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Student : Rou-Han Kuo Advisor : Dr. Tien-Sheng Chao

Department of Electrophysics
National Chiao Tung University
Abstract

Polycrystalline silicon thin-film transistors (poly-Si TFTs) have attracted
considerable attention because of its application in active matrix liquid crystal displays
(AMLCDs), due to their higher mobility than amorphous silicon (a-Si) TFTs. There is a
need to scale down poly-Si TETs” channel length to achieve higher speeds and packing
densities. Therefore, vertical-channel thin-film transistors (VTFTs) have been widely
researched and developed to overcome. the limits of photolithography. VTFTs have
shown great potential for 3-D integration since the channel lengths are determined by
the thicknesses of the poly-Si or SiO; film, instead of photolithographic process
limitations.

In this thesis, we have fabricated the VTFTs with MILC technology. They are
simple in structure and fabrication of VTFTs without any additional mask and
compatible with the silicon technology. Moreover, VTFT structure which has the
inherently own an effective dual-gate structure. And it can reduce the peak lateral
electrical field in the drain depletion region, significantly reducing the leakage current
and increasing the lo, /lof Current ratio.

We have proposed that the NH3 plasma treatment and crystal filtering effect can
improve the electrical performance of VTFTs. In our research indicates that the
narrower channel width has the better the electrical performance and less intra-grain

defects and grain boundary. Thus, the high performance VTFTs can be achieved by



reducing the channel width. Compare MILC-VTFTs with NSILC-VTFTs, we can
observe that the electrical performance of them seems to be no significantly difference.
The method of NSILC is not able to reduce the Ni and NiSi, efficient and further
improve the device characteristics. Both the MILC-VTFTs and NSILC-VTFTs can be

improved the crystal filtering effect and multiple channel structure.
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Chapter 1

Introduction

Low-temperature polycrystalline silicon (LTPS) thin-film-transistors (TFTs) have
attracted considerable interest due to their wide applications in active matrix liquid
crystal displays (AMLCDs) [1]-[3], driving circuit of system-on-panel (SOP) [4]-[5],
nonvolatile memory, image sensors, photo-detector amplifier, and 3-D circuit
integration [6], because they provide good.electrical properties and can be integrated in
peripheral circuits on inexpensive glass substrates.. Among these applications, the
application in the AMLCD was the major driving force to promote the developments of
poly-Si TFTs technology. Therefore, how to improve the performance of LTPS TFTs is

an interesting and important issue.

1.1 Overview.of Poly-Si Thin-Film-Transistors

Thin film transistor (TFT) is one of the field-effect transistors, which is composed
of three terminals including a gate, a source and a drain as shown in Fig. 1-1. The
transistor may conduct current between the source and drain if a channel of carrier is
created by making the gate voltage (V) sufficiently large. Thus, the magnitude of the
current can be controlled by the gate voltage. Take n-type transistor for example. When
the Vg becomes sufficiently positive, free electrons are attracted to the oxide/ Si
interface, forming the conductive channel. We say the transistor is on. The gate
potential at which the channel begins to appear is called the “threshold voltage” V. If
the V¢ < V4, no channel exist, the device is off.

The TFT employ a thin semiconductor film on an insulating substrate as the active

device channel. And the TFT was first demonstrated in 1961 by Dr. P. K. Wedsnimer.



With its simplicity in structure and fabrication, the applications of TFTs are becoming
more and more popular.

In the beginning, the a-Si:H (hydrogenated amorphous silicon) TFTs were applied
as the pixel switching device in the AMLCDs. The major advantage of a-Si TFTs is
appropriate for large area glass substrate with the lower processing temperature (T <
350 °C). However, the application of a-Si TFTs is constrained in the aspect of pixel
switching elements. Hence, it is difficult to integrate pixel switching elements and
peripheral driving circuits on the same glass substrate for system-on-panel due to the
low carrier field-effect mobility. (below 1 cm?V:s generally) of the a-Si:H TFTs. In
order to acquire devices suitable for system-on-panel, it is necessary to fabricate the
devices with low cost, high electrical properties and reliability by low temperature
process.

Since the first poly-Si TFTs were fabricated by Fa et al in 1966 [7], the electrical
properties, conduction mechanism and _fabrication process of poly-Si films were
extensively studied [8]-[9]. Over the past three-decades, poly-Si TETs have been drawn
much attention thanks to the fact that they can be fabricated with a low thermal budget
and on large area substrates while-achieving-performances adequate for the realization
of complex circuit. For this reason, they have many commercial applications.

Recently, poly-Si has been proposed as a very attractive alternative material for
the AMLCDs because of their superior performance [10]-[12]. The mobility of poly-Si
can reach 10 to 300 cm? /V-s, so the devices with considerable high driving current can
be integrated of peripheral circuit on the same panel in AMLCDs [13]. However, the
conduction mechanism and performance of poly-Si TFTs are strongly influenced by
grain boundaries and intra-grain defects. The defects in the grain boundary would trap
carriers and build a potential barrier which degrades the on-state current and

subthreshold swing (S.S.). Moreover, the grain boundary also provides the path of



leakage current.

In order to enhance the performance of the poly-Si TFTs, several methods have
been proposed to improve the device performance such as enlarging the grain size of
poly-Si films and reducing the trap-state densities in the grain boundaries. It has been
reported that the a-Si films can be crystallized by many techniques, such as
Solid-Phase Crystallization (SPC) [13]-[15], Excimer Laser Crystallization (ELC)
[16]-[17] and Metal-Induced Lateral Crystallization (MILC) [18]-[20] to obtain the
large grain size of poly-Si to raise the field-effect mobility. Besides, there were other
methods such as plasma treatment to passivate the defects in the channel or narrowing
the channel width to reduce the trap state density. These techniques are described as

follow.

1.1.1 Solid-Phase Crystallization (SPC)

The a-Si film was deposited at temperature below 600 °C, so the film was required
thermal energy to convert amorphous silicon into the polycrystalline form. This method
is called Solid-Phase Crystallization (SPC). The SPC technique is usually performed at
600 °C for 24~72 hours. The SPC method-has many advantages, such as simplicity,
low-cost batch process, and compatible with the silicon technology, large area
capability, and smoother surface. However, such crystallized poly-Si films have high
density of grain-boundary defects and intra-grain defects, which degrade the electrical
properties of poly-Si TFTs. But the high crystallization temperature around 600 °C
prevents SPC from commercial application. Because the maximum process
temperature of the inexpensive glass substrate is limited to less than 600 °C. If
temperature up to 600 °C, the substrate might be bending, it would affect the following

process of fabrication.

1.1.2 Excimer Laser Crystallization (ELC)
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Excimer Laser Crystallization (ELC) has investigated as an alternative
crystallization technique to furnace annealing. And the standard gas mixtures and
output wavelengths are ArF (193 nm), KrF (248 nm) and XeCl (308 nm). For
fabricating high performance poly-Si TFTs on a glass substrate, Excimer Laser
Crystallization method is very promising for the following reasons. First of all, the
combination of strong optical absorption of the UV light in silicon («>10%cm™) and
small heat diffusion length (~100 nm) during the laser pulse (10 ns~30 ns) implies that
high temperature can be produced in the silicon surface region. Therefore, we can
obtain higher quality poly-Si film without damage.of the glass substrate by serious
thermal shrinkage. Second, it can crystallize the film selectively by partially irradiating
the film surface, so both poly-Si-TFTs and a-Si TFTs can be formed on the same
substrate. Third, the throughput-of-the ELC process is higher than that of the SPC
process and the large grain size translates to fewer defects.

However, there are many problems need to be resolved to obtain a mature ELC
poly-Si TFT technalogy, such as high manufacturing cost, high-process complexity,
narrow laser process window, the roughness and uniformity of poly-Si films, and

stability of electric performances.

1.1.3 Metal-Induced Lateral Crystallization (MILC)

There are many researches show that: the crystallization temperature of a-Si can
be lowered by the addition some certain metal. The lower energy barrier of
recrystallization was resulting from the reaction between the free electrons of metal
and covalent of Si-Si bonds at the interface when the silicide is moving. This
phenomenon is called “metal-induced crystallization (MIC)”. And the various metals
can be classified into two groups. One is silicide-forming metals such as Pd, Ti, Ni, and

Cu [21]-[25]. The metal on the a-Si films are forming the crystalline metal silicide,
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which acts as a heterogeneous nucleation site for Si crystallization. And the other is
eutectic-forming metals such as Ag, Au, Al etc [26]-[29]. The metals could increase Si
atomic mobility by forming interstitials which change the Si-Si bonding nature from
covalent to metallic [30]-[31], or to form low temperature eutectic [32] or metal stable
silicide compounds [33]-[35].

