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National Chiao Tung University

Abstract

Low Temperature Polycrystalline Silicon (LTPS) thin film transistors (TFTs)
have attracted much attention in the application on the integrated peripheral circuits of
display electronics such as active matrix liquid crystal displays (AMLCDs) and active
matrix organic light emitting diodes (AMOLEDS) due to its better current driving
compared with a-Si (amorphous silicon) TFTs. In this thesis, the variation
characteristics of LTPS TFTs are statistically investigated. The differences of the
threshold voltage and mobility with the same device distance are further studied. The
difference shows the distribution much centered than the Gaussian distribution and a
proper model is proposed to describe the variation behaviors with difference device
distances, for which the R squares (Coefficient of Determination) are higher than 0.95,
reflecting the validity of the model. Furthermore, the proposed models are used to

simulate the performance of the differential pair and current mirror circuit, which are



commonly used in VLSI. Simulation results show the effects of the variation behavior
on the estimation of the circuit performance. Besides, from the simulation results, it is
found that the Gaussian distributions defined by the inter-quartile range of parameters
difference data have a good fitness for the real data distribution compared with
Gaussian distribution defined by the standard deviation. Therefore, Monte Carlo
analysis with Gaussian distribution still can be used to simulate LTPS TFT circuits in
simulation tools. Furthermore, the circuit simulation results will be more accurate

than before.
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Chapter 1

Introduction

1-1. Introduction to LTPS TFT technology

Nowadays, the amorphous silicon thin film transistors (a-Si TFTs) are widely
used as pixel switching devices in active matrix liquid crystal displays (AMLCDs).
The major advantages of a-Si TFT are low process temperature that can avoid
damaging glass substrates and low leakage current that can avoid grey level shift as
TFT is turned off. Fig. 1-1 shows the block diagram of active matrix display. These
peripheral circuits are composed of thany LSI.driving circuits and connected to the
panel via printed circuited board: However, as the display resolution increases, the pin
number on the PCB accordingly increase; which will:also lead to some problems such
as complicated assembly, manufacturing cost, and yield decrease during process.
Therefore, the integration of driver circuitry with display panel on the same substrate
is very desirable not only to reduce the module cost but to improve the system
reliability.

For this reason, the polycrystalline silicon thin-film transistors (poly-Si TFTs)
have attracted much attention for the system integration because of its large carrier
mobility and better driving capacity. The carrier mobility of poly-Si TFT is about tens
times larger than that of amorphous-silicon TFT typically below 1 cm?/V*sec. Thus,
the integration of peripheral circuits in display electronics can be achieved by poly-Si
TFTs, which is illustrated in Fig. 1-2. Moreover, this characteristic can let 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.



In addition to flat panel displays, poly-Si TFTs have also been applied into some
memory devices such as dynamic random access memories (DRAMs), static random
access memories (SRAMs), electrical programming read only memories (EPROM),
and electrical erasable programming read only memories (EEPROMs). Among these
poly-Si technologies, low temperature polycrystalline silicon thin-film transistors
(LTPS TFTs) are primarily applied on glass substrates for the display electrons since
higher process temperature may cause the substrate bent and twisted.

Although the advantages of LTPS TFTs are many, there are still some issues in
LTPS TFTs. Examples are reliability, device variation, and well-defined model for
circuit design. My thesis will focus on the device variation and well-defined model for

circuit design.

1-2. Device variation

Compared with MOSFETs (Metal Oxide‘Semiconductor Field Effect Transistors),
the LTPS TFTs are found to suffer more'serious variation of their electrical parameters.
The poly-Si material is a heterogeneous material made of many small Si-atoms
crystals with different crystalline orientations contacting with each other. The border
between small crystals is called a grain boundary which contains many disordered
bonds and dangling bonds resulting in locally allowed energy states within Si band
gap. Carriers trapped by these locally allowed energy states cannot contribute to
conduction, which effect the formation of local depletion region and potential barrier
in the grain boundary. Therefore, the electrical characteristics of LTPS TFT strongly
depend on grain structure in device channel. Due to the random distribution of grain
number in the channel, device performance is less controllable and the initial

characteristics of LTPS TFT are different with each other, which are shown in Fig. 1-3.



