Bl ¢ % i &
TBERLT A PRAEFE AL
oL H 2

4R A7 &) 0B T fe T AR iR P R FE R 2
ARE BT T Y

Study of LTPS TFTs Degradation under Gate Pulse Stress
in OFF Region with Drain Bias

vl I S Hsiao-Hsien Lin
hERE I PLs g4 Dr.Ya-Hsiang Tai

PoE 3 R 4Lt &8 Lo



MEAF P R R AN Y P RIREET R 2
AARE BT Y PR

Study of LTPS TFTs Degradation under Gate Pulse Stress
in OFF Region with Drain Bias

FpA e Student : Hsiao-Hsien Lin
R L Adyisor : Dr. Ya-Hsiang Tai
BB S
TR F T Baf A FF S ML L
R
A Thesis

Submitted to College of Electrical and Computer Engineering
National Chiao Tung Uniyersity
in partial Fulfillment of the Requirements
for the Degree of
Master

in

Industrial Technology R & D Master Program on
Photonics and Display Technologies

December 2007

Hsinchu, Taiwan, Republic of China

S EAFL L E Lo



B AR S BT 5 T AMIEM P ¥ %
RREZBE BB T T VY

GEEREIL hEKE REe B

7

2!
| 4
<

A BRFWEBER R ETF AL

i &

B AT S #2 %T 5 B (poly-Si TFTs) . 28 77 5@ 3T 5 48 (a-Si TFTs) 4p
g R R T LTIE R A B i R T R
%o Fa T R R W (] E R B B R RS S e T

o MR S K AERT LT ALY O SR A B 1R g Skde IC

TR IR ARAE T FOEFREI T AR R e Fea W@ SAE M F P v

BFREGET AT L GRIF A oo Ra o TFT & kdig 7@ h B2 3 iF

Lo fEa b fien; Tt 50 BA Sed b | TFT fipdt 3k (Tif 2 v AR L

AiTh e ? oo At % 7 overshooting e fls » - BT 1 MIBAF LA E
R S AN G (gate) M RIXEFTR - 2 3 Fiafk (drain) 2 o BBRT Gy
A% o %+ N-type TFTs @ % > 5 AT B A 15V P 3 17~ 2 ik (source) frixik
SR ARy R EAeRBIRA T R M fo) DS N
Ark iR T R OFE TR E R TR X RiEfraitagies B 225y

it g PR 22 T B oo P-type TFTs @ % > R E{r N-type



TFTs ¥ 4757 > 4 BB R LA +15V P 3 (7 2 RiEfra ey i @ <
Gy R g MR D R M o T R AP R Ak AT R
e B A OV 3] 15V~ * RiEfoin it pF o 2 chy v ¢ fof il
TR CpER Y A AR o

2 AR S R R # Notype v P-type &R EM B %% 2R A tmh 4
Reffa) 0 41 GRS BB S % A LABRE 2 RETAEE AL 7

FiFELS oA o Ptype A TR L R BARF B Mepy 1 FRA e

Mo oa R R A PR

-ZJEI??FE'?'fr'T ngg@ﬁ,,

ii



Study of LTPS TFTs Degradation under Gate
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Electrical and Computer Engineering College,

National Chiao Tung University

ABSTRACT

The driving current of panel of low. temperature polycrystalline silicon thin film
transistors (LTPS TFTs) is higher than the amorphous silicon thin film transistors (a-Si
TFTs). The fast mobility in the good film of LTPS TFTs can make the size of TFTs small.
Therefore, the display luminance can be increased and power consumption can be
reduced. Furthermore, LTPS TFTs can be-used to implement active circuits on single
glass substrates and diminish spaces of active IC. It not only promotes the characteristic
and reliability in liquid crystal display, but also comes down the manufacturing cost. So,
it makes display systems with integrated circuit on the glass substrates to be feasible.
However, the operation of the TFTs in the circuit of display system can be diverse and
dynamic. Therefore, to insure the lifetime of the product, the reliability of TFTs under
such kinds of operation conditions must be studied.

In this thesis, the device degradation of low-temperature polycrystalline thin film
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transistor under gate AC stress in off region with different drain bias has been
investigated where the overshooting effect is prevented. For the N-type TFTs under the
stress of gate voltage swinging from -15V to 15V with source and drain grounded, the
device degradation depends on the falling time of gate pulse, but not on the rising time.
However, under the stress of gate voltage lower than the threshold voltage, the
degradation is dependent on both the rising time and falling time of the gate signal. For
the P-type TFTs under the stress of gate voltage swinging from -15V to 15V with source
and drain grounded, the device degradation depends on the rising time of gate pulse, but
not on falling time. However, under the stress of gate voltage swinging from 0V to 15V,
the degradation is'independent of the rising time and falling time.

For the N-type and P-type TFTs undemgate AC stress in off region with.drain bias, the
degradation .becomes worse with 'increasing drain voltage. It results. in different
degradation behaviors near the source and drainregions. The I-V and C-V characteristic
of P-type TFTs are not that much degraded than those of N-type TFTs. With the increase
of the range of gate pulse, the degradation also increases. The applied drain voltage may
introduce the effects of large-electric field near the drain..In contrast, the effects of rising

time and falling time are not obvious.
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Chapter 1

Introduction

1.1 Overview of Low-Temperature Polycrystalline

Silicon Thin Film Transistors ( LTPS TFTs )

Nowadays, the amorphous silicony(a-Si) thin film transistors (TFTs) are commonly
used to be the switches of the.pixel in active matrix liquid crystal displays (AMLCDs).
Fig. 1-1 shows the block diagram of active matrix display. All.- the driver chips are
buried together with the other application-specified ICs on PCB because the current
driving capacity of a-Si TFTs-1snot good enough for the system integration. However,
the integration of driver circuitry with display pancl-on the same substiate is very

desirable not only to reduce the module cost but to improve the system reliability.

- = Active
4 Matrix
Panel

Glass - —
'ZI:

a

.
L

45 r
%)

PCB

Fig. 1-1 The block diagram of active matrix display
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For this reason, low-temperature polycrystalline silicon (poly-Si) thin film transistors
(TFTs) have attracted much attention because they have been used very successfully for
active matrix displays, such as active matrix liquid crystal displays (AMLCDs) and active
matrix organic light emitting displays (AMOLEDs). Except large area displays, poly-Si
TFTs have been applied into some memory device such dynamics random access
memories (DRAMs), static random access memories (SRAMs), and have great potential

for 3-dimension IC applications.

Compared with conventional a-Si. TFTs, the field etfect mobility of poly-Si TFTs is
much higher. In polysilicon film, the carrier mobility larger than 100cm*Vs can be
easily achieved,” which "is about 100 times larger than that of the conventional
amorphous-silicon TFTs (typically below=1cm*/Vs). Higher ficld effect mobility means
transistors can provide higher driving current. The higher driving currents ean allow the
pixel-switching element TFT’s dimension shrinkage, resulting in higher aperture ratio
and lower parasitic gate-line capacitance for improved display performance. Besides,
the superior mobility performance allows. the integration of both the active matrix pixel
switching elements and thesperipheral driving circuitry on the same glass substrate,
which brings the era of'system-on-glass (SOG) that will include a memory, central
processing unit (CPU)j and display on the same glass. In" this way, the process
complexity can be greatly simplified and manufacturing cost can be substantially
reduced. The ability of fabricating high-performance low temperature poly-Si (LTPS)
TFTs enables their use in a wide range of new applications. Therefore, there is a great

interest in improving the performance of LTPS TFTs.

In comparison with signal-crystalline silicon, poly-Si film contains many grain
boundary defects and intra-grain defects. The order of poly-Si grain size is about 0.3um.
At present, when poly-Si TFTs are used in LCD applications, the minimum channel length

is typically much larger than 3um, and therefore a large number of grain boundaries are
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present in the channel. Electrons are scattered at the grain boundaries or trapped by the
interface states, leading to lower mobility than in single crystal silicon. Much effort has
been made to increase the performance of LTPS TFTs. Crystallization of a-Si thin films
has been considered the most critical process for fabricating high-performance LTPS TFTs.
Among various crystallization technologies, excimer laser crystallization has become the
mainstream technology for mass production of flat panel displays (FPDs) because of high
throughput, low temperature process compatible with glass substrate, and formation of
high-quality poly-Si.

In summary, it is expected that the poly-Si TFTs will become increasingly important in
future technology, especially when thep3=Djcircuit integration. and. SOG era is coming.

There are lots of-interesting and important,topics that are worthy to be researched.

