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Summer Seminar on “Silicide Semiconductors” 2002
August 5-6,2002
Japan Atomic Energy Research Institute, Tokai Research Establishment

co-organized by
Professional Group of “Semiconducting Silicides and Related Materials”,
The Japan Society of Applied Physics

(Eds.) Kenji YAMAGUCHI, Hiroyuki YAMAMOTO, Kiichi HOJOU and Haruhiko UDONO *

Department of Materials Science
Tokai Research Establishment,
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received November 8, 2002)

Some silicides are known to be promising as new types of semiconductor, being less hazardous to
the environment than conventional compound semiconductors. This seminar was held at
Advanced Science Research Center in JAERI (Japan Atomic Energy Research Institute) - Tokai on
August 5th and 6th, 2002, where 1 invited lecture, 10 oral and 20 poster presentations were given.
It was successfully carried out with the official participants reaching as many as 70 people, with
plenty of fruitful discussion. This summary is the proceedings of the seminar.

The authors would like to thank all the staff members of the Department of Materials Science and
the participants for their support.

Keywords: Silicides, Semiconductors, Environmentally-friendly Semiconductors, Compound
Semiconductors, New Materials

* Jbaraki University
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1. SYIURATOEMEBHOERE EOT /A RAGH
Recent Progress of Silicon-Based Heterostructure Technologies
for Novel Devices

ERIEE
Masanobu MIYAO

AMKE - KPR AT LRBHPHARR - VY T/ ATFEM

Department of Electronics, Faculty of Information Science and Electrical Engineering,
Kyushu University

BEFRMHEEO =— X CHGETE DA —a o — I HERIEV AT LD
BARAEE L7220 Si-ULSI OFRERELXLEFE P ERNLRER LR > TETNS, ZDH,
FEFHREOTERENATITOIATE Y . 2000 50T R F-TER R FRIBOKEHER
ELRAIERPHRINTVWS, ZOL ) EEERFoERCIIEREHFOESALITMZ
T, Si AN ALk, ¢REKE, EBRES LR TFEA—F—TH#E LEDALH L
WVWSi BT o BBERNBLEERD, TROOHEIRSI TR Y ¥ — (Molecular
Beam Epitaxy) Hi#fr i L 3tz 1980 ERICR > TRFHICRE L,

Si-MBEY L IIBHEL T TSi BRICSIRPRAERFO—AZBH LHERKRET S
FHETHD AL, BREENREUATOHSICIIELERBHER I N SHFIZRY Molecular
Beam_Deposition L FESFE L H D), BRRETORRTHLIND, Wwo< Y LSiFF%
AEL TLHERFRMPR BB E T 2RI EIERENET 35, > TEREIZBWTDH,
ERERECEE LR T BRI L EELE TV BRELE L SORENERRE 2 LN
5, TOFBEEN»LFMBRAR, ~T oBESEETFE LV THE LIERT 5 HEN
HREFTRAFTDR TV, TORR. FA¥ - F—¥ 2, SOI(Si on Insulator)#
YRR, Si/8BR Y ¥ A K/Si RE. Si/Si6e/Si FRERZD Si ~F u BilEEMmn - = 15
EORICAIEE 2o T,

T F—Er 7%, Si B EICSE & F—RU MRFLEZFBICEELITOON
—fxTHB, LHrL, F—Er/BEES, BoORERRECH L TETIT 2%0XKAN
D, ZOBRRIISI BREICRIT S F—230 MNRFOMMEREMEL . BoBESEE T
MELTROSEBRBINTW:, LML, BEDHIENG, F—32 MEFREEREPITER
HICEPCLERZRARITBRRTHLIENHARA L, - TAF ML F—E U TEEZHANEF
— Y MRFEFERREPOEFRFBNICANIFIZL Y ZoRKIEIWHINE, b
MREZEICTAY - F— U 7ENBBE SN, ZOFETCRESREmIC F—1V MNRF%
B L%, ERESI 25 LEHRRETHERLT S, ZORR. W F—Er/BE
(1X10"/cn) #HT B> ¥ — P RAMPAFOBBER L L Bote, TLY « F—EL 7B
EMOS PIFUPREIDF ¥ ERARBNRFAA—R by =L LTHVWRITEF ¥ R
RIIABIIHFHENRDE, ZOBRIITFHF ) - A XUTFOWNTF 34 A THICEETH
D, 21 HREOBHEBEIR~OBANKVICHAFEIND ?,

MBD DR RASHO—DICEM SOl REHHAA S, HER S BkRm2 gHd
5 Si0EO—HEBO L%k, BERSmCHERESI 2EEF LT =—A(~600C) 73, Si0,
BEOROM L Y BHRRIIRAE L. KV TSI, EZBREMICEITT 5, 7=— 2/ (~
1085/ T3 & R CHBESI NI OBRHZENRBEL, TOBH. BHFRAKEKIX 10uniE
ETEILT S, AP, B) 2R F—E 7 LEMREHEZBINT 5 FE, RS 208
PREFMICEE - BETAE—LBRECL Y Xy VREESZO SO @2 AT F
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ENREH RN ENTWD, BTk Si/ Si0,/Si/——— %5 BEERES LT =% S01
BELERIN TV, RO T ) BET A AEHMERT A AT V- TFT O
BEICHNE I AB/FEINS Y,

MBE i %l ie~T o « TEF X2 ¥ AR OSBN 2 E RGN Si/ERERV D
H A R/Si X TNATF ol EOTHR TH D, VY A RIZiELSi LB TABEMSD2L1.2%),
B A (1300C) DEW CoSi, KAWL, ZofEE A LR RRFR N —IT
T eR—R+ hFTUURIThHhD, —BHEEDON, LTOSIi B2 Y —ABLUPFL—¢t
LTN. Si NEICEDAENE VYA FSRE A — 2 LTW3, EMICERORNS
HRROBRYPEPT VPRI TIIEDOEF ¥ IR Y V7T 7 4 B CTHIBBRE NS D
L. ERBHEFICHENAARFCREOF ¥ U RAEMBEETER T T L5, K
FRBA— ¥ —DREF ¥ IR ETRETTIBERNY AT v 7 - T84 ADHF /15
D—DThb, BICEETIE, Si BEEL VYA FREBRL 2 REICERRRT2EMN
L hot, ZEHETHFOKRABRTFEMICER LB o RAHR (AEEH) LB
BEhThY., TREFICLEBHBET A A~ORBHEFFINLHL TV,

Si B~T  BEEERINORTOR LR Yy ML SiGe/Si ~T a R TH D, Si
L Ge XL RBEIROS. MREEANICEZIBFIZIV AV FX¥y vy 7HHIETE S, Si T
BN R ez P=T Y o EBAL LSI HEEZREBAICH EX T IEFEHRE LTRY
CHBEZED TS, SiCe BFHK—F T VA F TIX Si/SiGe RmIC _KRTEF « IEFLZ
EHL, BHOER Ty FREELHET 55T LV AlGaAs/GaAs ~7 o HEEIZILECS 5%
W BB (~80, 0000cm /Vs; 15K) 2 ER LTz, X—AF% SiGe & Liz~F o « A H—F
FEUURETIIT Y I F—_— R/ ARG 2 AT 5 X 0 BRI B L K8
e ELE, BEREXESTAEC LY SAKRSESEECH ETAFLAT O - AR
—35 N BRI DERO—DTHY | fFROEIEENME Bi-CM0S ~DISASBIRF S ¥ 5,

—F5. Si. Ge X, BHEEBRRLEKTHDN, SiGe BRI L THETHEEBRICT
AEMNFETH B, Si/SiGe/Si BFHFNLBEOL IR v BV ABREMIW RO HE %
BE(R, D%, BB SiCe B - TARFLRAESN TS, Si-Ge RTRGe-Ge A FOR
VRA. R FERREBBERYEEL TCWAELRBTIRE LR INI, Ge R+
OB EZRHBETEELF - 2o P=7 Y IR RNVIBABBRERIIEANICm EL
SiZWA v F—aXxsvarBERTIELRS, £EO ULSI XEEBREEEL LI
FOMEL Y IEBRBCHECHIT ATV ARHETHD Y,

Si BT OB EEIROMENEE > TERIC 25 EXER L, F< ZTORR LI
BEREH LN E R TREORBERTH D, RFEA—F CRETHBET S Si ~7T uifiED
BB T A ACEHT AR, X Si-ULSI Fot R EOBRSHSHEEL 8D, ~T ol
ISR BULE (BARRL. A AV THAREOT =—A%) Lixe v F LEL . 5%, AiEdk
FRAAEBICBEL o AEROKR - EEZHLELTIMETHS, —FH. A/ F-x
VP Y A L ARB SR RN ERBEEER N -2V =T Y S K
BEFHW G BRTFAL R BETHHLTWS, RFELERLOBrRL Y. sthiEll ko
BABEEIN, 2l RV bo=7 AZ2AIMTIFLHF LI,

L £ pd )

BRIEE., PR RSB $61%, 811 5, 1104 |, (1992)

S.Yamaguchi, N.Sugii, S.K.Park, K.Nakagawa and M.Miyao: J. Appl.Phys. 89, 2091, (2001)

N. Sugii, K. Nakagawa, S. Yamaguchi, and Masanobu Miyao: Appl. Phys. Lett. 75,2948 (1999-)
M.Miyao, K.Nakagawa, Y.Kimura and M.Hirao: J. of Vacuum Science and Technology 16, 1529,
(1998)
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2. B-FeSi, DRIR4FH
Optical absorption properties of B -FeSi,

KFBARFELER BIETILFER BREE
Department of Electrical & Electronic En gineering, IBARAKI University
Haruhiko Udono

1. BB

BEOENAEB L VE-FEHERKENS, BEDHOD B-FeSi, BREBBEON Y RigEEHED
EDRFBFMEAIZ>TNnS, LML, N FEBEDOFHFMIZBHALSATRVWANEL, B-FeSi, DK
ANZZAREREDIZXTEON REENEDL ST TSN EXERBIUEREIEmMED 5 H
EMIT BLEND B, |

ERETIEINE TOD B-FeSi, ODXHBIFHEDOHREITDVTRBNATHELEDIZ, BRXDBIR->TW
% B-FeSi, NIV 7 B & A WERNEIERRICDOVWTHHETHENT 2.

2. B-FeSi, DRINIE¥K

B-FeSi, DRIBFHEICET2MEREFICEL, TOEFLAENEEREZAWTHAIEZ
ToTn3, £ 1 KESEBSERLZRANESERESFEBICHBEL TETTBL. REHE
BLUEREOKBMELZ ELSRITE > ZHBORERTONTNSA, TOVNTNHRNFEEK o
R 1eV T 108 ~1x10%m™ EIEEICEmN T &, B X ORI (EHESA) 2554 0.85eV
RIS AEHELTHS, B 1 KERTORNREOIXINF—kEREELDEE
iR, BPITIE Ga BEDPSRELENVIEFERZBVWTRADEZATRIELEHER
BRLTHD, NIV BEHEEORNAEIIHEBEST 2 1-50um OMTELL TERABX W
RERZBELTRKODTNDS, ARNEVNGETHTHITHENEZERBLTBD, RIUHELTFD
IRNF—EETIRIENVRNEEE DI ENH S, BEAB TREVWRNGEED & Z A0
BEENTWARWA, ZIUIEEN<750nm BEEENED, a~10%cm™ LD T ORINE
BOBNWEZARTTFBREDHETOECAETE TN ENEZ E5NS.

