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Abstract

Polycrystalline Silicon Thin-Film ““Fransisitors have been proposed and
investigated in recent years since its high'driving current and mobility. However, there
is some disadvantages in polycrystalline thin-film transistors. One of the most
important is the channel region formed by poly grain, and the poly grains have a lot of
grain boundary defects. Those defects degrade TFTs’ on-state driving current and
mobility. Moreover, grain boundary defects enhance high off-state leakage whenever
devices are biased at off-state. The use of conventional polycrystalline thin-film
transistors for active matrix liquid crystalline display was hampered by anomalous
leakage current. For past decade, many fabrication ways and device structures had
been proposed such as plasma treatment, lightly-doped-drain TFTs and field induced
drain TFTs. However, these structure need either more process or additional mask

than conventional TFTs. And more process or additional mask means higher



fabrication costs and time as well as misalignment.

In this thesis, we have proposed and investigated two new poly-Si  TFTs structures.
First, we investigate a newstructure named polysilicon thin-film transistors with
assymetric source/drain implantation which was fabricated by simply tilt the implant
angle. The asymmetric implantation at source/drain forms lightly-doped-drain region
beside drain side and it is used to suppress leakage current which results from the high
drain side electric field. In this new structure, there is no additional mask needed and
the fabrication process is as easy as conventional ones.

Also, we proposed and investigated a new poly-Si TFTs named polysilicon thin-film
transistors with sidewall floating gate structure. By self-aligned, two floating gate
beside gate electrode are formed. Sidewall floating gate was electrical coupled by the
main gate and used to suppressithe high off-state current. After program/erase,
sidewall polysilicon was able to-record electrons such as floating gate in memory cell.
In other words, it works as electrical erasable programmable read only memory
(EEPROM). One of the important ‘applications to polycrystalline thin-film transistors
is used to fabricate system on panel (SOP). Electrical Erasable PROM (EEPROM)
devices are very popular for applications such as programmable logic and high
density memories. And the realization of LSI circuits and memories for image storage
on AMLCD panel was led by polycrystalline silicon TFTs EEPROM’s process. This
self-aligned thin-film transistors with sidewall floating gate is higher ability of scale

down and applicable.
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doped region.

The offset gate polycrystalline thin-film transistor which was proposed
by KEIJI Takana:. It needs .an additional mask to define the offset
region. Misaligned and big series resistance are the main problem.

The excellent performance of FID ‘structure is believed to due to the
effects of a reduced drain electric field. However, the structure of
field-induced-drain TFTs structure needs an additional mask to define
the sub-gate and offset region. Also, more thin films must be
deposited and the misaligned problem is concerned.

The schematic cross sections of the Assymetric Source/Drain
Implantation
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The fabrication procedures of these devices
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Chapter 1

Introduction

1.1 Overview of Polycrystalline Silicon Thin-Film Transistor

After the first silicon thin-film transistor demonstration was made in 1966[1], it
(TFTs) has attracted much attention. In the past thirty years, poly-Si have been used to
a wide range of industrial applications such as thermal printer heads [2], image
scanners [3], photo-detector amplifier [4], dynamic access memories (DRAM) [5],
static random access memories (SRAM) [6], electrical programming read only
memories (EPROM) [7], electrical erasable programming read only memories
(EEPROM) [8][9] and active-matrix liquid-crystal display (AMLCD) [10] [11].
Especially the application active-matriX-liquid-crystal display (AMLCD) is the major
force to promote and advance the develepment of poly-Si TFT technology.

AMLCDs is one of the most promising candidates for realizing high quality and
large area flat panel display. Most flat panel display products now use the a-Si:H TFTs
for the pixel switching. However, its low field-effect mobility typically below
Icm2/V «s. And this make the a-Si:H TFTs prohibited the integration of driver
circuitry on the active matrix plate. Another serious problem is that p-channel a-Si:H
TFTs usually exhibit very poor performance. After the first demonstration of poly-Si
TFT LCD in 1983[10], the interest in poly-Si TFTs has been steadily growing, owing
to the features of superior field-effect mobility and better device reliability[12]. High
drive capability of poly-Si TFTs enables the integration of driver circuitry on the
display panel [13],which further improves system performance and reliability

[14],[15], As a result, poly-Si TFTs becomes a solution for realizing high-performance
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AMLCD applications.

In recent years, it has been pointed out that the conduction mechanism and
performance of poly-Si TFTs were closely related to the existence of poly-Si grains
and the properties of grain boundary [16],[17]. As compared with single crystalline
silicon, the polycrystalline silicon is rich in grain boundary defects, and the electrical
activity of these charge-trapping centers profoundly affects the TFT characteristics.
For instance, the defects in channel generate potential barrier which degrade the
on-state current of polycrystalline silicon TFTs as well as the various of threshold
voltage, field-effect mobility. Additionally, grain boundary defects also create the path
of off-state leakage. Leakage current of poly-Si TFTs increases exponentially with
difference between gate and drain voltage, and has been attributed to the field
emission of carriers via the Jtraps by ‘high electric-field near the drain
junction[18]-[20].

Many ways have been proposed tosimprove-the characteristics of poly-Si TFTs. For
example, plasma treatment for passivating the defects in channel[21], poly-Si film
recrystallized by excimer laser [22]-[29]or metal induced crystallized[30]-[43] to
increase the grain size.

Polysilicon TFTs could also be improved by adopting novel device structures. Light
doped drain TFTs[44]-[47], offset source/drain[48]-[50], and field-induced
drain[51]-[53], dual buffer drain[54], vertical channel[55]-[56] are all among the

examples.

1.2 Motivation

Leakage current of polycrystalline TFTs is the most issue of application to
AMLCD.It is well known that field emission via grain boundary traps due to high

electric field in the drain depletion region would dominate off-state leakage
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current[18]. A common method proposed to reduce the severe anomalous leakage
current of polycrystalline silicon TFTs is to alleviate the electric field near the drain
junction. To achieve this goal, two popular strategies have been proposed, namely,
lightly-doped drain (LDD) [37]-[40] and field —induced drain (FID)[44]-[46].

