AN >, == D )
= »Lﬁ’iéf

HEpERL RS
£ﬁ ___.\:FTU

B By e B RN AR TR

Py
Studies of Sputter Deposition of Pd and PdO thin films for

Nanogap electrode fabrication

3 - N ,]
R (E T E N L

4

PERREA L S



BAEE 2 L E R 2 AR RATAY
Studies of Sputter Deposition of Pd and PdO thin films for

Nanogap electrode fabrication

orpoAcwy j»ﬁ: Student: Tai-Chung Tzeng

ERE €T R Adviser: Fu-Ming Pan

W=l + g

R L ES Ty

A Thesis
Submitted to Department of Materials Science and Engineering
College of Engineering
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master
in

Materials Science and Engineering
July 2007

Hsinchu, Taiwan, Republic of China

PERREA L S



B By L EF R A AR T RA T

Friiuge TR AR L

R R A EE L

#F &

A AR TERA SR L@ Y 307 bt o 1Y G S R
E%%?ﬁzé—/l)ﬁioj\‘zmv S\:'Aa\d\'r:&]]}%rsl j\“g\-f’r,‘;}:_@,)ﬁfﬁ;&’h&ml ;—-
FERRGE Y 0 B - AUBERES Nnf s Rs B Ve FRe

I R w LI VR I R ST EA N A QU

ETTS

i WA HF SR TR R AN E R TR AR f1iF
FABHBTE~E P SRHT 0 &7 FAURERS UE §F/F T
B iR T o AR ihy ey BIRE PR 0 P g F Sofeh

FERMFOENL e AR B L aeRER  F Y RS 2 F

ks
F_&
S

PR o SRR E SR R E g § T 4

FIg 0 o0 F el RAETI R B B S T b R Sl F 4

-—\

Lo

50 Wenbd#g #4 ¢ ~ 3x107 Torrshi 42 /& 4 ~ 20/20 scemehg § /5 7 in

\“‘b

gl s gt b enge 7 & 5 42 Volt -



Studies of Sputter Deposition of Pd and PdO thin films for

Nanogap electrode fabrication

Student : Tai-Chung Tzeng Advisors : Fu-Ming Pan

Department of Materials Science and Engineering

National Chiao Tung University

Abstract

Nanogap-electrode devices have many potential applications in a wide
range of technology realms, and application on field emission devices has
received much attention. This study is basically divided into two major parts.
First, palladium and palladium oxide films were deposited by radio-frequency
magnetron sputter deposition on Si substrates, film properties, sputter deposition
parameter, and field emission characteristics were studied. Second,
conventional integrated circuit processes, such as lithography and reactive ion
etch were employed to fabricate nanogap-electrode devices for field emission
devices. The results revealed that the palladium oxide films possessed a
flake-shaped structure, of which the film properties varied as a function of
sputter deposition conditions, such as, the deposition pressure and the Ar/O,
flow rate. The surface morphology and the size and density of the palladium
oxide flake were strongly dependent on sputter deposition parameters. Field
emission properties of the flake-like PdO thin film were superior to that of the
palladium thin film. The deposition parameters for the palladium oxide thin

film with the optimal field emission characteristics are as follows: RF power: 50



Watt, sputter pressure: 3x10 Torr, and Ar/O, flow rate: 20/20 sccm. The
lowest field emission turn-on voltage of the PdO thin film was 42 Volt. The Pd
and PdO thin film strips were prepared in the study as the nanogap-electrodes of

field emission devices.
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3-5-2 J + 4 & 4 (atomic force microscopy, AFM)
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3-5-3 ™z & X sk ¥£44 ik (grazing incident angle X-ray diffraction, XRD)
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3-5-4 it & & 477 + ik(electron spectroscopy for chemical analysis, ESCA)
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3-5-5 E 7 7 &R - (field emission measurement system)
THFFFHER? A AFRAEA) FERDEZTLEERB S 4
o7 L BAeR 3-3@)m 2 - B s B 3-3(b) ER N e SR
EE BB A B AR BRI AT FERTF N 3 KE
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% 4-1. & Rt i g Sl

