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Abstract

Low-temperature polycrystalline”silicon thin film transistors (LTPS TFTs) have attracted
much attention due to the possibility of realizing the integration of driving circuits and pixel
elements on one substrate > and the potential to accomplish the system-on-panel(SOP) -
However large off-state leakage current and poor stability of polycrystalline silicon thin film
transistors (poly-Si TFTs) fabricated by excimer laser annealing(ELA) due to high trap states in
poly-Si grain boundaries and at the interface between poly-Si channel layer and gate dielectric
are still serious problems ° Recently it has been reported that residual ion implantation damage
at source/drain junctions of ELA poly-Si TFTs entitled “junction defect” is also one of the

problems of poly-Si TFTs  In order to eliminate the junction defects > we propose a poly-Si

I



defect passivation technique wherein the passivating species (Fluorine and Nitrogen) is
introduced via ion implantation into the source/drain region ° In addition > doses of fluorine and
nitrogen varying from 1x10'* to 1x10"> cm™ were implanted in this work - The experimental
results of both F- and N-passivated(dose of 1x10™ cm™) devices showed steeper subthreshold
swings > higher carrier mobility - lower off-state current and lower threshold voltage than
unpassivated devices ° This indicates that a large fraction the defects have been passivated °

junction defect especially < This is attributed to that F- ~ N-incorporated form Si-F and Si-N

bond with silicon dangling bond at the grain boundary after laser annealing °
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Chapter 1

Chapter 1

Introduction

1.1 General Background

1.1.1  Overview of Poly-Silicon thin-film transistors

In recent years, polycrystalline silicon thin-film transistors (poly-Si TFTs) have drawn
much attention because of their widely applications on active matrix liquid crystal displays
(AMLCDs) [1], and organic light-emitting displays (OLEDS) [2]. Except large area displays,
poly-Si TFTs also have been applied .intesseme memory devices such as dynamic random
access memories (DRAMs) [3]; static random ‘access memories (SRAMs) [4], electrical
programming read only memories (EPROM)=[5], electrical erasable programming read only
memories (EEPROMS) [6], linear image sensors [7], thermal printer heads [8], photo-detector
amplifier [9], scanner [10], neutral networks [10]. Lately, some superior performances of
poly-Si TFTs also have been reported by scaling down device dimension or utilizing novel
crystallization technologies to enhance poly-Si film quality [11-12]. This provides the
opportunity of using poly-Si TFTs into three-dimension (3-D) integrated circuit fabrication.
Of course, the application in AMLCDs is the primary trend, leading to rapid developing of
poly-Si TFT technology. The major attraction of applying polycrystalline silicon thin-film
transistors (poly-Si TFTs) in active matrix liquid crystal display (AMLCDs) lies in the greatly

improved carrier mobility in poly-Si film and the capability of integrating the pixel switching

1
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elements and the capability to integrate panel array and peripheral driving circuit on the same

substrates [13-15]. In poly-Si film, carrier mobility larger than 15 cm2/Vs can be easily

achieved, that is enough to used as peripheral driving circuit including n- and p-channel

devices. This enables the fabrication of peripheral circuit and TFT array on the same glass

substrate, bring the era of system-on-glass (SOG) technology. The process complexity can be

greatly simplified to lower the cost. In addition, the mobility of poly-Si TFTs is much better

than that of amorphous ones, the dimension of the poly-Si TFTs can be made smaller

compared to that of amorphous Si TFTs for high density ~ high resolution AMLCDs, and the

aperture ratio in TFT array can be_ significantly:improved by using poly-Si TFTs as pixel

switching elements. This is because-that the device channel width can be scaled down while

meeting the same pixel driving requirements-as in-'« -Si TFT AMLCDs. For making high

performance poly-crystalline silicon (poly-Si) thin film transistors (TFTs) [16],

low-temperature technology is required for the realization of commercial flat-panel displays

(FPD) on inexpensive glass substrate, since the maximum process temperature is limited to

less than 600°C. There three major low-temperature amorphous-Si crystallization methods to

achieve high performance poly-Si thin film, solid phase crystallization (SPC), excimer laser

crystallization (ELC), and Metal-Induced Lateral Crystallization (MILC) However, some

problems still exist in applying poly-Si TFTs on large-area displays. In comparison with

single-crystalline silicon, poly-Si is rich in grain boundary defects as well as intra-grain
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defects, and the electrical activity of the charge-trapping centers profoundly affects the
electrical characteristics of poly-Si TFTs. Large amount of defects serving as trap states locate
in the disordered grain boundary regions to degrade the ON current seriously [17]. Moreover,
the relatively large leakage current is one of the most important issues of conventional poly-Si
TFTs under OFF-state operation [18-19]. In most application, a low-cost substrate is essential
and therefore a low temperature process (i.e., <650°C) compatible with glass 2 substrates is
developed [20]. In summary, it is expected that the poly-Si TFTs will becomes more
important in future technologies, especially when the 3-D circuit integration era is coming.
More researches studying the related -new technologies and the underlying mechanisms in
poly-Si devices with shrinking dimensions are-therefore worthy to be indulged in.

1.1.2 Defects in Poly-Si film

Due to the granular structure of the poly-Si film, a lot of grain boundaries and intragranular
defects exist in the film. The dangling bonds in grain boundaries will affect device
characteristics seriously because they act as trapping centers to trap carriers. Carriers trapped
by these low energy traps can no longer contribute to conduction, which results in the
formation of local depletion region and potential barriers in these grain boundaries. Thus, the
typical characteristics such as threshold voltage, subthreshold swing, ON current, mobility
and transconductance of TFTs are inferior to those of devices fabricated on single crystal

silicon film. As for the leakage current, it is well known that the leakage current increase with
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the drain voltage and gate voltage. The dominant mechanism of the leakage current is field
emission via grain boundary traps due to the high electric field near the drain junction [21-24].
To overcome this inherent disadvantage of poly-Si film, many researches have been focused
on modifying or eliminating these grain boundary traps. Traps are associated with dangling
bonds arising from lattice discontinuities between different oriented grains or at the Si/SiO2
interface. The most useful method so far to remove traps is to passivate these dangling bonds,
such as hydrogen plasma treatment has been utilized for the passivation [25-26], but it is
difficult to control the hydrogen concentration in the TFT. The Si-H bonds may be broken
under hot-carrier stress [27-28], leading to degradation of electrical characteristics after a
long-term operation time. As the'number of trapped carrier decreases, the potential barriers in
grain boundaries decrease. And “the “leakage current decreases because of the fewer trap
density near the drain region.