In the LDD structure[38], the source/drain is formed by two step implantation, as
shown in Fig. 1.1(a). The LDD implant is to produce a lightly doped section of the
source/drain near the channel. LDD region with lower dosage is self-aligned to the
gate electrode. It is useful to improve drain leakage by using LDD structure. However,
the degradation of on-current due to increase in parasitic resistance introduced in the
LDD region is the penalty that must be paid. The required extra lithography and ion
doping steps will increase the fabrication costs and make it more complicated in
processing.

The second approach, which..was originally proposed by Huang et al.[51],
employs a field-plate or sub-gate over-an-undeped offset region in the active channel
layer between the drain and the ‘région diréctly underneath the gate to form a
field-induced-drain (FID) region (Fig. 1.1(b)). In this approach, the lightly-doped
drain implant that was required in the LDD approach can be skipped. The FID
structure has been shown to extremely effective in reducing the off-state leakage,
while maintaining good on-state current. The excellent performance of FID structure
is believed to due to the effects of a reduced drain electric field. However, the
structure of field-induced-drain TFTs structure needs an additional mask to define the
sub-gate and offset region. Also, more thin films must be deposited and the
misaligned problem is concerned. More films means more fabrication costs.
Misalignment means the challenge of uniformity maybe not ignore. In this thesis, we
fabricated and investigated two new self-align top gate thin film transistor structures

which need no more mask and can shows excellent leakage performance. The first
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structure is low temperature thin film transistor with asymmetric source/drain
implantation. By the tilt implantation of source/drain method, the offset region in the
drain junction form the lightly doped drain. As well as the LDD TFTs structures, the
light doped drain region suppresses the field effect near the drain junction. Moreover,
by well controlled the lightly doped drain region, this structure can act as a
conventional structure in the on-state and turn-on current will not be degraded. The
second structure is polycrystalline thin film transistor with sidewall spacer floating
gate. In this section we investigated and fabricated a new polycrystalline thin film
transistor which shows excellent off-state leakage performance. The floating gate
degrade the field-effect in the drain junction by coupling the electric field from gate.
Advanced, after program and erase, the subthreshold characteristics shift clearly. It

means that this device structure could use for the thin film transistor memories.

1.3 Thesis Outline

This dissertation is organized as‘follow:

In Chapter 2, the device parameters extraction methods and device measurements
will be described.

In Chapter 3, we fabricate and investigate a novel self-aligned poly-Si TFTs with
asymmetric source/drain implant. In this chapter we use the process of implantation to
materialize the offset region beside the drain junction which form the lightly-doped
region after RTA anneal. As well know this lightly-doped-drain junction contributes to
restrain the electric field in the drain junction. Also, only one side lightly-doped
region after well control would show no degradation at on-state performance. In other
words, we contribute a very simple way for polycrystalline silicon thin film transistor
without additional mask.

In Chapter 4, a new structure of polycrystalline thin film transistor named ploy-Si
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TFTs with sidewall floating gate was realized. This novel structure TFTs also needs
no additional mask. It is made by a clever self-aligned procedure. This new TFTs
device structure shows not only excellent subthreshold characteristics but also better
kink effect. Moreover, the sidewall floating gate acts like the floating gate of flash
devices, charges would be stored in it and shift the threshold voltage. So a new TFTs
flash was accomplished in our work. However, the program/erase time is not short
enough since the tunneling oxide is too thick in this work.

In Chapter 5 conclusions as well as some for further study are given.
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Chapter 2
Measurements and Device Parameters Extraction

2.1 Measurement

In this thesis, we use N&K analyzer to measure the thickness of poly-Si,
amorphous-Si, and TEOS oxide films in the fabrication procedure.
HP 4156 semiconductor parameter analyzer with source grounded and body

floating performed the current-voltage characteristics of thin film transistor devices.

2.2Methods of Device Parameter Extraction

Many methods have been proposed to extract the characteristic parameters of
poly-Si TFT. In this section, the methods, of parameter extraction used in this

research are described.
2.2.1 Determination of threshold voltage ('Vth)

The threshold voltage Vth is“an important MOSFET parameter required for the
channel length-width and series resistance measurements. However, Vth is a voltage
that is not uniquely defined. Various definitions exist and the reason for this van be
found in the Ip-Vgs curves. One of the most common threshold voltage measurement
technique is the linear extrapolation method with the drain current measured as a
function of gate voltage at a low drain voltage of typically 50-100 mV to ensure
operation in the linear MOSFET region[59]. But the drain current is not zero below
threshold and approaches zero only asymptotically. Hence the Ip versus Vs curve is
extrapolated to Ip = 0, and the threshold voltage is determined from the extrapolated

or intercept gate voltage Vgsi by

Vi = Vasi —% @.1)

Equation ( 2.1 ) is strictly only valid for negligible series resistance. Fortunately
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series resistances is usually negligible at the low drain currents where threshold
voltage measurements are made. The Ip-Vgs curve deviates from a straight line at gate
voltage below Vi, due to subthreshold currents and above Vth due to series resistance
and mobility degradation effects. It is common practice to find the point of maximum
slope on the Ip-Vgs curve at that point and extrapolate to Ip=0, as illustrated in

Fig.2-2.

2.2.2 Determination of subthreshold swing

Sbthreshold swing S.S ( V/decade ) is a typical parameter to describe the control
ability of gate toward channel. It is defined as the amount of gate voltage required to
increase/decrease drain current by one order of magnitude.

The subthreshold swing should be indeépendent of drain voltage and gate voltage.
However, in reality, the subthreshold swing might increase with drain voltage due to
short-channel effects such a$ charge--sharing,- avalanche multiplication, and
punchthrough-like effect. The subthreshold swing is also related to gate voltage due to
undesirable factors such as serial resistance and interface state.

