Chapter 1

Introduction

1-1 Overview of Low-Temperature Polycrystalline-Silicon (LTPS)
Thin-Film Transistors (TFTs) Technology

Nowadays, the amorphous silicon thin film transistors (a-Si TFTs) are commonly
used to be the switches of the pixel in active matrix liquid crystal displays (AMLCDs).
Fig. 1-1. shows the block diagram.of active matrix display. All the driver chips are
buried together with the other application-specified ICs on PCB because the current
driving capacity of a-Si/ TFTs is not good.enough for the system integration. However,
the integration of driver circuitry with «display panel on the:same substrate is very
desirable not only toreduce the module cost but to improve thessystem reliability. For
this reason, the pelyerystalline silicon thin-film transistors (poly-Si TFTs) have
attracted much attention in the application of the pixel circuits and the integrated
peripheral circuits of active matrix liquid crystal displays (AMLCDs) [1]-[8] due to its
high electron mobility. In pely-silicon film, the carrier mobility larger than 10 cm?/Vs
can be easily achieved, which is about tens times larger than that of the conventional
amorphous-silicon TFTs (typically below 1 ecm?Vs). This characteristic allows the
pixel-switching elements made by smaller TFTs size, resulting in higher aperture ratio
and lower parasitic gate line capacitance for the improvement of display performance.
Furthermore, the integration of peripheral circuits in display electronics can be
achieved by poly-Si TFTs due to its higher current driving capability, which is
illustrated in Fig. 1-2. Besides, it can offer the flexibility of being used in the
peripheral driving circuitry of AMLCD panel [9]-[12] to achieve the goal of
system-on-panel (SOP) which is the integration of all the components on the same
glass substrate, such as active displays, driving circuits, memory, and central

processing unit (CPU), etc.
In the process of fabricating LTPS TFTs (Low Temperature Poly-Si Thin Film
Transistors), crystallization of a-Si has been considered the most important procedure
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for excellent performance of TFTs. To achieve high performance poly-Si TFTs, high
quality poly-Si thin film is firstly required. It is known that the existence of traps in
poly-Si thin film has great impact on the electrical properties of poly-Si TFTs. The
conductivity of poly-Si TFT is mainly influenced by the grain boundaries because the
trap levels at the grain boundaries form the potential barrier. However, diverse grain
boundary distribution in poly-Si film also leads to the non-uniformity of device
characteristics and the difficulty in predicting the reliability behavior [13]-[15].
Therefore, the yield control of the poly-Si TFTs is very difficult due to the poor
uniformity of poly-Si TFTs compared with single crystal silicon transistors. In this
work, the device characteristics are studied in a statistical approach to investigate the
relationship between variation behavior-and layeut methods in the low-temperature

poly-silicon films.

1-2 Review of Mismatch Effects in LTPS TFTs

1-2-1 Device variation

In previous research, it is"shown that the. L'TPS TFTs have some non-ideal
characteristics such as device variation and diverse reliability behaviors. Until to the
present time, very few researches have been made on the variation issue of LTPS
TFTs. Most researches about LTPS TFTs aim at the improvement of the device
performance. The LTPS TFTs suffer from serious variation of their electrical
parameters [16]-[18]. The poly-Si material is a heterogeneous material made of very
small crystals of silicon atoms in contact with each other constituting a solid phase
material. These small crystals are called crystallites or grains. The irregular
boundaries of these crystallites are the side lines of the grains. Because the material

remains solid, the atoms at the border of a crystallite are also linked to the neighbor

2



crystallite ones. However, these atom bonds are disoriented in comparison with a
perfect lattice of silicon. This border is called a grain boundary. As the result of
various distributions of grain boundaries in the channel of TFTs, the initial
characteristics of LTPS TFTs are different from one another. These variations can be
also observed in MOSFETs (Metal-Oxide-Silicon Field Effect Transistors) but they
are more critical in LTPS TFTs due to the existence of grain boundary. The device
variation will lead to the variation of the circuit performance. It will be reflected
directly on the image uniformity of the display. This lack of uniformity has hindered
the adaptation of polycrystalline TFT’s (poly-TFT’s) in the key applications
mentioned above. It would .be useful if a theory existed to quantify this variation.
Although changes in TFT uniformityrare expected when the devices are scaled,
conventional MOS scaling theory-was not intended to address such changes. There
has been some research into addressing of TFF’s variation. Uncontrolled variations
tend to become dominant at small device sizes. They require device or circuit designer

to improve uniformity.

1-2-2 Differential pair

The objective of matching two or more devices on a single integrated circuit is
depicted in Fig. 1-3. If a circuit critically depends on the absolute performance of a
single transistor, the circuit will vary according to the die-to-die variation. On the
other hand, if a circuit is designed so that it depends on the differential performance of
a matched pair, the circuit becomes robust to die-to-die variation and instead it
depends on a much smaller “mismatch” variation. The extent to which two or more
identically drawn devices match each other therefore determines parametric yield,
analog circuit performance (such as bit resolution in data converters), and circuit

topology selection.



The circuit performance of an analog circuit, such as differential pair is
dominated by micro variation of devices. The differential amplifier is among the most
important circuit inventions, dating back to the vacuum tube era. Offering many
useful properties, differential operation has become the dominant choice in today’s
high-performance analog and mixed-signal circuits. An important attributes of
differential amplifiers is their ability to suppress the effect of common-mode
perturbations. In a symmetric circuit, input CM (common-mode) variations disturb the
bias points, altering the small-signal gain and possibly limiting the output voltage
swings. However, considering the asymmetry resulting from mismatches between M,
and M; in Fig. 1-4(a), the two transistors would catry:slightly different currents and
exhibit unequal transconductances, whichy owes to the mismatches of dimension and
threshold voltage.

