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B LK B T AR SN A B & L CHEH S 4L 5 B-FeSiy & J / fURS dil (NC)FeSiy 3 (K
MK O EXAFS & 5Ffli 2 BLIL IC CTHB Z > 7-. Fe HLREN A 22 kLT, PB-FeSi, &
73 Fe-Fe, Fe-Si ICENT HHELEY — 27 /79— T, NC-FeSi, | Fe-Fe B — 7 O A %
R L7z, NC-FeSi, Tl, REN/NEWNWZ LICL v, MaRmftaofAaRENEld 5
TEMBEL MM ETR o2, BLIS TREME L2 Si R—7 8T/ iEm A A4 YT REROG
KXBEIPTTIE, BPOXAVYES FEROFEELHEBEL, ZORRILT V F—70 4
FIZHld20nMmM THLZ ENGgholc. FoNEFTHROEY — 7 @EIX, N7 HEE
WARENZ 7 FLTEBY, FATYEYREFBBIELTWD Z ERGhoTt.

(English)

The films of semiconducting iron-disilicide, which was a new candidate materials applicable
to photovoltaics for near-infrared light, were structurally evaluated by extended X-ray
absorption fine structure (EXAFS) at BL11. The vibration peaks attributable to Fe—Fe atoms
and Fe—Si atoms evidently appeared in the spectrum of the pB-FeSi, films, while that of the
nanocrystalline (NC) FeSi, films showed only a weak Fe—Fe scattering peak. NC-FeSi, has a
different bonding structure near the grain surface from that of p-FeSi,. The structural
properties of silicon-doped ultrananocrystalline diamond (UNCD) films having a significant
potential as UV to VIS absorption layer were investigated by powder X-ray diffraction at
BL15. Diffraction peaks due to diamond-111, -220 and -311 were confirmed, indicating that an
existence of UNCD crystallites in the films. The crystalline sizes were estimated from
Scherrer’s equation to be 20 nm, which is at least 4 times larger than undoped films. From the
peak position of diffractions, it is inferred that the lattice dilation of UNCD crystallites that
probably caused by Si doping.
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BIETa A NOBRWKBEEHEEMEI OB N EE L SN TWD. @EREEOFEIIZOWTIE, #
BFED G DDOFEFE L D DI BT, Bl D IRIRENE A FF OB & #2468 CIT RS MR
~EIMRIZ R S KGR X — 2 b e SRBEAEMT 52 Z RN ETH D, £z, K= X MEIC
SOWTIE, KB R ORIYE 7 0¥ AN SLETH D0, S HICHIER EOGIRIRIECHBIC
B SNRWEZEITLRDOHRN LR DHHMEIORBENEE TH 5,

FOEIBREFDOFT, Fexl, LRILHEDOHNGIRLEEDO KRG HEM A DT, I8
WEEBRO KB THEREBETEXDLX T LD 0EAT a A KGEMORRE 2B 2> T
%, BARBIZIE, A DEIMEE D ONEBT ) MRS A Y'Y RIKFEILT BNV T 7 AH —
AN RFH(UNCD/a-C:H)JE T[], iEARANT Y DA U YA R38R (B-FeSip, fian FeSiy) &
Tl2], TNENNEEHRT L L TERMEZHRL TS, S U A FEERIE, RAFEO
B-FeSi, & Z DAL 5 72 5 NC-FeSip (IZEHEICIZ D T b ivd. ZHvE TOME TSI & DO~T 1 pn
A ER L TAREEME LTOMEZIT> TW5 . EBI-EBESME IR Y — 7 B SER R
THBI, IR FIZB O TERIRICBWTEERS 2 7% LAT RO TWS
[8]. HROFIMRR A L A% S L <IZEn U EoREE24 TR BB WINE 2 R T& 5
AREME B D, E 7z, UNCD/a-C:H 1L, D Tilg b a/pliidkim, Rk (3~6eV) IZBWVTKRE
2RI S 10° em™ A5 2 & B KB R ERINE & LTI SR,

WFFExt5: Tl 5 UNCD/a-C:H &8V ¥ RYEERITNTIL S B L ~L s & OFl 2 B &
THHLMEITHY, 4%, +oRRM RIS S sl A2 EB T 2 LERH Y,
FROEBEOME 2 S b B KR OB ICH Y, KR ORER FIZ7 «— R
v 7 T D7D, FHFNEEEOFEM LR N A2 SAGA-LS IZTIT->T&E -

WEAEFE O RIIFI A O EFHE ORI EIZ L0, PtEZREM T DHENER R0 D25 5. Si
L DT O EEH A A — REAFR L C[4], RIS T COMI & 203 7T0%2L |2 335k L 72 [5].
SHITIE Si, Ge F=T KON REy v FERMPERDL Z L 2R L, £/ N F—7 o n W
UNCD/a-C:H otk = b r— VR ABRIZe D D2 0 7 A Z{ERNIT 2 5 BePBEIC kT2
[6][71[8]. &k U H A RIZBIL CTiE, EHIMIZH I —R Ly R—=712L 0 F v U 7 IE O H K
HZEERNE LT, ZORFIIHE SAGA-LS TH LR CTHITTh CTh D, \WEE CTHRIEE
o TWERETEDLX ¥ U TREA RS YE, 2tEE L TCORTHELZN ESEOOH 5. B
FEEORMAHACTRE SHIZENER L2, EERIZOBME TH 5. AFEEIIAKIIC KB
RIE & EHNROM EABR LTV Z &2 5.