In this experiment, the subthreshold swing is defined as one-third of the gate
voltage required decreasing the threshold current by three orders of magnitude. The
threshold current is specified to be the drain current when the gate voltage is equal to

threshold voltage.
2.2.3 Determination of field effect mobility ()

The field-effect mobility (¢ ) is determined from the transconductance ( gy) at
low drain voltage. The transfer characteristics of poly-Si TFTs are similar to those of
conventional MOSFETs, so the first order I-V relation in the bulk Si MOSFETs can

be applied to poly-Si TFTs, which can be expressed as
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W 1
lp = /LIFECOXT[(\/G —Viu Vo _Evoz] (2-2)

where

Cox is the gate oxide capacitance per unit area,

W is the channel width,

L is the channel Length,

Vth is the threshold voltage.

If Vp id much smaller than Vg-Vr ( 1.6.Vp<<Vs-V1u ) and Vc>Vy, the drain

current can be approximated as:
I = 0O (Ve Vi Vo
(2-3)
The transconductance is given.by

_aID

gm= aT VD=constant ( 2'4)
G

From Eq. ( 2-2 ) and Eq. ( 2-3 ),'we find the-transconductance to be
M WCoXge v,

2-5
3 (2-5)
Therefore, the field-effect mobility is
L*gm
e 2'6
Hee WV, Cox ( )

2.2.4 Determination of on/off current ratio

On/Off current ratio is one of the most important parameters of poly-Si TFTs since
a good performance means not only large On current but also small Off ( leakage )
current. The leakage current mechanism in poly-Si TFTs is not like it in MOSFET. In
MOSFET, the channel is composed of single crystalline and the leakage current is due
to the tunneling of minority carrier from drain region to accumulation layer located in

channel region. However, in poly-Si TFTs, the channel is composed of poly
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crystalline. A large amount of trap densities in grain structures attribute a lot of defect
states in energy band gap to enhance the tunneling effect. Therefore, the leakage
current due to the tunneling effect is much larger in poly-Si TFTs than in single
crystalline devices. When the voltage drops between gate voltage and drain voltage
increases, the band gap width decreases and the tunneling effect becomes much more
severe. Normally we can find this effect in typical poly-Si TFTs ID-VG characteristics
where the magnitude of leakage current will reach a minimum and then increase as

the gate voltage decreases/increases for n/p-channel TFTs.

There are a lot of ways to specify the On and Off current. In my thesis, take n-channel
poly-Si TFTs for examples, the On current and Off current is defined as the when gate
voltage equal to 15V and drain voltage is 0.1V ( linear operation mode ). The Off
current is specified as the minimum Ieakage current-in linear operation mode for

casual cases.

oy  Maximum Current of 1, - Vg, plot at Vo = 0.1V 2.7)
loe  Maximum Current of 1, — Vg plot at Voo = 0.1V '

2.2.5 Extraction of grain boundary trap state density (Nt )

The trap state density, which can be determined by the theory established by
Levison et al.[60], id based on Seto’s theory[61].
For a thin-film transistor, the source-drain current IDS can be given as

following
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B q3Nt2 Lc

— 2.8
8e,KTC, Vs ) @8)

w
Ips = (T)COXVDS LeeVes exp(

Where,

WFE is the field-effect mobility of the carriers.

q is the electron charge.

k is Boltzmann’s constant.

gsi  1s the silicon dielectric constant.

T is the temperature.

Ni is the trap-state density.

L. is the channel thickness.

This expression, first developed by Levison et al.[60], is a standard MOSFET’s
equation with an activated mobility, which depends on the grain-boundary barrier
height as introduced by Step. Levison et al. assumed that the channel thickness was
constant and equal to the thickness of the polysilicon film (t). This simplifying
assumption is permissible only for very thin film ( t<10 nm ). The trap-state density
can be obtained by extracting a straight line on the plot of In(Ips/Vgs) versus 1/Vgs at
low source-drain voltage and high gate voltages.

Proano et al.[62] thought that a better approximation is to calculate the gate
induced carrier channel thickness by solving Poisson’s equation for an undoped
material and to define the channel thickness as a thickness which 80 percent of the

total charge induced by the gate. Doing so, one obtains

8kTt,, Esi
V i
_ V7so (2.9)

L, =
Ad(Ves V)
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which varies inversely with ( Vgs-Vi). This predicts, by substituting Eq. 2.7 into
Eq. 2.6 that In[Ips/(Vgs-V)] versus 1/( VGS'Vfb)Z. We used the gate voltage at which
minimum leakage current occurs as Vg, Effective trap-state density N; can be

determined from the square root of the slope.

N, = CT |Slope| (2.10)
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Chapter 3
Characterization of Polysilicon Thin Film Transistors

with Asymmetric Source/Drain Implantation

3.1 Introduction

Polycrystalline thin film transistors technology are promising for AMLCD
applications, the anomalous off-state leakage current represent one of important issues
[18]. It is well known that field emission via grain boundary traps due to high electric
field in the drain depletion region would dominate off-state leakage current[18]. A
common method proposed to reduce the severe anomalous leakage current of
polycrystalline silicon TFTs is to alleviate the electric field near the drain junction. To
achieve this goal, two popular -strategies have been proposed, namely, lightly-doped
drain (LDD) [37]-[40] and field=induced-drain (FID){44]-[46].

In the LDD structure, the source/drain.is formed by two step implantation, as
shown in Fig. 3.1.1.[38] The LDD implant is to produce a lightly doped section of the
source/drain near the channel. LDD region with lower dosage is self-aligned to the
gate electrode. It is useful to improve drain leakage by using LDD structure. However,
the degradation of on-current due to increase in parasitic resistance introduced in the
LDD region is the penalty that must be paid. The required extra lithography and ion
doping steps will increase the fabrication costs and make it more complicated in
processing.

The second approach, which was proposed by Keiji Takana et al.[49], employs a
undoped offset region besides the gate shown in Fig. 3.1.2. The undoped region can
alleviate the drain side electric field effectively. But usually it needs an additional

mask to define the offset region. Moreover, the offset region creates a big series
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resistance when devices are biased at on state and result in on-state current
degradation. This is not what we want for polycrystalline thin film transistors
performance.

