L®

TERERETETIAEAEAFFAFHRALST

Study on Super lateral-growth Crystallization for

Polycrystalline SiGe Thin Film Transistor

e R S 2

hEYE R H L

PoE X R4 LA

1



A Sy

ot

Study on Super lateral-growth Crystallization for

Polycrystalline SiGe Thin Film Transistor

N R+ &< & Student : Chi-Ming Lee

pEFRE I FpH B L Advisor : Dr. Po-Tsun Liu

THE kDI AR AE L E LT

L

A Thesis
Submitted to College of Electrical and Computer Engineering
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master
In

Industrial Technology R & D Master Program on
Photonics and Display Technologies

June 2007
Hsinchu, Taiwan, Republic of China

oA R4 R E R

2



F
-
=
@‘
!
gm
“3
N
PP )~
AN
gm
_a\\\
e
PES
=
#
&3
gm

RIS BEFHE R B
B> 2 < B
TWERETHETIFBREES
&
Bt A NP LS T R ;éﬁ SR AR BE S R

gﬁﬁ:ﬁfg’i?\:? 955%2?#3’,€'—ﬁ7§2—z§-&° Tj&i’%’»%‘ua “L’f#u 5ot ﬁ’ﬁ‘}'ﬁ 'E‘E“»*\-L'i "t-"‘

FRIBHERF LG AR EIZMEIR DY BTl * 23R
FORAITIOR SRR i FF Y PR R £ £
PE AR R AT  SERAH R H 1 P HIT
£ ARRRGERSF AT Eh? AT RN e B HSHE o EER R e
finim B Ik i B 2 B2 4 AR AT o FTREF RAETEH
30 g0 4 & % N A R G A e vk 330 **}?]%L Be #B R+ 4 R
Vfhde 5 R ML R it e

B+ NEHITE > EREHT E NS AR G HIRRTIH ox L
AT hBrlfzd gL FaBlac®eg7 L3 NRBPPEHITLE T T

TR F LG REOETF Tﬁ&rﬁﬁgfp}_r‘g % B E R iR #-§ SeiE TR



Study on Super lateral-growth Crystallization for
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Abstract

In this thesis, based on the excimer laser crystallization technique, the influences
of the super lateral-growth crystallization on the electrical characteristics of
polycrystalline SiGe thin film transistors have been investigated. From the two
viewpoints of crystallization structure and channel material have been proposed to
improve the performance of polycrystalline SiGe TFTs.

Si and Ge atoms have different melting point and 4% difference in the lattice
constants. The results to make the Ge segregation and the strain of SiGe thin film.
Both the alloy composition and residual strain in the grains were determined from the
Raman shift. According to the material analysis results, poly-Sil-xGex thin film can
be grading the Ge content across the grain after sequential lateral solidification due to
the Ge segregation occurs at film initiate later growth to the grain boundary during
lateral-growth crystallization. The experimental results are in good agreement with
the strain relaxation of SiGe thin film by the super lateral-growth crystallization.
Structural properties were characterized by atomic force microscopy (AFM) and
scanning electron microscopy (SEM).

The Ge segregation to make the Ge-rich and Ge-poor region. By grading the Ge



content across the transistor channel region, the band gap will be different. The
Ge-rich region has lower valence band than Ge-poor region. If the Ge-rich region at
the source, the floating body effect will be improve by accelerate the hole emission.

The kink effect will be improve due to improve the floating body effect.
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Chapter 1

Introduction

1-1General Background

In the recent years, Low-temperature polycrystalline silicon (LTPS)
thin-film transistors have been widely studied because of their potential
applications in high-performance displays, such as active matrix liquid crystal
displays (AMLCDs) [1.1] [1.2] and active matrix organic light emitting displays
(AMOLEDs) [1.3]. High-performance thin-film transistor (TFT) devices
fabricated using large-grained polycrystalline Si film for the active region are
desirable, as they can enable integration of various driver components directly
onto the substrate in order to reduce manufacturing costs, and to increase the
functionality of large-area microelectronics[1.4].

Since the device driving capability will crucially influence the performance
of the integrated circuits, the mobility of the device becomes a significant
problem. The mobility would be limited to a saturation value due to other
unfavorable effects, such as large surface roughness [1.5] [1.6], restricted
grain size, and poor low-temperature gate dielectric quality. In order to make a
process viable for use in manufacturing, the material quality must be optimized
for performance, throughput, and uniformity. An excimer-laser-based
crystallization technique that enables controlled periodic placement of
high-angle grain boundaries has been developed in order to address the
problems associated with the presence of defects within the material
[1.7],[1.8],[1.9]. This crystallization scheme—sequential lateral solidification
(SLS)—allows one to manipulate the resulting microstructure of the

polycrystalline Si film to yield a wide range of material quality: from large
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defect-free single-crystal islands to uniform large-grained polycrystalline
material [1.10]-[1.12].

Even though the mobility of SLS-processed poly-Si TFT can meet the
requirements for many circuit applications, further enhancement of mobility is
necessary for high-level system integration. Essentially, Ge incorporated in Si
(i.e. Si;xGey) can not only lower the process thermal budget, but also promote
the carrier mobility; hence, Si;xGex seems to be a potential material for the
active layer of a TFT [1.13] — [1.15].