1.2 Review of Degradation Model for TFT under
AC Stress

In order to realize the new applications for LTPS TFTs, we have to improve the
performance such as ehhancing mobility, decreasing the threshold voltage of TFTs, and
shrinking the TFTs size. Howevyer, the poly-Si TFT reliability improvements are as critical
for the insurance of product lifetime. Therefore, reliability testing and understanding of
reliability mechanisms become very necessary.

In previous reports, Toyota et al. proposed that mobile carriers are able to follow the
transient variation of gate voltage while the electrons trapped in the midgap state aren’t. In
addition, Uraoka et al. attributed the dominant AC degradation mechanism to hot electrons
generated by trapped electrons exposed to the high electric field and gain energy from the

electric field during AC stress. The mechanism was analyzed by using a pico-second



emission microscope and device simulation to examine the transient current
experimentally and theoretically, respectively.

The earlier degradation model under AC stress is described as follow. As for the
N-type TFTs, when the gate voltage is high of Vg=15V (ON state), the electrons gather to
form a channel, as shown in Fig. 1-2 (a). When the gate voltage drops from Vg=15V to
-15V (ON—OFF), the electrons in the channel move rapidly to the source and drain, as
shown in Fig. 1-2 (b). Some of the trapped electrons are exposed to the high electric field
and gain energy from the field. Hot electrons are generated at this moment and form
electron traps, as shown in Fig. 1-2 (c), and a density of state (DOS) in tail edge of poly-Si
is increased by the hot electrons.

As for the P-type TFTs, when the gate wvoltage.is low of Vg=-15V(ON state), the holes
gather to form a channel, as shown in Fig. 1-3 (c). When the voltage transition from low to
high of Vg=-15V to 15V (ON—OFF), the holes in the channel move rapidly to the
source and drain, as shown in Fig. 1-3 (b): Carriers gain energy from this electric field and
become hot carriers. Therefore, .more hot electrons are generated which causes trap

formation at the grain boundaries around the drain edge, as shown inFig.-1-3 (a).



ON
High (Vg=+15V)

channel Vg=+15V
(low field) T
x| 1
T = channel =
depletion
(high field)
channel formation
Low (Vg=-15V)
OFF (a)
ON
High (Vg=+15V)
channel ‘7g='*'15‘7_> '15V

(low field) T

Vih J
T =|__ | | ]
depletion —’:ifo} o O‘QL) 3

(high field)

generation of hot carrier current

Low (Vg=-15V)
OFF (b)
ON
High (Vg=+15V)
Vg=-15V
channel
(low field) T
Vth T T T | | 1
depletion
high field)
generation of electron traps
Low (Vg=-15V)
OFF (c)

Fig. 1-2 A schematic diagram for degradation model of the N-type TFT
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1.3 Motivation

The Poly-Si TFTs displays with integrated driving circuits have recently been
developed. At present, the poly-Si TFTs are the best candidate to realize system on panel
(SOP) and are widely considered for AMLCDs and active matrix organic light-emitting
diodes (AMOLEDs).

The reliability mechanisms of LTPS TFTs under DC (direct current) bias stress and AC
stress which source drain were ground have been widely discussed. However, up to now,
the reliability of LTPS TFTs‘under gate AC stress with drain"bias has been paid much less
attention, shown in Fig: 1=4. In previous studies regarding AC stress,.the source and drain
were ground to ayoid the DC effect during dynamic stress. However, when the gate of the
TFT is under dynamic operation, the drain-source voltage rs usually present. For example,
the pixel TFTs driven by multi level gate scanning”waveforms can be subject to the
off-region AC stress at gate with DC drain bias:

Last, CMOS technology is necessary for driving circuits, which means that both the
understanding of the reliability of N-type-and P=type"LTPS TFTs are necessary. Therefore,
it is extremely important to understand the degradation mechanisms. of N-channel and

P-channel LTPS TFTs under AC stress.
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Therefore, in this study, the overshooting is carefully avoided for the applied gate
signals, as shown in Fig. 1-5(b). The degradation behavior can be free from the
overshooting effect. Thus, we re-examine the degradation of N-channel and P-channel
LTPS TFTs under off-region AC stress conditions with various drain bias with proper
apparatus setup. The stress conditions including swing range, and falling/rising times of

the gate pulse, were discussed to verify the degradation mechanism under gate AC stress



with drain bias.
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Chapter 2

Experimental Procedures

2.1 Procedures of Fabrication of LTPS TFTs

LTPS TFTs used in the experiment were the conventional top-gate structure and
fabricated on the glass substrates. The cross-section views of N-channel and P-channel
LTPS TFTs are shown in Fig 2-1 and Fig! 2-2 réspectively. The basic process flow is
described as follows. Firstly, the buffer oxide and a-Si:H-film§s were deposited on glass
substrates by the PECVD system. Then, XeCl excimer laser was used to crystallize a-Si:H
film followed with poly-Si -active 'area definition. Subsequently, gate insulator was
deposited by PECVD. The thickness of gate oxide is 650A. Next, the metal gate formation
and source/drain doping were performed. Dopant activation and hydrogenation was
carried out after interlayer dielectric deposition. Finally, contact holes formation and
metallization were performed to complete fabrication work. The lightly doped drain (LDD)
structure was used in the N-channel TFTs to enhance hot carrier enduranee while not used

in P-type devices. The width/length of the TFT was 20 ¢ m/5 g m.
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Fig. 2-1 “The cross-section views of N-channel LTPS TFTs with LDD structure
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2.2 Extraction Method of Device Parameters

The field effect mobility (Mu, ugg) is derived from the maximum value of the

transconductance g, which can be expressed as:

W 1
I, =u,C, Z[(VG ViV _EVDZ] (2-1)

Where

C,x 1s the gate capacitance per unit area,
W is channel width,

L is channel length,

Vi, 1s the threshold voltage.

If the drain voltage. Vpiis much smaller as compared with (V, =V, ) (i.e. Vp<< Vg-

Vth), then the'drain current can be approximated as:
w
I, = u:C,, Z (VG V)V, (2-2)

And the transconductance is defined as:

ol D WC,, e
m = =cons = - V 2_3
8 BVG Vy=const. I D (2-3)
Therefore, the field effect mobility can be expressed as:
L g
Hep = 2-4
FE C WV, m (2-4)

In other words, the field-effect mobility can be extracted by taking the maximum value
of the g, into (2-4) when Vp =0.1V.

For most of the researches on TFT, the constant current method is widely-used to
determine the threshold voltage (Vy). The threshold voltage in the thesis is determined

from this method, which extracts Vy, from the gate voltage at the normalized drain current

I,=1, /W, -L, )=10nA for | Vps | =0.1V.
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2.3 C-V Measurements

Since the I-V transfer curves show the entire characteristics of the whole channel and
may not distinguish the dominant mechanism, C-V measurements were further employed
to investigate the asymmetry electric field at the source and drain of TFTs during the
stress.

The C-V curves of the normalized gate-to-drain capacitance (Cgp) and the normalized
gate-to-source capacitance (Cgs) before and after stress at different stress conditions were
measured with the Agilent 4284Aprecision LCR meter. The hormalized capacitance is the
ratio of the measured capacitance to a constant of 60fF, which is the gate oxide
capacitance of the TFT under test.

Since it is difficult to observe the defect position in TFTs with the I-V characteristic,
the C-V measurement is used to examine the information about position' and type of
degradation in the device after stress. For instance, if carriers are-trapped by defects, C-V
curve stretch_out slightly, or if states are' generated additionally, C-V curve increase
somewhat in the depletion region. Besides;therC=V curvesare helpful to identify whether

the dominant méchanism of degradation is the increase of fixed charges, or trap states.

2.4 Stress Conditions

The Agilent 4156A semiconductor parameter analyzer with pulse generator was
used to measure the [-V curve and stress the device with different conditions. The basic
parameters of AC signal consists of frequency (F), signal high level (Vgh), signal low
level (Vgl), high-level time (T_Vgh), low-level time (T_Vgl), rising time (Tr), and
falling time (Tf). Fig 2-3 shows the waveform of the AC signal. In AC signal, the

definition of individual parameter is given as above:
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T=Tr+T_vgh+Tf+T_vgl (2-5)
F=1/T (2-6)
Duty ratio = (Tr + T_vgh)/T (2-7)

where T is the signal period.

