Chapter 1

Introduction

1-1 An overview of low temperature poly-silicon(LTPS)

Low temperature polysilicon crystallization for producing large-grained
polycrystalline Si films on high temperature incompatible amorphous substrates have
been studied extensively in the past decade [1-2]. Theses materials are important for
integration of driver circuitry into large-area microelectronics in applications such as
active matrix liquid crystal displays (AMLCD) or organic light-emitting diodes
(OLEDs) that reside on substrate such as glass or plastic. High performance thin-film
transistor (TFT) device fabricated using these materials for the active region are
desirable, as they can enable integration of various driver components directly onto
the substrate in order to reduce manufacturing costs, and to increase the functionality
of large-area microelectronics. Techniques of crystallizing a semiconductor film
formed on an insulating substrate such as glass and techniques of increasing
crystalline thereof by using laser annealing have been researched widely in recent
years. Because of the glass substrates have the advantage of low cost, good
workability, and the easy with the large area substrate can be made than quartz
substrates. The reasons that lasers are preferably used in crystallization are that the
glass substrate melting point is low, and it is necessary to reduce the processing
temperature to a temperature less than 600°C. Lasers can impart high energy only to a
semiconductor film without causing the substrate temperature to increase very much.
And crystalline semiconductor films formed by laser crystallization have high

mobility, and thin film transistors are formed using the crystalline semiconductor



films. Both of them were why most of research utilized the LTPS techniques.
Some method of laser crystallization liked the excimer laser crystallization (ELA),
solid state laser (SSL), sequential lateral solidification (SLS), and metal induced

lateral crystallization (MILC) have been application for LTPS.

1-1-1Comparison of SSL and Excimer laser

Excimer laser have a short pulse length ( 15-50ns ),and the short optical adsorption
depth ( 308nm ). Compared to the solid state laser, solid state laser are
maintenance-free, have stable output, and are superior to excimer lasers in mass
production because it is possible to have higher repetitive oscillation when using a
solid laser as a pulse laser than when using an excimer laser. However there are not
many types of solid lasers, and almost all available solid lasers have an oscillation
wavelength (fundamental wave) in the red color region or the infrared region.
Semiconductor films absorb almost no light in the red color or infrared region, and
therefore the second harmonic (2w) or the third harmonic (3w) corresponding to a
wavelength in the range of the visible light region to the ultraviolet light region is
used when a solid laser is utilized during laser crystallization. A stable diode pumped
solid state laser (DPSS) was used to form poly-Si on a glass substrate .The power
stability of the DPSS CW laser is less than 1%, which value is superior to XeCl
excimer laser. A technique of laser crystallization for forming a polycrystalline silicon
film having a large grain size on a glass substrate using a CW Nd:YVOy laser with
laser diode (LD) excitation has been developed recently. It is possible to manufacture

TFT with the mobility greater than 600 ( em’/V-s ) [3].



1-2 Photo leakage current of Poly-Si TFTs

Poly-Si TFTs are widely used in active-matrix liquid crystal displays (AMLCD) . It
will be influenced by the backlight, and then create the photo leakage current. The
photo leakage results in the decrease of pixel voltage and the increase of the cross talk.
So the suppression of photo leakage current has been an important issue in the
fabrication of high-brightness liquid-crystal projectors. Some of the method to
suppress the photo current was to use the LDD structure and hydrogenated. It is found
that photo leakage current is mainly generated at the offset region and the decrease in
the offset length .This is because the electric field is applied to the offset region and
carriers generated in the region [4-5]. It is well known that a large number of traps
exist in the grain boundaries, the interface between the gate oxide and the poly-Si
channel causing a large leakage current. However the traps should be suppressed by
the hydrogenation process for real applications. In addition, the reduction of traps will
enhance the photo excited current under an illuminated environment [6]. Hence,
suppressing the photo excited current and keeping the low dark-current for
hydrogenated TFTs under illumination is very important. Combined the
hydrogenation and oxidation process method will decrease the dark current and photo
current. In addition, the on current is improved and subthreshold swing is better [7].
The other author developed an LTPS LCLV(Liquid Crystal Light Valve) with a
light-shielding structure, where an additional light absorptive shielding layer is placed
between the active layer of the TFT and the lower light-shielding layer. This light
absorptive shielding layer effectively blocks any incident light that might enter the
space near the TFT active layer from the side of light-shielding layers, preventing the

weaker light from reaching the TFT active layer [8].



