BH: A T

) i [ Bl 22 B K 5

University of Chinese Academy of Sciences

BEFMIP

YEE A HH R R

8 UM

FHG :

FRRL: FELE
BIrEAL: o B B R T ST BT

2017 £ 5 A



Investigations on Fabrication, Microstructures and

Mechanical Properties of Diamond Composite Films

By

Qingquan Tian

A Dissertation Submitted to
Graduate University of Chinese Academy of Sciences
In partial fulﬁllmenf of the requirement
For the degree of

Doctor of Philosophy

Institute of Metal Research, Chinese Academy of Sciences

May, 2017



RA

il

7 A 75 B BT B AT 22 AL SCRTE SITHE 3 T HEATHE S TAERTHUS AR AH
S AR RUR TR E R B S BB R HTE , A AMRIEAS AR AL 4 SURFRER
A SR A% . BREEENA S, RCPAEE RN BERRITHIB
GO, WRELE A A IR S AT A R A P o AR SOOI R AR SR
i EER B AR, W EIE S R A S0

(22 S v,})% %

EiﬁH:)«N/E YR =



wE

f

w2

SNIEMEEEAZ T O, £25E. BT RASRET D,
WATERANG —BELEMAFRRNES. Lt 50 FR, XEEHABRS
AN B R R E A T S RUE RO, R AE SR RDRL B Tl B A RS
B, bt 80 44 A A IR AL S RTTRBI R ERIE T,
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Wk BEHERSLIGEE R . ARMEMNEIN, TGRS SR ERR
R BERE, FRNWERTSERNER. £ ALO; X ER|, HTIEEAK
ARG 0.10, BIREN 1.6x107 " mm’/N-m. FARBHKZIN, WAEIKT E&RAE
sk BRI AL EIER, ETRENHATEEEER Y.
HIR, WXHATT WC-Co Wi & &M REITIRERIA/B-SIC BAHEERK
Bt BT SiC RIEK RN T ERIAEE WC-Co MR &4 2 1A, LL&RIA/B-SIC
EEENTER, ATUERER & &5 S S RA B R RE R . @
MEERATSIE. WREREL (TMS) RE DR BREKES T ZSH0 &R
A/B-SiC EEHREMKIFTE. IR WIRSREAS, 2hEERE, &4
HEDSNIASERS, B-SIC MAKSZEMG] . HHlyiRSERMEBRE UREE
EHERTERARMER R AREIIRAAT TMS RE, KB TR p-SiC
HSERNESNIA/P-SIC EEHKE. WX TMS KE, EE5HEEF p-SiC SEHE A,
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ABSTRACT

Investigations on Fabrication, Microstructures and Mechanical
Properties of Diamond Composite Films
Tian Qingquan (Doctor of Philosophy)
Supervised by Prof. Jiang Xin

Diamond material has been paid much attention in the industrial applications,
owing to its many excellent properties. As the natural diamond is infrequent, the
artificial synthesis of diamond aroused the research focus all over the world. In 1950s,
GE Corp firstly synthesized diamond powders by high temperature and high pressure
(HTHP). After that, diamond has been widely used in the industrial field. Up to 1980s,
the Japanese scholars successfully developed hot filament chemical vapor deposition
(CVD) technique to deposite diamond. Compared with diamond powder synthesized
by HTHP, CVD process greatly expands diamond applications, especially the
deposition on the heterogeneous matrix. Now, CVD is the most commonly applied
technique to deposite diamond films. During deposition, the main parameters in
controlling diamond growth are carbon source concentration, substrate temperafure,
deposition pressure and seeding treatment and the carbon source concentration is the
most important. With methane concentration increasing, the diamond growth rate
normally increases. However, the residual sp® carbon is usually present in the grain
boundaries at high carbon concentration. The effect of carbon source concentration
has been investigated in the last yearé. In addition, diamond films are attempted to be
deposited on heterogeneous substrates using CVD method, and the interfacial bonding
strength between the film and substrate is a challenge in the diamond deposition.

This paper studied the structure evolution of the diamond films influenced by the
carbon source concentration in the plasma. At low methane concentration, atomic H

concentration was sufficiently high to decompose the sp’ carbon during film
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deposition, leading to the formation of high purity diamond. When methane
‘concentration increased, the concentration of H atoms was not enough to etch sp”
carbon during the deposition, thus a diamond-graphite composite structure was
formed. Through the analysis on microstructures of the diamond-graphite composite,
diamond with cluster structure of dendritic crystal was formed. The diamond cluster
had a single crystal core and graphite carbon wrapped outside with a certain thickness.
The high power and high methane concentration can be considered as the main factors
of forming diamond graphite composite. The hardness and elastic modulus of the
diamond films decreased with the sp” carbon content increasing. By adjusting the sp®
carbon ratio, the hardness of the composite films were in the range of 6~45 GPa and
modulus of elasticity in the range of 130~440 GPa. Increase of sp® carbon in the films
lead to the decrease of film hardness and elastic modulus with the films toughness
increasing. Friction and wear experiments showed that the introduction of sp® carbon
in the composite films can effectively reduce the friction coefficient and wear rate of
the film as well as the reduction of the grinding body side wear. The average friction
coefficient can be reduced to 0.1 and the wear rate to 1.6x10”7 mm*/N-m. Meanwhile,
the wear of the AlL,O; ball greatly reduced, it is importantly significant in the
engineering application.

Secondly, in order to increase the adhesion between the diamond film and
WC-Co substrate, we systematically studied the diamond/B-SiC composite film as the
transition layer for the upper diamond deposition. Owing to the thermal expansion
coefficient of B-SiC intermediating between diamond and WC-Co (Co wt. 6%)
substrate, diamond/B-SiC composite film as a gradient composite interlayer was chose
to reduce the thermal stress. The stress distribution was tunable by adjusting the B-SiC
ratio in the composite film, which can be controlled by changing the component in the
gas-phase reactions. With deposition pressure increasing, the substrate temperature
increased and the diamond quality of composite was improved while the B-SiC

growth was inhibited. By increasing the TMS flow rates, the SiC content in the
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diamond/B-SiC composite films increased. The methane flow rates in the plasma did
" not improve the diamond quality and the growth rate of the composite film. B-SiC
mainly forms as clusters in the composite film. The clusters composed of the nano
B-SiC grains. Comprehensive TEM analysis exhibits that the cobalt diffusion are weak
in the interface from WC-Co substrate to the composite interlayer. The growth of
composite film can effectively filled the matrix formed by etching the Co binders and
the structure compactness between the film and the WC-Co substrate increased.
Through varying the TMS flow rates in the reaction gas, the fraction volume of the
B-SiC phase in the composite was tunable in the range of 12.6-68.1%. The Co
diffusion was inhibited in the grain boundaries of the WC and the good crystallinity of
diamond in the composite was achieved, which are helpful to deposite upper diamond
coatings with high quality. Finally, we studied the different B-SiC content in
composite films as a transition layer between upper diamond films and WC-Co
substrate. Rockwell C indentation analysis revealed that the adhesion of the upper
diamond coating on WC-Co substrate can be enhanced by the diamond/B-SiC
composite as the transition layers. The homogeneous microcrystalline diamond
coatings with the most excellent adhesion can be fabricated on the substrates with the
B-SiC/diamond ratio' of about 45%. The results showed that the compound transition
layer can effectively suppressed the diffusion of Co to the films and the crystalline

quality and adhesion of the upper diamond films was improved.

Key words: CVD, Diamond films, Interface microstructure, Nanoindentation,
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1.1 318

BAEEANEARRY NMNILE, AAAAEERRE. A8, £R0G. BEMN
B, RohARIE BEREOERE. RERRY. BASEERAMNRE MATE
. RARSHIEHRT HERE KR EERSE, BERLD, TEREARRE, #
DL R TV SR B SR, BRI A T A RENIA NI g2 EN.

R4 50 AR, EEBARSAT (GE) BAEMAREBEREENTER T
SRIE AN, BT RERREES, AHELE, FAEENGETR. BRSE
bR RGEY K. EtHE 70 4%, Angus PRI FARIRIKE A SAHTIR
(Chemical vapor deposition, CVD) HARERAERIAHRK ELIT ERIARMAEK,
R BT AR A8 ok JB T AR 6 %) A B . 1982 4 Matsumoto %58 AP U AL 3T L
SRS, E5HLMIE 10 mm KSR RKERIIEAT T ERARE
K. MATRI: RS, AREETAZM, BE T EENAECER KR R
i F ARG BB R, M, &8 CVD S&RIE BRI EHA R REEE T RN
SR, HREE R T IOESR . B T&REEIRE ERe R 2 (MR
w7, BIAE T RS R TS IREET L, Hobl & RN DA B S RIT
Bz —.

1.2 &RIAMEE R MR

1.2.1 &AL

SRR R INE O S, A ERAE 8 MRIET, g EH a= 03567 nm,
2= [T Fd3m-0n75 O, Sl S A TH O SL 7 PRI LAt A TR 174 KIEEH
B ERME, BERPOSHASNHRET, EREEMmE 1 for. SRl4
frh sp® ZRALBRE T HOMRAR 4 MR T RS, MRIENE AL, BREREEAT
109°28", 42K-39 0.154 nm, HEEEH 347.5 kl/mol. &RIA &ML C-C BB,
greeEn, BETHIIMHRE, FENETHORE, TAHRT, HFEER.
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Bl 1 &RESEH: () BREFEY; (b) SRS
Figure 1 Structure of cubic diamond: (a) Atomic architecture and (b) Lattice structure.
122 SNIAERER
R 1 SNIAEA KR SRR 132 et b7

Table 1 Properties of diamond films and natural diamond®”

5 SN HE RAENA
[ /g-cm” 2.8~3.5 3.515
1 /GPa 70~100 100
W KA &/GPa 820~900 (0~800 °C) 910~1250
THMEE 0.10~0.16
BEHRE 0.035~0.3 0.05~0.15
W 24/ MPa-m ™" 1~8 #4134
Hrhr s EE 200~400 MPa #)3 GPa
LIk R % 25~200 °C (1x107°°C™) ~2.0 0.8~12
o R 10’
HBR 25°C/W-(ecmK)™ 10~21 22
B BH 2 /Q-em 107~10" 10'°
B FIEB R /cm™(V-s) ! 2200
2 REBFE/em® (V') 1600
B E eV 5.45 5.45
THEH 5.5 5.5
S EEBEE/V-cm ™! 10° 10°




B-E & R

SRIE R EEIEE B RRI IR, R4 DA ERR (49100 GPa) )
ﬂﬂom?émﬁﬁﬁ%%ﬁﬁéﬁ%%%ﬂ,Kﬂﬁ%%%@ﬁ&%ﬁ%%ﬁ%ﬁ
e, FNSRIAMETEEEDR. BASTRAREME. SRGERRBEIR
(0.1~03), RAKEMBRESIEME. RESESRIARLE, BEENHEROER
&4, LT EEMSTERSNABEERNE S, TUSERFERSENERS
&, BEESERRE, NLERENGELERDSRASRAERIEEY. &REHE
5 RARERATERES LS E AR 1 F7R.

1.3 &R AEERAHIE A

B\ GE AFRE T BEEE S RERNAFERE, SNA K& & ERE T
KRMEE. \BVHSERESR, SEHREOSESMIR, BRXFETS
R B2 771 . 5 10 7 L 0 1 R MR M (S B A A TR ORL RS Y s A A 12 »
e DL & S RIE D, FEE Bita 80 SRR, KEMASET THEENAH
SRBERTER . 80 AU HILK CVD ¥, R T BURERIAIH M, 5IKT
FBIRETIR . % CVD RAMRALEF, NEREERKIEAG RN 72
RV %, (RS R AR SR & A R RN X AMUE T CVD AR B
TR e, FE AR T LA K E RSB E RS NIA, TSR T =
T =AY, MR ELN FRTE. $ CVD SRR RITTRNE DS 600~900 °C, TR
JE /734 20~70 torr (1 torr = 133.32 Pa), FLRREREIE 5% M. F5h, CVD ILTIR
SRIAHERE, WEATORTCI RIS, 4% T EEMTIF, AR T SRR EERN
FIYE .

VRS NI ISR, FE4E M BRI A, XA T A B, SRR
I RaAR . T CVD ¥4 A NI R B2 h 5], GBS+, S RBLIE.
REBYIR IS SR . R SEARY U7 R W UARE R
S 336 6 R 22 AR LA 3 B AT BRI 7T, FRAMERR K o R B L] 26 [ A
B, W REIFTHZOERR SR, WRNERANER, REETENE. E0H
A CVD WS, BRENSEINDT (Hy CH), BEBKERERLMR
sprg e, BIRYNBEAERHEE (CH) MXENETE (D RN



SRR R SHEHRS. HOREWREE ) ZIEET R

AEBEAAIEEEENER Pl EVPERE, SETFHRERE—BAKF 5%,
HARTFER H M Ar %, BEFBSHESWMERY. BF H BAEEEZM sp?
WHER, WE&RaEBERENREER. HEEABRSAZENES. DEEB
1 2000K, Ho 53 F 2R A JRF H a3 KRN0, Jof sp? Bk i %) el e it 1 K,
18 sp? BRI ORI RS K. RS SEi et AR B ) A B BV AR R4, TRl F
FEERRIE ) TGy CH; #£F, BHBREZREMNE, FHRBEILmneE, sk
AR, [REERIARRKR, TIRERIGER. B8 B AT r#HRE o Bk & R
BARNRAFIE S B, (B KAR T LU R BGERE 4 =ANg T (D A ERESE
WHEE: (2) IR FEREE ERRAE: 3 &RARBZEX.

Ao, EERASEZKKE, SR VIEKE=4ESRETIFH. E R
KARNENL, AHEEEE R REEEES, SR0EK AR EEE AR M
AR RAEEIEE AR R A1, AT RNVENIAEE ., FURE [REK, RERK,
AR RCT ARG R, & R B R IR IR K. SRR TR K. BAFERIK,
ERERIRARENTRZERE. AT REEENEKESR, £ TEREEN
TPRIUIRE HE (CHy) FHEBERNFEFENIRE N BIR. EREEERES, Sk
R SRR RS RN R4, REZESZ, SHRREERK S, %
W= Kk TN A A & Z 05 R AERIE S E TR CVD. #4 CVD. BBl
SE TSR CVD KGR CVD 4.

1.3.1 HoRFEFREESRTIE

U S B TR =R AHVIAE (Microwave plasma enhanced chemical vapor
deposition, MPCVD) RFI Ikt mdi B 7R 5 Wil & IR SR B Ak, 25 RRET RIS PR
TREETHEETFE, BERETHEZERAREFEE, Elisp’ ksp’ . S5
BRI SIN 2% & FAEML, FEAdBmmE R TA, 7T AHRE 2 phsp B 7
T B sp B T TR AR A I - 3 C/HE 1, AT AR e e A Ve R A R
EVREN, MEEEFREER TRERYS, AABELERS, RTERES, T4
WEEATRESE FREE, HMMPCVDERERIAEERER S, HIAR
HERR, RRER, ENE. REEEY, SEFAERAES MREE, FRk
THE . IR RS B F AR SIG IS, 125 T S8 TR EEN TIE
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TR, EEAREARA.
132 RENWFSHERFE

BB, e 2SMUiREE (Hot filament assisted chemical vapor deposition,
HFCVD) RITHENIA MBS ARANHARZ —, T SURKE R ZEAR S &%
R %2 J] B TR, 8 Se s HE2 (M F W . Ta  ReZ) INFRE] 2000~2500 °C,
FEHRERT, SHAESTAM, HREHER, BaZERERmH TR RERIA
MR, SRR, KEAE TIEEHLBEKL, FEMAE 700~1000 °C, LAELE
TEES FRERETTBIARARE. ZEERDHEENAEERENTEZ— 5
HE AR AL R A S, VTARMEEERER, SNRERORELCTRHCK. X
FARELEES], BT KERUAR, I EMAEKSEIEGIERT™. HKREEK,
o ST, HEHRMER/N, BEERESNSE. REALEE BT UARRR
KERREEFRE, ERLBRLTE, Sal. SRt r=aislk, BKKN
REZRMH, —BRATTERGRERNE. ST RLCVDIREH sp3 A H
fiModel 700 £ %1, Cemecon’A & CC800. Diamond Coating Tool A ] R 54
133 ERBEINEFSEFHERUEESHERTL
| BRI FRETRYE (DC arc plasma jet CVD) AKEERNR, ZRAEN
EEEE. B, PR (W REEIRMAIRAR. DREBITH, ASKFHE
I8 A/ I PR P AR D B TR IX S B AL AR B BT I e S A e AR K SRR
fE . %7K R B R IA930 um/h, ERAEEER. FIRRE. BiAkE. Rt
TR R T, R R R ROK, REERE R s AR BRI S, LIS
KA, R RRE e TR RS RIS A G, ZERILE 2 HNorton
Crystalline Materials%F A &) SEIL R LAY -
1.3.4 NIERR M ESHERE

KGR 22 S ARITARE: (Combustion flame-assisted CVD) A Fl LK A
B, KRR LR TR K B, P A TR S AE AR B T R B A B0
MERIAE MR, 27 kR &, TTAERSHETRATHE, ARERR, HE7%
K ANIAEEYO SR AR S, WEOERE, RUSLIAmRERK.

CVD &RIFEBAKLERES, FREEUKENTESERT RN E&RA S5

5



EMARGEES % WO R FIERTTR

SRR . BIALSARERL. MAZIEAR . B RS RIRE S S HE X & NIA EAET
BAABRE W, HM AR R Pl ] TZ 28, AR ENA & RN A KEER,
AR S RE SR AT ASREZ R IRVEUR, TR A RIS S NIA .

1.4 ERIEERE KR EMTR

S P TR o R R 16 % S R o TR K R ) ek BB B AR K, TR LI & WA ki
HEURARRERAEKCEIT T REH AR SRR ARSI R T 4 K {100}
EFE{ I EARKERZ . SRIA SR RAESIRTFELRRI TR B 28
AREKFEEE o FE&RIA SRR ELEM, E o $KRT, (111} &5 g K,
e R ETERIE T\ HAR . 8% BT {110} MRS KERE R, FARER, m/\mE
{111} R3LT7 {100} S ¥ ¥ LR EE Tk, L4 ARSI \EAREE B {111} % {100} &
RA K, hBOvE . £KEEP, &NE 1) SEES &R SF4EZEG. X
FEHHEAREN T, (100) SEAEKERRRER, MEANEES (11D mEKRR.
B o AE, ZHERRARTE %ﬂ&ﬁm

sifafs
@@@%

1.165 165

Bl 2 355 R T (100)/(111DAEKE R S SRSz [ Ry e &1

Figure 2 Variation in the crystal shape by the growth ratio of (100) face to (111) face.
B CVD NIAEEFEN VR BERNZ fAK. BRERS RN 8R4
WAAERRTR, ZRENAMMNATSZERTERENA. XEERE T YA
SNIAHERFER &, ERIETREARREHRMEEREL, RETARR
TRV R, BETAEKERD, ZHENAREKSEAERTE, EKEERR,
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RABRER, BEBERTERA 2 SRS SR EAFRIA P, X TR dTIR
TERIEIRE R E . ARV, B EERARZEER, HRE &0 % L
KRS, KB ERL 18 T AR AR SR R A KBS AR ], I
A, FEIR G SRL /N AT DUA BB B 10%, G— NSRRI T 7E 4 K U T 3R 2 H 2
. Bk, SREEESD SRS SEA SRS EESRNERERRK.

B AL NAEEN, SRR T S 5T R D SRR T KR
Horp BRI ERIURRUE B B A T ESH, T ASERL R R B gAK
FEH ORI . WA RRIRE . MRITRUE /T30 — i, SEBUE IR ek
SR B G AR 23 24 AR R R R R SEAR ), BT LU RIAR R D ARk s
NIFE (Microcrystalline diamond, MCD). #K 4RI (Nanocrystalline diamond,
NCD) FHBAIK E4RIA (Ultra Nanocrystalline diamond, UNCD), 7~ [E]fhs R
IR LR 2.

