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Abstract

Improving the process or performance of poly"TET by all kinds of crystallization methods have
been wildly studied. Generally speaking,‘the crystallization method of poly thin film is divided into
two classes, one is “Solid Phase Crystallizatioh™("SPC-); and the other is “Excimer Laser
Crystallization”( ELC ). In this thesis, we propose ong crystallization process for two classes
respectively to produce bottom gate poly TFT. In SPC, we used spin coating the nano Pd solution to
get “Metal-Induce-Crystallization”( MIC ), and in ELC, we deposited the
“Heat-Retainenhance-Layer”’( HRL ) to enhance grain growth. We select bottom gate structure
because of its uncomplicated process, moreover, it may be provides one way to reduce the back light

leakage current for popular day by day car electronics.

In MIC, different from the conventional method of sputtering Pd layer on a-Si film, we spin
coated nano Pd solution on a-Si film, and we get the poly film successfully after furnace annealing.
To analyse with Raman and Scanning Electron Microscope( SEM ), we observed the poly film could
be formed in 450 C by this process, and the grain growth rate is 4um/hr approximately, which is ten
times to conventional SPC. Finally, we also applying this process to produced a bottom gate poly

TFT successfully.

In ELC, we deposited SiION as HRL capped on a-Si layer because of its half-transparent

il



characteristic, and we analysed with “Time-Resolved Optical Reflectivity” to observe the
crystallization condition after ELA process. With analysis data, the phenomenon that capping HRL
will increase the melting duration is well confirmed. It is also verified that this process will enhance

the grain growth, even to achieve lateral grain growth.
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Chapter 1

Introduction

1.1 Flat Panel Display

Flat panel display (FPD) technologies have advanced significantly during
the last two decades. As computer and other intelligent electronics shrink to
pocket size, FPD technology becomes more important. Newer flat panel
technologies have been developed and are expected to surpass CRTs in
market share. The Fig. 1-1 shows the FPD market scale in recent years, and it

also estimates the output value will-reach-92 billion dollars in 2007 in advance.

Thin films transistor (TFT) is a primary element in AMLCD, TFT-FED and
AMOLED, as Fig. 1-2, so the research about the fabrication or electric

characteristic of TFT is very wildly in recent years.

1.2 Brief Introduction of a-Si:H TFT's and
Poly-Si TFT's

A thin film transistor (TFT) is defined as follows: a field-effect transistor
built using a semiconductor thin film which is originally deposited on an
insulating substrate and processed at temperatures below the melting point of

the semiconductor material [1]. For TFT’s using Si thin films, they are divided



into amorphous Si (a-Si) TFT’s and polycrystalline silicon (poly-Si) TFT’s.

1.2.1a-Si TFTs technology

For several years, hydrogenated amorphous silicon (a-Si:H) TFT’s have
played a significant role in large-area electronics because of the following
advantages: low temperature process (< 350°C ) compatible with large area
glass substrate, continuous process, and low leakage current property suitable
for pixel switching[2]-[4]. However, the application of a-Si:H TFT was
constrained due to its poor field-effect mobility (< 1cm2/V.s) and small
on-current. With increasing pixel density of TFT-LCD, high mobility TFTs are
required to shorten the charging time of .pixel electrodes. But the mobility of
a-Si TFT is too low to meet this requirement. Thus, the high-resolution TFT
LCD display needs to find a solution to improve the mobility of TFTs. The
poly-Si TFTs technology is one of-the potential methods to achieve this goal.
The mobility for a-Si TFTs can be improved easily by introducing poly-Si film

instead of a-Si as an active layer of TFTs.

1.2.2poly-Si TFTs technology

Recently, poly-Si is believed a more promising material compared with
a-Si due to its much higher carrier mobility (ranging from 10 to 300 cm?/V-s)
[5]-[6]. Fig. 1-3 shows the circumstances. In 1966, the first polycrystalline
silicon thin-film transistors (Poly-Si TFTs) were fabricated by Fa et al. [7]. Up to
now, poly-Si TFTs have received lots of attention because of their wide
applications in driving circuits and pixel devices of active matrix liquid crystal

displays (AMLCDs)[8]-[12] and light emitter polymer displays (LEPDs)[13],



field emission displays (LEDs)[14]-[16], memory devices[17]-[20], image

sensors[21], thermal printer head[22], and photodetector amplifier[23].

