LT FEILEAEN LR R FRE
A Sk B B2
Study on the Polycrystalline Stlicon Thin-Film Transistors with

Location-Controlled Grain Boundary and Double Gate Structure
Using Excimer Laser Annealing

T R e Kai-Fang Wei

sy skt L Dr. Huang-Chung Cheng



_l‘jigl,}—i-'f‘*’é:]’i‘\"k’@lr ~F e AR 2 &
A F BT WL
Study on the Polycrystalline Silicon Thin-Film Transistors with
Location-Controlled Grain Boundary and Double Gate Structure
Using Excimer Laser Annealing

Boyod iy Student : Kai-Fang Wei
R L B L Advisor : Dr. Huang-Chung Cheng
B2+ &
TFIRFE L TIFLTARALIT
ALz
A Thesis

Submitted to Department of Flectronics Engineering
& Institute of Electronics
College of Electrical and Computer Engineering
National Chiao-Tung University
In Partial Fulfillment of the Requirements
For the Degree of Master
In
Electronics Engineering
July, 2007
Hsinchu, Taiwan, Republic of China

PERR 4L &£ =5



Byl fp R EL L B

FE KA S F BT KM L HT HATOR R o

\
P}
3
NG
“

F_L

T
A
2

& 1% (System on a Panel, SOP)} » ** = @F TR OFREFF ~ TR B
4o BEARB L G F HT 75 ik AR B B BT e RAE fe F % gt L

PR G A B Aot DS A T RF AR

=
it
“‘_‘_h
“‘_‘_h
F_
3
q
e}

Bd— BINA AP L 5 Vi % B2 (Elevated Channel Method) 2 ] %

B S AT L R B 2T & B R K e R A P



PARE S R AT R EET B AR R F ARBREEY SR RERE TR
B2Rhp koodm o3 A VEENRFAEMATLES o F T KN E DRSS
RERFAAPAEFF 2R D BRTEEREDRE LR gt - ko d WY
AR R E NSRRI FAAE S e Al EY AL iga Al RS

B 00 Tl B 54 A nf o S R i o BB A RS 150 2L ey

e

RIFFF S RITHI AR E5E - FhEFHEE % F Bilsas
jo T e S PRBE A G 0.6umE 4 A R S -
EAR AR ‘H? ZEHR TN WITHEREAE A oo # AT R T HE T

Mgty o it g it HEJE 2T s HNA| ~ i’iéﬁf‘»‘i?;ﬁﬁ%fﬁifﬁii@

LM

1000 cm?/V-s » @ PA| & i+ P42 340 cm?/V-s o 2 PRI~ 2 o g (4 ik

[

2
a2

Ik

Bl B AR T P e iR L] 2 50 emY/V-s ) TR TR
' F L 016 Vo X §Rk fiitg2 8 £ plufe3t 0.04 V/decade - @ 156 R 1=
2 B A ARG AR R i Y 2 R R AR T R
(DIBL) o gt #b > qpd st i i/l dy > N T REEHT St A ips BEEF N2t
2 55 H TN o

GEEFREELAF LA E T RHEARS A F DT 2a A E R
MAA A2 BRI E T A PRLBT AR TABRERA

Pfed a7 $H FR-EGFH N EFEEHE S0 St g
HHRBRFERTLFTRE  ERTAEBRE S R THF - BT R RENT
FED kDA RBET N T A0 R4 R A PR D 0 MUa 4R 4% fe(Lightly
Doped Drain, LDD)2_ [ 18 & %3 & 88 % 4 > 11" i desh 2 T8 Bk T indr
FIT R TIARM Y o R Wiy EREER IR T IR 0 T
PRI RN G2 B B St 5 63 PR R R

TIEREREIRT o ERFFIET N2 0Tk o

il



Study on the Polycrystalline Silicon Thin-Film Transistors
with Location-Controlled Grain Boundary and Double Gate

Structure Using Excimer Laser Annealing

Student: Kai-Fang Wei Advisor: Dr. Huang-Chung Cheng

Department of Electronics Engineering & Institute of Electronics

National Chiao Tung University

ABSTRACT

In recent years, polycrystalline silicon (poly-Si) thin-film transistors (TFTs) were
the key devices in flat-panel displays , System on a panel (SOP), and three
dimensional integrated circuits (3D-ICs) applications. Although conventional top-gate
poly-Si TFTs by excimer laser crystallization was an effective technology to improve
the crystallinity of polycrystalline silicon thin films, there were still some drawbacks
such as random grain boundaries, narrow process window, etc. In this thesis, we
introduced so called elevated channel method to control the grain growth and the
location of grain boundary. With the aid of this method and double gate structure, the
high performance double gate poly-Si TFTs had been fabricated to obtain single grain
boundary in the channel region.

In the first part, single grain boundary (SGB) double gate (DG) thin-film
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transistors fabricated by excimer laser annealing were investigated. The mechanisms
of elevated channel thin films were studied. A thick amorphous silicon region was
formed in the both sides of elevated channel on the bottom gate which served as the
seeds for the lateral grain growth during excimer laser irradiation. As the laser energy
density was controlled to completely melt the thin region in the channel and partially
melt the thick region near the corner, the lateral grain growth starting from the sides
of elevated channel could progress along the direction toward the center of channel
region. There was only one longitudinal grain boundary in the center of the channel.
Thus, a large-grain polycrystalline silicon thin film which would lead to improved
device performance was obtained. Various analyses were also performed to
investigate the elevated channel thin films. From the analyses of scanning electron
microscope (SEM), transmission*electron microscope (TEM), large longitudinal
grains artificially grown were observed to be about 0:6 um.

Electrical characteristics of single grain-boundary double-gate TFTs were also
studied. High-performance SGB-BDG-TETs.with equivalent field-effect mobility
exceeding 1000 cm*/V-s for n-channel TFTs and 340 cm?/V-s for p-channel TFTs
have been fabricated without any hydrogenation treatment. The uniformity was also
improved by this method. If twenty SGB-DG-TFTs devices were taken into
discussion, the standard deviation of equivalent field-effect mobility was smaller than
50 ¢cm*/V-s and the standard deviation of Vth was smaller than 0.16 V, while that of
subthreshold swing was smaller than 40 mV/decade. By means of double gate
structure, we obtained steeper subthreshold swing and superior drain-induced-
barrier-lowering (DIBL). Furthermore, SGB-DG-TFTs provided 8 times higher
driving current than conventional TFTs.

Although SGB-DG-TFTs exhibited high performance, leakage current issue was

observed in some devices. The mechanism was demonstrated by the penetration of
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depletion region to the small grain accompanied with the elevated channel structure.
During off-state operation, high drain bias voltage causing strong lateral electric field
would release the trap charges and lead to the leakage current. Therefore, we
proposed two methods for the purpose of the alleviation of leakage current, lightly
doped drain (LDD) structure and shrunk gate engineering. For the LDD, the on/off
current ratio was increased while the driving current was sacrificed. Therefore, we
developed the shrunk gate engineering to achieve the goal of the suppression of

leakage current without any sacrifice of transconductance and driving current.
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Table Lists

Table 2-1

Table 2-2

Table 2-3

Average of twenty measured electrical characteristics of n-channel
SGB-DG-TFTs crystallized with elevated channel method and
conventional top gate structure. The thickness of gate oxide was 1000A.

The number of laser shots was 10(ie. 90% overlapping).

Average of twenty measured electrical characteristics of n-channel
SGB-DG-TFTs crystallized with elevated channel method and
conventional top gate structure. The thickness of gate oxide was 1000A.

The number of laser shots was 20(ie. 95% overlapping).

Average of twenty measured electrical characteristics of p-channel
SGB-DG-TFTs crystallized with elevated channel method and
conventional top gate structure. The thickness of gate oxide was 1000.

The number of laser shots,was 10(ie. 90% overlapping).

Table 2-4 Electrical characteristics| of twenty: measured n-channel SGB-DG-TFTs

crystallized with ¢levated channel method and conventional top gate
TFTs. The thickness of gateroxidewas 1000A. The number of laser shots
was 10(ie. 90% overldpping)

Table 2-5 Electrical characteristics of twenty measured p-channel SGB-DG-TFTs

Table 3-1

Table 3-2

crystallized with elevated channel method and conventional top gate
TFTs. The thickness of gate oxide was 1000A. The number of laser shots
was 10(ie. 90% overlapping)

Electrical characteristics of p-channel top/bottom/double gate poly-
crystalline silicon TFTs crystallized by elevated channel method. The
thickness of gate oxide was 1000A. The number of laser shots was 10(ie.

90% overlapping)

Electrical characteristics of n-channel double gate polycrystalline silicon
TFTs with LDD crystallized by elevated channel method. The thickness
of gate oxide was 1000A. The number of laser shots was 20(ie. 95%
overlapping)



Table 3-3 Electrical characteristics of n-channel double gate polycrystalline silicon
TFTs with shrink gate crystallized by elevated channel method. The
thickness of gate oxide was 1000A. The number of laser shots was 20(ie.

95% overlapping)
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Figure Captions
Chapter 2

Fig. 2-1 (a) The schematic illustration of the low energy regime corresponding to
energy densities that partially melting the a-Si thin film

Fig. 2-1 (b) The schematic illustration of the high energy regime corresponding to
energy densities that completely melting the a-Si thin film

Fig. 2-1(c) The schematic illustration of the super Ilateral growth regime
corresponding to energy densities that nearly completely melting the a-Si
thin film

Fig. 2-2 SEM graph of poly-Si by conventional ELA process in SLG regime

Fig. 2-3 Process flow of preparing samples for material characteristics by elevated

channel method
Fig. 2-4 The schematic illustration'of the excimer laser system.

Fig. 2-5 SEM graphs of excimer laser erystallized polycrystalline silicon by elevated
channel method. The ehannel lengtirwas varied from lpum to 1.5 pum. The
bottom poly gate thickness:was 1000A and the gate oxide thickness was
500A. The laser energy density was 510 mJ/cm?

Fig. 2-6 SEM graphs of excimer laser crystallized polycrystalline silicon by elevated
channel method. The channel length was 1.2 um. The poly gate thickness
was 1000A and the gate oxide thickness was S00A. The laser energy density
was (a) 470 (b) 490 (c) 510 mJ/cm”.

Fig. 2-7 SEM graphs of excimer laser crystallized polycrystalline silicon by elevated
channel method. The channel length was (a)l (b)0.8 (¢)0.7 um. The poly
gate thickness was 1000A and the gate oxide thickness was 500A. The laser

energy density was 310 mJ/cm’.

Fig. 2-8 Cross-section TEM graphs of excimer laser crystallized polycrystalline

silicon by elevated channel method.
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ig. 2-9 Cross-section TEM graphs of excimer laser crystallized polycrystalline

silicon by elevated channel method.
ig. 2-10 Process flow for fabrication of SGB-DG-TFTs

ig. 2-11 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 0.8 um, in
which the thickness of gate oxide was 1000 A. The number of laser shots
was 10 (ie. 90% overlapping).

ig. 2-12 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1 pum, in
which the thickness of gate oxide was 1000A. The number of laser shots was

10 (ie. 90% overlapping).

ig. 2-13 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.2 um, in
which the thickness of gdte oxide was. 1000A. The number of laser shots was

10 (ie. 90% overlapping).

ig. 2-14 Transfer characteristic-of n-channel double gate polycrystalline silicon TFTs
crystallized using elevatéd channel method with channel length of 1.5 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was

10 (ie. 90% overlapping).

ig. 2-15 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 2 pm, in
which the thickness of gate oxide was 1000A. The number of laser shots was

10 (ie. 90% overlapping).

ig. 2-16 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 5 pm, in
which the thickness of gate oxide was 1000A. The number of laser shots was

10 (ie. 90% overlapping).
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Fig. 2-17 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 0.8 pm,
in which the thickness of gate oxide was 1000A. The number of laser shots

was 20 (ie. 95% overlapping).

Fig. 2-18 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1 pum, in
which the thickness of gate oxide was 1000A. The number of laser shots was

20 (ie. 95% overlapping).

Fig. 2-19 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.2 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was

20 (ie. 95% overlapping).

Fig. 2-20 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.5 um, in
which the thickness of gdte oxide was. 1000A. The number of laser shots was

20 (ie. 95% overlapping).

Fig. 2-21 Transfer characteristic-of n-channel'double gate polycrystalline silicon TFTs
crystallized using elevatéd channel method with channel length of 2 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was

20 (ie. 95% overlapping).

Fig. 2-22 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 5 pm, in
which the thickness of gate oxide was 1000A. The number of laser shots was

20 (ie. 95% overlapping).

Fig. 2-23 Transfer characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 0.8 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was

10 (ie. 90% overlapping).
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Fig. 2-24 Transfer characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1 pum, in
which the thickness of gate oxide was 1000A. The number of laser shots was

10 (ie. 90% overlapping).

Fig. 2-25 Transfer characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.2 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was

10 (ie. 90% overlapping).