It is a valid argument that the value of (CMRR (common-mode rejection ratio)
decrease as the mismatches between the two transistors get worse, which means that
the differential amplifier has worse tolerance with-signal’s fluctuation. Therefore, it is
obvious that the study of the matching behavior of MOS transistors remains important
because the performance of analog MOS integrated circuits depends heavily upon the

element of matching accuracy.

1-2-3 Mismatch issue

It is generally agreed that the mismatching variations in IC design are further
extended as wafer-to-wafer, batch-to-batch and lot-to-lot variation. The mismatch
issue is examined with respect to the mutual device distance. In the application using
MOSFETs with high sensitivity to the mismatch variations such as differential
amplifiers, the statistical mismatching analysis would be a very important verification

step. In the scope of this thesis, since the LTPS TFTs may be used to make advanced
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circuitry and the perspective of System-On-Glass (SOG), the mismatch and
uniformity issue would become more essential.

There is no disagreement that LTPS TFTs have different process from IC
industry owing to the different substrate and low process temperature, which could be
the source of the device’s mismatching behavior. Besides, compared with MOSFETs,
the LTPS TFTs contains a larger number of defects in the poly-silicon film as shown
in Fig. 1.5, which distributes randomly and hardly controlled by manufacturing
process. Therefore, it may farely be assumed that the mismatching effect on LTPS
TFTs could be more essential and complicated than that on MOSFETs [19].

Mismatch sources of LTPS TFTs can be divided as local variations characterized
by short correlation distances and globalwariations characterized by long correlation
distances, where the correlation-distance.is defined as the distance in which a process
disturbance affects the device performance. If this distance is lower than the usual
distance between devices, the disturbance constitutes a local variation and affects few
devices (e.g. a charge trapped in the gate oxide layer). For 'the global variation, which
is characterized by process disturbances with longer correlation distances (e.g. the
gate oxide thickness across the wafer surface), affects all the devices within a defined
region. Therefore, the devices placed at longer distance are more affected by global
variations than devices placed close to each other.

In this work, the sources of mismatch are classified as macro variation and micro
variation. Macro variation comes from the issue of process control, such as gate
insulator thickness, LDD (Lightly Doped Drain) length fluctuation and ion
implantation uniformity. This non-uniformity of process control will result in the
common shift of device parameters. On the other hand, micro variation comes from
the differences of the defect site, defect density in the active region and the activation

efficiency. Since these conditions vary from device to device, micro variation will
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lead to the random distribution of device parameter.

We will introduce the crosstie layout device which was used to investigate the
mismatching properties in chapter two. In chapter three, the mismatch issue of LTPS
TFTs will be discussed with the distribution of device parameters. We will investigate
the correlation between the channel width and the micro variation. Our experimental
data tell us that the larger channel width the devices have, the smaller the micro
variation there will be. How about the micro variation of the smaller channel width
devices will be? We are interesting in the micro variation of the smaller channel width,

and in chapter four, we will use the simulation to evaluate it.
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Chapter 2

Experiments

2-1 Introduction to Crosstie TFTs

To further investigate the mismatching properties of the interdigitated
arrangements, a huge number of devices with the same dimension are necessary. In
addition, the variation factors in LTPS TFTs needs to be considered to evaluate the
mismatching property more precisely.

In prior studies, it is known that LTPS TFTs suffered from severe device
variation even under well-controlled, process. Since the device variation is inevitable
in LTPS TFTs, it is essential to classify ‘the sources of variation. In MOSFETs
(Metal-Oxide-Silicon Field Effect Transistors), the local® variations can be
characterized by short correlation.distances and global variations characterized by
long correlation distances, where the ‘correlation distance is defined as the distance in
which a process disturbance affeets the device performances. If this distance is lower
than the usual distance between devices, the disturbance constitutes a local variation
and affects few devices (e.g. a charge trapped in the gate oxide layer). For the global
variation, which is characterized by process disturbances with longer correlation
distances (e.g. the gate oxide thickness across the wafer surface), affects all the
devices within a defined region. Therefore, the devices placed at longer distance are
more affected by global variations than devices placed close to each other.

In order to investigate the relationship between mismatching issue and device
distance, a special layout of the devices adopted in this work is shown in Fig. 2-1(a).

The red, blue and yellow regions respectively represent the polysilicon film, the gate



metal and the source/drain metal. The structure of the poly-Si film and the gate metal
are in the order that resembles the crosstie of the railroad and therefore this layout is
called the crosstie type layout of LTPS TFTs. The distance of two nearest active
regions is equally-spaced 40um and is shown in Fig. 2-1(b). The global variation may
be ignored within this small distance, and the variation of device behavior can
therefore be reduced to only local variation. For this reason, we can find out the
relationship between the variation behaviors and the distance of mutual devices by

adopting the crosstie layout TFTs.

2-2 Device Fabrication and Measurements

Since the uniformity of polycrystalline TFT’s is expected to be worse than that
of MOS transistors qualitatively, the mismatching behaviors that can be observed
between the electrical characteristics of equally designed devices are further analyzed

by means of equally designed devices with various dimensions:

The process flow of top gate'LTPS TFTs is described below. Firstly, the buffer
oxide and a-Si:H films with thickness of 50 nm were deposited on glass substrates
with PECVD. The samples were then put in the oven for dehydrogenation. The XeCl
excimer laser of wavelength 308 nm and energy density of 400 mJ cm” was applied.
The laser scanned the a-Si:H film with the beam width of 4 mm and 98% overlap to
recrystallize the a-Si:H film to poly-Si. After poly-Si active area definition, 100 nm
SiO, was deposited with PECVD as the gate insulator. Next, the metal gate was
formed by sputter and then defined. For n-type devices, the lightly doped drain (LDD)
and the n+ source/drain doping were formed by PH; implantation with dosage 2 X
107 cm™ and 2 x 10" cm™ of PH; respectively. The LDD implantation was

self-aligned and the n+ regions were defined with a separate mask. The LDD structure



did not use on p-type devices. The p+ source/drain doping was done by B,Hg
self-align implantation with a dosage of 2 x 10" cm™. Then, the interlayer of SiNx
was deposited. Subsequently, the rapid thermal annealing was conducted to activate
the dopants. Meanwhile, the poly-Si film was hydrogenated. Finally, the contact hole
formation and metallization were performed to complete the fabrication work. The
Fig. 2-2. shows the schematic cross-section structure of the n-type poly-Si TFT with
lightly doped drain (LDD). And the Fig. 2-3. shows the schematic cross-section
structure of the p-type poly-Si TFT.

