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Abstract
A Novel Structure for depression of the Leakage
Current in Metal Induced Lateral Crystallization
Polycrystalline Silicon Thin Film Transistor
Se Wan Son
School of Materials science and Engineering
The Graduate School
Seoul National University

Currently, a lot of attention has been drawn to researches on low temperature poly
silicon (LTPS) TFT s for AMLCD and AMOLED. For AMOLED, poly silicon with
high electron mobility has to be used because it is a current driving device. Also
LTPS TFT is advantageous in construction of peripheral circuits in LCD and
OLED. Metal induced Lateral Crystallization (MILC) poly-Si TFT has many
advantages over other LTPS poly-Si TFTs regarding large area process
compatibility, relatively short process time, high throughput (batch process), etc.
However, relatively high leakage current, and non-uniformity of off-state leakage
current have impeded for the MILC TFTs to be successfully applied to the display
panel such as AMLCD and AMOLED. In this context, it is obvious that a
significant leakage current reduction is needed for the MILC poly-Si TFTs to be
adopted as a switching device in AMOLEDs. In this study, in order to find
solutions for reducing the leakage current in MILC poly-Si TFTs, the leakage
i

current generation mechanisms in the TFTs are investigated. From the
investigations, it has been proven that the leakage current in MILC poly-Si TFTs
comes from activation of negatively charged trap state at the interface between gate
insulator and poly-Si and neutral trap state originated from impurities such as
Nickel and Nickel Silicide. It was also found that the driving force, for the trap
states to be activated, is high electric field between gate and drain electrode. To
reduce the electric field between gate and drain electrode so as to reduce the
leakage current, lightly doped drain (LDD) structure for MILC poly-Si TFTs is
developed. From the application of the LDD structure, MILC poly-Si TFTs with
well suppressed leakage current was achieved. In this study, novel LDD formation
methods are developed. It has also been demonstrated that the leakage current in
MILC TFTs can successfully suppressed without device performance degradation
by using the novel LDD formation methods.
This thesis is organized with flowing 3 parts.
Part. 1. Mechanism analysis of leakage current in MILC poly-Si TFTs.
(Chapter. 3)
Part. 2. Effect of LDD structure on electrical properties of MILC poly-Si TFTs.
(Chapter. 4, 5, 6)
Part. 3. Novel LDD formation methods for LTPS TFTs.
(Chapter. 7, 8)
In part 1, a physical model for generation of trap state in MILC poly-Si TFTs is
discussed in detail and compared with experimental observations. In part 2, effect
of LDD structure on MILC poly-Si TFTs is discussed. And in part 3, Novel LDD
formation methods for LTPS TFTs are introduced and the effects of each structure
on MILC poly-Si TFTs are discussed in detail.
ii
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Metal Induced Lateral Crystallization (MILC), Thin Film Transistor (TFT),
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Chapter 1
Introduction

1.1 Application of Low Temperature Poly Silicon Thin Film Transistor
The size of the flat panel display is being increased. As the market for mobile
devices such as laptop computer, smart phone, smart pad, etc. become bigger,
demands for flat panel display is constantly increased. Behind the expansion of
display market is development of thin film transistor (TFT) technology. In a recent
decade, FPD such as Active Matrix Liquid Crystal Display (AMLCD) and Plasma
Display Panel successfully replace the cathode ray tubes (CRTs). Among the
various FPDs, the dominant product in the market is AMLCD. However, due to the
drawbacks of AMLCD such as slow response time, small viewing angle, the more
advanced technology, Active Matrix Organic Light Emission Diodes (AMOLEDs)
has begun to enter the FPD market. AMOLED has much faster response time and
wide viewing angle than AMLCD. Furthermore because AMOLED is a selfemitting device, it consume much less electricity than AMLCD. The main obstacle
for the AMOLED not to be dominant position in FPD Market is difficulties of
fabrication of high quality Poly-Si TFT array. Due to the nature of the light
emission process, the brightness of the OLED material is proportional to the
amount of current passing through it.1.1) Because of this, an active matrix pixel
array needs to deliver uniform currents to the OLED material in order to create
uniform brightness. 1.2) This is different from AMLCD technology which only need
to deliver voltages not currents to switch the liquid crystal material. 1.1) For the
-1-

reason above, TFTs with high electron or hole mobility are necessary for
AMOLED. The electron and hole mobility of poly-Si is significantly higher than
those of a-Si. Generally P-Si has an electron mobility of 10~100 cm2V-1 S-1, while
a-Si has the mobility of 0.1~1 cm2V-1S-1.

1.2 Low Temperature Polycrystalline silicon
Poly-Si is a material that consists of very small crystal grains. Regarding the
materials properties, poly-Si differs from a single crystalline silicon (C-Si) and a-Si
in that it shows about middle of the properties of c-Si and a-Si. The mobility of
poly-Si ranges from 10~100 cm2V-1 S-1, while that of c-Si is over 1,000 cm2V-1 S-1
and a-Si is below 1 cm2V-1 S-1. As mentioned in chapter 1.1 due to its operation
mechanism, TFTs for AMOLEDs should have a high mobility. However, because,
different with CMOS fabrication, TFTs have to be fabricated on a transparent
substrate such as glass or quartz substrate, C-Si and poly Si which is crystallized at
high temperature cannot be used for AMOLEDs. The crystallization temperature of
Si used in CMOS technology is so high that the glass substrate cannot withstand
the crystallization process. Thus, the crystallization method available in relatively
low temperature is essential for flat panel display application. These are reasons for
the low temperature poly silicon (LTPS) technology emerges. There are three main
technologies of LTPS are SPC, Laser, Catalyst assisted Crystallization. The LTPS
technologies can be divided into non-laser and laser crystallization. However, the
laser-crystallization method is not only very expensive process but also not a large
area compatible process, since it is a scanning process. On the other hand, SPC
which is one of the non-laser LTPS methods can be done about 600℃ so that a
-2-

glass substrate can be used for SPC poly-Si. 3, 4) However the process time for SPC
is longer than 24 hours and is too long to be commercialized. MILC technology,
recently developed in this research group, does not have to undergo a high
temperature (crystallization temperature is about 550℃)and process time for
crystallization is about 2hours so that it has no limitation on the substrate material
and process time. 5)

-3-

1.3 Metal-Induced Lateral Crystallization
The crystallization temperature of a-Si can be reduced by a help of some metal
elements such as Ni, Au, Al, Sb. The crystallization method using such metal
elements as a catalyst for crystallization is Metal Induced Crystallization (MIC). It
is reported that some of metal elements can lower the MIC temperature about
500℃. While it depend on what metal element are used, typically the
crystallization temperature of MIC is below 600℃. The number of 600 is very
important in display industries, since glass experience a change in shape. For the
reason above, all of the processes for the fabrication of flat Panel display must be
processed below 600℃. With respect of this, MIC seems very promising
technology for crystallization of a-Si. The MIC, however, has a serious drawback.
The metal elements act as a impurities in poly-Si as well as a catalyst for
crystallization. Because the metal impurities make energy levels in a band gap of Si,
the presence of metal element in poly-Si influence the electrical properties of poly
–Si TFTs. The most severe influence of the contamination is the leakage current
arises from the energy levels in forbidden gap in Si crystal. Therefore, it is of great
importance to minimize the amount of metal incorporation into Si during
crystallization. Hence, many research groups have studied and tried to reduce metal
contamination to use MIC method to fabricate poly-Si TFTs with desirable
electrical performances. Liu and Fonash first showed the Poly-Si TFT crystallized
by MIC. Although they succeed to fabricated Poly-Si TFTs with practicable
performance as a switching device for flat panel display, the crystallization
temperature still kept at 600℃. More recently, a novel crystallization method using
metal catalyst was developed. The recently developed crystallization, Metal
-4-

Induced Lateral Crystallization (MILC) can be distinguished from MIC in that
MILC occurs through a lateral phase transformation from the MIC region, and this
lateral crystallization is mediated by the silicide formed in the MIC region.1.6)
Hence, MILC is called a catalytic phase transformation , and the Metal Induced
Laterally Crystallized Poly-Si is relatively free from metal contamination. It was
reported that when Ni or Pd is used as a catalyst for MILC, the growth rate is about
5 ㎛/hr at 500 ℃.

1.7)

This research group first developed Poly-Si TFTs using

MILC method and the TFTs shows remarkably lower leakage current than MIC
Poly-Si TFTs. From the low leakage current of MILC TFT, it can be inferred that
the laterally crystallized poly-Si is free from metal contamination.

-5-

1.4 MILC poly-Si TFTs
MILC TFT has many advantages over other LTPS poly-Si TFTs regarding large
area process compatibility, relatively short process time, high throughput (batch
process), etc. This research group had succeeded first to fabricate MILC poly-Si
TFTs in the world. And then it was revealed that the performance of the MILC TFT
is better than SPC poly-Si TFTs where catalyst metal is not used for crystallization.
1.8, 1.9, 1.10, 1.11)

However, relatively high leakage current, and non-uniformity of off-

state leakage current have impeded for the MILC TFTs to be successfully applied
to the display panel such as AMLCD and AMOLED. 1.12) The MILC method uses
catalyst metal elements, such as Ni, and Pd.

1.13)

The crystallization occurs through

lateral phase transformation from the MIC region and this lateral crystallization is
mediated by silicides which are formed in the MIC regions. In general, needleshaped crystal Si grains grow toward the a-Si region with the migration of the
silicide 1.14) and the individual crystallites form crystallized networks during MILC
process. If the silicide layer at the front of crystal Si grain meets other crystal
grains which have already been crystallized by MILC process, the silicide layer
con not migrate through the crystal Si grains anymore because there is no
difference in chemical potential-driving force for the phase transformation between
the facing the two crystal Si grains.1.15) Therefore, the captured silicides can
increase the silicide contamination in the MILC region. Figure 1-6 and 1-7 shows
these phenomena. The presence of the captured silicides and poly-Si grain
boundary defects in the channel region of TFTs can degrades the electrical
performance of MILC TFTs, the high leakage current.
Since MILC TFT is developed, most of researchers and engineers in display
-6-

industry have considered that the relatively high leakage current of MILC TFT
comes from the Ni contamination in the MILC poly-Si which makes trap state in
forbidden band gap of Si. This research group, however, found a interesting fact
that compared to ELA poly-Si TFT, the minimum current of MILC poly-Si TFT is
not higher but sometimes smaller than that of ELA poly-Si TFTs. The main
difference of leakage current behavior between ELA and MILC poly-Si TFT is the
off-state current, the sharp increase in current with increase in gate voltage. Thus,
this research group investigated the origins of the off-state leakage current and
developed a method to suppress the off-state leakage current. As a result of the
studies, the origins of leakage current in MILC TFTs are revealed and a novel
structure to suppress the off-state leakage current (Lightly Doped Drain MILC
TFTs) was developed. This thesis is written to report the results of the studies. The
findings from the researches will be dealt with in detail in later chapters.

