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Carbon Thin Film
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Abstract

Using platinum-silicide (PtSi) formed between silicon substrate and carbon film, we have improved
the field emission of electrons from carbon films. Pt films were deposited on n-Si(100) substrates at
room temperature by DC sputter technique. After deposition, these PtSi thin films were annealed at 400
~ 600T in a vacuum chamber, and the carbon films were deposited on those Pt/Si substrates by laser
ablation at room temperature. The field emission property of C/Pt/Si system is found to be better than
that of C/Si system and it is showed that property was improved with increasing annealing
temperature. The reasons why the field emission from carbon film was improved can be considered as
follows, (1)the resistance of carbon films was decreased due to graphitization, (2)electric field
concentration effectively occurred because the surface morphology of carbon film deposited on Pt/Si
substrates with rough surface, (3)it is showed that annealing induced reaction between Pt film and Si
substrate, as a consequence that the interfacial resistance between Pt film and Si substrate was
decreased.
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Table 1. Sputtering conditions of Pt thin film.

Target : Pt 20mm@

Base Pressure D 1x10 7 Torr

Deposition Pressure : 1x10 ® Torr
Source Gas : Ar

Anode Voltage 150V
Anti-Cathode Voltage T -100 V
Growth Rate : 0.3 nm/min

FA 18 nmejth Aol wsle] whi: o A
-—,—*é—a— AAH oz Atsty] Yate, A Esl Pt

w400 T, 600 Cx dAgstgr). 3, r“]
e B 3EFEA (DPYSien (DOPYSiue
(IPt/Stewr ok Tk zhzhe] Alsio] digh W 5
A, AARATZEi= SEM, XRD# AMg3td 371899

o,

ez m"

22 47 stats

oA F=ulgl Al F559 71w flel #Hold &
S ABet BAATES ATTEL B
vlurol A 22 AL Table 29 74t}

»021

AFEE ol A= Nd:YAG #Hoj#ojn o] A ¢
@ wrEge Zhzd 355 nme 10 Hzi: A8
At B BNe| £ 7zl fiefdlol EE A}
B3t 7] } EP;LZ}PJ A3z 40 mmrid LA
A FEelA FRE FPskdnh. 71t AL
ol %7 ~%Ml Beie %4-—% ubv] fa AF

7 AAEe Qo] slwel gar vvig Z3a
A o sizrel dolAE RAS WERE Al
1

Astd ek AHgE dloldel F9ir 150 m]jZ 1A
staavt. dlolA FEAu|iz B R A& s
LHFE FREEE Hol g B A Ahgd
2717082 1x107 Torr olQch, iz whizAubat

ZaEglon Zay oA ey
AR ¢F 200 nmel vt FaE vhube) ¥wy
B, AAFAY Yo KA FAGgdAH0A
(scanning electron microscopy : SEM)# 4
488 nm, ¥ 200 mWe] Ar® #lo]A it o] &
Raman spectroscopy & 4333},

F 2 84 9 43& 4% PLD A% =4,

Table 2. Conditions of laser ablation of carbon thin

film.
* Graphite (99.999%)

'I“arget : Pt/Si (annealed at RT,
Substrate

4007, 6007C)
Laser : Nd-YAG Laser

(355 nm)
Laser Energy 150 m]
Base Pressure 1x10 7 Torr

Substrate Temperature RT
Growth Rate ’

0.5 nm/min
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Fig. 1. Field electron emission characteristics,
the current destiny vs. electric field

curve.
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Fig. 2. Work function derived from the
Fowler-Nordheim plot as a function

wpup

of pre-annealing temperature.
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Fig. 3. Raman spectra of amorphous carbon
films on annealed Pt/Si substrates as
a function of pre-annealing tem
perature before depositing a-C.
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Fig. 4. SEM images of Pt surface before
depositing a-C as a function of pre-

annealing temperature.
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Fig. 6. X-ray diffraction profiles of Pt/Si
substrates.

U pr AgAlo] =yl 8A499ES & 2 9t
EE Agalol= glze ZAxe g3t Pt(111) =2
o

9 AxE vug AP 400CAM= o 75%7t
B00CAM = 225%7F dErtel=st HAES ¢

T A} o] A AAAANLE 59 AHE
I & g g 2 hEE ¥ ¢ Uk &
74]Luﬁ Pto} Si 7do] AdelA Mz wgse
Z PYSi Al A rhste] AAAAYEE
S HAA doluA st A Das®) Hiaro] 23
A OPt/Sio] €A vt S9tEsE ke 4
Abel =gl slo] WA Ekel 7HAFTH6]
ol Aty e Asfe| olste] AW
ﬁﬁ"ﬂ]} = BAY
1o AR
A st mE "7)AFe
WE 5L M. oA wiAN
Al AEAYEA= f‘FOPJ— Raman #
D-peak7} &3t =3k Pr/Sie] E3d
2 71#HUFE D-peakd #AE7t €0
gpx] ' ubeke] A A3r 73 E
A A2z E Ao 7Hk]5]%{x;].
F.o (20Pte] Gkl o8] eaA
Hete] AA ] FHFATA ol
o] A= o] A& PYSI 7]
3 el 48 eaAutate
SEMe ZazHE & = 9

F49) £Ae}
Aol W

2
o

2

)
fo & b Ho

)
uled
H r$L‘ r
m\l
fl
;
o

5 e qu
oy
)
e

=
S
lo

o
2
By

S5
o
=2

9
in?
SR

o 1%
i
ﬁ—?‘«

¥
o},

8

10;.91-

i)

u:h
Wy

o

ok !