Fig. 2-26 Transfer characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.5 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was

10 (ie. 90% overlapping).

Fig. 2-27 Transfer characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel'method with channel length of 2 pum, in
which the thickness of gdte oxide was. 1000A. The number of laser shots was

10 (ie. 90% overlapping).

Fig. 2-28 Transfer characteristic-of p-channel double gate polycrystalline silicon TFTs
crystallized using elevatéd channel method with channel length of 5 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was

10 (ie. 90% overlapping).

Fig. 2-29 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 0.8 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was

10 (ie. 90% overlapping).

Fig. 2-30 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1 pm, in
which the thickness of gate oxide was 1000A. The number of laser shots was

10 (ie. 90% overlapping).
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

2-31 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.2 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was
10 (ie. 90% overlapping).

2-32 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.5 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was
10 (ie. 90% overlapping).

2-33 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 2 pum, in
which the thickness of gate oxide was 1000A. The number of laser shots was
10 (ie. 90% overlapping).

2-34 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel'method with channel length of 5 pm, in
which the thickness of gdte oxide was. 1000A. The number of laser shots was
10 (ie. 90% overlapping).

2-35 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevatéd channel method with channel length of 0.8 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was

20 (ie. 95% overlapping).

2-36 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1 pm, in
which the thickness of gate oxide was 1000A. The number of laser shots was
20 (ie. 95% overlapping).

2-37 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.2 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was

20 (ie. 95% overlapping).
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

2-38 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.5 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was
20 (ie. 95% overlapping).

2-39 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 2 pum, in
which the thickness of gate oxide was 1000A. The number of laser shots was

20 (ie. 95% overlapping).

2-40 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 5 pm, in
which the thickness of gate oxide was 1000A. The number of laser shots was
20 (ie. 95% overlapping).

2-41 Output characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 0.8 um, in
which the thickness of gdte oxide was. 1000A. The number of laser shots was
10 (ie. 90% overlapping).

2-42 Output characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevatéd channel method with channel length of 1 pm, in
which the thickness of gate oxide was 1000A. The number of laser shots was
10 (ie. 90% overlapping).

2-43 Output characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.2 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was
10 (ie. 90% overlapping).

2-44 Output characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.5 um, in
which the thickness of gate oxide was 1000A. The number of laser shots was
10 (ie. 90% overlapping).
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Fig. 2-45 Output characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 2 pum, in
which the thickness of gate oxide was 1000A. The number of laser shots was

10 (ie. 90% overlapping).

Fig. 2-46 Output characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 5 pm, in
which the thickness of gate oxide was 1000A. The number of laser shots was

10 (ie. 90% overlapping).

Fig. 2-47 Alleviated kink effect by n-channel SGB-DG-TFTs rather than conventional
TFTs. The channel length was 0.8 um, in which the thickness of gate oxide
was 1000A. The number of laser shots was 10 (ie. 90% overlapping).

Fig. 2-48 Statistics and uniformity of equivalent field effect mobility. Twenty
n-channel SGB-DG-TFTs crystallized with elevated channel method and
conventional top gate TFTs wete-measured. The thickness of gate oxide
was 1000A. The numbér of laser.shots was 10(ie. 90% overlapping)

Fig. 2-49 Statistics and uniformity of threshold voltage. Twenty n-channel
SGB-DG-TFTs crystallized Twithh elevated channel method and
conventional top gate TETs were measured. The thickness of gate oxide
was 1000A. The number of laser shots was 10(ie. 90% overlapping)

Fig. 2-50 Statistics and uniformity of subthreshold swing. Twenty n-channel
SGB-DG-TFTs crystallized with elevated channel method and
conventional top gate TFTs were measured. The thickness of gate oxide
was 1000A. The number of laser shots was 10(ie. 90% overlapping)

Fig. 2-51 Statistics and uniformity of equivalent field effect mobility. Twenty
p-channel SGB-DG-TFTs crystallized with elevated channel method and
conventional top gate TFTs were measured. The thickness of gate oxide
was 1000A. The number of laser shots was 10(ie. 90% overlapping)

Fig. 2-52 Statistics and uniformity of threshold voltage. Twenty p-channel
SGB-DG-TFTs crystallized with elevated channel method and
conventional top gate TFTs were measured. The thickness of gate oxide
was 1000A. The number of laser shots was 10(ie. 90% overlapping)
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Fig. 2-53 Statistics and uniformity of subthreshold swing. Twenty p-channel

Fig. 2-54

Fig. 2-55

Fig. 2-56

SGB-DG-TFTs crystallized with elevated channel method and
conventional top gate TFTs were measured. The thickness of gate oxide

was 1000A. The number of laser shots was 10(ie. 90% overlapping)

The dependence of equivalent field effect mobility on laser energy
densities for n-channel SGB-DG-TFTs crystallized with elevated channel
method and conventional TFTs. The thickness of gate oxide was 1000A.

The number of laser shots was 10(ie. 90% overlapping).

The dependence of activation energy of drain current on gate bias voltage
for n-channel SGB-DG-TFTs crystallized with elevated channel method.
The thickness of gate oxide was 1000A. The number of laser shots was

10(ie. 90% overlapping).

The dependence of activatien'eénergy of drain current on gate bias voltage
for n-channel DG-TFTs crystallized with solid phase crystallization. The
thickness of gate oxide was 1000A ;

Chapter 3

Fig. 3-1 Process flows for fabrication of SGB-TG-TFTs

Fig. 3-2 Process flows for fabrication of SGB-BG-TFTs

Fig. 3-3 Transfer characteristic of p-channel top/bottom/double gate polycrystalline

silicon TFTs crystallized using elevated channel method with channel length

of 1 um, in which the thickness of gate oxide was 1000 A. The number of

laser shots was 10 (ie. 90% overlapping).

Fig. 3-4 Output characteristic of p-channel top/bottom/double gate polycrystalline

silicon TFTs crystallized using elevated channel method and conventional

TFTs with channel length of 1 um, in which the thickness of gate oxide was

1000 A. The number of laser shots was 10 (ie. 90% overlapping).
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

3-5 The leakage current issue of n-channel double gate polycrystalline silicon
TFTs crystallized using elevated channel method with channel length of 1
um, in which the thickness of gate oxide was 1000 A. The number of laser

shots was 20 (ie. 95% overlapping).

3-6 TEM observation of double gate polycrystalline silicon TFTs crystallized
using elevated channel method, in which the thickness of gate oxide was
1000 A.
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Fig. 3-14 In-line SEM observation of shrunk gate.

Fig. 3-15 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with shrunk gate, in which the
thickness of gate oxide was 1000 A. The number of laser shots was 20 (ie.

95% overlapping).

Fig. 3-16 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with shrunk gate, in which the
thickness of gate oxide was 1000 A. The number of laser shots was 20 (ie.

95% overlapping).
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Chapter 1

Introduction

1.1 Overview ofy Low=Temperature Poly-

crystalline Silicon Thin-Film Transistors

(LTPS TFTs)

Thin-film transistors (TFTs) have become crucial devices of modern Active
Matrix Liquid Crystal Displays (AMLCDs) and Active Matrix Organic Light Emitting
Diodes (AMOLEDs) applications [1.1]-[1.5].

Generally, amorphous silicon (a-Si:H) TFTs are the pixel switching elements in
AMLCD industry. Amorphous silicon TFTs exhibit low leakage current because of
their high off-state resistivity. In addition, they are compatible with large glass
substrate for low process temperature. However, the electrical characteristics of a-Si
TFTs such as carrier mobility (typically below 1 cm?/V-s) are inadequate for
peripheral circuits . That is, additional integrated circuits (ICs) are needed to support
the function of gate drivers and source drivers to drive a display panel. This will lead

to high cost and poor reliability. On the other hand, low- temperature polycrystalline



silicon (LTPS) TFTs possesses superior carrier mobility [1.6], greater device
reliability, CMOS process capability [1.7], and low temperature process compatibility.
Therefore, LTPS TFTs have been investigated to achieve the goal of integrating
peripheral circuit in a single panel, which is known as system on panel (SOP) [1.8].
Furthermore, LTPS TFTS have the potential to fulfill the 3-dimentional integrated

circuits [1.9].

1.2 Overview of Crystallization of Amorphous

Silicon Thin Films

The crystallinity of poly-Si thin film has great influence on the performance of
poly-Si TFTs. For a poly-Si thin fili, the grain boundaries cause a lot of defects,
which is so called strained bonds and dangling bonds. These defects act as trap states
within the band gap and will degrade the electrical characteristics of poly-Si TFTs,
such as carrier mobility, threshold voltage, subthreshold swing, and the leakage
current. Moreover, the poly-Si TFTs with many defects may suffer reliability issue. It
is generally believed that the defects will be reduced by enlarging the grain size.
There are several ways to enlarge the grain size, including solid phase crystallization,
metal induced crystallization, and laser irradiation crystallization. These methods
could be concluded that the a-Si thin films are recrystallized into poly-Si thin film by
additional energy. However, there are some differences between these methods and

will be introduced in the following three sections.

1.2.1 Solid Phase Crystallization of Amorphous Silicon Thin

Films



The solid phase crystallization (SPC) method is intuitive, with which method the
a-Si thin film can be crystallized by thermal annealing. With a view to compatibility
with glass substrate, the a-Si thin film is deposited at 550°C using silane (SiH4). Then
followed the SPC process, and the process temperature is kept at 600°C in N, ambient,
whereas the process time is about 24 hours [1.10]-[1.11].

The grain size of solid phase crystallized poly-Si thin film is several times larger
than that of as-deposited poly-Si thin film. Besides, the surface morphology is much
smoother in SPC poly-Si thin film than in as-doped ones. However, the SPC TFTs
suffers a lot of intra-granular defects and result in a bad performance. The most
important of all is the fact that the annealing time is too long and this will limit the

throughput to fabricate poly-Si thin film.

1.2.2 Metal Induced Crystallization of Amorphous Silicon

Thin Films

It has been reported that certain metals can induce the crystallization of a-Si thin
film. The basic concept of metal induced crystallization (MIC) is furnace annealing,
which is analogous to SPC. Compared to SPC, MIC is able to reduce the annealing
temperature (<400°C) and process duration (<5hrs); that is, higher throughput can be
obtained.

Several metals have been proposed to be applied to MIC process, such as
aluminum (Al), aurum (Au), nickel (Ni), platinum (Pt). Among these metals, Ni is the
candidate for mainstream industrial application. Nickel silicide will be formed during
process and the crystallization of silicon will start. Owing to the very small mismatch
(0.4%) of crystal lattice constant between the <111> orientation faces of nickel

silicide and crystalline silicon, the defects in crystal can be minimized [1.12]-[1.15].



However, MIC suffers high leakage current because of the fact that metal residues
cannot be avoided after MIC process. The residues act as metal contamination and

offer leakage path under carrier transportation.

1.2.3 Laser Irradiation Crystallization of Amorphous Silicon

Thin Films

The laser irradiation crystallization process may be the most promising for grain
growth, for the glass substrate not being damaged during laser process [1.16]-[1.17].
The laser modes can mainly be divided into two types, pulse type and continuous
wave laser type. The excimer laser emits in UV light region with short pulse duration
(10-30ns) by the laser source of ArE:KrF, or XeCl (output wavelengths 193, 248, and
308nm, respectively) gas. On the other hand, the.continuous wave (CW) laser emits in
green light by the diode-pumped solid-state (DPSS) laser source of Nd:YVOy4 (532nm)
[1.18].

The benefit of using excimer laser crystallization (ELC) is the strong optical
absorption of a-Si thin film to UV lights. During ELC process, a-Si thin films absorb
the light, then melt and recrystallize in a short period of time, forming poly-Si grain
(~1 £ m). For the volume expansion from liquid to solid phase, surface roughness
(usually called protrusion) occurs after the ELC process. It has been reported that
increasing the laser shots will reduce the protrusion and obtain better crystallinity. The
definition of laser shots is the overlaps between each laser shot, i.e., 20 shots
correspond to 5% overlap per shot. The poly-Si thin film fabricated by ELC suffers
from narrow process window and instability of shot-to-shot laser energy, which lead
to non-uniformity issue of grain structure.

Unlike ELC, poly-Si thin film fabricated by CW laser exhibits less protrusion and



better uniformity. The power instability is less than 1%, which is superior to that of
excimer laser. The continuous wave characteristic makes it possible for grain to grow
in a large longitudinal distance (tens of z m in average). However, the technology has
not been well-development and is still under investigation in modern academic

research.

1.3 Motivation

In order to fabricate high performance low-temperature polycrystalline silicon
thin-film transistor, we introduce several aspects to improve the electrical
characteristics of LTPS TFTs: to reduce defects of poly-Si thin film, to raise the gate
control ability, and suppress the leakage current. From the view of reducing defects of
poly-Si thin film, we introduced asimple'method to fabricate high quality poly-Si thin
film, which is so called elevated ‘channel structure. When it comes to raising the
gate control ability, we propose the double gate structure. The leakage current issue is

investigated and alleviated by lightly deped drain structure.

