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SELF-ALIGNED TOP-GATE THIN FILM
TRANSISTORS AND METHOD FOR
FABRICATING SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to thin film transistors,
and more particularly, to a self-aligned top-gate thin film
transistor and a method for fabricating the same.

[0003] 2. Description of Related Art

[0004] Thin film transistors have been widely used in elec-
tronic products, for example, driver and switching devices of
pixels of liquid crystal display (LCD) and active load devices
in static random access memory (SRAM). For LCD applica-
tions, in order to meet the limitation of low-temperature and
the requirements of large area in LCD process, top-gate poly-
silicon layer thin film transistors have recently been used as a
main component for driving integrated circuits. Among vari-
ous types of top-gate thin film transistor structures, since
self-aligned coplanar thin film transistors are simple in pro-
cess and lower in mask cost, they have been used most widely.
[0005] FIGS. 2A and 2B are schematic cross-sectional
views showing the steps of fabricating a conventional top-
gate thin film transistor 2. Firstly, as shown in FIG. 2A, a
substrate 20, which can be an insulating transparent substrate
such as glass substrate, is provided. A surface of the substrate
20 has a semiconductor layer 22 such as polysilicon layer
formed thereon and a gate insulating layer 24 completely
covering the semiconductor layer 22. In the conventional
fabrication method, a first mask process is performed to form
a patterned photoresist layer 26 on the gate insulating layer
24. Then, using the patterned photoresist layer 26 as a mask,
a high-dopant-concentration implantation 27 is carried out to
form a plurality of N* doped regions 28 in the semiconductor
layer 22 such as polysilicon layer under the periphery of the
patterned photoresist layer 26. The N* doped regions 28 are
formed to act as source/drain regions.

[0006] Moreover, as shown in FIG. 2B, after the patterned
photoresist layer 26 is removed, a second mask process is
carried out to form a patterned gate layer 30 on the gate
insulating layer 24. The patterned gate layer 30 only covers a
portion of undoped region of the semiconductor layer 22 such
as polysilicon layer and defines a pattern of a doping struc-
ture, to be formed in the semiconductor layer 22. Thereafter;
using the gate layer 30 as a mask, a low-dopant-concentration
implantation 31 is carried out to form an N~ doped region 32
in the undoped region of the semiconductor layer 22 under the
periphery of the gate layer 30. The region of the semiconduc-
tor layer 22 covered by the gate layer 30 behaves as a channel.
[0007] However, when the material of active layer is
replaced by a transparent oxide semiconductor and metals are
used as source and drain electrodes, the contact resistance can
not be reduced due to the omission of applying the ion
implantation process. Therefore, a self-aligned coplanar thin
film transistor is difficult to obtain.

[0008] Park et al. disclose a self-aligned top-gate thin film
transistor in the paper of Applied physics letters 93, 053501
(2008). However, this self-aligned top-gate thin film transis-
tor is produced by an argon plasma process with a high
temperature condition in order to decrease the contact resis-
tance between source/drain electrodes and an active layer.
Since the plasma process has no directions and is carried out
under high temperature condition, the technology develop-
ment and the applicability of fabrication process of products
are limited. In addition, FIG. 3 is a schematic cross-sectional
view showing a conventional self-aligned top-gate thin film
transistor 3. The self-aligned top-gate thin film transistor 3
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includes an insulating layer 33 covering source/drain regions
35 and 36; a plurality of electrical connecting plugs 37 con-
necting the source/drain regions 35 and 36; and source/drain
electrodes 38 and 39 formed on a top surface of the insulating
layer 33. The process of fabricating the self-aligned top-gate
thin film transistor 3, when compared with the process of
fabricating the top-gate thin film transistor 2, is more com-
plex.

[0009] Therefore, it is a necessary to develop a novel thin
film transistor process which can simplify manufacturing
steps and improve the performance of the devices by decreas-
ing contact resistance.

SUMMARY OF THE INVENTION

[0010] In light of the drawbacks of the aforementioned
prior arts, the present invention provides a self-aligned top-
gate thin film transistor and fabrication method thereof that
can reduce the contact resistance without the process of ion
dopants as required by prior art techniques, and simplify the
manufacturing process.

