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ABSTRACT

Diamond film was deposited on Si wafer substrate from a gas mixture of methane, hydrogen and oxygen
by microwave plasma-assisted chemical vapor deposition. The effects of the pre-treatments of the substrate and
of the oxygen addition on the diamond film synthesis are described. In order to obtain diamond film, the
substrate was pre-treated with 3 kinds of methods. When the substrate was ultrasonically vibrated within the
ethyl alcohol dispersed with 25um diamond powder, the densest diamond film was deposited. Addition of oxygen
in the gas mixture of methane and hydrogen improved the crystallinity of the deposited diamond film and also
increased the deposition rate of the diamond film more than two times.
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Fig.2. Optical micrographs((a), (b). (¢)) of the pre-treated Si substrates and SEM micrographs((d), (&), {f)}
of the diamonds deposited on them at the following condition ! methane ; 2,07%, oxygen; 1.0%,
total flow rate ; 100 sccm, microwave power | 600 w, substrate temperature ; 800°C, pressure ; 40 torr,
rxn time ; 5hr, (a) & (d} ; mechanically vibrated for 4hrs within 44 gm SiC powder, (b} & (e} ;
polished with § gm diamond paste for 10min, (¢} & (f) ; ultrasonically cleaned for 2 hrs within ethyl
alcoho!l dispersed with 25 gm diamond powder.

A2 A 4E (1990) (515}



15322 Diamond

|

gAY

B 2o TE WL TR A kT N T drpyres s LFE
B EE NETEET B o Do o Xy B R o
w o M™% ook 3 o W ogme o o 4 o+ a4 M oo
g| =B g £ 5T r ook ox o = de ul o al
2 = g 5 & o i - G R TR o o Ho M o
.nlam.um poow sk oW o ow o 3R W L RO g B }owqw c3 wo o
- L B A TR A T S g o ow 2
e v g 8 W 70 o W e T T TR Ty = - =
. =8B F oo E e W T TR oA oo T Fx ook B
x T £% & SR - N et s P TP el
n\w E g M = " o o w mm mﬁ = R o o o - = o_.hﬁ.m_ of @ b o o T
= .8 S i = ‘o ! = =
# = R ‘d\i%%im,u B B o S A s v S
gd o &d o W B o= Ml T "X o T ORS F " HE N K wOw R oW 2
TZ £5 5 Ry gy LT a e T T W
< - Q L - = e —
- S AT bl T - 2 T I W = = T Moo T W e =
c oS o A W L,_uf ooiLlo_ Qm_wm_“_ Jlioiﬂali_ma =
8 e DB o e T e S e N = IR
€ §© 5 @ o o KICE " r o ao T ooy e r AR
2 EErE %ﬂﬂﬂ%%ﬂﬁzﬂa%ﬂag%ﬂrﬂl omﬁﬂmf}ﬂﬂn%ﬁ
2 o = B i Ty ol = 2 — T T T O e T ol W 2 ! SR T — o
b a, ® B 2 o = o o P - - L M FE
I~ CHR - [ G S o LR i e
= ST GG T = LR o . o B oL o= W R
s = 2r T oo R B ol NIRRT - o &+ ol ] = TE T R o PR w
EE - - — = E I HEwHTREITERT 4 w e
S58F LIl IR IeRefRUYdTRIERCT.Es
- = @ "W ® — - = w
i I N S CR imomﬂw.mgMWMurﬂoﬁo#;.ﬂﬂoﬂazZm%%%im..waﬂu%
_ e —_ o
g o on o T T oo ke T g5 R e T Rsd
M o fal —
{RPYAYTSIATIT = T oeh oW o5 oo e oo W oMk e T oK w M oW T iy
o . . o x4 o b o T W ook B g B W M
WO W o woE oW e T g M ﬁcmmoT;ﬁanrah,T EM“AO ™ W Om on o Ik
™ w2 W g e B e ﬂoéaﬂgaﬁm_: ﬂu@ﬂ%c, b uaTwﬂl
i = -1 . Al N | - A i 3 —
T I o A T R S . e SR N
R BT B0 e ! &) Ly pp— -y Iny T off B0 I o a5 oy
DI i o B e T e B L s iF%ﬁTWszﬂ%ﬂmﬁ
Twedg 8 ~hedpT® T VEHS Boow BT wor oW T
T _ ¢ E Mo ™ 2ol L e L i o an K Wome o R o o W
T H W — A N i < W g T A = ) i = P
"o wr A =R o e B T K I - L |
T T Ak wEETLYER o e § R oy o N 5o, TR 4o
vy ot = ~dicaxtw Ve TR TH T om oW o P A D
. L) S o S R R TR = w o B L E oo S E
o KT W ) i .q + 2 b =0 - ™ = o el o o 20 of i W @ 2 o5 s ap 2
W ™ R o Mo 3 Mo o % o Hﬂ = g ™ Mo i . m. S e o A Ju o
—— o i e R o —
PEEEeR b P oW ﬂAmM u T W W w Emﬁ#ﬂﬂizf}ﬂwmmyﬁf
. oW B [ — ny O oy s <+ o R et s T of 2 o it = = B}J i e e:n S Mv ol _
o} - o pE Al W o R e I R - S LI _ T~ = ) = of B E
e Ny oA W ow e DR W oo W oo de Mo N o RIS R SRR
I = woe £ o s oo wr o 9 i - E xR ©
_ _x%%,%%1maﬂﬂoﬂﬁ%ﬂio%z_oﬂw%ﬂzﬂ oo P A e ®
ot &l o 5 = o™~ T .M.f oo e R b oW I &R of 5 = mLAo ;DE o oles .“m.M T
< = = . o N mo T T 1 g oo 2 oz T o W G
H 5% % oy w0 RoEow €T o IDT oy 0 SR N Em L W R
al mhmmﬂm%ﬂ%)zﬂﬂ%ﬂﬂwgM,,mesc_ﬁﬂ% S B A R
N T L TR - e Hogm 1 oo S E® - o E N & M w2
han o i bl T b1 __ mm 9| e 2 e i3 L g e g P o A
< T R S R R S T o A i - SARCHR R R < S
L) mow ) e - A = AN ° HL ﬂ_ Wn«“ Hoe% [l x M,a nwa wow T o8 B
T T ET FHERUT T AT W Aw B °