For high speed device application, the SiGe HBT technology has made
tremendous improvement in RF performance including transistor speed, gain
and noise figure. The heterojunction discontinuity between the base and the
emitter region resulting from the reduced bandgap of the Si;.xGex base region
suppresses the hole injection into the emitter region. The current grain of the
HBT would increase due to the reduction of hole injection.

For gate engineering, the poly-Si gate electrode can be adjusted with
different Ge atomic concentration to reduce resistance. This makes it become
possible to replace the poly-Si gate electrode with poly-Si;.xGex in CMOS
technology.

On the other hand, for source/drain engineering, SiixGex could also be
adopted as a diffusion-source for the formation of shallow junction. poly-
Si1xGey has the advantage of not only reducing the sheet resistance of the S/D
regions but also lowering the temperature for dopant activation. It is clear that
a significant reduction in S/D resistance was indeed obtained by using a
thicker poly-SiGe film.

For channel engineering, High performance SiixGex channel CMOS on

(100) and (110) Si surfaces with process-induced strained-Si technologies was
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fabricated and compared to Si channel devices. The mechanism of
stress-induced performance enhancements was systematically investigated. It
has been demonstrated that MOSFETs with strained Si;«Gey channel layer

exhibited enhanced carrier mobility and superior device performance.

1-2 Motivation

Recently, many compound materials have been adopted as the channel
material to improve the device properties [1.16] [1.17]. Among them, the
polycrystalline silicon-germanium (poly-Si;xGey) thin film seems to be an
excellent candidate for the channel active layer because of the high carrier
mobility of Ge atom [1.18] [1.19]. Poly-Si1xGex thin film has been widely used
in nowadays high-performance semiconductor devices.

Nowadays, low-temperature poly-Si films are successfully realized with
two different techniques, i.e., the excimer laser annealing [1.20] [1.21] and
metal-induced solid phase crystallization of a-Si thin films [1.22]. According to
the results reported by Julie A. Tsai et al., poly- Si;xGex TFTs have been found
to have higher mobility than similarly processed poly-Si TFTs .

However, most of the poly-Si;xGex TFTs were fabricated by using
conventional solid-phase crystallization [1.23]. No studies have been
conducted for the SLS-processed poly-Si;.xGex TFT.

In this paper, we studied material characterization of SLS-procssed
poly-Si;.xGeyx thin films and electrical characterization of SLS-procssed

poly-Si;.xGey TFTs.
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Chapter 2

The Principle and Experimental Procedures

2-1 a-SiyGey Thin Film Deposition

Both silicon and germanium are elements of group IV and they have
diamond structure with band-gap energies of 1.12 eV and 0.66 eV at 300K,
respectively [Figure 2-1]. The valence-band of silicon has maximum at r-point
and it consists of light hole (Ih), heavy hole (hh) and spin-orbit (so) hole bands.
The Ih and hh are degenerate at r-point while the so has 44 meV split from the
others bands. The conduction-band minima is located near X along r-X
direction (denoted A) and it is six-fold degenerate. Germanium has a
valence-band structure similar to silicon but spin-orbit split is larger (290 meV).
On the other hand, the conduction-band minimum is located at L-point and
consists of eight degenerate states. Similar structural and chemical properties
of these materials allow a binary alloy of Si;.xGeythat is continuously variable
from pure silicon (x=0) to pure germanium (x=1). The band-structure of
SiyxGex s silicon-like for 0 < x < 0.85 and germanium-like for 0.85 <x <1 [2.1].
Though, the band-gap energy is a non-linear relation depending strongly on
germanium amount and temperature [2.2] [2.3]. Empirical result of the
band-gap reduction (AEg) for a strained Sii«Gex layer grown on silicon
substrates with the germanium content in a technologically interesting range
[2.4] [2.5] is given by the following relation
AEg = Ey(Si) - Eg(Siz-xGex) = 0.896x — 0.396x¢ for x £0.3 (Eq. 2.1)
Although desirable, it is not possible to grow thick strained layers with much

higher germanium content than 30% in a device structure due the lattice



mismatch between silicon and germanium. The lattice constant a(Sii1-xGex) for
unstrained Si1-xGexis given by the following empirical relation [2.6]:
a(Si1xGey) = a(Si)(1-x) + a(Ge)x - 0.02393x + 0.01957x +0.00436x,

for all x(Eq. 2.2)
This makes it difficult to deposit thick Si;.xGex layers with high germanium
content without introducing defects into the material due to high induced strain
in the lattice [2.7]. The strain in Si;.xGex layers is released by formation of
dislocations above a certain critical thickness (hc) [2.8]. This thickness is also
growth temperature dependent and hc becomes thinner for high growth
temperature. A practical growth temperature range for Si;xGex layers is
550-750 °C.

In the literature, Matthews and Blackeslee (MB) model [2.8] is one of the
earliest theories about strain relaxation of SiGe layers and it shows a diagram
of critical thickness versus germanium amount. MB model calculates critical
thickness values, hc.eqfor Sii;xGexlayers based on the equilibrium between two
competing forces; the force exerted by the misfit strain and the tension in the
dislocation line. Later it was demonstrated that MB equilibrium model
predictions were not consistent with the experimental data of critical thickness
and Si;.xGey layers with thickness above hceq could be grown. The reason for
the failure of MB model is that it is too simple and it has not considered
nucleation, propagation, and interaction of dislocations. Figure 2-2 shows the
experimental data for hc and hceq for different Ge amounts. Si;xGey layers with
thickness above hceqline are called meta-stable and strain relaxation occurs
by post-annealing treatment. More accurate theories were proposed
afterwards to estimate hcfor SiGe layers based on non-equilibrium approach

[2.9].