1.1.3 Transport properties of Poly-Si

As mentioned in section 1.1.1 and 1.1.2, the device characteristics of poly-Si TFTs are
strongly influenced by the grain structure in poly-Si film. Even though the inversion channel
region is also induced by the gate voltage as in MOSFETS, the existence of grain structure in
channel layer bring large differences in carrier transport phenomenon. Many researches
studying the electrical properties and the carrier transport in poly-Si TFTs have been reported.

A simple grain boundary-trapping model has been described by many authors in details
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[29-31]. In this model, it is assumed that the poly-Si material is composed of a linear chain of
identical crystallite having a grain size Lgand the grain boundary trap density Nt. The charge
trapped at grain boundaries is compensated by oppositely charged depletion regions
surrounding the grain boundaries. It is shown in Figure. 1-1. From Poisson’s equation, the
charge in the depletion regions causes curvature in the energy bands, leading to potential
barriers that impede the movement of any remaining free carriers from one grain to another.
When the dopant/carrier density n is small, the poly-Si grains will be fully depleted. The
width of the grain boundary depletion region xd extends to be Lg/2 on each side of the

boundary, and the barrier height Vs can be expressed as

_gn X zzangz

V. =
® o 2e, " 8¢

(1-1)

S

As the dopant/carrier concentration“isvincreased, more carriers are trapped at the grain
boundary. The curvature of the energy band and the height of potential barrier increase,
making carrier transport form one grain to another more difficult. When the dopant/carrier
density increases to exceed a critical value N* = Nt/ Lg, the poly-Si grains turn to be partially
depleted and excess free carriers start to spear inside the grain region. The depletion width

and the barrier height can be expressed as

N

xdzz—r‘] (1-2)
an N,y oN/’

Vg = ——(=4)2 = 1-3

° 255(2n) 8&,N (1-3)
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The depletion width and the barrier height turn to decrease with increasing dopant/carrier
density, leading to improved conductivity in carrier transport. The carrier transport in fully
depleted poly-Si film can be described by the thermionic emission over the barrier. Its’
current density can be written as [32].
q
J =gnv,exp[-—(V; -V 1-4
anv, exp[—- — (Vs V] (1-4)

where n is the free-carrier density, vcis the collection velocity (v= KT m«c/ 27 ), Vsis the
barrier height without applied bias, and Vg is the applied bias across the grain 8
boundary region. For small applied biases, the applied voltage divided approximately
uniformly between the two sidess0f a grain:boundary. Therefore, the barrier in the
forward-bias direction decreaseS by an amount of '\Vg/2. In the reserve-bias direction, the
barrier increases by the same amount. The current density in these two directions then can be
expressed as
3. = qnv, expl——3 (v, —1v )] (1-5)

F _q c p KT B 2 g
3, = gnv, expl——3 (v, + V)] (1-6)

F _q c p KT B 2 g
the net current density is then given by

Vo sinh( Vo ) (1-7)

J =2gnv_exp(—-
anv exp( KT 2KT

at low applied voltages, the voltage drop across a grain boundary is small compared to the

thermal voltage kT/q, Eq. (1.7) then can be simplified as

\Y A
J =2qnv, exp(— qVB) Ve _ a1V

v
9 exp(— Ve 1-8
kT okT = kT P ) (1-8)
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the average conductivity o =J/ E =JLg/ Vgand the effective mobility uef= o /qgn

then can be obtained

a’nvL, qVB
=1 9 eyp(-—& 1-9
(- 2) (1-9)
gnv, L
o = exp(- T2 = g, exp(- L) (1-10)

where 1, represents the carrier mobility inside grain regions. It is found that the conduction
in poly-Si is an activated process with activation energy of approximately qVs, which depends
on the dopant/carrier concentration and the grain boundary trap density. Applying gradual
channel approximation to poly-Si TFTs, which assumes that the variation of the electric field
in the y-direction (along the channel) is much less than the corresponding variation in the
z-direction (perpendicular to thechannel), as-shown Fig. 1-2. The carrier density n per unit
area (cm-2) induced by the gate voltage ‘can be expressed as

C -V, =V
n= o (Vo TH (y)) (1-11)

qtch

” Jdxdy = ” nqyeff &y dxdy

(1-12)
W dv, dv,
= J.O Hest dzlnquW =W/ueff Cox (VG _VTH _V(y))d_

where tcn is the thickness of the inversion layer. Therefore, the drain current Io of poly-Si TFT

then can be given by

j |ody = Wi C, {(V Vi Vo - }

W 1
Ip = T Hegr Cox {(Vg —Vi, )/D - EVDZ} (1-13)
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Obviously, this I-V characteristic is very similar to that in MOSFETS, except that the mobility

is modified.

1.1.4 Non-ideal effect

There are two major non-ideal effects will limit the TFTs application, including leakage

current and kink-effect. The mechanism of these two non-ideal effects is described briefly as

bellow.

1.1.4.1. Leakage current

In AMLCD, TFTs play a switching device to turn ON/OFF the current path for

charging/discharging the liquid crystal capacitor:. Thus, the leakage current should be low

enough to remain a pixel gray level before it 'must be refreshed. The leakage current

mechanism in poly-Si has been studied by Olasupe.{33]. The leakage current resulted from

carrier generation from the poly-Si grain boundary defects. There are three major leakage

mechanisms, as shown in Fig. 1-3. The dominant mechanism is a function of the prevailing

drain bias. They pointed out carrier generation from grain boundary defects via thermionic

emission and thermionic field emission to be prevalent at a low and medium drain biases, and

carrier pure tunneling from poly-Si grain boundary defects to be the dominant mechanism at

higher drain bias.

