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SUMMARY

A broad spectrum of plasma processing devices for diamond deposition on different
materials, such as PECVD(Plasma Enhanced Chemical Vapor Deposition), was
developed. Since 1990s nanocrystalline diamond attracts much interest due to the
observation, that nanocrystalline diamond, consisting of nanometer—sized diamond
crystals, can be used for production of smooth and extremely hard diamond films.
Such smooth and thin nanocrystalline diamond films that have extremely large
surface densities are highly attractive as an engineering material for electronic and
biomedical applications. A number of plasma processing techniques for diamond
deposition have been developed in order to improve crystal structure and reduce its
cost. Moreover, achieving a high growth rate for diamond deposition has become one
of the more important goals nowdays.

In our study we consider Al-Os ceramic substrates for Plasma Surface Treatments
in order to improve deposited diamond surface and increase diamond deposition rate
by applying DBD(Dielectric Barrier Dischrge) system. Because Plasma Surface
Treatments was used as a modification method of material surface properties like
surface free energy, wettability, and adhesion.

By applying Plasma Surface Treatments diamond films are deposited on the AlO3
ceramic substrates. DC Arc Plasmatron with mathane and hydrogen gases is used.
Deposited diamond films are investigated by SEM(Scanning Electron Microscopy),
AFM(Atomic Force Microscopy) and XRD(X-ray Diffractometer). Then the C-H
stretching of synthetic diamond films by FTIR(Fourier Transform Infrared
Spectroscopy) is studied. As a result, nanocrystalline diamond films were identified
by using SEM and diamond properties in XRD peaks at (111, 43.8 ), (220, 75.3)
and (311, 90.4 ) were shown. Absorption peaks in FTIR spectrum, caused by
CHy sp® bond stretching of CVD diamond films, were identified as well.
Finally, we improved such parameters as depostion rate (2.3 pm/h), diamond

surface uniformity, and impurities level by applying Plasma Surface

Vi



Treatments. These experimental results show the importance of Plasma

Surface Treatments for diamond deposition by a plasma source.
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12 tholopi s B4

<3 1> Single Crystal Diamond, CVD diamond, DLC &4 #®]xL [2][3]

. Single Crystal .
Properties . CVD Diamond DLC
Diamond

Density 3.515 28 - 351 18 - 2.8
Young Modulus (GPa) 900 - 1250 250 - 1050 35 - 369
Thermal conductivity

at room temp. 2200 > 1300 400 - 1000

(W/m-K)

Bandgap (eV) 545 545 08 -3
Refraction at 10um 24 234 - 242 18 - 24
Electrical resistivity 10° 102 - 10% 10° - 10

(Q'm)
hardness (kg/mm?) 5700 - 10400 5000 - 10000 2000 - 9000
Coeficent o Tacten | 0,035 - 03 005 - 0.15 001 - 0.3
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tf 7] ¢toll Al external circuit resistance”’} %< ZA 9ol [19 9]¢ AL =3
o K FAafolo A a1 of= WA (thermal arc discharge)S WAe 4= it} Uwl

Hom ofatdo]l AT A5 W Z ARV s2A4 HY o 10 V
AmolA 1 A oY HAFFIE ZHA "Au olYd & AFats FalA W
10000 K Jx=2] wig- & dolluiAs W=stA dvk [16]. [29 101Ad EAF
Bz AA & F5 olawds Sl EEt=vkE jet FEIE TAAZ 7 "ok

A ol T o WA oy FHE S&FH] vFE Zokol ARSE I A

voLT
DARK DISCHARGE [ GLOW DISCHARGE ARC
I
| TownsEND REGIVE _| :
1
CORONA g 1
Ve - <—BREAKDOWN VOLTAGE |
I
|
1\ ,GLOW-TO-ARC
\ / TRANSITION
|
I
[}
I
SATURATION I
REGIME ! THERMAL
ARCS e
B 1 - NON-
| THERMAL
BACKGROUND IONIZATION ! "ARCS 1
A I | ! 1 1 | 1 1 1 | oo ] 1 1 -
10710 1078 1078 10? 1072 I 100 10,000

CURRENT I, AMPS

[ 9] DC W] AF—Hd 54 [17]