1-3 Motivation

As mentioned in 1-2, high illumination intensity increases the photo leakage current
of Poly-Si TFTs, and results in the decrease and pixel voltage and increase of the
cross talk. Recent study indicate that the photo leakage current of Poly-Si TFTs that is
generated in the depletion region near the drain side. As the development of color
sequential technology, the backlight of Red ~ Green ~ Blue color will be irradiated in
order. Under higher illumination, photo leakage current in the poly-Si TFTs with the
illumination of RGB color haven’t been discussed. The purpose of research topic is to
discuss the devices photo leakage current of Poly-Si TFTs in the panel of RGB
sub-pixel. It is expected that the light of blue color has the larger leakage current

because color of blue light has the larger absorption coefficient.

1-4 Thesis Outline

This thesis is organized into the following chapters:

In the chapter 1, a brief overview of thin-film transistor is introduced to describe
the various applications. Then the meaning of photo leakage current is discussed.

In the chapter2, the process flow of poly-Si films with different conditions is
introduced. We study the crystallization mechanism of a-Si annealed by high-power
Nd:YAG laser beam with 532-nm wavelength. Devices with various poly-Si film
conditions are also characterized and directly related to the thin film material
properties. We measured activation energy with different bias under different film
quality, and studied the trap density with various grain sizes.

In the chapter 3, we studied the influence of photo leakage current .The dependence
of photo leakage current on channel width and channel length; lightly drain doping

(LDD) length, channel thickness and grain size are characterized. And the devices



photo leakage current of Poly-Si TFTs in the panel of RGB sub-pixel is also
investigated. It is expected that the light of blue color has the larger photo leakage
current because color of blue light has the larger absorption coefficient.

In the chapter4, the results of our experiments and analysis are concluded.



Chapter 2
Analysis of Activation Energy for Poly-Si TFTs

2-1. Device fabrication and measurement

Device fabrication

The figure 2-1 shows the cross-sectional view of standard top-gate poly-Si TFT
with overlap LDD. These devices were fabricated on glass substrate with the buffer
layer of the silicon nixide 50nm, silicon oxide 100nm, then followed by the deposition
a-Si film by plasma enhanced chemical vapor deposition (PECVD). After the device
islands were defined, a 100nm gate oxide was deposited by PECVD. Finally, the
metal gate electrode was deposited and patterned. In this paper, we use two groups of
devices. The first-group devices, the a-Si film are utilizing the solid state laser to
crystallize the amorphous films to poly-Si film. The a-Si film was irradiated by the
solid-state laser with laser energy density varies from 369 mJ/cm® to 645 mJ/cm’to
form the various dimension of grain size. And the channel thickness of poly-Si film
was 50nm, 75nm, and 100nm. The second-group devices, the a-Si film are utilizing
the Excimer laser annealing to crystallize the amorphous films to poly-Si film. And
only one condition of grain size was used, the channel thickness was 50 nm.

The device channel length varies from 6um to 30um when the channel is fixed as
6,30 um. And lightly drain doping (LDD) length is various by 1 um to 3um.
Measurement

The current-voltage characteristic measurement of thin film transistor devices was
performed by HP4156A semiconductor parameter analyzer with source grounded.

Photo leakage current have been measured in standard top gate overlap poly-Si TFTs



with back face illumination, the light source was Cold Cathode Fluorescent (CCFL)
backlight. Light luminance of CCFL was control by the Programmable Power Supply
PPT-3615G, it was measured by the instrument of Conoscope. About the photo
leakage current with the illumination of RGB color, the light of RGB color was used
the filter above the CCFL back light. The color coordinate of RGB color was
measurement utilizing the Conoscope. At the same time, the wavelength

characteristics of Red, Green, Blue colors were measured by the spectrometer.

2-2. Methods of parameter extraction

In this section, we will introduce the methods of parameter extraction, included the
threshold voltage ( V;), field effect mobility ( x ), the trap state density ( &,), and
grain barrier height ( £ ). The current-voltage characteristic measurement of thin film
transistor devices was performed by HP 4156A semiconductor parameter analyzer

with source ground.