T ol Y .
0,
ﬂ

\ ot
T

X
2
i
o ™

o oft
N
>
rE
fon 8

=R U S A A
o
o 1
B o

ot R

h ®

r2 b



J. of KIEEME(in Korean), Vol. 16, No. 1, January 2003.

= AAAAE HAel
Py/Si Aol Aol

Z. ol dHYX L}

O
O‘l“
i
32
3
2
Moo
' 2
=
i &

=
ARG dold ARREH FEG 5

4. 8 2

B OARgAE o b exdA dxds
PU/Si 7|3 Yo s@aAgrere gojx =z o

e T AAHRAEE E4E Hobskdoh

1

I

1. P/Si A28 A8 Aa v
Al W= Aot

2. 98" PY/Si AE fld H28
o] gRFE= Pt/SI AN gL

=2
lo,
oft
R
ol
I'A.:

AA dold 5
Bl ass

sAfutare ALoN FHYSNE BTG
£4d SioJlne AL wend AR}

4 EF o AAstm Wrlgtol vimre) Aol 7
rddes =28 & o o A AAA

o Ashgol olste] PUSIAES A4t
oj=se} wwte] EWHH WHE wygol I
27 AAHASS Bk

ZArel 2

o] wR& 2001d FHstajie)
KOSEF(2001-2-30200-002-2)°]

o]

o -

FRIA A
ot AT

ia]

i

Mo
rek

[11 M. Horn-von Hoegen, M. Copel, ]J. C.
Tsang, M. C. Reuter, and R. M. Tromp,

58

"Surfactant mediated growth of Ge on
Si(111)”, Phys. Rev. B, Vol. 20, p. 10811,
1994.

[2] M. Copel, M. C. Reuter, Efthimios Kaxiras,
and R. M. Tromp, "Surfactants in epitaxial
growth”, Phys. Rev. Lett., Vol. 63, p. 632,
1989.

[3] Koji Sumitomo, Tadashi Kobayashi, Fumiya
Shoji, Kenjiro Oura, and Itsuo Katayama,

"Hydrogen-mediated epitaxy of Ag on

Si(111) as studied by low energy ion
scattering”, Phys. Rev. Lett., Vol. 66, p.
1193, 1991.

[4]1 J. T. Ryu, O. Kubo, H. Tani, T. Harada, M.
Katayama, and K. Oura, "The growth of
indium thin films on clean and hydrogen-
terminated  Si(100)  surfaces”,  Surface
Science, Vol. 433, No. 2, p. 575, 1999.

[5] Toshiaki Fujino, Takashi Fuse, Jeong-Tak
Ryu, Katsuhiko Inudzuka, Toshiaki Nakano,
Koji  Goto, Mitsuhiro
Katayama and Kenjiro Oura, "Ge thin film

Yujin  Yamazaki,
growth on Si(111) surface using hydrogen
surfactant”, Thin Solid Films, Vol 369,
Issues 1-2, p. 25, 2000.

[6] K. S. Shim and S. Y. Lee, "Deposition and
characterization fo tribologic DLC thin films
fabricated by pulsed laser deposition”, J. of
KIEEME(in Korean), Vol. 12, No. 5, p. 456,
1999.

[ A%, #54, 429, “FEagy Foz
oboseprldE Aol Bravhueling 4

ARy AAWE B4 &4 d97, 7143
A zes] =i, 154, 83, p. 713, 2002.

[8] #+4%, K. Oura, LR, “gold T2l
o8t waA whte] pz W HAYEFEAY"
AAAAAN LTS =%, 154, 79, p
2002,

[9] In Taek Han, Ha Jin Kim, Young Jun Park,

Jung Woo

’

634,

Naesung Lee, Jae Eun Jang,
Kim, Jae Eun Jung, and Jong Min Kim,
"Fabrication and characterization of gated
field emitter arrays with self-aligned carbon

nanotubes grown by chemical vapor
deposition”, Appl. Phys. Lett., Vol &I, p.
2070, 2002.



{10}

[11]

{12]

[13]

[14]

[15]

[16]

D. Y. Zhong, G. Y. Zhang, S. Liu, T.
and E. G. Wang,
field -emission model for carbon nanotubes
on a metal tip”, Appl. Phys. Lett., Vol. 80,
p. 506, 2002.

Tomomi Yoshimoto, Tatsuo Iwata, Ryuutaro
Kazuhiko
"Emission properties from carbon nanotube

Sakurai, "Universal

Minesawa, and Matsumoto,
field emitter arrays (FEAs) grown on $i
emitters”, Jpn. J. Appl. Phys., Part 2, Vol
40, p. L983, 2001.

Ivor Brodie and Paul Richard Schwoebel,
"Vacuum Microelectronic Devices”, Proc. of
the IEEE, Vol. 82. No. 7, p. 1006, 1994.

H. C. Tsai and D. B. Bogy, "Characterization
their
application as overcoats on thin-film media
for magnetic recording”, J. Vac. Sci
Technol. A Vol. 5 No. 6, p. 3287, 1987.

R. O. Dillon and John A. Woollam, “Use of
raman scattering to investigate disorder and

of diamondlike carbon films and

crystallite formation in as-deposited and
annealed carbon films”, Phys. Rev. B. Vol
29, No. 6, p. 3482, 1984.

J. Schwan, S. Ulrich, V. Batori, H.
Ehrhardt, and S. R. P. Silva,
spectroscopy on amorphous carbon films”, J.
Appl. Phys., Vol. 80, p. 440, 1996.

S. R. Das, K. Sheerger, D. X. Xu, and A.
"Thickness dependence of the
properties and thermal stability of PtSi
films”, Thin Solid Films, Vol. 253, p. 467,
1994.

“Raman

Naem,

59

A7} A &F A 58 3] =R, Vol. 16, No. 1, January 2003