1.1.4.2. Kink effect[34]

During devices operation, a high field near the drain could induce impact ionization there.
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Majority carriers, holes in the p-substrate for an n-channel poly-Si TFTs, generated by impact

ionization will be stored in the substrate, since there is no substrate contact to drain away

these charges. Therefore the substrate potential will be changed and will result in a reduction

of the threshold voltage. This, in turn, may cause an increase or a kink in the current-voltage

characteristics. The kink phenomenon is shown in Fig. 1-4. This float-body or kink effect is

especially dramatic for n-channel devices, because of the higher impact-ionization rate of

electrons. The kink effect can be eliminated by forming a substrate contact to the source of the

transistor.

1-2. Motivation

Low-temperature polycrystalling silicon thin“film transistors (LTPS TFTs) have attracted

much attention due to the possibility of‘realizing the  integration of driving circuits and pixel

elements on one substrate > and the potential to accomplish the system-on-panel(SOP) - To

meet the requirement of higher circuit density and higher speed, it is necessary to improve the

performance of the poly-Si TFTs. However, it has been shown that the performances of

poly-Si are affected by the trap states at grain boundaries. In the preview research, Enlarging

the grain size and passivating the defects at the grain boundary were widely used methods to

reduce the trap states in the grain boundary. Generally, hydrogen plasma treatment has been

utilized for the passivation, but it is difficult to control the hydrogen concentration in the

TFTs. In recent years, fluorine and nitrogen ion implantation was applied to improve the
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electrical characteristics by eliminating the defects in the grain boundary [35-37].However
large off-state leakage current and poor stability of polycrystalline silicon thin film transistors
(poly-Si TFTs) fabricated by excimer laser annealing(ELA) due to high trap states in poly-Si
grain boundaries and at the interface between poly-Si channel layer and gate dielectric are still
serious problems - Recently it has been reported that residual ion implantation damage at
source/drain junctions of ELA poly-Si TFTs entitled “junction defect” shown in Fig. 1-5
[38]is also one of the problems of poly-Si TFTs - In order to eliminate the junction defects -
we propose a poly-Si defect passivation technique wherein the passivating species (Fluorine
and Nitrogen) is introduced via ion_implantation into the source/drain region - In addition »
doses of fluorine and nitrogen varying from-1x10™*-to 1x10" cm? were implanted in this

work - The electrical characteristics; including 1-\/.measurement , were reported in this study.

1.3 Thesis Organization

Chapter 1 Introduction

1.1 General Background
1.1.1 Overview of Poly-Silicon thin-film transistors
1.1.2 Defects in Poly-Si film
1.1.3 Transport properties of Poly-Si

1.1.4 Non-ideal effect

10



Chapter 1

1.2 Motivation

1.3 Thesis Organization

Chapter 2 Fabrication and Experiment

2.1 Device Structure and Fabrication

2.2 Electrical Characteristics Measurement

2.3 Device Parameter Extraction
2.3.1 Determination of threshold voltage
2.3.2 Determination of subthreshold swing
2.3.3 Determination of field effect mobility
2.3.4 Determination of parasitic resistance

2.3.5 Determination of activation energy

Chapter 3 Result and Discussion
3.1 Electrical Analysis
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3.1.2 Device characteristic of ELA poly-silicon TFTs with nitrogen incorporation
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implantation
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3.2 Material Analysis
3.2.1 Scanning electron microscopy(SEM)

3.2.2 Sheet resistance of laser activation

Chapter 4 Conclusion
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Chapter 2

Fabrication and Experiment

2.1 Device Structure and Fabrication

It has been reported that the lightly-doped-drain (LDD) structure can effectively decrease
the leakage current and the kink current in polysilicon TFTs due to reduction of the electric
field intensity near the drain region. However, the above device fabrication processes need
more intensive or complex process integration. In this thesis, the poly-Si TFTs with various
Fluorine and Nitrogen ion implantation doses were proposed and fabricated. The top view of
the devices and the schematic cross section view of devices were shown in Fig. 2.1 and Fig

2.2, respectively. The fabrication procedure is deseribed as following.

stepl . Substrate.

6-inch 100-mm-thick p-type single-crystal silicon wafers with (100) orientation were
used as the starting materials. After a standard cleaning procedure, silicon wafers were coated
with 500-nm-thick thermally grown SiO:2 in steam oxygen ambient at 1000°C. In order to

simulate the thin film transistor environment, the thick thermal oxide was grown on Si wafers.

step2 .Buffer Oxide Layer.

To prevent impurity diffusion from the substrate, the substrate is general covered with a

13
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layer of deposited SiO; prior to the deposition of poly-Si. In this work, wafers were deposited
with Tum-thick thermally grown wet oxide (Si0O,) in steam oxygen and hydrogen ambient at

970°C by high temperature system.

step3 Poly-Si film formation.

We deposited 500-nm a-Si films by LPCVD system.The a-Si films were performed
using silane(SiH4) as a reactant gas at 550°C .In this study, poly-Si film re-crystallized
methods used were the continuous scanning for large area crystallization(Excimer Laser
Anneal, ELA).During laser 308nm XeCl excimér.laser with a beam spot of 1.8 x 23.1mm’
was irradiated with scanned with 98% overlap from-pulse to pulse with the repetition rate
20Hz for continuous scanning. The laser energy.density was 320mJ/cm? After lithography
and transformer couple plasma (TCP9400-SE) etching (in steam mixed CI2 and HBr ambient

at 65°C by 7mTorr), the devices active region were form.

Step4. Gate oxide formation.

