Study on Array. Fechnology of Thin-Film
Transistor Active Matrix Panel

oy o2 mE ¥
BERE: ¥ % A gL
55;?5'55']’35‘{_

PR AE 4 e &£ & 3



(w,

:"'\.4)";‘;5 - > _\0 2 -
P TR EIEB'&%';L@?}\'FE'KEW ’kj;

Study on Array Technology of Thin-Film
Transistor Active Matrix Panel

Student: Chi-Wen Chen

+ Advisor: Dr. Tseung-Yuen Tseng
sk 12 L Dr. Ting-Chang Chang

A'Dissertation
Submitted to the Institute of Electronics
College of Electrical Engineering and Computer Science
National Chiao Tung University
in Partial Fulfillment of the Requirements
for the Degree of
Doctor of Philosophy
in Electronics Engineering
June 2005
Hsinchu, Taiwan, Republic of China

2 N i

PoE N R 4 e EOS



T HETIALE LS A ME SR IKY > SRR
TS SRR X

WP ARTIFLAELIFA LA M o £ B RINTAE S

gL LEE L TR LEP YR F A LG TEWwE L

LB NEL G 2 LA EET Y A fR 0 T A M I H B A

13’—% ’ ﬁ;l]%v&f'—r

International Regular Journals:

1. “Investigation of the electrical properties and reliability of amorphous SICN”,
Thin Solid Film, 447, p.632 (2004)

2. “Study on etching profile of nanoporous silica”, Thin Solid Film, 469-470, p.377
(2004)

3. 7 Cu-penetration induced breakdown mechanism for a-SiCN”, Thin Solid Film,

469-470, p.388 (2004)

International Letter Journals:

1. “Moisture-induced material instability" of porous organosilicate glass”,
Electrochemical and Solid-State Letters, 6(4), F13 (2003).

2. “Effects of Oxygen-Plasma Ashing on Barrier Dielectric SICN Film” Electrochem.
and Solid-State Lett., 8(1), G11 (2005).

3. “Electrical Degradation of N-Channel Poly-Si TFT under AC Stress”,
Electrochem. and Solid-State Lett.(accepted)

4. “High Performance Hydrogenated Amorphous Si TFT for AMLCD and AMOLED
Applications “IEEE Electron Device Lett. (submitted)

5. “The Influence of Grain Boundary Arrangement on Stability of Poly-silicon TFT”
IEEE Electron Device Lett. (submitted)

6. “Low-Temperature Non-volatile Memory Fabricated on Glass Substrate” Applied
Phys. Lett. (submitted)

7. * Temperature Effects of N-channel Poly-Si TFT”, Electrochemical and
Solid-State Letters (submitted)






&
4
[
B

4%

&
4
ke

g
28
4

# &

AT AR - LG PR TR AL T RS

Akiyama*7# &) 2_ ¢ £ % e (light-shield) % 22 & > f1* 5 - X £ Hjeazt s

Y

(nt a-Si)JTAH 5] » o BEET RN b A BT @ FlAek 0 T UG oRlE L £
B b [0 Bl ST R TR AR TR PR b e g
SBCE B4 7 7 RIBRHE % » R IG5 7 U E RBFREBED - F 22" K
WOREE A T R PERATREAL S AR EE N A e A @
SBCE& e 7 50% i q 4 o '+ @857 & 1.05cm 2/Vsec » 372 S~ i
TR A LG TARTTLFFENSF IR AL A kSR P k-
1% %2 (OLED) -

PSP AR WA A ERE TRE D N Y A
B e FXEHRGBETRE ZEL R AP AET RO A

&4 5 B 12 2 AC gate bias stress2. 16 1y (S 4] f- FrFH > AT P FR



AC gate bias stress € = ~ i HW T T % > RH AT REIC T
» PR SetoI e 0 AP E N A g w8 B 5 oondk m R (effective trap
density) » d & & 7 1.42x10%em ™ 4 T 3.14x10%cm™ > ¥ 7 d B ¥ L ABF

A Kt IR Bt tail states 0 e BEIRSRIEE 4 T ae &R 3 4 ,%ﬁd BB

kR T BT 1T & fsaturation region (Vds>Vgs)¥: ¥ 5 pinch-off region i
APAEEITAL T UFRFERTET CORRSE ] mT AT RE LR

/e > F] & fepinch-offregion® » §4+ 7  RE L 4 rﬁlﬁﬁn‘w Vs R
bulk > ;¢ i@ i % LAC stress & 4 #0=% F tail states =30 4 H /T 20 EA R
pinch-off region &iiB T4 2 > 13 {7 @FH ik F TILF @ 5 Bbulk i 45 1]
2 ﬂﬁ%*ﬁwﬁg%Aﬁw B g it e
A2 s PR S R BT L2 anE Rk 0§ A ¥ non-LDD
T BP0 F%RFR nonLDD A gMEF R AR T RS K T
& i F1E_F] 5 ¥ $75t(phonon scattering) ek oz 0 B+ 4 & Fkhd 5 LA
RETAZ BF EEFRARLARH N O BETEAR S FRFEESF
§ARE P R R ERE2 T o XA A LDD 22
ARERTFEERAS DI R RARFELFARE LDD ~ 2 E R R M R

non-LDD =~ #384p et > 57 BGES § 2 L W hm Yy LA NS 2 N- 2 R

[

FHEE R PM G KA N-R g F AT 25 KE T %Nt QR LA %
PR A NP BRk R AE R S Mp FTRAETIFHEE  Hpd

W2 ¥ AT RIP & d 2 3% Sequential Lateral Solidification (SLS)#7
Birdend o A 2EFHETIE d HE A3 FHF R SLS #r 4 N hfhk
Rapt - i excimer FHKE A APT URSLS AR A G A - S8
#(main-GB) » = 5 =% fu B (sub-GB) » i f b ehhfle e # B B Ah L3 A
Fohwe o XA RFEREHEY 5 - RAz(protrusion) 5 =% fu K R AE T
v e P POE A RP A 2 T KT A 17 0 GB-TFT 5 - 77

il



ARl & >ONBGTFT # RIEF & A5 d T &l

9

BE TR

NGB-TFT # A=4s T B ~ S feft 58> ~ §4+ 84 F 30 GB-TFT 2 5 X @ & hot

carrier stress F % * B ¥_GB-TFT B IR § H7 FL & - SiE i a8 247

FHERD N GB-TFTHHE Y & 37 L Hh s B3 FIERR DTN G
T MR T 0 B % 7 hot carrier effect °

Aem~ = 1 % fE poly-Si EEPROM ~ i :24f » — % floating gate

R
it
3
&N

FE A V- 5 SIN ARG E - %2 F L4 479 doping = 3¢

o4
fa)
1]

floating gate EEPROM i 1= T B8 & »c% > 7 10" Mz BB » 2 B > & 24873
BPhB R 0 m P AR EE T RS 4R B T 5 ¢ 4% Oxide/Nitride/Oxide
e dlp > v L A3y %l iF EEPROM ~ i & i 5|2 e [f] 2 MONOS 3§ 7%
Fo%? hF%F kAR S 15nmo § & 5 15nm > Block oxide 5 25nm >
*# 2 » F A F-N tunneling 8 » «ﬁé“ﬁ% 1530 o LR € R S R e R
7~ & gkt > 3 E 4 Channel-hot carrier 3% é05h € i3 =~ 2 B B by o
AL TR AERAS 0 e ] T SR A RS S MR B R TRS FIAS
WA @ 2RI o ¢ Fl s BB 4 gk o floating body effect @ { L€ >
gRES HF A EHRE CATE T
H2 Y B M RC a2 s RPT s 4p 23t IC 7 5 f 40 At
AFE B > Cu R low-k ML #-T 5 FerufEH - A%< ;'L,Tf— 8% 3 M e low-k
i eFRAAFEAT  ERAMTVESERZEINETE d W B
PCHER A AHREL S Rk R AL R TR R R
Fost b dy £ B low-k ML & 5 TRIF & BIRicE & low-k g o
?“)J‘*J\Sﬁ B E BB Fr A FREFRRF € RAFHF L 7
PAFTHSmA T AR, low-k P oo @ 50 LA E BIFEICA VLI 0 A7
PRI A KIE S 4F £ 8 low-k B 45450 > A7 @ #3107 SICN & 4 3 odh re 3 4
Wizt 3 A MO BRI R § R et R 4 R ki A
v % 40— B SICN ref kiR 7 on 7 it e I o

il



Study on Array Technology of Thin-Film

Transistor Active Matrix Panel

Student: Chi-Wen Chen Advisor: Dr. Tseung-Yuen Tseng
Dr. Ting-Chang Chang

Department of Electronic Engineering and Institute of Electronics
College of Electrical Engineering and Computer Science

National Chiao Tung University

Abstract

A novel technology for manufacturing high-performance hydrogenated
amorphous silicon (a-Si:H) TFT is first developed in this thesis. In the bottom gate
light-shield a-Si:H TFT structure, the side edge of a-Si:H island is capped with an
extra deposition of heavily phosphorous-doped a-Si layer. Such an ingenuity can
effectively eliminate the leakage path between the parasitic contacts between
source/drain metal and a-Si:H at the edge of a-Si:H island. In addition, our proposed
a-Si:H TFT device exhibits superior effective carrier mobility, as high as 1.05
cm’/Vsec due to the enormous improvement in parasitic resistance. We have
evidenced that the leakage current of proposed TFT is lower than the conventional
BCE device under bottom-side illumination of 6000 nits. It also exhibits the better

ability against the DC current stressing. The impressively high performance provides
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the potential of the proposed a-Si:H TFT to apply for AMLCD and AMOLED
technology.

Next, the temperature and AC gate pulse stress effects on ELA poly-Si TFT have
been demonstrated. We find that the conducting current of non-LDD poly-Si TFT is
increasing with the decreasing in the temperatures. The phonon scattering is
responsible for the evolution of carrier mobility in poly-Si TFT at temperatures.
However, the LDD poly-Si TFT is obviously influenced by the LDD layers extended
outside the gate electrode. LDD sheet works as a larger resistor at low temperature
than that at high temperature. These results can provide the designers to consider the
temperature effects for the poly-Si TFT application in a suitable temperature range.

In addition, the distinct decrease in ON-current of n-channel poly-Si TFT was
found during the dynamic voltage stress. In spite of electrical degradation appearing at
the ON-current of the poly-S TET, both the sub-threshold swing and threshold
voltage kept in a good condition. (This-can-be inferred that the tail states were
produced in ploy-Si film due to the AC stress.” Additionally, the current crowding
effect was increased with the increasing of stress time. The parasitic resistances
extracted from the Ip-Vp curves of poly-Si TFTs were significantly increased after the
1000 s stressing. The effective trap density of poly-Si TFTs stressed for 1000 s was
3.14x10"* cm™, 2.21 times larger than that of the un-stressed device. The creation of
effective trap density in tail-states is responsible for the raise of the parasitic
resistance and the degradation in ON-current of TFT. Moreover, the damaged regions
whicn contains numerous trap states are evidenced to be mainly located near the

source /drain regions.

On study the grain —boundary (GB) effects, the comparison of electrical stability
between GB and NGB-TFT has been demonstrated. The NGB-TFT owns superior

conducting ability than the GB TFT which contains a 100-nm trap-numerous region at



the middle of the channel. However, the GB-TFT exhibits the better endurance against
DC stress than the NGB-TFT. Based on the simulation result, the existence of GB in
the middle of channel of poly-Si TFT would reduce the electric field in the drain
region significantly. Accordingly, the GB-TFT suffers relatively lighter impact of hot
carrier stress and maintains electrical characteristics well during the DC stressing. The
NGB-TFT was seriously degraded by the DC stress with the high electric field at the
drain side. Nevertheless, the distinct electrical behaviors of the TFTs were
demonstrated under the AC gate bias stress. Due to the existence of protrusion in the
channel, GB-TFT shows weaker endurance against the AC gate pulse stress than that
of NGB TFT. The magnitude of the vertical field at the protrusion is stronger than the
other regions in GB TFT. The strong electric field would lead to the state creation and

charge trapping at the protrusion and reduce the device’s electrical performance.

On the study of non-volatile 'memory devices fabricated on glass using low
temperature poly-Si technology,two structures-have.been fabricated and characterized.
One is floating-gate device and the ‘other consists of the oxide-nitride-oxide stack
structure. The maximum temperature of processing is below 650°C for the glass
substrate. The floating-gate memory device consists of two active regions of poly-Si
layer, one behaves as the control gate and the other is the conducting channel region.
The control-gate transistor of the device is proposed to consist of a whole
heavily-doped poly-Si sheet. The higher coupled efficiency of gate bias is
demonstrated in the proposed structure. Also, the characterizations of MONOS type
memory with an oxide-nitride-oxide (ONO) stack structure were studied. In
comparison with channel hot carrier injection, the Fowler-Nordheim tunneling method
is more suitable for the programming of the poly-Si memory device. The memory

widow of devices can reach 1.5V under the programming voltage of 20V for 10ms.
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The device maintains a wide threshold voltage window of 1.5V after 10*
program/erase cycles. Moreover, it retains a good retention property without a
significant decline of the memory window up to 50 hours at 60°C.

On the study of interconnections with low-RC delay, the porous organosilicate
glass (POSG) and a-SiCN have been investigated. The lager leakage current is
observed in hot-water dipped POSG sample. The leakage current would be increased
and dominated by the ionic conduction as the moisture is contained in the POSG.
Additionally, the moisture would enhance the Cu to penetrate into POSG and cause
the raise of the leakage current. To avoid the Cu contamination in the interconnections,
the electrical properties and stabilities of barrier dielectric a-SiCN films are
investigated. The leaky behavior of a-SiCN is evidenced to be Pool-Frenkel
conduction in high electric field .fegion. Experimental results indicate that a-SiCN
films containing higher nitrogen concentration exhibits better barrier ability. The
dielectric breakdown is due to-the penetration, of Cu. It is observed that the main
conduction of post-breakdown < a=SiCN .~at" room temperature (298K) is
space-charge-limited current (SCLC) due to numerous Cu impurity/traps. Moreover,
the characteristics at low temperature can be separated into two distinct stages,
Fowler—Nordheim tunneling and space-charge-limited current (SCLC) conduction.
We propose a physical model which post-breakdown a-SiCN was composed of two
different conduction regions. It can well describe the electrical variation resulted from

the Cu traps and temperature.
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Figure Captions

Chapter 1

Fig. 1-1  Four structures for a-Si TFTs.

Fig. 1-2  Three possible mechanisms of leakage current in poly-Si TFTs, including
thermionic emission, thermionic field emission and pure tunneling.

Fig. 1-3  (a) Plan view of the pixel using low-k passivation technology. (b) Low
dielectric constant (k) material as an inter-level dielectric.

Chapter 2

Fig. 2-1 (a) Conventional inverted-staggeréd a-Si:H TFT (Structure A). (b)
Akiyama’s light-shield a-Si;HyFET (Structure B) (c) The new structure
a-Si:H TFT (Structure C)

Fig. 2-2  Ip-V transfer characteristics of TFTs, Structures B and C with the same W
/ L ratio at Vp=0.1V.. Therleakage current of Structure C is effectively
suppressed in the proposed TET structure.

Fig. 2-3  Comparison of Ip-Vg relations of Structures A and C at Vp=10V under the
white-light illumination of 6000 nits. The inset sketches the illumination
from the bottom-side of the TFTs.

Fig. 2-4  1p-Vg transfer characteristics and linear transconductances (gm) of TFTs,
Structure A and C with the same W / L ratio. The superior current driving
capability of the proposed TFT is demonstrated.

Fig. 2-5 A comparison of output characteristics (Ip-Vp) for the proposed TFT and
Structure C. The current crowding is found in the conventional
inverter-staggered TFT, Structure C.

Fig. 2-6  The gate voltage dependence of the parasitic resistance R, of Structures A

and Structure C.
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Fig. 2-7  The distribution of electrons near the drain region in the structures A. The
arrow heads labeled in the two figures present the carrier transport
directions.

Fig. 2-8  The distribution of electrons near the drain region in the structures C. In
the proposed structure, the electrons can transport through contacts, the
side wall and the top contact of drain metal overlap region.

Fig. 2-9  The evolution of conducting currents in TFTs during bias temperature
stressing (BTS) at 60°C. Initially, both TFTs were conducted with the sam
drain current of 200 nA.

Fig. 2-10 The Ip-Vg relationships of the TFTs after bias temperature stress. The
threshold voltage shift of structure A and C is 1.75V and 0.75V,
respectively.

Chapter 3

Fig. 3-1  The cross section view of the' TETSTf this work. (a)non-LDD TFT (b)LDD
TFT

Fig. 3-2  (a)The Ip-Vg relations and transconductance, gm, of poly-Si TFT at the
temperatures from 50K to 250K. (b) drain current in linear scale.

Fig. 3-3  Three types of scatterings in MOSFET devices, including impurity
scattering, surface scattering and the phonon scattering.

Fig. 3-4  The Ip-Vg relations of LDD-TFT at the temperatures from 50K to 300K.

Fig. 3-5  The sheet resistances of phosphorous (a)heavily-doped and (b)light-doped
poly-Si film at the temperatures from 50K to 300K.

Fig. 3-6  The LDD layers extended out the gate overlap region behave as the

temperature-dependent resistors and series connecting with the gate

control region.
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Fig. 3-7

Fig. 3-8

Fig. 3-9

Fig. 3-10

Fig. 3-11

Fig. 3-12

The stress pulses were conducted on the gate electrode as the dynamic
stress and source/drain were grounded. The rectangular pulse with
amplifier of 15V and frequency of 500kHz. Both the rising time (Tr) and
falling time (Tf) were 100 ns.

The Ip-Vg relationships of n-channel poly-Si TFT (L=9um) with the

dynamic stress times for 10 to 1000 seconds.

The Ip-Vp characteristics of the TFT with the dynamic stress times.

The gate voltage dependence of the parasitic resistance R, of TFT with
various stressing times. There is a distinct raise in R, of poly-Si TFT after
1000 s.

(a), (b), and (c) present the effective trap density (N;) of poly-Si TFT with
AC stress for 0, 100, and 1000 s, respectively. The N; of the device with
1000 s stress is 2.21 times larger than that of the non-stressed poly-Si TFT.

Ib-Ve curves of poly-Si TFT:at saturation operation (Vp=8V) with AC
stress for 0 to 1000:s. The degradation in: ON-current with the high drain
bias is much weaker compared to the linear ones. The inset figure indicates
that carriers can spread'to.the bulk at‘the pinch-off region near the drain

electrode.

Chapter 4

Fig. 4-1

Fig. 4-2

(a) The top view of a high-resolution scanning electron microscopy (SEM)
image of SLS laser annealed poly-Si film. The orientation of main-GB and
sub-GB is perpendicular and parallel to channel direction of the TFTs we
utilized, respectively. (b) The AFM image of SLS poly-Si film, the height

of protrusion is about 100nm at the grain boundary region.

(a) GB-TFT owns a main-GB in the middle of the channel. NGB-TFT lies
in the main-GB free region. (b) The microscope picture of GB TFT (c) The
microscope picture of NGB TFT
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

4-10

Ip - Vg transfer characteristics of NGB and GB TFTs with the same W/ L
ratio. The NGB TFT has larger field mobility (283.2 cm?/Vsec) than that
of the GB device (262.5 cm?*/Vsec)..

The capacitance-voltage (C-V) characteristics of GB and NGB TFTs. The
CV transition curve of GB TFT shows a slightly slow in comparison with
the NGB TFT.

Ip - Vi relations of NGB-TFT in linear and logarithm with the stress for 0,
10, and 100 s. After stressing for 100 s, the on-current of TFT at V=20
is degraded to 12% of the magnitude of the initial value.

Ip - Vg relations of GB-TFT in linear and logarithm with the stress for 0,
10, and 100 s.

The electric distribution in the channel region of the TFTs under the bias
conditions V=6V and Vp=12V.: The main-grain locates at the center of
the channel in GB-TFT: For GB-TET, the maximum of electric field at the
drain shows about 27% lower than that without grain boundary in the

channel.

The Ip-Vg relations of NGB TFT with the dynamic stress times for 10 to
1000 s. The mobility of NGB TFT is decayed from 282.9 to 204 cm?*/Vsec
after 1000s stress.

The Ip-Vg relations of GB TFT with the dynamic stress times for 10 to
1000 s. The mobility of GB TFT is decayed from 243 to 136.9 cm*/Vsec
after 1000s stress.

The distribution of electrical field at (a) the protrusion and (b) smooth

plane.

Chapter 5

Fig.

5-1

(a) The planar view of the poly-Si TFT EEPROM which is composed of
two active regions, T1 and T2, of poly-Si layer. (b) The cross section of the
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5-3

5-4

5-5

5-6

5-7

5-8

5-10

device A (c) The cross section of the device B. The T2 region of device B,

control gate, is wholly doped with heavy dose of boron.

(a) The scheme of MONOS (Metal/Oxide/Nitride/Oxide/Poly-Si) type
flash memory. (b) The Transmission Electron Microscope (TEM)

cross-section of ONO on the poly-Si surface.

(a) The comparison of Ip-Vg relations at Vp=0.1 between the memory
devices, A and B. (b) The Ip-V¢ relations of the memory device A and B
after electrical programming with the gate bias of 18V and erasing with
22V for 10ms.

The effects of the gate voltage on the programming and erasing
characteristics of poly-Si TFT EEPROM’s. The magnitude of voltage shift

tends to be saturate with the raising of the programming time.

The endurance characteristics, after different program/erase (P/E) cycles,
of the device B. The'P/E of .the mémory devices was performed by
applying negative (18V) and positive (-22V) voltage pulses, respectively.

The threshold-voltage shift fistmeasured with different periods of time

when the sample is heated-at 60°C.

The Ip-Ve relations of the poly-Si MONOS memory device after electrical
programming with the gate bias of 20V for 10 ms.

The Ip-Vg relations and linear transconductance gm of the device were
after programming using CHE method with the drain bias of 35V and 45V
at Vg=25V, respectively.

The endurance characteristics, after different program/erase cycles, of the
MONOS memory device. The program/erase (P/E) of the memory devices
can be achieved by applying positive (+20V) and negative (-40V) voltage

pulses, respectively.

The threshold-voltage shift is measured with different periods of time
when the sample is heated at 60°C.
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Fig 6-1

Fig 6-2

Fig 6-3

Fig 6-4

Fig 6-5

Fig 6-6

Fig 6-7

Fig 6-8

Fig 6-9

Fig 6-10

The FTIR spectra variation of as-spun porous organosilicate glass (POSG)

after undergoing a series of thermal process.

Three-dimensional (3D) network structure of POSG.

The evolution of stress of POSG with the hot-water dipping for 1 to 3
hours.

The thickness variation of POSG with the hot-water dipping for 1 to 3
hours.

The FTIR variation of POSG with the hot-water dipping for 1 to 3 hours.

The leakage currents.0f POSG.increase with the increase of hot water
dipping time, whereas the leakage. currents decrease obviously after
water-dipped POSG:film (for 3 hr) undergoes 300°C furnace annealing.

The J-E relations of POSG samples at room temperature. The
moisture-containing sample owns the larger leakage current that the

standard sample which is moisture-free at the same bias.

The thermal desorption spectra of moisture-containing and STD samples.
The magnitude of H,O signal (m/e=18) in moisture-containing sample is

larger than that of STD sample.

(a) The leakage current v.s. time (I-t) characteristics of Cu and
Al-electrodes POSG during the bias stress at room temperature and 150°C,
respectively. (b) The J-E curves of Cu and Al-electrodes POSG before and
after the RT stress.

(a) The SIMS spectrum of POSG with Al-electrode after RT stress. (a) The
SIMS spectrum of POSG with Cu-electrode after RT stress.
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Chapter 1

Introduction

1.1 General Background

Thin film transistor (TFT) is a metal-oxide-silicon field effect transistor (MOSFET)
fabricated on an insulator substrate by employing all thin film constituents. Thin film
transistors have been widely used as switching devices in flat panel display, such as
active-matrix liquid crystal display (AMLCD)[1.1-1.5] and active-matrix organic light
emitting diode (AMOLED) display. [1.6-1.10] The thin film transistors can be mainly
divided into two types according to the active layers, amorphous and poly-crystalline
ones. The amorphous TFT is usually, applied.in, [arge size flat panel display due to its
mature manufacture and low-cost: On the contrary, -poly-Si TFT is suitable for the
high-resolution medium and small size flat-pancl display. The high mobility of a-Si
TFT is required for high resolution AMLCD smce the charging time of pixel is shorter
than the low resolution one. However, the numerous trap states existed in a-Si layer
seriously strict the transporting of carriers.[1.11-1.13] The application of poly-Si TFT
is attractive due to the higher mobility than the a-Si one. The higher mobility and
existence of complementary devices lead to integrate functional circuits on the display.
Moreover, introduction of the new device, such as EERPOM, can increase the
feasibility of circuit design for the flat panel.[1.14-1.15] The improvement of
electrical characteristics and understanding of degraded mechanism of TFTs is
important for development of display technology.