[0011] Another objective of the present invention is to pro-
vide a fabrication method for forming a self-aligned top-gate
thin film transistor, comprising the following steps: preparing
a substrate having sequentially formed thereon an oxide
semiconductor layer, a dielectric layer, and a metallic layer,
wherein the oxide semiconductor layer is larger in area than
the dielectric layer and the metallic layer, and is defined with
a first and a second connecting regions that are not covered by
the dielectric layer and the metallic layer; performing a heat-
ing process or an ultraviolet irradiation to the first connecting
region and the second connecting region, with the metallic
layer as a mask, allowing the first and second connecting
regions to have a property of a conductor; and forming a
source electrode and a drain electrode on the substrate and
electrically connecting the source electrode and the drain
electrode to the first and second connecting regions, respec-
tively. In the aforesaid fabrication method, the contact resis-
tance of the first and second connecting regions can be
reduced by irradiating an ultraviolet light or a laser beam on
the first and second connecting regions of the oxide semicon-
ductor layer.

[0012] According to the aforesaid fabrication method, the
present invention further provides a self-aligned top-gate thin
film transistor, which comprises: a substrate; an oxide semi-
conductor layer formed on the substrate; a dielectric layer
formed on the oxide semiconductor layer, allowing the oxide
semiconductor layer to be sandwiched between the substrate
and the dielectric layer; a metal layer formed on the dielectric
layer, allowing the dielectric layer to be sandwiched between
the oxide semiconductor layer and the metal layer, wherein
the oxide semiconductor layer is larger in area than the dielec-
tric layer and the metallic layer, and is defined with a first
connecting region and a second connecting region that are not
covered by the dielectric layer and the metallic layer, the
oxide semiconductor layer of the first connecting region and
the second connecting region having a property of a conduc-
tor; a source electrode formed on the substrate and electri-
cally connected to the first connecting region; and a drain
electrode formed on the substrate and electrically connected
to the second connecting region.

[0013] Inthe aforesaid self-aligned top-gate thin film tran-
sistor and method for fabricating the same, the oxide semi-
conductor layer is made of at least a material selected from the
group consisting of indium oxide, zinc oxide, gallium oxide,
tin oxide and magnesium oxide. In addition, since the heating
process or the irradiation is performed while using the metal-
lic layer as a mask, the oxide semiconductor layer of the first
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connecting region and the second connecting region can
directly have the property of a conductor. Also, a source
electrode and a drain electrode can be formed by a simple
conventional thin film deposition process, and the source
electrode and the drain electrode can cover the first connect-
ing region and the second connecting region, respectively,
due 1o the utilization of the metallic layer as a mask.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1A is a schematic cross-sectional view of a
substrate having sequentially formed thereon an oxide semi-
conductor layer, a dielectric layer, and a metallic layer
according to an embodiment of the present invention;

[0015] FIG. 1B is a schematic cross-sectional view show-
ing a process for making a portion of an oxide semiconductor
layer having the property of a conductor according to an
embodiment of the present invention;

[0016] FIG. 1C shows a current-voltage characteristic dia-
gram of an oxide semiconductor layer having the property of
aconductor which is formed by irradiating an UV light on the
oxide semiconductor layer according to an embodiment of
the present invention;

[0017] FIG. 1D shows a current-voltage characteristic dia-
gram of an oxide semiconductor layer having the property of
conductor which is formed by irradiating a laser beam on the
oxide semiconductor layer according to an embodiment of
the present invention;

[0018] FIG. 1E is a schematic cross-sectional view of a
self-aligned top-gate thin film transistor according to an
embodiment of the present invention;

[0019] FIGS. 2A and 2B are schematic cross-sectional
views showing the steps for fabricating a conventional top-
gate thin film transistor; and

[0020] FIG. 3 is a schematic cross-sectional view of a con-
ventional self-aligned top-gate thin film transistor.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] The detailed description of the present invention is
illustrated by the following specific examples. Persons skilled
in the art can conceive the other advantages and effects of the
present invention based on the disclosure contained in the
specification of the present invention.

[0022] FIGS. 1A and 1B are schematic cross-sectional
views showing the steps for fabricating a self-aligned top-
gate thin film transistor according to an embodiment of the
present invention.

