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MANUFACTURING PROCESS OF THIN FILM
TRANSISTOR

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATION

[ This application] This is a reissue of U.S. Pat. No. 7,666,
723, issued Feb. 23, 2010, filed as U.S. patent application Ser.
No. 12/338,511, filed Dec. 18, 2008, which 1s a divisional of
[an] application Ser. No. 11/223,161, filed on Sep. 8, 2005,
now [allowed] U.S. Pat. No. 7,508,036, issued on Mar. 24,

2009. The entirety of each of the above-mentioned patent
applications 1s hereby incorporated by reference herein and

made a part of this specification.

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates to a thin film transistor and
manufacturing process thereof. More particularly, the present
invention relates to a thin film transistor and manufacturing
process thereol, the current leakage thereof 1s reduced while
the thin film transistor 1s turned off.

2. Description of Related Art

In recent years, it has become more easy and fast for
manufacturing thin film transistors with the advance in manu-
facturing technology of semiconductor. The appliance of thin
f1lm transistors 1s so widely 1n many fields such as chips for
computer or mobile phones or thin film transistor liquid crys-
tal display (TF'T LCD) apparatuses. In TFT LCD apparatuses,
the than film transistors are served as the switches to discharge
or charge the storage capacitors.

FI1G. 1 1s a cross-sectional view of a conventional thin film
transistor. The conventional thin film transistor 100 1s formed
on a glass substrate 110. It comprises a gate 120, an 1insulator
layer 130, an amorphous layer 140, an N-doped amorphous
silicon layer 150, a source 160 and a drain 170. A material of
the gate 120 1s alloy utilized for turning on or oif the electrical
channel 1n the amorphous layer 140. The gate 120 1s coated
with the msulator layer 130 which 1s made of silicon nitride to
prevent the gate 120 and the amorphous layer 140 from elec-
trically connected. The amorphous layer 140 1s disposed on
the isulator layer 130 to be served as the channel for trans-
mitting electrons. A portion of the amorphous layer 140 1s
covered with the N-doped amorphous silicon layer 150 to be
served as an ohmic contact layer, so as to lower the impedance
between the source 160 and the amorphous layer 140 and
between the drain 170 and the amorphous layer 140. The
materials of the source 160 and the drain 170 are metal and
they are disposed on the N-doped amorphous silicon layer
150.

An electrical channel will be formed on the bottom of the
amorphous layer 140 while a voltage 1s applied to the gate 120
of the thin film transistor 100. The electrons can be flowed to
the drain 170 through the electrical channel while another
voltage 1s also provided to the drain 170. The electrical chan-
nel formed on the bottom of the amorphous layer 140 will be
disappeared while no voltage 1s provided to the gate 120, so
the source 160 and the drain 170 have become open circuit.
However, because the conventional thin film transistor 100 1s
not a tlawless switch actually, the source 160 and the drain
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2

170 1s not an absolutely open circuit whether no voltage or a
negative voltage 1s provided to the gate 120. In other words,

little current will be still flowed through the N-doped amor-
phous silicon layer 150 and the surface of the amorphous
layer 140 to be the leakage current between the source 160
and the drain 170 when the conventional thin film transistor
100 1s turned oil. For mstance, if the voltage difference
between the source 160 and the drain 170 1s 10V and the

voltage of gate 1s —6V, the leakage current between the source
160 and the drain 170 is about 10~"" and 10~ amp.

SUMMARY OF THE INVENTION

Accordingly, the present invention 1s directed to a thin film
transistor, which has lower current leakage when turned oif
than that of the conventional thin film transistor.

Accordingly, the present mnvention 1s directed to a manu-
facturing process of thin film transistor which can fabricate a
thin {ilm transistor having lower current leakage when turned
oil than that of the conventional thin film transistor.

The thin film transistor 1s disclosed 1n the present inven-
tion. It comprises a gate, a gate insulator layer, a channel
layer, a source, a drain and an ohmic contact layer. The gate 1s
covered by the gate insulator layer. The channel layer is
disposed on the gate insulator layer over the gate. The source
and drain are disposed on the channel layer. The ohmic con-
tact layer 1s disposed between the channel layer and the
source and between the channel layer and the drain, wherein
the ohmic contact layer 1s constituted by a plurality of film
layers.

