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Abstract

In this thesis, we investigate the material and electrical properties of poly-Si
TFTs prepared by metal induced lateral crystallization (MILC) process. The relations
between MILC length and film thickness; process'temperature, and the dimensions of
MILC seeding window were measured.and discussed: The OM and SEM pictures
after secco etching were used‘to-probe the"MILC length and film structure. Poly-Si
TFTs fabricated by two kinds of MILC processes as well as SPC process were
analyzed and compared. Characteristics of MILC TFTs with various dimensions were
characterized to understand the impact of geometrical parameters of the device
structure in affecting the device performance. We also employed a novel tester named
HC-TFTs to resolve the location dependence and impact of the MILC poly-Si film on
device characteristics. Finally, the characteristics of these TFTs, such as transfer
characteristics, density of states (DOS), and the activation energy of leakage current

(Ea), were also measured and discussed.
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Chapter 1

Introduction

1-1 General Background For Low-Temperature Preparation of Poly-Si
Thin-film-transistors (TFTs) have been widely used in certain commercial
electronics products. Polycrystalline silicon (poly-Si) and amorphous silicon (a-Si)
deposited on glass substrates with low pressure chemical vapor deposition (LPCVD)
or plasma-enhanced chemical vapor deposition (PECVD) are two common channel
materials for TFTs. Although.the ¢arrier-mobility is typically lower than 1 cm?/V-s,
a-Si is still widely used in-building TFT fabrication,. owing to its low deposition
temperature which meets the erucial requirement set by cheap glass substrates. On the
other hand, carrier mobility could be highly-promoted in poly-Si, but there exists
several problems which seriously limit its manufacturability. Most of the problems are
associated with the granular structure. Defects presenting at the grain boundaries may
affect the device performance. Such hurdle could be relieved by increasing the grain
size. Another issue is related to the temperature of process steps. Because of the low
process temperature requested by glass substrates, low-temperature poly silicon
(LTPS) methods are essential. In this chapter, we briefly review three most
well-known methods, namely, solid phase crystallization (SPC), metal induced lateral

crystallization (MILC), and excimer laser crystallization (ELC).

1-1.1 Solid phase crystallization (SPC)

In the scheme, first an o-Si layer is deposited on a glass substrate. The
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deposited film is then annealed at a low temperature for a period (typically several
hours) in N, ambient to transform the material into polycrystalline phase. The
crystallization process starts at the defective sites (nucleation centers) in the a-Si film
because of the lower activation energy whereat, and then poly-Si grains grow out
from these sites. The process will saturate when two adjacent grains reach other and
form the grain boundary. With proper treatment and process conditions, grain size

exceeding lum can be obtained.

1-1.2 Metal induced lateral crystallization (MILC)

Metal enhanced Si crystallization mechanisms can be classified into two types
based on the metal used. First type uses aimmetal such as Al [1-1], Au [1-2], Sb [1-3],
etc. Such kind of metal tends to form eutectics. with* Si and the eutectic temperature
often lower than the crystallization temperature for amotrphous Si .Second type is with
metal like Ti [1-4], Pd [1-5], Ni [1:6],“etc. This kind of metals tends to form the
Si-rich silicides with a-Si which becomes the nucleation center for crystallization.
During the process metal species diffuse into the a-Si and the free electrons of metal
react with the Si-Si valance bonds and lower the crystallization energy barrier. For use
in TFT fabrication process, the metal-Si reaction temperature must be lower than the
temperature that the glass substrates can tolerate, so certain metals (like Ti) that react
with Si at high temperature are not feasible for use. Several metal (like Au and Cu)
that would result in serious contamination concern, or would form alloys with Si (like
Al), are also not suitable for applications. Moreover, the metal diffusion speed in a-Si
must be sufficiently fast for efficient crystallization. To meet the requirements, Ni is a
suitable choice because of its lower reaction temperature and metal concentration in
the MILC region as well as high diffusion speed in a-Si. Besides, the lattice constant

mismatch between NiSi; (0.5406nm) and ¢-Si(0.5430nm) is only 0.44%, and thus few
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dislocation defect density inside the grains is expected.

For MILC process with Ni as the seeding material, an ultra-thin Ni layer is
deposited into the seeding windows open in an oxide layer capping over the o-S layer.
Then typically several hours of thermal process is done at a low temperature. The
metal induced crystallization (MIC) occurs at the metal —Si interface first. Ni and a-Si
form NiSi, and the silicide serves as a heterogeneous nucleation medium. Owing to
the fact that the free energy at the silicides/a-Si interface is lower than that at the
silicides/poly-Si interface, the Ni in the silicides will migrate into the a-Si region and
leave a crystallized Si tail. The vertical region under the seeding metal is called
metal-induced crystallization (MIC) region, inside which small grain size and high
metal concentration are observed. The.region formed by Ni diffusion out of the metal
pattern is the MILC region. The region typically exhibits much larger grain size and
lower metal concentration ‘as, icomparing to. the- MIC one. Nevertheless, metal
contamination still remains a$ an important issue for leakage current of MILC poly-Si

TFTs.

1-1.3 Excimer laser crystallization (ELC)

For recent years of poly-Si TFT process development, excimer laser
crystallization (ELC) has been demonstrated a promising way for preparing poly-Si
thin films. The gas mixtures for laser sources are ArF, KrF, XeCl with output
wavelengths of 193nm, 248nm and 308nm, respectively. Absorption efficiency of Si
is extremely high when irradiated with the UV laser with pulse time of 10ns~30ns,
therefore ELC can heat the a-Si surface layer on glass substrate to the melting
temperature without resulting in damage to the underlying substrate. When the light is
removed the melted Si solidifies and turns into large-grain poly-Si. Although poly-Si

film made by ELC can achieve vary high field-effect mobility, it still has problems
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need to solve. For example, rapid solidification velocity may diminish the grain size.
Another issue is the difficulty in controlling the grain boundary position and the
uniformity of grain size. The surface hillocks presenting at grain boundaries raised
the issues of surface roughness and degraded dielectric reliability. Finally, low

throughput and high process cost are also the drawbacks of this method.

1-2 Motivation of this Study

As described above, the three LTPS methods have their own drawbacks and
advantages. Among the methods, the MILC poly-Si thin films exhibit unique silicon
grain structure relating to the configuration of seeding windows. The device
performance is also closely affected. Moreoyer, the reliability characteristics of
fabricated device with MILC c¢hannel are quite different from other types of TFTs.
These features and issues remain-unclear at this stage-and trigger our motivation to
carry out this study. In addition, based‘on a special measurement structure developed
by our group [1-7], we expect+to clarify several effects associated with the MILC

process on device performance more clearly.

1-3 Organization of the Thesis

In addition the background information and motivation mentioned in this
chapter, this thesis contains 4 chapters. In chapter 2, device fabrication process and
structure is introduced, Measurement setup used in this work is also include.

In chapter 3, the results are presented in three sections. At first, fundamental
material analysis on MILC samples were presented and discussed. The second parts
are results of fundamental device measurements performed on all split devices.
Effects of plasma treatment are also discussed in the sections. In the third sections we

show the measurement results obtained using special measurement structures. Chapter
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4 is the conclusion of this thesis.