[0023] Referring to FIG. 1A, a substrate 10 having sequen-
tially formed thereon an oxide semiconductor laver 11, a
dielectric layer 13, and a metallic layer 15 is provided.
Therein, the area of the oxide semiconductor layer 11 is larger
than the area of the dielectric layer 13 and the area of the
metallic layer 15. The oxide semiconductor layer 11 is
defined with a first connecting region 111 and a second con-
necting region 112 that are not covered by the dielectric layer
13 and the metallic layer 15. The oxide semiconductor layer
11 is usually formed on the substrate 10 by, for example,
sputtering or conventional deposition techniques. The oxide
semiconductor layer 11 is made of at least a material selected
from the group consisting of indium oxide, zinc oxide, gal-
lium oxide, tin oxide and magnesium oxide. Specifically, the
oxide semiconductor layer 11 can be made of one of the
materials in the aforesaid group as a base material or a major
component of the oxide semiconductor layer 11, or two or
more of the materials in the aforesaid group as a base material
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of the oxide semiconductor layer 11. Next, a photolitho-
graphic process is used to pattern out a region on the oxide
semiconductor layer 11 for allowing a dielectric layer 13 to be
formed therein. Then, the dielectric layer 13 is deposited on
the oxide semiconductor layer 11, for example, by plasma-
enhanced chemical vapor deposition. Finally, a metallic layer
15 is formed on the dielectric layer 13 as a gate electrode. The
dielectric layer 13 can be made of silicon oxide or a material
containing silicon oxide such as a material including silicon
oxide and silicon nitride.

[0024] Thedielectric layer 13 and the metallic layer 15 only
cover a portion of the oxide semiconductor layer 11, such that
the oxide semiconductor layer 11 has a first connecting region
111 and a second connecting region 112 that are not covered
by the dielectric layer 13 and the metallic layer 15.

[0025] Again referring to FIG. 1B, using the metallic layer
15 as a mask, a heating process or an ultraviolet irradiation is
performed to the first connecting region 111 and the second
connecting region 112. Therefore, the oxide semiconductor
layer 11 of the first connecting region 111 and the second
connecting region 112 has the property of conductor. Typi-
cally, awavelength of the irradiated ultraviolet is less than 400
nm. In one embodiment of the present invention, as shown in
FIG. 1C, the first connecting region 111 and the second con-
necting region 112 have been irradiated for 30 minutes by
ultraviolet (UV) light with a wavelength of 172 nm and an
energy of 50 mW/cm? and thus the first connecting region 111
and the second connecting region 112 have the property of
conductor. In addition, the heating process can be a laser
heating process. Generally, the energy density of the laser
beam is greater than 10.0 ml/cm?, preferably greater than
10.710 mJ/cm® and most preferably greater than 14.210
ml/cm?. However, not limited thereto, the energy density of
the laser beam can be adjusted depending on the duration of
the treatment and the number of the treatment. In another
embodiment of the present invention, as shown in FIG. 1D,
the first connecting region 111 and the second connecting
region 112 can have the property of conductor by irradiating
a laser beam with the energy density of greater than 10.0
mJ/cm? thereon. Since the metallic layer 15 can be a mask and
light radiation has high collimation, the treatment for making
the first connecting region 111 and the second connecting
region 112 to have the property of conductor s very precision.
Furthermore, the contact resistance of the first connecting
region 111 and the second connecting region 112 can be
reduced by designing structure or a simple treatment such as
a heating treatment or an irradiation process for making the
first connecting region 111 and the second connecting region
112 having the property of conductor without the usage of
special masks or the requirement of high temperature such as
plasma treatment or even the requirement of a vacuum envi-
ronment.

[0026] Again referring to FIG. 1E, a metal is deposited on
the substrate 10 for forming a source electrode 17 and a drain
electrode 19 thereon, and the source electrode 17 and the
drain electrode 19 are electrically connected to the first con-
necting region 111 and the second connecting region 112,
respectively. Therefore, a self-aligned top-gate thin film tran-
sistor 1 can be obtained according to an embodiment of the
present invention. Preferably, the source electrode 17 and the
drain electrode 19 cover the first connecting region 111 and
the second connecting region 112, respectively.

