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Fig. 1.1 Schematic diagram of hot filament CVD apparatus
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(a) Argn plasma (b) Hydrogen_ andargon  (c) Methane, hydrogen
plasma and argon plasma

| Fig. 2.7 Plasma jets génerated using one—cathqdé and three-anode arc discharge plasma
~ jet CVD apparatus. Hydrogen gas is fed through the cathode route. '

Fig.2.8 A plasrha jet generated usiﬁg‘one-cathode and three-anode arc discharge plasma
jet CVD apparatus. Hydrogen gas is fed through the atmospheric route.
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Table 2.1 Depositibn chdi_tions.

Gas flow rates.
CH,
m
Ar v":Cat-h_od'e .
| -Anodeé |
Electric pdwer o

Pressure in the chamber

* Cathode nozzle and substrate distance

Substrate material |
Substrate size o

Substrate temperature

 0.06L/min

1.50 L/min

4,50 L/min

" 0.60 Limin x3
10kW
27% io‘f Pa
130mm
'M_Qlybdénum

| '¢40><5 mm

1000°C
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Table 2 2 Varlatlon of dlamond growth rate on CH4 gas supply routes '
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(b) A diamond films synthesized when
hydrogen gas is through the
atmospheric route

(a) A diamond film synthesized when
hydrogen gas is supplied through
the cathode route

Variation of Raman spectra of diamond films synthe51zed when hydrogen
gas 1s supplied through differént routes.
r : radius distance

Fig. 2.10
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- Fig. 3.1 ~ Schematic drawing of the electrode configuration
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Table 3.1 Generation conditions of a plasma jet -

Gas flow rates - _
| cH, 0.03 L/min
H, R 1.50 L/min
 Ar Cathode -~ | 6.00L/min
|  Anodes o 0.70 L/min x3 :
'P‘osﬁion 'éfelectfk)de» Ari_ode_:s:_x I 30-70 mm
. _ | _ | . Céthode:y. . 32-.84_mrh
Electridpéwef | | N SR : 8,8;‘11.7 kW R
| | | (30 Ax3, 987126 V)
Pr_eséur_e 1n the chax.nber: R 2.7 % IOf‘l'Pa-' i
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- (b) Variation of discharge voltage with displacement of a cathode

Fig. 3.2 Relation between discharge voltage and arrangement of electrodes
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Cathode

(a) x=30 mm, y=75 mm (b) x=50 mm, y=55 mm

“Fig. 3.3 Effect of the arrangement of electrodes on plasma jet
- when total disch_arge distance: x+y equals 105 mm .
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(a) x=30 mm, y=32 mm (b) x=70 mm, y=86 mm

Fig. 3.5  Variation of plasma area by changing the electrode arrangement
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‘Fig. 3.6 - Effect of electric power on a plasma jet
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| Fig. 3.8 ~ Schematic dbr.awi_ng of méasurement_s_et-up'fdr the eﬁﬁssi_on _
o ~ spectra of the plasma jet '

Table 3.3 Measurement conditions of emission from plasma jet

| Wavelength | 300-900 nmv
Scanning speed ' 30 nm/min
Width of'slit ‘ ‘ 10.0 mm
Heightofslit .~ | 0.1 mm
Loaded Voltége of PMT 75(‘). V
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‘Fig;'-3.11 Surface proﬁles of the dIamond ﬁlms synthesmed at dlstance pa of (a) 30 mm
| and (b) 55 mm when dlstance V. equals 32 mm o

Flg 3. 12 A surface proﬁle of the d1amond ﬁlm synthemzed at

dlstance x and y of 30 mm and 57 mm
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(c) 1.9 kPa

(b) 6.7 kPa

(a) 26.7 kPa

Plasma jets consists of methane, hydrogen and argon gases at the pressure
of 1.9, 6.7 and 26.7 kPa

Fig. 4.7
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Flg 5.11 SEM photographs ofa dlamond film dep051ted ona , substrate rotating
. along an eccentric axis at 10.mm from the center of a plasma jet
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Table 7.1 . Deposition conditions

(a) Arc discharge plasma jet CVD

Gas ﬂow rates  CHy |
o .
Ar

Electric power

Pressure

Substrate temperature . "

45 mli/min

1.5 V/min

~ 45 Umin (Cathode)
0.6 Vmin x3 (Anodes)
doskw

67and27kPa

10_00°C

(b) RFplasma CVD -

" Gas flow rates CH;

0.11~0.56 Vmin - .

H, 11.2 Vmin
} Ar ' 33.8 I/min
| R_vareqﬁenc‘y:v 4 MHz
Input_poizvef_' '. - : 45 kW
kPressur_e ._,- . ' 27 kl?»a. )
Substrate tempf:fat_u,r'e” : 7OQélO0,0?C
(c) DC plasma CVD
Gas cbmpoSitioh e CH4 | 1%
_ R o | o
H, | 94%
| Electric current. | 10 A
Pressure 4 kPa
Substratle_ temperature . 1000°C
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Fig. 7.5  Growth side of a RF plasma CVD diamond polished
with a diamond wheel

aray

TFig. 7.6  Growth side of anarc d‘ischarge plasma jet CVD- diamond

polished with a diamond wheel
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"Fig. 7.7 - Fracture mode of an arc discharge plasma jet CVD diamond

on tensile side
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{b) DC plasma CVD diamond

Fig. 7.8  Cross sectional structure of an arc discharge plasma jet CVD
diamond and a DC plasma CVD diamond
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Table 8.1 Deposition conditions

