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METHOD FOR FABRICATION OF
POLYCRYSTALLINE SILICON THIN FILM
TRANSISTORS

RELATED APPLICATION

This application is a Continuation-In-Part of application
Ser. No. 10/601,701, filed on Jun. 24, 2003 and currently
pending.

FIELD OF THE INVENTION

The present invention relates to a method for fabrication
of polycrystalline silicon thin film transistors. More particu-
larly, the present invention relates to obtaining large silicon
grains in the channel of the transistor without any additional
mask so to enhance the characteristics, to improve the
uniformity, and to lower the production cost.

BACKGROUND OF THE INVENTION

As the price of the conventional a-Si (amorphous silicon)
TFT (thin film transistor) LCD (liquid crystal display) keeps
going down and the applications of the LTPS-TFT (low
temperature polycrystalline silicon thin film transistor) in
small-size display is extending day by day, the LTPS-TFT
has gained its market share in mobile terminal devices, such
as personal digital assistant, digital camera, cell phone, etc.,
because of its advantage on resolution, brightness, size and
electromagnetic disturbance.

However, on producing the LTPS-TFT by laser annealing,
the active layer of the transistor is formed after the laser
recrystallization of the a-Si film, so that the resulting silicon
grain structure would be limited in size owing to the
thickness of the film. And the silicon grains with irregular
sizes are spread in the active layer of the transistor, which
causes the differences in the electric properties of the com-
ponents and so diminishes the uniformity. But, on the
contrary, if the active layer of transistor is formed ‘before’
the laser recrystallization of the a-Si film, a surface tension
induced shrinkage would happen on the active layer owing
to the melting of the whole silicon film. Therefore, the
conventional method can not be used in fabricating LTPS-
TFTs.

In addition, the structure of the components, like TFT and
silicon-on-insulator metal oxide semiconductor field effect
transistor (SOI-MOSFET), would comprise an insulated
layer with poor thermo conductivity under active layer.
When the working current of the device is large, the tem-
perature of the active layer would suddenly rise and the
mobility of the carrier in the active layer would be dimin-
ished. So, a related technique suggests that the bigger
channel W can be divided into a plurality of smaller chan-
nels W, connected in a parallel way to overcome the self-
heating effect. As shown in FIG. 7, it is a view showing the
way to overcome the self-heating effect according to the
prior art.

SUMMARY OF THE INVENTION

The main purpose of the present invention is to provide a
high mobility for the field effect carrier of the LTPS-TFT and
to diminish the differences among components. On fabri-
cating the transistors according to the present invention, if
the channel width is smaller but the silicon grain in the
channel is larger, the transistors that produce driving pixels
can conspicuously enhance the resolution of the display.
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Moreover, the process window for laser recrystallization
becomes wider and the electrical properties of the LTPS-
TFT are enhanced. In the mean time, the differences among
components are diminished, the uniformity among them is
improved and the product yield is increased.

The other purpose of this invention is to obtain a mecha-
nism that the melting of the silicon and the lateral recrys-
tallization is triggered after the annealing of a continuous-
wave (CW) laser or an excimer laser. Such a mechanism can
greatly improve the mobility of the field effect carrier to
enhance the characteristics of the components without addi-
tional mask during the production. In addition, the thick
silicon spacer can guarantee the active layer against shrink-
age after laser irradiation. If the active layer in dog-bone
shape is scanned by a high-energy CW laser in a source-
drain direction, a single silicon grain can be obtained in the
channel of the transistor which can be further used to
produce LTPS-TFT with high performance and good uni-
formity. On obtaining components with bigger channel
width W according to the present invention, various current
requirements can be met by parallel connections of several
channels with smaller width W, so that bigger silicon grain
can still be kept in the channel and the self-heating effect can
be solved at the same time.

To achieve the above purposes, the present invention is a
method for fabrication of polycrystalline silicon thin film
transistors, comprising the following steps.

a) Provide a substrate.

b) Form a buffer oxide on the substrate.

¢) Deposit an amorphous silicon on the buffer oxide;

d) Deposit a low-temperature oxide on the amorphous
silicon. For the subsequent production procedure, the oxide
is to be a stop layer for anisotropic plasma etching on the
silicon film, a thermal insulating layer for laser annealing,
and a hard mask for removing the silicon spacer after
recrystallization.

Using a photoresist as a hard mask, the low-temperature
oxide is totally etched by way of anisotropic plasma etching
and then the amorphous silicon underneath is partially
etched.