[72=] 10] DC Arc Plasma Jet
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Electrodes
IH Power
Supply
The atmosphere —aA— o
N, N,
0, "
0, N 0, C + 20 — CO,
Pl 5 @ 4=@2@@2 TTEEmEmEmmmEmm T T
C 9 c N, ’
Organic contaminants I Organic contaminants
Substrates Substrates Contaminants Removals
. Substrates
[72¥] 11] Plasma Surface Treatments
e Fepxuass 2a J9e guAdsy Fezn yied A4
e B UIE grizel swe FEeA A FE ¥ lunve

I A+ surface free energy’} WetAY Z2h=vl YHoA AAHHEH= =

712 A ZFREY AP B A5 22 5EA4S 2 B g7 el
A ZgpzEnE 24 d A9 AavbAo] 9é) amino group(-NHz)7} &4 5 o]
71ol AFAdE ZHA A, Ee=vk A Foll At whEEte] hydroxyl
group(-OH), carboxyl group(-COOH) & &3 IFAE Z2A s [29 11]
of el Z3 Zo] FetzwixwAgE Z|HEHe dW 2 FrEe] gt
A ATE FEIIAY FXAA CO¢ 22 3 42 st AAs =
TE Qlo] ThFgh Eofol| S&EHH o e [19 12]= EHeh=v)

FUALE FomA IFA FHS =R FuA A3} 59 contact angle
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om. E=8=2vgdAeE Fx 2 23
1. GojolE = Xt A3

2 dAFddAE PECVD7IHMS o] &3te] thelote=g F3atglnt. A w74
glo] PECVD7I & o]&43le] thololt=g F23 A9 thololit=ol x7] 3
Eo| dAsA #asHA Ak b F
g Aol tholop = AMAA WEZ olx AAYIAAS APsr).
AN AE go] tololZe aMA WULES Z7A7]7] 984 tololE=
F$HE CGHOH &6 92 & 239247 (42,000 Hz)E o434 30%
S AES AAYE st AAE H&(CHO0H @ thelope= 1-9-1])2 50
ml @ 001 g& 2RI AAelH Arg"E tolojEr= L= 10
nm(TEM) =7]1¢] Sigma-AldrichA} A58 AR&SkSlth [29 1312 A9 A7
H& veb A

Experiment Time : 30 min.

‘ Diamond Powder

C,H;OH Solution

v

‘ l
L\,/ Ultrasonic-wave Generator (42,000 Hz)

[Z23 13] tolot= A=A 34
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RF Power

High Voltage

Generator

Dielectric Material

Electrodes
\ I J \\

Probe

Working Gas

——

Plasma

[72¥] 14] Dielectric Barrier Discharge 7=

[Z2¥] 15] Dielectric Barrier Discharge “%]2]
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[Z1¥3 16] Electrodes with water cooling system

tholop= et S fgh ZEt=vEUAYE flste] (29 14]9F 2ol
DBD(Dielectric Barrier Discharge) Al2=8& A5ttt [28 15]+= ol A¥
S ZYstri9ete] 23 AAg DBD Al=®le] AAl=wolt) s AFLS -
290 x 138 mm)e AR&stRom Ayd=e dFrla AHE(200 x 90 mm)E
A" 1619 22 FUHEFT AR B S AMgete] EgEntERE LA
He s A7t kAR Hetznts HAT £ JrE Jidstdnh 4
Aze= T 2 mme ALOs Aletes Abgstdleon A=3F AgE 5 mmEs F
of Eet=vt NS FEstAh

>~
=

dhdeadA=ze [29 1719 22 1144 A3

[ﬁ
o
e
)
o

U=
DawonsysAte] AP PLASMA POWER SUPPLYE A}&3to] DBD A& %A
RFAH & Fasto] 7ol Z2t=nts A Z .
NAFYE xAAYE A% g 7t2E F AFAlR A dds A FY
gt7] #1ste] 714l FAES I FER dro] JAE FAGEE A
T [29 309 (D 3) 2"} Ze ICDSAFS] FM-30VP MEC-Control
Unit2 o] &3] KNHAFY] Aera FC-980 MFCE =dgo2x A& 93t

S k(A ASR e S H S
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20 40 60 g0 100
(b) Time (psec)

[28 17] (a) AP PLASMA POWER SUPPLY (b) 25 A7k wh& 7 ¢te] W3}

2.2 Apparatus Operation

=2y —
B e E5s -
Water Pump | $%
\\ Y

i

M
DBD Apparatus

i
o1\ !
A =

L

s = \

por | power output |
Power output
Gas Input i .