R 2 PR GURE RBANGUK G E R A R

Table 2 Characteristics of MCD, NCD and UNCD films.

WMk ERA grk&NIA AR ERA
A K EH] CH;*(H°) CH;*(H®) C,
dimtt BRE  RESREIEERIAR EAE
RE 0.5~10 pm 50~100 nm 2~5 nm
Zefb R sp’ sp> Kesp? (0-50%) 2~5% sp? (5D
REAAREE  0.4~1pm 50~100 nm 20~40 nm
AFE <1% <1% 1%

1.4.1 WAKRERGEE

PR SN $1 & T2 A A, HEH BARTERENSF, EREEERETR
HERA, FESTIR. SAURRERE, KESAMKRENE. B 3 At
UK 4 R T 1 25 T R A T TR0 PR . — RBR BT RO BOK R & A R T B BUE S
SRLGE SR TSI U B o ARIEUAR B B TSR, oK G NIA Sk BE AT BEHLAE K,
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KHIHOR SRR TR RE R, (EMEMEECR. (111D SUGHUA A K IR R TS A

BOK, BREGE K.

3 SRR EER

IAEERSRE. a NEH SEM B; b A SEM E2)

Figure 3 SEM micrograph of microcrystalline diamond films. (a) Surface morphology;

(b) Cross- sectional structure!*.
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Figure 4 Evolution of columnar growth from random-oriented crystals as predicted by van der drift
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BB %W
S, BEEEER, SRIASER T RITER, KBRS RIFHERKEOREN]
TRk R GER, AR SR B R TR I, SRR RS RIA SRR E
s, A5 S ARG AR R . A B RS CHHT T EAE A
[.2830] Fp/E THAKHIBERE. Bk SE T R, REHEER, MAZE—ER
#IB1,

£ B ARG EENEEREE SR, B TRARR, SRLEWRERE, £
TR sp’ I C RAMAWRE R H AR, S5 H BTHEEL 8.1x10% em™, TE
BB A AT 1.4x10"° em™, X B CVD AR ERIA EEH H EHREBEPLHE L,
1k I A TR A 3 B RE T PR & RIA
1.42 MKBENAER

Ek R EEZE 10~100 nm 56 B A0 B ECR PR Ja 2>k & & MG A . S 2 O 40K =Wl
R SE IR 5 FTR. GURERIAEERTIVR P B RTHaMD, BHE
BREHE. BEEHEEAREYRBRMER, TASEREEN.

(b)

B 5 MAGURERIEHEIYEE, a J9%E SEM Bl by SEM EPY

Figure 5 SEM micrographs of nanocrystalline diamond film. (a) Surface morphology and

(b) Cross-sectional structure®,

KRR, K SR MK EAEIR SRR R T AR AR HAFLE R
BoREEAS. VIR, YEEHARE N, SEHIEE I BEA AR
BERE— R, BB RSP AE K SRR R s ER. —
VR B S e U 3B e B ) T S RSH PRI K, P e A R AR B« 1 i L
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SRR GHER % HONEHEHE LT R

KEBANETE, BEEKEREITE, BE AN EHREAN DR, Bt
sp” BEBETSELK, Q%Tﬁiﬁ%%*éﬂﬂf%ﬂ%@ﬁﬁ%@ﬁ%gx RIZEE
E T 3RS 2 Ar.He B N, RE W LR FTB RES B 74K "(hydrogen poor plasma)
A AERPARENA AZ L E TR RIRE R REE T2 TR EEE S,
W E NS P HIGK SRR SR B

low nucleation density low nucleation density high nucleation density
thin films thick films

low rate of secon-
dary nucleation

high rate of secon-
dary nucleation

B 6 HIHRBURES B X — R B & I A K i )
Figure 6 Schematic drawing of the growth of diamond in dependence of the primary nucleation density

and the rate of secondary nucleation®).

IRV R IRNEE RS FRIRE. RIIREE. RE. E2EEINFAREURR
SRIEERTIRERG BRI AR BRBRR TN sp’ e BE — %M, |
TIRIEAZEYE T EERRA N sp” AR T S E. AL 3~5 nm KIUKERE sp” 57
EERM/NT 30~50 nm MPCKERE, HEBCHRE, BEIAPKENAFHRE
THE=ZMER, BPLRRELSNIE BRI, TPA (trans-polyacetylene) FEH LK & 57
RTEETR. Hh, B RIZAENEE, ERERAE R R EERESKREER)
Ao BTURN AR, HRRIKEMR, NRESRBENEN, B TE5EHEE
WRE. AMEHAKI, RESA (0 AY/CH, B FK) FRYKERIAR, ¥
R (Optical emission spectrum, OES) ™ C, BEERALY, HILAKNAESA FIR
&N CBAERZ AT CH:P, B EAKERA N EEWZEE EHT OES
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WIRFE R Bes H B , HEWIEARB R HARRBARRIUESL.

402K 4 NI AR IR 4 R A 38 B S0 O AR 7 AR TSR . AEARIR AR A2 KA
G RBRL R R B R, MYkERIA SRNARME LRGN . WERKE
BIEFA KT P TR FORE SR RBRTHRRRE. BT R
DR, TR SE M BUR TR AL 2 T SRR o A TR YRR R (UL B SRR
Fro BETRUEES, SR A EAFHROELER. BRER R, RREHE
BeBS), IR A% B Z R A% AR KNS R S M RSN B 6 TR

ERFMMAERT, MAEEH &R TRERRSANENEHEE. B0k
SNIA SR RER, BRI MkHENA. SR RTRAD, HiEaE S
FERSRIAEE. /N R — T TSR sp” B A B LUK, A—Jr ek K B
BT A O U R R T B R . BT BRI R TR 3R, SRR AAK G RIE O RLF U
LR PR G5 M T R T 4 P G S 7,

FIHCkSRIAM, 99K S&Ra SRR FHEEER, B, aAE
B, R AN TRk &R - 4RI R SR R~ /N, Ve IR B2 X WA
BT R A LIS RIABRNEE, GkSRIA BRERIE, BRI, Catledge
AR F ok BB AR Bk & RIA BIEK SRR AR, HEENT10 GPaZ
100 GPaZ i8], 7 P52 4aiEM %) . Narayan & Kulisch: AR A 90Kk IR BAR NS
K S RIE TR A45+14.6 GPa, 99K &WIE/TC R BIR 8 & MR 39.7+2.2 GPal .
R EE TS Mk ERG BT SER 8, BEEES THRERA™., BT &7
4 NIABRKEIY), gokERIAEEREEBIR. A5, EEEZMAT, FKER
AR Tk RESRE . (AGURTURLIA 46 e, BB R a] A& 88T )58
FEAR, DRt R FH 52 S PR

R SR 5 M 2 FE AR 9K BB T AR A AR K O BL A o 8 oK & NI R AT A
BERAR TEBeARAE, RYORESIE P BN GIER R AT K PUE R BB R
VE. ERBAEES, SAEFBENSRBE. RRNEH. SATEER. FOREN
AHFHEHMEEERRE. TEETE, SNEMRESRHHNMABETRE
HIRFS, 6P SR SRR R A, K ERIATUREME S K RImAL, [EIET B
i, BREAEE. BRBRENEIRSERESHEIEIRS, & T &85 KN
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ERAEEHER % BNEHEEAFUETA

PR M BE .
143 BHKRENAERER

TR, HXPURERIA MR AN, RIENT 1~10 nm BE&RIA TR, B
e 2R YO IR AR AN K SR AR . RO ZHERWFREET, &Nl
ARV BASEFRR S NERGKRE (L3 om) B, SRIGPEKEE C BT
fMFRE MR THIER A BRBIHM, XFELBTRTEERAD, KoK,
REELHBEE THRENART SR, BETENAELY. ML 10~100 nm
R IAEE, SAPKkeRa R R ED, RRARERK, BEEREELA
eI, EEMERRAE. WEEER, REEEERIC, REENPORIE &
RS0,

BEINA, BHPKBERIGLL Co R, £ Ar EBETFHRUR TR B
TUURE AR EAR, WA ArBET3&E Coo JG7E C B TH, FHFEZEITH&N
AMPRE C-HE, REEAAN C-CHE. HRIHHRMAENI0)MME, CBEATIH
MIREZIR /N, TEWIAHAE C, B TFHIFER C-C EBHILTE, EEHKSE. ATET
H R FERR A, NI A (9 — K B T ZRAR K, R AR S K o 38 KM 2~5 nm,
T AR RIARRFY . ZESFRIRT SRR ZIE, 5T B4 KRR, B
FEEFEBE. C, BARATEBHGKRTIRUT R /e AR, BHIET R
AR SRR AR SR TR, AL M AN BT
144 —HENAPKER

E+ZER, —AKRENIERERGIR TR, MRTRER G RITEE
EEZMED. mESEFLEN, BREREPL cvD BIRAEKPI%, 2 KE
Al A GRS R A SR EA PRI S EEH & i3, hT RIFH
S ST R, TR RSB 8 NG T R BAR T B 43 4T b S IR g o0,
PERE . T RAENIE AR ERMELRE 7, R KT e iR
R, RIS R R & R A tHA

SR RRF, CIEFMER CAINN\TEREMIFNIEE. BEKERETFHEE
FRE sp’ BN sp” BAMERRG . AT, SHEMRTESEHEHLENTE
SEME. C100)RTEHE RGN, FTUMEHPRERIGEMREENRE, R PHERE

& @ fm
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BB E R

f

B4y, Barnard 2 A2 SR B 45— vk IR A BT T EEE R 9K &R E T
fase b, MIE+ A, 7Rk R R e A I TR, BT
TR (110) ST E R, BMEAESY, FREKH[10017 5. LTTERPNARL
m%4cmm%ﬁu&ﬁ¢cmm%ﬁ@&,ﬁﬁ%ﬁ%,&%ﬁﬁ%mmﬁﬁo
BIAE R ik 22 A C100)GR T U CO10)RTES, BEAREY, KHiiH
11001, BB b, STHGKEEMRREEARRAT®E, A LA HAKLRH(110]
1, X EGRR R R AE . GRS IR B R YUK SRR AP E — 4R e
HERE. B EER S+ T EERSHERA KRG KA ERNR S, B1F
KR R RS . AT A SR S, JOREESNREEEEHRA
T B K G S T T R . BT Bk B SRR gk & gt Rs e I
R B B I — TR, SRIEARERE A TRENGRZE, BRE
BREEY 29 nm 218, %RETEEKES LA BEFMRRREEEERRTHR
REARE. X0 TISSRIAAREN &R LR ABRET sp’s sp RUFHAER
M. B ENRLE, BTSRAJRERRERARE, o TYRENKE. BEf
SRR, SR EENESEE, AT RE—SHAC S, BT R
Eh, FE sp’ BRT ISR PR & VAL RO R IR TEM . XAMUARE
TR R 2 I BE, T B TR 4% 5 LA 7 B AR KAHLRIAT IR
R RIK S IR K, Xt R4 R ARSI E
1.4.5 ZHPRR G

XEFESREESRAE EEHNESRIE KA, R RARE S A
V&0 FORGE . B R SRIEAK A A RO RE, BAATERT, HETER
BN S, TRASHMEER 100111} REES. HIURRERE
1000, SMEENSAREERAR. FEEELHT4K, EHERABEIK
TREK, SR A KB MR, e IR R, X ATRER R T2 ML
DA Il A

T R B~ 96 BB 4 I T A £ 24 R P B 2, T LUR I AT X 1 o
57 1R ~F F T B S T 9 A TR 7645 o BRI A SO 1) S S R T A R
B, (EB S RN IE. B T 4 R R HOR 444 (6 & NI A IR A
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SRIEESEER& . B RE SR

RIAee, Xy REMAMNAHEE, BAEEMMENIER.
1.5 SR R MR M aoh L B S M BE OB

CVD &RIAMUE R T B T EZERBUR, MHS SNy SiC ZHEMK
TR BRI, HT B REUMBR . S NIA MO 455 B 2 e A il 1R
Ko WMEHER BB ERREN T ER R OREE . RS R SR sp’/sp?
BEHI. BRI UREBEDEEES. b sp/sp” BHGI. SBR LR EEF
SEEXEMWEESNYGE, HERYMEERE. MR, RTINS M.
3N IRES XS BRI AT . BT IR . RIS R v B B R K
R 3l R X B T O A T R TE S BB R AR Y B 2 A AL HIVE . B BEHERS CVD & NIA
RAE RIS R AU, T 2R MRS 3 2 i B L 51 8. i 7a
Bz o

mag 8 | mede

Quanta 3D FEG IQ,:D 2PMi 100x [2“5’ g’i0.0mm SE
7 (a) SizNg Xf BB BITE AL BB IR IUIAE, (b) SiC X BRI AR Bty 2 00

Figure 7 (a) Groove formation and (b) tribolayer formation in the wear tracks of CVD diamond coating

sliding against SisNj ball and SiC ball, espectively!’”’.

SRR RO AR B IS X B AR R P O RS, (B R e BEE T . AR ZE 41
HRIABERAN T, XS RAEWEER, S0 % BRI X B TSR, B
TR I8 H UK BARE, (E AR R e B R B R o I I R T R e BRI e
Dumpala 2 A"BF 5 T SisNys SiC 599K ERIAE TR BEE], KU SisN, T B H 3
PR HVATE, TAE SiC X B EAR T AL AL T Yei8 BRI EECnE 7 FiR),
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FE—E 4B
s, —
R T R EI R B R E NS Bull ATV R ILE R/ SR X R
EENERAIAN 0.2, HERET EL 0.6, %5 B EER b T HBIOEENE R .
AR KB, — AN SR B I B TG . K
R PP SRS B B B

WOR ARG R RR, MEEEFERH. RRBEENNLE, BY%
Rk A GRERE R, BERES, (B BRI, MR MEK, HERRNE
RS . TS, 99KE AR B R B R EUR M SR A M. XEERH
THk S RVE SR IESRIA S, BRI Xt 0 BRI B, o BRI
RIRME. BARGKERIGER RN R EREYBIE, BEKENTL T, ZRFRE
SR, SRS RTE, WESME AR

N, SR ER R ST T M L T L 180 1 A B e A VA 1
B4 AR B (R BRI R, SR K R TR A IR LT
FAERAMA . MINARRE . FRATE TH&NSNE BN EZRER, B
Baz EA. XEBERBT Y CVD EEERES, & TESHZIAMERNS, ML
EEE—FEH B M. B, %6 TEMERARGERIMERTIR, T4
R A KL, SR AR R A B, B SRR SRR . BT RO 444
LTI TR 722 Ve RS R B B U, FT LA — 5 IR S M B 7E B 4R 2 AT
fIRLF

1.6 BRASESNDERERLESNMTEHR

FER, SNAHETESRE. FEBSEG ALK, BRZIERREFNA
B RTE WC-Co RFER A EEE LITMERIAHE. WC-Co ERe&R£HEREN
&4 WC M4 BRI SEHE Co IR L. &BMER Co B THR&ERNFHEMH
LR, A WC-Co RIBERALEER. Ty, MHER. SHEEHMTL,
WC-Co RFIERA &M RIS EREBNEEE, TIRENIAFRR BN,
BT BL WC-Co RFIRER &4 7] B AL, RS RIAMBUEAT T RERBF AT,

BT WC-Co H/R &4 HIENEE WC & Co BBEHIFERLTIM, WC Sl
RSFIAR/N R Co &rEXf BB K. 45 WC W REsRRRUFINFIE, BlTH
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SRIERSWEE . BOREWEEAFILETR

FER AR R T ERLL A Co MEARME K. F 5 WC IR, JRER BT Co /b,
BEEIMRE. BTREBEENREEG, ERAPERS. RMEREEPE Co
RS MR K. AT #— S REE RS, £ LREEEE R E&RIAEESZ
KiE. ERMENIGERKESTIE, BRET WC-Co HARFHIIN, hEs
TENEEEENREE, BEERKNANE. BASRIATE WC B4R, BE
& Co M & & LIRS, BR T ERWBE. HREEPERE Co MREABERK,
W T &RIAEEAOEZERET. B Fe. Ni 3L, ERT Co AMRMEERIAHLN
ABP T BT SRAEEAER A S2E ERE . BT EIAR, R
EJBREEEM Co MBENAEEN, RESNAEESER &SRS 1 RAT R
B

(1) HEATRR 8B AL AR 55 kb 2

VU &AL 0, EIRUTRRES, JRFEUR 7 TR N B R R A 7E R L3
80 ER IR T EUR T B S B AR R RS A RS, EERENREMRE. &
JUHERKRE LI FOULSEBEAA R T 40 G E IR BT IR R R R LA . 8
X WCEARK BB Z AL 3, CVDENIAEEELE A HRERR. 208 EEAR
AR REREIG K, R MM MREE IR, 5 T REF Y &8RN . &
¥, EWAFBEE AR FEE. e B REmT . ksl
HCVELTEBRECOHEN, BRIESRIGHIER, REERAEBIHZE
FEo ABACTE S AR R TR TR E %), WMilREEAES®, BREEAE
R, 57— FRECNE F R B Codb 3R BRAH 2 ik . o wh B I8 M3 1 0 25
F2F] FIMurakamitt#] (m(K;[Fe(CN)]s)=10 g, m(KOH)=10 g, V(H,0)=100 ml) J&4h
EEPRIWCERL, (REERRECOMENRE, RERAMEARTEEMCotis
FERRECoSE, NMRETRENATRZEE. HEREMME . 200G E
EF VN RS R AR . BEEZEY) 6, EEEHEEsEE, RS
LR ERL R = A5 g, PHASERERVE R . BTU0 0t M R B 45 & SR AR
FEZBEAR . HTHEREE AR, Znt e 7 EENEE. X2H
i R A B B S & RAE SR A £ 46 1R KT . R4 &7TRERA
TR AT, BB IT A, RIRBERRFESENERE . ACRAK
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BE % B
27 i AL R A& T IR A AL
(2) 5IATERE

BT REB: Co RESER KIEIHER S ERAERE Co MEFIMTM, JIREE
7 BERERT R, SR P EB AT Co RELEFIIR WY B E AL T AL 5 4R SR TR,
M- BE WA Co TR — S HESREEE+, REFED SR ARAENAE.
TZRREEEBR Co R, BRTTLIERE Co MEm, EREMMEIEER, TiEkE
HEE RS, HUE RS TR T, B Co REARTILR. CVD Il
TEYE T EREERE, Co WY HRT# %, B—REM Co BF —<{EM, |
RO SEIR . B v N R ) B AR LT AL Co By, 2B TR REL %
B 5 4 |75 T P B B ik R BORE 22 0 NI R AR i 2, — 5 T S TR & e E A
Co FHGERYBE, HAMLBEE T NG M 5HEAZ MR 4R, BT &R
AEBEAERRN S, REREEET.

TEA KA RIA TS I BT Z RSB, (Bl R RIS E XML
MWEREN BE T SEMER, BWIKSHMKERD O, EE AR &R AR
ENEENTEAGEEASEEZ R, BHEEEK. B4 DERE LSRR ERNEY
R R I S EEATR O BIF I A, TR B B S AL A Se B
M, 7505 B B LIRS ORI e R . B, WIEERAS Co RIMAERKL
Co W&¥FHIE Co HBt— BT &L

VRN ETEDARKERE, TEFRES, miREE. RERRE
(83,841 qy 2z a2 yk8] mypam s ARYTAR S T BRIkl B ST BaEE DT
. SEEMEE RS S BELAERERE, o w0 AP o, Nbc,
Si;N,. TINUSL, Ti (C,N)76%61, NP7l Si0,P% VR Sicl' 0 104g i ey 3 J2 o T
RS Co Uy, TR AR, B8 T I B B IR 58 S LA
GEIIDAE.

