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Abstract

Diamond thin films were deposited on silicon, molybdenurn, titanun and tugsten substrates, and were
characterized using scanning electron microscopy, X-ray diffraction analysis and Raman spectroscopy. From
the result of experiment in various deposition periods, it was found that diamond films were nucleated and
grown on interlayed carbide layers, which were formed on refractory metal substrates at the initial stage of
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deposition. Diamond films showed less nucleation density and well-faceted particles on refractory metal
substrates than on Si substrate. Raman characteristic peaks of diamond thin films deposited on various
substrates occured at higher frequencies than that of natural diamond because of residual compressive stress
in diamond films. Such Raman peak shift was reasonably explained by the thermal shock between diamond
films and the interlayed carbide layers rather than that between diarmond films and Si substrates. The largest
Raman peak shift was observed in diamond films on Mo substrate, since the largest thermal shock was
developed between Mo carbide and diamond film. Raman peak shifts of diamond thin films were reduced in
the order of Ti, W and Si substrates.
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Fig.1 Schematic diagram of Hot W-filament CVD system.
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Table 1 Deposition Condition.

Total Flow Rate 100 sccm
CHy/(CH*Hy) 25%
Pressure 30 torr
Substrate Temp 800C
Filament Tenmp 2400C
Filament Distance T mn
Deposition Time 05~20 hr
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Fig2 SEM Micrographs of (a) surface and (b) cross-sectional view of diamond films deposited on Si substrate. (c) magnification of
(a).
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Fig.3 X-ray diffraction pattern of diamond films deposited on Si substrate.
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Fig.4 Raman spectra of diamond films deposited on Si substrate.
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Figh SEM micrographs of surface morphology of diamond
films deposited on Mo substrate for (a) 05 h b 1h
and (¢) 3 h, showing different crystal habits at different
deposition periods.
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Fig6 X-ray diffraction patterns of diamond films deposited at various deposition periods.
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Table 3 Lattice Parameters of Elements

Vapserved | FWHM | Vaysw | Varess | Peak Shift Element Lattice Parameter (A)
Substrate 1 4 B - i
em) | tem) | fem) | (em) | dvem) Diammond 3567
Natural 1
Diamond | 132700 Si 5430
Si 1333800 | 3019 | 0100 [1333900| 1200 Mo 3147
Mo | 138713 | 5244 | 140 |1340183| 7453 W 316
Ti | 1337076 | 44% | 1140 |138216| 5516 -
T 2960/4636
W | 13648 [ 430 | 1060 [13364%8] 378 : ik
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Fig7 SEM micrographs of diamond films deposited on (a) Si, (b) Mo, (¢) Ti and (&) W substrates. (d) Micrograph of cracked
diamond film deposited on Ti substrate and (f) cross-sectional micrograph of diamond film deposited on W substrate.
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Table 4 Linear Thermal Expansion Coefficients and Thermal

Stress -

Substrate and a’ @ Maeridls Sinet
Observed Materials | (X10°K" | /emumnd | (¥10%dyne/end)

Diamond 30 1.00 0.000

S 36 120 0693

SiC 272 091 0465

Mo 58 1% 323

MoC 59 197 3350

Ti 38F 313 6722

TiC 46 183 1848

W 49 163 21%

WC 45 150 1733

* Ref9 average thermal expansion coefficient 203-1200K
" Ref. 10 80-2500F

" Ref11 100-800C

¢ Ref 10 32-2550F

“ Ref12 Thermal Stress

Sw= (ap - o) Ee AT
y, o; = average coefficient of expansion of the filn(F) and
the substrate

AT = temperature of the substrate during the deposion minus
its final temperature (=1125-25C)

Young modulus of the film

(=105x10"dyne/ent’ for diarmond)

E}: =

_47_

457} AL 7)Re] A= )%, slue] s
tholo}2s Alolo] GRARE Holt A
ek Wk QaRAR Folsh 0|5
/\]-o]o]]&_ AR BAE LS & & ) 3}
= dolohsh A 27 Aolst b
oIFE %ol Morlel Bk
drgel wilo] A71A HrkakAnt
%1EPM%E%%47H}&ﬂﬂ
| s sead i
K53t} Table 401 2+ 7)1k} 7)9he] ehspRe) 9
349 @52 (Thermal Shock}S -heh2irk
AL Table 4 o el Aol 3ol ek
g tholo}EEMte] Raman 329 oFHES
7 dolol2Es] Al Aolel o
2 go] B4 WAH, 7} 7)e wste
ool Aje)e] @FA0 % Raman 2]

| o)5¥ AT} M 2 Mo

< A
oHEES} Moo ©HslE Hef

] {8

Al

ne

OIN o]
i Bk of oé

N

93740

FHe vt

ol A

U

=

Nl

1
Ao
453 5 o Hek
o 4%, #44 tol

)

N

i

X_I

Table 5 Frequency Shifts, Strength of Stress and Strain of
Diamond Films Deposited on the Various Substrates

Peak | Frequency @
Strength of Stress® .
Substrate | Frequency | Shift” ezgt(z 0 N 2)55 Strain”
valen® | dvdenh yneen
Natural
Di:}g L | 1m0 | oo 0,000 0.000
X
Silicon 2% <1o0> | -0lll
) | SR80 120 315 <I11> | 026
Molybd
U s | s | B <00 | 0%
e : ' 1980 <I1I> | -168
Titanium N %7 <100> | 058
S e T e T
Tungsten | . -4102 <100> -0.350
W) 1043 L 318 -9989 <111> -0.852
<1) AV = Dyress ~ Vo, Yy = 133}2.7&)12)

@) Xdyne/ent) = 108 x 10° Avdem ) for <100>
-263 x 10° wvdem!) for <111>
(3 e=(Sy+Sw X Sy = 9524 x 10" eny/dyne

Sp = 0913 x 10 eni/dyne

S, Si - Elastic Compliance Constants for Diamond
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Fig.8 X-ray diffraction patterns of diamond films deposited on Si, Mo, W and Ti substrates.
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Fig9 Raman spectra of diamond films deposited on Mo, W and Ti substrates.
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