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Abstract

In this thesis, we fabricated a novel poly=Si TFT with nanowire channels and measured
its characteristics. Generally, the“traditional:method is expensive and complicated to obtain
the nano-wire structure. We proposed -a simple and fast approach to manufacture the
nano-wire. Using the method of forming oxide spacer, we form the poly-Si sidewall spacer
nano-wire channels for the bottom-gate TFT. Thus, we can control the sidewall spacer
nano-wire thickness under 30 nm by controlling the gate height, a-Si layer thickness, and
etching time. The process is compatible to conventional process equipment, and doesn’t need
any difficult technique. The total mask number to complete the device is only four, so it is a

low-cost process.

In this study, we characterized the performance of poly-Si NW TFTs for various
nano-wire conditions. In order to improve the device performance, we executed the N,/H, gas
annealing and NHj; plasma treatment. However, the NH; plasma treatment can improve the
device performance more effectively than N,/H, gas annealing, such as passivate the defects,

reduce leakage current, enhance carrier mobility, increase on-current, and decrease

I



subthreshold slope. The NH3 plasma treatment also can improve the device output property,
and suppress the kink effect at high drain bias effectively. We also analyzed and discussed the
origins of the off-state current, and proposed two mechanisms to explain the origins of

leakage current and the other probable reasons for our device.

In the future, to further improve the device performance, it is important to reduce the
defects and trap-states in poly-Si film for the poly-Si NW TFT. This could be achieved by
using the metal induce lateral crystallization (MILC) or excimer laser crystallization (ELC) to
enlarge the grain size of the poly-Si films. We believe that can greatly improve the device
performance. As long as the performance reaches good enough, it can be applied to a variety

of novel applications in the future.
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Chapter 1

Introduction

I-1 Background and motivation

1-1-1 Overview of polycrystalline silicon thin film transistors

Thin film transistors (TFTs), which employ a thin semiconductor film on an insulating
substrate as the active device channel, was first demonstrated in 1961 by Dr. P. K. Wenimer in
RCA. With its simplicity in structure and fabrication, the applications of thin film transistors
in image sensors and displays bécome more and more popular. Polycrystalline silicon
deposited by low-pressure chemical-vapor deposition.(LPCVD) technique is widely used in
modern very large scale integrated (VESI)erreuit [1-3]. The first polycrystalline silicon thin
film transistors (poly-Si TFTs) were fabricated by Fa et al [4] in 1966. Since then, electrical
properties, conduction mechanism and fabrication process of polysilicon films were widely

and extensively studied [5][6].

Active matrix-addressed flat-panel liquid crystal displays (AMLCDs) are one of the
most promising candidates for realizing high-quality large-area flat-panel displays [7]. The
traditional AMLCDs were fabricated using a-Si:H TFTs for the pixel switching device.
Amorphous silicon thin film transistors, among many types of active elements, have been
intensively studied because of their many advantages, particularly their compatibility with
large glass substrate with low processing temperature [8]. However, the low electron
field-effect mobility attainable (< 1 cm*V™'s™) with these devices limits their applications for

the switching elements. To integrate the switching elements with the driver circuits together
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on the same substrate is very desirable not only to reduce the cost but also to improve the
circuit and system reliability. Recently, poly-Si has been proposed as a very attractive
alternative material for the active element of LCDs. During the past decade there has been a
rapid growth of interest in polycrystalline silicon (poly-Si) for the active device layer in thin
film transistors (TFTs) for AMLCDs [9][10][11]. This is due to the much higher mobility and
the drive current of poly-Si TFTs, compared to amorphous silicon counterparts, which enables
the integration of peripheral circuit on the same panel in active matrix liquid crystal displays

[1]. The superior field effect mobility (>100 cm*V™'s™ ) achieved with poly-Si thin film

transistors seems to be essential for the successful integration of row and column drive

circuits on the active plate.

The performance of poly-Si TETs is'strongly influenced by grain boundaries and
intragranular defects [12]. In order to enhance TFTs characteristics, several techniques used to
increase the grain size of poly-St films have been proposed and developed [13][14][15], such
as direct deposition of poly-Si at d.reduced pressure (e.g., <10 mTorr), as well as conversion
from an amorphous precursor state. The latter approaches include:

1. Solid-Phase Crystallization (SPC):

Although solid-phase crystallization of the amorphous silicon films had been studied by
Koster in 1978 in the context of solar cell work, the interest in the technique for TFT work
was stimulated by the work of other people. This method is the crystallization of amorphous
silicon (a-Si) films deposited by low-pressure chemical vapor deposition (LPCVD) [16]. For
a-Si films deposited at temperature below 600°C, thermal crystallization for 20 hours at
600°C was required to convert them into their final polycrystalline form. The grain size
obtained by solid-phase crystallization (SPC) of a-Si films is larger by several times and has
smoother surface morphology than that of as-deposited poly-Si films. Grain size dimensions
in excess of 1 um have been obtained by this technique.

2



2. Metal-Induced Lateral Crystallization (MILC):

MILC employs metal as precursor to lead amorphous Si to re-crystallize at lower
temperatures because of lower energy barrier of re-crystallization resulting from the reaction
between metal and Si [17].

3. Excimer Laser Crystallization (ELC):

The conventional approach for producing low-defect-density polysilicon films is the
solid-phase crystallization (SPC) of thin amorphous-silicon films on glass substrate by
furnace annealing near 600°C. Pulsed UV-excimer laser annealing is also being investigated
as an alternative crystallization technique to replace furnace annealing [18]. The standard gas
mixtures and output wavelengths are ArF(193nm), KrF(248nm) and XeCl(308nm). For
fabricating high performance poly-Si TFTs on a glass substrate, excimer laser crystallization
method is very promising for the following reasons. First, it is a low-temperature process that
introduces no serious thermal shrinkage of the glass- substrate caused by the effects of the
short pulse and large absorption coefficient.of silicon in the UV light regime. Secondly, it can
crystallize the film selectively by partially irradiating the film surface, so both poly-Si TFTs
and amorphous Si TFTs can be formed on the same substrate. The laser process heats the thin
silicon film to melting point on a short time scale (10ns~30ns) the allows the film to melt and
recrystallize without significantly heating the glass substrate. Since this process achieves
higher annealing temperature than a conventional furnace annealing, significantly higher

quality polysilicon film can be obtained.

While there is a high-temperature technology based on the use of quartz substrate, people

focus on the film processing at a sufficiently low temperature ( <630°C ) to permit the use of

inexpensive glass substrates.