Additionally, the interconnections with low-RC delay have been received

increasing attraction in the ICs and flat panel display applications. To improve the



performance of ICs, the scaling down for integrated circuits is necessary. The
shrinkage in critical dimension of active devices would also result in smaller
linewidth and spacing between metal interconnections. Moreover, the length of
interconnection lines will increase due to the larger chip size, which is the result of
getting profitable and excellent IC performances. As a result, a larger part of the total
circuit propagation delay (RC delay) is contributed more from the characteristics of
the interconnections than that of the scaling of devices. [1.16-1.20]

Similar to the RC delay issues in ICs fields, the lager-area flat panel display such as
active matrix liquid crystal displays (AMLCD’s) are also currently suffered the RC
delay impacts.[1.21-1.22] Large-area high-resolution AMLCD are on their way to
becoming an elegant alternative to CRT displays in televisions. However, several
fundamental scaling problems are*encountered when trying to increase the display
size. One of them is associated=with the gate.metallization for the inverted-geometry
thin-film transistors (TFT’s) of the a¢tive.matrix. At present, refractory metals such as
tantalum/ molybdenum are used, to; ensure stable contacts during TFT fabrication.
The gate lines are deposited first onto the glass backplane. They must be thin to
ensure good step coverage by the plasma-enhanced chemical-vapor deposited
(PECVD) layers. The relatively high refractory metal resistivities result in RC gate
delays that restrict the AMLCD size. It is obvious that the gate line pulse suffers
distortion as it moves through the line. The distortion increases the rise time and
delays the arrival of the gate pulse. The delay can cause the gate and data pulses to
arrive at a pixel out of synchronization. As a result, low resistivity metals and

low-dielectric are required for high-performance ICs and large-area AMLCD'’s.

1.1.2. Thin film transistors technology



Amorphous silicon technology is quire attractive due to its low processing
temperature and low cost manufacture. The hydrogenated amorphous silicon (a-Si:H)
thin film transistors (TFT) have been applied on the flat panel displays and X-ray
sensor arrays. There are four structures for a-Si:H TFT’s, including staggered,
inverted staggered, coplanar and inverted coplanar TFT’s, as shown in Fig 1-1.
Among these four structures, the inverted staggered one is most popular due to its
simple process and acceptable electrical characteristics. Therefore, the
inverted-staggered back-channel-etched (BCE) type of a-Si:H TFT has been widely
used as a switching element to control the gray level in liquid crystal display(LCD)
and to drive organic light-emitting-diode (OLED). With increasing the resolution and
size of AMLCD, the charging time of the pixel is decreased with a fixed frame rate.
Except to reduce the RC delay oftinterconnections, the a-Si TFT with high driving
capability is required for the large.area AMLCD., In- addition, a-Si:H TFT with high
stability and driving capability-is suitable-for AMOLED application since OLEDs

require a current driving scheme in'contrast to-LCD, which are voltage driven.

Compared with a-Si TFT technology, the poly-Si TFT technology has some distinct
advantages but its manufacture is more complex and high cost. The major advantage
of poly-Si TFT is the higher field effective mobility than that of the amorphous silicon
(a-Si) based devices. The high carrier mobility and the existence of complementary
pairs permit the integration of drive circuits and the smaller area of pixel transistor.
The integration of drive circuits could reduce manufacturing costs, and increase the
functionality of large-area microelectronics.[1.23-1.24] The smaller area of pixel
transistor leads to a larger aperture ratio for a given pixel size, or enables a higher
resolution display for a given aperture ratio, resulting in better image quality.

Moreover, the poly-Si TFT could be applied to the active matrix organic light emitting



diode (AM-OLED) display due to its high current driving capability. The degree of
circuit integration will continue to increase as device characteristics improve further.
Additionally, the new functional devices fabricated on the glass can increase the
flexibility of circuits for the display. The nonvolatile memories, such as flash
memories and electrically erasable PROM’s (EEPROM’s) fabricated on the wafer,
have been widely used for the applications of high-density memories, programmable
logics, and microcontrollers. [1.25-1.26] Similarly, the applications of non-volatile
memories on the system of flat-panel are attractive. The smart cards consist of
memory and RF logic circuits can be fabricated on the low-cost substrate such as
plastic and glass ones. In poly-Si TFT devices, however, the status of defect states at
grain boundaries plays a crucial role for electrical characteristics, as shown in Fig. 1-2.
The stability of poly-Si TFT is one of the impottant issues for poly-Si technology.
Recently, there have been several investigations about the stabilities of poly-Si TFT’s.
The creation of trap states at poly-Si/gate.dielectric interface or the charge trapping in
the gate insulator is responsible for the degradation in electrical characteristics of
poly-Si TFTs. Since the large area electronics or the flat-panel displays comprised of
poly-Si TFTs are used by peoples at the globe, the displays should keep the
performances well at temperatures. However, temperature usually influences the
characteristics of solid-devices, and relative effects are important for the application
of Poly-Si TFT technology. Consequently, it is important to introduce the new
functional device into poly-Si technology and understand the fundamental properties
of poly-Si TFTs such as electrical stressing degradation, grain boundary effects, and

temperature effects.

1.1.2 Interconnections with low-RC delay



The RC delay of interconnections is mainly contributed to the resistivity of metals
and capacitors of insulators. In the medium 1990’s, the National Technology
Roadmap for Semiconductors (NTRS) described the first needs for new conductor
and dielectric materials to meet the projected overall IC technology requirements [1.
27]. Similarly, some of research reports have shown that the gate pulse delay is
getting serious with the increasing of the size of large area AMLCD. The resistance
and capacitance (RC) delay of the gate line retards the turnoff of the transistor at the
far end of the gate line. Moreover, the coupling capacitance resulting from pixel
electrode and the data and gate line would lead to the cross-talk and signal distortion.
To minimize the coupling capacitance, the low-k materials should be introduced into
the interconnection of flat panel display. Also, the implantation of low-k in display
can achieve a high aperture ratio for improved light transmittance or image quality, as
shown in Figs. 1-3(a) and (b). This requires a.thick, low dielectric constant (k)
material as an inter-level dielectric.

Thereafter, there were many new interconnect materials and structures extensively
studied in the industrial and academic committees. For the low-resistivity materials,
Cu conductive metal has been recognized to apply to IC technology and flat panel
displays due to its low resistivity (1.67 pQ-cm for bulk materials) and high
electromigration resistance. [1.28-1.29] Moreover, the investigation of low-k
materials on its physical, chemical and electrical properties is very important for the
progress of display technology. There are two principal methods to form low-k films.
One is the chemical vapor deposition (CVD), and the other is the Spin-on deposition
(SOD). The conventional passivation material was CVD deposited nitride whose
dielectric constant is about 6~7. Moreover, CVD method is easily compatible to the
standard display processes.

The other technique of forming low-k materials is spin-on deposition (SOD). This

5



method is using a liquid precursor deposited by spin-coating or spray method. Then,
the substrate is subjected to a series of baking. Finally, a furnace curing or UV curing
s performed to achieve the network low-k structure. Some SOD low-k materials,
additionally, can be patterned by photolithography. The SOD type of low-k materials
possesses the features of good gap filling, local planarization and low dielectric
constant. In general, most of SOD low-k materials can be divided into two categories.
One is organic polymer, and the other one is inorganic silica-based materials.

The interconnections made of Cu and low-k owns lower RC delay to meet the
requirements in advance IC and display application. However, one of the reliability
issues in Cu/low-k metallization is the dielectric degradation caused by Cu ion
penetration. Copper rapidly drifts in silica-based low-dielectric-constant (low-k)
materials during bias-temperature;stressing (BTS). Moreover, the Cu atom plays as
the generation/combination trap .center in .Si films and seriously influences the
performance of Si-based devices. The.insetrtion of barrier dielectrics between Cu
wiring and low-k dielectrics is essential.for a.reliable copper interconnect technology.
Silicon nitride (SiNy) is a good barrier dielectric and efficiently prevents the Cu drift,’
but its dielectric constant is too large (~7). SiNy, thereby, needs to be substituted to
reduce the effective capacitance for interconnection applications.” Studies on barrier
dielectrics with lower dielectric constants related to SiNy, are receiving much
attention. Recently, silicon-carbie (SiC) based materials with k<5 are proposed for the
barrier dielectric applications.”® But the reliability and degraded mechanism have not

been investigated detail.

1.2 Thesis Outline
The dissertation is organized into the following chapters:

In chapter 1, a brief overview of the TFT technology and the interconnections with
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low-RC delay is introduced to describe the various applications of them. We describe
the trend of TFT technology development and the degradation of low-k caused by Cu
penetration. Then, the outline throughout the dissertation is discussed here.

In chapter 2, a new structure of beck-channel etching (BCE) a-Si TFTs was first
proposed. This novel device owns superior performance than the conventional one.
The ON-current of the new devices is 1.5 times the conventional BCE device.
Moreover, the proposed device owns low leakage current either in dark or under
bottom-side illumination.

In chapter 3, the temperature and AC stress effects on poly-Si TFT are studied,
separately. The electrical characteristics of n-TFT with/without LDD are measured at
temperatures. The characterizations of the n-TFTs without LDD under AC gate-bias
stressing are investigated to clarify.the degradation.mechanism.

Chapter 4 contains two parts. For.part I, thesgrain boundary effects of poly-Si TFT
were discussed. The electrical propérties-of-LFETs are compared to clear the carrier
transport in poly-Si TFT . For part'IL; the influence of grain boundary in reliability is
investigated under DC and AC stress.

In chapter 5, we demonstrated two kinds of the non-volatile memory devices
fabricated using low-temperature poly-Si technology. The programming and erasing
methods for poly-Si memory devices are also investigated. Moreover, the electrical
characteristics and reliabilities of devices

In chapter 6, the intrinsic properties of low-k nano-porous silica and the impact of
moisture absorption for interconnect applications are investigated. In addition, the
reliability of nano-porous silica with Cu electrode using bias-stressing method is also
demonstrated in this chapter.

In chapter 7, the intrinsic properties of barrier dielectric film, a-SiCN, are investigated.

The breakdown mechanism of barrier dielectric caused by Cu penetration is depicted.
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In chapter 8, we summarize our experimental results and give a brief conclusion.
Recommendations of several topics relevant to the thesis are also given for further

study.
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Fig. 1-1 Four structures for a-Si TFTs.
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Chapter 2

High Performance amorphous Silicon TFT

2.1 Introduction

Amorphous silicon technology is very attractive due to its low processing
temperature and low cost manufacture. The hydrogenated amorphous silicon (a-Si:H)
thin film transistors (TFT) have been applied on the flat panel displays and X-ray
sensor arrays. There are four structures for a-Si:H TFT’s, including staggered,
inverted staggered, coplanar and inverted coplanar TFT’s. Among these four
structures, the inverted staggered.one is most popular due to its simple process and
acceptable  electrical  characteristics.' — .Therefere, the inverted-staggered
back-channel-etched (BCE) type of a-Si:H-TFT has been widely used as a switching
element to control the gray level indiquid crystal display(LCD) [2.1-2.5] and to drive
organic light-emitting-diode (OLED). [2.6-2.12] TFT with a large switch ratio and
low off-state leakage current is suitable to control LCDs. In addition, a-Si:H TFT with
high stability and driving capability is suitable for AMOLED application since
OLEDs require a current driving scheme in contrast to LCDs, which are voltage
driven.

The a-Si:H material is a well-known photoconductor and its conductivity increases
drastically resulting from the generation of electron-hole pairs under illumination of a
visible light.[2.13-2.15] However, LCD panels are usually used in an illumination
environment such as under the back-light. Therefore, the leakage current of TFT
under back-light illumination in TFT-LCD displays should be reduced to avoid losing

the storage charges in the pixel. Akiyama et al. has demonstrated the light-shield
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structure for the TFT using in AMLCDs.[2.16] Figure 2-1(a) and 2-1(b) show the
conventional and Akiyama’s structures, respectively. The major difference between
them is that a-Si:H island is completely located inside the coverage of gate metal in
Akiyama’s structure. The gate metal effectively shields the back-light irradiating to
a-Si:H layer, as shown in Fig. 2-1(b). However, the edges of a-Si:H island are direct
contact with the source/drain (S/D) electrode, when the TFT fabricated with the
deposition of metal deposit on the tri-layer(SiN,/ a-Si:H/n" layer), as shown in Fig.
2-1(b). The metal/a-Si:H contact usually exhibits the Schottky type conduction, being
subjected to the leakage.[2.13]

We propose a new and convenient technology to reduce the leakage current
originated from the leaky contact between the metal and a-Si:H layer in this study.
The turn-on current of the proposed TFT is alse.increased due to the reduction in
parasitic source/drain resistance. Moreover, the propesed TFT exhibits better stability

than the conventional BCE TFT-under the-current stress.

2.2 Experimental Procedure

The fabrication process of the proposed TFT device is described as below. The
inverted staggered a-Si:H TFT’s were fabricated, but the a-Si:H active island of TFT
is located inside the coverage of gate metal electrode. First, metallic Cr was deposited
on glass substrates by sputtering and then was patterned to form gate electrodes. It
was followed by SiN, undoped a-Si:H and phosphorous-doped a-Si:H (n* a-Si:H)
layer deposition sequentially on the Cr patterned glass, without breaking the vacuum
in a plasma-enhanced chemical vapor deposition (PECVD) chamber. The SiN layer
was deposited using a mixture of SiH, and NH3 gases at a substrate temperature of

300°C and the undoped a-Si:H was deposited from a gas mixture of H, and SiH, at
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300 °C. The film thickness of Cr, SiNx, a-Si:H and n* a-Si:H layers was 150, 200, 150
and 20 nm, respectively. The definition of a-Si:H active region was performed with
lithography and etching processes. In our proposed new TFT, the second layer of
20-nm-thick n* a-Si:H film was deposited to clad the active regions. Aluminum film
was evaporated to form the source/drain electrodes. Finally, the patterned Al films
were used as a mask to etch back the channel to isolate the source and drain electrodes
of TFT. In the proposed process, only three masks were required to fabricate TFT and
the number of mask is equal to the conventional BCE procedure. Figure 2-1(c)
illustrates the new structure of our proposed light-shied TFT device. It should be
noted that the proposed TFT described above consists of 20nm n+ layer at the edge
and 40nm n+ layer on the top of the active island. We performed the DC stress using

Agilent 4156 analyzer on the TFTs'to evaluate the stability of TFTs.

2.3Results and Discussions

The solid and dashed lines in Fig2-2 indicate transfer characteristics of light-shield
a-Si:H TFTs fabricated with conventional as well as our proposed process,
respectively. The leakage current of Akiyama’s light-shield TFT is as high as two
order the proposed TFT under the simialr negative gate voltages. The S/D
metal/intrinsic a-Si:H contact at the edge of a-Si:H island, as shown in Fig. 2-1(b),
usually behaves as the Schottky emission.[2.13] On the contrary, the capped n* a-Si
layer on the a-Si:H island effectively avoids the direct contact between a-Si:H and
S/D metal, as shown in Fig. 2-1(c). The n+ a-Si:H layer can effectively block the hole
current when the gate is biased with negative voltages. The leaky path between the

metal/intrinsic a-Si:H was thus eliminated and the leakage current was reduced. Under
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the same applied gate voltages, the leakage current of Structure C is two orders of
magnitude lower compared to the Structure B. In addition, the proposed TFT structure
exhibits superior current driving capability, as shown in Fig. 2-3. The turn-on current
of the new TFT is about 1.5 times higher than that of Structure A, the conventional
inverter-staggered counterpart. Using the proposed structure in this work, the TFT
with effective mobility of 1.05 cm?/Vsec extracted at V4= 0.1V was obtained. The
carrier mobility of conventional inverter-staggered TFT, structure A, fabricated with
the same process is 0.72 cm?/Vsec. Moreover, the threshold voltage of the proposed
TFT is 2.3V, extracted at current density of 1 nA with normalized channel width
(W)/channel length (L) ratio and lower than the conventional inverter-staggered one
(2.8V). To compare the leakage current between the proposed and the conventional
BCE TFTs under illumination, the electrical measurements were performed under
white-light illumination of 6000 nits underneath, as sketched in the inset of Fig. 2-4.
Fig. 2-4 illustrates that the proposed:structure-has lower leakage current than that of
the conventional BCE Structure A'device at Vd=10V under the illumination of 6000
nits. Meanwhile, the devices were operated with drain bias of 10V at saturation region
(Vo>Vgs-VT) since the photo-induced leakage current would be enhanced by the
high drain bias.

The electrical characteristic of the inverter-staggered a-Si:H TFT suffers from the
parasitic resistance.[2.17-2.18] The parasitic resistance is dependent on several factors,
for instance, the thickness of a-Si:H, sheet resistance of n+ a-Si layer, and
source/drain contact quality. For a constant W/L ratio, the effect of parasitic resistance
can be clearly observed in the output characteristics of a-Si:H TFTs. The large
parasitic resistance would result in the current crowding effect. A comparison of
output characteristics (Ip-Vp) for the new TFT and the conventional TFTs under

nominal W/L ratio is shown in Fig. 2-5. The current crowding is found in the
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conventional inverter-staggered TFT, not observed in the proposed TFT device. The
significant difference in device structure is an n* a-Si contact formed at the sidewall
of a-Si:H island (a-Si:H/n+a-Si) in the proposed TFT, as shown in Fig. 2-1(c). To
investigate the difference of electrical characteristics between Structures A and C, the
parasitic resistances of TFT devices were extracted. Under the operation of small
drain voltages Vp and high gate voltages Vg, it is assumed that the turn-on resistance
Ron Of TFT device consists of the channel resistance R, and the parasitic source/drain

resistance R.
L
WG, (Vg ~V;)

where C; is the gate nitride capacitance per unit area and W, L, and V; are the intrinsic

Ron = Rch+Rp, and RCh =

device channel width, length, and the.threshold voltage, respectively.**” The
parasitic resistance Rp of a-Si:H*TFT can be.extracted through measuring the ON
resistance Ron from the linear region of TFT output characteristics and through
plotting the Ro,,W against the channel length'L.[2.17-2.20] Figure 2-6 illustrates the
typical gate voltage dependence of the‘parasitic resistance R, of Structures A and
Structure C, comparatively. The R, value of the proposed TFT is significantly lower
than that of the conventional one. Moreover, the R, of the conventional
inverter-staggered TFT is strongly dependent on the gate voltages. The value of R,
decreases from 6.6 M) to 2.2 M2, when the gate voltage increases from 6V to 12V.
By contrast, the gate-voltage dependence of the R, of the proposed TFT is weaker and
just decreases from 1.2 M2 to 0.5 M. In the proposed TFT device, the lack of an
intrinsic a-Si:H layer between channel and source/drain contacts can reduce such
nonlinear effects, as similar to the space charge-limited conduction
(SCLC).[2.19-2.20] The SCLC occurred in intrinsic a-Si:H region is influenced

seriously by both the drain and gate voltages. Also, the simulation results indicate that
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the carriers can be transported form the channel to the n* layer at the sidewall of
a-Si:H island and are quite different from those having an intrinsic layer between n*
a-Si layer and the channel.

Figures 2-7 and 2-8 illustrate the distributions of electrons near the drain region in
the corresponding structures A and C. The arrow heads labeled in the two figures
present the carrier transport directions. In the proposed structure, the electrons can
transport though contacts, the side wall and the top contact of drain metal overlap
region. By the contrary, the conventional inverted staggered TFT owns one path for
transporting, from the bottom accumulation layer of the a-Si:H layer to the top contact
of metal. Hence, the lower parasitic resistance of the proposed TFT results in
relatively high mobility and low threshold voltage.

Application of a-Si:H TFT on AMOLED is really attractive due to its low cost of
a-Si:H TFT processing. TFT is used.as a controller to: determine the driving current of
OLED. However, the stability of a-Si:H-TET-is.the key concern for the realization of
amorphous silicon AMOLED technolegy. With increasing the operation duration of
a-Si:H TFT, the conduction current of a-Si:H TFT is decreased gradually. The
interface state creation at a-Si/gate dielectric interface and charges trapped at the gate
dielectrics are usually responsible for the degradations of a-Si:H TFT. Figure 2-9
shows the evolution of conducting currents in TFTs during bias temperature stressing
(BTS) at 60°C. The current of 200nA was conducted on two devices with the same
WI/L ratio. The gate bias of Structure A and C was 11.25V and 9V, respectively. The
proposed TFT exhibits the better ability against the DC current stressing. Figure 2-10
shows the Ip-V relationship of both TFTs after bias temperature stress. A significant
threshold voltage shift of 1.75V was found in the conventional TFT after the stress,
while the shift amount of the threshold voltage for the proposed TFT is as low as

0.75V. Since the proposed TFT owns superior driving capability, it could conduct the
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same magnitude of current at the lower Vgs than the conventional one. Thus, the gate
dielectric in the proposed TFT is under lower perpendicular electric field across the
gate dielectric, so the amount of trapped charges in the dielectric are decreased. The

electrical stability of a-Si: H TFT is therefore improved.

2.4 Conclusions

A novel technology for manufacturing high-performance hydrogenated
amorphous silicon (a-Si:H) TFT is developed in this chapter. In the bottom gate
light-shield a-Si:H TFT structure, the side edge of a-Si:H island is capped with an
extra deposition of heavily phosphorous-doped a-Si layer. Such an ingenuity can
effectively eliminate the leakage path. ,between the parasitic contacts between
source/drain metal and a-Si:H at.the edgeiof @-Si:H. island. In addition, our proposed
a-Si:H TFT device exhibits superior effective carrier mobility, as high as 1.05
cm?/Vsec due to the enormous: improvement in parasitic resistance. We have
evidenced that the leakage current of ‘proposed TFT is lower than the conventional
BCE device under bottom-side illumination of 6000 nits. It also exhibits the better
ability against the DC current stressing. The impressively high performance provides
the potential of the proposed a-Si:H TFT to apply for AMLCD and AMOLED

technology.
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Fig.2-1 (a) Conventional inverted-staggered a-Si:H TFT (Structure A). (b)
Akiyama’s light-shield a-Si:H TFT (Structure B) (c) The new structure
a-Si:H TFT (Structure C)
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Fig. 2-7  The distribution of electrons near the drain region in the structures A. The
arrow heads labeled in the two figures present the carrier transport
directions.
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Fig. 2-8  The distribution of electrons near the drain region in the structures C. In
the proposed structure, the electrons can transport though contacts, the side
wall and the top contact of drain metal overlap region.
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Fig. 2-9 The evolution of conducting currents in TFTs during bias temperature
stressing (BTS). The current of 200nA was conducted on Structure A and C at 60°C

with the gate bias of 11.25 V and 9V, respectively.
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Chapter 3

Investigation of Poly-Silicon Thin Film Transistors with/without LDD

Structure at Temperatures and under AC stress

3.1 Introduction
Poly-Silicon Thin film transistors (Poly-Si TFTs) have been wily applied on the
flat-panel displays like AMLCD and AMOLED. The major advantages of poly-Si
TFTs are the higher driving capability than the amorphous silicon devices, and the
existence of complementary devices.[3.1-3.5] Taking advantage of these features,
poly-Si TFTs can be used to incorporate,the integrated peripheral driving circuitry and
switching transistor in the same substrate for ‘flat-panel displays.[3.6-3.7] The
integration of driver circuits -‘would reduce the assembly complication and cost
dramatically. If the mobility of poly-Si=FETs is further increased, this poly-Si
technology will realize the system on panel (SOP) which will integrate memory, CPU,
and display.[3.8-3.9] TFT devices in functional circuits serve as the switches and
suffer the high frequency voltage pulses. Previous research reports have shown a
relationship between the creation of states and hot-carriers effect by performing DC
stress.[3.10-3.13] The degradation mechanism of n-channel TFT under dynamic
voltage stress, however, has not been clarified yet.[3.14-3.16] The degraded TFT will
seriously influence the operation of the circuits.
In addition, the dangling bonds in the grain boundaries in the poly-Si film serve
as the trapping centers that play a cruel role for the electrical performance of poly-Si
TFT. [3.17-3.18] These defect states in energy band gap would enhance the carrier to

tunnel at the high field.[3.19-3.20] Therefore, the leakage current due to trap-assisted
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tunneling effect is much larger in poly-Si TFTs than in the single crystal MOSFETs.
Trap-assisted tunneling effect is known to be strongly dependent on the electrical field.
In order to reduce the horizontal electric field around a drain, the lightly doped drain
(LDD) structure is widely used for poly-Si TFTs. Some reports have demonstrated
that the light-drain doping (LDD) technology can effectively reduce the electric field
at the drain region and suppress the leakage current. [3.21-3.22] It also can keep down
the kink effect resulted from the impact-ionization of energetic carriers which usually
leads to the undesirable effect in electrical characteristics of TFT. The LDD-structure,
hence, is necessary for the application of poly-Si TFT, especially for the N-channel
TFTs.

Moreover, the large area electronics or the flat-panel displays comprised of poly-Si
TFTs are used by peoples at the globe. Thus, the displays should keep the
performances well at all kinds-of.the environments.- Temperature usually influences
the characteristics of solid-devices/:and-its.telative effects are important for the
application of Poly-Si TFT technolegy..In this chapter, the temperature effects on the
n-type poly-Si TFT with/without LDD structure was firstly investigated. Then we
observed the AC stress effects on n-channel poly-Si TFTs without LDD to clarify the

degradation mechanism.

3.2 Temperature Effects on Poly-Si TFTs

3.2.1 Device Fabrication

Top-gate structured poly-Si TFTs were fabricated on glass substrate by
low-temperature processes. Buffer SiO; films and 90nm-thick amorphous silicon

films were deposited by plasma enhanced chemical vapor deposition (PECVD), and
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subsequently, the films were dehydrogenated by furnace annealing. After
dehydrogenation, the a-Si films were crystallized by XeCl excimer-laser. [3.23-3.24]
The power of the line-shaped beam was 350 mJ/cm’. Following the laser process,
100nm-thick gate oxide was deposited by PECVD. Then the implantation was
adapted to define the LDD region and S/D region. The LDD and S/D region was
doped by phosphorous of 1 x 10" atom/cm? and 8 x 10" cm’, respectively. Then
MoW was sputtered as a gate metal. The LDD/gate overlap region is 0.75 . m and
LDD extends outside the gate 0.75 ym. The dimension of the non-LDD TFTs in
this section was W=12um and L=6um, the overlap of gate metal and S/D junction is

Ium. The cross section views of TFTs were illustrated in Figs. 3-1(a) and 1(b).

