Chapter 1
Introduction

1-1. Overview of Polysilicon Thin-Film Transistor

Technology

In 1966, the first polycrystalline silicon thin-film transistors (poly-Si TFT's) were
fabricated by Fa et al.[1.1]. Since then, many research reports have been proposed to
study their conduction mechanisms, fabrication processes and device structures to
improve the performance. Today, poly-Si TFTs have received much attention because
of their widely applications on active matrix liquid crystal displays (AMLCDs)[1.2],
and active matrix organic light-emitting displays (AM-OLEDs) [1.3]. Except large
area displays, poly-Si TFTs also-have been applied into some memory devices such as
dynamic random access memories (DRAMS).[1.4],=static random access memories
(SRAMs)[1.5], electrical programming read only miemories (EPROM) [1.6], electrical
erasable programming read only memories (EEPROMs) [1.7], linear image
sensors[1.8], thermal printer heads[1.9], photo-detector amplifier[1.10], scanner[1.11],
neutral networks[1.11]. Lately, some superior performances of poly-Si TFTs also have
been reported by scaling down device dimension or utilizing novel crystallization
technologies to enhance poly-Si film quality[1.12][1.13]. This provides the
opportunity of using poly-Si TFTs into three-dimension (3-D) integrated circuit
fabrication. Of course, the application in AMLCDs is the primary trend, leading to

rapid developing of poly-Si TFT technology.

Over the past twenty years, the most interesting application of poly-Si TFTs is
AMLCDs, although the present first generation of AMLCDs relies predominantly
upon hydrogenated amorphous silicon (a-Si:H) TFTs for the pixel switching devices.
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A-Si:H film exhibits high OFF-state resistivity which can reduce the leakage current
of TFTs. Unfortunately, the extremely low field-effect mobility (typically around 1
cm*V.sec) in a-Si:H TFTs limits the technology from being developed to form
integrated drive circuits on the active matrix plate. On the contrary, there are many
advantages for using poly-Si TFTs to replace a-Si:H TFTs, such as the superior carrier
mobility in Fig. 1-1-1, CMOS capability, lower photocurrent, and better device
reliability[1.14], [1.15]. Higher field-effect mobility implies higher driving current.
The higher drive current allows small-geometry TFTs to be used as the
pixel-switching elements, resulting in higher aperture ratio in Fig. 1-1-2 and lower
parasitic gate-line capacitance for improved display performance. Therefore, the
superior field-effect mobility achievable with poly-Si TFTs is seen to be essential for
the successful integration of row and column drive circuits on the active panel [1.16].
At the same time, in order to achieve the System-On-Panel (SOP) and computer-aided
circuit design, it is very important to.suceessfully predict the electrical properties of

poly-Si TFTs.

1-2. Defects in Poly-Si Film

However, some problems still exist in applying poly-Si TFTs on large-area
displays. The poly-Si material is a heterogeneous material made of varies small
crystals of silicon atoms in contact with each other constituting a solid phase material.
These crystals are called crystallites. The borders of these crystallites are called grain
boundaries[1.17]. In comparison with single-crystalline silicon, poly-Si is rich in
grain boundary defects as well as intra-grain defects. These grain boundaries act as
energy barriers that the carriers have to overcome so that the conduction is strongly

affects by the grain boundaries.

1-2-1. The defect-influenced electrical properties



Usually, we consider defects as accepter-like defects and donor-like defects. The
formers are neutral when empty and are negative-charged when occupied by electrons;
and the latter are positive-charged when empty and are neutral when occupied by
holes. Therefore when electrons or holes meet the defects, the defects will present
different properties. Giving the acceptor -like defect as an example. When an electron
faces a “neutral” acceptor-like defect, there is no interaction between the defect and
electron, the defect is similar as a Dirac well, as Fig. 1-2-1 (a) shows. However an
electron faces a “negative” acceptor-like defect, there is a repulsive Columbic force
which exists between the defect and electron, as Fig. 1-2-1 (b) shows. This type of
well can’t capture more carrier than Dirac well, because the repulsive Columbic force.
Relatively, when a hole faces a “neutral” acceptor-like defect, the defect is similar the
Dirac well, and the Columbic well for the “negative” acceptor-like defect as. Fig.
1-2-1 (c) shows. Then this type of - well - Columbic-well - can capture more carrier
than the Dirac well and the repulsive:Columbic.well: For the same reason, an electron
faces the “neutral” donor-like defect; the defect will form a Dirac well, and the
Columbic well for the “positive” donor-like defect. When a hole faces the “neutral”
donor-like defect, the defect will form a Dirac well, and the repulsive Columbic well

for the “positive” donor-like defect.