3. WK OBELEL

Moroni 5DE—EEEERERE (K2) »5 B-FeSi, 1T Y-Y BHE Y-0.6xABBOIT R
NF—EREETAEI NN REEERE D ENTHEINTNS, K 3 I7 Yang SAREL
TVLHEEEBICHET 2 RIUROBESLERT. T, H 4 KEEBESICHET 2RI
MOBERRETRT., BRFERRE LB L THEEBIIHET 3RIUEO T IC R EE%IC
WIS B EIURSTEAET 5 & B, ThERIUROBEELEEEDEBOER 5 IT%
P
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4. B-FeSi, DH¥RFH%

B-FeSi, 3B BRICETA O MR EBZVNFRAEZFD. K 6 iIZ Takarabe
Stk BN REHEHREE S EICEHE L - RINRRORAFEERT. SHERRII R
BB 2 BIURE S RN AR L o TRES BB ZEERLTEY, ERTRINAEE
TS5 DI B EEE L ERAENBETH B I EERLTVND, LALBRS ZHET
LERIIZ B-FeSi, DRIVEHONZEFEERLUERSRZEONS BN ok, THUIHER
FIZAWSTAET 1 ZOBRRBHNESNTWAN D EEZENS, B, RX
DEZBTH> TWBRECLIBBBIVRHBETIY, BNEHEOHEBIZEFENRS
NTHY, FHREEEITS T ETLDIERR B-FeSi, DRHENEBSND EEX TS,

5. #HOIT

SR ORI E B EIT B-FeSi, DTFHIT DOV THEICEN Lz, INETOHRED
5 EEERICHET 2RI & VETLFIF —RICHBEEBICHE T 2R AFET ST
EMEINTED, B-FeSi, BHEEBREONY REEZFHDOEEALOND., X DFML
B-FeSi, DN Ri#E 2SN L TWL D REICEREARZRIZ AW, HZERLKZ
ZRUIBIEZTD CLVERETH S,

&% MK
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3. Si BRPTMEBOSGE VAR ERER~DEE

Influence of treatment of Si for iron silicide formation process

JRORERE ' LA 2 ILn&ES 2 BiE /&° E+HEE— EE—*
M.Haraguchi', H.Yamamoto®, K.Yamaguchi?, T.Saito?, S.Igarashi’, and K.Hojou®

'R AR FRFGEE TSR 2 B AR T DB R E B R E
! Graduate School of Science and Engineering, Ibaraki University,

? Department of Materials Science, Japan Atomic Energy Research Institute

Iron silicide thin films on Si (100) substrate were prepared by ion beam sputter deposition (IBSD)
method under ultra-high vacuum condition. We investigated the influence of treatment of Si substrate
for iron silicide formation process. The crystal structure of the formed films was analyzed by X-ray
diffraction (XRD). From the results, the difference of the crystal structure was observed depending

on the treatment employed.

1. XL

B2 I NETIAA L — LRy F TR 3t (Ton beam sputter deposition, IBSD)iE% U
T Si(100) FEAR E~DKI VI FEREERA RS 70, ARITEBEIERIZISV T, Fe & Si DFEE
RO EBERBRO—DLRHIEND, Si BRFEORBEECHEES B RIS RERLE
ZBHTEBTFREIND, ZOT2, Si EARICH T HERELEBEDOBENIZL > THEOBEEGICER
BELHLEZ | ABRTIT Si BARLEY VY AR ORBOARRICRITTRERITOVTREL
<o

2. ERF L

VYA REEIT IBSD B2 AWTERIL -, BRAEEIZID8K VA FERBR OB L
LT, —=iyF 7 (TE, BiRME) 1O, 2/ 8y¥xoF 7 (SE. 3 keV Ne") D, Uxvbx
vF 7 (WE, RCA ) EOD =R Si BRI EE BV, SR ELEE ., EEE 35KV,
A7 B 250 pA T Fe (99.998 at. %) &R/ Sy HFHE LTz, AL 33 nm LL7z, REZDY
JEIX 8.0X10% Pa LATF. RERFOEZE T 2.7X10° Pa LA TFICRFFL-, REFRFOERIBE X
873~1073 K LE{LE¥, RER T RIZBRB AL, (ERLUEOR SidE L Bims X REITE
(X-ray diffraction, XRD, CuK ,#2 (0.1540562nm) ) & %18 %! & 7 B #E (Transmission electron

__6_
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microscopy, TEM) (ZXVEE LT,

3. ERER

1 T T I T
O o~ i
5 S0.8- -
Fig 1 \Z4- R AL, BARIRE 973 KT ! o
ML T U ARTEIED XRD 2<7bL G & 0.6 .
O N r
D B(BO0Y T DT — 2 & B(202)+(220) F D E°— =) \?0_4_ -
P - aa
JEDREWLER T, CORRELY 530.2— e Py i
B(202)+(220) / B(800) DIEE LkiX SE, WE 14 =
CIHENDICHL, TE HECIED 3 S8 E s wi_
(272> TCNDTED 537D, Fig. 212 TE EALHE surface treatment method

% FAEE 973 K CERLL 78k U1 Fig.1 XRD intensity ratio (B (202) + (220) / 8 (800) ) of

MIROWTHE TEM BB RETR T, ZOR
RO, B-FeSip& SiFetk & D FEITELALVHAE
CTEY, ZNUBEOR SRR I EEY RIE
LTWaEEZ LIS,

the § (202) + (220) peak to the B (800) peak of iron

silicide films formed at 973 K after each etching.

4. FE®

ZHEFHD Si ERALE | IBSD {E%2 VT
FIEND Si EAGES YY1 P ERA Ve s
U7z, Zhb% XRD & TEM IC LV BIER T 528 e
IZED, ENENO RO EEEE I
BV RO, TE EITERLEOBIZE
HVNEASH ., ENBEREOKE R EICK
BT D7 BIROREREE DR —2200T Vb0 LE X 55, SE.WE B4 EOME
BUE BT BB I RS BN RO AR T,

Fig.2 Cross sectional TEM micrograph for iron silicide

films formed at 973 K after TE method.

5. B3 3k

(1) M.Sasase, T.Nakanoya, H.Yamamoto and K.Hojou: Thin Solid Films, 401 (1-2), (2001) 73.

(2) T-Sakamoto, T.Takahashi, E.Suzuki, A.Shoji, H.Kawanami, Y.Komiya and Y.Tarui: Surf.Sci., 86, (1979) 102.

(3) J.EZiegler, J.B.Biersack and U.Littmark: The Stopping and Range of Ions in Solids (Pergamon Press, New York, 1985).
(4) WXKern and D.A.Puotinen: RCA Review (1970) 187.
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4. Ge FEMIZ & B B-FeSi, EHE LK DEHHIH
Effects of Ge doping on lattice modulation of f3 -FeSi; film

EERE. BEEA. HLH=, X ¥ afER. SR . SREE
T. Sadoh, M. Owatari, Y. Murakami, A. Kenjo, A. Yuri*, T. Yoshitake*, and M. Miyao

AMKEPKRERE S R T LIKEHE., XFREGETY
Department of Electronics, Department of ASEM*, Kyushu University

Effects of Ge doping on lattice modulation of B -FeSi, have been investigated. Solid-phase
crystallization of Feg3Sio xGex mixed layers on Si crystals has been studied as a function annealing
temperature (600-1000°C). The x-ray diffraction measurements revealed that B -F eSi, was formed at
600-800°C, though FeSi was dominantly formed at 600-1000°C, for Feo3Sio¢Geo: mixed layers.
Lattice constants (a, b, and c) were evaluated from the XRD peak positions. The value of a increased
with increasing annealing temperature for Feo3Sio¢Geo. layers, while the value did not change for
Fey3Sio 7 layers, which suggests lattice expansion by Ge doping.

1. REDIK

qeilikgEs VA B (B-FeSi,) (3. EEBBX Y v 75 08V THDA, 1.5um FH
EERNET /A AMEHE LTHIfFSh T3S, B-FeSi, DBEITRIEZ2ICEIMAI LT
RV A FEEOEESBLICEBTFOES, LY DT amilERKESBELTWS,
Si FEE AR EIC WA B -FeSi, 2 TER T 5B AL, Si BRL OB FRESICL DV EHFANT
HThsd, LirL, T30 AEEICIX B -FeSi, DEB(L, 5V IEREMEBR L TORR
MUF LD, UL, EELET S LR FABRCLHAIEABADRNHFE S, FHAHE
R EICB W CHELOBEAT LEETH D, T2 THRLIE, B-FeSi, ~DREF(Ge)HM
wk 3, NEBMAKRTEHXEARBRM LTS, 22Tk, Ge BRI X 5 B-FeSi, MHAKE
BROEFA L BRREBOBTFELZOVWTHRET D,

2. ERFGE

EBITIX. FZ-n B Si(100)EAR 2 Vs, TDLICA &Y —4 v M(FeosSios BT FegsSiosGeor)
FRAWERF =7 % by ARy #IZ LY FeSi(Ge)A &R (U : 30~500nm) ZHEREL T2,
= OREHE B 2o h TEULAE(600~1000C, 0.5~10h) L1, BRI VYA FEBOREL
XRD ., FwrR¥Ec L Vi Lz, BEANEIXFTIRECE VT
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3. RBRR p———
-~ | 30min i

il * 1000C -

Figure 1 i, B 500nm O FeSiGoRATEEH £ e
HLIREHIBT D XRD 27 MAOBAER  E W
BT 7T, Ge SEURABABICIL, 600~800C ™ A
TRRORVFBULDIERT BRE R~ e
BRSh, BOEREORMC N Y — MBI T s 1000 ]
K& ot, SHEHKRBAVIC)DRARLE E Lﬁ"‘W
T pACERT 5 U— 7 IIMRL, WEATH § R
= e 2

5 a(I0)R Ko (10 BET 5 E— 7 BEMES 7 —

N, —H. Ge FHIFRETIL 600~1000CD LV 20 30 * 4lo S0 60 70
TELEE GBI 35\ > TR Tdb B FeSi 38 KRR 2 6 (degree

Fig. 1 XRD spectra for samples with or without
&N, ¥ 600~800°C T B -FeSi, KRR S h Ge doping.
7ohs, EOFREIT Ge BEMABHI LR TH 7 - m——_cm e DU BRI
02 Ha Feo:Sios mme:almgmm:.30mm_1
hol, ~  HA FeosSiesGeo. u 1
Figure 2 10, XRD U~/ fr@EOWMLES S f a7
A a . ref
FeSi, DM T RGO L RUBBEOBKE L © [T AT
TRY. BFEROBHIZBEL T, b= 2EE ; L ; '

L, CORRIY Ge MBI Tix, BasE 81 "2 FeqSie7 .
& B FeosSiesGeo, ~
B 850CLALT, BED LRI Oh, aWGROMH =,
REVHMT2ERIND, =
Figure 3 i=, Ge FMRAMOS v Ay bz T1[ ‘ . .
¥, 600~B00C TR, B-FeSi, D Fe-Fe N0 O TV erature (C)
BACBRTR I~ F4 2 (#250cm™) V@ Fig. 2 Annealing temperature dependence of
lattice constants,
WEhi-, Zov—7BIEIRORBED LA L
BT XA ¥—MIc s 7 b ¥ 5. Thit FeFe Fe 58ig6Geo a;mea}in|g time \',?-Omm
REDBSBRVEHERT TOEELREL T FeiFe
5, ULEORRIY, Ge BTFMIZ X Y B-FeSi, Dk
FER @uhiE) KR THLIENRH ST,
(f53
KBRS RE fiREHEEICIAERELZTH
WEERXELE, BRHRELET,

Inte nsity (a.w)

L
i | S W | i

i

) i 2 1 N P
PR 200 210 220 230 240 250 260
o Raman shift (cor!)
1) Y. Maeda, private communication. Fig. 3 Raman spectra for Ge-doped samples.
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5. fLUYAFREVHIBIEODTEMERS

In-situ TEM observation of the formation process of Fe silicide

MR F, 888, Zhang Qi, TTOHER, HWE—X
Miyoko Tanaka, Ming Han, Qi Zhang, Masaki Takeguchi, Kazuo Furuya

W - AR SRS /T T LR AT

Nanomaterials Laboratory, National Institute for Materials Science

We observed the /3 -FeSi, islands formed on Si(111) substrate with in-sitt UHV-TEM. Plan view
image of the islands showed Moire fringes with irregularities. From SAD pattern analysis using
Kikuchi pattern, their epitaxial relationship was obtained. HRTEM observation suggested the

formation of edge dislocations and stacking faults in B -FeSi, islands.

1.ZLCHIC

MR, BVE - SEETRE T AMEE LTH/ YUY A FRIROZEEAEE - THY. bt g

S &R EICUFe L UHA F74 5 FEERL, UHV-TEM ZRAVTERLEOTHRST 5.