The device variation will result in the variation of circuit performance. Moreover, it
will be reflected directly on the image performance. For the circuit integration on

panel, the device variation should be taken into consideration.

1-3. Motivation

Up to now, very few works have been made on the variation issue of LTPS TFT
and well-defined model for circuit simulation. Most researches about LTPS TFT aim
at the improvement of the device performance. Moreover, before LTPS TFT can be
widely-applied in mass production, the study of device variation and well-defined
model for circuit simulation is necessary. Usually, to take device variation into
consideration, simulation skill used for, LTPS TFT circuits is Monte Carlo simulation
with an assumption distribution. Howevet; the simulation results of LTPS TFT circuits
cannot connect to the real circtiit performance. Therefore, we will focus on the real
device variation distribution in this work.

In chapter 2, the variation models‘will'be proposed and discussed in detail based
on statistical study. Its purpose is to establish a reliable model to estimate precisely
circuit performance influenced by the device variation. Then, the device variation
models and their appliances for circuit performance will be demonstrated in chapter 3.
These models will improve the accuracy of the simulation results compared with other

simulation models.

1-4. Thesis Outline

Chapter 1. Introduction
1-1. Introduction to LTPS TFT technology

1-2. Device variation
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Chapter 2

Statistical analysis of crosstie TFT device parameters

2-1. Introduction to crosstie TFTs

In previous studies, it is known that LTPS TFTs are found to suffer serious
device variation even under well-controlled process. Since device variation will
directly affect the circuit performance and reliability prediction, it is essential to
understand where the variation may come and how the behavior variation could be.
Due to the low process temperature, LTPS TFTs have different processes from IC
industry. Besides, LTPS TFTs have less controllable defect number and distribution in
the channel film. These may be the sources of device variation. In MOSFETs (Metal
Oxide Semiconductor Field Effect Transistors), device variation sources can be
divided into micro variations characterized-by short correlation distances and macro
variations characterized by long correlation distances, where the correlation distance
is defined as the distance in which a process disturbance affects the device
performance. Generally, for LTPS TFTs, macro variations usually come from the
issues of process control, including gate insulator thickness LDD length fluctuation
and ion implantation uniformity; micro variations come from the difference of the
defect site, defect density in the active region and the activation efficiency. If the
distance between mutual devices is lower than the correlation distance, the
disturbance consists of micro variations and affects few devices (e.g. a charge trapped
in the gate oxide layer). On the other hand, if mutual device distance is longer than
this correlation distance, the disturbance composed of micro variations and macro

variations affects all the devices within a defined region. Therefore, the devices



placed at longer distance suffer more serious variation than devices placed close to
each other.

In order to study the relationship between uniformity issue and device distance, a
special layout of the devices adopted in this work is shown in Fig. 2-1. 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 mutual device is equally-spaced
40pm. In this small distance, the macro variation may be ignored and the variation of
device behavior can therefore be reduced to only micro variation. So we can find out
the relationship between the variation behaviors and the distance of mutual device by

adopting the crosstie layout TFTs.

2-2. Device fabrication and parameterextraction

2-2-1Device fabrication

The process flow of fabricating LTPS TFTs is described as follows. Firstly, the
buffer oxide and a-Si:H films were deposited on glass substrates; then XeCl excimer
laser was used to crystallize the a-Si:H film, followed by poly-Si active area definition.
Subsequently, a gate insulator was deposited. Then, the metal gate formation and
source/drain doping were performed. A lightly doped drain (LDD) structure was used
on the n-type TFTs. Dopant activation and hydrogenation were carried out after
interlayer deposition. Finally, contact holes formation and metallization were
performed to complete the fabrication work. The Fig. 2-2 and Fig. 2-3 show

respectively the schematic cross-section structure of the N-type TFT and P-type TFT.

2-2-2. Parameter extraction



Determination of the threshold voltage
In most of the researches on TFT, the constant current method is
widely-adopted to determine the threshold voltage (Vi,). In this work, the threshold

voltage is determined from this method, which extracts Vg, from the gate voltage at

the normalized drain current 1 ,=1,/(W,, /L )=10nA for Vp=0.1V.