In order to realize the matching properties of LTPS TFTs, the I-V curves of the
TFTs were measured usingsan. HP 4156 semiconductor parameter analyzer. The
maximum field-effect mobility was extracted from the transconductance in the linear
region at Vds= -0.1V.. The minimum subthreshold swing were measured at Vds = -0.1

V and the threshold voltage was defined as the gate voltage required to achieve a

normalized drain current of Ids = (W/L)”‘l()'8 Aat Vds=-0.1 V.

2-3 Parameter Extraction

The purpose of this section is to introduce the definition of estimating the key
parameters threshold voltage (Vth), field effect mobility (Muo) and subthreshold
swing (S.S) from measured data obtained from the I-V characteristics, including the

operation on tride and saturation region.

For most of the researches on TFT, the constant current method is widely-used to
determine the threshold voltage (Vth). The threshold voltage in the thesis is
determined from this method, which extracts Vth from the gate voltage at the

I,=I,AW, /L, )=10nA

normalized drain current for VD=0.1V.
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The field effect mobility (Muo) is derived from the transconductance gm. The

transfer characteristics of poly-Si TFTs are similar to those of conventional

MOSFETs, so the first order I-V relation in the bulk Si. The MOSFETS can be

applied to the poly-Si TFTs, which can be expressed as

W 1
I, = :uFECox _[(VG Vi )VD __VDZ]
L 2 (2-1)

Where

Cox is the gate oxide capacitance per unit area,
W is channel width,

L is channel length,

Vth is the threshold voltage.

V

If the drain voltage VD is much smaller compared with Ve =V

(i.e. VD << V@G - Vth), then the drain current can be approximated as:

4
I, =Mt Cox 3 (VG =V )VD
L (2-2)

And the transconductance is defined as:

— aID _ WCuxﬂFE \%
aVG Vp=const. L D

Em

Therefore, the field effect mobility can be expressed as:

L

Hre = cC WV,

Em
(2-3)

We can get the field-effect mobility by taking the maximum value of the gm into

(2-3) when VD =0.1V.
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2-4 Statistical Analysis

It is reported that the averages of parameters differences stand for global
variation of LTPS TFTs, while the standard deviation of parameter differences shows
the local variation in the devices. In prior art, the averages of the differences of these
parameters show different behaviors, they still appear in linear form. On the other
hand, the effects of variation in a range are still minor than those of the micro
variation under short device distance. Since the variation in a long range is not our
concern because the distance between two devices will not be too long for the crosstie
layout. A good place to start is analyzing the distribution.of the differences of these
parameters.

Since the crosstie devices queues as a row with narrow distance of 40um, it can
be used for statistical method to analyze the mismatch effect. In this study, the
crosstie devices aretinterdigitated withwdifferentsaumbers of fingers. In order to
compare the performance of the interdigitated pairs and the original ones, the value of
the drain currents within the'same pair are summed together and extracted to acquire
the two parameters of threshold voltage and mobility. To further confirm the
matching properties of the interdigitated pairs, the crosstie devices could be
interdigitated not only with different number of fingers, but also with different
distance of fingers. By employing various arrangements of the interdigitated pairs, the

property of mismatch effect can be further analyzed and evaluated.

2-4-1 Average and Standard deviation
Firstly, we introduce the statistical expressions for the following analysis. The

average value () is defined as:
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DX
X - i=1
n  where x is the observe value (2-4)

The standard deviation value, o, is usually used to investigate the distribution of

the observed value. The standard deviation value is given as

" , where X is the observe value (2-5)

2-4-2 Inter-quartile Range

Because the range depends only on the smallest and largest observations in a
data set, a modified range is.sometimes used that reflects the variability of the middle
50 percent of the observations in thewarray. This modified range is called the
inter-quartile range. The inter-quartile range. is the difference between the third and
first quartiles of the data set. The inter-quartile range may be considered to be
approximately the range for a trimmed data set in which the smallest 25 percent and

the largest 25 percent'of observations have been removed.
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Chapter 3

Mismatch Analysis Based on Measurement Data

3-1 The Distribution of the Device Parameter Mismatch

As mentioned in chapter 1-2-1, LTPS TFTs are found to suffer serious behaviors
of mismatching variations even from predominant process conditions. Fig. 3-1-1
illustrates the threshold voltage distribution along the device position. We can take
this graph as a part of Fig. 3-1-2,, which is ithe same kind of graph but in longer
distance. The variation effects consist of macro-and miero variations, but it mainly
comes from the macro variation. The macro variation' results from the issues of
process control, such as gate insulator-thickness, LDD length fluctuation and ion
implantation uniformity. This non-uniformity of process control will lead to the
common shift for device parameters. On the other hand, micro variation may result
from the difference of the defect site, defect density in the active region and the
activation efficiency. Since these.conditions differ from ‘device to device, the micro
variation will lead to the random distribution of device parameters. In order to identify
the effects of the macro and micro variation, the parameters differences of two
devices under certain distance are divided with several groups according to the
distance between two devices. Fig. 3-1-3 and Fig. 3-1-4 show the average and the
standard deviation of the differences of Vth and Mu of Poly-GroupA and
Poly-GroupB devices. As the mutual device distance increases, the standard deviation
of device differences shows no significant dependence on the device distance. It can
be explained that the micro variation will merely vary with distance as we expect. On

the other hand, as for the variation in a range, the averages of the differences of these
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parameters change with the mutual device distance. In the very linear region, the
effects of the macro variation can be minor than those of the micro variation .