2.8 E

S BEERHET 1 2T o7 - (LB Sk RN —ARZEE 10%Pa MBS EZESIHEY
25 L(UTSICS) " FIZEA L. 4keV D Ar A 727 )—=25 XPS IZ & HREHM, KU 700-1000°C
COEESEEEETS - L CEAREE S -, KEEHTRL AT LICHZERES I XPS AAXY F
JU. UHV-TEM(JEM-2000VF)E7 $4 B U UHV-STM (JSTM4500XT)RFHERI = & W RERE L 7= ZOERE
3R T IR o L \HIZHB U TEET 520ML ) Fe ZEFE—LAE L. AEHROBHE ChE 600°C
7 =—ILLI=EDIZ DT, TEM 85k EELS AlEET o1,

3.ERER

Fe 7&% 1= Si(11)i#% 600°CT
LT HE RESITUESDEDH
% B-FeSi, 84 T FA FTFAZ
> RO &=, B 1 (215 20ML 2855
BD TEM {8& SAD /34 V&R,
1a ITRENBVYHA RFAS R
(=14 Si BAREDET L2 3 UHEEES

1. a)B-FeSL,7ASED TEM B RV, b)EHF/ 2,
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héoCh%@%?bﬁéytﬁ$ﬁ%ﬁﬁ%<~745>Fmtxﬁﬁ§<kofmé:&%ﬁbfm
%o
B SR OB OIS FIER CEUTLT, 1 D0EH B DI I ETIDIFE L
Ly, E7=. B -FeSh DI&EFES S a=0.9863nm, b=0.7791nm. c=0.7833nm? & 45> TULNVT. (hid) S & (hik)
ﬁ%&%EmLm<mo%:fs&wﬁyywﬁﬁm@~uTm;aﬁﬁ%E%mtﬁon%mwﬁ&m&
E\azﬁwxﬁvbii¢&7h»®ﬁi\%Lr@xﬁ&#&v»@%@%i\f&éoif&@@,
MEJQWﬁﬁmGﬂ&&@@SEU@?4»F%F@ﬁNQDEﬁ%L\%ﬂﬂﬁyﬁéﬁmeﬁﬁ
ﬁﬁéimtomu:ﬂ6mﬂéythﬁmxﬁvh(M2t3m)touf\ﬁ§%K$H63ﬁ®§
BERUKERY bLERDT, ChbESEIERETA 5 Y FOFRBRE
(1) (110)pesz « (1015 // [001Jrese =1L (M0)B @ (M)SiALDTHUL0.13

ERHBHIEMNTET

RIZ. TA S FOmEa Ciko 1tz HRTEM
1@AEE 2157, BOLOEAD SiERT, T
DESHOET LI VOHNRATNDON Si &
WRED B-FeSh 745w FTHdH, EVLIY
DUOOREEN S, <111>B [F<110>8i 1o 5.7°
fEREL M TER LTS S eha otz Efc
FFT ZFAUV-EHEETM D, B -FeSi IZI3#ak
[CHEEOIHRA RS - N—TFTLA v, BRU
a/6<112>g DEEBREA A>T,

AFEED

2. B FeShOEDHERER.

Si(111)ER IR LTz B FeSk, 74 T K% %015 UHV-TEM THE L, FTEREN L&
PAS Y RECRBEEEOHZET LI Y ODBERI NI, e R A LB/ AAZ Y
BN TA S FE SIRBROIES ¥ v LERER. EoBERRNE. TATY
Rlztp BB REAAS>TWND EADM 2T,

5.5:% CHk
(1) M.Tanaka, M. Takeguchi, H.Yasuda and K.Furuya: J. Electron Microsc., Vol.51, 2002 (S45)

(2) Y. Dusausoy, J. Protas, R. Wandji and B. Roques:Acta Crystallogr. B27 (1971) 1209
(3) M.Han, M.Tanaka, M .Takeguchi, Q. Zhan and K.Furuya: Jpn. J. Appl. Phys., to be published.
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6. TENT 7 AT7A 78TV A FEEEDKFEL

Hydrogenation of semiconducting amorphous FeSi,

HE B BRIEE KRS ATEEYT EERET ERERT
T. Yoshitake, A. Yuri, K. Nagayama‘, Y. Maeda™", T. Sadoh™" and M. Miyaom
TUNKRFERFRBEB L PN EF 0B AR TEFL
MK FRER TERMZEFH LFER
TKIRFSLR R AR N E R R
TR KFRER AT MEBRBFRET T A ALFER
Dept of Appl. Sci. for Electro. and Mater., Int. Grad. School of Eng. Sci., Kyushu Univ.

"Dept of Aeronautics and Astronautics, Grad. School of Eng., Kyushu Univ.
"Dept of Mater. Sci. , College of Integrated Arts and Sci., Osaka Prefecture Univ.
"*Dept of Electronics, Grad. School of info. Sci. and Elector. Eng., Kyushu Univ.

Hydrogenated amorphous-like FeSi, thin films were prepared by a facing target DC sputtering method
using a hydrogen-argon plasma. The influence of hydrogenation on the film properties was studied.

Based on the experimental results, the roles of hydrogen on the film properties were discussed.

1. E®IZ

B-FeSi, BEBRIIZELV R RO E AR L CEBEEZED TVDN, IBETENT 7 RITRS
T A THAE RGN E R T 2o NS SNBRIE 1], T4 IXPLDERIRCANN Y ZY 7 ikz H
VWVTB-FeSiy DR R 4T TEH, ZNODOFEEZAWTE B EER LR 7NV T 7 A8k
VY ARERE CEAZLEZMELE[3), B, TEAT 7 AV ARIIH§HKFBIDORE
FTWARI=DOTHET D,

2. EB ik

F ¥ N—NEX—RYFR T HANT 10 Pa L FETHR L, TV EKBOFRE L EH
L CLE 1.337 Pa TRHERIRIT o7, FIMEE, ENNEH% 950 mV, 6.0 mA, #—7 b ik
RIDBERER 75 mm & L7-, ZARICITEIEDT Si B4R (p = 1000 ~ 2000 Q-cm) & AV 7=, ZEARATLEL
LT, TR OIS %, 7o bR FBE CRLBER B2 1To7, ERBEIIHSEEESL X REH, &£
EHEY EERE FHME. BFEEEERARIN T —) o B EOLE R EX 2 M iR
BRIERAEERICIVFMEL -,
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3. ZBFR

Fig.1 IZAERMED ARG AT MV ERT,
KFLSNTVRNOEED 0.6 eV DHFNAURF py
TERRTOIZTLT, 0.9 eV E@mVMEZR DI
Bo KFIT AL FEAL Lip/Ip 2T BIF SR
Fro 7 BLOHEROZE(LE Fig.2, Fig3 (2t
EFNRT, KFBEDPEDLLEBITHFEN R vy
TRIVHERIZ— BT 5, B0,
KEBEFOF LTI TRUREREEL TNEIE
WWERT2EB20D, FEHFEASVEFX YT D
BN, a-Si DFELFERRIC, BFKEIMEEF
B A R T RV — NS 7 RS TO B FTREMEAS
B, ZOEKOKFEZHEIL SIMS O4OHab
0 ~ 10 % T o7z, Iip/la= 2 LA EITA2 B HZFEN
YRE Yy 71305 eVIZ, HIEHUIT 1HTH, B
WZHA 1B, ZOER CILARIL o T K FENRE
TV TR REEMESETNDBEEZLND,

4. F&0

TENT7ATAY FeSip 1AKFILIZEST, ¥
BEREMEE(LSEATLNHFKS,

5. BiEE

AR O—EIL, SCHFFE ERHTRI ST 5
R FCHEE B 1 B & 36 L O (M) B R E R FH
BFZERT, DRIV RENIbDTHD,

6. B2E TR

[1] M. Milosavlievic, G. Shao, N. Bilic, C. N.
Mckinty, C. Jeynes, and K. P. Homewood, Appl.
Phys. Lett., 79 (2001) 1438.

[2] T. Yoshitake, T. Nagamoto and K. Nagayama,
Thin Solid Films, 381 (2001) 236.

[3] BF] FR, K, EE. BR. 2002 EFEFE
49 ES A EFBEAES RIRSTEE.

(ahv) [an]

0 0.5 1
Photon energy [eV]

Fig.1 Typical absorption spectrum of the

hydrogenated amorphous FeSi, thin films.
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Fig.2 Dependence of the optical band gap of
the deposited films on the inflow amount ratio
between hydrogen and argon.
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Fig.3 Dependence of the resistivity of the
deposited films on the inflow amount ratio
between hydrogen and argon.
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7. PLD AW Y Y 4 FRERERORA

Pulsed laser deposition of iron disilicide thin film on Si(100) substrate

& Y, KN R, A R, BR ERT
B OREAY, nHE Bt B 8t

L. Katayose*, M. Ouchi*, T. Habutsu*, H. Sugawara*,
M. Kishi**, T. Igarashi **, and M. Tsuchiya**

*REERSI RN RS KRR TEMER V2T A EBT¥ER
Department of Systems Engineering and Sciences,
Graduate School of Engineering,
Tokyo Metropolitan Institute of Technology (TMIT)

THREKE KR TERBIEH BT IEEK
Department of Electronic Engineering,
Graduate School of Engineering, University of Tokyo

1. X

B-FeSip I¥, BEREE, 7TEL 7 7 AEEL EOBEEL LD, ThLITKFL TEHK
Y ERBETLEEZIDND, Bt KBRS OHIR T CEV VR CHER Ak AT HE
72 PLD #EERAWVAHET Y YA FEBRR & OHHIEEORFBICIVEA TWD, FH, KR
REHORL DR Z8ER L, X RETIE, ATFHEMBEBAR, B < oXEIc X il
2TV, HEREE Lo THRET 5,

2. RuBEEH
PLD AYIRIL. HH % 100ml/pulse @ ArF ¥ < L—HFKE 193nm) T, Rk LB

10Hz Th b, ¥—4 v MgV o UEERSEE AV, FRENT 20X10° Tor TH 5,
EMRBE(THIE, =&, 200°C, 400°C, 600°CH 4 FEE TH D, FEARKITIT, CZ 'V =-(100) n

AR E 7 BRI & > THERBIR A BREROKFERKIRL L THEMA L,
3. EBRFER
Figure 1 IZ X MEHFOFERETT, R TOMRBIRE T B -FeSiy %2R 7(220)E1H &*— 7 A3

BASNT, ZOBRIMMOBE VL &L, REXEPKEEDLRWVWI LERLTND
EEZEZ BN D, Figure 2 IWHBIRTHRIEL-ABONXFEMETEL R, REITTERICEHE
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TiEe<, BEEEI 7 v VR ORFIRIEED)DFEVNBHEI N, ZD X572 Dot i,
F U @WERIEE THRIE L 2R BHZBW T RIERICBE S,

AR A 22 fHIR(Flat fHIR) & Dot BURICXAIL ., TRENICX L THEHE T < JIE
%477, Figure 3 {2 600°CT 4 FrEIE L7=RABI DT < AT M ERT, BHIZFK
#72 245em™ FHED T~ E 528 Dot FEOAIZALN A Z L ICEB &N, ZOTv
E51%, SEREORBEZEIRERBEERRT =— L% L-RKBHZIB W T, Dot fEEMNG
DOHBRE NI, ZOFRIT, REREITD2R L HERLS 2 MBHFTEL, Dot OFE
B RGENRRE, 37 =—VIBENW IV ETH L ERB LTS,

|

8 (220)

400t75

8022
8 0at)
# (006)

C

200t
'C

33
T

0 2.0 L 410 26 6'0 L 8‘0 Figure2 %%iﬁﬁﬁgﬁ

Figure 1 X &EHE—7 (T==iR)
R RARE (TRt 6000 —

4. ¥

PLD #EiC & 0 BEMED & F% 0S4 TR Fl|
4T\, B-FeSip % TFT X BEHE—2 % £ :
BRI L7, RRBBT< o SR MEDD 8- = ool i
FeSip #i% Dot fEIRKICEH LTHY . Dot D - Aeni/ T
EATRE IR D ERBEROCEDEDT = e Sisub.
— U VBRI T A RREMR R ST, ¢ 00 A0 600

4%, B-FeSiy FARRICKI S 5 & 0 M7 Raman St [om-1]
MRS DRETRC B -FeSiy MO DT < 15 600C 4h. without Anneal
BOBR S WEE RO 21T 5 F Figure3 BEICHFHEAIRESTEZED
ETHD, ThbZEBEUT PLD EICLD 8- TRV AR b
FeSipy DREMEFMGEZMAL T &2, BEE: T=6007C 4 BRI
E7c. B-FeSip HOFELHIFHFESD Dot R Dot: #i¥
WMOFMAARGITV, ERBERREZH LN Flat: 73810
T AL EARLA, Sisub: Y = EAR
5. BEHE

1) T.Yositake, T. Nagamoto, and K. Nagayama, Materials Science and Engineering, B72 (2000), 124.
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8. AF BT BB-FeSi, EHREDOIRE
Enhanced solid phase growth of B-FeSi, by ion-beam irradiation

MR, HELE, EERE, SRAE ERER
Y.Murakami, A.Kenjo, T.Sadoh, T.Yoshitake , and M.Miyao

FUNKERERES AT AMERPFE, KEGRET’
Department of Electronics, Department of ASEM’, Kyushu University

Effects of ion-beam irradiation on solid phase growth of B-FeSi, were investigated. Fe(10nm)/c-Si
structures were irradiated with 20 keV Ar* (5.0x10" cm™) at 25 or 400 °C, and subsequently annealed
at 800 °C. X-ray diffraction (XRD) measurements showed that B-FeSi, was formed after annealing at
800 °C, and the formation rate was the fastest for the sample irradiated at 25 °C. However, Auger
electron spectroscopy (AES) results indicated that atomic mixing at the Fe(10nm)/Si interface before
annealing was the largest for the sample irradiated at 400 °C. These results are discussed on the basis
of the pre-amorphization of Si substrate, in addition to atomic mixing, which enhanced the solid phase

growth of B-FeSi, during subsequent annealing.
1. ELBIC

BB AU R XYy 085eV 28 T3V AR LB EB-FeSiz X, Si RIET A ZREELT
HATHDM, B-FeSiy AV -~ EXEBEIROBUEIZIX, B-FeSi, BAMEER R LAHL
725, LhL, Si BB SIO, B _EDBR-FeSi, DBIR = F LV IIRETHD. €2 THL I,
B-FeSi, MMM ER TR T 5728, Fe/Si FEBHEICH LERAA LV BRBHELITOT, 143%Y
Y EOBKH B REY B X, RFTARVISARFERERESEIFEERFL VDY, 2T,
Fe/Si fBHEIZI5115B-FeSi, BAREICH 1214 RBHBRICE T ER 2 ERT —F
WOWTHETS.