The operation principles of poly-silicon TFTs are complicated compared to their



single-crystal counterparts because of the presence of grain boundaries in the channel.
Polycrystalline silicon is rich in grain boundary defects as well as intragrain defects, and the
electrical activity of these charge-trapping centers profoundly affects the thin film transistor
characteristics. Due to the high density of defect states at grain boundaries and interior of
grains, poly-Si TFTs exhibit poor performance such as low mobility, large subthreshold swing,
large threshold voltage, and large leakage current, as compared to single-crystal counterparts.
The electrical properties of polycrystalline semiconductor devices are strongly affected by the
defects such as dangling bonds and strained bonds located at or near the grain boundaries
[19][20]. To reduce the impact of the existing defects, a good way is to passivate them with
hydrogen. This has actually become a key process in the fabrication of poly-Si TFTs.
Hydrogen diffusion in this highly defected material was found to be significantly retarded by
the presence of the states to be passivated. For pixel TFTs, it is essential to maintain a low
leakage current in the off-state..However, off-state current in poly-Si devices have usually

been found to increase with increasing gate-to-drain voltage difference.

1-1-2  Overview of nanowire

Minimization of silicon electronics is being actively pursued. One-dimensional structures,
such as nanowires (NWs) have great potential for testing and understanding fundamental
concepts about the roles of dimensionality and size in electrical properties, and could be the
ideal building block for nanoelectronics, because they can function both as devices and as the
interconnect wires that access them. Owing to the inherent high surface-to-volume ratio
feature, NWs can suppress short-channel effects encountered in nano-scale MOSFETs [21]
and provide high surface sensitivity for sensing devices. Many possible applications of Si

NWs have been exploited, including nano CMOS , memory devices [22], NW TFTs [23], and

4



biosensors [24].

Preparation of Si NWs could be categorized into two types, namely, top-down and

bottom-up, described as follows:

(I) Top-down

This approach uses advanced lithography techniques, such as deep UV, e-beam or
nanoimprint, to generate the NW patterns, followed by an etching step to obtain the NW
structures. These techniques are well developed and mature for mass-production purpose.
Nevertheless, very expensive equipments and cutting-edge techniques are required.
Conventional photolithography processes (e.g., G-line and I-line steppers), though relatively
cheap for manufacturing, are not capable of patterning NWs directly. Some special skills such
as thermal flow, chemical shrink, and spacer patterning have been proposed to help generate

the nano-scale patterns using these conventional lithography tools.

(IT) Bottom-up

This approach typically utilizes deposition methods to prepare the NWs, and synthesize
the NWs on a substrate. Afterwards, these NWs were harvested and dispersed into a solution.
Depositing the harvested NWs onto another oxidized substrate and making electrical contacts
to the NWs, will complete the device structure. Many deposition methods have been
developed nowadays which include laser ablation catalyst growth [25], chemical deposition
catalyst growth [26] and oxide-assisted catalyst-free method [27]. The first two methods are
carried out with metal nanocluster catalyst as the energetically favored sites for absorption of
gas-phase reactants, and then the cluster supersaturates and grows a wire-like structure of the
materials. The process is based on vapor-liquid-solid (VLS) mechanism. Nanometer-diameter
catalyst clusters define the size of wires produced by VLS growth, in which bulk quantities of

single crystalline NWs can be obtained. The approach can also be applied to prepare NWs of



other materials in addition to Si, such as III-V compounds and II-VI compounds. However,
metal contamination is a potential concern in this approach. Oxide-assisted catalyst-free
method is conducted without metal nanocluster catalyst, and thus is free from metal
contamination. Nevertheless, there could be plenty of defects in the wires, and hence it is not
applicable to electronic devices. In addition, these aforementioned methods usually suffer

from the poor control of structural parameters such as NW’s diameter, length, and orientation.

Methods used to assemble and align the NWs prepared by “bottom-up” approach include
electric-field-directed assembly [28], microfluidic channel [29] and Langmuir-Blodgett (LB)
technique. Electric field method is via interaction between electric field of two parallel
electrodes and polarity of NWs, and therefore directs the wires. Although electric fields
enable more control over assembly, .thisrmethod is limited by electrostatic interference
between nearby electrodes as separations. below “micrometer level and requirement of
extensive lithography to fabricate the electrodes. Fluidic channel method is to align wires by
flowing NWs suspension inside a poly(dimethylsiloxane) (PDMS) mold, and could obtain
layer-by-layer assembly of multiple crossed NW arrays. However, the size of fluidic channels
may limit alignment of NWs. LB method could assemble a large-area anisotropic NWs by
compression process, but it is restricted to preparation of one monolayer. Overall, for practical
applications, more refinement is needed to improve the reproducibility and controllability of

the above methods.

In a brief, most of the proposed schemes for device fabrication based on “bottom-up”
nanostructures are plagued by complex integration that lacks reproducible transfer and
positioning of NWs and reliable ohmic contacts. Moreover, the control of doping
concentrations in self-assembled semiconducting NWs remains a challenge, and it’s difficult

for high-density integration. On the other hand, the top-down approaches usually require



expensive lithography apparatus and materials that dramatically increase the fabrication cost.
To circumvent these shortcomings, we propose to develop a new method for preparation and

fabrication of Si NWs TFT devices in this thesis.

1-2  Thesis organization

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

In Chapter 1, we introduce the development of thin-film transistors and the comparison
between poly-Si TFTs and a-Si TFTs. Some basic processes of the manufacture are described
in this chapter. Moreover, we also introduce the fabrication of the nano-wire.

In Chapter 2, we describe the structure and the process of our poly-Si NW TFTs. We
also show some analysis of the sidewallispacer naho-wire for different conditions by SEM
and TEM. We introduce the operation principles in the-end of this chapter.

In Chapter 3, we discuss théperformance-of the ploy-Si NW TFTs and the effect of post
treatment. Then, we discuss the origins of off-state leakage current.

Finally, we summarize our conclusions and the future work in Chapter 4.



Chapter 2

Device Fabrication and Operation Principles

2-1 Device structure and fabrication

In this chapter, we describe the fabrication of poly-Si TFT with nano-wire channels on
the oxidized silicon wafer. We propose a new approach that could potentially resolve the
shortcomings mentioned in last chapter. Our approach, albeit based on “top-down” approach,
involves only mature and low-cost process skills. Since it could be easily realized using
state-of-the-art IC processing, this new scheme is thus very suitable and promising for future
practical manufacturing. The three-dimensional graph of the device structure and the top-view

layout graph are shown in Fig. 2-1(a)&(b).

2-1-1 Experimental procedures

The schematic illustration of key processes is illustrated in Fig. 2-2. The detailed
process flow of poly-Si nano-wire TFT is described as follows:
(1) Zero layer fabrication:
Mark the number on silicon wafers and define the zero-layer alignment key.
1. Use laser marking to define number marks.
2. Perform SC-1 (NH4OH) cleaning to remove the particles.
3. Use stepper (ASM) to define Zero Mark.
4. Use RIE (TEL5000) to etch silicon.
5. P.R. stripping.

