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Abstract (in Chinese)
本文主要模擬KrF(248nm)laser施打在a-Si膜表面後，因熱傳所造成的溫度分佈。並

定義出潛熱作用時間為結晶時間，在不考慮成核點的影響下，潛熱作用時間越長，

結晶成長時間就越長。藉由比較結晶時間來討論加上熱儲存層SiO2與SiNx的優缺

點，與增加環境溫度所造成的效應。其中隨著環境溫度的增加，在a-Si蓋上SiO2有

最佳值100nm造成最佳結晶時間，此外蓋上SiNx隨著厚度增加，可以得到較長的結

晶時間，在較低製程溫度可以得到較長結晶時間。最後引進溝渠定位長晶，模擬

其熱流分布，找到其溝渠最小間隔，與最佳溝渠深度，藉由紀錄其固液接面，算

出其結晶速度，並估計其結晶大小。
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Abstract (in English)
In this thesis we simulate the heat transfer inside the a -Si thin film after KrF laser

annealing. And by defining latent heat process region, the temperature distribution

among the samples can be successfully measured. Not con cerning nucleation effect, the

recrystallization time becomes longer with the solidifying duration. We find that the

thickness of SiO2 capping layer has an optimized value 100nm with and without trench,

and that of SiNx capping layer thicker than 100nm has  better performance on

solidifying duration compared with the same thickness of SiO 2 capping layer. We

simulated the trench-assisted ELA. And we find out its optimized trench depth, 300nm,

and its smallest separation, 2μm. It is proved that trench-assisted position-control ELA

can induce lateral grain growth by observing the isothermal diagram. By recording the

movement of the 1350K isothermals, we can calculate the isothermal moving velocity,

namely solid-liquid interface velocity. Finally, we can estimate the grain size from a

trench to one side is about 3μm for an optimized condition. In a word, utilizing a

trench can induce about 6μm lateral grain growth.
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Chapter 1. Introduction

1.1.Overview of Active Matrix Liquid crystal  (AMLCD)

Since 1961 P. K. Weimer firstlyconceived the idea of thin-film transistors (TFTs)[1],

Brody et al. built the first active matrix liquid crystal display (AMLCD) with switching

elements, TFTs [2]. Not until Spear and LeComber constructed the first amorphous

silicon (a-Si) TFTs in 1979 [3], the TFT-LCD industry had energized the following

studies and investigations on a-Si TFTs. There are many kinds of active devices used

for a backplane of AMLCD; they are amorphous silicon (a-Si) TFTs, high temperature

poly-Si (HTPS) TFTs, low temperature poly-Si (LTPS) TFTs, and organic

semiconductor TFT, which is under development. The main stream in TFT industry is

to utilize a-Si TFTs and poly-TFTs technology for mass production nowadays. The a-Si

TFTs can be fabricated on very large substrates at a very low cost  with uniform TFT

characteristics. However, the mobility of the a-Si TFTs is only about 1cm2/V/Sec. The

mobility is too low to integrate the peripheral ICs , such as central processing units

(CPUs), digital signal processors  (DSPs), and memories etc. In a word, this

disadvantage constraints the development of system on glass (SoG) or system on panel

(SoP). Comparing to the a-Si TFTs, the poly-Si TFTs has higher carrier mobility up to

200cm2/V/Sec. With higher mobility, the flat panel display (FPD) can reduce the device

dimension, acquire higher aspect ratio, increase  brightness, and reduce power

consumption. In another view, higher mobility results in higher pixel driving TFT

on-current, reduces RC delay time, and brings about large reduction in pixel charging

duration. Moreover, the poly-Si TFTs have an opportunity to realize SoG.

Poly-Si can be produced in several ways. It can be classified into two groups, HTPS and

LTPS, according to its process temperature [4]. One of the HTPS methods is to directly



2

deposit poly-Si film directly on the samples at high temperature (> 600℃) by LPCVD.