2. ERmGk

FZ n-Si (100) 4% LiZ, Fe #BE(10nm B)EIT7—ba ANy ZY o FRIZIOHEBELT-. 0
Fe(10nm)/Si fEBHESREHIAIL, 20keV Ar' A4 (BB :5X 10" em?) % RIR, F/-iX 400CT
BT, F0%, HZEh THLBEB00°C)2 ML, B-FeSi, 2R LT, L&D, 14 BB
RRET, BULBOLE KL AL ERIL. BLERNICRITS, FRHIBTAMBROES S
BAAE, A=Y 2 BFRRBICEVFAR . T, BABKICERINVVY AN, X #E
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Prik2 0 WE)ITLVREL .
3. RBRREER

800°CT 5 R D BN EHEL 7= ABHI 35175 XRD BIER %, K 1177, B 1LY, B-FeSi,
R EIX, BIERHEOREHIBNT, BRI\ Exbhs. —F, 44 #RE#I O BILE
BIORBHI BT DR FER 2 (RTH, (43I0 7' i, 400CREORSHZ BV TR
KEpoTEY, BIOEREFBELTOBINCRLD. ZOZLIT, B-FeSi, BHEKRERICIY, 148
BSHCEDIX T/ DHRLT, TH Si BEFEREINREFESLCNDLEXDL, HETED.

G 1. XRD X227k (2 @ BFE)
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500—— (22?2"‘(203) — 40f
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400} 4 ot
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g 200 ! irradiation at 400 C 2 aol
S| o 20
. i
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2. Fe BLUSi DMEX

ZZT, B-FeSi, M KRIC S 25T HL Si BREAELOREBERIL. ERITZ, HH0L
DAF U RBIH (TR F—125keV, BHE:5X10"° cnd)ZB ML= Si BROGERELER)E, 14
VB REL 5% ICBVAE800C, 2 R, REPEHEL, FREBYRIEI R Si BR(EHE
EHR)Z AV TR E O ERIC Fe (10 nm B2 HFHEL, BUAFE(800C, EEP)R LTV
VAR ERLT-. XRD A7 MUV(EAER 5 R[] 312, B-FeSi, FEAX B (B(220), (202)XRD Y’
— 7R E YD BLEE R F R 4 (TRT. B-FeSi, BREEIIFERELERDF S KE L
Bbhd, ZOZEX, THE Si ERFESBELITIDB-FeSi; BAEMRE OREEZTBL T3,

¥/, 800CT 20 F¥MOBLEE L 7-30E TlX, XRD AR’ —7 8B L) R -7
B-FeSi) R EITIZITMU TH-7A, BB E TV T, ERBLLEROREHICOS,
0.89eV fHEICEEBB U FXry 7BRASNIZ(R 5). ZORRICS>V T, BERNTTH
3.



JAERI-Conf 2002-014
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with pre-amorphization
4]-  annealed at 800°C for 20h
L
o 1 1
S
a 2 B
i~
st ]
1 ) -
~—~ {089 ev
c " 1 L oy 1
04 0.6 0.8 1
Photon energy [eV]
5. FERELEERRBHIBIT A RN TR
4. &0

B-FeSi, B EIZIIT DA BBH BRI OVWTERHFL-. Fo/SiHBEICHL, BRE
12400 CTAA U BRBHEREL, 300°CTEMALIE R, 400C TRHAL-AB LV ZEIBRTRAL
ToE D 5 D3, B-FeSi, IR BN KED 7. Zhid, /4 RBRICEAIRmIF I T OLR07
THE Si FEARFESEALICKDB-FeSi, WA DIEEITERNTDLEX . £ T, Fe BBRHEREA I A
UBBHEARL, ERELIEERE AWV T, B-FeSi, BHREICHITA T H Si BRIEHELOB)
BIZOWTRHMLIZEE S, ERFEGBECICLDP-FeSi, FEALE B DB R P HEBE LIz, ZhbDkS
B LY, B2 4T Fe/Si FBHEITERAAT BB EMTL, B-FeSi, MMM EL MRS
ZENFREEE LN,

MEE

ZOWEO—RIT, HEFRBHMBEICIVITDRhIL.
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9. B Y% AV e XPS IZ & % B-FeSi; RIE D FERIRIR & 7 AT

Non-destructive depth profiling analysis of B-FeSi, surface
by means of SR-XPS

ERE ", Al wnEs L EHEE— . RO
SRS, MAETS, BREES, BEKES, JEE—

T. Saito", H. Yamamotol, K. Yamaguchil, S. Igarashil, M. Haraguchi2

M. Imamura’, N. Matsubayashi3 , T. Tanaka’, H. Shimada®, K. Hoj ou

'RARFETF AR, CRBRARER R TR, C EERINR SRR
!Japan Atomic Energy Research Institute,
2Graduate School of Science and Engineering, Ibaraki University

*National Institute of Advanced Industrial Science and Technology

*; Corresponding author: ~ 2-4, Shirakatashirane, Tokai, Naka, Ibaraki 319-1111, Japan
FAX: +81-29-282-6716, e-mail: tsaito@popsvr.tokai.jaeri.go.jp

The formation process of B-FeSi, on Si (111) substrate by the solid-phase epitaxy (SPE) method
and the oxidation process of B-FeSi, were investigated by means of X-ray photoelectron spectroscopy
using synchrotron radiation (SR-XPS). The comparisons of the experimental results with simulation
using electron inelastic mean free path (IMFP) revealed that Fe layer was formed after Fe deposition
on Si (111) surface at room temperature and that Si was diffused into Fe gradually by subsequent
annealing. The core-level and valence-band photoemission spectra revealed the formation of B-FeSi
by the annealing above 723 K. After annealing at 973 K, thin Si layer was formed on topmost of the
B-FeSi, surface. After exposing to the atmosphere at room temperature, the extreme surface of the
B-FeSi, phase and the exposed region of Si substrate were almost completely covered by the thin
uniform SiO, layer. From this result, it is speculated that the thin SiO, layer acts as protective layer for

oxidation of B-FeSi, surface.
1. LI

B-FeSi, 1T/ F¥¥ v 7 0.85eV DEBEEBHOLERTHY . BRI HEZETLIL
MEBEEEL DEBERED,. £ OFEBITLRTVS[1,2), Ll £ OMET
iXB-FeSi, £RGBRRICHIT B REREEICE B LIHRBIFOT, B-FeSi AW A N =X LTITR
fREA 72 SNV, BEIT, B-FeSi, DAEFIBE Tk Fe & Si MM THEH L7243 b RUS S 1T
L, BEOY Y YA FHEEOMERIZIX Fe & Si OMAEEROMHANLELRTTRTH
5, —7F. P-FeSi THBHEE T, KEF TEREREL THLMMEFITIZE A LELLRD
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'Eﬂ&W:kﬁﬁEﬂthoL#LﬁﬁB\%%%®%ﬁ®H%Tm~&Rmﬁﬁﬁmé
SENTHAITIE, VIV A FRAIX IS EOE{EHMBI R END Z L BALNERY,
= DBEALIE DAL B-FeSi, DTHEMLAEDSEWERE Th 2 FIRetEsfEf S iz, LarL2an
5. B-FeSi, EEIZAERT LB HIEFENZD (1om UUTF) | BEFOSITFETIT+HD
REREBENG LT, MBS RETH o7,

BEARRRE OO, THRER L CFRBICET 2 HERPFERICELOND Z b, X
BNEETFHNE (XPS) WELISASNTEZ, LeLaeas, %% XPS 44 TidRhiEExt
& LT MgKa (1253.6eV) < AlKa (1486.6eV) 72 EDRE X BEBAVHNTEY, <D
WEDCHBEFOTEHBHEES 2mm U EE 2570, BVRERENE LT,

VAR, B EDOHERIZ LY 100~1000 eV O CTEMBE, BOMREOK X BBELND K
AR oTr, REFORBEENZOEN T XL —|TEKFETEH20, BRIV F—%2E
FIBRT 5 220XV, BORERE TO XPS HIECIEBIEIRE X a5 ~DIG A 25 7l #E
& 72 o 12[4-6],

AHFFETIL, B-FeSi, ERGBRR LU B-FeSi; EREICRERMILZIT > BB ICBIT H2RE
(LR EED I & MR ZGIZ B U e & BV 72 XPS I & 0 f#dT L7-, BRADITIL, Si(11])
R EIZZBE T FRe BB L. 20RO T =— VAERIZ L Y B-FeSi, DIERZ 1T o 72, % 7=, B-FeSi
ER % OREL 2 KEUZRBLIT O 2 212 L Y B-FeSi, DREEL 2 RA T, &RIGEMIZRW
T. BRIV — 2L &8 XPS X227 MORIERITH Z LI X 0 IEMBRS Mot
2TV, HREBORTF R Lz, £, WEAET AT MO L 0 EFEREE
LM Z1T > 7=,

2. EBFH:

ERIIE = X —IERB IS S L ER R (KEK-PF) Ok X BRE—ALT A
BL-13C {2 THT272[7)e XPS A7 MIVORIEIZILEEREIE T 7 F 7 A % —(PHI 1600C)% H
W, IO AS AR EEIC R LERE L U, KEFIRVAHBIIAFRICH L 54708 LT,
XPS AT EICITREIREOE R, Fe RKE. 7 =— /VAEEMRITZ 5B TR LB E DR
ENTEY., PHALEE, REZRKUCE LTI LR OMEITHRE LT LTI T L AT
BEThHD, hE, REFEC—2A—Vcb—IDERYEFESTZD, A7 bV 220,
270, 350. 450, 550. 690, 890 eV DA Fhil = R /NLX—THIE L7,

EEREWRITIIHERD Si A1) ERE AV, BRREIX Ar X%y 2408 (1 kV, 10 min) &
7 =—VAEE (973K, 15 min)Z RV IETZ LIZE VB L E{Toz, &REEIIZ 113K TIS
DT =—NAAE A 1T 7=, Fe #E T, Fe #(99.997%)% W U A ¥ —IZ&H T,
INEZ L Y Fe 275 &8 12, BBRITIIERBEER T 1.0 nm D Fe #73EF L7 Fe ZERE,
523K, 723K, 973K TENFN 15 HRIDOT =— VB E{To 7=, T=—NE{ToTHEHZ
BLCiE, BEE TREZHBHERE L, £z, IBK TOT =— V&, BEZKKZHF T2
BRRFR. BEAECHLE, ‘
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3. HEBIUEE

| L I L L LN DAL

Figure 1 {2285 T Fe & & (), 973K T Fo2p. Si2p
DT =—VE(b). BEURBEARICRE B 41
%()FNZENIZIIT B Fe 2p, Si2p XPS X g : o- N
Y PERT, ARY PVAERORE
TRAX—E, SRS BIBE-ELTE o[ 1r i
75 Fe 2p. Si 2p & A-27 h /LT 270 €V £ b) b)
BLU80ev & L7, s a1t

R T Fe 831 Tid(a). Fe2p A7 |
KT 708 eV & 720 eV (FIEIZ E— 2 3% o la)l .;....1‘.2.1).
HEhiz, Zh5id&E Fe @ Fe 2p 3/2, 730 720 710 700 105 100
NE—ZICRBSND, —F. Si 2p A Binding energy (¢V)  Binding energy (eV)

7 MVTIE, 99 eV MTTiZER R B2

PEEHER, 2T s (11 1)%1:&0) Si2p ¥ Figure 1 Changes in the Fe 2p and Si 2p XPS spectra of 1.0 nm
of Fe deposited Si (111) substrate.

—ZIRBEIND, ThOORBRIT, =ik Spectra were recorded before (a) and after (b) annealing
TOREEE TIIFe & SiORGHEXT at 973 K and followed exposing to the atmosphere (c).