2-2-1. Determination of Threshold voltage

Many methods to determination the threshold voltage is the constant drain current
method that the voltage at a specified drain current ( threshold current /y) is taken as
the threshold voltage. This technique is adopted in most studies of TFTs. It can be
give a threshold voltage close to that obtained by the complex linear extrapolation
method. Typically, the threshold current = Ip/( Wey/ Ley) is specified at 10 nA4 for Vp=

0.1V and 100 n4 for Vp= 5V in most papers to extract the threshold voltage of TFTs.

2-2-2. Determination of Field effect mobility

The field effect mobility, urzis determined from the transconductance, gy, at low
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drain bias. The transfer characteristics of poly-Si TFTs are similar to those
conventional single crystalline MOSFETs, so the first order /-V relation in the bulk Si

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

|

w
Iy = Cott - Vg =V =2V, (2-2-1)

Where C,, is the gate oxide capacitance per unit area, W, L represents the channel
width and channel length, respectively, and V; is the threshold voltage. If V' is smaller

than V-V, the drain current can be approximated as:
w
Iy =Coutt— Vs =V )V, (2-2-2)

The transconductance is defined by

/4
gu =Cott Vs (2-2-3)

We defined the field effect mobility as

L

ILIFE = W gM (max) (2-2-4)

ox

2-2-3. Extraction of Grain Boundary Trap State Density

The potential barrier created by the trapping states is related to the difference of the
carrier concentrations between inside the grain and located on the grain boundaries.
Based on this consideration, the amount of trap state density ( Nf ), may be extracted
from the current-voltage characteristics of TFTs. We can simply estimate the value of
Nt from the Inf Ip/( V-V )Vp] versus ( Ve-Vp, )2 characteristics[9]. The details are as

followed:

w qE
Iy = Coo Vg =V Wty exp(—2) (2-2-5)

Where q is the electron charge.
K is the Boltzmann’s constant

T is the channel thickness.



V. is the threshold voltage.

q° Nt* _ g’ Nt’t
8ne,,  8C,.(Vo— V)

E, = (2-2-6)

n is the gate induced free carrier concentration in the grains and is equal to

Cox( V-Vi)/t &, i1s the dielectric constant. The channel thickness 7. is defined as the
thickness with 80%gate-induced carriers within [10] :
g’ Nt’t,,

\' gsigsioz Cox (VG - VT )2

Accordingly, the effective trap state density can be obtained from the slope of the

) (2-2-7)

w
I,=C, T(VG =V Vs exp(—

curve Inf[ Ip/ ( Va-V;) ] versus (Ve-V,)?

2-3 Material analysis

2-3-1 Scanning electron microscope (SEM)

By observing the SEM images of figure 2-3, the lateral growth was happened
between the laser energy density of 553 mJ/cm’ and 599 mJ/cm’ in the channel film of
100nm .The lateral growth happens when the film is fully melted. Also, due to the
Gaussian profile, the cooling rate is much smaller than conventional ELA technique
with pulsed beam profile. The lateral growth region in our system sustain for a large
laser energy window. The appearance of fine grain region is directly related to the
cooling rate, while the cooling rate is controlled by the laser energy and the scan pitch.
When the scan pitch increases, the cooling rate increases rapidly and the fine grain
region starts to appear on the crystallized Si film, as shown in figure 2-3, when the

laser energy density after the 645 mJ/cm’ , fine grain region was formed.



2-3-2. Light absorptivity of different film

The critical energy, Ec, is associated with the absorptivity of the a-Si film. Since
the penetration depth of 532-nm-wavelength laser into a-Si film is larger than 70 nm.
The beam reflects from the bottom interface of the a-Si film will interfere with the
incident laser beam. As a result, the absorptivity is found to be strongly related to the
film thickness. According to previous report [17], the absorptivity of
532-nm-wavelength laser reaches peak value when the film thickness is around 50-60
nm. Compared with the Ec in our experiment, excellent agreement is observed. The

critical energy is lowest when the film thickness is around 50-60 nm.