1.3.1 Fabrication of Polycrystalline Silicon Thin Film with

Single Grain Boundary

Although pulsed excimer laser crystallization (ELC) has been widely applied to
recrystallize a-Si, narrow process window and the uniformity of crystallized poly-Si
thin film are crucial problems. The excimer laser energy should be kept at a certain
threshold value to make sure the a-Si thin film is nearly completely melted, which is
so called “super lateral growth” (SLG) region; that is, ELC suffers narrow process
window. In addition, the shot-to-shot laser energy of ELC is not stable enough and the

seeds of crystallization distribute randomly during recrystallization. Consequently, the
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ELC process comes out a non-uniform poly-Si thin film.

For the purpose of the issues mentioned above, many researches have been
proposed to solve the problem, such as sequential lateral solidification (SLS),
phase-modulated ELC, -Czochralski (so called grain filter) method, selectively
enlarging laser crystallization (SELAX) technology, etc [1.19]-[1.22]. However, these
methods are not compatible with the existing excimer laser annealing system or need
complex process flows. Therefore, a simple method to control the direction of grain
growth and the location of grain boundary has been developed in this thesis, which is
called “Elevated Channel Method”. In this method, we can artificially control the
thermal gradient in selective region, which is the elevated region, (actually the
channel region) formed by bottom gate structure. The step at the corner of bottom
gate region is thicker than elsewhete of the other tegion. If the laser energy density is
controlled to completely melt the thinner region and-partially melt the thicker region,
a lateral thermal gradient will determine-the-grain growth from the un-melting solid
phase seeds towards the melting ‘liqguid phase” region. For the whole thesis, the

crystallization is based on this structure.

1.3.2 Polycrystalline Silicon TFTs with Double Gate

Structure by Elevated Channel Process

It has been demonstrated that the performance of devices can be enhanced with
multi-gate structure. These methods, including double gates, dual gates, tri-gates, (2
-gate, and surrounding gate...etc. [1.23]-[1.26], are concentrated on the extension of
the field induced channel in the same area. By means of these methods, we can obtain
better gate control ability and higher driving current than that of conventional top gate

or bottom gate devices. The short channel effect can be alleviated with the strong gate



control ability if the channel region is fully depleted [1.27].

Among the methods mentioned above, the double gate structure is preferred in
this thesis because of the compatibility with the elevated channel process. We use the
step of the corner of bottom gate structure to control the grain growth and attain single
grain boundary in channel region. Therefore the top gate dielectric and top gate
electrode can be deposited in the following process. In the first part of this thesis, the
device performance is investigated by the combination of elevated channel process

and double gate structure.

1.3.3 Suppression of Leakage Current with Lightly Doped

Drain Structure

Low-temperature polycrystalline 'stlicon ‘thin=film transistors suffer storage
charge distortion as pixel switches or noise as circuit application if the leakage current
is high. Therefore, the suppression of leakage current has become significant issue.
The leakage mechanisms of LTPS TFTS have been investigated a lot and are related
to the grain boundaries [1.28]-[1.29]. The trap states arisen from grain boundaries act
as leakage path at high gate bias and drain bias. Most researches reveal that the lightly
doped drain (LDD) or offset structure can eliminate the leakage current [1.30]. Hence,
we introduce LDD structure to suppress the leakage current. In this thesis, the LDD
structure is formed followed by the gate spacer and then the heavily doped implant.
With LDD structure, the electric field near drain can restrain the leakage current from
drain to source. In the second part of this thesis, the double gate TFTs with LDD

structure are introduced to investigate the leakage current suppression.



1.4 Thesis Organization

In chapter 1, a brief overview of LTPS TFTs technology was given to explain the
crystallization process. The motivations of this thesis were subsequently explained to
introduce this thesis.

In chapter 2, experimental processes of elevated channel thin films were
introduced. The mechanism of lateral growth of elevated channel thin films was
proposed by material analysis. The material properties were analyzed by scanning
electron microscope (SEM) and transmission electron microscope (TEM). Then
experimental procedures of polycrystalline silicon thin-film transistors with double
gate structure were introduced. The electrical characteristics, including the field-effect
mobility, the subthreshold swing, the, threshold voltage, and the uniformity were
investigated.

In chapter 3, the double gateé devices wete compared with the top gate and bottom
gate ones. Then the DGTFTs fabricated by elevated channel process were modified
with lightly doped drain (LDD) structure and ‘shrunk gate engineering with a view to
suppression of leakage current. The process flows and the leakage current lowering
mechanism would be discussed in detail.

Finally, conclusions were given in chapter 4.



Chapter 2
Fabrication of Location-Controlled
Single Grain Boundary (SGB) and
Double Gate (DG) Polycrystalline
Silicon (Poly-Si) Thin-Film Transistors
(TFKTs) by Elevated Channel Methods
Using Excimer Laser Annealing (ELA)

2.1 Introduction

2.1.1 Introduction to Elevated Channel Methods

Currently, high current-driving capability, low leakage current, and good
uniformity of TFT characteristics are essential for the application of AMLCD,
AMOLED, and 3-dimensional ICs [2.1]-[2.6]. Low-temperature polycrystalline
silicon (LTPS) technology is the most promising method to fabricate high
performance thin-film transistors (TFTs) on glass or plastic substrate [2.7]. In
comparison with amorphous silicon (a-Si) TFTs, LTPS TFTs exhibit higher field

effect-mobility and better reliability, which lead to higher driving current and better



stress resistance. Therefore, LTPS TFTs acting as pixel switches are allowed in
smaller size; that is, higher aperture ratio is obtained. Furthermore, LTPS TFTs are
compatible with complementary metal-oxide-semiconductor (CMOS) circuits which
results in the alleviation of power consumption [2.8]. Consequently, the scan drivers,
the data drivers, and even the processors are allowed to be integrated in a single glass
substrate for the next generation of system on panel (SOP) application. As compared
to high temperature polycrystalline silicon (HTPS) TFTs, the thermal budget of LTPS
TFTs is much lower for the process temperature is below 200°C, which means that
LTPS TFTs may open a new field for flexible microelectronics [2.9]. Accordingly, the
cost of LTPS TFTs is much lower than that of HTPS TFTs.

In order to prepare LTPS thin films, several ways have been reported to date,
including solid phase crystallization (SPC), metal induced lateral crystallization
(MILC), and laser annealing [2:10]-[2.13]. Among these methods, the excimer laser
annealing (ELA) may be the most promising-one. The excimer laser emits in UV light
region with short pulse duration (10-30ns) by the laser source of ArF, KrF, or XeCl
(output wavelengths 193, 248, and 308nm, respectively) gas source. The strong
optical absorption of UV light and small diffusion length during the laser pulse in
silicon imply that high temperature can be produced and cause melting of silicon
without significant damage of glass substrate [2.14]. In addition, ELA poly-Si films
possess good crystallinity and few intra-grain defects due to the melt-regrowth
process. During ELA process, the mechanism of grain growth is quite sensitive to the
laser energy density. Fig. 2-1 schematically illustrates the grain growth corresponding
to the different laser energy densities. As shown in Fig. 2-1 (a), if the laser energy
density is too small to melt the whole a-Si thin film, vertical solidification occurs and
the un-melted solid layer remains to be a-Si, while the melted Si layer transform into

poly-Si with small grain size [2.15]. Refer to Fig. 2-1 (b), if the laser energy density is
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large enough to completely melt the a-Si thin film, homogeneous nucleation occurs
for deep supercooling, resulting in small grain size [2.16]. Only when the laser energy
density is controlled around a certain threshold value will we obtain large grains
whose size are as large as 1 £ m in diameter, as shown in Fig. 2-1 (¢). This is so called
Super Lateral Growth (SLG) regime [2.17], which vividly illustrates the behavior of
melted a-Si to recrystallize from very few un-melted Si residues to each other. For the
very few residues as seeds, the lateral growth phenomenon causes large grain size.

However, there are some limits for the ELA process even though we control the
laser energy density in SLG regime. First, the seeds of SLG regime appear randomly;
that is, the location of grain and grain boundary cannot be controlled and thereafter
the large variation of grain size. Fig. 2-2 reveals the non-uniformity of grain size.
Second, a lot of process fluctuation factors existj.i.e., the pulse-to-pulse variation of
excimer laser energy, the variation'of a-Si film thickness, and the narrow process
window of ELA process. Therefore, a novelmethod called Elevated Channel Process
is proposed to enhance the uniformity-ef grain crystallinity and the location of grain
and grain boundary. Moreover, with elevated channel process, we obtained much
larger process window rather than that of conventional ELA process.

In this chapter, the experimental procedures of elevated channel process would
be introduced. We studied the mechanism of lateral growth of elevated channel
process by material analysis equipments. The material properties of elevated channel
thin films were investigated by scanning electron microscope (SEM) and transmission

electron microscope (TEM).
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2.1.2 Introduction to Single Grain Boundary and Double
Gate Polycrystalline Silicon Thin-Film Transistors

Fabricated by Elevated Channel Method

High current-driving capability and good uniformity of TFT characteristics over a
large area of glass substrate were imperative for devices aiming at AMLCD and
AMOLED drivers and matrix [2.18]-[2.22]. Furthermore, they should be produced
with low cost and high throughput. It was desired that the growth of high-quality large
grain could be controlled in the device channel region from the viewpoint of device
performance and uniformity. A novel process for high quality LTPS thin films for
producing high-mobility polycrystalline silicon TFTs was described in the section
above. We call this novel method,elevated channel method. With this method, single
grain boundary (SGB) low-temperature! polyctystalline silicon (LTPS) thin-film
transistors (TFTs) with double gate (DG)-structure, were formed. There was only one
longitudinal grain boundary in the center. of the channel. Besides, it has been reported
for integrated circuit (IC) application, a double gate device is expected to obtain
ultimate high-performance ideal metal oxide semiconductor field-effect transistors
(MOSFETs) [2.23]. Therefore, we can produce silicon-on-insulator-liked (SOI-liked)
LTPS TFTs by means of introducing the double gate structure. Furthermore, another
advantage of double gate structure is the enhancement of gate controlling ability.
With enhanced gate controlling ability, the devices will exhibit high driving current,
steeper subthreshold swing, and superior short-channel effect immunity [2.24]-[2.26].

In this section, the detail process flows of SGB-DG- TFTs were introduced. Then
the electrical characteristics were measured by electrical parameter analyzer, Agilent
4156. Both the N-type and P-type SGB-DG-TFTs were fabricated in comparison to

conventional ones. Moreover, the dependence of laser shots number and electrical
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characteristics was investigated. Finally, statistics and uniformity of electrical
characteristics exhibited the superiority of SGB-DG-TFTs rather than conventional

top gate TFTs.

2.2 Material Analyses of Single Grain Boundary
Polycrystalline Silicon Thin Films
Fabricated by Elevated Channel Methods

2.2.1 Process Flow of Material Analyses of SGB Poly-Si Thin

Films Fabricated by Elevated Channel Method

Detailed process flows of-prepared samples. were shown in Fig. 2-3. At first,
in-situ doping phosphorus polyerystalline-silicon thin films with thickness of 1000A
were deposited by pyrolysis of pure SiH4 and PH3 by low-pressure chemical vapor
deposition (LPCVD) at 550°C on oxidized silicon substrates with oxide thickness of
1 pum. Then, the doped polycrystalline silicon layer was defined to form
polycrystalline silicon gate by transverse coupled plasma reactive ion etch (TCP-RIE).
Next, a 500A TEOS oxide layer was deposited as gate insulator by LPCVD at 700°C.
After the deposition of bottom gate insulator, the 1000A amorphous silicon layer was
deposited as the active layer by LPCVD at 550°C with SiH4 as gas source. The
elevated channel was named after the channel region which is elevated for bottom
gate structure. Laser crystallization was performed by KrF excimer laser (A=248nm).
The excimer laser system was shown in Fig. 2-4. During the laser irradiation, the
samples were located on a substrate in a vacuum chamber pumped down to 10™ Torr

and the substrate was maintained at room temperature. The number of laser shots per
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area was 20 (i.e., 95% overlapping) and laser energy density was varied. The grain
structure of the crystallized polycrystalline silicon thin film was analyzed using
scanning electron microscope (SEM) and transmission electron microscope (TEM). In
order to facilitate the SEM observation, all the samples were processed by secco-etch

before SEM analysis.