Determination of the subthreshold swing

The subthreshold swing S.S (V/dec) is a typical parameter to describe the gate
control ability toward channel. The subthreshold swing should be independent of
drain voltage and gate voltage. In reality, it might be affected by serial resistance,
short channel effect and interface traps. In our thesis, it is defined as the minimum
value of the gate voltage required to increase drain current by one order of magnitude
for Vp =0.1V.

-1
5SS = {M} 2-1)

OV
Determination of the field-effect mobility
The field effect mobility (upg) is derived from the transconductance g, at low
drain voltage. Since the transfer characteristics of poly-Si TFTs are similar to those of
conventional MOSFETs, the first order I-V relation in the bulk Si can be applied to

the poly-Si TFTs, which can be expressed as

W 1
lo = #:eCoy T[(VG Vi )Vo _EVDZ] (2-2)

Where
Cox 1s the gate oxide capacitance per unit area,
W is channel width,

L is channel length and Vi is the threshold voltage.

If the drain voltage Vp is much smaller compared with (Vg —V,,), then the drain



current can be approximated as:
W
Ip = 1eCy T(VG =V Vo (2-3)
And the transconductance is defined as:

aly _ WG, #ee vV
D

9n = M Vp=const. — L

Therefore, the field effect mobility can be expressed as:

L

AP T oWV,

Em (2-4)

In this thesis, we extract the field-effect mobility by taking the maximum value

of the g, into (2-3) when Vp =0.1V.

2-3. N-type TFT & P-type TFT
2-3-1. Initial parameter distribution

Before the following analysis, the statistical expressions, average value and

standard variation are introduced. The average value AVG, X , is defined as

X
X =1L where X is the observe value. (2-5)

M-

>

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

distribution of the observed value. The standard deviation value is given as
o= 3 (x=XY (2-6)
n=

where X is the observe value and X is the average value.
In order to obtain the more accurate parameter distributions of crosstie layout
TFTs, large amount of TFT devices parameters are required. More than 1600 devices

of N-type and P-type TFTs are measured and taken into statistical analysis in this



work. The threshold voltage (Vy), mobility (Mu), and subthreshold swing (S.S)
distributions of N-type TFT are shown respctively in Fig. 2-4(a), Fig. 2-4(b) and Fig.
2-4(c) and those of P-type are shown in Fig. 2-5(a), Fig. 2-5(b) and Fig. 2-5(c).

Table2-1 is the average values and standard deviation values of these initial

parameter.
N-type Vth(V) Mu(cm”2/Vs) | SS(V/dec)
AVG 1.69 59.66 0.241
STD 0.03 7.84 0.0083
P-type Vth(V) Mu(cm”2/Vs) | SS(V/dec)
AVG 241 75.31 0.253
STD 0.05 2.29 0.0022

Table2-1 The average values and‘standrad deviation values of device parameters.

These figures show the vatiation behaviors i different parameters of LTPS TFTs.
The Vth distrubtion of N-type TFT reveals-the slight left-skewed property and the
sharper peak compared with the Gaussian-distribution. The Mu distribution of N-type
TFT is apparently asymmetric and incisive in its peak. This phenomena indicates that
field effect mobility exhibits severe non-uniformity behavior compared with threshold
voltage. Then, the distribution S.S of N-type TFT follows the Gussian distribution. As
for the Vth and Mu distributions of P-type TFT, both of them are similar to the
Gussain distribution. The P-type TFT SS distribution shows two peak and asymmetric
distribution. In conclusions, some of these parameter distributions are diverse and
cannot be explained. Although several studies have been made on the relationship
between the grain boundaries in channel and threshold voltage and field effect
mobility [1-3], there seems to be no well-established theory to explain. Therefore, if

we want to find the variation behaviors with respect to the distance, it can not just



classify them via these distributions and another grouping method should be
mentioned. In the next section, it will be got the more identical distributions, which

will be more useful to evaluate the variations in LTPS TFTs.