Voltage(V)

o

T vgh

Vgh

> Time(s)

Fig. 2-3 Wayeform and definition of the AC signal

2.4.1 Gate Pulse Stress with-Drain and Source Ground

Under AC stress, pulse voltage was applied to the gate electrode and source and drain
were grounded, which is shown in Fig. 2-4. The standard stress condition in the
experiment is the gate voltage swing of -15V to 15V, F = 500 kHz, Tr and Tf are both
100ns, and duty ratio is 50%. These parameters can be adjusted and then various stress
conditions on the gate electrode were performed to examine the reliability of LTPS TFTs.

To investigate which parameter of the stress parameters dominates the degradation of

the N-channel and P-channel TFTs transfer characteristics, we will make four experiments.
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Firstly, we change frequency from 0.5KHz to 500KHz. Secondly, we change Vgh and Vgl

of AC signal fixed amplitude of 15V at one time, called Vg leveling. Thirdly, we will

change Tr and Tf from 100ns to 700ns for gate swing range of -15V to 15V. And finally,

we want to understand the effects of Tr and Tf for the gate swing in the depletion region.

The experimental conditions are shown in Table 2-1 and Table 2-2. It will be investigated

for reliability testing in the chapter 3.
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Fig. 2-4 TFT under AC stress with source and drain grounded
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Table 2-1 The experiment condition forms for N-type under gate pulse with drain

and source ground

Experiments Gate Voltage Pulse (V) Vd.Va(V) Frequency(Hz) Rizing Timeflns) | Falling Time(ns)
Frequency -15V~15V ov 0.5K, 5K, 50K 500K 100 100
SL5VA0V-13VAZY,
. S1EVATEY,
Gate Voltage Leveling 2V13Y.0V~L5Y, oy SO0K 100 100
2~V T EV~22.5V
Tr (OM.OFF) -15V~15V v S00K 100,300,700 100
Tt (OM.OFF) -15V~15V v SO0K 100 100,300,700
Tr (OFF) -15W~0V O SO0K 100,300,700 100
Tt (OFF) -15W~0Y 'y SO0K 100 100,300,700

Table 2-2 The experiment condition forms for P-type under gate pulse with drain

and source ground

Experiments Gate Voltage Pulse(V) Vd. V(W Frequency(Hz) Eising Time(ns) | Falling Timeins)
Frequency 15W~-15% ov 05K 5K, 50K, 500K 100 100
OV~15V,2V~13V,
. S1EVATEY,
Gate Voltage Leveling 13V~2V.-15V~0V, oy SO0K 100 100
LTV 2V
Tr (OM.OFF) 15V~-15V v S00K 100,300,700 100
Tt (OM.OFF) 15V~-15V v SO0K 100 100,300,700
Tr (OFF) OW~15V O SO0K 100,300,700 100
Tt (OFF) OW~15V 'y SO0K 100 100,300,700
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2.4.2 Gate Pulse Stress with Drain Bias and Source

Ground

In the second part of experiment, pulse voltage was applied to the gate electrode in off
region with drain DC while source is grounded, which is shown in Fig. 2-5. The standard
stress condition in the experiment includes the gate voltage swing of -15V to OV for
N-type, OV to 15V for P-type, F = 500 kHz, Tr and Tf are both 100ns, and duty ratio is
50%. These parameters can be adjustedito perform then various stress conditions.

Firstly, Vp is changed fromOV to 20V for N-type and OV t6:-20V for P-type, to study
the effect of drain voltage under gate AC stress. Secondly, we change Vgl from -5V to
-20V for N-type-and Vgh from 5V ito 20V for P-type, to investigate the effect of gate
voltage range. Thirdly, we change Tr and Tf from 100ns to 700ns, to understand the
transient time dependence. The stress conditions in this thesis are summarizedsin Table 2-3

and Table 2-4. It will be investigated for reliability testing in the chapter 4 and chapter 5.

Stress
Gate
Source Drain Bias
— Interlayer Insulator Interlayer
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Table 2-3 The experiment condition forms for N-type under gate pulse with drain

bias and source ground

Experiments Fate Voltage Pulse(V) Crain Voltage{V) FrequencyiHz) |Rising Time(ns)| Falling Time(hs)

Frequency -15V~15Y 20V 0.0, SK,S0K, 500K 100 100
Drain Eias -15V~15Y av,ov, 10V, 15V, 20V S00KHz 100 100
Drain Bias -15V~0V Ov,5v, 10V, 15V, 20V S00KHz 100 100
Gate Voltage Range | -5V,-10V,-15V,-20V~0V 20V 500K Hz 100 100
Rizsing Time(ON.OFF) -15V~15V 20V S00KHz 100,300,700 700
Rising Time(OFF) S15V~0V 20V SO0KHz 100,300,700 00

Falling Time(ON.OFF) -15V~15Y 207 S00KHz 700 100,300,700

Falling Time(QOFF) -15V~0V 207 S00KHz 700 100,300,700

Table 2-4 The experiment condition forms for P-type gate pulse with drain bias and

source ground

Experiments Crate Voltage Pulse(V) Diain Voltage(V) Eizing Time(ns) | Falling Time(ns)
Drain Bias OV~15V OV,-0V,-10V,-15V, 20V 100 100
Gate Voltage Eange | OV~SW 10V, 15V 20V 20V 100 160
Rising Time(OM.OFF) -15V~15Y 20¥ 100,300,700 700
Rising Time(OFF) Ov~15V 0¥ 100,300,700 700
Falling Time(OM.OFF) -15V~15V 20¥ 700 100,300,700
Falling Time(OFF) OW~15V 20% 700 100,300,700
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Chapter 3

Deqgradation for Poly-Si TFT under Gate

Pulse Stress with Drain and Source

Ground

3.1 Frequency Dependence

Dependence of the device degradation on frequency for N-channel and P-channel TFT
is shown in Fig. 3-1(a) and Fig: 3-1(b). The degradation are respectively expressed as the
ratio of increased and decreased mobility (i) for N and P-channel TETs to their initial
mobility (Up). Lo and W are derived from the maximum ‘transconductance at the drain
voltage of 0.1V (N-channel) and -0.1V (P-channel) before and after stress. For N-channel
TFT, when the frequency increases from 0.5KHz to SO0KHz, the mobility decreases. For
P-channel TFT; when the frequency increases, the mobility slightly increases.

The changes are re-plotted -with .the number of pulsesfor N-channel and P-channel
TFT , as shown in Fig. 3-2(a).-and Fig. 3-2 (b). Independent of the frequency, the
degradation of all lines exhibits almost the universal relationship with the number of
pulses. The figure clearly indicates the relationship between the degradation and the
repetition number and the independence of the frequency. In other words, the degradation

arisen by the unchanging voltage can be ignored.
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3.2 Gate Voltage Leveling Dependence

The range of the gate pulse swing is separated into two parts according to the threshold
voltage, as shown in Fig. 3-3(a) and Fig. 3-4(a). In the ON region, the channel is formed,
while in the OFF region, the channel was fully depleted. Fig. 3-3(b) and Fig. 3-4(b) clearly
indicates that the degradation of mobility strongly depends on the levels of the gate
voltage. For the gate pulse swing in the ON region, the degradation is very small, however,
that for the gate pulse swing fully in the OFF region become large. It is because the
transient electrical field is high in the OFF region, but that is very low in the ON region.
Carriers can gain energy from high electrical field and become hot carriers, and the traps

are generated.

Stress Condition

Vg=+17V .
ﬂ ON Region
Vg=+13V
Vth=+2V /1
Vg=0v
Vig=-2V
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Vg=13v \
Vg=-15V
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Gate
| np— 1
= |Source Drain =

Fig. 3-3(a) Swing region for N-channel
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3.3 Rising Time and Falling Time for Vg of ON and
OFF Region

For N-channel TFT, the transient time dependence for the degradation was examined
as shown in Fig. 3-5. During the variation of rising time Tr from 100ns to 700ns with a
fixed Tf of 100ns, no significant change in Wy was observed as shown in Fig. 3-5(a). On
the contrary, the degradation depended strongly on the falling time Tf as shown in Fig.
3-5(b). The degradation is remarkably accelerated with the decrease of the falling time
from 700ns for 100ns for@ fixed Tr of 100ns. In the case of changing rising time, the gate
voltage varies from ‘OEF region to ON region, and the mobile carriers_are sited at so low
electrical field that no device degradation-is formed. But in the case of changing falling
time, the gate'voltage varies fromON-region to'OFF region, some catries remain in the

channel and are subjected to the high electrical field-becoming hot carries.

