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Abstract

First, the passivation effect of NH; plasma treatment on bottom gate poly-Si
TFTs is thoroughly discussed. The poly-Si TFTs are exposed to NH; plasma with
several conditions, including diverse stages, various plasma treatment time, and
different plasma power.

Compared with the sample without any plasma treatment, pre-SPC-treatment
degrades device performance; however, post-SPC-treatment and after-AA-treatment
improve device performance. The poly-Si TFTs with pre-SPC-treatment exhibit the
worst performance, and those with after-AA-treatment ones exhibit the best
performance than the counterparts. Although after-A A-treatment is the most efficient
technique to passivate traps, the poly-Si TFTs with after-A A-treatment suffer from the
heaviest ion bombardment damage than those with post-SPC-treatment ones. In
addition, longer plasma treatment time or higher plasma power will enhance
performance and alleviate kink effect more effectively. The plasma treatment with
higher plasma power will also strengthen the bulk oxide quality more significantly.

Second, the impacts of post-metal-annealing on plasma-treated poly-Si TFTs are
systematically investigated. We hypothesize that PMA in N, ambient is a method to

annihilate the hole traps in the gate oxide generated by plasma dry etching. Moreover,

II



the performance of the poly-Si TFTs with PMA are mainly attributed to the
combination of following mechanisms: 1) the elimination of the hole traps in the gate
oxide by PMA, 2) the out-diffusion of nitrogen and hydrogen radicals during PMA
processing, 3) the remaining passivation effect by NH; plasma, and 4) the

plasma-induced damage by NHj plasma.
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Chapter 1

Introduction

1.1 Background

1.1.1 Poly-Si TFTs

Ongoing researches for polycrystalline silicon thin-film transistors (poly-Si TFTs)
have attracted intense attention recently, due to their advantages over amorphous
silicon thin-film transistors (a-Si TFTs), such as higher carrier mobility, lower leakage,
and higher drive current. Thus, poly-Si TFTs have been widely used in large-area flat
panel displays, for example, active-matrix liquid crystal displays (AMLCDs) and
active matrix organic light-emitting displays (AMOLEDs) [1.1]-[1.2].

However, the grain boundaries and intra-grain defects degrade carrier transport
[1.3]; therefore, they exert a profound influence on the device performance. For this
reason, reducing defects inside the poly-Si layer plays a crucial role in optimizing the
performance of poly-Si TFTs. It has been reported that poly-Si, formed by the
crystallization of a-Si, results in larger grain size and better electronic properties than
as-deposited poly-Si [1.4]. In order to improve the characteristics of poly-Si TFTs,
there are various techniques in the fabrication which are aimed at two characteristics:
1) enlargement of grain size, and 2) removal of defects in poly-Si films.

Various techniques have been used to crystallize the a-Si into the poly-Si, for
instance, solid phase crystallization (SPC), rapid thermal annealing (RTA), excimer
laser crystallization (ELC), and metal-induced lateral crystallization (MILC). For SPC
process, although it usually takes a long crystallization time of about 20-60 hours at
600°C, its advantages, such as low cost and superior uniformity, make it a commonly

used technique [1.5]. RTA is a high temperature (>600°C) process that can complete



crystallization in a short period of time, but this results in films with high defect
density [1.6]-[1.7]. Compared with SPC and RTA, ELC can be considered a low
temperature process. Even though it is capable of producing poly-Si films with low
defect density, it suffers from high initial setup cost, high process complexity and
poor uniformity [1.8]. Furthermore, MILC has the problem with metal residues which
lead to unacceptable leakage current [1.9]-[1.10].

To passivate the grain boundaries and intra-grain defects, various passivation
methods such as hydrogen plasma treatment, hydrogen implantation, and
hydrogen-containing nitride film deposition have been applied [1.11]-[1.13].
Although hydrogen passivation eliminates defects and improves the performance of
poly-Si TFTs effectively, the poly-Si TFTs after hydrogen passivation suffer from
hot-carrier, which might degrade the reliability [1.14]. Because the formation of weak
Si—H bonds after hydrogen passivation are easily-broken under hot-carrier stress, F,
N», NH; plasma treatment are used to obtain a better hot-carrier reliability than H,

plasma treatment [1.14]-[1.16].

1.1.2 Plasma Treatment

Poly-Si thin film consists of different oriented grains, containing many grain
boundaries and intra-grain defects. These defects act as trap centers and degrade
carrier transport, resulting in unacceptable characteristics of poly-Si TFTs [1.17]. The
deep states, which originate from the dangling bonds at grain boundaries, have a
faster response to hydrogenation. These deep states degrade the threshold voltage and
the subthreshold swing. The tail states, which originate from the strain-bond-related
intra-grain defects, respond slower to hydrogenation with an onset period of 4 to 12
hours depending on the grain size. And these tail states degrade the field-effect

mobility and minimum leakage current [1.3]. In order to obtain superior



characteristics of poly-Si TFTs, numerous techniques have been used to enhance the
device performance by reducing the trap density or increasing the grain size of the
polysilicon [1.4].

H, plasma treatment, also called hydrogenation, is an effective method to
passivate defects and improve the performance of poly-Si TFTs. Unfortunately,
poly-Si TFTs after hydrogen passivation suffer from hot-carrier issue because the
formation of weak Si—H bonds are easily-broken during hot-carrier stressing [1.15].
Also, poly-Si TFTs with H, plasma treatment loss their passivation effect after
subjecting to high temperature (>500°C ) annealing [1.16].

N, plasma treatment can effectively improve device characteristics, such as
field-effect mobility, subthreshold swing, minimum leakage current, and on/off
current ratio [1.14]. Furthermore, N, plasma treatment has been proposed to attenuate
hot-carrier degradation. Poly-Si TFTs with N, plasma treatment have better
hot-carrier reliability than using H, plasma treatment, due to strong Si—N bonds with
higher bonding energy that would replace the weak Si—H bonds.

Because of the passivation effect of nitrogen and hydrogen radicals, NH; plasma
treatment has also been studied. Similar to N, plasma treatment, NH; plasma
treatment can passivate defects, improve the performance and the hot-carrier
reliability of poly-Si TFTs [1.18]-[1.19]. Besides, it is found that NH; plasma
pretreatment before SPC annealing significantly shortens the a-Si film crystallization
time and simultaneously improves device performance and hot-carrier reliability
[1.20]. These improvements can be attributed to the combination of following
mechanisms: 1) hydrogen radicals that enhance the formation of seed nuclei which
reduces crystallization time, and 2) nitrogen and hydrogen radicals pile-up at
SiO,/poly-Si interface and terminate the dangling bonds at the grain boundaries,

leading to improved performance.



1.1.3 Bottom Gate TFT Structure

Bottom gate TFTs as shown in Fig. 1-1(a), have been widely used because of
good match with process integration of conventional SRAMs. Their channel areas are
good isolated from parasitic electric field caused by under layers [1.21]. Also, bottom
gate TFTs are commonly used as the switching elements in AMLCDs fabrication. It
has been reported that bottom gate TFTs can be easily fabricated by the laser
annealing of a-Si film for the active layer [1.22], allowing higher circuit density and
improving topography compared with top gate devices [1.23]. In addition, because the
gate electrode is located under gate insulator for bottom gate structure, the channel is
not damaged by the plasma radiation during gate insulator deposition. Therefore,
bottom gate TFTs have larger on-state current (Ion) than the top gate TFTs [1.24].