2.2.2 Material Analysis of SGB Poly-Si Thin Film Fabricated

by Elevated Channel Method

2.2.2.1 Scanning Electron Microscope (SEM) Analyses

Fig. 2-5 shows SEM graphs of excimer laset. crystallized polycrystalline silicon
with elevated channel method. The.channel length ' was (a) 1 um (b) 1.2 um and (c)
1.5 um, respectively. The laser-eénergy was-510 mJ/cm® and the poly gate thickness
was 1000 A. The longitudinal grains. with 0.6 um in length were formed in the
channel region. It has been reported that lateral thermal gradient could arise as a result
of the heat generated at moving solid-melting interface [2.27]. When a proper laser
energy density irradiated the silicon thin film containing different thicknesses, the thin
region in the channel region was completely melted while the thick region in the
corner due to the step structures of bottom gate was only partially melted, leaving
behind islands of solid material. As a result, grains would grow laterally towards the
complete melting region from the retained solid seeds. The lateral growth would start
from the still solid amorphous silicon spacer seeds and stretch toward the completely
melted region until the solid-melt interface from opposite direction collided. Due to
the in-situ design of thin channel region, the grain boundaries perpendicular to the

current flow in the channel region could be reduced. Thus the field-effect mobility of
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polycrystalline silicon TFTs could be greatly improved with this crystallization
technique. When a longer channel length was adopted for crystallization, the laser
fluence would have to be increased high enough to make the longitudinal grains
collide with those grown from the other side; otherwise, small grains caused by
spontaneous homogeneous nucleation would form in the center of the channel region
as Fig.2-5 (c).

With a view to investigating the process window of elevated channel method, we
altered the laser energy density irradiated on a-Si thin film. Fig.2-6 shows SEM
graphs of poly-Si thin films with different laser energy densities while the channel
length was kept at 1.2 um. As the laser energy density was increased from 470
mJ/cm® to 510 mJ/cm’, we obtained analogous gate structure in channel region.
Therefore, we could conclude that:the process window of elevated channel method is
much larger than that of conventional excimer laser annealing on whole flat a-Si thin
film.

It has been reported that thinner-active-layer can achieve the “fully depleted”
device operation [2.28]. The electrical characteristics of fully depleted devices are
much greater than partially depleted ones, such as alleviated kink effect, low threshold
voltage, and more ideal subthreshold swing. In our experiment, thinner a-Si thin film
(500A) was also adopted to the elevated channel method. As shown in Fig.2-7, the
laser energy density was controlled at 310 mJ/cm® to completely melt thinner region
but partially melted thicker region. However, the a-Si thin film was too thin to keep
thermal energy retained in the molten Si channel region and the severe supercooling
phenomenon occurred which led to homogenous nucleation. In consequence, small
grains were observed in the channel region instead of the lateral grain growth.
Therefore, we must use a-Si thin film thickness of 1000 A to prevent the homogenous

nucleation for the purpose of enlarging poly-Si grains.
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2.2.2.2 Transmission Electron Microscope (TEM) Analysis

Fig. 2-8 shows the cross-section TEM graphs of polycrystalline silicon thin film
fabricated by elevated channel method in the channel region. From the Fig. 2-8, it
could be found that single grain boundary was controlled artificially at the center of
the channel region, and two large grains with very few intra-grain defects were
observed. For polycrystalline silicon thin film used as active layer in thin-film
transistor, fewer defects were desired. Meanwhile, the cross-section TEM graph of
polycrystalline silicon thin film in the corner region the bottom gate shows that the
thickness of the corner region became thinner than that in the channel region. From
the correlated electron diffraction pattern of polycrystalline silicon thin film, the
crystallinity of the polycrystalline silicon was analyzed. It could be found that as the
channel region was selected, the diffraction spots become more obvious, which means
that the crystallinity was good:= When the cornet. region was selected, the ring was
observed, which revealed that the vertical-growth in the corner region of the grains
exhibit poor crystallinity. But the corner regions' would be heavily doped and act as
the source/drain region of TFTs. Therefore, the poor crystallinity may not degrade the
performance of LTPS-TFTs.

It is notable to keep an eye on the fact that the good crystallinity appeared not
only in the channel region but also the regions at both sides away from the corner of
bottom gate as shown in Fig. 2-9. This was analogous to the channel region that the
thinner a-Si thin films at these sides were completely melted during laser irradiation,
resulting in lateral growth of poly-Si grains. That is, we could obtain similar poly-Si
grains with fewer defects except the channel. Therefore, elevated channel method has

the potential of produce periodic poly-Si grains if the mask is well designed.
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2.3 Fabrication and Electrical Characteristics
Analyses of Single Grain Boundary (SGB)
and Double Gate (DG) Polycrystalline
Silicon (Poly-Si) Thin-Film Transistors (TFT)
Fabricated by Elevated Channel Method

2.3.1 Process Flow of SGB-DG-TFTs by Elevated Channel

Method

Detailed process flows of devieé fabrication were shown in Fig. 2-10. At first,
in-situ doping phosphorus polygrystalling silicon thin films with thickness of 1000A
were deposited by pyrolysis of-pure SiH4 and PH3 by low-pressure chemical vapor
deposition (LPCVD) at 550°C on.oxidized silicon-Substrates with oxide thickness of
lum. Then, the doped polycrystalline silicon layer was defined to form bottom gate
by TCP-RIE. Next, a 1000 A TEOS oxide layer was deposited as bottom gate
insulator by LPCVD at 700°C. After the deposition of bottom gate insulator, the
1000A amorphous silicon layer was deposition as the active layer by LPCVD at 550
‘C with SiH4 as gas source. Laser crystallization was performed by KrF excimer
laser (A=248nm). During the laser irradiation, the samples were located on a substrate
in a vacuum chamber pumped down to 10 Torr and the substrate was maintained at
room temperature. The number of laser shots per area was 10 or 20 (i.e., 90 or 95%
overlapping) and laser energy density was varied. Next, the active region was defined
by TCP-RIE. Then, a 1000 A TEOS oxide layer was deposited as top gate insulator

by LPCVD at 700°C followed by in-situ doping phosphorus polycrystalline silicon
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layer as top gate electrode. After the deposition of top polycrystalline silicon gate, the
contact hole was defined and etched by TCP-RIE and 1:10 dilute Buffer Oxide Etch
(BOE) solvent to interconnect top gate and bottom gate electrode. Next, a

phosphorus/BF2 ion implantation with a dosage of 5x10" cm™

and energy of
40keV/70keV was performed to form source and drain regions. A 5500A TEOS oxide
layer was then deposited as passivation layer by LPCVD at 700°C and the implanted
dopants were activated by thermal annealing in furnace at 600°C for 9 hours. Then,
contact hole opening by TEL5000-RIE and and metallization with Aluminum were
carried out. Finally, Aluminum sintering was carried out at 400 ‘C to reduce the
series resistance. No hydrogenation plasma treatment was performed during the

device fabrication process. For comparison, conventional top-gate ELC

polycrystalline silicon TFTs were also fabricated.

2.3.2 Electrical Characteristics ‘of SGB-DG-TFTs by

Elevated Channel Method

2.3.2.1 Electrical Characteristics of SGB-DG-TFTs

It has been demonstrated that large and longitudinal grains could be formed in
the channel region by elevated channel method in section 2.1. The grain structure
would have a significant influence on the electrical characteristics of the fabricated
TFTs. Fig. 2-11~Fig. 2-16 show the typical transfer characteristics of n-channel
SGB-DG-TFTs with channel lengths of 0.8 pum ~5 pm, in which the thickness of gate
oxide was 1000A and the number of laser shots per area was 10(i.e., 90%
overlapping). Fig. 2-17 ~Fig. 2-22 show the typical transfer characteristics of

n-channel SGB-DG-TFTs with channel lengths of 0.8 uym ~5 pum, in which the
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thickness of gate oxide was 1000A and the number of laser shots per area was 20(i.e.,
95% overlapping). Fig. 2-23 ~Fig. 2-28 show the typical transfer characteristics of
p-channel SGB-DG-TFTs with channel lengths of 0.8 pm ~5 pm, in which the
thickness of gate oxide was 1000A and the number of laser shots per area was 10.
The laser process conditions were optimized and the conventional top gate TFTs were
included for comparison. The threshold voltage was defined as the gate voltage
required to achieve a normalized drain current of Iy = (W/L)x10™® A at [V =0.1V.
The equivalent field-effect mobility was extracted from the maximum
transconductance in the linear region of I¢-V, characteristics at [Vq = 0.1V (i.e., the
formula of p=g./[(W/L)V4Cox] ). The on/off current ratio was defined as the ratio of
maximum drain current over minimum drain current at |V4 =3V. Several important
electrical characteristics of the TETs were summarized in Table 2-1, Table 2-2 and
Table 2-3 for laser shots and ehannel type of 10/N-type, 20/N-type and 10/P-type,
respectively.

It is notable that the definition of field-effect mobility of double gate TFTs was
analogous to HARA et al. [2.29] in this thesis. The definition of field-effect mobility
could be approached by two aspects. One was the physical meaning of carrier

transport capability of poly-Si layer, which was defined by the following equation:

M= I
2W
(Lj : Cox 'VDS

while the channel width was 2W because of the number of field induced channel was
two.
The other definition was corresponding to the carrier transport capability in the

occupied area of active region, which was defined by the following equation:
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while the channel width was W because of the occupied width of active region was
only W.

In this thesis, the latter definition was adopted; the name of “equivalent
field-effective mobility” and the symbol of “p*” was used to avoid the confusion
with the first definition.

According to Fig. 2-11~Fig. 2-28, the SGB-DG-TFTs exhibit superior electrical
characteristics to those of conventional top-gate ones, especially in short channel
devices. This could be attributed to the longitudinal grain and single grain boundary in
the device channel region. Take the dimension of W = L = 1 um and laser shots of 10
for example, SGB-DG-TFTs with equivalent field-effect mobility of about 720
cm’/V-s could be achieved by using elevated .channel method and double gate
structure while the mobility of-the ¢onventional counterpart was about 79 cm*/V-s.
Aside from the enhancement of equivalent field-effect mobility, the gate controlling
ability of double gate structure could be emphasized by the electrical characteristics of
subthreshold swing and drain-induced-barrier-lowering (DIBL, which was defined as
the difference of threshold voltage between [V4| =0.1V and [V4 =3V). In W =L =
lum device, we obtained subthreshold swing of SGB-DG-LTPS-TFTs about
0.23V/decade, while that of conventional top gate TFTs was about 0.66V/decade.
Similarly, the DIBL of SGB-DG-TFTs was lowered about 200mV rather than that of
conventional top gate TFTs. In addition, although the maximum achievable length of
lateral grain growth was limited between 0.6 pm as described in the previous section,
the electrical characteristics of the TFTs with device dimension up to W =L =5 pm
were still superior to those of conventional ones. This could also ascribed to the long

longitudinal grain growth at the channel edge even though many small grains resulted
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from spontaneous nucleation exist in the channel center, forming a high series
resistance in the middle of channel region as well.

Fig. 2-29 ~Fig. 2-46 display the output characteristics of SGB-DG-TFTs with
laser shots and dopant type of 10shots/N-type, 20shots/N-type and 10shots/P-type,
respectively. It was demonstrated that SGB-DG-TFTs provide about 8 times higher
driving current than conventional ELC polycrystalline silicon TFTs under the same
bias condition, especially in short channel devices.

It was reported that the trap center due to grain boundaries enhance kink effect
[2.30]-[2.32]. The good crystallinity at the drain edge due to the artificial controlled
grain also reduced the kink effect, especially in short channel devices. Fig. 2-47
elaborated more serious kink effect in conventional top gate TFTs than

SGB-DG-TFTs.

2.3.2.2 Uniformity Investigation-on, SGB-DG-TFTs

In the previous section the+ superior-performance of SGB-DG-TFTs than
conventional top gate TFTs was highlighted. The uniformity issue of SGB-DG-TFTs
would be discussed in this section.

Take the dimension of W = L = 1 and laser shots of for example, Fig. 2-48 ~Fig.
2-50 and Fig. 2-51~Fig. 2-53 show the comparison of equivalent field-effect mobility,
threshold voltage, and subthreshold swing for the N-type and P-type devices
respectively. Twenty-two TFTs were measured to investigate the device-to-device
variation for each dimension, then twenty of which were chosen for the exclusion of
unexpected extreme value under statistics. Table 2-4 and Table 2-5 list the average
and standard deviation of electrical characteristics. For the accuracy to investigate the
precise variation from the mean value, we introduced a parameter from statistics

which is called coefficient of variance (C.V) and defined by the ratio of standard
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deviation over mean value in percentage.

Referring to Fig. 2-48~ Fig. 2-53, the values of standard deviation of threshold
voltage and subthreshold swing of SGB-DG-TFTs were smaller than those of
conventional top gate TFTs, whether N-type devices or P-type devices. However, the
value standard deviation of equivalent field-effect mobility seemed to reveal the
worse uniformity of SGB-DG-TFTs rather than conventional ones. This illusion
might have been reversed with the C.V. When it came to the C.V, we obtained about
7% mobility variation for SGB-DG-TFTs and about 17% mobility variation for
conventional top gate devices. Therefore, we concluded that high performance
SGB-DG-TFTs with good uniformity could be fabricated easily using elevated
channel method with the number of laser shots 10. Therefore, the number of laser

shots was reduced and the throughput and the yield could be increased.