-7-

1.5

Advantages

and

Drawbacks

of

Metal

Induced

Lateral

Crystallization Thin Film Transistor
In an industrial view point, MILC is very promising since it can be carried out in a
batch process where a lot of samples are crystallized in a single process. When we
compare the MILC with a most commercialized crystallization method, ELA
(Excimer Laser Annealing), the advantages of MILC is stand out. Although the
ELA Poly-Si is classified as a Low Temperature Poly Silicon (LTPS), however, in
fact it is actually not a LTPS in the way that a-Si is locally melted at high
temperature and solidified. Due to the reason above, the ELA is must be a scanning
process so that the process time for crystallization is extremely long. Thus, the ELA
is undesirable to be adopted to large area display. On the other hand, as mentioned
above, since MILC is batch process, the process time for MILC is much shorter
than ELA. (In a batch process as the number of samples is doubled, the process
time is to be half of original process time.)
The MILC has, however, drawbacks such as metal contamination, substrate
shrinkage. The substrate shrinkage problem causes the alignment problem in
photolithography steps in a fabrication process of TFT. To overcome the shrinkage
problem this research group developed a pre-annealing process called compaction.
In the compaction process, glass substrate is annealed above crystallization
temperature so as to preclude the shrinkage of the substrate. From the fabrication
process, it has been proven that shrinkage of glass substrate does not occur in
crystallization process when compaction process is done before MILC. While the
shrinkage problem can be easily overcome, the relatively high leakage current in
MILC poly-Si TFT has not been an easy problem. However, the leakage current
-8-

problem has been continuously improved as a novel technique for reducing metal
contamination in MILC poly-Si and other technique to reduce the leakage current
in MILC TFTs. This thesis also deals with novel method to reduce leakage current
in MILC TFT and details will be described in later chapters.
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Chapter 2
Experimental

2.1. Fabrication of MILC Poly-Si TFTs
Figure 2-1 shows schematic diagram of MILC TFT fabrication process. 3,000Å
silicon dioxide was deposited by PECVD on Corning Eagle Glass as a buffer layer
and then, 800Å of a-Si was deposited by LPCVD. Active area was patterned. On
top of active area of Si Ni mask pattern was made and Ni sputtering was done. By
lift-off process Ni which was on top of PR was removed. After lift-off process
annealing for MILC was carried out at the temperature of 500℃ for 2 hours at
hydrogen ambient. 1,000Å of Silicon nitride was then deposited as a gate
insulator. After deposition of a gate insulator, gate metal, MoW, was deposited and
wet etched with a gate mask. After etching of the gate metal, PR was striped and an
LDD mask was used to etch the gate insulator (in a conventional MILC TFT
fabrication this process is not done). IMD for formation of the source and drain
was carried out, followed by electrical activation at 550℃ for 2 hours in an
hydrogen ambient. The IMD conditions for the formation of the source, drain,

and LDD region of the TFTs were acceleration voltage of 17kV, Ion current
of 10 mA, and the PH3 gas pressure of 1.0 mTorr. 700, and 1000 Å of silicon
oxide and 1,000 Å of silicon nitride were used as gate insulators and the
edge of the gate insulators were used as a doping masking layer for the LDD
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region.

2.2. Fabrication of Lightly Doped Drain Structure in MILC TFTs

After gate electrode definition, depending on whether it has LDD structure or not
and on what method is applied for the LDD formation, the TFT fabrication
processes were divided as follows. For the TFTs without LDD structure, Ion Mass
Doping Process was done just after gate metal wet etch and RIE process which is
done consecutively. On the other hand, for the TFTs with LDD structure, IMD
process was done after gate insulator doping mask formation process. In order to
form the Gate Insulator Doping mask pattern, four different methods were
developed and adopted for the formation of LDD structure on the MILC TFTs. The
four different methods are 1. separate LDD Mask process, 2. Undercut wet etching
LDD formation method, 3. Tilted Back Exposure, and 4. self compensated on
current LDD formation method. All of the LDD formation methods are done to
make a gate insulator offset region. The gate insulator offset region then acted as a
doping mask which make LDD region doped Lightly than source and drain region.
The explanation of the four different LDD formation process will be discussed in
detail in the later chapters (Part. 3)

2.3. Measurement
The Id-Vg characteristics of the TFTs were measured at room temperature with an
Agilent 5270B precision I-V meter. All Id-Vg curves are measured after the initial
- 13 -

electrical stresses of Vd = -15V, Vg = 20V, twice along opposite directions.
For the comparison of LDD and LDS effect of the MILC Poly-Si TFTs, all the IdVg curves are measured in opposite directions by changing the connection proves
for source and drain.
The actual length of the LDD after a misalignment in the lithography was
measured under an optical microscope and could be confirmed from I-V curves
measured in opposite directions. By changing the source and drain, we can obtain
LDD and LDS structures in the same TFT so that a direct comparison of the
electrical properties of these two structures could be made in the same TFT.
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Fig. 2-1. Schematic diagram of the fabrication processes of MILC TFT
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Chapter 3
Analysis on the Leakage Current in Metal Induced
Lateral Crystallization Poly-Si TFTs

Abstract
The leakage current of n-type and p-type Metal Induced Lateral Crystallization
(MILC) Polycrystalline Silicon Thin Film Transistors (Poly-Si TFTs) is
investigated. In order to reveal the leakage current mechanism in MILC Poly Si
TFTs, we investigated the temperature dependence of the electrical properties of
the MILC Poly-Si TFTs. From the electric characteristics of the MILC TFTs at
different temperature, the activation energies at a various gate voltage and drain
voltage was obtained. Analysis of the activation energy variation with gate voltage
confirms that in MILC TFTs, the leakage current is generated by the two
mechanisms, the first is thermal generation and the second is the trap assisted field
emission (Poole-Frankel emission). By comparing the activation energies of NType and P-Type MILC TFTs, it was concluded that the origins of the PooleFrankel emission are the negatively charged interface trap states and neutral trap
states within MILC poly-Si. It was also revealed that for P-Type MILC TFTs, the
interface trap state does not act as a source for Poole-Frankel emission, while in Ntype TFTs, the interface trap state acts as a Poole-Frankel emission source. On the
other hand, the leakage current at high gate voltage or drain voltage is related to the
neutral trap states generated by Nickel silicide or Ni impurities. The significantly
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lower leakage current at low gate or drain voltage observed in P-Type MILC TFT
is explained by the existence of the negatively charged trap states at the interface
between gate insulator and channel layer, which is compensated by holes in p-type
MILC TFT.

3.1 Introduction
AMOLED has much faster response time and wide viewing angle than AMLCD.
Furthermore because AMOLED is a self-emitting device, it consume much less
electricity than AMLCD. The main obstacle for the AMOLED not to be dominant
position in FPD Market is difficulties of fabrication of high quality Poly-Si TFT
array. Due to the nature of the light emission process, the brightness of the OLED
material is proportional to the amount of current passing through it.3.1) Because of
this, an active matrix pixel array needs to deliver uniform currents to the OLED
material in order to create uniform brightness.3.2) This is different from AMLCD
technology which only need to deliver voltages not currents to switch the liquid
crystal material.3.3) For the reason above, TFTs for AMOLED require not only high
electron or hole mobility but also low leakage current enough to ensure not
emitting state of OLED. The crystallization method available in relatively low
temperature is essential for flat panel display application. These are reasons for the
low temperature poly silicon (LTPS) technology emerges. There are three main
technologies of LTPS are SPC, Laser, Catalyst assisted Crystallization. The LTPS
technologies can be divided into non-laser and laser crystallization. However, the
laser-crystallization method is not only very expensive process but also not a large
area compatible process, since it is a scanning process. On the other hand, Non- 17 -

Laser crystallization, such as SPC, MIC, MILC is not a scanning process so that a
batch process is possible. Among the various Non-Laser crystallization methods,
SPC is the first developed technique so that there were many researches on SPC
itself and the leakage current of the SPC Poly-Si TFTs. According to the researches
on the leakage current in SPC Poly-Si TFTs, the leakage current in SPC poly Si
mainly comes from below 3 mechanisms. The first is thermal generation of
electron hole pair in a poly-Si layer, the second is the trap assisted field emission
(named Poole-Frankel emission) and the third is the trap assisted tunneling. While
the leakage current mechanism of SPC Poly-Si TFT is well established, however,
the leakage current mechanism of the MILC poly-Si is not understood yet. In this
study, in order to reveal the leakage current mechanism in MILC poly-Si TFT, we
investigated the temperature dependence of the electrical properties of the MILC
poly-Si. From the electric characteristics of the MILC TFTs at different
temperature, the activation energies at a various gate voltage and drain voltage was
obtained. By comparing the activation energies of N-Type and P-Type MILC TFTs,
the origins of the leakage current in MILC poly-Si TFTs were examined.
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3.2 Experimental
3000Å buffer oxide was deposited by PECVD on Corning Eagle Glass and then,
800Å of a-Si was deposited by LPCVD. Active area was patterned and MILC was
carried out at the temperature of 500℃ for 2 hours at hydrogen ambient. 1,000Å
of Silicon nitride was then deposited as a gate insulator. After deposition of a gate
insulator, gate metal, MoW, was deposited and wet etched with a gate mask. Then
the gate insulator was dry etched by reactive-ion etching (RIE). In order to form
the source and drain electrode Ion Mass Doping(IMD) of Boron and Phosphorus
was carried out for P-Type and N-Type, respectively. After IMD process, dopant
activation process at 550℃ for 2 hours in an hydrogen ambient was done. We have
not done any further process after electrical activation of the source and drain. The
Id-Vg characteristics of the TFTs were measured at room temperature with an
Agilent 5270B precision I-V meter. All Id-Vg curves are measured after the initial
electrical stresses of Vd = -15V, Vg = 20V, and Vd = +15V, Vg = -20V twice along
opposite directions, for P-type and N-Type TFTs, respectively.
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3.3 Result and Discussion
3.3.1 Drain Current versus Gate Voltage Characteristics of N-Type and P-type
MILC Poly-Si TFTs.
Fig. 3-1 and Fig. 3-2 shows the Id-Vg Curves of N-Type and P-type MILC TFTs at
various drain voltages. As shown in Fig. 3-1 , in P-type MILC TFTs the minimum
current does not appear around Vg=0 V but appears at a negative Voltage. It is also
found that the Vg at the minimum current (Vg-off) of P-type MILC TFTs varies
with drain voltage. The Vg-off moves up along the sub threshold slope of Id-Vg
Curves with increase in Vd. These results implies that there must be trap states with
negative charge and as the drain voltage and gate voltage increase, the negatively
charged trap states are field with holes. On the other hand, as shown in Fig. 3-2, in
N-Type MILC TFTs the minimum current of Id-Vg curves appears just around
Vg=0V. From this, it can be thought that in the N-Type TFT, the negatively charged
trap states cannot be field with holes, because in N-Type TFT, carriers which are
generated by inversion of channel are not holes but electrons. In Fig. 3-1, it is
shown that at a specific Vg the leakage current begin to increase sharply with
increase in Vg. In Fig. 3-2, it can be seen that the sharp increase of leakage current
in N-Type TFT initiates just above a Vg-off. The difference of the specific Vg (the
beginning point at which the sharp increase in leakage current begins) between NType and P-Type TFT reflects that there are more than one kind of trap states in the
MILC TFTs. It was reported that the sharp increase in leakage current in poly-Si
TFT comes from the Poole-Frankel emission (P-F emission) by which electrons or
holes are emitted at a localized trap states.3.4, 3.5, 3.6, 3.7, 3,8) By considering this, it can
be suggested that in MILC TFTs there are two kinds of trap states and one of those
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are not activated in P-Type TFTs. For the suggestion to make sense, there should be
two P-F emission initiation gate voltage (Vg-PF) in N-Type MILC TFT. However,
the two kinds of Vg-PF are only seen when the Vd is 0.1 V. This is possible because,
when vd is higher than the second Vg-PF, the first P-F emission become negligible.
It is well known that the interface trap states within gate insulator and poly-Si
interface is negatively charged and immobile. From this it can be suggested that the
trap states in MILC Poly-Si TFTs consist of negatively charged interface trap state
and a neutral trap state.

