulating layer on the semiconductor layer,
which exposes an edge of the semiconductor layer; forming a
gate electrode on the gate insulating layer, which contacts the
exposed edge of the semiconductor layer; forming an inter-
layer insulating layer on the gate electrode; and forming
source/drain electrodes on the interlayer insulating layer. The
source/drain electrodes are electrically connected to source/
drain regions of the semiconductor layer, through openings in
the interlayer insulating layer and the gate insulating layer.
[0012] According to yet another exemplary embodiment of
the present invention, an organic lighting emitting diode dis-
play device includes: a substrate; a semiconductor layer dis-
posed on the substrate and including a channel region, source/
drain regions, and a body contact region; a gate insulating
layer disposed on the semiconductor layer and exposing the
body contact region; a gate electrode disposed on the gate
insulating layer, in contact with the body contact region; an
interlayer insulating layer disposed on the gate electrode;
source/drain electrodes disposed on the interlayer insulating
layer and electrically connected to the source/drain regions; a
first electrode electrically connected to one of the source/
drain electrodes; an organic layer disposed on the first elec-
trode and including an emission layer; and a second electrode
disposed on the organic layer. The body contact region is
disposed at an edge of the semiconductor layer.

[0013] Additional aspects and/or advantages of the inven-
tion will be set forth in part in the description which follows
and, in part, will be obvious from the description, or may be
learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and/or other aspects and advantages of the
invention will become apparent and more readily appreciated
from the following description of the exemplary embodi-
ments, taken in conjunction with the accompanying draw-
ings, of which:

[0015] FIGS.1A,2A, 3A,4A, and 5A are plan views illus-
trating a process of fabricating a thin film transistor, accord-
ing to Exemplary Embodiment 1 of the present invention, and
FIGS. 1B, 2B, 3B, 4B, and 5B are cross-sectional views taken
along line A-A' of FIGS. 1A, 2A, 3A, 4A, and 5A, respec-
tively;

[0016] FIGS. 6A, 7A and 8A are plan views illustrating a
process of fabricating a thin film transistor, according to
Exemplary Embodiment 2 of the present invention, and
FIGS. 6B, 7B and 8B are cross-sectional views taken along
line B-B' of FIGS. 6A, 7A, and 8A, respectively; and

[0017] FIG. 9 is a cross-sectional view of an organic light
emitting diode display device including a thin film transistor,
according to an exemplary embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0018] Reference will now be made in detail to the exem-
plary embodiments of the present invention, examples of
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which are shown in the accompanying drawings, wherein like
reference numerals refer to the like elements throughout the
specification. The exemplary embodiments are described
below, in order to explain the aspects of the present invention,
by referring to the figures.

[0019] As referred to herein, when a first element is said to
be disposed or formed “on”, or “adjacent to”, a second ele-
ment, the first element can directly contact the second ele-
ment, or can be separated from the second element by one or
more other elements located therebetween. In contrast, when
an element s referred to as being disposed or formed “directly
on” another element, there are no intervening elements
present. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.

Exemplary Embodiment 1

[0020] FIGS.1A,2A,3A,4A, and 5A are plan views illus-
trating a process of fabricating a thin film transistor, accord-
ing to Exemplary Embodiment 1 of the present invention.
FIGS.1B, 2B, 3B, 4B, and 5B are cross-sectional views taken
along line A-A' of FIGS. 14, 24, 3A, 4A, and 5A.

[0021] Referring to FIGS. 1A and 1B, a buffer layer 101 is
formed on a substrate 100, which can be formed of glass or
plastic. The buffer layer 101 can include one or more insulat-
ing layers, such as a silicon oxide layer, or a silicon nitride
layer. The insulating layers can be formed by chemical vapor
deposition or physical vapor deposition, for example. The
buffer layer 101 prevents the diffusion of moisture and/or
impurities from the substrate 100. The buffer layer 101 can
also be used to control the rate of heat transfer during the
crystallization of an amorphous silicon layer.

[0022] A polycrystalline silicon layer 102 is then formed on
the buffer layer 101. The polycrystalline silicon layer 102
may be formed by crystallizing an amorphous silicon layer,
using a crystallization method, such as Rapid Thermal
Annealing (RTA), Solid Phase Crystallization (SPC), Exci-
mer Laser Crystallization (ELA), Metal Induced Crystalliza-
tion (MIC), Metal Induced Lateral Crystallization (MILC),
Sequential Lateral Solidification (SLS), or Super Grain Sili-
con (SGS).