The third approach, which was originally proposed by Huang et al.[51], employs a
field-plate or sub-gate over an undoped offset region in the active channel layer
between the drain and the region directly underneath the gate to form a
field-induced-drain (FID) region (Fig. 3.1.3). In this approach, the lightly-doped drain
implant that was required in the LDD approach can be skipped. The FID structure has
been shown to extremely effective in reducing the off-state leakage, while
maintaining good on-state current. The excellent performance of FID structure is
believed to due to the effects of a reduced drain electric field. However, the structure
of field-induced-drain TFTs structure needs an additional mask to define the sub-gate
and offset region. Also, more- thin films must,.be deposited and the misaligned
problem is concerned. More films means.mere-fabrication costs. Misalignment means
the challenge of uniformity maybe net ignore.”In this chapter, we fabricated and
investigated a new self-align top gate thin film transistor structures which need no
more mask and can shows excellent leakage performance. The first structure is
polycrystalline thin film transistor with asymmetric source/drain implantation. By the
tilt implantation of source/drain method, the offset region beside the drain junction
forms the lightly doped drain. As well as the LDD TFTs structures, the light doped
drain region suppresses the field effect near the drain junction. Moreover, by well
controlled the lightly doped drain region, this structure can act as a conventional

structure in the on-state and turn-on current will not be degraded.

3.2 Fabrication of Polysilicon Thin Film Transistors with Asymmetric
Source/Drain Implantation
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The schematic cross sections of the Assymetric Source/Drain Implantation is
shown in Fig. 3.2.1. And the schematic cross section of conventional device is shown
in Fig.3.2.2. The fabrication procedures of these devices are described as following

(Fig 3.2.3):

I . Substrate 100nm p-type single crystalline silicon wafers with (100) orientation
were used as the starting materials. After an RCA initial cleaning procedure, 1000 nm

thick thermal oxide were grown in steam oxygen ambient at 980°C.

II. Poly-Si Thin Film Active Region formation: Undoped amorphous silicon
layers of thickness about 50nm or J00nm were deposited by low pressure chemical
vapor deposition ( LPCVD ) on*buried oxide by pyrolysis of silane ( SiHy) at 550°C.
The amorphous silicon films were recrystallized by solid phase crystallization (SPC)
method at 600°C for 24hrs in an"N, ambient. These recrystallized poly silicon films
were then patterned into active region islands by transformer couple plasma (TCP)

etching using the mixture of Cl, and HBr.

Il. Gate dielectric and gate electrode formation: In order to decrease the
roughness of interface between gate oxide and poly silicon island, thermal oxidation
of silicon is excluded. After defining the active region, the wafers were boiled in
H,SO4 +H,0; to ensure cleanliness of the wafers before deposition. A buffered HF dip
was performed to remove the native oxide on the silicon surface. The gate insulator
was deposited by low pressure chemical vapor deposition (LPCVD) using TEOS and
O, gases at 695°C. After deposition of the gate insulator, a 300nm poly silicon film

was deposited immediately on the gate dielectric by LPCVD at 595°C. This poly
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silicon was then patterned and etched by transformer couple plasma (TCP) to be the

gate electrode. Then remove the gate oxide on source/drain by HF dip.

IV. Source/Drain formation: A thin oxide was deposited as a buffer of
implantation to keep off damages on gate dielectric as shown in Fig. 3.2.4 After that
source and drain region were implanted by Arsenic (As) as the condition shown in
Table 3.1.1. The twist angel come with the tilt angle because the implanter machine
roll wafers with three dimensions at the same time as shown in Fig. 3.2.5 The twist
angle was fit to the tilt angle by exactly measurement. After ion implantation, the
samples were annealed by RTA ambient at 700°C for 20sec and removed the thin

oxide by HF dip.

V. Passivation oxide and-contact metal: Following, 100nm TEOS oxide by
LPCVD was deposited and the contact hole-was defined. TEOS oxide was etched by
buffer oxide etchant (BOE) dip. Then;:900nm Aluminum was sputtered and defined

the metal pad. Etching Aluminum and sintering at 400°C in N, ambient for 30 min.

3.3 Results and Discussion

3.3.1 Asymmetric Source/Drain Implantation With Source/Drain
Exchange Measurement
In order to confirm the device structure was fabricated completely, we measure
the current-voltage characteristics with exchanging source/drain electrode as shown in
Fig. 3.3.1. All devices The with W/L = 10pm/3um are measured at Vps =0.5 V and
SV.HP 4156 was used to measure all the current-voltage ( I-V ) characteristics and

exact device parameters. In this part, results are presented in Fig. 3.3.2 and Fig.3.3.3.
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In Fig. 3.3.2, we see subthreshold characteristics of tilt 30° sample get a better
performance when the high potential was biased at the drain side. The leakage current
of drain side measurement would not be exponentially increasing with gate and drain
voltage increased. It means that the lightly-doped-drain region is properly formed
only at the drain side and the source side junction is heavily doped. So that the electric
field acts at the source side and makes leakage current increasing anomalously when
bias was added at the source side. In this figure we are informed that when gate bias at
-10 volt, source side leakage current would reach almost 0.1 pA . However, drain side
leakage current could be suppressed to 50 pA. There is three order leakage
improvement we made. In Fig. 3.3.3, All devices with W/L = 10um/3um are
measured at Vg=5, 6 and 7V. HP 4156 was used to measure. In this figure, the ID-VD
curves have been shown. When device is measured at the drain side, better kink effect
is performed than measured at the.source side. In.the tilt 30° samples, when VD was
added to 5V, source side current shows thatkink effects is going to happen. However,
the drain side measurement was not till the-drain voltage increasing to 7 V. That
means kink effect happened in polycrystalline TFTs which caused by the high field
emission and grain boundary traps is effectively depressed by the lightly-doped-drain
( LDD ). And this lightly-doped-drain exists only at the drain side. In Fig. 3.3.4 and
Fig. 3.3.5 we show the sample of tilt 45° asymmetric polycrystalline TFTs. These two
figures obviously shows the same characteristics as we described in the before two
ones. And we compare Fig. 3.3.4 and Fig. 3.3.5 to Fig. 3.3.2 and Fig. 3.3.3, it shows
that the more shift region formed at tilt samples the smaller leakage currents we get
and the more shift region formed at tilt samples the better kink effect devices perform.
For instance, the leakage current of tilt 45° when VG is -10 V is 2 pA but 50 pA in tilt
30° samples and the kink effect does not happen till VD is 8 V in 45° samples but it

happens when VD is 7 V. Also, the size of lighly-doped region affects the
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subthreshold characteristics of device.