3.3.2 Temperature dependence of Leakage Current in P-Type MILC TFTs.
Fig 3-2 shows the temperature dependence of leakage current in P-Type MILC
Poly-Si TFT1. As shown in Fig. 3-2, in P-Type MILC TFTs, the leakage current
increases with temperature. It is found that the magnitude of changes at low gate
voltage is larger than that of high gate voltages. The magnitude of changes with
temperature at that voltage is almost uniform. However, when the gate voltage is
above Vg-PF however, the magnitude of current change with temperature is lower
than that below Vg-PF.
From the data of Fig. 3-2 (a), Id versus temperature and 1,000/ temperature for PType MILC TFT is plotted at Vg of 0 V in Fig. 3-3. In Fig. 3-3 the red line and blue
line correspond to Id vs Temperature (Id-T) and Id vs 1,000 /Temperature (IdT/1,000) respectively. The Id-T line is plotted with linear scale and the Id-T/1,000 is
plotted with natural logarithm. As shown in Fig. 3-3, the Id-T/1,000 is straight line
while the Id-T seems exponential curve. Fig. 3-4 (a) is the Id-T/1,000 curves for PType MILC TFT at different gate voltages (Vg = 0 V, 2 V, 4 V, 6 V, 8 V, and 10 V).
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From this graph, it is found that at high gate voltages, the curves deviate from a
straight line while Id-T/1,000 plots at low gate voltage is almost perfect straight line.
It is also found that the deviation begins at Vg-PF at which sharp increase in leakage
current begins. The activation energy (Ea) of the leakage current was obtained
using the data from fig. 3-4. The Ea variation as a function of gate voltage is
plotted in Fig. 3-5. In Fig. 3-5, in can be found that the Ea decreases moderately
from the maximum Ea to Vg-PF, and it drops radically as the gate voltage exceed the
Vg-PF. The maximum Ea has a value of 0.58 eV. With respect to the band gap of Si
(1.1 ev), the value of Ea (0.58 eV) implies that the leakage current at low gate
voltage comes from the thermal generation of electron hole pairs in channel region,
regarding that the value of 0.58 is nearly an half of the band bap energy of Si and
the carrier concentration in Si is given by 3.10)

æ - ( E f - Ev ) ö
æ Eg ö
÷
ni = NcNv exp ç
÷ and n = ni exp çç
÷
kT
è 2 KT ø
è
ø
From the results, it can be concluded that in P-Type MILC TFT, when the gate
voltage is lower than Vg-PF the leakage current arise from thermal generation of
electron and hole pair in channel region. On the other hand, when the gate voltage
exceeds the Vg-PF, the Ea drops radically. This drastic change in Ea suggests that the
leakage current at a relatively high gate voltage does not arise from thermal
generation. It is well known that the Poole-Frankel Field Emission is given by 3.11)

é q (Φ B - E max ) ù
I = I 0 exp ê
ú
kT
êë
úû
I 0 = constant independent of temperature and
Φ B = Trap State Activation Energy
- 22 -

According to the equation, the leakage current by Poole Frankel emission is
proportional to the maximum electric field. In Fig. 3-6 Id versus maximum electric
field (Emax) is plotted. It can be seen, from this figure, that straight line fit the data
above Vg-PF. This proves that the leakage current at high gate voltage is dominated
by Poole-Frankel emission. From this equation, it is also expected that the leakage
current by Poole Frankel emission initiates at a constant value of gate and drain
voltage difference ( V g - Vd ), since the maximum electric field takes place
between gate and drain electrode and the electric field is given by 3.6)

Em =

VG - VD - VFB
t GI ( ε si / ε GI )

Here, VFB is flat band voltage, t GI is gate insulator thickness and ε si , ε GI are
permittivity of Si and Gate insulator, respectively.

3.2.3 Temperature dependence of Leakage Current in N-Type MILC TFTs.
Fig 3-7 shows the temperature dependence of leakage current in N-Type MILC
Poly-Si TFT. As shown in Fig. 3-7, in N-Type MILC TFTs, different with P-Type
MILC TFT, the magnitude of leakage current changes at low gate voltage with
temperature is not uniform except for shallow Vg-off region. This is clearly
appears in the Id-T/1,000 curves at various gate voltages, shown in Fig. 3-8. In Fig.
3-8, it is found that straight line fit only for the data of Vg = 0V, and Vg = -6 V,
while others are not fitted to a straight line. This implies that as the gate voltage
increases two types of trap states are activated. The first one is activated when the
gate voltage exceed Vg= 0 V and the second is activated when the gate voltage
- 23 -

exceed Vg = -6 V. It is also found that as the gate voltage increases from 0 V to -6
V the data is prone to be fitted to straight line. And when the gate voltage reaches –
6 V, the data is perfectly fitted to a straight line. However, as the gate voltage
exceed – 6 V, the data is deviated from a straight line more and more, as the gate
voltage increases. This reflect that if a certain trap state is fully activated, thermal
generation become dominant, before another trap state is activated. From this, it
can be concluded that in N-Type TFTs, the Ea of negatively charged interface trap
state is so small that Poole-Frankel emission at interface trap state (first P-F
emission) takes place even at low gate voltages and Poole-Frankel emission by
neutral trap state occurs after the first P-F emission. The Ea variation as a function
of gate voltage in N-Type MILC TFT is plotted in Fig. 3-9. In Fig. 3-5, in can be
found that the Ea drops sharply from the Vg of 0 V to Vg of -2 V, and it decreases
moderately until the gate voltage reaches Vg of -6V. As the gate voltages exceed –
6 V the Ea drops sharply again, similar to Ea drops from Vg = 0 V to Vg = -2 V.
Regarding that Ea versus electric potential means the rate at which electron hole
pair generates, it is proven that both interface trap state and neutral trap state in
poly-Si act as a leakage current source in N-Type MILC TFT.
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3.2.4 Trap states in N-Type and P-Type MILC TFTs.
Fig. 3-11 shows the energy levels of the main impurities in crystalline silicon.
From this figure, it can be found that Ni make trap states both conduction band side
and valance band side. This implies that the trap states made by Nickel or Nickel
Silicide can be thought as a neutral trap state. This coincides with the fact that the
Ea for second F-P emission in n-type TFT and the Ea for P-F emission in p-type
MILC TFT have similar value. From this it is proven that in MILC poly-Si TFTs,
there are two kinds of trap states (Negatively charged interface trap state and
Neutral trap states exist in MILC Poly-Si) and, in P-Type MILC TFT, only one type
of trap state contribute to the P-F emission, while in N-Type MILC TFT, both two
kinds of trap states contribute to the P-F emission. The schematic diagram for
Poole-Frankel emission for n-type and p-type MILC TFTs are depicted in Fig. 3-12,
3-13.
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3.2.5 Three dimensional (3-D) analysis of leakage current in MILC
poly-Si TFTs
In fig. 3-14, 3-15 Id versus Vd and Vg of p-Type and N-type MILC TFT
are plotted in 3dimensions. This 3 dimensional graph have provided a lot of
information about leakage current in MILC TFTs. In this graph any of dots
corresponds to a current at individual Vg and Vd. The color of each dots represent
the current range indicated in the legend in the graph. By rotating and changing the
graph, we can observe beginning point of Poole Frankel emission and it is
confirmed that the beginning point lies along constant Vd-Vg line. This means that
the second regime leakage current is coming from the channel/drain junction
region.
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3.4 Conclusion
The leakage current of n-type and p-type Metal Induced Lateral Crystallization
(MILC) Polycrystalline Silicon Thin Film Transistors (Poly-Si TFTs) is
investigated. In order to reveal the leakage current mechanism in MILC Poly Si
TFTs, we investigated the temperature dependence of the electrical properties of
the MILC Poly-Si TFTs. From the electric characteristics of the MILC TFTs at
different temperature, the activation energies at a various gate voltage and drain
voltage was obtained. Analysis of the activation energy variation with gate voltage
confirms that in MILC TFTs, the leakage current is generated by the two
mechanisms, the first is thermal generation and the second is the trap assisted field
emission (Poole-Frankel emission). By comparing the activation energies of NType and P-Type MILC TFTs, it was concluded that the origins of the PooleFrankel emission are the negatively charged interface trap states and neutral trap
states within MILC poly-Si. It was also revealed that for P-Type MILC TFTs, the
interface trap state does not act as a source for Poole-Frankel emission, while in Ntype TFTs, the interface trap state acts as a Poole-Frankel emission source. On the
other hand, the leakage current at high gate voltage or drain voltage is related to the
neutral trap states generated by Nickel silicide or Ni impurities. The significantly
lower leakage current at low gate or drain voltage observed in P-Type MILC TFT
is explained by the existence of the negatively charged trap states at the interface
between gate insulator and channel layer, which is compensated by holes in p-type
MILC TFT.
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Fig. 3-7 Leakage current versus square root electric field of p-type
MILC TFT
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Fig. 3-11 Origins of trap states in n-type and p-type MILC TFT
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Fig. 3-12 Schematic illustration of Poole-Frenkel emission in p-type
MILC TFT
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Fig. 3-13 Schematic illustration of Poole-Frankel emission in n-type
MILC TFT
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Fig. 3-14 Three dimensional (3-D) Id-Vg-Vd curves of n-type MILC
TFT
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Fig. 3-15. Three dimensional (3-D) Id-Vg-Vd curves of p-type MILC
TFT
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Chapter 4
Effect of LDD structure on Electrical Properties of
P-Type MILC Poly-Si TFTs

Abstract

LDD structure is known to be very effective to prevent hot electrons in modern
NMOS transistors. In this work, the lightly doped region was formed in poly TFT
by using a separate LDD mask aligned to a gate mask. A misalignment can be
calculated to be about 1.5 µm and depending on the location of Vd application
between the source and drain, LDD(Lightly Doped Drain) or LDS(Lightly Doped
Source) structure can be realized on the same TFT. In this way, we can make a
perfect comparison between these two structures. It turned out that LDD is mainly
responsible for the low leakage current and no more than 0.5µm of the lightly
doped region is necessary to lower the leakage current down to less than 5x10-11
amps at Vd = 10 volts. Typically, the on-current of MILC TFT is more than 10-4
amps but 2.5µm LDS decreases it to below 10-7 amps.
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4.1 Introduction

Currently, a lot of attention has been drawn to researches on poly silicon TFT for
AMLCD and AMOLED. For AMOLED, poly silicon with high electron mobility
has to be used because it is a current driving device. Also poly silicon is
advantageous in construction of peripheral circuits in LCD and OLED. However,
in spite of the merits poly silicon has, application of poly silicon TFT has its
limitations due to high leakage currents comparing to a-Si TFT. The core
technology for fabrication of poly silicon TFT is a crystallization method and in
that, non-laser and laser technology can be distinguished. Not only the laser is very
expensive but also since it is a scanning process, it is very disadvantageous for a
large substrate. On the other hand, SPC which is one of the non-laser methods has
to be done at relatively high temperature so that an ordinary glass substrate cannot
be used for SPC. 4.1, 1.2) MILC technology, recently developed in this research group,
does not have to undergo a high temperature either not a scanning process so that it
has no limitation on the substrate size. 4.3) But it suffers from a relatively high
leakage current and high sensitivity on the changes in gate voltages. It has been
known that the high leakage current comes from activation of free carriers
(especially holes) trapped at grain boundaries located at the boundaries between the
drain and gate.

