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Vapor Deposition of Diamond
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Diamond synthesis under thermodynamic metastability has been shown to be feasible by vapor
deposition using hydrocarbon-hydrogen mixed gases. Three different methods, i. 2., modified CVD using
a hot tungsten filament and plasma assisted vapor depositions using microwave (2, 450 MHz) and f
(13,5 MHz) powes are employed. Typical growth conditions are : methane concentration, ca. 1% ; total
pressure, 10-60 Torr; temperature, 700-100C°C. Diamend can be grown on diamond as well as on
non-diamond substrates including Si, Mo, W, Ta, $i0z Al:Os and BN. Structural identification of
the deposits was performed by electron diffraction and Raman spectroscopy. Lattice spacings
determined by REHEED wgreed with those reported for diamond. X-ray diffraction pattern chara-

cteristic of diameond was observed for deposited flms.

Vapor-deposited diamond particles show

well-defined morphology characteristic of diamond. They grow at a rate of 0.5-1um/hr. The paticles
are hard and readily give visible scratches on the surface of SiOz AlOs;, B and BiC.
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Fig. 1 Schematic diagram of the deposition
chamber with tungsten filament.
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Fig. 2 Schematic diagram of the deposition
system with microwave (2,450 MHz) power

supply.
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Fig. 3 Schematic drawing of the deposition
chamber with I (15.5 MHz) power supply.
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Fig. 4 Effect of methane concentration on diamond growth at 800°C
under pressure of 36 Torr for 3 hr. Methane concentrations are:

(a} 2%, (b) 1%, (¢

e, Figo 4 g M8 4 54 v
BIRTE, 10% TR OIREER TR RS 2 & DR
BOFT SIS TH B w‘i@cw b“c, A e FffL{
Al & MR IR OB IS & O TR, THHED
HHET B PREHRETRY S, CG)'ﬁTi@c?ftrﬁa@' %
[ES 13, MRS, i 2 Rk &
B b O ERHOREMEEE S - T2, fMt/M\
LTiAZ2vOA TR, 28FEG6EE-Tc TV
(G, 3 ke % %OTt?VV(QHngmm
THIAvEY FRERT 5, TR RMHD CVD ik
T, A e VORERE A 2 v, g o 5P
BAHGEE D95 7 0 YREWKETH 2 C LHNE
LR TR o & SN T h D, Ak & B
LTEIERFETH AH, BAEFADILINE, ¥ 10Torr
AU & S EBIEIFEN L TH A, RICDOTH,
.2&7 454 TR ml/min®® (STP, PUFEE)
GERHEINT 5 S BREE A TRb I B, —
+H, vA 7 vELHEANET X7 CVD TE¥ ml/min

FQJT®“EWWM

~%7 100 ml/min OB TEELERED ST
"R

3.2 EimOBERUVEE

BROEHE LTEAA Y V&4 ver FR4H
(111},

DEDICKBTELD, £A¥FEYFRBELT
(110), (100) @ 8 2 O{EHEHEHE IC DV TEREM
\—Ch\ém,z?,zano

Fig. 5 #47 1 5 74 v P X - TN

R L

) 0.67% and (d

) 0.6%.
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Tablel Comparison of observed interlayer
spacings with reported values.

Reported (ASTM 6-675, Diamond)

Observed
d(A) I o (A) I bkl
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1.26 s 1.261 25 220
] s 10754 16 31t
1.03 w — - 222
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0.8t m o818z 15 331
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0.685 m 0.6864% 511,332
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0.603 It 0.6029* 531

+  Calculated from the reported value of a, =3.5667 A,
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Fig. 6 Raman spectrum of diamond deposited
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Fig. 8 Raman spectrum which shows the grown
layer (**C) on diamond substrate (**C).
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Fig. 11 Absorption spectra of type L. natural
diamond (15 gm thick) and diamond fim (10 gm
thick) deposited on silica glass.