[0023] An insulating layer 103 is then formed on the poly-
crystalline silicon layer 102. The insulating layer 103 may be
a silicon oxide layer, a silicon nitride layer, or a combination
thereof.

[0024] Referring to FIGS. 2A and 2B, the polycrystalline
silicon layer 102 and the insulating layer 103 are patterned.
The polycrystalline silicon layer 102 is patterned to form a
semiconductor layer 104. The insulating layer 103 is pat-
terned to form a gate insulating layer 105. The gate insulating
layer 105 exposes one or more edge regions 106 of the semi-
conductor layer 104.

[0025] Herein, the length of the semiconductor layer 104
refers to a direction that is parallel to a line connecting a
source region 107 (FIG. 3A) to a drain region 108 (FIG. 3A)
of the semiconductor layer 104, and the width of the semi-
conductor layer 104 refers to a direction perpendicular to the
length direction, i.e., extending along line A-A'. The edge
regions 106 of the semiconductor layer 104 are separated by
a predetermined distance, across the width of the semicon-
ductor layer 104.

[0026] The gate insulating layer 105 may be formed to
expose the edge region 106 of the semiconductor layer 104,
by a one-time patterning process, i.e., by adjusting etching
conditions so that the insulating layer 103 is over-etched
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relative to the polycrystalline silicon layer 102. For example,
the gate insulating layer 105 may be etched to expose the edge
region 106 of the semiconductor layer 104, by making a
critical dimension (CD) bias of the insulating layer 103
greater than that of the underlying polycrystalline silicon
layer 102.

[0027] Thewidth a of the edge region 106 is less than about
0.1 um. This range forms a gate-body contact TFT structure
without a separate extended body contact region, while not
greatly reducing the area of a channel region of the existing
semiconductor layer 104.

[0028] Referring to FIGS. 3A and 3B, an impurity is
injected into the edge region 106 of the semiconductor layer
104, which is exposed through the gate insulating layer 105.
A different type of impurity is injected into the source/drain
regions 107 and 108 of the semiconductor layer 104. One of
the impurities can be an N-type impurity, and the other impu-
rity can be a P-type impurity, for example. This results in a
PNP or NPN structure of the source/drain regions 107 and
108 of the semiconductor layer 104 and the edge region 106,
such that current flowing from the source and/or drain regions
107 and 108 does not flow into the edge region 106. The
P-type impurity can be selected from the group consisting of
boron B, aluminum (Al), gallium (Ga), and indium (In). The
N-type impurity can be selected from the group consisting of
phosphorus (P), arsenic (As), and antimony (Sb).

[0029] The source/drain regions 107 and 108 of the semi-
conductor layer 104 are formed by injecting an impurity into
regions in which the source/drain regions 107 and 108 of the
semiconductor layer 104 are to be formed. A channel region
109 is formed between the source region 107 and the drain
region 108. Body contact regions 110 are formed in edge
regions 106 of the semiconductor layer 104 and extend
between the source region 107 and the drain region 108. The
body contact regions 110 are connected to, and are disposed
at opposing sides of, the channel region 109. For conve-
nience, only one of the body contact regions 110 will be
referred to hereinafter.

[0030] The source/drain regions 107 and 108 may be
formed by injecting the impurity into the semiconductor layer
104, using a photoresist pattern as a mask. Alternatively, the
source/drain regions 107 and 108 may be formed by injecting
the impurity into the semiconductor layer 104, using a sub-
sequently formed gate electrode as a mask.

[0031] Referring to FIGS. 4A and 4B, a gate electrode
material is deposited on the gate insulating layer 105 and is
then patterned to form a gate electrode 111. The gate elec-
trode 111 overlaps the channel region 109 and the body con-
tact region 110. The gate electrode 111 may be a layer of
aluminum (Al), a layer of an aluminum alloy such as alumi-
num-neodymium (Al—Nd), or multi-layers of an aluminum
alloy stacked on a chromium (Cr) or molybdenum (Mo) alloy.
Since the insulating layer 103 is patterned, so as to expose the
body contact region 110, the gate electrode 111 contacts the
body contact region 110, resulting in a gate-body contact
TFT. As the body contact regions 110 are disposed at oppos-
ing edges of the channel region 109, the width b of'the channel
region 109 is smaller than the width of the semiconductor
layer 104 as a whole, i.e., the channel region 109 plus the
width of the body contact regions 110.

