BASESSHE £ 74% 5£15(2010)36—41

Si RINIC & DS EE(L kY EEED

B Em k& EE(E

RESHART  BE FY KR ERE™
1 B3R KA E IR S —

BN AFBR T Y- EE TR v ¥ —

1. Japan Inst. Metals, Vol. 74, No. 1 (2010), pp. 36-41
© 2010 The Japan Institute of Metals

wAEE

Increase in Adhesion Strength and Thickness of Cubic Boron Nitride Thin Films

by Silicon Addition

Tetsutaro Ohori*!, Jun Shirahata*!, Hiroki Asami*2, Tsuneo Suzuki,
Tadachika Nakayama, Hisayuki Suematsu and Koichi Niihara

Extreme Energy-Density Research Institute, Nagaoka University of Technology, Nagaoka 940-2188

Compositionally gradient boron nitride with silicon (BN:Si) thin films have been prepared on silicon (100) substrates by
radio frequency magnetron sputtering. A hexagonal boron nitride (h-BN) target with uneven distribution of silicon plates was
used for the deposition. The present study was focused on the investigation of the morphology, the microstructure, the determina-
tion of silicon composition, the bonding structure and the micro-hardness using scanning electron microscopy (SEM), Rutherford
back scattering spectroscopy (RBS), Fourier transform infra-red spectroscopy (FT-IR) and micro-hardness testing with a
Vickers indenter. The BN:Si thin films with the thicknesses of 100~850 nm were not peeled off as compared to the boron nitride
thin films with the same thicknesses. Increasing the Si content of the boron nitride thin films induced a decrease in fraction of sp?
bonding. The cubic boron nitride (c-BN) thin film with silicon addition was deposited with a thickness of 850 nm at 5.2 mol%
silicon content. On the other hand, the hardness was 72 GPa and the young’s modulus was 286 GPa. Since the c-BN:Si thin film
was peeled off from silicon substrate at a few weeks after the deposition, compressive stress was not completely released by

silicon addition.
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OERI Iz 5728, IEHOBPEAEDR FARETS 5.
ZOHIC S EBTEOTIC oW Tt AL T4, Si, V, Zn %
s ® U RAIBEsE I Twb. —7, ZOER LAY
IZEBWT 100~300 nm OFBWEROBELETHA. N
i, ERILEROHMAERLOEMCE ST, EELT
Xl EELZLNS. EETREOHGMIOWT, F
EOIE BN EFNEOERVWIEEICEIL, NiZGHmL <
c~BN BB >WTHEZfT- 2%, RF Ay ¥ U V7
YAavEFrUTIVFEEEZERL, BN -7 I
Ni #HDRALRET 52 LT, Ni DEFEELHEREVCEL
X7 BNINI BEAE SN/, NI ZHIL 72+ XCok
CBWT, Ni bERTHL S EORIGETD EELZOND
NiSL, #E L7, TO#E, 100nm ##82 5 S HEL T
WSTERLAS 200 nm ODE 3 F CHRIEFEE &7 - 7-. NiliZ BN
CHEAMENMENT EBMLNTWAD, B N LHMAED
EBWTERAGRMT S, EREEHCRIDWEERL, BE
@%&%f%%ﬂ%ﬁ%%bt.
/ KRBT, ERAR S OB AE L, DB N EH#
D OFMEAMEWTEE L LT, BRI ERAL SiicEB L. BN
R A D Si OEWINC DWW TREICTW K D OBEFINH
561013 Oba Sty FRO Siw#EMk &7 —7 v FPRHEIC
WALT, Oy FOBAME TEREF IZEENS ST ETH
ML, &K 44mol% D SiHIMTKIIL TW59. Zhao B
FA TV E—=AREEICLD h-BN #—% v FICERY A
% S OHEBEAZEEESH T LT 0~100mol% @ Si i
CHRILTEY, 7—UIBBERNGXEFET-IR)EIC L
T45mol%LLTD Si EERBDHEI sp* FEE AT 5 HE
OV AFER L T\WA19, Ronning 6134 4V — AHKE
Bic kD, SIHy #A=HWTSIOHEmERA A, 1.2x1073
Pa-m3/s(7 scem) DHREBIZBW T 4.0 mol% St #¥inL TW»
L. 7272, BEE 150 nm OB B WT, spEHDOY—
713 1.7~5.1x 104 Pa-m3/s(1~3 sccm) D¥sin L 723 BHT
BWTOARERINTWAW, Yin HIIBER T /N4 AHA%
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WELALNLB. LaL, FEAERN 100~300 nm BE
DENEEABLHWTED, ChEHUEOEEEZETS S
winL 72 BN #EOMERENISO & CAHHEIN Tz,
FRETHE, F3IXLFLLTCSiEzHY, avEFrrU7
IVFERIZ LD St OWEINEE %+ ERIc 278Kk &
WA, ZOBBIEEOMELRT /. £/, HEEOR
o7z SN c-BN #ERICE VT, HEREZE{LSE,
BWER EICOWTES L. J