1-2-2. The carrier transport in the poly-silicon films

The grain boundary regions are full of disordered crystallite structures and the
dangling bonds. They will affect device characteristics seriously because they act as
trapping centers to trap carriers. Carriers trapped by these low energy traps can no
longer contribute to conduction, which results in the formation of local depletion
region and potential barriers in these grain boundaries. Thus, the typical

characteristics such as threshold voltage (V1y), subthreshold swing (S.S.), ON current,



mobility and transconductance of TFTs are inferior to those of devices fabricated on
single crystal silicon film. It is also found that poly-Si TFTs exhibit large leakage
current. The leakage current increases with increasing the drain voltage and the
off-state gate voltage. Dominant mechanism of the leakage current had been proposed
to be the field emission via grain boundary traps due to the high electric field near the
drain junction [1.18]. To overcome this inherent disadvantage of poly-Si film with
grain boundary defects, many researches have focused on modifying or eliminating
these grain boundary traps. Traps are associated with dangling bonds arising from
lattice discontinuities between different oriented grains or at the Si/SiO; interface.
One of the useful methods to remove traps is to passivate these dangling bonds with
hydrogen atoms or nitrogen atoms[1.19][1.20]. As the number of trapped carrier
decreases, the potential barriers in:grain boundaries will be decreased and the leakage

current is also reduced

1-2-3. Leakage current mechanisms

In the channel region near the drain junction, the reveres bias may induce a high
electric field that mainly occurs at grain boundaries. Three main mechanisms are

observed in the reverse mode[1.17] [1.18] Fig. 1-2-2
(a) thermionic emission (TE) [1.21]
(b) thermionic field emission (TFE) [1.22]
(c) pure field emission (FE)

When Poly-Si TFT’s operate in the OFF region, a depletion region will exist near
the drain side. Carriers can generate from the depletion region via the traps which are

in the grain boundary.

(a) It is linked to the density of defects in the forbidden band in the crystallite as

well as in the disturbed zone of the grain boundary, which act as traps for carriers

4



following the Schockley-Read-Hall model[1.23]. Carriers can generates and
recombination via the traps in the grain boundary due to the thermal excited trapped
carriers. (b) The mechanism is relative to the electrical field effect on the thermal
emission of trap in the semiconductor junctions. This effect can separate from two
parts. One is the thermionic effect and another is tunneling effect. As an electron
recombine with phonons, electron could jump to a virtual state from a defect level.
The electron in the virtual state might tunnel from the state to the conduction band
under the aid of the electrical field. (c) If there is a large enough electrical field in the
depletion region that carrier could tunneling via trap in the grain boundary, it is trap to

band tunneling.

1-2-4. Kink effect

When devices are operated inthe saturation, impact ionization will take place in
the high-field region near the drain to generate electron-hole pairs from the Fig. 1-2-3.
Electrons are collect at drain eléctrode. and-heles ar¢ injected into the film. Then the
holes flow toward the source and finally lower the source junction potential. The
added drain current is called kink effect. The kink effect is enhanced by the action of a
parasitic bipolar transistor due to the floating body effect which is similar to SOI
devices[1.24] [1.25]. As kink effect increases in the digital circuits, the power
dissipation increases and the switching characteristics is degraded. In analogue circuit
applications, it reduces the maximum attainable gain as well as the common mode

rejection ratio[ 1.26].

1-3. Motivation

To reduce the drain side electric field that cause serious leakage current and the
kink effect, the lightly-doped drain (LDD) structures had been widely adopted to
solve these problems. When using the LDD structure to suppress the drain electric
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field, the parasitic resistance in these lightly-doped areas can also lower the turn-on
current. As a result, gate-overlapped LDD (GOLDD) structure had been proposed to
maintain high ON current in the turn-on region and exhibit reduced drain electric field
and lower leakage current in the turn-off region [1.27]. However, most GOLDD
structures are very complicated fabrication that need either large-angle tilt
implantation or poly-Si spacer process. Most seriously, the LDD length in the
proposed methods are usually less than 300nm due to the process limit, this is not
long enough to suppress the leakage current for poly-Si TFTs. In this thesis, we
proposed a very simple way to fabricate GOLDD TFTs. Only by adding a capping
oxide layer above the gate layer and using wet etching to define the LDD length, the
GOLDD devices can be successfully fabricated. Nor additional mask neither RIE etch
back process is needed. The resultéd LDD lengths.can be varied from 100 nm to 600

nm by controlling the wet etching rate.

1-4. Thesis Outline

In chapter 1, we introduce the thin film transistors technologies and several
undesirable effects in the electric characteristics, including large off-current, kink-

effect due to defects in the grain boundaries.

In chapter 2., we make a brief introduction for different structures which proposed

to reduce lateral high field near the drain region

In chapter 3 and 4, we describe the detail of fabrication process and parameter
extraction that we use. We would also show our experiment results. The typical
characteristics comparison for conventional and GOLDD TFTs and short channel
effect are proposed. The reliability issues will be also discussed by hot carrier stress.
The related results will be shown in chapter 4.