After defining the active region, the photoresist was removed by using O3 plasma etching
and pure H2SO4 solution. The following step was to remove the polymer which was formed
during the plasma etching. The remove for residue of polymer was realized by SC1 solution

(NH4OH:H202:H20=0.25:1:5). Before gate oxide deposition, the STD clean was used to clean
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the wafers. The HF dip was necessary to remove the native oxide at the poly-Si surface. Then,
a 50nm layer of tetra-ethyl-ortho-silicate (TEOS) gate oxide was deposited by LPCVD at 700

‘C. The thickness of gate oxide was determined by N&K optical analyzer.

Step5. Gate electrode formation.

After deposition of gate insulators, 300-nm-thick poly-silicon films were formed
immediately on the gate insulators by LPCVD at 620°C. There was no any chemical solution
clean between the deposition of TEOS oxide and poly-Si gate. The second poly-Si layer was
then patterned by transformer couple plasma ((TCP9400-SE) etching to define the gate
regions.

Step6. Light-doped-drain regions formation.
After the gate definition, source and drain regions were formed by phosphorous and

Fluorine or Nitrogen ions implantation. The ion accelerating energy and the dosage are show

in Table 2.1.

Step7. Spacer formation.

A 400nm-thick SiO2 oxide, used as spacer layer, was deposited at 350°C by HDP-CVD

system.After deposition, the spacer profile were patterned by reactive ion etching system

(TEL5000S) with 5.8nm/sec of etching rate.
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Step8.Heavy-doped n-type regions formation

After the spacer definition, heavy-doped n-type regions were formed by phosphorous
ions implantation. The ion accelerating energy is at 60 KeV and the dosage is 1x10"° cm™.
Step9.Post-implantation anneal

Post-implantation annealing methods were used to active the implanted dopants. Based
on above, we choose the laser annealing method. During laser irradiation, the 308nm XeCl
excimer laser with scanned with 95% overlap from pulse to pulse for continuous scanning.

The laser energy density was 250mJ/cm®.

Stepl0. Passivation layer and contact hole formation:

The passivation layer wasused* by HDP-CVD of low temperature system. The
passivation layer was 500-nm-thick to cap the poly-Si TFTs devices. Then the contact holes
were patterned and etched by buffer oxide etching (BOE) solution. The size of contact holes

were 5x5 u m’.

Stepll. Metallization.

The 700-nm aluminum layers were deposited by physical vapor deposition (PVD) and then

patterned at the source, drain, and gate electrode as the metal pads.
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2.2 Electrical Characteristics Measurement

The electrical property analysis instrument mainly used the Agilent 4156A
semiconductor analyzer. The Agilent 4156A semiconductor analyzer with probe stations was
used to analyze the electrical properties of the devices. In our experiment, it was used for I-V
measurement and bias-temperature-stress (BTS). The ground probe station was provided an
electrical isolation. The water-cooled thermal plate within an optical shielding box and plate
could be controlled by the TPO315A thermal controller between 25°C and 300°C. The source
measurement units (SMUs) were used to control voltage sources where current flowing
through could be measured. The voltageror current sources were supplied by Agilent 4156A

semiconductor analyzer.

2.3 Device Parameter Extraction
In this section, we will introduce the methods of typical parameters extraction such as
threshold voltage (V7y), subthreshold slope (S.S), field-effect mobility (ugz), parasitic

resistance(R,), and activation energy (E,) .

2.3.1 Determination of threshold voltage
Many methods are used to determinate the threshold voltage (V7w) which is the most

important parameter required for TFT application. In poly-Si TFTs, the method used to
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determinate the threshold voltage is constant drain current method where the gate voltage at a
specified drain current Invalue is taken as the threshold voltage. This technique is adopted in
most studies of TFTs. Typically, the threshold current In= Ip/ (Wey/ Lef) 1s specified at 10
nA for Vo= 0.1V (linear region) and 100 nA for Vp= 5V (saturation region) in most papers to

extract the threshold voltage of poly-Si TFTs.

2.3.2 Determination of subthreshold swing

Subthreshold swing (V/dec.) is a typical parameter to describe the gate control ability of gate
toward channel. It is defined as the amiount of gate voltage required to increase/decrease drain
current by one order of magnitude; The subthteshold-swing should be independent of drain
voltage and gate voltage. However, in reality, subthreshold swing might increase with drain
voltage due to short-channel effects such as charge sharing, avalanche multiplication, and
punchthrough-like effect. The subthreshold swing is also related to gate voltage due to
undesirable factors such as serial resistance and interface state.

The subthreshold swing of the transfer characteristics is defined as

o __ AV
" Alog(l,)

In this experiment, the subthreshold swing is defined as the gate voltage required to decrease

the threshold current by one orders of magnitude (from 10”A to 107A).
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2.3.3 Determination of field effect mobility

The field-effect mobility (ugg) is determined from the transconductance (gm) at low drain
voltage (Vp=0.1V). The transfer I-V characteristics of poly-Si TFT can be expressed as

T = Gy | V=V Vo =3

where

Cox s the gate oxide capacitance per unit area,

W is channel width,

L is channel length,

Vrris the threshold voltage.

If Vpis much smaller than Ve-Via (i.e. Vp<<¥6-Vru) and V> Vru, the drain current can be

approximated as:

w
I, = peC,, f (VG Vi )VD

The transconductance is defined as

al, _WC, g %
= D

- 8VG |VD:const. L

Em

Therefore, the field-effect mobility can be obtained by

2.3.4 Determination of parasitic resistance
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Besides of photo leakage current, we also carry about the ON current of device. As the
TFT-LCD display is larger, we have shorter time to charge the storage capacitor to certain
voltage. So improving ON current is the main solution to charge capacitor in short time. We
propose a solution to solve the ON current issue by using a low resistance channel to replace
the a-Si:H channel. According to the Transfer Line Method (TLM model), seeing figure 2-3 ,
it shows that the resistance between source and drain are channel resistance and two parasitic
resistance[39] .

