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Study on the C-V characteristics for LTPS TFTs
under DC stress

Student : Chien-Wen Lin Advisors : Dr. Ya-Hsiang Tai

Industrial Technology R & D Master Program of
Electrical and Computer Engineering College
National Chiao Tung University

ABSTRACT

Polycrystalline silicon (poly-Si) thin film transistors (TFTs) have recently attracted much
attention in the application on the integrated. peripheral circuits of active matrix liquid crystal
displays (AMLCDs) and active matrix organic light emitting diode (AMOLED) displays.
However, most of the previous reseaches foc¢us-on the current-voltage characteristics, while
the discussion about capacitance= voltage degradation-is few.

In this thesis, the degradation of low temperature polycrystalline silicon (LTPS) thin-film
transistors (TFTs) under DC stress is inyvestigated with the measurement of the capacitance
between the source and the gate (Cgs), as well as the capacitance between the drain and the
gate (Cgp). The main degradation mechanisms of the DC stress are hot carrier effect and
self-heating effect. This work focuses on the C-V behaviors of the LTPS TFTs with these two
mechanisms and discovers that the C-V curves exhibit apparent frequency dependence. For
the different stress conditions, the degradation mechanisms in the thin film transistor are
discussed. With the concepts of circuitry, we develop a new thin film transistor electric circuit
model, and explain the changes in adds under the different stress conditions in the C-V and
[-V behaviors.

The newly established thin film transistor electric circuit model can put in the middle of
the simulation software to help designers with faster and convenient understanding device’s
characteristics and design conditions. Hence, the designers can compute a more complex
electric circuit within shorter design period to achieve the target of having an advanced
breakthrough in designing system on panel (SOP) circuit. On the other hand, the technology

development can help the display panel show the vivid images than the present product.
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Chapter 1

Introduction

1-1. Introductionto LTPS TFTs

In recent years, the amorphous silicon thin film transistors (a-Si TFTs) are commonly
used to be the switches of the pixel in active matrix liquid crystal displays (AMLCDs). Figure
1-1 shows the block diagram of active matrix display. All the driver chips are buried together
with the other application-specified ICs on PCB because the current driving capacity of a-Si
TFTs is not good enough for the system integration. However, the integration of driver
circuitry with display panel on the same substrate is very desired not only because the need 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 because of their wide applications in AMLCDs and organic
light-emitting diodes (OLEDs) due tetits high, electron mobility. In polysilicon film, the
carrier mobility larger than 100 ¢m’/Vs jean be easily achieved, which is about 100 times
larger than that of the conventional amorphous-silicon TFTs (with below 1 cm?/Vs). This
characteristic allows the pixel-switching“elements made by smaller TFTs size, resulting in
higher aperture ratio and lower parasitic gate-line ¢apacitance for the improvement of display
performance. Furthermore, the integration of peripheral circuits in display electronics can be
achieved by poly-Si TFTs due to its higher current driving capability, which is illustrated in
figure 1-2.

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), high programming read only memories (EPROM), and electrical
erasable programming read only memories (EEPROMs) and three-dimensional(3D) ICs.
Among the poly-Si technologies, low temperature polycrystalline silicon (LTPS) TFTs are
primarily applied on glass substrates for the display electronics since the low process
temperature could prevent the substrate from bending and twisting.

LTPS TFT LCD technology has the feature of system integration within a display system.
It can make a compact, highly reliable, display panel with high resolution. Because of this
property, LTPS TFT LCD technology is widely used for mobile displays. Figure 1-3 shows
the system integration roadmap of LTPS TFT LCD. Various integrated circuits, such as



vertical driver, horizontal driver including digital-to-analog converter (DAC), timing
controller, power supply circuit (dc-dc converter), common driver, gamma circuit, have been
developed so far [1]. Since 2004, a 6-bit RGB digital interface driver and power circuits
completely integrated LCD has been successfully developed and commercialized for mobile
phone handsets. More advanced driver integration for achieving a narrow edge frame and low
voltage operation are now continuously being developed [1].

However, there are still some issues in LTPS TFTs such as reliability, device variation,
and the speed limitation of device. On the other hand, there are some disadvantages in the
SPICE simulation of TFTs model, such as the incapability of C-V model’s frequency
dependence, the accuracy of TFTs DC and AC model, etc. However, in order to achieve the
accurate behaviors for device performances, the understanding and implantation of these
behaviors are desired. Therefore this thesis focuses on the behavior of device’s C-V

characteristics with the view point into of the implantation in SPICE.