BEED Co MR A4 (15wt. % Co) B LM Cr. ALTER!™, BET C
R B R Y, e R A R A, 8 TR AT AR AL
TiN. TiCN Zit R, AlC WA RGRA T SN BRI EAZE R, T Ti
TENNE T Co HIY B, BN Cu. Ti REEABESN®, KU Cu IERUETR
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SWA R G EER% . BOLG R F IR T

it Co JEFLRRMIFLIA. R TiC M F &R, BEEEZ AKKEHP. Cr.
Ti UEREBAWSIEEBARTURINSRNATRZEE, BEEEHHREFED, &
A RBEAKERES, CoyBEITER ERMEMHIMEMRAR. PVD KR
B Ti BAREETZAL TiC IR, (B4R Z T ZUTHRA Nb JE s NbC i = R AR 17,
FESHERBRELE S 1A 7E. NoC HEEPBARTUMEEREL S, BT
W& e AT EAE . REL, JARE Co IKAT LEFEZLEEMY fHE
sRIAES, BRERRE. el WEdEE BA W U RITIR &R AR EEREE
UL (B ERIAA ST E, BN S EE. SiCEEERSIABRTT A MK Co
Ry 8, AMAE SiIC HEEREENABZFEE DT, EMEm, K RESS
S EA !, (B H IR TR R AU, SRR I R T AR g R ) T,
EIFA B PRI AR L T

B A SR R TAR BRI, B — i U8 2 X DA 5 2 52 IR S B R A a8 B 1] R
SERNEE, SRREUATARESR T HEENA. RtkzE"9% 84
RN B R R T RORARE. 2ETEETLZESR, SHHHRER
BZ, R —83MHRE, WHZREAHT. RKAESRABEREIBFRIESIIANE Co
Eda e EWRITER (0B, Si%E) BRESEE, M Co My H. X2&HTH
FBadERN, WREE TZREEASERZTERA IS, HIEE GEBEEER
K RE RRENIAEERRN ). EEERETSIANB. SiZTETUE CoJ¥
i Co,B, CoB Bt CoB, CoSi™. [FIitBIF&NIAE &R RAFESRITH,
AVZEFIABAZLTE, T L2RE. FSeiERily, 46 3EENR AR
REK, TZEMXT .

EEEHEREMATTE, BAF 1992 4F, Jiang S AMFH MPCVD 28l 74
Ma/msiC Ea@EBEMRLSAEAK, BEHEBEBASAF PR, WRERER
( Tetramethylsilane, TMS) SRR R, S2IL T & RIFA/SIC B4 MR AR B 4 K151,
HJ5, Srikanth 5 A Si BARGI% T 9Kk ERIG/SIC BEEASTREE, MHEEE
FHK, SiC SERWRD, REVRERNIAEE. FIFWETSIEER&ENA
R, HEETHEFET. @A TMS ME, T T E£NES SiC B
e g Ak S KR TMS RS AR R ELGIAY, X E&RIAR/SIC B4t
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| % % %

ITEELK, FBTARLGIKE SHEYY, RETEEWETERE R SiC &
KRR, WIEE WC-Co Hik FRMZEFREATER, TIRKNENGERS
WC-Co HAR g5 & HBEIE RIRR, EREMHIFA. EFREES, BREE
i Co T HIEER RE AL, EE&RNT/SIC EATEREFTER Si 5 Co U T RENE
Y, 81357 Co W &RIAMBRBIEN, BT BEEA N XMRES ERKE
BRI LB R R AR IR TERE, RIEMHR, /55N ARR RN EF].
AN FERAZTEHELRA/SIC EATER, FEAMARGHERENEE G
Z A5, REMRRFHEEE, LXRRESNAERSER G &EEE S
I E B

1.7 R TR BNIARE

g BETIR, &3 S RUE &R R T2 M R R AT T 4RI A .
W sp? BE, HAoAREAN R &ERNEE MRER B K. FERIAK
B AR AR RO, BRT LMENIEME, S EEER TR, BAMERE S
EERA GBI TN A, BIRRIEEREK RPN TR FE. E4F Co
TENEBENAP SR BN, REEELEET. WXPRIBRTIEEERHE:
(1) BHEPESNARSE: (2) HBERE4ET Co WTHL () RRBEEL
AR, XTI R, WICHAT T RAEMBIR, £XEWIT:

H—BENAT ENANGEE S SR7E. WRRA . ZE0n&RE A E -
G HITE AR DA KB R & & B SR A R AR 45 & T SR .

EBNR T EWBR A RMARAL T

B=EHR T S NE BRI IE, e T R BT &R R R AR
REEIHIRH -

B EFBHA T ARSRIA/ABE SRR 2R ERER R

R EPIA T Diamond/p-SiC B AR A5 14 KX HAF ML PR e & NG E
FE SRR & GBI E TR

BANEXN T L.
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BB LMBIRIEA

2.1 SEHRI R BI R

2.1.1 B S TitE

(1) Efkbiil. ASCEEZEA AR Si (100 F, EERTMASRIG/ A%

SRR, FIME WC-Co (6 wt.%) TR &&MENEM, MASRIABR-SIC ZE

WBEAZR ., HARSTR/R 13 mmx13 mmx1 mm, B, BREET WC KR
BEE4 N 94%, FEER Co MR BE LA 6%. EfR WC SR TS 1um, &
FE 14.6~15.0g/cm’, PEAK R%L 4.4x107°C™", HRA B 90~91, Y FRRERE 1515~1599
HV.

(2) BRAESEMATAIE: XA Murakami HR (10 g K3(Fe(CN)e)*+10 g
KOH+100 mL H,0) #EAFZI%h 30 min, £EFABABE NakTF, REHRER
(30% H,SO4 +70%H,0,) FHTES M, B T/KBAFEYE No %kt BBRRM Co #h
23, FIF Murakami ¥R WC BHTEA 20, ATLMRME Co AR RS R
%, LRIFH Co sb2,

(3) BETALE: KA GRS S FERZMAILEERAEE ) REESN
T B 30 min HEAT B . BRMEREMRIES S om 246 . RAX5ERUE
SR B FKEAREYE 3 min, BAEKZEEERE 3 min, NoKTs
2.1.2 &RIGEREHERAR

AR HLRG/ARE SR, &NIA/SIC EEERFMAEE IPLAS MKF
BNV (MPCVD) B BHTHM. B 8 MMESETIF CVD RARE
B, % E R TAR R MO RIS SR, EETRESEN, R
SRR S N AR, RS R E R AR T B IR S T Tl T
5%, MPCVD #I1& K& NI R ZE .

PEBEEHEASRL. ABESL. KA RE. FRERS. MBEAEERGA
. EZEEEATLER 300 mm G EE AR JURERESRIRBRALIME
HIE R SRR B S B S RN EEBEHRERS, BIZHEZZ 0.01 mbar (1 Pa).
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SRR R GHEESR % BRI ZERE 7

TAERS, TR, S8 K ESZRANRAKABEER . EE S0 58 AR
KA. L RERNAAERNES Hy (99.999 vol%), =44k (99.99 vol%), JEZE

Hr/EaSEES (TMS, 1vol.%).

ity hEE

[11]

|l
==
wEe ey 00

Bhfi

HER

Bl 8 iS4 CVD MR RS E MR R R

Figure 8 A schematic diagram of microwave plasma chemical vapor deposition system.
22 FESMKFGE

2.2.1 SERISRAE

K Zeiss AT A5 KSR B F BH%8E (FE-SEM, Field emission scanning
electron microscope, Zeiss SUPER 55) WIZ - #r LA R E ABE R, HNERE
)R o i34 AR 1 AR X-MAX T BB (EDS, Energy dispersive spectrometer),
A CARHR BT LA 04T, A3 HFR 123 eV,

IR MR X & AT (XRD, Cu Ka, Rigaku RINT 2000) #4T4047,
A=0.154 nm, #HKH 0.02°,

SRIEER AR ERO A T HO6H 2 65 (Horiba, Lab Ram HR)O#EAT 437 .
T BRI A TR SRR T DR SR A TR L A S5 AR AT o O R B L
SRS CVD &R GBI S RS EENAR, EXSSHIE.
fss. FRBEARED TSR FE LB MRE W TH R BT TBEERIERA. BLE
SR EE S ERE LU T PR Z KB R (IR EE 52 M J 0 7 7 B 52
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BoE SRR

TARED, FHikk S8t F BRI —EENRERE . W TRR| CVD &HIA
W, BETLL spd BLES, HASERRABN 1332 om ™, AR R HBET U sp”
SEoES, AR A 1580 cm o SPGB K BOR IR AT SIS 42 I R
GERIASAE, TR FTF J6IE 5 He-Ne BOGES, ¥ 325 nm. TRABKBKRAOL
8, AT I B SIiC HIZEHI{S B, IR ik%F T Diamond/B-SiC & &, 1% AT JLYEVR
P 532 nm BERE.

FIFE o FARELHEAT B4 400, EERF 5T Diamond/B-SiC i+ C. Si K Co JTR
1494 . AW Sz8 2 Shimadzu 1610, TAE#E 10kV, REHERE 1 pm.

{# F 25 B Thermo VG /A 5] [ Escalab 250 I X §F £k Y s A riRZT C. Si
s R TR AS, A AlSE Ka SHEIENE SR (1486.6 eV), IHRMINEHE
513 150 W1 15 kV. SRBER 2 500 pm, FTHIRES 5 nm, FEREIEINETE
BEm, TAEEAET 1x107 Pa. MARAEIES RS HRREEERNE C. O
B . PRETEE 1 kV, SSMEETREN 1 keV,

I 5 51 T B A X AT S MRS AT o 3B R R R BN, KT
T R R AL R R B BAR e, Ay F TS R B R A AR AR PR TG O B
B8k B R R RS AT T B T SR ANE AT L T AU TEM FEERAUE, ® % (HREMD
A ES (STEM) &, UARIEX B TATS (SAED) MIBTHERIE. ZRTFR
Wk HORE TR, B TRECR A A KT RHE X k. RER T b
F (R LSE) 28, 40 HTRE S BT R BT ROSAE X §54%, T8 3 X S kAR AR0E (EDS).

253 it 5 5 T 54845 (Transmission Electron Microscope » TEM, FEI Tecnai
G2F20) SAMPEEN 0.24 nm, LAESBER 200kV, WHERZERH Co=1.2 mm. &
R {8 Gatan 894 Ultra Scan 1000 CCD AABL(2Kx2K). HHEEL&H STEM fAfiHHF
FARSI ISR (Gatan HI/ME3Z %28 BE/DF), VAR TR 2T R4 X-
SR ELE RS (EDS). B R SI& T B EAGMRSRERTIEIR/D T, HHAY]
B/ A A RETE RS (M-Bond 610 FREMAE) JCEIF 100CHRR 12 /MBS . AHJRH
T5F4EER L, 2000 H SiC KB4 F THIERESR 30~40 pm, MYT/ELE TRIEX
(Leica EMRES 1018, HJE 5 kV, N&ff 150, WILEMAEBA 5° U NEK
12
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ERIERaEE% . FORGEWRE IR R

2.2.2 HiFEEEENR

(1) GAKESRMAR

K IR AR XFRIR U B IR B, 7T B8 T A - AR i Ay 22
B, GORERE. BAVEREE. JERRIREE. BRMEKES. BEERENER SRS R R ST
MELE—BWBEER A NEEENREE. B8/E, E R R W iR s s,
EEREAEE R, UERMRREEMR, S TFRAR R IEFEREERRE
AR IETRBOARAE R AR TR T X 26 o] B . GHoR R JR N & AT 4 RSl s (G54
WIEERIED vk, MERSEEE — RN RIEHF R BB A ERIREL — & (BIE—4F
TERBEEAL) RIREEASRIEAE R, W FEEREMEIS, HEar AR U ERER N .
TR FE M il — OB B B AG IR B AT SRR L SR BN E &SRR R
GREZRMESR ML, AMRGER T ERER . ELNENE (Continuous
Stiffness Measurements, CSM) KRB =M I B1E B2 IR HEFRASMBES (Hig
JIHRIBEUN ), 8IS A% S T 1 AR AR IE N — 1R/ 3G MRS H-0r R 1
IRIREL A RARGL 2, SRASHEAh M B2 R NIRRT R 3R

B C ]
D LN P N————
E =—

Bl 9 9RIERAGL A FERRERE, H A: {Ff: B IEMH, CHMEKLE, D
AHERE, EABBABIERE
Figure 9 A schematic diagram of nanoindentation system. A: Sample, B: Strut bar, C: Load application
coil, D: Indentation column guide springs, E: Capacitive displacement sensor.
B 9 NPKERIE MR BE . ELWEIBIRSN R IERE 2 Hia. REE

24



EoE BRI

e
R RRA:
‘ mZ+DZ+KZ = F(t) )]
Kb REWRFEE; D = D; + D HEFAE, Di B ML R KL REL
Ds L EN RS 2 B JE R
K=(S1+K") +Ks 2
IR, KK 5 B IMEHER X B ENPIRE: FORBA-
&R AIRRA
F(t) = Fye'@t (3)
W% B % 77 R AT IR
Z(t) = Zyelwt®) (4)
RFw = 2nf FAME, SRABHERMHELA.
B 1H AT DA 3842 Ak )

-1
1 1

S = -
K¢

)

—ZFﬂcos ¢ — (K, — mw?)
0

ﬁ*&,&ﬁmﬁ%&%$%%§ﬁ,%,%ﬂwﬁﬁiﬁﬁﬁéﬁ,¢mmﬁ
TR AR 45 H

YK TR R A B35 A WU R IR B0 7 S RE o AR TE F Sk 5 BB BRI
B, SRR BRI IECR . FIEEEAN—EREA SRR R
FEENERE. KRESZRRIL, WE CVD FUREEUM ki F T AT 52 5 () RSl i A2 4K
gk, HEERIETEAK. B RGN AR R E R AT HIRIE
— AR SR NV R R T I L LR B 10% . B8 T T ARV B R AR Sk Y
BEER, MR B ERWRRE LTI RS, WK THERSE, FIkiEfsE
AT ARG E ST, RURRRERN. 8RR L UUA Sl Bt R
fsm, WELERERETAE.

KRR AT G200 BGURERMNES SREE . BIERESHFE. L
SRR T A Berkovidl 23 E XM EMATIEL NG, HLWE, TLARGH
RETR R BB Ak Syt g, RO 0 T30 MR S5 SR R 5 AR AR AR S B R DI . 1
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ENEESEBE &, NG RE A F TR

10 G 7 — MR BME B R R — R RIRE S RIS, & — MR BER R
ZRME, HEEE. SEE T,

A

N

Load

. >
Displacement

B 10 BB 7 i 48
Figure 10 Typical curve of Load-displacement in nanoindentation test.

(2) BEHEEIRPEREMA

R EE R R AR AR R TE T BB 22 ML S BT FLBT RIS MS T 3000 2 EEjEBs
BRI LB A IMERERD I BN A RN, Heke B i 7 A AT MR .
B, BRI REE, HAE X, Y HAfREre L. Bl R R E e EEa . TE
i, FFamSREERRR BTTE Z SRR 53, FER e O 5 B Rk R Bou 0 2 A BE B
BUNHR 12 r, BAEEENRT, WIETERARRTIESh. Bl e 3RE, 20k
Lo, KESREEHE, WL ERRE. RIREEE X

K= (6)

XA, p NEERE, FREES, NREAR.

KR T2 F8 X (Bruker, Dektak XTSI/ HIARTEREY, JFEE 02 BHuR
W e BRI AR . T BB R R . B A MR E, BEmEES
P AR IR B9 02 . & B AR TR A3RET R 3 mg, FEIHEIEEE 30 s,
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EoE SRMBATIE

;

KRB R B S E T, — AN 1.0~2.0 mmo iR ¥E Archard 2 s R R,

B k AT T AR

k—V 7
=3 (7N

Kb, LB, VABRAR, SA L ARSI AR, K v AL
S 2 T O 4 BSR4 V78 31 |

V =Ax*2nr (®)
223 BEEE TN

Acceptable failure _ Unacceptable failure | VDI 3198 test

indentation load

microcracks

v ook
%4 %m

| delamination

B 11 VDI 3198 FrfE IR PP AR B
Figure 11 The principle of the VDI 3198 indentation test.

T B (45 A R P R P T R BT B A o B AR, R PIIE R R I 1 F )
A 2% (6 F ME RS ROBEARRTIR . B BT, PPN G ATREIITEE 20, mITiil
WYE(Knife Test, ASTM D6677). i liiA(Tape Test. ASTM D3359). FIEMIE
(Pull-Off Test, ASTM D4541 1 1SO 4624) BYEITRTE(Shear Tests, EN 15340). &
SR (Scrape Tests ASTM D2197). JE/EIIi#k(Indentation Test, VDI 3198). i
A5 (Tensile Adhesion Test, ASTM C633) LA — S4B I 7745 . H RIS 2 80
ERAIA R BRI 2 AR B i, 40 80 AR MU AR HE IR Sk (i 512 1
7 7 4 o o L A BB A LA IR ke o BEN 90 SEARJE AR S BB A TR 2
RE, EEEETHEREETENIRBERESBENTE, HET 191 F5A
8 [ T AR (VDI 3198) R IARIE L. — . AR VA FIE IRRBEEE T INER, SRS
TN SAA IR AR . FEEERER 100 RO EMENE, DITEHRRS
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WA R SHEER % SOl RE S G T

RIREBSA TN ERE 11 g & 588 R E i T L DT AR 2 SR B K
/o BlF HF 1-HF 4 (HF 2B 4 &R E MN%E 5)RRE %KL E 58, M HF 5-HF
6 R EREAE . XWX FERESIT, HNRE, REEAE T AR F
FREEHR—FMEFE R k.

A3 CVD 4 NIl BE A Bt 35 PR R SR A IR R SRV AT P4, SE38 7€ TESTOR 1070
BIMR IR e (BERAR AT LT, ISR N 60 kef. FTAENIG K
SLETHA Y 12004207, THURERME 420 0.2£0.01 mm, SZEGBEE RIS 18] 4 20 s.
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$=E  SRR/ABE AT &R AR

#

$=5 ¢NA/AEEATHERNHEREMRSEMR

3.1 31§

B\ CVD ER T & & R I, 4 &RIA A6 & TR — B R E H§.
BAKTEMERENSRASROERE, HEEELT, BETREIOEREDSE
ity sp? Bt RSSRIGIEEENS, (BEEFREN sp” X R aERmIRA. X2H
FHEREJRER, (B85 (0001) HESEY, BERME Eam BkfER
EEAENAE T ERA. BT AR RFREEE, FIEa B AENERES, B
AR R RN BT R

B NG R EEAREE (0.1~03), EHTWERE, HEXERNEDR
EATERGERE, BT ENERERRA. SRR AR R ER
SR RS RANBIESR, WY RARIE R BB R RVEE, ERA & T2
Hak, REFHEE. HTERASHBREMRERERBKR, BRRELETIEE
I ERIE/GEE Sk RSP, Pige sz, BR%E. 2 CVD %
KK SRR BAG, BREABRSHENE SREWRE, AR TEMRE
KERERERIES, BARSRIA/ABES N DRI BT AR R i,
RGBS &RAAFHHEEREARE, RERA5HBHEEARNRERT, X%
e BRI AT AR E 2D

PR B & NG T B R 5 SR I B TN AR &, T LUK Y R I (1) L A
Vi, ATIHAMYIIR G S E E ARG AT AL, ) CVD UM &R K%
5 R BIREEEREA. BT MPCVD HITRERNIG IR E KRR ZME H R

BER (BT H 21 sp? BRERR), ETETERATERETHRKE, &
RIFEFHESEKNLRSY, RFAREZANRR. AT ERETRRTAL
5%, B AN BEEEN, BFR A KE RRE A 5 ASNIGHE,
AERE-GBESEHRE, FiTE SRS,

3.2 SRIAERSIE
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EMAESHEHE. MNEWREHIEETA

IS B F AR SRS E, B H X CH W R ERIHER. £
AELREF, BILRER/ESLAERSRAEREAK, FRPRKREXSERA
RS M, FEEREIE. BRI E TR & RE RO &R )
g, PR EAKERE, HEEFRKREEKNHRENIA BT T, B4
TZ2HINE 3.