Baatsl =

{5185}



sfel2 2 glely Eetzct shdt

) ) | ©
Fig.4. SEM micrographs for the microwave plasma CVD diamond deposited on 81 {100) without oxygen addition
at the following condition ! microwave power ; 600W, pressure , 40torr, total flow rate ; 100scem,

substrale temperature , 860°C, rxn time ; Shr, methane concentration , (a) 1 0%, (b) 2 07%, {c) 4.15%
{(d) 5.0%.
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Fig.5. Raman spectra for the microwave plasma CVD 2} k|

diamond films depesited on silicon wafer at the
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same condition as Fig.4. el
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Fig 6. SEM micrographs for the microwave plasma CVD diamond deposited on Si (100} at the following
condition : microwave power ; 600W, pressure , 40torr, total flow rate ; 100sccm, substrate
temperature ; 800°C, methane concentration | 2.07%, t=n time ; Shr, oxygen concentration ; (a) 0%, (b)
0.75%, () 1.0%, (d) 1.5%.
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Fig.7 Raman spectra for the microwave plasma CVD
diamond films deposited on silicon wafer at the
same condition as Fig.6, oxygen concentra-
tion, (a) 0%, (b) 1.0%, {(c) 1.5%.
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Fig 8. X-ray diffraction patterns for the microwave
plasma CVD) diamonds deposited on Si (100}
wafer for various oxygen concentrations at the
follewing conditions | microwave power * 600
W, substrate temprature : 800°C, total flow
rate ! 1{0sccm, pressure , 40torr, methane
concentration , 2.07%.
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Fig.9. SEM micrographs for the microwave plasma
CVD diamonds deposited on Si {100} wafer at
the following condition ; microwave power ;
G00W, pressure | 40torr, total flow rate ; 100
gcem, substrate temperature ; 800°C, methane
concentration , 5.0%, rxn time ; 5hr, oxygen
concentration | {a) (.0%, (b} 1.0%. (c) 1.5%.
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Fig 10. The dependence of growth raie of microwave
plasma CVD diamond on the ouoxygen
concentration at three methane concentration-
s(total flow rate ; 100sccm. substrate temper-
ature ; 800°C, microwave power , 500W,
pressure | 40torr} .
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