3.3.2 Subthreshold Characteristics

We compare the device we designed to conventional polycrystalline TFTs . All
devices The with W/L = 10um/3um are measured at Vps =0.5 V and SV.HP 4156 was
used to measure all the current-voltage ( I-V ) characteristics and extract device
parameters. In Fig. 3.3.6 , the transfer curves of conventional polycrystalline TFTs
and asymmetric source/drain implantation polycryastalline TFTs are shown.
Anomalous leakage current of conventional TFTs increases exponentially with
difference between gate and drain voltage caused by the drain side high electric field
and grain boundary defects. However the new structure asymmetric source/drain
implantation polycrystalline TFTs:does not show'this shortcoming. This contribution
is made by the lightly-doped-drain.( LDD ) junction-which suppresses the drain side
high electric field when gate bias is strongly-negative. Compare this two devices, we
see that when gate bias to -10 V the:drain leakage of conventional polycrystalline
TFTs is about 0.1 pA but asymmetric ones only about 50 pA. There is almost 3.5
order leakage suppressed we made in this experiment. This is a great improvement for
polycrystalline TFTs. At the on-state performance, asymmetric polycrystalline TFTs
have no difference with conventional ones. Since the lightly-doped region is only at
drain side but not at source side. The series resistance of polycrystalline TFTs channel
is much bigger than that of metal-oxide-silicon field effect transistors ( MOSFETs ).
So the series resistance at on state would not be so serious in polycrystalline thin film
transistors. This is why the on-state current not degraded with additional lightly-doped
region. As a result, we fabricated a novel new polycrystalline TFTs without any
additional mask which show excellent leakage current performance and on-state

current performance.
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3.3.3 Device characteristics

We extract the device characteristics from the transfer curves in Fig.3.3.7 and
show them at Table 3.3.2. First, we survey the on/off ratio of asymmetric and
conventional TFTs. Obviously, the on/off ratio of asymmetric polycrystalline TFTs
can reach 10’ and only 10° at conventional ones. This improvement is made by the
leakage current suppressed. The asymmetric source/drain implantation polycrystalline
TFTs have lower leakage and the same on-state current than conventional TFTs, so
the on off ratio would be improved. The threshold voltage of asymmetric TFTs and
conventional TFTs have no difference. Threshold voltage means the voltage gate bias
needs to make the channel form inversion layer. This is concerned about the gate
oxide thickness, channel quality and etc. There is.no difference in our new structure
and conventional ones except the source/drain implantation. So the threshold voltage
would be the same in these two structures..The.inductance Gm and mobility also have
the same result. Mobility of polycrystalline.-TETs is most affected by channel film
quality especially the grain size and grain boundary defects. The bigger grain size
channel film has the bigger mobility it owns. The less grain boundary traps it has the
better mobility it shows too. The channel film in this experiment are all the same.
They are deposited at the same low pressure chemical vapor deposition chamber. This
is why they show no difference. At last we check the subthreshold swing. They are

also the same in these samples.

3.3.4 Kink Effects
In Fig. 3.3.8, we show the transfer curves of asymmetric TFTs which is tilted 30°
and conventional TFTs. All devices with W/L = 10um/3um are measured at Vg=5, 6

and 7V. HP 4156 was used to measure. In this figure, asymmetric polycrystalline
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TFTs show better kink effect performance than conventional TFTs. In the
conventional polycrystalline TFTs, when Vp was added to 5 V, drain current shows
that kink effects is going to happen. However, the drain current of asymmetric
source/drain implantation TFTs are not till the drain voltage increasing to 7 V. That
means kink effect happened in polycrystalline TFTs which caused by the high field
emission and grain boundary traps is effectively depressed by the lightly-doped-drain
( LDD ). Kink effect is an important issue for device operation. Better kink effect
means bigger operation range of polycrystalline TFTs and that is what the new

structure asymmetric source/drain implantation polycrystalline TFTs do.

3.3.5 Threshold Voltage roll off

In Fig. 3.3.9, devices with different channel length are measured by HP 41 and
extracted the threshold voltage of each device: For both conventional and asymmetric
source/drain implantation TFTs; thréshold.veltage is proportional to channel length.
However, conventional TFTs threshold voltage roll off is a little serious than
asymmetric source/drain implantation. The reason for this phenomenon is the impact
ionization in conventional TFTs is more serious than asymmetric TFTs. The impact

ionization enhance the threshold voltage roll off.

3.4 Hot Carrier Stress

Hot carrier stress was used to test the long-term reliability of LTPS TFT in this
work. Fig. 3.4.1 illustrates the threshold voltage variations and the degradation in a
single TFT under static hot-carrier stress. /\Vth is defined as the TFT being kept at a
high electric field in the drain junction. Notably, the dc stress conditions are Vds=30V

and Vgs=15V for 1000s. This effect occurs due to the higher electric field at the drain
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junction. The high electric field promotes impact ionization, resulting in numerous
grain-boundary traps being created in the drain junction. The large drain junction
electric field during hot carrier stress resulted in sever degradation on conventional
structure. On the other hand, the asymmetric TFT exhibited better hot carrier
endurance than conventional one due to the drain junction electric field relief. Fig.
3.4.2 and Fig.3.4.3 show subthrehold swing and mobility degradation between
asymmetric and conventional structure. Those two factors show the same result as the
threshold voltage degradation. In our structure, we can effectively reduce the electric

field near the drain side and obtain the optimal results in the hot carrier stress.