Gas flow rate
CcH,£ | 90mLmin |
H, o | ispmin
Ar Cathode ,v - o 4.5 L/min
Anodes | | 0.60 Limin x3
Electric poer o B } . 10 kW
Pressﬁr’e in the _chqmbé_f - - | | 2.7x 164 Pa 
Distance between cathode nozzle and substrate 130 mm
Substrate mvaterial. ‘ | o | Molybdenum -
Substrate size - T | | ¢20X5_ mm
. Substrate 'témperatu-re. o - - 1000°C B

- 147 -



DEE L i LT EREEE S, 10 ph TH o1
Aﬁb#ii@&%?%/F%W@ﬁ%%%%mﬁ%&QSZ;T? Eék&o
TR B, FA4VEY REROBRREL 1~3%T cHDHI bbb, JOMEIXX 8.1
E%bt%&yﬁaﬁmﬁﬁméﬁxv%yF%ﬁ@ﬁﬁ$mmﬂf%M%ﬁ<,
%%ﬁﬁﬁ@ﬁ%?%yF%ﬁ%ﬁ%mﬁ%&yﬁﬁéﬁ<bfé&?%zaﬁﬁ
MeHDHIEWDOPD
%9/ﬁﬁ%ﬁmé%%”kf%ﬁﬁ@t@h%ﬁ%g@y4ﬁ%yFﬁ%6h'
B, A¥ v HAMGEIC ﬂTéﬂ%@ﬁ@ﬂA# {IpBZEPb, 94?%/

HND. it,%&/ﬁx ﬂT%A?ﬁX@@A@ﬁ<ﬁ%pkﬁ5 A YEY
Fat@me?%ﬁﬁ%ﬁ%mt@m%ﬂ%@+ﬁk%£éh%tm&%x%m
3. |
gn63@@®94?%/F%WQ%WHWD%Mﬁ$§§%@8ﬂﬁﬁﬁéﬁ'
@@uﬁh%#mﬁ@ﬁ%§i%ﬁ%h&nmlﬂm%iUﬂmm&ﬁaﬁﬂb
&%ﬁ@ﬁﬁﬁm%;aﬁ%,éﬁ%%@#m@ﬁﬁﬁ%i%mm@@ EEEZTD
&mi%.:@%%ﬁ@%&@ﬁ%tb@@ﬁib*@t&%é@ﬁi,%h%h,
SMWEME,%u&@m&%;ULbd@@mﬁT%%.
@&4K,:n63@ﬁ®ﬁ4k%yF%W®5%,wﬂmm@ﬁ4ﬁ%yFﬁf
9v€y7bhﬁmit%6mt%@@ﬁﬁﬁmsmwﬁ%@ﬁ&ﬁ?.&%ﬁ@w
mg%@%bi5mﬂ@ﬁﬂmum@§4v%yFﬁﬁﬁh(mé.zn@,%@ﬁ
4V%ykﬁfﬁJE/ﬁthWLEAﬁéhR§4%%yF%WEOMT%E
e, FARECHBHORE SRS RENEAONT, B ERIORERORER
migmﬂﬁkﬁﬁﬁfﬁ6ut%mbTM%.
it,u&own®ﬁ4V%yF%T%vﬁyﬁbtgmité&btﬁ4V%y
%%meﬁﬁﬁwxﬁ@ﬁﬁ%€QSSM?? ¥4 ¥EY R(111), (220), 311),
WmmﬁwbmmiAﬁM@@ﬁrw&ﬁ RizdH B TERGRY A VEY FOE
—ZHEIFFELL, @%h%&4?%/%%&Li%%ﬁ%ﬁ@%ﬁiﬁ%hﬁm.
:m@,mmﬁmamm@@mutgmic mbt&4ﬁ%/bﬁﬁf%ﬂﬁf%
b,%%@mm@ﬁféﬁﬁﬁwﬁ%m%WM@tﬁmﬁbmm:aﬁbﬁa.
~ﬁ,éﬁbtii@94V%yFﬁmﬁﬁﬁmﬁﬁﬁb<,k%%@ﬁﬂ&%@

- 148 -



%

Transmittance -

3000 2500, 2000 1500 1000

~ Wavenumber - -~ om’

Fig. 8.2 Infrared transmission specf_ra of diamond thin plates synthesized at
- methane.concentration of 0.6% on lapped mQIYBdenum substrates
~ with (a) 0-1 um, (b) 12-20pm and (c) 44-53 pm diamond powder
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Fig. 8.3 ~ SEM photographs of the substrate side of the diamond thin plates syl_lt‘hesized'
’ at methane concentration of 0.6% on lapped molybdenum substrates with
(a) 0-1 pm, (b) 12-20 wm-and (¢) 44-53 um diamond powder ‘
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X-ray diffraction pattern of the grthh side of the diamond -
thin plate synthesized at methane concentration of 0.6%
on a lapped substrate using 12-20 um diamond powder
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Fig. 8.6  As-deposited and polished diamond
thin plates with high transparency
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Fig. 8.7  Infrared absorption spectra of polished diamond thin plates
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Fig. 8.10 - Optical microphotographs of the cross section of diamond thin plates
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Growth direction

Fig. 8.11 Optical microphotograph of the etched cross section of diamond
' thin plates synthesized at methane concentration of 0.6%

,‘ Pl ‘ it
A%‘ff}{

Fig. 8.12 . Growth surface of a diamond thin plate synthesized at
methane concentration of 0.6% '
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Fig. 8.13 -~ Growth surface of'a diamond thin plate.
' synthesized at methane concentration of 4%
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