2-4. Device characterization

2-4-1. Process windows of Solid State Laser

Process windows of solid state laser were shown in figure 2-4-1(a). Unlike ELA
laser crystallization, this Nd:YAG laser with Gaussian beam profile provides large
process window for the super lateral growth (SLG) crystallization regime on a-Si thin
film. The SLG process window can be defined between the critical energy density
( Ec, the energy density that the grain starts to laterally grow) and the fine grain
energy density ( Ep, the energy density that fine grain region starts to appear). For
example, for devices with 50-nm active layer, their output characteristics become
excellent while the active layer is annealed by laser with energy density from 484
mJ/em’ to 553 mJ/em’ and scan pitch as 2 m. Within this process window, the
device performance is good and uniform. With typical top-gate structure, the field
effect mobility can be larger than 250 cm’/V.s , and the threshold voltage can be lower
than 1 V. More importantly, this process window for good device performance is

consistent with the material analysis results.
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2-4-2. Devices turn-on parameter

The devices turn-on parameter of different grain size and film quality is shown in
table I . It shown the larger grain size, the well performance of field effect mobility,

threshold voltage and subthreshould swing.

2-4-3. Devices turn-off characteristics

Transfer characteristics of different grain size and film quality was show in figure
2-4-3(a),2-4-3(b). In the off region, under low drain voltage as shown in
figure2-4-3(a), off current unchanged. It shown that off current was independent of
grain size, it may due to the leakage current mechanism of Thermionic emission, and
the Mid-Gap trap density dominate. Under high drain voltage, loff decreases when
grain size increases. It may be due to the leakage current mechanism of thermionic

field emission or pure field emission.

2-5. Grain Barrier Height Model

Equation (2-5-1) is the well-know grain boundary barrier height model proposed
firstly by Seto et al [11]. Ep represents the grain boundary barrier energy in
above-threshold region. Ny represents the effective grain boundary trap density and n
is the gate-induced carrier density. When there is no other temperature-sensitive
mechanism, the measured activation energy could be served as the grain boundary

energy barrier.

2
N
Ep=L2T (2-5-1)

8en

When drain voltage is high, it has been proposed that the drain-induced grain barrier

lowering (DIGBL) effect would influence carrier transport seriously [9,12, 13]. When
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the device is operated in the linear region and the drain voltage is low, the barrier
increases with increasing drain voltage. This can be explained by the influence of
drain bias on the surface potential along the channel [15]. The average carrier density

is therefore expressed as [16]:

CoxlVo—V p-a¥p)

n= o (2-5-2)

where C,, is capacitance per unit area, V' is the flatband voltage, and « is a parameter
indicating the influence of drain voltage. 7., is the channel thickness. According to the
grain boundary barrier height given by Ref. [14], the barrier height considering the

influence of the drain voltage and the DIGBL effect is given by

y
tch [(qNT )2 - 4qNTgs77 7D]
E, = L (2-5-3)
8.C (V. -V, —alVy)

s ox

For MOSFET devices, the channel thickness is reversely proportional to the gate bias

and can be expressed as Ref. [9]:

(2-5-4)

Where #,, is the oxide thickness and V;, is thermal voltage. However, in poly-Si TFTs,
the channel thickness would be further affected by the screening effect of trapped

charges. So we modified the channel thickness as:

y—1
‘, zg[VV—mVJ ¢ | (2-5-5)
G "t ¢

ox

where y is the parameter that represents the trapped charge screening effect. Finally,

grain barrier height model of polysilicon TFT is expressed as:

2xr. 2 VD
toxV, | 4 Nt _4‘INT5S777

Véox€s Cox(VG -V - aVDSe)y 22]

Ep =
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2-6. Activation Energy Analysis

Activation energy extraction is that choosing a bias condition, and to measure the
output current in many different environment temperature. The temperature

dependence of the mobile electron in equilibrium with the trapped charge is given by
E
I=1,exp(——=
o €Xp( KT)
Iy=constant independent of temperature
Eg= drain current activation energy which measures the difference between the

valence band edge and the energy of the grain boundary states within KT of

the Fermi level.

In this method, Ep is obtained from the Arrhenius plot for the ln(li) Versus (%) plot.
0

The activation energy can be extracted from the slop of Arrhenius plot. After changing
the different bias condition, the activation energy versus the gate voltage plot can be
generated. It’s seen in figure 2-5-1.

It should be noted that there is a strong scattering effect when the devices are
measured at high gate voltage and high temperatures. When the film quality was good,
the scatter mechanism disappear faster at a small gate voltage. It should be careful not
to include these data into the extraction of grain barrier height.

