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Fig. 4-1. Arrangement of diamond deposition in
a 3.6 MHz RF plasma.

Electric furnace

Feed gas Feed

and rf generator and rf generator
Fig. 4-2. Arrangement of CVD by using 13.56 MHz

RF plasma with ring electrodes. (a) With an

electric furnace for external heating, (b)

without external heating.
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Fig. 4-3. Apparatus with a working coil for

plasma CVD by using a 13.56 MHz RF discharge. Fig. 4-4. Apparatus for plasma CVD by using a

microwave discharge.
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Table 4-1. Experimetal conditions for diamond synthesis

in rf glow discharges

Feed gas 0.2-1 vol% CH,/(Hy+CHy)
Total flow 10-300ml/min

Pressure 10-100 Torr

Discharge frequency 13.56 MHz

Discharge power 600-1000 W

Substrate temp. 600-1000 °C

Table 4-2. Experimetal conditions for diamond syntheslis

in microwave glow discharges

Feed gas 0.2-5 vol% CHy/(Hy+CHy)
Total flow 50-100ml/min

Pressure 1105110i0, ToRn

Discharge frequency 2.45 GHz

Discharge power 150-600 W

Substrate temp. 600-1000 C
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Fig. 4-5. Weight loss of graphite in hydrogen microwave.
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Fig. 4-6. Arrangement of diamond deposition by chemical vapor transport (CVT).
(a) 13.56 MHz RF discharge, hydrogen flow type.

(b) 2.45 GHz microwave discharge, hydrogen flow type.

(c) 2.45 GHz microwave discharge, closed type.
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Fig. 4-8. SEM images of diamond particles obtained in a 13.56MHz RF plasma (a) at a low tem-
perature and (b) at a high temperature.
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Fig. 4-9. RHEED pattern of diamonds obtained

with a 13.56 MHz RF plasma. Fig. 4-10. Raman spectra of the deposits ob-

tained in 13.56 MHz RF plasma with various
methane concentrations.
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Fig. 4-11. SEM images of polycrystalline films on molybdenum plates obtained in 13.56MHz RF
plasma (a) at ca. 800°C and (b) at 940°C.
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Fig. 4-12. V-1 characteristics of diamond films
109 Q -cm) . A —3I vV TH5B, F/Ai by 13.56 Miz RF plasma. Curves a,b correspond to

the specimens a,b shown in Fig. 4-11, respec-
LAESI0Torr A TOEETHEHLAZBTIE  tively.
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Fig. 4-13. Raman spectra of diamonds obtained in

2.45 GHz microwave plasma with an A1,05 holder Fig. 4-14. Raman spectra of diamonds obtained
at various temperatures. with various substrate holders; TSub =970°C.
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Fig. 4-15. Relations between the fluorescence Fig. 4-16. Relations between the fluorescence
level and the substrate temperature. The sub- level and the FWHM of a peak at ca. 1333 cm'l.
strate holders and microwave powers used are The symbols correspond to those in Fig. 4-15.

noted. The specimen with the mark Gr contain
graphitic carbon.
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Fig. 4-18. IR spectra of diamond films on sili-

Fig. 4-17. IR spectra of diamond films on sili-
con wafers obtained with a h-BN holder. bsorp-

con wafers obtained with an y holder at
various temperatures. Interference fringes over- tions by electronic transitions and those of C-H
lapped. vibrations overlapped.
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Fig. 4-19. SEM images of diamond films obtained with an: (a) A1203 holder at 925°C; (b) A1203
holder at 980°C; (c) h-BN holder at 870°C; (d) h-BN holder at 960°C.
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Fig. 4-20. RHEED patterns of diamond films ob-
tained with an: (a) A1203 holder at 980°C; (b)
h-BN holder at 960°C.
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Fig. 4-21. IR spectra of diamond films on silicon wafers obtained by using three different
substrate holders.
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Fig. 4-22. SEM images of diamond particles by CVT by using a: (a) RF plasma, H2 flow type;
(b) microwave plasma, closed type.
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Table 4-3. Comparison of CVD with PVD
GF VAD PVD

Substrate temparature high(600-1000C) low(r.t.-400°C)
Particle speed low(several 10mV-0.1eV) high(several 10-1keV)
Total pressure high(103-104Pa) low(10-6-102Pa)
Hydrogen concentration high(ca.99%) low(mostly 0%)
Crystallinity good (with habits) poor
Surface roughness rough smooth
Nucleation density low high
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Fig. 5-2. Schematic illustration of a RF induc-
tion plasma torch and an arrangement of diamond
deposition.