3.2.2 Results & Discussions

Figure 3-2(a) shows the Ip-Vg relations.and-transconductance, gm, of poly-Si TFT
at the temperatures from 50K to 250K. Figure 3-2(b) shows Ip-V relations in the
linear scale. The conducting current of STD TFT is significantly increased with the
decreasing of the temperature. The ON-current of TFT at 250K is 0.825 times that at
the 50K. Moreover, the threshold voltage of the TFTs varied from 1.6V to 0.8V,
extracted at current density of 10 nA with normalized channel width (W)/channel
length (L) ratio. In figures 3-2(b), the maximum value of gm is also raised with the
decreasing in temperature. The mobility extracted from the maximum value of gm is
135.8 cm?/Vs and 106.5 cm*/Vs at 50K and 250K, respectively. This phenomenon can
be explained by the evolutions of the carrier scattering in poly-Si TFT at temperatures.
Some reports have shown that the carriers in the MOSFET made on mono-crystalline
silicon wafer suffer three types of scatterings, including impurity scattering, surface

scattering and the phonon scattering, as shown in Fig. 3-3. [3.25] The phonon
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scattering is due to the lattice vibrations and strongly dependent on the temperature.
The carrier transport of poly-Si TFT is evidenced to be mainly limited by the grain
boundaries in the poly-Si film.[3.26] However, the field effective mobility of carriers
should be affected by the phonon scattering within the same boundaries in channel
region. At high temperature, the carrier is seriously scattered by the numerous phonon.
Accordingly, the effective mobility of carrier is lower at high temperature than that at
low temperature. Unlike the MOSFET, the ELA poly-TFT owns lots of grain
boundaries in the channel region. Thus, both the grain boundaries and phonons would
deeply affect the carrier transport in the poly-Si TFT.

Figure 3-4 illustrates the Ip-V relations of LDD-TFT at the temperatures from
50K to 250K. Unlike the non-LDD TFT, the conducting current of LDD TFT is
decreased with the decreasing of the temperature. The dominant mechanism in
conducting capability of LDD TET at the low temperature should be different from
the non-LDD TFT. To clarify the”difference between two devices, the sheet
resistances of phosphorous heavily=doped~and lightly-doped poly-Si film are
measured from 50K to 250K, demonstrated in Figs. 3-5 (a) and (b). It’s apparent that
the resistivity of heavily-doped film almost keep well as the temperature changed.
However, the LDD layer behaves as a temperature-dependent resistor which is a lager
resistance at low temperature than at high temperature. The sheet resistivity of LDD at
50K is 4.72 times that at 300K. Since the LDD poly-Si sheet does not achieve the
degeneracy doping level, the freeze effect of doped impurity atoms was observed. In
addition, the traps of grain boundary play an important role for the conductivity of the
poly-Si film. According to the Seto’s model, the electrons activated from the doped
atoms, Phosphorous, were filled at the trap states at the grain boundaries. For simplify,

the amount of free carrier in LDD layers, Nj.., can be equated to:
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e =Np =Ny (D,
where Np' is the number of ionized impurities and N7 is the effective trap density.
Thus, the conductivity of poly-Si film is proportional to the amount of free carriers.
With the decreasing of the temperature, the amounts of activated electrons are
decreasing and the ratio of trapped electrons is rising by assuming that the amount of
trap states is non-varied. The few free electrons are contributed to the conduction, and
thus the conductivity is decayed at low temperature. In heavily-doped poly-Si sheet,
the amount of doped atoms is much larger than the trap density. Thus, the amount of
activated electrons is much larger than the trap density in heavily-doped poly-Si sheet
since the high doping level would lead to the degeneracy. Seto has shown that the
resistivity of boron doped poly-Si film as a function of the doping level. At high
doping level (Nd>>Nt), resistivity of poly=Si-tends.to approach the mono-crystalline
one while the poly-Si may be degeneracy. Thus, heavily-doped poly-Si sheet exhibits
the temperature-independent conducting behavior.

Figure 3-6 schemes that LDD layers‘extended out the gate overlap region behave as
the temperature-dependent resistors and series connecting with the gate control region.
Although the conductivity of channel region is reversion to the temperature, the LDD
sheets extended outside the gate electrode behave as the large resistors and limit the

drain current.

3.3 Electrical Degradation Mechanism of N-Channel Poly-Si TFT
under AC Stress

3.3.1 Device Fabrication

Similar to the 3.2.1 section, the N-channel poly-Si TFT with top-gate structure were
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fabricated on a glass substrate without lightly doped drain (LDD). The dimensions
of TFTs in this work were L=9um, W=6um and the overlap of gate metal and S/D
junction is 1pm. The cross section views of TFTs were illustrated in Fig. 3-7. The
stress pulses were performed on the gate electrode as the dynamic stress and
source/drain were grounded, as shown in the inset of Fig. 3-7. As for the stress
condition, we used the rectangular pulse with amplifier of *15V and frequency of

500kHz. Both the rising time (Tr) and falling time (Tf) were 100 ns.

3.3.2 Results and Discussions

Figure 3-8 shows the Ip-V relationships of n-channel poly-Si TFT (L=9um) with
the dynamic stress times for 10 to 1000 s. The distinct decrease in on-current was
found with the increasing stress duration. With the stress duration for 10 and 100 s,
respectively, the conducting currentiof TEL operated at Vg=15V is 90% and 39%
times of the magnitude of the initial-value. After stressing for 1000 s, the on-current of
TFT is degraded to 3% of the magnitude of the initial value. However, both the
sub-threshold swing (0.28 V/dec.) and threshold voltage (2.41V) kept well during the
stressing. From the evolution of the transfer characteristics at the linear operation
region with stress time, it is apparent that the impact of the applied stress leads to a
parallel decrease of the on-current operated at the above threshold region of the /p-Vg
characteristics. In poly-Si TFTs, the degradation under DC stress is usually
characterized by a decrease of the sub-threshold slope mainly due to the generation of
traps at deep states in poly-Si grains and a threshold voltage shift caused by charge
trapping in the gate oxide and at the interface states. However, the experimental data
showed that both subthreshold slope and threshold voltage remain unchanged in all

stressed devices in comparison with the non-stressed device. This indicates that the
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degradation of the n-channel poly-Si TFTs is neither occurred by charge trapping in
the gate oxide nor by the creation of traps at the deep states. We can infer that the tail
states produced by the strained bounding in poly-Si film are responsible for the
electrical degradation of TFT.

The Ip-Vp characteristics of TFT with the dynamic stress times are illustrated in Fig.
3-9. It is observed that the current crowding effect on TFT is significantly enlarged
with the increase of stress time. Figure 3-9 also indicates parasitic resistance is
contributed to the degradation on electrical properties of TFT. The parasitic resistance
is dependent on the following several factors, such as the trap states near the
source/drain junctions, sheet resistance of n+ poly-Si layer, and source/drain contact
quality. For a constant W/L ratio, the effect of parasitic resistance can be clearly seen
in the output characteristics of TFTs. The large patasitic resistance would result in the
current crowding effect, as shown in'Fig. 3-9,

Under the operation of small drain:voltages-¥p and high gate voltages Vg, it can be
assumed that the turn-on resistance R., of 'TFT device consists of the channel

resistance R and the parasitic source/drain resistance Ry,

Ron = ReptR,, and R, = L (D)
WuC, (VG - VT)

where C; is the gate oxdie capacitance per unit area and W, L, and V; are the intrinsic
device channel width, length, and the threshold voltage, respectively. The parasitic
resistance Rp of TFT can be extracted through measuring the ON resistance R,, from
the linear region of TFT output characteristics and through plotting the R,, W against
the channel length L. To extract the Rp, we performed the dynamic stresses on the
lengths of TFT for 3 ym, 6 um, 9 um, 10 zm, 12 y m and 30 ¢ m with the same
stress conditions. The degradation phenomena of stressed TFTs are similar to the Figs.

3-8 and 3-9. Figure 3-10 illustrates the typical gate voltage dependence of the
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parasitic resistance R, of TFT with various stressing times, respectively. The R, value
of the un-stressed TFT is significantly lower than that of the stressed ones. Moreover,
the R, of the TFT with 1000 seconds AC stress is strongly dependent on the gate
voltages. The value of R, decreases from 6.29 to 0.80MC, when the gate voltage
increases from 18V to 30V. By contrast, the gate-voltage dependence of the R, on
un-stressed TFT is weaker and just decreases from 0.14 to 0.12 MQ.

Since the electrical properties of poly-Si TFT are strongly influenced by the traps in
the poly-Si film, the statuses of trap states in both samples should be illustrated. Seto
has demonstrated the conduction mechanism of poly film which associates the carrier
transport with the trap states. This model showed that carrier trapped in the traps at
grain boundary leads to form a potential barrier height. In Seto’s model, the

dependence of gate bias and trap .density on drain current is shown as the following

equation,
w =g2N it

I, = (_)COX (VG Vs )VDIUEF 292 X (2
L \[€si€sio, Cox (VG Vs )2

where Vy, is the flat band voltage of the device, and ¢s; and egi0, are the dielectric
constant for silicon and gate oxide, respectively. Cox and 7oy and are the gate oxide
capacitance and thickness, respectively. Accordingly, the effective trap state density
can be obtained from the slope of the curve /n[Ip/(Vg-Vrp)] versus (VG-VFB)'2 . Figure
3-11 shows the effective trap state density (&), extracted from the Eqn. 2 for TFTs
after stresses. A larger slope indicates a larger effective trap state density. The
effective trap density of TFT is 1.42x10"> cm™ before the stress, while the N, of
stressed TFT are 2.42x10" cm™ and 3.14x10'* cm™ for 100 s and 1000 s stressing,
respectively. The stressed device owns 2.21 times of the magnitude of the N, for the
un-stressed TFT. According to the Figs. 3-8 and 3-9, we believe that the creation of

tail states is responsible for the distinct raise of parasitic resistance and the
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degradation on conducting current. According to the trap density of poly-Si sheet, the
whole channel of TFT can be divided into three regions, including damaged source
region, intrinsic region, and damaged drain region. The two damaged regions near the
source/drain mainly limit the conductivity of TFT. The trap states extracted from the
Ip-Vg curves according to Seto’s model are principally contributed by the damaged
regions.

To clarify the location of damaged regions in the TFT after AC stress, electrical
analysis using higher drain voltage was performed. Figure 3-12 shows the Ip-Vg
relations with the drain bias of 8V after 1000 s stress. The ON-current at saturation
region (Vp=8) is 51% of the magnitude of the initial value which is much better than
that at linear region (3%) after 1000 s stress. For the TFT operated at saturation
regime (Vps > Vgs-Vr), the pinch off region will appear near the drain and the
depletion region increasingly expands toward-to the source with the increasing of the
drain voltage. Carriers are swept into.the.drain by the electrical field when they enter
the pinch-off region. It should be neted that the carriers moving into pinch-off region
are no longer confined to the inversion layer near the surface, but begin to move away
the surface into the bulk. Carriers tend to repel the high-resistivity damaged region at
the oxide/poly-Si interface near the drain, as shown in the inset of Fig. 3-12. As a
result, the parasitic resistance resulted from the stressing at the drain side is absent
under the saturation operation, since the current has already spread out to the bulk in
the pinch-off portion of the channel. Thus, the impact of parasitic resistance on the
drain becomes weaker. The measured Ip-V; relations are still similar, while the source
and drain side of TFT device are exchanged. This phenomenon verifies that the

damaged regions were mainly located near the source/drain regions after AC stress.
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3.4 Conclusions

The temperature and AC stress effects on ELA poly-Si TFT have been
demonstrated in this chapter. We find that the conducting current of non-LDD poly-Si
TFT is increasing with the decreasing in the temperatures. The phonon scattering is
responsible for the evolution of carrier mobility in poly-Si TFT at temperatures.
However, the LDD poly-Si TFT is mainly dominated by the LDD layers extended
outside the gate electrode. LDD sheet works as a larger resistor at low temperature
than that at high temperature. These results can provide the designers to consider the
temperature effects for the poly-Si TFT application in a suitable temperature range.

In addition, the distinct decrease in ON-current of n-channel poly-Si TFT was
found during the dynamic voltage stress. In spite of electrical degradation appearing
at the ON-current of the poly-Si, TFT, both-the sub-threshold swing and threshold
voltage kept in a good condition. (This-can-be inferred that the tail states were
produced in ploy-Si film due to the AC stress.” Additionally, the current crowding
effect was increased with the increasing of stress time. The parasitic resistances
extracted from the Ip-Vp curves of poly-Si TFTs were significantly increased after the
1000 s stressing. The effective trap density of poly-Si TFTs stressed for 1000 s was
3.14x10'* cm™, 2.21 times larger than that of the un-stress device. The creation of
effective trap density in tail-states is responsible for the raise of the parasitic
resistance and the degradation in ON-current of TFT. Moreover, the damaged regions
which contain numerous trap states are evidenced to be mainly near the source /drain

regions.
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Fig. 3-1  The cross section view of the TFTs in this work. (a)non-LDD TFT (b)LDD
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Fig. 3-2  (a)The Ip-V; relations and transconductance, gm, of poly-Si TFT at the
temperatures from 50K to 250K. (b) drain current in linear scale.
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Fig. 3-5  The sheet resistances of phosphorous (a)heavily-doped and (b)light-doped
poly-Si film at the temperatures from 50K to 300K.
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Fig. 3-7 The stress pulses were conducted on the gate electrode as the dynamic stress
and source/drain were grounded. The rectangular pulse with amplifier of *15V and

frequency of 500kHz. Both the rising time (Tr) and falling time (Tf) were 100 ns.
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Fig. 3-8  The Ip-V relationships of n-channel poly-Si TFT (L=9um) with the
dynamic stress times for 10 to 1000 seconds.
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Fig. 3-9  The Ip-Vp characteristics of the TFT with the dynamic stress times.
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Fig. 3-10 The gate voltage dependence of the parasitic resistance R, of TFT with
various stressing times. There is a distinct raise in R, of poly-Si TFT after
1000 s.
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Fig. 3-11 (a), (b), and (c) present the effective trap density (&V;) of poly-Si TFT with
AC stress for 0, 100, and 1000 s, respectively. The N, of the device with
1000 s stress is 2.21 times larger than that of the non-stressed poly-Si TFT.
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Fig. 3-12 Ip-Vi curves of poly-Si TFT at saturation operation (Vp=8V) with AC
stress for 0 to 1000 s. The degradation in ON-current with the high drain
bias is much weaker compared to the linear ones. The inset figure indicates
that carriers can spread to the bulk at the pinch-off region near the drain
electrode.
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Chapter 4

The Influence of Grain Boundary Location on Low Temperature
Poly-Si Thin-Film Transistors

4.1 Introduction

Poly-Si TFTs are attractive as the active devices in driver circuits of active-matrix
liquid-crystal display (AM-LCD) and active-matrix organic light-emitting diode
display (AM-OLED). Recently the performance gap between poly-Si TFTs and
single-crystalline silicon devices iss¢loser because of the improvement of poly-Si
quality. [4.1-4.3] Manufacturers®of liquid:crystal displays (LCD) are under a constant
challenge to produce higher performance displays: at lower costs and increasing
display size. One of the major advantages of low-temperature polycrystalline silicon
thin film transistor (LTPS-TFT) technology is the opportunity to make use of low cost
glass substrates due to the low temperature of the excimer laser annealing (ELA)
process. [4.4-4.5] Additionally, LTPS-TFT technology achieves higher display
performance. The performance of a TFT is linked to electron mobility which is
defined in square centimeters per volt-second. Polycrystalline silicon TFT mobility is
with 100 to 150 cm?/Vsec about hundred times better than of amorphous silicon TFT.
In order to improve transistor characteristics, there has been a lot of research to
enlarge the grain size and control grain boundary location and crystal orientation.
[4.6-4.10] An excimer-laser-based crystallization technique that enables controlled
periodic placement of high-angle grain boundaries has been developed in order to

address the problems associated with the presence of defects within the material
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[4.6-4.10]. This crystallization = scheme—sequential lateral solidification
(SLS)[4.11-4.15]—allows one to manipulate the resulting microstructure of the
polycrystalline Si film to yield a wide range of material quality: from large defect-free
single-crystal islands to uniform large-grained polycrystalline material.

In an ideal case, the grain size is essentially large, and both of the grain boundary
location and crystal orientation are perfectly controlled. The transistor characteristics
will be similar to single-crystal Si transistor. However, the grain size is not
sufficiently large and the grain boundary location is not easy to control. So in practical
case there are a few grain boundaries in a TFT. The device performance may strongly
depend on the grain boundary location and performance variations may be quite large.
In this chapter, the device characteristics and reliability of poly-Si TFT with different
number of grain boundary and its location are‘investigated. In section 4.3.2, the
influences of GB arrangement on electrical performance and stability of poly-silicon
TFT have been investigated. The degradation-mechanism under dynamic operation for
poly-Si n-channel TFT will be investigated by electrical analysis in detail in section
4.3.3. The poly-Si TFT containing GB perpendicular to the channel direction was

compared with the counterpart without the arrangement of perpendicular GB within.

4.2 Device Fabrication

Top-gated poly-Si TFTs were fabricated on glass substrate by low-temperature
processes. Buffer SiO; films and 90-nm-thick amorphous silicon films were deposited
by plasma enhanced chemical vapor deposition (PECVD), and subsequently, the films
were dehydrogenated by furnace annealing. After dehydrogenation, the a-Si films
were crystallized by sequential lateral solidification (SLS) laser annealing process.

SLS of the a-Si film was conducted using a system that consisted of 1) a 308-nm

51



XeCl excimer laser, 2) a reticule mask with chevron-shaped apertures, 3) projection
optics, and 4) a high-precision translation system. The SLS process is an
excimer-laser projection-based scheme for crystallization of thin films on amorphous
substrates. This method can be used to readily produce a wide range of
microstructures through manipulation of grain boundary placement within the
crystallized material. Following the SLS process, 100-nm-thick gate oxide was
deposited by PECVD. MoW was sputtered as a gate electrode and phosphorous ion
doping was used to form source and drain (S/D) regions. The dimension of TFTs in
this work was 20um for channel width (W) and S5um for channel length (L),

respectively. The overlap between gate electrode and S/D junction is 1pm.

4.3 Results & Discussions

4.3.1 Electric Properties & DC stress

Figure 4.1(a) shows the top+wiew of~a*high-resolution scanning electron
microscopy (SEM) image of SLS laser annealed poly-Si film. The SLS laser annealed
poly-Si thin film includes a domain region containing a mixture of plurality of
crystals substantially parallel to the carrier body. The crystals may be columnar or
capillary crystals. The grain boundaries present in the SLS laser annealed poly-Si film
can be divided into two types, namely main-GB and sub-GB. The orientation of GB
which is perpendicular to channel direction is called main-GB, as labeled by the
arrowhead in Fig. 4.1(a). Furthermore, the grain boundaries which lie between
main-GBs are called sub-GBs and substantially parallel to the transport paths of
carriers flow drifted by the electric field of the drain side. The width of each main-GB
is about 100 nm and the space between main-GBs is about 10 pm measured by atomic

force microscopy (AFM). Figure 4.1(b) shows the AFM image, the height of
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protrusion is about 100nm at the grain boundary region. The channel length of TFTs
in this study is Sum for all samples and relatively smaller than the main poly-Si grain
(10um). Therefore, the channel region of TFT may locate entirely inside the main
poly-Si grain zone. But some TFT devices would contain a main-GB within the
channel. The two kinds of poly-Si TFT were depicted in the Fig. 4.2(a). Figures 4.2(b)
and (c) show the microscope picture of the GB and NGB TFT, respectively. An
obvious duck-line is placed at the middle of the channel of GB TFT. We named the
TFTs with the main-GB GB-TFT, and ones without the main-GB NGB-TFT for short
in this study. Figure 4.3 illustrates the transfer curves, Ip-Vs, and linear
trans-conductance (g,,) of GB-TFT and NGB-TFT, respectively. The field effect
mobility (urg) was extracted from a peak linear trans-conductance at V; = 0.1 V.
According to Fig. 4.3, NGB-TFT;has higher ppgrof 283.2 cm®/ Vs than GB-TFT of
262.5 cm”/ Vs. Additionally, the threshold voltage (7)) and sub-threshold slope (SS)
of poly-Si TFTs are extracted for diseussion—The F, is defined as the gate voltage
required to achieve a normalized drain.current of /p = 108 Aat ¥, = 0.1 V with a
normalized W/L ratio. The V;, of NGB and GB TFT is 2.64 and 2.90V, respectively.
The NGB TFT owns superior SS value of 0.39V/dec than that of GB TFT, 0.43V/dec.
The better conducting characteristics were exhibited in NGB-TFTs. Moreover, the
capacitance-voltage (C-V) characteristics of the TFTs were investigated using
HP4284, as illustrated in Figs. 4.4. The voltage signals were conducted on the gate
electrode of the TFT, and the S/D electrodes were connected together to the ground. It
was found that the CV curve of NGB TFT transfers abruptly from the turn-off state to
the channel-formation state. The CV transition curve of GB TFT shows a slightly
slow in comparison with the NGB TFT as the voltage is increased from -10 to 15V.
The existence of the trap numerous region (GB) at the middle of the channel in GB

TFT leads to the slow transition of the CV curve. The trap states in the poly-Si film
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would be filled by the field-induced carrier, and thus the GB TFT exhibits the slow

transition in CV measurement.

In order to examine the GB effects on the TFT reliability characteristics, the hot
carrier stressing tests were performed on the poly-Si TFTs. As for the DC stress
conditions, a gate voltage of 6V and drain voltage of 12V were applied. Figure 4.5
shows the Ip-Vs characteristics of NGB-TFTs after stress for 10 and 100 s,
respectively. It is apparent that with increasing stress time the impact of the applied
stress leads to a decrease of on-current in the above threshold region of the Ip-Vg
characteristics, while TFT operating in the linear region. The mobility of NGB-TFT is
decayed from 283.2 to 46.9 cm’/ Vs after 100 seconds stress. Moreover, the Vj, is
shift from 2.64 to 4.6V and SS is increased to 0.64 V/dec after the stress.

For comparison, figure 4.6 depicts the Ip-¥Vg relations of GB-TFT after the DC
stress for 10 and 100 s. The distinct difference in'endurance against the hot carrier
stress is demonstrated. The NGB-TFI-Wwas-degraded rapidly during the DC stressing,
but the electrical properties of GB-TFT kept at a good level. For the case of GB-TFT,
both threshold voltage and sub-threshold slope almost unchanged, and the mobility
was decreased from 262 to 227 ecm”/ Vs after 100 s stress. These results made a
remarkable comparison to the intrinsic properties of both devices. Although the GB
TFT owns lower current driving capability, it has outstanding endurance against the
DC stressing. In poly-Si TFTs the electrical degradation is often characterized by a
decrease of the subthreshold slope, mainly due to the generated traps in the grains and
a threshold voltage shift caused by charge trapping in the gate oxide and at the
interface states, as shown in Fig. 4.5. However, the GB-TFT showed that both
subthreshold slope and threshold voltage remain unchanged. This indicates that the

degradation of the GB-TFT occurred due to neither charge trapping in the gate oxide
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nor the creation of traps at the deep states. We can infer that the tail states produced
by the strained bounding are responsible for the degradation of GB-TFT.

To clarify the distinct difference between the TFTs’ electrical reliabilities, the
effective trap density of the TFTs were extracted. According to Seto’s model, the
effective trap density (N7) of NGB and GB TFT is extracted to be 4.95 x10'” and 8.64
x10"7cm™, respectively. For brevity, the increasing in N7 of GB-TFT is assumed to be

mainly contributed by the 100 nm trap-numerous region in the 5 ¢ m channel. Thus, a

100 nm region with trap concentration of 1.84 x10" c¢m™ was added in the middle of
channel of the GB TFT, while other regions had trap concentration about 5x10'” cm™
The trap concentration of 4.95 x10" cm'3, however, was uniformly distributed in
whole channel of the NGB TFT. Then, the electrical field distribution was simulated
by a simulation tool ISE-TCAD:: The comparison between GB and NGB TFT in
electric field is illustrated in Fig. 4,7. It was found that the electric field near the drain
region was reduced while GB located in the icénter of the channel, as shown in Fig.
4.7. For GB-TFT, the maximum of ¢lectric field at the drain shows about 27% lower
than that without grain boundary in the channel. The reduction of electric field at the

drain side effectively contributed to the suppression of hot carrier effects.

4.3.2 AC stress

For logic circuits application, the influences of AC gate pulse on poly-Si TFTs have to
be clarified. The dimensions of TFTs in this work were L=9um, W=6pum and the
overlap of gate metal and S/D junction is 1pum. The cross section views of TFTs were
illustrated in Fig. 1. The stress pulses were performed on the gate electrode as the

dynamic stress and source/drain were grounded, as shown in the inset of Fig. 1. As for

55



the stress condition, we used the rectangular pulse with amplifier of +10V and
frequency of 500kHz. Both the rising time (Tr) and falling time (Tf) were 100 ns.