[0032] Intherelatedart, a semiconductorlayeris formed by
forming a polycrystalline silicon layer on the entire surface of
the substrate, forming a photoresist pattern on the polycrys-
talline silicon layer, and etching the polycrystalline silicon
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layer using the photoresist pattern as a mask. In etching the
polycrystalline silicon layer, the edges of the semiconductor
layer may be damaged by an etching solution or a plasma used
for the etching.

[0033] In addition, the photoresist remaining on the edges
of the semiconductor layer may make the semiconductor
layer non-uniform and/or have poor characteristics. This may
affect a threshold voltage, or an S-factor, of a TFT including
such a semiconductor layer, and may cause a hump on an [-V
characteristic curve of the TFT. These problems are caused by
including the damaged edges in the channel region.

[0034] Aspects of the present invention can solve the above
and/or other problems, by injecting an impurity into edges of
a semiconductor layer that contact a channel region, instead
of including the edges in the channel region. The impurities
form body contact regions, which contact a gate electrode.
This makes it possible to form a gate-body contact thin film
transistor using an existing semiconductor layer, without
forming a separate body contact region.

[0035] Referring to FIGS. 5A and 5B, an interlayer insu-
lating layer 112 is formed on the entire surface of the substrate
100. The interlayer insulating layer 112 may be a silicon
nitride layer, a silicon oxide layer, or a multi-layer thereof.
[0036] The interlayer insulating layer 112 and the gate
insulating layer 105 are then etched to form contact holes 113,
which expose the source/drain regions 107 and 108 of the
semiconductor layer 104. Source/drain electrodes 114 and
115 are then connected to the source/drain regions 107 and
108, through the contact holes 113. The source/drain elec-
trodes 114 and 115 may be formed of one of molybdenum
(Mo), chromium (Cr), tungsten (W), aluminum-neodymium
(Al—Nd), titanium (Ti), molybdenum tungsten (MoW), and
aluminum (Al).

Exemplary Embodiment 2

[0037] FIGS. 6A, 7A, and 8A are plan views illustrating a
process of fabricating a thin film transistor, according to
Exemplary Embodiment 2 of the present invention. FIGS. 6B,
7B, and 8B are cross-sectional views taken along line B-B' of
FIGS. 6A,7A, and 8A.

[0038] Referring to FIGS. 6A and 6B, a buffer layer 601 is
formed on a substrate 600, and then a polycrystalline silicon
layer 602 is formed on the buffer layer 601. Referring to
FIGS.7A and 7B, only the polycrystalline silicon layer 602 is
patterned at first, to form a semiconductor layer 603, unlike
Exemplary Embodiment 1.

[0039] Aninsulating layer is deposited on the entire surface
of the substrate 600. The insulating layer is patterned, thereby
forming a gate insulating layer 604. The patterning of the gate
insulating layer 604 exposes an edge of the semiconductor
layer 603, which is connected to a channel region 607 of the
semiconductor layer 603.

[0040] A first impurity is then injected into the exposed
edge of the semiconductor layer 603, to form a body contact
region 608. A second impurity is injected into other portions
of the semiconductor layer 603, to form a source region 605
and a drain region 606. The channel region 607 is an undoped
portion of the semiconductor layer 603, which contacts the
body contact region 608, and is disposed between the source
and drain regions 605 and 606. The first and second impurities
can be N-type or P-type impurities, so long as they are dif-
ferent types of impurities. The length ¢ of the body contact
region 608 may be equal to, or larger than, the length of the
channel region 607.
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[0041] Referring to FIGS. 8A and 8B, a gate electrode
material is deposited on the gate insulating layer 604. The
gate electrode material is then patterned to form a gate elec-
trode 609 that overlaps the channel region 607 and the body
contact region 608. The gate electrode 609 contacts the body
contact region 608, through a hole formed when patterning
the patterned gate insulating layer 604, resulting in a com-
pleted gate-body contact thin film transistor.

[0042] An interlayer insulating layer 610 is formed on the
entire surface of the substrate. The interlayer insulating layer
610 and the gate insulating layer 604 are then etched, to form
contact holes 611 that expose the source/drain regions 605
and 606 of the semiconductor layer 603. Source/drain elec-
trodes 612 and 613 are connected to the source/drain regions
605 and 606, through the contact holes 611.

