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Soft X-ray spectroscopic study on ultrananocrystalline diamond/nonhydrogenated
amorphous carbon composite films for hard coating applications
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(English)
To prepare ultrananocrystalline diamond (UNCD) films applicable to hard coating, B-doped
UNCD film were deposited by coaxial arc plasma deposition (CAPD) and the effects of
B-doping were studied. Nano-indentation measurements revealed that the hardness is degraded
with the boron content. To study the origin of the degraded hardness, X-ray photoelectron and
near-edge X-ray absorption fine-structure spectroscopies were examined. From their
measurements, it was confirmed that the sp® fraction decrease with increasing B content. It was
found that the degraded hardness with the boron content is attributable to a decrease in the sp®
fraction.
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B4 E~D DLC R A ¥ FOMEE, FILFEAMEE(CVDEIZ L viThTns.
L2 L, CVD IEIZ & 2 Al ClIpki s o E B EE 23 @il & 72 5 76D, FE R D Co DffliEzh iz L v
77774 MEBAEL, MEMETFLTCLEI[L]. FO7D, @FIEMBABIZ LY, #EEiERm
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I E TICVERL L 7= UNCD/a-C I1E, £ 51.3 GPa 38 L UMy > 7 58 520.2 GPa DRt FrIt: 2 /=
ZOMEIE— M7 DLC L D L EVMETH 208, XA ¥ FIEOME (K 100 GPa) & bl 3 5 L k5
L&¥THDH. UNCDa-C L, 7/ XA YEL NE, ZRERMYBELTELT 7 AH—AKRU~ b
VoI ANGED. ZD1®, XA YEY REOEIE E IR RO RIE, FEBFFENR LD X1 YvE
v NBRIZESE, MEOM EAGTED.

INETOWE Y, UNCD/a-CIEHIcA Y FE (B) & N—Er 7452 & TR 82 nm £ THY
KTDIEDHERSINTND[R]. DI, TV T IT7AONMELY, 7T XA~ C' A4
NEA YT FOBAERICEGETDHZENPLMNTR>TWDH[3,[4]. CAPD ¥EIC LV ERIL 7=
UNCD/a-C EDFEEE S &' A Y& 2 NI L [FZEOE & 720X, MtERENE B 72 BIE] T A (KA <
B35 Z LR ATREE 72D . 2 UNCD/a-C at—7 ¢ v 7 % i L 7= YK T EoO8E X 5 ik
X, BEkDOa—F ¢ U IHMETITT CIZBERE L T L E O HHIMEHC T 2 9IEIIN T TH 5. Bl xIT,
WZEFHERSCHBIBEERICB O TRELDO - OITH AN RIA TN TV D REMHERIL T 7 2T v
7 (carbon-fiber-reinforced plastic; CFRP)DEIHIM T.CTéh 5. CFRP IZIRHAZ L DGR TX 7oz,
REBIT YNy ML AREREZIT . ZOBICREZHET 5 Z Ll b79, GIHI T EDOFHFMmIIE
V% Z & CLEEAOMRKE L AGROEEN TR IS, KiE/en TE O I ATRE & 22,
CFRP i35 0 RIIWLR A RIAE LS.

CAPD JEIE, FM OMEETEE, pBERefE, = X RS CVDIEL D bEFE L DRz, Frlw
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undoped UNCD/a-C i35 1. UY B-doped UNCD/a-C IEDHERTEHR, ®GotR (AR U HR)DIRE, {LFEA
WEEIZRET 27 — ¥ 205 L7z, #ocR T 57 — & 13 XPS HIE(survey scan), xiGiorE DL
2R3 % 7 — & 1% PES JliE (narrow scan), (ks A RABICBI 957 — # 1% PES 3 L OV NEXAFS JIl &
KB L7z, P aREIcET 67 —21%, &kFE (C) A UHE (B) O —2 B LIRS
HEH L CHEZITo 7. MIET—2I1%, BbIRY 7 4 v T 427 Y7 FEANTE—7 55 E 1TV fif
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X BB T2 H(XPS, PES): FIRIZI W THIE, HERILE DR (survey scan, XPS), C1s 35K TUB 1s
v — 7 O E (narrow scan, SR-PES).

HE 4P : Binding Energy = #J 0~1000 eV(XPS), #J 280~300 eV (C 1s, SR-PES), #J 180~200 eV (C 1s,
SR-PES)




A R F— - X #RERD Mg KafR(XPS), + > 7 ma kw2 350 eV(SR-PES)

X BRI PSS & (NEXAFS) : SiRIZIBWCHIE, 2ETILEIE(TEY), CK-edge ¥ KUY B K-edge ®
TH7E .
M E#EPH : Photon Energy = #J 280~330 eV ( C K-edge), #J 185~215 eV( B K-edge)

HIEIZI1X BL12 @ XPSINEXAFS & A L7z, F£72, B (410 mm, JEX 4mm), SiB LV
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XA Z— M L BN 2 DR EI1E 3 DR~ A7 2O CRENVR VA —IZEE L7z, ¢11
mm OB OFEHIBI L TIX, £33 LTc@EAA & A2 — (el - i) bR L7z, B
WOFENT, BEEDTDIZIEEICH —R T =T % T 7.

XPS HIEIZASFEIZ X #REE (Mg Kodit), PES 38 OV NEXAFS lEIZASEIcy > 7 m b ‘/i‘(:(350
eV)ZfEH L7-. NEXAFS JlEIX 2 FUEIEIC L VITo72. NEXAFS JIIE TIE, XRICHEDIRHE,
RUBRTHLD, ZNODOILFEOHEN RN FROLVAT U e bBE e Lz, JEITET=ER
TIT- 7.
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Figure 2 1%, 1 at.% B-dope UNCD/a-C & XPS survey A
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