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Source/Drain Passivation

98 5.1, AFE a-1GZ0 SerE A AEH Y 73
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Layer Material Thickness Deposition Patterning  Etch

Gate Mo 250nm  DC sputter Photo-litho  Wet
Gl Sio, 250nm PECVD - -

Active IGZO 40nm DC sputter Photo-litho  Wet

E/S SiO, 50nm PECVD Photo-litho  Dry

Ti/Cu  30/250nm :
S/D Mo 250nm DC sputter Photo-litho  Wet
Passivation SiO, 200nm PECVD Photo-litho  Dry
% 5.1.a—1GZ0O ¥9E =1

et E A B O] 3 U
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5.3.2 Transfer Line MethodZ ©] &3 A 3d=3

53]
[.19{_,‘
]
>
30,
v}

8 Qelolrel Ee ARs e How

w
Ips = THC(VGS —Ven) Vs A 5.2.

o] u Ry, &9 ool alldst= A Ao =zA 24 5.2¢ 95|
Ry=— ' 254
R UCW(Ves—Ven) e

Ropiz 425, Zelel AEFEolAe) A2l= Age e, o9 2o

tlo
4
oL

webd 2 530 oafjA zZ MY Zolo swel= = A 3t

1o

F plote A HW 13 F5 Feo Mol oA Hid oW HA

IN

71&717F Ade] Ago] ¥l AXAC y—intercept’} &2, TdA2] Alg
AgS e A @tk TLM(Transfer Line Method) #HEL 7138 559}
ol Azrslel el dol H F AIES 7 £ QA s=dl 1 A=

9 549 k. o] IS B &, =l deo] Heba/Ed B9

64



EaEay

1A ElEE/

9]

ot o% %

PN
&

o
ANe

)

NI

—

el

+
o

ol

65



Gate Insulator
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Drain Current(A)
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6.1 /N&
AbstE WtERAAE FAdC] QoA dAE, 1 F
FEA] th3 A7 olv] Bu® wp ok AEtE wloE
RANA oAl ojdHE L AU wAR A Fokwd ols AF7HA 9
ATAZEANN oldy FAHoT <l AdtE wrHEWAAAE #7134
EAS AN ARE v 2xgy] "ol [37]
oAdF S HE dAE A Hd vAgAA a-1GZ0 wEke] YU wrt
S7kstal b stEth B3 a—1GZO Y EMAAE oA = AolE At
a—IGZO EAF Atolel AWe] 5A4o] FdEvt= ARAE Urh. wekA
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AAYE T AgE HHENMRAAHO  AV|AH 54 Fdad
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Ti electrodes
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6.3 Oxygen Vacancy?] AA 9 it

6.3.1 Oxygen Vacancy? A4

HeErrs 2ol ole3l Uzt Aol HAl Abast wgais Fol

AaE wEAAEY ASARE ASEA HW PR DA
2

O

B E R B O] AT AbstEe] dEFS 71F

o
T Atk ol= ARk WiF-o] Aelo) wmek dAT #AYE 9= oxygen

Eelg d=o] AtslsE @439 HFS AFstelA oxygen vacancy+

ZnOl_x + In203 = ZnO + In203_x

3Ti + 2In,05 = 4In + 3Ti0, 2 6.1.

2 6.15 BEY Helg A=0] Atsts ST A5 el odd =
shAl =™ 37FA el o8 wkEs etar Sl=dl WA A WA 3
71Eel EAEL AW oxygen vacancy’ZF ASEERA AW E= #pAo|th
AlZbel wWE old® mye] g ATANE B ojdd x7]ole uiute
Aol F7vehs B&Ee Kolal Ql=Hl ol= o8k o] Y|Eel EAstaL |

oxygen vacancy’} AEE o] Fgo] FE7} TAEI o]E QA Aol
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6.3.2 Oxygen Vacancy$ &4t
Heby d=3 AlskE RieAgke] "S- olM AAdE oxygen
vacancy AMshE HME@AAAH G H7)A 5A4E WA v AREE
57 AF3tA T o]+ oxygen vacancy’} A 2o+ back AME ZolA
AAE 5 front A8 FHOor olFste] AFe sFol dFe FAHE A=
WStk ks ol el A= oxygen vacancy”Zb oW § 7oA ghato]
HeEAe giElA] ol & AAglHAelA FAEE oxygen vacancy 9
ool el e ¥ Atk g
AT ARESE AbstE BMPEAAAHS 459 a-1GZO0+=
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AA wEolzl EA-olth o] W AFsRlEd Abstetde I 6.3%
&2 FXE °o]F i oxygen vacancy’F EASHA He=dH [39, 40] o] o
oxygen vacancyx oYX FH FAabdo] FAbEE A7FA] Zxdel o] ElA
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oxygen vacancy gHo] 7 ol 0.71 eV A% Hi AtsidE dlofA 2
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AsklE 7% We] oxygen vacancy® #itel 7MY T3 gds o)
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Lowest-