Chapter 2
Material Preparation, Device Fabrication and

Measurement Setup

In this chapter, we describe the MILC process conditions for the poly-Si film
preparation. The device fabrication process and TFT structures employed in this work

are also detailed.

2-1 Material Preparation

Table 2.1 lists the major steps for preparation of the test samples for material
characterization. First, we grew a 100nm-thick wet oxide on 6 inch [100] wafers to
simulate the glass substrates."An LPCVD0=Si layer of 50 or 100nm was subsequently
deposited over the substrates, and ¢apped with./a," 100 nm-thick PECVD oxide.
Afterward we opened the seeding windows ‘using I-line lithographic steps and
subsequent plasma etching technique. Finally a Snm-thick Ni layer was deposited on
wafers. The MILC process was performed in a furnace with N, flow at temperature
ranging from 500 to 550 ‘C for hours. Optical microscopy and scanning electron

microscopy (SEM) were used to probe the film properties.

2-2 Device Fabrication
2-2.1 Type-Adevice fabrication

The first type of TFTs, denoted as type-A, was fabricated with steps listed in
Table 2.2. First, we grew 100nm a wet oxide onto 6 inch (100) wafers to simulate the

glass substrates. Afterward all of wafers were deposited with an LPCVD a-Si 100nm
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serving as the channel layer. The device regions were defined by a TCP 9400 etcher.
After a photolithographic step to define the source/drain regions, an ion implantation
of the regions with dose of 5E15 cm™ and energy of 15keV was done. After PR
removal, a 100nm PECVD oxide was deposited. Next MILC windows were opened
followed by deposition of Snm Ni. The MILC annealing was done by two methods.
First kind of anneal was performed at 550°C for 24 hours directly, denoted as one-step
anneal. Second kind of treatment, denoted as two-step anneal, was first annealed at
400°C for 0.5 hour, followed by a clean step to remove the remaining Ni on the
surface, and then further annealed at 550°C for 24 hours. After the MILC treatment
the remaining Ni layer and PECVD oxide are removed by SPM and BOE solutions,
respectively. After surface cleaning a PECVD,TEOS oxide was deposited to serve as
the gate dielectric and a TiN layer of 200mm was deposited to serve as the electrode.
After gate pattern definition“and etching, a.200nm PECVD oxide used for surface
passivation was deposited, followed' by-“normal metallization steps to form the test
pads. For comparison purpose, a split of poly-Si TETs with a SPC channel performed

at 600°C for 24hours was also fabricated.

2-2.2 Type-B device fabrication

The second type of TFT, the type-B, was fabricated with steps detailed in
Table 2.3. The device structure and MILC conditions are basically the same as that
described in Table 2.2. Its major differences from the fabrication of type-A devices are
that we run the MILC treatment prior to the channel isolation, and the use of gate-first
scheme, i.e., the S/D implant was performed after the gate formation. This type of
fabrication process is with the intention to minimize the impacts of pattern size and
shape on the MILC process. A SPC poly-Si TFT with SPC conditions same as that

described in Type A was also fabricated for comparison purpose.
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2-3 Hot-carrier (HC) TFT test structure

Figure 3.33 is the structure of hot-carrier (HC)-TFT. It has the name because it
was intentionally designed for the purpose of resolving the hot carrier induced
degradation. As shown in this figure, the TFT has three monitor transistors (denoted
as DT (drain-side), MT(middle), and ST(source-side)) perpendicular to the main
channel (along horizontal direction) with a common gate. The monitor ones are
capable for spatially analyzing the channel film. In addition to characterize the HC
effects, such capability is also suitable for study the location-dependent crystallinity in
MILC channel films. As indicated in last chapter that the MILC crystallization
process is affected by the competing; SPC: mechanism, the distance to the seeding
window of MILC is a key factor to affect-electrical*characteristics of the fabricated
devices. With the aid of HC-TFT structure we.may probe this effect more clearly. It

may also allow us to identify’or detect the MILC front location.

2-4 Measurement setups for electrical characterization

For our device measurements, current- voltage (I-V) was measured by HP4156
system and all measurement is at room temperature. The threshold voltage (Vth) is
determined as the gate voltage (Vg) at Id&=10x10" A and Vd=0.1V. The field-effect

mobility (ugg) is calculated using the equation:

ure= (L /W) gn Cox Vd,

where g, is the maxima transcoductance calculated from our TFT I-V curve at

Vd=0.1V:



gm=0Id/dVg.

The subthreshold swing (SS) is calculated from the subthreshold current using the

following equation:

SS =038Vg/ d(log 1d).




Chapter 3

Results and Discussion

3-1 Material Characterization

As reported in many previous studies, the structure and properties of MILC
films are affected by factors such as process temperature, channel thickness [3-1], the
size of MILC open window, the shape of channel patterns [3-2], and even stress
contained in the films [3-3] [3-4] [3-5]. In this section, we address some of the issues

with the aid of several material characterization techniques.

3-1.1 Effects of channel (film) thickness

MILC samples of different channel thickness,namely, 50 and 100nm, deposited
on oxide substrates were chatacterized‘and compared. The MILC treatment was done
at 550°C. Figure 3.1 shows experimental results:onthe length of MILC region as a
function of treatment time for the two splits of samples. The data were obtained with
optical microscopy (OM) technique. According to Wong’s report [3-1], when the
channel thickness is thinner, the Ni diffusion path is more confined and more NiSi,
nodules will be trapped by the thinner geometric cross section. As a result the Ni
density at the a-Si/c-Si interface is less than that of a thicker channel, thus slowing
down the MILC rate. According to his data, the difference in MILC length after 24
hours anneal at 550°C between the two splits of thickness (i.e., 50nm and 100nm) is
about 5~10 um, consistent with our observation (about 6um). However, our data also
indicate that the difference is negligible in the first 12 hour. If Wong’s model is
correct, our observation implies that the Ni density at a-Si/c-Si interface has weak

thickness dependence until 12-hour later. This also explains why the rate decreases
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with decreasing channel thickness in the regime. Besides, the length saturates at
around 16 hour, owing to the occurrence of SPC at the stage.

It is known that the SPC mechanism prefers to occur at the interface
betweena-Si/Si0; layer [3-3]. In our sample, a-Si layer is pinched by two SiO, layers
(i.e., wet Oxide and PECVD oxide). When the anneal time is sufficiently long, the
nucleation of SPC poly-Si begins at or near the interface first and then grains grow,
For samples with thinner channel, because of the smaller cross section area, the
aforementioned process is expected to be triggered earlier which tends to deter the

MILC fronts and slows down the MILC speed. In Fig. 3.1, this happens after 12hr.