Unfortunately, compared with top gate devices as shown in Fig. 1-1(b), smaller
grain size and irregular grains of the poly-Si channel result in unacceptable
characteristics of bottom gate TFTs [1.25]. Besides, because the gate is located under
the active layer, it is difficult to fabricate a bottom gate TFT with its gate edges
self-aligned to its source/drain. Thus, bottom gate TFTs suffer from significant
performance variation, large parasitic capacitance and poor scalability owing to the
misalignment effect [1.23]. Although some self-aligned bottom gate TFTs processes

have been proposed, the device processes were too complicated to be utilized [1.26].

1.2 Motivation

It is known that NHj plasma treatment is an effective method to passivate defects
that will improve the performance and the hot-carrier reliability of poly-Si TFTs.
Moreover, it has been proposed that NH3 plasma pretreatment before SPC annealing
not only shortens the a-Si film crystallization time significantly, but also improves

device performance and hot-carrier reliability simultaneously. In fact, hydrogen



radicals enhance the formation of seed nuclei, which reduces crystallization time.
Meanwhile, nitrogen and hydrogen radicals terminate the dangling bonds at the grain
boundaries. It is because of these two events that strong Si—N bonds are formed and
then the trap density is decreased.

Although there are several literatures discussing the passivation effect of NHj
plasma treatment for top gate devices, there are few for bottom gate poly-Si TFTs. In
addition, because the channel is located over the gate electrode for bottom gate
structure, the poly-Si channel is directly exposed to NHj3 plasma. The passivation
effect of bottom gate structure may be different to top gate structure. Thus, the
passivation effect of NH3 plasma treatment for bottom gate poly-Si TFTs will be
thoroughly studied in this study. The poly-Si TFTs will be exposed to NH; plasma
with several conditions, including diverse stages, various plasma treatment time, and
different plasma power. The influences of NH; plasma with different conditions on

bottom gate poly-Si TFTs will also be systematically investigated.
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Chapter 2

Device Fabrication and Experimental Setup

2.1 Introduction

The process flow, experimental procedure, measurement, and equipment setup
will be introduced in detail. In addition, the methods to extract the important electrical

parameters will also be proposed.

2.2 Experimental Procedure

Fig. 2-1 shows the process flow of the poly-Si TFTs in this study, and the
fabrication processes are shown in Fig. 2-2 (a)-(e). It is important to emphasize that
each wafer was exposed to NHs plasma only once. The NH; plasma treatments were
performed by plasma-enhanced chemical vapor deposition (PECVD), using pure NH3
gas of 200 sccm, substrate temperature of 300°C, RF power of 50 W or 200 W, and
the plasma treatment time varied from 15 to 120 min.

First, the thermal oxide of 5000 A was grown on the 6 inch silicon wafer by
horizontal furnace. The poly-Si film of 1500 A was deposited as the gate electrode by
low-pressure chemical vapor deposition (LPCVD) and implanted with phosphorous
(50 keV at 5x10" cm™) (F ig. 2-2 (a)). After gate electrode patterning, a 200 A thick
tetracthyl orthosilicate (TEOS) oxide was deposited as the gate insulator. Then, the
a-Si film of 500 A was deposited. Some wafers were exposed to NH; plasma, which
was defined as “pre-SPC-treatment”, and the other wafers were skipped in this step (Fig.
2-2 (b)).

The a-Si was crystallized by solid phase crystallization (SPC) at 600°C for 24 hr

to transform the a-Si into poly-Si. The source/drain were implanted with phosphorous



(15 keV at 5x10" cm™) and activated by annealing at 600°C for 24 hr in N, ambient.
Some wafers were exposed to NH; plasma, which was defined as
“post-SPC-treatment”, and the other wafers were skipped in this step (Fig. 2-2 (c)).
After defining the active area, some wafers were exposed to NH3 plasma, which
was defined as “after-AA-treatment”, and the other wafers were skipped in this step
(Fig. 2-2 (d)). Then, the 5000 A thick SiO, by PECVD was deposited as the
passivation layer. After patterning of the contact holes, the 6000 A thick Al-Si-Cu pad
was deposited by physical vapor deposition (PVD) and patterned to finish the
processes of poly-Si TFTs fabrication (Fig. 2-2 (¢)). All process splits are illustrated
in Fig. 2-3. The poly-Si TFTs were exposed to NH3 plasma with several conditions,

including diverse stages, various plasma treatment time, and different plasma power.

2.3 Measurement and Equipment Setup

Measurement setup of the poly-Si TFTs is presented in Fig. 2-4, including
semiconductor characterization system (KEITHLEY 4200), pulse pattern generator
(Agilent 81110A), low leakage current switch mainframe (KEITHLEY 708A), and
probe station.

KEITHLEY 4200 is equipped with programmable source-monitor units (SMU)
which provides high resolution to measure DC I-V, pulse characterization and
reliability testing of semiconductor devices.

Agilent 81110A with two pulse channels supplies high timing resolution pulse.
When the devise is measured in probe station, KEITHLEY 708A, which is configured
a 10-input x 12-output switching matrix, switching the signals from KEITHLEY
4200 and Agilent 81110A. Moreover, the C™ language is used for controlling the

devise measurement instruments.



2.3 Extraction Methods of Device Parameters

The extraction methods of electrical parameters, including threshold voltage

(Vrn) and transconductance (Gy,), will be introduced in the following sections.

2.3.1 Threshold Voltage

In this thesis, threshold voltage (Vrn) is determined by constant drain current
method. Vry is defined as the gate voltage that yields a drain current (Ips) of 100 nA
where Ips = 100 nA x (W/L). W and L are channel width and channel length,

respectively. This method is utilized in most of the studies of TFTs.

2.3.2 Transconductance

Transconductance (Gy,) is the guide to extract the field-effect mobility (pgg).
Field-effect mobility is calculated from the maximum transconductance (Gm max) at
low drain bias (Vpg = 0.1 V). The drain current in linear region (Vps < Vgs — V1n)

can be approximated as

W 1
| = pCo T[(VGS vy Vo -_vD;} ........................... (2-1)

where Cox is the gate oxide capacitance per unit area and Vpg is the drain-source

voltage. The transconductance (in linear region) is defined as

ol W
G = 5 2= Heg Cox (W v (2-2)
GS

However, KEITHLEY 4200 is automatic to extract Gm max from the transfer
characteristics (Ins—Vgs). By finding out the G max, We can calculate the field-effect

mobility of all samples.



Wafers
(wafer 1°* ~ 16™)

v
5000 A wet oxide

v
1500 A poly-Si
v

Gate implantation
(phosphorous, 50 keV at 5x10'° ¢cm™)
7

Gate electrode patterning

v
200 A TEOS oxide

v
500 A a-Si 1

(wafer 6™ ~ 16™) Pre-SPC-T:"eait:;nent
(wafer 1* ~5™)

SPC at 600°C for 24 hr |

7
S/D implantation
(phosphorous, 15 keV at 5x10"° cm™)

v
Gate & S/D activation
(600°C for 24 hr in N, ambient)

(wafer 1% ~ 5% 11% < 16™) Post-SPC-:ll:reattinent
(wafer 6" ~10)

|
!