#F | RER R | A g JRE A4 5 R g
(W) | (°C) | (min) | (sccm) (torr) (nm) (nm/min)
50 25 10 20 3x10° 95.6 9.56
50 25 15 20 3x103 155.7 10.38
50 25 30 20 3x10® 309.35 10.31
50 25 60 20 3x10® 613.10 10.22
13
600
= 121
= é 11
1 e < 104 /' -
£ 200 S o
- e g /]
O T T T T T D 6 T T T T T
0 10 20 30 40 50 60 0O 10 20 30 40 50 60
Time(min) Time(min)
(a) (b)

Bl 4-1 & B om0 R
@7 b iTHFERFTE2 & e wE R

(b) 7 Ip o ff P A 4748 T 2 A i
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SEl  150kv X50,000 100nm WD 13.2mm

SEl  150kv X50,000 100nm WD 12.9mm

2, )

SEl 150KV X50,000 100nm WD 12.9mm

SEl  150kv X50,000 100nm WD 13.3mm

(c) (d)
Bl 4-2. % it ERER T 285 & Bz £ 5 SEM B ik

(@)10 min ~ (b)15 min ~ (¢)30 min ~ (d)60 min
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4-1-2 4 % 2,583 L g
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i2 4 ¢h XRD Bl > ¢ JCPDSIFH R E i £ BE T 555 B A
5560 XRD *# & 5 113t 260 40°55<111> % 6 0 5 d 130 18 XRD B3+

WA B G g o 1598 46°50<200> ~ 67°:0<220>£7 80°:<311>

N

gm
=K
4
Y
=
Ay
=
?‘Il
¥
|
\111
@_
-:ﬁ\
Tj‘q‘
B
N
?‘:}
\\L
gm
&
o
pul
e
)
i+

8 ey

5w

)
=

BRFENVTHIT BiE TRV A S BT, TRV R

N

)

Zone2 T F R R ERZFIE G H A £ B

43



140+
120 -
100 -

oo
o
L

60-
40
20+ (2)

Intensity

XRD ¥ #

44



4-1-4 AHA TR~ ETF HF SRRk 2

TRy PP EZRFFEHTEER GRERT FFHEH > d 02T
SHMAT FHg s i * Keithley 237 R &R BR-H g2 & T RE
# BNC 4257 d A% 4 TR - RIT 4R @ f fRdes Ry - £ 0
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4-1-5 7 F HF 64839 L g2
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Ln(I/V?)

Bl 4-8. 45 & Bwg 3 #5512 F-N o &

(@)% & B 4w 15 1V 8 &R

i /
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-16.51 =3 1501 \
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F I ER | BFF | ArO; B A 5 R AR
(W) | (C) |(min)| (sccm) (torr) (nm) (nm/min)
50 25 10 5:15 3x10-3 57.05 5.71
50 25 30 5:15 3x103 1444 4.81
50 25 12 5:15 3x10-3 0 0
50 25 15 5:15 3x10-3 148.05 9.87
50 25 20 5:15 3x10-3 232.5 11.63
50 25 25 5:15 9x10-3 77.8 3.11
50 25 25 5:15 9x10-3 0 0
50 25 25 5:15 9x10-3 252.1 10.08

12 —\A —— O, partial pressure increase
! - <O~ - O, partial pressure decrease
10+, o ?
— |
E 8"
Ry \
g &
g 4
_ \
24\
E(I) ‘OC o) o) ;E)
O I I I I I I I I
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Oxygen partial pressure [Pa]
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%43 FopEed R PRATRY LR %R Sk
No |y | 60y |(mimy (oeem) | (o) | 2™ i
Al 50 25 10 20:20 3x107 106.9 10.69
B[ 50 25 10 20:20 9x10-3 104.6 10.46
C | 50 25 10 20:20 3x10? 45 4.5
D| 50 25 10 20:10 9x103 96.7 9.67
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B A D DT VH (8L Sl i

. Turn-on RMS .
PdO é\;ccr)nz) P(r_e;zsrur)re Voltage | roughness Hm(?\(rrl;;mm
(V) (nm)
A 20:20 3x10°3 62 22.2 110
A-anneal 95 21.3 95.3
B 20:20 9x10° 81 14.3 81.9
B-anneal 96 14.4 17.4
C 20:20 3x107? 42 12.9 70.7
C-anneal 58 21 74.8
D 20:10 9x10°3 60 20.1 105
D-anneal 77 16.2 84.3

s S8 A3 D 5T
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