2-3-2. The initial parameter difference distribution with different

device distance

Fig. 2-6 illustrates the threshold voltage distribution along the device position.
We can take this graph as a part of Fig. 2-7, which is the same kind of graph but in
longer distance. Analogy to the small signal analysis in the circuit theory, the macro
variation just likes the range near the bias point and appears in piecewise linear form,
while the micro variation can be takefi as the noeise. In order to identify the effects of
macro and micro variation, the parameters differences of mutual devices under certain
distance are divided with several groups according to the distance between two
devices. In previous studies [5];-the averages ©f parameters differences stand for
macro variation of LTPS TFTs, while the standard deviation of parameter differences
shows the micro variation in the devices. These figures, from Fig. 2-8(a) to Fig. 2-9(c),
show the average and the standard deviation of parameters differences of N-type and
P-type TFTs. As the mutual device distance increases, the deviations of these
parameter differences almost do not change with the device distance. It can be
explained that the micro variation will merely vary with distance as we expect. As for
the macro variation, these figures show the diverse results. In the graph of Vth
difference and S.S. difference, the averages are increasing with device distance.
However, the average of the Mu difference is decreasing when the distance of mutual
devices is increasing. Although the averages of the differences of these parameters

show different behaviors, they still appear in linear form. On the other hand, the

10



effects of variation in a range are still minor than those of the micro variation under
short device distance.

In general, 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.
The solution of macro variation is well-controlled in process. On the other hand,
micro variation may come 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. Therefore, owing to describe the micro variation and evaluate the effects,
the statistical analysis is need. Generally, the distance between devices is not too long
for the layout of electric circuits, the major variation source is micro variation. To get

more accurate simulation results, establishing.a micro variation model is required.

2-3-3. The models of distributions

Since we know the device variation behaviors by above statistical analysis, how
to apply these results to evaluate the effects of variation on the circuit performance is
a topic we are interested in. Because the distance between two devices will not be too
long for the layout of the circuit, the macro variation is not our concern. A better
approach is to find the proper mathematical expression for the distribution of the
differences of these parameters. Firstly, we introduce the coefficient of determination

(R square) to evaluate the fitness of our work, which is defined as

2 _SSR_, _SSE
SST  SST

SSR 22(9—7)2 :z?z :blzlez "'bzzzxzz +2b1b22X1X2

, where
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SST=3(y-¥)
SSE=Y 8 =3(¥,~ %)

Generally speaking, the values of R square above 0.7 represnent the good fitness

for the chosen funcion.

For the distribution of the difference of Vy,, Gaussian-Lorentzian cross product is

apply to the fitting, which is

y—[Hd(x C b)zj*exp{(l—d)*;(x : bn 2-7)

where

a is the peak value of the distribution

b is the center of the distribution

c is fitting parameter related to the width of the distribution

d is fitting parameter varying from=0-to. 1;0 represents the pure Gaussain

function ,while 1 is a pure Lorentzian'distribution

Fig. 2-10(a) ~ (f) are shown respcetively the Vth difference distributions of N-type
and P-type TFT with different device distance.

As for the distribution of the difference of Mu, the Lorentzian distribution is

apply to the fitting, which is

_a
2
c

where

y= (2-8)

a is the peak value of the distribution
b is the center of the distribution

c is fitting parameter related to the width of the distribution

12



The Mu difference distributions of N-type and P-type TFT with different device
distance are shown in Fig. 2-11(a) ~ (f).
The Gaussian function is chosen to fit the distribution of the difference of S.S,

which can be expressed as

(2-9)

3 a
y = -

b

1
exp(; ( c ))

where

a is the peak value of the distribution

b is the center (average) of the distribution

c is the standard deviation of the distribution
The S.S. difference distributions of N-type and P-type TFT with different device
distance are shown in Fig. 2-12(a) ~ (f). The values of R squre of the above fittng
curves both higher than 0.85.-It clearly shews.the good fitness of our proposed
mathemtical model and most of'the fitting-parameters slightly changing with distance,
which supports the effects of macro variation-are minor than those of micro variation
we mentioned before. The values of R squre are so high that the device micro varion
behavior can be described in these proposed distribution models. Therefore, the more
accurate simulation results will be obtained with these proposed models and the
effects of these proposed models on circuit performance will be discussed in 3
chatper.