After-AA-Treatment
(wafer 11" ~ 15™)

Active area (AA) definition

(wafer 1% ~ 10™, 16™)

5000 A SiO, passivation !

v
6000 A Al-Si-Cu pad

Fig. 2-1 The process flow of the poly-Si TFTs.
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(a) The thermal oxide of 5000 A was grown. The poly-Si film of 1500 A was

deposited and implanted with phosphorous (50 keV at 5x10'° cm™).

NH; Plasma Pre-SPC-Treatment

11111

(b) After gate electrode patterning, a 200 A thick TEOS oxide was deposited as the
gate insulator. Then, the a-Si film of 500 A was deposited. Some wafers were

exposed to NH3 plasma, which was defined as “pre-SPC-treatment”.
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(¢c) SPC at 600°C for 24 hr to transform the a-Si into poly-Si. The S/D were

implanted with phosphorous (15 keV at 5x10"° ¢m™) and activated by annealing

at 600°C for 24 hr in N, ambient. Some wafers were exposed to NH; plasma,

which was defined as “post-SPC-treatment”.
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(d) After defining the active area, some wafers were exposed to NH; plasma, which

was defined as “after-A A-treatment”.
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SiO, Passivation

(e) The 5000 A thick SiO, was deposited as the passivation layer. After patterning of
the contact holes, the 6000 A thick Al-Si-Cu pad was deposited and patterned to
finish the process of poly-Si TFTs fabrication.

Fig. 2-2 Schematic of the fabrication processes for bottom gate poly-Si TFTs.
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Post-SPC

Treatment

After-AA

Fig. 2-3 The process splits for the poly-Si TFTs.
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Chapter 3
Effects of NH; Plasma Treatment on Bottom Gate

Poly-Si TFTs

3.1 Introduction

NH; plasma treatment is an effective method to passivate defects that will
improve the performance and the hot-carrier reliability of poly-Si TFTs [3.1]-[3.2].
During NHj3 plasma treatment, radicals pile-up at SiO,/poly-Si interface and passivate
the dangling bonds at grain boundaries (deep states) as well as the intra-grain traps
(tail states), leading to improved performance. [3.3]. In this chapter, the passivation
effect of NH; plasma treatment on bottom gate poly-Si TFTs will be thoroughly
studied. First, the influences of different NH3 plasma treatment time will be discussed.
Second, the influences of different NH; plasma power will also be systematically

investigated.

3.2 Plasma Treatment Time Dependence

Fig. 3-1 — Fig. 3-3 illustrate Ips—Vgs and Gn—Vgs characteristics of n-channel
poly-Si TFTs for control sample and the samples with NH;3 plasma pre-SPC-treatment,
post-SPC-treatment, and after-AA-treatment at Vpg of 0.1 V, respectively. These
poly-Si TFTs were exposed to NH; plasma with power of 50 W, and the plasma
treatment time varied from 15 min to 120 min. The subthreshold double-hump
phenomenon has been measured in these poly-Si TFTs. The subthreshold
double-hump phenomenon indicates that there are two conduction paths for the device
[3.4]. During plasma dry etching processing, especially in active area patterning, high

energy photons may cause various types of damage, such as a shift in the threshold
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voltage and the formation of crystalline defects [3.5]-[3.8]. It has been reported that
plasma-induced charging stress produces the generation of hole traps and interface
states in the gate oxide. The generation of hole traps will lead to negative Vry shift
[3.9]-[3.10]. The top-view of bottom gate poly-Si TFTs with different channel width
are shown in Fig. 3-4 (a) and (b). For the poly-Si TFT in the width direction, the
equivalent channel width can be divided into the flat plate and corner edge portions.
During active area patterning, plasma may cause damage on the sidewall of the oxide,
and the plasma-induced charging will generate new hole traps at the corner edge
portions. These hole traps in the gate oxide lead to negative Vyy shift at the corner
edge portions, and the corner edge portions will have lower Vg than the flat plate
portion. As shown in Fig. 3-5, this transistor can be equivalent to flat plate transistor
and corner edge transistor in parallel. At low Vs region, corner edge transistor which
has low V1 will be turned on first, then the flat plate transistor which has high Vg
will be turned on as Vs is further increased [3.11]. Moreover, the non-uniform Viy
exhibits the early turn-on phenomena.

Once the channel width decreases from 10 um to 2 pm, the corner edge portions
will gradually dominate the device characteristics as shown in Fig. 3-4 (b). The Ips—
Vs characteristics for the samples with 2 um channel width are shown in Fig. 3-6 and
Fig. 3-7. The poly-Si TFTs with 2 um channel width have large off-state leakage
current (Iopr) due to the impacts of the corner edge portions. The hole traps generated
by plasma dry etching at the corner edge portions construct a leakage path and lead to
a large Iorr. In addition, for the poly-Si TFTs with NH3 plasma after-AA-treatment as
shown in Fig. 3-7, the Iopr become smaller with longer NH; plasma treatment time.
We hypothesize NH; plasma after-A A-treatment may eliminate some of the hole traps
generated by active area patterning, and after-A A-treatment may decrease the Iopr.

Threshold voltage (Vru), and maximum transconductance (Gm max) as a function
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of plasma treatment time are shown in Fig. 3-8 — Fig. 3-9. Vy is defined as the gate
voltage that yields a drain current (Ips) of 100 nA , where Ips = 100 nA x (W/L). As
shown in Fig. 3-8, the poly-Si TFTs with NH; plasma pre-SPC-treatment have the
largest Vi and the lowest Gn max. Besides, the poly-Si TFTs with NH3 plasma
pre-SPC-treatment have even larger Vry and lower Gn max than control sample
without any NHj plasma treatment. It has been revealed that although NH; plasma
pre-SPC-treatment before SPC annealing significantly shortens the a-Si film
crystallization time, the average grain size of the device with NH; plasma
pre-SPC-treatment is smaller than that of the device without any plasma treatment
[3.3]. In general, the smaller grain size usually leads to the worse device performance
because of the larger amount of grain boundaries defects. Furthermore, even though
some nitrogen and hydrogen radicals terminate the dangling bonds at the grain
boundaries during plasma pre-SPC-treatment processing, the following SPC
annealing at high temperature (600°C) will lead to the out-diffusion of nitrogen and
hydrogen radicals. The passivation effect breaks since the nitrogen and hydrogen
radicals release from the defect sites [3.1]. Hence, due to 1) the smaller grain size of
the device with NH; plasma pre-SPC-treatment, and 2) the out-diffusion of nitrogen
and hydrogen radicals during high temperature SPC annealing, the poly-Si TFTs with
NH; plasma pre-SPC-treatment will have worse performance than control sample
without any NH3 plasma treatment.