(2) Substrate oxide:



1. Perform STD (SC-1,SC-2) cleaning.

2. Grow thermal oxide (wet oxide) as to simulate the “glass” substrate.

(3) Define poly-Si gate:

1. Perform STD (SC-1, SC-2) cleaning.

2. Deposit the in-situ doped poly-Si film with thickness of 100 nm(or 200 nm) in an LPCVD
system at 625°C.

3. Use a g-line stepper to define gate pattern (Mask 1).

4. Dry-etch of poly-Si by TCP-9400.

5. P.R. stripping.

(4) Gate oxide:

1. Perform standard RCA cleaning.

2. Dip in HF. (HF:H,0=1:50)

3. Deposit 35 nm TEOS by LPCVD.

(5) Channel layer deposition:

1. Deposit undoped-amorphous Si film with thickness of 100 nm (or 70 nm, 50 nm) in an
LPCVD system at 550°C.

(6) Solid state crystallization (SPC):

1. Before source, drain, and channel defining, some wafers were re-crystallized at 600°C in N,
ambient for 24 hours in the furnace.

(7) lon implantation:

1. Ton implantation(no mask): n-channel TFT: P*, 1x10"° cm™, 10 or 15 keV, tilt=0

p-channel TFT: BF,", 1x 10" em?, 10 or 20 keV, tilt=0
(8) Source, drain, and channel define:
1. Use a g-line stepper to define source, drain, and channel regions (Mask 2).

2. Dry-etch to form sidewall spacer channels by TCP-9400.



3. Use In-line SEM to check the sidewall spacer width.

4. Strip P.R.

(9) Solid state crystallization (SPC):

1. After source, drain, and channel definition, the rest of wafers (not re-crystallized before dry

etching) are re-crystallized at 600°C in N, ambient for 24 hours in the furnace.

(10) Contact hole formation:

1. Perform STD cleaning.

2. Depositi 200 nm TEOS by LPCVD.

3. Contact hole alignment mask (Mask 3).

4. Wet-etch TEOS by B.O.E.

5. Strip P.R.

(11) Metallization:

1. Dip in HF for 3 seconds.

2. Sputter-deposit 500 nm Al-Si-Cu film:

3. Metal alignment mask (Mask 4).

4. Etch metal by ILD-4100.

5. Strip P.R.

6. Post metal annealing (PMA) at 400°C in N, ambient for 30 minutes.
(12) Post treatment:

1. Forming gas annealing. (at 400°C in 95%N, and 5%H, ambient in the furnace for 30
minutes)

2. NHj; plasma treatment for 1 hour and 2 hours. -End of process-

Note that, in step (7) of the above process flow, source/drain (S/D) implant was
performed with low implant-energy, so that most implanted dopants are located near the top
surface of the Si layer. S/D P.R. patterns were then formed on the substrate using the G-line
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stepper. Table 2-1 shows the etching recipe of the high-density plasma and etching selectivity
of poly-Si to SiO,. The etching selectivity in both main etch and over etch steps are larger
than 100, which is suitable for nano-scale patterning. The sidewall Si nano-wire channels
were formed in this step in a self-aligned manner. Note that the implanted dopants in places
other than S/D regions will be removed during the etching step because of the very shallow
projected range just mentioned. The tetracthylorthosilicate (TEOS) layer deposited by
LPCVD process has been applied to integrated circuit device fabrication as an inter-metal
isolation later and a passivation layer. The deposition of TEOS by LPCVD is at 720°Cin the
furnace for about 2 hours and the dopants can be activated at this step and the SPC process.
After sintering at 400°C in No/H, ambient for 30 minutes, the device process was completed.
Some fabricated wafers were subjected to the plasma treatment with condition is shown in
Table 2-2. Detailed split conditionstare summarized in Table 2-3. The total mask number of
the conventional bottom-gate TFIs is five,» which- is identical to that of conventional
etch-stopper TFTs. Comparing to the iconventional bottom gate TFTs, the total mask number

of our poly-Si NW TFTs is only four:

2-1-2  Experimental results

The electrical performance of poly-Si TFTs strongly depends on the width, thickness,
and quality of the channel layer. The width and thickness of the sidewall spacer channel both
depend on the gate height, thickness of the a-Si channel layer deposition, and etching time for
our poly-Si NW TFTs. The definition of the width and thickness of the sidewall spacer
channel is shown in Fig. 2-3. Sample(1) was fabricated with 200 nm gate, 100 nm channel
layer and 20 seconds over etching. Figures 2-4(a) and (b) shows TEM and SEM pictures of

Sample(1), respectively. From Fig. 2-4(a), the thickness and width of the sidewall spacer

11



nano-wire channel are around 105 nm and 174 nm, respectively, which seem to be too large
for the fabrication of nano-wire TFTs. To reduce the nanowire dimensions, gate height as well
as the as-deposited channel thickness are reduced. Moreover, over etching time is used as a
parameter for the control of the nanowire structure. Figures 2-5~2-11 show the cross-sectional
TEM pictures of samples with various gate heights, as-deposited channel layer thickness, and
the etching times. The summary of TEM results is listed in Table 2-4. Note in Fig. 2-7 that the
sidewall spacer nano-wire channel has been etched off. Figure 2-12 shows that the thickness
and width of sidewall spacer nano-wire channel decrease with increasing over etching time as

characterized by TEM.

2-2  Operation of poly-Si NW TFT

The operation principles of our new poly-Si NW TFTs are similar to those of the
conventional bottom-gate TFTs. For n-channel poly-St NW TFTs, when the gate and drain are
positively biased with respective tothe source, and the gate bias is higher than the threshold
voltage, the device is turned on. On the other hand, when the gate bias is smaller than the
threshold voltage, the device is turned off. In contrast to conventional poly-Si TFTs in term of

structural arrangement, our nano-wire channels are aligned along the sidewall of the gate.

The parameters of the transistors and [-V characteristics, including threshold voltage
(Vin), linear maximum transconductance (Gy), and subthreshold swing (SS), were measured

and extracted. All data were characterized by an HP4156 analyzer.

The on-current can be expressed as,

1

W
ID = ILICOX T|:(VG _Vth )VD _EVD2i| (2_1)

in linear region (for Vg > Vy, Vg-Vi > Vp), where L is the channel length, W is the channel
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width, p is the mobility, and Cox is the gate capacitance per unit area. The on-current in

saturation region (for Vg > Vi, V-V < Vp), can also be expressed as,

1 W 2
I :Eﬂcox T|:(VG _Vth) J (2-2)
Then, GM is extracted by the differentiation of equation (2-1),
ol W
G = D _ =| — C V
M oV, Vp =const ( L j HoxVp (2-3)

Subthreshold swing (SS) can be calculated from the subthreshold current increase in the weak

inversion region,

N _(in10)=De _—23_ Ve

o(log1,) o(Int,) —a(Inl;) (2-4)

These electrical parameters could, be extracted from the curve of Ip versus Vg under a

SS =

constant drain voltage of 0.5V.