Finally, the conclusion will be given in chapter 5.
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Chapter 2

Drain Engineering

Electrical characteristics of the poly-Si TFTs have specific concerns: high leakage
current, kink effects and hot carrier effects. The leakage current mechanism is
explained to be field emission via grain boundary traps in the depletion region. Kink
effect is the saturation current increase due to generation of electron-hole pairs
induced by the high electric field at the channel/drain contact region. Then, traps can
enhance the phenomenon. The traps can be decreased by hydrogenation. But, the
hydrogenation method does not completely remove the traps. On the other hand,
decrease in the electric field in the drain depletion region is very effective in

suppressing the undesirable effects:

2-1. Multiple Gate

The first approach to decrease the drain electric field was the introduction of
multiple gates in the TFTs[2.1][2.2][2.3][2.4][2.5], as show in Fig. 2-1-1. By dividing
the channel into several heavily doped regions connected in series, the voltage and
field between the source and drain will simply be divided, thereby the drain field each
TFT becomes moderate. The leakage current can be suppressed and on-current also is
reduced in Fig. 2-1-2. This is because linear partition of the total potential gives an
experimental decrease in the leakage current, which exponentially increases with the
drain field and minority carriers generated in the drain high field region would
recombine the (or one of the) heavily doped channel region(s) without reaching the
source. A drawback of the multiple gates is that the channel width must be increased
in order to compensate by the limit on the minimum feature size. This increases the

TFT’s area, and thus, decreases the aperture ratio of the LCDs. The trade-off between



the leakage current and TFT area often results in selecting of the gate number of two.

2-2. Offset Gate

A offset structure TFT is proposed in which n” regions are introduced between the
channel and the n" source-drain electrodes in order to decrease the electric field in the
drain depletion region as shown in Fig. 2-2-1{2.6]. The structure has low leakage
current but also has low on-current due to the high parasitic resistance in Fig. 2-2-2.
The on-current , off-current and on/off current ratio decreased as offset length
increases. This device has three major drawbacks, One is the increased process
complexity. Other is the large parasitic resistance which reduces driving ability and
the other is the variation in the channel length due to the difficulty in precise control

of the offset length.

A TFT without an additional-offset mask was:proposed in 1995[2.7]. The structure
is show in Fig. 2-2-3. The silicon islands‘except a channel region are formed with an
action mask. Another upload a-Si.(the upper a-Si' layer) are deposited. Then a gate
oxide layer and poly-Si layer are deposited. The five layers (gate poly-Si, gate oxide,
upper poly-Si, buffer oxide and lower poly-Si) are formed. The upload regions near
the source and drain are isolated from the gate electrode by a buffer oxide layer and
acts as an offset gated region. The length of the offset region is established to the
extent that the gate electrode is overlapped with the poly-Si action layer. The structure
has two advantages. One is that the fabrication process saves a mask to define the
offset region. Another advantage over the conventional devices is that the over-etch
problems of a contact hole may be solved because the source/drain region (the lower
poly-Si) can be made thick maintaining the very thin channel layer (the upper poly-Si)
and a very thin film TFT may be fabricated easily. But the devices still have problems.

The fabrication process is more complicated and ON current is lower than



conventional TFT.

The offset length can be controlled by photo-resist reflow[2.8]. The structure uses
a sub-gate to extend the offset range of conventionally used offset length. Photoresist
form on the top of the gate can be reflowed to extend beyond the gate pattern
boundary in Fig. 2-2-4 (a). During the gate oxide etching, the oxide between the
main-gate and the sub-gate was not etched because the space between the main-gate
and sub-gate was filled with the reflowed photoresist. The dopants of the implantation
for source and drain will not be injected to poly-Si under the extended oxide region,
thereby creating the offset region in Fig. 2-2-4 (b). The structure can improve the
mis-alignment problem in the conventional offset gated poly-Si TFT’s due to the
additional photolithography step to form an offset region. The forward and reverse
transfer characteristics of the asymmetric, device exhibit significant different device
characteristics, while those of the symmetric-device are not changed in Fig. 2-2-5. In
the asymmetric poly-Si TFT’s,-the réverse Ip=Vg curve, when the offset length of
source is larger than that of drain side, shows that the maximum current is decreased
from 1.6 x 10° Ato 4.1 x 10 A and the threshold voltage is increased from 6.8 to 9.9
V, compared with the forward Ip-Vg curve. The self-aligned offset gated poly-Si
TFT’s not only save a mask step but also is a symmetric device. Unfortunately, the

devices still have a large series parasitic resistance in the turn-on and turn-off regions.
2-3. Lightly Doped Drain (LDD)

The current pinching phenomenon in the offset gate structure can improved by
employing an n’-region between the channel and drain, i.e., lightly doping the offset
region as shown in Fig. 2-3-1[2.9]. The LDD region can be formed by, for example,
an additional implantation or ion-doping[2.10] of impurity atoms with a low dosage.