The process is simple, and the TFTs can get higher mobility up to 200cm2/V/Sec. The

substrate demands for quartz(melting temperature ~ 1000℃) which can endure over 600

℃. It increases the production cost and limits the development of large size TFT -LCD.

The other method is to initially deposit a n a-Si thin film and anneal in a furnace  for a

long time, called solid-phase-crystallization (SPC). Amorphous silicon is a

thermodynamically metastable phase. When the a-Si film obtains a sufficient energy to

overcome the initial energy barrier, the a-Si starts to transfer to poly-silicon. The SPC

can be undergone with a wide temperature process window corresponding to annealing

times. According to the micro-structural pictures of the precursor-Si film, the relation

between annealing temperature and annealing time is not unique [5], because of the

random nucleation rate. With different deposition method an d conditions [6][7], the

nucleation rate would be strongly influenced. By increasing the deposition rate and the

decreasing the temperature, the silicon film will form a serious structural disorder that

induces the silicon hard to nucleation. Metal Induced Lateral Crystallization ( MILC) is

an improvement method for SPC. It decreases the activation energy of Si and enhances

the grain growth under the lower process temperature (500~5 50℃). However, it needs

to spend about 10hr for grain growth and has an issue for metal residuum in the active

layer of poly-Si TFT. In order to reduce the crystallization temperature -time and obtain

higher mobility at the same time, laser -annealing is a potential technology  to achieve

such performance demands.
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Figure 1-1 Methods for manufacture Poly-Si thin film.

1.2.  The Purpose of Laser Annealing (LA)

The field of laser annealing and laser crystallization can be stemmed from the late 1970s.

One of the exploitations of laser annealing is the removal of implantation damage and

the subsequent electrical activation of dopants. Another application is to fabricate thin

single-crystal semiconductors and alloys, such as Si, Ge, SiGe, o r other high-K

materials etc.

For poly-Si TFT manufacturing, the laser annealing technology is particularly important

for advanced flat panel display utilization. Among the laser annealing technology, it can

be departed into two parts, continual laser crystallization (CLC) and pulse-to-pulse laser

annealing, due to pulse durations. This thesis focus es on pulse-to-pulse laser annealing,

especially excimer laser annealing, which is widely used in TFT industry nowadays.
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A major advantage of laser crystallizat ion over conventional heating methods is its

ability to limit rapid heating and cooling to thin surface layer. This is mainly controlled

by the pulse duration time and the absorption depth of the laser light used in the

material. A novel technology, excimer laser annealing (ELA), was introduced to

enhance the crystallinity of the a-Si films in this study, and result in low thermal budget

and small thermally induced stress. 錯誤! 找不到參照來源。 shows that the various

wavelengths, between 157~351 nm, can be obtained using different laser gas, and all

excimer lasers are pulsed laser modes.

Laser gas F2 ArF KrCl KrF XeCl XeF

λ(nm) 157 193 222 248 308 351

Table 1-1 Different Excimer laser gases an d corresponding wavelengths

Fig. 1-2 shows that the average grain size is plotted as a function of the laser energy

intensity. Samples prepared at room temperature and with low laser energy intensity

were composed of small grains. With increasing laser energy density the average grain

size increases and eventually reaches a maximum value. But when the energy density

above maximum value, the grain size decreases to a constant value. According to the

above, the optimal energy density is limited in a narrow region.
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Figure 1-2 Average grain size vs laser intensity  plot

Fig. 1-4 [8]shows the time dependence of Si-layer melt front profiles under excimer

laser irradiation. It is assumed the whole Si layer was completely melted. As shown in

this figure, the melting duration of the Si-layer is prolonged with increasing substrate

temperature. The slope of the melt depth verses time graph decreases with increasing

substrate temperature during excimer laser annealing.