) After the removal of the photoresist, deposit another
amorphous silicon where the amorphous silicon underneath
1s now connected with the active layer. Form a silicon spacer
on the sidewall of the active layer by way of anisotropic
plasma etching. Then, recrystallize the amorphous silicon by
a CW laser or an excimer laser to obtain larger silicon grain
on the active layer. At the end, by way of anisotropic plasma
etching, totally remove the silicon spacer and the low-
temperature oxide on the active layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood from the
following detailed description of preferred embodiments of
the invention, taken in conjunction with the accompanying
drawings, in which:

FIG. 1, FIG. 2 and FIG. 3 are cross-sectional views
showing the forming process in vertical current direction
according to the present invention;

FIG. 4 is a vertical view showing the relative positions of
the drain, the source, and the gate in the transistor according
to the present invention,

FIG. 5 is a SEM (scanning electron microscope) view
according to the present invention;
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FIG. 6 is a view showing the positions of the graphs on
the active layer and the scan direction of the recrystallization
done by a continuous-wave laser according to the present
mvention; and

FIG. 7 is a view showing the way to overcome the
self-heating effect of the transistor with bigger channel
width according to the prior art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following descriptions of the preferred embodiment
are provided to understand the features and the structures of
the present invention.

Please refer 1o FIG. 1 to FIG. 7, which are cross-sectional
views showing the forming process in vertical current direc-
tion according to the present invention; a vertical view
showing the relative positions of the drain, the source, and
the gate in the transistor according to the present invention;
a SEM (scanning electron microscope) view according to
the present invention; a view showing the positions of the
graphs on the active layer and the scan direction of the
recrystallization done by a continuous-wave (CW) laser
according to the present invention; and a view showing the
way to overcome the self-heating effect of the transistor with
bigger channel width according to the prior art. As shown in
the figures, the present invention is a method for fabrication
of polycrystalline silicon thin film transistors, comprising
the following steps.

a) Provide a substrate 1.

b) Form a buffer oxide 2 on the substrate 1.

¢) Deposit an amorphous silicon 3 on the buffer oxide 2;

d) Deposit a low-temperature oxide 4 on the amorphous
silicon 3, wherein the oxide 4 is to be used as a stop layer
for anisotropic plasma etching on the silicon film amorphous
silicon 3, a thermal insulating layer for laser annealing, and
a hard mask for removing the silicon spacer after recrystal-
lization.

e) By using a photoresist 5 as a hard mask, the low-
temperature oxide 4 is totally etched by way of anisotropic
plasma etching 8 and the amorphous silicon 3 underneath is
partially etched.

) After the removal of the photoresist 5, deposit another
amorphous silicon 3a, wherein the amorphous silicon 3
underneath the amorphous silicon 3« is now connected with
the newly deposited amorphous silicon 3a. Form a silicon
spacer 7 (shown in FIG. 3) on the sidewall of the active layer
by way of anisotropic plasma etching 8. Then, recrystallize
the amorphous silicon 3 by a CW laser or an excimer laser
to obtain a larger silicon grain on the active layer. At the end,
remove the silicon spacer and the low-temperature oxide on
the active layer by way of the anisotropic plasma etching 8.

The above silicon spacer comprises a spacer formed of
polycrystalline silicon or amorphous silicon. And the silicon
spacer in step f comprises the sidewall of the active layer of
SOI-MOSFET (silicon-on-insulator metal oxide semicon-
ductor field effect transistor) used on TFT (thin film tran-
sistor) and SOI (silicon-on-insulator), no matter in the
production procedure with high or low temperature. In step
f, laser recrystallization is processed after forming the sili-
con spacer TFT on the rim of the active layer, wherein the
silicon spacer is to obtain a temperature gradient for recrys-
tallization on the sides of the silicon film amorphous silicon
3. The silicon spacer covered on the sidewall of the active
layer of TFT can be replaced with dielectric material (such
as oxide, nitride, metal oxide, etc.) or metal material (such
as aluminum, wolfram, molybdenum, chromium, etc.).
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Then, the silicon spacer can optionally be removed (or just
be left) for the next process. Or, in step f, the active layer can
firstly be recrystallized by excimer laser annealing (ELA),
solid phase crystallization (SPC), or metal-induced lateral
crystallization (MILC), and, then, a silicon spacer is formed
on the rim of the active layer of TFT or SOI-MOSFET.

After the silicon spacer 7 is formed on the rim of the
active layer of the amorphous silicon 3, the active layer in
dog-bone shape can be recrystallized with a high-energy CW
laser or an excimer laser 9, during which a temperature
gradient can be obtained on the active layer to enlarge the
silicon grain (as shown in FIG. 3).