Bxemplary Embodiment 3

[0043] A process of gettering a crystallization inducing
metal in the semiconductor layer, using the edge of the semi-
conductor layer, according to Exemplary Embodiment 3 of
the present invention, will now be described. A crystallization
inducing metal is used to crystallize the polycrystalline sili-
con layer into the semiconductor layers of Exemplary
Embodiments 1 and 2.

[0044] The gettering process refers to gettering the crystal-
lization inducing metal remaining in a channel forming
region into an exposed edge of a semiconductor layer, by
performing an annealing process. The annealing process is
performed after the impurity, and particularly an N-type
impurity, is injected into the edge of the semiconductor layer.
[0045] Since the exposed edge contacts the channel region,
the gettering process using the exposed edge has a high get-
tering efficiency, because the crystallization inducing metal
present in the channel region has to move only a short distance
to reach the exposed edge.

[0046] The annealing process is performed for from about
30 seconds to about 10 hours, at a temperature ranging from
450° C. 10 900° C. An annealing temperature lower than about
450° C. may not sufficiently remove the crystallization induc-
ing metal from a semiconductor layer. An annealing tempera-
ture exceeding 900° C. may deform a substrate. An annealing
time of less than 30 seconds may not sufficiently remove the
crystallization induced metal. An annealing time exceeding
10 hours may deform the substrate, increase fabrication costs
of a TFT, and reduce yields.

Exemplary Embodiment 4

[0047] FIG. 9 is a cross-sectional view of an organic light
emitting diode display device including a TFT, according to
an exemplary embodiment of the present invention. Referring
to FIG. 9, an insulating layer 116 is formed on the entire
surface of the substrate 100 including the TFT, according to
the exemplary embodiment of the present invention shown in
FIG. 3B. The insulating layer 116 may be formed of an
inorganic layer selected from a silicon oxide layer, a silicon
nitride layer, a silicon on glass layer, or an organic layer
selected from polyimide, benzocyclobutene series resin, or
acrylate. The insulating layer 116 may include the inorganic
layer and the organic layer in a stacked formation.

[0048] Theinsulating layer 116 is etched to form ahole 117
that exposes one of the source and drain electrodes 114 and
115. A first electrode 118 is formed through the hole 117 and
is connected to one of the source/drain electrodes 114 and



US 2009/0242895 A1l

115. The first electrode 118 may an anode or a cathode. When
the first electrode 118 is an anode, it may be formed of a
transparent conductive material, such as indium tin oxide
(ITO), indium zinc oxide (IZO), or indium tin zinc oxide
(ITZO). When the first electrode 118 is a cathode, it may be
formed of Mg, Ca, Al, Ag, Ba, or an alloy thereof.

[0049] A pixel definition layer 119 is then formed on the
first electrode 118. The pixel definition layer 119 has an
opening that exposes the surface of the first electrode 118. An
organic layer 120 that includes an emission layer is formed on
the first electrode 118. The organic layer 120 may further
include at least one selected from the group consisting of a
hole injection layer, a hole transport layer, a hole blocking
layer, an electron blocking layer, an electron injection layer,
and an electron transport layer. A second electrode 121 is then
formed on the organic layer 120, to complete the organic light
emitting diode display device.

[0050] A thin film transistor, according to aspects of the
present invention, has a smaller area than a conventional
gate-body contact thin film transistor, due to implementing a
body contact region that does not include a separate body
contact region. The body contact region is formed from an
edge region of a semiconductor layer.

[0051] Although a few exemplary embodiments of the
present invention have been shown and described, it would be
appreciated by those skilled in the art that changes may be
made in these embodiments, without departing from the prin-
ciples and spirit ofthe invention, the scope of which is defined
in the claims and their equivalents.

What is claimed is:

1. A thin film transistor comprising:

a substrate;

a semiconductor layer disposed on the substrate, compris-
ing a channel region, a source region, a drain region, and
afirstbody contact region that is formed in a first edge of
the semiconductor layer;

a gate insulating layer disposed on the semiconductor
layer, exposing the first body contact region;

a gate electrode disposed on the gate insulating layer, so as
to contact the first body contact region;

an interlayer insulating layer disposed on the gate elec-
trode; and

source and drain electrodes disposed on the interlayer insu-
lating layer and electrically connected to the source and
drain regions, respectively.

2. The thin film transistor of claim 1, wherein the first body

contact region is connected to the channel region.