In additon, although theses parameter difference distributions of N-type and
P-type TFT can be expressed in the same mathematical function, those distributions

are obvious different to some degree. The reasons of these phenomena will be

discussed in next section.
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2-4. The distribution comparison between N-type and P-type TFTs

Fig. 2-13 and Fig. 2-14 are the distributions of Vth and SS difference of TFTs.
The distributions of Vth and SS differences of N-type TFT are narrower than those of
P-type TFT. This phenomena might result from channel doping of N-type TFT during
process. In order to avoid obtaining the negative Vth of N-type TFT, N-type TFT
should be dealt with extra process, channel doping. The extra process step might also
increase an uncertain factor causing the device variation difference between N-type
and P-type TFT.

Fig. 2-15 is the Mu difference distributions of N-type and P-type TFT. The Mu
difference distribution of N-type TFT are wider than that of P-type TFT. This
phenomenon might due to the different. device structure between N-type and P-type
TFT. The degradation of hot-carrier effects is‘a serious problem and these effects are
induced by the presence of inténse electric  fields at the drain junction. The electric
field at the drain junction is determined by-the ion doping and the activation process
used by impurities. Therefore, the TFT with'a light-doped drain (LDD) are attractive
for used with N-type TFTs. However, the N-type TFT with a light-doped drain (LDD)
also increases an uncertain factor causing device variation. Therefore, the Mu
difference distribution of N-type TFT are wider than that of P-type TFT.

Furthermore, the mathematical model for the distributions of the parameters
differences is established, the applications for these models for circuit simulation will

be discussed in the following chapter.
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Chapter 3

Effects of device distribution on circuit performance

3-1. Introduction to the current mirror and differential pair

In the design of an amplifier circuit, an essential step is the establishment of an
appropriate DC operating point for the transistor. An appropriate DC operating point
is characterized by a stable and predicable DC drain current Id, and a DC drain-source
voltage that ensures operation in the saturation mode for all expected input signal.
Therefore, a current source circuit plays an important role in design of circuits. In
VLSI, a current mirror circuit is usually, used as a current source because of its small
area on chip and well-controlled’parameters.-On the other hand, coupling effect is a
serious problem for signal transmission in the integrated circuit application. Fig. 3-1(a)
shows that clock will couple some neoise to-adjacent signal line during the rising and
falling time. If we transmit the input signal'by two separated signal lines shown in
Fig. 3-1(b), the coupling effect of clock will be cancelled by getting the difference of
the signal. For this reason, the differential pairs are widely used for analog circuit
design because of the immunity for the noise.

However, the performance of current mirror circuits and differential pair circuits
strongly depends on the match of the device. The mismatch of transistors will cause
severe variation of circuit performance. In conventional CMOS, these mismatch
effects can be suppressed under the well-controlled process. Compared with CMOS,
LTPS TFTs suffered form more serious device variation. In order to evaluate the
circuit performance of current mirror and differential pair composed of LTPS TFTs,

the variation models we mentioned before can be adopted to simulate the circuit
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performance. The detail of circuit simulation and the comparison of other simulation

skills and models will be discussed in the next section.

3-2. Evaluation of the circuit performance with proposed models and

other simulation skills

In this section, a commonly-used differential pair and a current mirror circuit are
used to examine the circuit performance affected by device variation. The simulation
will be done by different simulation skills and models.

Current mirror

Fig. 3-2 shows a basic N-type current mirror circuit. The heart of the circuit is

transistor M, whose drain is shorted_to_its gate and thus is operating in the

saturation region, such that

1 W
lar = lrer :EIUICOX (T)I(VGS _th)2 (3-1)

Considering transistor M, , it has the same Vg asM,, thus if we assume that it

is operating in saturation, its drain current, which is the output current |, of the current

source, will be

1 W
lo =1lp, :Eﬂzcox (T)z(ves ~V,,)* (3-2)
If the circuit is perfectly symmetric and transistor’s dimensions are equal, the
output current |, and input reference current |... will be the same. However, the

transistor M, doesn’t match transistor M, in practical circuits; thus, the relationship