[0027] According to aforesaid methods, the self-aligned
top-gate thin film 1 of the invention is composed of: a sub-
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strate 10; an oxide semiconductor layer 11 formed on the
substrate 10; a dielectric layer 13 formed on the oxide semi-
conductor layer 11, allowing the oxide semiconductor layer
11 to be sandwiched between the substrate 10 and the dielec-
tric layer 13; a metal layer 15 formed on the dielectric layer
13, allowing the dielectric layer 13 to be sandwiched between
the oxide semiconductor layer 11 and the metal layer 15,
wherein the area of the oxide semiconductor layer 11 is larger
than the area of the dielectric layer 13 and the area of the
metallic layer 15, and the oxide semiconductor layer 11 is
defined with a first connecting region 111 and a second con-
necting region 112 that are not covered by the dielectric layer
13 and the metallic layer 15 thereon respectively, the first
connecting region 111 and the second connecting region 112
having the property of conductor; a source electrode 17
formed on the substrate 10 and electrically connected to the
first connecting region 111; and a drain electrode 19 formed
on the substrate 10 and electrically connected to the second
connecting region 112.

[0028] In the aforesaid self-aligned top-gate thin film tran-
sistor, the oxide semiconductor layer 11 can be made of at
least a material selected from the group consisting of indium
oxide, zinc oxide, gallium oxide, tin oxide and magnesium
oxide. Preferably, the source electrode 17 and the drain elec-
trode 19 cover the first connecting region 111 and the second
connecting region 112, respectively.

[0029]  According to the present invention, the self-aligned
top-gate thin film transistor and fabrication method thereof
without the process of ion dopants as required by prior art
techniques, can reduce the contact resistance of the first con-
necting region and the second connecting region. Moreover,
the number of the defined mask and the production cost can be
reduced. Also, a simplified process can be obtained, while the
source electrode and drain electrode can be exactly relocated
and further increase performance of the device.

[0030] The invention has been described using exemplary
preferred embodiments. However, it is to be understood that
the scope of the invention is not limited to the disclosed
arrangements. The scope of the claims, therefore, should be
accorded the broadest interpretation, so as to encompass all
such modifications and similar arrangements.

What is claimed is:
1. A method for forming a self-aligned top-gate thin film
transistor, comprising:
preparing a substrate having sequentially formed thereon
an oxide semiconductor layer, a dielectric layer, and a
metallic layer, wherein the oxide semiconductor layer is
larger in area than the dielectric layer and the metallic
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layer, and is defined with a first and a second connecting
regions that are not covered by the dielectric layer and
the metallic layer;

performing a heating process or an ultraviolet irradiation to
the first and second connecting regions, with the metallic
layer as a mask, to allow the first and second connecting
regions to have a property of a conductor; and

forming a source electrode and a drain electrode on the
substrate, and electrically connecting the source elec-
trode and the drain electrode to the first and second
connecting regions, respectively.

2. The method of claim 1, wherein the oxide semiconductor
layer is made of at least a material selected from the group
consisting of indium oxide, zinc oxide, gallium oxide, tin
oxide and magnesium oxide.

3. The method of claim 1, wherein a wavelength of the
ultraviolet radiation is less than 400 nm.

4. The method of claim 1, wherein the heating process is a
laser heating process.

5. The method of claim 1, wherein the source electrode and
the drain electrode cover the first connecting region and the
second connecting region, respectively.

6. A self-aligned top-gate thin film transistor, comprising:

a substrate;

an oxide semiconductor layer formed on the substrate;

a dielectric layer formed on the oxide semiconductor layer,
allowing the oxide semiconductor layer to be sand-
wiched between the substrate and the dielectric layer;

a metal layer formed on the dielectric layer, allowing the
dielectric layer to be sandwiched between the oxide
semiconductor layer and the metal layer, wherein the
oxide semiconductor layer is larger in area than the
dielectric layer and the metallic layer, and is defined with
a first and a second connecting regions that are not
covered by the dielectric layer and the metallic layer, the
first and second connecting regions having a property of
a conductor;

a source electrode formed on the substrate and electrically
connected to the first connecting region; and

a drain electrode formed on the substrate and electrically
connected to the second connecting region.

7. The self-aligned top-gate thin film transistor of claim 6,
wherein the oxide semiconductor layer is made of at least a
material selected from the group consisting of indium oxide,
zinc oxide, gallium oxide, tin oxide and magnesium oxide.

8. The self-aligned top-gate thin film transistor of claim 6,
wherein the source electrode and the drain electrode cover the
first connecting region and the second connecting region,
respectively.