&

e

2. £ B £ #

FEREBICEAE OB RF <7 X PRV RNy
TEBERAG.. BEEOBBERIISE RV TIOLE
BTH5. Fig. LicavEF U T7IVEREICHVWS I -7y
FHBIUEREBEOMR 2 mY. ¥ —7y FICHEME
99 mol % I @ h-BN & Si(¢10 x t5 #ifE 99.999 mol%) &
BORAAR LD HWvWiz. FEiRiE Si(100) % 25 mm x 25
mm YL 72 D% 6 AW, ERAE LHOAAL
Si S OBRIE, St kVEWMEDOHERD G No. 1, No. 2,
No. 6 & L 7z. Tablel it EB &A% RT. h-BNOZROD
Z—y FRAWEEEIC, ERMAE No. 1~61ZB0T,
H—IlE s AR T HARBEEGLL, FICEHOZ W
BEREZEY LRk S L.

BN &0 E1 ik FT-IR (JASCO, FT/IR-4200) % Fi

Additional material

/
/_* Plasma area

Target

Fig. 1 Schematic view of target configuration.
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Table 1 Processing parameters for BN : Si films.

Pre-sputter process Deposition process

Target — h-BN

Additional element — Si

Cathode power [W] — 1000

Substrate Si(100)

Sub. temperature [K] About 723

Sub. bias voltage [V] 650 100

Sputtering gas Ar

Gas flow rate [Pa-m?/s] 6.8x1072 8.5x103
(sccm) (400) (50)

Process time [ks] 1.2 7.2~72.0

Wo. BIEEET 5.0x100m 1 ~2.0X 105 m! X L, Bl
Bl OREafT -7, BEOLZOBKXERHG LD, HE
& S EHOWNEELDS SIERO TN EELS Wz DREL
BL7. sp? &% E T 5 h-BN i3 1.38x105m~1 |2 B-N
OEEEIREE), 7.8%10¢m~1 2 B-N-B ORMAEEIC X 5%
HRTW. ki, spP A& EETH BN L 1.05x10°m™!
ICARFRIRE ORI Y — 7 R 95, sp? fEA OERIREN D
V—2ik, ISR IV TN T A EBALNTE
N, WEOBEIBWTLABETE LI EBERINT
WBID . RO spd fEE OEIGH fir & L, FT-IR OFER
FVEHLAEKEHOME L, 8L LBy, R(1) X
DEHL.

I
ﬁﬁzzgff@ﬁ (1)
WhiL7: SiOBEBKES YT +— FHFEELE (RBS:
NHV, NT-1700HS) # i\ 7o, S iCit Het ¥ — A% H
VW, TR EFE—% 2MeV(3.2x1078]), BHEEE~1
mm? & L7z, BONBERROBITICE RBSFET Y 7 F
(NHV, ERNIE) # I\, T4 v 574 VI KD EEFOD Si
EREREL . WEEEHE S JUEENmEE I EER
BT EEMS: (SEM: JEOL, JSM6700F) # i\ /-, B OHElE
CiRF ATV TF—Y s vVERRY, BUME SRR
(FISCHER, FISCHERSCOPE HM2000) % fiv~ 7-. B
B3 25mN LU 50mN &L, AT - BEEE% 2.5 mN/
s T—EE L7, T, EFHRIZICy h—ABKEL 7.