According to an embodiment of the present 1vention,
wherein the ohmic contact layer 1s constituted by a plurality
of N-doped amorphous silicon layers.

According to an embodiment of the present ivention,
wherein a material of the channel layer comprises amorphous
s1licon.

According to an embodiment of the present ivention,
wherein a material of the gate comprises metal.

According to an embodiment of the present invention, the
first, wherein a material of the source and the drain comprises
metal.

According to an embodiment of the present invention,
wherein a maternial of the gate insulator layer 1s selected from
one of silicon oxide, silicon nitride and the combination
thereof.

The manufacturing process of thin film transistor 1s dis-
closed 1n the present invention. It comprises the following
steps. First, a gate 1s formed on a substrate. And then, a gate
insulator layer 1s formed on the substrate to cover the gate.
Next, a channel layer 1s formed on the gate insulator layer
over the gate. Afterwards, an ohmic contact layer 1s formed on
the channel layer, wherein the ohmic contact layer 1s consti-
tuted by a plurality of film layers. Thereafter, a source and a
drain are formed on the ohmic contact layer, and the ohmic
contact layer located between the source and the drain is
removed.

According to an embodiment of the present invention,
wherein a method of forming the ohmic contact layer com-
prises that utilizing a deposition process, wherein a deposi-
tion power 1s changed during the deposition process so as to
form a plurality of film layers to constitute the ochmic contact
layer having a plurality of film layers. And a way to change
the deposition power during the deposition process comprises
that turning oif the power at a predetermined time interval
during the deposition process.

According to an embodiment of the present mvention,
wherein a method of forming the ohmic contact layer com-
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prises that utilizing a deposition process, wherein a deposi-
tion pressure condition 1s changed during the deposition pro-
cess condition so as to form a plurality of film layers to

constitute the ohmic contact layer having a plurality of film
layers. And a way to change the deposition pressure condition
during the deposition process comprises that changing the
pressure at a predetermined time interval during the deposi-
tion process, so as to lower the deposition rate.

According to an embodiment of the present mvention,
wherein the ohmic contact layer 1s constituted by a plurality
of N-doped amorphous silicon layers.

As afore-mentioned, 1n the present mvention, a thin film
transistor and manufacturing process thereof, the electron
mobility will be reduced because the ohmic contact layer 1s
constituted by a plurality of film layers. Hence, when the thin
film transistor 1s turned off, the current leakage thereof is
lowered than that of conventional thin film transistor. More-
over, when the thin film transistor 1s turned on, the amount of
current of thin film transistor will not change due to the ohmic
contact layer constituted by a plurality of film layers.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the imvention.

FIG. 1 1s a cross-sectional view of a conventional thin film
transistor.

FIGS. 2A to 2E show a manufacturing process of a thin film
transistor according to one embodiment of the present inven-
tion.

FIG. 3A 1s a top view of a thin film transistor array sub-
strate, which 1s a portion of a liquid crystal display apparatus.

FIGS. 3B, 3C and 3D are cross-sectional views of the thin
film transistor array substrate shown i FIG. 3A taken along
lines a-b, c-d and e-1 respectively.

DESCRIPTION OF THE EMBODIMENTS

Various specific embodiments of the present invention are
disclosed below, 1illustrating examples of various possible
implementations of the concepts of the present invention. The
tollowing description 1s made for the purpose of 1llustrating
the general principles of the invention and should not be taken
in a limiting sense. The scope of the invention 1s best deter-
mined by reference to the appended claims.

FIGS. 2A to 2E show a manufacturing process of a thin film
transistor according to one embodiment of the present mnven-
tion. Reterring to FIG. 2A, in the present invention, the manu-
facturing process of a thin film transistor includes the follow-
ing steps. A substrate 210 1s provided first, wherein the
substrate 210 1s a glass substrate or another substrate made of
other appropriate materials, for example. Next, a gate 220 1s
formed on the substrate 210, and a method of forming the gate
220 1ncludes a thin film deposition process, a photolithogra-
phy process and an etching process.

Referring to FIG. 2B, then a gate mnsulator layer 230 1s
formed on the substrate 210 and the gate 220 to cover the gate
220, and a method of forming the gate insulator layer 230
comprises a chemical vapor deposition (CVD) process.