Figure 1-3 Time dependence of Si-layer melt front profiles under excimer laser irradiation
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There are variable process parameters such as annealing ambient, laser duration, type of

annealed films and substrate, which will affect the re-crystallized process. Besides, the

physical parameters such as melting point, latent heat, thermal conductivity, density,

specific heat, absorption coefficient, of annealed films must be serious considered first.

In order to widen the laser annealing process window, the capping layer (Figure 1 -3) is

used to reduce heat loss from a -Si surface and feedback the heat when the a -Si

undergoes the solidifying situation. Moreover, capping light -sensitive layer can absorb

more laser intensity and results to feedback more heat to prolong solidifying situation.

And then we got better grain growth.

Figure 1-4 Sample structure with capping layer deposited on a-Si
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1.3.Position control grain growth

There are two issues for manufacturing poly -Si TFT by conventional ELA. One is small

process window, and the other is that random nucleation results in uncontrollable grain

boundary, then the TFT electrical properties are not uniform over the whole flat panel.

The grain location is controlled in 1D by the lateral growth of the molten Si. Several

modulated excimer laser annealing methods have been proposed to realize large grains,

such as sequential super lateral growth (SLG), selectively enlarging laser crystallization

(SELAX)[9], continuous-wave (CW) laser lateral crystallization, phase-modulated

excimer laser annealing (PMELA)[10], and so on. The grain size varies from 1 µm to 10

µm. To produce high performance TFTs, the channel is thus positioned parallel to the

GBs, as shown in Figure 1.3(b). The field-effect electron mobility of TFTs approaches

400 cm2/Vs, and a rather high subthreshold swing is ob tained due to the presence of

GBs. However, the number of these parallel grain boundarys varys from device to

device, leading to large variations in the characteristics.

We focus on changing structure to provide lateral grain growth. T he μ-Czochralski

(Figure 1-5)basically uses locally increased thickness of the a -Si film and geometric

selection of grains through a vertical narrow constriction. The positions of the grains

can be controlled by local melting/unmelting of the Si film.

(a) (b)
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Figure 1-5  (a) the fabrication process of the grain filter, (b) and (c) matrix -array grains by the grain

filter method, (d) the crystallization process in a grain filter.

1.4.The Theory of Crystallization

The fraction of laser light absorbed by the specimen creates electrons that thermalize

with a time constant 10-11ns. In this very short time the electrons will approach a

thermal equilibrium with the lattice, and thus transfer a part of the deposite d energy to

phonons. Eventually, heat propagates through the simple by phonon and charge carrier

diffusion. In order to acquire detailed knowledge of processes such as laser -induced

implantation annealing and phase transformation it is essential to underst and the

evolution of the temperature distribution in time and space. A significant contribution

was the early development of a model to describe the phase transformation of

ion-implanted silicon in terms of liquid -phase epitaxy due to pulsed laser irradiat ion. In

this model, the standard heat equation was modified to include laser light absorption.

Numerical solutions gave access to the time -dependence of the sample temperature as a

function of laser intensity and pulse length.

Cerny and Prikryl et al. review the essential models developed to account for

laser-induced phase changes in single crystal and amorphous silicon. The emphasis of

their work resides in the latter material deposited on amorphous substrates such as glass

and quartz. The model presented includes the phenomenon of exclusive crystallization

[11], which taken into account that the polycrystalline, amorphous, and liquid phases

(c) (d)
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may exist and that phase changes occur between those phases  (Figure 1-5).

Figure 1-6 Show two phases and the phase transformation region that latent heat occur

Moreover, the model includes the time -dependence of the position of the liquid -vapor

interface. All phase changes are considered no n-equilibrium because of the speed of the

crystallization process. Although some experimentally identified mechanisms are

represented well in computational modeling, even advanced models cannot describe all

experimental data. A good example is the phase -change process of a-Si where theory is

still limited to homogeneous phase -change processes using the one -dimensional (1D)

approximation and not taking into account nucleation effects. Furthermore, a

mathematical model of non-equilibrium phase transitions in a binary system of

semiconductor elements is presented [12].