4.4, 4.5, 4.6)

It has been also reported that Lightly Doped Drain (LDD)

or Field Induced Drain(FID) structure is very effective to reduce the leakage
current because these structures may reduce the voltage between the channel and
drain. 4.7, 4.8, 4.9) In this work, LDD structure has been formed and effects of LDD
length on the leakage current has been investigated. Also LDD can be formed on
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one of the source or drain region and a role of LDD on electrical properties of pMOS thin film transistors were analyzed. It has been found that LDD on drain
region can reduce the leakage current considerably.

4.2 Experimental

3000Å buffer oxide was deposited by PECVD on Corning Eagle Glass and then,
800Å of a-Si was deposited by LPCVD. Active area was patterned and MILC was
carried out at the temperature of 500℃ for 2 hours at hydrogen ambient. Silicon
nitride or silicon oxide was used as a gate insulator. After deposition of a gate
insulator, gate metal, MoW, was deposited and wet etched with a gate mask. The
gate length was fixed to 10 µm. After etching of the gate metal, PR was striped and
an LDD mask was used to etch the gate insulator. Various gate lengths were
patterned in an LDD mask. Since the LDD length has to be defined relatively to the
gate length, + sign in a designation stands for deduction of the length from both
ends of the source and drain. Therefore, +3 means the gate length in the LDD mask
would be 4 µm, +2, 6 µm, +1, 8µm, and 0, 10 µm. And -1 is for the gate length in
the LDD mask to be 12µm and -2, 14 µm, respectively. After the lithography, the
gate insulator was dry etched and The PR was striped. IMD for formation of the
source and drain was carried out, followed by electrical activation at 550℃ for 2
hours in a hydrogen ambient. The final structure after formation of LDD is shown
in figure 1. It should be noticed that even in case of 0, where the LDD mask length
is same to the gate metal length, we should have LDD or LDS structure in reality
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due to inevitable misalignment in a lithography. If the difference in length between
the gate length in the LDD mask and the gate length in the gate mask is larger than
the margin in misalignment in a lithography, than we are supposed to have a TFT
structure either with lightly doped regions or without at both of the source and
drain. Since the electrical properties of LDD and LDS are very much different, we
can determine the misalignment by measuring twice along opposite directions. We
have not done any further process after electrical activation of the source and drain.
4-point probe was used for I-V curve measurement at room temperature. All I-V
curves are measured after the initial electrical stresses of Vd = -15V, Vg = 20V,
twice along opposite directions.
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4.3 Result and Discussion

When the gate length of the LDD mask is 6µm, I-V curve shows no difference
after change of the source and drain in I-V measurement as can be seen in figure 42. This means no lightly doped region has been formed at either side of the gate.
Therefore, it can be said that the misalignment in a lithography should be less than
2 µm. When the gate length of the LDD mask is 8 µm, then LDD and LDS show
significant difference in I-V curve. Therefore, it has been assumed the
misalignment is about 1.5 µm, between 1 and 2 µm, in this work. Since the gate
length was fixed to 1 µm, we can get a series of different lengths of the lightly
doped region as summarized in table 1. On the same TFT, we can get LDD or LDS
structure depending on which side we apply the drain voltage. LDD is the one with
the light doped region on the drain and LDS the lightly doped region on the source.
When the gate length of the LDD mask is 6 µm, since the misalignment is only 1.5
µm no LDD region will be formed as shown in table 4-1.
Fig. 4-3. shows I-V curves of MILC TFT, where the gate mask and the LDD
mask has the same gate length and are aligned sequentially. Hence, if we assume
the misalignment is 1.5 µm, then the length of the lightly doped region is also
1.5µm. LDS means this lightly doped region is on the source side and LDD means
the drain side. Since these I-V curves are measured on the same TFT by just
changing the source and drain, other variables for I-V characteristics should be the
same. About 100 times lower on-current was obtained in LDS. Two slopes are
observed and no pinning can be seen in case of LDD.

Mobility, Ion, Ioff, on/off

ratio, slope is 43 cm2/V·s, 2.3×10-4 A, 4.4×10-11 A, 5.2×106, 1.0 V/dec,
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respectively. It is quite noticeable that the Leakage current behavior is much better
than TFT without LDD.
As can be seen in Fig. 4-4., As LDD length increases, on current decreases as
expected. AS far as the LDD length gets longer than .5µm, we can see the LDD
effect. It seems LDD does not affect the slope appreciably but the pinning
phenomenon is very sensitive to LDD. The high leakage current at Vg = 15 volts
was thought to be from excitation of holes trapped at the space charge region
between the channel and drain. The lightly doped region at the drain may drop the
potential between the gate (Vg = 15 volts) and the drain (Vd = -5 volts) so that the
potential across the lightly doped region may not be enough to excite holes trapped
at the trap sites in the space charge region.
Fig. 4-5. shows I-V curves of TFT with the lightly doped region at the source. It
can be seen that on-current cannot be more than 10-7 when the length of LDS is
2.5µm and never be saturated in TFTs with the LDS lengths more than 1.5µm. Two
slopes exits at the LDS lengths of 2.5 and 1.5 µm, where the first slope is almost
same to those of TFTs with the LDD lengths shorter than 1.5 µm. The leakage
current behavior is almost same to that of TFT without LDS. From this result, it
can be concluded that on-current behavior is sensitive to LDS while, the leakage
current behavior to LDD. It can be concluded that TFT characteristics can be
improved with LDD but not with LDS.
It should be noticed that on current does not change no matter where the lightly
doped region is located at the source or drain. In figure 4-6, we have seen that 0.5
µm of the lightly doped region at the source does not affect on-current appreciably.
The leakage current can be, however, very much depressed with LDD as can be
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seen in this figure. It has been argued that a bump at low Vg’s in the leakage current
is due to holes trapped at the channel liberated by the electric field in the channel,
while the rapid increase at high Vg’s is due to excitation of holes trapped at trap
centers located at the space charge region between the drain and channel. 10, 11, 12.) If
there is a lightly doped region in the drain, i.e., as in LDD structure, the bump can
be depressed due to voltage drop of Vd across LDD. And the excitation of holes
also can be depressed due to reduction of electric field between Vg(+15V) and Vd(10V) because of voltage drop at LDD.
In case of 12 µm of the LDD length, we are supposed to have the lightly doped
region at both of the source and drain. Taking into account of the misalignment of
1.5 µm, the lightly doped region on one side is 0.5µm and the other 3.5µm. Figure
4-7 shows I-V curves with 3.5µm LDD and 0.5µm LDD. 3.5µm LDD shows
higher on-current and lower leakage current than 0.5µm LDD structure. It has been
thought that the low on-current with 0.5µm LDD structure is due to 3.5µm of the
lightly doped region at the source. 0.5µm of LDD may not be enough for
depression of the bump even though pinning turns out to be depressed appreciably,
as can be seen in this figure. Vd was fixed to 5 volts.

Comparing to TFT with

LDD of 0.5, 1.5, 2.5µm (fig. 4-3), on current of TFT with LDD 3.5 and LDS 0.5
shows lower on-current and higher off-current. The low on-current seems to be due
to LDS of 0.5 µm. High off-current may be due to the long LDD which cause a
wide space charge region containing hole trap centers at the drain but the offcurrent still remains in the range of 10-11 amps.
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4.4 Conclusion
In this work, a separate LDD mask was aligned to the gate mask for formation of LDD
structure. Misalignment in a lithography was calculated to be about 1.5 µm. When the gate
length in LDD mask is longer than 12µm, we are supposed to have the lightly doped region
at one side of the source and drain and depending on location of Vd application so that
LDD or LDS can be obtained on the same TFT. It turned out that LDD is mainly related to
the leakage current behavior and LDS saturation of on-current. 0.5µm LDD is enough for
depression of the leakage current and the same length of LDS can lower the on-current
considerably. Typical values of MILC TFT with proper LDD structure is 43 cm2/V·s, 12 V,
1.0 V/dec, 2.3×10-4 A, 4.4×10-11 A, 5.2×106, for mobility, Vth, slope, Ion, Ioff, and on/off
ratio, respectively. It can be concluded that the lightly doped region of which length is less
than 1 µm would be the best for active display devices. No lightly doped region should be
formed at the source to maintain the high on-current and saturation at relatively low gate
voltages.
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Table 4- 1. Estimation of the length of the lightly doped region .

LDD

LDS

LDD

LDD

Design

length

source

Drain

drain

source

-2

14µm

0.5μm

3.5μm

0.5μm

3.5μm

-1

12µm

Ø

2.5μm

Ø

2.5μm

0

10µm

Ø

1.5μm

Ø

1.5μm

+1

8µm

Ø

0.5μm

Ø

0.5μm

+2

6µm

Ø

Ø

Ø

Ø

*LDD and LDS just have the opposite drain and source on the same
TFT.

The misalignment in a lithography was assumed to be 1.5 µm

from I-V measurement.
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Fig 4-1. Schematic drawing for two structures with lightly doped region
in the channel. Lightly doped drain (a) and lightly doped
source (b).
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Fig 4-2 . I-V curve of TFT without the lightly doped region. Vd = 5 volts
is applied to the drain (●) and source(○).
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of the lightly doped drain(LDD) and lightly doped
source(LDS) are compared.
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asymmetric I-V curves. Vd was fixed to 5 volts. TFT size was
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Chapter 5
Effect of LDD structure on Electrical Properties of NType MILC Poly-Si TFTs

Abstract
It is known that MILC polysilicon thin-film transistors (TFTs) show excellent
electrical properties except for a relatively high leakage current. In this work, a
lightly doped drain structure (LDD) was prepared in an n-type MILC poly silicon
TFT and the effect of the LDD length on the leakage current has been
systematically investigated. It turned out that the LDD is mainly responsible for the
low leakage current, and no more than 0.5 µm of the lightly doped region is
necessary to lower the leakage current to less than 3x10-11A at VD = 10V. No
appreciable effect on the leakage current can be found by an LDS(lightly doped
source) but an LDS length of more than 1.5 µm caused a reduction of the oncurrent to below 10-5A, whereas the on-current is typically more than 10-4 A in a
conventional MILC TFT.
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5.1 Introduction

Currently, a lot of attention is being drawn to research on polysilicon TFTs for
applications in AMLCDs (active-matrix liquid crystal displays) and AMOLEDs
(active-matrix organic light-emitting diodes). For AMOLED applications,
polysilicon with high electron mobility has to be used because it is a current
driving device. Also, polysilicon is advantageous in the construction of peripheral
circuits in LCDs and OLEDs. However, in spite of polysilicon’s merits, the
application of polysilicon TFTs has its limitations due to their high leakage currents
compared to a-Si TFTs. The core technology for the fabrication of polysilicon TFTs
is a crystallization method,within which non-laser and laser technologies can be
distinguished. The method using a laser is not only very expensive but also
disadvantageous for a large substrate since it is a scanning process.5.1) On the other
hand, SPC (Solid Phase Crystallization), which is one of the non-laser methods,
has to be done at a relatively high temperature and therefore an ordinary glass
substrate cannot be used. Metal-induced lateral crystallization (MILC) technology,
developed in this research group, requires neither a high temperature nor a
scanning process, so it places no limitation on the substrate size.5.2) However, it
suffers from a relatively high leakage current and high sensitivity to changes in
gate voltages.5.3,5.4,5.5,5.6) It has been known that the high leakage current comes from
the activation of free carriers (especially holes) that are trapped at the grain
boundaries located at the boundaries between the drain and the gate.5.7,5.8) It has
also been reported that a lightly doped drain (LDD) or field induced drain (FID)
structure is very effective for reducing the leakage current because these structures
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may reduce the electric field between the channel and drain.5.9,5.10,5.11) In this work,
an LDD structure was formed and the effect of the LDD length on the leakage
current was investigated. Also, an LDD can be formed on one of the source or
drain regions, and the influence of an LDD on the electrical properties of n-MOS
thin film transistors was analyzed. It has been found that an LDD formed on drain
regions can reduce the leakage current considerably.
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5.2 Experimental