K &

|
|

ez

[2¥ 18] Experimental Installation of DBD System

in the fume hood

FohzvtadA Y T4 tr7delA] Aoz A Fafd O3 B oY
radicalo] TASHA Hrh. ofdl wWE AlaE WA|E] Skl Eeb=vii A
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sS4 A AZEE Fume Hoodoll X A3& bt [ 18] ZHeh=nt
FHALE 79 AFH A" Abloln ofA- S ©]-§3] Fume Hood
£ 700 x 700 x 700 mm®] A7|E A AR om Ao 3Fr|E AR
A7IAE 5= wjr]eA

_[C_)'_
FAAE AES ALO; Aek=(15 x 5 mm)S ©] &3t aL, <i& 3>¢ Zo] ¥A
il

ro

ol

Ar FtA
Sample No. Ogt(sicm) M= 7tA(mm) Power(kW) Al ZHmin.)

TT o

1 0

2 5

2000 5 2
3 10
4 15

3. Edt=vxd Ay 434

DBDH S F3 ZetzrtadA e 235 #4579 A HA o=
FEWAE AMExHo| WS "HolEd & AMEZ g ate] contact angles =74

1> Power 2 kW, A=3+4 5mm, Ar7l~ 3%

o
s
)
N
o
—
E‘
)
N
o
DO
w2

2000 scem®] A3¥ vAHAWFEE Fu ZehEvlEH A e F contact angleS A

sk Aol Fetzwiwd A Algko] F7hEe] weEl contact angle®] 4SS

BEFE BAT Feb=rtrH AR Albo] 5 o] dold Ag SAo] ofE&A
2

T % contact angle®] 43I} Th. contact angle®] 7+

oy
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[723 19] Contact angle 2%} (a) Zek=vtxd e A, (b)
Zez=ulEA A (FAAZF 1 min), (¢) Ze=vliH A

(78 A%k 5 min.)

Y, =+ (3-1)

71+ cost) = 2({n)" + 207)°? (3-2)

oA Wyes

X

=A% contact angleg Owen’s MethodZS ©]-&3}e]
surface free energy® W3st&S AT WA, [17 20]& E3] contact
angle?] 2t AES & 4 o AME9] surface free energye A7 #A2
(3-1), (3-2) B <& 4£>EHYH F=% 5 Ak [19][20].

2 (3-DA L rPe MZawe dispersion?t polar AR S ovlEtal, 1.

= AME9Y surface free energyE UYERWTE dwbx o=z A EZ 9] surface free

energys Tot7] fslA= 7 7HA o] HAE o] &3Fo] liquid drope] contact
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Q
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=
(@)
(@)

angles SATo=M F HAo goz Fi

energy® 7t &S 73tk sk NF ol A3 A= surface free energyE

i

Fotst= Aol olYe}l surface free energy 53 oF& ASste] Edb=vtad
Ao ZHE Gobry] AFtelth webd fx=2A (3-4)F Fd surface free
energy(Q)E A8t WMst&S Fato] AT 4 3-4)F F=dt7] $5ko]
2] (3-2)¢F <E 4>F o]&3te] 4(3-3)& Tttt

(21.84)°% 4 (5142)07 w (3-3)
= 72.8(1;‘C089> (3-4)

<% 4> FF59 Dispersion( 119, Polar(Y;”), Free Energy(Y1) %k [19]

Component Y [mi/m’] Y [mlym’] Y. [mi/m’]
Distilled Water 21.8 51.0 72.8
YL
Contact angle
5 Water Drop
<Y >
YsL

Sample Surface

[2¥) 20] Contact angle 54 A&

25




80

75

70

65

60

Surface Free Energy (mJ/mz)

72.8(1 + cos8)

Surface free Energy({) = 2

55 T ! T ! I ! T
0 5 10 15

Time of Plasma Surface Treatments (min.)