The absorption processes believed to be important for semiconductors are direct

excitation of lattice vibrations with sub -band-gap, excitation of nearly free carriers by

absorption of sub-band gap light, electron-hole excitation, and metallic behavior due to

free carriers generated by laser light. Generally, melting and solidification are driven by

heat and mass transport. The transport can occur by means of heat cond uction and/or
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diffusion in the liquid phase. A mathematical description of all relevant processes

requires solving complex system of partial differential equations. In practice, this is

difficult to do for phase-change problem. For this reason, simplified models are

generally used that neglect less important factors and second order effects. The most

popular approach is the thermal model for one -component system in one space

dimensions, also known as Stefan ’s model.

G.D. Ivlev, and E.I. Gatskevich el (1998)[13] apply pyrometric measurements to obtain

the epitaxial crystallization temperature of Si have been carried out for the  (100), (110)

and (111) crystallographic orientations of the laser irradiated surfaces of the samples. A

ruby laser pulse duration was 10 -7 s. Thermal radiation of melted Si was detected in

green range of spectrum at the effective wavelength of 0 .53 μm. The experimental

data obtained have been analyzed on the basis of a nonequilibrium model of

laser-induced liquid–crystal phase transitions. The orientation dependence of the

epitaxial crystallization seems to be similar to that for the laser amorphization .

Figure 1-7 Temperature curve of the output signal of the pyrometer sensor.

John R. Ray and Mark D. Kluge et al (1989) [14] apply molecular-dynamics

simulations to determine the steady -state velocity versus temperature relation for (001)

solidification and melting of silicon using Stillinger -Weber potential to model the

interaction between the silicon atoms. In their study, they show all the steady -state
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velocity-versus-temperature values in Table 1.1

Table 1-2 Steady-state solidification (positive) and melting (negative) velocities as determined at each

temperature using molecular -dynamics simulation.

According to John R. Ray and Mark D. Kluge et al study, we want to simplify th e grain

growth model, and focus on only 1350K -1440K region. We assume grain growth only

occurs in this region, and the latent heat influence the region, too.  And in the following

content, we ignore the nucleation effect  and set the latent heat release regi on

(1350K-1440K region), and set the maximum surface temperature 3000℃(likeFigure

1-7).

Figure 1-8 Temperature curve of a particular point versus the time
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1.5.  Motivation

In this thesis, we divide full content into four chapters. In chapter 1, the introduction for

LTPS technology, ELA methods and position -control methods are mentioned

introduced. In chapter 2, we discuss the model idea and set heat flux simulation

parameters and the simulation results for the capping layer effects. In chapter 3, we

discuss trench-assisted position control we did. Then, we find the optimized capping

layer thickness (for SiO2 and SiNx), the optimized condition of trench and estimate the

lateral grain growth size. In chapter 4, we would give a summary to the above result s

and talks about the future works.
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Chapter 2. Simulation

2.1.Heat Transfer Equation

Heat transfer is defined as the movement of energy due to a temperature difference. It is

characterized by the following three mechanism s, Conduction, Convection, and

Radiation. Considering three mechanisms, we assume all laser energy is transferred into

samples, and neglect the heat loss due to convection and radiation.

The mathematical model for heat transfer by conduction is the heat equation:

Quickly review the variables and quantities in this equation：

T is the temperature.

ρis the density.

C is the heat capacity.

k is thermal conductivity.

Q is a heat source or a heat sink.

( )
T

C k T Q
t
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2.2.Heat flux Simulation

The software we use to simulate the laser crystallization process is FEMLAB which is a

interactive environment for modeling and solving many kinds of scientific and

engineering problems based on partial differential equations (PDEs). One of the tools is

heat transfer simulation, and we choose the mode – transient analysis but not the steady

state because we would try to analyzing the full  process of the laser crystallization.  We

define the mesh shape to be triangle illustrated in figure 2.1, and the mesh density

increasing would add our simulation time and the precision of the results

simultaneously. We set each time step to be 1ns and the total simulation time to be

800ns such that we could confirm the accuracy and the completeness of the results at

the same time. The following example will illustrate a simple simulation about the laser

crystallization.