Moreover, the poly-Si TFTs with post-SPC-treatment or after-AA-treatment
have substantial improvements of performance compared with control sample. The
poly-Si TFTs have the smallest V1 with NH; plasma after-A A-treatment. In addition,
the poly-Si TFTs with NH3 plasma after-AA-treatment have higher Gy, max than those
with post-SPC-treatment ones for plasma treatment time < 30 min. I. W. Wu et al.

demonstrated that the deep states, which originate from the dangling bonds at grain
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boundaries, degrade the threshold voltage and the subthreshold swing. The tail states,
which originate from the strain-bond-related intra-grain defects, degrade the
field-effect mobility and minimum leakage current [3.12]. According to the literature,
we presume the improvements, including smaller Vry and higher Gp max of the
poly-Si TFTs come from the passivation effect by after-AA-treatment. Moreover, it
has been revealed that gate oxide is the major diffusion path for plasma radicals,
because radicals diffuse rapidly in SiO;,. In contrast to SiO,, for the poly-Si thin film,
Si dangling bonds in the gain boundaries act as traps rather than as paths of enhanced
diffusion [3.13]. Even though the cross-sectional area of the SiO, is small, radicals are
directly guided along the SiO, to the SiO./poly-Si interface. By diffusing laterally
within the Si0,, radicals effectively passivate the traps in the middle of the channel.
Therefore, after-A A-treatment passivates channel traps not only by radicals diffusing
vertically through the poly-Si channel, but also by radicals diffusing laterally through
the gate oxide as shown in Fig. 3-10. Because After-AA-treatment additionally
passivates traps by radicals diffusing laterally through the gate oxide, it has higher
passivation efficiency than post-SPC-treatment. As a result, NH; plasma
after-A A-treatment is indeed a technique to effectively passivate the dangling bonds
at grain boundaries (deep states) as well as the intra-grain traps (tail states).

For plasma treatment time > 30 min, the poly-Si TFTs with NH;
after-AA-treatment have smaller Vy but lower G max compared with the samples
with post-SPC-treatment. The degraded G max may be attributed to the following
mechanisms. Although after-AA-treatment passivates traps much more efficiently
than post-SPC-treatment, the poly-Si TFTs with NH; plasma after-AA-treatment
suffer from heavier ion bombardment damage. During plasma treatment processing,
bombardment by energetic ions may cause breakage of chemical bonds and damage

the poly-Si channel [3.8]. Furthermore, ion bombardment may also lead to the
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generation of interface traps, degrade carrier transport and decrease the Gy, max. Due to
the extra damage on the sidewall of the channel as shown in Fig. 3-11,
after-A A-treatment results in heavier damage than post-SPC-treatment. Therefore, for
plasma treatment time > 30 min, ion bombardment damage becomes the
non-negligible mechanism for performance degradation for the samples with
after-AA-treatment. For these reasons, the poly-Si TFTs with after-AA-treatment
have lower G, max than those with post-SPC-treatment ones for plasma treatment time
> 30 min. Since the poly-Si TFTs with NH; plasma pre-SPC-treatment have even
worse performance than control sample without any NH; plasma treatment, we do not
take results of the poly-Si TFTs with pre-SPC-treatment into account in the following
discussions.

Fig. 3-12 and Fig. 3-13 illustrate Ips—Vps characteristics of n-channel poly-Si
TFTs for control sample and the samples with NH; plasma post-SPC-treatment, and
after-AA-treatment, respectively. At low Vpg region, both of the poly-Si TFTs with
post-SPC-treatment and after-AA-treatment exhibit better performance than control
sample. As Vpg is further increased, the kink effect has been measured in these
poly-Si TFTs, and the kink effect is more significant for control sample than the
samples with NH3 plasma post-SPC-treatment or after-AA-treatment. The slopes of
Ips—Vps characteristics for Vpg from 3 V to 6 V are shown in Fig. 3-14 and Fig. 3-15.
The steeper slope indicates the kink effect more obviously. According to these results,
the longer NHj3 plasma treatment time can alleviate kink effect more effectively.
Hence, we hypothesize that kink effect can be suppressed by NHj3 plasma treatment
because of the reduction of traps. There are several explanations for kink effect,
which is related to traps, have been reported. M. Hack et al. claimed that it is the
presence of grain boundaries or traps in the poly-Si that causes kink effect to be much

more significant than in comparable single-crystal silicon counterparts [3.14]. A. K. K.
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P. et al. demonstrated that due to grain boundaries, the local electric field near the
irregular surface might be appreciably greater than the average electric field, which
might initiate additional impact ionization [3.15]. Besides, B. Kim et al. indicated that
the kink effect exists at the non-treated poly-Si TFTs do not appear at the
surface-treated ones because the kink effect has been known to depend on the nature
of surface states [3.16]. Thus, the reduction of traps by NHj plasma treatment is a
reasonable explanation for the suppression of the kink effect.

During processing of plasma, such as thin film deposition, plasma etching and
plasma treatment, gate oxides are also subjected to plasma-induced damage. Due to
the electron, ion and particle bombardment, the gate oxide may be weakened by
plasma related processes [3.17]. On the contrary, H. C. Cheng et al. claimed that after
NH; plasma treatment, the oxide quality is improved because the nitrogen and
hydrogen radicals in the oxide may strengthen the strained bonds and passivate the
trap-states [3.2]. Nevertheless, the samples of the above-mentioned literatures were
top gate structure, not bottom gate structure. In order to clarify the influences on bulk
oxide quality for bottom gate poly-Si TFTs by NH3 plasma treatment, Fig. 3-16 and
Fig. 3-17 show gate-leakage current characteristics of poly-Si TFTs. All samples with
different plasma treatment time exhibit comparable gate-leakage current
characteristics, which indicate the bulk oxide quality for bottom gate poly-Si TFTs are

insensitive to NH3 plasma treatment with plasma power of 50 W.

3.3 Plasma Power Dependence

Fig. 3-18 — Fig. 3-20 illustrate Ips—Vgs and Gi—Vgs characteristics of n-channel
poly-Si TFTs for control sample and the samples with NH;3 plasma pre-SPC-treatment,
post-SPC-treatment, and after-AA-treatment at Vpg of 0.1 V, respectively. These

poly-Si TFTs were exposed to NH3 plasma with power of 50 W or 200 W, and the
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plasma treatment time was 15 min. Threshold voltage (Vrn) and maximum
transconductance (Gm max) as a function of plasma power are shown in Fig. 3-21 and
Fig. 3-22. Compared with plasma power of 50 W, the poly-Si TFTs with plasma
power of 200 W have lower Vry and higher Gy max. The higher the plasma power, the
better the performance of these poly-Si TFTs. Because nitrogen and hydrogen radicals
have higher kinetic energy with plasma power of 200 W than those with 50 W ones,
they reach poly-Si/SiO, interface more easily. Consequently, plasma treatment with
higher power passivates traps more efficiently compared with the lower one.
Moreover, the poly-Si TFTs with NH; plasma pre-SPC-treatment for both power of
50 W and 200 W have even worse performance than control sample. For plasma
power of 50 W, due to higher passivation efficiency of after-AA-treatment, the
poly-Si TFT with NH3 plasma after-AA-treatment has smaller Vry and higher Gy max
than that with post-SPC-treatment one. However, for plasma power of 200 W, the
performance of the poly-Si TFTs are exactly the opposite to plasma power of 50 W
ones. For plasma power of 200 W, although after-A A-treatment passivates traps much
more efficiently than post-SPC-treatment, the poly-Si TFT with NH; plasma
after-AA-treatment suffers from heavier ion bombardment damage. Furthermore, ion
bombardment damage becomes the non-negligible mechanism for the sample with
NH; plasma after-AA-treatment with plasma power of 200 W. Thus, for plasma
power of 200 W, the poly-Si TFT with NH; plasma after-AA-treatment has worse
performance than that with post-SPC-treatment one.