1.1 T . T : T : T . T . T
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0.8} -
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/

:

0.4 1 1 . 1 . 1 . 1 . L
0 100 200 300 400 500

Stress Time(s)

Fig. 3-5(a) Degradation of W/, in N-channel TFT under AC stress with Vg = -15V to
15V measured for various rising times Tr and for Tf = 100ns.
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Fig. 3-5(b) "Degradation of p/p, in N-channel TFT under AC stress with Vg = -15V to
15V measured for various rising times Tf and for Tr = 100ns.

For P-channel TFT, the transient time déependence for-the degradation was also studied.
The dependence of the mobility change on rising time and falling time is shown in Fig.
3-6(a) and Fig. 3-6(b), respectively. The change was aceelerated for a variation in rising
time; however, the change was not affected by the falling time. In the case of changing
rising time, the gate voltage varies from ON region to OFF region, and some carriers are
sited at so high electrical field that device degradation is formed. But in the case of
changing falling time, the gate voltage varies from OFF region to ON region; carriers are

sited at low electrical field not becoming hot carries.
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Fig. 3-6(a) Degradation of p/j in P-channel TFT under AC stress with Vg = -15V to
15V measured for various rising times Tr and for Tf = 100ns.
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Fig. 3-6(b) Degradation of W, in P-channel TFT under AC stress with Vg = -15V
to 15V measured for various rising times Tf and for Tr = 100ns.

29



3.4 Rising Time and Falling Time for Vg in the OFF

Region
We have known that degradation by pulse swing for the ON region was very small,
however, that by pulse swing for the OFF region was large. We have already observed the
transient time dependence for the degradation under AC stress with Vg =-15V to 15V. For
this gate swing of N-channel TFT, it can be taken as steps of Vg =-15V to OV (OFF region)
and Vg =0V to 15V (ON region). Because no device degradation is formed for N-channel
TFT under AC stress withy Vg-= OV to 15V, we are only-interésted in the transient time
dependence for the "degradation of N-channel TFT at Vg = -15 V'to OV. For the gate
voltage swings from -15V ito 0V, it is_firstly observed that the degradation is obviously
dependent on ‘both the rising time and falling time, as shown'in Fig. 3-7(a) and Fig. 3-7(b).
Since there are norinduced electrons for these applied gate voltages, it reveals that the

previously proposed model may be incomplete.
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Fig. 3-7(a) Degradation of /i, in N-channel TFT under AC stress with Vg = -15V to
0 V measured for various rising times Tr and for Tf = 100ns.
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Fig. 3-7(b) Degradation of W/, in N-channel TFT under AC stress with Vg = -15V to
0 V measured for various rising times Tf and for Tr = 100ns.

For P-channel TFT, Vg =0V to 15V is OFF region; and Vg =-15V to.0V is ON region.
Because no device degradation is formed for P-channel TFT under. AC stress with Vg
=-15V to OV, we are also only. interested in the transient time dependence for the
degradation of P-channel TFT at Vg = 0V to 15V. For the gate voltage swings from OV to
15V, it is observed that the degradation is independent on the rising time and falling time,
which is different from P-channel TFT under AC stress with Vg =-15V to 15V, as shown

in Fig. 3-8(a) and Fig. 3-8(b).
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Fig. 3-8(a) 'Degradation of p/ in P-channel TFT under AC stress with Vg = 0V to
15V measured for various rising times Tr and for Tf = 100ns.
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Fig. 3-8(b) Degradation of W, in P-channel TFT under AC stress with Vg = 0V to
15V measured for various rising times Tf and for Tr = 100ns.

32



Chapter 4

Deqgradation for N-type Poly-Si TFT under

Gate Pulse Stress with Drain Bias

4.1 Frequency Dependence

/—\— -15V

Gate 20V

15V

Source Drain

Fig. 4-1 TFT model in N-channel under Vg=-15V~15V and V=20V with different
frequency

Fig.4-1 is the N-type poly-Si TFT model under-different gate signal frequency. The
dependences of the device degradation on frequency for the drain bias 20V with forward
and reverse measurement are shown in Fig. 4-2(a) and Fig-4-2(b), respectivity. When the
frequency increases from 0.5KHz to S00KHz, the mobility largely decreases. And it is
re-plotted with the number of gate pulses, as shown in Fig. 4-3(a) and Fig. 4-3(b). It is
expected all lines exhibit the universal relationship in the equivalent repetition number as
in the case of Vp=0V. However, the data are different from what we expect. The
degradation of mobility u/u0 is not continuous for the case of Vp=20V. The degradation in
the period with unchanged Vg can no longer be ignored. When the gate voltage is at 15V
and the drain is biased at 20V, the TFT will suffer from the DC stress with large drain

current, which makes the phenomena more complicated. The degradation of TFTs under
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such an ON region AC gate stress will be further studied and not discussed in detail in this

thesis.

1.0 I Mobility Forward ~ Stress Condition ]
09} Vg= -15V~15V,V_=20V, 1
0.8 V=0V, Tr=Tf=100ns ]

_ —mu— Freq=0.5KHz ]

0-7 - —e— Freq=5KHz |
0.6 Freq=50KHz .

S o5l , Yo Freq=500KHz ]
> 04l k: 4
0.3} J
0.2} v\ i
0.1 3 .

0 20 40 60 80 100

Stress Time(s)

Fig. 4-2(a) "The frequency dependence of degradation of N-channel TFT under Vg =
-15V to 15V and Vp=20V-with the forward measurement
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Fig. 4-2(b) The frequency dependence of degradation of N-channel TET under Vg =
-15V to 15V and Vp=20V with the reverse measurement
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Fig. 4-3(a) Forward dependence on the number of pulse repetitions of N-channel
TFT under Vg = -15V to 15V and Vp=20V
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Fig. 4-3(b) Reverse dependence on the number of pulse repetitions of N-channel
TFT under Vg = -15V to 15V and Vp=20V

4.2 Effect of Drain:Bias

4.2.1 Vg in ON and -OFF region

/—\— -15V
ov

Gate 5V
10V

il | 15V

= 20V
Source Drain

15V

Fig. 4-4 TFT model in N-channel under various drain bias in on/off region
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Fig. 4-4 shows the structure of N-type poly-Si TFT under various drain bias stressed in
on/off region. The gate signal frequency is equal to 5S00KHz. Fig. 4-5(a) shows the I3-Vg
transfer curves of the TFT before and after 60s of dynamic gate stresses with different
drain voltage Vps. The higher threshold voltage, lower mobility and higher sub-threshold
swing are observed after stress. The phenomenon of degradation under various Vpg is
similar to effects of hot carrier, which can create interface-trapped charge or some defects
near the drain region. The initial mobility is 70 cm?/V-sec. It decreases to only 10
cm?/V-sec after AC stress with-drain bias of 20 V. The initial sub-threshold swing is 0.24
V/dec. After the AC stress it degrades to 0.33 V/dec. The degradation seriously depends on
the supplied drain bias, as shown in Fige4=5(b) and Fig. 4-5(c). The degree of mobility

and sub-threshold swing degradation are-almost the same in the forward and reverse

measurement.
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Fig. 4-5(a) 1d-Vg forward curves before and after dynamic gate stress with various
drain bias in on/off region
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Fig. 4-5(c) Dependence of the Sub-threshold Swing on Vpg with gate AC stress in
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Since the Id-Vg transfer characteristics could not distinguish the dominant degradation
region, C-V curves were therefore employed. Fig. 4-6(a) shows the normalized
gate-to-source capacitance (Cgs) curves before and after stress with different drain voltage.
Fig. 4-6(b) shows the normalized gate-to-drain capacitance (Cgp) curves under the same
stress conditions. The Cgs is measured with a floating drain and Cgp is measured with a
floating source.