3.5 Summary

In this work, we have *fabricated . and. characterized the new structure
polycrystalline thin-film trangistors featuring top:gate. The GILD-like leakage
appearing in conventional thin-film transistors could be suppressed obviously in this
device and this is contributed by the lightly-doped-drain region which suppresses the
drain side electric field. The on/off ratio of asymmetric TFTs could be improved to
10" which is bigger than conventional device about half order. Except the on/off ratio
and leakage performance, other parameters such as subthreshold swing, threshold
voltage, carrier mobility and etc have no difference with the conventional ones since
the fabrication process has no difference with conventional thin-film transistors. It
means that this new polycrystalline thin-film transistors match to the process of
conventional TFTs. Those process could improve conventional TFTs such as ammonia
plasma treatment, hydrogen plasma treatment, laser recrystallized and metal induced

recrystallized (MIC)may be used to improve our new design.
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Chapter 4
Characterization of Polysilicon Thin Film Transistors

with Sidewall Floating Gate Structure

4.1 Introduction

Anomalous leakage current of polycrystalline silicon TFTs is an important issue
for industrial application. In recent years, it has been pointed out that the conduction
mechanism and performance of poly-Si TFTs were closely related to the existence of
poly-Si grains and the properties of grain boundary[18]. As compared with single
crystalline silicon, the polycrystalline silicon is'rich in grain boundary defects, and the
electrical activity of these charge-trapping centers profoundly affects the TFT
characteristics. For instance, the defects‘in channel generate potential barrier which
degrade the on-state current of polycrystalline silicon TFTs as well as the various of
threshold voltage, field-effect mobility. Additionally, grain boundary defects also
create the path of off-state leakage. Leakage current of poly-Si TFTs increases
exponentially with difference between gate and drain voltage, and has been attributed
to the field emission of carriers via the traps by high electric-field near the drain
junction[18]-[20]. Recently, many ways have been proposed to suppress the
anomalous leakage current such as plasma passivation, recrystallized by laser and
device structure improvement. In this section, we fabricate and propose an new
structure which shows better device performance and has memory characteristics.

Polycrystalline silicon thin-film transistors have been widely used to integrate
driver circuits for AMLCD’s [63].The degree of circuit integration will continue to

increase as device characteristics improve further, so that entire systems may be
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integrated on a glass substrate soon. The entire system will include memories, such as
SRAM and EEPROM.Electrical Erasable PROM (EEPROM) devices are very
popular for applications such as programmable logic and high density memories. One
of the important applications to polycrystalline thin-film transistors is used to
fabricate system on panel (SOP). In this chapter, we design and fabricate a simple
self-aligned sidewall floating gate polycrystalline TFTs. This new structure of
polycrystalline TFTs shows not only program/erase characteristics but also better
on/off ratio and smaller leakage. The structure also shows less fabrication cost and
elabrateness than others [64]-[66]. In the following sections, we will describe

distinctly the fabrication process and device characteristics.

4.2 Fabrication of Polysilicen Thin, Film Transistors with Floating Gate

structure

The schematic cross section of the Conventional TFTs is shown in Fig. 4.2.1. And
the schematic cross section of polyerystalline silicon with sidewall floating gate is
shown in Fig.4.2.2. The fabrication procedures of these devices are described as

following:

I . Substrate 100nm p-type single crystalline silicon wafers with (100) orientation
were used as the starting materials. After an RCA initial cleaning procedure, 1000 nm

thick thermal oxide were grown in steam oxygen ambient at 980°C.

IT. Poly-Si Thin Film Active Region formation: Undoped amorphous silicon
layers of thickness about 50nm or 100nm were deposited by low pressure chemical
vapor deposition ( LPCVD ) on buried oxide by pyrolysis of silane ( SiH4) at 550°C.

The amorphous silicon films were recrystallized by solid phase crystallization (SPC)
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method at 600°C for 24hrs in an N, ambient. These recrystallized poly silicon films
were then patterned into active region islands by transformer couple plasma (TCP)

etching using the mixture of CI, and HBr.

IT. Gate dielectric and gate electrode formation: In order to decrease the
roughness of interface between gate oxide and poly silicon island, thermal oxidation
of silicon is excluded. After defining the active region, the wafers were boiled in
H,S0O4 +H,0; to ensure cleanliness of the wafers before deposition. A buffered HF dip
was performed to remove the native oxide on the silicon surface. The gate insulator
was deposited by low pressure chemical vapor deposition (LPCVD) using TEOS and
O, gases at 695°C. After deposition of the gate insulator, a 300nm poly silicon film
was deposited immediately on theé gate dielectric by LPCVD at 595°C. This poly
silicon was then patterned and -etched by transformer couple plasma (TCP) to be the

gate electrode. After removing the gate‘oxide-on.source/drain by HF dip.

IV. After RCA clean,50 nm TEOS oxide and 250nm poly silicon were deposited
on the samples. Following, 300nm thick TEOS oxide was deposited and etched to

form the oxide spacer which would be the hard mask of sidewall floating gate.

V. Etching the oxide spacer by RIE and the etch the poly silicon by transformer
chemical plasma (TCP). It is important to notice that when etching poly the over
etching should be much longer than usual since the active region of TFTs rating from

the buffer oxide. Then removing the gate oxide on source/drain by HF dip.

IV. Source/Drain formation: Source and drain region were implanted by

Phosphorus (P) at 18 kev to a dose of SE15 cm? .
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V. Passivation oxide and contact metal: Following, 100nm TEOS oxide by
LPCVD was deposited and the contact hole was defined. TEOS oxide was etched by
buffer oxide etchant (BOE) dip. Then, 500nm Aluminum sputtering and define the
metal pad. Etching Aluminum and sintering at 400°C in N2 ambient for 30 min.

The fabrication procedure has been shown in Fig.4.2.3 and the SEM figures are

shown in Fig, 4.2.4.