Fig. 3-23 and Fig. 3-24 illustrate Ips—Vps characteristics of n-channel poly-Si
TFTs for control sample and the samples with NH; plasma post-SPC-treatment, and
after-AA-treatment, respectively. Both of the poly-Si TFTs with post-SPC-treatment
and after-AA-treatment exhibit better performance than control sample at low Vpg

region. And the poly-Si TFTs with plasma power of 200 W have better performance
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than those with 50 W ones. The kink effect has been measured in these poly-Si TFTs
as Vps is further increased. The slopes of Ips—Vps characteristics for Vpg from 3 V to
6 V are shown in Fig. 3-25 and Fig. 3-26. The steeper slope indicates the kink effect
more obviously. According to these results, the higher NH3; plasma power can
alleviate kink effect more effectively. The suppression of the kink effect is more
efficient for the samples with plasma power of 200 W than those with 50 W ones
because of the reduction of traps.

Fig. 3-27 and Fig. 3-28 show the gate-leakage current characteristics of
n-channel poly-Si TFTs for control sample and the samples with NH; plasma
post-SPC-treatment, and after-AA-treatment, respectively. The poly-Si TFTs with
plasma power of 200 W have lower gate-leakage compared with those with plasma of
50 W ones. Because radicals have higher kinetic energy with plasma power of 200 W
than those with 50 W ones, they reach SiO, and passivate traps more easily. In
consequence, better bulk oxide quality for bottom gate poly-Si TFTs can be obtained
by NH; plasma treatment with higher plasma power. In other words, NH; plasma
treatment with plasma power of 200 W is a method to improve bulk oxide quality

more effectively than the plasma treatment with power of 50 W.

3.4 Summary

In this chapter, the passivation effect of NHj3 plasma treatment for bottom gate
poly-Si TFTs is thoroughly studied. In section 3.2, the influences of different NHj
plasma treatment time are discussed. Compared with the control sample without any
plasma treatment, pre-SPC-treatment degrades device performance; however,
post-SPC-treatment and after-A A-treatment improve device performance. The poly-Si
TFTs with NH3 plasma pre-SPC-treatment have even worse performance than control

sample owing to the smaller grain size and the out-diffusion of radicals during high
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temperature SPC annealing. On the other hand, the poly-Si TFTs with
after-AA-treatment ones exhibit the best performance than the counterparts.
After-AA-treatment is the most efficient technique to passivate traps since
after-A A-treatment additionally passivates traps by radicals diffusing laterally through
the gate oxide. Unfortunately, the poly-Si TFTs with after-A A-treatment suffer from
the heaviest ion bombardment damage than those with post-SPC-treatment ones. Thus,
for plasma treatment time > 30 min, the samples with after-AA-treatment have lower
Gm max compared with the samples with post-SPC-treatment. In addition, longer
plasma treatment time enhance performance and alleviate kink effect more effectively.
And the bulk oxide quality is insensitive to the plasma with power of 50 W, because
all samples with different plasma treatment time exhibit comparable gate-leakage
current.

In section 3.3, the influences of different NH; plasma power are systematically
investigated. The higher the plasma power, the better the performance of these poly-Si
TFTs. Higher plasma power enhance performance and alleviate kink effect more
effectively. Because nitrogen and hydrogen radicals have higher kinetic energy with
plasma power of 200 W than those with 50 W ones, they reach poly-Si/SiO; interface
more easily. However, plasma treatment with power of 200 W results in heavier ion
bombardment damage than 50 W one. Thus, for plasma power of 200 W, the sample
with after-AA-treatment has lower G max than the sample with post-SPC-treatment.
Moreover, the bulk oxide quality for the sample with plasma power of 200 W is better

than the sample with 50 W based on the gate-leakage comparison.
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Fig. 3-1 Ips—Vgs and G,—Vgs characteristics of poly-Si TFTs for control sample and
the samples with NH; plasma pre-SPC-treatment (plasma power = 50 W,

plasma treatment time = 15 min to 120 min).
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Fig. 3-2 Ips—Vgs and G,—Vgs characteristics of poly-Si TFTs for control sample and
the samples with NH; plasma post-SPC-treatment (plasma power = 50 W,

plasma treatment time = 15 min to 120 min).
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Fig. 3-3 Ips—Vgs and G,,—Vgs characteristics of poly-Si TFTs for control sample and

the samples with NHs plasma after-AA-treatment (plasma power = 50 W,

plasma treatment time = 15 min to 120 min).
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Fig. 3-4 Top-view of bottom gate poly-Si TFTs with plasma-induced hole traps in the
gate oxide at the corner edge portions with (a) wide channel width and (b)

narrow channel width.
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Fig. 3-5 The transistor can be equivalent to flat plate transistor and corner edge

transistor in parallel.
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Fig. 3-6 Ips—Vgs characteristics of poly-Si TFTs for the samples with 2 um channel
width with NH3 plasma post-SPC-treatment (plasma power = 50 W, plasma

treatment time = 15 min to 120 min).
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Fig. 3-7 Ips—Vgs characteristics of poly-Si TFTs for the samples with 2 um channel
width with NH3 plasma after-AA-treatment (plasma power = 50 W, plasma

treatment time = 15 min to 120 min).
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Fig. 3-9 Maximum transconductance (Gm max) as a function of plasma treatment time.
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Fig. 3-10 NH3 plasma after-AA-treatment passivates channel traps not only by
radicals diffusing vertically through the poly-Si channel, but also by

radicals diffusing laterally through the gate oxide.
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Fig. 3-11 The extra damage on the sidewall of the channel for the poly-Si TFTs with

NH; plasma after-AA-treatment.
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Fig. 3-12 Ips—Vps characteristics of poly-Si TFTs for control sample and the samples
with NHj3 plasma post-SPC-treatment (plasma power = 50 W, plasma

treatment time = 15 min to 120 min).
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Fig. 3-13 Ips—Vps characteristics of poly-Si TFTs for control sample and the samples
with NH; plasma after-AA-treatment (plasma power = 50 W, plasma

treatment time = 15 min to 120 min).
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Fig. 3-14 Slopes of Ips—Vps characteristics (post-SPC-treatment) as a function of
plasma treatment time (plasma power = 50 W, plasma treatment time = 15
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Fig. 3-15 Slopes of Ips—Vps characteristics (after-AA-treatment) as a function of
plasma treatment time (plasma power = 50 W, plasma treatment time = 15

min to 120 min).
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Fig. 3-16 Gate-leakage current characteristics of poly-Si TFTs for control sample and
the samples with NH3 plasma post-SPC-treatment (plasma power = 50 W,

plasma treatment time = 15 min to 120 min).
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Fig. 3-17 Gate-leakage current characteristics of poly-Si TFTs for control sample and
the samples with NH; plasma after-AA-treatment (plasma power = 50 W,

plasma treatment time = 15 min to 120 min).
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Fig. 3-18 Ips—Vgs and G,—Vgs characteristics of poly-Si TFTs for control sample and
the samples with NH3 plasma pre-SPC-treatment (plasma power = 50 W or