3. EBRHERIER
3.1 SiFMICELD -BNEBEIE & EIRUBORE

aVEFFUTVEEEEEL, BNTASIOEREY
BEICEIL IS ERERAL. BIMLASIBLIUB N
OMBIE RBSIC X W4T L7z, WEEhcis, SEOHE
BEON 57 7.2 ks OREFR (BE : #9100 nm) % B
W7z, Fig. 2 [ RBS AXZ LB XU 7 4 v 7 7
VIRRLTRY. B2 NEBELZEL 1O THEELTY
HEBEbNS. Lal, EREREOHKIGBBEIUN
OY—r7ik, SIERIC XA —7 EER-TLES®, B
ENOEEHEI IO BEOBE THS. Fi, BNV
F—REOMEEE T 1+ v T 4 VIR LOTRIT, BELHE
BOBI L5 NEOBMPERTH Y, ERIRVFTE
ENFEE LD, hd, BENOEEAESLTWAIE
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Fig. 2 RBS spectrum and fitted for a BN:Si film.
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O, EEEERIYRBETHL. £/, THONEHTHS
B, N B XUHRML 7z Si Ofic, BEOWTICIE Ay ZH
ATHD Ar BFLELTED, S5 Fe W ik & O
BEALTCWAEEELSES. Dk, SiOBEIE B,
NB LU SiOZOHEEEL AVWEERT- 2. TORREK

D, EEGBIUERO SIEEBICEHERERLAD
N, EROSIOFEBRIEEOMBICEEY L 2wl &R
Glrote. TOLEOBEEFOSIEREY I 2 V-V a Vv
OFEE LD 7.0mol% TH - 7-.

Fig. 3 L& ERMEIC T 5 FT-IR Z2X7 FvE LUK
i, BICRBSICL % SIEAROEEMR BE 45=7. 7k
¥, RBSICiX 7.2ks BUEL 728kt %, FT-IR Cit 14.4 ks
P (B« #9 200 nm) OFEHE F /o, ZERAZE No. 1 %
LU No. 2 T3 7.8x10tm~1 & 1.37 x 105 m~1 351" sp?
WEOE—27DORABR BN, No.3 D 52mol%Si 75
1.05 X 105~1.1x 105 m-1 O spP FEE DO — 7 HEN#EIN L
B, FHEEOBAICH, spP EHOY— 7mENEML
TWAERARTR L. i, Zhao HLOBME0 L EETEH
5. Eio, HEO» -7 No. 38X No. 6D spd & D
E— 7 BISINC S ASERANOY—7 3 7 FRABNS
No. 4 B LU No. 5 ICITHEEOHBEL R o0, SEEMICY
ZEFLTWspP OV —7 45, FHEHCHES IGMRIC &
DEEHMANREDL EBERTES. Zhb, Fig.30D
FT-IR 27 P VA O KR (D)2 BVWTEB LA B LU
RBS LDk SIOBEREY Fig. 4 I LD TFRT. &
FICid, FEEROHEORESZ /0y PICKBLTHD,
BRIL, ZEA CHEES T OFR (RIEE 0~20%), HALH
EEAEHEEL /o308 (HEtE 80~100%), BLU ZOhHE
i B (FIHERE 20~80%) TR L Th 5. RBS O
BIDSiOEEEIERCENL, ERAE No. 15
No.6 D SIEHEZ7.0~29mol% TH-7. THhit, h-
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Fig. 3 FT-IR spectra of the BN:Si thin films deposited at sub-
strate position 1 to 6.
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Fig. 4 spd fraction (deposition time: 14.4 ks) and Si content
measured by RBS of BN:Si thin films (deposition time: 7.2 ks).
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Fig. 5 FT-IR spectra of the BN:Si thin films with various
deposition time.
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Bz, LDLEDBS, fip=050 SEWEERLAI &0
5, BEOHBEOFED Si OWRIMOPEED, sp FaDEd
HETSSOPBRERTH - /2.
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HAMRALE No. 3 12310 5 R ED FT-IR A7 bl &,
spP A S R, BERME 7.2ks T spP EHOE —
IBRELNZNT END, sp EEDAD BT 5B EIE
ANTVWAI BG5S, 144ks DRETIE spP HEED
Ve RHERTETED, 7.2~14.4ks OEIT c-BN M4
HENTWAEEZONS. ILICHERHZENL 285G,
SR REOY— 7 mEENIFLALRONT, e
V—VBEOLZEML CTNE I D, —E BN BSHE S
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Fig. 6 Cross—section SEM image of BN:Si thin films deposit-
ed at position 3 for 72.0 ks.
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Fig. 5 K B\ TEMRAE No. 3, 72.0 ks IEORR T
BEEE ST HEEE L O eSS R TER L /-, Fig. 6 1IC
OWE SEM & Rd. kb, BER L% 850 nm OF

O BN BIEOWRICE L. 2720, SEM &0

TV ESARCEERASN. JhUT, ETEBIEHREHE
BRI AR DICEN I /2D L 12 D TH 5.

