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ABSTRACT

Diamend films have been grown by the hot-filament chemical vapor deposition (HFCVD) using CH, and
H., gaseous mixiure on the Si substrate. The experimental results indicated that the deposils were pure diamond
and contained ne amount of non-dimmond phases such as amorphous carbon or graphite. The diamond films
were deposited well at the conditions: the filament temperature of 2100, the substrate temperature of 770C,
the CH, concentration of 1.76%, the reactor pressure of 30 torr, and Lhe deposition time of 7 hr. Al this
growth condition, the maximum deposition rate was 2 um/hr, X-ray diffraction patterns and texture coeflicient
results showed that preferred orientation of the diamond films was |111} orienfation under all experimental
conditions.
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Fig. 1. Schematic diagram of diamond deposition sys-
tem.
(&), (B) mass flow meter
(C) U-manometer
(D) Tungsten filament
(E) Titanium holder
(F) Vacuum pump
(V) Needle valve
(&) Thermocouple

mond %2 merphology WHEle] Hate] dFatedch
e} diamond WS €& g ol SEEIAC 2
el "HAR e BAd g3 dTE o] F4 A A
ghatoh
alzpa] B o= HFCYDH]-S o] &sle] CH,2)
28 E37IA~ZEE diamondS A FHew, Fak2
Aoz FA%Y A4 =

=2Alx= 4 4l dia-

9] morphology =
Absla, diamond WHEE 45
mond wehe] dejal Fabel

cientE Aabsle] 447 B9 E ZalsRgch

oAl o)A ALEg HFCVDAA 2 Fig. 1« elsd
o} WA R R A(99.9909%) o Hw{4.12%
CH, with H,] 7428 Argsaigl o, kg pajes
A4 AedA (A Bmm, Pe| 220 mm) 2 F FAEH
o} alck whg-Ao 2 f49 7Ry E8E $5te] tung-
sten filament2 A xs2ch Filament2%E 10 mm ¢]
el Age T 71 ARARE A2ste] 7EE A7
algj e, Ti 7|3k A7l Wl R-type d3HE 2A
alo] R erE o|ujdl dxE rlFe]l o] fila-

~778-

mentEHE] HHEEE deuks oliste] sladEE 7
o] £5E EAslgel w-$-a o] b2 U-manome-
Hzle] 2Aslgd . filamentd) &%=
o] #5led &4 T

bz 442 94 6pm diamond paste® scra-
tchS Wl Si A]#HL 7)AAA fel E8 w2 W-EH

ter & optical

pyromeler%

F 2w AR 9F 527 purging e
24 233} pump Ae)E FAEATE DE] F
glet, wieda PFPE e valveE =3l F
FzAe sigrsls PHez #E F filament %
AFgers 29 7|9 gxr dAsA =5y 9go
H2 Ao Feke wb-Tid EeE FHAM F
2 et odolxl Eab&o] diamond 4lFHE #al
aolusn, Zalzd] EpEa] EAjshEAld O¥-E
AR A e g #Hqldlr] el Raman  spectroscopy
(SPEX 1403, Ar laser)& o|#3#l¢2rt diamond 23
29) v| | F2E Dadslr] ¢sH T2 A6 A (scan-
ning electron speciroscopy, AKASHI S5-130)2 o] &
st mdl, damond EE8) ARg FAlalr] b
X-ray diffractometer{Jeol, Cu Kn, Ni filter) & A}-&-8}
20°%E] 130°74R) 2alsbulch ol &S4d ZA7kel A
A (hik) 2] inlensity 3 ASTM datas} vlarsts] obell <
o] TEELE Harris method!VE o] £5bed 4147
ukel & FAbeldcl

iy

(/T
(me—fr—iﬁ——
— 2 W
11 ,=1
(T.C)us - texture coefficient of (hkl) plane

I : =x3% Xray intensity
1, : ASTM standard ntensity
n - reflection® T

=b
=3

kl

3. odas o

3.1. ES&A[ZI| G2 diamond %—.‘%"[ ikl
Fig. 2% Z#%F 150 scom, wieby® 1.76%, 7|22=
770C, wheF abal 30 torr, filament = 2100Cel =

