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Abstract. Polycrystalline Silicon Thin Film Transistors (poly-Si TFTs) have been
played as important driving elements for Flat panel display (FPD). In this work, we
studied crystallinities of laser-crystallized poly-Si thin films using Multi-Line
Beam (MLB) —CLC and investigated the dependence of poly-Si thin films on the
conditions of laser power along with scanning speed. Surface orientation of poly-Si
thin films were observed by X-Ray Diffraction (XRD) and Electron Back
Scattering Diffraction (EBSD) measurement. In addition, the stress values of poly-
Si thin films varied with laser powers were calculated from Raman spectra. We
found that highly (100)-surface oriented poly-Si thin films were obtained as
changing the laser power along with changing scanning speeds from 5 W to 7 W.
The poly-Si thin films formed at low laser power values had better (100)-surface
orientation.
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1. Introduction

Flat panel display (FPD) technologies such as Liquid Crystal Display (LCD),
Active Matrix Organic Light Emitting Diode (AMOLED), and Quantum Light Emitting
Diode (QLED) displays have been rapidly developed for recent decades. Display’s
resolution plays an important role in the FPD market and has a high competition
between manufactures. Moreover, three-dimensional (3D) electronics and glass sheet
computers are the key objective of computer manufactures in the world. Thin film
transistors (TFTs) fabricated on glass and transparent flexible substrates play as the
basic driving elements of the FPDs [1]. Improving the performance and electrical
properties of TFTs and reducing their cost for practical applications have been attracted
much attention.
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Low-temperature polycrystalline silicon (LTPS)-TFTs have been widely applied in
the largest manufacturing companies in the world such as Apple, Sony, Samsung, etc.
due to their high performance, excellent reliability, and low cost [2-3]. Crystallinities of
polycrystalline silicon (poly-Si) thin films play an important role for characteristics of
the TFTs. Many crystallization technologies including laser annealing and thermal
annealing have been applied to form poly-Si thin films. Excimer Laser Annealing
(ELA) has been successfully applied to high performance active-matrix TFTs in LCD
technology due to its high performance and uniformity of devices. However, their
electron mobility is limited below 200 cm?/Vs [2-3]. For ICs applications, the electron
mobility needs to be improved to 600 cm?/Vs that is comparable to the mobility of bulk
Si devices. Recently, new crystallization technologies such as Sequential Lateral
Solidification (SLS), Solid-Phase Crystallization (SPC), Thermal Plasma Jets (TPJ), and
Continuous-Wave Laser Lateral Crystallization (CLC) have been developed to improve
characteristics of poly-Si thin films and performance of TFTs [4-11]. In this work, we
applied a CLC technology with a multiline laser beam to form poly-Si thin films and
studied their crystallinities.

2. Content
2.1. Experiments
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Figure 1. (a) Three-dimensional, (b) Y-cross-sectional,
and (c) X-cross-sectional profiles of multiline laser beam

In our study, amorphous Si (a-Si) samples were prepared before being crystallized
as follows: An a-Si film of 150 nm thickness deposited at a temperature of 430°C by
Plasma-Enhanced Chemical Vapor Deposition (PECVD) on a 1 um thick SiO; buffer of
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a quartz substrate. The thickness of a-Si was determined by penetration length of laser
source with wavelength of 532 nm. Then, a cap SiO, of 100 nm thickness were
deposited by the PECVD to reduce surface roughness of the film [12]. To reduce the
large amount of hydrogen, the film was partially dehydrogenated by furnace annealing
at 490°C in N, ambient for an hour. Sequentially, laser crystallization process was
carried out to form poly-Si thin films with Multi-Line Beam (MLB)-CLC. By absorbing
the continuous-wave laser, the a-Si thin films melted and then crystallized as poly-Si
thin films. Figure 1(a) shows three dimensional (3D) profile of multiline laser beam
with its color chart on the right side of figure. The average intensity of the beam along
x-axis was slightly fluctuated and seemed to be locally Gaussian distribution as shown
in Fig. 1(b). The fluctuation of laser intensity along x-axis is significantly affected on
the uniformity of poly-Si thin films because laser beam is scanned over the films along
y-axis. The laser beam is formed into a four-line beam. Every single line beam had
Gaussian distribution in intensity.

The laser beam was scanned over the samples with single scans and overlapped
scans along y-axis as shown in Fig. 1(a). Before a-Si thin films were irradiated, SiO; cap
had been etched by a buffered hydrofluoric acid (BHF). Rigaku X-ray diffraction
(XRD), Horiba Raman spectroscopy, and electron back scattering diffraction (EBSD)
were applied to measure crystallinities of poly-Si thin films.

2.2. Morphology of poly-Si thin films

Figure 2(a) and 2(b) show the microphotographs of poly-Si films crystallized with a
single scan and overlapped scan, respectively. A laser power of 5 W and scanning speed
of 0.35 cm/s were fixed. A poly-Si and a-Si areas were observed at the left and right
sides of the irradiated region shown in Fig. 2(a). Green, yellow, and red color lines
appeared in the poly-Si due to the variation of laser intensity along x-axis shown in Fig.
1(a). With overlapped scans, the a-Si area transformed to poly-Si in the full width of
irradiated region as shown in Fig. 2(b).