In this thesis, we use Gmmax) (the maximum value of Gy) to find V.. This method is
simple and straight-forward. ON/OFF current ratio is one of the most important performance
indicators. In this thesis, we measured the “ON” current at Vg=10V, Vp=0.5V and Vs=-10V,
Vp=-0.5V, for n- and p-channel operation, respectively. The “OFF” current was measured at

Vg=-3V, Vp=0.5V, and V5=3V, Vp=-0.5V, for n- and p-channel operation, respectively.
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Chapter 3

Characteristics and Discussion of NW TFT

3-1 Device performance

Recently, the poly-Si thin film transistors fabricated by low-temperature process have
received extensive study for their important applications to the active matrix liquid crystal
display (AMLCD)[30][31]. To optimize the design of the poly-Si NW TFTs with high
performance, it is important to develop a reliable analytical methodology based on the
physical mechanisms that correlates, sthe selectrical characteristics with the fabrication
condition. The performance of ‘poly-Si TETs:is dominated by trapping states at grain
boundaries and within the grdains themselves [32][33]. Although the electron and hole
field-effect mobility of poly-Si are considerably higher than those of a-Si, the values are still
much lower than those of single-crystal silicon. Fig.3-1 shows the comparison of transfer
property between sample(1) and sample(2). Sample(2) has smaller off-state leakage current,
larger on-current , and better subthreshlod swing than Sample(1). Figure 3-2 shows the
comparison of transfer characteristics between devices with 30 and 40 seconds over-etching
time, both with the same gate height (100nm) and channel layer deposition thickness (100nm).
However, the device with 40 seconds over-etching 40 time depicts larger off-state leakage
current, smaller threshold voltage, and better subthreshlod swing than the device with 30
seconds over-etching time. It is worthy to note that the off-state leakage current of the device
with 40s over-etching is larger than that with 30s over-etching. We believe this is because the
nano-wire channel with longer-etching time suffered from more plasma damage during the

channel-etching step. The mechanisms of off-state leakage current will be discussed in section
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3-3. In addition, we also observed that both thinner channel layer and shorter over
etching-time affect the characteristics of devices. The comparison on characteristics between
the device with 20s over-etching and the device with 25s over-etching, both having the same
gate height (100 nm) and channel layer thickness (50 nm), is shown in Fig. 3-3. The
comparison on characteristics between the device with 20s over-etching and the device with
25s over-etching, both having the same gate height (100nm) and channel layer thickness
(50nm) is shown in Fig. 3-3. The comparison on characteristics between devices with 54nm
and 30nm nano-wire thickness is shown in Fig. 3-4. It shows the device with thinner nanowire
has smaller threshold voltage and higher drain current, indicating better gate control ability.
Detailed summary of characteristic parameters (Vp=0.5V) with various channel layer

thickness and etching times is shown in Table 3-1.

The transfer characteristics® of; SBC-before-etching and SPC-after-etching nano-wire
devices are shown and comparéd in Figs. 3<5(a) and: (b). The two figures indicate that the
devices with SPC-before-etching nano-wire have: better electrical properties. For the device
with SPC-after-channel-etching, a-Si was re-crystallized in a confined space, and the grain
growth would be easily impeded. As a result, the grain size is smaller than that in the device
with SPC before channel etching. The comparison between n-channel and p-channel devices
is shown in Fig. 3-6. The characteristics of the n-channel devices are better than that of the
p-channel devices, owing to higher electron mobility. The results also indicate that more
attentions need to be paid to optimize p-channel devices. Fig. 3-7 shows the threshold voltage
of the devices with measurement deviation versus channel length. We can see the process
uniformity of poly-Si NW TFTs is less than optimum, and is worse with shorter channel. This
is owing to the difficulty in grain size and nanowire dimension control. Fig. 3-8 shows the
on-current versus channel length at Vg=10V, Vp=0.5V. The results in Fig.3-8 basically agree
with equation (2-1).
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Another very important electrical characteristic of poly-Si TFTs is Ip-Vp output
characteristic. The kink effect observed in the drain current of poly-Si TFT operating in the
high drain bias regime has been investigated by several works [35-39]. With the aid of
two-dimensional (2-D) numerical simulation, the nature of the kink effect had been identified
to be due to the impact-ionization mechanism in the high field regime near the drain for the
intrinsic poly-Si TFT [35-38]. Along the channel, the formation of the potential barrier of the
grain boundary and defects cause the low transconductance and high threshold voltage of
poly-Si TFTs. The barrier height is expressed in terms of channel doping, gate oxide thickness,
grain size, and external gate as well as drain biases. Drain bias will result in an asymmetric
potential barrier and introduce more carrier injection from the lowered barrier side. It is
shown that this consideration is very important to characterize the saturation region under

high drain bias condition.

Fig. 3-9 and Fig. 3-10 show the Ip-Vp output characteristics of n-channel devices with
short channel and long channel, ‘respectively. In Fig. 3-9 and Fig. 3-10, the short channel
devices exhibit more significant kink effect than long channel devices in the high drain bias
region. When the drain bias is applied, the grain barrier heights for both sides of the grain
boundary become asymmetric and the grain barrier height of the side near the source junction
will be lower than that of the side near the drain junction. Fig. 3-11 shows the energy band
diagram along the channel under high drain bias. As a consequence, there will be extra
carriers injecting from the source junction through the side with lower grain barrier into the
channel, resulting in the increased current. This phenomenon is so called the “drain induced
grain barrier lowering” (DIGBL) effect [38]. It is more significant for short channel poly-Si
TFTs [39], because the electrons drifting from source to drain is easier for short channel.
Impact-ionization effect initiated by DIGBL current is another cause responsible for the kink

effect of poly-Si TFTs [40]. When the intrinsic poly-Si TFT operates in the kink regime, the
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impact-ionization of carriers occurs in the saturation region in which the lateral electric field
is higher than the critical electric field. The impact-ionization mechanism in the saturation
region is illustrated in Fig.3-12(a). Fig. 3-12(a) illustrates the multiplication process of the

impact-ionization mechanism initiated by the DIGBL current, where © represents the Si

atom-site; the arrow with dashed line shows the path of the generated electron-hole pair. The
drain-source current includes DIGBL current and impact-ionization current initiated by the
electrons. Fig. 3-12(b) illustrates the continuity for the mechanism of the impact-ionization
initiated by the DIGBL current. Initially, electrons injecting from the source junction move
toward the drain through the transport mechanisms in tandem, by surmounting the grain
barriers, diffusing across the depletion regions near the grain boundaries, and drifting through
the inversion regions between the depletion regions. This is the transport mechanism
described by the interfacial-layer thermionic-diffusion model [41]. The generated electrons
and holes, being separated by the-high electric field, move toward the drain and source
junctions, respectively. When reaching the drainjunction, the electron flows originating both

from the DIGBL and the impact-ionizations-constitute the total drain-source current.

Fig. 3-13 shows the output characteristics of SPC-before-etching and SPC-after-etching
samples. The drain current of the devices with SPC-before-etching nano-wire channels are
larger than that of the devices with SPC-after-etching nano-wire channels. Figures 3-14(a) and
(b) show Ip-Vp output characteristics of p-channel devices with short channel and long
channel, respectively. It is noted that the drain current of the p-channel device is smaller than
that of the n-channel device, both biased at the same absolute values of Vg, Vp, and channel
length, owing to the lower hole mobility. According to the results above, we summarize that
Samples with split conditions (3), (7), and (8) have better transfer properties, and the
characteristics of devices with SPC-before-etching channel are better than those of devices
with SPC-after-etching channel. In the next section, we will discuss how to improve the
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device characteristics.