1-2. Device variation

The LTPS TFTs are found to suffer from serious variation of their electrical parameters
[2-4]. The poly-Si material is a heterogeneous material made of small crystals of silicon
atoms in contact with each other; constituting-a Solid phase material. These small crystals are
called crystallites or grains. The irrégular boundaries of these crystallites are the border lines
of the grains. Because the material remains solid, the atoms at the border of a crystallite are
also linked to the neighbor crystallite ones. However, these atom bonds are disoriented in
comparison with a perfect lattice of silicon. This border is called a grain boundary. As the
result of various distributions of grain boundaries in the channel of TFTs, the initial
characteristics of LTPS TFTs are different from one another, which are shown in Figure 1.4.
The Figure 1.5 shows site variation of the threshold voltage variation for an LTPS TFT
fabrication line plotted in the format of lot trend and the degree of variation can be up to four
times of the standard deviation. These wvariations can be also observed in
Metal-Oxide-Semiconductor Field Effect Transistors (MOSFETs) but effects are more
complicated in LTPS TFTs due to the random existence of grain boundaries. The device
variation will lead to the variation of the circuit performance. It will be reflected directly on
the image uniformity of the display. Besides, the effect of grain boundary may also influence
the reliability behaviors of the devices affect stress.

In addition to the circuit design in display, for the analysis of device behavior the device



variation must be taken into consideration. To avoid the confusion arisen from the device
variation in our analysis, this thesis will use crosstie devices. The crosstie devices are equally

spaced with a 40jum pitch arranged in a row. On the other hand, the crosstie devices are so

close that the long range variation can therefore be ignored. Because between the different
device has some is different, therefore all uses the identical device in mine research, compares

the degradation around difference.

1-3. Review of previous work

In LTPS TFTs, several degradation mechanisms have been reported [5-13]. In 2002
Satoshi Inoue paper brought up the stress voltage dependence of the Vi, shift in poly-Si TFTs,
as shown in figure 1-6 [14]. Thus, in 2003 Satoshi Inoue’s paper classified the degenerated
phenomena [15]. Figure 1-7 shows the effect of stress voltage on the I, variation in TFTs.
This result indicates two main degradation regions, the stress voltage of region A and region
B. At first, hot carrier degradation is considered to originate from the damage of the
metal-oxide-semiconductor (MOS).interface and of.the channel poly-Si layer near the drain of
TFTs. On the other hand, self-heating degradation is thought to originate in breaking of Si-H
bonds and regeneration of dangling bonds in the MOS-interface and channel poly-Si layers.

In region A, the dominant dégradation.mechanism is self-heating, both the drain and gate
voltages are high, typically over 10V. In.region B, the dominant degradation mechanism is
hot carrier, only the stress drain voltage is high, typically over 10V, and gate voltage is low,
typically from 2V to 5V. In this thesis, we discuss the capacitance-voltage (C-V)

characteristics in the two main degradation regions.

1-4. Motivation

Figure 1-8 shows C-V curves of the device affect hot carrier stress. It is obvious that
curves show apparent frequency dependency. Figure 1-9(a) and (b) respectively show the
state condition in the band and physical diagram location in the TCAD simulation. The three
state conditions are arranged such that the distance of the bottom of the conduction band Ec
and the center of the state distributions are 0.2 eV, 0.3 eV, 0.4 eV. Figure 1-9(c) is the
simulated C-V curves of stressed device with the three state conditions. It can be seen that the
capacitance would apparently stretch for the gate voltage is just above Vg for the trap

condition C. TCAD simulation can explain hot carrier mechanism correct. However, TCAD



simulation is not able to deal with frequency dependent effect.

Figure 1-10 shows the Cgs curves of the device after significantly stretches out and shifts
in the positive direction after stress. Figure 1-11(a) shows the model of the cross section of
the device after self heating stress. With increasing the density of states (DOS) locally around

region and region  in simulation. Figure 1-11(b) shows the simulation result with

increased DOS. Again, TCAD simulation results can explain the increase and shift for the
curves after self-heating stress [16]. Nevertheless it can not explain frequency dependence.
Since the frequency dependence is important in the simulation of circuit and characterization
of the devices, it would be necessary to find the appropriate C-V model, which is the goal of

this study.

1-5. Thesis Outline
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Chapter 2
Experiments

2-1. Device fabrication

In this study, the n-type TFTs with a channel width of 20jm and a channel length of 5
[Mm as well as the LDD structure of length 1.2um are fabricated.