R = Rchannel + 2R

on parastic

L 1 1

h 'R W —v)
where channel = ppy uC (VG - VT)

and : R

parastic

is independent of &

L:channel length

W: channel width

m : mobility

V: gate voltage

Vr: threshold voltage

Because poly film have less resistance than a-Si:H film, we choose direct deposited poly film
to replace the conventional a-Si:H film and we reduce the channel resistance[40]. We also use
direct deposited N" poly to reduce parasitic resistance too .As long as the total resistance can

be lowered, the mobility can be raised. Therefore, the on current can be increased too.
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2.3.5 Determination of activation energy

When gate voltage is applied in field effect structures, positive gate voltages cause
accumulation of electrons near the gate/channel interface. The induced electrons fill the
available states above the Fermi level. Then, the Fermi level is shifted towards the conduction
band Ec (towards higher energy). Negative gate voltages cause emission of electrons from the
states below the Fermi level. Consecutively, Fermi level shift towards the valence band Ev
(towards lower energy levels).

The rate at which Er moves towards the conduction band (in n-channel poly-Si TFTs) depends
on the density of states located in the band gap and on the distribution of tail states close to
the conduction band. When gate voltage (Vg) 1S small,-the Fermi level is located in deep states.
Increasing Vg leads to a shift of the Fermi level towards the conduction band, and the tail band
states become important. Other way to shift the Fermi level is by thermal activation of the
carriers. Ipsin poly-Si TFTs can be temperature activated [41]. From measurements of the
temperature dependent current at constant gate voltage (Vg), we can deduce the activation

energy E,= Ec-Eras a function of the gate voltage. To use the following dependence:

-E, 1 1
Ino,-Ino, = % X| ———

B TZ Tl
o =L Ao
Y Wxd
L IDSZ

X

o, =
Wxd Vg
Where
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o, 1s channel conductivity at temperature Ti,

o, 1s channel conductivity at temperature T2,

Ipsi is the drain-source current at temperature Ti,

Ips2 is the drain-source current at temperature T2,

K 5 1s the Boltzmann constant,

W is the length of the channel,

L is the width of the channel,

d is the thickness of the channel.

By measuring the drain-source voltage at different temperatures and keeping the same

drain-source current, and then thejactivation energy-(i.c. the Fermi level position) can be

determined from the slope of the: Arrhenius plot (log(Ips) vs. 1000/T) by the following

equation:

- F 1000 1000
log 1), —logl,, = . X( - j

1000 x log(e) x K T, T
If we apply different gate voltages (Vg), we will get different channel conductivity and
corresponding drain-source current. Therefore, different Arrhenius plots can be obtained for
each value of V. The activation energy can be found as a function of the gate voltage. For

that reason, it is necessary to measure the transfer characteristics at different temperatures.
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Chapter 3

Result and Discussion

3.1 Electrical Analysis

3.1.1 Device characteristic of ELA poly-silicon TFTs with fluorine incorporation

Fig. 3.1 and Fig. 3.2 show typical transfer characteristics for various fluorine ion
implantation dosages and standard poly-Si TFTs at Vp=0.1V and Vp=5V, respectively.
Table 3.1 lists key parameters of poly-Si TFTs. Fig. 3-3 to 3-5 show the TFTs’ field effect
mobility (urg), threshold voltage(Vzx), subthreshold swing (S.S) as a function of various
fluorine ion implantation dosage, respectively. This result showed that the electrical
characteristics could be improved for thefluerine ion implantation dosage was at 1x10"* cm™.
The field effect mobility increased from 127.625 to 138.160 cm?/V-s. The increasing Mrg,
decreasing Vru and steep S.S make it more potential for poly-Si TFTs application. As the
implantation dosage increased to 1x10°cm™, the electrical characteristics had a serious
degradation compared with 1x10" cm™ implanted devices. It was found that the over amount
of fluorine ion implantation doses caused the degraded electrical characteristics. The
mechanism will be discussed in the following sections.

The output characteristics of the fluorine implanted poly-Si TFTs and control TFTs are

compared as shown in Fig. 3-6. It was found that the TFT with 1x10"* cm™ implantation doses
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had the highest drain current in the same drain voltage, and drain current had degradation
when the implantation dosage increased to 1x10"°cm™ implantation doses. This trend is the

same as the transfer characteristics as shown in Fig. 3-1 and Fig. 3-2.

3.1.1.1 The effects of fluorine passvation.

It was known that the electrical characteristics of poly-Si TFTs, such as field effect
mobility (urg), threshold voltage (V7x), and subthreshold swing (S.S), were affected by the
trap state density [42-44]. Table 3.2 lists their relationship. From above relation, we can know
the increasing effect mobility, steep subthreshold swing and the decreasing threshold voltage
compared with control without fluoninerincorporation are attributed to tail states and deep
states had been repaired for the-TFTs with 1x10'* em™ implantation doses. Moreover, it is
reported that the fluorine atoms in the poly-Si channel can also passivate the dangling bonds
to decrease deep state density [45], resulted in the subthreshold swing of the implanted device
were improved. Because of that, we infer that fluorine atoms diffuse from source/drain region
to channel and pile up at the SiO,/poly-Si interface. By the fluorine incorporation, fluorine
atoms bond with dangling Si and Si-O bonds so that the trap states had been terminated.
Furthermore, fluorine atoms can break the stress induced strained bonds, likely the strained
Si-O-Si bonds and Si-Si bonds to form stronger Si-F bonds, leading to local stress relaxation
and thus decreasing the tail state density. In order to realize whether fluorine diffuse from

source/drain region to channel or not, the transfer line method [39] such as below have been

24



Chapter 3

used.