R 3 2NEEEEENRIZSH

Table 3 Details of diamond films deposited by MPCVD process

SRR /scem
MRS Th®E/kw S JE/mbar A KB [E)/h
H, CH:  CHu/Hx(%)
D1 4 1%
D3 12 3%
D5 20 5%
D6 24 6%
D7 10 70 400 28 7% 2
D8 32 8%
D9 36 9%
D10 40 10%
D12 48 12%

3.3 ENEEEER ST

3.3.1 RERBEFIIFE

B 12 AR LR E T eRIAERETMEH . FRIREN 1%8, DI &R
RARAZBIETHR, SERLRBCAGAL, SRR B/, (EEA SR & TR
WAl SRR KE R BARER, (BIRAMRFEH B AFRE. LA 2 9 AR o
{6 T ERITESRHE, 7TELAR D1 IR o /0T 1.0~1.3 208 o 25 FF FevR B3 n 3 3%6T
EIRRER R REE KR EHKER. SNASRESHEE, RRANBEER, B
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B=E  SRIAABEAEEAEH %R ERRLAT A

M

BRI SESNARBM 11} STERE, EEESEHEENTT L. RRRKNATSET
R, (BRARTT LA SR B s A g \ T AR . BRULZ AT, W ER4 ANHRIU AEAC
B A, SHLE 2 PR o FEREASRHE, TLLAK D3 M o T 1.3~1.65
Z A, BEIREE 5%, D5 MERE AN ZESIRARUNRERENIE, &
B /\iR & Stk OIS, BASRMEEEAK D3 Ffhik, SRS
D3 BERARY. BE/NEA()RERAHIKEN/NIRESH, HWHE{1} &
WRAET ZWEE, EAEKTRFAEEZE 2.

B 12 REBEKRETRSHAERERER, 55 a~i 2RI R HRIRE: (@) 1%,
(b) 3%, (c) 5%, (d) 6%, (&) 7%, (f) 8%, (g) 9%, (h) 10%K (i) 12%
Figure 12 SEM micrographs of diamond films deposited at different methane concentrations: (a) 1%, (b)
3%, (c) 5%, (d) 6%, (€) 7%, () 8%, () 9%, (h) 10% and (i) 12%.
EEFEEWRE, MHRKRESEIEAE 6%, BEM{111}GEBREMHER,
D6 MR SR, KBRS, SRR IKER TR, EREK
ELEBENL, ¥4 Gk RAEEIR. 5 D3 K& D5 MESENEMARR, BEEBRH
2 SRS MBS . MR RIRE KR T%E, BRI RO, K



SRR R &HER & ROREW R E LR

KRR, KEKEABAPRERKRES, EHKEATBYK. LRYKRE
TREGRTRRE T RE, BRI ARAK. HEEFRIREEAE 8%Kk 9%
i, BEWUE RRIBRIRARRLEE R, REKEER, 8 2~4 pm, KhiE HH
& RGBT BB/, BB LR A . P IRt — PR E 10%0T,
D10 EEHRE BRI RN, KEER, R HIHRNE ARG MRFE,
AKERYL . FIRIRERZE 12%0, D12 EE T REKEHZRBOC HIbw] L
W H A N EARB R IR, 456 SEM B AR &2 BB T BB m LA E R AR
ViR, BEDERE—AERE RN REWHCKR IR0, IUEET
REAEK, EREAHEIIA. THEELELZSELR, THERBRIFITE. £45
BRHDONEA- 9K, ETFRETEBYS, ERESGHATE.

Bl 13 AERRRETRERNA BIEBIE, a~i 2303 N B LR E: (a)1%., (b)
3%, (¢) 5%, (d) 6%, (&) 7%, () 8%, (g) 9%, (h) 10%/ (i) 12%
Figure 13 Cross-sectional SEM micrographs of diamond films deposited at different methane
concentrations: (a) 1%, (b) 3%, (c) 5%, (d) 6%, (€) 7%, (£) 8%, (g) 9%, (h) 10% and (i) 12%.
B 13 AAFRRRRE T &RA ST BT, L EIRER 1%,

D1 HIEEEL 120 nm, SHEHFRK/NEY, HEEKERRBE, 25560 nm/h,
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HEE SRR RE A BN & XA RREAE T

_ mew sGARRARRORERRBENRR
R 3%, D3 WEE R T 2.8 um, 5o B LA IR R 45,
BB SRS SN, BRSO, FER SR SR, AR
EEREERT, Rk, ERTARRENR, M ERE RS\
R, HAKGELE 4 RETENKE, R KRN, B TR
gk, BRSO ERK A, HRER G AL, FRIRIEHE 5%, D5 M
SRR TR B LT, TR RIREE 3 %R EIAR EL, REIR G SRR 4L, R
RPN D3 SRR SR . XA T FRIRBEH R, P2 T U, 0
) T RER B YR, 15 B A R RER 8 SR 2 A 0 35 2625 1K XV BB FE 9 2.9 pm,
5 D3 @EAKEEMES.

R R AR T 6o, TERE R SRRl (N 13d FiR), KEGUKET
R B A RE T IE T, 5 R B M0 TR B/ L AR E R E 4K,
AT NEREIR, PR, M RRERAE 7%, D7 KRR E%
R AREEE A LA K, EEBHRE, ARKMKESIERY, 5 1-3 .
B o B B T R B O SKL, Jo/NE -k, BRI AS S S TR
H— %, D7 EREREE — R4 200 nm MITEE, HEHARBNMKES, FREE
A KR E, T D3 MBS, BIAGRKE. BT LUENITEE KR
VI, TR T EGRTNSRE BRI K, REBERE, KRAKRN
EEEIE. WS ES A NESRAE KT, TR AE 8%k 9%n, HIRN
KHBREENRE, KALER, MEHEQHRTRRTEA, Bhis. EEE
KR ERE L ], AR R RO R, BT AR E TR, TR
R, AVEK, AV KBRS BT, AT, 4
R R — A E 0%, D10 B T B EME NI, BT BT 8
RGBT, 5 DS & DO MMANLL, MMEMEERA, T RICEBEN
W5 R A AT R 24 VR B — K 1290, D12 BT 4544
SR AR, ST A AT, FIRE R . KB bR BT
R 2%, MR B,

B 14 J97R R B T S RIA A AR o, BT, SRS & B
B, R, KRR . SR RIREN 1%, A KERY 60

a1
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SRIAR S HEGE . BOLGHEE)FIERR

nm/h, HRGIRE LTE 3%~5%, AKEEMREL 1.4 pmh. ZFFRIRENT
3%~8% G N, WIEAKEESIGIE K., FEIRE KT 8%, IR AR K ARk 1
K, FEIREZE 12%, SKERAT 32 pm/h. XRBTHRKE KT 8%, %5
FARFREFEZAE AR, ghaei K B ERIRE, RFEAMERLTE,

S sp’ BREEE K, BEAKEREKR.
4

N w
T T v
[ ]

[}

—
T v

Growth rate(um/h)

0 2 4 6 8 10 12 14
' CH, concentration(%)

14 AFE R EERE T eI A R K2R

Figure 14 The growth rates of the diamond films deposited with different methane concentration.

3.3.2 XRD 857 4

15 AARE B RERE TR E&RIA L XRD BlHE . &4 PDF Rf, 43.9° &
75.3° ATSHIES RIS M ERIA (111). (2200 SWEATEE. BB, LFRIKREN
| %I, FEIEATAEIREENE, XFIRER B T E RN, ERATH G R B A KIS
Al RERRES S, BEEERA, SRA (111D & (220) SEATHEREIER.
LRGIRERET 6 %I, &RIFE (111 & (2200 REATHERETE, BEE 12 %
WER, JLTFHK.

R 4 AAFPEIRERS XRD BEOWEEE. BT I/l MANEEENT
0.72~2.02 Z[8], KFHaERFAPEEISHE 025, SHUHUTRREREAE FEN
AR, WE[0] A M RA K.

BT PTZRFIEER (1100 EmATHEREETE, "TLUKIL D3 A4 (1100 AT
gk Em R, SRAEREER. DI BEEEHESRTLAARET RN
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$£=8  SNG/ABE BN &R ARG

#

i, BAFERESE. D9 K D10 EIEFEEEEK, X—J7Hz D9 & D10
VEREAEKN, TIRBEEERE, EESRIAgRER R EANSR. B
AT RS H SR B Bl 4202 Y, Bl A KB — R R AR Rl
R R RS BB, B, AT DLKE SRR~ 845 /N K 5725 B p g AL (e BRI 2
JE B B B L

rya

— Diamond(111) Diamohd(220)

= | | (i)

\(3 Y I

= . ()

2 o Nh (9]

2 . (f)

[

- v, (e)
" \,,% ()
e \A (c)
s\ b)

20 30 40 50 60 . 80 90
2-Theta(degree)

15 ARE R E Ty 4 RIA EIE XRD BE, 45 a~i 70510 R R FRIRIE: (2) 1%,
() 3%, (c) 5%, (d) 6%, (c) 7%, (f) 8%, (g) 9%, (h)10% K (i) 12%. E 32.9°
Fir s g BA 5 Si(100) kAT i
Figure 15 XRD partterns of diamond films deposited at different methane concentrations: (2) 1%, (b)

3%, (C) 5%, (d) 6%, (e) 7%, (f) 8%, (g) 9%, (h) 10% and (i) 12%.

% 4 RF FGEIRE T YRR XRD WEAEXT 3B K =i 3

Table 4 Iy/1i11, FWHM of diamond XRD peak of the films grown with varies CH, concentrations.

CH, concentration /% 1 3 5 6 7 8 9 10 12
Lao/Tin - 076 134 104 072 080 133 202 -
FWHM of (111) /° 044 029 044 034 038 046 061 062 -

3.3.3 Raman 5%
KT KA EREPRAOA RS 7, FIA Raman St A 7] B eIk B UTAR K &
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SAIERSHEH%. BOLEWEEFIERET A

R MM HEAT R AE . Raman YEREFER 1332 om ™! AbARBHISAEIA 2 B 37 7 SR 7 L X
FL Fo SERRIEE 0. BRI 1332 om™ Ab4r WG R AE IR O 0 B 2 2 70 5 T
WED sp’ @A C A BURENIALERFAE. 1401 cm™ BHTEHIEEIE T 3 BN
SRR P R R4 B sp? B, T 1585 om™" REUEARAIE 16 9 81 - 7 BB ) Raman B4,
— IR FRN G W, UMM Eop WARAUL TSR, 7R B AR S — 2
N RN, EEDSRE SRR TN, R XTSRS, sp’ BRAERIE
Hli, HESEE, ANARIFA.

[ (a)
- Diamond -
= N S
: E
= 2
= =
c c
o 2
= £
1 N !y 1 . N 1 N :
1000 1200 1400 1600 1800 2000 1000 1200 1400 1600 1800 2000

Raman shift (cm™) Raman shift (cm™)

16 A[F H B fE T AR Raman B3, a~i 205X R FBEIRE : (a) 1%, (b)
3%, (c) 5%, (d) 6%, (&) 7%, () 8%, (g) 9%, (h) 10%K (i) 12%
Figure 16 Raman patterns of diamond films deposited at different methane concentrations: (a) 1%, (b)
3%, () 5%, (d) 6%, (€) 7%, (f) 8%, () 9%, (h) 10% and (i) 12%.

16 MR B heik B T YIRS Raman B, B EBH &NIA sp’ BEAHF
fEWE. G UIELLK D . HEIRE 1~5%H), HE Raman &P ENIAREIERE, &
WA RRER . HEEES GRS, WE 12 & SEM BIFTAER S L2
ERA SR XU ERIAEIE sp” x4k C BT n 8 Rhal e e R,
EAMTERASRRIEMSE L. $NAEERR C RFREEMMME, (RERET
sp°C R FARRERHEEA sp” BT, FIRIEEINE 6%, £RIAEKRA,
(HF 2k G EREK, SNIUARFIEEARRT 388N KR PR B TUREIE. ATk
BEIEE) 7%)5, AR G VAN SR RGE b7, FIR AR AR . IR 12%
I, ENIAERAEEAX BE R, 2 CHOIREH 6% KE 12%8), & NI T %



=& SRAABESHENE & RABREATA

P ________________LSSSSSSSSSSSS

1.0 4 R AT U8 Y TR L A 330 SRR/ IS, B 8 o 2 WU AR X R & D1~D5 R
KT AT T SR O EHEE, X &R &N Raman HEHAT BN S
(o 17 Fis), S &R ERAFE.
(a) (b)

~—~
Q
—

Intensity (a.u.)
Intensity {a.u.)
Intensity (a.u.)

1200 1350 15’00 1650 1200 1350 1500 1650 1200 1350 1500 1650

Raman shift cm™) Raman shift (cm”) (f) Raman shift (cm™)

o~
Q.
~—
—
®
e

- —_ G band —
3 3 E
~ o S
> e &
£ £ b 13314
1200 1350 1500 1650 1200 1350 1500 1650 1200 1350 1500 1650
(g) Raman shift (cm™) (h) Raman shift {cm™} ( | ) Raman shift {cm”™)

E) ) 3
s & 3
z = z
] % ES
8 3 5
£ 13308 £ | 18307 E | 13305

1200 1350 1500 1650 1200 1350 1500 1650 1200 1350 1500 16‘50

Raman shitt (cm™} Raman shift (cm") Raman shift (cm“)

B 17 AR F R ES NG EE Raman B S IEDE: (@) 1%, (b) 3%, (e 5%,
(d) 6%, (&) 7%, (D) 8%, (g) 9%, (h) 10%K& (i) 12%
Figure 17 The fitting curve of Raman spectrum detected from the speciman: (a) 1%, (b) 3%, (¢) 5%, (d)
6%, (€) 7%, (£) 8%, (g) 9%, (h) 10% and (i) 12%.

% 5 A SE T EARIE ISR RIGE R . B SHIA B R R
SoBt, VAR B kAR BRI B, SR BALR T HIE 100 nm JIE
N, VRS X B R SRR, R, REBERR. TRETRYH®
S L, B SR S . Raman 143 B 52 A EINBUN SHEE, ASESET
PR S AR BB (0 o RLR ~HBUINK, 8 TR B BRI A B UK BN R BUR (6#0),
SEug AR, ANEGAEETRE, BORIRT. MR, SRR B
HAUS), Y E IR 1%~5%, SNIEHEEMRELB. HE 12 1 SEM "X
B R, I BRI R L (W SRS 7T LR 4 T R LB /EA . S
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SRR EEES % B8 RHE A F TR

BERIE 7%~12%0], SEM H&RIA SRR~ R/, BAOERE 45 FIU8 L1490k,
B e MU R AR (2 76 3% 7T LA SR B K& R S SR FIPE L WA RS B3R T
1332 em™, AFEREIREEKR, HmBEEK. XU EETSNIE Gk R - R b
BN

% 5 Raman &3 & R A 0GR K 15 28
Table 5 Postion and FWHM of diamond Raman peak of the composite films grown with varies CHy

flow rates.

Sample number D1 D3 D5 D6 D7 D8 D9 D10 D12

Position/em™  1332.6 13333 13344 13333 1331.7 13314 1330.8 1330.7 1330.5

FWHM/cm™ 11.6 11.5 9.1 8.5 12.2 16.6 114 11.2 -

(o))
T

IDiamond/ | G
*

ot * ¢ 00 *

2 4 6 8 10 12 14
CH, concentration(%)

Bl 18 AN[E] R iR B UTAR S Liamond/lc
Figure 18 ljamend/Ic of diamond films deposited with different CH,4 concentrations
WR S EFLURIL, SN AL TR R . UL T S, 78 1~5%F
WA, BEREHK, BETENIAAELSGREAETIRT . L4ks KR RR
B, SNAEERER FTHEa%. FkErm, BEb o BEERS, £RE&ER
B, GAEER, SRIABREHEEE TR, S5 RAEETENAES G ik
M L BT R A B E R A (B 18 i), &RIGHASHRET
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B=E  SRA/AREAEERE &R EBIERTT

g

. RIS 2%, JIEERESRIGIEIEITETE, TEHND &G, Al
SRRk, A E 12SEM TUSARE, MR EE R AR, THENAKE B
b TR BT F IR K, SRIE YR LR B R, (BRI kR
s A, MR st B, 5 P G T UL R, RATEAE DA
SR, EME D12 RS SEM Bl JLTE R RIS R B G4, (BIARE A BR
RRAEEE, REMTRAA, TEUKSTE.

G4 SEM. XRD Fl Raman Z58, WOLAIH, TS FRE, WURMBEEL
B ARG R S N e RE /R B AR, SRIE SRR/, D6-DI2
R 4 S RIE AR BRI, T H— b 75 R Ak BEX R 4 )
U, Gt D8 BERHET TN TEM 4.

33.4 &RIB/AESEEER TEM 5

B 19 8% CH, K Ty £ TEM BRE S PE . HH Gra.. Dia & a-C 77
MRELR. &RIA KT ER%.
Figure 19 TEM plan view of the sample D8 (a) low magnification and (b) HR-TEM image, where Gra.,
Dia. and a-C reprent the graphite, diamond and amorphous carbon, respectively.

B 19 34 D8 #RCPE A TEM B. HE 192 B S & @ EERT AR
8, MBEBIKRNESEN, WERENIA, KEREIK. EHAERRE,
R KBSk, X5 SEM MEELBARML, Bk X BT ATE EE A AR R 2
SAASRIGRASR, AT BIX AR (111, (2200 FRHEULAEM (002)



SRR EAEERE . BOLEH RS ZYERER T

fa - & RIA SR EE 1 8 0.206 nm, dao N 0.126 nm, £ 5240 && T8 [A]FE dooox 9 0.37
nm, HZRE XRD f$ & Hil B R .

STEAE—H RIS TRATROFSH (B 19b), ATATESRIA A& & T BT
BRTHENARE. EESERIA S TOR RS SNELT, BETE AT, A8
WA E, BEET AR, &8 EXKEFATH, ASMEATHHRERSS, HiiH
THBETOELRMRE. Lo raR XA AT RUARNEN, KRR
ABAAME, AME5ABMAL, EARESEKENHRE. A KEEBFRES, Sk
R Z. HARNESRETN, BETHRAZESY. AN A RTER, "
BHERAYK BRI RIS ERL, X MGG T HPeRER. Bl imaPiE,
AL I B AENIA . AR R TR, X5 B9 Raman 7347 45 R M .

» Riamond
L

| Grfaphite

20 8% CH, iR E FUIRRE R IETE TEM B, () KEHHME: (b aBREES
HE A DXIURCK BEUR B AT 4 R
Figure 20 Cross-sectional TEM micrograph of hybrid diamond-graphite films deposited under 8% ratio
of CHy/H;: (a) low magnification; (b) high-magnification of the white box A in (a), SAED reveals that
the structure of the transition layer is diamond.

20 24 8% CH, W E T IR NIA SR TEM BUH K. HERT A, EEEFRA]
PAOr R=ANER4Y: Bff, BEERXUEERIA/AREGHEEX. BE 20a FTLEH
FENIARRBEEAEL—EEKBEERE, EPERES, JEEmEEE R
A, TRTEAKITRE P mREMEE, X058 B T8 5 A% & NIA GekR 7 E

o
)
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s=E SRAAREAEENSEEERREETA
#
fEEHL, EAKERERRRAEKERARETEE, AKESHEEFHY, 43 um

(AGEHL AR BETEABRNESKELER, TUREHEETERRER
K, MRS RSB . BE 20b AHEER A KREHHRE, ™A HixX
JERE039 200 nm. FLEEIX B TATH S AT R R &R I RAK 2 B, T Si %
POy R . BAEKET, SRIGHERERYA, hEk si FHEHEE

WA/ GEEERZ.