For the viewpoint of circuit design, the device variation must be taken into
consideration. Analogy to the small signal analysis in the circuit theory, the macro
variation can be considered as the range near the bias point and appear in piecewise
linear form, while the micro variation can be taken as the noise. If the distance
between devices is short enough, the disturbance constitutes a micro variation and
thus the macro variation can be ignored. For this reason, we can evaluate the micro
variation individually if we keep the mutual device distance close. This is our aim that
to eliminate the macro variation effects and just focus.on the micro variation on our

analysis.

3-2 Scaling Effect of the Mismatch

It is reported that the improyed grain structure of the TFI’s with small channel
dimensions may be related to the decrease in-the-number of grain boundaries in the
active channel of the devices [21]. Furthermore, these results reveal that the difference
of output decrease with larger device size. Uncontrolled variations tend to become
dominant at small device sizes. However, if the channel width increases so much that
not only the micro variation is involved, the macro variation will also come into play.

In order to eliminate the macro variation while the device size increasing, we use
the interdigitated layout. As mentioned in chapter 2-1, the distance between device
pair of interdigitated layout is not too long. By cancelly out the common variation
factors of the two matched devices, the major variation source in the circuits is micro
variation. By putting matched devices in parallel, we can scale up the device size
while not incorporating the macro variation.

We show the p-type and the n-type channel devices for Poly-GroupA device. In
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order to evaluate the performance of the interdigitated pairs, more than 1000 crosstie
devices are measured and interdigitated statistically with different setup as illustrated
in Fig. 3-2-1. According to the device parameters extracted from the measured data,
the distributions of the parameters’ difference including threshold voltage and
mobility are observed. The mean values and standard deviations of each distribution
for various kinds of interdigitated methods are examined. Fig 3-2-2 (a), (b) and (c)
shows the distribution of /A\Vth of n-type devices with 1, 2, and 3 fingered in pairs
respectively. The number of fingers also means the size of devices in the interdigitated
pair. In Fig. 3-2-2(a), the threshold voltage’s difference of one finger devices spread
out as Gaussian distribution,swhose mean value and standard deviation are -0.009mV
and 0.022V individually. In the cases of multifinger, the distributions are still
Gaussian and the mean values-keep neat OmV, ‘as shown in Fig 3-2-2 (b), and(c).
However, the standard deviations of two-finger and three-finger interdigitated devices
decrease linearly with the value of 0.015V and 0.012V. Observing the decrease of
standard deviation, it'1S not teo far to say-that the interdigitated method is able to
suppress the mismatch effect with the increase of finger number.

Since the interdigitated method shows superior properties on /\Vth parameter in
n-type Poly-GroupA devices, the performances on /\Mu are intended to be examined.
The distribution of /\Mu, in each finger group, are shown in Fig 3-2-3 (a), (b) and (c)
accordingly. In these three distributions, the mean values of -0.0028 cmZ/V*s, -0.0025
cmz/V*s, and -0.0033 cm?*/V *s, are very close to zero, while the standard deviation
shows more apparent decrease with the value of 1.811 cm?/V*s, 1.361 cm?/V*s and
1.158 cm?/V*s. As far as the standard deviation is concerned, the interdigitated
method of two-finger has better performance than one-finger, and the three-finger are
still superior than two-finger.

From the n-type devices, it could be observed that the mean values of /\Vth and
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/A\Mu keep near to zero very closely and almost have no tendency.

For comparison, the case of p-type device in standard deviations of /\Vth and
/AMuo are still examined as shown in Fig. 3-2-4. and Fig. 3-2-5. The standard
deviations of the original and interdigitated devices are 0.028V, 0.020V, 0.016V for
AVth and 1.704 cm*/V*s, 1.178 cm*/V*s, 0.958 cm’/V*s for /AMu, which reveal
the similar properties as those of n-type devices. For both AVth and /AAMu in n-type
and p-type devices, standard deviations decrease as finger number increases. However,
the decreasing tendency seems to be smoother when the finger number increases. In
order to investigate the trend, the reduction of mismatch with more fingers would be
desired.

The deviation of AVth on both n=type and p-type devices for Poly-GroupA and
Poly-GroupB, in each finger-number group; are shown in Fig 3-3-7 (a) and (b). In
addition, the deviation of /AMu on both n-type.and p-type devices for Poly-GroupA
and Poly-GroupB, in each finger-number group, are shown in Fig 3-3-8 (a) and (b).
These figures clearly’show that as.the finger number increase, the standard deviation
of device parameter differences decreases both in n-type and p-type for Poly-GroupA
and Poly-GroupB devices. Table3-1 and Table3-2"list the standard deviation values
for AAVth and /AAMu for n-type and p-type devices, respectively. It is clear that the
micro variation of devices can be suppressed by adopting the interdigitated layout and
the more devices in the pair, the smaller micro variation of the pair would contain.