Transfer Line Method -
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R . . .
m : total serious resistance

R

¢h : channel resistance

R, . . .
sp: Source/Drain resistance

L : physical channel length

AL : dopants diffusion length

o : typical channel length
- @ effective intrinsic carrier mobility
< . effective channel width

From above formula, we measure the output characteristics of poly-Si TFTs with

different channel length, and extract the parameters such as Ry and ““ shown in Table 3.3
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and Fig. 3.7 to Fig. 3.8

As shown in Table 3.3 , effective intrinsic carrier mobility is 91.239(cm?/V-s) for the
fluorine device with implantation dosage of 1x10' cm™ , that is, the fluorine atoms diffusing
from source/drain region to channel region lead to trap states had been repaired. Therefore,
during the post-implantation annealing, the junction defects located in the junction between
channel and source/drain region were eliminated by diffusing fluorine atoms. In addition,
interface states were also passivated, resulted in the subthreshold swing of the implanted
device were improved. Source/Drain resistance is 2.50 (KQ) for the fluorine device with
implantation dosage of 1x10'* cm™.The lower Source/Drain resistance result from trap density
terminated leads to the higher on-state current.

The other phenomenon was obscrved i the Fig. 3.1 , TFTs’ field effect mobility (uzz),
threshold voltage (V7y), subthreshold swing (S.S) and drain current had degradation when the
implantation dosage increased to 1x10"°cm™ implantation doses. It is reported that new
fluorine ion implantation technique reduces the growth of extrinsic defects, and dopant
activation, on the contrast, enhances the sheet resistance in high-dose phosphorous(P)
ion-implanted layers [46]. The supersatuation of Sij(interstitial silicon atoms) in high-dose
phosphorous ion-implanted layers and they conclude that Si; trapping may occur through
some kind of bond between P and Si; during the ion implantation. During post-implantation

anneal, the Si; -P" pairs enhance the the growth of extrinsic defects shown in Fig. 3.9. When
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an additional fluorine (F) ion implantation was carried out, F atoms seemed to be trapped
easily by P dopants rather than Si; and created F-P" pairs, due to the high electronegativity of
F atoms, and possibly the strength of the electronic bond. F-P" pairs reduce the dopant
activation, and prevent phosphorous dopants from creating electronically trapped Si; during
ion implantation and post-implantation anneal. As a result, growth of the extrinsic defects are
reduced by appropriate fluorine dosage. On the contrary, over dosage leads to F-P" pairs is
too much due to the high electronegativity of F atoms and generates extrinsic defects . F-P"
pairs reduce the carrier concentration result from Si-P pairs lost to cause the increasing
parasitic resistance. Moreover, extrinsic defects. degrade the electrical characteristics of

poly-Si TFTs.

3.1.2 Device characteristic of ELA poly-silicon TFTs with nitrogen incorporation

Fig. 3.10 and Fig. 3.11 show typical transfer characteristics for various nitrogen ion
implantation dosages and standard poly-Si TFTs at Vp=0.1V and Vp=5V, respectively.
Table 3.4 lists key parameters of poly-Si TFTs. Fig. 3-12 to 3-14 show the TFTs’ field effect
mobility (urg), threshold voltage (Vry), subthreshold swing (S.S) as a function of various
nitrogen ion implantation dosage, respectively. This result showed that the electrical
characteristics could be improved for the nitrogen ion implantation dosage was at 1x10"* cm™.

The field effect mobility increased from 127.625 to 155.310 cm?/V-s. The increasing Mrg,
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decreasing Vru and steep S.S make it more potential for poly-Si TFTs application. As the
implantation dosage increased to 1x10°cm™, the electrical characteristics had a serious
degradation compared with 1x10" cm™ implanted devices. It was found that the over amount
of nitrogen ion implantation doses caused the degraded electrical characteristics. The
mechanism will be discussed in the following sections.

The output characteristics of the nitrogen implanted poly-Si TFTs and control TFTs are
compared as shown in Fig. 3-15. It was found that the TFT with 1x10" cm™ implantation
doses had the highest drain current in the same drain voltage, and drain current had
degradation when the implantation dosage ineréased to 1x10'°cm™ implantation doses. This

trend is the same as the transfer characteristicsas shown in Fig. 3-10 and Fig. 3-11.
3.1.2.1 The effects of nitrogen passvation:

As shown in Table3.4, we can know the increasing effect mobility, steep subthreshold
swing and the decreasing threshold voltage compared with control without nitrogen
incorporation are attributed to tail states and deep states had been repaired for the TFTs with
1x10" cm? implantation doses. Moreover, it is reported that the nitrogen-implanted
polysilicon TFT had the better performance [47-48]. Base on above reasons , the improved
electrical characteristics might be attributed to nitrogen atoms diffusing from source/drain
region to channel region. By the nitrogen incorporation, nitrogen atoms bond with dangling Si
and Si-O bonds so that the trap states had been terminated. In order to obtain the source/drain

resistance , the transfer line method [39] have been used. The results are shown in Table3.5
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and Fig. 3.16 to Fig. 3.17. The value of the source/drain resistance reflects the on-state current
of poly-Si TFTs. The lower the source/drain resistance is , the higher the on-state current is.
This indicates that nitrogen itself has some passivation effect on trap states of source/drain
region for the TFTs with 1x10" cm™ implantation doses. Source/Drain resistance increased
when the implantation dosage increased to 1x10"°cm™ implantation doses. The nitrogen atoms
whould increase the source/drain resistance due to the increasing electron scattering probably,
which will result in the decrease of the drain current.

The other phenomenon was observed in the Fig. 3.10 , TFTs’ field effect mobility (ugr),
threshold voltage (V7y), subthreshold’swing (§.S)and drain current had degradation when the
implantation dosage increased to-1x10"°em™” implantation doses. The over amount of nitrogen
ion implantation doses result in“lots of Si-N"bonds in the poly-Si film. The more Si-N
bonds ,the lower conductivity in the nitrogen implanted poly-Si film.

