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Structural evaluation of semiconducting ultrananocrystalline diamond and iron disilicides
films by spectroscopic measurements with synchrotron radiation
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The chemical compositions in the depth direction of B-doped ultrananocrystalline diamond
films, which were prepared by coaxial arc plasma deposition, were investigated by X-ray
photon emission spectroscopy at beamline 12. It was found that doped boron atoms are
uniformly distributed in the films. X-ray diffraction measurements were examined for
Nitrogen-doped ultrananocrystalline diamond films prepared in nitrogen atmospheres by
pulsed laser deposition at beamline 15, and they exhibit X-ray diffraction peaks due to
diamond 111, which indicates the existence of diamond grains in the films. The diamond grain
size was estimated to be 6.8 nm using Scherrer’s equation. The local structure of carbon-doped
nanocrystalline iron disilicides films were studied by extended X-ray absorption fine structure.
There is a significant difference in the spectrum for the carbon content.

EREEM
&ﬁ®ﬁnéfiﬂif@@%%%;ﬁ $x EEEE Lz, IBIAVIERE GRS~ S50 Tk
RETEDHX LT LADDVEA~T I EAMABEROBRE 21T > T 5. BEMIIE, -2




DT AE e & A Y& RUKFELT LT 7 A J—R {8 (UNCD/a-C:H) & TT[1], ITiRs+
T ONESRT U YA REIK (B-FeSiy, #fdh FeSi, ) JE CTHELMT S Z L TR, &#hElbs
HEEL T\,

INETIZ, B MESEAA Y'Y RIKFELT LT 7 A —R 1B (UNCD/a-C:H) 1IZRIL
TiE, RUBR—TICE0 A AV RERORREY A AN R—TEEEBICERL, "UER—T
wa XPSEHH UIRFEL TWAB[3]. ZAUSHFET 57 /31 AFFEE L TiE BB p BYEAEE Z - T
5. Filz, EF N—7®n% UNCD/a-C:H Y-E{KIZEI L CTIiX NEXAFS IZ L D ZDO@E#Y 1 Rl 6
M7 oo HDH[A]. Fiz, B U YA R T ICB LTI EXAFS EHTICE D, Brresic DR
T B % Reesi=0.196 NnM, Rpere = 0.263nm, & BFES 5 Z & A3HISK, #ksdh FeSi, (RFe-Si=0.190
nMm, Reepe — BRHHET.) EOEEDENRH D Z ENHLMNIR-72. £2, ZHICHEET ST
INA AREME L U OIS S FeSip 1, IR CTERINAIEE T, B-FeSi, X0 HLRIRENE L, LK==
A RNBMEITHLZ Ebbho TIN5,

2T DS T a A O KBTI, KEEYEOWIE DR K OWES O SR e KI5 E
MR EICHRESIT D, £2T, RFETIE, Yo7 hati v X BRI s S e
HT(INEXAFS), &0 0tEXPS), Bk X BEHTXRD)ED FEIC Ly, ek, WMENKNETH -
7o RO RPN E O &R X ML S IREORME 21T H) Z L2 B E T 5.

ABIOBEFFETHE, KBEMEEERNAE L TCRERAEEE2ERL WS B K—7 p Al
UNCD/a-C:H & FeSie[EICH FICB LT, 2 E TOREIC Z TEZZENEE TS E(UPS) 21T
Wz, ZORIEIZ L VAE TR T BEOREEES M 2D Z EXNAREE 72 5. KFlZ, UNCD T
X UNCD §E 5k 2 B0 FHT R R OB BN O DO MESE Th 5. Bl ITRIROERIC X W X1 ¥
E RNV Ry v I T2 RV X — NN BT 5 2 L RBERMICHE S Tunsd. UPS @
RIEIZ L BZEWENL, 7 VIR, 77 B 7 XN EZRE L, TRALF—22 EOERIE L
XN REEENHAMEE 720, BN RKGEMEEZRET DI ENTES. B F—7 p A
UNCD/a-C:H & FeSiz JEDZNZEN DD N KX v o 7R 2 [ E % I LT3 5.

KIGEMOBTE Tl F— > 7B O TOZRE PO TEETHDH. F—E 2 TR OMENE
DAL B S 2 3T, PITAIREILI BRSO W - R W 7o i FE R B 217 - T <.

3. EBRNE R EBRFIL, BT FEOHRR)

FIHE—2A7 12 :BL1L, 12, 15
<BL11>
£ undoped NC FeSi,, C-doped NC FeSi,
XAFS #ix#a s I & E (CEYIE)
AXy L #iPH: 7.2 ~ 8.5 keV

C-dope NC FeSi,, #EIZEIL T EFEAF v T Fe OWIUEE L OEXAFSIREN AT ML E1SS. 5
II2C, JEX 260 pm EXMPT 10Q - cm DSi (111) HA EICHEFES 7= DO ThD. T v/ —WNidHe
EHRORZFEL, B E I E (CEY) ETHIEETTD. Fe MR DC ORN—7EDIZLHK 7L
D,

<BL12>
WS
XPS:survey (-5 ~ 1000 eV), narrow (B1s, C1s, O1s)
SR-PES:B1s, Cls, N1s O1s
NEXAFS: B-K ¥, C-K i, N-K 5, O-K i
Ar 232720 mPa, 1kV, 3*3 mm, (A3 &% A1) 200 min,
UNCD [EZRIL T, 7o R—75, Bor N R—7ETDOXPS, SR-PES, NEXAFS DWW gAY kL
5T, TNENDBR =R L TEDERRAE AR E R DO E LN T 5.