A variety of techniques have been investigated for formation of poly-Si
films, they could be divided into two classes according to whether the thin film
melt or not : (1) solid-phase crystallization (SPC), (2) excimer laser

crystallization (ELC).

1.2.2.1SPC

Conventionally, the as-deposited amorphous Si is annealed by a furnace
using SPC method to transform its morphology into polycrystalline. In the SPC
method, the a-Si films were crystallized at 600.°C for tens hours in the furnace.
SPC method occurs through-the.processes of.nucleation and grain growth
[24][25], and it has the advantages-of simplicity, low cost and good uniformity
[26][27]. However, the main disadvantage of this technique is that the
crystallization may take a long time (several hours at 600°C) so that the
thermal cycle still warped the glass substrate[28]. Efforts have been made to
reduce the incubation time without sacrificing conditions favorable to the

maximization of grain size.

1.2.2.2ELC

In recent years, excimer laser processing used to crystallize a-Si thin film
has been extensively researched [29]-[32]. Laser crystallization is a much
faster process than SPC and can produce large grained poly-Si with a low
dislocation density[33]-[35]. The basic principle of laser crystallization is the

transformation from amorphous to crystalline silicon by melting the silicon for a
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very short time(about tens of nanoseconds). After removing the laser,
crystallization is seeded from the underlying remaining grains. Strictly
speaking, laser crystallization is not a low temperature process as the silicon is
heated well above 1200 °C. However, the high temperatures are only
sustained for a very short time. Due to the short time scale the thermal strain
on the low-temperature substrates does not lead to severe damage or
destruction of these substrates. The crystallization technology is now applied
to TFT production for flat panel displays [36]-[38]. LTPS TFTs fabricated by
ELC of a-Si thin films has been widely studied due to its good electrical

properties, such as high mobility and low threshold voltage.

However, for laser energy greater than‘a'threshold value, called full-melt
threshold (FMT) energy, complete melt of.the film occurs. The situation results
in homogeneous nucleation, producing-much smaller grain. Therefore, the
laser beam energy should be precisely controlled in a narrow window. It can be
regarded as low temperature process because substrate heating is not

needed.

1.3 Motivation

With LCD market popularization, all kinds of research that how to improve
the performance of LCD have been wildly. Among them also include how to
promote the performance of TFT(mobility, aperture ratio...etc. , for example),
because it is a essential device of LCD. As the statement in the front, the
application of Poly-Si TFTs will be paid attention to LCD because of its better
performance than a-Si TFTs, produce an instance, the LCD will have higher

resolution, lower power consumption, and it maybe reach the purpose of

4



“system on panel” like Fig. 1-4.

As a result, in this thesis, we propose one crystallization process for two
classes in the former discussion respectively to produce bottom gate poly TFT.
In SPC, we used spin coating the nano Palladium (Pd) solution to get
“Metal-Induce-Crystallization” (MIC), and in ELC, we deposited the
“‘Heat-Retainenhance-Layer” (HRL) to enhance grain growth. With this
research, we expect to offer the method that could simplify traditional process,
increase production efficiency, and it still could have good performance of TFT,
in the hope of achieving the goal of reducing the production cost effectively. On
the other hand, we select bottom gate structure because of its uncomplicated
process and better electric characteristic, Moreover, it maybe provides one
way to reduce the back light leakage current for popular day by day car

electronics.

1.4 Thesis Outline

Chapter 1. Introduction
1.1Flat Panel Display
1.2 Brief Introduction of a-Si:H TFT’s and Poly-Si TFT’s
1.3 Motivation
Chapter 2. Pd MIC/MILC Process
2.1 Introduction of MIC/MILC
2.2 The Mechanism of Pd MIC/MILC
2.3 Experiment

2.4 Results and Discussion



2.5 Summary
Chapter 3. Heat-Retainenhance-Crystallization( HREC ) Process
3.1 The Drawback of Excimer Laser Annealing ( ELA )
3.2 Method to Ameliorate ELA
3.3 Brief Introduction of HREC
3.4 Time-Resolved Optical Reflection or Transmission( TR )
3.5 Experiment
3.6 Results and Discussion
3.7 Summary

Chpter 4.  Conclusion
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Chapter 2

Pd MIC Process

2.1 Introdoction

The disadvantages of SPC method are its high temperature and
time-consuming thermal furnace annealing process, which has hindered SPC
from commercial applications. These disadvantages could be improved by
MIC/MILC method. Many studies have reported that the crystallization
temperature of a-Si can be lowered with the addition of some metals which can
be classified into two large groups. -One-is-eutectic-forming metals such as
Ag[39][40], Au[41], Al[42], Sb[43], and In[44], and the other, silicide-forming

metals such as Pd[45][46], Ti[47], Ni[48]-[50], and Cu[51].