B 21 & 20b FFEFEIHHOS TEM B H () B (b) &RIGERGH: (o
B A (d) S HRTEM Bl |
Figure 21 High-magnification micrograph of Figure 20 b: (a) typical bright-field image; (b) dark-field
TEM image of diamond; (c) high magnification for bright-field image and (d) HR TEM of interface.
21 AE 20b FiEKX C KIBBHBIHK TEM B. f187iH (B 212 7
DB S RIG B B R IEE K IE R, BEBENRUE &SN, &5HEY
(B 21b) ATLARIEA KT AR AEEE, mEEFEATFRER, FABT,
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SN AESEEE %, WE R R

SR EAER K. BRERT WL, EHEGHETUEY, BIRZAFERE, I
ARFEEH—ABHE. FNBTFATHETUEL, SEEREIA SATH B, W
AR EEE ARG, BFmLEL2HE (B 21d) TUES, BBRERZRL
FHeARKSE, BT RE A2, RMEE— NI G ANF T T3 B F R
G R — AL . B IR e SRS R AT LUS L, FE e R 2l B
HEREA, A—REAEKERAEZREFHIENEKRTT . BRgh & RARL0E
RN —E. ERRSNERN, BRIEZARTT BECERA-HKEZE, &
RMRE sp” BRAIA RS, ERERBIEM. B, RREOSEHFAELER
AR B EAEREER R,

Bl 22 B 20 ik B fERXEBCKE. (a) Bz, (b) BigM, (¢) BFATHE
W, (d) a B AEFHEL HRTEM B

Figure 22 High-magnification micrograph of Zone B in Figure 20a: (a) typical bright-field TEM image;

(b) dark-field TEM image of diamond, (c) SAED of Zone B and (d) HR TEM of the white box in ().

Bl 22a AE 20 dfik B famKEHRAKE. BThE&RE &R (AFE TR

AR (BT 8RR EAL), MR . ERA BB . GaH
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FZE  LRIAABREEEENE & LRSI

#

RS (b ) BT LR ISR B gk & USRI A, mSAREEY . B
HE IR A0 B ) SR, TR R 45 & ST PR 7 1B 3 AT BB LR B, (B PAT B R
7 A MR, T RE R, SBHSMEM. H0ERS ERRTT
FARE, WRMREREFDS ALK, HEAMRMLSHZERA.

W R K SRIESRIFES M (BFSHA T TR R, BRTHE
R TAT A R UAE R & SR Ty & To,  HEL B IX 330 BE 3540 T 1 3R ) Bl 474
KBRS, FIRRERFFRE, m— MRRRR— O, SEK,
HAEKTT A R

WIS T TN, AR T EAEK—BREEE, £NaRRSET T#—D20
ERERER TP R Ty, SHRABFERERIRME S, 5EFHEGER LRI
o S P L K LA R SR T o, 10 R T R o TR KT, LB,
WL T B — SR E AT AR, WRR e —8. BEEATLEH,
BORSE AR, TR EHRERERERZ S SERRS XA, SNER&EER
Bk, S ET B AF MRS . EEEESRTLE L, TR ad,
T2 M BEAT A NI B AR, TR A B2 & . B i T ATAT 1 R] LA
5B, BEPENEAZ R, SRETTEL B

B 22d A (a) RFEGBFESRSESPE. fERANERTSERAE KRN, &R
BARAETANTAT R, REZAEERRM. SRARRRREKERES, AEMH
(0001) RESERIA (111D WPFEK. SRAERIATFmAeK, AR E
RIE (111 A, BATAMEAK. 0% T &RA BRIEINT RKER, R
[RAE[1T0] 7 A K, T A KRR T FIAGURE S . &RIG RA[110]
FIAEKE, FERNEEE IR SR T L. AREREN, & (0001 EA
BLAME B AR A R, HEA BB SRZANESRNAR—EER, F
YRR, BE SR AR, BUA—3, AREAE KRR ERE S T
K. KB R IR R, EATH. S E RIS ETREA K,
FTEBENEARYSE. BTFELKTEER, FRREwE. BHETHEHIER
W EHEROMBAERE ETHEK—BHFE, FRFEDE.
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SRR SHER %, MRS EE HFMETA

i A B o34, AT BAR E B A AR F AT Al 0 e NI B i bR AN S BARSRTET Y

WA —HERESNA/AREEX, SRIARREABREKEERE. AFEBNE

FREVFFIERE AR A B, A SMMYPLRENIE B ER ST, EIlT £RIG5HE
SNIAHKPKRES.

23 B 20a FHik A BRRKIRBBMEE, (a) WiHH: (b) &4 % TEM KB (o)
FEERE; (D) £RIARSE
Figure 23 Detailed microstructure of Zone A in Figure 20a. (a) typical bright-field TEM image showing
diamond nanowires; (b) HR-TEM image of a single diamond-graphite nanowire; (c) dark-field TEM
image of graphite and (d) dark-field TEM image of diamond.

NT TIRERIA KGR 50 BHEMEN, B 23 NERIRPKREFBNLE
. & 23a FEAZAERTLLE H, JUKERKELA BN K. Bl 23b 8RR Y
KERE SR, GKEIRERZRH 6.5 nm. AR 0.21 nm. 0K &I [
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BB SRAEABRESERENE % RABRE AT

#

AT0IIH, SMNBENELREAE, HAMMAEN 037 nm. SRIEHRERSE
REBVRESEN. GEABESG, TTUE LW ERRN HI, X HAER X
SRIARES%, £6 B R H IR SRR R R X, EeNARSE N
X, FF %R KA FR BB L. X —BESE T &RA SR SREEAREH .
i HZEM NSRS, TRk ERISE. EENERZERY, BEPREN
M, BRI T KEHKER S, XU AEE R SRE KRS CE SR,
T B KB4 RER . X IEHRR T SEM B shgk S 5UE B AR R BHKM
iz o [P T 18] 0 9 BB O R R SR AR AR, KT B R B R FL AL R R A B 9 48
KB, B SR FTANTEA B A, TE M I R h TR A Z TR AR
AR AT T A, FE R SRR 9K SRR AR R R 2 R A Rk, TRE
&6, BT A BROKNBEE, WS RS, A E Ry URYKB R
BN -

b R, SRR R A KA 6 N SRR (E BRI B 2R
KB SR B LR P RS NI A BRAOTR G AL T SNV Sk = 4 R A BRIT
AT HIFREEAE RS NE SRR, FItERAHRRREMEY RKX, Hi
B SR A XA BRI R A K M EEIR R . AR T RIRE TR AR
SRS, TTBLATS, & FRRIREEE R, AESRIARRN “BRE” AE—SnE, &
B R & MU A A K S B . AR GRIREE Y 12960, R RRA K EFLE, L
FAIAPA SR A LSRG,

3.4 HEAKHE

3.4.1 SEHTERWANS

Wit SEM ESE T, RAARMTZSHATHENT, ULSZEF LK
ViE, FIEMGEHRE T RKHBL, WHRRBHETNIKR G REELNPRE S
H. FERAEKSRY, HLRERE, FALESS5ZIMKET HREIZLN
AAE, MK EEN 1%, BT HIREHNS ¢ BRKREL S, 2IMERLEX, &
BeRAEKEREE. YHEREFE 3 %5 %), REPEF HAMET, &
BT, BEATLUE MRS KM, AT LR TR R R AR sp” B
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ENIEEEHENE . ORI # R R

TIRRHERE 2 A ARG . SRR aiR®, BT H IREHM TR, TR
ZI AR FE R R sp” B, ERRARGME LT, BHEEKERT 8%, &
BT N H AR O R H AR IR FE I AU LR AR G (L& D8~DI12 A KRR AT 15 H M AR ¢
FH090.997), ULHATE R ERIRE A 8%0T, B Fikrh HFE M2 O LA A,
W2 WP 5o e REeUURIE S, 5 sp” A BN, FRHmE T £R1
AR K . BTEITTAARE, N TR SNG4 KRR RS s ok,
EASARFE CN 8 HON BT HS5E 78 7 £RIA I SRKHE, (2148 4RG99
ARRLGE BE R AR AP P8 T FE AR T, BRBIARSR, HRMSEFE C B TR
ER, WL SREEEMREEENICERMEE. SREW, RIRERE LY
HRIREI AR E XK G . Fik, £RIERSEMKEIIERERS ST
WREME CHOIRERTSE. & CHIRERRR (1~5%), S FAPimkET H
WA B, BTSRRI ANIEENA C Z2IthE"Y, BF H RER KSR C
BTEEUCHETFRERS RN, BARRERENSRIGHER RS,
M CHy WREIE R (6%), FEFAREF H IREARX T, REE&I KB ITR
WERKAEERNIAE C Zithi ., EERIG C ECEERKRENIG RERTRE, M
TRz — KX (WE 12 fir). ARSEF D C BTFRES, (#F T 2K
A%, BE— PR T R AR ERIA R IR . & CH WIET, S8 Pt C
BTERU CGRBASLREY, WRTHKEREW. FHit, @ CH, RE,
EH S MR ERESRE S BRCK REANIK RS . & TR, SRIF S5 R
RN, B CEFIREARRSIRN.
3.42 @BROLIE

W TEM 8T 50 (B 21d), BTBLAN, BE&RIA SRAEKE, Bt E gk
ERAR T RERIG AR ERIRE TR SRR RS — R, S5 FhdE
T H FREK I 2507 M S NIA RTE R sp” (B, 5% SRERIE fAEKEL,
T HARSRER AL T 20 S NIA &, HARSEHIT. AR, RN sp’ B
BN aRARTT MAEK, R T SEHE. BRBEIHERIA SR A KIS AR 7 sk
1T, EEBRAER— &, BUrg AT B8R0 E KR R0, SRS R K
20, BT sp BRIOTELE, TEB S KRR A A — K Sk, BT RE RSN

i
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£=E SRIAABESHENHERLBREEHR
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LA, IR R B R i IR R T AN 2 (AR, AR AR 40 A H TR o
5, 4 I S T S SO 1 A I SRR PR AR LA o FRII ARAE KTT T
HAR MR B RARE AN, AR — B AR ER R B LK 2L,
R, AT £RA/A B AWM YRS G . X LR AL
T LA B SR A KBk 5 B R EEH, RS 2050 nm, i/ F ARG
FER . A KRR T R TR KRR, AR KRR AR E
SITT R, ST RIFKK, AR RERER, JmRA S IR 10T
A, By RS2 A B A SR, R ERY R, C EE R R A &
SRE A 2 JR TIR Be 5E AR K AT AR . IR T H X &NIA R sp’ B2
TG B FE AR — B B A A L SO, 7E T 45 & SR T RS T RS I
(BT RAR R 7 [ A R, BER B, SBHMMZM. 011
FOR5 R FADE, FUMREREFSEK. BREHERNERER, BEREK
Wit ARMERSEK.

I II m

) S £ e e “%“ﬁi" ngT

B 24 EAEMEKSEREE, OF%EK: (DELTERLEYB:
() E A HEEREE K&

Figure 24 Schematic illustration of the growth process of the hybrid structure: (I} initial grown of the
pre-nucleation particles on the substrate; (II) continuous growth of diamond transition layer and (I1I) the
hybrid structures with diamond nanoparticles formed on the transition layer.

WRAE UL EF, BaMEAE KIS TRmE 24 FiR. BT S, £R0 N=ABrES
VUG B KRR, AR, ABARRRIA A K R A R BRI A AR R R
MAMEK, RFERRRERESIEHARZE. BE, BTET H KRERI
E4NIE C EEEAEKSRPESRBASKKIBIGE, #H— D% T XaaEn
B . BEESRIA SR (110} SEHEEKERRR. FitY G BRIy SRR
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SNERGHER % HOLEW R SZELREA A

U e A . IXBER 3 T %S AR KR ER, AR T {110} RHEERT
FERA C KRR, A0} BEENHE—SEKOE T 4. B AREEKHNE,
BT A BMER RIS, HREKSEPRESE, WERKER R Bk
s, ERKSETREFEESNIA KA, TSRS R &% T [110]%
M, &R T MRBAA—8, SRR, EESISE, RLERTEE4HE
JE P S RIA YIRS RIS B KBRS . SR A K T KR
K, EEMFEE HI SR LA,
343 R@dEKSEHZENAR

KB R, BEEIETIIRE SR, SNIUA: & E S EE R R R o1k, B
ARBE AR T ERER, BRTHRS . B AR REEA KT BT T MR
HWRYE, RmBH, DR T ZEMHM*. BEEOSTEHNER<110>77
R4 Al 5 <100>77 kL @ FE S AR . T8 H AR A IR R 35 2 B4R ALSRAk T 204k
BE AI<110>77 1) K <100>77 AL 27 3 F L &b TR 60° K% 450 . H B & — s
REBMRERE R RAK. HERMAEKS SR HAE, —2BRAREAEK, #
LRB R M ZR N BRI BRI, A KIRE Sk, B AR ETE
MREHRIE, BEAHAGK (BFEETEETNEKERD, EKZRMED.
i E O KA BRI R I A A KIRR B TE UL RN T AR R E T 2R
HIX SR A IR KRB AERIRS o AT 51 R4S & 4 XL FE o 5 1 B R i . | T
WIR A EEERT, NS5 AETR 60°5% 45/ EE = £ EE MR T B
MEF IR, UREREE G MAEK, MR T FREHE A B 580 .

RTBRMITE RN, HEO BT AL AR 1 K. A =TI a1 B
KBS, EFRTR IR BRI AR T AR S 4 KI5 40 76 7 B RTER: &
S, 7 AT B AR TE A & PO

SN BRI ERICAKB R KM &, T8 BBk = Hg i,
B ZANTTREK, BEFHEEK. ERNRL T AASE THEmETFRIMOR
[ R & NIA B SRR LA ERER . _

Bodh EFAKE, HARumA KR EEEE, o, hTFmgEER
Ferg, WEEKMRHEMN= LS, B Rm™, REtKkEEh2nEF
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H=E SRIAARE SR & XA BRSHTT

et =™

AR A BRI B AL, XA B AT AR T AR KRE
OISR TEEh 72 (K R Ak, BB AR BRIR IR B Bk 51 i

3.5 RENG

AR T P RRIR N &R A IR R A MR, TR T AR
SR B o SR A R A T e BAREE RN

1. HE KRR (1~5%) , MEEAMAERESEN, HREEERN
(111) , &RIEMRGESS, ELRNERERRK. SRS RAAK, &
FEAEKEZEL 1 um/h;

2. MEEIRER AN (6%), METHERGRSERE, ESRIaHETEEN,
A R FOR R~ AR, BB RREIR BT, RREERKE, W EAE
HelREEN) . BEZE FRIRIE R — SRR 7%, HEFOBHREESRIEA, BRER]
FIRBEAEN. MR SRIERAEBREN, BIfRERmET RS
SRIE FE SR ASRIE, AR R A B, B UL e
12, ALGA S TR PRI R AR A A B R AR EER R,

3. RERIKREET, BT H A6 LSERE, BET H 2NN HERT
KT 4RIABESE, FHT B2 AR R B e & NUE R, 2R
ARG, HESTRKET, BT H IRERMBER, #USeZmiiiRdE
R IEERIE R, AT T &RA/ARE 4.
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BNE LRIAFARESEEIFERTA

SNE LRIAABEAHENHIHENR

41 5|18

S T E R R RIRER R T ENA A B EAEE, FRAES T
BHMETIRT &RIG/ABESHEENEN, ST EEEBAEKSE. REMTIL
%, PSR R A RS RIA A ECRS R ), AT LUR SR R
2 e A By 22 ), ARG BB UL MoS, 245 4% fE T LABGE S NIV I R £ 1 BE,
EEARETHAEARER, 5%, HaitE, gusiTRNAM. ik,
KT RIELRE/ A BE A A WEER e, BRI A K ERBOR A F SR
BE 6%~10%2 Al HRE S, SRR . M BmS EHaiEn. BET 7 &lla
I BE AR EE R

42 SEIGTEE
FEAS LI, FTERE BN RER, NENG/AREEEEENIFHE
fe J PR R MEREHEAT A A .
% 6 SNA/FABESHEBRIRTZSH

Table 6 Details of diamond films deposited with different CH4 concentrations by MPCVD process

SRR E/scem
HEREE HEAW S JE/mbar K [R)/h
H, CH, CHyH (%)
DG-6 10 70 400 24 6% 6
DG-7 10 70 400 28 7% 6
DG-8 10 70 400 32 8% 6
DG-9 10 70 400 36 9% 6
DG-10 10 70 400 40 10% 6

AT EF R E T X EAMKERGENA, A KEWR, FiEEe Kk
BEREG . SOREESCIART, B RIE AR, HEEEEE AT 10 pm NE,
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SRR E S HER% . RO RE S FIERERT

EANERERES 1000 nm, A LLHBRSNREEE R, REBOVATRNIZMESE
PR i) & LZ SR 6.
BEAT GRS SRRAT, B RM AR R, MSRSERENERT. NTHRE
AR SRR ER, M AERINE 10
R T PKRERMAIFS

Table 7 The setting parameter of the nanoindentation tests.

W

Surface Strain Harmonic Surface .
epth . Frequency Poissons
Sample Approach L. Rate Displacement Approach .
. Limit Target . Ratio
Velocity Target Target Distance
number
nm/s nm /s nm Hz nm
Si 10 2000 0.05 2 45 2000 0.25
DG-6 10 1000 0.05 2 45 1000 0.25
DG-7 10 1000 0.05 2 45 1000 0.25
DG-8 10 1000 0.05 : 2 45 1000 0.25
DG-9 10 1000 0.05 2 45 1000 0.25
DG-10 10 1000 0.05 2 45 1000 0.25
1571 150
(@) | ®
g? 12 ﬂﬂ-’
) € 100
2 _ E
§ ° - AR -
£ = s0f
6 h
3 2 1 1 1 L 2 L 1
0 400 800 1200 1600 2000 0 400 800 1200 1600 2000
Displacement (nm) Displacement (nm)

25 AREEARE SR Si A R E

Figure 25 Hardness and modulus of fused silica
BRI ZS BB SRR Z A —E (BENRERER 2000 nm, KTH
i FENIRE . Bdh Si FARMNREE R 25 iR, @k Si BEEA 9.120.07 GPa,
MERE N 71.8+£0.4 GPa, FEE SHMEBE LAY 0.12, FEFFFEER, WX irieaE



BNE SAAARESEIRAFERTR

e —————————————————————————————————————————
B R B A b NIRRT, TR0 IE Sk Byl i, MBIREB K. BEA
IREEIAF) 400 nm CUE, BN TR/ RS MR RO MR & . DRI BEAE 20 AT A TR o 3R
I, EY 400~600 nm HAEME R M INREEE AR E . AR, EaEET
SR BRI T SRR, (MR T SR SR R Sk i R . BRI
RE, SRS, BT ELERREIRE, EHRMEERETR & A4
KA1 IR

SR R SRR G » WEAT EEE E HRR IR SR A O BB RN B4R 09 4 mm [ A1,0;
Bisnk, Hede % 6.5 mm, HE 200 r/min, 4 5N, WEHEE 2h M1 12 h. KK
TP, B 20-25°C, MXHEE 40£5% . FHEERHHERIEEAREN B
HGHTFE RS E. BRRKERE, FIAH SEM X EBRESHTIEMST, It
&8 SEM M # 80 EDS Be i BE R A AM B L #EAT 04T o

43 &NA/AREAEEAKIFIEREMS
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26 &RIG/GBEAEESEM- ML, EhEPERT ae 5 HIN R FRIKE:
(a) 6%, (b) 7%, (c) 8%, (d) 9%H (e) 10%
Figure 26 Load-diaplacement curves of diamond films deposited at different methane concentrations,

(2) 6%, (b) 7%, (c) 8%, (d) 9% and (¢) 10%.
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26 AR R IRIRETTIR & RG22 G M E S -G8 k. Indmt R
AR R R AT I3 W LAE WA R T, & Rk AR IR AR E
Ko WEIEMFECBEN, MPRKRETIRESMEIIR, BREER, LR EH
EMNERE . FEEER 200 nm AR, FEERHMETHEZR, XUHELTE 200 nm KR
VAR, SERIR RIFEA. ERER 240 nm J&, &S EE M2 AR L EL
WEZR, BT HEEREZ LA EEEE RN, TR FRIRERS, BRT &
WAEERE/A, R, B iigBmTe. T OG0T A R B ek T %
iNEARIPEVEEE- S -R=pi VU Enh ke Ui
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Bl 27 6% CH, ¥k BEUTAR i IRAT 52 J S AR B
Figure 27 Hardness and modulus of the hybrid film deposited at 6% CH, concentration.