Recent reports have shown that the critical thickness diagram in Figure
2-2 cannot be applied directly for SiGe layers grown on the patterned
substrates. Thicker strained layers can be grown selectively:r whereas the
meta-stable region shrinks for Siy;.xGex layers grown non-selectively [2.10 -
2.12]. The discrepancy of the experimental data in the later case is due to
injection of defects from the polycrystalline layer into the epitaxial part. The
increase in hc for the selectively grown Si;«Gey layers is due to strain
distribution of these layers leading to a more strain relaxation closer to the
edge of the oxide [2.13].

The other results about the strain relaxation of thin Si;xGex layers
demonstrate that the strain relaxation does not occur though formation of misfit
dislocations but through creation of surface roughening [2.14 - 2.16].

In recent, low temperature poly-Sii-xGexthin film transistors (LTPSG TFTSs)
also have been studied due to the lower process temperature of SiixGexin
comparison with Si. Indeed, the lower melting temperature of Ge (1211 K)
compared with Si (1683 K) means that poly-SiixGex alloys have lower
processing temperature. Several key fabrication processes, such as thin film
deposition , thin film crystallization, and dopant activation can be carried out at
lower temperature. In this work, we investigate the formation of poly- Si;xGey
films by using a XeCl pulsed excimer laser to induce either alloying (PLIA) or

crystallization (PLIC) processes.

2-2 Excimer-Laser Crystallization (ELC) Technique

Among all of the current recrystallization methods of a-Si, excimer laser is

the most promising solution for future high-performance poly-Si TFTs on glass



and thus attracts much attention. The novel treatment technology, ELA, was
introduced for low temperature recrystallization of SiGe films in this
investigation. Excimer laser is the most effective and powerful UV light source,
and that has been widely applied on the semiconductor industry, such as
lithography, thin film fabrication and post annealing. Various gas is filled in a
laser resonant chamber and would irradiate strong UV light under a transient
high voltage discharge. Depending on the laser gas, different wavelength can

be obtained ranging from 157-351 nm, as shown in Table 2-1

In conventional technologies, amorphous silicon films can be furnace
annealed as high as 600 C above for a long period, reaching the solid phase
crystallization. Besides, rapid thermal annealing (RTA) is also widely applied
on thin film treatment, but it will induce large thermal stress in silicon films. ELA
behaves direct energy processing that the surface can be heated by laser
beam. ELA technology, strictly speaking, is not a real low temperature process,
higher than 700C in the top of laser absorption region, but this
high-temperature absorption region is very shallow, 20-nm only, and the
sustained time is as short as 10~100 nanoseconds. Since the a-Si has strong
absorption for UV light (absorption coefficient > 10°cm*) , the energy can be
transferred to the Si surface effectively and cause silicon to melt. Liquid-phase
crystallization methods, which have been used in low-temperature poly-Si
technology, have also been adopted in the field of recrystallization of

a-Si1xGex thin film.



2-2-1 Conventional Excimer laser crystallization

However, the laser pulse duration, typically 10~100 nanoseconds, is quite
short so that the melted Si solidifies in a few hundred nanoseconds, leaving
the glass or even plastic substrate undamaged from the heat. The prime
disadvantages of ELA for poly-Si recrystallization lie in the process uniformity
and its small process window. Because the beam width of pulsed excimer
laser is only a few millimeters or less, a continuous scan with overlapping of
laser beam is required to recrystallize a-Si in a large area. Consequently, the
accuracy of overlapping and also the deviation of each laser pulse affect the
given energy as well as crystalline uniformity after ELA, as show in Figure 2-3.

Moreover, amorphous or crystalline in terms of two major transformation
regimes (low and high energy density) and one minor transformation regime
(SLG)[2.17]. There are three recrystallization mechanisms corresponding to
different laser energy: partial melting, complete melting and nearly complete
melting (super lateral growth) regimes, as show in Figure 2-4.

Both partial melting and complete melting contribute to small grain size;
only a narrow laser energy window can result in nearly complete melting
regime where the unmelted islands act as solidification seeds from which a
lateral grain growth commences.

1. Low energy density (partial melting) regime:

In the partial melting regime, the energy density of incident laser pulse is
above the surface melting threshold but below the complete melt-through
energy density (i.e., melting depth < film thickness). The a-Si thin film can be
partially melted and subsequently can be crystallized. Explosive crystallization

of a-Si thin film occurs at the beginning of the transformation and follows by
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vertical regrowth. The early trigger of explosive crystallization may be
attributed either to the presence of microcrystalline clusters and/or to the
possible presence of impurities such as hydrogen. In this regime, there is an
increase in the grain size with increases in the laser energy density. This
occurs up to the point at which the average grain radius is approximately equal
to the film thickness.