[71¥) 21] Surface Free Energy vs Z&}=vulid e A)zF

(29 21]2 4] (3-4)& %3 =4% contact angle°] thdl surface free energy
& a2 ZE el Aotk Hehzmpigw A Ato] 53 AA7A = mHelY

A7 A& o2 FUbsheE s ¢ Atk webA F7E surface free energy

AtgE FUHsHS onst) [21] wEbA] AEZ3E W] surface free energy A%

£34g vholopRmulet Mol A g3y] slME FarxetEuAY FF ool

]
)
_Nt_';
i
a1
A

O

® | 5-E]= surface free energy®l & W37} §le A
g zE B3 &4 4 Aduk wEbA contact angle A3 SHANM = ZE =0 R
AAEE g HAAE 5o e

npleto 2 ZEtzulgwW A @3E dolrry] 9359 AFM(Atomic Force

Microscopy)#-A1S &ttt [2¥ 22]%= Power 2 kW, A=7+Z S5mm, Ar7}2=

2 2000 sccme] ¥ uAWEE Fu ZZERvgE A & AFMES =A%
Aottt ZetRutEHAY A AES thololE =3 Al YA WL E go]7|
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tpolofE = Yng9-r 2 As|A AZ9] surface roughness’F "9 AHS

Shele 4 drh vhA Ek=vbgRA e Agte] SIS TS ®Wlo] HAA O R
FUESHA FdEE 28 [19 2218 &8 & 5 Aok
[1%] 23] Zebzvpxw el AJ7ke]l wE contact angle¥} surface roughness

9] RMS(Root Mean Square) #= UERH Aolt) Z=vliwW el Algko] &
7bske]l welt ¥ EA BRY ZasteE FAEge HYde 4 4 9t} surface

2
roughness®] 49 Zet=vulxdAA g Al7lel] wehA] X EHH oz fAES Kol

Eﬂdﬂa AFM A3} (a) Z2=vtzd A A, (b)

5 min.), (c) Zg=nxHA ] (FAAZE 10

Al ZE:
min.), (c) S =uEHEAY (3%
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>
)
—
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Root Mean Square (nm)

40

90 | —A— Root Mean Square
A —m— Contact Angle I
80 - 30
20 RMS
/ - 20
J A
60 - 5 \A I
Contact Angle
- 10
50 -
- . r
e s
40 A L5
I N I ' I ' I
0 5 10 15
Time(min.)
[729 23] Contact Angle and Root Mean Square of Surface

Roughness vs the processing time
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cathode; 2. Nozzle; 3. Argon gas supply;
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[Z2¥ 27] Osillograph trace of the average current
[I~125 A at R = 0.7 Q from the MICRO 350X

power source [22]
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[2¥ 28] Osillograph trace for the average arc
voltage U~18V (for a current of I = 40 A from
the MICRO 350X power source; Anode hole = 2.5

mm; Air = 20 nl/min) [22]
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DC Power Supply

Bls Coolant
AN NA\—
' oo l
—
L
-
Plasmatron
el
Plasma .
Sample
E——|

* Vacuum

[723] 30] (1) Aera FC—980 MFC, (2) Alcatel
2012A B> (3) FM—30VP MFC—Control Unit, (4)
MICRO 350X HAL&F3A
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[2¥ 29]+= DC Arc PlasmatronS ©]&3}o] thololR=Z2S 317] ¢ ]
o] 7rEFd FAS UEeRd Aotk Ago] Algd Zglznl dhAd e skt DC

Arc Plasmatrons AF&3tal, AL dx+= MICRO 350X AR&3ste] DC

ot
>
oo

Arc Plasmatron®] DCH =& T3tk T3k g ALEH+= ws7t~ 5 A

Advanced EnergyA}2] Aera FC-980 MFCE Z4d3t AdS 3ttt =22
z20s AT, EEEESEH ode WASy] #8274 100 mm
Quartz#-& ©]&3to] 71 kPa)ellA] A skt Aol ALg€ 233
I Alcatel 2012A ZE 8] ¥ Z(Pumping Speed: 311 L/min.)E AF&33dtt o]
HAFAA AFEH tolop=FA FAAUSE <3 5> E7|skh [ 30]
< Aol ARERE FAE9 ARxlola, [1E 311 ool =T AS 8 AR

3t DC Arc Plasmatron® A ¥ Zgl=ulo] Alzlo|t},

<FE 5> tolotrETH TS

) Plasma Surface Time
Sample No. Seeding ] )
Treatments for 5 minutes. (minute)
1 Yes No 15
2 Yes No 30
3 Yes No 45
4 Yes No 60
5 Yes Yes 15
6 Yes Yes 30
7 Yes Yes 45
8 Yes Yes 60
Power : 500 W, CH4/H> flow ratio : 1/100 (1%),
Constant Ar flow rate : 2000 sccm, Working pressure : 0.5 kPa,
parameter Distance between a plasmatron nozzle and a substrate : 5
mm, Substrate Temp.: 500 °C
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ftlo