But this phenomenon has not been applicable to the fabrication of TFT’s because
of the grain size of poly-Si is small, and metal contamination into the crystallized Si
films. These disadvantages of MIC might degrade the field-effect mobility and leakage
current of poly-Si TFTs. Subsequently, metal-induced lateral crystallization (MILC)
has been proposed as an alternative crystallization technique to MIC.

Take Nickel for example-~When a Ni film is deposited-on the a-Si film and
annealed, the interaction follows-two steps: first step is Ni,Si to NiSi and second step is
NiSi to NiSi,. The NiSi, precipitates acts as a good nucleus of Si, which has similar
crystalline structure (the fluorite type) and a small lattice mismatch of 0.4% with Si,
which is shown in Fig. 1-2.

MILC is a silicide-mediated phase transformation process in which a tiny nodule
of NiSi, exists between a crystallized silicon (c-Si) region and an a-Si region. The
metal/silicon diffusion leads to the successive formation of the silicides, starting from
the metal-rich to end up to the silicon-rich silicide. Fig. 1-3 shows that the Molar
free-energy curves which is drawn for a-Si, c¢-Si, and NiSi,. The driving force for the
phase transformation is the reduction in free energy associated with the transformation
of metastable a-Si to stable c-Si. The chemical potential of the Ni atoms is lower at the
NiSi,/a-Si interface, whereas the chemical potential of the Si atoms is lower at the
NiSiy/c-Si interface. There is a driving force for the forward diffusion of Ni atoms
through the NiSi, and a driving force for the diffusion of Si atoms in the reverse

direction through the NiSi,. Hayzelden et al. proposed that “nodules” of NiSi, in an



a-Si host first initiated crystallization of Si on {111} faces of the nodule. They
observed that decomposition of NiSi, at the c-Si/NiSi, interface and Ni diffuses into
the a-Si from the precipitate, forming new NiSi, at the NiSi, /a-Si interface due to its
ability to lower the Ni atom chemical potential. Diffusion of Ni through NiSi, will
continue to occur dissociatively leaving epitaxial c-Si at the rear of the precipitate. This
transportation of Ni through the nodules resulted in the movement of the nodules away
from the crystallized Si region [36]. The growth mechanism of Ni-induced lateral

crystallization is shown in Fig. 1-4.

1.2 Overview of Vertical Channel Thin-Film-Transistors

Polycrystalline silicon (poly-Si) thin-film transistors (TFTs) have attracted much
attention because of its wide range of application. in electronics, such as in the active
matrix liquid crystal display, organic light-emitting displays, due to their higher
mobility and lower threshold voltage than amorphous silicon (a-St) TFTs. For further
system-on-panel and-3-D. circuit applications with multi-function circuit and system
integration, there is a need to.scale down poly-Si TFTs’ channel length to achieve
higher speeds and packing densities. However, it is difficult to reduce channel length
due to the limits of photolithography resolution. Therefore, vertical-channel thin-film
transistors (VTFTs) have been widely researched and developed to overcome the limits
of photolithography. In these previous studies, VTFTs have shown great potential
VTFTs have shown great potential for 3-D integration since the channel lengths are
determined by the thicknesses of the poly-Si or SiO; film, instead of photolithographic
process limitations for 3-D integration since the channel lengths are determined by the
thicknesses of the poly-Si or SiO; film, instead of photolithographic process limitations
[37]-[39]. However, these works using asymmetric source/drain (S/D) have

encountered circuit design difficulties. S/D parasitic series resistance and contact
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resistance remain problems for device scaling and reduce device performance.
Moreover, the performance of conventional top-gate poly-Si TFTs are not good
enough in terms of speed and current drive capability, and the large leakage current of
poly-Si TFTs is still a serious problem that leads to poor switching characteristics. The
leakage current, which is caused by the high electric field in the drain region, is
relatively large in short channel devices. To reduce the leakage current, many methods
have been proposed to reduce the drain electric field, such as offset-gated,
filed-induced drain, lightly doped drain (LDD) structure, high-k spacer and Si/Ge
T-Gate structure [40]-[44]. But these structures need additional lithography process or
other materials which makes the fabrication for the device rather complicated and
difficult. VTFT structure which-has-the inherently own an effective dual gate structure.
And the offset region was constructed by self-aligned oxide overetching without any
additional photolithographic step and the fabricated device exhibited submicron device

characteristics.

1.3 Motivation

Metal-induced lateral crystallization process has been introduced by which the
a-Si thin films could be crystallized at a low temperature of below 500 °C. However,
the applications of Ni-mediated lateral crystallization of a-Si to poly-Si TFTs have a
critical issue because the leakage current are mostly high [45]. The Ni defects induced
leakage current is directly related to the lateral electrical field in the drain region in the
off-state [46]. Much research related to overcoming the problems in MILC poly-Si
TFTs has been carried out, and the general consensus is that the presence of Ni-silicide
in the channel region is the cause of these problems. Several methods have been
proposed to reduce the amount of undesired metal impurity [47]-[49]. However, these

methods are complicated and need of extra process.
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Accordingly, we propose a more simple method to reduce the Ni silicide
contamination in the MILC region and expect the applicability of the method to
fabricate poly-Si TFTs with high performance.

In this thesis, we fabricate the symmetric vertical-channel NSILC-VTFT device
with unilateral crystallization. Thus, the MILC/MILC grain boundary (LLGB) in the
middle of the channel can be eliminated. Besides, the devices can reduce the metal
contaminations on source and drain region due to the metal seed window is separated
from the drain metallurgical junction [45]. We also hope that grain filtering effect
occurred on the NSILC process. when the width of a-Si film pattern was narrowed.
Thus we can obtain the wvertical channel region, which is composed of a
single-orientated crystal. In addition; the NSILC-VTFTs which has the inherently own
an effective dual gate structure-and-offset region. We hope that measured results shows
the NSILC-VTFTs have high on-state current, high field effect mobility, steeper

subthreshold swing, and low leakage current.



1.4 Organization of the Thesis

There are four chapters in this thesis. This thesis is organized as follows:

In Chapter 1, we introduce the development of thin-film transistors and
comparison between poly-Si TFTs and a-Si TFTs. Some technique of manufacture the
poly-Si TFTs are described in this chapter. Moreover, we also introduce the vertical
channel thin-film transistors.

In Chapter 2, we describe the structure and the process of our vertical thin-film
transistors. We also show the VTFTs cross-sectional photograph of TEM and optical
microscopy photograph during different process time of MILC. Besides, the electrical
parameters extraction are shown in the end of this chapter.

In Chapter 3, we discuss-the-electrical characteristic of VVTFTs and the effect of
post treatment. Then, we discuss- the crystal filtering effect in the VTFTs and
comparison between MILC-VTFTs and NSILC-VTFTs.

Finally, the main conclusions and future works are summarized in Chapter 4.
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Fig. 1-1 Schematic of field-effect transistor.
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Fig. 1-2 The crystalline structure of Si and NiSi,.
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Chapter 2

Device Fabrication and Electrical Parameters Extraction

2.1 Fabrication of the vertical channel thin-film-transistor
2.1.1 Fabrication Process

The overall fabrication process flow of the vertical thin-film-transistors (VTFTS)
Is shown in Fig 2.1.

First of all, the 550-nm thick thermal oxide was grown on Si wafer as starting
substrate. Then 200-nm thick poly-Si-layer was deposited for gate by low-pressure
chemical vapor deposition (LPCVD) system. using SiH,; as source gas. The gate was
implanted with phosphorous, the-energy and the dose of the implantation were 40 keV
and 5 x 10°> cm ™2, respectively. Subsequently, the dopants were activated by furnace
at 600 °C for 24 hours.

After the gate patterning, the oxide was overetched to about:80-nm to form the
offset region. Then, the 15-nm thick layer of tetraethoxysilane (TEOS) oxide and
50-nm thick undoped amorphous-Si (a-Si) layer were deposited consecutively as gate
oxide and active region by LPCVD. The deposition pressure and temperature of a-Si
film are 350 mTorr and 560 °C, respectively. After active region patterning, Ni-window
mask pattern was form on the top of the TFTs using photoresist. The 10-nm Ni film
was deposited by electron-beam evaporation system and then Ni film on the photoresist
was removed by the lift-off process. Ni contacts with a-Si only in the seeding window;
other areas of wafers outside the seeding window are mostly free of Ni contamination.