2. High energy density (complete melting) regime :

In the complete melting regime, the energy density of incident laser pulse
is enough high to lead to a complete melting of the a-Si thin film and no
unmelted Si remains. A sudden increase in the melt duration, which is
observed at the transition from the low to high energy density regime, is strong
significant of the transition from partial melting and regrowth to complete
melting. The complete-melting Si thin film is then followed by significant
supercooling of the liquid before the occurrence of the transformation to the
solid phase. In this regime, the final microstructure is insensitive to large
variations in laser energy densities. For low substrate temperature,
fine-grained and small-grained poly-Si thin films are observed. In addition,
amorphization of the poly-Si thin film is found for thinner film thickness.

3. SLG regime

In the near complete melting regime, the energy density of the incident
laser pulse leads to a unmelted a-Si thin film composed of discrete islands (i.e.
melting depth = film thickness). At this point, with a small increase in the
energy density, an extremely sharp increase in the grain size occurs. Due to
the technological significance of large-grained poly-Si thin film and its dramatic
nature, this regime is also referred as the super lateral growth (SLG) regime.

With further slight increases in laser energy density, a dramatic reversal in the
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microstructural trend is observed in that fine-grained poly-Si thin film is
obtained. This transition marks the end of the low energy density regime and
the beginning of the high energy density regime.

In view of the above interpretations imposed on the low and high energy
density regimes, it can be argued that the large-grained poly-Si thin film
obtained in the SLG regime is a consequence of the liquid phase regrowth
from the discontinuous and small solid seeds, which are never fully melted.

In other word, the SLG regime corresponds to the condition at which point
near-complete melting of the film occurs to the extent that the unmelted a-Si
thin film no longer forms a continuous layer; instead, the residual Si is
composed of discrete island. Hence, as the temperature begins to drop,
growth from these clusters can proceed. Depending on the separation
distance between these seeds, it is possible for significant lateral growth to
take place before the impingement of the grain occurs. However, there is a
limit to the maximum lateral growth distance, which can be achieved as
continuous cooling of the liquid layer via conduction to the substrate eventually
would lead to copious nucleation of solids in bulk liquid ahead of the interface.
High substrate temperature lead to lower quenching rates, which in turn
provides more time for lateral growth to take place before bulk nucleation
intervenes. In addition, the SLG distance will also increase with increasing film
thickness, decreasing thermal conductive of the substrate, and increasing the

laser pulse duration [2.18].

2-2-2 Sequential Lateral Solidification (SLS) Process

The maximum length of the C-SLG-grown grains that can be attained
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using a singlepulse irradiation will be limited by nucleation to a few
micrometers. As such, there will always be an associated degree of limitations
in controlling the resulting microstructure.

For those C-SLG approaches that utilize shaping of the incident beam,
however, a potent option exists for trivially overcoming the above limitation
inherent with singlepulse irradiation; by simply and appropriately repositioning
the relative position of the sample with respect to the incident beam between
pulses, it is possible to induce further lateral growth of the previously formed
grains via epitaxial growth by seeding from the grains.

This particular process of iteratively inducing C-SLG in a coordinated
manner is referred to as sequential lateral solidification (SLS), and it
represents an effective and efficient means to manipulate the microstructure of
a thin Si film[2.19 - 2.22].

The nature of the SLS process dictates that, in addition to the basic
C-SLG requirement of inducing complete melting in controlled locations, the
following conditions areto be satisfied : 1. the relative translation be in the
direction of the lateral growth and 2. the per-pulse translation distance be less
than the C-SLG distance. Satisfying these additional conditions ensures that
the subsequent irradiation leads to continuous epitaxial lateral growth of the
grains. (Less systematic SLS approaches that do not entirely satisfy the above
requirements, and that lead to large-grained materials, are still possible,
however.) Figure 2-5 show the microstructure that results when the molten
zone is narrow, and lateral growth is terminated by the two opposing growth
fronts colliding at the center. When the molten zone is sufficiently wide, bulk
nucleation of solids inevitably occurs in the middle of the completely molten
region.
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The illustrated microstructure corresponds to that which is obtained in a
directionally solidified material, and it simply reflects the tendency of the grain
boundaries (as well as dislocations and sub-boundaries) to orient themselves
approximately perpendicular to the advancing solid-liquid interface [2.23].

This particular correlation between the solidified microstructure and the
solidifying interface can be systematically exploited by engineering the shape
of the irradiated region to create a variety of low-defect-density crystalline Si
films. The principle can also be used to create large-grained and uniform
polycrystalline Si films, or a directionally solidified microstructure with perfectly
parallel grain boundaries.

Multiple beamlets were formed using projection irradiation of an excimer
laser beam, where a patterned UV mask with chevron shaped apertures was
used to shape the original excimer laser beam into multiple beamlets, as
shown in Figure 2-6. This ability to simultaneously process multiple regions
over a large area makes the SLS process efficient, while the fact that the
process requirements (i.e., inducing complete melting mainly in the irradiated
portion of the film and precise microtranslation of the sample with respect to
the incident beamlets) can be easily satisfied, makes the process effective.
(Preliminary results show that the energy density processing window can
range from approximately 20% for 500 A thick Si films to over 40% for 2200 A
thick Si films.) It is important to note that the size of the single-crystal region is
determined by varying the overall width of the beamlet and the total translation
distance, and the number and location of these regions can be precisely
controlled by using an appropriately patterned mask.

The SLS method is a flexible approach that can be 1. implemented using

various combinations of pulsed energy sources and beam-delivery schemes, 2.
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executed using various beam/beamlet patterns and translation sequences,
and 3.applied to materials other than Si, including non-elemental

semiconductors such as Si-based V-1V alloys.