3-2 Effects of post treatment

It is well known that the grain boundaries exert a profound influence on device
characteristics, because electronic charges trapped within grain boundaries form potential
barriers. Due to the high density of defect states at grain boundaries and interior of grains,
poly-Si TFTs exhibit poor performance such as low mobility, large subthreshold swing, large
threshold voltage, and large leakage current, compared to single-crystal counterparts.
Therefore, to minimize the defect density in polysilicon film is essential to realizing high

performance TFTs.

Hydrogen plasma passivation of polysilicon films to reduce defect states in the grains
and the grain boundaries has been widely investigated for improving the electrical
characteristics of polysilicon thin film transistors [42-45]. The hydrogen plasma treatments
can improve the performance of poly-Si ‘TFTs by lowering the grain boundary potential
barriers [44][45]. It is well-known that hydrogenation tends to tie up the grain boundary
dangling bonds and intra-grain strain bonds with hydrogen, thereby remarkably improving the
characteristics of the poly-Si TFTs [44][45]. After plasma passivation, better performance
including higher on/off current ratio, higher field-effect mobility, higher drive current, lower
leakage current, lower threshold voltage, and lower subthreshold swing can be achieved. The
effects of forming gas annealing and NH; plasma treatment on the subthreshold
characteristics are shown in Fig.3-15 and Table 3-2. After forming gas annealing 30 mins, the
characteristics of device can be improved, including higher on-current, lower off-state current,
higher mobility, larger On/Off current ratio, lower subthreshold voltage, and better

subthreshold swing. After NH; plasma treatment, the characteristics of the device are much
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improved over the as-fabricated and forming-gas-annealed devices. We have also extended
the NH; plasma treatment time, and observed the effect on electrical characteristics. Figures
3-16 and 3-17 show the device characteristics of as-fabricated sample and samples after either
1-hour or 2-hour NHj plasma treatments. In Fig.3-17, it can be seen that longer NH; plasma
treatment time results in further improvement of the device characteristics. It is ascribed to
more defect passivation in the films by longer NH; plasma treatment time. Detail device
characteristics of as-fabricated sample and samples with either 1-hour or 2-hour NH; plasma
treatment are shown in Table 3-3. In Fig.3-18, it can be seen that, after NH3 plasma treatment,
the device characteristics are similar for devices with channel layer SPC either before or after
plasma, indicating that extra defects are efficiently passivated by NH; plasma treatment. In
Figs. 3-19(a) and (b), drain current of the device after NH; plasma treatment is larger than that
of the as-fabricated device, and theikink effect is significantly suppressed after NH; plasma
treatment, regardless of the channel length. This implies that the passivation of defect states

could effectively suppress the DIGBL cutrent.

3-3  Origins of leakage current

Polysilicon thin-film transistors have been actively investigated for use in peripheral and
active-matrix circuits in large-area liquid crystal display because of their high field-effect
mobility and reliability. However, compared to amorphous silicon TFTs, poly-Si TFTs suffer
from larger off-state leakage current, which could render them unacceptable for pixel driver
application. In order to hold the signal at levels for acceptable image quality, the off-state
current must be reduced to well below 1 pA/um. Considerable effort has been devoted to
clarifying the conduction mechanisms of off-state leakage current in poly-Si TFTs since the
1980°s, such as field emission, field-enhanced thermal emission, resistive current and

Frenkel-Poole emission, etc. In the earlier studies, it has generally been assumed that the
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conduction mechanism of off-state leakage current is dominated by one of those proposed

mechanisms. Recently, it has been found that the mechanisms of off-state current are

dependent on gate bias, drain bias, device size, device structure, and fabrication conditions
such as process temperature, annealing condition, hydrogenation, thickness of active poly-Si

layer, and deposition method of gate insulator. In short, the leakage current is not due to a

simple mechanism. In addition to the mechanisms referred to above, there are other

contributions to the off-state leakage current depending upon the overall trap density and the
extent to which it has been passivated as well as the film thickness and grain size effects.

When a negative gate bias (Vi) is applied to an n-channel TFT, there will be considerable

off-state leakage current which results from two basic mechanisms [46].

1. Resistive current: in this case the applied Vg is not negative enough to induce a p-layer in
the channel surface region, so the off-stare leakage current can be assumed to be an ohmic
current through the poly-Si layer.

2. Junction leakage current: when Vg is-more. negative, a significantly reverse-biased pn
junction is formed near the channel interface between the drain and channel. The junction
leakage current is carried by the holes generated via grain boundary traps in the depletion

region.

First, we consider the effect of plasma damage on the off-state leakage current for our
poly-Si NW TFTs. In Fig.3-20, the device with longer plasma etching time exhibits higher
off-state leakage for devices with SPC before etching. It is presumably due to plasma
etching-induced damage on the nano-wire channel. On the other hand, reduction in the
off-state leakage current with longer etching time is observed for devices with SPC after
etching. It is ascribed to the fact that the SPC after etching can remove part of the plasma
damage during nano-wire channel etching step. In this case, the longer etching time results in

smaller cross-sectional area of the nanowire, and thus lower leakage current. It is important to

20



note that the off-state leakage current of the SPC-after-etching device is still higher than the
SPC-before-etching device. Moreover, the transfer characteristics of the SPC-after-etching
device are not better over those of the SPC-before-etching device. It may be due to the smaller
grain size of the channel layer for the device with SPC-after-etching, as mentioned in previous
section. The off-state leakage current as a function of Vg and Vp is shown in Figs. 3-21(a)
and (b). Higher drain bias results in higher off-state leakage current. Furthermore, the more
negative the gate bias, the higher the off-state leakage current. In order to further discuss the
reason of off-state leakage current, we have to understand the activation energy in the
off-state region. The activation energy of the off-state can be obtained from the temperature
dependence of the drain current. The governing equation of off-state current, activation

energy, and temperature is given by

Eﬂ

I ff:Ioe-kT (3-1),

(0]

where Iy = constant independent of temperatute, and Ey= drain current activation energy.

The equation also can be expressed.as

-E
log (I )=log(I,)+ ( k{: j (3-2).

The off-state currents with various temperatures (25°C, 50°C, 75°C, 100°C, and 125°C) are

shown in Fig. 3-22(a). Next, we use equation (3-2) to plot the Arrhenius plot, which is shown
in Fig. 3-22(b). The activation energy (E,) can be extracted from the slope of the data lines
[47]. Figure 3-23(a) shows the dependence of E, on gate and drain voltages. Either more
negative gate bias or higher drain bias can reduce the activation energy, and results in larger
off-state leakage current. In Fig. 3-23(b), the activation energy of the device with NH; plasma
treatment is higher than that of as-fabricated device at high gate and drain voltages. It is
suggested to be due to the fact that NHs; plasma can effectively passivate the defects and trap

states in the poly-Si film [48]. In the off-state, E, decreases with increasing drain voltage at a
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given constant gate voltage. Under lower drain bias, E, keeps roughly a constant value about
0.5eV (~ Ey/2). Two possible mechanisms are proposed to account for the off-state leakage

current for our devices.