The process flow of TFTs is described below. Firstly, the buffer oxide with a 50 nm
thick a-Si:H films were deposited on glass substrates with plasma-enhanced chemical vapor
deposition (PECVD), and then put the samples into the oven for dehydrogenation. The XeCl
excimer laser of wavelength 308 nm with the energy density of 400 mJ/cm? was applied. The
laser scanned the a-Si:H film with the beam width of 4 mm and overlapped by 98% to
recrystallize the a-Si:H film to poly-Si. After the poly-Si active area defined 80 nm SiO, and
40 SiNy films were deposited with PECVD as the gate insulator. Next, the metal gate was
formed by sputter and then was defined. The_ lightly doped drain (LDD) and the n"
source/drain doping were formed:by PHj implantation with dosage 2 x 10" and 2 x 10" cm?
of PHj, respectively. For the n-type devices, the LDD implantation was self-aligned and the

n’ regions were defined with a separated mask:

In addition, the p-type TFTs with:a channel width of 20jum and a channel length of S

m are also fabricated.
The process flow of p-type TFTs is very similar to the n-type ones. The only differences
are the p* source/drain doping was done by B,Hg self-align implantation with a dosage of 2 x

10" cm™, and the absence of LDD structure [17].

2-2. Device measurement

The electrical performance was measured with the Agilent 4156A semiconductor
analyzer and Agilent 4284A precision LCR meter as shown in figure 2-3. The Agilent 4156A
semiconductor analyzer with a probe station is used to analyze the electrical properties of a
circuit such as I-V measurement or bias-temperature-stress (BTS). The ground probe station
is furnished with an electrically isolated, water-cooled thermal plate within an optical
shielding box. The source measurement units (SMUSs) are used to control voltage sources
where current flowing through can be measured. The voltage or current sources supplied by

HP 4156A semiconductor analyzer can be transmitted through SMU to the device circuit and



the output voltage or current will be detected concomitantly.

The C-V curves of the gate-to-source capacitance (Cgs) and gate-to-drain capacitance
(Cgp) before and after stress with different frequencies are measured with the Agilent 4284A
precision LCR meter. The Cgs is measured between gate-and-source with floating drain.

Similarly, the Cgp measures the gate-to-drain one with floating source.

2-2-1. Parameter extraction method

The field effect mobility (urg, Mu) is derived from the transconductance g,, The transfer
characteristics of poly-si TFTs are similar to those of conventional MOSFETs, so is the first
order I-V relation in the bulk Si. The MOSFETs can be applied to the poly-si TFTs, which

can be expressed as

o = HeeCov I0Ve =V Vo Vo] @)
Where

Cox 1s the gate capacitance per unit area,

W is channel width,

L is channel length,

Vin 1s the threshold voltage.

If the drain voltage Vp is much smaller compared withV; -V,

(1.e.Vp << Vg - Vi), then the drain eurrent can be-approximated as:
w
Iy = 1Coy T(VG —Viu Vo (2-2)

And the transconductance is defined as:

alp _WC,, see vV
D

9n = M Vp=const. — L

Therefore, the field effect mobility can be expressed as:

L

frE T C wv,

g m (2'3)

We can get the field-effect mobility by taking the maximum value of the g, into (2-3)
when Vp = 0.1V

In most of the researches on TFT, the constant current method is widely-adopted. In this
thesis the threshold voltage is determined by this method, which extract Vth from the gate
voltage at the normalized drain current I[d=10nA for Vd=0.1V.

The sub-threshold swing S.S (V/dec) is a typical parameter to describe the gate control



toward channel. It is defined as the amount of gate voltage required to increase/decrease drain
current by one order of magnitude. For the LTPS TFTs, the sub-threshold swing might
increase with drain voltage due to short-channel effects. It might as well be affected by the
serial resistance and interface traps and therefore become related to the gate voltage. In our
thesis, it is defined as the minimum of the gate voltage required to increase drain current by
one order of magnitude for

Vp=0.1V.

o(logly,) |
Og ds
SS=| ———2 -
{ oV } 2-4)

gs

2-3. Stress conditions

As measured in the chapter 1, there are two main degeneration phenomena. We firstly
conducted the stress of the hot carrier effect condition. For the n-type TFT, the gate bias (Vgs)
was set to the threshold voltage (aboutl.8 V) of the TFT plus 1 V, while the drain bias (Vps)
was 20 V [9]. For the p-type TFT,'the Vggwas set to. the threshold voltage (about -2V) of the
TFT minus 1 V and the Vps was=20V.

One the other hand, for the self-heating effect condition, of the n-type TFT, the Vs was
18 V, while the Vps was 18 V. Fof.the p-type TFT; the Vs was -18 V and the Vpg was -18V.
For all conditions, the TFTs were stressed 500 seconds. The stress conditions are listed in

table 2-1.



Chapter 3

Frequency dependence

3-1. Initial characteristics of the n-type TFT

In this chapter, we discuss the relation between C-V and I-V behaviors, and compare -V
and C-V curves with frequency dependence. Figure 3-1 (a) and (b) shows shift in the transient
region of difference frequency. This shift could possibly result from the presence of states
inside the poly-Si film. These states shift the threshold voltage for the onset of inversion by
several tenths of mV for difference frequencies. These shifts owing to the intrinsic states may

not be described detailed in the circuit model.