2.3.2.3 Dependence -of 'Equivalent Field-Effect Mobility on
Applied Laser Energy Density

Fig. 2-54 displays the dependence of equivalent field effect mobility on laser
energy densities for SGB-DG-TFTs and conventional ones. Compared to the
conventional top gate TFTs, the SGB-DG-TFTs possessed wide process window by
the investigation of mobility. We obtained high equivalent field effect mobility of
SGB-DG-TFTs with laser energy densities varying from 470 to 530 mJ/cm?, while
high mobility of conventional ones was obtained only at 490 mJ/cm” in contrast. This
result corresponded to the material analysis in this chapter that the seed at the corner
of step remained partially melted if the laser energy ranged from 470 to 530 mJ/cm’.
Besides, the conventional TFTs exhibited good electrical characteristics only at

490mJ/cm? corresponding to the SLG regime.
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2.3.2.4 Activation Energy for Carrier from Source to Drain

It has been reported that the leakage current mechanism of poly-Si TFTs at high
negative gate and positive drain field is the carrier emission from source to drain in
the depletion region [2.33]. With regard to the carrier emission, additional insight
could be obtained from the temperature dependence of the drain current in the off
state (i.e., V, smaller than threshold voltage). The leakage current might be attributed
to the carrier generation and recombination at the trap levels from the grain
boundaries in depletion region. The temperature dependence of the carrier in

equilibrium with the trapped charge could be given by the equation below:

= Texp(-+2)

kT 3),

where I, was constant independent’of temperature,. E, was the drain current activation
energy defined by the difference between conduction band and trap levels generated
by grain boundaries within Fermi level.-These. trap-levels were generally uniformly
distributed around the midgap (E/2). In the off-state, the Fermi level would be swept
to states within the trap further away from conduction band. On the contrary, the
Fermi level would be closer to the conduction band in the on-state. Therefore, the
measurement of the drain current as a function of temperature, drain bias and gate
bias yielded the height of the potential barrier the carriers must overcome.

The activation energy was extracted from the equation (3). With the logarithmic
scale of this model and the measurement of different temperature, the activation
energy dependent on gate voltage could be extracted. Fig. 2-55 and Fig. 2-56 show
the activation energy of SGB-DG-TFTs fabricated by elevated channel method and
DG-LTPS-TFTs fabricated by solid phase crystallization (SPC), respectively. For low

drain bias (V4 = 0.1V), the activation energy had a value of about 0.5eV for

SGB-DG-TFTs and about 0.6eV for SPC-DG-LTPS-TFTs under negative gate bias.
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The comparable potential barrier for drain current was intuitive for the electric field
along the channel to be small so that the effect of trap states was not obvious. If the
drain bias was 3V, the activation energy of SGB-DG-TFTs was about 0.4eV, while
that of SPC-DG-LTPS-TFTs dropped to about 0.25e¢V when gate bias equaled -10V.
The worse crystallinity of SPC poly-Si thin films exhibited lower potential barrier at
off-state than poly-Si thin film fabricated by elevated channel method because of the
aid of trap states attributed to more grain boundaries, which enhanced the leakage

current in off-state.

2.4 Summary

In this chapter, we successfully fabricated poly-Si thin-film transistors by elevated
channel method. The material /analyses|of ‘elevated channel thin films and the
electrical analysis of SGB-DG-TFTs werecarried out by SEM, TEM, and Agilent
4156 system.

In the first part, we introduce the mechanisms of elevated channel thin films. After
that, various analyses were performed to investigate elevated channel thin films. From
the analysis of SEM and TEM, large longitudinal grains about 0.6 pm were artificially
grown in the channel region. Furthermore, the lateral grain growth starting from the
seeds of corner region could progress until the opposite grain direction impinged and
single grain boundary was controlled in the center of the channel region artificially.

In the second part, high-performance SGB-DG-TFTs with equivalent field-effect
mobility exceeding 1000 cm?/V-s for N-type devices and 340 cm?/V-s for P-type
devices had been fabricated with elevated channel method proposed in the first part.
With the aid of artificial controlled grain by elevated channel method, alleviated kink

effect and better uniformity were also observed. The standard deviation of mobility
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was 45.8 cmz/V-s, the standard deviation of Vi, was 0.16V, and the standard deviation
of subthreshold swing was 0.039V/decade for N-type devices; while those of P-type
devices were 25.3c¢cm?/V-s, 0.16V, 0.03V/decade, respectively. The excellent
uniformity with high performance could be attained even though the number of laser
shots is 10. Therefore, the throughput and the yield could be increased.

The steeper subthreshold swing is also observed in double gate devices rather than
conventional top gate ones. Furthermore, the DIBL of double gate devices was lower
than conventional ones about 200mV. The conspicuous improvement of driving
current (8 times higher driving current than conventional TFTs) attributed to double
gate structure was also demonstrated. Finally, the activation energy from source to
drain was investigated and revealed the poly-Si thin films fabricated by elevated
channel method exhibited fewer trap densities ifi.the channel region than SPC thin

films.
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Chapter 3
Investigation of the Characteristics of
Single Grain Boundary Low-
Temperature Polycrystalline Silicon
Thin-Film Transistors with Double Gate

Structure

3.1 Introduction

In last chapter, SGB-DG-LTPS-TFTs' ‘were fabricated by elevated channel
method and the electrical characteristics were briefly investigated and compared to
conventional top gate TFTs. In this chapter, we would introduce the elevated channel
structure to the fabrication of top gate TFTs and bottom gate TFTs. It had been
reported that the double gate structure would enhance the electrical characteristics
rather than single gate devices [3.1]-[3.3]. By means of the fabrication of top gate,
bottom gate, and double gate devices crystallized with elevated channel method, we
would compare the electrical characteristics of this three different gate structures in
the first part of this chapter.

In the second part of this chapter, we would investigate the leakage current of

double gate devices. The enormous lateral electric field might enhance the leakage
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current of short channel double gated TFTs. The detail of leakage current mechanism
would be demonstrated. After the ascertainment of leakage current mechanism, we
proposed two ways to suppress the leakage current of double gate devices. One was

the lightly doped drain structure, the other was the shrunk gate engineering.

3.2 Comparisons of Electrical Characteristics
between Top Gate, Bottom Gate and Double
Gate TFTs Fabricated by Elevated Channel
Method

3.1.1 Process Flow of - Top Gate, .Bottom Gate and Double

Gate TFTs

Detailed process flows of prepared samples were shown in Fig. 3-1 and 3-2,
which correspond to top gate devices and bottom gate devices respectively. The
crystallization of polycrystalline silicon was carried out by elevated channel method.
The process flows of double gate devices were demonstrated in chapter 2.

For the top gate devices, at first in-situ doping phosphorus polycrystalline silicon
thin films with thickness of 1000 A were deposited by pyrolysis of pure SiH4 and
PH3 by low-pressure chemical vapor deposition (LPCVD) at 550°C on oxidized
silicon substrates with oxide thickness of 1um. Then, the doped polycrystalline silicon
layer was defined to form bottom dummy gate by TCP-RIE. Next, a 1000 A TEOS
oxide layer was deposited as dummy gate insulator by LPCVD at 700°C. After the
deposition of gate insulator, the 1000A amorphous silicon layer was deposition as the

active layer by LPCVD at 550°C with SiH4 as gas source. The elevated channel
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structure was formed and then laser crystallization was performed by KrF excimer
laser (A=248nm). During the laser irradiation, the samples were located on a substrate
in a vacuum chamber pumped down to 10 Torr and the substrate was maintained at
room temperature. The number of laser shots per area was 10 (i.e., 90% overlapping)
and laser energy density was varied. Next, the active region was defined by TCP-RIE.
Then, a 1000 A TEOS oxide layer was deposited as top gate insulator by LPCVD at
700°C followed by in-situ doping phosphorus polycrystalline silicon layer as top gate
electrode. After the top gate electrode been defined, a BF2 ion implantation with a
dosage of 5x10"° cm™ and energy of 45keV was performed to form source and drain
regions. A 5500A TEOS oxide layer was then deposited as passivation layer by
LPCVD at 700°C and the implanted dopants were activated by thermal annealing in
furnace at 600°C for 9 hours. Then, contact holé.opening by RIE and metallization
with Aluminum were carried out. Einally, Aluminum sintering was carried out at 400
C to reduce the series resistance. No.hydrogenation plasma treatment was performed
during the device fabrication process: It should ‘be mentioned that the top gate and
bottom gate was not interconnected for the fabrication of top gate devices; the bottom
gate acted as a dummy gate to achieve the crystallization of elevated channel method.
For fabrication of bottom gate devices, the process flows were analogous to that
of top gate devices demonstrated above. The bottom polycrystalline gate was
deposited by LPCVD at 550°C with the in-situ doped phosphorus poly-Si layer on 1
um oxidized silicon wafer and then defined by TCP-RIE, followed by 1000 A TEOS
oxide at 700°C. Then, 1000A amorphous silicon layer was deposited as the active
layer by LPCVD at 550°C and annealed by KrF excimer laser irradiation at 10™ Torr
and room temperature. The number of laser shots per area was 10 (i.e., 90%
overlapping) and laser energy density was varied. After the active region was defined

by TCP-RIE, the source and drain regions were formed by BF2 ion implantation with
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a dosage of 5x10'"° cm™ and energy of 45keV. A 5500A TEOS oxide layer was then
deposited as passivation layer by LPCVD at 700°C and the implanted dopants were
activated by thermal annealing in furnace at 600°C for 9 hours. Then, contact hole
opening by dilute Buffered Oxide Etch (DBOE) and metallization with Aluminum
were carried out. Finally, Aluminum sintering was carried out at 400 ‘C to reduce the
seriess resistance. No hydrogenation plasma treatment was performed during the

device fabrication process.

3.1.2 Electrical Characteristics Analyses and Comparisons of

Single Gate Devices and Double Gate Devices

Fig. 3-3 shows the transfer characteristics: of top gate, bottom gate and double
gate devices crystallized by elevated channel method with channel length of 1pm and
P-type carrier. For the comparison of bottom gate and top gate devices, the top gate
TFTs exhibited higher leakage ctrrent than bottom gate ones. This might arise from
the fact that the peak, or so called protrusion, occurred at the single grain boundary
during the excimer laser irradiation. Two opposite lateral growth of liquid silicon
collided with each other and the solidification with the expansion of volume would
cause the protrusion with the height of several hundred angstroms [3.4]. Therefore,
the gate insulator deposited near the protrusion region would not as thick as we
imagined. The thinner oxide with the aid of the enhancement of electric field by
protrusion eventually lead to the surface roughness issue, causing the higher leakage
current in top gate devices. On the contrary, the bottom gate devices obtained lower
leakage current attributed to smoother interface between active region and gate
insulator.

For the comparison of double gate devices and top/bottom gate devices, we
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could refer to the extracted electrical characteristics listed in Table 3-1. The steeper
subthreshold swing and superior DIBL revealed the enhanced gate controlling ability
of double gate structure. The equivalent field-effect mobility of double gate TFTs was
352cm?/V-s, while that of top gate TFTs and bottom gate TFTs was 197cm?/V-s and
137¢m?/V-s, respectively. The driving current of double gate devices was almost the
sum of top gate and bottom gate devices, as shown in Fig. 3-4. The output
characteristic of conventional TFTs was also included in Fig. 3-4 for comparison. We
found the driving current could be enhanced more than two times if the crystallization

of elevated channel method was used.

3.3 Leakage Current Issue and Suppression

3.3.1 Leakage Current Mechanism

During the measurement of 'SGB-DG-LTPS-TFTs, we found there was serious
leakage current issue in some devices. Fig. 3-5 indicates the leakage current issue at
high drain bias and negative gate bias voltage. Many researches investigated the
mechanism of leakage current [3.5]-[3.7]. In order to clarify it in a simple way, we
demonstrated the mechanism of leakage current by the aspect of electric field. During
device off-state operation, there were two direction of electric field applied in active
region. One was the vertical field cause by gate electrode, while the other was lateral
field along the direction of current transport. With the aid of TEM graph as Fig. 3-6,
the leakage paths could be divided into vertical and lateral, which were correspond to
the vertical and lateral electric field respectively. If we obtained a vertical leakage
path, the gate current might be as large as the order of leakage current. However, by

means of the measurement of gate current at high drain bias (i.e., V4 = 3V), we found
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the gate current was on the order of PA, while the leakage current was on the order of
nA as Fig. 3-7 and Fig. 3-8. Therefore, we excluded the hypotheses of the leakage
path along with the vertical electric field by gate electrode. Therefore, the leakage
current might be mainly on account of the lateral electric field. Referring to Fig. 3-6,
the top gate electrode and bottom gate electrode were not completely aligned.
Therefore, the heavily doped region which was implanted to form source and drain
sides was not symmetric. From the SEM graph of Fig. 3-9, it could be observed that
there were a lot of small grains near the step of the corner. Therefore, there might be
some small grains in the channel region because of asymmetry of source and drain
region. When the devices were operated in off-state region, the negative gate bias
would generate depletion region in channel. Therefore, the small grain regions with
many defects as trap states might be covered by the depletion region. If the high drain
bias was applied to the devices;the high lateral electric field would cause the release

of trap charges in small grain regionsiand-thereby led to leakage current.