Mechanism 1:

This mechanism considers the trap-assisted conduction processes occurring laterally
from channel to the drain. There are three related cases illustrated in (a), (b), and (c) of Fig.
3-24.

(a) Pure thermal emission or thermal generation: this is duo to thermal excitation of an
electron from valence band into trap-state, and the trapped electron is emitted to the
conduction band by the same way.

(b) Thermionic field emission: this is dueito the field-enhanced emission under a medium
electric-filed strength. This case; comprises; twa. steps in tandem: the first step is the
thermal activation of an electron from the valence band to a trap state, and the second step
is electron tunneling through the reduced barrier-to the conduction band as shown in Fig.
3-24(b).

(c) Field emission or tunneling: under a strong electric field, the band gap is pulled more
severely. It causes the electrons to tunnel from the valence band to the conductance band

via the trap states.

All the processes stated above are common to poly-Si thin film transistors with top-gate
self-aligned structure, and the presence of trap state in the band-gap plays an important role.
The trap-assisted field emission current has the strongest dependence on the applied bias, but
is essentially independent of temperature, thus it is dominant under low-temperature and/or
high-field conditions. The thermal emission current is proportional to the intrinsic carrier

concentration of silicon (n;) which is proportional to exp[-Eo/2kT] (where E, is the energy
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band gap of silicon, k is the Boltzmann constant, and T is temperature in Kelvin). For this
reason, the activation energy of the pure thermal emission current should be approximately
equal to E/2. In addition, the pure thermal generation current is nearly independent of gate

voltage.

Mechanism 2:

In Fig. 3-25, it highlights the unique gate-drain overlap region that defines the top gate
width of our device. The off-state current for different gate widths is shown in Figs. 3-26(a)
and (b). As can be seen in the figures, the off-state current is actually proportional to the gate
width, implying that the conduction path is located in the gate-drain overlap regions
illustrated in Fig.3-25. We also extracted the activation energy for devices with gate width of
5 and 1 pm, respectively. The results are shown.in Fig. 3-27. It can be seen that the activation
energy is essentially independent of the igate width at both Vp=0.5V and Vp=5V, indicating
the same conduction mechanism-is responsible for the-samples, and it occurs in the gate-drain
overlap region. Fig. 3-28 illustrates the band diagrams of three cases in the gate-drain overlap
region for mechanism 2 proposed to explain the leakage current conduction:

(a) Low electric field: in this situation, both gate and drain bias are low. Therefore, the
off-state current is dominated by thermal emission.

(b) Medium electric field: the electrons in the valence band are thermally activated to the trap
states, and then tunnel to the conduction band. This is known as the thermionic field
emission.

(c) High electric field: under this situation, quasi Fermi level at the channel/oxide interface
shifts nearer to valence band edge, and band-to-band tunneling takes place easier with the

aid of trap states, which may lead to a high leakage current in the off-state region.

Those processes well explain the dependence of activation energy on Vg and Vp shown
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in Fig.3-27, and the resulted current is proportional to the gate-to-drain overlap width
indicated in Fig.3-26. This conduction mechanism is thus believed to be responsible for the

off-state leakage characterized in this work.
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Chapter 4
Conclusions and Future Works

4-1 Conclusions

In this work, a novel poly-Si NW TFT device and its fabrication method are proposed.
The overall process of this device is very simple, fast, and cheap. In this approach, we can
obtain the sidewall spacer nano-wire by channel layer etching. Critical dimensions of the
nano-wires can be adjusted by setting appropriate gate height, channel layer thickness, and

etching time.

In this work, the novel NW' device “1s: successfully demonstrated. Reasonable
performance of the fabricated device'is obtained, and could be dramatically improved using
NH; plasma treatment. For examples high On/Off current ratio of near 10’ is obtained. In
addition, we analyzed and discusséd the origins of the off-state leakage current. It is also
identified that the gate-to-drain overlap region determines the off-state leakage. Based on this
finding, further improvement on reducing the leakage current is possible by appropriately

modifying the device’s structural parameters and the process conditions.

Table 4-1 highlights the major advantages of the proposed scheme. This technique is
manufacturable and economic, and is capable of providing a reliable high-performance
poly-Si NW TFTs which are not only useful for biosensors but also for investigating
nano-scale semiconductor physics. It is also compatible with the low-temperature poly-Si
(LTPS) technologies, and could be integrated on low-cost and flexible substrates (such as
glass or plastic), making the fabrication of system-on-panel (SOP) for biologic sensing and

regulating purpose products possible.
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4-2  Future works

Polycrystalline silicon is rich in grain boundary defects as well as intragrain defects, and
the electrical activity of these charge-trapping centers profoundly affects the TFT
characteristics. To further improve the device performance, it is important to reduce the
defects and trap-states in poly-Si film for the poly-Si NW TFT. This could be achieved by

using the MILC or ELC to enlarge the grain size of the poly-Si films.

Another important work is to reduce the off-state current with optimized device layout
and structure. Furthermore, we may use other materials like the poly-Ge film to potentially
enhance the carrier mobility, and the silicide material for S/D to reduce the parasitic resistance.
With suitable optimization, we belicve that the petformance of poly-Si NW TFTs can be
improved significantly. As long-as ‘decent performance is achieved, the new NW device can

be readily applied to a variety of novel applications in the future.
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Pressure RF Top |RF Bottom| Gas Flow Sljlfiil\l]i Time
(mtorr) | power (W) | Power (W) | (sccm) (Si/Si Oz)y (second)
Break
Through 5 250 200 ClL, : 80 10.4 4
Step
. C12 122
Mag: Bweh )y 160 33 0,: 1.5 157 | End point
b HBr: 165
Over Etch 0,:2
Step 25 250 33 HBr - 150 368 20,25,30,40
Table 2-1 Etching recipe of the high-density plasma and the corresponding

etching selectivity:of poly-Si toSi0,.