3-1-1. litial C-V and I-V curves of the n-type TFT

Figure 3-2 shows the initial C-V characteristics of n-type TFTs. The horizontal axis is the
typical gate voltage and the vertical axis is the normalized capacitance. Here the gate voltage
swept from -10V to 10V. We used:two frequencies S0K Hz and 1M Hz to measure Cgs and
Cgp curves.

Figure 3-3 shows the initial [-V-characteristics of the typical TFTs in the linear and
saturate regions. The horizontal axis is.the sweep gate voltage and the vertical axis is the drain
current. Here the sweep gate voltage was varied from -10V to 15V, and the step drain
voltages are 0.1V and 5V. It can be seen that in linearity and saturation the Vi is almost the
same. And the threshold voltage of the I-V curve locates near the Vgg of the C-V curve. On
the other hand, I-V curve is in off region that C-V curve is at its minimum value. If -V curve
is in the on region, C-V curve will be at its maximum value.

In order to explain the frequency dependence of the capacitance behaviors after stress, a
circuit model consists of channel resistances and gate insulator capacitances is proposed, as
shown in figure 3-4. For the unstressed device, the model is composed of the distributing
insulator capacitance (Ci,), channel resistance (Rcn), junction capacitance (C;), and contact
resistance (Rc). The C-V behavior and the I-V behavior can be correlated by considering the
impedance of the device in this model. As the gate voltage is much higher than the Vi, the
channel is turned on and the channel resistance will become very small in this case. The total
impedance would be dominated by the insulator capacitance. Hence the major part of the
signal current to be measured will flow through the channel resistance and the measured

capacitance would be the summation of Cj,. On the other hand, as the gate voltage is far



below the Vi, the channel resistances Ry, is high t such hat they would block the signal deep
in the channel. Therefore, the measured C-V behavior in this region may actually represent
the capacitance behaviors by the edges of the channel. However, for the transient region,
neither the resistance nor the capacitance would dominate the impedance. Hence both the
capacitance effect and the resistance effect should be considered. Since the capacitive
impedance is frequency dependent, the frequency dependence of the measured C-V curves
shown in figure 3-2 can be observed.

It was found from the result that the I-V curves in linear off region was corresponding the
C-V curve in minimum region. The results are shown in figure 3-5 (a). The Rpg is greater
when the R, 1s open. On the other hand, the I-V curve in the on region was corresponding
C-V curve in maximum region. The results are shown in figure 3-5 (b). The Rpg is smaller

when the Ry, is short.

3-1-2. Comparison between Rps and C-V curves of the n-type TFTs

Figure 3-6 (a) and (b) shows the normalized Cgs, Cgp curves and the total resistances Rpg
at different C-V measuring frequencies, where the Rpg is extracted from the Ip-Vg curves at
Vp=0.1 V. For the gate voltage=is around Vi, the channel resistance would go through a
transient region that the magnitude of the-channel resistance would rapidly decrease from
around 10° to 10* Q. A critical point of the impedance behavior can be selected as the channel
resistance R¢, equals to the capacitance-term 1/2nfC;,, which just falls in the transient region
of the Cgs and Cgp curves for the measuring frequency 50 KHz to 1 MHz. The term f
represents the measuring frequency. The solid arrow in figure 3-6 represents the point that the
total channel resistance Rps equals to the capacitance term 1/2nf Crpr for different C-V
measuring frequency, where Crrr is 40 fF representing the gate insulator capacitance of the
TFT. The upper dashed arrow represents the point P, where the channel resistance Rps is 10
times larger than the capacitance term 1/2nf Crpr, and the lower dashed arrow represents the
point Py when the channel resistance Rcy is 10 times smaller. In figure 3-5, the arrows

respectively point out the 80 MQ2 and 4 MQ of the Rpg, corresponding to the impedance of
Crer at the applied frequencies of 1M Hz and 50K Hz. The 80 MQ and 4 MQ two points

are called Pc. For the gate voltage lower than P4, the conductivity of the device is considered
to be low enough that the channel resistance can be taken as open circuit and is labeled as the
“open circuit region.” For the gate voltage larger than Pg, the channel becomes so conductive
to be considered as short circuit, and is labeled as “short circuit region”. Meanwhile, for the

gate voltage between P, and Pg, since the capacitive term and the resistive term of the
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impedance are comparable, neither of them can be ignored.

3-2. Initial characteristics of the p-type TFT

As pointed out in the previous section of n-type LTPS TFTs, its I-V and C-V can
correspond to each of with the simplified circuit. Here we will discuss p-type the device

behaviors.