3.3.2 Suppression of Leakage Current Using Lightly Doped

Drain (LDD) Structure

3.2.2.1 Introduction

It had been clarified that the leakage current of SGB-DG-LTPS-TFTs was
attributed to the lateral electric field. Therefore, the reduction of electric field in drain
junction might be a solution of leakage current reduction. A lot of methods have been
proposed to reduce leakage current in TFTs, such as offset-gate structure [3.8], light
doped drain (LDD) [3.9], and field-induced drain (FID) [3.10], gate overlapped LDD

(GOLDD) [3.11] and so on. The LDD structure seemed to be a rather simple process
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and the number of mask would not be increased. Therefore, the lightly doped drain

structure was introduced to SGB-DG-LTPS-TFTs.

3.2.2.2 Process Flow of DGTFTs with LDD

Detailed process flows of prepared samples were shown in Fig. 3-10. At first,
in-situ doping phosphorus polycrystalline silicon thin films with thickness of 1000 A
were deposited by pyrolysis of pure SiH4 and PH3 by low-pressure chemical vapor
deposition (LPCVD) at 550°C on oxidized silicon substrates with oxide thickness of
lum. Then, the doped polycrystalline silicon layer was defined to form bottom gate
by TCP-RIE. Next, a 1000A TEOS oxide layer was deposited as bottom gate insulator
by LPCVD at 700°C. After the deposition of bottom gate insulator, the 1000A
amorphous silicon layer was deposgition as the active layer by LPCVD at 550°C with
SiH4 as gas source. Laser crystallization was performed by KrF excimer laser
(A=248nm). During the laser irradiation,-the-samples were located on a substrate in a
vacuum chamber pumped down to 107 Torr and the substrate was maintained at room
temperature. The number of laser shots per area was 20 (i.e., 95% overlapping) and
laser energy density was varied. Next, the active region was defined by TCP-RIE.
Then, a 1000 A TEOS oxide layer was deposited as top gate insulator by LPCVD at
700°C followed by 2500 A in-situ doping phosphorus polycrystalline silicon layer as
top gate electrode. After the deposition of top gate, the contact hole was defined and
etched by TCP-RIE and 1:10 dilute Buffered Oxide Etch (DBOE) solvent to
interconnect top gate and bottom gate electrode. Next, a phosphorus ion implantation
with a dosage of 1x10" cm™ and energy of 30keV was performed to form LDD
regions. Then 2500 A TEOS oxide layer was deposited by PECVD at 385°C. After
RIE etch back to form gate spacer, a phosphorus ion implantation with a dosage of

5x10" cm™ and energy of 30keV was performed to form source and drain regions. A
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5500A TEOS oxide layer was then deposited as passivation layer by LPCVD at
700°C and the implanted dopants were activated by thermal annealing in furnace at
600°C for 9 hours. Then, contact hole opening by DBOE and and metallization with
Aluminum were carried out. Finally, Aluminum sintering was carried out at 400 C to
reduce the series resistance. No hydrogenation plasma treatment was performed

during the device fabrication process.

3.2.2.3 Electrical Characteristics Analyses of DGTFTs with LDD
Structure

Fig. 3-11 exhibits the transfer characteristic of SGB-DG-LTPS-TFTs with LDD
and without LDD, while Fig. 3-12 exhibits the output characteristic of which, and the
summary of electrical characteristics were listed in Table 3-2. From the transfer
characteristic we observed the leakage current was suppressed by slightly larger than
an order of magnitude. However, thetequivalent.field-effect mobility of DGTFTs with
LDD was also degraded to smaller ‘than half that of DGTFTs without LDD. Therefore,
the on/off current ratio was not increased too much. The sacrifice of driving current
could be attributed to the large series resistance. Therefore, we would like to develop
another method to reduce the leakage current without the degradation of on current.

This method would be discussed in the next section.

3.3.3 Suppression of Leakage Current Using Shrunk Gate

Engineering

3.2.3.1 Introduction
From the investigation of leakage current mechanism, the leakage current was
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due to the penetration of depletion region into small grain region near the corner of
bottom gate, which was inventible in elevated channel method. With a view to
evading the gate coupling to the small grain region, we introduced the shrunk gate
engineering. By means of lateral etching of top gate electrode, the shrunk gate could

be achieved without any additional mask.

3.2.3.2 Process Flow of DGTFTs Using Shrunk Gate Engineering

Detailed process flows of prepared samples were shown in Fig. 3-13. At first,
in-situ doping phosphorus polycrystalline silicon thin films with thickness of 1000 A
were deposited by pyrolysis of pure SiH4 and PH3 by low-pressure chemical vapor
deposition (LPCVD) at 550°C on oxidized silicon substrates with oxide thickness of
lum. Then, the doped polycrystalline silicon layer was defined to form bottom gate
by TCP-RIE. Next, a 1000A TEQS. oxide layer was deposited as bottom gate insulator
by LPCVD at 700°C. After the deposition—of bottom gate insulator, the 1000A
amorphous silicon layer was deposited as_theactive layer by LPCVD at 550°C with
SiH4 as gas source. Laser crystallization was performed by KrF excimer laser
(A=248nm). During the laser irradiation, the samples were located on a substrate in a
vacuum chamber pumped down to 10~ Torr and the substrate was maintained at room
temperature. The number of laser shots per area was 20 (i.e., 95% overlapping) and
laser energy density was varied. Next, the active region was defined by TCP-RIE.
Then, a 1000 A TEOS oxide layer was deposited as top gate insulator by LPCVD at
700°C followed by 2500 A in-situ doping phosphorus polycrystalline silicon layer as
top gate electrode. After the deposition of top polycrystalline silicon gate, a 1000 A
TEOS oxide layer was deposited as hard mask layer for the gate shrinking
engineering by LPCVD at 700°C. Then, the hard mask layer was defined by the mask

of gate electrode by RIE, and the hard mask layer was over-etched by 1:10 dilute
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Buffer Oxide Etch (DBOE) to form a lateral etch of about 0.15um. After the strip of
photo resistor, the top polycrystalline gate electrode was defined by TCP-RIE with the
pre-patterned hard mask, and top gate insulator was then etched by DBOE with the
in-situ strip of hard mask. Next, the contact hole was defined and etched by TCP-RIE
and 1:10 dilute Buffer Oxide Etch (DBOE) solvent to interconnect top gate and
bottom gate electrode. Then, a phosphorus ion implantation with a dosage of 5x10"
cm™ and energy of 30keV was performed to form source and drain region. A 5500A
TEOS oxide layer was then deposited as passivation layer by LPCVD at 700°C and
the implanted dopants were activated by thermal annealing in furnace at 600°C for 9
hours. Then, contact hole opening by DBOE and and metallization with Aluminum
were carried out. Finally, Aluminum sintering was carried out at 400 ‘C to reduce the
series resistance. No hydrogenation plasma treatment was performed during the

device fabrication process.

3.2.3.3 Electrical Characteristics -Analyses of DGTFTs Using
Shrunk Gate Engineering

Fig. 3-14 shows the in-line SEM observation of DGTFTs after the shrunk gate
engineering. With the measurement of top gate length, the gate length defined to be
Ium was about 0.668um, which corresponded to the lateral etch of 0.15um shrinkage
at each side along top gate.

Fig. 3-15 displays the transfer characteristic of SGB-DG-LTPS-TFTs with
shrunk gate and without shrunk gate and the electrical characteristics were listed in
Table 3-3, while the output characteristic was displayed in Fig. 3-16. We obtained an
order suppression of leakage current without any sacrifice of transconductance and
driving current. It should be noted that the equivalent mobility was not defined here

because of the difference of top and bottom channel length.
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3.4 Summary

In this chapter, we carry out the comparisons of single gate TFTs and double
gate TFTs crystallized by elevated channel method. The leakage current issue of
double gate devices was found and the mechanism was investigated, followed by the
two solutions, lightly-doped-drain structure and shrunk gate engineering.

In the first part, top gate and bottom gate poly-Si TFTs was fabricated by
elevated channel method. With the high field-effect mobility of 137 cm?/V-s for
P-type BG-TFTs and 197 cm?/V-s for P-type TG-TFTs, we obtained high
performance of single gate devices and thereby proved the application of elevated
channel method to the top gate TFTs and bottom gate TFTs. Furthermore, the superior
DIBL and subthreshold swing of double gate devices also certified the enhancement
of gate controlling ability of double gate structure.

In the second part, the l€akage current mechanism was demonstrated by the
penetration of depletion region te the small-grain accompanied with elevated channel
structure. During off-state operation, high'drain bias voltage causing strong lateral
electric field would release the trap charges and led to leakage current. The leakage
current was alleviated about an order by LDD structure. We found the series
resistance degraded the driving current in on-state for LDD devices; therefore, shrunk
gate engineering was introduced. With the analogous effect of LDD, the leakage
current was also suppressed one order while the transconductance and driving current

were not sacrificed.
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Chapter 4

Conclusions

In this thesis, we had demonstrated sthe high performance double-gate
polycrystalline silicon thin-filnt' transistors: fabricated by elevated channel method
with excimer laser irradiation. The results and discussions were summarized in the
chapter.

In chapter 2, material analyses were performed to investigate the poly-Si thin
films fabricated by elevated channel method. The location-controlled grain boundary
mechanism of elevated channel method was introduced at first. Then, from the
analysis of scanning electron microscope (SEM) and transmission electron
microscope (TEM), large longitudinal grains laterally grown in the channel regions
measured to be about 0.6 pm were observed. Furthermore, the lateral growth starting
from the both side regions of the elevated channel could progress along the opposite
direction and single grain boundary was controlled in the center of the channel region
artificially. This crystallization technique could be applied to the fabrication of short
channel poly-Si TFTs. Then, the electrical characteristics of SGB-DG-TFTs

fabricated by excimer laser annealing were studied. High-performance
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SGB-DG-TFTs with equivalent field-effect mobility exceeding 1000 cm?*/V-s for
the n-channel devices and 340 cm*/V-s for the p-channel ones have been fabricated.
Low kink current, wide process window, and improved throughput were obtained.
The SGB-DG-TFTs exhibited better electrical characteristics than the conventional
top gate ones, especially in the short channel devices owing to the artificially
controlled lateral grain growth. In addition to the enhancement of TFT performance,
TFTs crystallized with elevated channel method also demonstrated excellent
uniformity. The standard deviation of mobility was smaller than 50 cm?/V-s and the
standard deviation of threshold voltage was smaller than 0.16V, while that of
subthreshold swing was smaller than 40 mV/decade. By means of double gate
structure, we  obtained  steeper  subthreshold swing and  superior
drain-induced-barrier-lowering (DIBL) rather than conventional ones. Furthermore,
SGB-DG-TFTs provided 8 times higher driving current than conventional TFTs.

In chapter 3, the elevated channel method,was-applied to the fabrication of top
gate and bottom gate devices with'a view to-the comparison of double gate devices.
We also obtained high performance single gate devices for the artificially controlled
lateral grain growth. The double gate structure was proven again to exhibit superior
gate controlling ability. Besides, we investigated the mechanism of leakage current,
which was observed in some DG devices during measurement. During off-state
operation, high drain bias voltage causing strong lateral electric field would release
the trap charges of small grains near bottom gate corner and lead to leakage current.
With a view to the alleviation of leakage current, we introduced the LDD structure at
first. The leakage current was suppressed by an order of magnitude, but unfortunately
the driving current was degraded due to the large series resistance. Therefore, we
introduced another method, the shrunk gate, to avoid the couple of top gate electric

field with small grain regions. We succeeded to suppress the leakage current by an
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order of magnitude without any sacrifice of transconductance and driving current.

To sum up, the elevated channel method was attractive to fabricate the high
performance TFTs, especially in the short channel devices. The electrical
characteristics of TFTs fabricated by elevated channel methods exhibited high
performance and good uniformity, whether in single gate or double gate structure.
Furthermore, the double gate structure was proven to have steeper subthreshold swing,
superior DIBL, large driving current, and high equivalent field-effect mobility. It is

very promising to the future SOP and 3D-IC applications.
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Table

. Mobility* | Subthreshold On/Off current
10 shots Gate Oxide: 1000A . ) Vth (V) )
(cm“/V-s) | swing (V/dec) ratioat Vds =3V
Conventional TFT (W/L = 0.8/0.8pum) 90 0.633 1.197 1.76E+07
DG-TFT (W/L = 0.8/0.8pum) 857 0.259 -0.491 4.57E+07
Conventional TFT  (W/L =1/1pm) 89 0.686 1.427 1.75E+07
DG-TFT (W/L =1/1pm) 660 0.264 -0.501 3.09E+07
Conventional TFT (W/L = 1.2/1.2um) 92 0.659 1.275 2.20E+07
DG-TFT (W/L = 1.2/1.2pm) 668 0.304 -0.423 8.88E+08
Conventional TFT (W/L = 1.5/1.5um) 78 0.702 0.895 3.78E+07
DG-TFT (W/L = 1.5/1.5pm) 414 0.359 -0.235 8.27E+06
Conventional TFT  (W/L = 2/2pum) 76 0.731 2.38 2.94E+07
DG-TFT (W/L = 2/2pm) 288 0.486 1.038 2.15E+07
Conventional TFT ~ (W/L = 5/5pm) 55 0.906 4.352 1.72E+07
DG-TFT (W/L = 5/5pm) 191 0.654 1.987 4.55E+05

Table 2-1 Average of twenty measured electrical characteristics of n-channel
SGB-DG-TFTs crystallized with elevated chanhel method and conventional top gate
structure. The thickness of gate'oxide, wis 1000A+ The number of laser shots was

10(1e: 90% ovetlapping).