1334 em™ B BHIBHS 5 = wEMRIE S g, BY T
@,ﬁﬁ@%@ﬁ?mm§7/ﬁ(~Bmmf0ﬁﬁ’
Ma, Fig. 10, (b)) X5 ic il Eeinkd 2 sk
TR oL3taxs PR Lh, chizs 4 e
YED vy, MO TSR 2ADT = A
&%Mﬁ%ﬁﬁ@%@&@ﬁhﬁﬂ&ﬁﬁ?c&wv%
o A)-C) WFhoA~2 P ERTEES, £

{/h@zvzﬁm%WC@w*néﬁ,@fwﬁfd
Mz OFELRVI S TR, 5~ Yo
Mg, RBRCHEERCERERAbDICE~, 2~8 %
DIEE & DT EMBE 30, SIREGHL M ¥ v FOR
RBOFELME OB S TR s T EERLT
N,

5.3 %mexahw

WA 22 b o, Ee SR & AR O RIB SR
%%@ﬂﬁ&@%ﬁfﬁ%mhhﬂ%oﬂgll15k
H52 LWl E LT A4 Ty FIREFROTRAL A
=Y FOERFORA, TRMEA <2 baEkiELd
DTCH D, GEETHEESIEY 1 Y2 v FOoRIEkE
1 226nm wdH b, BEEBEEOMEN RO S OB L
T, SRABEE 2T S, SRR OELE
RIWERRAB ST,
5.4 ZofhoEE

155 AUk BN R T L,

T W FE i b M A

A, BURE w B — AR T000 kg/m1112 VL& s
ENAW, UM SR, 74T, ki Bhay

B, HWRTHESHEETES #xﬁﬂw T EMT
ba mxﬁilb & LTid, HeIEIE 10° ohm «em A48T
WhH, TNHFKBROE DL J‘Cbﬂi@{m\iﬁ F{z:
WORBELT TSNS D, 4% S Siemine

MR FE—B - RS WA

Al ey — 50 —

FICEET
TEROMIT

6. FAPEY FOEBRE
& A ey VBB O E K S e T
s, e b 2RI I Do THELCRA L

Frlng
Spitsyn O FRPIGKBOFERE 4 vE v PR

. BhEE, k&g LT

BB, £,
7 BERTOE,

T Aek £ R T }ML\

CIHETHSL EEH LTV, EEIRE,
@ﬁw%éﬁﬂ4ﬂ4?{/bmkﬁ SP3 IR
AT 20N T3 LD BANTH 5, ~
75, Angus? SRk, SEBTORESRSECL 1 vE LY
OEIEEL 6, B oiTiid s i i@(fzf/

EEDZCEERM LA HORTORIEERRL
%ﬁwmxefmmbtﬁmbé,m%m&w%mam
iR T s n o W’-’
Lo TOX AR, HAOREFRREOH S G
BIRE GO - TN S &Lwomuj [ Foerdd o)
AR B RM LE N XD B Db,

—7F, B O MBEIRC LB A & v hORE
BFoirl (474 v v Vo R PA oRd~ OlT i
mmmTqui@ﬁjmm ek pomjhr oDH
A A 7iid, B W*®%¢&M:)uidé@%
AN TINA D EE L BZOBESTHS

mewmixwufi>Am¢@m&mk&¢om
HOFEN (M7 157 v PEITHET 4 54V LD
Ml X BRIGEST), 2) £4 vey FEREE SR

BREFBIRKBRF oW, BigE 2Bkl
R EOEEE, 8) 24 v FOIEE O3 D00
PHRNENLHUENE LS, BT 2), 3) K2 TiE
FHERREAERCMT 5 Lo ahkE i,

“cleaning” HITH - T4

7. HEME

TERIETR T A Y v FEEMATE B L &iT
L, FEEOR-EY LM vy FER LTS
CEOBREMNEL, 44 vey FOsDIEIToNT
@ﬁmmﬁ%ﬁﬁﬁb,ﬁ4%%vﬁ®ﬁﬂ&bf®m
S S RE SN OTIRERSD by if:Jﬁﬁ‘f%k, )
HERTR & OJJB B EOE L, & 5 Rt &
Aﬁf;CﬂiCT%%&bT%AbﬂTmiMH@&
DEERINE L DL D DH S,

X Hk

1) W.G. Eversole: U.S. patent No. 3, 030, 187
and Ne, 3,030, 188 Apr. 17, 1962.

2} 1.C. Angus, H. A, Will and W.S8. Stanko: J.
Appl. Phys. 39 (1868) 2015 ; 5. P, Chauhan, [.C,



3

7)

12

13}

14)

1)

- B0 e

Angus and N, C. Gardner:
(1978) 4746.