B 27 7 6% CH,REVIIREE DG-6 T K SR ENRE R L. &
BRI &N, TEMEE AT E, WERImEERR, HEGREEIRR, XTaREHTR
EREEE 5N, B SNIAARTERE K, MIESRIAMEERR, BRI R
GRA BRZERMER, EEEMB-AERIRE T, ERRERE, FEURERK.
YESKENREAWINGR, HIERERE K EREERESE K. EARE AT 400 nm
B, BEESEMA, mEEEETRE. SENREKRT 600 nm J5, WEMERE
FENREE gk S3G K, HEERZIG R, A EANRE L T RER 120, X5
FIRERE SiERRIIRM . R KB R A RAR BN, XA T AR R RSk R kT
e, BR TEEPSNA SRR SR, 8RS58 EENERBR, FItRE
MG KR EE K.
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B 28 7% CH, ¥k EEPTAR e IR A B S A

Figure 28 Hardness and modulus of the hybrid film deposited at 7% CH, concentration.
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B 29 8% CH4 IR B VIR B IR L Ko s B
Figure 29 Hardness and modulus of the hybrid film deposited at 8% CH, concentration.
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Figure 30 Hardness and modulus of the hybrid film deposited at 9% CH, concentration.
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Figure 31 Hardness and modulus of the hybrid film deposited at 10% CH, concentration.
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Figure 32 Hardness and modulus of diamond films deposited at different methane concentrations.
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Figure 33 The ratios of hardness and modulus of diamond films
deposited at different methane concentrations.
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Figure 34 (a) Friction plot for diamond films deposited with different methane concentrations and
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Figure 35 Wear rates of diamond films deposited with different methane concentrations.
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Figure 36 (a) optical microscopic image and (b) SEM image of wear tracks and (c) energy dispersive
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spectrometers of the Al,O; ceramic ball against the hybrid films with 6% methane levels.
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Figure 37 (a) optical microscopic image, (b) SEM image of wear tracks and (c) the energy dispersive

spectrometers of the AL O; ceramic ball against the hybrid films with 7% methane levels.
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Figure 38 (a) optical microscopic image, (b) SEM image of wear tracks and (c) the energy dispersive
spectrometers of the Al,O5 ceramic ball against the hybrid films with 8% methane levels.
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Figure 39 (a) optical microscopic image, (b) SEM image of wear tracks and (c) the energy dispersive

spectrometers of the Al,O5 ceramic ball against the hybrid films with 9% methane levels.
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Figure 40 (a) optical microscopic image, (b) SEM image of wear tracks and (c) the energy dispersive
spectrometers of the Al,O; ceramic ball against the hybrid films with 10% methane levels.
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Figure 41 Morphology of wear ball aginst the hybrid films (a) DG-6, (b) DG-7, (¢) DG-8, (d) DG-9 and
(e) DG-10, respectively. (f) is the diameter of wear tracks.
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Figure 42 Friction plot for the hybrid films deposited with 8% methane concentrations
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Figure 43 (a) optical microscopic image, (b) SEM image of wear tracks and (c) the energy dispersive
spectrometers of the Al,O; ceramic ball against the hybrid films with 10% methane levels for 12h.
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Figure 44 SEM morphologies of the WC-6Co substrate. (a)polished substrate, (c) after Murakami
solution etching and (e) after Murakami solution and mixed acid etching. Image (b), (d) and () are the
related backscattered image (a), (c) and (e), respectively.
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THIA. SoEHEtE (B 440 T4, Co Migimiizlth, WC sk 8K FLIATREL
S5, BLRMLRTILIREBALE Co MMM NS . BM/ERmBRZ AN, E
WC B2 ARRGE AR, FER3IHE WC BRI . S8 0Bz TZE N
&35, BEEERT Co Wzlth, IR WC SRR EM™E TR, XX
EHERIA S & EERFEKBOVE .
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1 c
lCo L W W : w W
L2y o fW w AW w LY w
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B 45 HRA4HEMA EDS EE. HH ). 0)KC)DFIEERT. Murakami ¥R
TS % BRBRE S
Figure 45 EDS patterns of WC-Co substrater (a) before treating, (b) after Murakami solution etching
and (c) after Murakami solution and mixed acid etching.

B 45 NERRERATE AL R, AR EN W ITERE SR, BREME Co gt
FHESJUEN SR, WHREERE Co MEM Wz, AELERBLMITER, TTH
Murakami BB EAH C &R W TESERG TH, Co R TFIHEEH 5.9%H
KE 727%, 3 FRARZIM WC &, CofE WC EARAEE. KRGRALE
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&, BEEFLFEAERNE Co MAFLE CEEMTERIUN 0.02%), BRI Co
FEEETIPZIM. C &EME WC T, TRERTRERM C MM, BT C
Bg, REBERMES®E. Co iEMEEMMNBLBERHBNHE.

FK 8WC-6Co b FMEH MR ERE TENSE

Table 8 Quantitative analysis of WC-Co substrate with varies treatment.

Line Type AL PRI /% Murakami 4b2/% ERIRALZE /%

C K series 62.1 64.87 71.18
Co K series 5.9 7.27 0.02
w M series 31.0 27.40 28.8

KR, RERPALIR) WC-Co R & &R MM LR LK. MERBALE
JERER G R ARTRTNRAESRIA, BEARATLEANEREN, SNIAERS
@,m@46%momETﬁ$%MﬂﬁmCo&ﬂ,EmmmTﬁWEmWﬁ
WA, BEEJIIRE, MURMH. FHik, @damng SERVURENIE, ERRIEE

\

Kl 46 SRIGERNRIE GEAAERES, FSEEH
Figure 46 Image of diamond film deposited on the WC-Co substrate,

which was etched by the Murakami solution.

522 &RIA/BR-SIC EAEETEMR

ERTAEFR WC-Co REHHTIHEEMAR. THRHETIRE LTS, B
%E'mmﬁi&cmME,ﬁﬁﬁéﬁﬁik FERTRFHURIEG, H
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$RE  LRIA/B-SIC EAEIMH & LRI

#

YA, SKEREEE LG RAERIFNENIT/B-SIC EEE, 1ERRERIN
Feal, BRI RSE, WR IR
% 9 &RIA/P-SIC BEEAEBERR T ZSH

Table 9 Deposition parameters of diamond/B-SiC composite films

SR E/scem
AW S JE/mbar AKEEM PTRERE/C
H, T™S CH,
4 30 650
4 40 700
400 20 4 6
4 50 750
4 60 800
4 5
4 10
30 400 4 6 650
4 30
4 50
4 2
4 8
30 400 20 6 650
4 12 '
4 20

5.3 SKESHXENA/MLEES & EREANTNT

B 47 NRRAETLESE FIRSNIA/SC 8 A4 BRTRH SEM B, B%1E
WF, BT Inlens BFA I =K T EEERAR, WSS BRI RE. &
FELBART (MPCVD &K &RIE NS4S AARMENZIRET, FHILE
Inlens R FERIGHEETS. EHEABINELNE, BEHIRE p-SIC.

472 FPUARLE 77 30 mbar FA S SEM [, R &RIA SRR T REEK, p-SIiC
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AT ERIE SR MR, SNIA SRS B R/ NS RER S, #4) p-SiC
At G L I SRR, SREXSM 0 TR . B-SiC M &R skt 1R A Ak
BT

47 AFESETRERIA/P-SIC B4 SEM B (WC-Co F4K), (a) ~ (d) 45
J95JE 30 mbar. 40 mbar. 50 mbar A K 60 mbar HIHE &
Figure 47 SEM micrographs of diamond/SiC composite film deposited at different pressure.
(a) 30 mbax, (b) 40 mbar, (c) 50 mbar and (d) 60 mbar.

HPRUETHEE 40 mbar B, HE5EBEPERIA BRI, B-SiC 4D,
WHRER &, BEARE, TFF B-SICAK. RRFRERS, By REEEFT
PR RIAE R H R FRAFIED P, SBE Uy, SR TAT B R0 B 2 Sk e LA Skt
FAETR, BRI AZFE . BB LRI SR ST, SRSTEHeE. |
EXTARA DAL B M B AR R L, MBER A IE =M 01} &,

TIRAUET 2 50 mbar B, S SNIA SRR T KE TS, SRR
BONIIS, EREREBENL, B-SiC & EE D MR KIH SR AR EE FITHLE,
HEREHHm KT E 47b P E&RIA SRAE LT E XU 50 mbar FYIAEIESNIA &
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KRB, RN SRS LENMRE SRR BT FAT Rk, B EX AR &R
R LR A BRI . MR R B-SiC Bl RSBV, IRE M T S NI bR /] s R AL
HEBBIK. B-SIC MR R HKAEAGK, FFRIIBHEA,

ol

48 A TMS REIARERIA/B-SIC EAHE SEM B (WC-Co #45), (a) ~
(d) 2 FIRYIF TMS Ji& 5 scem. 10 scem. 30 scom BAK 50 scem B (R4 I
Figure 48 SEM micrographs of diamond/SiC composite film deposited with different TMS flow rate.
(a) 5 scem, (b) 10 scem, (c) 30 scem and (d) 50 scem.
WAAJER 60 mbar I, RS ERIA SRR E KK, THREIRIRL, B
& RIA RN AK . BERRTRRKERA AR BRI, TEREREN
(100) & (111> fH. &RAARBRZFEREKR, ROBFEERE. EHREE
I A aRBRRE, £ EDS HHA Co ik, XAl TEERERS, 1§
KT #EAkT Co 8, VREEF, Co BEYBEMBEREMAE Co e, W
T AR, AR TEERSE AR, BB RRE, TURIAET&E
BARTT UMEE SR A Sk K, (8RR 306 B-SIC AR AKX TR E B TEREAS,
SRVA SR A KRR, REAEERTY B, f B-SiC SRR ELBZFKK,
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T B-SiC K&K, R, BEMITRRE LS I RBEATH Co TEKMTEY B,
RSB RSB, PR RAE KN E &, TS ER 5T & AR E LR 5,
FEfa 8kt th, YIRUE /13552 7 30 mbar.

Bl 48 AARFE TMS WiE FEAMERE SEM B, A AR TMS TR i) g o
EWAS B-SIC HILBIREHBEN, TMS RERKN, BEGTEERENIA,
AR RT BN, RBESK. 24 TMS N 5 scem I, B-SiC B8 D, HREHHTFE
WIEGERBORE 18], W 482 Fm. MIRMEILAATLUEY, E4EEILATLES
RiED, BAfd WC SRR RFR AT N, BB ERE. X TMS HEHAH 10 scom
i, NI ERL, &8RK, B-SiCHMFIHE A (B 48b). % TMS 9 20 scem
B (B 4720, B-SiC HHETLLFIE R, FRBI%E. &R SR E, &REERE.
WA K B-SIC BAZHEE, EARERT. % TMS MEHAE 30 scom B, &
BEFJLFEEA B-SiCo A EMZIME WC SR B BSUHE, 7TLLRI B-SiC &
RAERARFLIRA EERE NIRRT B, 85— B i 2 5E p-SiC N Ekd
J¥o fE WC SRR AEFLIRIX, B-SiC FLRE W, TAE WC Sk 8] i FL IR X 458,
AR L . TMS W EIKZE 50 scem B, MRS FE A B-SiC Biki. @k
HFLIF RS, WC SR, IR &4 KRR K. B-SiC B E
EEME, TR TERWERE, WA T READHHILIR. AT WC-Co FARFTHIL
Bt Co FTE TRELIAEN, WK, FILER LK RS TLINE
7Eo BARIAFT TMS JE IR B B3 KRR £ KR 3, WC Bk SR 40 BR AR R 7T 0,
R i R 5 T E 0] DAL T R s & RIA K B-SiC HE I ELs g B 19

Bl 49 AR R IR E TR R GRS . e B9 2 scom B, &S
BN B-SiC. BITHRZEMRM, EFKMA N WC SRR, £ WC RRKE B-SiC K
BEZ BB, TE WC @2 BILRAK, p-SiC BERSKARNEALTRL, &
KR XTATRER M T B-SiC £ WC @AFLIAA MR E KT SE, 56K 48c & d
FRAESEAL. WC ShRIFEER 1) B 25 BRI R 58 44k B-SiC Bk M FSIREHAZE 8 scem
I, AR T KB B-SIC BIFERURL, HRHEUN, WEHSRA S BEREA, B
RIMEWIAEL HRESEMMRIRTT IS E WC BRI ER, YRR R fese
E8m WC EAERE . XU R RIRE MK, HoR v SR M KR, Al
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WREBRZE 12 # 20 scem B, &RIAHSGHMRAAERL, REGRTERE,
i H R SR AT A5, HILRARIE & 1 B SBORL . X T RER B T U eI E
K, BRESTREERE, wiEE, MUELERRRESNG, HEXTHE
FErRAES NG BRI L], TR . Fk, AR R RIRE, A REUFA
WE AP L R S

!

M

49 REFRREVTIIRERNIA/B-SIC B4 SEM B, (a) ~ (d) HIATERF b
W& 2 scem. 8scems 12 scem & 20 scom B FRAF a
Figure 49 SEM micrographs of diamond/SiC composite film deposited with different CHs flow rate.
(a) 2 scem, (b) 8 scem, (¢) 12 scem and (d) 20 scem.
BERASHORERORSIFTON, & LESENEEERENTHAR. N
T RIFEGEMISAE, W& FEFR3EAT Raman R, FESHTE R SNIA AR
TR SRS LE -
B 50 HARSE FIRERA/SIC A #HK Raman BlHE . ZPTHRSED 30
mbar B, SRIAREESEL, ERERKN, WHERDSRIAHESRRERE. G
R, WA sp? A BRE. WA, AT 795 em™' ¥ B-SiC ARRHEIEE N
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SRR R GEES%. BOLSHREAEERTR

%, WHEHE - EERNRUEM. SUREIA S, SNAREERE R, A
WAk, BRYESNOASERRERR, ARTENAEMAIR. SEFSE, Bk
BEFFIRIG TR M AR 5S, WAISET Rl MRS NIAMR AR, B B-SiC ALK Z B4
fille XHE 47a~d SEM EERFHESTARST . WA G WM SR TR, g dES
R B & AR

Diamond
G band
s
[$y]
>
=
e}
[}
=
700 1050 1400 1750 2100

Raman shift (cm™)
B 50 NESETURE A EEM Raman B, HA (a) 30 mbar; (b) 40 mbar;
(c) 50 mbar & (d) 60 mbar
Figure 50 Raman patterns of diamond/SiC composite film deposited at different pressure:
() 30 mbar, (b) 40 mbar, (c) 50 mbar and (d) 60 mbar.

FIHMEL A 1140 em™ O HIL—E50E . BAT, ST3TZIERTHRENE, AE2%
FRN T AR BINAEERKRERATEREIAE. TIRHE Nemanich 218
R q=0 FEFEN, BENARTHATRK, W g0 BAFIREETEEE T,
BN 2 B AR T RR YR T R B A R B 2 ¢« Ferrari 25 U5\ s 2
I I R & NI B A sp’ 24k C-C 3152, 54h, sp” 244k C @HRIRME, 7
A WO BASTEE N BN AR . EF LA EIAIR, Ferrari & N5 FIG 13 T 2 B 2.4
v, RRCHTIEEPTRALRME. MG, Pfeiffer & N0 AR F ALK SR
£ H) Raman ¥, 3E T 1140 cm™ $FAFIE B R B 2 L IRBUT R 31 2. RIRT R
B, ZAF LR SRR REAREEA G mE, QRIS HXRERN.
HUIL ATz T ZERE T REZRPOTTER. XE SEM B, TLLRIE 47b K ¢ 4
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BHRE £RIA/P-SIC FAEEMNE %K EERETT

RIA RRFETE M B P72 Bk L 28 TR T LA FE AL 4 B 28 B S AL TP HE O W
25 sp® R % LI AT RESRIR . BT 1140 cm™' ACIEARRBREERA R, WA T R
RZSMEERK, ESEIAT] 60 mbar BH%, XAAERMT &L T &R &R
Rk, SREREAKRLET, SRttt RS REZRITHRZ B

Diamond

G band

Intensity (a.u.)

700 1050 1200 750 2100
Raman shift (cm™)
51 AE TMS e T EA4HER Raman K3, (a) 5scem; (b) 10 scem;
(¢) 30scem K (d) 50 scem
Figure 51 Raman patterns of diamond/SiC composite film deposited at different TMS flow rate:
(a) 5 scem, (b) 10 scem, (c) 30 scem and (d) 50 scem.

51 HARF TMS s T E 4R Raman B, 2 TMS fEN 5 scem Y,
Raman J6i 1332 cm™' &RITIFEIEHKIE, WHSRIASERRERIF. 1580 cm
NEBN G, BEFRT, EET s’ REBRE. BF 1140 om™ HITHYIEIRIE
55, WERREZRERED, EEREAREE. X TMS MEHKZE 10 scem
i, £RIA 1332 om™ RHEIEEA S AL, WE TMS WMEW K, BETERSDERA
g R R E. FRAEMEN G EHEXREREMA, UWHERNHSMAEESN.
TIZE 1140 om™ BHEFIMEIKARTETE, BAET SEM B &RIA i R B ks S
W TMS B — 5K Z 30 scom B, &RIA 1332 cm™ RefEig#E— 2 sk, EEH
SRR R R B . G U RN, W I b G A & BN, 76 795 om™
B R B U B T A R B-SiC A BEIK. XTELE S0a ATHI, 455 20 scem iE
TARE, 4 TMS EEIX 50 scem I, &NIAKFEERAE G 1§, B-SIC
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ISR, WIZLZ T TMS WEAR, Bh T EEFERIA K B-SiC 4 &
SRR, XWRRHBT TMS IREREN, RESALRESK, SEFEREER
TENTRERIK B HeEBUK, SRIATRSHTBMEE. T TMS WREERA 4
WA BB REE, FERS B-SiC MABRIBEFEH. Rk, TMS &
=X ENIA/B-SIC HIEMTIIRRIER. B EE TMS &, o LUEHIE 4 # SR
ERIES B-SIC N EE, LI T EAERETFEHENERE, FRHTERLEINSE
ST

Diamond @G band

Intensity (a.u.)

700 1050 1400 1750 2100
Raman shift (cm'1)

52 ANEHREERE T E S HEER Raman B, (a) 2scem; (b) 8 scem;

(¢) 12scem K& (d) 20 sccm

Figure 52 Raman patterns of diamond/SiC composite film deposited at different CH, flow rate: (a) 2
scem, (b) 8 scem, (¢) 12 scem and (d) 20 scem.

Bl 52 AAFEERTE T E 4B Raman B, H¥EFRRE, & #E Raman
bl 1332 om™ ENIAREIEIIER T, SRS BRERE. A 1580 cm™ &
fAEN G IERER R, NHERTABRSESWEN. FlREERA, #BEbe
R (5 i A (R K, G WA SRR W B K, e SR S B, 24
MEH—FKE 12 scom FHZ 20scom B, &R 1332 cm™ $HEME H AR, 45
NERE B FEU XS T XaaeR T WC Bk 54N A K 25
MZEBKR, BESERAEZRER ) KR —BfEHE. FrE#EET 795 cm™ BHE
B-SiC IS, TRERH T HRIESNIAHEEBRK, BRIEEE RRERKA, &
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BT, HEEREN 4 scom I, BEGDESNIGEGRERR. HILERESE
h, EEFIERE 4 scom FHITRE

5.4 &RIA/PR-SIC EAERERE KSEMTH

Bt L EFEET, EEUNEE 4 kW, SJE 30 mbar FIFHE 4 scom SHEOHI XM
BT TMS FE R H 8 4B & RIA R B-SiC MIELE. BT e TR
WA, BINE A TERNERE, AE AN, 25 UARLEIE SEEENT
BE, BIR LGN TRESRA#BEE A5 H3ER TN, BETIRTZSHI
% 10.