200 W, plasma treatment time = 15 min).
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Fig. 3-19 Ips—Vgs and G,—Vgs characteristics of poly-Si TFTs for control sample and
the samples with NH3 plasma post-SPC-treatment (plasma power = 50 W or

200 W, plasma treatment time = 15 min).
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Fig. 3-20 Ips—Vgs and G,—Vgs characteristics of poly-Si TFTs for control sample and
the samples with NH;3 plasma after-A A-treatment (plasma power = 50 W or

200 W, plasma treatment time = 15 min).
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Fig. 3-21 Threshold voltage (V) as a function of plasma power.
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Fig. 3-22 Maximum transconductance (Gm max) as a function of plasma power.
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Fig. 3-23 Ips—Vps characteristics of poly-Si TFTs for control sample and the samples
with NH; plasma post-SPC-treatment (plasma power = 50 W or 200 W,

plasma treatment time = 15 min).
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Fig. 3-24 Ips—Vps characteristics of poly-Si TFTs for control sample and the samples
with NH; plasma after-AA-treatment (plasma power = 50 W or 200 W,

plasma treatment time = 15 min).
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Fig. 3-25 Slopes of Ips—Vps characteristics (post-SPC-treatment) as a function of
plasma treatment time (plasma power = 50 W or 200 W, plasma treatment

time = 15 min).
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Fig. 3-26 Slopes of Ips—Vps characteristics (after-AA-treatment) as a function of
plasma treatment time (plasma power = 50 W or 200 W, plasma treatment

time = 15 min).
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Fig. 3-27 Gate-leakage current characteristics of poly-Si TFTs for control sample and

the samples with NH3 plasma post-SPC-treatment (plasma power = 50 W or

200 W, plasma treatment time = 15 min).
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Fig. 3-28 Gate-leakage current characteristics of poly-Si TFTs for control sample and
the samples with NH3 plasma after-A A-treatment (plasma power = 50 W or

200 W, plasma treatment time = 15 min).
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Chapter 4
Impacts of Post-Metal-Annealing on Plasma-Treated

Bottom Gate Poly-Si TFTs

4.1 Introduction

Due to the passivation effect of hydrogen and nitrogen radicals, NH; plasma
treatment has been widely used to improve the performance and the hot-carrier
reliability of poly-Si TFTs [4.1]-[4.2]. However, poly-Si TFTs with plasma treatment
may lose their passivation effect after subjecting to high temperature annealing
[4.2]-[4.3]. In this chapter, the impacts of post-metal-annealing on plasma-treated

bottom gate poly-Si TFTs will be thoroughly studied.

4.2 Plasma Treatment Time Dependence

The comparisons of Ips—Vgs and G,—Vgs characteristics between the poly-Si
TFTs with and without post-metal-annealing (PMA) are shown in Fig. 4-1 — Fig. 4-3.
The samples with PMA were annealed at 400°C for 30 minutes in N, ambient. The
subthreshold double-hump phenomenon has been completely eliminated by PMA. In
chapter 3, we hypothesized the subthreshold double-hump phenomenon was caused
by the hole traps in the gate oxide at the corner edge portions, which were generated
by plasma dry etching [4.4]-[4.5]. As a result, the elimination of the subthreshold
double-hump phenomenon comes from the elimination of the hole traps in the gate
oxide. Moreover, as shown in Fig. 4-1 (a) (curve: W/ PMA), because the hole traps in
the gate oxide at the corner edge portions have been eliminated, the flat plate
transistor with high Vy dominates the Ips—Vgs characteristics. PMA in N, ambient

may be a method to annihilate the hole traps generated by plasma dry etching. In
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addition, the Ips—Vgs characteristics for the samples with 2 um channel width are
shown in Fig. 4-4 and Fig. 4-5. In chapter 3, we hypothesized the hole traps at the
corner edge portions may construct a leakage path and lead to a large Iogr.
Nevertheless, after PMA, the Iopr of all samples decrease significantly because PMA
can eliminate the leakage path constructed by the hole traps.

Maximum transconductance (Gm max) as a function of plasma treatment time for
the samples with and without PMA are shown in Fig. 4-6. Substantial improvements
of Gm max for the poly-Si TFTs (pre-SPC-treatment) with PMA are measured.
Surprisingly, control sample without any NHj; plasma treatment has a large
improvement of Gy max With PMA. These improvements of Gp max for the poly-Si
TFTs with PMA are possibly due to the elimination of the hole traps in the gate oxide.
Besides, the amounts of the improvements of G, max for each sample with different
NH; plasma treatment time are almost the same.

However, for the poly-Si TFTs with NH3 plasma post-SPC-treatment as shown
in Fig. 4-7, the saturation phenomena of Gy, max for the samples with PMA have been
measured. Without PMA, G, max become higher as plasma treatment time increases
because more nitrogen and hydrogen radicals passivate the intra-grain defects. On the
other hand, with PMA, the samples with and without NH; plasma have the G max
saturation value of about 113 nS. Even though longer NH; plasma treatment time
yields better passivation effect, some nitrogen and hydrogen radicals release from the
defect sites during high temperature PMA processing [4.2]-[4.3]. Therefore, the
saturation phenomena of Gy max can be attributed to the combination of following
mechanisms: 1) the elimination of the hole traps in the gate oxide by PMA, 2) the
out-diffusion of nitrogen and hydrogen radicals during PMA processing, and 3) the
remaining passivation effect by NHj3 plasma.

Nevertheless, for the samples with NHj3 plasma after-AA-treatment as shown in
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Fig. 4-8, although Gy, max saturates to 113 nS for plasma treatment of 60 min, it
decreases from 113 nS to 105 nS as plasma time increases from 60 min to 120 min
owing to heavier ion bombardment as plasma treatment time is further increased.
Hence, the results of the Gu max are attributed to the combination of following
mechanisms: 1) the elimination of the hole traps in the gate oxide by PMA, 2) the
out-diffusion of nitrogen and hydrogen radicals during PMA processing, 3) the
remaining passivation effect by NHj3 plasma, and 4) the plasma-induced damage by

NH; plasma.

4.3 Plasma Power Dependence

Fig. 4-9 — Fig. 4-11 illustrate the comparisons of Ips—Vgs and Gp—Vgs
characteristics between the poly-Si TFTs with and without PMA. Also, the
subthreshold double-hump phenomenon has been completely suppressed because of
the elimination of the hole traps in the gate oxide by PMA.

Maximum transconductance (Gm max) as a function of plasma power for the
samples with and without PMA are shown in Fig. 4-12 — Fig. 4-14. As shown in Fig.
4-12, for the poly-Si TFTs with NH; plasma pre-SPC-treatment, substantial
improvements of Gy, max for the samples with PMA process have been measured due
to the elimination of the hole traps in the gate oxide. Moreover, after PMA, the extent
of the improvements of Gy, max for each sample with different NH3 plasma power is
almost the same.

The saturation phenomena of G max for the samples (post-SPC-treatment) with
PMA have been measured as shown in Fig. 4-13 because of 1) the elimination of the
hole traps, 2) the out-diffusion of radicals, and 3) the remaining passivation effect.
Meanwhile, with plasma power of 200 W, the samples without PMA have higher

Gm max than those with PMA ones since the out-diffusion of radicals during PMA

41



leads to the lost passivation effect.