4.3 Results and Discussion

4.3.1 Subthreshold Characteristics

We compare the polycrystalline tin-film transistors with sidewall floating gate to
conventional polycrystalline TETs . Allndevices The with W/L = 10um/3um are
measured at Vpg =0.5 V and SV.HP 4156 was used to measure all the current-voltage
( I-V) characteristics and extract-device parameters.-In Fig. 4.3.1 , the Ip-V curves of
conventional polycrystalline TFTs and ‘polycrystalline thin-film transistors with
sidewall floating gate are shown. Anomalous leakage current of conventional TFTs
increases exponentially with difference between gate and drain voltage caused by the
drain side high electric field and grain boundary defects. However the new structure
polycrystalline thin-film transistors with sidewall floating gate does not show this
shortcoming. This contribution is made by the floating gate which was electrical field
coupled by the main gate. Compare this two devices, we see that when gate bias to
-10 V the drain leakage of conventional polycrystalline TFTs is about 0.1 pA but
thin-film transistors with sidewall floating gate only about 0.01 pA. There is almost
2 order leakage suppressed we made in this experiment. This is a great improvement

for polycrystalline TFTs. At the on-state performance, polycrystalline thin-film
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transistors with sidewall floating gate have better on current than conventional ones.
Since the sidewall floating gate is coupled with positive charge when gate and drain
are both bias at positive voltage. As a result, we fabricated a novel new polycrystalline
TFTs without any additional mask which show excellent leakage current performance

and better on-state current performance.

4.3.2 Kink Effects

In Fig. 4.3.2, we show the Ip-Vp curves of thin-film transistors with sidewall
floating gate and conventional TFTs. All devices with W/L = 10um/3pum are measured
at Vg=5, 6 and 7 v. HP 4156 was used to measure. In this figure, polycrystalline
thin-film transistors with sidewall floating gate shows better kink effect performance
than conventional TFTs. In the conventional ‘polycrystalline TFTs, when Vp was
added to 5V, drain current shows that kink effects is going to happen. However, the
drain current of thin-film transistorsiwith-sidewall floating gate are not till the drain
voltage increasing to 6.5V. That means.kink. effect happened in polycrystalline TFTs
which is caused by the high field emission and grain boundary traps is smaller in the
new structure we designed. There are two reasons for this phenomenon. One is that
two sidewall floating gates about 0.6um add the effective channel length so the
electric field which is inverse proportion to channel length ( d ) is smaller than in
conventional ones. The other is the maximum electric field peak not under the edge of
gate. So that kink effect is better for the sidewall floating gate than conventional

TFTs.

4.3.3 Electrical field coupling effect
We measure the Ip-Vg with different drain voltage to check the variation of

leakage. When drain is biased at small voltage such as 1V, leakage current shows well

37



degradation by the subgate because gate couples the floating gate more than drain.
When drain is biased at big voltage such as 9V and 11V, leakage current shows no
degradation since gate coupling effect on floating gate is equal to drain coupling

effect. Those are shown at Fig. 4.3.3.

4.3.4 Progran and Erase

In Fig. 4.3.4 , programming and erase measurements are shown. During
programming, a negative high voltage is applied to the main gate for ten seconds, and
electrons tunnel into the sidewall floating gate from main gate. The negative charges
in floating gate shift the threshold voltage ( V4 ) to a high value. During erase, a
positive high voltage is applied to the main gate for ten seconds, and electrons tunnel
into the main gate from sidewall floating gate. The positive charges in floating gate
shift the threshold voltage ( V) to.a low value. The threshold voltage shift has been
shown in Fig. 4.3.5. The windew that threshold voltage shift could reach about 5V.
The programming and erase time is'as-long as ten seconds, it seems a little long than
usually memory cell. This is caused by the thick tunneling oxide. Tunneling oxide in

usual memory cell is under 3 nm but 50nm in our work.

4.4 Summary

In this section, a polycrystalline thin-film transistors with sidewall floating gate
has been fabricated and demonstrated. This new structure is self-aligned and needs no
additional mask. By coupling the electric field on the floating gate, the device shows
better subthreshold characteristics and kink effect than conventional TFTs. The on/off
ratio and anomalous leakage current have been improved.

The other merit is that sidewall floating gate polycrystalline thin-film transistors
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shows threshold voltage shift after program/erase. It means this device could be used
to electric erasable programmable read only memory (EEPROM). And the realization
of LSI circuits and memories for image storage on AMLCD panel was led by

polycrystalline silicon TFTs EEPROM’s process.
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Chapter 5

Conclusions and Future Works

5.1 Conclusions

In this thesis, two novel polycrystalline thin-film transistors were proposed and
fabricated.

In Chapter 3, the polycrystalline thin-film transistors with asymmetric
source/drain implantation has been fabricated. This new structure without any
additional mask added and the fabrication process is the same with conventional TFTs.
The only difference between asymmetric and conventional TFTs is the tilt angle
which bring with the twist angle. The height of gate and the twist angle decide the
offset region of the dopant i drain side.  After: diffusion this region becomes
light-doped region. By well controlled the lightly doped drain region, this structure
can act as a conventional structture. in the on-stat¢ and turn-on current will not be
degraded. As a result, the anomalous leakage current of thin-film transistors has been
suppressed by the lightly doped drain junction and the on-state current shows no
degradation. A new structure thin-film transistor with high on/off ratio and excellent
off-state performance has been obtained.

In Chapter 4, the polycrystalline thin-film transistors with sidewall floating gate
has been fabricated. The first purpose of the sidewall floating gate is suppressing the
electric field in drain side and suppresses the anomalous drain leakage in off-state bias.
In the Ip-Vg curves and Ip-Vp curves, the smaller leakage and better kink effect have
been shown. The other purpose of the sidewall poly is used as the floating gate in
memories to storage electron. After programming and erase, devices show threshold

voltage and the shift window is about 5V. It means that a successful electrical erasable
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programmable read only memory was fabricated.