WRWZ EERLTWD,

973 K TD7T =— /L% TiX(b). Fe 2p A2
7 FET == ARID AR ML EF e A EEIIRD B2V, 730 eV I/ EL T
0— FRE—7BEFICRHINT, ZOE—2iF, Fe v V¥ A RiZED T XE LB —
ZIZIRIB E[6,89], Fe & SiORENRE I EER LTS, Si2p A7 L ThH, E'—
IHBEI03 eV mT R X —MflIiz 7 FLTEY, (LFEREEEIBE TWAIEEZRLTH
B, ET2, MEFENXETF AT FLVORENT G B-FeSi, DA R S, ERRA~LY b
BAGIIB-FeSi, WARR LI Z LIZE B b EEZ BN B,

T == VA% BB AR RRICERE L5 8 (c). Fe 2p AXZ ML TIX, 710 eV fHEIZY
a)VF—E— 7 BREI N, ZiLiX Fe BB D Fe 2p 32 B — 7 IZIRB I, Fe BT
WWEBESNTWAZ LERL TS, —KH, Si2p A7 T 104 eV fHEIZ 71— R
V— 7 BEBETRE I, ZOE—27XSi0,® Si2p BE—ZIRB SN S, EREIE T,
Fe2p. Si2p A7 b & biZ, KEBFOEB—RAX—1IM 170eV TH O, SR IIZ
FEZELWY, ZOZ Db, KRBEIZLE o TFeiTIZEAEBILENTE ST, Si ODHMBEML
EhiclEZONRD, £/2, XETFOFHBEBITEZX 0.6 nm BE L IEFIT/DEL1L12], %
BTORYAAAITREEIZH L 353°TH 57280, SFRIIEEFIZE D, YLDz Lhb,
REBILMBIIEE BN BB 65,

B-FeSi, EFIBE. BLUORRBZRELIToLHEESIRBIT 2EREBOREF 28T+ 519,
FEMRIBIR X TR 9T 24T > 7=, Figure 2 IZ Fe ZKF %, BLWS23 K, 723K, 973 K FiRET
T == VB EIT o I2E 8 ENEID Fe/Si Lk DRSS = F VX — &K FEME % Rd, Fe/Si thizf
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TR LF— T Fe 3s, Si2p XPS A2 b LD
v— 7 R & A A ALEEENOEHE LT,

Yo A ALMTERICE LTI, Yeh H[10]0%

A F AL W FE O R = R L X — K AFE OE
D> BT A B THW,

R T Fe ZFH®IX, i@ RN F¥—DEAD
(2 B 7220, FelSi IXABIZEML T 5,
Db, EIRTO Fe RBFIZE » TEK
REIZIIY— D Fe BERAERK LI EEZ LR
b, T=—/VIBED® LRIz H 720 Fe/Si trik
BWALTEY, Sid Fe DMETENIREE TV
HIENHRIEIND, EHIT, 93K THOT =
— VI BN R — ORI & b A
Fe/Si bbb A L TR Y, RERmEmATIX Si 23
ERETHHILERLTWVD,

= 2T, FelSi kDT =— I X B ELIC B
LM MR E2EBED vVIalb—valk
TV, EBRER L OB R ITo70, Y Ialb—
v a ZHWZE T V% Figure 31X Y,

VIal—varTRABEFOEBRERSIX
JEM LY H BHTIR (IMFP) 2% 1<, %E
FOIEB BT SIOx LB BRI
35 L{RE L72[4], IMFP OFHEIIZAALIZ
o THEINLHENX TPP2 ZH W
[11,12], E7 V1 TiX, SiEthERERIZES tD
¥)—72 Fe BTHBDLNLTE Y, £ RL¥
—IZRBITHPESINDFe/Sithid()THLH
5,

5. -
Si 1,

f exp(— z/ A, sinB)dz

[ expl-z/ 4y, sin0) expl- (2 - d)/ Ag sin 0)dz

1-exp(-d/ A, sind)
exp(—d/ 4, sin6)

(D

A’Fe
Ay
5L 2 1. FelFetSHA a Th 5B
Fe/(FetSi)tt a, THDHBEH—IZB->TEY,

4

model 1;t=1.07

10'

O r.t.
© ® 523K

A

A

10°F e =

Fe/Si Ratio

- @ - -
L model 2; a,=0.9,a2,=0.1,t=0.34

A A
Jay & A A e
10_1 B __“_‘--.A—- R t Jiduhdeieinianty it

. model 2';[30 =0.06, ?1 =012, tl= 0.15
200 400 600 800
Photon energy (eV)

1000

Figure 2 Comparison between experimental and simulated
Fe/Si atomic ratio of iron deposited Si (111)
substrate as a function of excitation energy.

depth (Z) Model 1

Si

depth (2) a Aan

Figure 3 The Models used for the simulation.

B RNLF—IZBITAREIND Fe/Si lHIIQ)Th bbb,

l;aa exp{- =/ A, sin@)d= + ral exp(- =/ A, sinf)d=

Ape @, - (a, —a,)exp(-1/ 4, sin6) )]

Fe|
[ Si jlhv ) £(l - a,)exp(- =/ A4 sin@)= + r(] —a,)exp(- =/ A sin 8)d-

A (1-a,)+(a, —a,)exp(-1/ A4 sinf)
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Fig. 1 1213 T t=1.070m & LEHEEZERTRLU Iz, EBRERE I alb—2a>d
ERTHENR AEME N, REITX > TERL K Fe idiBRMITE —78 Fe MR Z EIR
LTWBHIZEEZRLTNS,

SBBKDT7=—NVETIE. R@)Tap=09. a;=0.1. t=034nm EL7ZHE (R EHE
AL —HLTWS, 20T EMS, REAMEE. EEE—THW Fe B TEDNTH V. Fe/si
FEFHEMNS Fe & Si OMALHMIEETNWS I EZRLTNS,

723 K TO7 Z—)ViETE. MEIRNF—IZX 5T Fe/Si lidiZIEF—E TH o7, Fe 2p
XPS AR MV EMMETFHNEFAXRYT MIVOBKN S, 723K TOY Z—JVERITIE Fe i Si
ERUE UB-FeSi, 2R L TWA Z EMMER I Nz, LMLRARS, Fe/Si lbidB LT 02 T,
B-FeSi, DR LL(0.33) L LB L T/hE W, 2T, 7 Z—)UITK > TB-FeSi, DEEERENB D .
BIROIUYA REERLEZZEICLZEEZ SN, ThabE, EREAD 60 BEEN
B-FeSi, CEOLNTH Y, SiENEHO - HABHL TNEEEIENS,

—h. MBKETT == LEHEE. RQ2)Tay =006, a; =012, t=0.15nm ELZH
B () CHEBME L TR0, REMOESiRENSNILZRLTNVS,

Alvarez 5[13,14iC & % Si (111) L1281 S SPE 1T & 5 B-FeSi, £ LB OBFFETIE. 723K
F2E DR FE TR-FeSi, DAERME Z 508, @i
DY =—)ViZ& > T. UPS. LEED £ARZY b
W SiAID)DENEFEL K780, REMN Si 2
BN EMEL TS, KFEORERIL, X
MOBREBR< KL TH 0, REMIIIEE
WSiBICEDONTWA I ENEZI 5N,

—
(s
-
I
|

[uny
<
|
|

Fe/Si ratios
O

Figure 4 IZB-FeSi, fERREBICAKRZRE 2TV, L . a4 4 A

FHERACAIRE D Fe/Si . Si0y/Si lLOhET 4

FNF—KFEEERT . Si0ySi Hid>r—U o T

—HE[IS|TNY 7 T T > ROBRER., h—7 200 Pﬁg?on eng:’goy (eV;‘OO 1000

T4 9T A4 T EITORDIZE— T BRELMN

SR L. Figure 4 Excitation energy dependences of Fe/Si and
Fe/Si HIZRBATE KE<S AL TWORWMA, Si0,/Si ratios of oxidized B-FeSi,/Si (111)

SiOySi RME LI F—ORHICE b T, substrate

BT ERLTWSZ ENN5, ZNIGERE

FHEIZI SIO, NFEEL TWB Z EARBEN tI

%, Fig. 1 TRUZBED, Fe DBILIZIEEAE

EITLTBST, EIT Si 0HBEEIN.

Xz, B-FeSi, ILERTHEMND si REHMVFEH L

TWBZ ENS, B-FeSi, BILENTY . HEW _

D Si DHNEILEINEAREENEZ 515, Figure 5 The Model used for the simulation.

—H T, LR UKED 973K TDY Z— )&

—
<
—
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X, REITIIEDSIBRAFERENDZ b, T2 ML > TAERLERRED Si B H R
FRICER b SN2 EbEB 2 b5,
% ZC, Figure SIZRTET V& AV, Fig 2 OFE LRKIZ IMFP Ve Iab—v
a L &1To72, Model 3 Tix, BIRICAER L7zB-FeSi, REB L OTEH L7z Si EREBENE X
t O SIOETH—ICEBLITEY . FRHRIFIALX—ICBITBIESNS Fe/Si tb& SiOyfSi
BIIXQG)ThobEh s,
[[expl-z/ A5, sin6)dz

Sise, } ~
{Si:.- + s, v r(l - a)exp(— t A5, sina)exp(— (x -1/ Ag; sin B)dz + _r 2al 3exp(—t/ Asio, sin&)exp(—— (x - t)/ Apesi, SiN 0)dz

_ Ason [1=expl= 1/ Agy, sin6)] €))
‘ A5 (1= a)exp(=t/ A5, sinB)|+ A,[2a/3exp(- 1/ A5y, sin6)]

Fig. S I1ZiZX3)T.a=048t=75mm & LI2HED U I 2 b —va VEEREERTRLE,
ZOREREND ., B-FeSi, ERD Si & HICKRAEITITTLKE N SIOEIZ L - TELRTEY ., X
K[EBIZI > TBLENDDIZERD Si i Tidie < BFeSh, KA bbb TWH Z &N
BHOMNE R, Fig. 1 TRLEE 91T, Fe DILFRREBITITIZ E A EBERENZ 0D,
B-FeSi, IxB{L &2 Z 1T T2\, F72, 973 K TOT =—/)LOFER, B-FeSi, DEHRFHEIZITHE
SiBRFEETAZEND, ZOSiBOAVPEBILIN-EEX D, 22 T, B-FeSi, BHN
RETHHZEDLEZOLNDN, K@D LBY[16], Fe,05 X SiO, DFH3B-FeSi, LV HAL
AL FERNCRETH B,

2 FeSi; + (11/2) O, — Fe,03 +48Si0, + 958.8 keal/mol 4)

LU EDZ Linh, B-FeSh REIZAER L7z SiO, BREFITBELBELZR > T\ HD W
WA~OBRBROFWEEZMEI L, —B SO, EAFREND L, UROBEOETZMHL TV D
ENEZLND,

4. ¥¢®

ARFZETIX, Si (11D)ER_EIZBIT BB-FeSi, DAERBR., BLOKXKBZEIC L > TREEEL
AT T2RABHIBI L. B EE W XPS THtr 24T o 72,

T ANLX— 2L ESE XPS IEETTO Z LI L 0 ERER S F BN FTEE T, Fe
R Si DIRE FRHHIE T DERDE DL, B-FeSi, ERBRIZK T 2 MBEBOKRTFZHDL
PITT DI ENTET, E/RIFRC XPS A2 b DN A L FREEIIC BT 2 FHHS
Boh, BFeSi EfA N = X LT 2MREET-,

B-FeSi, £, RAEZ ARIZRE L BAIIIREITIETHE Y Sio, BBER L., Z0 Si0,
P3B-FeSi, DEALARHBE L L THIEEL TWD Z AR ENT,

5. A&

ABFITIEE = RV X — IR ER A FUB AR O e SRR MR — AR L R B ZERARRE  (2000G280)
& LTiThhi,
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10. U Y1 REREBBOETHEMUSRE

Plane-view TEM study of iron-silicide formation

AHEAE— 1 EORRE 2 ME . e LWoEA . LEEz ., gE—!
S. Igarashi, M. Haraguchi, J. Aihara, T. Saito, K. Yamaguchi, H. Yamamoto, and K. Hojou

'AARF AR RIEIZT. PR F R FEBE TR
'Japan Atomic Energy Research Institute,

Graduate School of Science and Engineering, Ibaraki University

The formation and growth of iron silicide by the solid phase epitaxy (SPE) has been
investigated using plane-view transmission electron microscopy (TEM). We have observed the

structural changes from Fe to FeSi at 500°C, then to B-FeSi, at 700°C.
1. BB

BA G (SPE) X B8 VY1 REROERIZIE M SITbNTNS[1]. RIEEKE
% (RDE) &H#kd 5&. SPE X, Y UH1 ROBREENE ., SEERSERE OB
HHENZETHSNTNS[2]. LML SPE KX BMIRIZ. Z<OREFET ZOHE
2] BNMFA,. &I UYAC RORRBRE. -V 08l - REDYIFIJATHTS
HRZED0ICE, KREVZHETHS.