Mobility* | “Subthreshold On/Off current
20 shots Gate Oxide: 1000A , : Vth (V) )

(cm*/V-=s) | swing (V/dec) ratioat Vds =3V
Conventional TFT (W/L = 0.8/0.8jum) 178 0.514 -0.369 4.32E+06
DG-TFT (W/L = 0.8/0.8pm) 1004 0.374 1.024 1.99E+07
Conventional TFT ~ (W/L = 1/1pm) 141 0.572 0.098 5.15E+06
DG-TFT (W/L =1/1pm) 970 0.327 0.996 2.26E+07
Conventional TFT (W/L = 1.2/1.2um) 155 0.619 -0.042 8.84E+06
DG-TFT (W/L = 1.2/1.2pm) 944 0.362 0.597 4.08E+07
Conventional TFT (W/L = 1.5/1.5um) 111 0.636 0.765 1.38E+07
DG-TFT (W/L = 1.5/1.5am) 463 0.422 1.012 1.83E+07
Conventional TFT ~ (W/L =2/2pm) 86 0.706 1.482 1.52E+07
DG-TFT (W/L =2/2pm) 365 0.448 0.919 2.07E+07
Conventional TFT ~ (W/L = 5/5pm) 93 0.813 2.494 2.97E+07
DG-TFT (W/L = 5/5um) 346 0.515 0.949 4.44E+05

Table 2-2 Average of twenty measured electrical characteristics of n-channel
SGB-DG-TFTs crystallized with elevated channel method and conventional top gate
structure. The thickness of gate oxide was 1000A. The number of laser shots was

20(ie. 95% overlapping).
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Mobility* | Subthreshold On/Off current
10 shots Gate Oxide: 1000A . ) Vth (V) )

(cm“/V-s) | swing (V/dec) ratioat Vds =3V
Conventional TFT (W/L = 0.8/0.8jum) 50 0.41 -6.41 1.33E+07
DG-TFT (W/L = 0.8/0.8pum) 338 0.181 -2.308 1.35E+08
Conventional TFT  (W/L = 1/1pm) 46 0.411 -6.43 1.33E+07
DG-TFT (W/L =1/1pm) 316 0.197 -2.435 3.02E+08
Conventional TFT (W/L = 1.2/1.2um) 44 0.513 -6.57 9.20E+06
DG-TFT (W/L = 1.2/1.2pm) 318 0.216 -2.622 5.06E+08
Conventional TFT (W/L = 1.5/1.5um) 41 0.546 -7.18 9.18E+06
DG-TFT (W/L = 1.5/1.5am) 244 0.219 -2.877 7.78E+08
Conventional TFT  (W/L = 2/2pum) 39 0.691 -7.656 1.91E+07
DG-TFT (W/L =2/2pm) 206 0.227 -2.723 5.88E+08
Conventional TFT ~ (W/L = 5/5pm) 39 0.486 -8.417 1.01E+07
DG-TFT (W/L = 5/5pm) 77 0.412 -6.038 4.40E+07

Table 2-3 Average of twenty measured electrical characteristics of p-channel

SGB-DG-TFTs crystallized with elevated chanhel method and conventional top gate

structure. The thickness of gate oxide was 1000. The number of laser shots was 10(ie.

90% overlapping).
Mobility* (¢cm2/V-s) Vth (V) SS (V/decade)
AVG+STDEV C.V. AVG+STDEV C.V. AVG+STDEV C.V.
Con. TFT 89+43.7 17.3% 1.43+1.36 95.1% 0.686+0.124 18.1%
DGTFT 660+45.8 6.9% -0.5+0.16 32.0% 0.264+0.039 14.8%

Table 2-4 Electrical characteristics of twenty measured n-channel SGB-DG-TFTs

crystallized with elevated channel method and conventional top gate TFTs. The
thickness of gate oxide was 1000A. The number of laser shots was 10(ie. 90%

overlapping)
Mobility* (cm2/V-s) Vth (V) SS (V/decade)
AVGISTDEV C.V. AVGISTDEV C.V. AVGISTDEV C.V.
Con. TFT 46+16.1 35% -6.430+0.97 15.10% 0.411+0.148 36%
DGTFT 316+25.3 8% -2.435+0.16 6.60% 0.197+0.030 15%

Table 2-5 Electrical characteristics of twenty measured p-channel SGB-DG-TFTs

crystallized with elevated channel method and conventional top gate TFTs. The
thickness of gate oxide was 1000A. The number of laser shots was 10(ie. 90%

overlapping)
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Mobility* (cm2/V-s) | SS (V/dec) | Vth (V) | Ion/Ioff @ Vds =3V | DIBL (mV)
TGTFT 197 0.320 -3.89 2.63E+07 452
BGTFT 137 0.286 -4.88 1.44E+07 753
DGTFT 352 0.185 -2.35 4.39E+08 351

Table 3-1 Electrical characteristics of p-channel top/bottom/double gate

polycrystalline silicon TFTs crystallized by elevated channel method. The thickness

of gate oxide was 1000A. The number of laser shots was 10(ie. 90% overlapping)

Gm Mobility*
) SS (V/dec) Vth (V) | Ion/Ioff @ Vds =3V
(1S) (cm?/V-s)
DGTFT 2.92 847 0.524 1.006 2.34E+06
DGTFT with LDD | 1.25 362 0.536 0.015 2.23E+07

Table 3-2 Electrical characteristics of n-channel double gate polycrystalline silicon
TFTs with LDD crystallized by elevated channel method. The thickness of gate oxide

was 1000A. The number of laser shots was 20(ie. 95% overlapping)

Gm (puS) SS (V/dec) Vth (V) Ion/Ioff @ Vds =3V
DGTFT 2.92 0.524 1.006 2.34E+06
Shrunk Gate TFT 2.95 0.380 -0.608 3.20E+07

Table 3-3 Electrical characteristics of n-channel double gate polycrystalline silicon

TFTs with shrink gate crystallized-by elevated channel method. The thickness of gate

oxide was 1000A. The number of lasér shots wads 20(ie. 95% overlapping)
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Fig. 2-2 SEM graph of poly-Si by conventional ELA process in SLG regime
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1. Poly gate patterned by TCP-RIE.
@ 2. 500A TEOS oxide was deposited
by LPCVD at 700°C.
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deposited by LPCVD at 550°C.,
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] o
laser irradiation at room temperature and
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Fig. 2-3 Process flow of preparing samples for material characteristics by elevated

channel method
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Fig. 2-4 The schematic illustration of the excimer laser system.
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Fig. 2-5 SEM graphs of excimer laser crystallized polycrystalline silicon by elevated
channel method. The channel length was varied from 1pum to 1.5 um. The bottom poly
gate thickness was 1000A and the gate oxide thickness was 500A. The laser energy

density was 510 mJ/cm?
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Fig. 2-8 Cross-section TEM graphs of‘excimer laser crystallized polycrystalline

silicortby elevated channel method.

Fig. 2-9 Cross-section TEM graphs of excimer laser crystallized polycrystalline

silicon by elevated channel method.

48



e

BT

 TEOS oxide

Excimer laser annealing

~ TEOS oxide

Bl Sceds for lateral growth
=>  Direction of lateral growth

Single grain boundry in channel region

§

TEOS oxide
i i i

poly-Si

§

1000A in-situ doping phosphorous

@ polycrystalline silicon was

deposited by LPCVD at 550°C.

1. Poly gate patterned by TCP-RIE.

@ 2. 1000A TEOS oxide was

deposited by LPCVD at 700°C.

1000A amorphous silicon was
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The a-Si thin film was subjected to excimer
laser irradiation at room temperature and
the number of laser shots was 10/20 shots.

After excimer laser irradiation the single
grain boundary polycrystalline silicon
thin film was formed.

D Active region define by TCP-RIE.

Fig. 2-10 Process flow for fabrication of SGB-DG-TFTs (I)
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Fig. 2-10 Process flow for fabrication of SGB-DG-TFTs (II)

was carried out to form source and drain



10° | —— DGTFT
-4
_ 1[)-5 - —=— Con. TFT _m-= =4 1000
10 F W/L =0.8um/0.8pum
10° F 10shots 800

4

&

-
= =]
o

n Current (A

-
o

10"}

(s-Ar,wd) Ayjiqon

Gate Voltage (V)

Fig. 2-11 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 0.8 um, in which
the thickness of gate oxide was 1000 A, The number of laser shots was 10 (ie. 90%

overlapping):
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Fig. 2-12 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1 um, in which the
thickness of gate oxide was 1000A. The number of laser shots was 10 (ie. 90%
overlapping).
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Fig. 2-13 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.2 pm, in which
the thickness of gate oxide was JO00A . The number of laser shots was 10 (ie. 90%

overlapping):
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Fig. 2-14 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.5 pm, in which
the thickness of gate oxide was 1000A. The number of laser shots was 10 (ie. 90%

overlapping).
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Fig. 2-15 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs

crystallized using elevated channel method'with channel length of 2 um, in which the

thickness of gate oxide was 1000A. The number of laser shots was 10 (ie. 90%
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Fig. 2-16 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs

crystallized using elevated channel method with channel length of 5 um, in which the

thickness of gate oxide was 1000A. The number of laser shots was 10 (ie. 90%

overlapping).
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Fig. 2-17 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs

crystallized using elevated channel method with channel length of 0.8 um, in which
the thickness of gate oxide was JO00A . The number of laser shots was 20 (ie. 95%

overlapping):
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Fig. 2-18 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs

crystallized using elevated channel method with channel length of 1 um, in which the
thickness of gate oxide was 1000A. The number of laser shots was 20 (ie. 95%

overlapping).
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Fig. 2-19 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs

crystallized using elevated channel method with channel length of 1.2 pm, in which
the thickness of gate oxide was JO00A . The number of laser shots was 20 (ie. 95%

overlapping):

o Y & &h b b

o

e o e O Y
O O O O O O O

rain Current (A)

—
o
L A
ey =]

D
o

= WIL =1.5um/1.5um

—

o
Y
]

=y
«w

—
<,

—0— DGTFT
—s— Con. TFT

20shots

(s-A7,w2) Ayinqon

5

Gate Voltage (V)

Fig. 2-20 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs

crystallized using elevated channel method with channel length of 1.5 pm, in which
the thickness of gate oxide was 1000A. The number of laser shots was 20 (ie. 95%

overlapping).
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Fig. 2-21 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs

crystallized using elevated channel method'with channel length of 2 um, in which the
thickness of gate oxide was 1000A. The.number of laser shots was 20 (ie. 95%

overlapping):
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Fig. 2-22 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs

crystallized using elevated channel method with channel length of 5 um, in which the

thickness of gate oxide was 1000A. The number of laser shots was 20 (ie. 95%

overlapping).
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Fig. 2-23 Transfer characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 0.8 um, in which
the thickness of gate oxide was JO00A . The number of laser shots was 10 (ie. 90%
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Fig. 2-24 Transfer characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1 um, in which the
thickness of gate oxide was 1000A. The number of laser shots was 10 (ie. 90%

overlapping).
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Fig. 2-25 Transfer characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.2 um, in which
the thickness of gate oxide was JO00A . The number of laser shots was 10 (ie. 90%

overlapping):
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Fig. 2-26 Transfer characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.5 pm, in which
the thickness of gate oxide was 1000A. The number of laser shots was 10 (ie. 90%

overlapping).
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Fig. 2-27 Transfer characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method'with channel length of 2 um, in which the
thickness of gate oxide was 1000A. The number of laser shots was 10 (ie. 90%

overlapping):
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Fig. 2-28 Transfer characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 5 um, in which the
thickness of gate oxide was 1000A. The number of laser shots was 10 (ie. 90%
overlapping).
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Fig. 2-29 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 0.8 um, in which
the thickness of gate oxide was JO00A . The number of laser shots was 10 (ie. 90%

overlapping):
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Fig. 2-30 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1 um, in which the
thickness of gate oxide was 1000A. The number of laser shots was 10 (ie. 90%
overlapping).