2-3 Experimental Procedures
2-3-1 Sequential Lateral Solidification of a-Si;xGex Thin
Film

In order to prepare the sample for a-Sii-xGex thin film deposition, silicon
dioxide (SiO2) with a thickness of 2 ym was thermally growth on bare silicon
wafers by furnace. These oxidized silicon wafers were used as the starting
substrate in order to imitate the real glass substrate. Before deposition of
a-SizxGex thin film, a smooth initial Si layer with a thickness of 50A to improve
the nucleation of Sii-xGexon SiOz2. This kills the long incubation time found for
a-SiixGex thin film deposition on an oxide surface [2.24]. And then, Sii-xGex
thin films with a thickness of 450A were deposited on the oxidized Si wafers by
low-pressure chemical vapor deposition (LPCVD). The Ge atomic
concentration in the as-deposited Sii-xGex thin film was adjusted by varying the
germane (GeHa) to silane (SiH4) gas flow ratio. Detailed deposition parameters
were listed in the Table 2-2.

The substrates were cleaned employing a standard RCA-process before
loading them into the deposition tube. The pulsed-XeCl (308nm) sequential
lateral solidification of a-Sii-xGexthin film was carried out in 760 Torr at room
temperature. The crystallization apparatus consisted of an excimer laser
operating at 308 nm (XeCl) and with an UV projection system, a patterned

mask, and a submicrometer-precision translation stage. The pattern consisted
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of an array of narrow parallel slits such that only the portion of the original
beam that passed through the slits was transmitted. For the results reported in
this letter, the relative positions of the mask, imaging lens, and sample were
adjusted to yield a pattern demagnification ratio of approximately 5X. At this
demagnification, the image of each slit had a width of 5 ym at the sample
plane.

Several material analysis techniques were used to investigate the relation
between the morphology of crystallized poly-Si thin films and laser process
conditions. Scanning electron microscopy (SEM) was utilized to analyze the
grain structure and grain size. In order to facilitate the SEM observation, the
samples were processed by Secco-etch before analysis. Secco-etch
preferably etches the grain boundary in poly-SiixGex thin film. The atomic
bonding changes and the crystallinity of as-deposited Sii-xGexfilm induced by

the laser annealing were studied by Raman spectroscopy.

2-3-2 Fabrication of SLS-Procssed Poly-Siy«Gex TFTs

The procedure of fabricating top-gate, self-aligned n-channel poly-SiixGex
TFTs with sequential lateral solidification is illustrated in Figure 2-7. a-Sii-xGex
thin film with a 450A thickness was first deposited on oxidized silicon substrate
by low pressure chemical vapor deposition (LPCVD) at 450°C using SiH4 and
GeHas as gas precursors. The GeHs to SiH4 gas flow ratio was adjusted to
obtain a-SiixGex thin films with different Ge atomic concentration. Before
deposition of a-Sii-xGexthin film, a smooth initial Si layer with a thickness of
50A was deposited by LPCVD to improve the nucleation of a-SiixGex on SiOz2.

This killed the long incubation time found for a-Sii-xGexthin film deposition on
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an oxide surface. After clean process, the wafer was then subjected to 308nm
XeCl excimer laser annealing.

After laser irradiation, poly-SiixGex thin film was defined into individual
active island. Next, 1000A TEOS gate oxide was deposited by low pressure
chemical vapor deposition (LPCVD) at 700°C. A 3000A poly-Si film was then
deposited by low pressure chemical vapor deposition (LPCVD). The poly-Si
was etched by TEL oxide etcher form poly-gate electrodes. After the poly-gate
electrodes were patterned, a self-aligned P* ion implantation with the dose
concentration of

1x10* cm?was carried out to form the source and drain regions. Then,
LPCVD annealing was performed to activate the implanted dopants and
recrystallize the source and drain region at 600°C for 40 min. A 5000A TEOS
oxide was deposited by HDPCVD at 350°C as passivation layers. After contact
holes opening, Al was deposited by thermal evaporation and patterned to form
the electrical connecting pads.

The typical transfer and output characteristics of the SLS-Procssed poly-
Si1xGex TFTs were measured by HP4156 precise semiconductor parameter
analyzer. The device parameters including field-effect mobility, threshold
voltage, subthreshold swing and on/off current ratio were extracted from the
measured characteristics. The electrical performances of the SLS-Procssed
poly-Si controlling samples were also estimated to compare with the

SLS-Procssed poly- Sii-xGex counterparts.
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Table 2-1 Different excimer laser gases and corresponding wavelengths

Table 2-2 Detailed deposition parameters of LPCVD Siy.,Gey Thin Film.

Temperature (°C) Pressure (mTorr) SiH4 (sccm) GeHa (sccm)
0
450 300 60 4
8
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Figure 2-1 Band-diagram of (a) silicon and (b) germanium. Figure from [3].

