Chaprerl1 Introduction

1.1 Overview of Poly-Si Thin-Film Transistor

The first report of TFTs, by Weimer, appeared in 1961[1][2]. TFTs have a
history almost as long as that of metal-oxide-semiconductor field-effect transistors
(MOSFETs). In the early 1980s, strong interest in TFTs revived due to new major
application that include active-matrix addressed flat-panel displays[3] and static
random-access memories (SRAMs)[4]. Various semiconductor materials have been
studied for use in TFTs including: CdS;;CdSb, PbTe, Se, Ge, SiC, C(diamond), SiGe,
and Si. Amorphous Si thin films and'polyerystalline silicon thin films are only two
types of TFTs that use Si for active region:

It is known that the pixel switching device of AMLCDs rely on a-Si:H TFTs.
The advantages of o-Si:H TFTs are their compatibility with low processing
temperature on large-area glass substrates and high off-stated impedance which result
in low leakage current. However, it is hard to realize the integration of the switching
pixels with the peripheral driver circuits in one signal substrate to further reduce the
production cost of AMLCDs due to their low electron mobility ( <I cm?/Vs).
Recently, poly-Si TFTs have attracted much attention, because the field effect

mobility in poly-Si is significantly higher than that in a-Si, thus higher driving current



can be achieved in poly-Si[5]. The high driving current of poly-Si TFTs makes the

integration of switching pixels and driver circuits possible. Furthermore, the aperture

ratio and the panel brightness can be also greatly promoted due to small device size

needed using poly-Si TFTs. So, the performance of display can be significantly

improved. As a result, poly-Si TFTs have a great potential to realize high performance

large area AMLCDs applications, and further to accomplish System-on-Panel (SOP).

But it is important to note that traps states of carries at the poly-Si grain

boundary cause the degradation of TFTs performance. For example, in the off states,

the boundary traps assist the carrier:generation in.the depletion layer that have larger

leakage current compared with-0-Si:H TETs; therefore how to obtain a good quality

polycrystalline Si film with higher catrier mobility, lower threshold voltage, lower

leakage current at high operate voltage with excellent reliability has become a major

concern for the poly-Si thin film transistors fabrication. According the reports, several

methods have been proposed to improve the device performance by enlarging the

grain size of poly-Si films[6] and reducing the trap states in grain boundaries, i.e.

high quality poly-Si films . It has been reported that the a-Si films can be crystallized

by several techniques, such as solid phase crystallization (SPC)[7], laser annealing

crystallization[8] , metal induced crystallization (MIC)[9], and metal-induced lateral

crystallization (MILC)[10] to obtain a large grain size of poly-Si to improve the field



effect mobility. In the other hands, there are other methods such as H,, NH3, N,O and

O, plasmas[11]-[14] plasma treatments to passivate the defects in the channel or

narrowing the channel width to reduce the trap state density have been intensely

investigated to accomplish this goal.

Finally, novel structure design is another approach to fabricate high-performance

poly-Si TFTs. This technique focuses on the reduction of the electric field near the

drain junction, and thus suppresses the device’s off-state leakage current. Many

structures including multiple channel structures[15], offset drain/source[16,17],

lightly doped drain (LDD)[18], gate-overlapped. LDD[19], field induced drain[20]

and vertical channel[21] have been proposed-and investigated intensively[22].

1.2 Motivation

1.2.1 The thin oxide issue

The most stable and useful dielectrics for semiconductor devices are silicon

dioxide and silicon nitride » which have been successfully used in ULSI for over forty

years. In the first transistor, the thickness of the SiO, gate oxide was a few hundred

nanometers. Until very recently, the gate dielectric scaling down trended torward of

the physic limitation(~2nm for SiO;) . It extend a number of fundamental problems

such high leakage current ~ low oxide breakdown voltage and low mobility...etc[23].



For TFTs, the key parameters of the LTPS TFTs are : (1)High mobility, (2)Low
threshold voltage, and (3) High driving current and Low leakage current at high
operate voltage. These are for demand of that to realize system-on-panel (SOP)
integrating driving ICs on the glass substrate and drive the liquid crystal. Using a thin
dielectric can improve the driving current of TFTs. Similar to MOSFETs, however,
the conventional gate dielectric(i.e. SiO; ~ Si3N4 ) for small dimension TFTs also
need to decrease the thickness. Although thinning down the gate oxide can increase
the drive current of TFTs, however, the quality of low-temperature silicon oxide is not

good enough, it results in higher gate leakage curtent

1.2.2 Why do we use high-k dielectric ?

In order to preserve the physical dielectric thickness while increasing the gate
capacitance, several new high-k materials, including Al,O;, Ta,Os were proposed
[24]-[25]. Among them, Al,O; TFTs improvement is not sufficient due to the k value
is not high enough.On the other hand, the Ta,Os TFTs induce higher gate leakage
current due to its narrow band-gap.