Figure 2-1 The left part of picture is the normal meshes in the structure and the right part is the refined

meshes in the structure. The refine meshes would increase the ac curacy of the final result.

We assume a simple structure in F igure 2.2 and the dimensions of each side is labeled.

The boundary conditions are then written as
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where T is the temperature and the T s is the ambient temperature and the initial sample

temperature. The initial condition is
0

23st s
T T


  ℃ for all regions.An equation at

time t is , where c and κ are specific heat and thermal

conductivity, respectively. Q is the heat generation or loss rate per unit volume. [15]

We have neglected the effects of infrared light emission and absorption, and therefore

heat generation is only coursed by the absorption of the excimer laser light. The

absorption coefficient, α, is a wavelength dependent value, and we measured it by n&k

analyzer. It also a temperature-dependent value but its change is not essential. We used

a fixed value of 7×107 m-1 for α. The part of the laser light irradiation is represented as

the following equation:

0 0( , )exp( ( ))aborption T I t y y y                             (Eq.2.3)

where y0 is the position at the top of the α-Si film ,I0 is the light intensity irradiated to

the sample surface and T is the transition coefficient. We have assumed that I0 is a

square-like time dependence that takes a constant value from t=0s to t=25ns. We also

considered the additional heat stored and released in the silicon film during the

crystallization process. We set a temperature regime from 1350 K to 1440K for the latent

( )
T

C k T Q
t
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heat stored in the silicon film at t<25ns (during laser irradiation) and released at t>25ns

(after laser irradiation). The value of latent heat is 3000J/cm 3 and other parameters such

as specific heat, thermal conductivity…etc. were list in Table 2.1.

Figure 2-2 The structure for a simple simulation, the top layer is α-Si and the bottom layer is SiO 2. The

dimensions and the boundary conditions of each side are labeled on it.
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Table 2-1 Thermal conductivity, specific heat and other parameters used in the simulation. The value of

absorption coefficient was measured by n&k analyzer.

The simulation results includes the temperature curve of a particular  point versus the

time, the temperature curve of a particular line  versus the time, the thermal distribution

at a certain time, the contour lines of the temperature at a certain time and the heat flux

at a certain time. The results we mentioned above will be illustrated in figure 2.3. From

the temperature curve of a particular  point versus the time we could understand the state

of the silicon and from the contour lines of the temperature at a certain time and the heat

flux at a certain time we could know the grain growth direction which is in the

anti-direction of the heat flux. In 2.3 (b) there is no other special design, the laser energy

tends to transfer to the substrate such that the grain would grow form the interface of

two layers to the top surface vertically. In fi gure 2.3 (c) there exists a thermal platform

region which represents the latent heat releasing during the liquid -phase Si transferring

to solid-state Si. By analyzing figure 2.3(d) we could obtain a conclusion that after laser
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irradiation (at 25ns) the most energy absorbed by the α-Si layer. With the time passing,

the exceeding heat transfer to the bottom SiO2 layer and the temperature of the Si film

tends to be same in each depth due  to the high thermal conductivity of Si. Four results

above are useful tools to analyze the crystal lization process.

Figure 2-3 (a) Thermal distribution at a certain time = 800 ns, (b) the contour lines of the temperature and

the heat flux at a certain time = 800ns (c) Temperature curve of a part icular point (1.5μm, 1.1μm) versus

the time (d) Temperature curve of a particular line (along the red line in figure 2.2) versus the time (at

25ns, 55ns, 85ns and 115ns)

Moreover, according to our simulation model, we can extract two parameters. First, we

analysis the temperature-time plot (Figure 2-4 (a)) [13], and extract the latent heat

releasing effect duration.  The a-Si thin film undergoes phase transformation in this

duration and the duration length determine the quality of the poly-Si thin film, so we

define this duration as solidifying duration. In the following content, we will analysis

(a) (b)

573

K

(c) (d)
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the grain growth quality by this value.