Fig. 5-1. Schematic illustration of the appara-
tus used for diamond deposition by RF induction
thermal plasma.
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Table 5-1. Experimental conditions for diamond synthesis

by rf induction thermal plasma CVD

Sheath gas Ar 20-35 1l/min + Hp 4-12 1/min
Plasma gas Ar 1-18 1/min

Carriertreactant gas Ar 3-8 I/min + CHy 0.1-1 1/min
Pressure | atm

RF power(plate power) 20-70 kW

Frequency 4 MHz

Substrate 20 mm¢ Mo

Substrate temperature

700-1200°C?
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Fig. 5-3. Schematic illustration of diamond
deposition by DC plasma jet.
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Table 5-2. Experimental conditins for diamond synthesis

by DC plasma jet CVD

Plasma forming gas Ar 15-30 1/min + Hy 1-20 1/min
Reactant gas CHy 0.2-5 1/min
Pressure of the e = ONIIR A

deposition chamber

DC power 8-18 kW (35-75 V, 120-260 A)
Substrate 20 mm¢ Mo
Substrate temperature 700-1200°C
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Fig. 5-4. SEM images of diamonds obtained on molybdenum substrates. (a) Microcrystals; (b)
cross-sectional view of a polycrystalline film.
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Fig. 5-5. X-ray diffraction pattern of a diamond film grown on a molybdenum substrate. D
denotes reflections from diamond. Formation of molybdenum carbides are also seen.

Table 5-3. Comparison of observed interlayer spacings with the reported values

Observed Reported (ASTM 6-675, Diamond)
a (&) Iobs d (A) s hk1
2.06 100 2206 100 Lol
195921611 jes b, 2E00 725 220
AR 07I6 7/ 1.0754 16 S
0.891 3.5 0.8916 8 400
0.818 3.5 ORISR 2 16 23 L
o °
a = 3.56(7) A a = 3.5667 A
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Fig. 5-6. Raman spectra of diamond microcrystals
obtained by RF thermal plasma CVD.
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Fig. 5-8. Change of morphology of deposits with methane concentration (relative to hydrogen)
in DC plasma jet CVD under 18.6 kPa. Methane concentrations are: (a) 5%; (b) 10%; (c) 15%; (d)

20%.
° CHa 140 Torr CHaq
5%
a
b
£ 10 <. >
I 2 b
=
1700 1500 1300 100
Raman Shift (em™)
Fig. 5-9. X-ray diffraction patterns of the de- , _
posits on molybdenum plates obtained with three FIQ' 5-10. Raman spectra .°f the ldepos1ts ob-
different methane concentration in the feed gas. ialined un<'1er 1.8'6 kPa with various methane
concentrations in the feed gas.
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Fig. 5-12. Raman spectra of the deposits ob-
tained under 1 atm with various methane concen-

trations in the feed gas.

Fig

. 5-11. SEM images of deposits obtained by DC

plasma jet CVD under 1 atm pressure with a
methane concentration (relative to hydrogen) of:
(a) 10%; (b) 20%; (c) 30%.
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Fig. 5-13. Appearances of a diamond film depos-
ited by DC plasma jet CVD on a pre-scratched
mo lybdenum substrate under 18.6 kPa.



Fig. 5-14. Morphology of the diamond film at different positions on the substrate. a,b,c,d

correspond to a,b,c,d in Fig. 5-13, respectively.

140Torr F. L =66mm, CH,/H,=7.5%.
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Fig. 5-15. Raman spectra of the diamond film at
different positions on the substrate. a,b,c,d
correspond to a,b,c,d in Fig. 5-13, respective-
ly.
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Fig. 5-16. Appearances of diamond films obtained by DC jet CVD with various scanning speed,
torch-substrate distances (L(mm)) and substrate temperatures. The temperature shown is the
representative of each line and at the center of the substrate during deposition.
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Fig. 5-17. Change of a film thickness profile
with substrate scanning. a-d correspond to a-d
of the first line in Fig. 5-16. Deposition time:
(a) 10 min; (b-d) 17 min.
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Fig. 5-18. Change of film thickness at the
center of the substrate with scanning. Deposi-
tion time: 10 min for the fixed samples, 17 min
for the others.
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Fig.5-16MB—3DRABIZOVWTSEMIZL 2 BROBEREFig.5-19I2F . A,
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Fig. 5-19. Change of morphology on scanning the substrate. a-d correspond to a-d in Fig. 5-16.
A,B,C indicate the regions on the substrate, 0, 4.5, 9 mm from center to the left, respective-