3-2-1. Initial 1-V and C-V curve of the p-type TFT

Figure 3-7 shows the initial C-V characteristics of typical TFTs. The horizontal axis is the
sweep gate voltage and the vertical axis is the normalized capacitance. Here the sweep gate
voltage was varied from -10V to 10V. We used two frequency 50K Hz and 1M Hz to measure
Cgs and Cgp curves.

Figure 3-8 shows the initial I-V characteristics of the linear and saturate regions in for the
fresh TFTs. The horizontal axis is the sweep gate voltage and the vertical axis is the drain
current. Here the sweep gate voltage was'varied-from -15V to 10V, and the step drain voltage
was varied -0.1V and -5V. It can.be seenithat the in.linearity and saturation the Vi, is almost
the same. It can be seen that thrésheld voltage of the1-V curve locates near the Vggthe C-V
curve. On the other hand, I-V curve is.in-the off region that C-V curve is in minimum value. If
I-V curve is in the turn on region, C-V curve will be:in maximum value.

In order to explain the frequency dépendence of the capacitance behaviors after stress, a
circuit model of the channel resistances and the gate insulator capacitances is proposed, as
shown in figure 3-4. For the unstressed device, the model is composed of the distributing
insulator capacitance (Ci,), channel resistance (Rc), junction capacitance (C;), and contact
resistance (R¢). Although the p-type structure does not has LDD. The LDD affect R¢y, in the
slicing model. The C-V behavior and the I-V behavior can be correlated by considering the
impedance of the device in this model. As the gate voltage is much higher than Vi, the
channel resistance will become very small and then the total impedance would be dominated
by the insulator capacitance. Hence the major part of the signal current to be measured will
flow through the channel resistance and the measured capacitance would be the summation of
Cin. On the other hand, as the gate voltage is far below Vy, the channel resistances R, are
such high that they would block the signal deep in the channel. Therefore, the measured C-V
behavior in this region may actually represent the capacitance behaviors beside the edges of

the channel. However, for the transient region, neither the resistance nor the capacitance
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would dominate the impedance. Hence both the capacitance effect and the resistance effect
should be considered. Since the capacitive impedance is frequency dependent, the frequency
dependence of the measured C-V curves shown in figure 3-7 can thus be observed.

It was found from the result that the I-V curve in linear off region was corresponding the
C-V curve in minimum region. The results are shown in figure 3-5 (a). The Rpg is greater
when the R, is open. On the other hand, the I-V curve in turn on region was corresponding
C-V curve in maximum region. The results are shown in figure 3-5 (b). The Rpg is smaller

when the R, is short.

3-2-2. Comparison between Rps and C-V curves of the p-type TFTs

Figure 3-9 (a) and (b) show the normalized Cgs curves, Cgp curves and the total resistance
Rps at different C-V measuring frequency, where Rpg is extracted from the Ip-V curves at
Vp=0.1 V. For the gate voltage is around Vry, the channel resistance would go through a
transient region that the magnitude of the channel resistance would rapidly decrease from
around 10’ to 10* Q. A critical point of the impedance behavior can be selected as the channel
resistance R¢, equals to the capacitafice term 1/27tfC;,,, which just falls in the transient region
of the Cgs and Cgp curves for:the measuring frequency 50 KHz to 1 MHz. The term f
represents the measuring frequency. The solid arrow in figure 3-8 represents the point that the
total channel resistance Rps equals to the capacitance term 1/2xnf Crpr for different C-V
measuring frequency, where Crrr 15:40.fF representing the gate insulator capacitance of the
TFT. The upper dashed arrow represents the point P, where the channel resistance Rps is 10
times larger than the capacitance term 1/2nf Crgr, and the lower dashed arrow represents the
point Pg when the channel resistance R, is 10 times smaller. In figure 3-8, the arrows

respectively point out the 80 MQ and 4 MQ of the Rpg, corresponding to the impedance of
Crrr at the applied frequencies of 1M Hz and 50K Hz. The 80 MQ2 and 4 MQ two points

are called Pc. For the gate voltage lower than P4, the conductivity of the device is considered
to be low enough that the channel resistance can be taken as open circuit and is labeled as the
“open circuit region.” For the gate voltage larger than Pg, the channel becomes so conductive
to be considered as short circuit, and is labeled as “short circuit region”. Meanwhile, for the
gate voltage between P, and Pg, since the capacitive term and the resistive term of the

impedance are comparable, neither of them can be ignored.
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3-3. Discussion

It is possible to establish two hypotheses. Firstly, if Vg  smaller than Pc , the
measures capacitance is a minimum value. On the other hand, Vg  greater than P¢

the measures capacitance is the gate capacitance. It is considerable the validity in this theory.