Figure 2-4 (a) Temperature curve of a particular point versus the time  (b) isothermal movement diagram

in solidifying duration.

And the other parameter is the solid -liquid interface velocity. In Figure 2-4, the

interface velocity can be calculated by recording the movement of S -L interface.

Because the super lateral grain growth has sequent moving isothermals perpendicular to

the sample surface, we can estimate the velocity conveniently.
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2.3.Simulation Condition with SiO 2 Capping Layer

Because the process window of conventional ELA i s very small, capping layer on a-Si

is usually used. We want to simulate this phenomen on and optimize the capping layer

thickness.

Simulation condition：

The sample structure is like Figure2 -5, a-Si(100nm)/SiO2(1μm), and vary the thickness

of SiO2 capping layer from 0, 100, 200, 300, 400nm.Then change the ambient

temperature 300, 373, 473, 573, 673K, vary the thickness again.

Figure 2-5 the simple structure with SiO2 capping layer

Figure 2-6 the process flow of heat transfer after laser irradiation with capping layer SiO 2
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Figure 2-7 the solidifying duration diagram with different SiO2 thickness and different ambient

temperature

When KrF laser irradiates the sample (in Figure2 -6), only a-Si layer can absorb the laser

energy, and then SiO2 store the heat energy from the melted Si. Subsequently, the SiO 2

capping layer pass more heat energy to the solidifying sili con and prolongs the

solidifying duration. There are two thermal effects ：heat reservoir effect, and heat sink

effect. The heat reservoir effect means the capping layer can impermanent accumulate

the heat from the melted a-Si layer and later feedback the heat to prolong the solidifying

duration. On the contrary, the heat sink effect means the capping layer with lager heat

capacity and thermal conductivity stores the heat from the melted a -Si and subsequently

feedbacks less even no heat to the solidifying silicon, and results in sharp temperature

decreasing.

In Figure2-7, when the thickness of SiO2 CL is smaller than 100nm, the solidifying

duration increases with the thickness of CL, but dec reases quickly. And we find the

optimized thickness, 100nm. As long as we raise the ambient temperature, the

solidifying decreasing trend can be moderated. The region I is dominated by the heat

reservoir effect, while the region II is dominated by heat sin k effect.
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2.4.Simulation Condition with SiN x Capping Layer

We want to simulate this phenomenon and optimize the capping layer thickness.

Simulation condition：

The sample structure is like Figure2 -6, a-Si(100nm)/SiO2(1μm), and vary the thickness

of SiNx capping layer from 0, 100, 200, 300, 400nm.

Figure 2-8the simple structure with SiN x capping layer

Figure 2-9 the process flow of heat transfer after laser irradiation  with capping layer SiNx
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Figure 2-10 the solidifying duration diagram with different SiO2 thickness

In Figure2-10, the solidifying duration increases with the thickness of SiN x CL. When

the thickness of SiNx is larger than 100nm the solidifying duration is still increasing.

And it has potential to obtain comparable solidifying d uration with capping SiO2 layer

with Ta=300℃ by increasing the thickness of SiN x. In a word, capping SiNx can obtain

higher solidifying duration at lower process temperature .