In previous studies, non-siliside forming metal such as the former metals
are known that metal atoms dissolved in a-Si films may weaken Si bonds and
enhance nucleation of crystalline silicon(c-Si). On the other hand, in the case
of nickel among the latter metals, it is known that preformed nickel disilicides,
for which the lattice mismatch is only 0.4% with Si, act as nuclei for c-Si. And
then the grain growth of Si proceeds by the diffusion of Si atoms through a thin
NiSi, layer. However, in the case of palladium, crystallization behavior is

different from that of other metal.



2.2 The Mechanism of Pd MIC

According to the research in the past, Pd is a fast interstitial diffuser and
almost insoluble in ¢-Si below 500 °C, but the solubility of fast diffusing species
in a-Si is known to be higher than that in c-Si and very sensitive to the defect
concentration in a-Si[52]. For this reason, the Pd metal contamination in
poly-Si film might be less than other metal after annealing. This is necessary to
fabricate poly-Si TFTs without metal contamination, so the Pd metal was

chosen to induce crystallization of a-Si in our study.

The mechanism of Pd MIC/MILC which is described below was reported
by Lee et al.[53][54]. At first, we proposed the novel model of MILC
phenomenon in the previous work[55];;which states that there are three steps
in MILC phenomena. The first step is the Si—Si bond breaking and the
migration of the silicon atom to the silicide-in the interface between the
amorphous silicon and silicide (interface <1>). The second step is the silicon
atom hopping to the interface between silicide and single-crystalline silicon
(interface <2>). The last step is the rearrangement of the silicon atom to
single-crystalline silicon. A thin Pd layer was deposited on a-Si film and lead to
the formation of Pd2Si in the early stage of thermal annealing. Pd2Si had a
hexagonal structure and its basal plane was epitaxial on the (111) plane of Si
[56]. Therefore, the crystallization of a-Si might be initiated through epitaxial

growth on previously crystallized Pd2Si at the interface <1>.

Fig. 2-1 shows the schematic diagram of Pd induced crystallization of a-Si.

The crystalline mismatch between Pd2Si and Si is around 1.9%, and the
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distance between Si atoms in (110) direction is 3.84 A. The peeled Pd2Si
precipitates would prefer to cohere with ¢c-Si structure, so that the size will be
approximately 200 A ( 3.84A/1.9% ). In order to maintain continuity of Si atoms
in c-Si and Pd2Si precipitates, the Pd2Si sheets have to be bent as in Fig. 2-1.
So the Si-Si bond is destroyed easily and help Pd2Si to migrate to a-Si. The
role of Pd2Si is to catalyze the Si crystallized to form the needle-like poly-Si

and this reaction is so called MIC.

2.3 Experiment

Different from the conventional MIC method of sputtering Pd layer on a-Si
film, we used a kind of solution with. Pd.to spin coat on it. Compare with the
sputter method before, our method will-have some advantages below : It is a
simple and fast process, so that it is beneficial to produce in a large amount,
and then achieve the goal of lowering costs. On the other hand, the density of
nano Pd in solution is less than sputter the Pd layer, so it maybe provide the
way to more reduce metal contamination. In order to test and verify the
condition of crystallization by this process, we have done the experiment

procedure as fig. 2-2.

2.3.1 Sample Preparation

At first, as the material analysis sample, a thermal oxide film of 1uym was
grown on a 6 inch silicon wafer after RCA clean, and then an a-Si film of 1000
A was deposited at 650°C by low pressure chemical vapor deposition
( LPCVD ) using disilane as a source gas. Then we used photo resist( PR ) to

pattern source/drain figure to observe conveniently as Fig. 2-3 shows, and we
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spin coated the Pd solution on the samples with 500 rpm by spin coater, then
100°C baked on hot plat for 60 seconds. Finally, the samples were dipped in
HF around ten seconds to get rid of native oxide and annealed by backend
atmospheric anneal furnace for different temperature or different time

respectively.