3-1.2 Effects of MILC window width

The sample characterizedtis with 100nm=thick*channel thickness deposited on
oxide-capping substrates. Seeéding windows of different size (5x5, 5x10, 5x20, 5x50,
5x100 um®) were opened on’the sample surface, These windows have the same slit
width but different length. The sample was annealed at 550°C for 24 hours. The
results are shown in Fig. 3.2. We can see that MILC length increases with increasing
window area. In addition, the dependence of MILC length on window length is not
linear. Here the MILC length was measured from the central point of the slit window,
as pointed out in the inset of Fig. 3.2. This result can be explained by the schematic
model shown in Fig. 3.3. For a MILC pattern grown from a rectangular MILC seeding
window (S5pm x Xum, X ranging from 5 to 20 um), we can find that the MILC pattern
is like an ellipse and the MILC length at the center of the long edge of the rectangle is
the longest. This fact means that the MILC speed at the center of the long edge is
faster, and a faster speed also suggests that the Ni concentration at this region is
higher. The reason of higher Ni concentration in MILC front at this region can be

explained as follows: For the Point 1(at one of the corners, denoted as P1) and Point 2
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(at center of the long edge) at the seeding window edge shown in Fig. 3.3, the
curvature of P1 is obviously higher than at P2. Assume that the MILC front marches
radially from the seeding window, then the length of MILC front originating from P1
(L1 in Fig. 3.3) is larger than that from P2 (L2 in Fig. 3.3) due to the difference in
curvature. It is thus expected that the Ni concentration at the front diminishes sooner
as the curvature of the seeding window increases. As a result, the MILC speed will
slow down more rapidly for the front from P1 than that from P2 due to the reduction
of Ni species. For a sample with a longer MILC seeding window, the long edge center
section can keep a MILC speed for a longer time due to the abundant supply of Ni
species. Higher MILC speed also means that the MILC process will be less disturbed
by the SPC mechanism. As a result, for aisample with a longer seeding window, the
MILC front running out from the long edge center can keep higher Ni concentration

and MILC speed at a farther distance from the Seeding window.

3-1.3 Temperature effects toMILC

The test samples’ thickness is 100nm. Annealing was performed at 500, 525, and
550°C, respectively, for hours. The results are shown in Fig. 3.4, in which the MILC
length is shown as a function of temperature and the size of seeding window. Increase
in temperature results in faster MILC speed, however, the SPC process is enhanced as
well. As can be seen in the figure, the impact of temperature on MILC length becomes
more profound as the window size is increased, owing to the increased supply of Ni

species from the seeding window.

3-2 Characteristics of MILC Poly-Si TFTs Fabricated with Type-A Process
3-2.1 Effects of channel length

Device structure and major dimensional parameters except the channel length
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are shown in Fig. 3.5. Figure 3.6 shows the transfer characteristics of TFTs with
varied channel length from 0.6um to 10um, while the channel width is fixed at 20um.
Figure 3.7 re-plots the data by multiplying the drain current (Id) with channel length
for normalized comparison. Major electrical data extracted from Fig. 3.5 are shown in
Table 4.1.

From Fig. 3.7, it is observed that the short channel effect is severe for the
fabricated MILC devices and leads to significant Vth roll-off, especially for the
device with channel length smaller than lum. In addition, the on-state current
degrades as the channel length becomes shorter. This clearly indicates that a large
parasitic source/drain (S/D) resistance (Rsd) exists in our devices.

From output characteristics (Id-Vid)measurements, the Rsd can be extracted by
plotting the total resistance versus channel-length curves [3-6]. Figure 3.8 shows the
results for the MILC (Type-A), devices. From the figute, a large parasitic resistance
Rsd = 8kQ is extracted for the deviees. Fhe resistance i$ much larger than that for the
SPC split (i.e., a-Si film crystallized at 600°C for24hours before channel definition)
which is smaller than 2k, as shown in Fig. 3.9. Note that the two splits are actually
with the same thermal budget for dopant activation (550°C for 24hours), although the
results suggest that the S/D regions of the MILC TFTs have much lower activated
dopant concentration. In a previous work [3-6][3-7], phosphorus in silicon has been
reported to be an effective gettering center of Ni. As a result, the active phosphorus
will be reduced by Ni gettering, leading to a large parasitic resistance. Similar results
have been documented previously [3-6]. This reasonably explains that the high Rsd of
the MILC TFTs is caused by the insufficiently activated S/D regions.

In Table.3.1, we define a parameter named effective Vd (Eff Vd) as follows:
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Eff _vd = Vd - 1d(vd,Vg)x Rsd
@Vd =0.1V, Vg =20V

This value represents the “true” Vd value applied to the channel region
accounting for the voltage drop in the S/D region. For the poly-TFTs (Type-A with
one-sided MILC window), the Rsd=8 kQ. From Table 3.1, we can see that the Eff Vd
at Vg=20V and Vd=0.1V rapidly declines when the channel length becomes shorter.

As a result, the mobility calculated by Vd=0.1V condition will be underestimated.

3-2.2 Effects of MILC seeding window arrangement

From the discussion above, we know that Ni gettering is an issue for the
phosphorus dopant activation. For the device with double MILC seeding windows
located at the two sides of the channel, we assume.that the Rsd problem will be worse
than the device with single seeding window where the aforementioned Ni gettering
occurs only at the source region. Figure 3:10 shows the top views of the two TFT
structures with single and double MILC seeding windows. The offset from window to
channel region is Sum. Figure 3.11 compares the transfer characteristics of MILC TFT
(Type-A) with one- or two-sided Ni seeding window arrangement. In the figure, a
larger on-current and better subthreshold swing are found for the one-sided MILC
TFT. This 1s reasonable because for the MILC TFT with two MILC windows, the two
crystallization fronts are expected to meet each other at the channel center wherein a
defective region is formed. Such additional defect sites could slightly increase the
subthreshold swing. The on-state current also degrades because of the larger Rsd as
we just mentioned. Figure 3.12 is the plot used for extracting the Rsd of the devices
with two-sided Ni seeding window arrangement. From the figure, the Rsd= 13K (2,

roughly two times larger than the devices with one-sided window.
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3-2.3 Effects of channel width

The device layout for investigating the width effect is shown in Fig. 3.13.
Transfer characteristics of TFTs with various channel width but identical channel
length of 2um are shown in Fig 3.14. Figure 3.15 is the normalized transfer
characteristics of the same TFTs in which the Id values are normalized by the channel
width. The major performance data extracted from Fig. 3.14 are shown in Table 3.2.
In Fig. 3.15, the transfer characteristics with various width can be classified into two
groups. The first group is the devices with channel width of 10um and 2um. In this
group, the channel width is relatively wider among the test devices, and we found that
the MILC region length is sufficiently long to fully crystallize the channel region of
the TFTs. From the layout shown in Fig:13:13, we can see that the width of seeding
window 1is actually wider than the channel width.*As the needle-like crystallized
fronts originating from the>MILC window-“move frfom the wider region to the
narrower region, only the needles with'direction parallel to the channel can pass and
the needles with other directions'will be filtered out. The film at the channel region of
the device will have purer crystalline phase [3-8] [3-9]. As a result, for the device
with a narrower width, better subthreshold swing (SS) and mobility performance are
expected.