3.1.3 Comparison between ELA poly-Silicon TFTs with fluorine and nitrogen

Fig. 3.18 and Fig. 3.19 show typical transfer characteristics for various fluorine and
nitrogen ion implantation dosages and standard poly-Si TFTs at Vp=0.1V and Vp=5V,
respectively. Table 3.6 lists key parameters of poly-Si TFTs. Significantly, we can see that N
passivation results in the highest mobility and the steepest subthreshold slope, followed by F
passivation. It is likely that the passivation reaction is limited by kinetics as the silicon film

cools within 1 s after excimer laser pulse [49]. The efficacy of passivation correlates well
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with the bonding enthalpies between Si and the passivation species: Si-N has the lowest
enthalpy(470 kJ/mol), so that Si-N bonds are formed most easily, followed by Si-F(553
kJ/mol).[50]
3.1.3.1 The activation energy variation with fluorine and nitrogen incorporation

Fig. 3-20 shows the activation energy of drain current as a function of gate voltage
measured at Vp=5V for standard , nitrogen and fluorine ion implanted poly-Si TFTs. the
activation energy was extracted by the measurement of /p-VG characteristic in the temperature
range from 30°C to 90°C. It was found that the activation energy was reduced for fluorine and
nitrogen ions implanted poly-Si TETIs when the devices turn on. It implied that the trap
density eliminate by using fluorinejand nitrogén ions-implantation. However, In the off state
we found that the activation enetgy of'the fluorine 'and nitrogen ions implanted TFTs was
higher than that of the standard TFTs, resulted from lower leakage current as shown in Fig.
3-18. When the implantation dosage increased to 1x10°cm™ implantation doses, the
activation energy as shown in Fig. 3.21 was increased for fluorine and nitrogen ions
implanted poly-Si TFTs when the devices turn on. It indicated that trap density increased on
the contrary.
3.2 Material Analysis
3.2.1 Scanning electron microscopy(SEM)

The average grain size of the poly-Si measured using scanning electron microscopy is
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approximately 250nm.
3.2.2 Sheet resistance of laser activation

In this work, the poly-Si film with various Fluorine and Nitrogen ion implantation doses
were proposed and fabricated. The schematic cross section view of devices were shown in Fig.
3.23. The fabrication procedure is described as following.

4-inch 100-mm-thick p-type single-crystal silicon wafers with (100) orientation were
used as the starting materials. To prevent impurity diffusion from the substrate, the substrate
is general covered with a layer of deposited SiO, prior to the deposition of poly-Si. In this
work, wafers were deposited with 1um-thick thermally grown wet oxide (SiO) in steam
oxygen and hydrogen ambient at 970 C by high temperature system. We deposited 500-nm
a-Si films by LPCVD system. The a-Sifilms were performed using silane(SiHy) as a reactant
gas at 550°C .In this study, poly-Si film re-crystallized methods used were the continuous
scanning for large area crystallization(Excimer Laser Anneal, ELA).During laser 308nm XeCl
excimer laser with a beam spot of 1.8 x 23.1mm’ was irradiated with scanned with 98%
overlap from pulse to pulse with the repetition rate 20Hz for continuous scanning. The laser
energy density was 320mJ/cm’. Following recrystallization, phosphorous and Fluorine or
Nitrogen ions implantation were performed. The ion accelerating energy and the dosage are
show in Table 3.7. Post-implantation annealing methods were used to active the implanted

dopants. Based on above, we choose the laser annealing method. During laser irradiation, the
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308nm XeCl excimer laser with scanned with 95% overlap from pulse to pulse for continuous
scanning. The laser energy density were 100, 200, 250, 300mJ/cm’. Finally, sheet resistances
were measured using four-point probe method.

Fig.3-24. shows that sheet resistance (Rs) as a function of the laser energy density for
different fluorine ion implanted dosage samples. Fig.3-25. shows that sheet resistance(Rs) as a
function of the laser energy density for different nitrogen ion implanted dosage samples. As
shown in Fig 3-24. and Fig. 3-25., when the laser energy density was below 250 mJ/cm?, the
damage owing to ion-implantation didn’t repaired completely. With the increasing laser
energy density, sheet resistance decréased. Sheét resistance gets up to optimum value until
laser energy density is 250 mJ/cm’yMoreover; while the laser energy density is 250 mJ/cm?,
sheet resistance of experimental devices' with additional fluorine ions incorporation of 1x10"
or 1x10" cm™ doses is lower than that of control devices. It means that passivation effect
occurs. By the fluorine incorporation, the trap density has been terminated. The phenomenon
is also observed in the nitrogen case. Sheet resistance increased when the implantation dosage
increased to 1x10"°cm™ implantation doses. The causes had been discussed in section 3.1.1.1

and 3.1.2.1.
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ion accelerating
Dosage (cm™?)
energy (Kev)
Phosphorous 5x10" 55
1x10™ 33
Fluorine
1x10% 33
1x10" 28
Nitrogen
1x10% 28

Table 2.1 The different dosage::and
various dopant species.are in light doped n-type region.

jon accelerating energy of

W/L=10/8 (um/um) Mobility S.S. Vth
Control 127.625 1. 877 -2.429
F 1E14 138. 160 1. 067 -2. 811
F 1E15 07.085 2. 374 1. 896

Table 3.1 Key parameters of poly-Si TFTs with different fluorine dosage.
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Electrical parameters Mainly depending on

Trap states in the grain boundaries (tail
Mobility (o)

states)

Trap states in the interface (deep states)

Threshold voltage (V) Trap states in the grain boundaries (deep

tates)

Subthreshold swing Intra-grain defect density (bulk states)

Trap states in the interface (deep states)
(S.S)

Table 3.2 The relation between the:electrical parameter and the location
of the trap states.

R, (KQ)  ope (cm?/V-s)
Control 2. 97 86. 895
F1E14 2.90 91. 239
F1E15 7.85 2.985

Table 3.3 Transfer Line method parameters of poly-Si TFTs with
different fluorine implantation dosage.
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W/1=10/8 (um/um)| Mobility S.S. Vth

Control 127. 625 1. 877 -2.429
N 1E14 155. 310 0. 907 -5. 333
N 1E15 63. 540 2. 270 -0. 536

Table 3.4 Key parameters of poly-Si TFTs with different nitrogen dosage.