#£ 10 &HIA/B-SIC EATERRLESH

Table 10 Deposition parameters of diamond/B-SiC composite as buffer layers.

B AR E/scem
e At h#E/kw R JE/mbar A=K [8)/h
H, TMS CH;4

DS-1 5

DS-2 10

4 30 400 4 36

DS-3 20
DS-4 30

5.4.1 REREBEFIR SEM 2k

B 53 NERIA/R-SIC HA4EEAERR TMS JE TUAR 36 h Y SEM . TMS
WERA, FoWET pSIC Rk, FEK 6h EARML, KNMTREEH
ER AR BRI, ZAMCKSE, T B-SiC M ERR/MRIAE 9K, R
LR REARRRBERE, BHERTHATHE 6 h EKESHE. 4 TMS &
%ﬁ,%ﬁ*ﬁﬁc@%%ﬁ#ﬂﬁ%ﬁ,Eﬁéﬁﬁ$£%%ﬁo%TMsﬁ§%
KZ 30 scem Y, WAEH B-SiC EAEELEM, &RIA SRLHRT B-SIC Rk A, X
E%%E?TMS%%%K,&&C:ﬁ&&?é,%ﬁﬁ%ﬁﬁ#%u&ﬁ,ﬁ%’
DB AR B A TR . 5F% TMS RE TR 6 h EEER (B 48X,
K 36 h EAMPANARSER, XEHTEEKYY, SRARZEKRE,
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ARLEUD, FREAEKREARTE. T B-SIC HAKEZ, EKEN, 1% TERE5
MRRLRAE . LRI AR, SRIA SRR TER, SRR R S RET. XU
KA RIS R S, SRA SRR 8, SRR, R EENIE BB,
[F] B < P A o BB 0 AR AR B A S A ok T 3 7 AB AR AR KRB SR 2 T8), 3 T
EREEBERKAER, BT EETSRAHNRE. RAWMRESE KA,
ALK,

53 AFE TMS & T &RIA/B-SiC B &4 SEM B3R, 45 a~d 23 3% R TMS
ME: (a) Sscem, (b) 10scem, (¢) 20 scem & (d) 30 scem
Figure 53 SEM Micrographs of diamond/B-SiC composite film deposited at different TMS flow rate.
() 5 scem, (b) 10 scem, (c) 20 scem and (d) 30 scem.
54 H&EWIA/B-SIC BAHEEEE SEM B. HEA, X4 TMS REN 5 scem
i, R EEAREKHERIA, B-SiIC T &RIA BRI, BiEH gk
B-SiC EMITIRAEK, S5E&NIAFRSEKERT. KE B-SIC WAEENBEKITE
. @RIAEKER, M T ES p-SiC FfEmMA K. XS5 B-SIC ELNIA SR
AR IFCR, R E%E. TMS B KE 10 scem, WD B-SiC HLEIE K,
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AR R, SRR KRS Z IR, TMS JREDY 20 scom I, HRH p-SiC
thFER SR, RNEARENE. H TMS REMAN 30 scom B, HEF B-SiC
HEM, ERESN. ENAEERD, BERKERERREFRNERE. B
HREAE KR, SRIEAER B-SICARSAEK, FFERTN, BT RAENERRER
SEK, FHILENAR RN EZAERGLEN. BT R E, p-SiC BILTEH]
A RBERSIRE, TREARAR, SIEK, HTERRRML, FHERKM
WESER, RS AEE. BRI, T RIS R AP S
B,

(b)10 scem

54 R[F TMS F& T £&NIf/p-SiC B4 B EATT SEM B, %85 a~d 7B B TMS
WE: (a) Sscem, (b) 10scem, (¢) 20 scem f (d) 30 scem
Figure 54 SEM cross-sectional images of the diamond/p-SiC composite films deposited at different
TMS flow rates: (a) 5 scem, (b) 10 scem, (¢) 20 scem and (d) 30 scem.
HE 54 iR, BATUEE, TMS MEMSCE, HREFRRE R R RZMIR
o WIRA KIET T34 WC SRz RRFURE, BfRLRIMERIFERGRER
PRSI, SRR BT —EOIRSERR. A5 AR TMS i
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BEUTREEE, O WC BhRTE SR B E R, ¥ Co ZIME WC &KBH
KA B RRABhE% .

SHEMEATAL, B2AIERTA WC R BRLZ A UK BYK TR, BB
WC ERIZ (B AR ANF TMS J & T FHEE A PR E. B 54b hH &R
[Xig EDS T IH S EF Co sk (B 55 ). MTHEIEY BRI
Co Bz, JLFLHEE . ALK Co B2 NEARIRAL Co ML FITE K i 8 B B 4%
REED BT HMEMN,. FEERRY Co B8N 044 wi%. HT EDS 4 Hi BT
NEF—EFBRE, TEHRE Co TRAUNLTK, EILEE BT RRHT
FHKFRLH Co MEFFE & 2. S Co FHLAY A AEAER LK Co 7 WC E4k
FEZ WC SRRy B Hofh =AM H o Co B9H BUE A SR, RFER .

vy, C: 20.18 wt%
S W: 79.38 wi%
(O] Co: 0.44 wt%
N
w
(ol
O
Co
H
. W‘A‘AW-*

Energy(keV)
B 55 & 54b ARG E Xk EDS i
Figure 55 EDS pattern of the white circle region in the Figure 54b.

B T AR BN AN R AGERESN, AT LUEBOA N E & E S 4
AIE S B-SiC A4 K. EEBEFRREE AN &EH 5. FEIarUF H44H
AN REPRERAN & &, URREANEET B-SiIC WEE. B 56 A
TMS ME TEAEE B-SiIC FHESEE. TMS FEH 5 scem BKZE 30 scem i,
IR B-SIC I &M 12.6%. 23.9%. 44.9%K 68.1%. B B-SiC 4 EFLIL
R MEELMEMRRECN 0998, WHZA@mELEM. TLUAK, TMS &
=R, RFET B-SIC MK, MHTERMAHNERK, SEN LRSS BN
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B8, ERLEEMHT, WHAEKERSNMIE. FikiEd TMS RERHET, AT
S AT B-SIC WERRESSE, FSRIAREKIFEREEZEH], XX
B EHRENEKBOVER,
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B 56 K TMS ME TEAMHEY B-SiC NiFET &=
Figure 56 Percentage concent of B-SiC in the diamond/B-SiC composite films.
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57 &RIFH/P-SIC HEHE XRD B, HS a~d 53X B TMS #iE: (a) 5 scem,
(b) 10scem, (¢) 20 seccm K& (d) 30 scem
Figure 57 XRD patterns of the composite films deposited with different TMS flow rates: (a) 5 scem, (b)

10 scem, (¢) 20 scem and (d) 30 scem.

87



SRIG R GRS % . WO RE I F R R

57 A&WIA/B-SIC EAEBA XRD B, BT IR, 5 by 50,
BB AT S I NG A BN B . Bk b WC MIRIATHNIE IR &, X
FERHTEALEREER/, SRTFETHE, EEMOigegins. B
43.8° K 75 ACHT ST IEXT BE G RIA (1) S (220) ST A7t 1T 35.6°. 41.4° K 59.9°%7 5+
U 73 B B-SIC FI(111) (220) K% 31D EIE#TET. 24 TMS JEN 5 scom B, #HfEH
SNIA(IDKATH SR KT B-SiC(220) 4 TH IIATS 3R, KM X R AENIA,
= TMS B3R E M 10 scom HEHNZE] 30 scem i, SR (111) 56 AT 5 158 B Z W55
ifi B-SiC(220) &k HI HIATAT 3R B W K. PBARE TMS REM K, EA4EES B-SiC
HEBRLWR., XER#HEFEHSEAHNSER B
5.4.3 XPS RE ST

58 A&NIf/B-SIC HEHE XPS £ E. HE™A, ARE TMS HE TR
BIRRMEER Si. C X 0. C. Si FERFEFHEBHERE R B-SiC. 0 HERER
BTG . Co M9 2p U RS B EZEHIILE 700~800 eV. Fra LKA Co 4
RIERRH, WHEEEMEP Co TRIFRT MES SHBET.
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58 &WIF/B-SIC &R XPS iEE, %S a~d £ FHIXHR TMS Ji&: (a) 5 scem,
(b)> 10scem, (¢) 20 scem K& (d) 30 scem
Figure 58 XPS wide spectra including quantitative composition analyses of diamond/B-SiC composite
films deposited with different TMS flow rates: (a) 5 sccm, (b) 10 scem, (¢) 20 scem and
(d)30 scem, respectively.
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BHEE  ERIA/PR-SIC K& MEAH % X EIEGERT

B 59 NEAEME XPS Cls FAEIE . BRI Cls KBS HAXFR, EIH

il Lorentzian SEHHT LA . Cls EEREMEAMEMEP C-Si 8. sp” FUMIES

WA C=C 8L K sp® Z4b G5 C-C B4R, Hb C-SifE. C=C 8K C-C B
GELRE BN 283.0 eV, 2842 eV LA 285.1 eV. FUEITFIA shirley EHIBRE K.
2 TMS BN 5 scem B, sp® 424k C-C 8 (5 E6 9 59.9%, sp” 424k C=C 8 (5 Lb 9 40.1%.

EFE R C-Si g (5 ELARAR . 24 TMS BB N 10 scom B, sp® 244k C-C 48t 15 ELFRAR Z 48.5%,
sp? Zefk, C=C % &5 by 48.2%, C-Si 5 L 3.5%. 24 TMS REH K ZE 20 scem I,
sp> 244k, C-C %2 15 Eb 9 53.0%., sp? 24k C=C 8 5 LK 34.4%, C-Si 82 (5 H TR 12.6%.

U TMS B 30 scom B, sp® Z24k C-C 8 5 HFFIRE 39.5%, sp” 44k C=C &5tk

N 34.3%, C-Si 8 (5 RN 26.2%. 83T XPS 447 Ui TMS E K, B & # B+ B-SiC

EEHEK,

[ (a) 5 sccm (b)10 scc

C=

Intensity (arb.units)
Intensity (arb.units)

280 282 284 286 288 290 280 282 284 286 288 290
Bonding energy (eV) Bonding energy (eV)

(c) 20 sccm

(d) 30 sccm

Intensity (arb.units)
Intensity (arb.units)

280 282 284 286 288 290 280 282 284 286 288 290
Bonding energy (eV) Bonding energy (eV)

B 59 AR TMS IRE TR E & #E C1s R . I H 7 g5 &1 283.0 eV, 284.2
eV K 285.1¢eV ARINR sp® C=Si, sp” C=C & sp° C-C &
Figure 59 CIs XPS spectra of the composite films grown with different TMS flow rates: (a) 5 sccm, (b)
10 scem, (c) 20 scem and (d)30 scem. The fitting of the composite films C 1s peaks was carried out by
using Lorentzian peaks at binding energies of 283.0 eV, 284.2 eV and 285.1 eV which are attributed to
the sp® C=Si, sp? C=C and sp> C—C chemical bond, respectively.
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SRR R EHEHE. BREWEEIFIEER A

544 FTETTEN
(a) Backscattered electron i ma ing

5scem.

ST

Co mapping

10 sccm

30 sccm

Kl 60 RIE TMS BV E &#E EPMA El. Ea HEHUTER, Eb. Bc XK d
syl RTtE Cy Si k& Co M4 mE
Figure 60 (a) EPMA image of the composite films with different TMS flow rate in backscattered
electron mode and (b—c) elements distribution map of the corresponding specimen in the same area.
60 AR E TMS MEVIIRE &E K EPMA B, fEEHHG+H, RERBRAER
Si MFEEMAE Co 2 TMS BN 5 scom B, HERMEIRED MR RAE S TR
SREL A TR . BE TMS JEH K, HES R RURETE R, W Si nREEES
SATEINES . 1 C RS MERAN, & TMS IMESG RN, HEPHREGHRL6F
R NEE., BROEER0. WUHBET C TR EERHEK. 5 C nRxLf
RME AR, TMS MEE K, Si TR o0 - P EREE i R H A,
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BRE SRA/R-SIC K& XHERTA

———— e —————————————————
BT Si TR S BRBWIH K. EAD, FrEEES, Co tRXAMBEFT—HENE
5, FHRBE TMS MEM KA FEL. XM TMS 5ING, Co BRHIRTHMER
SEEEE. @it EPMA 47, AL p-SiC BB AMENYS, FRBNRIE
FE KBk . FERAREEE NS RE T EEEEN—8E, AT PTESE
WA BT A REVPN IR R S5

5.4.5 Raman 34k

Diamond

30 sccm

20 sccm

Intensity (a.u.)
i,

10 scecm

PEEN S Y L L§ 11 2 '] Py i A
800 1000 1200 1400 1600 1800 2000
Raman shift (cm™)

61 AR TMS W8 T &RIA/B-SiC BAHE Raman E#%
Figure 61 Raman spectra of the composite films with different TMS flow rates.

B 61 ARE TMS e T &NIA/B-SIC B A M Raman B . Gy R LEH TMS
FEAAERER 5 scoms 10 scems 20 scem % 30 scem B, £ NI BRFEIEAL 7375 d
B% 1336.0cm™'. 13354 cm™'. 13343 em ' & 1333.8cm s BT WC-Co EE 5 &N
ARk RBERRA, BSERIAREIRA 1332cm™ (RAERIAED KIRZER
SEIE T T8 R R UK S A SO BTS2 1S R 7. 798.5 em UGN N 5 & R H [ B-SiCo
MEE T B-SIC A BIMA, SNIFIBMKRAS, WHWHEEKIESY, SRIE5H
BRI R EEPET L. R G ek, WA EERE sp’ B, TMS
REWK, GIE&5E&RNAIEMENEELHEML, HHEETHHEERREMS, X
LB 51 F7RE TMS WE I 6 h H 4 Raman 3, 7 LUR LI (W] 0AR AR A
SRIFRFEEIE, DIER GIEHRMEEER, RIS aEEDERGHENS S

# K| F Raman ¥ E P& RIFELETE (FWHM) RIEENAFRE. HkX

»
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ERER SHER% . BOLG R R F R 50
AT Raman 3% BT 2GS, #—PWAR GEE P SNAMNEHEES, T8
AHEEFAREERTERAHENESR, DEERmE 62 fix.

L (a)5 scem 1336.0 (b)10scem , o054

Intensity(a.u.)
Intensity(a.u.)

1000 1200 1400 1600 1800 1000 1200 1600 1800

1400
Raman shifticm™) Raman shifticm™)
[ (c) 20 scem L (d)30scom 5054

Intensity(a.u.)
Intensity(a.u.)

1000 1200 1400 1600 1800 1000 1200 1400 1600 1800
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62 AN[E TMS B &RIA/B-SIiC B4 Raman B 54 &
Figure 62 The fitting curve of Raman spectrum detected from the speciman grown
with different TMS flow rates.

62 AANFE TMS i E F U E &K Raman i B IR A4 R . L6 G 1§
(1550 em™'~1600 cm ™" )R Gaussian $M&r, HAIESZH Lorentzian #&. LAE 62¢
A, WEGERF, 13343 em™ ASRIARIEE. 1596.9 cm™ 40K G &, YR
Bk sp® Bk R 11 NILAEHTESRIFRETIES R IEEER. X4 TMS RER K,
GNIAIEIEA ZEHT/N, BETRRENA, EEERH A, BT, T™MS i
EWK, BEGENIGHEERRES Neas. SARRBEES G IR EEm
WHERTIESNIAREEER, SRNAMSEREE TR, X4 TMS HiEX 30 scem
B, EEERATAN, GUEHNTRERK, 2RIAREERE. XAEHTES
HEPSNIASERRK, SATZERK SEENHREGHRETT.

AL, B FREKE Raman & & RIA — RGN R E, 7T DUl g
SRR ERIRRR T, BAHE AR A,

Onet = —0.567(w —vgy) GPa/em™
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EHE  RIE/E-SIC BAWBIIH & R IR

Hrh g, 351332, o NI HEE Raman & & b &RUA —MHAEEA . THER
RIVE & S RIE — B S e g B s, TR, i bR EE & EEDSNAHERR
Rif. BE TMS JiE K, BRARM JIH-2.27 GPa BRZE-1.02 GPa, AMAHENE 11,
B A EBRRER TR, RFEIHEREIE (2.1 GPa~3.5GPa) P4, T
BT B A R RO TTRIR B — B S — 8. BT BLACA B-SiC B3I ATEL
AR E AR SNAERERRN .

% 11 AR TMS Vil FURE & EE+ &RIA Raman AL, 368 98 KO EIRARBLA

Table 11 Postion, FWHM and residual stress of diamond Raman peak of the composite films grown

with varies TMS flow rates.

TMS Flow rate/sccm 5 10 20 30
Position/cm ™" 1336.0 13354 1334.3 1333.8
FWHM/cm™ 9.8 12.0 12.7 7.8

Residual Stress/GPa -2.3 -1.9 -1.3 -1.0

oW R 4 RIA A R TR R T WC RUBIK RECKT B-SiC K&NiA,
BB RN AR . SER IR, SRIRENAR. B p-SiC EE
i, B-SiC Bk RTHA. LBEAANBIREN, BT p-SiC ABIKRENT &R
A, Fibh p-SiC Bk m BT £RIE, R EER. ZRNSEN
% IR R VE A A R SRRt T R At 2= (). EL, B-SiC HEMA, @k
SFok, AFERBERABRRIOERER, SRIAGHZEMIE/D, % TMS &
WKZE 30scem, EOTERP B-SIC MRELAE, £RIG SR T H. SEmAE
B, B-SiC BB KT ERNIA, RIS .
5.4.6 TEM Z549 53 #hr
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63 &WIH/B-SiC BE-&HE DS-3 #5411 TEM B, Hd (a) KN STEM &; (b)
NEERZE; (o aFAGEREXE EDS; (d) A a B EEE X EDS; (6) A
a BIEX BFATHE: (O AeNIAEHERSHE: (g Jp-SiC marE
Figure 63 Plain-view TEM micrograph of diamond/B-SiC composite films deposited at 20 TMS flow
rate: (a) STEM image; (b) high-magnification image at bright field; (¢) and (d) are the EDS patterns of
the points corresponding to the marked zone with white circle and black circle, respectively; (e) SAED
of the composite film; (f) and (g) are HR-TEM images of the diamond and B-SiC in the composite film.