3. The thin film transistor of claim 2, wherein:

the first body contact region comprises a first type of impu-
rity; and

the source and drain regions comprise a second type of
impurity.

4. The thin film transistor of claim 2, wherein the width of
the gate insulating layer corresponding to the channel region
is smaller than the width of the semiconductor layer.

5. The thin film transistor of claim 2, wherein the width of
the body contact region is not more than about 0.1 pm.

6. The thin film transistor of claim 3, wherein:

the first type of impurity is an N-type impurity;

the second type of impurity is a P-type impurity; and

the semiconductor layer is crystallized using a crystalliza-
tion inducing metal.
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7. The thin film transistor of claim 2, wherein the semicon-
ductor layer comprises a second body contact region that
opposes the first body contact region, and which is exposed by
the gate insulating layer.

8. The thin film transistor of claim 7, wherein:

the second body contact region comprises a first type of

impurity; and

the source/drain regions comprise a second type of impu-

rity.

9. The thin film transistor of claim 8, wherein the first and
second body contact regions are disposed on opposing sides
of the channel region and extend between the source and drain
regions.

10. A method of fabricating a thin film transistor, the
method comprising:

forming a semiconductor layer on a substrate;

forming a gate insulating layer on the semiconductor layer,

so as to expose an edge of the semiconductor layer;
forming a gate electrode on the gate insulating layer, which
contacts the exposed edge of the semiconductor layer;
forming an interlayer insulating layer on the gate electrode;
and
forming source and drain electrodes on the interlayer insu-
lating layer, which are respectively electrically con-
nected to source and drain regions of the semiconductor
layer.

11. The method of claim 10, wherein the exposed edge of
the semiconductor layer is connected to the channel region.

12. The method of claim 11, wherein the width of the
exposed edge of the semiconductor layer is not more than
about 0.1 pm.

13. The method of claim 11, further comprising injecting a
first type of impurity into the exposed edge of the semicon-
ductor layer, using the gate insulating layer as a mask.

14. The method of claim 10, wherein the forming of the
semiconductor layer and the gate insulating layer comprises:
forming a polycrystalline silicon layer on the substrate;
depositing an insulating layer on the polycrystalline silicon

layer; and

performing a one-time patterning process on the polycrys-

talline silicon layer and the insulating layer, to form the
semiconductor layer and the gate insulating layer.

15. The method of claim 14, wherein the performing of the
one-time patterning process on the polycrystalline silicon
layer and the insulating layer comprises making a critical
dimension (CD) bias of the insulating layer greater than a CD
bias of the polycrystalline silicon layer.

16. The method of claim 10, further comprising:

forming the semiconductor layer by crystallizing an amor-

phous silicon layer into a polycrystalline silicon layer,
using a crystallization inducing metal;

injecting an N-type impurity into the exposed edge of the

semiconductor layer, using the gate insulating layer as a
mask; and

annealing the substrate to getter the crystallization induc-

ing metal remaining in the semiconductor layer, into the
exposed edge of the semiconductor layer.

17. The method of claim 16, wherein the annealing is
performed for from about 30 seconds to about 10 hours, ata
temperature of about 450° C. to about 900° C.
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18. An organic lighting emitting diode display device com-
prising:

a substrate;

a semiconductor layer disposed on the substrate, compris-
ing a channel region, a source region, a drain region, and
a first body contact region formed at a first edge of the
semiconductor layer;

a gate insulating layer disposed on the semiconductor
layer, so as to expose the first body contact region;

a gate electrode disposed on the gate insulating layer, so as
to contact with the first body contact region;

an interlayer insulating layer disposed on the gate elec-
trode;

source and drain electrodes disposed on the interlayer insu-
lating layer and respectively electrically connected to
the source and drain regions;

a first electrode electrically connected to one of the source
and drain electrodes;
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an organic layer disposed on the first electrode, comprising
an emission layer; and
a second electrode disposed on the organic layer.
19. The device of claim 18, wherein the first body contact
region is connected to the channel region.
20. The device of claim 19, wherein:
the first body contact region comprises a first type of impu-
rity; and
the source and drain regions comprise a second type of
impurity.
21. The device of claim 19, wherein:
the semiconductor layer further comprises a second body
contact region formed at an opposing second edge of the
semiconductor layer; and
the width of the gate insulating layer corresponding to the
channel region is less than the width of the semiconduc-
tor layer.
22. The device of claim 19, wherein the width of the first
body contact region is not more than 0.1 pm.
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