We used two methods to complete the channel crystallization: MILC and NSILC.
The MILC-VTFTs were fabricated without Ni-silicidation process by rapid thermal
annealing (RTA). In the NSILC-VTFTs, the Ni-silicidation was carried out at 450 °C

for 30 s by RTA. And then, the unreacted Ni film was removed by H,SO,/ H,0;
12



solution at 120 °C for 10 min. Next, both devices were crystallized subsequently at 500
°C for 48 hours in N, ambient.

Then, a 15-nm thick TEOS oxide was deposited and 15-keV, 5 x 10%°> cm™2 As’
ion implantation to form self-aligned n* S/D and n* floating region. Then the dopants
were activated by RTA at 750 °C for 30 s. The three-dimensional graph of the device

structure is shown in Fig. 2-2.

2.1.2 Fabrication results

Fig. 2-3 and Fig. 2-4 show. the ‘cross-sectional .transmission electron microscope
(TEM) microphotograph of the NSILC-VTFTs and MILC-VTFTs. The integrity of the
vertical poly-Si channel is verified by the transmission electron diffraction (TED)
pattern inserted in TEM microphotograph. In the TEM images, the gate oxide and the
poly-Si thickness in the channel are roughly 20-nm and 50-nm, respectively. The offset
region between the gate and the S/D edges was achieved by wet-oxide overetched
resulting in about-20-nm offset region. Fig: 2-5 displays the top-view schematic
diagram of MILC-VTFTs with source, drain, bottom gate and Ni-window. And the
schematic cross-sectional view and effective dual gate structure of MILC-VTFTs are
shown in Fig. 2-6. The length of floating n* region (Ly) is defined by the mask channel
length, and the mask channel width (Wnask) is equal to the effective channel width. The
effective channel length L is the vertical channel region, which is defined as 2 x the
total thickness of the poly-Si gate, which equals 0.4 pum. Moreover, the equivalent
dual-gate structure can reduce the peak lateral electrical field in the drain depletion
region, significantly reducing the leakage current and increasing the lq, /los Current ratio
[11-[2].

The Fig. 2-7 shows optical microscopy photograph of active pattern with the

source, the drain, channels, bottom-gate and Ni-seeding window. The gate length is 1
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um, and the channel width is 2 um. The optical micrograph of a sample heat treated for
3 h at 500 °C, as in Fig. 2-8(a), the crystallization was seen to proceed laterally from
the Ni-window and the MILC distance was around 5.98 um from the Ni-seeding
window. And the crystallization was completed in 12 h as in Fig. 2-8(b), the whole
active channel was crystallized by the MILC process. Three distinct regions are visible:
the rectangle with the brighter contrast was originally covered by Ni, which is MIC
region. This is surrounded by the MILC region with the brightest contrast. And the
darkest area in the out of MILC region is a-Si region. These results indicate that the

active channel can be crystallized during the MILC process at 500 °C for 48 hours.

2.2 Method of Device Parameter Extraction

In this thesis, all of the electrical properties of proposed-poly-Si TFTs were
measured by semiconductor characterization system Keithley 4200. Many methods
have been proposed to extract the characteristics of poly-Si TFT. In this section,
extractions of various electrical parameters are introduced. These parameters include
the subthreshold swing'(S.S.), Filed-effect mobility (u.¢f), On-state current (lon), and

Off-state current (lof).

2.2.1 Determination of Subthreshold swing

Subthreshold swing (S.S.) is an important parameter to describe the control ability
of gate toward the channel, reflecting the switch speed of the device. It is defined as the
amount gate voltage required to increase/ decrease drain current by one-order of
magnitude. In general, the S.S. should be independent on drain voltage and gate
voltage. However, there are many non-ideal effects in MOSFETs and TFTs. The
degradation of the S.S. with increasing drain voltage is due to short channel effect,

avalanche multiplication, and punch through effect. Moreover, the subthreshold swing

14



is related to gate voltage which attributes the undesirable factor, such as interface states
and gate oxide thickness.
In this thesis, the S.S. is defined as a quarter of gate voltage required to increase

drain current by four-orders of magnitude.

v, v,

By neglecting the depletion capacitance in the active layer, Takashi Noguchi has

reported that effective interface-trap-state-density (Nj;) near the poly-Si/ SiO; interface

can be extracted from the subthreshold swing [3]-[5].

S.S. Cox
Nee = [(20) (o) - 162

2.2.2 Determination of Field Effect Mobility

Usually, the field effect mobility (uers) is extracted from the maximum value of
transconductance (gm) at low drain voltage (Vps= 0.1 V, Vgs-Vin >>Vps). The transfer
characteristic of poly-Si TFTs is similar to traditional MOSFET, so the first order of
I-V relation in the bulk Si MOSFETSs can be applied to poly-Si TFTs. The drain current

in linear region (Vp < Vg = Vi) can.be approximated as the following equation:

w 1,

Ip = UesrCox (T) ((Ves — V) Vps — EVDS ]
Where W and L are channel width and channel length, respectively. C. is the gate
oxide capacitance per unit area and the V4, is the threshold voltage. Thus, the

transconductance g, is given by

ol w
Im = ﬁ |VD5=const. = .ueffCox(T)VDS

Therefore, the field-effect mobility is obtained by

L
Urg = m Immax
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2.2.3 Determination of ON/ OFF current ratio

On/off current ratio is one of the most important parameters of poly-Si TFTs. An
promising poly-Si TFT technique should not only provides high on-state current but
also low off-state leakage current. For switching elements, as pixel cell, the off state is
frequently operated in normal operation. Therefore, on/off current ratio is evidently a
more appropriate evaluation parameter compared with on state current alone. The
leakage current mechanism in the poly-Si TFTs is more complicated than single crystal
device. For single crystal device, the channel film is composed of single crystalline and
the leakage current is due to the tunneling of minority carrier from drain region to
accumulation layer located in channel region. However, in poly-Si TFTs, the channel is
composed of poly-Si grain, which-has lots of inherence defects in the intra-grain and
inter-grain site. And most of the density of states located within deep state close to the
middle of the forbidden band-gap, and increase as the number of dangling bond
increases. Thus, the leakage current due to trap-assisted tunneling and band-to-band
tunneling is much larger in poly-Si-TFTs than in the single crystal MOSFETS.

In this thesis, the on-state current is defined as the drain current when the gate
voltage at 6V and drain voltage is 0.1V-for n-channel TFT. The off-state current is

defined as the minimum current when the drain voltage equals to 0.1V.

Ion __ Draincurrent of Ips—Vgs plot at Vps=0.1V,Vgg=6V

Ioff " Minimum current of Ips—VgsplotatVps=0.1V
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Poly-Si

(1) 550-nm thick buried oxide was grown and 200-nm a-Si was deposited.

Phosphorous implant

AL L

Poly-Si

(2) Phospharous implantation.

n" poly-Si

(3) 600 C annealing for 24 hours was used to activate the dopants.
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Poly-Si

(4) Dry etching the poly-Si and 80-nm thick buried oxide to define the gate pattern.

a-Si

Poly-Si

(5) Deposit the 15-nm thick TEOS oxide and 50-nm thick a-Si as gate oxide and

channel respective.

(6) Using photoresist to define the Ni-window and deposit 10-nm thick Ni.



(7) The Ni film on the photoresist was removed by the lift-off process.

Poly-Si

(8) The Ni-silicide was formed at 450 °C for 30 s by RTA.

Poly-Si channel

Poly-Si

(9) To crystallize the channel during MILC process (500 “C, 48 h)



Poly-Si

(10) As™ ion Implantation to form n* source/drain and n* floating region.

Fig. 2-1 The schematic cross-section diagrams.and key process flows of
the devices.