Furthermore, as shown in Fig. 4-14, the sample with after-AA-treatment for 120
min has lower G max than the sample with plasma treatment time of 60 min due to
heavier ion bombardment as plasma treatment time is further increased. Thus, the
results of the Gn max are attributed to 1) the elimination of the hole traps, 2) the
out-diffusion of radicals, 3) the remaining passivation effect, and 4) the

plasma-induced damage.

4.4 Post-Metal-Annealing Time Dependence

4.4.1 Plasma Treatment Time Dependence

In order to clarify the influences of PMA, maximum transconductance (Gm max)
as a function of PMA time for the samples with different plasma treatment time are
shown in Fig. 4-15 — Fig. 4-17. During PMA processing, some nitrogen and hydrogen
radicals might release from the defect sites. By checking the G, max as a function of
PMA time, we will know whether the poly-Si TFTs with after-A A-treatment do suffer
from heavier ion bombardment damage or not.

As illustrated in Fig. 4-15, substantial improvements of Gy max Of the poly-Si
TFTs after PMA for 30 min have been measured. As PMA time is further increased,
Gm max are almost the same. Therefore, we can presume that for the samples with
pre-SPC-treatment, PMA for 30min might be sufficient to enhance G max.
Furthermore, the samples with NH3 plasma pre-SPC-treatment have lower Gm max
than control sample without any plasma treatment owing to the smaller grain size and
the out-diffusion of nitrogen and hydrogen radicals during high temperature SPC
annealing.

In contrast, as shown in Fig. 4-16, G max of the sample with post-SPC-treatment
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for 120 min is not improved by PMA. Because Gy max Of the sample with
post-SPC-treatment for 120 min before PMA is already high enough, the
improvements by PMA (the elimination of the hole traps) are compensated by the
out-diffusion of the radicals during PMA processing. These result in the saturation
phenomena of Gy, max. Post-SPC-treatment for 120 min is the best way to obtain the
highest Gy, max N0 matter the samples have been subjected to the PMA.

Interestingly, as presented in Fig. 4-17, before PMA, the sample with
after-AA-treatment for 120 min has higher Gy, max than the counterparts because of
higher passivation efficiency. On the contrary, after PMA, Gy, max of the samples with
after-AA-treatment for 120 min have even lower Gp max than the counterparts.
Because after subjecting to PMA, the out-diffusion of radicals will lead to the lost
passivation effect. Hence, it is noted that the ion bombardment becomes more serious
for long plasma treatment time, leading to lower Gy, max compared with short plasma
treatment time. We can hypothesize that for the sample with after-A A-treatment for
120 min, ion bombardment damage is indeed a non-negligible mechanism. And by the
comparison with the samples with post-SPC-treatment, the samples with

after-A A-treatment do suffer from heavier ion bombardment.

4.4.2 Plasma Power Dependence

Maximum transconductance (Gm max) as a function of PMA time for the samples
with different plasma power are shown in Fig. 4-18 — Fig. 4-20.

As shown in Fig. 4-18, substantial improvements of Gy max Of the poly-Si TFTs
after PMA for 30min have been measured. Besides, G max saturates to about 100 nS
with PMA for 30 min. Therefore, PMA for only 30min is sufficient to enhance Gy max.
Moreover, the samples with NH; plasma pre-SPC-treatment have lower Gy max than

control sample without any plasma treatment because of the smaller grain size and the
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out-diffusion of radicals during SPC annealing.

On the other hand, it is surprised to reveal that G max Of the sample with
post-SPC-treatment power of 200 W is degraded by PMA as shown in Fig. 4-19. The
reduction of Gpn max comes from the out-diffusion of the radicals during PMA
processing. For the sample with post-SPC-treatment power of 200 W, the
performance degradation induced by thermal instability is a critical issue.

As presented in Fig. 4-20, before PMA, the sample with after-AA-treatment
power of 200 W has higher Gy, max than the counterparts because radicals have high
kinetic energy and passivate traps more efficiently. Oppositely, after PMA, Gy max of
the samples with after-AA-treatment power of 200 W have even lower G max than
the counterparts, because these samples lose their passivation effect after subjecting to
PMA. Furthermore, by the comparison with the samples with plasma power of 50 W,
the fact becomes obvious that samples with power of 200 W suffer from heavier ion

bombardment.

4.5 Summary

In this chapter, the impacts of post-metal-annealing on plasma-treated bottom
gate poly-Si TFTs is thoroughly studied.

The subthreshold double-hump phenomenon has been completely eliminated by
PMA owing to the elimination of the hole traps in the gate oxide. After PMA, the
results of the G max as a function of plasma treatment time are attributed to the
combination of following mechanisms: 1) the elimination of the hole traps in the gate
oxide by PMA, 2) the out-diffusion of nitrogen and hydrogen radicals during PMA
processing, 3) the remaining passivation effect by NH; plasma, and 4) the
plasma-induced damage by NHj plasma.

In addition, by checking the G max as a function of PMA time, the samples with
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after-AA-treatment do suffer from heavier ion bombardment than those with

post-SPC-treatment ones.
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Fig. 4-1 Ips—Vgs and Gi—Vgs characteristics of poly-Si TFTs (pre-SPC-treatment) (a)
with and (b) without PMA (plasma power = 50 W, plasma treatment time =

15 min to 120 min).
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Fig. 4-2 Ips—Vgs and G,,—Vgs characteristics of poly-Si TFTs (post-SPC-treatment) (a)
with and (b) without PMA (plasma power = 50 W, plasma treatment time =

15 min to 120 min).
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Fig. 4-3 Ips—Vgs and Gi,—Vs characteristics of poly-Si TFTs (after-A A-treatment) (a)
with and (b) without PMA (plasma power = 50 W, plasma treatment time =

15 min to 120 min).
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Post-SPC-treatment
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Fig. 4-4 Ips—Vgs characteristics of poly-Si TFTs with 2 pm channel width
(post-SPC-treatment) (a) with and (b) without PMA (plasma power = 50 W,

plasma treatment time = 15 min to 120 min).

49
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Fig. 4-5 Ips—Vgs characteristics of poly-Si TFTs with 2 pm channel width
(after-A A-treatment) (a) with and (b) without PMA (plasma power = 50 W,

plasma treatment time = 15 min to 120 min).
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Fig. 4-6 Maximum transconductance (Gm max) as a function of plasma treatment time
for poly-Si TFTs with NH3 plasma pre-SPC-treatment (plasma power = 50 W,

plasma treatment time = 15 min to 120 min).
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Fig. 4-7 Maximum transconductance (Gm max) as a function of plasma treatment time
for poly-Si TFTs with NH3 plasma post-SPC-treatment (plasma power = 50

W, plasma treatment time = 15 min to 120 min).