Referring to FIG. 2C, after the gate insulator layer 230 has
formed, a channel layer 240 1s next formed on the gate 1nsu-
lator layer 230 over the gate 220, and a method of forming the
channel layer 240 includes a thin film deposition process, a
photolithography process and an etching process.

Referring to FIG. 2D, afterwards, an ohmic contact layer
250 1s formed on the channel layer 240, wherein the ohmic
contact layer 250 1s constituted by a plurality of film layers,
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for instance. A method of forming the ohmic contact layer
250 comprises a chemical vapor deposition (CVD) process.
As above-mentioned, the deposition power can be changed,
for example, by utilizing the chemical vapor deposition
(CVD) process to deposit the ohmic contact layer 250, so as
to deposit a plurality of film layers on the channel layer 240 to
form the ohmic contact layer 250 having a plurality of film
layers. It should be noted that, a method of changing the
deposition power comprises that turning off the power at a
predetermined time interval during the deposition process.
Additionally, the deposition pressure condition can be
changed, for example, by utilizing the chemical vapor depo-
sition (CVD) process to deposit the ohmic contact layer 250,
so as to deposit a plurality of film layers on the channel layer
240 to form the ohmic contact layer 250 having a plurality of
film layers. Wherein, a method of changing the deposition
pressure condition comprises that changing the pressure at a
predetermined time interval during the deposition process, so
as to lower the deposition rate.

Referring to FIG. 2E, after the ohmic contact layer 250 1s
deposited, then a source 260 and a drain 270 are formed on the
ohmic contact layer 250. Thereafter, the ohmic contact layer
250 located between the source 260 and the drain 270 1s
removed so that the ohmic contact layer 250a disposed
between the source 260 and the channel layer 240 and
between the drain 270 and channel layer 240 1s remained.
Hence, the manufacture of a thin film transistor 200 of the
present invention i one embodiment 1s completed. With
regarded to the structure of the thin film transistor 200 and the
function of the elements thereof will be described as follow-
Ings.

Referring to FIG. 2E, the thin film transistor 200 including
a gate 220, a gate insulator layer 230, a channel layer 240, an
ohmic contact layer 250a, a source 260, a drain 270.

Located on the bottom of the thin film transistor 200 1s the
gate 220, a material thereof 1s metal, for example. The gate
220 1s mainly utilized for controlling the thin film transistor
200 to be turned on or turned off. For instance, when a turn on
voltage 1s applied to the gate 220, the thin film transistor 200
1s turned on; when a turn off voltage 1s applied to the gate 220,
the thin film transistor 200 1s turned off.

The gate nsulator layer 230 1s located on the gate 220 to
cover the gate 220, wherein a material of the gate 1nsulator
layer 230 comprises silicon oxide, silicon nitride or the com-
bination thereot, for instance. The gate isulator layer 230
cnables the gate 220 and the channel layer 240 to be electr-
cally msulated.

The channel layer 240 1s disposed on the gate insulator
layer 230 over the gate 220, a material of the channel layer
240 can be amorphous silicon. The channel layer 240 can
provide the electrical channel, so the electrical charge will
flow therethrough. When a positive voltage 1s applied to the
gate 220, the electrical channel will be formed on the bottom
ol the channel layer 240, so the electrons can flow through the
electrical channel, in other words, the thin film transistor 200
1s turned on.

The ohmic contact layer 250a 1s disposed on a portion of
the channel layer 240 and 1s located between the source 260
and the channel layer 240 and between the drain 270 and
channel layer 240. The ohmic contact layer 250a comprises a
plurality of film layers, a material thereof 1s N-doped amor-
phous silicon. The ohmic contact layer 250a 1s utilized for
lowering the contact impedance between the source 260 and
the channel layer 240 and between the drain 270 and channel
layer 240. Because the ohmic contact layer 250a comprises a
plurality of film layers, an interface between two neighboring
film layers will impede the electron migration, so that the
clectron mobility will be reduced slightly. However, when the
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thin film transistor 1s turned off, the current leakage thereof
will bereduced significantly thereby than that of conventional

thin film transistor.
The source 260 and the drain 270 are located over the

channel layer 240, and the ohmic contact layer 250a1s located
between the source 260 and the channel layer 240 and
between the drain 270 and channel layer 240. A material of
the source 260 and the drain 270 can be metal to be served as
the conducting wires for transmitting charge.