Concerning /A\Vth in Fig 3-3-7 (a) and (b), it is noticeable that the standard
deviation is inversely proportional to finger number. The /AVth of p-type devices
reveals the similar characteristics as shown in Fig. 3-3-7 (b). Since the standard
deviations of AVth have the apparent properties of inverse proportionality with

finger numbers, a proposed model would be desired to predict the performance :
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y =a+bx‘ (3-1

the values of certain parameters (a, b, ¢, R square) are shown in Table3-3.
In this place, the fitness of the model is compared with the coefficient of
determination (R square). The square of the correlation coefficient (R square)

presenting the fitness from the chosen equation will be used. R square is defined as:

2 _SSR_, _ SSE
SST  SST

SSR=D (5= =DV’ =b Y X{+b;y X;+2bb, ) XX,

, where (3-2)

SST=3 (y=5)

SSE=2.8 =2 (v~ )

R square indicates the similarity between the proposed model and the real data,
and its value ranges between 0 and 1 [22]. It represents the proposed model can well
model the data when'R square value much approaches to 1. As shown in Table3-4, the
values of R square are 0.9996 and 0:9988 forn=type and p-type devices, which is
evident that the models presented are able to fit the data accurately. However, the
predictive models have clearly indicated.that there is practical limit to finger numbers
as far as the enhancement of matching accuracy is concerned. As shown in Fig. 3-3-7
and Fig. 3-3-8, the predictive models for the standard deviation of /A Vth and /A\Muo
have nonzero intercept. Concerning the interdigitated devices of more fingers, only
minute local process variations, and not global variations, affect them since they are
within the same region. As finger number increases the local variation is uniformly
spread and the devices are affected equally, thus the mismatch effect decreases.

The interdigitated methods with different number of fingers, distances and
configurations are demonstrated. It can be well applied to describe the micro variation

behaviors for poly silicon devices. The interest about the interdigitated method
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applied to the single crystal silicon and the amorphous silicon devices is arisen. We

will discuss this issue in the following section.

3-3 Other Devices with Different Grain Structures

In this section, we are interesting in the micro variation of the other devices with
different grain structures, like the single crystal silicon and the amorphous silicon
devices. More than 400 crosstie devices of amorphous silicon are measured and
interdigitated statistically. The data of the single crystal silicon is referenced from
Chee Lin Yum in Bachelor’s thesis on Electrical Engineering [23]. The Fig. 3-3-1.
shows the data of interdigitated method on A 'Vth of n-type for a-Si, Poly-GroupA,
Poly-GroupB, and c-Si‘devices, and those for the p-type are shown in Fig. 3-3-2.
From these figures, we could clearly indicate [that the proposed model is suitable for
different grain structures. Table3-4 lists the fitting parameter of A Vth with finger
numbers for n-type different devices.. Apart from amorphous silicon, the R square of
poly silicon and single erystal silicon approach up to 0.98, it indicates that the good
fitness between the proposed model and the real data. For the parameter “b” of
equation (3-1), we find that the micro variation on A Vth of poly silicon is ten times
larger than single crystal silicon. Furthermore, the micro variation of amorphous
silicon is three times larger than poly silicon. Table3-5 shows the fitting parameter of
AVth with finger numbers for n-type different devices. For analyzing of the value
“b” on p-type, we get the micro variation on A Vth of poly silicon is one hundred
times larger than single crystal silicon.

The Fig. 3-3-3 shows the data of interdigitated method on Abeta of n-type for
a-Si, poly-Si, and c¢-Si devices, and those for the p-type are shown in Fig. 3-3-4. Since
we don’t know the transistor’s dimension and the oxide thickness from Yum’s thesis,

we can not compare the micro variation between each other. Table 3-6 and Table 3-7
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show the fitting parameter of Abeta with device size (finger number) for n-type and
p-type different devices respectively. The R square values are up to 0.99, indicating
the tendency of the curve is the same and the high fitness of the proposed equation.

We successfully use the proposed model to describe the micro variation for
different grain structures. With interdigitated method, as the finger number increases,
the distributions of A Vth and AMu are more concentrated and the variation range
decrease. The tendency is similar to MOSFET’s mismatch, where c=-0.5. And the
micro variation of A Vth in amorphous silicon is much larger than single crystal
silicon and poly silicon. Therefore, we find that the micro variation of devices
declines while device performance gets better.

The above resultsitell us that the-larger channel width the devices have, the
smaller the micro variation there will be. However, what the micro variation of the
smaller channel width devices will be? Besides, since experimental data are not
available for us to evaluate the imicro variation behaviors for the smaller channel
width device of the interdigitated layout, in the next chapter, we will introduce the

simulation to investigate other properties of the micro variation.
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Chapter 4

Mismatch Analysis Based on Simulation

4-1 Simulation Concept and Method

Since experimental data are not available for us to evaluate the micro variation
behaviors for the smaller channel width device of the interdigitated layout, in this
chapter, we will introduce the simulation to investigate other properties of the micro
variation. In the beginning, we will briefly describe for the concept of the simulation.
Fig. 4-1 shows the R square value on right vertical axis and standard deviation on left
vertical axis with respect to the device size for |Vth mismatch of the experimental data.
The R square value'is obtained by using the Gaussian distribution to fit the profile of
the parameters difference. We classify this diagram into three regions, region I, region
IT and region 111, by the yellow.dotted lines. They will be discussed individually in the
followings. We will discuss the region I in section 4-2, and region II and region III
will be discussed later in section 4-3.

Before the simulation, it is essential to introduce the method of our simulation
briefly. First, we integrate the assumed distribution of the parameters difference and
its cumulative probability would be range from 0 ~ 100%. Second, we will transform
this distribution into the corresponding value for Hspice simulation. For example, the
Fig. 4-2 is a simple distribution with four variables. The random values from 0 ~ 1 are
uniformly generated by computer and the transformed values can be obtained
according to the Fig. 4-3. If we get 0.3 from computer, the variable B will be chosen
according to Fig. 4-3. In the light of statistics theory, a certain number of data for each

distribution will be generated in order to get the stable and reliable simulation result.
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Fig. 4-4 shows the selected raw data and the two methods of simulation process,
Method A and Method B. If the selected data are directly calculated in statistics, it is
named “Method B”. On the other hand, the Method A is applies the raw data to
Hsipce to simulate the total current of the device in parallel. Then, the device
parameters are extracted to calculate the mismatch. We will respectively examine the
micro variation simulated by Method A and Method B.