G T DI T AR O KBGEM TIE, KO RIUE O R Fs L OHES O SRS K
BHAEZ BICIRESIT D, 22T, AWETIE, Yoo v hrrtE AW X BRI
IEAEHT(NEXAFS), JCE 5 JEIEXPS), ¥R X #REHT(XRD)ED HIEIZ LV, ek, HIEDFE T
& o T FEBIE D S CIEN T O S L UM ERE SR OFME 2175 Z &2 AL 35, ZhIC X
0, Fex OAFFEETHERTT > TV 5L LOESHIRIE DWW KRB BRI & ARETH
NDFER & 2B D1 TRl L, KIGEM OB A BRI AT » T &2 BB 2B bED T 2 &
HIET. DR, SEEAEHI 3 THIRE R TOMRDL & MR 3 Z 5RE & S2BR 5 15 & BIAH T Rl
HT 5.

RV YA RPERIIT v U TIRERST D720, HATEMRRHIZEZZBNEPIZIZE A YA
MHRNWZ ENRIEE 2%, BEMTIE C F=7I2L 5%y ) 7REKBOEEZ RHLTE




D, vrruaba REFoTERTIEIF v ) TIRBA = X AORILTEDS Z L2 ET 5.
EXAFS IEIZFB W T Fe FLJEF AT MLz lllE LIRENET 95 2 & T, R—7I2 X DB T
MIEBEDZAL, BN O LR Z REENCH B NIC LT E . £, R—=712 L » TEhE
BARIEN AL T D ATREMEN & 5 723D NEXAFS, XPS (2 L 2 7l &M 4T L TITV 2L,

UNCD/a-C:H [ZH{ADO K& E L CURHA BIE Lo & &, HEGER 226V LWV H NV ¥y v
TIEENRERLDT-DOIIIRETELETHDH. 2T, DLC THEEDH S Si & Ge Z ik
—E LTS ZEIZRD, N RF Yy TOERERALRD. 2O RF vy T EGIINEE
2D O T —~ T 5. NEXAFS, XPS 12 X (LG IRAEDOFHM, XRD (2 X 2 FEIRiE D b
b0, MTERORHREEZIT, R—T I LD EEEELER L NICT 5.

KI5 BRI & L CRERATREMEZ R L TW\W5 B F—7, Al F—7"p 1 UNCD/a-C:H
BEZBI L Tk, 2 E TOREITZ CTEZEEIILE 5 EUPS) 21Tz, ZOREIZLY
s T TG ORI E DA 205 Z L3 F[EE & 72 5. UNCD 5 Cid UNCD # fbhz & B 0 PHETkL
ROYNERBEST SO TH 5. Bl ZITRROERIC L D XA vEL RNV KXy v FI2HT-
IR FLF—YENLR BT D 2 L DBERIICIRE STV S, UPS OREIC LY 7 = L I (L &
TR T EEENE DT R F — R EDIEFRIG HNAUT NS FEERIE L 720, BRI 72 K
BHEEZIRET D LN TED.

AEOKBGEMDOBAFE TIL R— v THEIOBEF COREDPBO TEETH L. R—E L7 ILHED
PN DAL SFE A IS 2 SRR T, PINAIREILIC DU 7= R RO 7R R SE R BR 24T » T <
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[BL15 To 5]

A X #RIEHT 20 1%
Diamond-111,-222,311 v*— 7

A% P 0 10°~70°

XL L CEERERY 7 e hardt (AFZxrX—12keV) & AV T, @H O X HIECIT
B 472 UNCD #da 2 b OB A BT 5. HBonizT7 — 200 SRR OREH D, #
FOOT HEFMRAEMIEREGD. WEHIMREL THF Y T U —ITAR, 731 =T —0F
RERNTA A=Y 77 L— NTHRITY 7280 5.