Thus this theory can be somehow explains frequency dependence.
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Chapter 4
DC stress effect

4-1. Hot carrier

Hot carrier degradation is considered to originate from the damage of the MOS interface
and channel active region near the drain of the device. The chapter will expand the idea into
the field of LTPS TFTs. Hot carrier effect [5], as many works have reported, is closely related
to the distribution of the lateral electric field in the channel and therefore is in relation with
the applied drain voltage Vps and gate voltage Vgs. Unlike in MOSFETs, hot carrier effect in
TFTs becomes most severe as Vs is just above Vi, and Vpg is large [15]. Since the active
region in the poly-Si TFTs contains many grain boundaries, the effect of hot carrier stress

may be more complicated than that in MOSFETs.
4-1-1. C-V and I-V curve of the n-type TFT

Figure 4-1 (a) shows the normalized Cas cutves before and after stress with different
frequencies, and figure 4-1 (b) shows these-of the Cgp curves. The Cgs is measured with a
floating drain and Cgp is measured with a.floating source. The normalized capacitance is the
ratio of the measured capacitance to.a constant of 40 fF, which is the gate insulator
capacitance of the TFT. The Cgs curves of the stressed device show almost no difference as
compared with the unstressed device. Nevertheless, the Cgp curves of the device after stress
show peculiar behaviors. The Cgp curve of the stressed device measured at SOK Hz is almost
the same as that before stress, but the curve at 1M Hz shows apparent stretch for the gate
voltage is just above the flat band voltage Vgp than the unstressed one. In other words, the
degradation behavior of the Cgp curves of the device after hot carrier stress is frequency
dependent. In order to examine the frequency dependence of the C-V behavior of the devices
after hot carrier stress, the Cgs and Cgp curves of the stressed devices at different applied
frequencies are measured. Figure 4-2 (a) and (b) show the Cgs and Cgp curves of the device
after hot carrier stress at measuring frequencies of 50 K, 100 K, 500 K and 1M Hz. The Cgs
curves of the stressed device show only slight shift for different applied frequency. However,
in addition to the shift, the Cgp curves show apparent stretch between different measuring
frequencies for the gate voltage higher than Vgg. The higher the measuring frequency applies,
the more the Cgp curve stretches.

In order to understand the detailed degradation mechanism, I-V measurement is
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employed. Figure 4-3 shows the Ip-Vg transfer characteristics before and after 500 seconds of
hot carrier stress with the conventional forward and reverse connections. It can be seen that
compared with the unstressed device, the stressed device shows lower on current and almost
unchanged subthreshold region. However, the difference of the on current of the stressed
device between the forward and reverse connection indicates that the states distribute in the
more the drain. On the other hand, I-V curve is in off region that C-V curve is in minimum. If

I-V curve is in turn on region, C-V curve will is in maximum.

4-1-2. Comparison between Rps and C-V curves of the n-type TFT

Figure 4-4 (a) and (b) are the normalized capacitance characteristics of Cgs and Cgp with
the total resistance Rpg extracted from the Ip-Vg curves for the device after hot carrier stress.
However, the Pc is the reference point in Rps curve and in C-V curve. For the gate voltage
lower than Py, the conductivity of the device is considered to be low enough that the channel
resistance can be taken as open circuit and is labeled as the “open circuit region.” For the gate
voltage larger than Pg, the channel becomes so conductive to be considered as short circuit,
and is labeled as “short circuit region”. For thé:gate voltages near the critical point, the
capacitive term and the resistive term of impedance to be measured are comparable; both the
effect of the Cqe, and channel conductance would take place. Since the capacitive impedance
is frequency dependent, the C-V. curvesishould .be analyzed considering the measuring
frequency. For the low measuring frequency of 50 KHz, the capacitive term 1/2nf Crpr is
relatively larger than the channel resistance at the gate voltage slightly larger than V.
Therefore the measured Cgs and Cgp characteristics would quickly contain the gate
capacitance in the channel and saturate at Crpr. Therefore the effect of the degradation
component Cge; may not be obvious. However, for the high measuring frequency of 1MHz,
the channel resistance can be ignored till the gate voltage is much larger than Vi and thus the
effect of the C4y components can be apparent. In other words, the degradation in the C-V
behaviors for the LTPS TFTs may only be observed at higher measuring frequencies, where

the effect of the degraded capacitances is not covered.