Nevertheless, as the device’s channel width reduces to 1um and 0.6um, referred
to as the second group, an opposite trend where the mobility decreases with
decreasing width is observed. This implies that the crystallization quality becomes
worse with decreasing channel width. In [3-8] and [3-9], it has been shown that the
MILC speed will be hindered when the MILC fronts move from a wider region into a
much narrower region. This is attributed to the big mismatch between the two feature
sizes, so a severe filtering effect mentioned above would retard the crystallization

process. Moreover, SPC mechanism would be enhanced with a narrower channel
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width due to the increasingly importance of heterogeneous nucleation events at the
channel edges. For the sample with channel width of 1um, as shown in Fig. 3.14, the
normalized transfer characteristics are as good as the devices of the first group at a
large Vd (5V). But as the Vd is lowered to 0.1V, the subthreshold swing rises and
on-current degrades. This indicates that inside the channel close to the drain region
the crystallinity is worse than that near the source side (where the seeding window is
located). As the width is further shrunk to 0.6 um, the performance is further
degraded, presumably due to the occurrence and dominance of SPC mechanism in the

very narrow width.

3-2.4 Effects of source and drain terminal arrangement

In our test structures, thesMILC seedingwindow is nominally set at the source
side with Sum offset from the channel region: Figure 3.16 shows the comparison of
transfer characteristics betwéen the noetmal (also denoted as the forward mode) and
the reverse mode (i.e., interchanging the source” and drain bias conditions) of
measurements. The L/W of devices (MILC process Type-A) are 10um/20pum. In the
figure, a larger leakage current at off-state can be found for the reverse mode. This is
a clear indication that the Ni contamination is more severe in regions closer to the

MILC seeding window.

3-2.5 Comparisons of one- and two-Step annealing

As introduced in Chapter 2, the devices fabricated by MILC process Type-A
have two splits for thermal anneal conditions. For most of the samples, including
those discussed in previous sub-sections, MILC thermal anneal process
(simultaneously with the S/D activation) was performed at 550°C for 24hours. While

for a few samples, the thermal anneal process was executed with a two-step procedure:
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after the S/D implant, MILC was first performed at 400°C for 30min, and then after
removing the Ni, a 24-hour, 550°C anneal was executed. The transfer characteristics
of these devices with different anneal conditions are compared in Fig. 3.17. From the
figure, the device with one-step anneal has larger on-current and better subthreshold
swing than the counterpart with two-step anneal. Considering the fluctuation issue,
mean value and standard deviation of leakage current (Id minima at Vd=5V), on-state
Id (at Vg=20V, Vd=5V), and SS (extracted at Vd=0.1V) are compared and shown in
Figs. 3.18, 3.19, and 3.20, respectively. Note that 12 samples were measured from
each split. From these figures, we can see the differences between the two processes
more clearly. For one-step annealed devices, more Ni species are expected to
participate in the re-crystallization process jand may leave more Ni residue in the
channel region. And for the two-step annealed devices, the Ni diffusion from the
Ni/poly-Si interface is dramatically reduced after remoyving the Ni source left inside
the window, so the second crystallization process is mainly driven by the silicide front
formed in the first step of anneal. When the MILC fronts move through the channel
region, the crystallinity may be affected due to the shortage of Ni species supplied
from the seeding window. As a result, the device with two-step anneal has lower
on-current and worse SS.

However, the two-step annealed device has slightly lower leakage current than
the one-step counterpart, owing to the reduced Ni contamination in the channel region

as mentioned above.

3-2.6 Ammonia plasma treatment
For some fabricated samples, NH; plasma treatment was performed to improve
the performance. In this section, we investigate and discuss the characteristics of these

devices (fabricated with MILC process Type-A) before and after NH; plasma
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treatment. Figure 3.21(a) shows transfer characteristics before and after NH3 plasma
treatment. In the figure we can see that the MILC TFT after 1 hour plasma treatment
does not show any significant improvement, while the SS is even worse than that of
the fresh one. Such degradation is presumably caused by the plasma radiation. After 2
hours treatment, significant improvements in both SS and on-state current are
observed, indicating that the traps inside the channel have been effectively passivated.

In order to clearly identify the effect of plasma treatment on the leakage current,
we extract and compare the leakage current at two bias states, namely, minima Id at
Vd=5V, and Id at Vd=5V and Vg=-10V. The results are shown in Figs. 3.21 (b) and
(c), respectively. The results show that, though not significant, the leakage current is

improved by plasma treatment.

3-3 Characteristics of MILC Poly-Si TE Ts/Fabricated with Type-B Process

According to the discussion given in last section, we have learned two important
facts:

1. Because the phosphorus is an effective gettering center of Ni, a high series S/D
resistance is resulted if the MILC process and phosphorus dopant activation are done
simultaneously [2-1].

2. If the MILC front propagates from a wider region to a narrower region, the MILC
speed will be affected, while the film crystallinity also shows dependence on the
channel width.

To address the issues encountered in process Type-A, we investigate the
characteristics of MILC device fabricated with process Type-B. In this process, as
introduced in Chapter 2, the MILC process was done on the blanket a-Si thin film.
Because the S/D implantation and post-activation process are performed after the

MILC process while the surface Ni layer has been removed, the dopant activation
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process will not be seriously affected. In the following sub-sections we investigate the
characteristics of the poly-Si TFT fabricated by Type-B process and check if the

results can resolve the issues associated with the Type-A splits.

3-3.1 Effects of channel length

The device structure is the same as that illustrated in Fig. 3-5. Figure 3.22
shows the transfer characteristics of MILC poly-Si TFTs (Type-B) with channel
length ranging from Ium to 10um, and identical channel width of 20pm. The MILC
process was performed at 550 °C for 24 hours. Figure 3.23 re-plots the data of Fig.
3.22 normalized to the corresponding channel length. Major performance data
extracted from Fig 3.22 are shown in,Fable 3.3. From Fig. 3.23, we can see that the
on-current decreases as the channel length Io.is shortened. Although the trend is
similar to that observed in‘Fig. 3-7 for Type-A ~devices, however, the extent of
degradation is dramatically réduced. This implies that Type-B can indeed help reduce
the Rsd. To confirm this inferenee, we extract the-Rsd and the results are shown in Fig.
3.24. As can be seen in the figure, a lower Rsd = 1.13KQ was measured. This value is
close to the SPC samples with the same dopant activation process (Rsd=1.1~1.6K€Q,
see Fig. 3.25). Figure 3.26 shows normalized transfer characteristics of the SPC
samples. In this figure, minor on-current degradation for shorter channel device is also
found. By comparing Fig. 3.26 with Fig. 3.23, we can conclude that the on-current
degradation for shorter channel devices fabricated by either MILC process Type-B or
SPC process is due to the rather high Rsd of around 1KQ. From Fig.3.22 and Table
3.3, we can see that there is no significant difference in SS and mobility for the
devices with different channel length. This indicates that Type-B devices with channel
length 1~10um have similar channel film quality. According to the analysis done in

Sec.3-1, for a MILC seeding window with W/L=5um/20pum and proceeded the
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process at 550°C for 24hours, the MILC length can reach 30pum, which is much
longer than the sum of the maxima channel length(10um) and the MIC/MILC
offset(Sum)(see Fig. 3-5). The results are in agreement with the -electrical

characteristics of Type-B devices.