Next section, we will simulate the different ranges of the parameters difference
and try to investigate the correlation between the micro variation and different grain

structure.

4-2 Simulation for the Profile of Mismatch with Different Ranges
Firstly, the problem we have to discuss| is the region I that could be done by
using the different ranges to evaluate the mismatching effect. From the results of the
experimental data for a-Si, poly-Si, c-Si; we see that the mismatch will parallel shift
in Y-axis and this difference may.come from-the different grain structures. Fig. 4-5
shows the Gaussian distribution with different ranges, 7 =2 and y =4, where
parameter “ 7 ” stands for the standard deviation. This figure shows that the standard
deviation will affect the range of the profile. The smaller the parameter “ 7 ™ is, the
smaller range the curve would have. Fig. 4-6 shows the different ranges of Gaussian
distribution that was used to simulate the mismatch of Vth. The black, red and green
lines respectively represent the standard deviation 7 =1,y =3 and y =9. The fitting
parameters are listed in Table 4-1. It can be seen that the R square value is close to 1,
which indicates the proposed model in equation (3-1) is still valid. The three lines just
exhibit parallel shift on Y-axis, and it might have some correlation between the
parameter “ v ” of the Gaussian distribution equation and the fitting parameter “b” of

the equation (3-1). The result of this diagram tells us that the range of the profile is the
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dominant factor for the mismatch of the device. We find that the mismatch of device
declines while standard deviation of the profile gets smaller. What is true for Vth
mismatching simulation is true for Mu mismatching simulation as well. A similar
result for Mu mismatch effect is shown in Fig. 4-7, and the fitting parameters are
listed in Table 4-2. The tendency of Mu is the same as Vth that we mentioned above.
What this section makes clear is that the behavior of the mismatch will parallel shift
in Y-axis for different ranges, and this difference may correspond to different grain
structures.

Next section, we will continue to discuss the region II in order to investigate the

mismatching behavior of devices with smaller channel width.

4-3 Simulation for the Mismatch with Different Distributions
4-3-1 Mismatch of the devices with small-channel width

We are interested in the mismatch of the smaller channel width since the smaller
circuit layout area is preferred. So.we want to-diseuss the region II of Fig. 4-1 in this
section. The simulation will be done by using the different distributions to profile the
parameters difference. First, we introduce the four distributions, Gaussian, Lorentzian,
Gauss-Lorentzian and Uniform distribution, as shown in Fig. 4-8. Table 4-3 lists the
equations and parameters for these different distributions.

Before the simulation, it is essential to introduce the inter-quartile range of the
parameters difference. It is a major factor to decide the profile of these distributions.
The inter-quartile range is the difference between the third and first quartiles of the
data set, and including the variability of the middle 50 percent of the observations in
the array. We take the same inter-quartile range of parameters difference for different
distributions to simulate the mismatch effect here.

Fig. 4-9 shows the R square value on right vertical axis and standard deviation
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on left vertical axis with respect to the device size for Vth mismatch calculated by
Method A and B, respectively. As shown in the figure, the R square value of the
Uniform distribution is below 0.9 in one-finger and two-finger, but it increases to 0.9
when the finger number is above three. This situation also happens in Lorentzian
distribution for Method B. The result clearly shows that the distribution may possibly
deviate from the Gaussian for the smaller channel width, according to the larger R
square value. We also find that the profile of the parameters difference will resemble
to Gaussian as the channel width increase. Similar to Fig. 4-9, the mismatch effect on
Mu is shown in Fig. 4-10. It exhibits the same tendency as A Vth, especially for
one-finger, the R square value of the Uniform distribution for Method B is 0.34 only.
Therefore, we want to/examine the statistical diagram of the Uniform distribution
more carefully. Fig. 4-11 shows-the statistical diagram of the Uniform distribution for
Method B with one-finger, five-finger, ten-finger and fifty-finger. This graph tells us
that the shape will be more and more close to Gaussian for higher-finger, number
devices, but it will stray from the Gaussian as the channel width decrease.

These results lead us to the conclusion that we may not be capable of evaluating
the deviation for the smaller channel width device ‘according to the behavior of large
width devices. If we assume the profile of the parameters difference but the profile
deviates from the Gaussian for the small channel width, the false estimation will be
made.

For the data of Method B, the parameter differences are obtained directly from
algebra calculation based on the statistical and therefore they may lack the
consideration of device fundamental basis. For this reason, if we don’t know the real
profile of the parameters difference, the simulation results can not represent the micro
variation precisely. Next, another direction of this simulation will be performed to

investigate the mismatch of the large size devices in the region III of Fig. 4-1.
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4-3-2 Mismatch of the devices with large channel width