Please refer to FIG. 4, which shows the relative position
of the gate 10, the source 11, and the drain 12. As is shown,
the silicon spacer will surround the whole active layer
(amorphous silicon film 3) before the laser recrystallization.
If the silicon spacer 7 is not totally removed by the subse-
quent anisotropic plasma etching 8, the remaining silicon
spacer 7 will not affect the electrical property of the tran-
sistor because of the crystallization of the silicon spacer 7.
The voltage and current will be affected by the silicon spacer
7.

Please refer to FIG. 5, which shows the distribution of the
poly-Si grains in the channel obtained by the excimer laser
recrystallization, and which also proves that larger silicon
grains can be obtained in the channel of the transistor
according to the present invention. The thinner area of the
channel is totally melted while the thicker silicon spacer 7 is
partially melted. The recrystallization at the inner side is
triggered by the seed of silicon spacer 7 in the totally melted
area. And, as shown in FIG. 5, there is no shrinkage on the
rim of the active layer, which shows the shrinkage effect
caused by the surface tension after the melting of all of the
silicon film can be efficiently restrained according to the
present invention. FIG. 6 shows the best status for the
positions of the graphs on the active layer and the scan
direction of the recrystallization done by a CW laser accord-
ing to the present invention. Moreover, FIG. 7 shows a
conventional way to overcome the self-heating effect. While
transistors with bigger channel width W are obtained in this
way together with the present invention, various current
requirements can be met by parallel connections of several
channels with smaller width W, so that bigger silicon grain
can be kept in the channel and the self-heating effect can be
solve at the same time.

The preferred embodiment herein disclosed is not
intended to unnecessarily limit the scope of the invention.
Therefore, simple modifications or variations belonging to
the equivalent of the scope of the claims and the instructions
disclosed herein for a patent are all within the scope of the
present invention.

What is claimed is:

1. A method for fabrication of polycrystalline silicon thin

film transistors, comprising the following steps of:

a) obtaining a substrate;

b) forming a buffer oxide on said substrate;

¢) depositing a first amorphous silicon on said buffer
oxide;

d) depositing a low-temperature oxide on said first amor-
phous silicon, wherein said low-temperature oxide is to
be a stop layer for anisotropic plasma etching on a
silicon film, a thermal insulating layer to prevent heat
dissipation for laser annealing, and a hard mask for
removing a silicon spacer after recrystallization,
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e) by using a photoresist as a hard mask, etching said
low-temperature oxide by way of anisotropic plasma
etching and partially etching said first amorphous sili-
con; and

f) after removing said photoresist, depositing a second
amorphous silicon, wherein said second amorphous
silicon is connected with said first amorphous silicon;
forming a silicon spacer by way of anisotropic plasma
etching; recrystallizing said second amorphous silicon
by a continuous-wave laser or an excimer laser; and at
the end, removing said silicon spacer and said low-
temperature oxide on an active layer by way of aniso-
tropic plasma etching.

2. The method according to claim 1, wherein said silicon
spacer is made of a material selected from a group consisting
of polycrystalline silicon and amorphous silicon.

3. The method according to claim 1, wherein by the way
as described in said step f; said silicon spacer is formed on
a rim of said active layer of SOI-MOSFET (silicon-on-
insulator metal oxide semiconductor field effect transistor)
on TFT (thin film transistor) and SOI (silicon-on-insulator).

4. The method according to claim 1, wherein after form-
ing said silicon spacer on a rim of said active layer of TFT
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in said step f, said silicon spacer is applied with a laser
recrystallization to obtain a temperature gradient for further
recrystallization on the sides of said silicon film.

5. The method according to claim 1, further comprises
wherein in said step f, said silicon spacer covered on the
sidewall of said active laver of TFT is made of a material
selected from a group consisting of dielectric materials and
metal materials.

6. The method according to claim 5, wherein said dielec-
tric materials are selected from the group consisting of
oxide, nitride, and metal oxide.

7. The method according to claim 5, wherein said metal
materials are selected from the group consisting of alumi-
num, wolfram, molybdenum and chromium.

8. The method according to claim 1, wherein said step f
comprises recrystallizing said active layer by a method
selected from the group consisting of excimer laser anneal-
ing, solid phase crystallization or metal-induced lateral
crystallization; and forming a silicon spacer on a rim of said
active layer of SOI-MOSFET on TFT and SOL