B. V. Derjaguin, D.V. Fedoseev, V. M. Lukya-
novich, B.V, Spitzin, V. A. Ryabov and A. V.,
Lavrentyev: J. Cryst. Growth 2 (1968) 380;
B, V. Derjaguin and D.B. Fedoseev: Sci. Am.
283 (1975) 102

S. Alsenberg and R. Chabot:
42 (1971) 2953,
E.G. Spencer,
F.J. Sansalome :
118

JI.H. Freeman, W, Temple and G. A, Gard:
Nature 275 (1978) 635,

G. Gautherin and C. Weissmante! : Thin Soid
Films 50 (1978) 135 ; C. Weissmantel, K. Bewi-
logua, D. Dietrich, H.-J. Erler, H.-J, Hin-
neberg, S. Klose, W. Nowick and G. Reisse:
Thin Solid Films 72 (1880) 12,

Fujimori, T. Kasai and T. Inamura : Thin Solid
Films 92 (1082) 71; jd - #%e 28 (1980) 535,
L. Holland and S.M. QOjha; Thin Solid Films
58 (1979) 107.

[ 8, Whitmell and R. Williamson : Thin Solid
Films 35 (1976) 255,

H. Vora and T. J. Moravec: ], Appl. Phys. 52
{1981) 6151 ; T.J. Moravec and J.C. Lee: .
Vac. Seci. Technol. 20 (1982) 338.

M. Sekolowski, A. Sokolowska, I3, Gokieli, A
Michalski, A. Ruselt arnd Z. Romanowski: J.
Cryst, Growth 47 (1978) 421.

R. Mania, 1. Stobierski and R. Pampuch, Cryst.
Res. Technol 16 (1981) 785,

B, MR, MEdEE o FTE RS 8 (1982) ¥5; T.
Mari and T. Namba : ]. Vac. Sci. Technol, Al
(1983} 23,

B. V. Derjaguin, B. V. Spitsyn, L.L. Bouilov,
AL A, Klochkov, A.E. Gorodetskii and A.V.
Smol'vaninov: Sov, Phys, Dokl. 21 (1975} 676

J. Appl. Phys. 47

J. Avppl. Phys,

P. . Schmidy,
Appl. Phys.

D.C. Joy and
Lett. 29 (1976)

16)

18
19
20)

I

21)

223
23)

24) §

25)
26)
27)
28)
29)
30)

31)

HIERE W55 W1 (1989

[Dokl. Akad. Nauk SSSR 231 (1976) 333].
B. V. Spitsyn, L. L. Bouilov and B.V, Derya-
guin: J. Cryst. Growth B2 (1981) 219
3. Matsumoto, H. Kanda, Y. 3ato and N. Se-
talca  Carbon 15 (1977) 299 ; S, Matsumoto and
N. Setaka: Carbon 17 (1879) 485; S. Matsu-
moto, Y. Sate and N. Setaka: Carbon 19
(1981) 234,
TR, N PRI 19 (1981) 24,
PERE, DOTE, MR, MO FEmmEE 1(1680) 60.
S, Matsumoto, Y. Sato, M, Kame and N. Se-
taka: Jpn. J. Appl. Phys. 21 (1982) 1.183; S
Matsumoto, Y. Sato, M. Tsutsumi and N. Se-
taka: J. Mat. Sci. 17 (1582) 3108,
S. Matsumoto, Y. Sato, M, Kamo, J. Tanaka
and N. Setaka: Proc. Tth Intern, Conf. Vac.
Metaliur. 1982, p. 386.
M. Kamo, Y. Sato, S. Matsumoto and N. Setaka:
J. Cryst. Growth 62 (1983) 642.
5. Matsumoto and Y, Malsui:
13 (1983) 1785

fflj'“' ¥ B4 (1981) 99 Mk 24 (1982)
412, M RN, MK HEEE: M 52
{1983) 29.
'@2&9 J‘Brnu
125.
AV N
9 (1982) B8,

J. Mater, Sci.

ik 58 AR TR (1983) p.

FEg, M AR R ES A

R VEER M R 21 ISR
4 (1983) p. 86

ijx, el W - 28 30 Al EE ISR
FEa gt j< (1983) p. 215,

HEE, DUE, RMAL MR, BEED: R 43 [0S
HEEE SRR S T RSIE (1982) p. 520,

VaBE A, DMK, N 45 27 ELA THEEG
LELEIE (1982) p. 35.
PR, RO, R ¥E
LBEdE (1983) p. 85.

/p 21 ipitﬁg%ﬁ‘énjuilﬂ