Figs. 4.8 and 4.9 present the Ip-V relations of GB and NGB TFT with the dynamic
stress times for 10 to 1000 s, respectively. The distinct decrease in on-current of the
TFTs was found with the increasing stress duration. The mobility of NGB TFT is
decayed from 282.9 to 204 cm?/Vsec after 1000s stress. Both the sub-threshold swing
(0.36 V/dec.) and threshold voltage (2.34V) kept well during the stressing.
Accordingly, GB TFT possessed the lower value of mobility (136.9 cm?*/Vsec) than
the initial mobility (243 cm?/Vsec). A slight degradation was found in the threshold
voltage and subthreshold swing of the GB TFT. From the evolution of the transfer
characteristics at the linear operation with stress time, it is apparent that the impact of
the applied stress leads to a parallél decrease of the on-current operated at the above
threshold region of the Ip-V characteristics.

Contrary to the results of DC sttess,-the- NGB devices exhibit better endurance
against the AC gate pulse stress. The degradation of AC stress is usually contributed
to the occurring of hot carrier near the S/D electrode region, as mentioned in chapter 3.
We have known that the impact of hot carrier effect in DC stress on GB TFT is
weaker because of the reduction of electric field at the drain region. The damage of
GB TFT should be contributed by other factors under AC gate pulse stress. The
distinct differences between the NGB and GB device are the existence of GB and the
surface roughness of poly-Si film. The NGB TFT owns smooth plane for the
channel region, as shown in Fig. 4.1(b). By contrast, an obvious protrusion of 100nm
is located at the middle of GB TFT. The thickness of gate oxide at protrusion is
thinner than the other region in GB TFT. The simulation tool was performed to
understand the difference between two devices in electrical field at the protrusion

region. Figs. 4.10(a) and 4.10(b) illustrate the distribution of electrical field at the
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protrusion and smooth plane. The interface of oxide/poly-Si at protrusion is suffered
the higher electrical field than that at the smooth plane. The state creation and charge
trapping in the oxide at the protrusion should be responsible for the degradation. Thus,
the difference in degradation evolutions between GB and NGB TFTs under AC gate
bias is properly resulted from the protrusion. Except to the damage region near the
S/D junctions, GB TFT possessed the damaged region locating at the protrusion due

the high gate bias stress.

4.4 Conclusions

The comparison of electrical stability between GB and NGB-TFT has been shown
in this study. The NGB-TFT owns'superior,conducting ability than the GB TFT which
contains a 100-nm trap-numerous'region at the middle of the channel. However, the
GB-TFT exhibits the better endurance against DC stress than the NGB-TFT. Based on
the simulation result, the existence of!GB in'the middle of channel of poly-Si TFT
would reduce the electric field in the drain region significantly. Accordingly, the
GB-TFT suffers relatively lighter impact of hot carrier stress and maintains electrical
characteristics well during the DC stressing. The NGB-TFT was seriously degraded
by the DC stress with the high electric field at the drain side.

Nevertheless, the distinct electrical behaviors of the TFTs were demonstrated under
the AC gate bias stress. Due to the existence of protrusion in the channel, GB-TFT
shows weaker endurance against the AC gate pulse stress than that of NGB TFT. The
magnitude of the vertical field at the protrusion is stronger than the other regions in
GB TFT. The strong electric field would lead to the state creation and charge trapping

at the protrusion and reduce the device’s electrical performance. Consequently, grain
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boundaries perpendicular to the channel direction in SLS poly-Si TFT would reduce
the horizontal field near the drain side. But the protrusion of grain boundaries of SLS
poly-Si film would lead to the larger vertical field. The influences of horizontal and

vertical fields can be observed and identified under hot carrier and AC gate stresses.
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Fig. 4-1 (a) The top view of a high-resolution scanning electron microscopy (SEM)
image of SLS laser annealed poly-Si film. The orientation of main-GB and sub-GB is
perpendicular and parallel to channel direction of the TFTs we utilized, respectively.
(b) The AFM image of SLS poly-Si film, the height of protrusion is about 100nm at

the grain boundary region
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Fig. 4-2 (a) GB-TFT owns a main-GB in the middle of the channel. NGB-TFT lies
in the main-GB free region. (b) The microscope picture of GB TFT (c) The
microscope picture of NGB TFT
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Fig. 4-3

Transconductance gm (A/V)

Gate voltage (V)

Ip - Vg transfer characteristics of NGB and GB TFTs with the same W/ L
ratio. The NGB TFT has larger field mobility (283.2 cm?*/Vsec) than that
of the GB device (262.5 cm?/Vsec).
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Fig. 4-4  The capacitance-voltage (C-V) characteristics of GB and NGB TFTs. The
CV transition curve of GB TFT shows a slightly slow in comparison with
the NGB TFT.
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Fig. 4-7 The electric distribution in the channel region of the TFTs under the bias
conditions Vg=6V and Vp=12V. The main-grain locates at the center of the channel
in GB-TFT. For GB-TFT, the maximum of electric field at the drain shows about 27%

lower than that without grain boundary in the channel
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Fig. 4-8 The Ip-Vg relations of NGB TFT with the dynamic stress times for 10 to
1000 s. The mobility of NGB TFT is decayed from 282.9 to 204 cm®/Vsec after 1000s

stress.
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Fig. 4-9 The Ip-Vg relations of GB TFT with the dynamic stress times for 10 to 1000
s. The mobility of GB TFT is decayed from 243 to 136.9 cm?/Vsec after 1000s stress.
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Chapter 5

Non-Volatile Memory Devices Fabricated on Glass Substrate Using
Low Temperature Poly-Si Technology

5.1 Introduction

In the electrically erasable programmable read only memory (EEPROM)
semiconductor device area, there are essentially two dominant technologies which
compete for an ever-expanding world market: (1) floating gate EEPROM’s and (2)
SONOS (historically MNOS) or floating-trap EEPROM’s. [5.1-5.5] In 1960’s, the
electronic industries urgently neededsa’new tkind of memory device to replace the
magnetic-core memory due te the high- cost, large volume, and high power
consumption of the magnetic-core memoty. D. Kahng and S. M. Sze invented the
floating-gate (FG) nonvolatile semiconductor memory at Bell Labs in 1967 [5.6]. To
date, the stacked-gate FG device structure, continues to be the most prevailing
nonvolatile-memory implementation, and is widely used in both standalone and
embedded memories. The invention of FG memory impacts more than the
replacement of magnetic-core memory, and creates a huge industry of portable
electronic systems. The most widespread memory array organization is the so-called
Flash memory, which has a byte-selectable write operation combined with a sector
“flash” erase. However, once the tunnel oxide has been created a leaky path, all the
stored charge in the floating gate will be lost. When the tunnel oxide is thinner for the
first consideration, the retention characteristics may be degraded. And when the
tunnel oxide is made thicker to take the isolation into account, the speed of the

operation will be slower. Therefore, there is a tradeoff between speed and reliability
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and the thickness of the tunnel oxide is compromised to about 8-11 nm, which is
barely reduced over more than five successive generations of the industry.

To overcome the scaling limits of the conventional FG structure, SONOS [5.7-5.9]
nonvolatile memory device is mostly mentioned candidate [5.10-5.12]. The nitride
layer is used as the charge-trapping element, as for SONOS in Fig. 5-2. The intrinsic
distributed storage takes an advantage of the SONOS device over the FG device, its
improved endurance, since a single defect will not cause the discharge of the memory.
There are a number of applications for SONOS NVSMs, with particular emphasis on
“drop-in” modules for the application-specific integrated circuits (ASICs) such as
wireless application, embedded NVSM in microcontrollers, and the so-called smart
cards. [5.13-5.14] Future smart cars in public transport schemes will be operated
using RF data transmission without the need for external contacts and power supplies.
SONOS NVSMs may be employed in mobile computing systems such as handheld
PCs and notebook and subnotebooki:PCs;. digital still picture cameras; smart digital
phones; data acquisition systems: for. industry, commerce, and military; audio
recorders; GPS systems for automobiles, ships, and planes; and communication
equipments, including cellular base stations, PBS equipment, and digital routing
switches. In addition, it is attractive to fabricate the non-volatile memory devices on
insulator substrates, such as glass ones. Smart cards which embed the memory cells
may be manufactured using glass substrate for low cost. Moreover, the integration of
systems on flat panels using low-temperature poly-silicon technology has been
attractive. The high performance of poly-Si TFT processes enables the monolithic
integration of analogue and digital display driver circuits as well as other peripheral
functions on the active matrix substrate. The degree of circuit integration will
continue to increase as device characteristics improve further. In the future, system on

panel will be implanted with the advanced poly-Si technology. The nonvolatile
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memories devices fabricated on the glass can increase the flexibility of circuits for the
display. The previously reported poly-Si TFT EEPROM’s using low-temperature
poly-Si TFT is composed of two active regions of poly-Si layer[5.15-5.17]. The area
of memory device is an important consideration for the high density memory
manufacture. In this chapter, we demonstrate two non-volatile memory devices, (1)
floating gate EEPROM’s and (2) MONOS EEPROM’s. The devices were fabricated
using a low-temperature poly-Si technology with good characters. The maximum
temperature of processing is below 650°C for the glass substrate. We used the metal
layer as the floating gate for the EEPROMs. Similar to the
silicon/oxide/nitride/oxide/silicon (SONOS) devices in Si technology, the
oxide-nitride-oxide (ONO) stack plays as the tunneling oxide/charge storage
layer/control oxide. Moreover, the:area of this non-volatile memory device is half the
prior poly-Si TFT EEPROM. The.memory characteristics and reliabilities had also

been investigated in this chapter:

5.2 Device Fabrication

5.2.1 Floating-Gate EEPROM

Figs. 5-1(a) show the schematics of the planar poly-Si TFT EEPROM’s using
p-channel poly-Si TFT’s as the control gate electrode in this study. To fabricate
poly-Si TFT EEPROM’s, an active amorphous silicon film (a-Si) of 100 nm thickness
was deposited by plasma enhanced chemical vapor deposition (PECVD).
Subsequently, the films were dehydrogenated by furnace annealing. After
dehydrogenation, the a-Si films were crystallized by excimer laser annealing process.
Following the laser process, 15nm-thick gate oxide was deposited by PECVD. Then

the implantation was adopted to define the source/drain (S/D) region. Then an
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annealing process was performed to activate the dopant impurities. Mo was sputtered
and defined as a floating gate metal of T1 and T2. Then 200nm block oxide was
formed by PECVD. The dimensions of T1 in this work were L=6um, W=16um and
the overlap of gate metal and S/D junction is 1um. In addition, the length and width of
T2 is 6 and 16um, respectively. To investigate the influence of overlap area of floating
gate and S/D in T2, two memory cells A and B were made. The device A is illustrated
in Fig. 5-1(b), and overlap length of floating gate and S/D in T2 is 1um. The T2
region of device B, control gate, is wholly doped with boron of 10" atom/cm?, as

shown in Fig. 5-1(c).

5.2.2 MONOS EEPROM

Figure 5-2(a) shows the MONOS (Metal/Oxidée/Nitride/Oxide/Poly-Si) type flash
memory. It was fabricated on glass substrate by low temperature poly-silicon
processes. Buffer SiO, films ahd. 5Onm-thick amorphous silicon (a-Si) films were
deposited by plasma enhance chemical vapor deposition (PECVD), and subsequently,
the films were dehydrogenated by furnace annealing. After dehydrogenation, the a-Si
films were crystallized by Excimer Laser Annealing process. The ONO stack structure
is formed with 15nm tunnel oxide, 25nm trapping nitride, and 30nm blocking oxide
by PECVD. The blocking oxide is utilized to prevent the carriers of the gate electrode
from injecting into the charge trapping layer by F-N tunneling. MoW was sputtered as
a gate metal and ion doping was used to form source and drain regions. The
dimension of MONOS type memory device in this study are W=8um and L=8um.
The overlap of gate metal and n+ doping is lum. Figure 5-2(b) shows the
Transmission Electron Microscope (TEM) cross-section of ONO on the poly-Si

surface.
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5.3Results and Discussions

5.3.1 Floating-Gate EEPROM

Figure 5-3(a) shows the comparison of Ip-Vg relations at Vp=0.1 between the
memory devices, A and B. The on-current of device B is 1.09 times the device A at
gate bias of 6V. The gate voltage dropped on T1 is proportional to the capacitance
ratio, W,L,/W,L;. Although the areas of T2 in both devices A and B are the same, the
device B owns the larger on-current than device A. We can infer that the larger
voltage coupled on T1 in the device B since its control gate, T2, is a good
conductivity sheet that could efficiently couple the applied gate bias to T1. Figure
5-3(b) shows, respectively, the Ip-V¢ relations of.the memory device A and B after
electrical programming with the-gate bias of 18V and erasing with 22V for 10ms. The
programming and erasing were peécformed.-through the Fowler-Nordheim (F-N)
tunneling over the entire channel région and atthe gate/p” overlap region. The transfer
characteristics of devices were measured at room temperature with Vp=0.1V, when
the gate voltage varied from OV to 6V. The threshold voltage is defined according to
the criteria IDZ(W/L)XIO'8 A at Vp=0.1 V. The memory window of device A and B
was respectively 4V and 4.8 V under the mentioned programming condition, as
illustrated in Fig. 5-3(b). This phenomenon consists with the Ip-V relations depicted
in Fig. 5-3(a). The lager voltage shift of device B should be contributed by the higher
coupled voltage dropped on T1. In addition, it was found that the sub-threshold swing
and the mobility kept well during the program and erase operation. We can infer that
threshold voltage shift is due to captured charges in the floating gate, not due to the
device degradation.

Fig. 5-4 shows the effects of the gate voltage on the programming and erasing
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characteristics of poly-Si TFT EEPROM’s. The voltage shift of the memory devices is
a function of programming time at a fixed gate bias. Both devices exhibit higher
efficient programming characteristics at a higher program/erase voltage. The
magnitude of voltage shift tends to be saturate with the raising of the programming
time. We can find that the device B usually owns lager voltage shift than the device A
with the same programming condition. However, the erasing characteristics of the two
devices are similar.

Figure 5-5 exhibits the endurance characteristics, after different program/erase (P/E)
cycles, of the device B. The P/E of the memory devices can be achieved by applying
negative (18V) and positive (-22V) voltage pulses, respectively. It can be seen that the
threshold voltage window initially has about 2V at P/E time of 107 sec. As the
number of the P/E cycles increased, the decay in'the magnitude of memory window
was observed. The floating type memory device maintains a wide threshold voltage
window of 1.1V after 10* P/E ‘eycles. The-difference of threshold voltage, 1.1 V, is
large enough for a logic memory cireuit. In-Fig. 5-6, the threshold-voltage shift is
measured with different periods of time when the sample is heated at 60°C. It is found
that the proposed device retains a good retention property without a significant

decline of the memory window, AV, up to 60 hours.

5.3.2 MONOS EEPROM

Figure 5-7 shows the Ip-V relations of the poly-Si MONOS memory device after
electrical programming with the gate bias of 20V for 10 ms. The programming and
erasing were performed through the Fowler-Nordheim (F-N) tunneling over the entire
channel region and at the gate/n’ overlap region. The transfer characteristics of
devices were measured at room temperature with Vp=0.1V, when the gate voltage

varied from -5V to +15V. The threshold voltage is defined according to the criteria

74



Ip=(W/L)x10"® A at Vp=0.1 V. The threshold voltage shift of device was 1.5V under
the mentioned operation, as illustrated in Fig. 2. In addition, it is found that the
sub-threshold swing (0.54 dec/V) and the mobility (63.2 cm?/Vsec) keep well during
the program and erase operation. We can infer that threshold voltage shift is due to

captured charges in the nitride, not due to the device degradation.

There are two kinds of programming methods for the electrical operation of the
non-volatile memories, F-N tunneling and channel hot electron (CHE) injection.
[5.18-5.20] Fig. 5-8 illustrates the Ip-Vg relations and linear transconductance, gm, of
the device which were programmed by CHE method with the drain bias of 35V and
45V at V=25V, respectively. It was observed the distinct degradation in electrical
characteristics of poly-Si memory device. The ON-current of the devices programmed
using 35V and 40V drain bias at.Vg=25V-was'decayed to 18.5% and 5% of the initial
value of the device, respectively. As poly-Si TFTs are biased in the saturation region
at large drain voltages, the electtic field at'the-drain-end is rather large and generation
of electron-hole pairs by impact ionization occurs. CHE method is providing electrons
with high energy to pass from the channel into the charge storage layer, SiNy, which
means a high voltage differential between the drain and the control gate. However,
partial transporting electrons have enough energy across the tunneling oxide.
Meanwhile, the avalanche breakdown is occurring near the drain. Indeed, the poly-Si
TFT fabricated on the glass substrate owns the parasitic bipolar transistors (PBT)
action that leads to the kink effect, similarly to SOI-devices. This added drain current
augments the impact ionization, which in turn drives the floating body harder, thereby
causing a regenerative action leading to a premature breakdown. We note that when
bias-stressing the device in the kink effect regime (Vps>Vg), impact ionization

substantially increases the supply of hot-carriers, leading to a simultaneous injection
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into the gate oxide of both hot-holes and hot electrons. The degradation is believed to
be mainly contributed by the creation of traps at the interface between the gate oxide
and poly-Si layer. The gate oxide of the memory device in this study was deposited
using PECVD and inferior than the thermally grown oxide on silicon wafer at high
temperature. For low-temperature poly-Si TFT devices, the traps of grain boundaries
in the channel play a significant role on the electrical properties. The avalanche
multiplication effects in poly-Si TFT is enhanced by the floating substrate. For the
nature of poly-Si film, the channel hot electron injection is not suitable for the
programming, as shown in Fig. 5-8. F-N tunneling occurring either in the gate/drain
overlap region or at the channel region is more suitable for the poly-Si memory

devices.

Figure 5-9 exhibits the endutance characteristics, after different program/erase
cycles, of the MONOS memoty ‘device. -The program/erase (P/E) of the memory
devices can be achieved by applying positive (+20V) and negative (-40V) voltage
pulses, respectively. It can be seen that the threshold voltage window has 1.5V at P/E
time of 107 sec. The difference of threshold voltage, 1.5 V, is large enough for a logic
memory circuit. The MONOS type memory device maintains a wide threshold
voltage window after 10" P/E cycles. However, the device shows some degradation
after higher 10* P/E circles. The threshold voltage shift up-ward is due to the creation
of interface state and the charges trapping in the tunneling oxide. The threshold
voltage is depend on the oxide charge and the deep states in the poly-Si film.

In Fig. 5-10, the threshold-voltage shift is measured with different periods of time
when the sample is heated at 60 °C. It is found that the ONO stack retains a good
retention property without a significant decline of the memory window, AVy, up to 50

hours, which is robust in the Flash nonvolatile memory technology.
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5.4 Conclusions

The characterizations of the non-volatile memory devices fabricated on glass using
low-temperature poly-silicon technology were studied. The maximum temperature of
processing is below 650°C for the glass substrate. The floating-gate memory device
consists of two active regions of poly-Si layer, one behaves as the control gate and the
other is the conducting channel region. The device whose control-gate is made of
whole heavily-doped poly-Si sheet owns lager on-current and memory windows than
the device whose control-gate is a common transistor. In the proposed structure, the
applied bias could efficiently coupleto the channel. For 10 ms P/E pulse time, the
threshold voltage window is 2V for the memeory “device and it maintains a wide

threshold voltage window after10* P/E cycle.

In addition, the characterizations. of MONOS type memory on glass using
LTPS-TFT with an oxide-nitride-oxide (ONO) stack structure were studied. For 10 ms
P/E pulse time, the threshold voltage window is 1.5V for the memory device and it
maintains a wide threshold voltage window after 10* P/E cycle. The proper operation
method for poly-Si memory device is F-N tunneling since a serious degradation in

electrical characteristics was found with the CHE programming method.
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Fig. 5-1 (a) The planar view of the poly-Si TFT EEPROM which is composed of
two active regions, T1 and T2, of poly-Si layer. (b) The cross section of the
device A (c) The cross section of the device B. The T2 region of device B,

control gate, is wholly doped with heavy dose of boron.
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Fig. 5-2 (a) The scheme of MONOS (Metal/Oxide/Nitride/Oxide/Poly-Si) type
flash memory. (b) The Transmission Electron Microscope (TEM)

cross-section of ONO on the poly-Si surface.
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Chapter 6

Investigation of the Nano-Porous Silica for Interconnections with

Low-RC Delay

6.1 Introduction

The interconnections with low-RC delay are very attractive in integrated circuits
(IC) and large-size AMLCD. [6.1-6.5] Some research reports have shown that the gate
pulse delay is getting serious with the increasing of the size of large area AMLCD.
[6.6-6.7] The resistance and capacitance,(RC) delay of the gate line retards the turnoff
of the transistor at the far end of the gateiline.. The.decay of data signal is increased
with the increasing of RC value. “Thus, low resistivity gate metals are required for
large-area AMLCD’s. In order to minimize-the resistance time capacitance (RC) delay,
two approaches can be taken. The first‘approach is to reduce the resistance part of the
RC delay by using low resistivity as the conductor for interconnects. The second
approach is to reduce the coupling capacitance between the metal lines and this
requires a dielectric material with as low dielectric constant as possible.
Manufacturers are beginning to use aluminum (Al) and its alloys, but copper (Cu) is
an attractive alternative because of its reliability against hillock formation. [6.8-6.10]
However, copper has a resistivity of 1.7 uQ-cm, which is much lower than that of
Al-alloy with a resistivity close to 2.7 uQ-cm. Additionally, Cu wirings won better
electron-migration resistance over current Aluminum (Al) alloys. [6.11-6.14]

The coupling capacitance resulting from pixel electrode and the data and gate

line would lead to the cross-talk and signal distortion. To minimize the coupling
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capacitance, the low-k materials should be introduced into the interconnection of flat
panel display. [6.15-6.16] Also, the implantation of low-k in display can achieve a
high aperture ratio for improved light transmittance or image quality. This requires a
thick, low dielectric constant (k) material as an inter-level dielectric. In the
high-transmittance pixel structure, as shown in Fig. 1-3, the pixel electrodes need to
be extended to, and even overlapped with the gate and data signal lines to maximize
the aperture ratio. The passivation layer, located between the pixel electrode and the
data electrode, must then provide sufficiently low parasitic capacitance and good
insulation to reduce crosstalk and signal distortion. The conventional silicon nitride
(a-SiN) passivation layer is not suitable for this structure due to its relatively high
dielectric constant, slow deposition rate and high residual stress. Efforts have been
made to utilize organic insulators.as a passivation layer. However, the TFTs having
organic passivation often show-a high contact resistance between the pixel and the
data electrodes, because of the sputter-deposits of ‘the organic material during the
subsequent processes. Therefore, an inerganic-alternative is desired, which can utilize
the same equipments and process flow as the conventional SiN. Silicon carbon-oxide
(a-SiCOH) films show a remarkably low dielectric constant and high deposition rate,
and has been drawing attention as a good candidate for interlayer dielectrics. [6.17]
The porous materials should catch more attention with the ultra low dielectric
constant in the 1.1-2.2 range. In principle, the porous dielectric candidates can be
divided roughly into general classes: (i) porous-like materials and (ii) porous organic
polymers. Each class of materials has its own potential and weakness. Silicate-like
materials show exceptional thermal stability and acceptable electrical properties but
often mechanically weak and prone to cracking. On the other hand, high temperature
organic polymers are usually mechanically tough but are thermally less robust than

the inorganic alternatives. Among various porous low-k dielectrics, nanoporous
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organosilica glasses (POSGSs) are receiving much attention on ILD applications in I1C
field [6.18-6.20]. They may be applied on the ICs and high-transmission LTPS
AMLCD panel. [6.17]Their adjustable dielectric properties make the nanoporous
silicate suitable for different applications. Nevertheless, the adoption of POSGs
encounters difficulties due to their large internal surfaces. The high porosity in their
structures tends to adsorbing environmental contaminants such as moisture [6.21].
The weak resistance of porous low-k against the reactive plasma and stripper is
troublesome for integration with Cu. Comparing with SiO2 or SiN deposited by
PECVD, POSG was low density and sensitive due to its high porosity and high
surface/volume ratio.The resultant electrical degradation of organosilicate-based
porous materials has been proposed in previous researches [6.22-6.23].

In this chapter, the characteristies of intrinsic.porous silica (POSG) (k=1.9) were
demonstrated. Moreover, the -stability of POSG' films containing moisture was

investigated.

6.2 Experimental procedures

Methyl silsesquioxane resin as the matrix material, which is low molecular
weight with a large number of Si(OH)x and Si(OC,Hs)x (x=1-4) groups, was
formulated to 30 wt.% solids in a carrier solvent of methylisobutylketone.
Poly(methylmethacrylate) polymers (PMMA) with 20 wt.% loading, working as
foaming agents, were subsequently added in the MSSQ matrix material to ultimately
produce porous organosilicates. As most of PMMA polymers were compatible with
MSSQ, a uniform precursor solution of the mixture was obtained immediately. For
fabricating porous organosilicate films, the precursor solution was first spin-coated
onto 6-in. p-type wafers with (100) orientation. The first-stage spin rate was 450 rpm
for 4 s and the second 3000 rpm for 30 s, respectively. The resultant wafers were

transferred to a quartz furnace and heated up from room temperature to 400°C at a
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ramping rate of 20°C/min. A thermal curing process was then proceeding at 425 °C for

1 h under nitrogen atmosphere, and further forming the POSG films with a thickness
of 500 nm.