3.3 SiZML7 BNEROEZ

SIZWmMNT 5T EICL D 850nm & HEHIE W BN:Si #
BEARon/. CORBERY, FIAVTFVT—va Vi
OB XOFti% T - 72, Fig. 7ICHE25mN 8 XU 50
mN, BHBREEES 2.5 mN/s, HATEGERE 10s D
BB BT ARFER I Load-Unload il #7Rd. 2D
¥R LD 25 mN THlE L7254 BN:Si BEOMAF X 72
+6GPa, BMEERK286+10GPa ThH - 7=, HEDO - DI
AW Si(100) DBE X3 16=1GPa TH L &b, #
BOBEE R VEVLDOTHELEEZLNS. BEBEIH
EOFETEEIHEAR RS L UL DT P OB EINS
#8, 25 mN THI%E L 7= Load-Unload g% ClIRTE&ICHER
ABERO0 L7720, BUERRESIBPRONGT I E2D,
AL OER IO ADEERE EENE EEZONS.
O, MELZHEPEIE S0mN Zo2WTHEEE Ik
Sl TORER, HALE X 34+2GPa, BMER 194+ 10
GPa TH o7z, TD&EHFRIAAEZI DR L% 330nm T
BV, EEEDOHAOEDODBREIETHRAATVSC EICk
A. B, BEOBIFHETAEE, BEO 1/10 OfFA
AEEIHNBEELVWEINTVWEY ., T NITHALBE XN
MT5ZEEROEELZTITRTLA7/DT, 50mN D
HETHE, 25mNICHFARARIDKE L, BROEE
ELOZTTWEEEZLNS. I72L, EROBEL S
TWAFREEREVIREE T34 GPa DBEIDELNTVWS T
EhG, HRMEEORWEIK TAHS C EEREVZ .
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Fig. 7 Load—unload curve of BN:Si thin films deposited at
position 3 for 72.0 ks.

Fig. 8 SEM image of BN:Si thin films after a few weeks.
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Fig. 9 Schematic diagram of delamination models of c-BN and ¢-BN:Si thin films. (a) ¢-BN thin films. (b) c-BN:Si thin films.
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h-BN ML 0 FEEAL L T, Si&2EINd 52 & Th
BN HOBERAALEL, BEEXEMI DL EATELLE
Zz6N%.

IZ SURINZ & % Si{b A RO RRICOWTEET 5.
SI-NHRERL 78S, FT-IR MIEE RO 8.0 x 104~1.1
X100 m- g/ a0— R — 710203l 4 55, SEOR
BRI C NIRRT E o 7z, E7- Si-B it 8.0 x 104~
85X 104m-1, 1.05 x 105~1.1x 105 m~! 36 & TF 1.3 X 105~
14105 m- It —27 %R L2, ChiEBNOspESE L
U sp2 BESDFN EE W DIHBINER S Tilz\w. L,
Fig. 5 HICR 3 X 212 7.2 ks BB L 7230802 51 1.05 X 105
~1.1x10m RO —7 B I NEw I &, BLU
RERSEAEL L 7m8&, 1.05x105~1.1x105m=1 f5F D
C—rE L, 8.0x10tm L FEOE— T REDLOEL
BRENC EBbh5. ALY SFBALSWAiLE L
TWABETKRIFE, SFBREAOY—VRELRLZORE
bbb F—ETHHI D, CNHIIBNOspP#EE
BLUOspPEADLOTHY, SEBREEICESLDOTH A
WERBBNA. LA T, SiORMICLSEEkRSE
3, BEPICEAD SIAMEED L CETELVT 7 AR
D8 HI L TER-BERAEOBESES M LELLD LH#
2L TW5.

—J5C, BERRBIC X B3 XU v ORAS, BEIST
ORI TEIZ Dol EEZ LIS, Lich-T, EH
H97r BN BIE 155 7-01213, BYRIGHENTFER JUE
BERADGBICOWTESLICEETALERDH EE 2 5.

4, =* & &
RE< 77X+ VAR I CavEFr T IVFERHE

W, HEER BN (c-BN:SHEBBE ORI 24, LTORK
e,

Z—7y PR L SiERESRELZISICEY, SIEEERE
HEBRICE LS B BERE O NIz, FIC S8 5mol%
BELEFEFL-EE TR, B8P HEL, Sik 52
mol% ¥ L 72854, 850 nm @ c-BN:Si ARG LN,
COWEOBE X F /A VT VT —Y a VB L HHREICE
WAL b 34 GPa bl OB IR ELN/IEFE LS.
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