The heat capacity of SiNx (700 J/m3K) is smaller than SiO2 (987.124 J/m3K), and the

thermal conductivity of SiN x (20 J/mK) is larger than SiO 2 (1.4 J/mK). When the

thickness of capping layer SiO 2 is lager than 100nm, the heat sink effect dominate the

mechanism and the solidifying duration decrease with the thickness. Compared to the

SiO2, the heat sink effect should influence the SiNx capping layer seriously. However,

the solidifying duration of SiN x is still increasing with the thickness over 100nm. There

is some mechanism compete the heat sink effect. Comparing with the SiO 2 and SiNx

parameters, we find the absorption coefficient of SiN x (1.642×106 m-1) is much larger

than that of SiO2 (0 m-1). In a word, the SiNx can absorb KrF(248nm) laser energy but

SiO2 can’t. When KrF laser irradiates the sample  (in Figure2-9), the SiNx and a-Si can

absorb the laser energy at the same time, and then SiNx store the heat energy from the
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melted Si. Subsequently, the SiN x capping layer comparing with SiO 2 capping layer

hands over more heat energy to the solidifying silicon and prolongs the solidifying

duration. This phenomenon dominates the mechanism with the increasing thickness of

SiNx.

It is concluded that capping layer with higher absorption coefficient can decrease the

heat sink effect and obtain longer solidifying duration. And SiNx capping layer with

enough thickness can enhance more grain growth at lower process temperature.
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Chapter 3. Simulation with Trench-Assisted

Position Control

Position control is an important technology for poly-Si TFT manufacturing. Now we

want to simulate the trench-assisted position control method and optimize the condition,

such as trench separation, trench depth, and thickness of SiO 2 CL.

3.1. Find out the Smallest Separation between the

trenches and optimized trench depth

Find out the smallest separation between two trenches

Simulation Conditions：

We set each trench 300nm width and 300nm depth in a-Si(100nm) / SiO2(1μm)

structure  (Figure3-1(a)), and vary the separation between trenches ：1μm, 2μ

m(Figure3-1(b)),and let the samples irradiated 250mj/cm2 laser intensity from the a-Si

surface.

(a)                (b)

Figure 3-1 (a) Structure of each trench (b) The Structure of two trenches
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(a)                             (b)

Figure 3-2 (a)Temperature curve on the a-Si surface with 1μmseparation trench (b)Temperature curve on

the a-Si surface with 2μmseparation trench

In Figure 3-2 (a), we find that when the separation is 1μm, the temperature curve will

not pull down so much that it seems has 1μm-width trench and create too many nuclei.

And as long as the trench separation is larger than 2 μm (Figure 3-2 (b)), the nearby

trenches do not affect each other. And we assume there is only on e nucleus in the trench

that induces the lateral grain growth. In the following simulation, we all set the trench

separation is 2μm.

Find out the optimized trench depth

Simulation Conditions：

We set each trench 100nm width in a-Si(100nm) / SiO2(1um) structure  (Figure3-3),

and vary the depth：200, 300, 400 nm with the laser energy density：100, 150, 200, 250

mj/cm
2
 (Figure3-1(b)). Finally, we can obtain the table3-1.
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Figure 3-3 the structure for finding optimized trench depth

Table 3-1 the solidifying duration on the a -Si surface 2μm away from the trench with different trench

depth and laser energy density.

In Table3-1, we find that the solidifying duration increasing with laser intensity. With

considering let the a-Si surface temperature not over 3000℃, we choose the depth 300nm.

Andin the following simulation, we all set the trench depth 300nm.
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3.2.Simulation Trench-Assisted Position Control with

SiO2 Capping Layer

As mentioned in 2.3, capping SiO2 layer can enhance the grain growth, in 3.2 we want

to simulate the heat transfer in trench -assisted position control method and optimize the

thickness of SiO2 capping layer.

Set Simulation Conditions：

We set the trench depth 300nm in a-Si(100nm) / SiO2(1μm) structure (Figure3-4), and

vary the thickness of SiO2 capping layer：0, 50, 75, 100, 200, 300, 400 nm and then,

change the ambient temperature：300,673K. And we can obtain Figure3-4.