[BL11] 1 H
EXAFS undoped FeSi,, undoped NC FeSi,, C-doped NC FeSi,
A% UHiF ;7.2 keV~8.5keV (CEY %)

HEKB-FeSip I, 7/ Pt dh FeSip HIRICRI L C EREA % v #if T Fe OIS LY
EXAFS #REN A7 M &S5, BEIET T, JEZ 260 um, EXIEHLH 10 Q-cm @ Si(111)HAR Eiz




MR ST b OTHD. Fr v/ A—PUE He BIROKSN & L, BHE TIURE (CEY) 1 CRtkhl
RS

4. ERFERLEBE

Si K—7"&HW78F /X A Y'Y RIKFLT BT 7 A — 7R RARIE O A& E TG &
BL15 IZTHYR X BETiETITo 2. 7 v R—=7RREEIC, ¥ A ¥T o RIS R
(diamond-111, 220, 311) 2345 541, FEHIZ UNCD g N FET H Z EBRH LN/ otz. v T —
DOXRTRED SN OFEERAITR 20nm TH Y, Z1UIT7T v F—7D 5nm L H_RTRE .
Si F—7"7% UNCD #ifaEZRE L T D AlgetEnd 5. Fio, Blllanz# 1 vE Re—7
PLENE, 7NV EIZHEAENZ 7 RLTWA Z EMGho o B IEEL TWnWA 2 R E BN,
Si AT FIICHFEL TND I ENEZLND.

X 112 BL11 (2 CHIE L 7= B-FeSi, s & OV NC-FeSi, D EXAFS A7 N V&7, 8 (Fe) D
LSRR 7.1 keV 20 6 @ =k L X —(NZ T TRIEZR N BB Y & REIAY RS LT
L. ETWE DAY MVIRITIEE IR TR > TH 0, BEEOEWEKBLL TWD Z &35
ZHb.

X 212, EXAFS 27 LDl L7 RE /N % — % 7R3, B-, NC-FeSi, & & I 7o k) /<
Z—rERLTEY, ZTORMITIZIE &KL TS, TENLT 7 A& & T NC-FeSi, R TILE 2
BELLIBEOE—27 2B\ T 7 e— MMERA LN TV .

B 3127 — U =ML IREN AT MV (REESHREE) BLOT7 1 v T 4 7R AR
9. B-FeSia 5, NC-FeSizfié HICRKERIEE—7 N R =198 AlCAbz. HinzEN» 5D
N7 4T 4 THBNS, 2O — 2713 Fe-Si OfEAEICRHE L TWA Z R NhoT-. A
IZR=2.75 A lc A b7 B — 2 1% Fe-Fe (25t L T4 . NC-FeSiz JlEIC 3\ Tlid, R=2.75 A @ Fe-Fe
' — 7§ B-FeSiz i & Lb R THRD THH < B ST 5. ZiuE NC-FeSiz ([ZFHEAI 72 25D
FERRIRCH 7 ) TR RICL D ETH Y, BAE 2L OMINIALET D Fe 1Ok
BEAZ ML TS, ZORFRREAHED, J6 - EXFHEICRESEE L TWD B X6, 4
BrEI 22 G 21T - T

(@) VV"/ (b)

Intensity(arb.unit)
Intensity(arb.unit)

7000 7500 8000 7000 7500 8000
photon energy(Kev) photon energy(Kev)

1. (a) B-FeSi, ¥ & UY(b) NC-FeSi, {50 EXAFS A7 kL
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5. 5% OMRE :

Si F—=7" UNCD JEDOREEFHI 2 ¥k XRD TITo 72, D X A Y& iR OFENHA L E
Rodz. TNETORENS Si JHHIEX A4 YE Y RN I ORI oA L THD
TERG Mo TERL, ZOMREIIC, F—EU Ik RE Y v 77 MEEOFEME
Eg LT, £7=, B-FeSi, & NC-FeSi, #E D EXAFS HllE Tix, Fe-Si, Fe-Fe (ZiL[K3 2 IRE) A
XU MBI, BREROEWIC K O FRREOREBRER D Z RO N o7, 51, 2
OfEmERE (X7 V7R R, Rif) OfESIE L, KEEmREOFEEZTH T <.
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Wit 10nm DX A YE 2 RFERRINT BN T 7 A —R O RICNET DifiEE L H. 77 A< H
t U< IH AR FE T CIERICHE = ARER 7 v A CIENERKR S, BEEN, @il mic 5okt
BRI AT L TN D, SRR N SAFIET 5D 2 & C, MENEa L 0 Te L ARIRSEIN & 72
HIENHLNTWNS,

. B-FeSiz

EVVERIARE L, BN Ry v 70856V 28T 5 2 L bt AoME TR+ 547 1
T/ b= AMEE LTHEASNAMETH L. ldEHEEARE L THO O DBEFEDOE
P—1%, MEIZEETHD, LT AZVEFITHERSILTW AR, g U A RITEBEEZREIR (8F




LoV ay) TSN THY, ZiliTxakT A ANFRAETLHD.

- F kG Al FeSip

KIPE 5 nm FREE D F ok b FeSip 2N I BRI A4 L -4 i & R L3RR B T d 5 . B-FeSi2
ERBRDINEZAT 20, BURTIEF ¥ U TIRENES T ED7DICT A ZASHITH LD 233 »
TWD. ZOMBHZ =R ZEICHINT 2 2 & Tx v U TREN KD T2 2 & 0NFERT
o TERY, 5%, FillA 7 b7 ha=J AT "L 2L LTEH SN TH A 5 BEBRGEN
MECH %.