In thesis, we fabricated the LTPS TFTs with two kind of High-k gate dielectric
deposited by MOCVD (Metal) , including HfO, and HfSiOx. Conventional TEOS
gate dielectric for compare. Mainly, in addition to show the lower threshold

voltage > we want to discuss the influence of the different plasma treatment time, and



reliability between high-k and TEOS dielectric for p-channel Poly-Si TFTs as well.
Moreover, we hope to increase the driving current, decrease the threshold voltage of
high-k device and have high gate capacitance capability compared with conventional
devices. Therefore, we found the better high-k dielectric for LTPS TFTs that will
show higher mobility, alleviated Vg roll-off, improved subthreshold swing, and

increased ON/OFF current ratio for p-channel Poly-Si TFTs.

1.3 Thesis Organization

In chapter 1, the overview of Poly-Sit TETs, the brief introduction of High-k

dielectric, and motivation in this thesis are described.

In chapter 2, experimental process flows,.-and for p-channel Poly-Si TFTs, we
will show High-k dielectric have the smaller EOT with almost same physics thickness
that to obtain the better performances of device. Moreover, the performances of
LTPS-TFTs with hafnium oxide and hafnium-silicate dielectrc are compared with the
conventional TFTs.

In chapter 3, the reliability of different dielectric layers will be comparison.

In chapter 4, at the end of this thesis, we will make conclusions.



Chaprer2 Experiment Method

2.1 Fabrication Process

In this first draft, poly-Si TFTs were fabricated on both 6-inch thermally oxidized
(100) p-type silicon. First, the thermal oxide growth on silicon about 550nm to simulate
the glass substrate. Then, a 100nm-thick amorphous silicon (a-Si) active region layer
was deposited at 550°C by the dissociation of SiH, gas in a low-pressure chemical
vapor deposition (LPCVD) system, and then wafer receive a furnace-annealed at 600°C
for 24 hours in N, ambient (SPC) to recrystallize thé.a-Si films. After defined the active
device islands region, a 50nm:dielectric then furthetr split to three materials, one is
hafnium based dielectrics, ex. Hafhium oxide and Hafnium-silicate (HfO, and HfSi10y)
layers that was deposited by Metal-Organic Chemical Vapor Deposition (MOCVD),
the other one is low temperature tetraethylorthosilicate silicon dioxide (TEOS-Si0;)
layer was deposited. Another 300nm-thick amorphous silicon film was deposited at
550°C in a LPCVD system, and patterned to form the gate of the transistor. A
self-aligned BF, ion implantation at 40 Kev with a dose of 5x10" cm™ was used to
dope the drain, source, and gate simultaneously. Prior to the passivation layer deposited
by PECVD system, dopant activation is to carry out by furnace 24h at 600°C in N,

ambient. After passivation layer, contact holes and Al pad contacts were finished. After



sintering at 300°C, the process was completed.

2.2 Device Electrical Parameters Extraction

In this section, all the electrical characteristics of proposed poly-Si TFTs were
measured by HP 4156B-Precision Semiconductor Parameter Analyzer. Moreover, the
methods of parameter extraction used in this study are described. These parameters
include threshold voltage (Vrg), field-effect mobility (ugg), subthreshold swing (S.S.),
parasitic resistance (Rp), ON current (Ion), OFF current (Iopr ), ON/OFF current ratio

(Ion/IoFF).

2.2.1 Threshold Voltage

The threshold voltage Vry'is an“important parameter required for the channel
length-width and series resistance measurements. However, Vry is not unique defined.
Various definitions exist and the reason for this can be found in the Ip-Vg curves. One
of the most common threshold voltage measurement technique is the linear
extrapolation method with the drain current measured as a function of gate voltage at
a low drain voltage of 50~100 mV typically to ensure operation in the linear
MOSFET region .

However, in our p-channel TFTs, the threshold voltage is defined at a low drain

voltage of -0.1V, and a fixed drain current Ip=Ipn*(W/L) where Ipy is a normalized



drain current. Here, Ipy is 10nA for p-channel.

