DAEHAN HWAHAK HWOEJEE

Jonrnal of the Korean Chemical Society)
Vol. 34, No. 5, 1990

Printed in the Republic of Korea

LPCVD ZEX&E 0|23 MEte =4 E§7(|H25E]
Clo|ol=2E ulaote] N|=
S8y - BRI - KX

AgRem Ao 313
(1990. 3. 26 )

A Diamond-like Film Formation from (CH, + H,) Gas Mixture with the
LPCVD Apparatus

Sang Kyun Kim, Jin-Ho Choy', and Kwang Yul Choo!
Department of Chemistry, Seoul National University Seoul 151-742, Korea
{Received March 26, 1990)

2 of UgkH<Ql 31357)Z=(CVD | Chemical Vapor Deposition) 8¢l A -3-7]2H-2 338 4 &
LPCVD(Low Pressure CVD) Z32] 4A 3l Azt 3 72}, 53] o) F3F ojf3le] wrl, 549
W71 REL 3 (buffer) 7h22 AH3-3te] ptype(111) Si wafer #lo the]elZ.= wlni(diamond
film)-& @22} A =g Aol i3l Z]gsideh 22 F 712 o g el sislgdek (1) Si wafers
uh3-7] <ol Sl heater(ek 480C) 9l 32 F 708 32 intet 7k2g AF4-5)ed MEA3IR)h Phosphoric
acidZ coating® 3h}e] & microwave dischargeAl?] F4 71AE £eied AlL3ldr Odg B
dischargeA| 7] %] 92 vivt 71AE L8Fd AHgsi 2 492 £33 22 53 3¥¢-E(amorphous
carbon cluster)-& 2¢iv}. (2) 49 wed-& F Aol discharger]?] plasma A2l discharge tube <ol
Si waferg R 247, 2 AFHE tiolojRr PR E ZE dRAAEL Yt

ABSTRACT. We describe how to design and construct a LPCVD (Low Pressure Chemical Vapor
Deposition) apparatus which can be applicable to the study of reaction mechanism in general CVD ex-
periments. With this apparatus we have attempted to make diamond like carben films on the p-type
(111) Si wafer from (H,+CH,) gas mixtures. Two different methods have been tried to get products.
(1) The experiment was carried out in the reactor with two different inlet gas tubes. One coated with
phosphoric acid was used for supplying microwave discharged hydrogen gas stream, and methane
has been passed through the other tube without the microwave discharge. In this method we got only
amorphous carbon cluster products. (2) The gas mixture (H, + H,) has been passed through the discharge
tube with the Si wafer located in and/or near the microwave plasma. In this case diamond-like carbon
products could be obtained.
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Fig. 1. Schematic diagram used in experiment 1.

(1; mass flow controller. 2; pressure gauge, 3; micro-
wave generator; 4; wave guide, 5; discharge cavity, 6;
ellipsometric instrument, 7; reactor, 8; heater, Y; ther-
mocouple, 10; substrate (Si wafer), 11; pump).
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Fig. 2. Schematic diagram used in experiment 2.

{1; mass flow controller, 2; pressure gauge. 3: micro-
wave generator, 4; wave guide, 5; discharge cavity. 6:
quartz tube, 7; substrate (5i wafter), 8; plasma, 9:
pump}.
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Fig. 3. Detail diagram of reactor and heater.

(1: O-ring, 2; inlet gas tube, 3; thermocouple, 4; heater,
3; electrode, 6; cooling water line).

Fig. 4. Schematic diagram for ellipsometric instrument.
(1; rotatable linear polarizer. 2; quarter wave compen-
sator, 3; rotatable linear analyzer, 4; photo diode, 5; sap-
phire window, 5; He-Ne laser, 7; digital volt meter, §;
substrate (Si wafer), 9; heater 10; reactor).
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sz, 4 1Y) FFY 2528 /A7)
st OMEGA 4001 XC power supply® AR&-8}sd
o} 23 AY F ukgrle o] YR FHE
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Fig. 5. SEM images of products obtained from two dif-
ferent ratios of gas mixtures.
H,: He:CHy (A; 45:400:4, B; 45:400:20).

Table 1. Crystal growth conditions for experiments 1

A B
total pressure {torr} 2
flow rate {sccm) 45:200:4 45:200:20
Hy:He:CH,
discharge power (watt} 30
temperature (°C) 480
growth time (hour} 20

2, oA A4 EL 7| feol BANE @0l
A EHHo] st o] o] Xray HBEH
A &Y wigk A4 JA R3lelen, SEM
2y 232 REE, Ho o AY 2 9y Fig
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(b) A 2 W (plasma AE] oA =T =
o2 ¥R Aok o) W L3 WHAE2) SEM
EAANE Fig 63 oo, 2 FHEQ AYPEAL
Table 26} Hesidnk AYZAL 54, 4§, o
€ke] §4-0) zhzt 40, 200, 4scemo] A g,
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Fig. 6. SEM images of products obtained with two dif-
ferent distance from discharge cavity center.
{A: 4.8 ¢cm, B; 3.8 cm).

Table 2. Crystal growth conditions for experiment 2

A B

total pressure (torr) 1

flow rate (sccm) 40:200:4
H,:He:CH,

discharge power (watt) 20

distance from discharge 4.8 3.8
cavity center (cm)

growth time (hour} 7 6

o] = 2] Wi 4L 1torr2 X132 discha-
rge powers ¢F 20 wattit}.

Fig. 62 A)¢} B)& discharge cavity FHo 2%
B9 Azlrl 22t oF 48cm, 38cm Boj3Fl o4
AYsle] Doz LA ES vAFEE el
o, 2 WhEAZRE 7pzF 7417, 6417keldh A) AF
oA B 4 ce 7Y dAEL g A8 1
ul o) Fig Sl % et ¥p e Y vkt
3 48R Qs Alc), B) AbAle A& vlmd
SR el 4fold axis?} Mo A o)
A AR o}, alA T2 T to|ofhRE F2EF
7R ¥4 AAe] AFYE "tk B) AR
A B S glE eAAEe XA SARNY A
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Fié, 7. XRD pattern of product obtaizied with B condi-
tion in experiment 2.

{shit: 4, cps: 100, scanning rate: 0.5/min, CuKa-Ni
filtered with A = 1.5418 A).
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