Fig. 2-2 Device structure of the proposed VTFT.
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Fig. 2-3 The cross-sectional transmission electron microscope (TEM)
microphotograph and TED pattern of the NSILC-VTFTs.
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Fig. 2-4 The cross-sectional transmission electron microscope (TEM)
microphotograph and TED pattern of the MILC-VTFTs.
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Fig. 2-5 The top-view schematic diagram of MILC-VTFTs with

source, drain, bottom gate and Ni-window.
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Fig. 2-6 (a) The cross-sectional schematic diagram of MILC-VTFTs and

(b) Effective dual gate structure of MILC-VTFTs.
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Fig. 2-7 Optical microscopy photograph of active pattern with the
source, the drain, channels, bottom-gate and Ni-seeding window.
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(b)

Fig. 2-8 The OM micrographs of a sample heat treated for (a) 3 h and (b) 12 h
of heat treatment at 500 °C, and the whole active channel was crystallized by
the MILC process.
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Chapter 3
Characteristics of Vertical Channel Low Temperature

Nickel Induced Lateral Crystallization Poly-Si TFT

Poly-Si TFTs have attracted considerable interest due to their wide applications,
such as driving pixels and peripheral circuits in AMOLEDSs and system on panel (SOP).
The most widely employed methods for poly-Si formation are solid-phase
crystallization (SPC), excimer laser annealing (ELA) and metal-induced lateral
crystallization (MILC)."The a-Si thin films could be crystallized at a low temperature
of below 500 °C by MILC, and it has uniform poly-Si films and low-cost production.
However, there are many.intra-grain defects in poly-Si and-the Ni and NiSi,
precipitates are trapped in poly-Si grain boundaries. Both Ni and NiSi; act as trap sites
for high leakage current at the junction boundary and as scattering sources that
considerably reduce.the filed-effect mobility. Therefore, Ni contamination inside the
MILC poly-Si film should be reduced to improve the device performance.

In order to alleviate adverse effects to obtain high performance TFTs, plasma
treatment and crystal filtering can be used to produce the uniform crystal orientation
and enhance the device performance. Besides, several methods have been proposed to
reduce the amount of undesired metal impurity [47]-[49]. But these methods are
complicated and need extra process. Accordingly, we propose a more simple method to
reduce the Ni and NiSi, contamination in the MILC region and expect the applicability

of the method to fabricate poly-Si TFTs with high performance.
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3.1 Effects of post treatment

It is well known that the grain boundaries exert a profound effect on device
characteristic, because the charges trapped within grain boundaries and build up
potential barriers to the flow of carrier subsequently. Moreover, the numerous
intra-grain defects in poly-Si channel film also adversely influence on the device
performance. Thus, poly-Si TFTs exhibit poor performance such as low mobility, large
subthreshold swing, large threshold voltage, and large leakage current than the
single-crystal counterparts. To obtain high performance poly-Si TFTs, both the grain
enlargement techniques [1]-[2] and defect passivation processes have become
increasingly important. In order to reduce the trap state densities in the poly-Si channel
film, it can be performed by plasma treatment, including Hj, O, N,, and NH3; plasma
[3]-[7]. Traditionally, H, plasma has been a very effective and-popular method for
passivation. However, it had been observed that the introduction of hydrogen would
degrade the reliability due to the weak Si-H bonds. To attenuate the hot-carrier
degradation and obtain comparable device performance, NH; anneal and NH; plasma
passivation have beenrecently proposed, and the better hot-carrier reliability than
using H, plasma passivation has been realized.

In this thesis, the NH3 plasma treatment was performed for 10 min at 300 °C with
RF power of 50 W. The flow-rate was 100 sccm at pressure of 67 Pa. The typical
transfer characteristic and the transconductance of NSILC-VTFTs and MILC-VTFTs
with and without NH3 plasma treatment is shown in Fig. 3-1. The length of the floating
region and channel width is 0.35 2 mand 1 pm respectively.

Accordingly, the subthreshold swing (S.S.) and the effective interface trap-state
density (Nj) of the NH; plasma-treated NSILC-VTFT are 224.1 mV/dec. and
2.98 x 1012 cm™2, respectively, which are superior to 1206.9 mV/dec. and 20.8 x

1012 ¢cm~2 of the control NSILC-VTFT. And the S.S and the Nj; of the plasma-treated
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MILC-VTFT are 256.8 mV/dec. and 3.57 x 1012 cm™2, respectively. Moreover, the
field-effect mobility of NILC-VTFT and MILC-VTFT with NH3 plasma treatment for
10 min are 131.87 cm?/V-s and 147.39 cm?/V-s, respectively. It is evident that device
characteristics are significantly improved by NH3 plasma passivation. Detailed device
parameters such as field-effect mobility (pes), subthreshold swing (S.S.), effective
interface trap-state density (Nj), off-state current (lo), ON/OFF current ratio are
summarized in Table 3-1. It has higher field mobility, higher ON/OFF current ratio,
lower threshold voltage, and steeper subthreshold swing with NH3 plasma treatment.
The previous study had reported.that the threshold voltage and subthreshold swing are
related to the dangling-bond deep trap states. They have faster response to the plasma
passivation. And the leakage current-and field-effect mobility, which are related to
strain-bond tail trap states of poly-Si channel, have slower improvement to plasma
passivation [8]. NHs plasma passivation further improves the performance of these
devices, suggesting that the NHgz plasma effectively passivated the dangling bonds at
the grain boundary by the H and N radicals coupling and the nitrogen pile up at the
SiO,/poly-Si interface resulting in the formation of strong Si-N bonds[6]-[8]. Moreover,
the NH3 plasma passivation. reduces the-barrier -height (Eg) of the poly-Si grain
boundary, the electrons can easily overcome Eg, producing a high current and allowing

the TFT to be easily turned on.

3.2 Crystal Filtering Effect

The poly-Si TFTs have attracted much attention for driving pixels and peripheral
circuits in AMOLEDs, due to their higher carrier mobility than a-Si TFTs. However,
the presence of poly-Si grain boundary defects in the channel region of TFTs
drastically influences on the electrical characteristics [9]-[10]. Therefore, the control of

the orientation of the Si crystal grains enables us to control the alignment of grain
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boundaries. Thus, the electrical performance can be improved by reducing the grain
boundary defects and the randomly oriented grain boundaries from the device area. In
this section, we propose the VTFTs with various crystal filter widths and multichannel
structure to improve the electrical characteristics by crystal filtering effect.

In this thesis, the devices can be divided into two groups, EW2 and EW1,
according to their effective widths listed in Table 3-2. The top view optical microscope
microphotographs of MILC-VTFTs with various widths of crystal filter are shown in
Fig. 3.2. The effective width of EW2 and EW1 are 2 um and 1 um respectively. Both
the devices of the floating region length (Lf) were fixed at 1 um. In the group EW?2,
one with crystal filter width of 2 um and a single-channel (designed “W2C1”), one
with crystal filter width of 1-um-and two channels (designed “W1C2”), one with
crystal filter width of 0.5 um and-four channels (designed “W0.5C4”), and the other
with crystal filter width of 0.4 um and five channels (designed “W0.4C5”). In the
group EW1, one with crystal filter width of 1 pm and a single-channel (designed
“W1C1”), and another with crystal filter width of 0.5 um and two-channels (designed
“W0.5C2”).

Fig. 3.3 shows the transfer characteristics of MILC-VTFTs with various widths of
crystal filter. Compared with W2C1, W1C2, W0.5C4, W0.4C5 has better device
performance than its counterparts. Moreover, the W0.5C2 also has the significant
performance than other. These results indicate that the narrower the unit channel width
is, the better the electrical performance is, including higher on-state current, steeper
subthreshold swing, and lower off-state current. This is attributed to that lower
probability of the channel region covers the grain boundary in narrower width devices
and the channel region would have more uniform crystal growth direction than the
unfiltered active layer of MILC-VTFT area. The narrower the widths of the crystal

filters are, the more uniform the crystallographic orientation the MILC poly-Si is
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[11]-[212]. In general, the c-Si grains grow toward the a-Si region with the migration of
NiSi, and the individual crystallites form networks in Ni-MILC process. Moreover, if
the NiSi, layer at the front of c-Si grain meets other crystal grains crystallized by the
MILC process. Subsequently, the NiSi, cannot migrate through the c-Si anymore
because there is no difference of chemical potential driving force for the phase
transformation between the two c-Si grains [13]. Therefore, the captured NiSi, would
increase silicide contaminations in the MILC region. For the crystal filtering method,
there are few crystal Si grains, which has growth direction parallel to the crystal filter,
can pass through the filter. Thus, the crystallized Si. grains have longer grain lengths,
similar crystal orientation and dense microstructure could be selected through crystal
filter [14]-[15]. Therefore, .the—narrower crystal filter width has better grain
crystallization, less intra-grain-defects, less grain boundaries defects and NiSi;
contaminations in the poly-Si channel. Hence, the device performance, including
higher on-state current, steeper subthreshold swing, lower off-state current, will be
improved by reducing the crystal filter width.