Referred to the two figures, for the gate dynamic stress with stress drain bias smaller
than 10V, the Cgg curves after;stress show almost no change. However, the Cgp curves
significantly stretch out even for Vp smaller than 10V and shift in the positive direction
with the stressed drain voltage. It is clearly-illustrated that the degradation region is near

the drain.
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Fig. 4-6(a) Degradation of normalized Cgs curve in N-channel under various Vpg in
on/off region at frequency=1MHz
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Fig. 4-6(b) Degradation of normalized C¢p curve in N-channel under various Vpg in

on/off region at frequency=1MHz

4.2.2 Vginthe OFF region
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1 | 15V
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Fig. 4-7 TFT model in N-channel under various drain bias in off region

Fig. 4-7 shows the arrangement N-type poly-Si TFT under various drain bias stressed
in the off region. The gate signal frequency is also equal to S00KHz. Fig. 4-8(a) shows the
I4-Vg transfer curves of the TFT before and after 60s of dynamic gate stresses with
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different drain voltage Vps. The higher threshold voltage, lower mobility and higher
sub-threshold swing are observed after stress just as the case discussed in section 4.2.1.
The phenomenon of degradation under various Vpg is similar to effects of hot carrier, too.
The initial mobility is 65 cm?/V-sec. It decreases to only 5 cm*/V-sec after AC stress with
drain bias of 20 V. The initial sub-threshold swing is 0.26 V/dec. After the AC stress it
degrades to 0.57 V/dec. They seriously depend on the supplied drain bias, as shown in Fig.
4-8(b) and Fig. 4-8(c). The degree of mobility degradation is the same in forward and
reverse measurement, but the sub-threshold swing of reverse of V=20V degrades more

than that in the forward'measurement.
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Fig. 4-8(a) 1d-Vg forward curves before and after dynamic gate stress with various
drain bias in off region
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Fig. 4-9(a) shows the Cgs curves before and after stress. Fig.4-9(b) shows the Cgp
curves. For the gate dynamic stress with stress drain bias smaller than 15V, the Cgs curves
show almost no change. The Cgs curves occur the phenomenon like hot carrier under DC
stress condition. The Cgp curves show also almost no change under drain bias smaller than
10V. The Cgp curves significantly stretch out and shift in the positive direction for the
stress voltage Vps=15V and Vps=20V, especially for Vps=20V. It exhibits apparent
degradation in the gate voltage larger than Vgg for the stress voltage Vps=20V. The
degradation of the device stressed in the off region with-large drain bias is much worse
than that in the on/off region as discussed in section 4.2.1. This is much different from our
used expectation that the device degradation is slight as toggling .inthe off region, as
compared withi that in the on/off region. This reveals that the device degradation should

deserve more study to clarify the mechanism.
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Fig. 4-9(a) Degradation of normalized Cgs curve in N-channel under various Vpg in

off region at frequency=1MHz

43



! ) L ’ ! v T g T T T T T

1.0 - Measure Frequency d
N L
e 03} Stress Condition |
g Wg=0v -~ -15Y
N - —m—jnitial 1
T -
[+ 3 i Yoo =8y
-] ]
ey 04 —y—y =10V J .
L~ I
o [ Vo =18y
N 07 F L )
E ’ —a—=Y =20V

[ p
— o I, g, TR
B 0.0 ST |
=
10 -5 0 =] 10 15 20
Gate Voltage(V)

Fig. 4-9(b) Degradation of normalized C¢p curve in N-channel under various Vpg in

off region at frequency=1MHz

Fig. 4-10(a) and Fig. 4-11(a) respectively show the forward and reverse Id-Vg transfer
curves under various drain bias 60s stress with-drain voltage of 10V measurements. It is
defined the measurement of Vp=0.1V is linear region, and the measurement of Vp=10V is
saturation region (Vpg > Vgs=Vr). Forward saturation currents with different drain bias
stress are almost the same. Reverse saturation currents degrade more with increasing drain
bias stress. Therefore, the forward ON-current saturation region is much better than the
measured with source and drain reverse.

The pinch-off region appears near the drain for the forward measurement. The
depletion region expands to the source with drain voltage increasing. Carriers are swept
into the drain by the electrical field. As referred to Fig. 4-10(b), carriers move into
pinch-off region. And, they move away the surface into the bulk. Fig. 4-11(b) shows the

reverse measurement, carriers must flow through the damaged region which is near the
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drain. It is observed that the forward saturation current is much better than the reverse.
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4.3 Effect of Gate Voltage Range
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Fig. 4-12 TFT model in N-channel under various Vpg and range of gate voltage

Fig. 4-12 shews the degraded mobility after 60s dynamic gate stress; with different
drain voltage Vp for different gate voltage ranges. The frequency is equal to. SOOKHz. It is
given the pulse signals Vgl ranging from -5V to -20V and Vgh fixed at OV for the gate
signal. Moreover, the various bias voltages are applied to the drain.

The larger gate voltage range .and drain bias, the more degradation of the mobility is
observed as shown in Fig. 4-13(a)., Fig. 4-13(b) shows the degraded sub-threshold swing
after stressing. It is observed when Vpgis smaller than 15V and Vg range is smaller than
10V, the sub-threshold swing exhibits almost no degradation. When Vpg is higher than

15V and Vg ranges beyond 10V, the sub-threshold swing is seriously degraded.
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Fig. 4-14(a) and Fig. 4-14(b) shows the Cgs and Cgp curves of the devices stressed by
Vg=-5V~0V and various drain bias voltages, where Fig. 4-15~Fig. 4-17 respectively show
those figures for the stressed gate signal Vg=-10V~0V, Vg=-15V~0V, and Vg=-20V~0V.
It is observed the C-V curve shows serious distortion when Vpgis higher than 15V and Vg
range is higher than 15V. Both the Vg range effect and drain bias dependence are

responsible for the degradation.
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4.4 Other Effects

4.4.1 Effect.of Rising Time
4.4.1.1 Vg in ON and OFF Region
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Fig. 4-18 TFT model in N-channel under Vg=-15V~15V with changed rising time Tr

and fixed Tf
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One of the stress configurations of the devices is examined in Fig. 4-18; the device is
biased under Vg of ON/OFF region and drain voltage of 20V. The frequency of the stress
voltage is 500 KHz and stress time is set to 60 seconds. There are various stress conditions
with the variation of rising time Tr from 100ns to 700ns and a fixed falling time Tf of
700ns for the gate signal. After the different stress conditions applied on the device
individually, the u/u0 is extracted and shown in Fig. 4-19(a). As the rising time getting
longer, the mobility degrades worse. The sub-threshold swings also become worse as
shown in Fig.4-19(b). This means that the degradation strongly depends on the rising time
Tr. These results suggest that the degradation occur when the gate voltage is transited from

low to high. In ether words, the rising-time of the gate voltage would dominate the

degradation.
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Fig. 4-19(a) Degradation of /iy in N-channel TFT under AC stress with Vg = -15V
to 15V measured for various rising times Tr and for Tf = 700ns
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Fig. 4-19(b) " Degradation of S.S in N-channel TFT under AC stress with Vg = -15V to
15V measured for various rising times Tr and for Tf = 700ns

Fig. 4-20 and Fig. 4-20(b) shews the Cgs and Cgp curves of the devices stressed with
various rising time of the gate signal. It is observed that the Cgs curve seriously degrades
under Tr of 700ns and Tf:of 700ns. The other three Cgs curves under Tr from 100ns to
500ns with fixed Tf have almost no change. With increasing rising time Tr and a fixed

falling time Tf, the Cgp curve stretches more.
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44.1.2 Vg in the OFF Region
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Fig. 4-21 TFT model in N-channel under Vg=-15V~0V with changed rising time Tr
and fixed Tf

The other of the stress configurations of the devices with different rising time is
examined in Fig. 4-21; the deviceis biased under Vg in the ‘OFF region and drain voltage
of 20V. The stress:conditions of frequency and stress time are the same asithe previous
section. There are various stress conditions with the variation of rising time Tr from 100ns
to 700ns and fixed. falling time Tf of 700ns. After the different stress conditions applied on
the device, thequ/u0 is extracted and shown in Fig. 4-22(a). It is distinct cases from Vg in
ON/OFF region. AS the rising time 1s set to an appropriate value;'the stress results would
show that the mobility:degraded slightly and the sub-threshold swing also became lower,
as shown in Fig. 4-22(b). However, if the rising time is set-to a value which is higher or
lower than the same appropriate value, the mobility would degrade seriously. Therefore,
the dependence for the Tr would exhibit a turn-around behavior, which can both be

observed in the u/u0 and S.S dependence.
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Fig. 4-23(a) and Fig. 4-23(b) shows the Cgs and Cgp curves of the devices stressed
with various rising time in the OFF region. It is observed that the Cgs curve also degrades
seriously under identical stress conditions. The other two Cgg curves under Tr from 100ns
to 300ns with fixed Tf are almost no change. As the rising time Tr of 700ns and falling

time Tf of 700ns, the Cgp curve stretches worst.
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Fig. 4-23(a) Degradation of normalized Cgg curve in N-channel under Vg=-15V~0V
measured for various rising times Tr and for Tf = 700ns at freq=1MHz
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4.4.2 Effect of Falling Time
4.4.2.1 Vg in ON and OFF Region
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Fig. 4-24 TFT model in N-channel under Vg=-15V~15V with changed falling time