Alternatively, the LDD region can be formed by doping through a thick insulating



layer, such as SiO; or TaOx[2.11] extending from the gate edge. LDD region can be
formed together with doping for the source and drain, since the insulating layer lowers

the acceleration voltage and hence the doping concentration,

Since the parasitic resistance effect is inversely proportional to the LDD doping
concentration Nrpp while the drain field decreases for decreasing requirement of the
TFT. The LDD structure also lowers the lateral field in the saturation region, and

consequently, decreases the impact ionization rate[2.12].

One of the difficulties in preparing the LDD structure is that the lightly doped
implant, in addition to being expensive, is difficult to reproduce. This is because the
background doping and the doping efficiency, both closely related to the grain size
and defects in the grain boundary and within the grains, vary from run to run and are
difficult to control. The other difficulty iswvariations, in the channel length L, and the
offset length L. (the distance from the gate edge tothe heavily doped drain region).
Because the offset area is lithographically defined with respect to the channel area, L
and consequently L.g vary between devices.i This in turn introduces variations in the
I-V characteristics, and implies questions for the device reliability and limitation on
the integration of sub-micrometer circuits. As result, the performance nonuniformity

has been the major issue for the yield of integrated circuits which incorporate TFT’s.

A simple lightly doped drain (LDD) structure is utilized to control the channel
electric field at the drain junction and to improve the performance of the TFT’s. The
LDD region is self-aligned to the channel and the source/drain regions[2.13]. A thick
oxide layer is first deposited and patterned to define the channel region. It serves as a
mask which covers the channel region in the LDD implant in Fig. 2-3-2 (a). The
device is created by a spacer around an oxide mask which exclusively defines the

channel length L, in Fig. 2-3-2 (b). The process of the spacer does not affect L, and
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requires no further lithography steps. Consequently, the LDD length L;pp and
channel length L, can be well controlled in the deep-submicrometer regime, thereby
improving the device stability and the submicrometer integration. In addition, by
removing one lithography step, the process complexity is also reduced. Therefore,
systematic experimental data show that the saturation current, leakage current,
ON/OFF current ratio, and SS of the inverted TFT’s are closely related to Vp, Lch, Ve,
Lipp, and the LDD dose. Variations of the saturation current are caused by the
resistance in the lightly doped source region, which reduces the effective Vg and Vp.
With an LDD dose of > 10'*/cm?, the resistance is small enough not to affect the
saturation current of the device. The leakage current is minimized with a structure
which balances the channel electric field at the drain junction. It depends strongly on
Lipp and the LDD implant dose..For example, an LDD implant with 1 x 10"/cm?
boron ions at 20 keV optimizes the ON/ OFF current ratio for an Lipp = 0.3 pm
device. The parasitic resistance-is more-improved than that in the offset-gate TFTs.

But, the parasitic resistance is still larger than.it in the conventional TFTs.

2-4. Gate-Overlapped LDD ( GOLDD )

In the GOLDD structure[2.14][2.15][2.16][2.17], the gate overlaps with the LDD
region is proposed. The key process sequence of the GOLDD TFTs is the buffer oxide
etching after the photolithographic step for n" implant in Fig. 2-5-1 (a). The buffer
oxide is employed in order to remove an additional implantation for LDD and create a
thin LDD region so that the series resistance of the LDD can be more easily

controlled by the overlapped gate electric field.

The ON currents of GOLDD TFT’s are almost identical with the conventional
TFT without offset due to the significant decrease of series resistance in the LDD

region regardless of buffer oxide thickness. This is because, under identical overlap
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gate bias, the amount of electron carriers accumulated in the LDD region is almost
constant regardless of initial doping concentration. At the OFF state, the location of
peak electric field is almost fixed at the n-/n+ junction due to the decrease of electron
concentration in LDD region under the negative gate bias; this results in a relatively
uniform ON/OFF current ratio regardless of LDD doping level. We have also found
that the ON current of new devices is much more immune to the change of LDD
length, which is known as an advantage of the FID poly-Si TFT’s over the
conventional offset-gate poly-Si TFT’s. Owing to the gate modulation of the LDD
region, the series resistance problems of LDD are substantially suppressed. In
addition, kink-effect and hot-carrier induced degradation are improved. This is
because, the electron current, flowing at the insulator/semiconductor interface along
the channel, is redirected towards:the back channel at the channel/n” region junction
and flows at the back of the-n .region, where.the electron concentration is still
sufficiently high to support the current‘flow.-When the device is operated at pinch off
condition, the LDD region is depleted-and current path diverted two passes at the top
and bottom[2.18]. As a result, the impact ionization and hot-carrier injection is

concentrated in the back channel region.