Figure 2-2 Experimental data of critical thickness for SiGe layers grown at
550 C (o) [2] and 750 C (<) [4] with MB equilibrium calculated

line.
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s

(a) partial melting

(b) complete melting

(c) nearly complete melting

Figure 2-4 Schematic diagrams of recrystallization mechanisms with respect to
different energy density of ELA: (a) partial melting regime, (b)
complete melting regime and (c) nearly complete melting (super

lateral growth) regimes
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(c) (d)

Figure 2-6 Optical micrographs of SLS-processed film: (a)Mask patten. (b)low

magnification. Straight-slit + chevron-shaped beamlet. (c) High
magnification. After Secco-Etched, Straight-slit beamlet (d)
chevron-shaped beamlet .The dark-field with dotted lines
demarking the boundaries between the single-crystal and columnar

crystal region.
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Figure 2-7 The key process procedure of fabricating SLS-Procssed poly-Sii-xGex

TFTs.
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Chapter 3

Results and Discussion

3-1 Material Characterization of Super ateral-growth
Crystallization of oly-Si, Gey Thin Films

3-1-1 Raman Spectroscopy Analysis

Raman spectroscopy is a contactless technique providing information
about all these features in Si;.xGey thin film with a high degree of experimental
simplicity. It has been proven to be sensitive to the composition, stress and
phonon correlation length. The crystalline volume fraction of the polycrystalline
thin film can also be obtained from de-convoluting the Raman spectrum of the
polycrystalline thin film into crystalline and amorphous components. Figure 3-1
is Raman spectra of thin films as deposited. Figure 3-2 - Figure 3-4 is the
Raman spectra of the crystallized polycrystalline thin films irradiated with
different laser energy at room temperature. As shown in these figures, the
broad band of the as-deposited Si;.xGex thin film represents no crystalline
phase existing inside the film. In addition, the Raman peak intensity is weak
due to the strong absorption coefficient of a-Si;.xGey thin film at the wavelength
of incident Raman laser beam. After excimer laser irradiation, the absorption
coefficient of the poly-Siy.xGey thin film decreased. Thus, the poly- Si;xGex thin
film becomes more transparent.

Some representative Raman spectra of laser-crystallized poly- SiixGex
with x= 0.34, 0.5 are shown in Figure 3-3 and Figure 3-4. The spectrum in
Figure 3-3 was obtained from a poly-Siy.ssGeo.34 Sample that was crystallized

with a laser energy of E.=600,700,800 and 900 mJ/cm?. The strongest phonon
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line at 496.465 cm™ originates from Si-Si lattice vibrations. The smaller peaks
at 399.796 and 283.68 cm™ are due to Si-Ge and Ge—Ge lattice vibrations,
respectively. The weak peak at 421.35 cm™ is also well known and is attributed
to localized Si—Si vibrations surrounded by Ge atoms [3.1]. The spectrum in
Figure 3-4 was obtained from a poly-Sips5Geps sample that was crystallized
with a laser energy of E,=600,700,800 and 900 mJ/cm?. Table 3-1 show the
main Raman peak position (cm™). The sample crystallized exhibits a shoulder
in the Si-Ge mode at about 399.796 cm™ indicating that peak splitting takes
place. It is important to note that the Ge—Ge and Si—Si modes are split too. It
mean excimer laser crystallization of amorphous SiGe causes significant
phase segregation and produces a polycrystalline alloy with Ge poor and Ge
rich areas[3.2]. Figure 3-5 and Figure 3-6 (a) and (b) show the position of the
phonon peaks that were obtained from the poly-SipssGeo 34 and poly-SiosGegs,
respectively . Figure 3-6 (b) show the position of the 800 mJ/cm? phonon peaks
is different the other laser energy phonon peaks. It clearly shows phase
segregation.

The spectrum in Figure 3-7 - Figure 3-10 was obtained from the sample
that was crystallized with a laser energy of E,=600,700,800 and 900 mJ/cm?,
respectively. Each spectrum is characterized by three dominant peak centered
near 300, 400, and 500 cm™. The fact that frequency dependence on x for both
sets of samples is the same shows that former alloy layers are free of strain.
The dependences of the Si-Si, Si-Ge, and Ge-Ge phonon frequencies on

composition, x, and in-plane strain, €, they proposed are reliable [3.3].

Wsijsi =520.5-62x - 815¢ (1)
Wsige = 400.5 +14.2x - 575¢ )
Weese = 282.5 +16x - 385¢ 3)
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Hence, the knowledge of the phonon frequencies allows us to define three
linear relationships between x and €. We will exemplify the evaluation of x and
¢ for SiGe samples. By introducing the experimental frequencies of
poly-Sio.esGeo 34 into EQs. (1)—(3), we obtain €= 0.36%. For poly-SipsGegs we

obtain €= 0.89%. It clearly shows the strain almost relax.

3-1-2 Scanning Electron Microscope (SEM) Analysis

Thea- Si, a- SipssGe0.34, anda- Sips5Gep s films were crystallized using 600,
700, 800, and 900 mJ/cm? Laser Energy at an optimal laser fluence for each
set of conditions shown in Table 3-2. For device applications, the structure
properties of the poly-Si thin films are of major interest. The primary concerns
are the grain size, quality of the grains, and the grain size distribution, and
these properties will strongly influence the electrical characteristics of TFT. In
this work, the average grain size of the SLS-processed poly- SiixGey thin film
is measured by using scanning electron microscopy (SEM). In order to
distinguish the individual grain structure, before observation, the
SLS-processed poly- Si;xGey thin films are etched by using the Secco etching,
which etched the grain boundaries more quickly than the interior parts of the
grains. Figure3-11 ~ Figure 3-13 shows the SEM micrographs of the
SLS-processed poly-SiixGey film after Secco etching. The excimer laser
energy densities are adjusted to partially or completely melt the a- Si;xGex thin
film. As shown in Figure 3-11 ~ Figure 3-13, distinguishable grains and grain
boundaries are observed, EDS analyses, it has been found that serious grain
boundary Ge segregation occurs after excimer laser irradiation. The grain

boundary regions may be the segregated Ge-rich poly-Sii-xGex because the
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Secco etching solution is proven to be unable to etch the Ge-rich poly-Sii-xGex
thin film. This provides evidence that Ge atoms segregate toward the grain
boundaries in the SLS-processed poly-Sii-xGex thin film.

