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Fig. 1.1 Schematic diagram of hot filament CVD apparatus



b) ?4&Dﬁ772?cwhf | - |
% \Wﬁﬁﬁ%‘%ﬁﬁk; ) Eﬁ%a‘f:ht?/f 4 nv}z7"7xv cméﬁ%m 12 (a)ch_nﬂﬁ

“*miﬁxr%wb#ﬁiéﬁaﬁx& %Bﬁbwﬁﬁﬁﬁéhfﬁﬁ%WLL%b

,)ﬁ\@zﬁyms GHz(D\?/mezu: Dm@&%ééﬁf77xvﬂa£ﬁia‘% E%‘%

- W@F‘ d:lx103~1><10 Pa L{%tzn 747D{&@tﬂﬂ&m%‘§‘%ut177x7qﬂ .

|7 EE X T EAR DR 2 800~1100°C TR B

747m&77x7cw1£iﬁﬁ@ﬁﬁbr&4?%/5Ambﬁﬁﬁi<r%{;’"

 zzeps, %747x/%cwa&aa@u&%<@mﬁuﬁman5aa@L®f
L2 RUERERAOEER T IR SFAINTE R, UL, ARORE

. ;Li772?@$&ﬁﬁ#@ﬁ%@ﬁ&kmﬁ?%tk%LEﬁ%ﬁ77X7Li?  h
. pzvFyEn, YAYEY KL L CIAT SIEHB 5. 22T, n.hi? 
"(b)~(d)LT’§”J:')E%?bb\ﬁumz?é%biﬁﬁ%gnfmé N . TR
| AROICFRTEBE, ?4bm&ﬁ@a%%brv47nﬁ%ﬁﬁ%&%hib2]“'

. » %%5% BU v U7 A HTARS B 0T, @&64/%@%méﬁuy4vff

BV FRARTE AV, AN ATERE, BT SRR TYA yO

‘“5&Wkuf&maﬁkﬁxﬁa@@r BESAVFORRECTAVEY FEAR

f;“f%%m it,HI@LTiﬁﬁi ﬁy77~éﬁb1?4ﬁDﬂE§%ﬁMa; ,5
| _,..gﬁw'c77;<‘?&$m“5%®vc, ?/fbn{)iﬁjjjs kwa)@@f@fiz4’/a‘—®§]_~ |

f_}micﬁmgmﬁ4v%/bﬁAmz%am ISR BB LU

s T)l/&—-d)r?f’tzb‘)éf &JT%%U)’)EL\7"7 X??‘PEEE’C% FIR®), (C)&I:t@ bf-"

'-nv~@§@ﬁm77xvzsza k#f%%ﬁﬁﬁ%b,mm%ﬁﬁﬁéﬁ?'
| BEX S0 umOELHERAESN TS,
%@&ﬁ»w%&%ﬁbfr%@Lch@ﬁgmm§1&4V%/rﬁAmz%',
- : %ﬁﬁ?&%?% 4 Dvi7°77r\7 CVD ZEL%E‘” 4% 0.915 GHz"'g), 8 GHZS°>@<?4’ 7 m};za_»
fvﬂmbtéﬁnzmﬁiﬁéa | | ,

U\J:OJJ:')L, \7‘4’71:37&7’7;(? CVD (ﬁ‘(&iﬁ%gﬁ%bﬁﬁ% */—m’bfjab, B S

R UCIEL , SRS BN Y1 P E Y F RV ERIC ART & BRENR

']nfméﬁ mfh@ﬁﬁf%AﬁﬁﬁﬁﬁmkMOkﬁ%%o Z0kD, 740”'

”f _®ﬂ%%%ﬁ bhfu%

 NRHAEE BIE <urA&@@%ﬁmsﬁa_azz%mﬂméahur&ﬁ-f‘



C/H or C/H/0 ——— —— C/H or C/H/0
gas mixture gas mixture

L_] v -.dPIasma\\ .
11 avegui ,
Q__j | Silica tube Q\\\ . Substrate

WaveQdee N Substrate

Microwave

——

— Microwave

Plasma

// Applicator .<:‘N4,,:>

Microwave source ‘ ‘ l o * I :Bell jar

to pump

to pump

(a) Original tubular reactor (b) Rectangular cavity reactor

Microwave Coupler Silica window

; Horn | ;
Windw Microwave

|

Electromagnet

L oo o0

gases mixture

M Plasma
\\\\\P lasma Substrate

Substréte % s _
__—} ‘ = 10 pUmp
C/H or C/H/0 to pump

gases mixture

(c) Horn and bell-jar reactor (d) Microwave induced with coupler reactor

Fig. 1.2 Schematic diagram of microwave plasma 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

-38 -



|

| (d)K\

i;@ fu

_Ar»

" Anode.

—

'Fig. 2.9 - Supply routes of .rri:e'th-ané.-gas,'

-~ 39 .




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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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
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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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(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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