63 AENIA/B-SIC &K DS-3 #4h TEM B, HE 63a fLAFE 1, EhE
RIB SRR ST ARHCKR B R, T8NNSR a0K . BUNO YK B8R 4 A
THORG AL Z 18] HE 63c 1 d i) EDS far AT 40, KR EERS £ C,
CLANE N ERIA BhL. TI/NBRLE 8 C K Si, Ho B-SiC HfE/Naki. B 63a

94



BHE  £RIA/P-SIC & EBKHI% X EERITT

#

i B-SiC XM 5 &R A HRREHERK. XA HEHTLNAERELR, BT
B8, B-SIC HWEMARRA, BTWERK. S&HHPERIG KRR B-SiC
R, R Si BFFiEs, BEEER SHET AR LEFAHE. B 63b
B3 AR T 4RI UKL B-SiC Sk KRB . X AT AR BT B-SiC MR
N, BTFREELERTSE. B 63e N b BXBEXEFATHE. EEPZHA
WM ES R SRIGH B-SIC WL HK. B 63 H f MRS HEERAERIAH
B-SiC & R BB -

5.5 E&EESEKFRSASH

TR LA R A R AR AL R 4 A DA R E R R AR KRR, X
DS-3 Bf i R S HRHEBEAT TEM 7347

B 64 AENIA/P-SIC E-4HE DS-3 £ 5 TEM Bl mETH, B&HRSHEH
A& Rik MFEIEBN AT, RE2 MAIIRRGERE, SERF. B 6d4a F
W IHAR T LAE H IS R A — I X, KgAK BRI, HESEHS5E
54c —3. ZHNEXE, EEEIUAEOEREEKSENE, HRHZAFEHRRE
PR, A TE 63 AT, WK ASREIRCA B-SiCe RETHRF B-SIiC
B S 4RATRRIAKESEN. £KEES, SRAERRES B-SiIC AP EK. &
RGN G R B R, R, 468 53¢ ATUERAEREREL RS
100 nm JE [, JLEEAFIFEARESNIA , 32 B-SiC M, XA BEAE KT, Bfkh B-SicC
R, T WC ERISMREAE A ER. BEXT 100 0m &, &RIA &
RRTRR . B3 R REE L E A BRI ZER, BT TEKBTHS, PR
ARAEKH EBEEEER. B 64b 9B 64a PEEER A LR B TAT L, Rifl
FEERERT WC SR TATSHTE A, RN BT 8O0 Es AT, 2oy -SiCUD
T2 ST . AT E WS, WA SRRTHSND, ERAER
%,
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WC-Co substrate

100

200 30
Position (nm)

B 64 €RIH/B-SIC B EIE DS-3 # M EIH TEM El. H (a) EEFGHE: (b
SR A X% X B TATHE: (o) XA B RIUEX B FH7HE; (D) I EL EDS
LR (o) REMESFE: (D B XEMEIHE
Figure 64 TME images of diamond/-SiC films. (a) bight field, (b)SAED of zone A, (¢) SAED of zone
B, (d)line scanning partterns of the red line in image (a), (¢) HR TEM of the interfical layer and
(f) HR TEM of B zone.

B 64c B 64a 1 B XM B FATS BTG . BT A0MEAR 0 WC RIAT S B A
K, @NAMTSFRHN. 5 p-SiCHTHHARE, SRIARTHIFFEHMS =M, UM
B KB AR o R BR300 SRR S BUIE . AT K I, Bt — 3
SRR EN, HATHHE 5P RS, BR&NIAR B-SiC MBI NATHR, Bt
WMERAP PR Z BE, B ERNERE. B 64d PARL MK EDS 417
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BRE £NIA/M-SIC EEEREE & IR

#

A EE . B Si RE WC EEIRERTEES, $il] Si tRKEY HE
WC gk, HIRE A LS W nR & — . Co MRIKREE WC Bk KT HERA,
M C AR K. W Co FEREEF LMY HUZR] T M

6de FNIEEAT A RIEMNEAHE. AEAFERENIERE. EIEFHE
th, FEDERTEREL, BN AT AE R RSN IGK B-SIC Fik. Fi
BB B-SIiC EHAMUA LA, B mBENL, THEREKITE. WHAERGE
VIRBIBHIBTE, B-SiC AR, RST/h. BigEFFRETREAEKR, e
AR T ESE%. BT B-SIC AHaEM, TMS SRENERRAZS 2, AT
K. B-SIC MEBEELTRKNEE SR, £E6KM SEM 7 LA FIRMERELLH
B-SiC BIRER T8k, (EBIE K/ SRR U 99K, FFRAEKIAR R X
VA 20 scem E T, SBE TR Si B TFFWRERKR, NAT4ERIKE B-SiC. 7E
AEART B-SiC, TUEBENIASEEL, HHTEER WC &KRmA+40KR L
A ENIAER, VIRY BERmA Co MIRERIK, FRIEENARER SN,

B 64f HE 64a ' B bE . BPFENIAS p-SiIC HEHERAKXR. &
AR RIS ERARE, X RERAKIEFRZMTLEMEER . KEIFRLSEE
ELEAR, XA RS R R AR 25K, MikAE 2L BB MM . e BAE K
Z 100 nm 5, &RIBEHATHRTESFGEEIL, AN SERAERSZELEKERX
Rt

B 659&NIA/P-SICESEESWCR FEATEME. B 65a A ESTEMIZ,
R T R T RN A . B ABE, NEAEFLRSSRME. WHWCHHL
R WA TR RN E S EENTTR. HEENah A RERAEBCKE, WA
MAEXEE. B 65 b~ 3 NtECo. Siv WECHEDSTLR G AMEl. Cofty oA &l
VHAWCHEBIPCoM SRR A, TS AW TE K, A RDERCOY
FEREAE AT E M. B 65 cFSIFAMMA, EEFSITRETERE, WHEEDT
FEREASIT HERE AN, BEEHETSIESRIE, XEHETR-SiCMHALN, BEK
FWCEENIA, ETEEERg A, ZRER-SICAMMRE, FHSiESTHE. B 65
AP WL AW, BRI RS S RN B #. CTUREFEBR T3
FERTFWCERL—M, & RS SEPRIE L.
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SRR R EEERE. BRI

65 &RIA/B-SIC BEHERS WC dR R EmR 240, H (a) A STEM £&; (b)
~(e) 43K Cos Siv W EC TESME
Figure 65 Element mapping of the interface between composite film and the surface of WC grain in the

substrate: (a) STEM i unage (b) (e) are the EDS mappmg of the element Co, Si, W and C, respectively.

B 66 &RI4/B-SiC REHIRS WC Skl &b n R 07, Hedr (a) y STEM 4
(b) ~(e) 7354 Cov Siv W K Cnkufl
Figure 66 Element distribution of the void region formed by etched Co binder in the WC-Co substrate:

(a) STEM image; (b) ~ (e) are the EDS mapping of the element Co, Si, W and C, respectively.
B 66 9 WC it I FLIAMBEALTE R 34 . STEM BB T 56 EEAAERCK
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e e e e e ——
% WC SRR TAE, MEAKMIERT WC ShilafiE, H57LIREZLK WC &
Bt S RIT, THENREARSEG. ELREEXE 500 nm, E-&#E AL
FEEPAR, R AR TS E X R XX TRES S IHRRARNE RA.
FLIAA SRR R E M E AN, BELEEE, JFRE THEN LRGSR
K. VLB WC-Co 4k Co BUEME B T MFLIAF R ME S EHVIN. B 66a
EERNRARERAERAE, MAHIEXEE. B 66 b~e 2AINTTER Cos Sis
W % C # EDS oA E. EDS WL RATLIER, Co M4 mEHM WC #bid
Co W&EBEE, MAEILRALE —FRER Co Bk, &4E 66dH W KD, fL
RAEAE W TE, % Co Bk FFAEMmisi WC BT, TR WC @fit
JEATR BB Co KEZ57I LK WC SRLE 7 Co y#E k. B 66¢ H Si KITLR A
BRI &, Si BFREBY8E WC ik, MUEHAL, TiERN WC EHLA .
FEFLRNEE ST —HHATRSRE WC 4Ry 8 Si ERTIIRL, e
B i TiZ AT 31 E . B 666 C RS AT UL HA T FLIF AL R UTAR AR S 4 S 38,
AFET BRI

2= FETR, TEWCEM L, SRIA/PR-SICEKTRESF, SiCTEEMAEWC &L HREE R
RS, B-SICHIBI NG HIETE T Coliy #. FEWCERNZ AL, Co
BRI B TR E A AR, THENNCo I T B4, B ARH—D
P REESEES . HNEMSIEASIT: SBZAENWCE, ERNER
FPEMANCH:%E T HESNAF FREFHIR, MIMSEER TiEaiE,
H &R RP-SIC, TBZJE B TEUARENL., HTMSIRERK, KEH X%
TR-SICEAREBIEK, (ZET KEHIKB-SICARIAL, FHRENP-SiCRIHBHL
TMSIRER K, B-SICBIEHR K, (E-SiICHRMBIRTEUAKR. EKIRES, BHT
BEAREEE, Ea Mt KRB SR TR MY 8B B ARE, HIhCo/mE T
W, BAWCEARRNE, FHZHYT HBIWCHEI NI HTSin 5 CoBiL&Y,
) T CoRIF HLo

5.6 TEERIGEIRE S 1tkaE

5.6.1 MEENAEREKSRAGHSHT
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SMAERGEEN &, OSBRI FEETR

AT ENIA/B-SIC BEBIEEANTIERERHENIAIEEILSEE 0, o
AIZHUAFE TMS ME T EEVIRSEENER, #ITAERIAERE. PR R
F10kW, SJE 70 mbar, FHLEIRE 3%, JIFL 6 ho

K 67 MUIREHERTE SEM B. FHFERAERNEEEE (111D K& (100)
fr il . B ENIA R RS ALK, AL, SR ARERHE, EWEE.
EBRERE, FRERAERE Co FREEAAEY, NARKHKE BERIGEE.
BUE IR S00LIE 3F 2R R PSR A 5 LR B /N g7 20 190, ik — 2B Ui 4 NI
£/B-SiC REHRME TR, 7T LA 206 Co M8 IRmeRIaBRE KR E.
FriE B o8 DS-3 EEARERIAERESE . i B rREmes a5 iz Es
Bl AEFR.

67 TWZENIAHERERR SEM &

Figure 67 FE-SEM micrograph of the diamond film deposited on the composite interlayers.

68 NIV ENIA XRD B, Bkt WC ERIATEESRER A, WS
LFET eNAEESRT EENATS. BRERE (1) B ERERs, e
BN 030, 5 Si BERSHFRERIA (111D EATHELESEME Y. BRIz 4,
FARAEE Co Bl Co thEMMRATHIE. 754°FT51& 58 NIA 75.302°0) (220) I
PAR WC (200) ST 75.477°U 8 0400, (RIAT LA ZIE R RS B in. Ht
EEIR AT IS S Z B2, RERKR,
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68 THE4NIAHEERE XRD &

Figure 68 XRD patterns of the diamond films deposited on the different composite interlayers.

B 69 REE &S EERERIEEERES ZKEF SEM BHEHE, %% a~d 7513
ROTIEE TMS JiE: (a) 5scem, (b) 10scem, (¢) 20 scem & (d) 30 scem
Figure 69 FE-SEM cross-sectional morphologies (In-Lens model) of the diamond films deposited on the
different composite interlayers deposited with TMS flow rate: (a) 5 sccm; (b) 10 scem; (c) 20 scem and

(d) 30 scem.
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B 69 NARE & EERERIAERER SEM BEE. 8lERTi%kE
CNTEEN RN, B WC Bk, £RIG/B-SICESTER (~1um) URTES
WIERE (~8.6 umd. K& 69a & b FEAEZIAEMW T, XTTRER B Uik
TMS Ji &/, Ba#ES B-SiC &80 S ME 41T E 5T SNIA R B ZE /N,
FEANERE. TEERIAEESE SR, SRR ESEH, ERREERT
FRMITUR MU RS AR L. @I R AL K VE IS, JERE BIScHtpie &
i) Co ¥ HUEIE!™, VHILEEMTRIN, A RINH TR Co My 8L, MR
WZEERABERITRRE. B 69c & dHHEALATARERR, TUERES
IR SRR, EREAHRRIIEE SIS NIABEERL, HEE
L EEERE . LK &RIA/B-SIC EA T ERETERIA MRS TTESRIA
TR EET 3 B RAZ 251
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70 NRAEELIEETRSNA B R TS E SEM B, %% a~d 2 HI%TR
R TMS Ji&: (a) Sscem, (b) 10scem, (¢) 20 scem & (d) 30 scem
Figure 70 Backscattered electron images of cross-section of the diamond films deposited on the
different composite interlayers deposited with TMS flow rate: (a) 5 scem; (b) 10 scem; (c) 20 sccm and
(d) 30 sccm.
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B 70 AARRE A TR R RIS B i K. ERERT
TESNIAMEELEZERET, SRIAHERBZEIRE Siv Co FHAMTE, WHHIT
HIESRIAR, Co Ry HETEERAERES. HTER—-TZSHIH, 4~
FIE B R A AR B 70c & d R UEITEENRERT
TE&RIAEET/NT WC HEiik, XREBF TMS fEH 20 scem K 30 scem B IR
R B-SIC & BEE, &t Si nRIETEENERR. RE—DR
BRI R VRN, AT LA G 4R Co P 8L R TR SRR B VIR & .
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B 71 REEESERRER A A Raman B, fi 5 a~d 73 315 RLE R TMS
WE: (a) 5scem, (b) 10scem, (¢ 20 scem K (d) 30 scem

Figure 71 Raman spectra of the diamond films deposited on the different composite interlayers

deposited with TMS flow rate: (a) 5 scem; (b) 10 scem; (c) 20 scem and (d) 30 scem.

B 71 AREE ST EERE NG EEAEM Raman B BT RAR TR M0 &
MG ISR E 13382 cm ™. ARRIHERE A VTR SRR RS F 13382 om™ 4bg
RIS BRI, 24 112em™, HI8ES GEREHES 12.5, ERPER
FRAES R, &RERF. IAERERIAREGES HB RS, XATHR T2
SREREIKZRERBR, SEEHBEERANAT. BRAEELEET LS I
RIESNIA MR AR S, BT IHZERAEEEEECR, B 780 3R
JE AR R AR
562 &RIGERSEGARSS N



SRR MBS % . BOLEHRE /I F TR

72 ARAREEEREVIRERIA EERE KEIR (60 kef INER) 5 a~d £ 55T
BEE TMS i &: (a) 5scem, (b) 10scem, (¢) 20 scem K& (d) 30 scem
figure 72 FE-SEM micrographs of the Rockwell C indentations with a load of 60 kgf on WC-Co
substrate with the different composite interlayers deposited with TMS flow rate: (a) 5 scem; (b) 10 scem;
(c) 20 scem and (d) 30 scem.

LA = RI7G/B-SiC B & MR I i B IR T Z 4 &R0 RS, I A R Rk
(TESTOR 10700 #t—B 1M &NIAEIRE S S B 72 AEREHRE. HET 4,
72a PERIGHEFEERVE, WC EERXERFHK, Ui TMS HEH 5 scem #
EHTEE, FREARBEBERESES . B 720 FERIAEERARREHTE, |
FIFEHRT /N T a B, REWATRE a PARE, BLRETEERER, RERM
WRIRERT TS Bl 72 ¢ RRRAN, SAUNERE R, IR JE B 4 R A e 688
RN DU IR TR A8 R 4 M A R FR R T P2 A O 4, BEREACIR TR RSB BRIH 2%,
REWDBERROY Iy M m e SRR, (HEI8R/N. RIS LI,
XA T g TR 51 RS RIA R, EEEZ R0, (HiZA0 bR g thitE
HHR, FREFBEDIERY . RRAPE WARSHIREIF R =4, R
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gompri, BMBEAEHREERS. B 724 PE&NE BRKERE, BERE
B L T B K GRS, BARIG R AR M. SR RS &
HHERE c TEE, REMTERE §RERRHRTEAR.

FRE AR, BT xRS T SRR BT, FERRRE CA Al
25 B () SRR QKA T o DURRI S RIE DU AT £ K. T B-SiC BIAERIIY H
B, 1 B-SIC K IFFIEHT, WC Skl K &kia FLIE A B-SiC MK T
WL, B-SIC HIGTE WC HRGEAL B KK, XATLUBITE 47 R Akl
BESE T Co BB T HFLIAM p-SiC 3H7e, —HFEWAT Co Ky HBIE, H—7
TR AR 5 BB A K, TR T BB AONUB BRI ORI >, HR T IR
gy, ¥ TMS FRER/NE, TEES p-SiC FBED, EAdEENSZEAZK
AHETENA, SEREREEER, SBUREEEHITE. B TMS RERK,
B-SIC SEHK, FAEHMNARKARBZREHEILT p-SIiC, SREFIREMERD,
ME T RS H. M4 TMS HEHAE 30 scem B, BREETEESEEKRE
K ZFUREE N, AEA4TEES EESRA 2 BRI RE RGN, BRE
o AT, FIGTERBRREE RS AR T RS & IR,

5.7 RENGE

AEPELIHIR T £NIA/B-SIC HALEENGIETE. AR B-SiIC FBNES
W RNER, EEEVRT SRAEE, PR ERERESSBRE. PNEWT:

1. B RS ARRATESHERERNT/B-SIC EAHENENRL, KAS
R, VRUEETE, SAMED SRR SRR, B-SiC MEKZ G,
PR TMS B, A LUERENIA/P-SIC EAHEF SiC 48, TMS MEM K, E&
W B-SIC S EMA. MAFRAEH T NS AHETERIARNEERESE
AR IRE,

2. B ABTREAS TMS HiE, FET AR B-SiC FENERIR/B-SICEE
R, B AMIEE B-SiC FE ARSI AT E AWM. BT B HEN
K B-SIC Fbi. HAMWEAKE, TVARIEFAEAP Co ZIMEHE THIFL, S
TR AT A EHEEE . X T Co ¥ WC BAMYH, A—UEEX
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SRR SEERE. BOREH RIS ZFETAR

THES WC ERIHUAEE 8.

3. FEEAHEEUR T SRR L, BT AR p-SiC SR 24 MIEMEY
B R VAR S W I B A 17 . 45 SRR MR I & VR TT LA 28 b B
Co HIY 81, BURETESNEHBENERRE. FRIREAESHED p-SiC
BERGHERAEE. £RA/B-SIC BEHESD p-SiC S B, UG Mg T &
RIGHER /7, W ENTRESRIA S WC BTN 718 FR A NG 25 1H
B B-SiC 4 Bt £ Bd D WRHE B RS S AR,
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BAE ik

#

o

o N =
%/\ l%\zl:l:l:

ik

B RSEF AR SNA BEEHEANE, /BT AR R IFERIERIA
IGBE AR, BAME WC-Co &k L, @id3I N B-SiC A &NIA/B-SIC B
EiER, BETENABREELE S, BifEeiT:

1. B5EHIR T BIEREN E&RIA BESMEALRZRE. Pk, KF R
WET, BT HAERGENKE, HET H2HIESAARERTERT R
AREE, FHIL RS L TR R R A SRR, TR
SRIAE. BFREEET, BT H REERFERE, EZMmee/nEzmm,
S DL 52 A i A FE R R IS RIATR, TR T £RIE/A R E &5,
EIERSNIA RS BsEEN, ARl EF RS £REEERT &
WRCOAERE, SMRaE—EERER sp’ Bk, BT EaEd LR, H
PUAKHEEME R RRE RSN A/ ASEGERENEERR.

2. GEKERIRG RRW LRG0 REAMES sp” R, MR
B R st B R R sp’ 5 sp” BRELEI, T LUSHI B & R AL 6~45GPa
2 8. SER sp” B RMEAR T AR KRR, ERE R IR A .

3. BEEERSREEABENTIN, TG REERE SERERRME
R, FERBRET W EBIRER. M ALO; BRI, HFIIEEE RY K
F0.10, BEIREME 1.6x10 'mm*/N-m. HXTHAEENIGE, AEMHEBGIN, &
KR T S RIA SRixt BRI A HIEH, EIREMATEAEREN.

4. RGMRETARLESHTIMERIA/P-SIC EEERKLEN. RS
EFE, EREEAE, EAMEPERIASRRTR, B-SiC AEKZRH
#. VR TMS HE, TTLLABERIA/B-SIC AT SiCHE. TMS =
K, B4  B-SIC HEIA. FRARNFEE I RHER SR+ ERIAH
MR E & G RAEKER.

5. B IERTRAAS TMS E, KB T AE B-SiC ZEMERIA/B-SIC
B4, B-SIC 31N, 7T LA 23 WC-Co 24k Co JTRTEE A HILLHY
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ERE R EERERE . B R AFIEGEN T

T H#. BEEES B-SIC FEURMBRES T EEHES . AP SHA%
CBYIK B-SIC kL. HEEBAKE, TLUERBIATEAF Co ZIMEE T HITL
T, BT EERE AR S, X—JTEIWE T Co I WC EANT H
HAHERTEEHEES WC EARHMRSIE Y.
6 WINE &R LA REMH] WC-Co 24k Co M8, IRETEENI
AHERNS R E. ERMAERAESHED B-SiC H8E 45%A A, &NIAHE
AR REEE T1m T -
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