In order to further confirm the crystal filter effect is correct, we measured more
than 20 devices to determine the statistical-average values of on-state current (lon),
off-state current (lo ), subthreshold swing (S.S.), and transconductance (Gn,) of group
EW2 and EW1, shown in Fig. 3-4 — Fig. 3-11. Based on the statistical result, the
narrower crystal filter width also has higher Iy, lower log, steeper S.S., and higher G,
than others wider crystal filter width. The statistical average values of some important
parameters of all devices are summarized in Table 3-3. The WO0.4C5 also has the
highest field-effect mobility (ure) as 87.5 cm?/V s in the group EW2. And the W0.5C2
has the best field-effect mobility as 96.3 cm?V s in all devices. These results were
similar to previous reports, indicating that the poly-Si grain lateral length increase as

the channel width declines and the grain boundary defects of poly-Si would be reduced
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to increase the mobility.

In addition, the longitudinal grains and their boundaries are parallel to the
direction of carrier flow in the channel. The wide channel devices with grain
boundaries traversing from source to drain provide extra current paths and cause
punchthrough. However, the VTFTSs inherently own an effective dual gate structure and
the offset region, constructed by self-aligned oxide overetching. The previous study
had reported that the OFF-state currents can be improved by increasing the oxide
overetching depth and equivalent dual-gate structure [16]. This improvement on
leakage current originates from reducing the lateral electrical field in the drain
depletion region [17]-[20]. Thus, the OFF-state current of these device can be reduced

below 1 pA/ pum.

3.3 Compare NSILC-VTFT with MILC-VTFET

According to the previous report [21], the excess Ni accumulation in the middle of
the n+ floating region is found in the MILC-VTFTs, but it is not found in the
NSILC-VTFTs. The Ni‘and NiSi, precipitates trapped-in the grain boundary would act
as trap sites which increase the leakage current and degrade the field-effect mobility.

In this section, we focus on discussing the different electrical characteristics
between NSILC-VTFTs and MILC-VTFTs. Fig. 3-12 —Fig. 3-15 show the on-state
current distribution, off-state current distribution, subthreshold swing distribution, and
transconductance distribution of the NSILC-VTFTs and MILC-VTFTs with 1 um of
length of n* floating region and channel width from 0.35 um to 1 pm, respectively. We
can observe that the electrical performance of NSILC-VTFTs and MILC-VTFTs seems
to be no significantly difference. No matter what size of device we choose, we still
have the same conclusion: There are no difference between NSILC-VTFTs and

MILC-VTFTs.
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This observation can be possibly ascribed to the following explanations. In this
work, we used the unilateral crystallization method to complete the channel
crystallized. Therefore, there is no excess Ni accumulation found in MILC-VTFTs and
NSILC-VTFTs. And the MILC/MILC grain boundary in the middle of the channel can
be eliminated. If the Ni content is provided by an appropriate amount to complete the
channel crystallization, even MILC-VTFTs will be no excess Ni remaining in the
channel. Therefore, the NSILC-VTFTs with Ni-silicided seeding window to limit the
Ni source is not able to further improve the device characteristics. Nevertheless, the
leakage current still can be suppressed by the dual-gate structure and offset region due
to reducing the lateral electrical field in the drain depletion region.

Moreover, as channel widths-decrease, the o suppresses and the Gp, S.S. and g,
enhances. These results reflect the-crystal filtering once more. The average values of
some important parameters are summarized in the Table 3-4. The narrower the widths
of the crystal filters are, the more uniform the crystallographic orientation the MILC
poly-Si is. Thus, the high performance device can-be achieved by reducing the channel
widths.

Although the narrower the channel-width is the better the electrical performance,
the on-state current would be degrade due to the W/L factor reducing. In order to
overcome this problem, we proposed a layout which given high performance VTFTs.
The design of wide devices usually involves the breakdown of a wide transistor into a
number of smaller transistors in parallel. In this experiment, we fabricated the multiple
channels structure, which unit channel width of 0.35 um. Fig. 3-16 shows the transfer
characteristics of a MILC-VTFT with unit crystal width of 0.35 um under various
channel number. These results indicate that the multiple channel and crystal filtering
effect can significant improve the on-state current, while maintaining the high

performance of VTFTs. When the channel numbers are increased, the S.S. still remains
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better performance about 300 mV/dec.. Moreover, the off-state current can
significantly be reduced with both the equivalent dual-gate structure and offset region,
and the on-state current and G, can evidently be improved by multiple channels. In
order to further verify the result is correct, more than 20 devices are measured to obtain
the statistics. The average values of some important parameters such as lon, loff, S.S.,
G and their standard deviations with unit crystal width of 0.35 um for various channel
number are shown in Fig. 3-17- Fig. 3-20. As a result, the combination of narrower
crystal width and multiple channels can successfully further optimize electrical
characteristics of poly-Si TFTs,.owning to the elimination of grain boundaries and

defects.
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Table 3-1 Characteristics of poly-Si TFTs with and without plasma
treatment. All parameters are extracted at V4 = 0.1 V. W/L = 0.35 pm/ 1 pm

... S.S. HFE Nit lon loff Lon/ loft
Condition 4 w2 7
(mV/dec.){(em/V:s)| (10" cm™) | (pA) (pA) (%109
No-plasma | 1206.9 | 100.42 20.8 3.30 0.162 2.03
NSILC-
VTFTs
NH; 10 min 224.1 131.87 2.98 5.27 0.041 12.8
No-plasma 1341.4 75.67 21.0 2.47 0.760 0.295
MILC-
VTFTs
NH;3 10 min 256.8 147.39 3.57 6.49 0.076 8.51
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Table 3-2 The width and number of unit channel in the devices.

Unit channel Total
Group Device channel

width number width
W2C1 2 1
W1C2 1 2

EW2 f————————————F—————— === 2 um
WO0.5C4 0.5 4
W0.4C5 0.4 5
W1C1 1 1

EW1 (- 1 um
W0.5C2 0.5 2
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(b)
Fig. 3-2 The top view optical microscope microphotograph of MILC-VTFTs
with various widths of crystal filter. (a) Total width = 2 um (b) Total width =1um
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Table 3-3 The statistical average value of some parameters of EW2 and EW1.

MILC-VTFT | W2C1 A W1C2 WO0.5C4 WO0.4C5| W1C1 | W0.5C2
S.S. (mV/dec.) | 428.67 | 360.97 | 331.88" 803.66 | 379.85 @ 310.03
nee (cm?V-s) | ~61.1 77.2 80.3 87.5 83.0 96.3
lon (HA) 1056 | 1346 1498 @ 1917 | 9.8 10.57
L (DA) 2.03 1.25 1.07 0.92 0.66 0.48
Tow/ T (x107) 0.52 1.08 1.4 2.08 1.5 2.2
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Table 3-4 Comparison the statistical average value of NSILC-VTFTs and
MILC-VTFTs with various channel width.

(x10")

Condition W=0.35pm W =0.5 pm W=1pm
NSILC- I MILC-V NSILC-TI MILC-V NSILC-TI MILC-V
| | |
Parameter TFTs : TFTs FTs : TFTs FTs : TFTs
I t i
sS. I I I
295.94 | 298.81 324.80 | 317.10 366.92 | 360.66
(mV/dec.) | I I
| | |
i i i
pee (cm?/V-s) | 108.68 | 106.16 10352 | 104.41 90.11 | 88.05
! ! !
| | |
lon (HA) 483 | 4.66 714 | 6.18 10.64 | 10.03
| | |
I | |
Lot (PA) 0.12 I 0.17 0.82 I 1.05 1.15 I 1.41
1 1 1
Ion/ Ioff I I I
403 | 274 087 | 059 093 | 0.71
| | |
] ] ]
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Fig. 3-18 The off-state current distribution of NSILC-VTFTs and
MILC-VTFT with unit crystal width of 0.35 um under various channel
number.

48



o)
-
o

—_
S | Multiple vertical channel | Open— NSILC-VTFTs
S Solid — MILC-VTFTs
S 400 }

E | Al (}

= s

2 300 + 1 I

= ]

7

< 200 F

S V_ =01V

< [ L =1um —{1+ — 1channel
8 100 f —/\— —&— 2 channels
= [ NH, plasma 10 min —O— —@— 5 channels
% + Unit channel width = 0.35 ym 10 channels
@0

Channel Number

Fig. 3-19 The subthreshold swing distribution of NSILC-VTFTs and
MILC-VTFT with unit crystal width of 0.35 um under various channel
number.