The relation between residual stresses versus temperatures up to 360°C was
measured by the wafer curvature method [6.14] at a TENCOR thin-film stress
measure system. Also, the films were characterized by Fourier transform infrared
spectroscopy (FTIR). The refractive index and thickness of the porous silica film were
measured with an n&k analyzer. The infrared spectrometry was performed from 4000
to 400 cm™ using a Fourier transform infrared (FTIR) spectrometer calibrated to an
unprocessed wafer, for determining the chemical structure of the porous
organosilicate (POSG) films.

Electrical characterization was_performed on metal-insulator-semiconductor
(MIS) structure formed on the p-type heavy doped silicon wafer with a resistivity of
0.01-0.02 cm™. POSG film -of “about 800 nm was deposited as an insulator.
Aluminum and copper electrodes were evaporated/copper electrodes were separately
sputtered on the front surface of the films and aluminum were evaporated on the back
surface of the substrate. The area of the gate electrode was 0.00528 cm? for C-V
analysis. MIS capacitors were used for the determination and evaluation of the
permittivity of porous silica films where the dielectric measurements were done by
HP-4284 meter. The capacitor was measured at 1 MHz with an AC bias. And
current-voltage (I-V) characteristics were also measured using MIS structure with

HP-4156C meter. The area of the gate electrode was 0.001244 cm? for I-V analysis.

6.3 Results and discussions

Figure 6-1 shows FTIR spectra variation of as-spun porous organosilicate glass
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(POSG) after undergoing a series of thermal process. The peak intensity of the Si-OH
+ H,0 (~3400 cm™) decrease after a series of thermal process due to the gelation
reaction of Si-OH groups. The Si-OH groups in each methyl silicone resins easily
react with another Si-OH groups in another methyl silicone resins during gelation.
Consequently, many methyl silicone resins can condense each other so that the POSG
structure can form three-dimensional (3D) network structure, as shown in figure 6-2.
The functional groups in POSG film such as Si-O cage-like group (1144 cm™), Si-O
network group (1049 cm™), Si-C groups (847, 1277 cm™) and C-H group (2980 cm™)
are appeared in the FTIR spectra, and these functional groups are similar to that of
MSQ film.[6.18-6.23]

As compared with dense dielectric film, porous dielectric film has larger surface,
which easily causes moisture uptake in the nanopore surface of POSG film. In order
to understand the effect of moisture absorption on-porous material, POSG film is
further dipped in hot water at:85°C to_carry-out the moisture-absorption test. The
moisture-absorption test can help<us.to realize the effect of physical moisture
absorption on the POSG film. It is found that the thickness, stress and FTIR spectra
have no obvious change after POSG film is dipped in hot water at 85°C for 3 hr. Then,
when hot water-dipped POSG comes through 300°C annealing to desorb moisture, the
thickness and stress almost maintain at the original values and the intensities of
functional groups in FTIR spectra still keep at high levels, as shown in Figs 6-3 to 6-5.
Since the POSG possesses superior thermal stability until 550°C, the dipping at 85°C
shall not result in the damage of POSG structure, which consists with the
experimental results of material analyses (Figs 6-3 to 6-5). Nevertheless, a little
content of moisture absorption in POSG film easily leads to a significant increase of
leakage current, although a trace content of moisture is difficult to detect by utilizing

material analyses. Figure 6-6 shows that the leakage currents of POSG increase with
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the increase of hot water dipping time, whereas the leakage currents decrease
obviously after water-dipped POSG film (for 3 hr) undergoes 300°C furnace
annealing. The increase of leakage current is attributed to the fact that the moisture
absorption occurs when POSG film undergoes hot water dipping. However, since the
moisture can be desorbed from POSG film after 300°C furnace annealing, the leakage
currents of water-dipped POSG film will be decreased. In addition, owing to moisture
uptake, the dielectric constant slightly increases with the increase of hot water-dipping
time. After the slight moisture is eliminated by utilizing 300°C furnace annealing, the
dielectric constant is reduce to the original value. These results indicate that the
moisture uptake in the POSG easily leads to a significant increase of leakage current

even though the moisture content of the POSG is very slight.

Bias-temperature stress is usually empleyed-to estimate the stabilities of dielectrics.
Application of positive bias on-gate of MIS-is the most common method to drive the
metal ions through the insulator from the metal gate electrode. Also, sampling the
dielectrics under high electric field“at high temperature could accelerate the metal
penetration and dielectric breakdown. However, the ultra large surface area of POSG
leads to the moisture absorption resulting the increasing of leakage current in
dielectric properties. To observe the moisture-induced degradation on stability, the
POSG were stressed with high electric filed at room temperature. It should be noted
that the moisture would tend to vaporize from the POSG while the sample is heating
beyond 100°C in BST measurement. Fig. 6-7 shows the J-E relations of POSG
samples at room temperature. The moisture-containing sample owns the larger
leakage current that the STD sample which is moisture-free at the same bias. The
thermal desorption spectra of moisture-containing and STD samples was illustrated in

figure 6-8. The magnitude of H,O signal (m/e=18) in moisture-containing sample is
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larger than that of STD sample which is moisture-free. Two kinds of metal electrodes,
Cu and Al, were employed to investigate the stability since the Cu an Al wiring are
the potential candidates for IC and AMLCD applications. Fig. 6-9(a), 6-9(b) presents
that the leakage current v.s. time (I-t) characteristics of Cu and Al-electrodes POSG
during the bias stress at room temperature and 150°C, respectively. We can find that
the similar I-t relations of POSG samples are exhibited at 150°C, even the Cu-gate
sample. The leakage current of moisture-containing samples at 150°C are lower than
that at room temperature which is dominated by the ionic conduction. Moreover, the
different I-t evolutions were demonstrated at the room temperature. The leakage
current of Al-gate sample was slightly decreased and tended to saturate with the
increasing of the stress time. By contrast, the magnitude of leakage current of Cu-gate
sample was increased with the.raising of stressing time at room temperature.
Comparison with the stressing at 150°C, we can infer-that the moisture would enhance
the Cu to ionize at the Cu/POSG interface.—F-he.Cu may react with moisture and then
be oxidized to form CuO. CuO could-be easily ‘1onized into Cu ions by the applied
field. Then the Cu ions are drift by the high electrical field toward the bottom
electrode. The penetration of Cu ions in the POSG may cause the breaking of
chemical bonding of POSG and increasing of the leakage current. Additionally, Cu
ions existed in insulator are taken as the trapping centers and could enhance the
carrier transport. The SIMS spectra was employed to observe the distributions of the
metals in the POSG, as shown in Figs. 6-10(a) and (b). Both Al and Cu were observed
to be existed in the corresponding POSG film. Nevertheless, the electrical behaviors
of the Cu- and Al-electrode samples leakage current were obviously different. The Cu
atoms existed in the oxide are usually considered as the trap-center. Although the Al
atoms was detected in the stressed POSG film, the Al atoms which are easily oxidized

to form AlOy by the moisture in the POSG. AIO should be a good insulator than the
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CuO. Also, the Al ions need more activation energy to ionize from the AlO than the
Cu ions ionized from the CuO. According to the evolution of the leakage current, Al

plays as an inactive role for the conduction of POSG.

6.4 Conclusions

The moisture-induced instability of POSG has been investigated in this chapter.
The lager leakage current is observed in hot water dipped sample. However, there is
no distinct change in the material characterizations of POSG even after 3hrs dipping.
Thermal desorption spectra evidenced that the moisture really existed in the leaky
sample. The leakage current would be increased and dominated by the ionic
conduction as the moisture is centained in the:POSG. Additionally, the moisture
would enhance the Cu ions to penetrate into POSG and cause the raise of the leakage

cuurent.
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The magnitude of H,O signal (m/e=18) in moisture-containing sample is larger than
that of STD sample.
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Fig 6-9 (a) The leakage current v.s. time (I-t) characteristics of Cu and Al-electrodes
POSG during the bias stress at room temperature and 150°C, respectively. (b) The J-E
curves of Cu and Al-electrodes POSG before and after the RT stress.

104



secondary ion counts (a.u.)

Porous oganosilicate

| | | | | | | |
0 10 20 30 40 50 60 70

Time (sec)

(a)

secondary ion counts (a.u.)

RhS |
! e
[ Porous oganosilicate \ X e
= g =% | .
| | | | | | | |
0 10 20 30 40 50 60 70

Time (sec)

(b)

Fig 6-10 (a) The SIMS spectrum of POSG with Al-electrode after RT stress. (b) The
SIMS spectrum of POSG with Cu-electrode after RT stress.
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Chapter 7

Investigation of the Electrical Properties and Reliability of

Amorphous SiCN

7.1 Introduction

To reduce RC-delay, copper wiring and low-k dielectrics are currently used in ultra
large scale integrated (ULSI) circuits and large area AMLCD[7.1]. Compared to Al
wiring, Cu has better resistivity toward electromigration. But one of the reliabilities in
Cu metallization is dielectric degradation-caused by. Cu ion drift. Copper diffusion in
low-k dielectric introduces deep-level traps in silicon that severely deteriorate the
device’s electric reliability, reSulting.in--thelarge injection leakage current and
premature dielectric breakdown. The" diffusion of copper may because the material
with the lower dielectric constant of low-k dielectric material could lead to a less
dense structure of the material. Moreover, copper ions could rapidly drift in
silica-based low-k during bias-temperature stressing[7.2].A less dense structure results
in a lower dielectric constant but as well in a higher copper ion drift rate. Moreover,
copper has a poor adhesion to most dielectric materials. Thus, copper interconnect
lines must be encapsulated from the surrounding dielectric layers so as to foster
adhesion and avoid copper diffusion through the low-k dielectric. And thus obtain a
reliable copper damascene architecture. So, copper diffusion in low-k dielectric may
give rise to an unanticipated yield or reliability program. Hence, a diffusion/drift

barrier layer with stronger electrical characteristic in damascene process is necessary
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to prevent copper movement into inter-level and inter-metal dielectric (ILD & IMD).

[7.16-7.17]

Therefore, it's necessary to introduce a barrier dielectric between Cu wiring and
dielectric insulators to prevent the Cu ion drift/diffusion[7.3-7.4]. The typically used
barrier dielectric is SiN, which could efficiently prevent the Cu drift[7.5]. However,
the dielectric constant of SiN is lager (~7). To reduce the effective dielectric constant
of IMD and ILD, SiN must be substituted[7.6]. Implementations of Cu diffusion
barrier with dielectric having a k-value are more effective in reducing interconnect
capacitance. Studies on barrier dielectrics which have lower dielectric constants
related to SiN would be attractive[7.7-7.8]. Recently, some SiC based materials with
k<5 were proposed as barrier dielectrics [7.9-7.10]. In order to solve the issue for
integration of low-k dielectric and copper;siliecon carbide film has been under intense
research [7.3-7.5] since their geod electrical properties, good stability under thermal
cycles manufacturability, high etch selectivity (with respect to ILD), and successful
preparation using the conventional ‘plasma: enhanced chemical vapor deposition
(PECVD) instrument. Hence, silicon carbide is an important material for potential
application as the copper diffusion/drift barrier layer, hard mask, and etch stop layer.

In this chapter, we demonstrate the SiC-based dielectric films with various nitrogen
concentrations. Electrical characteristics and material analysis will be used to explore
leakage behaviors of barrier dielectrics. We report the conduction behaviors of
post-breakdown (P.B.) a-SiCN film due to Cu penetration. Moreover, a physical
model to depict the break-down mechanism is proposed according to SIMS and

electrical characteristics.
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7.2 Experimental procedures

The silicon carbide films with various concentrations of nitrogen were deposited with
tri-methyl-silane source using plasma-enhance chemical vapor deposition (PECVD)
system. The deposition temperature was 350°C. Various concentrations of nitrogen in
the films were obtained by controlling by NH3 gas flow rate during deposition. The
pressure in the chamber is kept at 3 torr during the deposition. The silicon carbide
film was deposited on p-type silicon wafer with a resistivity of 15-25 Q-cm. The
code name of the pure silicon carbide film in this study is “SiC”; besides, the code
names of silicon carbide films with various flow rate of NH; gas are “SiC-N1”,
“SIC-N2”, “SiC-N3” and “SiC-N4”. The flow rate of NH; gas for SiC-N1, SiC-N2,
SiC-N3 and SiC-N4 were increasing from 250 to 500 sccm. The XPS (X-ray
photoelectron spectra) was recorded by a'\VG Escalab MKII spectrometer using Mg
Ka (1253.6eV) radiation, and it was:employed.to observe the composition of silicon
carbide films. The infrared spectrometry. was-péerformed from 4000 to 400 cm™ using
a Fourier transform infrared (FTIR) spectrometer calibrated to an unprocessed bare
wafer, for determining the chemical structure of the silicon carbide film. The
refractive index and thickness of the silicon carbide with or without nitrogen were
measured with an n&k analyzer and SORRA ellipsometer. MIS structures of
Cul/silicon carbide/silicon as well as Al/silicon carbide/silicon were used to investigate
the behavior of basic electrical characteristics.

The dielectric constants and leakage current of the SiC films were investigated
using capacitance-voltage (C-V) and current-voltage (I-V) characteristics
measurement on metal-insulator-semiconductor (MIS) capacitor structure. A Keithley
Model 82 CV meter at 1 MHz was used to measure the dielectric constant of the film

with a gate electrode area of 0.0053 cm?. The current-voltage (I-V) characteristics of
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SiC films were measured by an HP4156. The gate-electrode area of the MIS structure
was 0.00133 cm? for I-V measurement.

The completed Al and Cu gated MIS capacitors were then
bias-temperature-stressed (BTS) at 150°C with gate electrode biases (Vgate). The stress
time was 1000 sec, which is long enough for the mobile charges to drift across the
stacked insulator layer. The bias was provided by an HP4156B semiconductor

parameter analyzer.

7.3 Results and discussions
7.3.1 Intrinsic properties of a-SiCN

Figure 7-1 shows FTIR spectra of silicon carbide films with and without the various
flow rate of NH3 gas during the deposition process, and the important regions of
silicon carbide film were labeled in the figure and indicated as follows. The peak at
780 cm™ is identified as Si-C stretching bond. In-addition, Si-CH,-Si rock and C-H
wag peak are near 990 cm™, C-F bending peak is at 1100 cm™, Si-CH; bending peak
is at 1245 cm™, Si-H stretching peak is near 2100 cm™, and C-H stretching peak is
near 2960 cm™. All of these bonds make the surface of the silicon carbide film
hydrophobic. From the figure, the samples, SiC-N1~SiC-N4, have stronger Si-C
stretching bonds than the pure silicon carbide, SiC.

XPS spectrum for all of the specimens are shown in Fig. 7-2, and the major peak
for Siy, (~115eV), Siys (~145eV) and Cis (~285eV) of every specimens are clearly
evident in it. The peak of Ny (~398eV) appears in SiC-N1~SiC-N4, but was absent in
pure silicon carbide, SiC. The enlargements of Ny for all the specimens are shown in
Fig. 7-3. It certificates the existence of SiN bonding in SICN samples. The peak

heights of SiC-N1~ SiC-N4 are higher than that of SiC. On the contrary, the carbon
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contents of the sample SiC-N1~SiC-N4 are smaller than that of SiC. Moreover, the
content of silicon remains constant for all the specimens. The atom percentage of
nitrogen content for SiC-N1, SiC-N2, SiC-N3, and SiC-N4 is 14.37%, 15.62%,
16.31%, and 16.64%, respectively. Although the change is not significant, the
nitrogen content certainly increases with increasing ammonia flow rate during the
deposition.

The dielectric constant (k) values for SiC-N1, SiC-N2, SiC-N3, and SiC-N4 is
450, 4.47, 4.34, 4.40, respectively. The pure silicon carbide film had a dielectric
constant about 3.8, and the dielectric constants of nitrogen-containing films, SiCN,
were higher from 4.3 to 4.5. The increase of dielectric constant is due to the
appearance of SiN bonds in a-SiC films. The tetrahedral structure of SiC is distorted
with additive of SiN bonds and then polarization ehemical structure is raised [7.11].

The leakage current densities for all the films are sketched in Fig 7-4. It shows
clearly that the leakage current-of pure-silicon-carbide (SiC) is much lager than the
doped films. The samples we study are-not crystallized SiC film but amorphous ones.
Nitrogen is not an active dopant without activation process. On the contrary, a large
mount of SiN bonds which exist randomly in a-SiC films make the structure of a-SiC
film more disorderly. In addition, the bonding energy of SiN is higher than SiC bond.
The carrier would transport through the SiCN films difficultly. As a result, the
leakage currents of a-SICN films are smaller than a-SiC ones. The curves of
SiC-N1~SiCN4 are almost similar so that we can put them on a par. Increasing the
temperature increases the leakage current density. Furthermore, the J-E curves are
symmetric both in positive and negatives bias, and the mechanism of leakage current
is Poole-Frenkel (P-F) emission as the electrical filed is above 2.5MV/cm.
Poole-Frenkel (P-F)[7.12-7.13]emission is due to field-enhanced thermal excitation of

trapped electrons in the insulator into the conduction band. The current density is
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given by:

172
\]:Joexp[ﬂPFE ¢PF]

kgT

where e = (e%/4meee)"?

, A* effective Richardson constant, @ the contact
potential barrier, kg the Boltzmann constant, e the electronic charge, E the applied
electric field, g the dielectric constant of free space, and ¢ the relative dielectric
constant. Poole-Frenkel mechanism can be identified by comparing the theoretical
value of fpr with the experimental value of Sy, obtained by calculating the slope of
the curve In (J /E)-EY2 Figure 7-5 shows that a logarithm of leakage current of
samples SiC-N4 is linearly related to the square root of the applied electric field,
which is closed to Poole-Frenkel emission. The value of fi,= 5.8x10% (Jm"%/Vv'?)
which is close to the theoretical valiie of Sor= 5.72x10% (JmY4/Vv*?) as the dielectric
constant is 4.4.

The effect of various flow rate of‘NHs-0n-the barrier ability was also investigated.
We samples SiC-N1 and SiC-N4 sine the flow rate of NH; for SiC-N4 is twice that of
SiC-N1. Although the leaky behaviors of both samples are similar, as shown in
Fig.7-4, we performed the bias-temperature stress measurement on them.
Bias-temperature stressing (BTS) is a typical manner to estimate the barrier ability
against the Cu penetration. We find that SiC-N1 and SiC-N4 exhibit excellent
electrical stability even after BTS (3MV/cm, 150°C, 1000sec). Figure 7-6 and 7-7
exhibit the lgae-tsiress Curves of SiC-N1 and SiC-N4 with either Al or Cu gate during
BTS measurement in high electric field. It’s evident that the leakage current of
SiC-N1 was almost one order of magnitude lager than that of SiC-N4. It is worthy to
mention that the leakage current is lower and becomes steady in the electric field

below 3.50 MV/cm with increasing stress periods. But it goes up for electric field

greater than 3.75 MV/cm as shown in Figs. 7-6 and 7-7. The difference between Cu
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and Al curves is mainly due to the Cu penetration [7.11]. When Cu ions were drifted
in high electrical field at high temperature, the moving Cu ions would produce the ion
current. In addition, the Cu ions are regarded as trap centers in dielectrics which could
assist the carrier to transport [7.12]. The leakage currents increase abruptly at 4.5
MV/cm for SiC-N1 and 5.0 MV/cm for SiC-N4 indicating breakdown.

The difference between the increasing and decreasing behaviors of leakage
currents can be explained by material analysis. Figs. 7-8 and 7-9 illustrated the SIMS
spectrum of SiC-N4 with either Cu or Al electrode after BTS measurement in the
condition of 3.5 and 5.0 MV/cm for 1000sec at 150°C. It’s clear that the copper counts
in the SiC-N4 layer of the MIS structure after BTS with 5Mv/cm are much larger than
that after BTS with 3.5MV/cm, which almost remains zero. Furthermore, the Al
counts remain the same in the silicon carbide layer of the MIS structure after 3.5

MV/cm BTS and 5.0 MV/cm BTS.

7.3.2 Cu-penetration induced breakdown mechanism for a-SiCN

The J-E curves of SIiCN-4 with MIS structure, Cu/a-SiCN/Si, after BTS
measurement at 150°C in the electric field 5.0MV/cm and the standard (STD) one are
demonstrated in Fig. 7-10, respectively. The leakage currents of stressed a-SiCN
sample increased abruptly, indicating breakdown. We have reported that the
conduction behavior of as-deposited a-SiCN is Poole-Frenkel at high electric field
(>2.5MV/cm). Poole-Frenkel (P-F) emission is due to field-enhanced thermal
excitation of trapped electrons in the insulator into the conduction band.

Figure 7-9 illustrated the SIMS spectrum of post-breakdown a-SiCN film after
BTS. It’s clear that the copper counts in the post-breakdown a-SiCN films of the MIS

structure. However, the Cu peak was un-detected in as-deposited film. The
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distribution profile of Cu in post-breakdown a-SiCN films was numerous near Cu
electrode and reduced at silicon interface. In order to investigate the breakdown
characteristics, the conduction behavior of the post-breakdown a-SiCN films were
measured for temperature between 50K and 298K.

The temperature dependence of post-breakdown SiCN-4 film was displayed in Fig.
7-10. The current density of post-breakdown sample was measured at 298K (curve 1),
100K (curve 11), and 50K (curve Il1), respectively. The current of breakdown sample
is obviously decreased with decreasing the temperature from 298K to 100K. But the
conduction characteristics of 100K and 50K are similar. Also, note that there are two
distinct regions in curve Il (100K) and 111 (50K). At medium fields, the current varies
exponentially with the field; in high electric fields (>3.3 MV/cm) the characteristic
deviates from the exponential dependence.

To realize the current behaviors.of post-hreakdown film, electrical characteristics
are analyzed with typical conduction-processes in -insulator such as Poole-Frenkel
emission, Schottky emission[7.12], -space-charge-limited current[7.14-7.15], and
Fowler-Nordheim tunneling[7.16-7.17]. We find that the leakage current of
post-breakdown a-SiCN at 298K, curve |, is linearly related to square of the applied
electric field, which corresponds to space-charge-limited current (SCLC) mechanism.
As considering the SCLC conduction, the current density J can be expressed as the

following equation,
j- 9¢,6 N ?
8d°

where  is the free carrier mobility, &£, the permittivity of free space, & the

oc E2 (2)

relative dielectric constant of the sample material, d the sample thickness, and & is
the ratio of the free charge carriers to trapped ones, which takes into account the

trapping centers (impurity centers) concentration and their distribution. The SCLC
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curves are usually interpreted in terms of charge injection and subsequent filling of
the impurity/trapping centers giving rise to the progressively square type dependence
of the J-E characteristics. Figure 7-11, transformed from curve I, shows that J is
linearly proportional to E? at high electric field. Notably, conduction behaviors at low
temperature, 100K and 50K, also obey the SCLC at high fields (>3.3 MV/cm) in
curves | and I1.

On the other hand, the electrical characteristics of post-breakdown a-SiCN at low
temperature, curve Il and curve Ill, follow the Fowler—-Nordheim (FN) conduction in
medium fields, see Fig. 12. It is generally accepted that the tunneling current through
a insulator layer can be represented by the Fowler—-Nordheim (FN) expression[7.16]

J=K,E? exp(K; /E) (3)
where J is the current density, E is:the electric field at the insulator, and K; and K; are
two constants dependent on the-cathode barrier height, and the electron effective mass.
Equation (3) applies to triangular potential-barriers pertinent to MIS structures when
qVg is greater than barrier height; where g-iS the electron charge, Vg is the gate
voltage.

Based on the observation described herein, we proposed a model to depict the
conduction characteristics of breakdown a-SiCN caused by Cu penetration. The Cu
ions would ionize from Cu electrode and drift in high electrical field at high
temperature during BTS[7.2]. The Cu ions are regarded as trap centers in dielectrics
which could assist the carrier to transport [7.1-7.19]. The large amount of traps would
induce band-gap narrowing in insulator [7.20]. When the number of traps reaches a
critical amount, a conduction filament region which loses its dielectric property is
formed and composed of numerous Cu impurity/traps. According to SIMS spectrum,
the number of Cu near silicon interface was reduced and assuming an energetic barrier

inside the a-SiCN film, a cross-sectional view in real space of post-breakdown is
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given in Fig. 13(a). In figure 13(a), the a-SiCN films is divided into two region, a
conduction filament region (labeled A)[7.21] and a barrier (labeled B). The real space
structure is transformed into energy band-diagram scheme for electrons drawn in Fig.
13(b). Since region A is a conduction filament region, the conduction band is
connected smoothly to Fermi-level of Cu electrode. With reducing Cu impurity/traps
toward silicon interface, the band-gap is gradually arising and the dielectric property
is getting similar to un-degraded sample. However, the band-gap narrowing would
appear at a-SiCN/Si interface since the Cu ions penetrated through the film. As a
result, the schematic drawing of energy band diagram of breakdown a-SiCN was
depicted in Fig. 13(b). It’s worthy to mention that greater part of applied voltage
should be dropped at barrier region because it plays as the large resistance at low
temperature. The effective fields applied on the barrier region must be higher than that
we displayed in curves Il and-lll..Consequently; the requirement of F-N tunneling
which should occur at high electrical field-is-achieved. The conduction current in
post-breakdown SiCN films can be separated-into two components: J1 and J2. The J1
is the thermal emission of traps electrons in insulator. The current J2 is due to tunnel
emission of trapped electrons into the conduction band of silicon.