ly.
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Fig. 5-20. Raman spectra of specimens a-d in Fig. 5-16. A,B,C are the same as in Fig. 5-19.
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Fig. 5-21. Schematic illustration of DC plasma
jet CVD with positive bias to: (a) the sub-
strate; (b) the ring electrode near the sub-

strate.

Fig. 5-22. V-1 characteristics of the positive
bias for three different torch-substrate dis-
tances (L(mm)). Other conditions are: gas flow,
Ar+H2(30+10 1/min); pressure, 18.6 kPa: DC
power, 9.7kW.
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Fig. 5-23. Appearances of deposited layers on Mo substrates obtained by DC jet CVD with and
without positive bias. The upper row was obtained without bias at various distances L and the

lower row with various bias currents.
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Fig. 5-24. Profiles of film thickness for speci-
mens deposited at L=67 mm with and without
positive bias.
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Table 5-4. Deposition conditions for DC plasma
jet CVD with negative bias to the substrate.

ol ties oI CiHR% 0.4 /m n

ow rate of Ha 10 /m n
ow rate of Ar 30 /m n
Pressure 140 Torr
Ve DC power ca.l0 KW
Substrate Mo 20 ¢
R Distance between
Subst.-Nozzle 59 mm
Substrate Temp. 860~ 930°C
Deposition Time 10 min
Bias Power 0~280 V
Fig. 5-29. Schematic illustration of DC plasma 0~1 A

jet CVD with negative bias to the substrate.
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Fig. 5-30. V-1 characteristics of the negative
bias for different torch-substrate distances
(L(mm)). Other conditions are: gas flow,
Ar+H2(30+10 1/min); pressure, 18.6 kPa; DC
power, 10kW.
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Fig. 5-31. Effect of the negative bias on the
thickness of the films obtained after 10 min
deposition.
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Fig. 5-32. Change of morphology with current by the negative bias to the substrate. A,B,C
indicate the regions on the substrate, 0, 4.5, 9 mm from the center to the edge, respectively.
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Fig. 5-33. Change of FWHM of (111) X-ray reflec- Raman Shift /cm-!
tion of diamond with the current by the negative

Fig. 5-34. Change of Raman spectra of the films
obtained by DC jet CVD with current by the
negative bias to the substrate.

bias.
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Fig. 5-35. Calculated equilibrium composition
for the gas systems used for diamond deposition
in the thermal plasma. The ordinate shows mole
numbers produced per min for the gas flow of 31
1/min of Ar +5 1/min of Hy + 0.3 1/min of CHy.
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et e
AFRIBERNTEBMEARRFICST, IREZLDO-BRL LTTONLEZDLDTH

MR BF 2 IZES BRBELET .
ARXEELDDIIHEY, RGBY THEL THEE, JHWRELH-~. WNRELER
RAMELER MEBERBAEBUIESRBFOBLRLET, £/, BYLITHEE, JHFR
PR WNRETIERICADELLZEN RERHER, B FERAMEER, BRAFEX
THEH EILTERBEBZIZOLPORBBLET,
AMFREZRITTDIZHhiE>TR, HFAGE (BRNELIKAZHL) . BFEXR (TEXHE
EHRAEH) | IHEE (TREHNA-RNUoHKKXASH) | RER (EFREBHLHKXSH)
MemE (BXEmEFERASHE)  EHHE (BRAEGHITLHRAESH) . B2 FEE
BAEZREMKERXESH) DERODZROIHBHERL. Z I IIES BRHHELET,
HWEBIFEFN FTHEEXK
%

ART7S AT ERAVEFROBEHBIISH A>T, REAFLS
® BHERZ) . KBRAKFEL

2
B, ARBEMAFEIZHRIELER BHAERMKER ( X
FHBEBEFRF FRIEXEKBOTBEREBM -, 2 JIIEHS

KEIZE->T IR, TXREERG ERBVERRAER
MEFRECRHEELET,

Brr—var FEHN
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