According to Figure 3-11 ~ Figure 3-13, fine-grained material at the
periphery of the molten zone induces lateral growth of solid material toward the
center. This leads to super-lateral growth of the solid material into the
super-cooled liquid that proceeds until one of two possible outcomes takes
place[3-1]; 1. the growth fronts from opposing sides of the molten zone
impinge upon one another at the center, or 2. the liquid cools below a
temperature at which nucleation is more probable and the formation of
fine-grain material halts the lateral growth. The shape of the grains results from
the formation at the periphery of the molten zone, all of which initiate lateral
growth into the super-cooled liquid, as show in Figure 3-14. The former of the
two possible outcomes is preferred, as this prevents fine-grained material from
forming within the center of the crystallized area, as show in Figure 3-16. The
middle region due to Ge-rich and Ge-poor lattice parameter mismatch to make
strain. When strain is large, the broken lattice parameter will relaxation the

strain, as show in Figure 3-15.

3-1-3 Atomic Force Microscopy (AFM) Analysis

The shapes and sizes of the islands have been determined by means of
atomic force microscopy (AFM). AFM pictures of samples poly-Si,
poly-Sio.esGeo.34 and poly-SipsGeo s are shown in Figure 3-17- Figure 3-19. The
grains can reach the center of the molten line, it clearly shows that increase Ge

concentration the grain peak will be increase.
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3-1-4 Energy Dispersive X-ray(EDS) Analysis

Figure 3-20 displays the SEM images of the laser-crystallized
poly-SioesGeo3s and aser-crystallized poly-SipsGeos thin film. The energy
dispersive X- ray (EDX) analysis was used to verify the atomic composition
existing across the SiGe thin film. The EDX results indicated that the Ge
atomic concentration near the grain boundary is higher than that in the middle
of the film after excimer laser irradiation. Figure 3-21 and Figure 3-22 displays
the EDX analysis results of different laserenergy and Ge concentration
respectively. By grading the Ge content across the grain, the band gap will be

different as shown Figure 3-23.

3-2  The Crystallization Mechanism of SLS-Procssed
a-Si;,Ge, Thin Films

According to the material analysis results shown above, the phenomenon
of Ge segregation at grain boundary. Here a new crystallization mechanism
suitable for the SLS-processed poly-SiixGey thin films is proposed. Figure
3-24 llustrates the proposed crystallization model for poly-Si;«Gex films
crystallized by SLS-processing. At the solid/liquid interface the molten alloy
starts to solidify and grains grow towards the interference maximum, along the
thermal gradient. At the line of maximum intensity, the grains meet with grains
growing from the other side and form a grain boundary. By grading the Ge
content across the grain, the most possible reason responsible for the Ge
segregation is the difference in melting point of these two atoms, Si and Ge.
The melting temperatures of Si and Ge atoms are 1410°C and 936,

respectively. Due to the difference of the melting point of Si and Ge atoms, the
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melting Ge atoms will be driven to progress toward the liquid-solid interface
during the initial solidification of Si;.xGey thin film because at this moment the
temperature of the Si;xGex thin film still maintains at the latent heat
temperature, which is higher than the melting point of Ge atoms. And then, the
un-solidified Ge atoms diffuse along with the propagation of the liquid-solid
interface. When solidification process terminate, the Ge atoms also solidify
and segregate at the last-solidified regions, where are the grain boundary. As

a result, high Ge atomic concentration is observed at the grain boundary.

3-3  Electrical Characterization of SLS-Procssed

poly-Siy.xGe, TFTS

For device applications, the structural properties of the poly- Si;.xGey thin
film are of major interest. These properties have a profound influence on the
electrical characteristics of the fabricated poly- Si;.xGex TFTs. Unfortunately,
the device has death after open contact hole. Figure 3-25 and Figure 3-26
display the typical transfer characteristics of n-channel poly-SipesGeo.34 TFTS
fabricated by SLS-processing with device dimension (W/L = 10pum/10um)
before contact hole opened. Although the device has death but a trend can be
observed.

An important anomaly behavior is the kink effect, a sudden rise in the
drain current at a certain drain-to-source voltage that results in high drain
conductance , leading to reduced voltage gain and poor linearity. The source
of the kink is an issue of considerable contention at this time. Conventional
experiment suggest that traps cause the kink: high fields charge traps in the

buffer or in the insulator, leading to a shift in threshold voltage and poor
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linearity. To improve floating body effect is a solution to control the kink effect.

Thin films of poly-SiGe has lower valence band than poly-Si. The Ge-rich
region has lower valence band than Ge-poor region. If the Ge-rich region at the
source, the floating body effect will be improve by accelerate the hole emission.