But, GOLDD TFT fabrication require the use of a high temperature process, such
as poly-Si sidewall gates[2.19] or additional photolithographic processes [2.20]. In the
GOLDD structure, the parasitic capacitance increases due to the overlap between the
gate and the LDD region, thus the high-speed operation of the TFTs will be

compromised.
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Chapter 3
Fabrication and Characterization

3-1. Fabrication Process of GOLDD Poly-Si TFTs

In this experiment, we fabricate the poly-Si TFTs with typical T-gate structure and
self aligned GOLDD successfully. The top view of the devices is shown in Fig. .3-1-1
and the schematic cross sectional view of devices with the structure is shown in Fig.

3-1-2. The fabrication procedure is described as follow in Fig. 3-1-3.

Step1. Substrate

100 mm p-type single crystal silicon wafers, with (100) orientation were used as
the starting materials. After a° STD- initial .cleaning procedure. Si wafers were

deposited with 550-nm-thick thermally gtown SiO, in steam oxygen ambient at 1000

Step2. Poly-Si thin film formation

Undoped poly-Si layers and undoped amorphous-Si with thickness with thickness

of 100 nm were deposited by low pressure chemical vapor deposition (LPCVD) on
oxide by pyrolysis of silane (SiH4) at 620°C and 550°C respectively. The
amorphous-Si films were recrystallized by solid phase crystalliztion (SPC) method at
600 °C for 24 hrs in an N2 ambient. These as-deposite poly-Si and recrystallized

poly-Si films were then patterned into islands by transformer couple plasma (TCP)

etching using the mixture of Cl2 and HBr.

Step3. Gate oxide formation

In order to decrease the roughness of interface between gate-oxide and poly-Si
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island, thermal oxidation of silicon is excluded. After defining the active region, the
wafers were boiled in RCA initial cleaning procedure to ensure cleanliness of the
wafers before deposition. A buffered HF dip was performed to remove the native
oxide on the silicon surface. Soon, the gate insulator was deposited in a horizontal
furnace using TEOS and O2 gases at 700°C. The thickness of the TEOS oxide thin

film is 50nm.

Step4. Raised Gate electrode formation

After deposition of gate insulators, another 250nm doped poly-Si films were
deposited immediately on the gate insulators by vertical furnace. The second TEOS
film was deposited above the gate layer in Fig. 3-1-3 (a). The TEOS film was defined
by gate mask. The TEOS film was etched by, using TEL5000 oxide etcher in Fig. 3-1-
3 (b). The gate-overlapped LDD: structureswas self-aligned by using selective side
etching of the TEOS film in Fig. 3-1-3 (c¢). The raised structure was then patterned by
transformer couple plasma (TCP) etching-to-define the gate regions and to be the
mask for self-aligned implantation in Fig. 3-1-3 (d). Then, we use BOE to etch the
TEOS layer above the gate, drain and source in Fig. 3-1-3 (e). The In-line SEM figure
is shown in Fig. 3-1-4. We employ the side etching time to control the LDD length

from 0.158 pm to 0.594 um without an additional mask or a spacer etching process.

StepS. Source/drain formation

After shielding the body contact region by lithography process, phosphorus ions at
a dose of 3 x 10" ions/cm® were implanted to form the n* source and drain regions.
Then, phosphorus ions at a dose of 1 x 10" ions/cm? were implanted to form the n”

LDD regions in Fig. 2-1-3 ().
Step6. Body formation.

When the body contact was exposed with shielding the remaining gate and
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source/drain areas, boron ions at a dose of 3 x 10'° jons/cm? were implanted to form a
p’ contact region. Dopants were activated by rapid thermal annealing (RTA) at 800 °C

for 20 sec.

Step7. Metallization

The aluminum layers were deposited by thermal coater for 0.5 pum and then

patterned at the gate, source/drain and body contact regions as the metal pads. Finally,

the finished devices were sintered at 400 °C for 30 minutes in an N2 ambient.

Step8. Passivation

It is known that grain boundary passivation is very effective in improving the
performance of poly-Si TFTs. Therefore, to reduce trap density and improve interface
quality, wafers were also immured:in an NH3 plasma generated by plasma enhanced

CVD (PECVD) at 300 °C for 2 hr.

3-2. Method of Device Parameter Extraction

In this section, we will introduce the methods of typical parameter extraction such
as threshold voltage, On/Off current ratio, channel resistance and the parasitic

resistance from device characteristics.