Charge migration

Defect  state

Diffusion ~ Annealing
er Lengths  Temperature
o Amiﬂ (A) Tan (K)

AEM ;.. (eV)
0 1.53 2.94 640
Vo +1 0.77 2.94 410
+2 0.71 2.94 370

X 6.1. A3kl FEolA oxygen vacancy? 3 E] o] whE

FH oo, gatde], ojdy 2% [39]
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Abstract

The Effects of Titanium/Copper Electrodes on the

Characteristics and Reliability of Oxide Thin—Film Transistors

Moon Kyu Song
School of Electrical Engineering and Computer Science
College of Engineering

Seoul National University

Recently, the LCD industries are forming a large part of flat panel
display industries. The LCD industries continued to thrive in display
device for laptop computer until early 2000s and grew 20% annually as
these industries broaden their area into large area display such as
monitor, TV. However, the LCD industries are facing crisis because of
market saturation of LCD TV and a rapid decrease in demand due to the
global economic crisis caused by Europe’s financial crisis. To overcome
this kind of situation, future display devices are investigated such as
AMOLED, ultra high definition display, transparent display, and flexible
display.

Oxide thin—film transistors have attracted considerable attention for
future display because oxide thin—film transistors have high electron
mobility as compared with amorphous silicon thin—film transistors for
AMLCD and good uniformity as compared with low temperature

polycrystalline silicon thin—film transistors for AMOLED. Oxide thin—{ilm
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transistors exhibit electrical properties such as large on—current, small
leakage current and low sub—threshold swing. Oxide materials have large
band gap so it is possible to be used as switching device of transparent
display and oxide materials are used as switching device of flexible
display which require plastic substrates, because of room temperature
deposition.

Oxide materials and oxide thin—film transistor have been
investigated and papers of oxide thin—film transistor fabrication are
reported frequently. In this paper, the effects of electrode materials on
the active layer of oxide thin—film transistors are investigated from
various methods.

The source/drain electrodes with low resistivity are rather important
in order to reduce resistive—capacitive (RC) delay for large area display.
Beside a low resistivity, an adhesion property is also important to
source/drain electrodes of oxide thin—film transistors. Mo is widely used
for source/drain electrodes. Cu 1is recently being considered as
source/drain electrodes due to its relatively low cost and low resistance.
However, Cu has a poor adhesion property with oxide materials so that a
bilayer such as Ti/Cu is investigated. ITO (indium—tin—oxide) is able to
be used as transparent electrodes in order to fabricate transparent oxide
thin—film transistors. ITO electrodes have higher electrical resistivity
than metal electrodes but electrical resistivity of I'TO is not bad enough
to be employed as source/drain electrodes. ITO is also suitable electrode
materials for oxide thin—film transistor due to good adhesion property

between ITO and oxide semiconductor active layer. In this research, we
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fabricate oxide thin—film transistors with various source/drain electrodes
(Mo, Ti, ITO) and investigate the contact property between electrodes
and oxide material active layer. We also study interaction between
electrodes and oxide material during annealing process.

First of all, we measure and analyze electrical characteristic of oxide
thin—film, and then we fabricate oxide thin—film transistor and analyze
electrical characteristic of oxide thin—film transistors. a—IGZO
(amorphous indium—gallium—zinc—oxide) was selected among various
oxide materials because of its good electrical property. We fabricated a—
IGZO thin—film by DC-sputter and analyzed current—voltage
characteristics. We also arranged hall measurement system for the sake
of information of carrier and measured carrier density, sheet resistance
of a—IGZO thin—film. a—IGZO thin—film transistor with various electrode
materials was fabricated and analyzed about change of material
properties in active layer. The characteristics of electrode materials
affect contact resistance between electrodes and active layer, and then
electrode materials affect carrier density variation in active layer.
Therefore, we concentrate our research on the interaction between
electrode materials and oxide material in active layer.

Oxide thin—film transistor was investigated with various channel
length and various annealing temperature after device fabrication when
we change electrode materials. Transfer Line Method was used so as to
analyze effects of channel length and measure channel resistance,
contact resistance. We also fabricated oxide thin—film transistor with

various channel length and measured transfer characteristics, output
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characteristics. In order to investigate effects of annealing process, we
measured total resistance (the sum of electrode resistance, contact
resistance and channel resistance) and verified a difference with various
electrode materials. From these results, we conclude that oxygen
vacancy 1s generated during high temperature annealing process and
migrate from contact region to front channel region in oxide
semiconductor active layer.

Finally, we research on the effects of electrode materials on
reliability of oxide thin—film transistors through threshold voltage shift.
BTS (bias temperature stress) test was carried out as a method of
reliability test. We report positive shift of threshold voltage after
applying 20V positive bias stress and results of applying —20V negative

bias stress.

Keywords : oxide semiconductor, oxide thin—film transistor,

electrode materials, AMLCD, AMOLED

Student Number : 2011—-20863
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