It should be noted that, the thin film transistor 200 1s served
as a switch element when applied to the liquid crystal display
apparatus. FIG. 3A 1s a top view of a thin film transistor array
substrate, which 1s a portion of a liquid crystal display appa-
ratus. FIGS. 3B, 3C and 3D are cross-sectional views of the
thin film transistor array substrate shown 1n FIG. 3A taken
along lines a-b, c-d and e-1 respectively. Referring to FIGS.
3 A to 3D, the thin film transistor array substrate 300 includes
a substrate 300, a plurality of scan lines 320, a plurality of data
lines 330, a plurality of pixel electrodes 340, a plurality of
storage capacitor lines 350 and a plurality of thin film tran-
sistors 200. The gate 220 of the thin film transistor 200 1s
clectrically connected with the scan lines 320, the source 260
1s electrically connected with the data lines 330, and the drain
277015 electrically connected with the pixel electrodes 340, for
example. A storage capacitor C 1s formed by the pixel elec-
trodes 340 and the storage capacitor lines 350. When a turn on
voltage 1s applied to the gate 220 via the scan lines 320, the
thin film transistor 200 1s turned on and an electrical channel
1s formed on the bottom of the channel layer 240. When a
signal voltage 1s applied to the source 260 via the data lines
330, the charge will flow from the source 260 into the drain
270 by the electrical channel to charge the pixel electrodes
340. When a turn off voltage 1s applied to the gate 220 via the
scan lines 320, the thin film transistor 200 1s turned off and the
clectrical channel formed on the bottom of the channel layer
240 1s disappeared, so the charge 1s stored 1n the pixel elec-
trodes 340. Because the ohmic contact layer 250a of the thin
film transistor 200 comprises a plurality of film layers, an
interface between two neighboring film layers will impede
the electron migration, so that the electron mobility will be
reduced slightly. But when the thin film transistor 200 1s
turned off, the current leakage thereof will be decreased
thereby than that of conventional thin film transistor. There-
fore, because the leakage current between the source 260 and
the drain 270 1s so tiny when the thin film transistor 200 1s
turned off, the charge stored in the pixel electrodes 340 will
not be leaked rapidly, so as to keep the signal therein.

Table 1 shows that the comparison of the amount of current
in the electrical channel between the thin film transistor hav-
ing the ohmic contact layer constituted by a single film layer
and another one constituted by a plurality of film layers when
turned on or turned off. The most of elements of the two thin
f1lm transistors are nearly the same or similar, except for the
structure of the ohmic contact layer (but the total thickness of
the ohmic contact layers are equal or similar).

TABLE 1
current in current in carrier
electrical electrical mobility
channel channel initial  in electrical
when turned when turmed voltage channel
on (pA) off (pA) (V) (cm?/s - V)
thin film transistor 5.13 3.552 3.093 0.425

having ohmic con-
tact layer constitu-
ted by a single
film layer
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6
TABLE 1-continued

current in current in carrier
electrical electrical mobility
channel channel mnitial  1n electrical
when turned when turned  voltage channel
on (pA) off (pA) (V) (em?/s - V)
thin film transistor 5.05 1.121 2.641 0.399

having ohmic con-

tact layer constitu-
ted by a plurality
of film layers

As shown 1n Table 1, compared to the conventional thin
f1lm transistor having an ohmic contact layer constituted by a
single {ilm layer, when the thin film transistors are turned off,
the current 1n the electrical channel 1s lowered from 3.532 pA
to 1.121 pA inthe present invention, thin film transistor which
has an ohmic contact layer constituted by a plurality of film
layers. Hence, the leakage current 1n the electrical channel 1s
reduced significantly when the thin film transistor 1s turned
off 1n the present mvention. In addition, compared with the
conventional thin film transistor and the thin film transistor of
the present ivention, the current 1n electrical channel when
turned on and the carrier mobility 1n electrical channel are
closer. In other words, the present invention, the thin film
transistor and the manufacturing process thereof, can reduce
the leakage current thereof substantially when turned oif
compared to the conventional skill, and the current 1n electri-
cal channel when turned on and the carrier mobility 1n elec-
trical channel are not intluenced so much.