2.3.2Raman Spectrograph

RENI-SHAW 2000 Raman shift spectroscopy with an Ar ion laser as an
excitation source that has a scattering range from 0-600 cm-1 examined the
microstructure of the film. The Raman measurement was performed at room
temperature and repeated 10 times at the same measured position. Analysis in

Raman signal, we can get the degree of the crystallization.

2.3.3Scanning Electron "Microscope Observation

(SEM)

The surface morphologies of blank samples were observed by a Hitachi
S-5700 field emission scanning electron microscope (FESEM). Before the
SEM observation, samples were firstly seco etched by a special solution
(HF+Kr2Cr207+H20). We could observed the images of crystallization of the

thin film, and then learn the grain growth rate.
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2.3.4Glacing Incidence X-Ray Diffraction Analysis

(XRD)

The traditional tools for the determination of phase and crystal structure of
thin films are glancing-angle X-ray diffraction (GIXRD) spectrometry. These
techniques sacrifice lateral resolution to grain depth resolution. By using a
glancing angle of incidence, a large area and hence a large volume of the
thin-film sample is analyzed by the X-ray beam. The arrangement increases
the in-depth resolving power of X-ray diffraction. Thin films with thickness of 10
to 30 nm can be analyzed. A Mac glancing angle X-ray diffractometer with the
usual Bragg-Brentano geometry, equipped with a post sample monochrometer
(bent graphite crystal), was used,for phaseidentification. The incident angle of
X-ray was fixed at 1°. The orientation of the poly-Si thin film after annealing

could be measured by it.

2.3.5Application of Bottom Gate TFT

After analysis of material, we proposed a bottom gate structure TFT which
applied the process, as Fig. 2-4. The detail procedure is below:

(1) 5500 A wet oxide was deposited on 6 inch wafer by LPCVD as

buffer oxide after RCA clean.

(2) 1000 A N+ poly-Si was deposited by LPCVD.

(3) Gate patterned by photolithography process.

(4) 1000 A TEOS oxide was deposited by LPCVD as gate oxide.

(5) 1000 A a-Si was deposited by LPCVD and dopant phosphorous.

(6) Source/Drain patterned by photolithography process.

13



(7) 1000 A a-Si was deposited by LPCVD.
(8) Active region patterned by photolithography process.
(9) Spin coat Pd solution and 550°C annealing by backend

atmospheric anneal furnace for different time, 1hr to 5 hr.

2.4 Results and Discussion

2.4.1 Raman Spectrograph

As we know, the Raman signal peak of single crystalline silicon is around
520, and the more strong intensity on 520, the thin film has more pure poly
type. Fig. 2-5 shows the Raman diagram of different temperature, 450°C,
500°C and 550°C, after 6hr annealing. In Fig.:2-5, we observe that the thin film
could crystallize above 450°C,.and with the' increase of temperature, the
higher peak value of 520 is.- That-means-the higher anneal temperature will
lead to the better crystallization, because-higher temperature could offer more
energy to crystallize. On the other hand, we find it under the same temperature,
the longer time is to anneal, the state of the crystallization is better, as Fig. 2-6
shows. Besides, we notice that the states of crystallization are similar above

4hr annealing.

2.4.2 SEM
Fig. 2-7 ~ Fig. 2-12 show the grain growth image by SEM analysis. Fig.
2-7 is 1hr annealing, the crystallization type is not obvious. In Fig. 2-8, 2hr
annealing, the needle-like grain begin to be observed, and it is more

conspicuous in Fig. 2-9, 3hr annealing. With the increase of annealing time,
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the grain growth is also increase, such as Fig. 2-10 ~ Fig. 2-12. That is tallied
with the result of Raman analysis former. Finally, we draw a grain size with
time diagram according these data, as Fig. 2-13, and we get the grain growth

rate is around 4um/hr. It is about 10 times to conventional SPC process.

Moreover, it is significant that the grain have two orientations which are
measured by XRD followed: <111> direction for the primary growth and <211>
direction for the secondary growth. The <111> direction grain is more and
more great with annealing time increase, because the primary growth

dominant Pd-MILC has a faster MILC rate [57].

2.4.3 XRD

Fig. 2-14 shows XRD diagram with different annealing time. There are
indeed two orientation, <111>"and <211>, of erystallization. Among them, the
peak value of <111> is increase with annealing time increase. That means the
state of crystallization is become great with longer time, and it is conformed to

SEM analysis.