Tf and fixed Tr

One of the stress arrangements with different falling time is examined in Fig. 4-24; the
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device is biased under Vg of ON/OFF region and drain voltage of 20V. The frequency is
equal to 500 KHz, and stress time is set to 60 seconds. There are various stress conditions
with the variation of falling time Tf from 100ns to 700ns and fixed rising time Tr of 700ns.
After the different stress conditions are applied on the devices individually, the u/u0 is
extracted and shown in Fig. 4-25. As the falling time is set to an appropriate value, the
stress results would show that the mobility degrades seriously. Nevertheless, if the falling
time is set to a value which is higher or lower than the above mentioned, the mobility

would degrade slightly.
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Fig. 4-25 Degradation of /|, in N-channel TFT under AC stress with Vg = -15V to
0V measured for various falling times Tf and for Tr = 700ns

Fig. 4-26(a) and Fig. 4-26(b) shows the Cgs and Cgp curves of the devices stressed
with various falling time. Among the different stress conditions with falling time Tf from

100ns to 500ns and fixed Tr 700ns, it is observed that the Cgs curve seriously degraded
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under falling time of 300ns with fixed rising time of 700ns. We also could find that the
Cqp curve with the falling time 300ns degrades most. It would cause that higher gate bias
needed to be applied to the gate to transit the Cgp curve from off to on. If the stress
condition is set with rising time Tr 700ns and falling time Tf 700ns, it shows another
degradation mechanism. It only requires fewer applied gate voltage to turn the Cgp on.
However, the degree of the stretch-out of the curve becomes more seriously. Briefly, there
is another degradation mechanism when the stress condition is set under rising time Tr

700ns with falling time Tf 700ns.
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Fig. 4-26(a) Degradation of normalized C¢s curve in N-channel under
Vg=-15V~15V measured for various Tf and for Tr = 700ns at freq=1MHz

62



-
o
T

o
©
T

[ J
0.6 } bt -
L /o Y| Measure Freg=1MHz
o Y. Stress Condition T
€ Y| Vg=-15V~15V, o
> Y V=20V
3 e vy "
y || »—m— initial
0.2 Y e Tr=700ns,Tf=100ns7

[ )
o
: Y Tr=700ns,Tf=300ns 4

| |
! v
—_— MW =y Tr=700nS,Tf=500ns-
Tr=700ns,Tf=700ns
N 1 g 1

o
o
)

H

§

S

3

3

;

2

Normalized Capacitance C_,
o
=N

-10 -5 0 5 10 15 20
Gate Voltage(V)

Fig. 4-26(b)  Degradation of normalized Cgp curve in N-channel under
Vg=-15V~15V measured for various Tf and for Tr = 700ns at freq=1MHz

4.4.2.2 Vg in the OFF Region
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Fig. 4-27 TFT model in N-channel under Vg=-15V~0V with changed falling time Tf
and fixed Tr

The stress arrangement for different falling time is examined in Fig. 4-27; the device is

biased that Vg is in the off region and drain voltage is 20V. The stress conditions of
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frequency and stress time are the same as above. There are various stress conditions with
the variation of falling time Tf from 100ns to 700ns and fixed rising time Tr of 700ns.
After the different stress conditions are applied on the devices individually, the u/u0 is
extracted and shown in Fig. 4-28. As the falling time is set to an appropriate value, the
stress results would show that the mobility degraded slightly. However, if the falling time
is set to a value which is higher or lower than the above mentioned, the mobility would
degrade more. We should notice that the degree of the degradation between the worst and
the most slightly cases, there is no large difference. Consequently, the degradation is not

related to falling time Tf.
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Fig. 4-28 Degradation of p/yy in N-channel TFT under AC stress with Vg = -15V to
0V measured for various falling times Tf and for Tr = 700ns

Fig. 4-29(a) and Fig. 4-29(b) shows the Cgs and Cgp curves of the devices stressed

with various falling time. It was observed that for increasing falling time Tf with fixed
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rising time Tr, the damage region of Cggcurve locates at the Vg near Vgg. The Cgs curve
under Tr of 300ns and Tf of 700ns was almost no change. The Cgp curve also degraded

seriously in the same way, and it stretched to positively. It stretched mostly under Tr of

700ns and Tf of 500ns.
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measured for various falling times Tf and for Tr = 700ns at freq=1MHz
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4.5 Results and Discussions

In prior studies, the case of the degradation under DC stress usually was attributed to
the generation of traps at deep states in poly-Si grains, as-well as the threshold voltage
shift caused by charge trapping in the gate oxide and at the interface states. For the
mechanism of degradtion under gate AC stress, the mechanism is similar to hot carrier
effect. Channel electrons gain energy in the high-field region from drain and are

accelerated towards the drain junction, where the impact ionization may occur and
electron-hole pairs may be generated. This causes the charge to be injected into the gate

oxide and creates a fixed charge in the oxide.

As the gate voltage swings between the on and off region, carriers are gathered to the
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oxide/poly-Si interface. When the gate voltage swings from high to low, the induced
electrons in the channel would rush to the source and drain region. These carriers exposed
to the high electric field move rapidly to the source and drain. They become hot carriers
and cause the device degradation. The flow of the carriers reflects the displacement current
induced by the AC gate pulses. With the rising time and the falling time increases, the time
differential of Vg decreases, making the displacement current also decreases.

Fig. 4-30(a) shows the carrier flow under the stress of gate voltage swing from -15V to
OV. Electrons would flow from-source to ‘channel. Since the device is applied with a large
drain bias, some electrons may flow from channel to drain. When the rising time increases,
meaning that the larger voltage drop Vgd would stay longer, the electrons flow to high
electric field near drain would result in mere hot:carriers. Under this stress condition, the
time of high electric field is longer, as shown in Fig. 4-30(b). It might the reason why there

are turning points in mobility and S.S of rising time.

oV
15V ﬂ
Gate
| | 20V
_ E : / eeeeeee :
Sourceq-T/' — Drain

Fig. 4-30(a) The proposed AC stress degradation N-channel model under Vp=20V

for various rising time Tr
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Fig. 4-30(b) The time of. electric field AC stress degradation N-channel under

Vp=20YV for various rising time Tr

Fig. 4-31(a) shows the carrier flow_ under the stress of gate voltage swing from OV to
-15V. Electrons are discharged from channel to drain. Because a large Vids is applied, more
electrons may. flow to drain. When the falling timé increases, the electrons; would gain
more energy to become hot carriers. Under this stress condition, the time of low electric
field is longer, as shown in Fig. 4-31(b),_ It might be also the reason why there are turning

points in mobility and S.S of falling time, too.
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f\ sy
Gate
I | 20V
— hh hh\ -
Source—T QQN_T Drain
e e dis

Fig. 4-31(a) The proposed AC stress degradation N-channel model under Vp=20V

for various falling time Tf
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Fig. 4-31(b) The time of electric field AC stress degradation N-channel under
Vp=20V for various falling time Tf

4.6 Summary

The effect of drain bias which the gate voltage stressed in the on/off region and in the
off region 1s obvious. The higher threshold voltage, lower mobility: and higher
sub-threshold swing are observed. Cgs curves degrade slightly in the on/off region, and the
phenomenon of Cgg curves degrades like hot carrier. However, Cgp curve stretches with
increasing stress Vps.

The effect of gate voltage range with various drain bias shows the degraded mobility
and sub-threshold swing after stress. When Vpg is higher than 15V and Vg ranges beyond
10V, the sub-threshold swing is seriously degraded. C-V curve distorts when Vpgis higher
than 15V.

For the rising time of gate voltage toggling with on/off region or off region, electrons
are induced from source to channel. When the rising time increases, the time of high
electric field is longer. It causes turning points in mobility and S.S.