RAIEI VY1 REREBRICBT 2B EORLICER Uk, FREOBEHRTICIIME
F7r X BEFE (XRD) BESHAWNSNTNSA, EEPORMENERER EARML TY
WS, XRD ARY MV E—Z7 B NAN, T TR4ITEEBETHEMSE (TEM) 2
A, &2 UYA RRBOERICBT 23 eT> CL2ENELE. RO
AR EET L ERSMICT 520, HEERTISHLSNTVANEREE TR,
I 7a F—F—FEHE,N S O TN EEBRNG SN RV TEM OBZ G (F@
Bk X u@inEfTo 7.

2. RRITE

A AL E—ARN Y FRERLB[B)ZHWT, Si(100)EKIC Fe XEZE{To/. 7. Si(100)
IN—DSY DB UAER (10X10X05 mm®) 27 > THERESRL 2%, ANy
IREEBACHEAL NeE—LAREBTyF UV EBMICKDREEFEITOZ. Ne'D
MET R E—IL 3 keV T, REEEHS 30 degMiF. 7T 7 X 5X107 m?s™ T 10 73

_o7—
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BELE, NeE—LIZyvFrr%. ERBE
800°C T30 P RIFESIL . BHEICLOERINL
KA RMOEIE &, FTERAEN Ne OFRE
HUZRLE, HHLEREIERBEZERE
TTF, IETRIVF— 35 keV D AriTX D
Fe #—4%'w hDA/NwFY T T, Fe DXE
2{Tol. REBREIINE TEM BEICXD 40
nm &RD. KEEEL 5X10° nm/s TH 5.

Fig. 1. Schematic diagram of a plane-view TEM sample.

5%, RBE2AKPICEHOHL, 02001255 XRD JlEZ{To7/z. HALL X HEIR

CuKo# (0.154nm) Th 53,

XRD BIE®. AN—HIZ (BX 0.15 mm) 2> TREEHZHREL. @FHET AT H
wH—THIAZEL 3mmplciTBikE. BRPIE, 143U 7KV ¥E TEM &

L, REHSARTHOBRBRTHL,

ERIL 7=EH TEM K2, NS VIBMEFIRINF—5)EE (Gatan DigiPEELS model
706) AEME LB BETHEMSE (JEOL JEM-2000F) MIZ# L. 400. 500. 600, 700, 800C
DRIEBET 15 2fE BESL 1%, TR T TEM &, HBE TR (TED) KOBE, 1T
SN X —% AT ML (BELS) QORIE%FT o7z, Fig 112 TEM Ak 2 EKBITRT,

EEHETH, TEM AR 2 KKFICEROH L. BE XRDJEZTo /.

3. ERMRIER

Fe &% & B00CHERE D XRD AT
KL% Fig. 2 IZRT. H£ARY MLVOEE
ESiD40RHE—7 OFS THRELL /=,
SO0CHESIE D AR MIVDEMW ) A XN
AKEL<EoTWBDIR., FELFdE 0k
BNKESRRDEDTHD. Fe KAEE.
M Si @ 200, 400 KHITMA . bec Fe D
110, 220 RHOE—INAEND, ZDZ
Ems, RELRE Fe RERIELTHBD.
FDRERIIEMITH L. Fe(110) // Si(100) &
WIHBTEML TWE I ERaN5. k.
Fe @ 110 REHDE—7 FERIT 0.92 deg.
L. Si D 200 REOEMEE (0.16 deg.) I
HARKEWN,

counts [arb. units]

320, v i1ty

.

two theta [deg.]

Fig. 2. XRD spectra of a Fe-deposited Si(100) substrate

and after an 800°C annealing,.
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Table 1. Reflection indices identified from Debye rings in Fig. 4 (a)-(c).

Debye rings numbered from the center

Fig. 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(5) Fe Fe Fe Fe Fe
100 110 111 200 210
®) B-FeSi; FeSi  Fe FeSi f-FeSi, Fe B-FeSi, Fe Fe Fe
211 110 100 111 132 110 104 111 200 210
FeSi P-FeSi, FeSi B-FeSi, FeSi f-FeSi, FeSi B-FeSi; FeSi p-FeSi,
© 100 211 110 221 111 132 210 104 211 241

MR-, Wit TEM itk 2 E8LL . 37z Wi TED
% Fig. 31277 T . Si @ 100 ARy FTHA, bee
Fe @ 110 KHE ARy MIFAIRICEN > TV, I
50T &M Fe fEfhid, 584IT Fe(110) // Si(100) &7
STEREMLTWSDO T, & deg DAV &>z
AL VROBERRNS/25 T ENFN5, 800CTHE
B DAY FIVTIE. Fe fEfIc k2 E— V352
WMz, fENIC FeSh, ICXDE—IMNALNDDHTH
%, XRD HIEN ST, S5 CHMNERERFD 2L
NHRZMN > 7.

Fig. 4. Plane-view TED patterns after each annealing process. The solid lines of the insets are the guides to the eyes.

Fig. 3. Cross-sectional TED pattern of a Fe-

deposited Si(100) substrate.
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FE T ORERRICHRAY U/ FH TED K OZAL%E Fig. 4 ITRT, BOAHHEIL 2umé
ThB, TNTORBIRESNDHENEIT AR Y MNIBER Si ERICLBHDTH S, Fig. 4
@~@) T TNTY T DMBEEZBENVRTRLTARPTS Lk, 5N X ICidpRk
IENWENSEFZIRD . MIET 5 RKEEEE Table 1 ITRE /2, 512, Fig 4 (a) Eb)D
—HBZPLAR L. Fig.5(a) LOITRL . BEBIBRAARTOEIFKIE (Fig. 4 (a) 113, 2455 bee
Fe Z2KITNAV L IRA LN/, Fe @ 111, 210 KEIE Fe(110) / Si(100)& 72 - THIA L
TWBEHTERESNRW., BMUEEEDOAZ5T, BRLTWANEROEEELT
WS ERGMND, Fio, TNE O Si100)IZR > 725 5O 5 5% FIWTHEE
LTWha,

Figure 5 K V), 400°CHeSitE. Bl L 2T KD Fe D 110 K&, 200 KDY > M,
FEMLUTWARWEICES 111 REDY > F7EICRED Uik, EREER LU Fe i
BRIBIEATNS ZEERL TS, X 400°CHSIHE. FeSi @ 110, 111 K&, B-FeSi,
O 211, 132, 104 REERTI T HRSN, COXIBENEETH U YA ROkERL
WEZ D ZEMNGN5D, S000CHERHE (Fig. 4 (c). Fe OV VI35 A, Hi/=7/ FeSi.
B-FeSi, #fHICL B U 25 (Table 1) BBND, ZORETE, FEEAED Fe M UH1 K
fLLTnwa EEZ5NS, £ LT, 600CHEHMLIKEIL, TEM £ (Fig.6) THRLNS LD,
B R 2B, U TIERLICAR Y hAEELLTWL, Fig. 2 ® 800CHHED
—77 (a-FeSi2 @ 001 K&, B-FeSi, D 202,220 &) IZkT 5. a-FeSi, D 100 K&, B-FeSi,
D002 KFDARw Md Fig. 4 () THEI N,

Fig. 5. Enlaerged TED patterns of Fig. 4 (a) and (b).



JAERI-Conf 2002-014

TS SRS

Fig. 6. Plane-view TEM images taken from the same area.

600°C LA LT ORI D TEM 8% Fig. 6 17K
9, Fig. 6 ()~ (&R —HEF TREZZT o7,
600°CHESITE (Fig. 6 (3)). 10 nm BBEDKES i
DIEFRITH > =M, T00°CHESTLARE . #E & AV o
L, IOKREBHBRBEAEEEL TH BTN 3
Boi5, S5 600CHESME E Tid, &
PIORKE SIS IFEEEWTR S Naho .
7o X OAEEN HF 57z EELS A7
NVE Fig. 7 1RT, £ART MLOMERY O
ODAC—7 D@EESTHBILL TH D, TD2DT

Tl
T

SAELOADE— s REOE NG, BTENE L F i ]
BLEMBOESOEN (I 2T 100~200 f§ “ §
am) EEMLTWS, WHLEOMDABEER  § L — 1 T~
SOnmoTdH B, BEBLEIAD BRI, Fe (216 eV) O 300G ammealing © DT TS
S RE ORI KIET B E— s HH 5N B, : . ]
400°CHERITE D E— 7 DALEL Fe 28D 570w, i,ﬂfwﬂ”%;~\\w§
500°C, 600°CHERIED T I AT > E— 2718 20.3eV de%M@“:HH'§W:E
Iz, 700°C. 800°CHERIEIL 192eV AET T ML - | :
TWB, H 070 IR U e p-FeSi, O - | ;
i TEM B0 EELS AR [)L b Fig. 71089 Foetaaaig
B-FeSiy D75 XE L OAL =2 1926V 12D g | E

[ J

T EING . T00°CHERIE I3 < DIp-FeSi, TH B T -
NN S, TED B O it & Egert 5[4]0 EELS T 12!01" %
WEM S, 2036V DY —27 OHBIL FeSi DR energy loss [oV]

Fig. 7. EELS spectra in the plasmon-loss region.

— 31 —
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M HEEZALNS,

4. 2D

BHRGEEAVESG ) Y1 RERBRICBI 2EAREOELORTZ, FTHETH

MEIT S DB -, 400CES%. SGOMEHRIZI VYA REEHD, 500CT FeSi %
TELEEERI YA RIEERS, 700CLARE T3k RITBE 215D, B-FeSi, AR
o TWh<,

5. BEXR

(1]
(2]
(3]
[4]

H. C. Heng, T. R. Yew, and L. J. Chen: J. Appl. Phys. 57, 5246 (1985).
J.H. Oh, S. K. Lee, K. P. Han, K. S. An, and C. Y. Park: Thin Solid Films 341, 160 (1999).

B EF, A, WAMZ, B, tEE— K22 45,26 (2002).
B. Egert and G. Panzner: Phys. Rev. B 29, 2091 (1984).
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11. IBSD JkIZHI(T5 B-FeSi, EDFERIBIEL Fe,Si HBEEELOBR

Relation between crystal structures of FeSi, film
and Fe,Si thickness with IBSD method

WMFEE . RO LA, K@, Ln&ES®, ikE—
A. Heya.!, M. Haraguchl , H. Yamamoto®, T. Saito®, K. Yamaguchi3 , K. Hojou3

THENRTERBRE MBRETFD, *RRKFRFR BIEMER HEREMRER
FER PAARRTOMER HEBHER WEMFEPRE

'Department of Machinery and Electronics, Industrial Research Institute of Ishikawa,
’Department of Environmental Sciences, Graduate School of Science and Engineering,
Ibaraki University, 3Department of Materials Science, Japan Atomic Energy Research

Institute

B-FeSi, films were prepared by varying the deposited thickness of Fe,Si using ion beam sputter
deposition (IBSD) method. The relation between structural properties and Fe,Si thickness was
investigated by XRD, SEM and XPS measurements. It is found that the crystal structure depends on
ratio of Fe to Si atoms. FeSi, films with better preferential orientation to (100) direction were obtained

using Fe,Si target than Fe or FeSi, targets.
1. IXCHIZ

B-FeSi, IIEHEMNEE CREBICEKAT THH LML BB YE KR | LN B TH D, Fe.
NURE Yy 0.85eV DEBBEBANEETHY, AR TONRIURENEY Ve OEN K
MR D, BARF KRB B E DT NAZ~OIG ARSI, BAHIRERTD
hTns e,

AF = BR Ay ZF R al (IBSD) ETIRIMEL 724 v — %2 — 7y MR L, AN
Y BENT=Z—F I NREF K 100°CITIBAL 7 AR EICERE S AN ZENTRF LR
FoTAZ L THBEAERTS &, ERDEEFELIIRRY A vF SN 4 —5 v NEF A 20~30eV
BELEVCZ I —E Kol RECTERICBLET 2720  RIBR TORBRESFFHTES,

ITNET, F—4y MELE LT Fe 2BV T Si(100)E4R _EiZ 100 nm 25 O (100)E Lhi M
B -FeSi, BEOEBUCARZH LT 6, LovL. EEERICBWTIE, Si L Fe &L ORGH+HI2HE

FTLTW AR Mo T, 7o, FeSh Z VB A. IRBICKVENRSI Vv FL22Y | o BTy
RFTVWIEBRALNER-TWNDS, DT EhD, ¥—4 > MIFeSih, &b Fe U vFiz
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Fe,Si #FAVD Z & T, & HIZEBED(100YESCELA B -FeSi, IEOIERINFTRETH 2 = & 3 HifF
T& %,

AHBFFE TiX Fe,Si # —% v M & T, Fe,Si KEBRE & B(b Sz & & D FeSi, DAt
B LS, Fe BENMOENL, REMELRTF L, Si ERLIUEBEOZE S X v )L
B-FeSi, EEEMTHZEEFHNE LTS,

2. EBHIE

HEARIZILE BT CZ-Si(100)EAR % AV V-, IBSD 15 CIEBIL 7= B-FeSi, IO MEIXEAR DT
IRECEURR THY, 2 Si RAOB{LIESCH BB O EEIZIY Fe LU Si DILBAIT o
BEDTHAHEEZLN TS, SENIIZE Xy VERELRT Wy oy F I EZ VL,
AFIETIE Si K% RCA K (HCLEH,0,:H,0 = 1:1:4) o 10min MNEAL | Si BE{LIA S AFERL
LIREECEZESF =/ \ZE AL, EZedhT 800°C, 15Smin BT AL THEER Si REEZAT
o

Fig.1 |Z IBSD ¥ EDIEKX
2T, £ RF A VRICE rorgot holder N
WT Ar 41k, DIEL ., &3 AN IF? Ar ion beam (Accelerate Voltage 35kV)
W~/ FoMIIVEESBES
Tol-t. RIEEENDZ—7y
M REL, Ay FEED, &
WE T 3 AFREOF—F vh
RNVFERWCTEY, 3 BED
SZ—FoNeBEPTRBRTD
TENTED, #— T v MIIZ
Fe,Si (B 3N BA_E) 2Bz, Fig.1 Schematic diagram of IBSD apparatus.