3-2-1. Determination of the threshold voltage

Plenty ways are used to determinate the threshold voltage (Vi) which is the most
important parameter of semiconductor devices. The method to determinate the
threshold voltage in my thesis is the constant drain current method that the voltage at
a specific drain current Iy is taken as the threshold voltage. This technique is adopted
in most studies of TFTs. It can give a threshold voltage close to that obtained by the
complex linear extrapolation method. Typically, the threshold current Iy = Ip/ (West/

Ler ) 1s specified at 10nA for Vp = 0.1 V and 100 nA for Vp = 5 V in most papers to
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extract the threshold voltage of TFTs.

3-2-2. Determination of On/Off Current Ratio

On/Off ratio is another important factor of TFTs. High On/Off ratio represents not
only large turn-on current but also small off current (leakage current). It affects the
bright and dark states of TFT screens directly. The leakage mechanism in poly-Si
TFTs is much different from conventional MOSFETs since the channel layer of
poly-Si TFTs is composed of polycrystalline. A large amount of trap densities in grain
structure serve as lots of defect states in energy band gap to enhance tunneling effect.
Therefore, the leakage current due to trap-assisted tunneling effect is much larger in

poly-Si TFTs than in the single crystal MOSFETs.

There are many methods to specifysthe on and off current. The easiest one is to
define the maximum current as:on current and the: minimum leakage current as off

current while drain voltage equal to SV.

3-2-3. Determination of the channel resistance and the parasitic

resistance

It is well known that the channel resistance and the parasitic resistance can be
extracted from the output characteristics of devices with various channel length. For
example, the output characteristics of the fabricated devices are depicted in Fig. 3-2-1.
When devices are operated under small drain voltage and high gate voltage, their ON

resistance (Ron) can be expressed as

_aVD —

Ron - -
ol

R, +R (3-1)

p

where Ren and R, represent channel resistance and parasitic resistance. Therefore,
when fitting the linear region in Fig. 3-2-1 by least square regression as in Fig. 3-2-2,

the Ry, can be obtained from the slope of those straight lines. Since the channel
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resistance in the linear region can be given approximately by

L
Rch =
Wlucox (VG _VTH )

L = Lefr = Lmask — lo

(3-2)

V1 is defined by constant current

where Cox is the gate dielectric capacitance per unit area and W is device channel
width, respectively. The parasitic resistance R, can be extracted by plotting
width-normalized Ry, versus L as in Fig. 3-2-3[3.1]. It is found that all the
width-normalized Rqn vs L curves merge at lp = 0 um and has a residual value of a
gate-voltage independent R, of 5 kQ. |y can be viewed as a characteristics length for
the accumulation channel under the S/D region. A larger lp represents a smaller
current spreading under the contact and therefore a larger parasitic resistance. Usually,
the parasitic resistance R, is «contributed:by the contact resistance and also the

source/drain resistance.

3-2-4. Determination of the trap density

The grain boundary potential barrier height Vg is related to the carrier
concentrations inside the grain and the trapping states located at grain boundaries.
Based on this consideration, the amount of trap state density N; can be extracted from
the current-voltage characteristics of poly-Si TFTs.As proposed by Levinson et al, the
I-V characteristics including the trap density can be obtained:

q3Nt2tch
8kT&,C,, (Vg —Voy)

S T 0X

w
Io = #,Cqy T(VG —Voy Vp exp(— ) (3-3)

This equation had been further corrected by Proano et al. by considering the mobility
under low gate bias. It is found that the behavior of carrier mobility under low gate
bias can be expressed more correctly by using the flat-band voltage Vgg instead of the

threshold voltage Vrn. Moreover, a better approximation for channel thickness tc, in
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an undoped material is given by defining the channel thickness as the thickness at
which 80 percent of the total charge resides. Therefore, by solving the Poisson’s
equation, the channel thickness is given by

8KT /€&
tch = (3-4)
qCo (Vs —Ves)

The drain current of poly-Si TFTs then should be expressed as

N2 e/
q t gox gs ) (3_5)

C0x2 (VG _VFB )2

w
Iy = 1,Co T(\/G —Vee Vp exp(=

The effective trap state density then can be obtained from the slope of the curve

In[1o/(Ve-Vee)Vo] versus (Vo-Ves) ™.
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Chapter 4
Electrical Characteristics of GOLDD TFTs

4-1. Typical characteristics comparison

Fig. 4-1-1 presents the Ip-Vg characteristic for non-LDD and GOLDD TFTs. The
circle lines represent the Ip-Vg characteristic of standard TFTs and square lines
represent this of GOLDD TFTs which LDD length is 0.158 um and LDD doping is 1
x 10" jons/cm’. All devices are n-type TFTs. In this figure, the off current of the
GOLDD TFTs is lower than that of the standard TFTs. The dominant mechanism of
off current is known to be the field emission’via grain boundary traps due to a high
electric field in the drain depletion. In the GOLDD TFTs, the LDD area can decrease
the electric field near the drain region to suppress the leakage current. But, the on
current of the GOLDD TFTs is slightly larger than.that of the conventional TFT. This
is because the GOLDD TFTs have the smaller series resistance. So, the on/off current

ratio in the GOLDD was higher by two orders of magnitude.