3-3.2 Effects of channel width

The device structure and layout used to investigate the effect of channel width
on the characteristics of Type-B devices are the same as that shown in Fig. 3-13.
Figure 3.27(a) shows transfer characteristics of MILC TFTs with different channel
width. The normalized data are shown in Fig. 3.27(b). Table 3.4 summarizes the
quantified data extracted from Fig. 3:23(a): From Table 3.4, we can see that the
characteristics of the devices ‘are almost;thessame‘except for the device with the
narrowest width (e.g., 0.6und), which exhibitsthe best, performance among the four
devices in terms of SS and on-current.

The trend is significantly different from the*results shown in Fig. 3.14 and
Table 3-2. One possible explanation for such improvement is the presence of the
parasitic conduction channels appearing at the sidewalls of the channel, as shown in
Fig. 3.28. However, when we re-calculate the mobility by replacing the channel width
of 0.6 um with 0.8 um (assuming that all of the sidewalls of the active layer serve for
the channel conduction), a result of about 69.88 cm?/V*s is obtained. The value is,
however, still much larger than the other samples compared in the same plot. The
disparity might be related to the corners of the active layer (see Fig. 3-28). A high
field-strength is expected at the corner region owing to the larger curvature. As a
consequence a higher amount of inversion electrons is induced there, leading to a
higher effective mobility in the simplified calculation.

In order to identify this phenomenon more clearly, SPC devices are compared.
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Fig. 3.29 shows the normalized transfer characteristic of SPC sample and Table. 3.5
lists the major performance data. From Fig. 3.29, there is no significant difference
among the devices. And from Table. 3.5, major differences come from the mobility.
While the mobility increase is solely due to the increase of conduction width, since
the mobility ratio coincides well with the width ratio when the sidewall conduction is
taken into account. Obviously, unlike the MILC samples, the enhanced corner
conduction is absent for the SPC samples. One possible explanation for this disparity
is the high amount of trap states contained in the SPC channel, which may impede the

modulation of surface potential.

3-3.3 Ammonia plasma treatment

Figure 3.30 shows the transfer characteristiecs of Type-B devices with and
without NH; plasma treatmént,.and Table. 3:6 summarizes the major performance
data. In the figure we can s€e that,the device characteristics are not improved after
I-hour treatment, and a positivershift in threshold voltage is observed. The cause for
such shift is not clear at the moment, and might be related to the plasma radiation
damage. After 2-hour plasma treatment, the leakage current is effectively lowered and
the subthreshold swing is improved obviously. For the MILC type-A TFT, the MILC
process was done after channel definition and the MILC front was confined in the
channel region. More Ni contaminants are expected to be confined in the channel
region and cause large leakage current. As a result, the main trap source is the metal
contaminants which are not passivated by the plasma treatment. As a result the plasma
treatment can not efficiently improve the leakage current. For the MILC type-B TFT,
the MILC process was done on the plane a-Si layer. The MILC front is stemmed out
from the seeding window and form an elliptic shape as shown in Fig. 3-2. Most of the

Ni contaminants after the MILC process are expected to be located out of the channel
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region and thus the concentration of the metal contaminants inside the channel is
expected to be much lower than the type-A split. However, owing to the spreading out
of the MILC front in the MILC type-B split, more a-Si residues between needle-like
grains at the edge of the active region of the device is expected. After dopant
activation at 600°C for 24 hours, these 0-Si residues become small SPC grains and
contribute additional grain boundaries. As a result, the major type of defects in the
MILC Type-B is that associated with the granular structure rather than the Ni
contaminants. This explains why the SS is worse for the Type-B devices (Table xx).
This type of defects is also known to be more efficiently improved by the plasma

treatment, explaining why the leakage is lower than the Type-A split.

3-4 Leakage Mechanisms

From the quantified data of [Tables 3.1~-3.4, we can easily find that Type-A
devices exhibit much better swing.and slightly ‘better mobility. However, Type-A
devices also show an anomalously high off-state leakage. To understand the possible
conduction mechanisms for the off-state leakage, we measure and analyze the transfer
characteristics of the devices at various temperatures.

The following equation describes the relationship between temperature,

activation energy and drain current [3-10]:

E
| . =1 exp(——2 3-2),
off 0 p( KT) ( )

where I is the off-state drain current, Iy is the constant, K is the Boltzman constant,
T is the absolute temperature, and Ea is the activation energy. Take the nature

logarithm of both sides of Equation 3-2, it can be expressed as follow:

Ea
KT

In(ly) =In(ly) +(=7=) (3-3).

-22 -



If we plot the Arrhenius plots of off-state drain current, the activation energy can be
extracted from the slope.

Figure 3.31 shows and compares the activation energy of MILC Type-A,
Type-B, and SPC samples. Figures 3.31(a) and (b) are the off-state activation energy
of Type-A and Type-B devices, respectively, under forward and reverse modes of
measurements at Vd = 5V. From the figures, we can see that Type-A has a high peak
value of activation energy and the value is significantly affected by the gate bias.
Moreover, the difference between the forward and reverse modes is significant. For
Type-B, the Ea in the off-state is in the range between 0.3 and 0.6 eV and shows
much weaker dependence on the bias condition, while the difference between the two
modes is small. As Vgd (=Vg-Vd) increases.and a strong field is developed in the
channel, the tunneling distance‘from thesvalence band to conduction band is reduced,
and trap-assisted tunneling niay dominate for.the case with sufficiently high trap state
density. This will lead to a lower Ea. In"our samples, such situation is more significant
in Type-A devices. This is attributed to the high'amount of Ni residues left in the
channel after the MILC treatment. In addition, owing to asymmetrical arrangement of
the seeding window in the sample characterized in Fig.3-31(a), higher amount of Ni
residues is expected in the channel region near the source under the forward mode (or
near the drain under the reverse mode). As a consequence the reverse mode shows a
higher rate in Ea lowering than the forward mode as the Vg becomes more negative,
since the high-field region is located at or near the drain junction.

Such high-field dependence of Ea is relaxed in the case of Type-B devices. As
has been discussed in previous sections, although Type-B devices exhibit worse
crystallinity than Type-A counterparts, much reduced amount of Ni residues is also
resulted due to the unconfined MILC direction. This is also evidenced from Fig.

3-31(b) in which the difference between the two measurement modes is small. Owing
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to the Ni contamination issue, a high GIDL current is observed in Type-A devices, as
shown in Fig. 3-32.

In Fig. 3-31(c), the Ea of SPC sample is also shown as a reference for
comparison with MILC Type-A and Type-B. From this figure, we can see that the
curve for SPC sample is closer to that of Type-B device especially in the lower field
region, implying the two splits have similar leakage mechanisms. Since the SPC
sample does not contain Ni species, the results support the aforementioned inference.
In the plot we can see that the Ea drops dramatically and begins to deviate from the
result of SPC sample as Vg is smaller than -8V. This indicates that trace amount of Ni
species remaining in the channel of Type-B devices may contribute to additional

leakage as the field strength is sufficiently thigh.