2.4.4 Application of Bottom Gate TFT

Among five different time sample, 1hr, 2hr and 5hr have no electric
characteristic of TFT, because the source/drain activation is not yet enough
below 2hr but over above 5hr. Fig. 2-15 shows the Vg/ld diagram of 3hr and 4
hr. The mobility are 58 and 67 (cm2/Vs) respectively. Among them, the TFT

with 4hr annealing has higher on-current, leakage current and mobility

15



because of its bigger grain size.

2.5 Summary

In this chapter, we used the method of spin coating the solution with nano
Pd on a-Si film, and it crystallization successfully after annealing by backend
atmospheric anneal furnace to reach the purpose of MIC. It is observed that
the longer annealing time or the higher annealing temperature would lead to
better performance of crystallization. Finally, we also produce the bottom gate

poly-Si TFT which is applied the process successfully.

16



aw e EEE RS,
Ch

- -
- .
l-r s“_"’.
o ar i
I’ -5
3
i %
=; =
H
; —
i :
H ;]
L :
" F
% o
I-“ o~
‘s
. i
T

Fig. 2-2

17



Si substrate

fig. 2-3(a)

Si substrate

Fig. 2-4

18



ntensity

Ghr annealing time

G000

—_— 50 O 1
a000 —_—H00

—_— a0 O
4000
3000
2000
1000

1] s
-1000 . . i . .
420 441 450 480 500 520
Faman Shift
Fig. 2-5

19




Intensity

550°C Annealing

7000
—_1 hr
BOO0 - — T
—_ 4 hr
15 hr
00~ —— 24 hr
—_— a5
4000 4
3000 +
2000 4
1000 4
0
-1000 . . ; : .
420 440 460 480 500 520

| .| |-| 1 |:.
1.00um

Fa

20



' ; EEEREREE
15.06N 12.8mim <2300k 1.00wrm

1.00wrm

21



Fig. 2-10(b) Fig. 2-10(c)

22



nim XE00 SE(M)

Fig. 2-11(b)

23



Fig. 2-12(b)

24



Intensity (arb. unites)

Annealing time vs Grain size

g

I:l T T T T T T

2 4 = g 10 12 14
Annealing time( hr)

—&— Annealing time w2 Grain zize

Fig. 2:13
ARD
300
Sic111) Pd,Si —— E50°C 1hr
200 - 5507 C 3hr
/ \ 550° C 8hr
100 4
0 d
Si(211)
100 4
200
300
400 . : : : : ;
30 35 40 45 50 55

20 (degrees)
Fig. 2-14

25



Id (&)

1e-6

1e-T

1e-8

1e-9

1e-10

1e-11

Vg ws. |d

— Ahr anneal
— Jhr anneal

-10

Fig. 2-15

26



Chapter 3

HREC Process

3.1 The Drawback of Excimer Laser Annealing

(ELA)

As the statement former, the poly-Si TFT used ELA process has good
performance, such as high mobility...etc. However, there are still several

drawbacks on it as below.

(1) high cost for process and equipment:maintenance:

The excimer laser beam is semi-gaussian profile, so that it must to
irradiate repeatedly in order to eliminate the fine grain from uneven energy
spread. Fig. 3-1 shows the situation. In Fig. 3-1(a), the semi-gaussian profile
beam leads to different grain growth. However, the repeated irradiation
process like Fig. 3-1(b) would increase the cost of TFT production and

accelerate the aging speed of the equipment.

(2) the laser beam energy should be precisely controlled in a narrow window:
The crystallization type could be divided into three regime according to
melting situation: partial melting regime as Fig. 3-2(a), complete melting

regime as Fig. 3-2(b), and near-complete melting regime as Fig. 3-2(c). Among
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them, near-complete melting regime could lead to lateral grain growth, but the
laser energy is not stable in fact, so that it is difficult to control the laser energy

in this region.

3.2 Method to Ameliorate ELA

The conventional ELC processes are usually difficult to control the
location of grain, resulting in non-uniformed grain distribution. The non-uniform
grain size and narrow process window make it difficult to achieve uniform TFT
performance. The key technology for poly-si TFTs is required to develop a low

cost, high quality, uniform polycrystalline silicon film crystallization process.

3.2.1 Sequential Lateral Solidification( SLS)

The SLS process is an excimer-laser projection-based scheme for
crystallization of thin films on amorphous substrates[58][59]. This method can
be used to readily produce a wide range of microstructures through
manipulation of grain boundary placement within the crystallized material, as

Fig. 3-3 shows.