51



—=—W/0 PMA
After-AA :
120 | —e— W/ PMA |
Annealing 400°C, 30min in N, ambient @
—_ R —_——
Z V(@
N’

W/L =10pm/10pum
VDS =0.1V
Plasma Power = 50W

: 1001@ .
g /‘\E/

oo
<
=

0 30 60 90 120
Plasma Treatment Time (min)

Fig. 4-8 Maximum transconductance (Gm max) as a function of plasma treatment time
for poly-Si TFTs with NHs plasma after-AA-treatment (plasma power = 50

W, plasma treatment time = 15 min to 120 min).
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Fig. 4-9 Ips—Vgs and Gi—Vgs characteristics of poly-Si TFTs (pre-SPC-treatment) (a)

with and (b) without PMA (plasma power = 50 W or 200 W, plasma

treatment time = 15 min).
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Fig. 4-10 Ips—Vgs and Gy—Vs characteristics of poly-Si TFTs (post-SPC-treatment)
(a) with and (b) without PMA (plasma power = 50 W or 200 W, plasma

treatment time = 15 min).
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Fig. 4-11 Ips—Vgs and G,—Vgs characteristics of poly-Si TFTs (after-AA-treatment)
(a) with and (b) without PMA (plasma power = 50 W or 200 W, plasma

treatment time = 15 min).
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Fig. 4-12 Maximum transconductance (Gm max) as a function of plasma power for
poly-Si TFTs with NH;3 plasma pre-SPC-treatment (plasma power = 50 W

or 200 W, plasma treatment time = 15 min).
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Fig. 4-13 Maximum transconductance (Gm max) as a function of plasma power for
poly-Si TFTs with NH3 plasma post-SPC-treatment (plasma power = 50 W

or 200 W, plasma treatment time = 15 min).
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Fig. 4-14 Maximum transconductance (Gm max) as a function of plasma power for
poly-Si TFTs with NH; plasma after-AA-treatment (plasma power = 50 W

or 200 W, plasma treatment time = 15 min).
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Fig. 4-15 Maximum transconductance (Gm max) as a function of PMA time for poly-Si
TFTs with NH3 plasma pre-SPC-treatment (plasma power = 50 W, plasma

treatment time = 15 min or 120 min).
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Fig. 4-16 Maximum transconductance (Gm max) as a function of PMA time for poly-Si
TFTs with NH3 plasma post-SPC-treatment (plasma power = 50 W, plasma

treatment time = 15 min or 120 min).
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Fig. 4-17 Maximum transconductance (Gm max) as a function of PMA time for poly-Si
TFTs with NH; plasma after-AA-treatment (plasma power = 50 W, plasma

treatment time = 15 min or 120 min).
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Fig. 4-18 Maximum transconductance (Gm max) as a function of PMA time for poly-Si
TFTs with NH3 plasma pre-SPC-treatment (plasma power = 50 W or 200 W,

plasma treatment time = 15 min).
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Fig. 4-19 Maximum transconductance (Gm max) as a function of PMA time for poly-Si
TFTs with NH3 plasma post-SPC-treatment (plasma power = 50 W or 200

W, plasma treatment time = 15 min).
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Fig. 4-20 Maximum transconductance (Gm max) as a function of PMA time for poly-Si
TFTs with NHj plasma after-AA-treatment (plasma power = 50 W or 200 W,

plasma treatment time = 15 min).

60



Chapter 5

Conclusion and Implications for Future Research

5.1 Conclusion

In this study, the passivation effect of NH; plasma treatment on bottom gate
poly-Si TFTs is thoroughly discussed. The poly-Si TFTs were exposed to NH3 plasma
with several conditions, including diverse stages, various plasma treatment time, and
different plasma power.

Compared with the control sample without any plasma treatment,
pre-SPC-treatment degrades device performance; however, post-SPC-treatment and
after-AA-treatment improve device performance. The poly-Si TFTs with
pre-SPC-treatment exhibit the worst performance owing to the smaller grain size and
the out-diffusion of radicals during high temperature SPC annealing. On the contrary,
the poly-Si TFTs with after-AA-treatment exhibit the best performance than the
counterparts. After-AA-treatment is the most efficient technique to passivate traps
since after-AA-treatment additionally passivates traps by radicals diffusing laterally
through the gate oxide. Although after-AA-treatment passivates traps the most
effectively, the poly-Si TFTs with after-AA-treatment suffer from the heaviest ion
bombardment damage than those with post-SPC-treatment ones.

Moreover, longer plasma treatment time or higher plasma power enhance
performance and alleviate kink effect more effectively. There are more radicals reach
the SiO,/poly-Si interface and passivate the traps with longer plasma treatment time
or higher plasma power, leading to higher passivation efficiency. The bulk oxide
quality is insensitive to the plasma with power of 50 W, because all samples with

different plasma treatment time exhibit comparable gate-leakage current. On the other
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hand, the plasma treatment with higher plasma power will strengthen the bulk oxide
quality more significantly (Table. 5-1 and Table. 5-2).

Furthermore, the impacts of post-metal-annealing on plasma-treated poly-Si
TFTs are systematically investigated. The plasma-treated poly-Si TFTs were
subjected to PMA with annealing time varied from 30 min to 120 min. The
subthreshold double-hump phenomenon has been completely eliminated by PMA. It
is noted the subthreshold double-hump phenomenon is caused by the hole traps in the
gate oxide, which is generated by plasma dry etching. Based on our results, PMA in
N, ambient may be a method to eliminate the hole traps.

In addition, the performance of the poly-Si TFTs with PMA are mainly attributed
to the combination of following mechanisms: 1) the elimination of the hole traps in
the gate oxide by PMA, 2) the out-diffusion of nitrogen and hydrogen radicals during
PMA processing, 3) the remaining passivation effect by NH; plasma, and 4) the
plasma-induced damage by NHj plasma. By checking the G max as a function of
PMA time, the poly-Si TFTs with after-AA-treatment do suffer from heavier ion

bombardment than those with post-SPC-treatment ones.

5.2 Implications for Future Research

We had clarified the passivation effect of NH; plasma treatment on bottom gate
poly-Si TFTs in this study. However, we do not compare the passivation effect on
bottom gate poly-Si TFTs with top gate ones. In order to know whether the structure
of TFTs affect the passivation effect, the comparison between bottom gate and top
gate is necessary.

It is known that NH; plasma treatment improves not only the electrical
performance but also the hot-carrier reliability of poly-Si TFTs. The strong Si-N

bonds with higher bonding energy will replace the weak Si—H bonds and lead to
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excellent hot-carrier reliability. Therefore, investigating the hot-carrier reliability of
these poly-Si TFTs may be interesting.

Although NH; plasma treatment is a technique to passivate traps, the ion
bombardment damage is a non-negligible mechanism which degrades the
performance and reliability of poly-Si TFTs. Hence, the technique that has the
passivation effect and has no ion bombardment issue, such as hydrogen-containing
nitride film deposition, may improve device performance more obviously than NHj;
plasma treatment. Besides, since radicals can terminate traps and improve
performance of poly-Si TFTs, the performance of memory devices may also be
improved by radicals. Thus, the passivation effect on memory and transistor by

capping hydrogen-containing nitride layer will be systematically investigated.
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Table 5-1 The comparison of different plasma treatment time.

VTH Gm_max

15 30 60 120 15 30 60 120

min min min min min min min min
Post-SPC-treatment O @)
After-AA-treatment | O O @) @) O @)

Table 5-2 The comparison of different plasma power.
Vtu GiEhn:x Bulk Oxide Quality

50 W 200 W 50 W 200 W 50 W 200 W
Post-SPC-treatment O @)
After-AA-treatment O O O @)
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