3-5 Characteristics of HC=TFTs

For MILC TFTs fabricated by process Type-B, we also applied the HC-TFT
structure developed by our group [1-7] to examine the device characteristics. The
structure is introduced in Chapter 2. The test pattern is shown in Fig. 3.33, in which
the MILC open window is designated as the source. Since the structure actually
contains several transistors, for convenience, we denote the device with its S/D
arrangement along the horizontal direction as the “main transistor”, and the three
monitor transistors with their S/D arrangement along the vertical direction as the “DT”,
“MT”, and “ST” in Fig. 3.33. Major structural parameters of several splits of devices
are listed in Table 3.7.  Using the HC-TFT measurement, we can study the

location-dependent MILC film properties.

3-5.1 HC-TFTs for Large Scale Devices (BE1 1)

At first, devices with larger dimensions are investigated. These devices are
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labeled as BE1 1, and the detailed structural dimensions are given in Table. 3.7. The
forward- and reverse-modes 1d-Vg characteristics for the main transistor of a BE1 1
device are shown in Fig. 3.34. We can see that the characteristics of the device under
forward mode almost coincide with those of reverse mode.

Fig. 3.35 compares the transfer characteristics of the main transistor and the
three monitor transistors and the extracted performance data are shown in Table. 3.8.
The W/L ratio for the main transistor (about 0.47) and for terminal channels (about
0.42) are close so the transfer characteristics of different devices in the figure can be
compared directly. From Fig. 3.35, we can see that the characteristics for the main
transistor and the drain-side monitor transistor almost fall onto each other. Moreover,
their characteristics are the worst in terms of the largest swing, the smallest on-current,
and the highest threshold voltage, among the results shown in the figure. This implies
the film quality in the maind: channel near the drain fegion is the worst. From the
results presented in Sec. 3.1, the MILC length is-estimated to be around 22 um. Based
on the structural parameters shown in Table. 3.7;the MILC front should stop in the
channel region between the MT and the DT. This inference actually reflects on the
device characteristics. As can be seen in Fig. 3.35 and the data listed in Table 3.8, the
ST exhibits the best performance owing to its location being closest to the seeding
window.

The off-state leakage characteristics are also investigated. Figure 3.36 shows
the activation energy (Ea) of leakage current for the three monitor transistors
measured at Vd=5V. In the figure, we can see that the decay rate of Ea is more
significant for the ST and MT devices in the regime Vg < -10 V. From the analysis
made in last section, we can consider this phenomenon an indication of higher Ni
contamination. Such finding also supports the inference made in last paragraph that

the MILC region actually does not cover the DT channel region. The analysis also
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clearly demonstrates the effectiveness of the HC-TFT structure in resolving and
identifying the film properties and the resultant electrical characteristics.

Figure 3.37 depicts the density of states (DOS) extracted from the three monitor
transistors. The DOS value of the DT in the mid-gap range is larger than that of either
ST or MT. This fact also agrees with the results discussed above.

Figures 3.38(a), (b), and (c) are the SEM pictures of ST, MT, and DT,
respectively, taken after Secco etching [3-11]. We can see that the ST channel region
is entirely MILC-dominated, but the grain direction is random. For the MT channel
region, the grain size seems to be slightly larger than that in the ST channel region,
and the direction of grains appears to be more uniform than ST. From the SEM image
of the DT channel region, we can see. theifeatures of SPC grains [3-12]. This feature is

believed to be the cause for the worse device performance of the DT.

3-5.2 HC-TFTs with Small Dimensions(BA1 and BB1 splits)

In this sub section, we present and discuss.the' characteristics of BA1 and BB1
HC- TFTs which have smaller dimensions than the BE1 1 split discussed above. First,
let us concentrate on BA1 split, with its device dimensions detailed in Table. 3.7.
Figure 3.39 shows transfer characteristics of a BA1 device (main transistor) under
forward and reverse modes of measurements, and Fig. 3.40 shows transfer
characteristics of the three monitor transistors inside the BA1 structure. The major
difference between the forward and reverse modes of measurements is the higher
GIDL leakage current under the reverse mode in off-state regime. This phenomenon
is similar to that shown in Fig. 3.16, owing to the identical cause that the junction
closer to the seeding window contains higher Ni contamination. From Fig. 3.40, we
can see that the on-state current of three transistors are almost the same, but we can

easily tell that the DT has the largest subthreshold swing and leakage current among
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the three monitor transistors. This fact suggests that, the ST channel has better film
quality while the film quality decays when the channel location is farther away from
the MILC seeding window. This is reasonable because, for the sub channels
crystallized by MILC process later, they are affected by the SPC mechanism more
seriously. And as mentioned in Sec. 3.1, Ni concentration at the MILC front is
gradually reduced as the front is moving out from the seeding window. Moreover, as
shown in Fig. 3.41, the boundary between the MILC and SPC looks pretty rough.
Some a-Si residues may be left behind at this boundary region. Such a-Si residues
will become small SPC grains after the 600°C (12 hours) dopant activation process
and contribute to additional grain boundaries. Not only the on-characteristics but also
the off-current will be affected if the devicechannel is built over this region. This is
evidenced in Fig. 3-40. Figure 3.42 shows)the.activation energy (Ea) of drain leakage
current for the three monitor: transistors at Vd=5V: The difference observed in Fig.
3.36 shows up again in the figure.

Next, we discuss the BB1 devices. As shown in Table 3.7, this split has the
same structural parameters as the BA1 split except with the three times larger MILC
seeding window length and channel width for the main transistor (Wg). Figure 3.43
shows the transfer characteristics of a BB1 device (main transistor) under forward and
reverse modes of measurements, and Fig. 3.44 shows transfer characteristics of the
three monitor transistors inside the BB1 structure. From the figures, we can see that
the difference in the transfer curves between forward and reverse modes of the main
transistor (Fig. 3.43) and among the monitor transistors (Fig. 3.44) is reduced as
compared with the case of the BA1 device. In Sec.3.1, we have shown that the MILC
length will be affected by the seeding window length. As a result, the MILC front is
expected to pass the channels faster and farther in the BB1 device than in the BA1

device. In Fig. 3.4, for a SumX5um MILC seeding window (similar to that in the
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BA1 structure) annealed at 550°C, the MILC speed and length are clearly much
smaller than those with a SumX15um MILC seeding window (similar to those in the
BBI structure). The higher speed in the BB1 device suggests that the film properties
inside the channel are much uniform as compared with that in the BA1 device. As a
result, the three monitor transistors in the BB1 structure exhibit similar characteristics,
although the DT still depicts a higher leakage current than the ST. Figure 3.45 shows
Ea for the leakage current of the three monitor transistors. Similar trend as that shown

in Fig. 3.42 is observed.
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Chapter 4

Conclusions

4-1 Conclusions

In Section 3-1, the MILC length has been measured as a function of

temperature, thin film thickness, and window size. These parameters are all important

to the MILC process. At this section, we briefly summarize major conclusions drawn

form this study:

1.