5.2 Future Works

Although these two new structure thin-film transistors has been proposed and
fabricated, however it needs more investigation. For asymmetric source/drain
implantation, the shift region for tilt implant and diffusion in polycrystalline film
could be more modified. For floating gate structure, the tunneling oxide could be
decreased to reduce the program/erase time. And both of these devices have never
been plasma treatment. They could also fabricated by other recrystallized ways such
as excimer laser crystallized (ELC) or metal induced crystallized (MIC) to enhance

their mobility, subthreshold swing and etc.
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Figure 3.1.1  The lightly-doped drain polycrystalline TFTs which
was proposed by Po-sheng Shih et al. Lightly-doped drain
polycrystalline thin film transistors usually need two-step
implantation to form the lightly doped region.
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Figure 3.1.2 The offset gate polycrystalline thin-film transistors which
was proposed by KEIJI Takana. It needs an additional mask to define
the offset region. Misaligned and big series resistance are the main

problem.
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Figure 3.1.3 The excellent performance of FID structure is believed to
due to the effects of a reduced drain electric field. However, the
structure of field-induced-drain TFTs structure needs an additional
mask to define the sub-gate and offset region. Also, more thin films
must be deposited and the misaligned problem is concerned.
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Figure 3.2.1 The schematic cross sections of the Assymetric
Source/Drain Implantation
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Figure 3.2.2  The schematic cross section of conventional device is
shown
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Figure 3.2.3 The asymmetric source/drain implantation TFTs fabrication

procedures(to be continued)
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Figure 3.2.3 The asymmetric source/drain implantation TFTs fabrication

procedures
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Figure 3.2.4 A thin oxide was deposited as a buffer of

implantation to keep off damages on gate dielectric.

56



Table 3.1.1 Split table of asymmetric source/drain implantation TFTs. The twist
angel comes with the tilt angle because the implanter machine roll
wafers with three dimensions at the same time

™~

TFT04-03 TFET04-04 TFT04-05 TFT04-06
Energy 24kev 30kev 40kev 50kev
Tilt 0 30° 45° 60’
Twist 0 73° 70° 73°
dose 5E15
lon As®
Rotation NOT ROTATION
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Figure 3.2.5  The implanter three dimension rotation way
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Figure 3.3.1 The asymmetric source/drain implantation with positive or
inversion measurement.
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Asymmetric TFT With Inversed Measurement
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Figure 3.3.2 The asymmetric source/drain implantation with tilt
30° subthreshold characteristics of inversion measurement.
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Asymmetric TFTs With Inversed Measurement
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Figure 3.3.3 The asymmetric source/drain implantation with tilt 30°
ID-VD of inversion measurement.
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Asymmetric TFTs With Inversed Measurement
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Figure 3.3.4 The asymmetric source/drain implantation with tilt
45° subthreshold characteristics of inversion measurement.
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Asymmetric TFTs With Inversed Measurement
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Figure 3.3.5 The asymmetric source/drain implantation with tilt
45° ID-VD of inversion measurement.
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Asy. Compare With Conv. TFTs
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W/L=10um/3um
TSi=100nm
Vp=0.5V, 5V

5 10 15 20 25 30

Fig. 3.3.6 The ID-VG curves of conventional polycrystalline TFTs
and asymmetric source/drain implantation polycryastalline TFTs
are shown.
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Asymmetric vs Conventional
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Fig.3.3.7 The ID-VG curves and Gm of conventional
polycrystalline TFTs and asymmetric source/drain implantation
polycryastalline TFTs are shown.
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Table 3.3.2 Device parameters of asymmetric polycrystalline TFTs and

conventional TFTs with difference tilt angle.

Conventional Tilt 30° Tilt 45°
On/Off ratio 9.15E+06 1.41E+07 2.85E+07
Vth 7.88 7.91 7.95
Gm 2.7100¢e-06 2.6900e-06 2.58e-06
Mobility 32.552 32.312 30.990
S.S. 1.403 1.403 1.407
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Fig. 3.3.8 The ID-VD curves of asymmetric polycrystalline TFTs and

conventional TFTs. Asymmetric TFTs shows better kink effect than
conventional ones.
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Vth Roll off
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Fig. 3.3.9 Threshold voltage roll off of asymmetric source/drain
implantation and conventional TFTs. Conventional TFTs show
more roll off than asymmetric ones.
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Subthreshold Swing After HCS
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Figure 3.4.2 Subthreshold Swing variation after hot carrier
stress
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Figure 3.4.3 Mobility degradation after hot carrier stress
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GATE

DRAIN SOURCE

Figure 4.2.1. The schematic cross section of the conventional TFTs

Figure 4.2.2. The schematic cross section of polycrystalline silicon with
sidewall floating gate
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Conventional TFTs

structure formed

Oxide, Poly-Si,

Oxide are

Oxide Spacer was

LIS

Figure 4.2.3  The fabrication procedure of thin-film transistors with sidewall
floating gate (to next page)
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Sidewall floating gate
formed

Sidewall floating gate

formed

Figure 4.2.3  The fabrication procedure of thin-film transistors with sidewall
floating gate
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Figure 4.2.4 Poly-Si TFTs with sidewall floating gate
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Poly Sidewall Floating Gate

Figure 4.2.5 Poly-Si TFTs with sidewall floating gate

76



ID

SFG vs Conventional TFT
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Figure 4.3.1 SFG TFTs show a better ID-VG curve than conventional
TFTs. Anomalous leakage current is suppressed by the electric field
coupled on floating gate.
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Kink Effect
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Figure 4.3.2 ID-VD curves of thin-film transistors with sidewall
floating gate and conventional TFTs. Sidewall floating gates TFTs has
longer effective channel length than conventional ones.
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SFG TFT With Different VD
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Figure 4.3.3 Electric field coupling between gate and drain
makes the difference of leakages with different drain voltage.
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Figure 4.3.4 The sketch map of programming and erase measurements
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Program/Erase Characteristic
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Figure 4.3.5 Threshold voltage shift after program/erase.The
window that threshold voltage shift could reach about 5 V.
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