R (KQ) W op (cn?/V-s)
Control 2. 97 86. 895
N1E14 2.48 108. 565
N1E15 6. 89 8. 156

Table 3.5 Transfer Line method parameters of poly-Si TFTs with
different nitrogen implantation dosage.
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W/1=10/8 (um/um)| Mobility S.S. Vth

Control 127. 625 1. 877 -2.429
F 1E14 138. 160 1. 067 -2.811
N 1E14 155. 310 0. 907 -5. 333

Table 3.6 Key parameters of poly-Si TFTs with fluorine and nitrogen
ion implantated.

ion accelerating
Dosage (ci?)
energy (Kev)

Phosphorous 5x10" 17
1x10% 11

Fluorine 1x10™ 11
1x10% 11

1x10% 9

Nitrogen 1x10" 9
1x10% 9

Table 3.7 The different dosage and ion accelerating energy of
various dopant species are in heavy doped n-type region.
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Fig.1-2 A schematic MOSFET cross section, showing the axes of
coordinates and the bias voltages at the four terminals for the
drain-current model.
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Fig.1-3 Three possible mechanisms of.leakage current in poly-Si TFTs,
including thermioni¢ emission, thermionic field emission and
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Fig.3-16 Parasitic resistance (Rp) as a function of the different nitrogen
implantation dosage ELA poly-Si TFTs.

49



120

100

80

B0 |

40

Effective mobility(cm2f-s)

20

Control M1E14 MI1E1S

Mitrogen implantation dosage{cm-2)

Fig.3-17 Effective Mobility (Uesf)-as a function of the different nitrogen
implantation dosage ELA poly-Si TFTs.

50



VD=0.1V : L=Bum -~ W=10um

Te-4
—a— Caontrol
coegr F1E14 B aiitasss
le-5 —y— NIEN4 i
Te-B
=
T le7
5
[
L P
®
[}

1e-9

Te-10

19_1“] ! 1 ! 1 !
-10 5 a 5 10

Zate Voltage(W)

Fig.3-18 Transfer characteristierfor-fluorine and nitrogen implanted
ELA Poly-Si TFT:and centrol ELA Poly-Si TFT at Vp=0.1V

VD=5V » L=Bum - W=10um

1e-3

—#— Caontrol
s F1ET4

—¥— NI1E14
1e-4

(A)

1e-5

1e-b

Crain_ Current

1e-7

“] E'B ! ! ! ! 1

Zate VoltageV)

Fig.3-19 Transfer characteristic for fluorine and nitrogen implanted
ELA Poly-Si TFT and control ELA Poly-Si TFT at V=5V

51



06

—a— Control
e FTE14
—¥— NIE14

Ealev)

Gate_Voltage(V)

Fig.3-20 The activation energysof drain current as a function of gate
voltage measured at VD=5V for standard, fluorine and
nitrogen ion implanted ELLA poly-Si TFTs

0.6

—e— Contraol
e FT1E1S
05 i ' —¥— MNIE1S

0.4

Ea(ev)

0.3

0.2

D1 T T T T T
-10 -5 o 5 10

Gate_Voltage(V)

Fig.3-21 The activation energy of drain current as a function of gate
voltage measured at VD=5V for standard, fluorine and
nitrogen ion implanted ELA poly-Si TFTs

52



15.0kV 13.3mm x20.0k SE(M)

Fig.3-22 SEM image of ELA- ‘ oly-Si film after secco-etch

lon-implantation

SRR RN NN

50nm ELC Eolx Si

1 £ m thermal_SiO,

|

Fig.3.23 The schematic cross section view of devices

53



—— N+ Standand

—o— i+ F 1E13
»— n+F 1E14
—— 1+ F 1E15

Rs{kKosg)

0.0 : : : :
200 220 240 260 280 300

LA energy (mJJ‘cmz)

Fig.3.24 Sheet resistance(Rs) as a.function of the laser energy density
for different fluorine ion:implanted dosage.

16
—&— n+ Standard
14 L —o— n+ M 1E13
¥ n+M1ET4

—&— n+MN 1E1S

Rs(Koysg)

o.a :
200 220 240 260 280 300

LA energy (mdcrm?)

Fig.3.25 Sheet resistance(Rs) as a function of the laser energy density
for different nitrogen ion implanted dosage.

54



Chapter 4

Chapter 4

Conclusion

Low temperature poly-silicon thin film transistors with fluorine and nitrogen ion
implanted source/drain were investigated in this study. In order to eliminate the junction
defects, we propose a poly-Si defect passivation technique wherein the passivating species
(Fluorine and Nitrogen) is introduced via ion implantation into the source/drain region.
Without plasma treatment , Source/Drain with fluorine and nitrogen ion-implanted dosage of
1x10™ cm™ Poly-Si TFTs have already achieved better device performances, such as a higher
mobility, a lower threshold voltage andsa steeper subthreshold swing. It is believed that the
fluorine and nitrogen atoms diffusing from source/drain region can break the stress induced
strained bonds, likely the strained Si-O-Sizhends and Si-Si bonds to form stronger Si-F bonds,
leading to local stress relaxation and thus decreasing the tail state density. Moreover, the
fluorine and nitrogen atoms in the poly-Si channel can also passivate the dangling bonds to
decrease deep state density. In addition, the lower off-state current indicates that “Junction
defect” owing to laser beam diffraction had been repaired. The higher on-state current implied
that activation efficiency in source/drain region improved. Source/Drain with fluorine and
nitrogen ion-implanted dosage of 1x10* cm™ Poly-Si TFTs lead to poor device performances.
Higher source/drain resistance results from F-P* pairs for fluorine passivation and electron

scattering for nitrogen passivation.
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