The MILC process in thicker film can reach longer MILC saturation length. This
is partly because the NiSi, needles: are, less affected by the top and bottom
interfaces of @ -Si/Si0,, and partly=because the SPC mechanism is suppressed
due to the wider spacing*between the top-and bottom interfaces.

The MILC process for7a longet-MILC Ni seeding window size can maintain
higher MILC speed at the position farther away from the seeding window
because of a higher Ni concentration maintained at the MILC front.

The temperature difference can effectively affect the MILC speed and MILC
saturation length. At a lower temperature MILC speed is acceptable and results
in a long saturation length. As the temperature is raised, although the MILC
speed increases, the MILC saturation length is shortened. This is presumably due
to the dramatic reduction in the incubation time of SPC mechanism and the fact
that the activation energy of the MILC process is much lower than that for SPC

[4-1].

In Sections 3-2, 3-3, and 3-4, two types of MILC TFTs fabricated with different MILC

process flow were compared. Below are several major conclusions:
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The TFT with MILC process Type-A has better film crystallization quality
because the Ni species are mostly confined in the channel region. However, this
also leads to a serious Ni contamination issue which results in a larger leakage
current and can not be improved by post plasma treatment. And for the dopant
activation issue, Type-A devices suffer from a large Rsd because of the Ni
gettering effect.

Type-B devices exhibit a better off-current performance and can be farther
improved by plasma treatment, owing to the less Ni residue inside the channel

layer.

Finally, the MILC films were discussed by using special measurement devices. Using

HC-TFT structure, the location dependence iof MILC TFTs can be analyzed. We find:

1.

The channels include more SPC grains.when they are farther away from the
MILC Ni seeding window.

The on-state characteristics of MIELC TFT-are dominated by the portion of the
channel region which has‘the. worst film_crystallinity. According to the test
structure designed and fabricated in this study, such portion in the channel layer
corresponds to the channel in the DT device which is the farthest away from the

MILC seeding window.
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Fig. 2.1: Material Preparation
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Fig. 2.2: TFTs fabrication (type A)
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Fig. 2.3: TFTs fabrication (type B)
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MILC 550C several hours with different channel thickness
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Fig. 3.1 Observed MILC length as a function of time. Thickness of the Si films is 50
nm or 100 nm.
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MILC open window size vs MILC Length after 550C 24hours
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Fig. 3.2 MILC length as a function of o Ixy;ndow size. The sample was annealed at
550°C for 24 hours. ﬂ‘}ﬂ;@‘ o )
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Fig. 3.3 Schematic model for the explanation of MILC window size effect.
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Fig. 3.4 MILC length as a function of annealing t'ime_,{with seeding window size as

parameter for two different an_neali:ng tempe
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Channel
width
W=20um

MICMILC
offset=5um

Fig. 3.5 An exemplary layout for devices used to investigate the effect of channel
length on device performance. Major dimensional parameters are also illustrated.
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Fig. 3.6 Transfer characteristics of MILC TFT (Type-A) at Vd=5V and 0.1V with
various channel length. The channel width is 20um.
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Fig. 3.7 Re-plot of Fig. 3.6 normalized to channel length.

Table3.1Major electrical parameters extracted from the transfer curves measured at
Vd =0.1V in Fig. 3.6. Definition of the Effective (Eff) \Vd is given in Eq.3-1.

|L(um) Mobility(cm?/V*s) [Vth(V) SS (V/dec) Eff Vd(V)

10 61.5 4.32 1 0.057347
49.2 3.99 0.95 0.04444
35.55 3.76 0.962 0.023281
24.76 4.05 0.994 0.008176

0.6 18.86 4.25 1.041 0.000494
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Fig. 3.8 Measured total device resistance R versus‘drawn channel length L of MILC
TFTs (Type-A) with only one MILC open window at source region. Channel width W
is 20 um.

80000
SPC control sample
60000 |
€
<
=)
S i
e 40000 |
S i
[2)
)
()
[v4
I | Rsd=2KQ
20000 i o Vgeov ]
O Vgs=12Vv
v Vgs=15V
| —— Plot Regr
0 1
-1 0 1 2 3 4

channel length(um)
Fig. 3.9 Measured total device resistance R versus drawn channel length L of SPC
poly-Si TFTs with S/D activation steps same as MILC devices in Fig. 3-8.
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Fig. 3.10 MILC TFTs with (A) one-side and (B) two-side MILC open window
arrangement.
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Fig. 3.11 Transfer characteristics of MILC TFTs (Type-A) with one-side and two-side
MILC open windows.
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Fig. 3.13 An exemplary layout for devices used to investigate the effect of channel
width on device performance. Major dimensional parameters are also illustrated.
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Fig. 3.14 Transfer characteristics of MILC TFT (Type-A) with various channel width

but identical channel length of 2um.
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Fig. 3.15 Normalized transfer characteristics of MILC
channel width but identical channel length of 2um.
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Table 3.2 Major electrical parameters extracted from the transfer curves measured at
Vd=0.1VinFig. 3.14.

\W(um) (L:2um)|Mobi lity(cm2/V*s)[Vth(V) SS(min)(V/dec)
20 35.55 3.76 0.962
10 50.84 3.4 0.879
2 7177 3.2 0.824
62.08 4.78 1.137|
0.6 30.1 6.17 0.875
10° ¢
1os [ LW=10um/20um vd=5v

10° £
106 [

107 |

Id(A)

10 |
10° L

10710

10-11;
Vgvs Id

10-12i _——— Vg vs Id S/D reversed _

10-13 i 1 1 1 1 1
10 5 0 5 10 15 20

Vg(V)
Fig. 3.16 Transfer characteristics of a MILC TFT (Type-A, L/W=10um/20um)under
forward and reverse modes of measurements.

49



103
104
105 |

10 |

5V)(A)

107

d(Vd=

108 §

109 E
E Vg vs Id one step anneal
L Vg vs Id two step anneal |
1010 ~ ’ P 3

10-12 [ 1 1 1 1 1
-10 -5 0 5 10 15 20

Vg(v)
Fig. 3.17 Transfer characteristics of MILC TFETs (Type-A, L/W=10 um/20 um)
processed with one- and two-step S/D anneal.
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Fig. 3.18 Distribution of minimum drain current at Vd=5V for devices with one- and
two-step S/D anneal.
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Fig. 3.19 Distribution of minimum drain current at Vd=5V and Vg = 20V for devices
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Fig. 3.20 Distribution of subthreshold swing at Vd=0.1V for devices with one- and
two-step S/D anneal.
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Fig. 3.21 Characteristics of MILC TFTs (Type<A) before and after NH; plasma
treatment: (a) transfer characteristics; (b) minimum-ld at VVd=5V, and (c) leakage

current at Vd=5V and Vg=-10V.
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Fig. 3.22 Transfer characteristics of MILC TFTs (Type-B 550°C) with various channel
length but identical channel width of 20um. Vd=5V and 0.1V.
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Fig. 3.23 Transfer characteristics .of MILC TFTs:(Type-B) shown in last figure
normalized with the channel length.