The electrons can easily transport form metal electrode to post-breakdown a-SiCN
due to the continuation of conduction band between metal and a-SiCN. In addition,
electrons have enough energy to jump across the barrier height between a-SiCN and
silicon at 298K. Some transporting electrons are trapped at spatial traps caused by Cu
penetration. The dominant characteristic is the SCLC mechanism. With decreasing the
temperature, the cooling electrons can’t excite across the barrier with loss thermal
energy. Then the dominant characteristic is the F-N tunneling in post-breakdown
a-SiCN at low temperature. As larger voltage is applied to the trapezoid potential

barrier pertinent, the thinner barrier region is needed for the electrons to tunnel
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through. Under this situation, the main controller of conduction is trap-filling in bulk
and SCLC conduction is dominated. This can explain the reason why the F-N

conduction turns into SCLC at high fields at low temperature.

7.4 Conclusion

We have investigated the leaky behavior and barrier characteristics of a-SiCN
containing different nitrogen concentrations. The leaky behavior of a-SiCN is
Pool-Frenkel in high electric field region. Thermal stabilities of a-SiCN films are
good enough to meet the prescription in BOEL fabrication process. We performed the
bias-temperature stress (BTS) on a:SiCN-films to test the barrier ability against Cu
penetration. Experimental results indicate ‘that '@a-SiCN films containing higher
nitrogen concentration exhibited better barrier ability.' The dielectric breakdown is due
to the penetration of Cu.

The electrical characteristics of post-breakdown a-SiCN caused by Cu penetration
are investigated. SIMS spectrum shows that Cu ions can penetrate through the film at
150°C in high fields (5MV/cm). It is observed that the main conduction of
post-breakdown a-SiCN at room temperature (298K) is space-charge-limited current
(SCLC) due to numerous Cu impurity/traps. Moreover, the characteristics at low
temperature can be separated into two distinct stages, Fowler—Nordheim tunneling
and SCLC conduction. We propose a physical model which post-breakdown a-SiCN
was composed of two different conduction regions. It can well describe the electrical

variation resulted from the Cu traps and temperature.
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Fig 7-1 FTIR spectrum of silicon carbide with or without NH3 gas flow during
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Fig7-2  XPS (X-ray photoelectron spectra) spectra for all the specimens
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Fig 7-3 Enlargement of XPS spectra of N;s peaks in Fig.2. The atom percentage of
nitrogen content for SiC-N1, SiC-N2, SiC-N3, and SiC-N4 is 14.37%, 15.62%,
16.31%, and 16.64%, respectively.
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Fig 7-4 J-E curves for all the samples. The area of electrodes we used is 0.00133
cm?. The leakage current of SiCN based films are lower than the a-SiC films.

120



3 sample SiCN4
G 5
S Bpr=5.72 X 107
€
O -10
<
<
(7 -15 -
S
E, slope =B o /KgT
T=150°C
— .. . )
. °® B op=58" 107
@
-25 1 1 I 1 |

0 500 1000 1500 2000 2500
E®> (V/iem)0®

Fig7-5 J-E curve on a log (J/E) versus E1/2 plot of sample SiC-N4 showing

Poole-Fenkel conduction at high electric field region.

121



5x10

4x10+4 —WCU 5.5MV/ecm
W Cu 5MV/ecm

Cu 4.5MVicm

WW Al 5.5MV/cm
WW“
Al 5MV/cm

2x104 1=

#

Al 4.5MV/iecm

@)

3x10

Leakage Current (A)

104

0 200 400 600 800 1000
Stress Time (sec)

Fig 7-6  The relationship of leakage current and stress time for SICN1 films with Cu
and Al gates during BTS test. BTS tests were conducted at 150°C, with electric fields
of 45MV and 5.5MV/cm. Dielectric breakdown is easily occurred at Cu electrode
samples at critical BTS condition (>4.5MV/cm).
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Fig 7-7 Leakage current-stress time curves of SiC-N4 with Cu/Al gates during BTS
at 150°C
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Fig 7-8 SIMS depth profile of SICN4 with Al gate after BTS measurement (3.5/5
MV/cm, 150°C, 1000sec). The accounts of Al remain at the same magnitude even
after BTS with 5MV/cm for 1000sec at 150°C.
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Fig 7-9 SIMS depth profile of SICN4 with Cu gate after BTS measurement (3.5/5
MV/cm, 150°C, 1000sec). The Cu ions obviously penetrate through the SICN4 film
after BTS with 5 MV/cm.
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Fig 7-13 (a) A cross-sectional view in real space of post-breakdown a-SiCN. The
post-breakdown sample is composed of two region, conduction filament (labeled A)
and barrier (labeled B). (b) energy band-diagram scheme for electrons. At low
temperature, electrons are conducted by F-N tunneling at the SICN/Si interface.
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Chapter 8

Conclusions and Suggestions for Future Work

8.1 Conclusions

In this thesis, the new structure of a-Si TFT has been first proposed to improve the
on-current and reliability of the BCE device. The AC stress and temperature effects on
poly-Si TFT have been investigated for circuit and display applications. The location
of the grain boundary in the channel of the SLS poly-Si TFT was also discussed.
Moreover, the characterizations of the two non-volatile memory devices fabricated
using low-temperature poly-Si .technology were ‘demonstrated. Several important

results are summarized as following sections.

8.1.1 High Performance amorphous Silicon TFT

A novel technology for manufacturing high-performance hydrogenated
amorphous silicon (a-Si:H) TFT has been developed. In the bottom gate light-shield
a-Si:H TFT structure, the side edge of a-Si:H island is capped with an extra deposition
of heavily phosphorous-doped a-Si layer. Such an ingenuity can effectively eliminate
the leakage path between the parasitic contacts between source/drain metal and a-Si:H
at the edge of a-Si:H island. The n+ a-Si:H layer can effectively block the hole current
when the gate is at negative bias. Under the same applied gate voltages, the leakage
current of the proposed structure is as low as two orders of magnitude, compared to

the conventional BCE structure. In addition, our proposed a-Si:H TFT device exhibits
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superior effective carrier mobility, as high as 1.05 cm?Vsec due to the enormous
improvement in parasitic resistance. In the proposed structure, the electrons can
transport though contacts, the side wall and the top contact of drain metal overlap
region. By the contrary, the conventional inverted staggered TFT owns one path for
transporting, from the bottom accumulation layer of the a-Si:H layer to the top contact
of metal. Hence, the lower parasitic resistance of the proposed TFT results in
relatively high mobility and low threshold voltage. We have evidenced that the
leakage current of proposed TFT is lower than the conventional BCE device under
bottom-side illumination of 6000 nits. It also exhibits the better ability against the DC
current stressing. The impressively high performance provides the potential of the

proposed a-Si:H TFT to apply for AMLCD and AMOLED technology.

8.1.2 Investigation of Poly-Silicon Thin Eilm Transistors with/without

LDD Structure at Temperatures.and.under AC stress

The conducting current of non-LDD poly-Si TFT was found to be increased with
the decreasing in the temperatures. The phonon scattering is responsible for the
evolution of carrier mobility in poly-Si TFT at temperatures. However, the LDD
poly-Si TFT is obviously influenced by the LDD layers extended outside the gate
electrode. LDD sheet works as a larger resistor at low temperature than that at high
temperature. According to the Seto’s model, the electrons activated from the doped
atoms, Phosphorous, were filled at the trap states at the grain boundaries. For simplify,

the amount of free carrier in LDD layers, N, Can be equated to:

N e =Np™ =N,

free

where Np™ is the number of ionized impurities and Nt is the effective trap density.

Thus the conductivity of poly-Si film is proportional to the amount of free carriers.
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With the decreasing of the temperature, the amounts of activated electrons are
decreasing and the ratio of trapped electrons is rising by assuming that the amount of
trap states is non-varied. The few free electrons are contributed to the conduction, and
thus the conductivity is decayed at low temperature. These results can provide the
designers to consider the temperature effects for the poly-Si TFT application in a
suitable temperature range.

In addition, the distinct decrease in ON-current of n-channel poly-Si TFT was
found during the dynamic voltage stress. In spite of electrical degradation appearing
at the ON-current of the poly-Si TFT, both the sub-threshold swing and threshold
voltage kept in a good condition. This can be inferred that the tail states were
produced in ploy-Si film due to the AC stress. Additionally, the current crowding
effect was increased with the increasing of stress time. The parasitic resistances
extracted from the Ip-Vp curves-0f poly-Si TETs were significantly increased after the
1000 s stressing. The creation of effective.trap-density in tail-states is responsible for
the raise of the parasitic resistancé and.the. degradation in ON-current of TFT. The
effective trap density of poly-Si TFTs stressed for 1000 s was 3.14x10™ cm?, 2.21

times the un-stress device.

8.1.3 The Influence of Grain Boundary Location on Low Temperature
Poly-Si Thin-Film Transistors

The NGB-TFT owns superior conducting ability than the GB TFT which contains a
100-nm trap-numerous region at the middle of the channel. However, the GB-TFT
exhibits the better endurance against DC stress than the NGB-TFT. Based on the
simulation result, the existence of GB in the middle of channel of poly-Si TFT would
reduce the electric field in the drain region significantly. Accordingly, the GB-TFT
suffers relatively lighter impact of hot carrier stress and maintains electrical

132



characteristics well during the DC stressing. The NGB-TFT was seriously degraded
by the DC stress with the high electric field at the drain side. Nevertheless, the distinct
electrical behaviors of the TFTs were demonstrated under the AC gate bias stress. Due
to the existence of protrusion in the channel, GB-TFT shows weaker endurance
against the AC gate pulse stress than that of NGB TFT. The magnitude of the vertical
field at the protrusion is stronger than the other regions in GB TFT. The strong electric
field would lead to the state creation and charge trapping at the protrusion and reduce
the device’s electrical performance. Consequently, grain boundaries perpendicular to
the channel direction in SLS poly-Si TFT would reduce the horizontal field near the
drain side. But the protrusion of grain boundaries of SLS poly-Si film would lead to
the larger vertical field. The influences of horizontal and vertical fields can be

observed and identified under hot carrier and AC gate stresses.

8.1.4 Non-Volatile Memory Devices-Fabricated on Glass Substrate
Using Low Temperature Poly=-Si Technology

The characterizations of the two non-volatile memory devices fabricated on glass
using low-temperature poly-silicon technology were studied. The maximum
temperature of processing is below 650°C for the glass substrate. The floating-gate
memory device consists of two active regions of poly-Si layer, one behaves as the
control gate and the other is the conducting channel region. The device whose
control-gate is made of whole heavily-doped poly-Si sheet owns lager on-current and
memory windows than the device whose control-gate is a common transistor. In the
proposed structure, the applied bias could efficiently couple to the channel. Moreover,
the characterizations of MONOS type memory with an oxide-nitride-oxide (ONO)

stack structure were studied. For 10 ms P/E pulse time, the threshold voltage window
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is 1.5V for the memory device and it maintains a wide threshold voltage window after
10* P/E cycle. The proper operation method for poly-Si memory device is F-N
tunneling occurred either in SD/gate overlap region or channel region. For the nature
of poly-Si film on glass substrate, the channel hot electron injection is not suitable for
the programming since the traps at the grain boundary in the poly-Si film would
enhance the hot carrier effect and avalanche breakdown resulting in electrical

degradation.

8.1.5 Investigation of the Nano-Porous Silica for Interconnections with

Low-RC Delay

The moisture-induced instability:0f POSG hastbeen investigated. The lager leakage
current is observed in hot-water dipped sample: However, there is no distinct change
in the material characterizations of -POSG -even- after 3hrs dipping. Thermal
desorption spectra evidenced that the moisture really existed in the leaky sample. The
leakage current would be increased and dominated by the ionic conduction as the
moisture is contained in the POSG. Additionally, the moisture would enhance the Cu

to penetrate into POSG and cause the raise of the leakage cuurent.

8.1.6 Investigation of the Electrical Properties and Reliability of

Amorphous SiCN

The leaky behavior and barrier characteristics of a-SICN containing different
nitrogen concentrations have been detail studied. The leaky behavior of a-SiCN is
Pool-Frenkel in high electric field region. Experimental results indicate that a-SiCN

films containing higher nitrogen concentration exhibited better barrier ability. The
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dielectric breakdown is due to the penetration of Cu. The electrical characteristics of
post-breakdown a-SiCN caused by Cu penetration are investigated. SIMS spectrum
shows that Cu ions can penetrate through the film at 150°C in high fields (5MV/cm).
It is observed that the main conduction of post-breakdown a-SiCN at room
temperature (298K) is space-charge-limited current (SCLC) due to numerous Cu
impurity/traps. Moreover, the characteristics at low temperature can be separated into
two distinct stages, Fowler—Nordheim tunneling and SCLC conduction. We propose a
physical model which post-breakdown a-SiCN was composed of two different
conduction regions. It can well describe the electrical variation resulted from the Cu

traps and temperature.

8.2 Suggestions for Future Work

There are a number of topics relevant. to-this-thesis which deserves further studies.

The following topics are suggested for future works.

(1) Integration of low-k passivation capped on the BCE a-Si TFTs.

(2) Electrical characterizations and stabilities of a-Si and poly-Si TFTs under bending
stress.

(3) Improvement on the roughness of ELA poly-Si films for poly-Si non-volatile
memory devices.

(4) Gate-dielectric engineering of tunneling oxide of poly-Si non-volatile memory
devices.

(5) Cu interconnections for AMOLED applications.

135



Reference

Chapter 1:

[1.1] D. B. Thomasson, T. N. Jackson, “Fully self-aligned tri-layer a-Si: H thin-film
transistors with deposited doped contact layer”, IEEE Electron Device Lett., 19, 4, pp
124. (1998).

[1.2] A.G Lewis, D. D. Lee, R. H. Bruce ,” Polysilicon TFT circuit design and
performance,” IEEE JOURNAL OF SOLID-STATE CIRCUITS., 21, 12, pp 1833
(1992).

[1.3] S.Zhang, C. Zhu, J. K. O. Sin, JN Li, P. K. T. Mok, “Ultra-thin elevated
channel poly-Si TFT technology for fully-integrated AMLCD system on glass” IEEE
Tran. Electron Devices., 47, 3, pp569 (2000).

[1.4] J.Jang, K. M. Kim, K. S:Cho, BiK.Choo, G. Um , “An amorphous silicon
triode rectifier switching device for active-matrix liquid-crystal display”, |EEE
Electron Device Lett., 24, 2, pp78 (2003).

[1.5] C.M. Park, B. H. Min, J. H. Jun,'JS Yoo, M. K. Han , “Offset gated poly-Si
TFTs without sacrificing ON current during charging pixel” , IEEE Electron Device
Lett., 18, 1(1997).

[1.6] A. Nathan, D. Striakhilev, P. Servati, K. Sakariya, A. Kumar, K. S. Karim, A.
Sazonov, “Low temperature a-Si: H pixel circuits for mechanically flexible AMOLED
displays.” Flexible Electronics -- Materials and Devices Technology as held at the
2003 MRS Spring Meeting; San Francisco, CA; USA; 22-25 Apr. 2003. pp. 29

[1.7] A.Nathan, K. Sakariya, A. Kumar, P. Servati, K.S. Karim, D. Striakhilev,
and A. Sazonov, “Amorphous silicon TFT circuit integration for OLED displays on
glass and plastic” in proc. Custom Integrated Circuits Conference, 2003 , pp. 215.

[1.8] J.Park, O. Kim, “A Novel Self-Aligned Poly-Si TFT With Field-Induced

136



Drain Formed by the Damascene Process”, IEEE Electron Device Lett., 26, 4, pp 249
(2005)

[1.9] G. S.Ryu, H. S. Byun, Y. X. Xu, K. S. Pyo, K. B. Choe, and C. K. Song,
“Analysis of current driving capability of pentacene TFTs for OLEDs” in proc.
Quantum Optics and Applications in Computing and Communications II, pp. 341
(2005)

[1.10] A. Nathan, A. Kumar, K. Sakariya, P. Servati, K. S. Karim, D. Striakhilev and
A. Sazonov ,” Amorphous silicon back-plane electronics for OLED displays”, IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS, 10, 1, pp. 58
(2004).

[1.11] M. J. Powell, C. van Berkel, A. R. Franklin, S. C. Deane and W. 1. Milne,
“Defect pool in amorphous-silicon:thin-film transistors”, Phys. Rev. B., 45, pp.4160
(1992).

[1.12] K. Winer, “Nonequilibrium occupancy-of tail states and defects in a-Si: H:
Implications for defect structure”, Phys..Rev. B, 41, pp.1215 (1990)

[1.13] R. Stachowitz, W. Fuhs,K. Jahn, “Low-temperature transport and
recombination in a-Si: H.”, PHIL. MAG. B., 62, pp.5 (1990)

[1.14] A. Sato, Y. Momiyama, Y. Nara, T. Sugii, Y. Arimoto, and T. Ito, “A 0.5-pum
EEPROM cell using poly-Si TFT technology”, Device Research Conference, 1993.
51st Annual, pp. 99.

[1.15] Sung-Hoi Hur, Nae-In Lee, Jin-Woo Lee, and Chul-Hi Han, “A poly-Si
thin-film transistor EEPROM cell with a folded floating gate” IEEE
TRANSACTIONS ON ELECTRON DEVICES, 46, 2, pp. 436 (1999).

[1.16] K. C. Saraswat, and F. Mohammadi, “Effect of Scaling of Interconnections on
the Time Delay of VLSI Circuits”, IEEE JOURNAL OF SOLID-STATE CIRCUITS,

VOL. SC-17, 2, pp.275 (1982).

137



[1.17] Sakurai, T. Kobayashi, S. Noda, M., “Simple expressions for
interconnection delay, coupling and crosstalk in VLSI's” Circuits and Systems, 1991.,
IEEE International Sympoisum on 2375-2378 vol.4.

[1.18] R.H.Havemann, J. A. Hutchby, T. L. Inc, T. X.” High-Performance
Interconnects: An Integration Overview”, IEEE JA Proceedings, May 2001, 89, 5, pp.
586 (2001).

[1.19] M. A. El-Moursy, E. G. Friedman,” Optimum wire sizing of RLC interconnect
with repeaters”, INTEGRATION, the VLSI journal 38, pp.205 (2004)

[1.20] J Qian, S Pullela, and L Pillage, “Modeling the effective capacitance for the
RC interconnect of CMOS gates” IEEE Transactions on Computer-Aided Design of
Integrated and System, 13, 12, pp. 1526 (1994)

[1.21] Q. Zhang, D. S. Shen, H. Gleskova, S. Wagner ,” Modeling of Gate Line
Delay in Very Large Active Matrix.Liquid Crystal Displays”, IEEE Trans. Electron
Device, 45, 1, pp.343 (1998)

[1.22] W.S. Hong, K. W. Jung, J. H. €hoi, B:K:Hwang, and K. Chung , “High
Transmittance TFT-LCD Panels using Low-k CVD film*, IEEE Electron Device Lett.,
25, 6,pp. 381 (2004).

[1.23] A. G Lewis, D. D. Lee, and R. H. Bruce, “Polysilicon TFT circuit design and
performance”, IEEE JOURNAL OF SOLID-STATE CIRCUITS, 21, 12, pp.1833
(1992)

[1.24] Y. H.Kim, C.Y. Sohn, J. W. Lim, S. J. Yun, C.S. Hwang, C. H. Chung, Y. W.
Ko, and J. H. Lee,” High-Performance Ultralow-Temperature Polycrystalline Silicon
TFT Using Sequential Lateral Solification”, IEEE Electron Device Lett., 25, 8, pp550
(2004.)

[1.25] Y. Iwata, M. Momodomi, T. Tanaka, H. Oodaira, Y. Itoh, R. Nakayama,

R. Kirisawa, S. Aritome, T. Endoh, R. Shirota, K. Ohuchi, and F. Masuoka, A

138



High-Density NAND EEPROM with Block-Page Programming for Microcomputer
Applications, IEEE JOURNAL OF SOLID-STATE CIRCUITS, 25, 2, pp 417 (1990)
[1.26] C. Kuo, T. Toms, M. Weidner, H. Choe, D. Shum, K. M. Chang , and P. Smith,
“A microcontroller with 100 K bytes embedded flash EEPROM” Solid-State and
Integrated Circuit Technology, 1995 4th International Conference on pp. 138-140.
[1.27] The National Technology Roadmap for Semiconductors, Semiconductor
Industry Association, CA, 1999 edition & 2000 update.

[1.28] T. Nitta, T. Ohmi, T. Hoshi, S. Sakai, K. Sakaibara, S. Imai, and T. Shibata,
“Evaluating the Large Electromigration Resistance of Copper Interconnects
Employing a Newly Developed Accelerated Life-Test Method” Journal of the
Electrochemical Society, 140, 4, pp. 1131 (1993)

[1.29] C.-K. Hu, K. Y. Lee, K. L. Lee, C. Cabral, Jx., E. G. Colgan, and C. Stanis
“Electromigration Drift Velocity- inAl-Alloy and Cu-Alloy Lines”, Journal of The

Electrochemical Society, 143, 3,pp. 1001.(1996)

139



Chapter 2:

[2.1]. H. Yamamoto, H. Matsumaru, K. Shirahashi, M. Nakatani, A. Sasano, N.
Konishi, K. Tsutsui, and T. Tsukada,* Fabrication of oxide-gate thin-film transistors
using PECVD/PLD multichamber system”, IEDM Tech. Dig.,851 (1990)

[2.2] G. Kawachi, E. Kimura, Y. Wakui, N. Konishi, H. Yamamoto, Y. Matsukawa,
and A. Sasano, “A novel technology for a-Si TFT-LCD's with buried ITO electrode
structure” IEEE Trans. Elec. Devices., 41, 7, pp. 1120 (1994)

[2.3] S.W. Lee, B.K. Choo, D.Y. Kim, K.S. Cho, J. Jang, “A Silver gate a-Si TFT
with buffer layers for Large- Area AMLCDs”, SID Tech. Dig., pp.91 6 (2002)

[2.4] J.H. Hur, CB Lee, S.H. Won, and J. Jang “A 2 inch a-Si:H TFT-LCD on
Plastic”, SID Tech. Dig., pp. 802 (2002)

[2.5] J Jang, and BC Lim, “ Amerphous Silicon Thin=Film Transistors with
Planarized Gate Insulators”, SID Tech. Dig.,(1999)

[2.6] RM.A. Dawson, M.G. Kane;” A New a-Si: H Thin-Film Transistor Pixel
Circuit for Active-Matrix Organic Light-Emitting Diodes”, SID Tech. Dig., 372(2001)
[2.7] J.A. Nichols, T.N. Jackson, M.H. Lu and M. Hack,” Amorphous Silicon
TFT-Based Active-Matrix Organic Polymer LEDs”, SID Tech. Dig.,1368(2002)
[2.8]T. Tsujimura, Y. Kobayashi, K. Murayama, A. Tanaka, M. Morooka, E.
Fukumoto, H. Fujimoto, J. Sekine, K. Kanoh, K. Takeda, K. Miwa, M. Asano, N.
Ikeda, S. Kohara, and S. Ono, “A 20-inch OLED Display Driven by

Super- Amorphous-Silicon Technology” SID Tech. Dig., pp. 6 (2003)

[2.9]Y. He, R. Hattori, J. Kanicki, “Improved a-Si: H TFT pixel electrode circuits for
active-matrix organic light emitting displays”, IEEE Trans. Electron Device, 48,
7(2001).

[2.10] K Sakariya, P Servati, D Striakhilev, and A Nathan, “Vt-shift compensating

140



amorphous silicon pixel circuits for flexible OLED displays”, 2002 MRS Fall

Meeting., pp. 207 (2002)

[2.11]J. H. Lee, B.H. You, W.J. Nam, H.J. Lee, and M.K. Han, “A New a-Si: H TFT
Pixel Design Compensating Threshold Voltage Degradation of TFT and OLED”’SID

Tech. Dig.,pp.264 (2004).

[2.12]J.J. Lih, and C.F. Sung,” Full-color active-matrix OLED based on a-Si TFT

technology”, Journal of the Society for Information Display., 11, pp. 617 (2003)

[2.13] S. M. Sze,” Nonmetallic transport property of the Si (111) 7 x 7 surface”,
Physics of Semiconductor Devices, p. 402, Wiley, New York (1981).

[2.14] M. Katayama, K. Nakazawa, YsKanémori, M. Katagami, Y. Kanatani, K.
Yano, M. “A 10.4 in.-diagonal full-colouir-=TET-LCD.with new self-aligned a-Si TFTs
for OHP system”, Hijikigawa, in Display Research Conference., pp.243 (1991)

[2.15] L. Balberg, Y. Lubianiker, *Hydrogen diffusion in a-Si: H stimulated by intense
illumination”, Phys. Rev. B, pp. 8709 (1993)

[2.16] M. Akiyama, H. Toeda, H. Ohtaguro, K. Suzuki, and H. Ito, “An a-Si TFT with
a new light-shield structure and its applicationto active-matrix liquid crystal displays”
in IEDM Tech. Dig., pp.268 (1988)

[2.17] S. Luana, and G.W. Neudeck, “An experimental study of the source/drain
parasitic resistance effects in amorphous silicon thin film transistors” Journal of
Applied Physics., 72, 2, pp766(1992).