From the Fig. 4-1-2 (a) (b) (c), we can find the effective length and parasitic
resistance. The related extracted data is listed in Table I and Table II for devices with
different channel widths. The effective length in the GOLDD TFTs and also the
conventional TFTs is smaller than the designed (mask) length, which is associated to
dopant redistribution. Fig. 4-1-3 shows the dopant redistribution condition in the
conventional and GOLDD TFTs. The parasitic resistance in the GOLDD TFTs is
much smaller than the in the conventional TFTs. A plausible reason is that the
gate-overlapped lightly doped region enhances the carrier density and therefore

increases the driving current. The other possible reason is that the GOLDD TFTs have
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two RTA processes but conventional TFTs have only one RTA process. Besides, the
different current paths for GOLDD and conventional TFTs in Fig. 4-1-4 are also
another reason. The conclusion is that the effective length and parasitic resistance are
affected by dopant redistribution, the enhancement of the carrier density, different

RTA order and current path.

As increasing the LDD length, decreasing the effective length and increasing the
parasitic resistance. The reason is that GOLDD TFTs of long LDD length have much

defect due to ion impanting.

Fig. 4-1-5 shows the Ig-Vp characteristic for conventional and GOLDD TFTs.
The circle line represents the Ig-Vp characteristic of conventional TFTs and square
line represents that of GOLDD TFTs which.LDD length is 0.158 um and LDD doping
is 1 x 10"® jons/cm’. In the figureyit is obviously observed that our fabrication process

does not damage gate oxide in order to two lines almost match together.

4-2. Short channel effect

The Ip-Vp characteristics for conventional and GOLDD TFTs show in the Fig.
4-2-1. The circle line represents the Ip-Vp characteristic of conventional TFTs and
triangular line represents this of GOLDD TFTs which LDD length is 0.594 um and
LDD doping is 1 x 10" jons/cm’. From this figure, we find that the GOLDD TFTs
slightly suppress the kink effect. In our experiments, LDD length is must enough long
otherwise kink effect does not decrease. Because the device is operated at pinch off
condition, the LDD region which is depleted and current path diverted two passes at

the top and bottom.

Then, we find the second saturation of the drain current in the GOLDD TFTs.
Because biasing the device in the kink regime causes electron depletion in the n’

region, due to the negative gate-to-n-region potential induced by the increasing drain
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voltage. From the Fig. 4-2-2, the electron current, flowing at the insulator/
semiconductor interface along the channel, is redirected towards the back channel at
the channel/n’-region junction and flows at the back of the n” region, where the
electron concentration is still sufficiently high to support the current flow. As drain
voltage increasing, the depletion removes toward channel region. When the whole n°

region depleted, the second saturation of the drain current is observed.

From the Fig. 4-2-3, it shows the threshold voltage (Vy,) versus different channel
length (L) characteristics for conventional and GOLDD TFTs. The circle line
represents the characteristic of conventional TFTs, square line represents this of
GOLDD TETs which LDD length is 0.158 pm and LDD doping is 1 x 10'® ions/cm’
and triangular line represents this of GOLDD TFTs which LDD length is 0.594 um
and LDD doping is 1 x 10'® ions/cm®. We.find.that.drain current which Vp is 0.1 V in
the conventional TFTs has réverse short-channel- effect. The reason is dopant
redistribution. Then, Vg in thé conventional  TETs is observed a phenomenon of
threshold voltage roll-off due to charge sharing cause. Fig. 4-2-4 shows the different
depletion region for conventional and GOLDD TFTs. Fig. 4-2-5 plots the
conventional TFTs’ threshold voltage shift (AVry) versus different reverse channel
length (L™"). We see that the plot is almost linear. So, it can verify that the threshold

voltage roll-off is caused by charge sharing.

Fig. 4-2-3 also shows that the threshold voltage increases as the LDD length
increases. This is because the device which is long LDD length has the more defect in

active layer due to doping implantation.