60



"~} ——DGTFT

0.45F s cCon. TFT
= 0.40 f|Vg-Vth| = 4V and 8V
= 0.35 [WIL =1.2um/1.2u
— +10shots
— 0.30fF
= |
® 0.25}
h .
8 0.20 F
< 015f
® o0.10}
O o.05f

0.00 : :

0 1 2 3 4 5 6

Drain Voltage (V)

Fig. 2-31 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.2 um, in which
the thickness of gate oxide was JO00A . The number of laser shots was 10 (ie. 90%
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Fig. 2-32 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.5 pm, in which
the thickness of gate oxide was 1000A. The number of laser shots was 10 (ie. 90%

overlapping).
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Fig. 2-33 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method'with channel length of 2 um, in which the
thickness of gate oxide was 1000A. The.number of laser shots was 10 (ie. 90%
overlapping):
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Fig. 2-34 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 5 um, in which the
thickness of gate oxide was 1000A. The number of laser shots was 10 (ie. 90%
overlapping).
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Fig. 2-35 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 0.8 um, in which
the thickness of gate oxide was JO00A . The number of laser shots was 20 (ie. 95%

overlapping):
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Fig. 2-36 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1 um, in which the
thickness of gate oxide was 1000A. The number of laser shots was 20 (ie. 95%
overlapping).
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Fig. 2-37 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.2 um, in which
the thickness of gate oxide was JO00A . The number of laser shots was 20 (ie. 95%

overlapping):
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Fig. 2-38 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.5 pm, in which
the thickness of gate oxide was 1000A. The number of laser shots was 20 (ie. 95%

overlapping).
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Fig. 2-39 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method'with channel length of 2 um, in which the
thickness of gate oxide was 1000A. The number of laser shots was 20 (ie. 95%
overlapping):
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Fig. 2-40 Output characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 5 um, in which the
thickness of gate oxide was 1000A. The number of laser shots was 20 (ie. 95%
overlapping).
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Fig. 2-41 Output characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 0.8 um, in which
the thickness of gate oxide was JO00A . The number of laser shots was 10 (ie. 90%

overlapping):
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Fig. 2-42 Output characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1 um, in which the
thickness of gate oxide was 1000A. The number of laser shots was 10 (ie. 90%
overlapping).
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Fig. 2-43 Output characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.2 um, in which
the thickness of gate oxide was JO00A . The number of laser shots was 10 (ie. 90%

overlapping):
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Fig. 2-44 Output characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 1.5 pm, in which
the thickness of gate oxide was 1000A. The number of laser shots was 10 (ie. 90%

overlapping).
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Fig. 2-45 Output characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method'with channel length of 2 um, in which the
thickness of gate oxide was 1000A. The.number of laser shots was 10 (ie. 90%
overlapping):
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Fig. 2-46 Output characteristic of p-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with channel length of 5 um, in which the
thickness of gate oxide was 1000A. The number of laser shots was 10 (ie. 90%
overlapping).
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Fig. 2-47 Alleviated kink effect by n-channel SGB-DG-TFTs rather than conventional
TFTs. The channel length was 0.8 pwmj in'which the thickness of gate oxide was
1000A. The number of:laser shots.was 10 (ie. 90% overlapping).
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Fig. 2-48 Statistics and uniformity of equivalent field effect mobility. Twenty
n-channel SGB-DG-TFTs crystallized with elevated channel method and conventional

top gate TFTs were measured. The thickness of gate oxide was 1000A. The number of
laser shots was 10(ie. 90% overlapping)
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Fig. 2-49 Statistics and uniformity of threshold voltage. Twenty n-channel
SGB-DG-TFTs crystallized with elevated ¢channel method and conventional top gate
TFTs were measured. The thickiess of gate oxidé.was 1000A. The number of laser

shots was 10(iel=90% overlapping)
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Fig. 2-50 Statistics and uniformity of subthreshold swing. Twenty n-channel
SGB-DG-TFTs crystallized with elevated channel method and conventional top gate
TFTs were measured. The thickness of gate oxide was 1000A. The number of laser

shots was 10(ie. 90% overlapping)
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Fig. 2-51 Statistics and uniformity of equivalent field effect mobility. Twenty
p-channel SGB-DG-TFTs crystallized,with elevated channel method and conventional
top gate TFTs were measured. Thé thickness.of gate oxide was 1000A. The number of

laser shots was 10(1€:'90% overlapping)
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Fig. 2-52 Statistics and uniformity of threshold voltage. Twenty p-channel
SGB-DG-TFTs crystallized with elevated channel method and conventional top gate
TFTs were measured. The thickness of gate oxide was 1000A. The number of laser
shots was 10(ie. 90% overlapping)
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Fig. 2-53 Statistics and uniformity of subthreshold swing. Twenty p-channel
SGB-DG-TFTs crystallized with elevated ¢channel method and conventional top gate
TFTs were measured. The thickiess of gate oxidé.was 1000A. The number of laser
shots was 10(iel=90% overlapping)
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Fig. 2-54 The dependence of equivalent field effect mobility on laser energy densities
for n-channel SGB-DG-TFTs crystallized with elevated channel method and
conventional TFTs. The thickness of gate oxide was 1000A. The number of laser
shots was 10(ie. 90% overlapping).
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Fig. 2-55 The dependence of activation energy of drain current on gate bias voltage
for n-channel SGB-DG-TFTs crystallized with elevated channel method. The
thickness of gate oxide was 1000A. The.numbér of laser shots was 10(ie. 90%

overlapping):
0.8
W=1 L=1 SPC DGTFT; ntype

> |i""_——.. L L L
Q 0.6 F " Ea@vp=0.1v /-~..._
o) L
>
o 04F
=
ué' [_—" Ea@VD=3V
o 0.2p
=
© ~.
> —
= 0.0F
[&]
<

-0.2 M 1 A 1 A 1 A

-10 -5 0 5 10

Gate Voltage (V)

Fig. 2-56 The dependence of activation energy of drain current on gate bias voltage
for n-channel DG-TFTs crystallized with solid phase crystallization. The thickness of
gate oxide was 1000A.
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1. Poly gate patterned by TCP-RIE.
@ 2. 1000A TEOS oxide was
deposited by LPCVD at 700°C.

1000A amorphous silicon was
deposited by LPCVD at 550°C.

The a-Si thin film was subjected to excimer
laser irradiation at room temperature and
the number of laser shots was 10/20 shots.

After excimer laser irradiation the single
grain boundary polycrystalline silicon
thin film was formed.

@ Active region define by TCP-RIE.

Fig. 3-1 Process flows for fabrication of SGB-TG-TFTs (I)
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4 1. Gate electrode define by TCP-RIE.

2. Gate oxide define by DBOE.

Ton implantation with dose of SE15¢m™
was carried out to form source and drain
regions.

(Phosphorous: 30keV

5500A TEOS oxide was deposited
by LPCVD at 700°C followed by
@ thermal annealing for 9 hours to
activate the dopants.

Contact hole formation by RIE and
metallization was carried out by
PVD and dry etching.

] Finally Al sintering at 400°C was
carried out.

Fig. 3-1 Process flows for fabrication of SGB-TG-TFTs (II)
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deposited by LPCVD at 700°C.
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deposited by LPCVD at 550°C,

The a-Si thin film was subjected to excimer
laser irradiation at room temperature and
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After excimer laser irradiation the single
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thin film was formed.
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Fig. 3-2 Process flows for fabrication of SGB-BG-TFTs (I)
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Fig. 3-2 Process flows for fabrication of SGB-BG-TFTs (II)
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Fig. 3-3 Transfer characteristic of p-channel top/bottom/double gate polycrystalline
silicon TFTs crystallized using elévated channel method with channel length of 1 pum,
in which the thickness of gate oxide was 1000 A. The number of laser shots was 10

(ic. 90% overlapping).

0.24 IVg-Vthl =8V | —DGTFT
< o WIL = 1um/1pm —— BGTFT
E 020 ——TGTFT
- T TR e TG+BGTFT
-

- —=—Con. TFT

S o016

E

=

o 0.12

c

‘w 0.08

o

Q =
0.04
0.00

Drain Voltage (V)

Fig. 3-4 Output characteristic of p-channel top/bottom/double gate polycrystalline
silicon TFTs crystallized using elevated channel method and conventional TFTs with
channel length of 1 pm, in which the thickness of gate oxide was 1000 A. The number

of laser shots was 10 (ie. 90% overlapping).

78



.y
=3

10° 25 =
< 10* ' §
£ 10° 30 @
@ 6 o
= 10 25 3
= 107 o
o1 20 &
Q10 15 &
1] 9 e |
(L) 10 o
10 1.0 @
-1 . =
10 0.5 0
-12
10 - A ) 0.0
15 -10 -5 0 5 10 15
Gate Voltage (V)

Fig. 3-5 The leakage current issue of n-channel double gate polycrystalline silicon

TFTs crystallized using elevated ¢
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Fig. 3-6 TEM observation of double gate polycrystalline silicon TFTs crystallized
using elevated channel method, in which the thickness of gate oxide was 1000 A.
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Fig. 3-7 The leakage current issue of n-channel double gate polycrystalline silicon

TFTs crystallized using elevated channel'method with channel length of 1 um, in

which the thickness of gate oxide'was 1000.A. The number of laser shots was 20 (ie.
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Fig. 3-8 The leakage current issue of n-channel double gate polycrystalline silicon

TFTs crystallized using elevated channel method measured from Vg =-20V to Vg=
20V with channel length of 1 pm, in which the thickness of gate oxide was 1000 A.

The number of laser shots was 20 (ie. 95% overlapping).
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Fig. 3-9 SEM graphs of excimer laser crystallized polycrystalline silicon by elevated
channel method. The channel length was varied from 1.2 um. The bottom poly gate
thickness was 1000A and the gate oxide thickness was S00A. The laser energy density
was 510 mJ/cm®
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deposited by LPCVD at 550°C,

The a-Si thin film was subjected to excimer
laser irradiation at room temperature and
the number of laser shots was 10/20 shots.
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thin film was formed.
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Fig. 3-10 Process flows for fabrication of SGB-DG-TFTs with LDD Structure (1)
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2. Contact hole formation by RIE
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Finally Al sintering at 400°C was
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Fig. 3-10 Process flows for fabrication of SGB-DG-TFTs with LDD Structure (II)
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Fig. 3-11 Transfer characteristic of n-channel double gate polycrystalline silicon LDD
TFTs crystallized using elevated channel method with channel length of 1 um, in
which the thickness of gate oxide was 10004 . The number of laser shots was 20 (ie.
95% overlapping).

—o— DGTFT
—=— DGTFT with LDD

| |Vg-Vth| =4V and 8V
WIL = 1um/1um

=
o
T

e
'

Drain Current (mA)
o

0 1 2 3 4 5 6
Drain Voltage (V)
Fig. 3-12 Output characteristic of n-channel double gate polycrystalline silicon LDD
TFTs crystallized using elevated channel method with channel length of 1 um, in

which the thickness of gate oxide was 1000 A. The number of laser shots was 20 (ie.
95% overlapping).
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Fig. 3-13 Process flows for fabrication of SGB-DG-TFTs with Shrunk Gate
Engineering (I)
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PR 1. 1000A TEOS oxide was
oxide deposited by LPCVD at 700 C.

@ 2. 1000A in-situ doping
phosphorous polycrystalline silicon
was deposited by LPCVD at 550°C.,

g 3. 1000A TEOS oxide was
Bl N TEOS oxide w = deposited by PECVD at 385°C as
J ) hard mask layer.

TEOS

TEOS oxide

1. Gate definition
2. Hard mask define by RIE and side

etch of DBOE
TEOS oxide 3. Strip of PR
4. Top gate defined by TCP-RIE
. TEOS oxide w — 5. Top gate insulator etch by DBOE

U _ J
I I I I I I Ton implantation with dose of SE15¢m™

Ton Implantation @ was carried out to form source and drain
regions.
(Phosphorous: 30keV)

[TEOS oxide |

5500A TEOS oxide was deposited
by LPCVD at 700°C followed by
@ thermal annealing for 9 hours to
activate the dopants.

|TEOS oxide|

Jﬁoé oxide ‘

Contact hole formation by RIE and
metallization was carried out by
PVD and dry etching.

@ Finally Al sintering at 400°C was
carried out.

| TEOS oxide

'i'EOS oxi.d.t-:

Fig. 3-13 Process flows for fabrication of SGB-DG-TFTs with Shrunk Gate
Engineering (II)
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Fig. 3-14 In-line SEM observation of shrunk gate.
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Fig. 3-15 Transfer characteristic of n-channel double gate polycrystalline silicon TFTs
crystallized using elevated channel method with shrunk gate, in which the thickness
of gate oxide was 1000 A. The number of laser shots was 20 (ie. 95% overlapping).
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Fig. 3-16 Output characteristic of n-channel deuble gate polycrystalline silicon TFTs
crystallized using elevated channel method with shrunk gate, in which the thickness

of gate oxide was 1000 A. The number of laser shots was 20 (ie. 95% overlapping).
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