2.2.2 Mobility

Usually, field effect mobility (upg) is determined from the maximum value
of transconductance (gn) at low drain bias. The transfer characteristics of poly-Si
TFTs are similar to those of conventional MOSFETSs, so that the first order of I-V
relation in the bulk Si MOSFETs can be applied to poly-Si TFTs. The drain current in

linear region (Vps < Vgs -Vri) can be approximated as the following equation:

W 1
I os = e Cox (T)[(VGS ~Viy Wos —EVDSZ] .................. (Eq.2.1)

where W is the channel width, L is the channel length, Vry is the threshold

voltage, C, is the gate oxide capacitance per-unit area. Thus, g, is given by

Ol ps

W
gm = @ = /’lFECOX (T)VDS .................. (Eq-2o2)

Therefore, the field-effect mobility is

L

/uFE = g m(max)
COXWVDS

2.2.3 Sub-threshold Swing

The drain current in the saturation region (Vps>Vgs-Vrn) is expressed as the

following equation:

1

W
los = 5 eeCoy T(VGS “Vig)? (Eq.2.4)

It appears that the current abruptly vanishes while Vg is reduced to zero from the



equation. In reality, there is still some drain conduction current below threshold, and

this is known as the subthreshold conduction. This current is due to the weak

inversion in the channel between flat-band and threshold, which leads to a diffusion

current from source to drain. The subthreshold swing (S.S.) is defined as the

reciprocal of slope of the Ip-V curve in weak inversion region. It is the amount of

gate voltage required to increase/ decrease drain current by one order of magnitude. It

is a typical parameter to describe the control ability of gate toward channel.

In this thesis, the subthreshold swing is defined as one-third of the gate voltage required

decreasing the threshold current by.three orders of magnitude. The threshold current is

specified to be the drain current-when the gate voltage is equal to threshold voltage.

2.3 Result and Discussion

In this section, we will show electrical characteristics as well as discuss physical

meaning for p-channel TFTs. At first, the transmission electron microscopy (TEM)

photograph for cross-section of the HfO,, HfSiOx and deposited-SiO, films with a

physical thickness of 57, 53, and 61 nm is shown in Fig.2-2 to Fig.2-3, respectively.

After the low-temperature process( below 600°C), we can observe that the different

crystalline temperature of the HfSiOx and HfO,. The HfSiOy film keeps amorphous

structure, and the polycrystalline structure can be seen in HfO, film (Fig.2-2 (a)),

which is conducive to a smoother surface at both the top and bottom interfaces. This



result is consistent with our x-ray diffraction spectroscopy (XRD) data in Fig.2-4.

2.3.1 Electrical Properties

Figure 2-5 show the capacitance density of the HfO,, HfSiOx and
deposited-SiO, films, according to the capacitance density and physics thickness
extraction, we can know the diclectric constant of the HfO,, HfSiO, and
deposited-SiO, films are about 15, 8 and 5, respectively. On the other hand, we
measure the breakdown field that show in Figure 2-6, the result exhibit the leakage of
the HfSiO, is smallest and the breakdown field of the HfSiO, film is increase of
3MV/cm than the HfO, film.

Fig.2-7 to Fig.2-9 show the , [p*Vig transfer: characteristics shows transfer
characteristics of TFTs with high-k dielectric and SiO, at V4 = -0.1 and -2 V at gate
width and length are both equal to 2um. Obviously, TFTs with HfSiOx have better
subthreshold swing, and higher ON/OFF current ratio in Figure 2-7. Particularly,
off-state leakage current of HfSiOx at the low Vpg (=-0.1V) is like to TEOS TFTs, but
off-state leakage current increase more rapidly at the high Vpg(=-2V) operate show in
Fig.2-7. The explanation of the off-state leakage current will discuss in section 2.3.2.

The much better performance of TFTs with HfSiOx due to the better gate
dielectrics/poly-Si interface quality[24], and the lower V1 and significant improved

S.S. could be explained that the thinner equivalent oxide thickness (EOT) with the

10



same physical thickness[25,26]. As discuss the further reason, the Vy and S.S. factor

sensitive to the density of deep states near the mid-gap has been report through the

literature[27], Figure 2-10 shows the plots of density of states versus E-Eg, of poly-Si

TFTs with different gate dielectrics, we can observe that the density of states values

of high-k dielectrics was lower than TEOS dielectric.