A layer of silcon oxide of 3000 Å in thickness was deposited on common glass
(Corning eagle XG, 105 × 105 mm2 ). LPCVD was used to deposit 800 Å of a-Si
and then about 100 Å of nickel was sputtered and annealed at 550 ℃ for 2 hours
for crystallization. Then, the gate insulator was deposited by PECVD and the gate
metal by sputtering. The gate metal was etched by using a wet etching process after
lithography. In order to form an LDD structure, an extra mask was aligned after the
gate metal wet etch and then the gate insulator was dry etched by reactive-ion
etching (RIE). The length of the LDD was controlled by using LDD masks with
different gate lengths. The actual length of the LDD after a misalignment in the
lithography was measured under an optical microscope and could be confirmed
from I-V curves measured in opposite directions. By changing the source and drain,
we can obtain LDD and LDS structuresin the same TFT so that a direct comparison
of the electrical properties of these two structures could be made in the same TFT.
The LDD and LDS structures are illustrated in figure 5-1.After etching of the gate,
IMD (Ion Mass Doping) was done for the source and drain and the LDD could be
formed due to the gate oxide layer. 1000 Å of silicon oxide was used for the gate
insulator and as a masking layer for the LDD. Activation was done at 550℃for 2
hours in hydrogen ambient and the electrical properties were measured by usinga
Keithley 2636 system. The electrical stress test was carried out prior to the
electrical measurements at the probe station. The electrical stress conditions were
VD = -20 V and VD = 10 V applied for 30 seconds in opposite directions. Without
metallization, the electrical test was done by touching the source, gate, and drain
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area with probes at a probe station; metallization was not done in this work. Many
different sizes of TFT have been prepared but only the 10 x 10 μm size was chosen
for characterization of the electrical properties.
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5.3 Result and Discussion

In figure 5-2 we can see the differences in the electrical properties between the
LDD and LDS structures clearly. The LDD length was observed to be about 0.5 μm.
As summarized in Table 1, the LDD is much better than the LDS in every aspect of
the electrical properties. It is noticeable that the leakage current can be reduced
greatly by the use of the LDD structure. The exponential increase of the leakage
current with Gate Voltage (VG), which is a typical phenomenon in MILC TFTs,
cannot be found for the LDD. It has been reported that the pinning current (the
maximum leakage current at the maximum VG of the measurement) is related to the
defects at the drain edge of the channel. 5.7) In the LDD structure, the electrical field
between the gate and drain across the gate insulator has to be significantly dropped
due to the high resistance region in between. Hence, free carrier generation at the
defects of the drain edge of the channel in the LDD structure cannot be as
significant as it is in the normal structure. Vth is shifted by about 2.5 V and the
difference in mobility is somewhat surprising. In summary, the LDD structure
shows higher Ion and lower Ioff than the LDS, which is a desirable result.The length
of the LDD does not have much effect on the electrical properties but Ion gets lower
as the LDD gets longer, while there is no difference in the leakage current. It is
obvious from figure 5-3 that the LDD length does not have to be longer than 0.5
μm, even though the minimum length cannot be determined from this figure. In the
case of the LDS, the ID-VG curve is very sensitive to the length of the LDS, as can
be seen in figure 5-4. When VD was 0.1 volt, the pinning phenomenon could be
depressed only when the length of LDS becomes more than 2.5 μm. When VD was
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increased to 5 volts, the pinning current became as high as 10-7 when the LDS
length was 0.5 μm, which can be depressed by an increase of the LDS length. In an
n-TFT, higher electric field is applied between the gate and the source than that
between the gate and the drain. In LDS, however, no lightly doped region is formed
at the drain but one is formed at the source. Hence, there should be no effect of the
LDS length on the pinning current. Therefore, the depression of the pinning current
with the LDS length was thought to result from the fact that not only Ion but also Ioff
gets lower with an increase of the LDS length. In figure 5-5, the effects of various
drain voltages on the ID-VG curve are compared. In both cases, the LDD and the
LDS, we can find almost the same dependence of ID-VG on VD. The minimum
leakage current (a flat region) is almost the same in each case. There is not much
Vth shift between these two structures when VD = 0.1 V but as VD gets larger, a
greater shift in Vth can be observed, as would be expected. The current Ion can be
saturated in the LDD, whereas the LDS shows a lower Ion than that of the LDD,
which cannot be saturated, as shown in figure 5-5.When the LDD mask length was
6 μm, we cannot find any difference in the ID-VG curve depending on the direction
of the measurement, as shown in figure 5-6. This means that the misalignment in
the lithography is less than 2 μm so that no lightly doped region can be formed at
either the source or the drain. It can be noticed that without the LDD, a high
leakage current anda high pinning current are observed.
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5.4 Conclusion

The LDD and LDS effects on the electrical properties of MILC polysilicon TFTs
were characterized on the same TFT. It has been found that an LDD structure is
essential to improve the electrical properties, especially to lower the leakage
current. No pinning phenomenon can be observed in the LDD structure. Less than
0.5 μm is sufficient as an LDD length to improve the electrical properties. On the
other hand, the LDS structure does not improve the electrical properties of MILC
polysilicon TFTs. A 10x10μm n type MILC poly silicon TFT with a 1.5 μm LDD
shows the following electrical properties: a field effect mobility of 31 Cm2/Vsec,Vth of 4.0 V, Ioff of 2.9 × 10-11 A, Ion of 1.3 × 10-4A at Vd = 10V, a slope of 1.1
V/dec, and anon/off ratio of 4.18× 106.These values are quite acceptable for
AMOLED pixels.

- 69 -

5.5 References

[3.1] M. Miyasaka and J. Stoemenos, J. Appl. Phys. 86, 5556 (1999).
[5.2] Seok-Woon Lee and Seung-Ki Joo, IEEE Electron Device Letters, 17,
160 (1996)
[5.3] S. K. Joo, Electron. Mater. Lett. 1, 7 (2005).
[5.4] J. H. Seo, Y. K. Park, Y. K Koo, J. Heo, J. W. Park and S. K. Joo,
Electron. Mater. Lett. 2, 19 (2006).
[5.5] B. K. Shin, Y. S. Kim, J. H. Kwon, S. W. Son, S. H. Yoo, Y. W. Lee, J.
H. Park, and S. K. Joo, Electron. Mater. Lett. 4, 51 (2008).
[5.6] Y. S. Kim, M. K. Lee, B. K. Shin, Y. W. Lee, J. H. Park, S. K. Joo,
Electron. Mater. Lett. 4, 91 (2008).
[5.7] Chang-Woo Byun and Seung-Ki Joo “Effect of Electrical Stress on the
Electrical Propertiess of Metal-Induced Laterally Crystallized pChannel Polycrystalline-Silicon Thin-Film Transistors” Submitted to
Journal of Nanoscience and Nanotechnology.
[5.8] Chul Ha Kim and Ki-SooSohnJ. Appl. Phys., Vol. 81, No. 12, 15 June
1997
[5.9] Horng-Chin Lin and T. Y. Huang, IEEE Electron Device Letters, 22,
26 (2001).
[5.10] Mutsumi Kimura, Akihiro Nakashima, and Yuki Sagawa,
Electrochemical and Solid-State Letters, 13, H409 (2010)
- 70 -

[5.11] Byung-Hyuk Min and

Jerzy Kanicki, IEEE Electron Device Letters,.

20, 335 (1999)

- 71 -

Table 5-1. Comparison of electrical properties between LDD and LDS.a

Key Parameters

LDD

LDS

Field-effect mobility
μFE (cm2/V-s)

32

16

Threshold voltage
VTH (V)

4.0

10.5

Subthreshold slope
S.S (V/dec)

1.0

1.2

Maximum on-current
Ion (×10-4 A)

1.25

0.48

Minimum leakage
current
ILeak (×10-10 A)

0.29

0.46

Subthreshold slope

S=

dVg
d (log I d )

Field-effect mobility m h =
a

L
L ¶I d
gm =
WCiVD
WCiVD ¶Vg

(Vd < Vdsat )
Vg = const .

The threshold voltage was defined at a normalized drain current (IDS × W/L) of 0.1μA
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Fig. 5-1. Schematic diagram of LDD and LDS structures. The shaded
area is the lightly doped region.
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Fig. 5-2 Comparison of I-V curves of n-TFTs with LDD and LDS. Two
I-V curves were measured on the same TFT by changing the
source and drain. The drain voltage was fixed at 5 volts. The
right-hand side of this figure is just a superimposition of
these two curves for easy comparison.
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Fig. 5-3. Effect of the length of the lightly doped region on I-C
characteristics. Vd was fixed at 5 volts.
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Fig. 5-4 Effect of the LDS Length on I-V characteristics. Vd = 0.1 V (a),
Vd = 5 V (b)
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Fig 5-5. Effect of drain voltage in LDD structure. LDD = 1.5 um. Vd =
0.1, 5, 10, 15 volts are compared.

- 77 -

Fig 5-6. Id-Vg curves of LDD and LDS when the size of the LDD mask
was smaller than the gate length by 2um. a) Vd = 5 volts, b) Vd
= 10 volts.
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Chapter 6

Effect of Dopant Concentration in Lightly Doped Drain region
on the electrical properties of N-Type Metal Induced Lateral
Crystallization Polycrystalline Silicon TFTs

Abstract
In this study, the effect of dopant concentration in Lightly Doped Drain (LDD)
region on the electrical properties of N-Type Gate Insulator Doping Mask (GIDM)
LDD MILC polycrystalline silicon TFTs was investigated. In order to find the
optimum value for the dopant concentration in LDD region, we analyzed the
electrical properties of LDD MILC TFTs with different dopant concentration in
LDD region. The dopant concentrations in LDD regions of the TFTs were
measured using Secondary Ion Mass Spectroscopy (SIMS). From the electrical
properties and the SIMS data of the TFTs, it has been found that for the N-Type
GIDM LDD MILC TFTs with the LDD length of about 1.5 ㎛, the dopant
concentration in LDD region should be in the range between 1019 /cm3 and 3Ⅹ1020
/cm3 to ensure the suppression of off-state leakage current without device
performance degradation
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6.1 Introduction

Currently, a lot of attention is being drawn to research on poly-Si TFTs for
applications in active-matrix organic light-emitting diodes (AMOLEDs). Since
AMOLED is a current controlled device, TTFs with high electron mobility and
sufficiently low leakage current are necessary in AMOLED panels. Poly-Si TFTs
have considerably high mobility compared to amorphous silicon (a-Si) TFTs while
having relatively high leakage current.6.1) The core technology for the fabrication of
poly-Si TFTs is a crystallization method, within which non-laser and laser
technologies can be distinguished.6.2) The method using a laser is not only very
expensive but also disadvantageous for a large substrate since it is a scanning
process.6.3, 6.4) On the other hand, solid phase crystallization (SPC), which is one of
the non-laser methods, has to be done at a relatively high temperature and therefore
an ordinary glass substrate cannot be used. Furthermore, solid phase crystallization
is time consuming process.6.5,

6.6)

Metal-induced lateral crystallization (MILC)

technology, developed in this research group, requires neither a high temperature
nor a scanning process, so it places no limitation on the substrate size.6.7,

6.8)

However, it suffers from a relatively high leakage current and off-state leakage
current.6.9, 6.10) It has been known that the leakage current in poly-Si TFTs arise
from the high electric field between channel and drain region, which result in the
activation of free carriers that are trapped at the grain boundaries located at the
boundaries between the drain and the gate.