15
Multiple vertical channel
@ |} [Open— NSILC-VTFTs| = 2~ —@~ 1 channel
= Solid— MILC-VTFTs | -O- —@—2channels
(B} —/\— —4— 5 channels
c10F V, =01V 10 channels
@
t‘) | L.=1pm
g NH, plasma 10 min L
g Unit channel width = 0.35 um l
o SOF l
-
s | Q@
— i
0

Channel Number
Fig. 3-20 The transconductance distribution of NSILC-VTFTs and
MILC-VTFT with unit crystal width of 0.35 um under various channel

number.

49



Chapter 4

Conclusions and Future Works

4.1 Conclusions

In this thesis, for the first time, we have investigated the characteristic of vertical
channel poly-Si thin-film transistors fabricated by MILC with crystal filtering
technique. For crystal filtering technique, the narrower crystal filter width has better
grain crystallization and less intra-grain, less grain boundaries defects and NiSi;
contaminations in the poly-Si channel. This is attributed to the lower probability of the
channel region to cover the grain boundary in narrower width devices and the channel
region would have more uniform crystal growth direction than the unfiltered active
layer of MILC-VTFT area. The device performance including higher on-state current,
steeper subthreshold swing, lower off-state current will be improved by reducing the
crystal filter width:

In this thesis; we also observe that the electrical performance of NSILC-VTFTs
and MILC-VTFTs seems to be no significantly difference. In this work, we used the
unilateral crystallization ‘method to.complete the channel crystallized. Therefore, the
MILC/MILC grain boundary in the middle of the channel can be eliminated. Once the
Ni content is provided by an appropriate amount to complete the channel crystallized,
even MILC-VTFTs will be no excess Ni remaining in the channel. Therefore, the
NSILC-VTFTs with Ni-silicided seeding window to limited the Ni source is not able to
further improve the device characteristics. Besides, the leakage current still can be
suppressed by the dual-gate structure and offset region due to reducing the lateral
electrical field in the drain depletion region. Thus, the OFF-state current of these

device can be reduced below 1 pA/ um.
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4.2 Future works

There are some interesting and important topics that are suggested for the future
work. First of all, MILC process is used to crystallize the a-Si layer in this thesis. The
on-state current limitation results from the large S/D parasitic series resistance and
contact resistance, which remain problems for device scaling and reduce device
performance. To decrease the parasitic resistance of the poly-Si TFTs, the fully
Ni-salicided S/D and n* floating region is a technology to solve this problem.

Second, lower the gate height to achieve the short-channel device, which can
overcome the limit of photolithography. Different gate height including 150nm, 100nm
can be executed. Thus, the channel length of device can be scaled down below the
limitation of I-line stepper. Besides; the lower the gate height, the easier it is to form
the spacer and Ni-silicide.

Third, the reliability mechanisms of VTETs by MILC crystallization method, such
as hot carrier stress;, NBTI and PBTI can be studied. And we can.not only change the
material of channel-layer to a-Ge or IlI-VV compound-material but-also change the gate
dielectric layer to high-k insulators, such as Al,O3, Ta,Os or HfO..

Moreover, the vertical channel structure can be applied by as a memory device.
This idea is shown in Fig. 4-1. This double-gate SONOS-type TFT memory is suitable
for NAND flash memory, due to simple fabrication process, multi-bit per cell and

smaller bit size.

51



Sub-gate
P,

o, e

i~ Vertical
channel

}ONO layer

Fig. 4-1 The schematic cross-section of VTFT with O/N/O layer and
double-gate.

52



Reference

Chapter 1

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

M. Stewart, R. S. Howell, L. Pires, and M. K. Hatalis, “Polysilicon TFT
technology for active matrix OLED displays,” IEEE Trans. Electron Devices, vol.
48, no. 5, pp. 845-851, May 2001.

Y. Oana, “Current and future technology of low-temperature poly-Si TFT-LCDs,”
J. Soc. Inf. Disp., vol. 9, pp. 169-172, 2001.

R. E. Proano, R. S. Misage, D. Jones, and D. G. Ast, “Guest-host active matrix
liquid-crystal display using high-voltage polysilicon thin-film transistors,” IEEE
Trans. Electron Devices, vol. 38, pp. 1781-1786, Aug. 1991.

W. G. Hawkins, “Polycrystalline-silicon device. technology for large-area
electronics,” IEEE Trans. Electron Devices, vol. 33, no. 4, pp. 477-481, Apr.
1986.

C. W. Lin, M:Z. Yang, C. C. Yeh, L. J. Cheng, T..Y. Huan, H. C. Cheng, H. C. Lin,
T. S. Chao, and C. Y. Chang, Effects of plasma treatments, substrate types, and
crystallization methods onperformance and reliability of low temperature
polysilicon TFTs,” in IEDM Tech. Dig., 1999, pp. 305-308.

V. Subramanian, M. Toita, N. R. Ibrahim, S. J. Souri, and K. C. Saraswat,
“Low-leakage germanium-seeded laterally-crystallized single-grain 100-nm TFTs
for vertical integration applications,” IEEE Electron Device Lett. 20, 341, July
1999 .

C.H. Faand T. T. Jew, “The Polysilicon Insulated-Gate Field-Effect Transistors,”
IEEE Trans. Electron Devices, vol. 13, no. 2, pp. 290, 1996

G. Baccarani, B. Ricco and G. Spadin, “Transport properties of polycrystalline

silicon films,” J. Appl. Phys., vol. 49, pp. 5565-5570, 1978.

53



[9] I. W. Wu, Alan G. Lewis, T. Y. Huang, Warren B. Jackson and Anne Chiang,
“Mechanism and Device-to-Device Variation of Leakage Current in Polysilicon
Thin Film Transistors,” IEDM Tech. Dig., 1990, pp. 867-870.

[10] G. K. Guist and T. W. Sigmon, “High-performance thin-film transistors fabricated
using excimer laser processing and grain engineering,” IEEE Trans. Electron
Devices, vol. 45 pp. 925-932, Apr. 1998.

[11] Y. W. Choi, J. N. Lee, T. W. Jang, and B. T. Ahn, “Thin-film transistors fabricated
with poly-silicon films crystallized at low temperature by microwave annealing,”
IEEE Electron Device Lett.,vol. 20, no. 1, pp: 2-4, Jan, 1999.

[12] K. M. Chang, W. C. Yang, and C. P. Tsai, “Electrical characteristics of low
temperature polysilicon TFT-with a novel TEOS/oxynitride stack gate dielectric,”
IEEE Electron Device Lett.;-vol. 24, no. 8, pp. 512-514, Aug. 2003.

[13] W. G. Hawkins, “Polycrystalline-silicon device technology for large-area
electronics,” IEEE Trans. Electron Devices, vol. 33, no. 4, pp. 477-481, Apr.
1986.

[14] T. Aoyama, G. Kawachi, N. Konishi, T. Suzuki, Y. Okajima, and K. Miyata,
“Crystallization of LPCVD:silicon films by low-temperature annealing,” J.
Electrochem. Soc., vol. 136, no. 4, pp. 1169-1173, 1989.

[15] K. Nakazawa, “Recrystallization of amorphous silicon films deposited by
low-pressure chemical vapor deposition from SilHg gas,” J. Appl. Phys., vol. 69,
no. 3, pp. 1703-1706, 1991.

[16] H. Kurivama, S. Kiyama, S. Noguchi, T. Kuwahara, S. Ishida, T. Nohda, K. Sano;
H. Iwata, S. Tsuda, and S. Nakano, “High-mobility poly-Si TFT by a new laser
annealing method for large area electronics,” in IEDM Tech. Dig., 1991, pp.
563-566.

[17] H. Kuriyama, S. Kiyama, S. Nouguchi, T. Kuwahara, S. Ishida, T. Nohda, K. Sano,

54


http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=T%2EKuwahara
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=S%2EIshida
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=T%2ENohda
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=K%2ESano

H. Iwata, H. Kawata, M. Osumi, S. Tsuda, S. Nakano and Y. Kuwano,
“Enlargement of poly-Si film grain size by excimer laser annealing and its
application to high-performance poly-Si thin film transistor,” Jpn. J. Appl. Phys.,
vol. 30, pp. 3700-3703, 1991.

[18] S. W. Lee and S. K. Joo, “Low temperature poly-si thin-film transistor fabricated
by metal-induced lateral crystallization,” IEEE Electron Device Lett., vol. 17, pp.
160-162, Apr. 1996.