In Figure 2-8, obviously, TFTs with HfO, also depict much better performance

than TFTs with conventional deposited-SiO, except for the OFF-state leakage current,

additionally, we can observe the off-state leakage at the low Vpg (=-0.1V) of HfO,

raise faster more than that of HfSiOx in Figure2-9. The extracted values of Vry,

field effective mobility, S.S., and ON/OFF cutrent ratio will be shown in Table 3-1.

In Figure 2-9 to Figure 2-13jwe compare the parameters of different dielectrics

with different dimension (form W/L=10um/10pum to W/L=1pm/1pum).

In the Figure 2-9, we can observe the Vr of high-k dielectric TFTs are more stable

than TEOS TFTs, this is due to the high capacitance density and lower density of states

with high-k dielectrics such that TFTs transient time is shorter than TEOS TFTs.

Additionally, for poly-Si TFTs, the threshold-voltage roll-off is dominated by the

decreasing of number of grain boundary as the devices scale down. The grain boundary

fill of charge is faster due to high capacitance density of high-k dielectrics, so the effect

of grain boundary is less than TEOS TFTs.

11



In the Figure 2-11, we can observe the on/off ratio of TEOS and High-k dielectric

TFTs both raise as the devices scale down. This phenomenon is explained by the grain

boundary in the channel and grain boundary trap is less than large dimension. So on

current increase and off current decrease in Figure 2-12

In the Fig.2-13, we could observe the mobility increase as device dimension

decrease. However, the mobility of HfSiOx and TEOS at W/L=1pum/1um is decrease,

The reason mat be due to the S/D overlap such that effective length decrease and lateral

field decrease.

Even though the S.S. of TFTs.with HfS1Ox are slightly worse than those of TFTs

with HfO,, we still believe that HfSiOx is still'more suitable than HfO, for the gate

dielectric of future poly-Si TFTs.The reasons are.as follows: First, HfSiOx has smaller

leakage current and larger breakdown field than HfO, due to the amorphous nature of

HfSi0y after processing. Second, TFTs with HfSiOx show 2.4 times improvement in

hole mobility over the conventional TFTs using deposited-SiO; dielectric, rather than

degraded for the case of TFTs with HfO,. According to the previous reports[28], we

speculated that the degraded mobility of TFTs with HfO, dielectric was due to the

additional Coulomb scattering caused by the plentiful charges exsited in the HfO,

dielectric.

12



2.3.2 Off-State Leakage Current Mechanism

In order to further clarify the mechanism of OFF-state leakage current, at first,
we calculated the dependence of activation energies on Vgs with Vpg=-0.1V of the
three dielectric that we used in Figure 2-11. We can observe that the minimum
leakage current of TFTs with HfO, due to the highest activation energy. But as
increasing the | Vg | to across the highest point into OFF-state regime, the
activation energy of TFTs with HfO, decrease fastest causes the OFF-state causes
current to increase rapidly. Furthermore, the trap-assisted-tunneling (TAT) will
enhance the GIDL phenomenon thaticause the OFF-state leakage current more
serious[29]. On the other hand,“according to the leakage mechanism of poly-Si TFTs
in previously literature [30]-[33], the'Frenkel-Poole emission is dependent on the peak
electric field (Epk) at the drain junction and dominated by the vertical field at the

interface that expressed as follows:

Ire oc exp (+/Epk)

_ (Vgs - Vds' Vﬂ))e gate dielectric

Epx
P (Tgate dielectric & Si) >

where the €Si and the egate dielectric are the permittivities of Si and gate dielectric,
respectively, Vi, is the flatband voltage, and Tgaee diclectric 1S the physical thickness of
the gate dielectric. Poly-Si TFTs using high dielectric constant gate dielectric will

exhibit higher peak electric filed, causing a rapidly increasing OFF-state current. The

13



Frenkel-Poole emission illustration is show at Table 2-4.
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Figure 2-1 Device Fabrication Process Flow
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Figure 2-2 The cross-sectional transmission electron microscopy (TEM) images
of the HfO,, HfSiO, and deposited-SiO; films with a physical thickness of 57, 53,
and 61 nm, respectively.
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Figure 2-3 The interfacial layer between HfSiOx and Poly-Si channel with a
physical thickness of 2.9 nm
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Figure 2-4 The x-ray diffraction spectroscopy (XRD) of HfO, and HfSiOx films,

respectively.
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with HfSiOx comparison at gate dimension with W/L=2pm/2pm.
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Table 2-1 Summary of V1y, S.S. and ON/OFF current ratio
characteristics of High-k TFTs and conventional TFTs
with W/L=2pm/2pm.