between ljand | will become
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lo _ M (Ves —Vu)® _ (‘U+A%)(Vgs —(Vp + AV%))Z (3-3)
leee 26 (Vgs —Vi)’ (,U_A%)(Vgs v, _AV%))z

where
M is the field effective mobility
Vi is the threshold voltage
AW is the field effective mobility difference of mutual devices
AV s the threshold voltage difference of mutual devices
Differential pair with an active load
Fig. 3-3 shows the N-type differential pair circuit with an active load biasing by

a current mirror, and input signals,v,andv, ,are applied to the gate terminal of

transistor M1 and M2. In general, input signals to a differential amplifier contain a

V., +V . .
-2 and-a differential-mode component,

common-mode component, V,, =
V4 =V, —V,. Then, the output signal' will be given by, v, = A,v, + A, V., where A, is
the differential-mode gain and A, is the common-mode gain [6].

For an ideal differential pair, the common-mode gain is zero because the circuit

is perfectly symmetric. Nevertheless, the transistors in practical circuits are

asymmetric with the result that the common-mode gain will not be zero.

The common-mode gain can be written as

pyy = Nour_ Oy ~9me) _ 2N gs ~ (Al + AV 1)
AVinem  (9m3 +9mg) 2’uwgs ~Vin)

(3-4)

where
M is field effective mobility

Vi is the threshold voltage
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AW s the field effective mobility difference of mutual devices

AV is the threshold voltage difference of mutual devices

Therefore, we can take the common-mode gain and the ratio of ljand I, as

indices for our simulation target to evaluate the device variation effect.

Before the simulation, it is essential to transform the distribution into the
corresponding values for Monte Carlo simulation. Take the distribution consisting of
four variables as example, as shown in Fig. 3-4. Based on the probability in Fig. 3-4, a
table of range mapping can be established, as shown in Fig. 3-5. For a series of
uniformly random values in the range from 0 to 1 generated by the computer, the
corresponding series can be obtained by looking up table 1. Thus, the distribution of
the looked-up values match that shown in Fig. 3-5. Similarly, the distributions of Vth
difference and Mu difference can'be, generated: In-order to get the stable and reliable
simulation results, 210,000 times “of data transformation for each distribution were
executed.

To compare the effects of device wartation on the circuit performance, two
distribution models are adopted in the Monte Carlo simulation. One is the proposed
model mentioned in chapter 2 and the other is the Gaussian distribution. The
parameters of Gaussian distribution used here correspond to the mean value and the
deviation of parameter difference data. Fig. 3-6(a), Fig. 3-6(b), Fig. 3-7(a) and Fig
3-7(b) are the device parameter difference distributions for circuit simulation
conditions. Monte Carlo method with Gaussian distribution and our proposed model

are represented by red line and black line individually.

3-3. Discussion and conclusion

The simulation results of current mirror circuit and differential pair circuit are
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shown in Fig. 3-8(a), Fig. 3-8(b), Fig. 3-9(a) and Fig. 3-9(b), respectively. The results
of Monte Carlo method with Gaussian distribution and our proposed model which is
also real data distribution are represented by red line and black line individually. From
Fig. 3-9(a) and Fig 3-9(b), it can be observed that the simulation results of current
mirror circuit and differential pair circuit of P-type using Monte Carlo analysis with
Gaussian distribution are almost the same as the results using our proposed model. On
the other hand, the simulation results of N-type current mirror and differential pair
circuit using Monte Carlo method with Gaussian distribution are different to the
results using our proposed model. Namely, Monte Carlo analysis with Gaussian
distribution can be used as the distributions of parameter difference for P-type TFT,
but it cannot be used as the parameter difference distributions for N-type TFT. It can
also be observed that simulation using Gaussian'distribution will underestimate the
N-type circuit performance.