[19] H. Wang, M. Chan, S. Jagar, V. M. C. Poon, M. Qin, Y. Wang, and P. Ko, “Super
thin-film transistor with SOI CMOS performance formed by a novel grain
enhancement method,”” IEEE Trans. Electron Devices, vol. 47, pp. 1580-1586,
Aug. 2000.

[20] V. Subramanian and K.-C.-Saraswat, ‘“High-performance germanium seeded
laterally crystallized TFTs for vertical device integration,” IEEE Trans. Electron
Devices, vol. 45, pp. 1934-1939, Sept. 1998.

[21] S. Y. Yoon, K:H. Kim, C. O. Kim, J.Y .Oh -and J. Jang, “Low temperature metal
induced crystallization of amorphous silicon using.a Ni solution,” J. Appl. Phys.,
vol. 82, pp. 5865-5867, 1997.

[22] Z. Jin, G. A. Bhay, M. Yeung, H. S. Kwok and M. Wong, “Nickel induced
crystallization of amorphous silicon thin films,” J. Appl. Phys., vol. 84,
pp.194-200, 1998.

[23] T. Hempel and O. Schoefeld, “Needle-like crystallization of Ni doped amorphous
silicon thin films,” Solid State Commun., vol. 85, no. 11, pp.921-924, 1993.

[24] S. W. Lee, Y. C. Jeon and S. K. Joo, “Pd induced lateral crystallization of
amorphous Si thin films,” Appl. Phys. Lett., vol. 66, pp. 1671-1673, 1995.

[25] S. W. Lee, B. I. Lee, T. K. Kim ,and S. K. Joo, “Pd,Si-assisted crystallization of

amorphous silicon thin films at low temperature,” J. Appl. Phys., vol. 85, pp.

55


http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=H%2EIwata
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=H%2EKawata
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=M%2EOsumi
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=S%2ETsuda
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=S%2ENakano
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=Y%2EKuwano

7180-7184, 1999

[26] M. S. Haque, H. A. Naseem, and W. D. Brown, “Aluminum-induced
crystallization and counter-doping of phosphorous-doped hydrogenated
amorphous silicon at low temperatures,” J. Appl. Phys., vol. 79, pp. 7529-7536,
1996.

[27] O. Nast, S. Brehme, D. H. Neuhaus, and S. R.Wenham, “Polycrystalline silicon
thin films on glass by aluminum-induced crystallization,” IEEE Trans. Electron
Devices, vol. 46, pp. 2062-2067, Oct. 1999.

[28] L. Hultman, A. Robertsson, H. T. G. Hentzell, I. Engstrom, and P. A. Psaras,

“Crystallization of‘amorphous silicon during thin-film gold reaction,” J. Appl.
Phys., vol. 62, pp. 3647-3655,-1987.

[29] K. H. Lee, Y. K. Fang, and-S.-H. Fan, “Au metal-induced lateral crystallization
(MILC) of hydrogenated amorphous silicon thin film with very low annealing
temperature and fast MILC rate,” Electron. Lett., vol. 35, no. 13, pp. 1108-11009,
June 1999.

[30] K. .N. Tu, “Selective growth of metalrich silicide of nearnoble metals,” Appl.
Phys. Lett., vol. 27, pp. 221-224, 1975:

[31] J. H. Kim and J. Y. Lee, “Al-Induced Crystallization of an Amorphous Si Thin
Film in a Polycrystalline Al/Native SiO,/Amorphous Si Structure,” Jpn. J. Appl.
Phys., vol. 35, pp. 2052-2056 , 1996.

[32] U. Koster, and P. Weiss, “Crystallization and decomposition of amorphous
silicon-aluminium films,” J. Non-Cryst. Sol., vol. 17, pp. 359, 1975.

[33] M. S. Ashtikar, and G. L. Sharma, “Structural Investigation of Gold Induced
Crystallization in Hydrogenated Amorphous Silicon Thin Films,” Jpn. J. Appl.
Phys., vol. 34, pp. 5520-5526, 1995.

[34] L. Hultman, A. Robertsson, H. T. G. Hentzell, I. Engstro'm, and P. A. Psaras,

56



“Crystallization of amorphous silicon during thin-film gold reaction,” J. Appl.
Phys., vol. 62, pp. 3647- 3655, 1987.

[35] F. A. Quli and J. Singh, “Transmission electron microscopy studies of
metal-induced crystallization of amorphous silicon,” Materials Science and
Engineering, vol. B67, pp. 139-144, 1999.

[36] C. Hayzelden and J. L. Batstone, “Silicide formation and silicide-mediated
crystallization of nickel-implanted amorphous silicon thin films,” J. Appl. Phys.,
vol. 73, pp. 8280-8289, 1993.

[37] T. Zhao, M. Cao, K. C. Saraswat, and J. D. Plummer, “A vertical submicron
polysilicon thin-film transistor using a low temperature process,” IEEE Electron
Device Lett., vol. 15, pp..415-417, 1994.

[38] M. Z. Lee, C. L. Lee and-T. F. Lei, “Novel Vertical Polysilicon Thin-Film
Transistor with Excimer-Laser Annealing,” Jpn. J. Appl. Phys., vol. 42, pp. 2123~
2126, 2003

[39] C. S. Lai, C. L. Lee, T. F. Lei, and H. N. Chern, “A novel vertical bottom-gate
polysilicon thin film transistor with self-aligned offset,” IEEE Electron Device
Lett., vol. 17, no. 5, pp. 199-201, May-1996.

[40] C. A. Dimitriadis, and M. Miyasaka, “Performance enhancement of offset gated
polysilicon thin-film transistors,” IEEE Electron Device Lett., vol. 21, pp. 584-586,
May 2000.

[41] K. Tanaka, K. Nakazawa, S. Suyama, and K. Kato, “Characteristics of
field-induced-drain (FID) poly-Si TFTs with high ON/OFF current ratio,” IEEE
Trans. Electron Devices, vol. 39, no. 4, pp. 916-920, Apr. 1992.

[42] C. T. Liu, C. H. D. Yu, A. Kornblit, and K. H. Lee, “Inverted thin-film transistor
with a simple self-aligned lightly doped drain structure,” IEEE Trans. Electron

Devices, vol. 39, no. 12, pp. 2803-2809, Dec. 1992.

57



[43] Z. Xiong, H. Liu, C. Zhu, and J. K. O. Sin, “Characteristics of high- « spacer
offset-gated polysilicon TFTs,” IEEE Trans. Electron Devices, vol. 51, no. 8, pp.
1304-1308, Aug. 2004.

[44] P. Y. Kuo, T. S. Chao, P. S. Hsieh, and T. F. Lei, “Characteristics of self-aligned
Si/Ge T-gate poly-Si thin-film transistors with high ON/OFF current ratio,” IEEE
Trans. Electron Devices, vol. 54, no. 4, pp. 1171-1176, May 2007.

[45] M. Wong, Z. Jin, Bhat, G. A. Bhat, P. C. Wong, and H. S. Kwok,
“Characterization of the MIC/MILC interface and its effects on the performance
of MILC thin-film transistors,” IEEE Trans. Electron Devices, vol. 47, no. 5, pp.
1061-1067, May 2000.

[46] K. R. Olasupo, and M. K.-Hatalis, “L.eakage current mechanism in submicron
polysilicon thin-film transistors,” IEEE Trans. Electron Devices, vol. 43, no. 8, pp.
1218-1223, Aug. 1996.

[47] B. M. Wang, and Y. C. S. Wu, “Gettering of Ni from Nickel-Induced Lateral
Crystallization: Silicon, "Using Amorphous = Silicon ‘and - Chemical Oxide,”
Electrochem. and Solid-State Lett, vol. 12, pp. J14-J16, 2009

[48] J. H. Choi, S. S. Kim,J. H. Cheon, S=J.-Park; Y. D. Son, and J. Jang, “Kinetics of
Ni-Mediated Crystallization of a-Si Through a SiNx Cap Layer,” J. Electrochem.
Soc., vol. 151, no. 7, pp. G448-G451, 2004.

[49] C. M. Hu, Y. C. S. Wu, and C. C. Lin, “Improving the Electrical Properties of
NILC Poly-Si Films Using a Gettering Substrate,” IEEE Electron Device Lett., vol.

28, pp. 1000-1003, November 2007.

58



Chapter 2

[1]

[2]

[3]

[4]

[5]

I. H. Song, S. H. Kang, W. J. Nam, and M. K. Han, “A high-performance
multichannel dual-gate poly-Si TFT fabricated by excimer laser irradiation on a
floating a-Si thin film,” IEEE Electron Device Lett., vol. 24,no. 9, pp. 580-582,
Sep. 2003.