The curves of Ep versus Vg and 1/Ep versus Vg for devices with different film
properties are shown in Fig 2-5-2,where the inverse grain barrier height of solid state
laser which the grain size about 0.55( um ) is linearly proportional to the gate voltage.
This indicates that the trapped charge screening effect is serious and the channel
thickness keeps constant and is not dependent on gate voltage( y=1 ), and it is also
know the solid phase crystallization(SPC) and as deposited poly-Si is also have the y
value equal to 1[22]. Table Il lists y value for different grain growth conditions.

It is well-known that, when drain electric increases, the dominant leakage current
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mechanism changes from thermionic emission, thermionic field emission, to pure
tunneling [23]. At a low drain field (0.1V ), the lowest activation energy is 0.46 eV.
Since the Ep is about Eg/2, thermionic emission is the dominant leakage current
mechanism at low field. As the drain bias increases, the drain depletion field increases
and Ep decrease. This suggest that the high field in the drain depletion region has
reduced the barrier that carrier must overcome. As much, the dominant leakage
current mechanism is thermionic field emission. This process could be accomplished
by combination of emission and tunneling processes. Further increase of the drain
bias, there are almost no barrier to the carrier motion, so the dominant leakage
mechanism is pure tunneling.

The activation energy of different grain size was shown in figure 2-5-3. it shows the
same results as mention in section 2-4-3, under low drain voltage, Ioff unchanged. It
can be seen that off current was independent of grain size. Under high drain voltage,
Ioff decreases when grain size increases. The turn on region is defined as the
activation energy achieving a specific small value which is negligible as shown in
figure 2-5-4. Therefore, the devices fabricated by SSL turn on faster than ELA

devices.

2-7Trap State Density Analysis

By the extract of trap state density, effective trap state density can be obtained from
the slope of the curve In[/p/( Vg-V;)] versus ( V-Vi)? as shown in figure 2-5-5.The
smaller grain size will involve the large amount of defects serving as trap states locate
in the disordered grain boundary regions as shown in figure 2-5-6. As the grain size is

decrease, the trap state density will increase.
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Chapter 3
Characteristics of photo leakage current of

Poly-Si TFTs

3-1. Optical absorption

The photon energy will be absorbed by the silicon film to excite the generation of
electron-hole pairs. Under certain electric field such as the built-in electric field in the
depletion regions, the electron and the hole will move toward the opposite direction
and form the current. Compared to the generation current from the depletion region in
the dark environment, this light-caused current is much larger and causes pronounced

leakage current issues. And the optical obsorption was introduced as blow:

Photon energy was defined as

Che 124
P

E=hv
Where h is Plank’s constant and v is frequency

There are several possible photon-semiconductor interaction mechanisms. For
instance, photons can interact with the semiconductor lattice whereby the photon
energy is converted into heat. Photons can interact with impurity atoms, such as
donors or acceptors, or they can interact with defects within the semiconductor.

If the photon energy is less than E,, the photons are not readily absorbed, the light is

transmitted through the material and the semiconductor appears to be transparent.

When a semiconductor is illuminated from a light source with 4v greater than Eg

and the intensity of the photon flux is denoted by / ( x ) and is expressed in terms of
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energy/cm’. Figure3-1 shows an incident photon intensity at a position x and the
photon flux emerging at a distance x + dx. The energy absorbed per unit time in the
distance dx is given by al(x)dx, where a is the absorption coefficient , given in units

-1 .
of cm ~ from the figure , we can write

dl(x)

X

I(x+dx)—1(x)=

dx = —al (x)dx (3-1-1)
If the initial condition is given as I(x=0)=1,

Above equation can be rewritten as follow:

I(x)=1,e™ (3-1-2)

Equation 3-1-2 represents the intensity of the photon flux decreases exponentially

with distance through the semiconductor material

3-2. Photo leakage current

Polycrystalline silicon is much less sensitive to light than amorphous silicon, when
Poly-Si TFTs are applied to display projectors which light luminance was above
5000 cd/m’, optical energy induced the carrier transform which caused the photo
leakage current couldn’t be ignored. Figure 3-2 shows the characteristics of drain
current with various illumination of poly-Si TFTs, the light of scattering or direct
illuminated pass through the active layer of poly-Si TFT, and the channel edge of
depletion region was stimulated to generated electron-hole pairs. The photon can
interact with a valence electron and elevate the electron into the conduction band.
These electron can diffuse easily and not control by the potential barrier, and move to
the reverse bias of the electric field direction, hole carrier pass through the channel
and electron pass through the drain side, caused the photo leakage current.