In order to evaluate the micro variation of larger channel width device, we
discuss the region III in this section. As mentioned above, the profile of parameters
difference will resemble to Gaussian and the micro variation will decrease as the
finger numbers increasing. However, from the viewpoint of micro variation, whether
it will endlessly descend or not? We compare the experimental data of one-finger to
six-finger devices to the simulation results of Method A and Method B in Fig. 4-12.
For the experimental data, we can use both the proposed model in equation (3-1) and
the exponential law to fit these curves well. The R square values of the fitting
parameters based on equation (3-1) andrexponential laws for the experiment data, and
Method A, and Method B list in-Table 4-4. We can not find obvious difference from
the R square values because they are all above 0.99 for both Vth and Mu. For this
reason, we must add.the device pair with very large channel width to find the most
suitable model out. It’is not practical to collect the statistical results with measurement
data. Thus, the simulation result is used here. Fig. 4-13 shows the device pair up to
sixty-four fingers, for which we adopt Gaussian distribution to simulate the mismatch
effect of Vth. We respectively use the power law and exponential law to fit the extend
region. The R square values of the power law and exponential law are 0.992 and
0.878, respectively. The power law has better fitness than exponential law. It gives us
an indication that the equation (3-1) might be more proper to describe the dependence
of the standard deviation on the channel width. Similar to Fig. 4-13, the effects on Mu
is shown in Fig.4-14. We also use the two equations to fit this curve and find that the
R square of power law is still higher than exponential law. In conclusion, we could
predict the micro variation for the larger channel width device by the model (power

law) we proposed.
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4-4 Summary

In this chapter, we try to evaluate the quantitative relationships between the
variation and channel width in the regions where experimental data are not applicable.
The simulation results are examined. From the discussion of region I, we find that the
mismatch will parallel shift in Y-axis for different ranges, and the difference may
come from different grain structures. Then, the standard deviation will increase and
the profile will probably deviate from the Gaussian for the small channel width device.
So we may fail to evaluate the mismatch for the region II. Lastly, we find that the
proposed model in equation (3-1) has good fitness than the exponential law for the
larger channel width deviee. It is possible to be used to evaluate the variation of the
larger channel widthi.devices, but may not be capable' of predicting the smaller

channel width ones.
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Chapter 5

Conclusion

In this thesis, the variation characteristics of LTPS TFTs are statistically
investigated. In order to study the respective effects of micro and macro variation, a
special layout of TFTs called “crosstie” is adopted in this work. By introducing this
special layout of TFTs, the dependence of distance for device variations can be found.
We classify two kinds of variation behaviors by grouping the difference of parameters
in TFTs under different device distances. It .can be observed that the variation in the
range will be piecewise linear and the micro variation-will be invariant in device
position.

To further investigate! the mismatching ' properties of the interdigitated
arrangements, a huge number of devices with the same dimension are utilized. By
analyzing the standard deviation of the parameters difference, it is found that the
interdigitated method“is indeed superior than the original one. Besides, threshold
voltage and mobility are inversely proportional torthe number of fingers, especially
the threshold voltage. Therefore, a model of the micro variation is proposed to predict
the performance of the interdigitated method, and it is proper to describe the variation
behaviors with different device distances, for which the R square (Coefficient of
Determinations) are higher than 0.98, which has high accuracy with the real data,
reflecting the validity of the model. Besides, we applied the interdigitated method to
the other devices with different grain structures, like the single crystal silicon and the
amorphous silicon devices. For n-type devices, the micro variation of Vth in poly-Si
is ten times larger than c-Si device, and the micro variation of Vth in a-Si is about

three times larger than poly-Si device. The results tell us that the micro variations of
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devices decline while device performance gets better. Furthermore, the proposed
model is desired to evaluate the quantitative relationships between the variation and
channel width in the regions where experimental data are not applicable. We find that
the mismatch will parallel shift in Y-axis for different ranges, and the difference may
come from different grain structures. Then, the standard deviation will increase and
the profile will probably deviate from the Gaussian for the small channel width device.
So we may fail to evaluate the mismatch for the region II. Lastly, we find that the
proposed model in equation (3-1) has good fitness than the exponential law for the
larger channel width device. It is possible to be used to evaluate the variation of the
larger channel width devices, but may not be capable of predicting the smaller
channel width ones.

In conclusion, ;in order to-suppress sthe “mismatch effect, the methods of
interdigitated are concerned since the fabrication process is predetermined. From the
view points of statistical analysis, contributions of interdigitated are demonstrated by
parameter distributions of large amount of devices: In addition, we propose a model to
evaluate the inverse proportionality of the interdigitated method, which could be used

to predict the mismatch property ‘of' devices.
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Fig. 1-1. The block

Fig. 1-2. The integration of peripheral circuits in a display achieved by poly-Si TFTs
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Fig 3-3-1 The data ofjinterdigitated method on A Vth of n-type for a-Si, poly-Si, and

c-Si devices.
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Fig.3-3-2 The data of interdigitated method on A Vth of p-type for poly-Si, and c-Si
devices.
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Fig.3-3-3 The data of interdigitated method on A beta of n-type for a-Si, poly-Si, and

c-Si devices.
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Fig.3-3-4 The data of interdigitated method on Abeta of p-type for a-Si, poly-Si, and

c-Si devices.
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Fig. 4-5 The Gaussian distribution with different ranges, 7 =2 and 7 =4, where
parameter “ 7 ” stands for the standard deviation.
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Fig. 4-6 Use Gaussian distribution to simulate the different range for Vth mismatch.
The black, red and green lines respectively represent the standard deviation y =1, ¢

=3 and 7y =9.
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Fig. 4-7 Use Gaussian distribution to simulate the different range for Mu mismatch.
The black, red and green lines respectively represent the standard deviation y =1, ¢
=3 and 7 =9.
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distribution (d)Uniform distribution.
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Fig. 4-9 The R square value on right vertical axis and the standard deviation on left

vertical axis for Vth of (a)Method A and (b)Method B.
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Fig. 4-11 The statistical diagram of the Uniform distribution for Method B with

one-finger, five-finger, ten-finger and fifty-finger.
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Fig. 4-12 The data of (a) A Vth and (b) A Mu of one-finger to six-finger from the

experiment and the simulation of Method A and Method B.