[2.18] C.Y. Chen, and J. Kanicki,” On-current modeling of large-grain polycrystalline
silicon thin-film transistors”, Solid-State Electronics., 42, pp.705(1998)

[2.19]B. Popescu, M. Hundhausen, and L. Ley, “Study of space-charge-limited

currents in high-voltage TFTs based on a-Si: H”, Journal of Non-Crystalline Solids.,

141



283, pp.155 (2001)
[2.20] J. Kanicki, F. R. Libsch, J. Griffith, and R. Polastre,” Performance of thin
hydrogenated amorphous silicon thin film transistors”, Journal of Applied Physics.,

69, 2339(1991)

142



Chapter 3:

[3.1] C.W. Lin, L.J. Cheng, Y.L. Lu, Y.S. Lee, and H.C. Cheng , “High-performance
low-temperature poly-Si TFTs crystallized by excimer laser irradiation with low
temperature processing”, IEEE Electron Device Lett., 22, 6, pp. 251 (2001)

[3.2] S.h Jung, J.H. Park, C.W. Han, and M.K. Han, “New Source Follower Type
Analog Buffers Using Poly-Si TFTs for Active Matrix Displays” SID Tech. Dig., 35,
pp. 1452(2004)

[3.3] W. Benzarti, F. Plais, A. De Luca, and D. Pribat, “Compact Analytical
Physical-Based Model of LTPS TFT for Active Matrix Displays Addressing

Circuits Simulation and Design” IEEE Tran. Electron Devices., 51, 3, pp. 345(2004)
[3.4] Z. Xiong, H. Liu, J. K. O. Sinj”> A Novel Self- Aligned Lightly-Doped-Drain
Polysilicon Thin-Film Transister Using a a Partial. Exposure Technique”, SID Tech.
Dig., pp. 240(2004)

[3.5] C.W. Lin, C.H. Tseng, T.K. Chang, C.W+Lin, W.T. Wang, H.C. Cheng,, “A
novel laser-processed self-aligned gate-overlapped LDD poly-Si TFT”, IEEE
Electron Device Lett., 23, 3(2002)

[3.6].B.D. Choi , H. Jang, O.K. Kwon, H.G. Kim, and M.J. Soh, “Design of poly-Si
TFT-LCD panel with integrated driver circuits for an HDTV/XGA projection system”
IEEE Tran. Electron Devices., 46, 1, pp. 95 (2000).

[3.7] S.W. Tam, Y. Matsueda, M. Kimura, H. Maeda, T. Shimoda, , “Poly-Si driving
circuits for organic EL displays” Proceedings of SPIE, 2001, 4295, p. 125 (2001)
[3.8] C. F. Cheng, T. C. Leung, M. C. Poon, M. Chan,” Large-Grain Polysilicon
Crystallization Enhancement Using Pulsed RTA”, IEEE Electron Device Lett., 25, 8,
pp- 553 (2004)

[3.9] F.L. Chang, M.J. Lin, C.W. Liaw, H.C. Cheng, “A New Poly-Si High-Voltage

143



LDMOS With Excimer Laser Crystallization”, IEEE Electron Device Lett., 25, 8, pp.
547 (2004)

[3.10] J.R. Ayres, and N.D. Young, “Negative gate bias instability in polycrystalline
silicon TFT's”, IEEE Tran. Electron Devices, 42, 9 , pp. 1623 (1995)

[3.11] K.C. Moon, J.H. Lee, and M..K. Han, “The Study of Hot-Carrier Stress on
Poly-Si TFT Employing C—V Measurement”, IEEE Tran. Electron Devices., 52, 4, pp.
512 (2005)

[3.12] Y. Uraoka, N. Hirai, H. Yano, T. Hatayama, and T. Fuyuki, “Hot Carrier
Analysis in Low-Temperature Poly-Si Thin-Film Transistors Using Pico-Second
Time-Resolved Emission Microscope”, IEEE Electron Device Lett., 24, 4, pp. 236
(2003)

[3.13] W. Hansch, and W. Weber,.*The effect of transients on hot carriers”, IEEE
Electron Device Letters., 10, 252(1989)

[3.14] Y. Toyota, T. Shiba, and M. Ohkura;—A-New Model for Device Degradation in
Low-Temperature N-Channel Polycrystalline Silicon TFTs Under AC Stress” IEEE

Tran. Electron Devices., 51, 6, pp. 928 (2004)

[3.15] C. M. Park, J. H. Jeon, J. S. Yoo, and M. K. Han, “Four-Terminal Poly-Si

TFTs with Improved Reliability”, SID Tech. Dig., 30, pp. 394 (1999)

[3.16] H. Tango, T. Satoh and Y. Imai, “Hot-carrier-induced degradation of threshold
voltage and transconductance in n-channel LDD and SD poly-Si TFTs”, IEEE

Electronics Letters, 38, 20, pp.1227 (2002)

[3.17]).Y. Seto, “High performance thin-film transistor using a low temperature

poly-Si by silicide mediated”, J. Appl. Physics., 46, pp.5247(1975)

144



[3.18] H.L. Chen and C.Y. Wu, “An Analytical Grain-Barrier Height Model and Its
Characterization for Intrinsic Poly-Si Thin-Film Transistor”, IEEE Trans. Electron

Devices. 45, 10, pp. 2245 (1998)

[3.19] C. T. Angelis, C. A. Dimitriadis, I. Samaras, J. Brini, G. Kamarinos, V. K.
Gueorguiev and Tz. E. Ivanov “Study of leakage current in n-channel and p-channel
polycrystalline silicon thin-film transistors by conduction and low frequency noise

measurements”, J. Appl. Phys. , 82, 8, pp.4095 (1997)

[3.20] S.S. Bhattacharya, S.K. Banerjee, B.Y. Nguyen, and P.J. Tobin,” Temperature
dependence of the anomalous leakage current in polysilicon-on-insulator MOSFET's”,

IEEE Trans. Electron Devices, 41, 2, pp.221 (1994)

[3.21]K. Nakazawa, K. Tanaka, S. Suyama, K, Kato-and S. Kohda,” A new poly-Si

TFT structure with air cavities at the gate-oxide edges”’, SID Tech. Dig.,(1990)

[3.22] C.W. Lin, C.H. Tseng, T.K. Chang,.C.W. Lin, W.T. Wang, and H.C. Chen, “A
novel laser-processed self-aligned gate-overlapped LDD poly-Si TFT”, IEEE

Electron Device Letters., 23, 3, pp.133 (2002)

[3.23] T. Sameshima, S. Usui, and M. Sekiya, “XeCl excimer laser annealing used in

the fabrication of poly-Si TFT's.”, IEEE Electron Device Letters., 7, 5, pp.276 (1986)

[3.24]T. Sameshima, M. Hara, and S. Usui, "Polycrystalline silicon thin-film
transistors fabricated by defect reduction methods *“, Jpn. J. Appl. Phys, 49, 12, pp.

1789 (1989)

[3.25] T Neugebauer and G Landwehr, “ Determination of the phonon modes

involved in the carrier-phonon interaction in silicon inversion layers at low

145



temperatures by nonohmic transport measurements®, Physical Review B, 21, pp. 302

(1980)

[3.26] Y Morimoto, Y Jinno, K Hirai, H Ogata, T Yamada, and K Yoneda, “Influence
of the Grain Boundaries and Intragrain Defects on the Performance of Poly-Si Thin

Film Transistors*, J. Electrochem. Soc, 144, 7, pp. 2495 (1997)

146



Chapter 4:

[4.1] A. Kohno, T. Sameshima, N. Sano, M. Sekiya, and M. Hara, “High
performance poly-Si TFTs fabricated using pulsed laserannealing and remote plasma

CVD with low temperature processing”, IEEE Tran. Electron Devices., 42, pp. 251

(1995)

[4.2] I. H. Song, S. H. Kang, W. J. Nam, and M. K. Han, “A High-Performance
Multichannel Dual-Gate Poly-Si TFT Fabricated by Excimer Laser Irradiation on a
Floating a-Si Thin Film”, IEEE Electron Device Lett., 24, pp.580-582(2003)

[4.3] C.H. Kim, I. H. Song, W. J. Nam, M. K. Han , “A Poly-Si TFT Fabricated by
Excimer Laser Recrystallization on Floating Active Structure”, IEEE Electron Device
Lett., 23,pp. 315 (2002)

[4.4] T. Sameshima, S. Usui, MSekiya, “XeCl exeimer laser annealing used in the
fabrication of poly-Si TFT's. Sameshima”;JEEE Electron Device Letters., 7, pp.276
(1986)

[4.5]J. H. Jeon, M. C. Lee, K. C. Park, S. H. Jung, M. K. Han, “A new Poly-Si TFT
with selectively doped channel fabricated by novel excimer laser annealing”, IEEE Int.
Electron Devices Meeting Tech. Dig., pp. 213 (2000)

[4.6] H. L. Chen and C. Y. Wu, “A New Model Considering the Impact-lonization
Effect Initiated by the DIGBL Current for the Intrinsic n-Channel Poly-Si TFT’s”,
IEEE Tran. Electron Devices., 45, pp. 2245 (1998)

[4.7] M. Yoshihiro ,J. Yushi ,H. Kyoko ,O. Hidenori, Y. Tutomu , and Y. Kiyoshi ,
“Influence of the Grain Boundaries and Intragrain Defects on the Performance of
Poly-Si Thin Film Transistors”, J. Electrochem. Soc., 144, 7, 2495(1997)

[4.8] H. Ito, M. Sasaki, N. Kimizuka ,K. Uwasawa, T. Ito, Y. Goto,

A. Tsuboi, S. Watanuki, T. Ueda, T. Horiuchi, “Gate electrode microstructure

147



having stacked large-grain poly-Siwith ultra-thin SiOx interlayer for reliability
insub-micrometer CMOS” IEEE Int. Electron Devices Meeting Tech. Dig., pp. 635
(1997)

[4.9] M. P. Walker, M. Hiroshi , U. Shigeyasu, F. Yoshikazu , and G. David G.
Hasko, “Improved off-current and subthreshold slope in aggressively scaled poly-Si
TFTs with a single grain boundary in the channel”, IEEE Tran. Electron Devices, 51,

pp. 212 (2004)

[4.10] G. A. Armstrong, S. Uppal, S. D. Brotherton and J. R. Ayres , “Differentiation
of Effects due to Grain and Grain Boundary Traps in Laser Annealed Poly-Si Thin

Film Transistors”, Jpn. J. Appl. Phys., 37, pp. 1721 (1998)

[4.11] R.S. Sposili and J. S. Im, “Sequential lateral-solidification of thin silicon films

on Si02”, Appl. Phys. Lett., 69,pp.2864,(1996).

[4.12]]. Y. Park, H. H. Park, K. Y. Lee; H. K. Chung , “Design of Sequential Lateral
Solidification Crystallization Method for Low Temperature Poly-Si Thin Film

Transistors”, Jpn. J. Appl. Phys., 43, pp. 1280-1286(2004)

[4.13]J. S. Im, R. S. Sposili, and M. A. Crowder,“Single-crystal Si films for thin-film
transistor devices”, Appl. Phys. Lett., 70, pp. 3434(1997).

[4.14] S. D. Brotherton, M. A. Crowder, A. B. Limanov, and J. S. Im,
“Characterization of poly-Si TFTs in directionally solidified SLS Si”Proc.Asia

Display/IDW, pp. 387(2001)

[4.15] A. T. Voutsas A. Limanov and J. S. Im, “Effect of process parameters on the
structural characteristics of laterally grown, laser-annealed polycrystalline silicon

films”, Journal of Applied Physics., 94, pp. 7445 (2003)

148



Chapter 5:

[5.11 M. L. French, C.Y. Chen, H. Sathianathan, and M. H. White, “Design and
scaling of a SONOS multidielectric device fornonvolatile memory applications ,
IEEE Transactions on Components, Packaging, and Manufacturing Technology, 17,
pp- 390 (1994).

[5.2] Y. C.King, T.J. King, and C. Hu, “Long-refresh dynamic/quasi-nonvolatile
memory device with 2-nm tunneling oxide”, IEEE Electr. Device Lett., 20, pp. 409
(1999).

[5.3] J Bu, MH White, “Electrical characterization of ONO triple dielectric in
SONOS nonvolatile memory devices” SOLID-STATE ELECTRON., 45, 1, pp. 47

(2001).

[5.4] M. H. White, D. A. Adamsand J. Bu,*On.the go with SONOS”, IEEE

circuits & devices., 16, pp. 22-31 (2000)-

[5.5] H.E.Maes, J. Witters, and G. Groeseneken, “Trends in non-volatile. memory
devices and technologies”, Proc. 17th European Solid State Devices Res. Conf.
Bologna 1987, pp. 157 (1988).

[5.6] D.Kahng and S. M. Sze,“A floating-gate and its application to memory
devices”, Bell Syst. Tech, J., 46, pp. 1288 (1967).

[5.7] WL.. Tsai, N.K. Zous, C.J. Liu, C.C. Liu, C.H. Chen, T. Wang, S. Pan, C.Y.
Lu, S. H. Gu, “Data retention behavior of a SONOS type two-bit storage flash
memory cell” IEEE IEDM, 32.6.1 (2001)

[5.8] Y. Yang and M.H. White ,“Charge retention of scaled SONOS nonvolatile
memory devices at elevated temperatures”, Solid-State Electronics, 44, 6, pp. 949

(2000)

149



[5.9] H.E. Maes, J. Witters, and G. Groeseneken, “Trends in non-volatile memory
devices and technologies,” in Proc. I7th ESSDERC Conf, Sept., 1987, pp. 743 (1988)
[5.10] S. Tiwari, F. Rana, K. Chan, H. Hanafi, C. Wei, and D. Buchanan, “Volatile
and nonvolatile memories in silicon with nano-crystal storage”, IEEE Int. Electron

Devices Meeting Tech. Dig., pp. 521 (1995).

[5.11] J.J. Welser, S. Tiwari, S. Rishton, K. Y. Lee, and Y. Lee, “Room
Temperature Operation of a Quantum-Dot Flash Memory”, |EEE Electron Device

Lett., 18, pp. 278 (1997).

[5.12] Y. C.King, T.J. King, and C. Hu,“MOS memory using germanium
nanocrystals formed by thermal oxidation of Si Ge”, IEEE Int. Electron Devices
Meeting Tech. Dig., pp. 115 (1998).

[5.13] D Naccache, D M'Raihy, “‘Cryptographic smart cards”, IEEE Micro, 16, 3,

pp. 14 (1996)

[5.14] A. Abrial, J. Bouvier, M. Renaudin, P. Senn, P. Vivet , “A New Contactless
Smart Card IC Using an On-Chip Antenna and an Asynchronous Microcontroller”,

IEEE JOURNAL OF SOLID-STATE CIRCUITS., 36, pp. 1101 (2001)

[5.15] M. Cao, T. Zhao, K. C. Saraswat, J. D. Plummer, “A simple EEPROM cell
using twin polysilicon thin film transistors”, IEEE Electron Device Lett., 15, pp. 304

(1994)

[5.16] J.H. Oh, H. J. Chung, N.I. Lee, C. H. Han, “A High-Endurance
Low-Temperature Polysilicon Thin-Film Transistor EEPROM Cell”, IEEE Electron

Device Lett., 21, 2000.

150



[5.17] Nae-In Lee, Jin-Woo Lee, Hyoung-Sub Kim, and Chul-Hi Han,
“High-Performance EEPROM’s Using N- and P-Channel Polysilicon Thin-Film
Transistors with Electron Cyclotron Resonance N O-Plasma Oxide”, IEEE

ELECTRON DEVICE LETTERS., 20, pp. 15 (1999.)

[5.18] S. M. Sze, Physics of Semiconductor Devices, p. 497, Wiley, New York
(1981).

[5.19] R. Versari, A. Pieracci, D. Morig, B. Ricco, “Fast tunneling programming

of nonvolatile memories”|EEE Tran. Electron Devices, 47, pp.1297 (2000).

[5.20] E. Lusky, Y. Shacham-Diamand, I. Bloom, and B. Eitan, “Characterization of
channel hot electron injection by the subthreshold slope of NROM™ device,” IEEE

Electron Device Lett., 22, pp. 556 (2001)

151



Chapter 6:

[6.1]H. Gleskova, S. Wagner, Q. Zhang, and D. S. Shen, “Via hole technology for thin
film transistor circuits”|EEE ELECTRON DEVICE LETTERS., vol. 18, pp.
523-525(1997)

[6.2]S. Maghsoodi, S. Wang, G. S. Becker, J. D. Albaugh, C. R. Yeakle, D. K. Choi,
R. R. Warner, G. A. Cerny, J. E. Hamon, D. Ha and E. S. Moyer, “Transparent
Silicon-based Low-k Dielectric Materials for TFT-LTPS Displays”SID, vol. 34, pp.
1512-1515, May, 2003

[6.3] W. S. Hong, K. W. Jung, J. H. Choi, B. K. Hwang, and K. Chung, “High
transmittance TFT-LCD panels using low-/spl kappa/ CVD films”, |EEE
ELECTRON DEVICE LETTERS., wel. 25, pp. 381-383(2004)

[6.4]T. N. Theis, “The future ofanterconnection technology”, IBM Journal of
Research and Development, VOL. 44, NO-3:pp-379-390, MAY 2000

[6.5]H. Sirringhaus, S. D. Theiss, A: Kahn, and S: Wagner, “Self-passivated copper
gates for amorphous silicon thin-film transistors” IEEE ELECTRON DEVICE
LETTERS., 18, pp. 8(1997)

[6.6]J. Jang and B. C. Lim, "A-Si TFTs with planarized gate insulators", SID, vol. 32.,
pp. 728-731(1999)

[6.7]Q. Zhang, D. S. Shen, H. Gleskova, and S. Wagner, “Modeling of gate line delay
in very large active matrix liquidcrystal displays”, IEEE Tran. Electron Devices., vol.
45, pp. 343-345 (1998)

[6.8]V. M. Dubin, Journal of the Electrochemical Society, “Selective Electroless
Ni--Cu(P) Deposition for Via Hole Filling and Conductor Pattern Cladding in VLSI
Multilevel Interconnection Structures”, Vol. 139, no. 2, pp. 633-638. Feb(1992)

[6.9]]. Gonzalez, A. Rubio, Microelectronics and Reliability., “Shape Effect on

152



Electromigration in VLSI Interconnects”, Vol. 37, No. 7, July (1997)

[6.10]C. Ryu, K. Kwon, A. Loke, H. Lee and T. Nogami, “Microstructure and
reliability of copper interconnects”, IEEE Transactions on Electron Devices, vol. 46,
pp. 1113-1120 (1999)

[6.11]E. Ogawa, K. Lee, V. Blaschke, P. Ho, IEEE Trans. Reliability,
“Electromigration reliability issues in dual-damascene Cu interconnections

7, vol. 51, pp. 403- 419 (2002)

[6.12]M. Hasunuma, H. Toyoda, H. Kaneko, “Electromigration induced aluminum
atom migration retarding by grain boundary structure stabilization and copper doping”,
Microelectronics Reliability., vol. 39, pp. 1631-1645 (1999)

[6.13]J. Ryan, R. Geffken, N. Poulin, J. Paraszczak, “The evolution of interconnection
technology at IBM”, IBM Journal of Research and.Development, IBM Corp. Riverton,
NJ, USA, vol. 39, No. 4 (1995)

[6.14] C.K. Hu, JME Harper, “Copper thterconnect: Fabrication and reliability” 1997
International Symposium on VLSI Technology; pp. 18 (1997)

[6.15]J. Woo Park, I. HyukSong, M. CheolLee, and M. KooHan, ““A Poly-Si TFT
Integrated Gate-Data Line-Crossover Structure Employing an Air-Gap for Large-Size
AMLCD Panel”IEEE Tran. Electron Devices., 48, 12, pp.402 (2001)

[6.16]R. Jeyakumar, K.S. Karim, S. Sivoththaman and A. Nathan, “Integration issues
for polymeric dielectrics in large areaelectronics TFTs”, PROC. 23rd
INTERNATIONAL CONFERENCE ON MICROELECTRONICS (MIEL 2002),
VOL 2, pp. 243-246 (2002)

[6.17]W. S. Hong, K. W. Jung, S. H. Yang, K. Chung, B. K. Hwang and G. Cerny,
“Fabrication of High-Transmittance TFT-LCD Panels Using Low-k CVD Films”, vol.
34, pp. 1508-1511, 57.2, SID DIGEST (2003)

[6.18] H. J. Lee, C.L. Soles, D.W. Liu, B.J .Bauer, E.K. Lin, W.I. Wu, A “Structural

153



characterization of porous low-k thin films prepared by different techniques using
x-ray porosimetry”, Journal of Applied Physics, 95, 5, pp. 2355 (2004)

[6.19] S. Yu, T. K. S. Wong, K. Pita, X. Hu, and V. Ligatchev, *““Surface modified
silica mesoporous films as a low dielectric constant intermetal dielectric™, J. Appl.
Phys., vol. 92, pp. 3338-3344 (2002)

[6.20] ET Ogawa, J Kim, GS Haase, HC Mogul, JW McPherson, “Leakage,
breakdown, and TDDB characteristics of porous low-k silica-based interconnect
dielectrics”, Reliability Physics Symposium Proceedings, 2003. 41st Annual. 2003
IEEE International, pp. 166-172

[6.21] T. C. Chang, C. W. Chen, P. T. Liu, Y. S. Mor, H. M. Tsai, T. M. Tsai, S. T.
Yan, C. H. Tu, T. Y. Tseng, and S. M. Sze, “Moisture-Induced Material Instability of

Porous Organosilicate Glass”, Eleetrochem. Solid-State Lett., vol. 6, pp. F13-F15
(2003)

[6.22] P. T. Liu, T. C. Chang, Y.'S. Mot, €:iW.7Chen, T. M. Tsai, C. J. Chu, F. M. Pan,
and S. M. Sze, “Effective Strategy for Poreus Organosilicate to Suppress Oxygen
Ashing Damage”, Electrochem. Solid-State Lett., vol. 5, pp. G11-G14 (2002).

[6.23] Y. S. Mor, T. C. Chang, P. T. Liu, T. M. Tsai, C. W. Chen, S. T. Yan, C. J. Chu,
W. F. Wu, F. M. Pan, W. Lur, and S. M. Sze, “Effective repair to ultra-low-k dielectric
material (k~2.0) by hexamethyldisilazane treatment”, Journal of Vacuum Science &

Technology B, Vol. 20, pp. 1334-1338 (2002).

154


http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=JAPIAU&possible1=Yu%2C+Suzhu&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=JAPIAU&possible1=Wong%2C+Terence+K.+S.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=JAPIAU&possible1=Pita%2C+Kantisara&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=JAPIAU&possible1=Hu%2C+Xiao&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=JAPIAU&possible1=Ligatchev%2C+Valeri&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ESLEF6&possible1=Chang%2C+T.+C.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ESLEF6&possible1=Chen%2C+C.+W.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ESLEF6&possible1=Liu%2C+P.+T.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ESLEF6&possible1=Mor%2C+Y.+S.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ESLEF6&possible1=Tsai%2C+H.+M.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ESLEF6&possible1=Tsai%2C+T.+M.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ESLEF6&possible1=Yan%2C+S.+T.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ESLEF6&possible1=Yan%2C+S.+T.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ESLEF6&possible1=Tu%2C+C.+H.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ESLEF6&possible1=Tseng%2C+T.+Y.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ESLEF6&possible1=Sze%2C+S.+M.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true

Chapter 7:

[7.1]T. Sakurai, “Closed-form expressions for interconnection delay, coupling, and
crosstalk in VLSIs”, IEEE Tran. Electron Devices., 40, 1, pp.118 (1993)

[7.2] A. Mallikarjunan, S. P. Murarka, T.M. Lu,” Metal drift behavior in low dielectric
constant organosiloxane polymer”, Appl. Phys. Lett.,79,12, pp. 855(2001)

[7.3] M. Vogt, M. Kachel, K. Drescher,” Dielectric barriers for Cu metallization
systems” , Materials for Avanced Metallization ,pp.51(1997).

[7.4] S. G. Lee, Y. J. Kim, S. P. Lee, H.S Oh, S. J. Lee, M. Kim, I. G. Kim, J. H. Kim,
H.J. Shin, J.G. Hong, H.D. Lee, H. K. Kang,” Low Dielectric Constant 3MS
alpha-SiC: H as Cu Diffusion Barrier Layer in Cu Dual Damascene Process” , Jpn. J.
Appl. Phys.,40,pp.2663 (2001).

[7.5] M. Tanaka, S. Saida, T. Lijima.and Y. Tsunashima, “Low-k SiN film for Cu
interconnects integration fabricated by ultra-low,temperature thermal
CVD”,pp.47(1999)

[7.6] M. Tada, Y. Harada, K. Hijioka, H. Ohtake, T.Takeuchi, S. Saito, T. Onodera, M.
Hiroi, N. Furutake and Y. Hayashi ,” Cu dual damascene interconnects in porous
organosilica film with organic hard-mask and etch-stop layers for 70 nm-node ULSIs”
Proc.2002 IEEE IITC ,pp.12(2002).