Y.C.Wu, T. C. Chang, P. T. Liu, C. W. Chou, Y. C. Wu, C. H. Tu, and C. Y. Chang,
“Reduction of leakage current in metal-induced lateral crystallization polysilicon
TFTs with dual-gate and multiple nanowire channels,” IEEE Electron Device Lett.,
vol. 26, no. 9, pp. 646648, Sep. 2005.

T. Noguchi, H. Hayashi, and T. Ohshima, “Low Temperature Polysilicon
Super-Thin-Film. Transistor-(LSFT),” Jpn. J. Appl. Phys., vol. 25, pp. 121-123,
1986.

C.Y. Chen, J.W. Lee, S. D. Wang, M. S. Shieh, P. H. Lee, W. C. Chen, H. Y. Lin,
K. L. Yeh, .and T. F Lei, “Negative Bias Temperature Instability in
Low-Temperature Polycrystalline Silicon Thin-Film Transistors,” IEEE Trans.
Electron Devices, vol. 53, no. 12, pp. 2993-3000, Dec. 2006.

C. A. Dimitriadis, P. A. Coxon, L.-Dozsa, L. Papadimitriou, and N. Economou,
“Performance of thin-film transistors on polysilicon films grown by low-pressure
chemical vapor deposition at various pressures ,” IEEE Trans. Electron Devices,

vol. 39, no. 3, pp. 598-606, Mar. 1992.

59



Chapter 3

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

M. K. Hatalis and D. W. Greve, “Large grain polycrystalline silicon by low-
temperature annealing of low-pressure chemical vapor deposited amorphous
silicon films,” J. Appl. Phys., vol. 63, pp. 2260 - 2266, 1988.

W. G. Hawkins, J. E. Black and C. H. Griffiths, “Growth of single-crystal silicon
islands on bulk fused silica by CO, laser annealing,” Appl. Phys. Lett., vol. 40, pp.
319-321, 1982.

B. A. Khan and R. Pandya, “Activation-energy of source-drain current in
hydrogenated and unhydrogenated polysilicon thin-films transistors,” IEEE Trans.
Electron Devices, vol. 37, pp. 1727-1734, 1990.

H. N. Chern, C. L. Lee, and-T.-E.-Lei, “The effects of H>—O, plasma treatment on
the characteristics of polysilicon thin-film transistors,” IEEE Trans. Electron
Devices, vol. 40, no. 12, pp. 23012306, Dec. 1993.

Y. S. Lee, H..Y. Lin, T. F. Lei; T. Y. Huang, T. C. Chang, and C. Y. Chang,
“Comparison of N and NHz plasma passivation effects on poly-crystalline silicon
thin-film transistors,” Jpn. J. Appl. Phys., vol. 37, no. 7, pp. 3900-3903, Jul. 1998.
F. S. Wang, M. J. Tsai, and H. C. Cheng, “The effects of NH3 plasma passivation
on polycrystalline silicon thin-film transistors,” IEEE Electron Device Lett., vol.
16, no. 11, pp. 503-505, Nov. 1995.

H. C. Cheng, F. S. Wang, and C. Y. Huang, “Effects of NH3 plasma passivation on
n-channel polycrystalline silicon thin-film transistors,” IEEE Trans. Electron
Devices, vol. 44, no. 1, pp. 64-68, Jan. 1997.

W. Wu, T. Y. Huang, W. B. Jackson, A. G. Lewis, and A. Chiang, “Passivation
Kinetics of Two Types of Defects in Polysilicon TFT by Plasma Hydrogenation,”
IEEE Electron Device Lett., vol. 12, no. 4, pp. 181-183, April. 1991.

H. Song, S. H. Kang, W. J. Nam, and M. K. Han, “A high-performance

60



multichannel dual-gate poly-Si TFT fabricated by excimer laser irradiation on a
floating a-Si thin film,” IEEE Electron Device Lett., vol. 24,no. 9, pp. 580-582,
Sep. 2003.

[10] Y. C. Wu, T. C. Chang, P. T. Liu, C. W. Chou, Y. C. Wu, C. H. Tu, and C. Y. Chang,
“Reduction of leakage current in metal-induced lateral crystallization polysilicon
TFTs with dual-gate and multiple nanowire channels,” IEEE Electron Device Lett.,
vol. 26, no. 9, pp. 646648, Sep. 2005.

[11] M. S. Kim, J. S. Lee, Y. S. Kim, and S. K. Joo, “The Effects of Crystal Filtering
on Growth of Silicon Grains in Metal-Induced Lateral Crystallization,”
Electrochem. and Solid-State Lett, vol. 9, pp. G56-G58, 2006.

[12] A. R. Joshi, and K. C. Saraswat;, “‘High Performance Submicrometer CMOS with
Metal Induced Lateral Crystallization of Amorphous Silicon,” J. Electrochem.
Soc., vol. 150, no. 8, pp. G443-G449, 2003.

[13] C. Hayzelden, and J. L. Batstone, “Silicide formation and silicide-mediated
crystallization. of nickel-implanted amorphous silicon thin films,” J. Appl. Phys.,
vol. 73, pp. 8280-8289, 1993.

[14] M. S. Kim, N. K. Song, S. H. Han;-and S. K. Joo, ‘Improvement of the electrical
performance in metal-induced laterally crystallized polycrystalline silicon
thin-film transistors by crystal filtering,” Appl. Phys. Lett., vol. 89, pp. 233503-1,
2006.

[15] I. S. Kang, Y. S. Kim, H. S. Seo, C. W. Ahn, J. M. Yang, and W. J. Hwang, “Kink
current suppression improvement of metal-induced laterally crystallized silicon
thin-film transistors employing asymmetric-channel dual-gate structure,” Appl.
Phys. Lett., vol. 94, pp. 102110, 2009.

[16] Y. H. Wu, P. Y. Kuo, Y.H. Lu, Y. H. Chen, T. Y. Chiang, K. T. Wang, L. C. Yen,

and T. S. Chao, “Symmetric Vertical-Channel Nickel-Salicided Poly-Si Thin-Film

61



Transistors With Self-Aligned Oxide Overetching Structures,” IEEE Trans.
Electron Devices, vol. 58, no. 7, pp.2008-2013, Jan. 2011.

[17] C. T. Liu, C. H. D. Yu, A. Kornblit, and K. H. Lee, “Inverted thin-film transistor
with a simple self-aligned lightly doped drain structure,” IEEE Trans. Electron
Devices, vol. 39, no. 12, pp. 2803-2809, Dec. 1992.

[18] K. Tanaka, K. Nakazawa, S. Suyama, and K. Kato, “Characteristics of
field-induced-drain (FID) poly-Si TFTs with high ON/OFF current ratio,” IEEE
Trans. Electron Devices, vol. 39, no. 4, pp. 916-920, Apr. 1992.

[19] Z. Xiong, H. Liu, C. Zhu, and J. K. O. Sin, “Characteristics of high- « spacer
offset-gated polysilicon TETs,” IEEE Trans. Electron Devices, vol. 51, no. 8, pp.
13041308, Aug. 2004.

[20] P. Y. Kuo, T.'S. Chao, B. S.-Hsieh, and T. F. Lei, “Characteristics of self-sligned
Si/Ge T-gate poly-Si thin-film transistors with high ON/OFF current ratio,” IEEE
Trans. Electron Devices, vol. 54, no. 4, pp. 1171-1176, May 2007.

[21] P. Y. Kuo, T.:S. Chao, J. T. Lai, and -T. F. Lel, “Vertical n-Channel Poly-Si
Thin-Film Transistors With Symmetric SD Fabricated. by Ni-Silicide-Induced
Lateral-Crystallization Technology,” IEEE Electron Device Lett., vol. 30, no. 3, pp.

237-239, Mar. 2009.

62



A (Vita)

B K Bhip Y4k ER &
1994 & 9 1 ~2000°% 6

B Bp i ap iR g
2000 & 9 * ~2003 & 6 *

CERXE
2003 & 9 * ~2006 = 6 4

SEEANES RS 2 S N
2006 & 9 * ~2010 & 6 *

DEERTEN SR

N
2010 # 9 7 ~2012 & 6 *

Milwm~ 8P

B ERAF R EhHTE W3 MR AR e W S 2

The Study of Vertical Channel LTPS TFTs with Metal-Induced Lateral

Crystallization Method

63