4-1-3. C-V and I-V curve of the p-type TFT

Figure 4-5 (a) shows the normalized Cas curves before and after stress with different
frequencies, for the p-type devices and figure 4-5 (b) shows those of the Cgp curves. After
stress, the Cgp curve at difference frequencies will both increase in the off region. The

increase in the Cgp could be explained that the operation increases the overlapped capacitance.
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On the other hand, after stress the Cgs value was not altered, and hence the phenomenon may
due to the charge trapping near the drain. Figure 4-6 shows the I-V curves before and after
stress. The I-V curves do not show obvious difference. The leakage current was decreased in
the forward measurement. The phenomenon indicates that the electric filed in the channel
edge near the drain was decreased [5]. This phenomenon is similar to the hot-electron-induced
punchthrough (HEIP) [18-20]. The primary hot-carrier degradation mechanism of
PMOSFETs has been attributed to negative charge trapping in the gate oxide. The injection of
electrons into the oxide causes drain extension and thus reduces the effective channel length.
This mechanism is called HEIP. This mechanism would result in the increase of the
transconductance with stress time and therefore the on current would increase. For the carriers
comes from the localized and nonuniform buildup of interface traps and oxide traps near the

drain junction. The mechanism could well the p-type TFTs phenomenon.

4-1-4. Comparison between Rps and C-V curves of the p-type TFT

Figure 4-7 (a) and (b) are the normalized capacitance characteristics of Cgs and Cgp with
the total resistance Rpg extracted from the Ip-Vg ¢urves for the device after hot carrier stress.
The Pc is the reference point in Rpg curvezand in.C-V curve. For the gate voltage lower than
P4, the conductivity of the deviee is considered to be low enough that the channel resistance
can be taken as open circuit and-is labeleéd’asthe “open circuit region.” For the gate voltage
larger than Pg, the channel becomes so.conductive to be considered as short circuit, and is
labeled as “short circuit region”. The result observes the same as each other. The Rps curve

explains frequency dependence that is correct.

4-1-5. Discussion

In the n-type TFTs, because the hot carrier stress induces extra trap states near the drain,
the Cgp curve shows degradation in high frequency. Therefore in the circuit model, the model
has a parallel Cge, near the drain produced during stress. On the other hand, the model has the
R¢n change near the drain. In the p-type TFTs, the degradation was attributed to electron
trapping in the gate insulator near the drain. So the circuit model has the R, change slightly
near the drain. In this case, for the stressed device, the Cgp curves show higher capacitance
for the gate voltage smaller than Vgp, where the device is presumed to be OFF and no

capacitance show be measured.
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4-2. Self-heating

Self-heating degradation is thought to originate in breaking of Si-H bonds and
regeneration of dangling bonds in the MOS interface and channel poly-Si layers [14-15]. It
was confirmed that if the temperature of TFTs during operation reached over 300  due to
self-heating. The TFTs will were degraded, and the temperature was the main factor

responsible for this degradation.

4-2-1. C-V and I-V curve of the n-type TFT

Figure 4-8 (a) shows the Cas curves before and after stress with different frequencies,
while figure 4-8 (b) shows the corresponding curves of Cop. Compared to the curves before
stress, the stressed Cgs and Cgp curves exhibit two main changes, namely, the positive shift
for the gate voltage near the flat band voltage Vg and the increase for the gate voltage just
below Vggp. The stretch and shift in the positive direction for the gate voltage near Vg are
considered to be attributed to the increase of the deep states during stress. On the other hand,
the increases of the C-V curves for the lower gate voltage possibly come from the interface
states.

Figure 4-9 shows the I-V transfer characteristics for the TFT before and after stress. The
stress condition is that both Vs and Vpgequal to, 18V For the stressed devices, it can be seen
that the Vi and the subthreshold swing increase; and the on current decreases. On the other
hand, I-V curve is in off region that C-V curve is in minimum. If I-V curve is in turn on

region, C-V curve will is in maximum.

4-2-2. Comparison between Rps and C-V curves of the n-type TFT

Figure 4-10 (a) and (b) are the normalized capacitance Cgs and Cgp and the total
resistances Rpg extracted from the Ip-Vg curves. However, the Pc is the reference point in Rpg
curve and in C-V curve. For the gate voltage lower than P4, the conductivity of the device is
considered to be low enough that the channel resistance can be taken as open circuit and is
labeled as the “open circuit region.” For the gate voltage larger than Pg, the channel becomes
so conductive to be considered as short circuit, and is labeled as “short circuit region”. In the
open circuit region, since all the channel resistances are taken as opened, the model is reduced
to only the capacitances in the device. Thus the Cq, resulting from the interface states and the
Cueep from the self-heating effect would lead to the increase of the Cgs and Cgp curves for the
lower gate voltage, respectively. In this region, the different frequency dependences for Cgs

and Cgp reflect the different responses of the states near the source and the drain, respectively.
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As the gate voltage increases, two effects make the Cgs and Cgp curves change with gate
voltage. The proposed model may fairly explain the frequency-dependent degradation of the

capacitance curves after both the hot carrier and self-heating stress conditions.

4-2-3. C-V and I-V curve of the p-type TFT

Figure 4-11 (a) shows the Cas curves before and after stress for the p-type device affect
self-heating stress with different frequencies, while figure 4-11 (b) shows that curves of Ccp.
Compared with the curve before stress, the Cgs curves and the Cgp curves of the stressed
device exhibit two main changes, namely, the negative shift for the gate voltage near the flat
band voltage Vg and the increase for the gate voltage just below Vig.