63



0.036 E | & | 0.036
< —e¢— (Gauss
> 0.032F = 0.032
£ fitting curve
> 0028 0.028
S 0.024f 0.024
3 o002f 0.02
O Equation:
:5 q y =a+b*x"c
© d R2 = 0.99245
& 0.016 ] a 0.01596 2 .00032 0.016
s b 0.01965 ? 00061
Fe c -05 ?
Lo i

0_012.| a a b a2 a2l . 0.012
1 i 100

log(finger number (#))

Fig. 4-13 The Vth mismatch of sixty-four-finger for Method Aiwith the fitting
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Fig 4-14 The Mu mismatch of sixty-four-finger for Method A with the fitting
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Poly-GroupA

Poly-GroupB

N-type P-type N-type P-type

Vth Mean. 1.65 -2.39 1.69 -2.41
Std. 0.019 0.024 0.03 0.05

Mu Mean. 66.33 79.08 59.66 75.31
Std. 1.70 1.61 7.84 2.29

Table3-2 The standard deviation of AA\Vth and /AMu for n-type devices

(cm’\Z/V*s)

0.0222 1.8108 | 0.0315 | 3.0237
0.0154 1.3619 | 0.0239 | 2.3961
0.0122 1.1585 | 0.0205 1.9764
0.0106 1.0312 | 0.0185 1.7105
0.0087 | 09765 | 0.0155 1.5268
0.0082 | 09482 | 0.0135 1.3979
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Vth Mu Vth Mu
(V) (cm’\Z/V *s) (V) (cm"2/V *s)

0.02849 | 1.7043 | 0.0418 | 2.5223

0.02033 | 1.1776 0.028 1.7336

0.01621 | 0.9579 | 0.0255 1.2928

0.01523 | 0.8344 | 0.0223 1.0156

0.01356 | 0.7055 | 0.0204 | 0.8703

0012241 10.6465 | 0.0184 | 0.8004

r|..r

Trl. B T
S b
Table3-3 The standardgg‘rﬁhtlon of I.ngu fc&fp"tgpe devices

|_
g —'r,

i rE—rr—=
= ' = : 'F-:;" s |
= I _ af.-'f"-{fr:;-*"'- E.!'r:l
Device - N - £ [ b :-‘l:‘::c RA2
-':__,"1': " |-"I' A, .I:'_:;.
| 00017 | gl
Aw_&l N typ S 0001 1" 14 39%;;.” 0.5 0.9981
/\Vth_P type. 0.0017 0.0 -0.5 0.9959
g::::::;:_j- q_'.EI-\.-":irD"
L1 A
Poly-GroupA | /\Muo_N type " .F g@ﬁﬂ H‘El939 0.5 0.9968
/A\Muo_P type -0.0765 1.7817 -0.5 0.9991
/A Vth_N type 0.0028 0.0293 -0.5 0.9812
/A\Vth_P type 0.0029 0.0382 -0.5 0.9887
Poly-GroupB | AMuo_Ntype | 03272 | 2.7660 0.5 0.9866
AMuo_Ptype | -04401 | 2.9878 0.5 0.9868

Table3-4 The fitting parameter of the proposed model for the Poly-GroupA and

Poly-GroupB devices
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Device R”2 a b
a-Si 0.8913 -0.0079 0.7961

Poly_A 0.9981 -0.0017 0.2394

Poly_B 0.9812 0.0028 0.2929
c-Si 1 -2.7E-7 0.0246

Table3-5 The fitting parameter of A Vth with finger numbers for n-type different

devices
Device RA2 a b
Poly_A 0:9959 0.0017 0.2696
Poly_B 0.9887 0.0029 0.3813
c-Si 1 -9.0E-11 0.0019

Table3-6 The fitting parameter of A Vth with finger numbers for p-type different

devices
Device R"2 a b
a-Si 0.9957 -4.7E-10 3.5E-8
Poly_A 0.9997 8.2E-11 3.9E-9
Poly_B 0.9867 9.5E-11 8.0E-9
c-Si 1 6.7E-15 4.2E-8

Table3-7 The fitting parameter of A beta with finger numbers for n-type different

devices




Device RA2 a b

Poly_A 0.9991 -1.7E-11 3.9E-9
Poly_B 0.9968 -1.0E-10 6.9E-9
c-Si 1 -2.1E-18 3.3E-10

Table3-8 The fitting parameter of A beta with finger numbers for p-type different

devices
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=1 Y =3
RA2 | 0.99525 0.9906
a 0.00352 0.01587
b 0.0068 0.01979
C -0.5 -0.5

Table 4-1 The fitting parameters of the Vth mismatch for the simulation of different

range.
7:=1 7=3
RA2 | 0.96896 | 0:9462
a 0.19015 0.47309
b 1.6557 3.09548
C -0.5 -0.5

Table 4-2 The fitting parameters of the Mu mismatch for the simulation of different

range.
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Gauss Lorentzian Gauss-Lorentzian Uniform
y= a a a | for x<a
T 1 x-p_ | YT Z y= _ _ - <x<b
CXP(E(7)) 1+(Lb)2 (1+d(x—b)2)*exp((—d) w1 (Lb 2| PO b for asx<
¢ c 2 ¢ 0 for x>b
Equation
amplitude=¢ | amplitude=a | amplitude=a amplitude=
—-a
center= ;5 center=b center=b range= a<x<b
Parameter | constraints= | constraints=c | constraints:
7 c>0,0>d>1

Table4-3 The equations and the parameters for the different distributions

fitting Experiment data | Method A Method B
R’ Vth 0.995 0.995 0.998
Power law
R> Mu 0.997 0.990 0.999
Exponential R*_Vth 0.9947 0.991 0.996
Law R> Mu 0.999 0.992 0.997

Table 4-4 The R square values of the fitting parameters based on equation (3-1) and

exponential laws for the experiment data, and Method A, and Method B.
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