However, low laser efficiency and complicated optical system also cause

very high cost.

3.2.2 Phase Modulated Excimer Laser Annealing

This method was proposed by Masakiyo Matusmura et al. for sufficient

control of the light intensity distribution[60]. For this PMELA method, a phase
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shift mask is placed in the space between an excimer-laser system and the
sample. When a plane wave of laser light passes through the mask, its phase
is modulated, resulting in the light intensity, /, gradient on the sample surface
due to the Fresnel diffraction. Consequently, grains grow laterally in the
completely molten Si layer from the low / region to the high / region. Fig. 3-4 is

the diagram of PMELA.

Nevertheless, laser phase modulated mask is difficulted to product and

match on device for this method.

3.2.3 p-Czochralski ( grain-filter)

The p-Czochralski (grain-filter) process. is @ promising method among the
grain location-control techniques using the structural variations in the substrate
by photolithography[61]-[63]. The ‘method- basically uses two phenomena: the
dependence of complete melt threshold'on"a-Si film thickness and the
occlusion of the grains by geometric selection through a constriction. As
depicted in Fig. 3-5, the structure has a locally increased thickness of the a-Si
film. The structure is irradiated with excimer-laser light having an energy
density above the complete melt threshold of the surrounding thin a-Si film and
below that for the thick Si. With this condition, at the end of the laser pulse, a
residual fine grain poly-Si grains, will be left at the bottom of the Si column

(grain filter). The unmolten Si will subsequently seed the grain growth.

However, too complicated process and need one more mask are the main

disadvantages of this method.
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3.3 Brief Introduction of HREC

In this thesis, a method called Heat Retaining Enhanced Crystallization, or
H-REC, is reported. By capping the heat retaining layer (HRL), the additional
heating from UV band semi-absorption will help to retain the silicon in molten
state and decreased the cooling rate, thus long lateral grown poly silicon grain
are obtained. The method has some advantages such as simple process ,and
need no additional equipment and mask, so that it could reach the goal to

enhance grain growth with low cost.

As Fig. 3-6, if it want to have enough absorbing coefficient to 308nm
excimer laser, the material’s energy. bandgap must be smaller than incidence
photon of 308nm energy. It is known that the energy bandgap of SiO, and
SisNg is 9eV and 4.7eV respectively, and the absorbing wavelength is 137nm
and 262nm respectively. In the past, the‘low energy bandgap material like SiC
was added in SiO; or Si3N4 to regulate the'material energy bandgap. However,
it is apt to produce pollution to include C. In this thesis, we use SiON as half
transparent layer plus TEOS oxide under SiON layer as anti-reflective layer
which could increase laser energy efficiency to be HRL. Fig.3-7 shows the

HRL capping on a-Si.

3.4 Time-Resolved Optical Reflection

or Transmission( TR)

The technique was reported in 1978 by D. H. Auston et al.[64]. It makes
use of different from the reflection of the solid Si and the liquid Si to observe

the change of phase such as the silicon thin film melten or crystallization.
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During laser annealing, the surface of a-Si film start to melt because of laser
irradiation, and it leads to that the solid Si with lower reflection signal changes
into the liquid Si with higher reflection signal from the check laser source
measured. And then we could know the Si film start to melt and we could use it

to measure the melt duration. Fig. 3-8 shows the instrument.

3.5 Experiment

At first, we prepared the samples which 300nm SiO2 was deposited as
buffer oxide on glass substrate and 50nm a-Si was deposited followed. Then
we divided these samples into three groups like Fig. 3-9. Among them, group(a)
capped 490nm HRL and (b)(c) not. Group(c) is annealed by 8 times irradiation

duration to others.

3.5.1 TR Analysis

The patterned flood irradiation, with the function of SLS, will provide a
sharp localized energy density, pulse energy density varied from low to high,
we can get initial explosive crystallization and complete melting, as Fig 3-10.
Then we used TR analysis, optical microscope (OM) and SEM to observe the

crystallization condition of the samples prepared former.

3.5.2 Recessed Channel Structure

The recessed channel structure is proposed by C.W. Lin et al.[65] as Fig.
3-11 shows. It has been reported that lateral thermal gradient could arise as a

result of the heat generated at moving solid-melt interface. Similarly, when a
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proper laser energy density irradiates the silicon thin film containing different
thicknesses, the thin region is completely melted while the thick region is only
partially melted, leaving behind islands of solid material. As a result, grain
growth will come up from the residual, un-melted silicon islands in the thick
region, and then stretch toward the completely melted thin channel until small
grains, which homogeneously grow in the channel region, hinder the extending

grains.