RE Pressure | Flow rate | Temperature
Plasma power (mtorr) (scem) (C)
(watt)
NH3 200 300 700 300

Table 2-2 NHj; plasma treatment conditions.
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Gate

Channel

Split denosition layer Ion Etching time
condition P deposition | implantation (sec)
(nm)
(nm)
Dopant: P : .
| 200 100 E=15keV, Mf(r)‘gtggmg
dose=1E15 S
Dopant: P* . :
2 100 100 E=15keV, Milggtgglsng
dose=1E15
Dopant: P* . :
3 100 100 E=15keV, Milggtzglsng
dose=1E15
Dopant: P* : .
4 100 100 E=15keV, MigEetggmg
dose=1EI15 >
Dopant:BFf ) )
5 100 100 E=15keV, MigEetngg
dose=1EI15 >
Dopant: P
6 100 50 E=10keV, OE 20s
dose=1E15
Dopant: P
7 100 50 E=10keV, OE 25s
dose=1E15
Dopant: P : .
8 100 70 E=10keV, Miggtgg;“g
dose=1E15
Dopant: P : .
9 100 70 E=10keV, Miggt;’g;“g
dose=1E15

Table 2-3  Split conditions
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Split conditions Thickness Width

Gate 200nm

Channel layer 100nm 174 nm 105 nm
Main etch + OE 20s

Gate 100nm

Channel layer 100nm 47.0 nm 35.1 nm
Main etch + OE 30s
Gate 100nm
Channel layer 100nm 22.9 nm 21.0 nm
Main etch + OE 40s
Gate 100nm
Channel layer 100nm 0 nm 0 nm
Main etch + OE:50s
Gate 100dm

Channel layer 50nm 53.8 nm 53.6 nm
OE 20s

Gate 100nm

Channel layer 50nm 33.8 nm 34.7 nm
OE 25s

Gate 100nm
Channel layer 70nm 30.0 nm 27.9 nm
Main etch + OE 20s

Gate 100nm
Channel layer 70nm 0 nm 0 nm
Main etch + OE 30s

Table 2-4 Summary of the feature size of nano-wire with 100nm gate by TEM.
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Mobility | On/Off
Split conditions | Vi, (V) | SS (V/dec)
(cm®V's) | ratio

Gate 100nm

Channel layer 100nm |6 36| 0.96 19 | 147x10°
Main etch + OE 30s

Gate 100nm

Channel layer 100nm |5 97 | 0,88 24 | 1.38x10°
Main etch + OE 40s

Gate 100nm

Channel layer S0nm |- 3 55| 0.60 21 |2.91x10°
OE 20s

Gate 100nm

Channel layer 50nm | 3 g 0.67 24 7.20x10*
OE 25s

Gate 100nm

Channel layer 70nm |3 49 | 0.50 29 |6.94x10°
Main etch + OE 20s

Table 3-1 The summary of characteristic parameters with various
channel layer thickness and etching time at Vp=0.5V. (SPC
before etching)
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Vi SS Mobility | On/Off

(V) | (V/dec) | (ecm*V''s™) | ratio
As-fabricated | 6.36| 0.96 19 1.47x10°
Forming Gas

5.13| 0.80 20 1.92x10°

annealing-30ms

NH; plasma

1.66| 0.31 34 3.35x10°
treatment-1hr

Table 3-2 Comparison of characteristic parameters among as-fabricated
FG-annealed, and NH; plasma-treated n-channel devices, all at Vp=0.5V.

Vi SS Mobility | ON/OFF

(V) (V/dec) | (em2v-lg-1y ratio
As-fabricated| 5.97 0.88 24 1.38x10°
NH3-1hr 2.67 0.35 48 2.33x10°
NH3-2hrs 1.87 0.29 50 8.90x10°

Table 3-3 Comparison of n-channel device characteristics among
as-fabricated, NH; plasma treatment 1hr, and 2hrs.
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Alignment of

Size of NWs Sensitivit Cost & Process
NWs Y
Top-d Expensive, high
op-aown
p Good control | Good control Can be high techniques and
complicated
Bott Relyon | ot casy t Medium, but
ottom-u ot easy to edium,
p nanocluster and Y Can be high u Y ]
control complex integration

growth time

Can-be improved by

Our re-crystallization Cheap and
Good control | Good control % simplified, reliable
Approach and Vy-set to _
) and reproducible
modify
Table 4-1 Summary of major features of conventional top-down, and

bottom-up approaches, and our approach.
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Figure 2-1 (a) Device structugg%%'zﬁﬁgp?sed poly-Si NW TFT.

&
s

T
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Drain

Figure 2-1 (b) Top-view layout of the poly-Si NW TFT.
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-Wet oxidation (glass substrate) ‘Poly-Si
-LPCVD in-situ doped poly-Si (Gate)
-Define gate

Sio,

Si substrate

-LPCVD TEOS (gate insulator)
-LPCVD a-Si channel layer

LPCVD SiQ,

Poly-Si
(Gate)

SO,

Si substrate

‘ ~lon implantation

-lon implantation

Dopant LPCVD SiO,
atoms ;
‘Poly-Si
~(Gate)
SiO;
Si substrate

Figure 2- 1 The key process flow of poly-Si NW TFT.



Dry etching

I3R!

-Dry etching
-Source and drain were
covered with P.R.

\V

Channel layer

Dopant - LPCVD SiO,
atoms d .
‘Poly-Si
(Gate)
SO,
Si substrate
Nano-wire Channels
-Nano-wi i
ano-wire channels were LPCVD SiO,
formed. -
-The cross-section of the ‘Poly-Si
line from A to B in the ~(Gate)
Fig. 2-1(b)
SiO,
Si substrate

Figure 2-2  Key process flow of poly-Si NW TFT.
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Figure 2-3  Definition of the nanowire width and thickness.
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Figure 2-4(b) SEM picture of the sample(1).
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Figure 2-6 Cross-sectional picture of sidewall spacer nano-wire channel of
sample(3) by TEM.

43



Figure 2-7  Cross-sectional picture of sidewall spacer nano-wire channel of
sample(4) by TEM '

Figure 2-8 Cross-sectional picture of sidewall spacer nano-wire channel of
sample(6) by TEM.
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Figure 2-9 The cross-sectionalpicture

of sidewall spacer nano-wire channel of
sample(7) by '

Figure 2-10 Cross-sectional picture of sidewall spacer nano-wire channel of
sample(8) by TEM.
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Figure 2-11 Cross-sectional s ‘ all spacer nano-wire channel of
sample(9) by TE R
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| | |
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Figure 2-12  Cross-sectional nanowire width and thickness as a function of
over etching time by TEM for samples(2), (3), and (4).
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SPC before etching, L=1pm

n-channel
104
105 L —* sample(1), V =0.5V
<o sample(1), V=3V
0% 4 sample(2),V,=0.5V
107 | - sample(2),V =3V

Drain Current (A)
=
|

Gate Voltage (V)
Figure 3-1 Typical transfer characteristi¢s.of sample(1) and sample(2).