The photo leakage currents was defined by
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I photo =1 Iy min ation — ! dark

The photo leakage currents of hydrogenated devices had certain characteristic
features such as channel length independence and a weak gate bias dependence. In
figure3-3 and figure3-4, the weak gate bias shows that there is no electric field
enhanced component to the photon induced generation rate, in contrast to the field
enhancement of the dark current[19]. And it may be caused by the weak drain voltage
due to the various depletion region [20].

The dependence of photo leakage current on channel width ( ' ) and channel
length (L ) are shown in figure 3-5 and 3-6. Photo leakage current is proportional to
the channel width; however it is not strongly dependent on channel length. It might
because the photo current is generated from the depletion region near the drain side.
So we could find the higher photo current in the wider channel width, the larger photo
leakage current would obtain.

The photo leakage current of various LDD length was shown in figure 3-7. The
higher LDD length, the larger photo leakage current will be generated. At the same
time, as the LDD length increase, lateral electric field will decrease, the dark current
will decrease. And the design rules was LDD length between 1-2 um can suppress the
photo leakage current as well as dark current.

It is well known the smaller grain size will involve the large amount of defects
serving as trap states locate in the disordered grain boundary regions. Polysilicon
TFTs after a 10-min hydrogenation device was used to discuss the grain size effect
versus trap state density ( cm™” ) and photo leakage current. The results are
summarized in figure 3-8. It is found that photo leakage current increases when the
grain size becomes smaller. Since the grain boundaries are believed to be more

amorphous-like crystal structure, they should have better absorptivitiy than the area
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inside the grain. As a result, when grain size becomes smaller, the portion of grain
boundaries becomes larger in a unit volume of silicon film. The photo leakage current
is therefore increased.

The various channel thickness of same grain size was shown in figure 3-9, as the
channel thickness increased, the photo leakage current would increase, it was due to

the larger absorptivity and the wider depletion region.

3-3. Photo leakage current of poly-Si TFTs with illumination of

RGB color

Recently, improvement of Lm/W for high-power RGB-LEDs allows large size
applications with LED backlight in place of the conventional Cold Cathode
Fluorescent Lamp (CCFL). When the color sequential technology is used to generate
white color with color coordinate (0.3335,0.3331). The color coordinate of RGB-LED
is (0.686,0.309), (0.28,0.675), (0.14,0.06) respectively as shown in figure3-10. And
the spectrum of RGB colors was shown in figure3-11. The color coordinate of
RGB-LEDs applied to the color sequential with the radiant flux of white color
coordinate will be calculated from appendix XIII [25], the value in table IV shows
the radiant flux intensity(Watt) of RGB colors have almost st same value.

Optical spectrum of CCFL back light was measured by the spectrometer, the
wavelength of CCFL backlight was shown in figure 3-12. In our experiment, we try to
produce the RG.B light sources by using simple filtering films on the CCFL backlight
system. And the optical spectrum of CCFL back light utilizing the simple filter of
RGB sources was shown in figure 3-13. The color coordinate(x,y) of R ~ G ~ B color
was shown in figure3-14, the value of R ~ G ~ B color coordinate(x,y) was (0.66,0.32) -

(0.15,0.08) ~ (0.32,0.58) respectively.
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In order to discuss the photo leakage current with illumination of the RGB color. In
our experimental, the light of RGB color was illuminated with the radiant flux of 0.47
( mWatt/cm’ ). Figure 3-15 shows the photo leakage current of various grain sizes
under the illumination of RGB color. It obtains an interesting result about the largest
photo leakage current with the illumination of blue color. We think the largest photo

leakage current with the illumination of blue color may due to the largest absorptiviy.

3-4 Optical properties of poly-Si film

In this section, absorptivity of different film was calculated. The optical constants,
refractive index( n )and extinction coefficient ( k ) were measured by the n&k
analyzer1280, and the value of n and k was shown in figure 3-16and 3-17. The optical

absorption coefficients was determined by [24]

Ark
o =—

i (3-1)

For comparison the corresponding sets of n(A) and k(L) for c-Si and a-Si in the
same wavelength region are also plotted in Fig.3-18. The optical data for c-Si and a-Si
are taken from the handbook of optical constants of Solids. [18]

The value of n and k can determine the absorpance coefficient, and then the
absorptivity was determined by the reflectance and absorptance coefficient and then

derived from the Beer’s law[24]:

A=(1-R)(1-exp @) (3-2)
Where R is reflectance and x is thickness.