In this thesis, we try to combine HREC with recessed channel structure,
and we expect to more enhance the lateral grain growth. Our detail procedure
is below:

(1) 5500 A wet oxide.was deposited.on 6 inch wafer by LPCVD as
buffer oxide after RCA clean:

(2) 500 A a-Si was-deposited-by-LPCVD.

(3) Source/Drain patterned. by photolithography process.

(4) 500 A a-Si was deposited by LPCVD.

(5) 5800 A SiON and 1000 A TEOS were deposited by LPCVD as
HRL

(6) ELA

Fig. 3-12 shows our structure.

3.6 Results and Discussion

3.6.1 TR Analysis

In Fig. 3-13, we discover that the a-Si film capped HRL on it could indeed

increase the melting duration when excimer laser irradiated. On the other hand,
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when the samples are both without HRL on it, the duration of laser irradiation
extended could lead to increase of the melting duration, too. Moreover, the
greatest grain growth is observed on HRL capped sample which has the

longest melting duration through OM images.

Fig. 3-14 shows the TR analysis for HRL capped sample after
different laser energy annealing. The oscillation at the onset of laser irradiation
indicates the interference effect from explosive crystallization, which was less
significant at higher energy densities[66]. We discover easily that higher laser

energy irradiation cause increase of the melting duration.

Fig. 3-15~Fig. 3-17 show.'the SEM images as group(a), (b), and (c),
respectively. The greatest lateral grain growth.is-HRL capped sample, and this

resule conforms with the statement former-

Finally, we draw a “melt duration vs. laser energy” diagram as Fig. 3-18.
The similar slope of uncapped samples indicates the same cooling rate, and
the dramatically increased slope of HREC samples provides a evidence of
Heat Retaining Capping enhancement. And we also draw a “grain size vs.
laser energy” diagram as Fig. 3-19. Compare with them, we find the grain size
curve exhibits a similar behavior to melt duration. This similarity could be

explained by thermodynamic correlation of nucleation and lateral growth.

3.6.2 Recessed Channel Structure

Fig. 3-20 shows OM image of lateral grain growth around the pattern.
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From the SEM image as Fig. 3-21, the lateral grain size is about 2.5um.

3.7 Summary

In this chapter, we provide the method of capping the HRL on a-Si film to
enhance the grain growth after ELA. With the TR analysis, it is proved that the
melting duration is indeed increase during laser irradiation and the grain
growth is better followed. And the recessed channel structure applied with
HREC is successfully, too. We observe the 2.5um lateral grain growth on

channel region.
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Chapter 4

Conclusion

In this thesis, we propose one crystallization process for SPC and ELC
respectively to produce bottom gate poly-Si TFT. In SPC, we used spin coating
the nano Pd solution to get MIC/MILC, and in ELC, we deposited the HRL to
enhance grain growth in ELA.

In Pd MIC/MILC, we spin coated nano'Pd solution on a-Si film, and we get
the poly film successfully after furnace annealing. To analyze with Raman and
SEM , we observed the poly film couldbe formed'in 450 C by this process and
the grain growth rate is 4um/hr.approximately, which is ten times to
conventional SPC. Finally, we also applying this process to produced a bottom
gate poly-Si TFT which has 67(cm2/Vs) mobility successfully.

In ELC, we deposited SiON as HRL capped on a-Si layer because of its
half-transparent characteristic to retain heat, and we analyzed with
“Time-Resolved Optical Reflectivity” to observe the crystallization condition
after ELA process. With analysis data, the phenomenon that capping HRL will
increase the melting duration is well confirmed. It is also verified that this
process will enhance the grain growth, even to achieve 2.5y m lateral grain
growth in channel region from the experiment of the recessed channel
structure applied to HREC process. Further more, we might design the bottom

gate poly-Si TFT which is based on recessed channel structure with HREC
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process, like Fig. 4-1 shows. We expect the structure has some advantages
below: First, Source/Drain activation and ELA could be finished at the same
time. And the HRL could be used as passivation layer. The most important
thing is there would be the great lateral grain growth in channel region with one
main grain boundary in center, so that it would have better characteristic like
mobility or on-current.

Now, the LCD market is popular day by day, we hope that we could

provide a way to simplify the process and lower the cost in this thesis.
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