Figure 3-4the structure for finding optimized thickness of SiO2 CL
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Figure 3-5 the solidifying duration diagram with different SiO2 thickness

In Figure3-5, we can find that adding trench will lower the solidifying duration

intensely and increasing the ambient temperature also can increase the solidifying

duration. With and without trench both have optimized thickness of SiO 2 capping layer,

about 100nm. When the thickness of SiO2 capping layer is over 100nm, the heat sink

effect dominates the mechanism seriously.
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3.3.Calculation of Solid-Liquid interface and Estimation

of Grain Size

By recording the 1350K isothermal movement  (Figure 3-6), we can calculate the

isothermal velocity, namely S-L interface velocity. We analyze 1350K-isothermal

movement with different thickness at the ambient temperature 27℃, and obtain

Figure3-6.In Figure3-6, when the thickness of SiO 2 capping layer smaller than 200nm,

the solidifying duration decrease with the SiO 2capping layer thickness. The heat

reservoir effect dominates the mechanism and slow the1350 -isothermal. Otherwise,

when the thickness of SiO2 capping layer larger than 200nm, the solidifying duration

increase with the SiO2capping layer thickness. The heat sink effect dominates the

mechanism and speed the1350-isothermal. The velocity ranges from 0.015~0.020  (μ

m/ns).It is proven (In Figure3-9, the real simulation result) that trench -assisted position

control method indeed induces lateral grain growth.

Figure 3-6 the isothermal movement diagram in solidifying duration.
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Figure 3-7  S-L interface velocity diagram at ambient temperature 27℃ with different thickness of SiO2

capping layer.

Figure 3-8 (a) Solidifying duration diagram, (b) S-L interface velocity diagram and(c)the estimation grain

size diagramat ambient temperature 27℃

(a)

(b)

(c)
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We multiply the solidifying duration and the S-L interface velocity to get the grain size

estimation diagram. Comparing with the three plots, Figure3-7 (a) Solidifying duration

diagram, (b) S-L interface velocity diagram and (c) the estimation grain size diagram at

ambient temperature 27℃,we can obtain optimized the thickness of SiO 2 capping layer

and the estimation of the grain size, 3um, induced by the trench to one side. In a word,

we can obtain maximum grain size, 6um.

Besides, the heat sink effect dominates the Solidifying duration diagram and S-L

interface velocity diagram at different thickness of SiO 2 capping layer, 100nm and

200nm. However, the solidifying duration is a strong key parameter, so the optimized

grain size is at 100nm-thickness.



33

Figure 3-9 1350-isothermal movement at Ta=27℃ with trench 300nm depth and no capping layer
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Chapter 4. Summary and Future Work

4.1.  Summary

In this thesis we simulate the heat transf er inside the a-Si thin film. And by defining

latent heat process region, the temperature distribution among the samples can be

successfully measured.

In the following, in order to prolong the solidifying duration, the heat -retaining layer is

utilized, such as SiO2 and SiN materials. By measuring the n&k of the c apping layer,

the absorption(α) and transmittance(Τ) are concerned in the simulation. And we find

that the thickness of SiO2 capping layer has an optimized value 100nm with and without

trench, and that of SiNx capping layer thicker than 100nm has better pe rformance on

solidifying duration compared with the same thickness of SiO 2 capping layer.

Moreover, we simulated the trench-assisted ELA. And we find out its optimized trench

depth, 300nm, and its smallest separation, 2μm. It is proved that trench-assisted ELA

can induce lateral grain growth by observing the isothermal diagram. By recording the

movement of the 1350K isothermals, we can calculate the isothermal moving velocity,

namely solid-liquid interface velocity. Finally, we can estimate the grain size f rom a

trench to one side is about 3μm for an optimized condition. In a word, utilizing a

trench can induce about 6μm lateral grain growth.
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4.2.Future Work

First, we may involve the temperature dependent Cp(T) and K(T) in our simulation  to

describe the latent heat closely to heat transfer in the model.

Second, we can simulate the heat transfer in other device structure.

Finally, we can testify and optimize other capping materials on a -Si as long as we have

enough parameters.
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