At the same time, absorptivity with the various grain sizes in the channel thickness
of 50 nm was shown in figure3-19. As grain size decrease, it shows the larger
absorptivity as we used the color of RGB illumination. It also agreements as mention

above, as the grain size decrease, photo leakage current increase, and illumination of

19



blue color has the larger photo leakage current because of larger absorptivity.
The absorbtivity of different poly-Si thickness derived from the equation 3-2 was
shown in figure 3-20. It was also investigate the absorbtivity with different poly-Si

thickness as shown in Figure 3-21. [17]

3-5Simulation of photo number per second with the illumination

of RGB color into the poly-Si film

In order to discuss influenced of the photo leakage current with the illumination of
RGB color, Table V shows the influenced of the illumination of RGB color. The
absorptivity of different RGB color seems not to explain the influenced of photo
leakage current with the illumination of RGB color. So we conclude the influenced
was due to the optical energy and the absorption photo number. And assumption the
photo leakage current is proportional to the photon number, so the photo number is
calculated as follow:

The energy absorbed per second is

I'=(1-R)I,

I=I'(l-exp™)

Photons can interact with the semiconductor lattice whereby the photon energy is

converted into heat.

If the photon energy is greater than E,, an electron-hole pair is generated and, in

addition, the excess energy (v — E, ) is dissipated as heat.

The portion of each photon’s energy that is converted to heat

hv—Eg
1%

H% = x100%

Therefore, the amount of energy dissipated per second to the lattice is

I, =IxH%
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The recombination radiation accounts
I, =1,-1
The number of photons per second from recombination is

Ir
Material Band Gap Enegry

(#photon/ s)

The photon number with different grain size under the simulation was shown in
figure3-22 and 3-23, it is agreement with the results of photo leakage current compare
with the simulate photon number per second. It also shows the different crystalline
quality of ELA as shown in figure 3-24. Therefore, the photo leakage current under
the illumination of RGB color has the same trend compared with the photon number.
The simulation result shows the photo leakage current was determinate by the
absorption photon number and optical energy ( Av ). From the curve of the photo
leakage current with the illumination of RGB colors. Photo current is determined by
the absorptive photon number per second. The light of blue color has the largest photo

current because color of blue light has the largest photon number per second.
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Chapter 4

Conclusion

In this thesis, photo leakage current in typical top-gated poly-Si TFTs is studied.
The dependences of photo leakage current on the channel width, the channel length,
the lightly-doped drain (LDD) length, the grain size and the channel thickness are
characterized. Photo leakage current is proportional to channel width and LDD length;
however it is not dependent on channel length. This is because the photo current is
generated from the depletion region near the drain side. As a result, increase the
channel width or increase the LDD length can increase the depletion region and
therefore enlarge the photo leakage current. In addtion, the dependence of photo
leakage current on the channel thickness is also investigated. As the channel thickness
increases, the photo leakage current increase. Since the generation of photo leakage
current is proportional to the absorptivity, increasing channel thickness effectively
enlarge the photo leakage current. Also, the grain size influence on the photo leakage
current is also investigated. It is found that photo leakage current increases when the
grain size becomes smaller. Since the grain boundaries are believed to be more
amorphous-like crystal structure, they should have better absorptivitiy than the area
inside the grain. As a result, when grain size becomes smaller, the portion of grain
boundaries becomes larger in a unit volume of silicon film. The photo leakage current
is therefore increased.

Finally, in order to investigate the influence of photo leakage with illumination of
RGB color, we try to produce the RGB light sources by using simple filtering films on
the CCFL backlight system. It is found that under identical luminance, blue light is

much more effective to generate photo leakage current. Also, if the color sequential is
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designed to produce the white light with color coordinate (0.3335, 0.3331), blue light
also generate largest leakage current. The leakage current in the blue light shining
period is more than one order larger than those in red or in green light shining period.
The variance of the photo leakage current under different light sources is well
explained by consider both the photon number per second and the optical energy

( hv ). Good agreement is found between the calculated data and the measured results.
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