6.11, 6.12, 6.13, 6.14)

It has also been reported

that a lightly doped drain (LDD) or field induced drain (FID) structure is very
effective for reducing the leakage current because these structures may reduce the
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electric field between the channel and drain.6.15, 6.16) In the previous work, we
fabricated GIDM LDD MILC TFTs and demonstrated that the GIDM LDD
structure can effectively suppress off-state leakage current in MILC poly-Si
TFTs.6.17, 6.18) From this result, it was confirmed that GIDM LDD structure is very
effective to reduce the electric field at the channel/drain junction in MILC TFTs.
However, if the dopant concentration in LDD is too low, the LDD region can act as
a resistor in TFTs so that the mobility of the TFT is reduced. On the other hand, if
the concentration of LDD region is too high, the LDD structure does not work for
reducing the electric field. Therefore an appropriate dopant concentration in LDD
region has to be decided. In order to find the dopant concentration of the LDD
region without performance degradation, we fabricated and analyzed the electrical
properties of without LDD MILC TFT and GIDM MILC TFTs having different
LDD dopant concentration. The dopant concentrations in LDD regions of the TFTs
were measured by using SIMS. From the electrical properties and the SIMS data of
the TFTs, we have found the optimum dopant concentration in LDD region for Ntype MILC TFTs.
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6.2 Experimental

A layer of silicon oxide of 3,000 Å in thickness was deposited on common
glass (Corning eagle XG, 105 × 105 mm2 ). Low pressure chemical vapor
deposition (LPCVD) was used to deposit 800 Å of a-Si and then about 50 Å of
nickel was sputtered and patterned on top of the source and drain region using liftoff method. For the MILC, the sample is annealed at 550 ℃ for 2 in H2 ambient.
Then, gate insulator was deposited by plasma enhanced chemical vapor deposition
(PECVD). In this stage, different type of gate insulator (silicon oxide 1,000Å,
silicon oxide 700Å, and nitride 1,000Å) is adopted to each sample to fabricate the
MILC TFTs with different dopant concentrations in LDD. Then molybdenumtungsten alloy (MoW) was sputtered as a gate metal. The gate metal was etched by
using a wet etching process after lithography. In order to form an LDD structure, an
extra mask was aligned to the gate metal pattern and then the gate insulator was dry
etched by reactive-ion etching (RIE). The TFTs with various lengths of the LDD
were fabricated in a sample by using a separate mask having different lengths of
LDD patterns. The actual length of the LDD after a misalignment in the
lithography was measured under an optical microscope. After etching of the gate
metal, ion mass doping (IMD) was done for the doping of source and drain and the
LDD region. The IMD conditions for the formation of the source, drain, and LDD
region of the TFTs were acceleration voltage of 17kV, Ion current of 10 mA, and
the PH3 gas pressure of 1.0 mTorr. 700, and 1000 Å of silicon oxide and 1,000 Å of
silicon nitride were used as gate insulators and the edge of the gate insulators were
used as a doping masking layer for the LDD region. For the comparison,
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conventional MILC TFT with oxide 1,000Å gate insulator was also prepared.
Activation was done at 550℃ for 2h in H2 ambient and the electrical properties
were measured by using a Keithley 2636 system. The electrical test was done by
touching the source, gate, and drain area with probes at a probe station;
metallization was not done in this work. Many different sizes of TFT have been
prepared but only the 10 x 10 μm2 size with 1.5 um LDD structure was chosen for
characterization of the electrical properties.

- 83 -

6.3 Result and Discussion

Figure 6-1 shows the drain current versus gate voltage (Id-Vg) Curves of (a)
conventional MILC TFT and (b) GIDM LDD MILC poly-Si TFT with different
gate insulator. In this figure, it is found that the minimum current of LDD TFT is
considerably lower than that of conventional MILC TFT. And the GIDM LDD
TFTs have the flat region from the minimum off current gate voltage to the Vg of
10 V, while conventional MILC TFT shows sharp increase of current in that gate
voltage region. It has been reported that the sharp increase of current in negative
gate voltage region in N-type poly-Si TFT is related to the activation of defects in
channel/drain junction, due to the high electric field in the junction.11-14) On the
basis of this, It has been thought that the reduction of minimum current and the
suppression of the off-state leakage current in GIDM LDD TFT arise from the
reduction of electric field in the channel/drain junction in the TFTs. From this
result, it is confirmed that GIDM LDD structure is very effective to reduce the
electric field at the channel/drain junction in MILC TFTs.
Doping profiles for source, drain, and the LDD regions of GIDM LDD
TFTs with different gate insulators are compared in fig. 6-2. The LDD dopant
concentration of nitride GIDM TFT could not be plotted in this figure, because the
dopant concentration of the nitride GIDM TFT is too low to be plotted in the scale
of this figure. As shown in this figure, the dopant concentration in LDD region is
reduced as the thickness of gate insulator increases. And almost undoped LDD
region is made when the 1,000 Å of nitride is used as a doping mask. From this
result it is confirmed that the dopant concentration in LDD region can be controlled
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by adjusting the gate insulator thickness and the type of gate insulator materials.
The energy-band diagrams for the without LDD MILC TFT and GIDM
LDD MILC TFTs are sketched in fig. 6-3 The relative positions of Fermi energy in
each LDD regions are determined based on the SIMS data. In this figure, the black,
red, and blue lines correspond to the energy-band diagram for conventional TFT,
700 Å oxide GIDM, and 1,000 Å oxide GIDM LDD TFTs respectively. Figure
3 (b) shows the potential gradient in channel/drain junction. As shown in the fig. 63 (a) and fig. 6-3 (b), the gradient of black line(W/O LDD TFT) is bigger than
those of red and blue line. It is well known that the maximum electric field in a
junction is proportional to the potential gradient within space charge region.6.19, 6.20)
Since, in N-Type LDD TFT, the Fermi energy of LDD region is higher than that of
channel region, the potential difference between LDD and channel region is lower
than that between drain and channel. Furthermore, because, in LDD TFTs, the
voltage drop at the channel/drain junction takes place not only in channel region
but also in the LDD region, the potential gradient at the junction may be
additionally lowered. As a result of these two effects (potential difference reduction
and voltage drop region extension), the potential gradient is reduced in LDD TFTs
and therefore, the number of activated trap sites can be reduced. Hence, the free
carrier generation near the channel/drain junction in the LDD structure is not as
significant as it is in the normal structure.
The Ids-Vgs characteristics of conventional MILC TFT and GIDM LDD
MILC TFTs are compared in fig. 6-4 As shown in this figure, the off-state leakage
current are well suppressed in every GIDM LDD MILC TFTs, but the On current
of the TFTs are reduced with the decrease of the dopant concentration in LDD
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region and the On current reduction of the TFT having undoped LDD region is
remarkable. The abrupt reduction of On current in undoped LDD TFT is thought to
be attributed to the increase of series resistance in the undoped LDD region.
The on current and the off current of the different TFT are plotted in fig.
6-5. From this figure, It can be found that both On current and Off current
reduction takes place when LDD structure is formed on the MILC TFTs, however,
the magnitude of on current reduction is negligible in oxide 700 Å GIDM TFT,
while the magnitude of off current reduction is remarkable in the TFT. Therefore
the oxide 700 Å GIDM TFT shows highest value of on/off ratio, of which
sufficiently high value is necessary for driving OLED devices. The measured
transistor parameters for each TFT are summarized in Table 6-1. From the Table 61, it is found that the electron mobility of LDD TFT having 700Å oxide gate
insulator is slightly higher than that of the without (W/O) LDD TFT, even though
the 700Å oxide LDD TFT shows not only almost 1order of magnitude lower off
current but also well suppressed off-state current. The higher electron mobility of
700 Å oxide LDD TFT than W/O LDD TFT is thought to be caused by the
capacitance increase due to the decrease of gate insulator thickness as well as the
decrease of series resistance in LDD region due to the relatively high dopant
concentration in the LDD region.
Based on the doping profile data and the electrical properties of
conventional MILC TFTs and GIDM LDD MILC TFTs, it has been concluded that
for the N-Type GIDM LDD MILC TFTs with the LDD length of about 1.5 ㎛, the
dopant concentration in LDD region should be in the range between 1019 and 3Ⅹ
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1020 cm-3 to ensure the suppression of off-state leakage current without device
performance degradation. It has been experimentally demonstrated that the optimal
concentration of LDD region in GIDM LDD MILC TFTs can be achieved when
700 Å oxide is adopted for a gate insulator layer which is used as a doping mask
layer.
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6.4 Conclusions

In this study the effect of dopant concentration in LDD region on the
electrical properties of N-type GIDM LDD MILC poly-Si TFTs was investigated.
In order to find the optimum value for the dopant concentration in LDD region, we
analyzed the electrical properties of LDD MILC TFTs having different dopant
concentration in LDD region. The dopant concentrations in LDD regions of the
TFTs were measured by using SIMS. From the doping profile data and the
electrical properties of without LDD MILC TFTs and GIDM LDD MILC TFTs, it
has been concluded that for the N-type GIDM LDD MILC TFTs with the LDD
length of about 1.5 ㎛, the dopant concentration in LDD region should be in the
range between 1019 and 3Ⅹ1020 cm-3 to ensure the suppression of off-state leakage
current without device performance degradation. It has been also demonstrated that
the optimal concentration in LDD region can be achieved when 700Å oxide is
used as a gate insulator doping mask.
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Table 6- 3. Summary of measured transistor parameters from various
gate insulator doping mask.
Doping

Doping Conc.