Figure 4-12 shows the I-V transfer characteristics for the TFT before and after stress.
The stress condition is that both Vs and Vpg equal to -18V. For the stressed device, it can be
seen that the Vi, from negative direction [21]. On the other hand, I-V curve is in off region
that C-V curve is in minimum. If I-V curve is in turn on region, C-V curve will is in

maximum.

4-2-4. Comparison between Rps and C-V.curves of the p-type TFT

Figure 4-13 (a) and (b) are ithe normalized- capacitance Cgs and Cgp and the total
resistance Rpg extracted from the Ip-V g curves.“-However, the P is the reference point in Rpg
curve and in C-V curve. For the gate voltage lower:-than P,, the conductivity of the device is
considered to be low enough that the channel resistance can be taken as open circuit and is
labeled as the “open circuit region.” For the gate voltage larger than Pg, the channel becomes
so conductive to be considered as short circuit, and is labeled as “short circuit region”.
However, we explain the open circuit region and short circuit region still establishment. For

the reasons mentioned above, it can be concluded that the hypothesis was supported.

4-2-5. Discussion

In n-type TFTs, the C-V curve increases in off region. Therefore in the circuit model, the
model has a Cgyeep near the drain produced during stress and the model has a Cge, production
near the source. On the other hand, the model has the R, change near the drain. In p-type
TFTs, the C-V curve shift negative direction the same as I-V curve phenomenon. Therefore,

the circuit model has the R, changed hugely in the channel.
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4-3. Circuit model

Figure 4-14 shows the circuit model after stress. The circuit model has a Cgye near the
drain and source. After stress the R¢, may be changed near the drain. In p-type TFTs, the

circuit model only change the R, near the drain after stress. In n-type TFTs, for hot carrier
stress the circuit model has a parallel Cye, production and the R, change the R, near the

drain. For the self-heating stress in the n-type TFTs, the circuit model has a parallel Cyeg

production near the drain and source and the R, change the Ry,  in the channel.
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Chapter 5

Conclusion and future work

5-1. Conclusion

In this thesis, the degradation of LTPS TFTs under hot carrier and self heating stress was
investigated using C-V method. For the hot carrier stress, it is found that the degradation of
the Cgp curves would exhibit apparent frequency dependence for different measuring
frequencies in n-type device. On the other hand, the p-type exhibits the HEIP mechanism. For
the self-heating stress, it is found that high gate voltage that the phenomena explain by the
temperature rise owing to Joule-induced heating.

A circuit model connecting the I-V and C-V behaviors is proposed to explain the
anomalous C-V behavior. Via this model, the C-V behaviors can be divided into three regions
by comparing the resistive term and the capacitive term of the total impedance. It is proposed
that the frequency dependence of the €gp' cutves after hot carrier stress reflects the transient
behaviors of the channel resistances and capacitances. In addition, it is discovered that the self
heating stress would cause the ificrease of deep states.in the poly-Si film near the drain, and
the interface states at the interface in the“source region. The Rpg curve and the circuit model
explain the frequency dependencé in the I-V behaviors. It was found from the result that
frequency dependence and circuit model can"explain the C-V curves the initial devices, the
C-V curves for the hot carrier, and self-heating conditions.

This finding would provide important information for the further studies of the C-V
behaviors, frequency dependence and its relation to the I-V behaviors of LTPS TFTs.

5-2. Future work

The quasi-static C-V measures would be applied to further verify our model. In future, it
is desired that the correct C-V circuit model to put in SPICE simulation model. We hope that
the precise C-V simulation model can help panel designers in estimating and evaluating the
SOP panel design. The newly established thin film transistor electric circuit model can put in
the middle of the simulation software to help designers with faster and convenient
understanding device’s characteristics and design conditions. Hence, the designers can
compute a more complex electric circuit within shorter design period to achieve the target of

having an advanced breakthrough in designing system on panel (SOP) circuit. On the other
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hand, the technology development can help the display panel show the vivid images than the

present product.
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Figure 1-1. The block diagram of an active matrix display

)

Figure 1-2. The integration of peripheral circuits in a display achieved by poly-Si TFTs
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Figure 1-4. The initial characteristics of LTPS TFTs are different from one another due to
various distributions of grain boundaries
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Table 2-1. Stress conditions.

Hot carrier

Self-heating

Stress 500sec

Stress 500sec

N-type Vos—2.8V & Vss—18V &
V=20V V5—18V

Stress 500sec Stress 500sec

P-type VGSZ'JV & V(}S:_lgv &
V=20V V18V
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