Fig. 4-2-6 shows the Ip-Vg characteristics for different LDD length in the
GOLDD TFTs when devices operate at Vp = 5 V. The circle line represents the

characteristic of GOLDD TFTs which LDD length is 0.158 um and LDD doping is 1
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x 10" jons/cm’ and triangular line represents this of GOLDD TFTs which LDD
length is 0.594 pm and LDD doping is 1 x 10" jons/cm®. As LDD length increases,
the on-current is almost the same. The leakage current which Vg = -9 V in the long
LDD length is lower than that in the short LDD length due to the high electric field
reduce. However, the off current which Vg =-1.5 V in the long LDD length is higher
than that in the short LDD length. Because the off current mechanism is not high field
effect, the off current comes from the natural resistance. The total length for the LDD
length and channel length is the same. So, LDD length is longer, the channel length is
shorter. The resistance for LDD region is lower than that for undoped channel region.
The subthreshold swing (S.S.) for long LDD length is smaller than it for short LDD
length. The reason is that the trap density in the device which has long LDD length
are more than that which has shott LDD length:.Fig. 4-2-7 shows the relative trap
extracted. The related extracted data is listed-in Table III for devices with different

LDD length.

Fig. 4-2-8 shows the Ip-Vg characteristics for different LDD length in the
GOLDD TFTs when devices operate at Vp = 0.1 V. The circle line represents the
characteristic of GOLDD TFTs which LDD length is 0.158 um and LDD doping is 1
x 10" jons/cm’ and triangular line represents this of GOLDD TFTs which LDD
length is 0.594 pm and LDD doping is 1 x 10"® jons/cm’. The leakage current which
Vs =-10 V in the long LDD length is higher than that in the short LDD length due to
gate induced barrier lowering (GIBL). Fig. 4-2-9 shows the energy band for the
channel and LDD region at Vp = 0.1 V and Vg =-10 V. The energy band bending for
the LDD region is more serious than that for the channel region. So, leakage current
for the devices which have long LDD length is higher than that which have short

LDD length.
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Fig. 4-2-10 and Fig. 4-2-11 show the average drain current versus gate voltage for
different LDD length. In our experiment, we measure ten devices to average the drain

current. From the pictures, the above-mentioned conclusions are proved repeatedly.
4-3. Reliability

From the Fig. 4-3-1, Fig.4-3-2 Fig.4-3-3, Fig.4-3-4, Fig.4-3-5, Fig.4-3-6,
Fig.4-3-7, Fig.4-3-8 and Fig.4-3-9 show that increasing LDD GOLDD TFT have high
ability to resist the hot-carrier stress. The reason for hot-carrier stress is that the high
drain voltage applied in the drain region results the high electric field in the depletion
near the drain to accelerate the carriers. So, the accelerated carriers would bombard
and damage the drain region to result parasitic resistance. However, the GOLDD
TFTs can decrease the damage due totlower the electric field near the drain. Besides,
increasing LDD length, the deyice has the: higher resistibility for hot-carrier stress.
This is because the devices which have long LDD length can more reduce the electric
field near the drain region. After stressed, we find that the current which reversed the
drain and source is lower than it which did not reverse. But, the degeneracy for the
measurements reversed is more slightly than that which did not reverse. The devices
which reversed drain and source take damage region as source. So, the current flow
for electrons suffers many defects as first to lower the total current. But, drain current
in the high electric field does not suffer the defect by hot-carrier stress and the

degeneracy is dropped. The drain voltage which happens current saturation is lower.
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Chapter 5

Conclusion

In this thesis, a novel self-aligned gate-overlapped LDD poly-Si TFT was
fabricated by using a TEOS layer as a mask. We used this layer to form raised gate
and defined LDD regions. Therefore, this self-aligned process is very simple that no
additional lithography mask is needed. Also, since the structure can be accomplished
by only using wet etching process, the plasma damage associated with the RIE etch
back process for typical spacer structure can be avoided. We can control various LDD
lengths by simply changing the oxide wet etching time. The experiment shows that
self-aligned GOLDD poly-Si TET can decreases-the OFF current and suppress the

kink effect.

To self-aligned define the LDD region, the raised gate electrode had to be formed.
Then the S/D region and the LDD region ¢an be defined by only adjusting the energy
and the dopant density during implantation. The LDD region implantation needs
higher energy since the dopant has to penetrate the thin gate region and also the gate
oxide. We had carefully measured the oxide leakage current, and found that no
degradation was caused by this implantation step. As a result, the on/ off current ratio

can be improved to two orders of magnitude than the conventional TFTs.

The parasitic resistance is also decreased to be only 1/5 of that of standard devices.
This is maybe due to the enhanced carrier density in the gate-overlapped lightly doped
region. When analyzing the threshold voltage roll-off phenomenon, it is found that
our devices exhibit much superior short channel effect immunity than conventional

ones. Finally, by using hot-carrier stress to examine the reliability of the proposed
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devices, it is also verified that the GOLDD devices have better reliability than
standard devices. Suppressed hot-carrier degradation are found such as smaller

leakage current variation or the little subthrehsold swing degradation.

It can be concluded that a novel and simple GOLDD TFTs had been proposed
and demonstrated successfully. Without any complicated process or any high-cost
mask or lithography process, this structure is appliable to the current AMLCD

technology.
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