On/Off

μ
Vth(V)

S(V/dec)

(cm2/V.s)

Ion

Ioff

Mask

in LDD

W/O Mask

3.6Ⅹ1021

6.0

0.91

70.2

3.9Ⅹ10-4

3.2Ⅹ10-10

6.9Ⅹ105

Nitride 1.0K

2.3Ⅹ1016

9.5

1.38

15.9

0.6Ⅹ10-4

9.6Ⅹ10-11

1.2Ⅹ106

Oxide 1.0K

3.1Ⅹ1020

6.4

1.09

38.4

1.9Ⅹ10-4

8.4Ⅹ10-11

2.2Ⅹ106

Oxide 0.7K

4.4Ⅹ1019

5.9

0.83

76.6

3.9Ⅹ10-4

9.5Ⅹ10-11

4.1Ⅹ106
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Fig 6-1. I-V Tranfer curves of conventional MILC polysilicon TFT (a)
and GIDM LDD MILC polysilicon TFT (b)
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Fig 6-2. Doping profiles for source/drain and the LDD regions of GIDM
LDD TFTs with different gate insulator thicknesses
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Fig 6-3. (a) Energy-band diagrams of the conventional MILC TFT
(Without LDD) and GIDM LDD TFT with different gate
insulator thickness. (b) Potential gradients near the drain
edge of channel region of the TFTs
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Chapter 7

Tilted Back Exposure for LDD formation in Poly-Si
Thin Film Transistors

Abstract

In this work, we devised and experimentally demonstrated a novel fully selfaligned method for formation of Lightly Doped Drain (LDD) structure on Poly-Si
Thin Film Transistors (TFTs) using gate insulator as a self-aligned doping mask. In
the previous work, it was found that LDD structure could more effectively suppress
the off-state leakage current than the LDS structure without degrading the
performance of the TFTs. It has been found that asymmetry patterns could be
realized using TBE process with submicron accuracy by adjusting the angle
between the substrate and light source. The LDD TFTs which is fabricated by using
TBE process shows almost the same electrical properties as the LDD TFTs using
an additional separate LDD Mask. From the results it has been demonstrated that
the TBE process is very effective method for formation of LDD structure.
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7.1 Introduction

Currently, a lot of attention has been drawn to researches on poly silicon
TFT for AMLCD and AMOLED. For AMOLED, poly silicon with high electron
mobility has to be used because it is a current driving device. Also poly silicon is
advantageous in construction of peripheral circuits in LCD and OLED. However,
in spite of the merits poly silicon has, application of poly silicon TFT has its
limitations due to high leakage currents comparing to a-Si TFT.7.1) It has been
known that the high leakage current comes from activation of free carriers
(especially holes) trapped at grain boundaries located between the drain and gate.
7.1, 7.2, 7.3, 7.4, 7.5)

It has been also reported that Lightly Doped Drain (LDD) or Field

Induced Drain(FID) structure is very effective to reduce the leakage current
because these structures may reduce the electric field between the channel and
drain. 7.6, 7.7, 7.8)In the previous work, it has been found that the LDD can suppress
the off-state leakage current in MILC TFTs effectively. 7.9, 7.10)It was also found that
LDD structure could more effectively suppress the off-state leakage current than
the LDS structure. In this work, we devised and experimentally demonstrated a
novel fully self-aligned method for formation of Lightly Doped Drain (LDD)
structure on Poly-Si Thin Film Transistors (TFTs) using gate insulator as a selfaligned doping mask. The new method ‘Tilted Back surface Exposure (TBE)’ is a
kind of mask free photolithography technique. It has been found that asymmetry
patterns could be realized using TBE process with submicron accuracy by adjusting
the angle between the substrate and light source. The asymmetry LDD TFTs
fabricated using TBE process shows almost the same electrical properties as the
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LDD TFTs using an additional LDD Mask. From the results it has been
demonstrated that the TBE process is very effective method for formation of
asymmetry LDD structure.
In this work, we devised and experimentally demonstrated a novel fully self-aligned
method for formation of Lightly Doped Drain (LDD) structure on Poly-Si Thin
Film Transistors (TFTs) using gate insulator as a self-aligned doping mask. In the
previous work, it was found that LDD structure could more effectively suppress the
off-state leakage current than the LDS structure without degrading the performance
of the TFTs. It has been found that asymmetry patterns could be realized using TBE
process with submicron accuracy by adjusting the angle between the substrate and
light source. The LDD TFTs which is fabricated by using TBE process shows
almost the same electrical properties as the LDD TFTs using an additional separate
LDD Mask. From the results it has been demonstrated that the TBE process is very
effective method for formation of LDD structure.
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7.2 Experimental

3000Å buffer oxide was deposited by PECVD on Corning Eagle Glass and then,
800Å of a-Si was deposited by LPCVD. Active area was patterned and MILC was
carried out at the temperature of 500℃ for 2 hours at hydrogen ambient. 1,000Å
of Silicon nitride was then deposited as a gate insulator. After deposition of a gate
insulator, gate metal, MoW, was deposited and wet etched with a gate mask.
By using a spin-coater, the PR was recoated on the sample and put this sample on
the tilting device for Tilted Back Exposure, shown in the fig.7-1.(b) which is
designed to control the angle between a sample and a UV light source. After this
process, the gate metal wet etching process was repeated again. In the second wet
etching process, however, the offset region of the PR was removed and it leaves
mark behind, shown in the Fig. 7-2.(a)
After the TBE process, Ion Mass Doping(IMD) for the formation of the source,
drain and LDD region was carried out, followed by electrical activation at 550℃
for 2 hours in an hydrogen ambient. In the IMD process the extruded gate insulator
region is used as a doping mask to reduce the doping concentration in LDD region.
We have not done any further process after electrical activation of the source and
drain. The Id-Vg characteristics of the TFTs were measured at room temperature
with an Agilent 5270B precision I-V meter. All Id-Vg curves are measured after the
initial electrical stresses of Vd = -15V, Vg = 20V, twice along opposite directions.
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7.3 Result and Discussion

Fig. 7-2. (a) shows the photo resist pattern on the gate electrode after the tilted
back exposure process and Fig. 7-2. (b) shows the extruded part of gate insulator as
a result of the wet etching of gate metal shown in Fig. 7-2.(a).
As shown in Fig. 7-2. the photo resist pattern made by the tilted back exposure is
one sided along the gate metal pattern and the resultant of wet etching process
makes an extrusion of gate insulator from gate metal line. The extruded region of
gate insulator is used as a doping mask so that the region beneath the extruded
region is partially doped. After the TBE process we measured the offset length of
photoresist pattern using optical microscope, which will then be a LDD length in
TFTs. From the observation, it was confirmed that the intrusion length is
proportional to the angle between the sample and UV light source. The lengths of
LDD formed using TBE process with the different angles are summarized in table.
1. In this study, for the fabrication of the LDD and LDS TFT, the TBE process
conditions for 1.2㎛ was employed.
Fig. 7-3. shows the Id-Vg characteristics of the MILC TFTs with LDD(LDD TFT),
LDS(LDS TFT), and the TFT without both LDD and LDS structure(Normal TFT).
Since the only difference of LDD and LDS structure in TFT is whether the Lightly
Doped region is formed drain side or source side, we use the same TFT for the
comparison of the electrical properties of LDD and LDS TFT. The LDD and LDS
length of the TFT was fixed to 1.2㎛. It can be seen that in this figure, the leakage
current of the TFTs with LDS and Normal TFT are much higher than that of the
LDD TFT, especially when the gate voltage is high. It is observed that the Id-Vg
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curve of the LDS TFT has a flat region in the range from the gate voltage of
minimum drain current to a critical value of gate voltage. In this flat region the
drain current does not change regardless of the increase of the gate voltage. The
drain current of the LDD TFTs however exponentially increase as the gate voltage
exceed the critical value and the critical point appears earlier in the normal TFTs
than TFT with LDS structure. In the case of LDD TFT the flat region which is
observed also in LDS is extended to the end of the gate voltage of the measurement,
+15Volts.
Fig. 7-4. shows the Id-Vg curves for N type and P type LDD TFTs fabricated by
Tilted Back Exposure Process. As can be seen in this figure, the leakage current of
both N-Type and P-type LDD TFTs fabricated by TBE are well suppressed.
The device parameters for the TFTs are summarized in Table.2. Compared with
the normal MILC TFTs, LDD TFTs, regardless of the formation processes, LDD
TFTs shows significantly improved electrical properties such as higher Ion/Ioff,
lower off-state leakage current(Id @ Vg=15V).

- 102 -

7.4 Conclusion

In this work, we devised and experimentally demonstrated a novel fully selfaligned method for formation of Lightly Doped Drain (LDD) structure on Poly-Si
Thin Film Transistors (TFTs) using gate insulator as a self-aligned doping mask.
By the analysis of the electrical properties of the MILC TFTs with and without
LDD and LDS structure, it has been concluded that it is proper for the MILC TFTs
to have LDD other than LDS. And It has been proven that using the new method,
‘Tilted Back surface Exposure’, the LDD structure can be realized without any
additional Mask step or implantation step. The LDD TFTs fabricated using TBE
process shows almost the same electrical properties as the asymmetry LDD TFTs
using a separate LDD Mask. From the results it has been experimentally
demonstrated that the TBE process is very effective method for formation of LDD
structure.
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Table. 7-1. LDD lengths with different tilting angles.
Tilting angle

15

30

45

LDD Length

0.3 ㎛

1.2 ㎛

1.8 ㎛

UV Exposure Time

3 min

Develop Time

1 min
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Table. 7-2. Device parameters for P-Type separate mask LDD(LDDSM),
TBE LDD(LDDTBE), LDS and Normal TFTs
Normal

LDDTBE

LDDSM

LDS

Ion (A)

2.3X10-4

2.1X10-4

1.8X10-4

1.6X10-4

Ioff

9.8X10-11

7.6X10-11

8.3X10-11

7.8X10-11

Id @ Vg=15V

2.6X10-7

9.6X10-11

9.9X10-11

2.3X10-7

S.S (V/dec)

0.89

0.91

0.88

0.90
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Fig 7-1. Schematic diagram of Tilted Back Exposure (TBE) process (a)
and the Tilting device for the TBE process (b)
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Fig 7-2. Lightly Doped Region formed by the Tilted Back
Exposure Process.
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Chapter 8

Self-Compensated On Current Lightly Doped Drain
Structure for Polycrystalline Thin Film Transistors
8.1 Abstract
In this study, we have developed a novel lightly doped drain (LDD) structure and
LDD formation process which minimize the on current variation with the deviation
of the LDD length in polycrystalline silicon(Poly-Si) thin film transistor (TFT).
The novel LDD structure, named Self-Compensated On Current LDD (SCLDD),
features fixed channel length which includes the LDD length. Since the drain
current of the TFT is inversely proportional to the gate length and LDD length, it
was thought that the drain current variation with LDD length (LLDD) deviation can
be compensated by fixing the sum of the channel length (Lch) and LLDD of the TFTs.
In order to demonstrate the effect of the SCLDD structure, we fabricated several
Poly-Si TFTs with fixed total channel length (LLDD + Lch) having different LLDD and
Lch. By comparing the electrical properties of the SCLDD TFTs and conventional
LDD TFTs, it has been demonstrated that SCLDD TFTs shows significantly lower
On Current variation than conventional LDD TFTs.
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8.2 Introduction

Currently, a lot of attention has been drawn to researches on poly silicon TFT for
AMLCD and AMOLED. For AMOLED, poly silicon with high electron mobility
has to be used because it is a current driving device. Also poly silicon is
advantageous in construction of peripheral circuits in LCD and OLED. However,
in spite of the merits poly silicon has, application of poly silicon TFT has its
limitations due to high leakage currents comparing to a-Si TFT.7.1) It has been
known that the high leakage current comes from activation of free carriers
(especially holes) trapped at grain boundaries located between the drain and gate.
7.1, 7.2, 7.3, 7.4, 7.5)

It has been also reported that Lightly Doped Drain (LDD) or Field

Induced Drain(FID) structure is very effective to reduce the leakage current
because these structures may reduce the electric field between the channel and
drain. 7.6, 7.7, 7.8)In the previous work, it has been found that the LDD can suppress
the off-state leakage current in MILC TFTs effectively. 7.9, 7.10)It was also found that
LDD structure could more effectively suppress the off-state leakage current than
the LDS structure. However, the LDD structure also impose a practical problem to
be applied in AMOLED panel, the on current variation problem. Since, the LDD
region has higher resistance than source and drain region, the on current of the TFT
has to be lowered, as the LDD length increases, the on current of the TFTs is
reduced. Because the AMOLED is current driving device, the TFTs integrated in
AMOLED panel should have a uniform drain current at a certain Drain Voltage
(Vd), and gate voltage(Vg) condition, otherwise, the brightness of the AMOLED
panel will not be uniform. However, it was reported that the On Current (Ion) is
- 112 -

very sensitive to the LDD length. Therefore, a novel LDD structure with
minimized On Current variation is necessary for the LDD structure to be applied in
AMOLED panel. The novel LDD structure, named Self-Compensated On Current
LDD (SCLDD), features fixed channel length which includes the LDD length.
Since the drain current of the TFT is inversely proportional to the gate length and
LDD length, it was thought that the drain current variation with LDD length (LLDD)
deviation can be compensated by fixing the sum of the channel length (Lch) and
LLDD of the TFTs. In order to demonstrate the effect of the SCLDD structure, we
fabricated several Poly-Si TFTs with fixed total channel length (LLDD + Lch) having
different LLDD and Lch. By comparing the electrical properties of the SCLDD TFTs
and conventional LDD TFTs, it has been demonstrated that SCLDD TFTs shows
significantly lower On Current variation than conventional LDD TFTs.
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8.3 Result and Discussion