SPC before etching, L=1um

n-channel, 100nm gate, 100nm channel layer

10* g

L0 , —e— OE30s,V_=0.5V
F 0. OE30s,V =3V

10°F 4 OB40sV,=0.5V
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Drain Current (A)
=

T T T T T T T T T T Ty

._.
=
=
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-6 -4 -2 0 2 4 6 8 10
Gate Voltage (V)

Figure 3-2 Typical transfer characteristics of devices with over etching of 30s
and over etching 40s.
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SPC before etching, L=1pum
n-channel, 100nm gate, 50nm channel layer

—e— OE20s,V_=0.5V
E o OE20sV =3V
0% OR25sV,=0.5V
10-?%- - a.. OE255,V =3V

Drain Current (A)
=
|

10,14: ! I I ! ] ] ! I
-6 -4 -2 0 2 4 [ 8 10

Gate Voltage (V)

Figure 3-3 Typical transfer characteristi¢s.of devices with over etching of 20s
and over etching 25s.
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Figure 3-4 Typical transfer characteristics of devices with nanowire thickness
of 54 and 30 nm.
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n-channel, 100nm gate, 100nm channel layer

. main etching + OE40s
104 ¢
10 __ —e— SPC before etching, V,,=0.5V L=1pum
) F o SPC before etching, V=3V
N T
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Gate Voltage (V)

Figure 3-5 (a) Typical transfer characteristics of devices with channel layer
SPC before plasma etching and SPC after plasma etching

(OE40s).
-, n-channel, 100nm gate, 50nm channel layer, OE20s
10° , —e— SPC before etching,V =0.5V L=1um

] o SPC before etching,V_ =3V
10-

—a— SPC after etching, V,=0.5V
& SPC after etching, V=3V

Drain Current (A)
=

L e

1014 | 1 I l I | | |
-0 -4 -2 0 2 4 ) 8 10

Gate Voltage (V)

Figure 3-5(b) Typical transfer characteristics of devices with channel layer
SPC before plasma etching and SPC after plasma etching
(OE20s).
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L=Ipm, W=21x2nm
104 104

—e— n-channel, V.=0.5V

Drain Current (A)

10° 107
0. n-channel, V=3V
10 —a— p-channel,V_=-0.5V 0
107 A p-channel, V=3V 107
<
= 10 10°
o
5 10-9 10_9
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-10 i
_g 10 10
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10-140—1 I | ' . 1014
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Figure 3-6  Typical transfer characteristics of n-channel and p-channel devices.
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Figure 3-7 Vy, and its deviationi-as a fun¢tion of channel length.
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Figure 3-8 On-state drain current versus channel length at V=10V and
Vp=0.5V.
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n-channel, SPC before etching
W=21x2nm, L=1pm
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Drain Voltage (V)

Figure 3-9 (a) Ip-Vp output characteristics of a short channel device

(L= 1um).
n-channel, SPC before etching
W=21x2nm, L=5um
1.6¢-6
V=11V
1.4e-6 | ¢
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5 80e7}
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£ 607} VeV
&
40e7 | V=8V
2.0e7 | g
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Drain Voltage (V)

Figure 3-9 (b) Ip-Vp output characteristics of a long channel device (L = Sum).
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n-channel, SPC before etching
W=34.7x2nm, L=1pm
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4.0e-6 V=8V

2.0e-6 V =7V

0.0

12

Drain Voltage (V)

Figure 3-10 (a) Ip-Vp output characteristics of a short channel device
(L=1pm).
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Figure 3-10 (b) Ip-Vp output characteristics of a long channel device (L =5um).
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Figure 3-11 Energy band diagram along the channel at V=0V and Vp=high
voltage.
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Figure 3-12 (a) Cross-sectional view of the saturation region in the intrinsic
n-channel poly-St TFT.
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Figure 3-12 (b) Diagram illustrating the current continuity for the
impact-ionization mechanism initiated by the DIGBL current
in the intrinsic n-channel poly-Si TFT.

(Reference: Hsin-Li Chen, Ching-Yuan Wu, “A New I[-V Model Considering the

Impact-Ionization Effect Initiated by the DIGBL Current for the Intrinsic n-Channel Poly-Si
TFT’s ”, IEEE Trans. Electron Devices, vol.46, no.4, pp.722-728, 1999.)
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Figure 3-13 The Ip-Vp output characteristics of devices with SPC before and
after etching.
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Figure 3-14 (a) Ip-Vp output characteristics of a short p-channel device
(L= 1pm):
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Figure 3-14(b) Ip-Vp output characteristics of a p-channel device (L =5 pm).
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Figure 3-15 Subthreshold characteristics of as-fabricated device and devices
with N,/H, gas annealing 0.5hr, and NH; plasma treatment-1hr.
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Figure 3-16 Transfer characteristics of as-fabricated device and device with
2-hour NHj; plasma, treatment at Vp=0.5V and Vp=3V.
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Figure 3-17 Subthreshold characteristics of as-fabricated device and devices
that received 1- and 2-hour NH3 plasma treatment at Vp=0.5V.
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n-channel, W=34.7x2nm, L=5um
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Figure 3-18 Ip-Vg characteristics of devices with SPC before and after etching
and received NH; plasma treatment lhour.
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n-channel, W=21x2nm, L=1pm
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Figure 3-19 (a) Ip-Vp output characteristics of as-fabricated device and device
with NH; plasma treéatment for 2 hours.(L = 1um)
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Figure 3-19 (b) Ip-Vp output characteristics of as-fabricated device and device
with NH; plasma treatment for 2 hours.(L = Sum)
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Off-state leakage current
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Figure 3-20 Leakage current as a function of overetch time for samples with
SPC before and after channel etching.

62



n-channel, SPC before etching
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Figure 3-21 (a) Ip-Vg characteristics ofithe as-fabricated device with various

Vbp.
n-channel, SPC before etching
W=21x2nm, L=1pm
107 L ) 10%
105 _ —_— V=01V - _ 10
P R e e VDZOSV ’_,__d_’_.‘—-:"‘_:d-—d_-_ ] 6
10 — ______ V=3V ///5"" .............................. _10
R (o) =g P 4107
g F . E
= 108 ; 10
& ]
5 109 = _ 10-9
.g 101°F _;10710
= 3
ot { 10
1012 {10
1013k 1100
1014 | i -
0 i -2 0 2 4 6 8 10

Gate Voltage (V)

Figure 3-21(b) Ip-Vg characteristics of the device received 2-hour NH; plasma
treatment with various Vp.
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n-channel, SPC before etching
W=21x2nm, L=0.8um, Vp=0.5V
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Figure 3-22 (a) Off-state leakage' charactefistics characterized at various
temperatures:

L=0.8um, V=0.5V
-20

22 =

24

26

log(I oﬂ)

28 -

-30

3| Tl V=Y

_34 | | | | |
0.0024 0.0026 0.0028 0.0030 0.0032 0.0034

/TK™)
Figure 3-22 (b) Arrhenius plots of the off-state current of 0.8um n-channel
device at different gate voltages. The slope of each line
determines the activation energy (Ea).
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n-channel, SPC before etching
W=21x2nm, L=0.8um
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Figure 3-23 (a) Dependency of activation energy on gate and drain voltages
for an as-fabricated device.
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Figure 3-23 (b) Dependency of activation energy on gate and drain voltage for
a device received 2-hour NH; plasma treatment.
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Figure 3-24 The band diagrams for mechanism 1.
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Figure 3-25 The gate-drain overlap region and the definition of gate width.
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n-channel, SPC before etching
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Figure 3-26 (a) The off-state current with various gate widths at Vp=5V.
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Figure 3-26 (b) Off-state current with various gate widths at Vg=-5V and
Vp=5V.
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Figure 3-27 Dependency of activation energy on gate and drain voltages for a
device received 2 hour NH; plasma treatment.

69



(a) Low electric field.

(b) Medium electric field.

(c) High electric field.
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Figure 3-28 The band diagrams for mechanism 2.
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