The same as the falling time of gate voltage toggling with the above-mentioned region,
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electrons are discharged from channel to drain. When the falling time increases, the
electrons would gain more energy to become hot carriers, which may explain turning

points in mobility and S.S, too.
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Chapter 5

Deqgradation for P-type Poly-Si TFT under

Gate Pulse Stress with Drain Bias

5.1 Effect of Drain Bias

15V
ov
Gate -5V
-10V
T | v
— -20V
Source Drain

Fig. 5-1 TFT 'model in P-channel under various drain bias in off region

Fig. 5-1 shows the structure of the P-type poly-Si TFT under various negative drain
bias in off region. The frequency is equal to.500KHz, and the stress time is set as 60
seconds. The degradation.is not obvious in Id-Vg curves, and the device parameters are
extracted for the following discussion. The higher stress drain bias, the higher mobility is
observed after stress. Compared ‘with the degradation of the forward and the reverse
mobility, the reverse mobility is larger than the forward. The degree of mobility increase is
0.07 with the stress drain bias of -5V, as shown in Fig. 5-2(a). The initial sub-threshold
swing is 0.21 V/dec. After the AC stress it moves to 0.20 V/dec, as shown in Fig. 5-2(b).
Fig. 5-2(c) shows the relation of threshold voltage shift (A Vth) after stress. As the drain
voltage increases, the threshold voltage shift (A Vth) drifts more. This part is not observed

in Id-Vg curves. In addition, they depend on the stress drain bias.
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Fig. 5-2(a) Dependence of the mobility on Vg with gate AC stress in off region
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Fig. 5-2(b) Dependence of the Sub-threshold Swing on Vpg with gate AC stress in

off region
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Fig. 5-2(c) 'Dependence of the threshold voltage shift on Vpg with gate AC stress in

off region

By the same token, the Id-Vg-transfer characteristics' could not distinguish the
dominant degradation region; C-V measurement is therefore employed. They could also
help to investigate the asymmetry electric field near source and drain of TFTs during stress.
Fig. 5-3(a) shows the normalized gate-to-source capacitance (Cgs) curves before and after
stress with different drain voltage.” Fig. 5-3(b) shows the normalized gate-to-drain
capacitance (Cgp) curves under the same stress conditions.

Observed from Fig. 5-3(a) and Fig. 5-3(b), Cgs and Cgp curves remain almost the
same and show no obvious differences as the gate voltage is smaller than the flat band
voltage Vgs. Cgs curves and Cgp curves rise in the off region after stress. With the
negative stress drain bias increases, Cgp curves raise more. However, the degree of Cgs

curves raises less than that in the Cgp curves. The increase of the Cgs and Cgp curves for
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the lower gate voltage and its degree of increase just corresponds the mobility increase of

the Id-Vg curves, as shown in Fig. 5-2(a).
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Fig. 5-3(a) Degradation of normalized Cgs curve in P-channel under various stress

Vs in off region at frequency=1MHz
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Fig. 5-3(b) = Degradation of normalized C¢p curve in P-channel under various stress

Vs in off region at frequency=1MHz

5.2 Effect of Gate Voltage Range

ov

ov
Gate -5V

-10V

J_ | -15V

— =20V
Source Drain

Fig. 5-4 TFT model in P-channel under various Vps and range of gate voltage

Fig. 5-4 shows the structure for stressing the device for the 60s dynamic gate stress
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with different negative drain voltage Vpand different gate voltage ranges. The frequency
is equal to SO0KHz. The pulse signals of Vgh ranges from 5V to 20V and Vgl of OV to the
gate electrode of TFTs. Moreover, the various negative DC voltages are applied to the
drain.

The larger gate voltage range and negative drain bias, the high increase of the mobility
is observed as shown in Fig. 5-5. It is observed that when Vpgis OV or -5V and Vg range
is smaller than 10V, the mobility exhibits almost no difference. When negative drain bias

is higher than -15V and Vg range beyond 10V, the mobility seriously increases.
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Fig. 5-5 Degradation of u/u0 in P-channel under various Vps and range of gate

voltage

Fig. 5-6(a) and Fig. 5-6(b) shows the Cgs and Cgp curves of the devices stressed by
Vg=0V~5V and various drain bias voltages. Fig. 5-7(a) and Fig. 5-7(b) shows the curves

of the devices stressed by Vg=0V~10V, while Fig. 5-8, Fig. 5-9 respectively show the



stress Vg=0V~15V and Vg=0V~20V. It is observed the Cgs and Cgp curves rise in Vg of
the off region after stress. When Vp, increases, Cgp curves have larger increase. However,
the degree of increase in Cgs curves is not much as Cgp curves. In the same way, Cgs
curves raise the range more with negative drain bias increases. The C-V increase in the off

region also corresponds to the mobility increase in the Id-Vg curves.
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Fig. 5-6(a) Degradation of normalized Cgs curve in P-channel under Vg=0V~5V
with various Vpg at frequency=1MHz
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Fig. 5-6(b) Degradation of normalized C¢p curve in P-channel under Vg=0V~5V

with various Vpg at frequency=1MHz
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Fig. 5-7(a) Degradation of normalized Cgs curve in P-channel under Vg=0V~10V

with various Vpg at frequency=1MHz
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Fig. 5-7(b) Degradation of normalized C¢p curve in P-channel under Vg=0V~10V
with various Vpg at frequency=1MHz
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Fig. 5-8(a) Degradation of normalized Cgs curve in P-channel under Vg=0V~15V
with various Vpg at frequency=1MHz
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Fig. 5-8(b) ' Degradation of normalized C¢p curve in P-channel under Vg=0V~15V

with various Vpg at frequency=1MHz
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Fig. 5-9(a) Degradation of normalized C¢s curve in P-channel under Vg=0V~20V

with various Vpg at frequency=1MHz
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Fig. 5-9(b) Degradation of normalized C¢p curve in P-channel under Vg=0V~20V
with various Vpg at frequency=1MHz

5.3 Other Effects

5.3.1 Effect.of Rising Time
5.3.1.1 Vg in ON and OFF Region

15V

%_\— 15V

Gate

-20V

Source Drain

Fig. 5-10 TFT model in P-channel under Vg=-15V~15V with changed rising time Tr
and fixed Tf
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One of the degradation arrangements of the devices shows in Fig. 5-10; the device is
biased under Vg of ON/OFF region and drain voltage of -20V. The frequency of the gate
signal is 500 KHz and stress time is set to 60 seconds. There are various stress conditions
with the variation of rising time Tr from 100ns to 700ns and a fixed falling time Tf of
700ns. After the different stress conditions applied on the devices, the u/u0 was extracted
and shown in Fig. 5-11. As the rising time is 300ns, the stress would cause less mobility
increase. However, if the rising time is set to a value which is higher or lower than the

above mentioned value, the mobility would increase seriously.
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Fig. 5-11 Degradation of p/g in P-channel TFT under AC stress with Vg =-15V  to
15V measured for various rising times Tr and for Tf = 700ns

Fig. 5-12(a) and Fig. 5-12(b) show the Cgs and Cgp curves of the devices stressed with
various rising time. It is observed that the Cggs curves and Cgp curves rise in Vg of the off

region after stress. The increase in the Cgs and Cgp curves does not exhibit apparent
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dependence on Tr. However, the degree of Cgs curves is not as much as that of Cgp

curves.
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Fig. 5-12(a)" Degradation of normalized C¢s curve in P-channel under
Vg=-15V~15V measured for various Tr and for Tf = 700ns at freq=1MHz
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Fig. 5-12(b) = Degradation of normalized Cgp curve in P-channel under
Vg=-15V~15V measured for various Tr and for Tf = 700ns at freq=1MHz

5.3.1.2 Vg in the OFF Region
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VoL,

Gate

-20V

Source Drain

Fig. 5-13 TFT model in P-channel under Vg=0V~15V with changed rising time Tr
and fixed Tf

The experiment structure of the device for varying the dependence of rising time is
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shown in Fig. 5-13; the device is biased the Vg in the off region and drain voltage of -20V.
The stress conditions of frequency and stress time are the same in the previous sections.
There are various stress conditions with the changing of rising time Tr ranging from 100ns
to 700ns and fixed falling time Tf of 700ns. After the different stress conditions applied on
the devices individually, the u/u0 is extracted and shown in Fig. 5-14. As the rising time
getting shorter, the mobility increases seriously after stress. The degradation is strongly
depended on the rising time Tr. This result suggests that the degradation occur when the

gate voltage is transited from low to high.
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Fig. 5-14 Degradation of W/ in P-channel TFT under AC stress with Vg =0V to 15V
measured for various rising times Tr and for Tf = 700ns

Fig. 5-15(a) and Fig. 5-15(b) shows the Cgs and Cgp curves of the devices stressed
with various rising time. It is observed that the Cgs and Cgp curves rise in the off region

after stress. The increase of the C-V curves for the voltage lower than Vgg shows no
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apparent dependence with Tr. However, the degree of Cgs curves is smaller than that in

Cgp curves.
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Fig. 5-15(a) = Degradation of normalized C¢s curve in P-channel under Vg=0V~15V

measured for various Tr and for Tf = 700ns at measuring freq=1MHz
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Fig. 5-15(b) = Degradation of normalized C¢p curve in P-channel under Vg=0V~15V

measured for various Tr and for Tf = 700ns at measuring freq=1MHz

5.3.2 Effect of Falling Time
5.3.2.1 Vg.in ON and-OFF Region

15V

/—M -15V

Gate

-20V

Source Drain

Fig. 5-16 TFT model in P-channel under Vg=-15V~15V with changed falling time
Tf and fixed Tr