Fig. 8-1(a) shows the Id-Vg curves of the MILC TFTs with various LLDD. As
shown in this figure, the on current of the TFTs is reduced as the LLDD decreases
while the off current of the TFTs are well suppressed and has the almost same
value as long as LDD structure is formed. It is also found that in this graph, the
even the LDD length is increased, additional off-current reduction does not take
place.
Fig. 8-1(b) shows the On Current (Ion: Drain Current at Vd= -5 V, Vg= -30 V)
variation and Off current (Ion: Drain Current at Vd= -5 V, Vg= 0 V) variation with
LDD length. From this figure, it can be found that the Ion is exponentially
decreased and Ioff is not changed. as the LDD length increases.
From these results, it can be concluded that for the TFTs integrated to have
uniform drain current, which is proportional to the brightness of display panel, the
LDD lengths of the TFTs should be almost identical. However, regarding that the
alignment margin of photolithography is about 1 ㎛, it is almost impossible to
fabricate TFTs arrays using conventional LDD structure (LDD structure using
additional mask for LDD region definition).
Fig. 8-2(a) shows the electrical properties of the MILC TFTs with different gate
length. As shown in this graph, the Ion of the TFTs is inversely proportional to the
gate length. Fig. 8-2(b) shows the On Current (Ion: Drain Current at Vd= -5 V, Vg= 30 V) variation and Off current (Ion: Drain Current at Vd= -5 V, Vg= 0 V) variation
with LDD length. Similar to the Ion-Ioff variation with LDD length, it can be
found that the Ion is exponentially decreased and Ioff is not changed. as the LDD
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length increases. However, in this case, because of the absence of the LDD
structure, the off-current (Drain Current in positive gate voltage region) of the
TFTs is exponentially increased as the Vg increases.
. As depicted in Fig. 8-3(b), if the total channel length (LLDD + Lgate) is fixed, the
increase in LDD length, of course, results in the channel length decrease. Fig. 8-3(a)
is the combination of the Ion-Ioff variations with LDD length and Channel length. As
shown in Fig. 8-3(a), it is expected that. when total channel length is fixed, the Ion
reduction with LDD length increase can be lowered.
The Id-Vg Characteristics of the SCLDD TFTs is shown in Fig. 8-4. As expected in
Fig. 8-3 (a), (b), the Ion variation of the SCLDD TFTs with LLDD is remarkably
smaller than that of conventional LDD TFTs. The Ion-Ioff variations of SCLDD
TFTs and conventional LDD TFTs are compared in Fig. 8-5.
From these results, it can be concluded that the on current reduction problem in
LDD TFTs can be solved by adopting the SCLDD structure.
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8.4 Conclusion

In this study, we have developed a novel lightly doped drain (LDD) structure and
LDD formation process which minimize the on current variation with the deviation
of the LDD length in polycrystalline silicon(Poly-Si) thin film transistor (TFT).
The new LDD structure named self-compensated on current LDD (SCLDD) was
devided. In order to demonstrate the effect of the SCLDD structure, we fabricated
several Poly-Si TFTs with fixed total channel length (LLDD + Lch) having different
LLDD and Lch. By comparing the electrical properties of the SCLDD TFTs and
conventional LDD TFTs, it has been demonstrated that SCLDD TFTs shows
significantly lower On Current variation than conventional LDD TFTs. From the
experimental data, it has been proven that the on current reduction problem in LDD
TFTs can be solved by adopting the SCLDD structure.
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Figure. 8-1. Electrical Properties of Conventional LDD TFTs with
different LDD length (a) Id-Vg Curve, (b) On Current and
Off Current Variation with gate length
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Figure. 8-1. Electrical Properties of Conventional LDD TFTs with
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Figure. 8-2. Electrical Properties of MILC TFTs with different Gate
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Figure. 8-2. Electrical Properties of MILC TFTs with different Gate
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요약(국문초록)

금속유도 측면결정화에 의한 저온다결정 실리콘
박막 트랜지스터의 누설전류 저감을 위한 새로운
구조에 관한 연구
손 세 완
서울대학교 재료공학부
본 연구에서는 능동형 액정디스플레이 (AMLCD: Active Matrix Liquid
Crystal Display)

및

능동형

유기발광다이오드

(AMOLED: Active

Matrix Organic Light Emitting Device) 등과 같은 차세대 디스플레이
소자에 응용될 수 있는 금속유도 측면결정화 (MILC: Metal Induced
Lateral

Crystallization)에

트랜지스터의

누설전류

의해

저감을

결정화된
위한

저온다결정

새로운

구조에

실리콘
관한

박막
연구를

수행하였다.

본 연구실에서 개발된 MILC기술은 금속촉매를 이용하여 유리기판의
변형온도보다 낮은 온도에서 비정질실리콘을 결정화 시키는 저온결정화
실리콘(LTPS:

Low

Temperature

Polycrystalline

Silicon)기술의

일종으로 현재 소형디스플레이의 제조에 적용되고 있는 결정화 기술인
ELA (Excimer Laser Annealing)기술 에 비해 높은 생산성 및 대면적
기판에 활용되기 유리하다는 장점을 갖고 있다. 하지만 MILC로 제작된
다결정 실리콘 TFT (Poly-Si TFT)는 ELA등의 Laser를 이용해
결정화된 Poly-Si TFT에 비해 높은 누설전류를 갖는 것으로 알려져
있으며, 이는 전류구동을 특징으로 하는 AMOLED의 활용을 어렵게
하는 요소로 작용하고 있다. 현재까지 알려진 바에 따르면 MILC Poly- 126 -

Si TFT의 상대적으로 높은 누설전류는 결정화 촉매로 사용되는 Ni,
Pd등의 오염에 의해 발생한 Trap State가 TFT 구동 시 누설전류
발생원(Leakage Current Source)이 되기 때문 인 것으로 알려져 있다.
이러한 이유로 현재까지 보고된 MILC Poly-Si TFT의 누설전류를
낮추기 위한 다양한 연구는 MILC TFT제작 시 금속촉매로 사용되는
Ni등의 사용을 최소화 하는 방향으로 집중되어 있었다. 하지만 본
연구실에서는 결정화 방법을 제외한 모든 TFT제작공정을 동일하게
적용하여 MILC TFT와 ELA Poly-Si TFT를 제작하고 전기적 특성을
분석하였으며 그 결과, 동일한 조건에서 MILC TFT가 ELA Poly-Si
TFT에 비해 더 낮은 최소 전류 값을 갖는 현상과, MILC TFT의 경우
게이트전극과 드레인전극 사이에 인가되는 전압의 크기가 커짐에 따라
누설전류가

기하급수적으로

증가하는

현상을 확인하였다.

이에

본

연구에서는 MILC TFT의 누설전류 저감을 위해선 게이트전극과 드레인
전극사이에 인가되는 높은 전기장을 완화시킬 수 있는 구조에 관한
연구를 수행하였으며 그 결과 Lightly Doped Drain (LDD) 구조가
게이트전극과 드레인전극사이의 전기장 완화에 매우 효과적인 구조임을
확인하였으며 MILC TFT에 LDD구조의 적용을 통해 MILC TFT의
누설전류를 효과적으로 저감시킬 수 있음을 확인하였다.

본 논문은 MILC TFT의 누설전류 저감을 위한 새로운 구조의 개발을
위해 수행한 다양한 연구에 대하여 보고하고 있다. 본 논문은 크게
3개의 Part로 나뉘어져 있다.

Part 1 (Cahpter3)에서는 온도변화에 따른 MILC TFT의 누설전류
변화 분석을 통해 Leakage Current Source의 Activation Energy를
조사하였으며,
Activation

이렇게

Energy

얻어진

Data의

N-Type과

비교분석을

P-Type

통해

MILC

MILC

TFT

TFT가

갖는

상대적으로 높은 누설전류는 Conduction Band에 가깝게 위치한 N- 127 -

Type Trap State와 Band Gap의 중간에 가까운 곳에 위치한 Neutral
Trap State에 의한 Poole-Frankel Emission에 의한 것을 밝혀냈다.
또한 Poole-Frankel Emission은 외부에서 인가된 전기장에 의해 TrapState의

에너지장벽이

낮아짐에

따라

발생하는

현상으로

MILC

TFT에서의 경우 Poole-Frankel Emission에 필요한 상대적으로 높은
전기장은 게이트전극과 드레인전극 사이에 집중적으로 형성되기 때문에
두 전극 사이의 전기장을 완화시킬 수 있는 구조 적용을 통해 MILC
TFT의 누설전류를 효과적으로 저감시킬 수 있음을 확인했다.

Part 2 (Cahpter4,5,6)에서는 LDD구조가 적용된 N-Type 과 P-Type
MILC TFT의 LDD구조의 적용에 따른 누설전류 저감 효과를 분석하고
있다. Lightly Doped Region이 드레인전극 쪽에 위치할 경우 누설전류가
크게 감소하는 반면 Lightly Doped Region이 소스전극 쪽에 위치할 경우
누설전류 감소효과는 거의 없는 반면 On Current는 급격히 감소하는
현상을

발견하였다.

이는

MILC

TFT의

누설전류는

게이트전극과

드레인전극 사이에 인가되는 높은 전기장에 의한 것이라는 이전의
분석과 일치하는 것으로 이를 통해 Lightly Doped Region을 드레인전극
쪽에만 형성된 LDD MILC TFT구조가, 높은 On/Off Ratio를 요구하는
AMOLED의 적용에 있어, 가장 적합한 구조임을 확인하였다.

Part3 (Chapter 7, 8)에서는 LDD구조 형성을 위해 개발된 다양한
종류의

LDD

형성기술을

소개하였다.

LDD구조는

MILC

TFT의

누설전류를 감소시키는데 매우 효과적인 구조임이 밝혀졌지만, LDD구조
형성을

위해

공정비용이

추가적인
발생하게

공정이
되며,

수행되어야
LDD구조

하기
형성을

때문에

추가적인

위해

수행되는

Photolighography공정의 경우 매우 미세한 공정상의 오차로 인해 MILC
TFT의 전기적 특성이 크게 변할 수 있기 때문에 LDD구조를 실제
디스플레이

패널에

적용하는

데에는
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많은

제약이

따른다.

따라서

최소한의

추가공정과

높은

정밀도를

갖는

LDD구조형성의

개발은

필수적이다. 이에 본 연구에서는 별도의 Photolighography공정 없이도
LDD구조형성이 가능한 Tilted Back Exposure (TBE)기술과, 공정 중
발생할 수 있는 LDD길이 편차에 의해 발생하는 On Current 변화를
최소화 할 수 있는 On Current Compensation LDD 구조를 개발하고 그
효과를 증명하였다.

주요어 : 금속유도측면결정화 (MILC), 저온결정화 실리콘 (LTPS: Low
Temperature Polycrystalline Silicon), Lightly Doped Drain
(LDD),
누설전류
발생원(Leakage
Current
Source),
박막트랜지스터 (TFT)
학
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