Hol|4] 22| Thef] W} ZaE2] particle size? film]
T dsks HelFa gloh olW el FkFe] par-
tideol® SEMe ZA#EAFeRRE particle sized

SE 2
Heeden, odo]al ZHZFe] fim FHehold Fubd
Zxsle] Zflze] FA2 pelddth 2 gskd
A5 diamond Y712 272} filme] FAlE F3A)5k
wah 7188 & dlgler], FH9 diamond Hel

P

2897



Hot-flament ol 2)%} Diamond =fu}z2}

25 20
o particle
= film
20 | -~
15 §
T . =
Fas- 2
s =
H . RRES
0} } 5
£ =
; g
454
5 -
] Y 1 1 N 1
0 2 4 3 a 10

Deposition  Time (hawe)

Fig. 2. Variation of deposition thickness as a function
of deposition time (CH; concentration, 1.76%;
substrate temp., 7707; [ilament temp,, 2100%;
reactor pressure, 30 torr).

Flg 3. SEM photographs of the diamond surfaces de-
posited for the different times (the same depo-
gition condition as Fig. 2).
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Fig. 4. Raman spectra for the diamond deposited on
Si substrate at the different deposition time (the
same deposition condition as Fig. 2).
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Fig. 5. Variation of deposition thickness as a function
of CH; concentration (substrate temp., 7707;
filament temp., 2100C; reactor pressure, 30
lorr; deposition time, 7 hr).

Fig. 6. SEM photographs of the diamond surfaces de-
posited [or the different CH; concentrahon (the
same deposition condition as Fig. b).
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Fig. 7. X-ray diffraction paterns of the specimens de-
posited for different CHy concentrations (the
same deposition condition as Fig, 5).
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Table 1. X-ray diffraction intensities and texture coef-
ficients of diamond films deposited al diffe-
rent CHy concentrations (filament tempera-
ture=2100TC, total pressure=30 torr, total
flow rate= 150 sccm, substrate temperature=
770C, I,: standard intensity, I: measured in-

tensity).
CONCENTRATION (CH,y %)
ASTM 14 176
(hkl) L 1 T.C I T.C
111 100 100 2.36 100 1.84
220 25 78 0,74 13.8 1.01
311 16 3.7 085 54 | 0.62
400 8 1.2 0.35 23 | ¢53
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Fig. 8. Varmations of deposition thickness as a function
of reactor pressure (substrate temp., 770C; lila-
ment temp., 2100%; CH, concentration, L.76%;
deposition tune, 7 hr).
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Fig. 9. SEM photographs of the diamond surfaces de-
posited for the different reactor pressure (the
same depasihon condition as Fig. 8).
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Fig. 10, X-ray diffraction patterns of the specimens de-
posited for different system pressures (lhe
same deposition condition as Fig, 8).
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Fig. 12. SEM photographs of the diamond surfaces deposited for the different filament temperature (the same

depositicn condition as [Fig. 11).
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Fig. 11. Variation of deposition thickness as a function

of filament temperature (substraie temp., 770
C; CH, concentration, 1.76%; reactor pressure,
30 torr; deposition time, 7 hr).
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Fig. 13, X-ray diffraction patterns of the specimens de-
posiled for different filament temperatures
(the same deposition condition as Fig. 11).
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Table 2, X-ray diffraction intensities and texture coef-
ficients of diamend films deposited at diffe-
rent filament temperatures (CH: concentra-
tion=1.76%, total pressure=30 torr, iotal
flow rate= 150 sccm, substrate temperature =
770C, It standard intensity, [: measured in-

tensity).
TEMPERATURE (C)
ASTM 2000 2100 2200 J
mkp | L | T |Tc| 1 TTC | T.C |

111 | 100 | 100 | 149 | 100 | 1.84 | 100 | 205
220 25 1205 | 123 [ 13.8| 101 | 10.1 | 0.84
311 16 | 81| 076 | 54| 062 48] 061
LLIUD 8 28052 | 23| 053 20| 451
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