U Er S.S. Ion/Iorr
Vru(V) (em?/V-s) (mv/dec) (@Vps=-2V)
HfO2 0.822 14 277.9 8.36E+06
57nm
HISIO |, s 46 372.1 1.85E+07
53nm
TEOS | ¢ 97 19.2 1048 3.32E+06
61nm
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Table 2-2 The crystallization structure of HfO2 dielectric film depicts
the additional coulomb scattering that result in the mobility
degradation.
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Figure 2-10 Density of states extracted from transfer characteristics (Vgs=-0.1V)
of poly-Si TFTs using different gate dielectrics.
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Figure 2-11 Activation energy of channel obtained from temperature dependence
of transfer characteristics (Vgs= -0.1V) using different gate dielectrics.

Table 2-3 The trap-assisted-tunneling (TAT) enhance
gate-induced-leakage-current (GIDL) at lower gate bias.
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Table 2-4 The Frenkel-Poole emission illustration.
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Chaprer3 Reliability of the p-Channel with TEOS and

High-k TFTs

3.1 Introduction

The device performance of poly-Si TFTs is always limited by defect state
exisiting in the bulk, at grain boundries, or at the poly —Si/ dielectric interface[34,35].
It 1s well known that various plasma treatments, including N,, N»/H, mixture,
0,, Oy/H,, and F, were investigated torimprove the performance of poly-Si TFTs by
lowering the grain boundry potential bartiers|36,37] (e.x. hydrogen plasma treatment)
or improve the plasma passivation effects:
In this thesis, the non-treatment performance of high-k dielectrics TFTs were
improved obviously. Therefore, various gate biases were used to observe the reliability
of non-plasma treatment high-k dielectric TFTs. Additionally; we also used the gate

bias stress to compare the reliability of non-plasma treatment TEOS TFTs.

3.1.1 Threshold Voltage Shift

In poly-Si TFTs, the threshold voltage depend mainly on dangling bond trap
states located near the midgap, in addition to the generation of dangling bond midgap

states, charge trapped within the gate dielectric resulting in a strong Vg shift[38].
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Several articles report higher NBTI degradation for higher initial interface trap
density[39]. In additionally, the bulk trap of high-k dielectrics will enhance the faster

V1y shift during the shorter stress time.

3.1.2 Transconductance and Drive Current Degradation

We extracted the field-effective mobility degradation from the maximum
transconductance with Ip-V measurement, in additionally, the on, off, and current
ratio were extracted by the fixed Vgs. The HfO, and HfSiOx at the -8V and at the
-17V with TEOS. During the NBI and NBTI stress, strain-bond tail-state will generate
and cause the current and maximum transconductance Gm degradation. The trapped
holes increase the vertical field near the-drain junction of the transistor operated in the
off-state regime. Thus, in addition to the strain-bond tail states generated during the
gate bias stress, the increased electric field results in a faster degradation of current

and Gm.

3.2 Experimental Procedures

The detail fabrication process of polycrystalline silicon TFTs is described in
Chapter 2. Keithley 4200 semiconductor parameter analyze was used to generate gate
bias stress and extract the parameters degradation after the long time stress. For

p-channel devices, we focus on Negative bias on room temperature and we will
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continue to focusing on the high temperature (e.x. 100°C) that is called NBTI Stress in
the future. The characterization involved the -0.1V and -2V were applied to the drain
contact. Particularly, the gate voltage was swept from 5V to -8V in high-k dielectrics
TFTs and 5V to -17V in TEOS TFTs. For this reason is that we went to extract the Field
Effective mobility from the maximum transconductance at high-k dielectrics TFTs.
However, we can not observe the maximum transconductance of TEOS TFTs. The

measurement setup illustration is show in Table 3-1.

3.3 Result and Discussion

3.3.1 Negative Gate Bias Stress-Instability

In this chapter, we will show dielectric reliability of TEOS TFTs, HfSiOx TFTs,
and HfO, TFTs at room temperature. In Figure 3-1 to Figure 3-3, Figure 3-10 to
Figure 3-12 and Figure 3-19 to Figure 3-21, we show the different Id-Vg
characteristics of different dielectric that before and after stress. After 10000sec
negative gate bias stress, we can observe the threshold voltage shift toward the
negative direction after the NBI stress. In addition, the NBI stress also leads to the
device degradation in the field-effect mobility, drive current and off-state leakage

current. In particularly, the subthreshold swing degradation was not obvious to see
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after the 10000 second stress.