Generally, Monte Carlo analysis-tised-in-most simulation tools doesn’t support
Lorentzian and Gaussian Lorentzian profiles:for circuit simulation. Moreover, the
major reason making the simulation results of N-type circuits difference between
Gaussian distribution and our proposed model distribution is the distribution of Mu
difference. From the Fig. 2-15, it can be found that the Mu difference distribution of
N-type TFT is a little wider than that of P-type TFT. So the standard deviation value
of Mu differences of N-type TFT is bigger than that of P-type TFT. Therefore, the
Gaussian distribution defined by the average value and standard deviation of the Mu
differences of N-type TFT is much wider than the real Mu difference distribution of
N-type TFT. However, the concentration degree of the Mu difference distributions of
N-type TFT and P-type TFT are almost the same. Accordingly, the Gaussian
distribution might be defined by the inter-quartile range of the Mu difference data of

N-type TFT instead of the standard deviation. From Fig.3-10(a) the Gaussian
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distribution which is defined by inter-quartile range of the Mu difference data of
N-type TFT has a better fitness for the Mu difference distribution of N-type TFT. In
the same way, let other distributions be described as the Gaussian profile defined by
inter-quartile region of parameter differences again. They are shown in Fig. 3-10(a) ~
(d), respectively. From these graphs, the Gaussian distributions defined by
inter-quartile region are all similar to real distribution which is our proposed
distribution. And the circuit simulation results using the Gaussian distribution defined
by the inter-quartile range can be obtained in Fig. 3-11(a) ~ (d). It can also be found
that the simulation results are almost the same with those using our proposed model.
In conclusion, if the inter-quartile range of the parameter differences data is used
for the definition of Gaussian distribution, the parameter difference distribution
described as Gaussian profile or.Lorentzian profile is almost the same. Therefore,
Monte Carlo analysis with Gaussian distribution still can be used to simulate LTPS
TFT circuits in simulation tool and the‘more-aceurate circuit simulation results can be

obtained than before.
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Chapter 4

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.
In chapter two, 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. The following.is the proposed models for the difference
of parameters. In this model, it ¢an be observed that the shape of these distributions
seems to be no changes with different device distances. This result tells us the micro
variation will be invariant in device position-indeed.

The following is the application for'these models we proposed. The simulations
of the mismatch due to the device variation in differential pair circuit and current
mirror circuit are demonstrated. The simulation results of N-type circuits using
Gaussian distribution defined by the average value and standard deviation of
parameters difference are different to results by using our proposed models. It was
also found that Gaussian model commonly assumed might underestimate the circuit
performance. On the contrary, the simulation results of P-type circuits are almost
similar to the results using our proposed models. However, the concentration degree
of the Mu difference distributions of N-type and P-type is almost the same. Another
way to describe Gaussian distribution is proposed. The Gaussian distributions defined

by the inter-quartile range of parameters difference data have a good fitness for the
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real data distribution compared with Gaussian distribution defined by the standard
deviation. Therefore, the inter-quartile region of parameters difference is a major
factor to decide the profile of these distributions and Monte Carlo analysis with
Gaussian distribution still can be used to simulate LTPS TFT circuits in simulation

tools. Furthermore, the circuit simulation results will be more accurate than before.
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Fig. 1-2 The integration of peripheral circuits in a display achieved by poly-Si TFTs
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Fig. 1-3 The initial characteristics of LTPS TFTs are different from one another due to

various distributions of grain boundaries

Fig. 2-1 The layout of the crosstie TFTs
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Fig. 2-2 The schematic cross-section structure of the N-type poly-Si TFT with lightly
doped drain
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Fig. 2-3 The schematic cross-section structure of the P-type poly-Si TFT
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Fig. 2-8 (a) The average and the standard deviation of the threshold
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Fig. 2-10 (a) The distribution of Vth difference of N-type TFT and
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Fig. 2-10 (b) The distribution of Vth difference of N-type TFT and
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Fig. 2-10 (e) The distribution of Vth difference of P-type TFT and

its fitting curve under the device distance of 200 um
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Fig. 2-10 (f) The distribution of Vth difference of P-type TFT and

its fitting curve under the device distance of 2000 pm
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Fig. 2-11 (c) The distribution of mobility difference of N-type TFT

and its fitting curve under the device distance of 2000 um
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Fig. 2-11 (d) The distribution of mobility difference of P-type TFT
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Fig. 2-11 (f) The distribution of mobility difference of P-type TFT

and its fitting curve under the device distance of 2000 um

39



20

probability (%)