Ar A7 —LDOMEEET
35kV ThH B,

B-FeSi, MEDOERIGMER 1 ITTRT, ZMRIEE 750°C L BEE L. Fe,Si BEREE£H 15,30,
60nm & B S¥TER L 7-, BRBEIIRAFEEF B LURBI RV FICIRY T b2 BE
HZ L W BIE L, EEIX 1X107Pa, BERBROEZEX 2X10°Pa ThD, o, KEHT
ANy B ENT Fe BXUSIiNF—4 v FOMK TERICRET 2032/ 57-DIZ, Ge &
I 60°CHOIRIRTHEE L=, Si W EICHEIE T Fe,Si #EEF L2HE, HEBMAEZD, &
EEEOTMIIRETH B =D, Ge BRICBITHEREFBEEND Si AR LOREOREHRE
EEH L,

Infrared thermometer

Analyzing

magnet

™Thermocouple RF ion source

Si(100) substrate 10 X 10mm
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Table I . Deposition conditions for j-FeSi, films.

Sample number

A B C D

Substrate
Substrate temperature (°C)
Deposition thickness (nm)

Deposition time (min)
Ion beam current (pA)
Deposition rate (nm/min)

Si Si Si Ge

750 750 750 60

15 30 60 30
37 70 176 93
185 190 150 140

041 043 034 032

3. ERER

Ge E#R _LIZIEIB T Fe,Si #ZBL-RE D @ Fe & Si DEFH%E EPMA THIELZRER.
Fe:Si=66:34 &7V #—4 yhDMR CEREIN TVDIEDHERIN,

Fig.2 1T Si B EIC/ERL B D
XRD & —r %Y, 3k A GREIRE
15nm) TiZ BHE (400) DE LT off
(001), (1) 2L DESLBREN., o
AL PR DR THolz, R B(H
FEMEE 30nm) TiX BFE (220) DI F L3
(2 BFE (400) , (600) 72EDTEZF ¥
NEERTTESLBRIS T, 38 C
(FREZMEE 60nm) TiX g4H @ (220) .
(31 IZxFLT(400) . (600) . (800) D5
BIREMNKRELRY, Si ERICRIL, B
BT EZ % VR LT,

ZDEIIT Fe,Si ZREMRESEMT DL,
ZAER AN DEFER BB~ EHIT
(100)E ScEim B~ E{LLTz, K&
FAENENB S BB ELTZDIL, Si
EARIZH L T Fe DERBEND72, Sild

Si(100) -

Si(200)
B (400)
B (800)

Intensity (arb. units)

v
¢ . “MJLU

30 40 50 60 70 80 90
20 (degree)

Fig.2 XRD patterns of FeSi, films prepared with
various Fe,Si thicknesses on Si substrate.

Fe,Si thickness (A)15nm, (B)30nm, (C)60nm

R ETHLEEICHFEETED i BMELMICRE T A2 THDHEE 2 b, G E T3
R Si Uy F D oFA TR ST, SHIZFe MMifaEN DL, ML Fe:Si=1:2 THD BHADTEAL
X, TRAX—EICEER(00NEEMICE M T 5B L LD,

Fig.3 12 Si Z:AR_FIC/ERL 730K SEM #8477, £ TOREHIBRITHEL Tz, 3K A
(FESME 15nm) TR AR B2 58 100nm OFESRRIABRIS I, 2O M ANIER
FACTHD AL HHEEHD BADOEBNNIIVELEE X LN, KEBEEFHEMNT DI, &
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A 15nm B 30nm

~ Fig.3 SEM images of FeSi, films prepared with various Fe,Si thicknesses on Si substrate.

SRR ERITHE L B CGREIEE 60nm) Tidfium b ORI RN IICBES W,
XRD OfER LG TZOREZZRFESRLON(100)E SLEL M L2 FESBI CHY, Fe BL Si MifgE
NDET X —BNZLETE R (100) DFEBRLOMERINCHR LI EE 2 bivke, —MRICEAREE N
HWINd 258, FERRLOEEEIMEESILDMN, Fe,Si ZAFRE M4 A&, EHN T kSR O
ENEZ ST, SEIOICEEFREN—EDHE, HEEENEMNT 5L HERBLEMTS
7, BICIRE CO 7 =— AR LD, BEMEESN I ENEBEXLNDN, REEEL 2fFI120.,
FUBE A E LB AL REER L UL XRD 7F =0 RELLRNEWIRE RS ELILTRY,
Sk, %i%mmﬁ%w»z@-%éo

OIS IBSD IE T Fe 35808 Si DILHUTEY B-FeSh, BATEAMSHL, T OREaMEED Fe 125
T3 Si OBHEEITRFTHZEND, RS HF IR REER LU Si, Fe BEOE(RHHEEL
bid, £ T, XPS IZEDIESF MG ORIEEIT o712,

r Fe203 Fe . ) 'Sputtering'
T Fe2p /§<\ Sizp g i time (s) 1
R 1 4

5 S 0 |
g 1360 ]
\(“/ S

2 i
ohod N
‘n

c ]

)

)
£ _

740 730 720 710 110 100 90

Binding energy (eV)
Fig.4 XPS spectra for sample B (30nm Fe,Si thickness on Si substrate).
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Fig.4 (2308 B (EEBE 30nm) O XPS AXIMVORE F T8 534 % T ZI°C\ Ar A AR
A NIEEEEIL 500V, A7 EFIT 200pA Thb, Si HEICHRBRILINTRIY, BFeShIROK
L Si Uy F R EETHBEEZ LIS T, AR, BENEIZITAUZE | Fe2p DEFII/HES

720 Si2p DIE BT/ IV7 Si D 99.15eV
168 1ingo 1AVl

ZD XPS ARZ VD RAED o7z Fe,
Si [BFHLoRa Mo fiz Figs (w7,
ERETIRh TN Si VyF TiEHLH
Fe:Si=1:2 THY, XRD DfEFE—HL T,
UL, A0 F%(THE SiRF DS 50%
EWAD LTz, ZOREELT Si OZERA
B IREX LN, BIRA I DB
TWBDEIDERETT 272D, FLA
2Ry AT, Fe:Si=2:1 LHRASFALD
T, BIEESHF I —ThHLEEZLND
Ge R EIZ/ERLU-30E D DIESH M
SAFREERIT T, TDOFER% Fig6 1T
R, ARG TANRyZEITIE Fe 1Tt
+5 Si BF AL, Si DFRA Sy
AR TWDZEDRERRI NI, Fiz,
36} D (FREBE 30nm, Ge F:AR) DIEN
HTIEFe BLUSIDEFIZT—ETHY,
Ge AR E D FREITA/ Sy Z R 30s REE
TEL TN, — 57, 3k B GREIEE
30nm. SiZAR) D Fe 1T A/ ZREHE] 150s
PARE . 210sflp o< ERAD LTz, ZDHE
Bhb, Si EBR EICHRBRTERLE B
-FeSi, O KGR EDEARIBIIREL,
Fe BX T} Si OILHAEY . RFRED
ARELDHIERRBINTD, Ge IR
FICERIL 2306 D 1 SEM BN LT
HTHY, —F7, R¥E B IIREITM N5
RoNBIEND, Ay FRFIZID LR
FREVEOENEELTVDIILLEX
bz,

Interface

Silicide
—>

Substratj‘

L I >

A

— o o o e et e e e

304(
20
10r1

Atomic concentration (%)
[4,]
o

o=
0 60 120 180 240 300 360 420
Sputtering time (s)

Fig.5 XPS depth profile for sample B.
(30nm Fe,Si thickness on Si substrate)

hFezSi deposited regionMIAnterface‘ - Substrate
>«

100 [ T . — -
9

%9___
¥

i

Lo ——

80T Fe
704

Atomic concentration (%)
W
b

e o o o e e ] e o

0 30 60 90 120 150
Sputtering time (s)

Fig.6 XPS depth profile for sample D.
(30nm Fe,Si thickness on Ge substrate)
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Fe,Si # —# v F & FVTIERLI L7- FeSip BEDOIEE L, Fe BEMNOHEMICRMEL 5 L Fe,Si
DI L TR 2 5L 75, BB C FEEBE 60nm) % FeSi, DIREIZHE TS & 120nm
LY MATIES A3 um OKRBROESERL L B/BONIZ LD, F—7 v M E L
T Fe B LU FeSi ITHA, FeSi IFHFLETHH Z &R i,

4. T

Z—4 2 MZ Fe,Si AV, Fe,Si REBE /L S 72 & & D FeSi, IEDOFE B ER L U Si,
Fe IBESFHOEI1D., REEELRITL, Si EREICEREO= B H X ¥ /L B -FeSi, lED
VERERA TR, LLTOZEBSHLNERSTZ,

1) Fe,SiZREERIZL Y FeSh EOKBBEN RV | F4T Feloxtd 5 Si DB EITKF
15,

2) Fe,Si #—%' v bZ2HWAZ LIz L v, IEE 100nm F2E O (100)E LB MM D B -FeSi, RS
ERTE 5,

5. B#¥

AHFRDO—EE () MU BRI IR B DAL 13 FEREHF A 1 O 2B EmICBEd 5
BfHEDRE THD.

6. 2E TR

(1) D. Leong, M. Harry, K. J. Reeson and k. P. Homewood : Nature Vol. 378, (1997) 686.

(2) T. Suemasu, Y. Negishi, K. Takakura and F. Hasegawa : Jpn. J. Appl. Phys. Vol.39, (1990) L1013.

(3) D. J. Oostra, C. W. Bulle-Lieuwma, D. E. W. Vandenhoudt, F. Felten and J. C. Jans : J. Appl. Phys. Vol.74,
(1993) 4347.

(4) K. Akiyama, S. Ohya, H. Takano, N. Kieda and H. Funakubo : Jpn. J. Appl. Phys. Vol.40, (2001) L460.

(5) H. Udono and 1. Kikuma : Jpn. J. Appl. Phys. Vol.40, (2001) 1367.

(6) M. Sasase, T. Nakanoya, H. Yamamoto and K. Hojou : Thin Solid Films Vol.401, (2001) 73.

(7) J. Alvarez, J. J. Hinarejos, E. G. Michel, G. R. Castro and R. Miranda : Phys. Rev. B Vol.45, (1992) 14042.

(8) L. Armelao, A. Terrasi, M. Boaro, S. Ravesi and G. Granozzi : Surface and Interface analysis Vol. 22, (1994)
36.
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12. stm&—%4 > hADC ANy 2V 7RI LD
TENT 7 AT AT FeSip EIROIER & T DEARFHE
Amorphous-like FeSi, thin films prepared by a facing target DC sputtering method

mAES R OB, kUEC, EERET. ERERET
A Yuri, T. Yoshitake, K. Nagayama, T. Sadoh and M. Miyao

TUNKRFERFBRREB LN ET 0 AE T FEHL
TN KPR EBE TS FEH LFHR
TINRERFRE S AT MEERFERETT A ALFHR
Dept. of Appl. Sci. for Electro. and Mater., Int. Grad. School of Eng. Sci., Kyushu Univ.
"Dept. of Acronautics and Astronautics, Grad. School of Eng., Kyushu Univ.
"Dept. of Electronics, Grad. School of Info, Sci. and VElector. Eng., Kyushu Univ.