The threshold voltage shift of TFTs with TEOS after stress that increase more

and more fast than TFTs with high-k dielectric. At this case, the reliability of TFTs

with HfSiOx dielectric is better than HfO, and TEOS. This can be explained as

fallows: first, according to the density of states with different dielectrics from

chapter2, the deep states near the mid-gap of TFTs with TEOS was more than TFTs

with high-k dielectrics, therefore, the threshold voltage shift is more than the TFTs

with high-k dielectrics. Second, the quality of TEOS layers is poorer than HfSiOX or

HfO2 layers such that the TEOS TFTs depicts faster Vp shift. On the other hand, the

slope of the log-log plot means the interface state creation number, so we can estimate

the HfSiOx TFTs depicts the bést interface quality and the TEOS TFTs depicts the

poorest interface quality.

In particularly, the high-k TFTs depict faster Vry shift during the just beginning

stress time and then in turn shift slowly. The jump can be explained by the general and

initial bulk trap in the high-k dielectrics.

The mobility degradation of TFTs with different gate dielectrics at room

temperature is show in Figure 3-31, we can observe the mobility of TFTs with TEOS

degradation more and more faster between 1000 sec. and 10000 sec. The same

degradation tendence of on current can be observe in Figure 3-34, This can be
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explained by faster threshold voltage shift and mobility degradation. The off current
degradation of TFTs with HfO, is more serious than other two materials, this can be
explained by high gate capacitance density enhance the electron trap in the off-state
regime such that increase the electrical field near the drain junction of TFTs.
Therefore, the off current degradation of TFTs with HfO, is most serious and we can
observe the HfO, and TEOS TFTs depict more serious on/off current ratio

degradation.

3.3.2 Negative Bias Temperature Instability

After the constant gate bias stress, weadd the temperature test and observe the
same degradation tendence of TFTs with different dielectrics we using. In Figure 3-29
and Figure 3-30 is for threshold shift at the 75°C and 100°C, in Figure 3-32 and
Figure 3-33 is for mobilities degradation and then is the current degradation.
According to the results, we suggest the threshold voltage shift of TFTs with high-k
dielectrics is due to the oxide trap. Because of that the subthreshold swing degradation
is not obviously during stress time. On the other hand, the threshold voltage shift of
TFTs with TEOS-oxide is due to the initial deep state near the mid-gap is more than
TFTs with high-k dielectrics. This is result in the holes tunnel to the deep trap state

easier than other two materials. Therefore, the on current and mobility of TFTs with
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TEOS-oxide is degradation more serious as we extracted the parameter at the constant

voltage.
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Table 3-1 The measurement setup illustration.
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Figure 3-1 The transfer characteristics of the LTPS TFTs under NBTI stress with
different stress time, respectively.
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Figure 3-3 Mobility degradation with different stress time.
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Figure 3-4 The transfer characteristics of the LTPS TFTs under NBTI stress with
different stress time, respectively. The stress was performed at 75°C

40



Drain Current, I (A)