Figure 2. Microphotographs of poly-Si thin films formed by MLB-CLC
with (a) a single scan, (b) overlapped scans
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Figure 3. Surface image of a poly-Si thin film formed by MLB-CLC measured

by Scanning Electron Microscope (SEM)

Surface morphology of poly-Si thin films were observed by SEM in micrometer
size region as shown in Fig. 3. The surface of the film was relatively flat and had no
defects. Silicon crystallites were observed with various shapes and sizes. They were
continuously developed along the scanning direction. Their average width was
approximately 1 to 2 um and their length was larger 10 um.

2.3. Surface orientation of poly-Si thin films

Figure 4. Surface-orientation of a poly-Si thin film formed by MLB-CLC with
overlapped scans measured by Electron Back Scattering Diffraction (EBSD)

We observed the surface crystal orientation of poly-Si thin films by EBSD and
XRD. The orientation of crystal structures is described by color map in the EBSD result
where the red color represents the (100) orientation. Figure 4 shows the orientation
mapping of a poly-Si thin film observed in the normal surface direction. For this
measurement, crystallization conditions were fixed at 5 W laser power and 0.35 cm/s
scanning speed. A polycrystalline silicon region of 100 um x 300 um size was randomly
measured. It is found that (100) orientation was dominant in the poly-Si thin film.
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Figure 5. XRD spectra of MLB-CLC poly-Si thin films with various conditions
of laser power (5 W, 6 W, 7 W)

In order to form large poly-Si thin films for XRD measurement, we performed
overlapping scanning of laser beams with an overlapped region of 400 um width
between two sequential scans along the scanning direction. Figure 5 shows out-of-plane
XRD spectra of MLB-CLC poly-Si thin films with three crystallization conditions of
laser power along with scanning speed of 5 W, 0.35 cm/s; 6 W; 0.9 cm/s, and 7 W, 1.7
cm/s. Large (400) peaks and small (111) peaks appeared in all three conditions. This
result indicates that these poly-Si thin films dominantly exhibited (100) orientation in
the normal surface direction over large areas. The XRD intensity of (400) peaks
increased as the laser power decreased. It indicates that the preference of (100) surface
orientation in poly-Si thin films was better at low laser power range. In our previous
report, we formed poly-Si thin films at a fixed laser power of 6 W as changing scanning
speed from 0.2 cm/s to 1 cm/s and found that the poly-Si films had dominantly (100)-
surface orientation at 0.8 cm/s and 0.9 cm/s scanning speed [11]. In order to form (100)-
surface oriented poly-Si thin films at other laser power values, the scanning speed was varied.

2.4. Strain of poly-Si thin films

By absorbing green laser, the a-Si thin film rapidly increased in temperature and
melted at its melting point, then the melted silicon was solidified with a drop of
temperature. The strain of poly-Si films is induced by the difference between the
thermal explanation coefficient of silicon and SiO, layers, during heating and cooling
processes. The average stress value of poly-Si films can be calculated from their Raman
spectra as the equation (1) [13,14].

o(GPa) = -0.25 (GPa/cm™) x Aw (cm™) (1)

Where o is average stress and Aw is the shift of Raman peak comparing to

unstrained silicon crystals.
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Figure 6. Raman spectra of the MLB-CLC poly-Si thin films
with various conditions of laser power (5 W, 6 W, 7 W, 8 W)

Figure 6 shows the micro-Raman spectra of poly-Si thin films. The Raman peaks of
poly-Si films were slightly varied and shifted lower than that of single crystal Si (c-Si)
at 520 cm™. Averaged thermal stress values of poly-Si thin films were summarized in
the table I. These values were varied from 1.01 GPa to 1.88 Gpa. The largest thermal
stress value of 1.88 Gpa was achieved at 6 W laser power.

Table 1. Raman peak shift and stress values of poly-Si thin films versus laser powers

Laser power P(W) Aw Tress o (GPa)
5 -5.779 1.44
6 -7.525 1.88
7 -5.779 1.44
8 -4.033 1.01

The thermal stress in the poly-Si thin films induced tensile strain in the planar direction
and compressive strain the depth direction. The relationship between the crystallinity
and stress and the effect of thermal strain of poly-Si thin film were discussed in our
previous reports [11].

3. Conclusions

In this report, we formed poly-Si thin films using MLB-CLC technology at various
conditions of laser power and investigated their crystallinities. The laser power was
varied from 5 W to 8 W along with scanning speed to form poly-Si thin films. We
carried out XRD and EBSD measurements to observe surface orientation of poly-Si thin
films and measuring Raman spectra to calculate their stress values. We found that (400)
peaks appeared in all conditions and the largest (400) peak was observed with the
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conditions of 5 W laser power and 0.35 cm/s scanning speed. These results indicate that
the poly-Si thin films formed at low laser power range had better (100)-surface
orientation. In addition, the poly-Si thin films had high thermal stress values of over 1
GPa for all conditions and a maximal value of 1.88 GPa at 6 W laser power.
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