Table 3.3 Major electrical parameters extracted from transfer curves measured at Vd =
0.1V in Fig. 3.22. Definition of the Effective (Eff) Vd is given in Eq. (3-1).

[L(um)w=20um [Mobility@cm2/v=s) vth(v)  [Eff Vd(V) SS(min)(V/dec)

10 58 0.85 0.092776 1.272
47.06 0.92 0.088318 1.31
44.16 1.03 0.074741 1.309
37.42 0.93 0.061423 1.322
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Fig. 3.24 Measured total device resistance R versus.drawn channel length L of MILC
TFTs (Type-B) with only one MILC open window at source region. Channel width W
is 20 um.
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Fig. 3.25 Measured total device resistance R versus.drawn channel length L of SPC
TFTs which received the same:SID annealing treatment as MILC process Type-B.
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Fig. 3.26 Transfer characteristics of SPC poly-Si TFTs normalized with the channel
length.
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Fig. 3.27 (a) Transfer characteristics for MILC TFTs (Type-B) with various channel
width but identical channel length of 2um (b) Transfer characteristics of the devices
normalized with the channel width.
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Table 3.4 Major electrical parameters extracted from transfer curves measured at Vd =
0.1V inFig.3.27(a).

\W(um)L=2um |Mobi|ity(cm2/V*s) Vth(V) SS(min)(V/dec)

20 44.16 1.03 1.309

10 45.43 2.14 1.331
54.39 2.4 1.311
63.57 2.32 1.279

1 65.78 2.66 1.342

0.6 93.17 1.7 1.192

¥lde thickness
=channel thickness
=100n1m

Oxide

I Channel L

i

Inversio

parasitic

channel

Fig. 3.28 Illustration of the appearance of parasitic channels on the sidewall of the

active layer.
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Fig. 3.29 Transfer characteristics.of SPC poly-SiTETs normalized with the channel

Table 3.5 Major electrical parameters extracted from transfer curves measured at Vd =

0.1V in Fig.3. 29.
\W(um)L=10um |Mobi|ity(cm2/V*s) Vth(V) SS(min)(V/dec)
10 73 6.41 1.992
20.08 6.35 1.997
23.21 5.99 1.996
27.38 5.69 2.017
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Fig. 3.30 Transfer characteristics of Type-B devices with and without plasma

treatment.

Table 3.6 Major electrical parameters extracted from transfer curves in Fig. 3.30.

W/L=20/10Mobility(cm2/\/*s)

\Vth(V)|SS(min)(V/dec)

Id minima(Vd=5V)(pA)

Fresh 58.00  0.85 1.272 06.28()
NH3 1HR 58.65 2.11 1.392 47.760
NH3 2HR 75.03] -0.89 0.78 35.045
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Fig. 3.31 Activation energy .of MILC TFETs: (a) Type-A under forward and reverse
modes of measurements, (b) Type-B -under forward and reverse modes of
measurements, and (c) comparisons of the-three-types of devices.
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Fig. 3.32 Transfer characteristics of Type-A, Type-B, and SPC TFTs.
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Fig. 3.33 Schematic of HC-TFET test structure.
Table 3.7 Major structural parameters of HC-TFT. (unit: um)
Devicelle [we [wc jws wm Mwo wo [pa |pe |pc o
No.
Ber 1| 2104 12 1of 5 5[ g5 f 3 oo g 2
[BA1 5 7 5 1 1.4 5 0.6] 0.2 5 1
BB1 5 17 15 1 1.4 1 5 0.6 0.2 5 1
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Fig. 3.34 Transfer characteristics of the main transistor in a HC device (BE1_1) under
forward and reverse modes of measurements.
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Fig. 3.35 Transfer characteristics of the,three monitor transistors in a HC device.

(BEL_1).

Table 3.8 Major electrical parameters extracted from the transfer curves in Fig. 3.34

and Fig. 3.35
[BEL 1 [Mobilitycm2/vs) (vth(v)fiminA)id(pA) at - |ss(min)(v/dec)
at Vd=5V
Vd=5V [Vg=-15V
ST 10673 011 1184 8144 1.369
MT sal 14 1229 16429 1.375
T 4358 579 1184 9537 1.683
[Main reverse 3312 563 856l 11208 1.67
IMain forward 33120 sl 1437 7445 1.685
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Fig. 3.36 Activation energy of leakage current for the three monitor transistors in a
HC-TFT device (BE1_1).

le+21 F L‘S‘A—
BE1_1Vd=0.1V AL
Vfb Main -4.6V {;‘v A A
\ 4 A 1
- DT -5V v A aa
2 les20| MT -5.8V ‘V\‘}: 3
5 - ST -6V W & ]
X W
3 . ‘
S leriok D e E
i - A 4 Yagyh ]
o adalaa g, 4 A My
© I A ‘ v ha vy’ v s "m B ]
> [ aA _
i Six 2240 M 1 B
o le+l8 ¢ v 4 D E
" ° s
v ST |
le+17 ' ' ' '
0.0 0.1 0.2 0.3 04 0.5
E-Efb(eV)

Fig. 3.37 Extracted density-of-states for the three monitor transistors in a HC-TFT
(BE1_1).
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(c) :
Fig. 3.38 SEM pictures after Secco etching taken in the channel regions of (a)ST,
(b)MT and (c)DT ina HC-TFT (BE1_1).
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Fig. 3.39 Transfer characteristics.0f the main transistor in a HC device (BA1) under
forward and reverse modes of measurements.
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Fig. 3.40 Transfer characteristics of the three monitor transistors in a HC device
(BAL).
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Fig. 3.41 An OM picture of theV ILC I 5umX10um MILC seeding
window after annealing at 550°C for.2 Al

71



0.6

[ BA1 Activation energy _ — —————__
[ Vd=5V - N
0.5 C

04
N I
L 03
o] L
w
02}
i /
I //
A DT
01p-" ———  MT
F ST
Oo [ 1 1 1 1 1 1 1
14 12 -10 8 6 4 2 0
Vg(V)

Fig. 3.42 Activation energy of leakage current for the three monitor transistors in a
HC-TFT device (BA1).
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Fig. 3.43 Transfer characteristics of the main transistor in a HC device (BB1) under
forward and reverse modes of measurements.
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Fig. 3.44 Transfer characteristics.of the three monitor transistors in a HC device.
(BB1).
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Fig. 3.45 Activation energy of leakage current for the three monitor transistors in a
HC-TFT device (BB1).

73



=
=3

ful : 3

2P0 272.02.20

SEREET

wE e

Bl o S B I8l B 42531

K
pAd Ay 1998. 09~2001. 06
Rzl ~F 14485 % 2001. 09~2005. 06
Bz 2 ® AT 2005. 09~2008. 06

HT D L AR F R RN B BT e

Fabrication and Analysis of Poly-Si TFTs by Metal Induced Lateral
Crystallization Technology



	cover
	前置
	內文
	C1-2-3-4+R
	process table
	WM_CH3 PIC
	簡歷