[7.7] M. Foyolle, J. Torres, G. Passemard, F. Fusalba, G. Fanget, D. Louis, L. Arnaud,
V. Girault, J. Cluzel, H. Feldis, M. Rivoire, O. Louveau, T. Mourier, and L.
Broussous,” Integrating of Cu/SiOC in Cu dual damascene interconnect for 0.1-um
technology’ Proc. 2002 IEEE IITC, pp.39(2002)

[7.8] Z.C., Wu, Y.C. Lu, C.C. Chiang, M.C. Chen, B.T. Chen, G.J. Wang, Y.T. Chen,
J.L. Huang, S.M. Jang, M.S. Liang,” Advanced metal barrier free Cu damascene

interconnects with PECVD silicon carbide barriers for 90/65-nm BEOL technology

155



” |IEEE IEDM, pp.595(2002)

[7.9] B.Y. Tsui, K.L. Fang, and S.D. Lee, “Electrical Instability of Low-Dielectric
Constant Diffusion Barrier Film (a-SiC :H) for Copper Interconnect”|EEE Tran.
Electron Devices.,40,10, pp2375(2001)

[7.10] C.C. Chiang, M.C. Chen, Z.C. Wu, L.J. Li, S.M. Jang, C.H. Yu, and M.S. Liang,
“TDDB Reliability Improvement in Cu Damascene by using a Bilayer-Structured

PECVD Sic Dielectric Barrier”proc. 2002 IEEE IITC, pp.200(2002)

[7.11] B. D. Patterson,” Muonium states in semiconductors”, Rev. Mod. Phys.. 60, 1,

(1988).

[7.12] S. M. Sze, Physics of Semiconductor Devices, Ch. 7, Wiley, New York 1981,
pp. 403.

[7.13]W.R. Harrell and J. Frey, ‘Observation of Poole-Frenkel effect saturation in
Si0; and other insulating films*Thin'Selid-FHms., 352,1, pp.195(1999).

[7.14] A. Rose, “Space-Charge-Limited Currenits in Solids”, Phys. Rev. 97, pp. 1538
(1955)

[7.15] M. A. Lampert, “Simplified Theory of Space-Charge-Limited Currents in an
Insulator with Traps”, Phys. Rev., 103, 1648 (1956)

[7.16] R. Fowler and L. Nordheim,” Electron Emission in Intense Electric Fields”
Proc. R. Soc. London, Ser. 119, pp.173(1928)

[7.17] G. Pananakakis, G. Ghibaudo, R. Kies,” Temperature dependence of the
Fowler—Nordheim current in metal-oxide-degenerate semiconductor structures” J.
Appl. Phys., 78,4 ,pp.2635(1995).

[7.18] P. T. Liu, T. C. Chang, Y. L. Yang, Y. F. Chen, and S. M. Sze,” Effects of NH
sub(3)-plasma nitridation on the electrical characterizations of low-k hydrogen

silsesquioxane with copper interconnects” IEEE Trans. Elec. Devices.,

156



47,9,1733(2000)

[7.19] P. T. Liu, T. C. Chang, S. T. Yan, C. H. Li and S. M. Sze,” Electrical Transport
Phenomena in Aromatic Hydrocarbon Polymer” J. Electrochem. Soc. 50(2) (2003) .
[7.20] W. Y. Loh, B. J. Cho, and M. F. Li,” Evolution of quasi-breakdown in thin gate
oxides” J. Appl. Phys. 91,8,pp.5302(2002).

[7.21]1 Y. Omura and K. Komiya,” Off-Leakage and Drive Current Characteristics of
Sub-100-nm SOI MOSFETs and Impact of Quantum Tunnel Current” J. Appl. Phys.

91,7,pp.4296 (2002).

157



A& pAKE 66 F 57 5P

g i
B L4 Spms e (84.09-88.06)
RN FO . ) =k s S0 (88.09-90.06)
Rzl < E7IEf o L5 (90.09-94.06)

TR

3R

TR R SEE LA R R EE Y i

-~

Study on Array Technology of Thin-Film Transistor Active Matrix Panel

158



Publication List

International Regular Journals -

[1] C. W. Chen, T. C. Chang, P. T. Liu, T. M. Tsai, C. H. Huang, J. M. Chen, T. Y.
Tseng, “Investigation of the electrical properties and reliability of amorphous
SiCN”, Thin Solid Film, 447, p.632 (2004) (2&)

[2] C.W. Chen, T. C. Chang, P. T. Liu, T. M. Tsai, T. Y. Tseng, “Study on etching
profile of nanoporous silica”, Thin Solid Film, 469-470, p.377 (2004) (22k)
[3] C.W. Chen, P.T. Liu, T.C. Chang, J.H. Yang, T.M. Tsai, H.H. Wu, T.Y.

Tseng,” Cu-penetration induced breakdown mechanism for a-SiCN” Thin Solid

Film, 469-470, p.388 (2004) (22%)

International Letter Journals -

[1] T. C. Chang, C. W. Chen, P. T, Liu; Y. S. Mor; H. M. Tsai, T. M. Tsai, S. T. Yan, C.
H. Tu, T. Y. Tsing, and S. M. Sze; “Moisture-induced material instability of porous
organosilicate glass”, Electrochemical and Solid-State Letters, 6(4), F13 (2003).(1
2k)

[2] C. W. Chen , T. C. Chang, P. T. Liu, T. M. Tsai, T. Y. Tseng, “Effects of
Oxygen-Plasma Ashing on Barrier Dielectric SiCN Film” Electrochem. and
Solid-State Lett., 8(1), G11 (2005). (1 2t)

[3] C. W. Chen, T. C. Chang, P. T Liu, H. Y. Lu, T. M. Tsai , C.F. Wang , C.W. Hu
T. Y. Tseng, “Electrical Degradation of N-Channel Poly-Si TFT under AC Stress”,
Electrochem. and Solid-State Lett.(accepted) (1 &)

[4] Chi-Wen Chen, Ting-Chang Chang, Po-Tsun Liu, Hau-Yan Lu, Kao-Cheng Wang,

Chen-Shuo Huang, Chia-Chun Ling, Tesung-Yuen Tseng, “High Performance
Hydrogenated Amorphous Si TFT for AMLCD and AMOLED Applications
“|EEE Electron Device Lett. (accepted) (3 &)

[5] Chi-Wen Chen, Ting-Chang Chang, Po-Tsun Liu, Hau-Yan Lu, Tesung-Yuen Tseng,

159



“The Influence of Grain Boundary Arrangement on Stability of Poly-silicon TFT”
IEEE Electron Device Lett. (submitted)

[6] C. W. Chen, T. C. Chang, P. T Liu, H. Y. Lu, T. M. Tsai, C.F. Wang, CW. Hu, T.

Y. Tseng, “Low-Temperature Non-volatile Memory Fabricated on Glass
Substrate” Applied Phys. Lett. (submitted)

[7] C.W. Chen, T. C. Chang, P. T Liu, H. Y. Lu, T. M. Tsai, C.F. Wang, T. Y. Tseng,

“ Temperature Effects of N-channel Poly-Si TFT”, Electrochemical and

Solid-State Letters (submitted)

International Conferences -

[1] Chi-Wen _Chen, Tesung -Yuen _Tseng,” Ting-Chang Chang, Kao-Cheng Wang,
Chen-Shuo Huang, Chia-Chun Ling,.Po-TsunLiu, Hau-Yan Lu “Highly Reliable
Amorphous Si TFT with Low Leakage for AMLCD and AMOLED Applications,”
SID International Symposium, Boston,USA, 2005.(accepted) (1 E@

FmbEc: X 13 %

160



	ADP148.tmp
	 
	Student: Chi-Wen Chen       Advisor: Dr. Tseung-Yuen Tseng 
	Dr. Ting-Chang Chang 
	Abstract 
	Chapter 2 
	Chapter 3 
	Chapter 4 
	Chapter 5 
	Chapter 6 
	Chapter 7 



	ADP231.tmp
	[2.11] J. H. Lee, B.H. You, W.J. Nam, H.J. Lee, and M.K. Han, “A New a‐Si: H TFT Pixel Design Compensating Threshold Voltage Degradation of TFT and OLED”SID Tech. Dig.,pp.264 (2004). 
	[2.12] J. J. Lih, and C.F. Sung,” Full‐color active‐matrix OLED based on a‐Si TFT technology”, Journal of the Society for Information Display., 11, pp. 617 (2003) 
	[3.15] C. M. Park, J. H. Jeon, J. S. Yoo, and M. K. Han, “Four‐Terminal Poly‐Si TFTs with Improved Reliability”, SID Tech. Dig., 30, pp. 394 (1999) 
	[3.16] H. Tango, T. Satoh and Y. Imai, “Hot-carrier-induced degradation of threshold voltage and transconductance in n-channel LDD and SD poly-Si TFTs”, IEEE Electronics Letters, 38, 20, pp.1227 (2002)  
	[3.17]J.Y. Seto, “High performance thin-film transistor using a low temperature poly-Si by silicide mediated”, J. Appl. Physics., 46, pp.5247(1975) 
	[3.18] H.L. Chen and C.Y. Wu, “An Analytical Grain-Barrier Height Model and Its Characterization for Intrinsic Poly-Si Thin-Film Transistor”, IEEE Trans. Electron Devices. 45, 10, pp. 2245 (1998)  
	[3.20] S.S. Bhattacharya, S.K. Banerjee, B.Y. Nguyen, and P.J. Tobin,” Temperature dependence of the anomalous leakage current in polysilicon-on-insulator MOSFET's”, IEEE Trans. Electron Devices, 41, 2, pp.221 (1994) 
	[3.21]K. Nakazawa, K. Tanaka, S. Suyama, K. Kato and S. Kohda,” A new poly-Si TFT structure with air cavities at the gate-oxide edges”, SID Tech. Dig.,(1990) 
	[3.22] C.W. Lin, C.H. Tseng, T.K. Chang, C.W. Lin, W.T. Wang, and H.C. Chen, “A novel laser-processed self-aligned gate-overlapped LDD poly-Si TFT”, IEEE Electron Device Letters., 23, 3, pp.133 (2002) 
	[3.23] T. Sameshima, S. Usui, and M. Sekiya, “XeCl excimer laser annealing used in the fabrication of poly-Si TFT's.”, IEEE Electron Device Letters., 7, 5, pp.276 (1986) 
	[3.24]T. Sameshima, M. Hara, and S. Usui,”Polycrystalline silicon thin-film transistors fabricated by defect reduction methods “, Jpn. J. Appl. Phys, 49, 12, pp. 1789 (1989) 
	[3.25] T Neugebauer and G Landwehr, “ Determination of the phonon modes involved in the carrier-phonon interaction in silicon inversion layers at low temperatures by nonohmic transport measurements“, Physical Review B, 21, pp. 302 (1980) 
	[3.26] Y Morimoto, Y Jinno, K Hirai, H Ogata, T Yamada, and K Yoneda, “Influence of the Grain Boundaries and Intragrain Defects on the Performance of Poly-Si Thin Film Transistors“, J. Electrochem. Soc, 144, 7, pp. 2495 (1997) 
	 
	 
	 
	 
	[4.1] A. Kohno, T.  Sameshima, N. Sano, M. Sekiya, and M. Hara, “High performance poly-Si TFTs fabricated using pulsed laserannealing and remote plasma CVD with low temperature processing”, IEEE Tran. Electron Devices., 42, pp. 251 (1995) 
	[4.10] G. A. Armstrong, S. Uppal, S. D. Brotherton and J. R. Ayres , “Differentiation of Effects due to Grain and Grain Boundary Traps in Laser Annealed Poly-Si Thin Film Transistors”, Jpn. J. Appl. Phys., 37, pp. 1721 (1998) 
	[4.11] R.S. Sposili and J. S. Im, “Sequential lateral solidification of thin silicon films on SiO2”, Appl. Phys. Lett., 69, pp. 2864,(1996). 
	[4.12] J. Y. Park, H. H. Park, K. Y. Lee; H. K. Chung , “Design of Sequential Lateral Solidification Crystallization Method for Low Temperature Poly-Si Thin Film Transistors”, Jpn. J. Appl. Phys., 43, pp. 1280-1286(2004) 
	[4.15] A. T. Voutsas A. Limanov and J. S. Im, “Effect of process parameters on the structural characteristics of laterally grown, laser-annealed polycrystalline silicon films”, Journal of Applied Physics., 94, pp. 7445 (2003)  Chapter 5: 
	[5.4]  M. H. White, D. A. Adams, and J. Bu, “On the go with SONOS”, IEEE circuits & devices., 16, pp. 22-31 (2000). 
	 [5.11]  J. J. Welser, S. Tiwari, S. Rishton, K. Y. Lee, and Y. Lee, “Room Temperature Operation of a Quantum-Dot Flash Memory”,  IEEE Electron Device Lett., 18, pp. 278 (1997). 
	[5.14]  A. Abrial, J. Bouvier, M. Renaudin, P. Senn, P. Vivet , “A New Contactless Smart Card IC Using an On-Chip Antenna and an Asynchronous Microcontroller”, IEEE JOURNAL OF SOLID-STATE CIRCUITS., VOL. 36, pp. 1101-1107 (2001) 
	[5.16]  J. H. Oh, H. J. Chung, N.I. Lee, C. H. Han, “A High-Endurance Low-Temperature Polysilicon Thin-Film Transistor EEPROM Cell” , IEEE ELECTRON DEVICE LETTERS., VOL. 21, NO. 6, 2000. 
	[5.17]  Nae-In Lee, Jin-Woo Lee, Hyoung-Sub Kim, and Chul-Hi Han, “High-Performance EEPROM’s Using N- and P-Channel Polysilicon Thin-Film Transistors with Electron Cyclotron Resonance N O-Plasma Oxide”,  IEEE ELECTRON DEVICE LETTERS., VOL. 20, NO. 1, pp. 15-17 (1999.) 
	[7.11] B. D. Patterson,” Muonium states in semiconductors”, Rev. Mod. Phys.. 60, 1, (1988). 

	ADP246.tmp
	[2.11] J. H. Lee, B.H. You, W.J. Nam, H.J. Lee, and M.K. Han, “A New a‐Si: H TFT Pixel Design Compensating Threshold Voltage Degradation of TFT and OLED”SID Tech. Dig.,pp.264 (2004). 
	[2.12] J. J. Lih, and C.F. Sung,” Full‐color active‐matrix OLED based on a‐Si TFT technology”, Journal of the Society for Information Display., 11, pp. 617 (2003) 
	[3.15] C. M. Park, J. H. Jeon, J. S. Yoo, and M. K. Han, “Four‐Terminal Poly‐Si TFTs with Improved Reliability”, SID Tech. Dig., 30, pp. 394 (1999) 
	[3.16] H. Tango, T. Satoh and Y. Imai, “Hot-carrier-induced degradation of threshold voltage and transconductance in n-channel LDD and SD poly-Si TFTs”, IEEE Electronics Letters, 38, 20, pp.1227 (2002)  
	[3.17]J.Y. Seto, “High performance thin-film transistor using a low temperature poly-Si by silicide mediated”, J. Appl. Physics., 46, pp.5247(1975) 
	[3.18] H.L. Chen and C.Y. Wu, “An Analytical Grain-Barrier Height Model and Its Characterization for Intrinsic Poly-Si Thin-Film Transistor”, IEEE Trans. Electron Devices. 45, 10, pp. 2245 (1998)  
	[3.20] S.S. Bhattacharya, S.K. Banerjee, B.Y. Nguyen, and P.J. Tobin,” Temperature dependence of the anomalous leakage current in polysilicon-on-insulator MOSFET's”, IEEE Trans. Electron Devices, 41, 2, pp.221 (1994) 
	[3.21]K. Nakazawa, K. Tanaka, S. Suyama, K. Kato and S. Kohda,” A new poly-Si TFT structure with air cavities at the gate-oxide edges”, SID Tech. Dig.,(1990) 
	[3.22] C.W. Lin, C.H. Tseng, T.K. Chang, C.W. Lin, W.T. Wang, and H.C. Chen, “A novel laser-processed self-aligned gate-overlapped LDD poly-Si TFT”, IEEE Electron Device Letters., 23, 3, pp.133 (2002) 
	[3.23] T. Sameshima, S. Usui, and M. Sekiya, “XeCl excimer laser annealing used in the fabrication of poly-Si TFT's.”, IEEE Electron Device Letters., 7, 5, pp.276 (1986) 
	[3.24]T. Sameshima, M. Hara, and S. Usui,”Polycrystalline silicon thin-film transistors fabricated by defect reduction methods “, Jpn. J. Appl. Phys, 49, 12, pp. 1789 (1989) 
	[3.25] T Neugebauer and G Landwehr, “ Determination of the phonon modes involved in the carrier-phonon interaction in silicon inversion layers at low temperatures by nonohmic transport measurements“, Physical Review B, 21, pp. 302 (1980) 
	[3.26] Y Morimoto, Y Jinno, K Hirai, H Ogata, T Yamada, and K Yoneda, “Influence of the Grain Boundaries and Intragrain Defects on the Performance of Poly-Si Thin Film Transistors“, J. Electrochem. Soc, 144, 7, pp. 2495 (1997) 
	 
	 
	 
	 
	[4.1] A. Kohno, T.  Sameshima, N. Sano, M. Sekiya, and M. Hara, “High performance poly-Si TFTs fabricated using pulsed laserannealing and remote plasma CVD with low temperature processing”, IEEE Tran. Electron Devices., 42, pp. 251 (1995) 
	[4.10] G. A. Armstrong, S. Uppal, S. D. Brotherton and J. R. Ayres , “Differentiation of Effects due to Grain and Grain Boundary Traps in Laser Annealed Poly-Si Thin Film Transistors”, Jpn. J. Appl. Phys., 37, pp. 1721 (1998) 
	[4.11] R.S. Sposili and J. S. Im, “Sequential lateral solidification of thin silicon films on SiO2”, Appl. Phys. Lett., 69, pp. 2864,(1996). 
	[4.12] J. Y. Park, H. H. Park, K. Y. Lee; H. K. Chung , “Design of Sequential Lateral Solidification Crystallization Method for Low Temperature Poly-Si Thin Film Transistors”, Jpn. J. Appl. Phys., 43, pp. 1280-1286(2004) 
	[4.15] A. T. Voutsas A. Limanov and J. S. Im, “Effect of process parameters on the structural characteristics of laterally grown, laser-annealed polycrystalline silicon films”, Journal of Applied Physics., 94, pp. 7445 (2003)  Chapter 5: 
	[5.4]  M. H. White, D. A. Adams, and J. Bu, “On the go with SONOS”, IEEE circuits & devices., 16, pp. 22-31 (2000). 
	 [5.11]  J. J. Welser, S. Tiwari, S. Rishton, K. Y. Lee, and Y. Lee, “Room Temperature Operation of a Quantum-Dot Flash Memory”,  IEEE Electron Device Lett., 18, pp. 278 (1997). 
	[5.14]  A. Abrial, J. Bouvier, M. Renaudin, P. Senn, P. Vivet , “A New Contactless Smart Card IC Using an On-Chip Antenna and an Asynchronous Microcontroller”, IEEE JOURNAL OF SOLID-STATE CIRCUITS., 36, pp. 1101 (2001) 
	[5.16]  J. H. Oh, H. J. Chung, N.I. Lee, C. H. Han, “A High-Endurance Low-Temperature Polysilicon Thin-Film Transistor EEPROM Cell”, IEEE Electron Device Lett., 21, 2000. 
	[5.17]  Nae-In Lee, Jin-Woo Lee, Hyoung-Sub Kim, and Chul-Hi Han, “High-Performance EEPROM’s Using N- and P-Channel Polysilicon Thin-Film Transistors with Electron Cyclotron Resonance N O-Plasma Oxide”,  IEEE ELECTRON DEVICE LETTERS., 20, pp. 15 (1999.) 
	[7.11] B. D. Patterson,” Muonium states in semiconductors”, Rev. Mod. Phys.. 60, 1, (1988). 

	ADP252.tmp
	[2.11] J. H. Lee, B.H. You, W.J. Nam, H.J. Lee, and M.K. Han, “A New a‐Si: H TFT Pixel Design Compensating Threshold Voltage Degradation of TFT and OLED”SID Tech. Dig.,pp.264 (2004). 
	[2.12] J. J. Lih, and C.F. Sung,” Full‐color active‐matrix OLED based on a‐Si TFT technology”, Journal of the Society for Information Display., 11, pp. 617 (2003) 
	[3.15] C. M. Park, J. H. Jeon, J. S. Yoo, and M. K. Han, “Four‐Terminal Poly‐Si TFTs with Improved Reliability”, SID Tech. Dig., 30, pp. 394 (1999) 
	[3.16] H. Tango, T. Satoh and Y. Imai, “Hot-carrier-induced degradation of threshold voltage and transconductance in n-channel LDD and SD poly-Si TFTs”, IEEE Electronics Letters, 38, 20, pp.1227 (2002)  
	[3.17]J.Y. Seto, “High performance thin-film transistor using a low temperature poly-Si by silicide mediated”, J. Appl. Physics., 46, pp.5247(1975) 
	[3.18] H.L. Chen and C.Y. Wu, “An Analytical Grain-Barrier Height Model and Its Characterization for Intrinsic Poly-Si Thin-Film Transistor”, IEEE Trans. Electron Devices. 45, 10, pp. 2245 (1998)  
	[3.20] S.S. Bhattacharya, S.K. Banerjee, B.Y. Nguyen, and P.J. Tobin,” Temperature dependence of the anomalous leakage current in polysilicon-on-insulator MOSFET's”, IEEE Trans. Electron Devices, 41, 2, pp.221 (1994) 
	[3.21]K. Nakazawa, K. Tanaka, S. Suyama, K. Kato and S. Kohda,” A new poly-Si TFT structure with air cavities at the gate-oxide edges”, SID Tech. Dig.,(1990) 
	[3.22] C.W. Lin, C.H. Tseng, T.K. Chang, C.W. Lin, W.T. Wang, and H.C. Chen, “A novel laser-processed self-aligned gate-overlapped LDD poly-Si TFT”, IEEE Electron Device Letters., 23, 3, pp.133 (2002) 
	[3.23] T. Sameshima, S. Usui, and M. Sekiya, “XeCl excimer laser annealing used in the fabrication of poly-Si TFT's.”, IEEE Electron Device Letters., 7, 5, pp.276 (1986) 
	[3.24]T. Sameshima, M. Hara, and S. Usui,”Polycrystalline silicon thin-film transistors fabricated by defect reduction methods “, Jpn. J. Appl. Phys, 49, 12, pp. 1789 (1989) 
	[3.25] T Neugebauer and G Landwehr, “ Determination of the phonon modes involved in the carrier-phonon interaction in silicon inversion layers at low temperatures by nonohmic transport measurements“, Physical Review B, 21, pp. 302 (1980) 
	[3.26] Y Morimoto, Y Jinno, K Hirai, H Ogata, T Yamada, and K Yoneda, “Influence of the Grain Boundaries and Intragrain Defects on the Performance of Poly-Si Thin Film Transistors“, J. Electrochem. Soc, 144, 7, pp. 2495 (1997) 
	 
	 
	 
	 
	[4.1] A. Kohno, T.  Sameshima, N. Sano, M. Sekiya, and M. Hara, “High performance poly-Si TFTs fabricated using pulsed laserannealing and remote plasma CVD with low temperature processing”, IEEE Tran. Electron Devices., 42, pp. 251 (1995) 
	[4.10] G. A. Armstrong, S. Uppal, S. D. Brotherton and J. R. Ayres , “Differentiation of Effects due to Grain and Grain Boundary Traps in Laser Annealed Poly-Si Thin Film Transistors”, Jpn. J. Appl. Phys., 37, pp. 1721 (1998) 
	[4.11] R.S. Sposili and J. S. Im, “Sequential lateral solidification of thin silicon films on SiO2”, Appl. Phys. Lett., 69, pp. 2864,(1996). 
	[4.12] J. Y. Park, H. H. Park, K. Y. Lee; H. K. Chung , “Design of Sequential Lateral Solidification Crystallization Method for Low Temperature Poly-Si Thin Film Transistors”, Jpn. J. Appl. Phys., 43, pp. 1280-1286(2004) 
	[4.15] A. T. Voutsas A. Limanov and J. S. Im, “Effect of process parameters on the structural characteristics of laterally grown, laser-annealed polycrystalline silicon films”, Journal of Applied Physics., 94, pp. 7445 (2003)  Chapter 5: 
	[5.4]  M. H. White, D. A. Adams, and J. Bu, “On the go with SONOS”, IEEE circuits & devices., 16, pp. 22-31 (2000). 
	 [5.11]  J. J. Welser, S. Tiwari, S. Rishton, K. Y. Lee, and Y. Lee, “Room Temperature Operation of a Quantum-Dot Flash Memory”,  IEEE Electron Device Lett., 18, pp. 278 (1997). 
	[5.14]  A. Abrial, J. Bouvier, M. Renaudin, P. Senn, P. Vivet , “A New Contactless Smart Card IC Using an On-Chip Antenna and an Asynchronous Microcontroller”, IEEE JOURNAL OF SOLID-STATE CIRCUITS., 36, pp. 1101 (2001) 
	[5.16]  J. H. Oh, H. J. Chung, N.I. Lee, C. H. Han, “A High-Endurance Low-Temperature Polysilicon Thin-Film Transistor EEPROM Cell”, IEEE Electron Device Lett., 21, 2000. 
	[5.17]  Nae-In Lee, Jin-Woo Lee, Hyoung-Sub Kim, and Chul-Hi Han, “High-Performance EEPROM’s Using N- and P-Channel Polysilicon Thin-Film Transistors with Electron Cyclotron Resonance N O-Plasma Oxide”,  IEEE ELECTRON DEVICE LETTERS., 20, pp. 15 (1999.) 
	[7.11] B. D. Patterson,” Muonium states in semiconductors”, Rev. Mod. Phys.. 60, 1, (1988). 

	ADP288.tmp
	 
	Student: Chi-Wen Chen       Advisor: Dr. Tseung-Yuen Tseng 
	Dr. Ting-Chang Chang 
	Abstract 
	Chapter 2 
	Chapter 3 
	Chapter 4 
	Chapter 5 
	Chapter 6 
	Chapter 7 






