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Abstract

In this study, polycrystalline diamond was synthesized by chemical vapor deposition (CVD). Diamond
films were deposited on a-plane sapphire substrates while changing the concentration of methane for hydrogen
(CH4/Hy), and the concentrations of methane were 0.25, 0.5, 1, 2, 3 and 4 vol%, respectively. Crystallinity
and nucleation density according to changes in methane concentration were investigated. At this time, the
discharge power, vacuum pressure, and deposition time were kept constant. In order to deposit polycrystalline
diamond, the sapphire substrate was etched with sulfuric acid and hydrogen peroxide (ratio 3:7), and the
sapphire surface was polished for 30 minutes with 100 nm-sized nanodiamond particles. The deposited
diamond thin film was analyzed by a scanning electron microscope (SEM), a Raman spectra, Atomic force
microscope (AFM) and an X-ray diffractometer (XRD). By controlling the ratio of methane to hydrogen and

performing appropriate pre-treatment conditions,
crystallinity and nucleation density was obtained.

Keywords .

a polycrystalline diamond thin film having excellent

a-plane sapphire substrate, Polycrystalline Diamonad, MPECVD, Raman spectra, XRD, AFM

LN E

Afaho]of(Sapphire)i= A& A TLE7EA| AbR
glo] wj& orAAe EAR JLHEo g2
(ALO3)E 2300°C ©|AFS] F12oA TFEA o2 A

A2 2Afoltk. Almololt e 8§13 94
BEEAAS 7HAAL qlom ysleh gl 943t
4, GH% S4S AR gt w2 Aol
green light T2} oA EE UV(ultra violet) I}A;

o)

oN rlr Joh (o o €

*Corresponding Author: Tae Gyu Kim

Department of Nanomechatronics Engineering, Pusan National
University

Tel: +82-55-350-5282

E-mail: tgkim@pusan.ac.kr

FA7HA BlE W50 ¥ 4 3= wide band-gape
M 2de e o e ARRE e B

Qltt. o] Y%t wide band-gap2 7[R = EZEL light
emitting diodes (LEDs)®?} laser diodes (LDs) &
optoelectronics deviceo]| o9~ -3-8-3}A 22t}
BHoE e telohEE: Awst g
3, Femct s o4 S AWEA, uira,
AR 9 Dol BHER] S4o] Hofu,
ols} o] TololEES] Sadt A o] 85}l
Apstolo] 7| melel crololRE whube ZabAl7|H
AAH] SHEA A ER 38T 4= Slth Si, Ge, SiC,
GaN 59 RFeA| 2AHT 22 2Eo|AR 42X}
o] EAE FAT & Q7] "ol 12§ A9

=

S-go] 7hsalAl HTH. Eak AelHge]of 14

|



110 Xing Yan Tan et al./J. Korean Inst. Surf. Eng. 53 (2020) 109-115

W29 TAE EAO] 2829y wo| A|EEIl
Qltt. F o= 31| ASHAI(CVDYHel 93t T
A tho|oHE=(single crystalline diamond)e] FHAJ <

T7F A QAR SR w2 A4xtEo o &ds
Al AYE L At sFARE CVD @24 thojopE =
‘/] 25}—3 E}—7ﬂ7<—1 ]:]—O]O]—E_E 7].1.]—0]] AX]HH’Eﬂ:Oi
1?_]- }\-178—6‘}1_:_ EEU]— Ek] ]IH_,_oﬂ qp:qxqq E}-ﬁ?(—l
tfojotZzE Fzbo| 2 ﬂﬂi%g Qrar gk ghH,
FE| 2 7| Hol GAFS F2et= AF7F 2o
A=Al §low, a-plane ’\MLOM 7)ol ogl&
(g SUSoE ARESte] @44 tholotZ vt
£ ZAAHQ Ayt BaEa QP
el 2 gl ottt ©2H tholotZE= tH A3}
7F 7vsst7] wiiEol A A=REA] axjol =2
A & 7Hed Bk oty HAE QlF tholofE
C2e 7 W & Ut thololEE 9] M
o2+ o FWEWMHFCVD), 13u Feh=nf
(RFCVD), ulo] 22y} Z2t=u(MPECVD)Y, ZEwHu}
0|2 2I(SWPCVD)” U o}=H}&(Arc discharge) W
H 5ol Stk CVDHS o]-§3F thojohZz =9 3y
< HArolotZ B} AP -2(HPHT)O &gt 34
Hoh A zd77F @i, tholotZEvt o|F R 7]
ool Aol 19-H, ALY F2o| 7hs
sehiz 4o) Sitk. shAt o) FAEE thojo}
el gAA tho]olE = (polycrystalline diamond)
HeS 7Tk 9% tololEE AL B
AZ HPHT w24 tholol2E=i} Mg &
a-plane ALgolo] 7)go] Irg FUHEo Algal
A 7fAEE AFory 9 22en =
g 200 AT 4 15T A0R By
o]r/]ﬁ).

B AToAE arplane Afsfolo] 7]gHe Abg3Le]
nlolzu} S|4 R tAd tololre
Yo S AeHOR Asielol JTsio]
= ol ot ofEbe] Wl &(CHHO] 1~3 vol% o
A= tholol2=9] Aol Fou, 4 vol% o]/l
A= tolohZER AJASEA| gkl -94e] graphite
L} amorphous 2 dsh= Aoz A4 Qlrh

mebA 2 Ao o] et iR =
H) &S CHyH, =0.25~4 vol% 74 gAH o7 &
71l Alaholof 7|kelo] Z2HE|L thololiE Bt
upo] AR WATH 244 D TEEHL SEM,
Raman, XRDZ AlA|3le] H#e] F22Ag 3a
A et w3 Alstolo] F|Tglo] ThololRE %
2k Al gAY UEE Eol7] 913 AAD WS
ot 24 Y TS st} sl

lﬂﬁiﬂ

3

|

Window
(Top View)

HZ_N_

Microwave

Generator

L1L (2.45GHz)
Three
Stub

Tuner

OZ_M_

Quartz Window

Graphite Holder

Window
(Side View)

|— Heating stage

Cooling water—»f§

Substrate

Thermocouple MFC
Controller
Pressure
Controller
Temperature
Controller

Vacuum Chamber ——

—

|

Vacuum Pump

DC Bias

Fig. 1 Schematic diagram of MPECVD system.
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Fig. 2 Surface roughness by AFM according to the pre—treatment process of sapphire substrate.
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(a) CHy/H, = 0.25%

(d) CHy/H, = 2%

(e) CHJ/H, = 3%

(f) CH4/H2 = 4%

Fig. 3. SEM morphology of diamond thin films according to different CH4/H» concentration at polishing and

etching pre—process.
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(c¢) Polishing (d) Polishing and Chemical etching
Fig. 4. SEM image of deposited diamond according to various pre-treatment conditions.
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Fig. 5 Raman spectra results of diamond thin films according to different CHa/H2 concentration
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Fig. 6. Raman spectra results of diamond thin films
according to different pre—treatment conditions.
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Fig. 7. XRD patterns of diamond thin film on a—plane
sapphire substrate.
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