The stress structure for examining the falling time dependence is shown in Fig. 5-16;
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the device is stressed between that the Vg ON/OFF region and drain voltage is -20V. The
frequency is equal to 500 KHz, and stress time is 60 seconds. The stress conditions with
are falling time Tf varies from 100ns to 700ns and fixed rising time Tr of 700ns. After the
different stress conditions applied on the devices individually, the u/u0 is extracted and
shown in Fig. 5-17. As the falling time getting longer, the mobility increases larger after
stress. The increase is strongly depended on the falling time Tr. This result suggests that
the degradation occur when the gate voltage is transited from high to low. In other words,

the falling time of the gate voltage would dominate the degradation.
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Fig. 5-17 Degradation of W/, in P-channel TFT under AC stress with Vg = -15V to
15V measured for various falling times Tf and for Tr = 700ns

Fig. 5-18(a) and 5-18(b) shows the Cgs and Cgp curves of the devices stressed by
various rising time. It is observed the Cgs curves and Cgp curves rise i the off region after

stress. With the rising time Tr increases, Cgp curves raise the range more. However, the
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degree of Cgs curves is less than Cgp curves. Cgs curves are not obvious changed with

increasing the rising time Tr.
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Fig. 5-18(a) ~ Degradation of normalized C¢s curve in P-channel under
Vg=-15V~15V measured for various Tf and for Tr = 700ns at freq=1MHz
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Fig. 5-18(b) ; Degradation of normalized C¢p curve.in P-channel under
Vg=-15V~15V measured for various Tf and for Tr = 700ns at freq=1MHz

5.3.2.2 Vg in the OFF Region
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Fig. 5-19 TFT model in P-channel under Vg=0V~15V with changed falling time Tf
and fixed Tr

The examination of dependence of the falling time of gate pulse is shown in Fig. 5-19;
the device is biased in the off region and drain voltage of -20V. The stress conditions of
frequency and stress time are the same as above. There are various stress conditions that
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falling time Tf ranging from 100ns to 700ns and fixed rising time Tr of 700ns. After the
different stress conditions are applied on the devices, the u/u0 is extracted and shown in
Fig. 5-20. As the falling time is 700ns, the stress result would show that the mobility
increases slightly. However, if the falling time is set to a value which is higher than the
above mentioned, the mobility would degrade seriously. The degree of the degradation
between the worst and the most slightly cases shows not much difference. Consequently,

the degradation is not related to falling time Tf.
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Fig. 5-20 Degradation of w/p, in P-channel TFT under AC stress with Vg =0V to 15V
measured for various falling times Tf and for Tr = 700ns

Fig. 5-21(a) and 5-21(b) shows the Cgs and Cgp curves of the devices stressed by
various rising time. It is observed the Cgg curves and Cgp curves rise in the off region after
stress. The degree of degradation of Cgs curves and Cgp curves are not obvious with

increasing the rising time Tr.
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Fig. 5-21(a) ; Degradation of normalized C¢s curve in P-channel under Vg=0V~15V
measured for various Tf and for Tr = 700ns at freq=1MHz
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Fig. 5-21(b) Degradation of normalized Cgp curve in P-channel under Vg=0V~15V
measured for various Tf and for Tr = 700ns at freq=1MHz
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5.4 Results and Discussions

The degradation of P-channel TFT devices is due to a different mechanism rather than
that of the N-channel TFT devices. The mechanism is triggered by the electrons in the
inversion region of the channel that are injected into the gate oxide. The trapped electrons
cause the surface of the channel to invert, which effectively extends the p* region of the
drain into the channel. Fig. 5-22 shows this mechanism and indicates the charged area
effectively extending the drain. Extending the drain reduces the effective channel length of
the transistor and actually increases the transconductance ds a function of the time the
device is operated at ‘a high voltage. The mechanism .is called.hot-electron-induced

punchthrough (HEIP). This is the dominant cause of P-channel TFT device degradation.

Gate Gate
o0 o)
i o0 :
Source e L Drain Source R e Drain
B ke ;@ P+ P+ P -
@ Left Inversion Layer
Left

Fig. 5-22 Schematic illustration of the mechanism causing the hot-electron-induced-

punchthrough effect

More carriers are induced from channel to the drain region during the stress with the
larger drain voltage. These carriers may gain high energy because of the large drain bias
and result in impact ionization, causing electron-hole pairs. Generated holes flow to drain
and electrons flow to the source or gate direction. However, the generated electrons are so
far away from the source. More electrons flow to the gate direction. And, carriers locate in
the interface and become charges. Charges near the drain are more than near the source.

Thus, the drain region degrades seriously.
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Fig. 5-23(a) shows the degradation model of the forward measurement under a large
drain voltage. There are interface trapped charges in drain depletion region. These charges
make the depletion region extend. Fig. 5-23(b) shows the reverse measurement. Charges
could not form the depletion region alone. The mobility in reverse connection increases
less. However, Cgp curves which are corresponded to the reverse connection in Id-Vg
raise more than that in Cgg curves which are corresponded to the forward connection.
After stress, trap charges would increase and would be near the drain region because of the
large Vp during stress, as shown in Fig. 5-24. It is because that the forward mobility and

Cgp curve degrades seriously.

Gate

Drain bias

Source ¥ Drain

Fig. 5-23(a) The degradation model in"theforward Id-Vg measurement

Gate

Source —/ Drain

Drain bias

Fig. 5-23(b) The degradation model in the reverse Id-Vg measurement
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Fig. 5-24 The C-V degradation model under a large drain bias

5.5 Summary

The effect of negative drain bias withrthe; AC gate voltage stressed in the off region of
the P-type TFTs-is observed in the device parameters. With the higher stress drain bias, the
mobility increases and the threshold voltage shift (A Vth) drifts more. Cgp and Cgs curves
both raise in the off region. For the larger gate voltage range and negative drain bias, the
high increase of the mobility is observed.

For the rising time and falling.time of gate voltage toggling with on/off.or off region,
the effect is not obvious. The.interfacial trapped charge. is found to be responsible for the

mobility increase and Cmin raise.
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Chapter 6

Conclusions

For the gate voltage toggling between -15V~15V of N-channel TFT devices with
source and drain grounded, it is observed that the degradation depends on the falling time
Tf but does not depend on the rising time Tr. However, for the gate voltage toggling
between -15V~0V, it is observed that the degradation is dependent on both Tr and Tft.

For the stressed Vg=-15V~15V of P-channel TFT 'devices, it is observed that the
degradation depends on the rising time Tr but does not depend on the falling time Tf. The
degradation is both independent of Tr and Tf for Vg=0V~15V stressed.

For N-channel TFTs applied with gate AC ranging between. £15V with drain bias, the
mobility and sub-threshold swing are influenced on stréss Vps. The degradation in the C-V
behavior is the stretched-out curves, which correspond to the Id-Vg curves. For the effect
of gate voltage range with various .drain bias, curves degrade seriously with both
increasing Vg range and Vpg. As for'the effectof rising time and the falling time of the
gate voltage, electrons-would flow from source to channel and may flow from channel to
drain. It would explain turning points.

Nevertheless, for the case of P-channel- TETs; the degradation is not as clear as that in
N-channel TFTs. The mobility and the threshold voltage are also influenced on increased
drain voltage. The degradation of C-V curves is raised for the lower gate voltage. With
both increasing Vg range and Vps, curves would degrade more. Last, with the drain
electron given a large voltage, the rising time and falling time dependence of gate pulse
would not be clear.

Table 6-1 and Table 6-2 are the relationship of rising time and falling time for N-type

TFTs and P-type TFTs.
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Table 6-1 Summary statement of rising time and falling time dependence of gate

AC signal for N-type

PN ooV Vis=20V
Vg=-15V~ +15V Tr X Tr O
Tf O Tf X
Ve=-15V~ 0V Tr O Tr X
Tf O Tf X

Table 6-2 Summary statement of rising time and.falling time dependence of gate

AC signal for P-type
PR vossov Vips= 20V
Vg=-15V~ +15V Tr O Tr & X
Tf X Tf 9,
Vg=-0V~ 15V Tr X Tr O
Tf X Tf X

In this thesis, we have discussed various gate AC stress conditions with both

N-channel and P-channel TFTs with biased drain. It would be helpful in the understanding

and evaluation ‘of the device . degradation mechanism to design for the reliability of poly-Si

TFT circuit.
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