In summary, the present invention, the thin film transistor
and the manufacturing process thereof, has advantages as
followings:

(1). Compared to the conventional skill, the chmic contact
layer of the thin film transistor according to the present inven-
tion 1s constituted by a plurality of film layers, although the
clectron mobility 1s decreased slightly due to interfaces
between two neighboring film layers, the leakage current of
the thin film transistor will be lowered significantly when
turned off.

(2). Because the manufacturing process of the thin film
transistor 1 the present invention is compatible with the
manufacturing process already existed, the manufacturing
process of the thin film transistor 1n the present invention can
be executed without any additional equipments.

The above description provides a full and complete
description of the embodiments of the present invention. Vari-
ous modifications, alternate construction, and equivalent may
be made by those skilled 1n the art without changing the scope
or spirit of the invention. Accordingly, the above description
and 1llustrations should not be construed as limiting the scope
of the invention which 1s defined by the following claims.

What 1s claimed 1s:
1. A manufacturing process of a thin film transistor, com-
prising;:

forming a gate on a substrate;

forming a gate insulator layer on the substrate to cover the
gate;

forming a channel layer on the gate insulator layer over the
gate;

forming an ohmic contact layer on the channel layer,
wherein the ohmic contact layer 1s constituted by a plu-
rality of N-doped amorphous silicon layers; and

forming a source and a drain on the ohmic contact layer,
wherein the ohmic contact layer [is] located between the
source and the drain 1s removed.
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2. The manufacturing process of the thin film transistor of
claim 1, wherein a method of forming the ohmic contact layer
COmMprises:

utilizing a deposition process, wherein a deposition power

1s changed during the deposition process so as to form
the N-doped amorphous silicon layers to constitute the
ohmic contact layer having the N-doped amorphous sili-
con layers.

3. The manufacturing process of the thin film transistor of
claim 2, wherein a way to change the deposition power during
the deposition process comprises turning off the power at a
predetermined time 1nterval during the deposition process.

4. The manufacturing process of the thin film transistor of
claim 1, wherein a method of forming the ohmic contact layer
COmMprises:

utilizing a deposition process, wherein a deposition pres-

sure condition 1s changed during the deposition process
so as to form the N-doped amorphous silicon layers to
constitute the ohmic contact layer having the N-doped
amorphous silicon layers.

5. The manufacturing process of the thin film transistor of
claim 4, wherein a way to change the deposition pressure
condition during the deposition process comprises changing
the pressure at a predetermined time interval during the depo-
sition process, so as to lower the deposition rate.

6. A manufacturing process of a thin film transistor, com-
prising:

Jforming a gate on a substrate;

Jorming a gate insulator layer on the substrate to cover the

gate,

forming a channel layer on the gate insulator layer over the

gate,
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forming an ohmic contact layer on the channel layer,
wherein the ohmic contact layer is constituted by a plu-
rality of N-doped amorphous silicon layers; and

forming a source and a drain on the ohmic contact layer,
wherein at least a portion of the ohmic contact layer
located between the source and the drain is removed.

7. The manufacturing process of the thin film transistor of
claim 6, wherein forming the ohmic contact layer comprises.

utilizing a deposition process, wherein a deposition power
is changed during the deposition process so as to form
the N-doped amorphous silicon lavers to constitute the
ohmic contact layer having the N-doped amorvphous
silicon layers.

8. The manufacturing process of the thin film transistor of
claim 7, wherein a way to change the deposition power during
the deposition process comprises turning off the power at a

predetermined time interval during the deposition process.

9. The manufacturing process of the thin film transistor of
claim 6, wherein forming the ohmic contact layer comprises.

utilizing a deposition process, wherein a deposition pres-
sure condition is changed during the deposition process
so as to form the N-doped amorphous silicon layers to
constitute the ohmic contact layer having the N-doped
amorphous silicon layers.

10. The manufacturing process of the thin film transistor of
claim 9, wherein a way to change the deposition pressure
condition during the deposition process comprises changing
the pressure at a predetermined time interval during the
deposition process, so as to lower the deposition rate.

¥ ¥ H ¥ H
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