<BL15>
BIRXHRET 20 15 (T AV =F—JFR)
BIPFRR R B A A= 7 T L —]

A HiPH: 10~ 70°




B doped UNCD film Si sub. (b) UNCD/a—C:N
100+ = i
ol o © E ] [
5% g A
B0 z *w %
£ 60f s 015 5 MMMW
o r =
c
8 40r = ¢ Bis
2 F o Sizp
€ 2| L
<< L ﬁ o
Igl 1 Igl 1 II'%I 1 {[r 11 1 IQI 1 L] A | L L L ! L !
05" %0 ™ 0% 150 200 26 % 2o deg) 5
Sputter time (min)
1 B F—7" UNCD #iIEDEES J 1) &% ORI 57 D BLR 2N F—7" UNCD & Diamond — 111 @ XRD #& 5
4. EBRREREEE

1A T — 2 77 X~ (CAPD) {ETIERIL 7= p M KIZHT=% B F—7® UNCD K
T Ar ANy X LIRS ISR 2B LR 2R, ZoXEY, HEREICEBRENTE LTV
HZENBESNT-. £7- CAPD IETIE, R—Y L 7 xHETHD B NHEENE TH—I254 LT
HZEDRHSNTR oM. 5T, AT n Lo Si MHER L OB DE T p AEERO R E A
LTWAEHEYL C-VHIENSHLNICR> TN 5.

L—H7 7 L — 3 2 (PLD) V& CTIER L 7o HEFRPHAH TERL L 72 UNCD #0545 H 472 XRD
FRZX 2 1RT. 2N E TOKEFRFL T TO UNCD 1L & RERICEHFE KPS T T % Diamond-111
WCEINT D E—7 2t L7=. £7- Scherrer O &2 W T B2 RED 722 25, 6.8nmfET
HDHZEDBPELNI o7, ZHETIZ, HZEFTO UNCD EEOIERIZIIRII L TWA 28, #Hi-
(2, PLD %2 AWTERZFMEA F T UNCD MIEOERICKE) L-. £7-, ZolE, =EFTO0.2
Q' om? BHLTEY, n BEEEOEEEZ R L TWSHEEDNA> TS, 2O XPS HIE
Th, AEFPHSK T O UNCD HIEFEERIC Cls, Ols D — 7 /i L, 2, Nls B —27 i LT
Wz CLs 2k 5 O1s D v — 7 L IX, /KFEFRFK FD UNCD L W IRVMEZ7R L, F£7- Nis % Ols
DE—7ME LY & EVMEZ R

L7c. Zhicky, EdicE# 6 TR 7 )
NEENTOEERB S D et b) s
ST

312, THIE LS UV 2
Ry FE RN —7 & 2.5at % D
D EXAFS TG Reard .
ZDT T 7 DOMHTIZEY, Reesi :
X 022 nm THDHZ Enbm 4
D 5 gﬁ, RFe-Fe fiﬁ*}i%} E) Z k

KAn*Xai
o
FT
»

-6
PDHFRZ2 D3> T2, Reepe fi 1L, 2 3 4 5 6 7 8 9 10 0 ) . - —
RIElD 5 at % (Zd 7= % nc-FeSiy K (1/A) R(A)
DFER (Reesi @ 0.25nm) &[] 3 B VP ARTERBIRER— 78 2.5at % DA D EXAFS fi#
Lehor. 7 s 5> —

5. 5%OFE

PLD I TIE, pfil, n L5 50 UNCD HIEHAERUCEI L TWAH DT, Z O p-n fEEEA (ER L,
UPS ZJAIEM%, BEZEHEM A SN L, F7-RBDO 7 L SN AR LI-V. T b [FRC = HZR
FH% T C CAPD 5 CIERLL 72 n A UNCD J#EO L AEERIE 21TV, PLD 5 & OVERED ik %
T2, Ry U REIZBI LTI, ZHVETREE, Yo7 o5 EXAFS iR & o tigiam
Z, XANES#H/7IZEH L, MEEEZZRE L CGGRIIC A TITE 720,

6. &R




7. WOCHER - FFEF Ok ARMEICBET 2 2 E TOREIRRE)

1. Yuki Katamune, Shinya Ohmagari, Sausan Al-Riyami, Seishi Takagi, Mahmoud Shaban, Tsuyoshi
Yoshitake,Heterojunction Diodes Comprising p-Type Ultrananocrystalline Diamond Films Prepared by
Coaxial Arc Plasma Deposition and n-Type Silicon Substrates, Jpn. J. Appl. Phys.,in press,2013.06.

2. Sausan Al-Riyami, Hiroki Gima, Tsuyoshi Yoshitake,Effects of Hydrogen and Nitrogen Atmospheres on
Growth of Ultrananocrystalline Diamond/Amorphous Carbon Composite Films by Reactive Pulsed Laser
Deposition, Jpn. J. Appl. Phys.,in press,2013.06.

3. E. Garratt, S. AlFaify, Tsuyoshi Yoshitake, Yuki Katamune, M. Bowden, M. Nandasiri, M. Ghantasala, D. C.
Mancini, S. Thevuthasan, A. Kayani,Effect of chromium underlayer on the properties of nano-crystalline
diamond films, Appl. Phys. Lett.,No. 102, Issue 1 (2012) 011913.,2013.01

8. F—U—F (k: ABROERIELFET 2 A% 2~ 3)
TGRS A YR, BRU YA NRIEL, R

9. MEREABIZOWT (% : ¥ 21l LR EOABICOVWTD LD ) b LAV H &L TF
X, FL W (EFM) BEEHIEE L X —~OWE . E IR R AR~ ORI A RA LT F WD
(2012 4EBE EHEFREIT 2014 4R ERMAHIR & 220 F4,)

O #wX (EFfM) BERORE (GRER : 20144 03 H)