Figure 3-27 illustrates the proposed model for improving floating body effect.
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Raman shift (cm™)

Sig66Ge€o 34
As Deposited 600mJ/cm™ 700mJ/cm™ 800mJ/cm™ 900mJ/cm™
Ge-Ge 272.714 280.026 280.026 283.68 283.68
Si-Ge 399.763 399.763 399.763 399.763 399.763
Siloc 421.35 435,71 428.533 421.35 417.757
Si-Si 492.904 496.465 496.465 496.465 496.465
SiysGegs
As Deposited 600mJ/cm™ 700mJ/cm-2 800mJ/cm™ 900mJ/cm™
Ge-Ge 280.026 283.68 283.68 283.68 283.68
Si-Ge 396.16 399.763 399.763 399.763 399.76
Siloc 435,71 421.35 421.35 421.35 421.35
Si-Si 478.642 482.21 482.21 485.776 482.21
Table 3-1 Raman peak position (cm™)
Initial T/F
a -Si @ - Slo.66G€0 34 a - SipsGeos
Laser Energy
Nucleation
600mJ/cm?2 occurred at inner Full Full
region

700mJ/cm2 Full Full Full
800mJ/cm2 Full Full Full
900mJ/cm?2 Full Full Broken

Table 3-2 The material characteristic of the thin films laser crystallization
with different laser energy
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Figure 3-2 Raman spectra of SLS-processed Sithin films irradiated with
different laser energy density at room temperature
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Raman intensity (arb.units)
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Figure 3-3 Raman spectra of SLS-processed Sio.e6Geo.34 thin films irradiated

Raman intensity (arb.units)

with different laser energy density at room temperature.
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Figure 3-4 Raman spectra of SLS-processed SiosGeo.s thin films irradiated
with different laser energy density at room temperature.
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(a) Poly-Si  600mJ/cm?

(b) Poly-Si  700mJ/cm?
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(c) Poly-Si  800mJ/cm?

(d) Poly-Si  900mJ/cm?

Figure 3-11a-Si Laser Crystallization after Secco etching
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(a) Poly-SipesGeoss 600mI/cm?

(b) Poly-SipesGeoss 700md/cm?
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(c) Poly-SioesGeoss  800mJ/cm?

(d) Poly-SipesGeoss 900mJ/cm?

Figure 3-12a- SiypesGeo 34 Laser Crystallization after Secco etching
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(a) Poly-SipsGegs 600mJ/cm?

(b) Poly-SipsGegs 700mJ/cm?
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(c) Poly-SipsGeos 800mJ/cm?

(d) Poly-SipsGegs 900mJ/cm?

Figure 3-13a- SipsGep s Laser Crystallization after Secco etching
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(I) - Side region

Super-cooling (Yeh and Matsumura 2000)

Figure 3-14 The proposed crystallization Mechanism for side region

(I1) - Middle region

Ge-Rich
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Figure 3-15 The proposed crystallization Mechanism for middle region

Strain relaxation

45



(II1) - Grain Boundary

H,0  Si»

Ge s Bi pure substance

Figure 3-16 The proposed crystallization Mechanism for grain boundary

Laclion Analvss

Figure 3-17 AFM micrographs of section analysis for poly-Si films irradiated by
laser energy 800 mJ/cm?
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Section Amalysis

Figure 3-18 AFM micrographs of section analysis for poly-Sio ssGeo.34 films
|rrad|ated by laser energy 800 mJ/cm

Secllon Analisls

Figure 3-19 AFM micrographs of section analysis for poly-SigsGeg s films
irradiated by laser energy 800 mJ/cm?
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Figure 3-20 SEM micrographs and EDX analysis results of the
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Figure 3-21 EDX analysis results of the poly-SiossGeo.34 thin film
with different laser energy
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Figure 3-22 EDX analysis results of the poly-SiGe thin film with 800 mJ/cm?

49



Ge-poor Ge-rich

Figure 3-23 By grading the Ge content across the grain, the band gap will be
different
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Figure 3-24 The proposed crystallization model for poly-Sil-xGex films
crystallized by SLS-processing
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devices
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Figure 3-27 The proposed mechanism to improve floating body effect

52



Chapter 4

Conclusion

In this thesis, we have shown that laser crystallization of Si;.xGey thin film
with x=0.34 and x=0.5 leads to a significant segregation into a Ge rich and
poor areas. The deposition parameters and mechanisms of a-Si;xGex thin
film by LPCVD have been studied in detail in chapter 3. To overcome the
nucleation problem of the deposition of a-Si;.xGey thin film on SiO2, a thin seed
Si layer must be pre-deposited on SiO2. This manifests itself in a peak splitting
in the Raman spectra. The position of the peaks in the Si—Si mode agree fairly
well with segregation results obtained from EDX, indicating that the low
frequency peak originates from the Ge rich area and the high frequency peak
originates from the Ge poor area. The position of the peaks in the Ge—-Ge and
Si—-Ge modes are shifted from their expected position according to the EDX
results so that they always overestimate the Ge content. The strain almost
relaxes after SLS-processing. The SEM micrographs of the SLS-processed
poly- Si;xGey film after Secco etching show three growth mechanism and AFM
to prove the grain boundary region.

By grading the Ge content across the transistor channel region, the band
gap will be different. The different band gap can be use for channel region to

improve Floating body effect.
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