10
MAMAAAAALY
‘““AAAX\KX\_\_&
PRAAMAAAAAAY “:\3!"\
" \\\\\\\;\\A_“QX\A“A\A
HfO,-53nm égﬁ%
1 0-8 W/L=2pm/2pm
VDS=-0.1Va'2V
10 T=75"C
VGS'VTH=2MV
-12 -
10°F —aInitial State ‘_.:a
= =Stress 10000sec
10'14 a A A > ‘ . . . . . | .
-8 -6 -4 2 ’ ’ 4
Gate Voltage, V__ (V)
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Figure 3-6 Mobility degradation with different stress time. The stress was
performed at 75°C
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Figure 3-7 The transfer characteristics of the LTPS TFTs under NBTI stress with
different stress time, respectively. The stress was performed at 100°C
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Figure 3-9 Mobility degradation with different stress time. The stress was
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Figure 3-10 The transfer characteristics of the LTPS TFTs under NBTI stress
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Figure 3-11 The transfer characteristics, of the LIPS TFTs under NBI stress with
initial state and 10000sec., respectively.
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Figure 3-12 Mobility degradation with different stress time.
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Figure 3-14 The transfer characteristics of the LTPS TFTs under NBTI stress
with initial state and 10000sec., respectively. The stress was performed at 75°C
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Figure 3-15 Mobility degradation with different stress time. The stress was
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Figure 3-16 The transfer characteristics.of the LTPS TFTs under NBTI stress
with different stress time, respectively. The stress was performed at 100°C
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Figure 3-17 The transfer characteristics of the LTPS TFTs under NBTI stress
with initial state and 10000sec., respectively. The stress was performed at 100°C
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Figure 3-18 Mobility degradation with different stress time. The stress was
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Figure 3-19 The transfer characteristics.of the LTPS TFTs under NBTI stress
with different stress time, respectively. The stress was performed at 25°C
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Figure 3-20 The transfer characteristics of the LTPS TFTs under NBTI stress
with initial state and 10000sec., respectively. The stress was performed at 25°C
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Figure 3-21 Mobility degradation with different stress time. The stress was
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Figure 3-22 The transfer characteristics.of the LTPS TFTs under NBTI stress
with different stress time, respectively. The stress was performed at 75°C
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Figure 3-23 The transfer characteristics of the LTPS TFTs under NBTI stress
with initial state and 10000sec., respectively. The stress was performed at 75°C
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Figure 3-24 Mobility degradation with different stress time. The stress was
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Figure 3-25 The transfer characteristics.of the LTPS TFTs under NBTI stress
with different stress time, respectively. The stress was performed at 100°C
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Figure 3-26 The transfer characteristics of the LTPS TFTs under NBTI stress
with initial state and 10000sec., respectively. The stress was performed at 100°C
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Figure 3-27 Mobility degradation with different stress time. The stress was
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55



—~ d
> a4 D P D
N’
=
W/L=2pum/2um
> 01 R = HfO -57nm k|
<|1 T=25C .2 5
V.-V, =2MV o HfSiOx-53nm |
Log-Log plot A TEOS-61nm
0.01 Py a a2 2 2 a2aal Py 2 o PYrYy | Py a 2 2 2aaaall
10’ 10° 10° 10*

Stress Time (sec)

Figure 3-28 Dependence of the threshold-voltage shift on the stress time at 25°C.

10
A gﬁ
< 5.! g@ ® 4
\_— b
= |8 909
>
< —
" 0.1} = HfO-57nm ?7_/35%”“‘/2”‘“
o HfSiOx-53nm V -V =MV
A TEOS-61nm Lot
0.01 Lot
10 100 1000 10000

Stress Time (sec)

Figure 3-29 Dependence of the threshold-voltage shift on the stress time at 75°C.

56



10 ¢
AA A A
A A
S \ - ;
=
T80 o
| WiL=2um/2um = HfO,-57nm
v oy o HfSiOx-53nm
Log(-;ligph:H A TEOS-61nm
B T T S 0000

Stress Time (sec)

Figure 3-30 Dependence of the threshold-voltage shift on the stress time at 100°C.

57



100} - ggﬂ By
95 W/L=2um/§m\ E\l@_@@
|V, =01V A

90k T=250C \
| ViV =2MV

Ssk -5-Hf02-57nm A
o= HfSIOX-53nm \A
P

M/ Ppgo(Y0)

80F = TEOS-61nm

10° 100 10" 100  10°
Stress Time (sec.)

Figure 3-31 Dependence of the field-effective mobility degradation on the stress

time at 25°C.

100 F
T 0000 0o—an
< ~
S~ of <
5 ss) A
o 85p \
E sob W/L=2pm/2um A
3 osp MY HO -57nm
~ t T=75"C :
E 70 VGS_VTH=2MV = HfSiOx-53nm
= osf ~ TEOS-61nm
60:&“‘ FEPIPPPP EEEPEPIPPPRY TP T PP |

100 100 100 100 10
Stress Time (sec.)

Figure 3-32 Dependence of the field-effective mobility degradation on the stress

time at 75°C.

58



100

o B

DD SD—DD

A~ '
\O W0 EE\E
o b A E
~5 ¥ \
E 8o b A ™
[ W/L=2um/2
\j’ BsE oy ™ ~HfO -57nm \
| V_=0.
E OF 1=100°C = HfSiOx-53nm
= [V.V,2MV ~TEOS-6Inm ~ A
PPV PP T PP rrry B rren R P ar PP |

10° 100 1000 100 10°
Stress Time (sec.)

Figure 3-33Dependence of the fi¢ld-effective.mobility degradation on the stress
time at 100°C.