SS difference (40um)

0
-0.10

¥ T T T
fitting curv
I =ccurate curve

a 15.8719
b  0.0018
¢ 0.0099

2 0.99

-0.05 0.00 0.05 0.10

SS difference (V/dec)

Fig. 2-12 (a) The distribution of S.S difference of N-type TFT and
its fitting curve under the device distance of 40 um

probability (%)

20

SS difference (200um)

10

—fitting curve
I accurate curve

15.8
0.0008
c 0.0102

r*2  0.9733

0
-0.10

-0.05 0.00 0.05 0.10
SS difference (V/dec)

Fig. 2-12 (b) The distribution of S.S difference of N-type TFT and
its fitting curve under the device distance of 200 um

40



SS difference (2000um)

20 r T T T M
fitting curve
I accurate data

15} e
é a 15.5721
> b 0.0017
= 0.0101
S10} - 4
S
-g r*2  0.98
S

5 i

0

-0.10 -0.05 0.00 0.05 0.10

SS difference (V/dec)

Fig. 2-12 (¢) The distribution of S.S difference of N-type TFT and

its fitting curve under the device distance of 2000 pm
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Fig. 2-12 (d) The distribution of S.S difference of P-type TFT and

its fitting curve under the device distance of 40 pm
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Fig. 2-12 (e) The distribution of S.S difference of P-type TFT and
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Fig. 2-12 (f) The distribution of S.S difference of P-type TFT and
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Fig. 2-14 The distributions of SS difference of N-type and P-type TFTs
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Fig. 2-15 The distributions of Mu difference of N-type and P-type TFTs
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Fig. 3-1 (a) The coupling effects of the clock signal
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Fig. 3-1 (b) The signal transmission is done by differential signal
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Fig. 3-2 A basic N-type current mirror circuit structure
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Fig. 3-3 The N-type differential pair circuit with an active load biasing by a

current mirror
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Fig. 3-4 Simple distribution with four variables
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Random value Corresponding variahle
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Fig. 3-5 The table for data transformation
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Fig. 3-6 (a) The Gaussian distribution defined by the average and standard
deviation of Vth differences of N-type TFTs and our proposed

model distribution
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Fig. 3-6 (b) The Gaussian distribution defined by the average and
standard deviation of Mu differences of N-type TFTs

and our proposed model distribution
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Fig. 3-7 (a) The Gaussian distribution defined by the average and
standard deviation of Vth differences of P-type TFTs

and our proposed model distribution
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Fig. 3-7 (b) The Gaussian distribution defined by the average and

standard deviation of Mu differences of P-type TFTs

and our proposed model distribution
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Fig. 3-8 (a) The simulation results of N-type current mitror circuit
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Common Mode Gain (N-type)
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Fig. 3-8 (b) The simulation results of N-type differential pair circuit
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Fig. 3-9 (a) The simulation results of P-type current mirror circuit
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Fig. 3-9 (b) The simulation results of P-type differential pair circuit
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Fig. 3-10 (a) The Gaussian distribution defined by the inter-quartile range
of Vth differences of N-type TFTs and our proposed model
distribution
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Fig. 3-10 (b) The Gaussian distribution defined by the inter-quartile range
of Mu differences of N-type TFTs and our proposed model
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Fig. 3-10 (¢) The Gaussian distribution defined by the inter-quartile range
of Vth differences of P-type TFTs and our proposed model

52



- Mu difference (200um)

proposed model
gaussiaﬂ

25 -

20 - -

15F 4

probability (%)

10 .

L SR |

-30 -20 -10 0 10 20 30
Mu difference (cm”*2/\V*sec)

Fig. 3-10 (d) The Gaussian distribution defined by the inter-quartile range
of Mu differences of P-type TFTs and our proposed model
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Fig. 3-11 (a) The simulation results of N-type current mirror circuit
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Fig. 3-11 (b) The simulation results of N-type differential pair circuit
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Fig. 3-11 (c) The simulation results of P-type current mirror circuit
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Fig. 3-11 (d) The simulation results of P-type differential pair circuit
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