FetzvtrdA e ofste] AAHAES AL &+ Ak A [
H 2218 Zet=viawA g AFM Z A 23 5 Qv ARt o s tojop

=~
o A2 FHe fACIRY AATE, 2k 24, A9 ol A o=

b

f i
SEI 100kV X150,000 100nm WD 7.0mm

JEJUUNIV SEI 5. ) D69mm | SEI 10.0kV X140,000  100nm WD 7.0mm

[2¥ 32] The SEM micrographs: diamond films on untreated substrates
(a and b) and diamond films on substrates after plasma surface

treatment (¢ and d)

SEM< o] &3} cross—section view =2 =2ty tlo|olr o] 272 5%
G2 FAst SHES ST 44 EgEviidAg § tololE=
Ao F2AEL 27 im/he By [19 33]& %

o
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[ 33] tfololEe Z=2F H]al
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[18] 34] tholol =223 AFM Z3 : (a) On untreated substrates,

(b) On substrates after Plasma Surface Treatments
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[1¥ 35] tfo]op== Hluko] Surface Roughness H| L
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[Z19 36] XRD =% ZA7}: (a) On untreated substrates,

(b) On substrates after Plasma Surface Treatments

[e)

=

X-rayo] ¥4 ¥ Atety = 54

28 Z3x

thololE o] AYTRE

37] ¢138Fe] Rigaku Instruments CAFe] XRD(X-ray Diffractometer)S AF-8-3}o]

=P8
T':

s|duY, 939 A7 55 15191 T},

38



2
o

[ 36]2 <# 4-1>°] 3% 7]% constant parameterS ©| &30 158 &

By
i
k)

o

JopZ=ntuke] XRD 9] a Apzleltt. (a)v= @4l PECVD7|H S 3l
tholofz=utute] XRD 32 Abdlela, (b)e MEA aehd WS 3

523 tololt=utute] XRD ¥ A Aotk (a)¢} (b) F A

dio] ZAE Hol= M A CVD thelol#= dAaE HAS 1HZE 73

08 4 gt} thojol = wbube] gk XRD ¥ A= (111), (220), (311) A4

sl Zh2b 438, 75.3, 904 oA YERSTE S A thololt=e] AW o

XRD ¥ 3E vuswd Ao dXs= AL o & 4 o) weky 2

ztERAAeE S48 vololrse AYTR PPl Bt gt AoE @

HAAN7A AFR e wE2W PECVD7|HS Ed 22w tlolojZro AAL
Al 2= hydrogen retention, %7} (CHy)
o Hl& B &, 7|¥ef A7tE & dfo= Iebxa Qlrt [23-25].
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2.3 C-H stretching +4]

[2¥ 37]2 PECVD7IM& &3 tolot=sa IS et v =
zutoll A o] 23tE CHy e #e A-¢ 793 FE8to] F&5 L, tolot=
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Az SFE o] CVD tholopE=9lS wdhdt 4= 9tk 2862 cm I
2835 cm ‘999 I AL CHy; symmetric stretching®] &4 9H)e sp’9} CHs
symmetric stretching®] &4 ¢ u]e sp’oll 7}z} 7]Qlsle] AAHE Zolh 181
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[29 38]9] (b) 2~HEHL 2844 cm|, 2909 cm '3 22L& (a) ~HEHJA
A= v YAaE Za vk ol d vAas vite] FpE EsEe] 93 A
o= AFE Stk [26] EoEel o odH AMEEHS EoRnaUAYE

B3 x7]o AFHo=EMN thololErulule X E =

‘CH H * CHy

[Z2¥ 37] The reaction process occurring at the diamond
surface leading to stepwise addition of CHj species and

diamond growth [27]
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Absorbance (a.u.)

2750 2800 2850 2900 2950
Wavenumber (ecm™?)

[ 38] FTIREA Z3¥ : (a) On substrates after

surface treatments (b) On untreated substrates
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Cholopz =S 2ol FehzvtuAelrt oW IFE& FuA dotrr] 9lsho]
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