59



100

- é%%
" NI
A =

S s0

PN

< s

% 70

S 65F W/L=2um/2

S @ v —av | =-HfO57nm

S 55F 1—25°C = HfSiOx-53nm A\
50 VoV, 22MV TEOS-61nm A
45 aal aaasal asal aal

100 100 100 100 10
Stress Time (sec.)

Figure 3-34 Dependence of the on current degradation on the stress time at 25°C.

30p E
25FV =2V ~=HfSiOx-53nm

=) [ T=25"C -+ TEOS-61nm

S 2wby v omy

= GS 'TH

=

&= 15}

=)

o
(o] PP SNV PP P SN EEPEPPPP

100 100 100 100 10
Stress Time (sec.)

Figure 3-35 Dependence of the off current degradation on the stress time at 75°C

60



100 b —H

= @___@@
A\

[ W/L=2um/2pm
vy "o HfO -57nm \E
DS

' T=25°C -=HfSiOx-53nm =
V.V 2MV = TEOS-61nm

1] PO NP NP SN P

100 100 100 10° 10
Stress Time (sec.)

Iratio/Iratio0(%o)

4

Figure 3-36 Dependence of the current.ratio.degradation on the stress time at
25°C

100 : —
ot =30 6O—D
— wf e
o X
S af A
% 60 W/L=2pm/2pm \
S 5[ V. =2V
E jz [ s —HfO,-57nm
S U T=75 C—z —~HfSiO-53nm
[ VGS-VTH_ MV....TEOS-61nm
20;““ P R S S
10° 10' 10° 10’ 10°

Stress Time (sec.)

Figure 3-37 Dependence of the on current degradation on the stress time at 75°C.

61



W/L=2pm/2pm -
b V =_2V ﬂHfOz-57nm /
> --HfSiO-53nm =
=2 T=75C  _ 1Eos-61nm /
2 | Vs V2NV E!
= -
= >
o'l D— KR—KD
— A
)] PP PP EEEEPPPP SEEPEPIPPP SN

100 100 100 100 10
Stress Time (sec.)

Figure 3-38 Dependence of the off current degradation on the stress time at 75°C

62



1.8 : W/ L=2um/2 pm

1.6 V =-2V
4r A T—75 °C
12F L =2MV

1.0}

' &: QQ\@@
08}
0.6 -.E.HfO -57nm

0.4pF .@.Hf810 -53nm E\EE

0.2 ;mTEQ.S_:ﬁh-‘m---u atsasasd a0 essend

10’ 10' 10° 10° 10
Stress Time (sec.)

Iratio/IatioO

4

Figure 3-39 Dependence of the current.ratio.degradation on the stress time at
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Chaprer4 Conclusion and Summary

4.1 Conclusion

High performance p-channel poly-Si TFTs using hafnium base high-k dielectric
including hafnium oxide (HfO;) and hafnium silicate (HfSiOx) are demonstrated using
low-temperature processing. The conventional oxide was prepared by LPCVD with
tetra-ethyl-oxy-silane (TEOS) precursor at 700°C to serve as the control samples.

The result and discussion are concluded and summarized as follows.

4.1.1 Electrical Properties

Higher I,,/I¢ current ratio,’smaller subthreshold swing, lower threshold voltage
and higher mobility than those with, conventional deposited-SiO, gate dielectric are
achieved.

It can be seen that the crystalline temperature of HfSiOy film is higher than HfO,
and which is conducive to a smoother surface at both the top and bottom interfaces.

Due to the lower density of states in the Poly-Si channel and the higher
capacitance density, the High-k dielectric TFTs exhibit the lower threshold voltage,
lower subthreshold swing and less threshold voltage roll-off than TEOS oxide TFTs.

The oft-state current of HfO, TFTs increase more rapidly in small drain voltage
(VDS=-0.1V) that is due to the activation energy decrease fastest, TAT enhance drain

leakage current and FP emission due to higher field near the drain side.
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However, the field-effective mobility of HfO, TFTs is lowest due to the
additional Coulomb scattering caused by the plentiful charges exsited in the HfO,

dielectric.

4.2 Reliability

For negative bias stress and negative bias temperature instability, the HfSiOx
TFTs depicts the best stability due to its lower density of state, better film quality of
low temperature and the better gate dielectrics/poly-Si interface quality. Our results
suggest that HfSiOy is a potential candidate for the gate-dielectric material of future

high-performance poly-Si TFTs.
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