Semiconducting amorphous-like FeSi, thin films, which consist of small crystallites of B-FeSi,, were
prepared by a facing target DC sputtering method (FTDCS). Basic optical and electrical properties of them

were studied.

1. IXLHIC

B-FeSi, I3kttt E R R UTHER SNTWAR, TENALT 7 A FeSiy b [FRIZHE KR
MAERTZEARESR (1) BIRED, xtmy—5y kX DC A"y & U o ZIAFTDCS K)i
BERNR TS v L, EEEA Y Z Y VI WERER IO T TN T 7 AROERITIL
BE LTV B, FIDCS B2 VWD Z & CRHDMERN LR D EBEXONATELT 7 A T4
2 732 FeSi, M ERET D Z E B2 7=D T, FOEARLEFHEIZ OV TRET D,

2. FEBHE

& —y MTITHR 1:22 O FeSi, 54 (99.99 %) 2EA L7z, F¥ o/ —RiZF —RgFR 7%
FIVNT 107 Pa AT & THER %, HEREEFIC Ar H 2% 15 scem A L 133X 10" Pa & L7z, ZbRid p B>
Si FAR (100), Q1)EEAL, 7 b THAER. 7 v {bkFEBE TREM(LEZRE L., HNEE,
EINEREZZNEFN 950V, 5.0mA, #—7% > hEARFEREL 75 mm & Uiz, HERGEAEIL 1.0 nm/min
Thot, ARIEIT SEM, X BEIYT, XA MRIE, A—AZRREIC L FliZ21T > 7,

39—
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3. %%% . . . i 'Si(11‘|l),29

Fig.1 IZ7ENT 7 27 A 7 FeSi, DALY
XRD /%% — %Y, B-FeSi, DEWTEH L
FET D 40~50° ([T B— R —27 2R
Z &0 b, BFeSh, OMHERNLRD LEZ DR ]
%, [EEDRERNERIEE 400°CLAT ORI E M“w\‘, . ssmwj

Intensity (a.u.)

FERUTAR I BTz, Fig2 [ BRI 72 R IY ’ CoTT
ARy MAETT, BRI L P T
Lo TNBI ENSM5, aEXTONE Fig.l Typical XRD pattern of amorphous-like
FeSi, thin film.

MHKFENY FE Y v 7130.65eV Tholo, a

IFEWVEREE OB AT AT 5 B-FeSi, 1Tk
T, K2 HEORERETH D, Figd (AR
RESCEROBRER(ETRT, TITH¥E

P

o
)
T

Absorption coefficient & [cm ')

R ZTRT Z LB 5, BNEEREOHR 10% )
REEIIA DNV, 3

10°F 2
4. £

10%

0 02 04 06

0.8 1 1.2
Photon energy E  (eV]

¥E & —4 v bR DC ANy &Y o TikE

Fig.2 Typical absorption spectrum of amorphous

FAWT, B-FeSi, DIFESRMNHRDHEEZXDND -like FeSt, thin film.
TENT 7 ATA 7 FeSi, BIKBEAERLIL |
T OEARHERI S LI, £
5. BifE £
RS — L. SR S S §1oo:— ..................... —
FRMER A G S LUGHRERAREEN o N

3 s m
10007 (K™
Fig.3 Electrical conductivity of amorphous-like FeSi,

thin film as a function of temperature.

SRR, OEBICE D 2ENbDTH D,

6. BEXM
(1) M. Milosavljevic, G. Shao, N. Bibic, C. Jeynes and K. P. Homewood Appl. phys. lett. 79,1438
(2001)
— 40—
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13. L—HF =TT L —a B E DT ENT 7 A FeSi, BIRDER LT ORI
Fabrication of amorphous FeSi, thin films by pulsed laser deposition

REED . HER L kb #R
M.Yatabe, T.Yoshitake and K.Nagayama

TN KFRFR B THEART 0t AR THFHR
PN R FE R TEAMETH LFHEK
Dept of Appl. Sci. for Electro. and Mater., Int. Grad. School of Eng. Sci., Kyushu Univ.
"Dept of Aeronautics and Astronautics, Grad. School of Eng., Kyushu Univ.

Semiconducting amorphous FeSi thin films were prepared by pulsed laser deposition using
FeSiy targets. The influences of composition ratio on the film properties were investigated.
For the composition ratio in the range of x = 2 ~ 4, the optical band gap is nearly constant and

surprisingly the conductivity increases gradually with the increase of silicon content.
1. LT

EF K. P.Homewood HIZX Y 7E/LT 7 AFeSiy bHBIEFEEETH Z L AHE INE
BREW [1], L—Y—T 7L —T3 ‘/(PLD)‘Zﬁmgﬁﬁﬁﬁ%@if‘wvﬂ%“——z‘ﬁjt%u\f:&bb:\
IERESICH L CHERERER LTV, Hxld, Fay 7Ly b7 vF 21V
PLD {EIC X 0 [3]), 8 iRRtELZRT T ENT 7 A FeSix BWEOERZITV., K - BREMS
P RS TR OB A T,

2. EBRFE

AFF L——3% (193 nm) AR ORR S FeSiy (x=2~4) #—4 v MIBAHEHE 2 mm’
CENLUTRHE L, ZEO Si(11DER (p=1000~2000 Qcm) HIZHEEERLE, L—Y
— L ADTRAE T 200 m), E0IELUEEKIT 10Hz, ¥ —F Y b~DOL—F—AKH
Bk 45 B, Z—4 v FERREIIEEEIE S0 mm, & L7z, Fr o —RidE—Roy TR T &M
VT 5x107 Torr AT % THER L7z, AR SR 2 #RGE BT 1.2 nm/min TH o7z, £
Y. RS XRETE, RERRKEZEERETHEME. XBRNAT b EFRIRIR
7 — ) TEBSRNES, BEKEMEEZ AV HRAEEBIC K VML,
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3. EBRFER

X BREYTRE Tid, T X TOBECHARE E—
BRI SN2 h o7z, Figl IZT7ENLT 7 R FeSi
DRI A RZ "IV ETT, 0.92 eV DORFENAL B
Yy T EETHIERDNG, ZOMHEIE, Bk
EOTIRE—ETH o7, Fig2 KERGERDOBE
WZxt AE(bE RS, TENT 7 A FeSi, BT 200
~250K T 14 meV, 250 ~350 K T 5.9 meV DOEEME
LEBRNREIND B ZLICSIEREL L BIT
BREEERIHMT S, COERICEALTIX, £72
X G ho TV,

4. &0

PLD B2 X v, S|E®D Si (11D)ER B s k%
MERTTENT 7 A FeSi, B(x =2 ~4 )2 {ERIL
Tz ERBEITHERIIZIK ST 092 eV HFENL FF
Y v 7% Uiz, BRURERIL Si OO &
EHITHAR LN, FOEBIZI 702 TRV,

5. BiEF
AHFFED—E X, SCHREHFEE EFRO B S5
HEBRMEE, B I OE)REL SR F NIRRT

DEMZEV RENTHDTH D,

6. ZEICHR

El
S,
NA
N
-y
3
E, =0.92eV
“‘7 X r
0.4 0.8
Photon energy [eV]
Fig.]1 Absorption spectrum of the

amorphous FeSi, film deposited at a
substrate temperature of 25°C.

Tempetature [K]
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5.9meV

100
i

°°°°oo (c) FeSi,
m..“‘ %
faa,

‘s, (b)FeSi
-

a
4 .
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Fig.2 Electrical conductivity of

amorphous FeSi, thin films as a

function of temperature.

[1] M.Milosavljevic, G.Shao, N.Bibic, C.N.Mckinty, C.Jeynes, and K.P.Homewood, Appl. Phys. Lett.

Vol.79 (2001) 1438-1440.

[2] T. Yoshitake, G. Shiraishi, and K. Nagayama, Jpn. J. Appl. Phys, Vol.41 (2002) 836-837.
[3] T. Yoshitake, T. Nagamoto and K. Nagayama, Thin Solid Films, 381 (2001) 236-243.
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14. FeSi,/Si(001) R %y ¥ HIZ BT 5 = Ui E#EBO TEM B

TEM observation of epitaxial growth process of
FeSi,/Si(001) sputtered thin film

BLUEK, RE B 2F@EZ

%mﬂmﬁkmm&MwmMMMmmmeh&mmJ
FUNKERER S BT YNETF 0t ARETEEK
UK SRR R R R v 7 —
Department of Applied Science for Electronics and Materials, Kyushu University
* Advanced Science and Technology Center for Cooperative Research, Kyushu University

The epitaxial growth process of B-FeSi, was studied with TEM observation of sputtered specimens
prepared with a short deposition duration. It was found that in the early stage of growth process, the thin
film contained grains of o-FeSi, and y-FeSix?) in epitaxy with the Si substrate. This shows that the
epitaxial relationship of o-FeSi, (and/or y-FeSix(?)) has a strong effect on that of B-FeSi,.

1. BT

B-FeSi, 1349 0.85eV D/ F¥ ¥ v 72 ¥ OEBTBBAEHKL RV B b, IELT
A AR KR EM R P ~DOISARFEEN TS, L LRE, ZThETIIREPRER ST
VVBB-FeSiy 13 Si FEHRICA~T B ¥ Xy VR ST HIESH 5V ISRSOH THDH Z b
b, TERRICLAHEDELHOEAREER SN THEY, R IIBHC, MER L7 Si001)EEK
FieRR Z Y THIZEY Fe % 90 2 (BUE : £ 100 nm) HEFSE5Z LT D, Si(111)
5t LT BRI & B B-FeSi, BIEOERIC AR L T A%, A TIE. B-FeSi, DT ERE
EEREA LT B OICREBFEOBO Ay FEEER L, RIHBR COMMEEL
CEARNEFHNS (TEM) (X VL7

2. EBFHE

600 “CIZ/MEA L 7= Si(001) M LIZRF= 7% b Ry # U U ZHEIZ L D Fe(dN)% 30 43 (89
40 nm) HEREXE, RRISOIADEES U YA FIER S, BIBEIF v/ 3—% 5X10" Tor LLFE T
PER L. Ar JAE 1.5 mTorr, BAES 170 W TIT o7, ARIEERET 1.3 onvmin Th 7=, £,
—ED ANy A BIEICEEHA L, JHCBIRA B LR L AR L, Thbnas
o A BTOWT X SEHFESR. SEM (JSM6340F) : L TTEM (JEM-2000EX) BE£%1T-7z,

3. FBRER

Figl 12, A <y FEHEEEX THRLEg U ¥ FEEO X T/ F— &R, £100
nm HERF X W72 2%y FIBRTITIFER-FeSi, BAR &L g > TD, ZHUZH LT, #40 nm HEE S E7-
REIICIL, P-FeSi, & HICERMDAFeSi, BERITERL TNWA I &0bhd, T42bb,

REVHCITE P oFeSi, AR L. ZHBRIEE & HITP-FeSi, ~L BB L TV Z L AUTRHEX
hb, £ZC, ZORERHIHOES Y 4 FEBICEZET 600 ‘CT 60 7rHDOBYLEEA LT,
BULIRRTRORERZRIT 5 X BT/ 7 — % Fig2 to7-d, B A fEd & o-FeSi, 0 hkd = 102
OEHTE— 27 FERFRARENIKE < 2> TEY | oFeSi, DEIEN X LIZHML TV Z &)
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5. T, BV a-FeSi, A AERLT D DI
Fe % Si FeBPRBICHEBA L TITE, T4 Fe-Si
F b Si MR EY T H Da-FeSi, D3ZAERR
THLO LR IND, £D% Fe LG L TR
EEEHTUE, &V Ferich MUDFETH % P-FeSi,
RIS NB, LinioT, Fe & lbd Ly Wi L b
TR I ST bo-p~ OB T, m T
B-FeSi, #1535 = & XN CH 5 & Bbh b, CuKo 20 (deg)

Fig.3 \CEILEEA- i L 7= 3RO Wi TEM HAREF Fig.1 XRD patterns of films deposited at T
8% 573, 40 nm FREE OPRS RIS Si Bk =600 C (a) 100 nm, (b) 40 nm
B X oI AER LTI Y IR Si{111} 10 2

Intensity (a.u.)

b a e
50

B RO I b B S B, £, 200 z” "
~300 nm B E CRE LS L hTHT . 102 " a
472

hsBEESNE, EFREITERORR. Fig2
TEEENT-PFeSi, & oFeSiy iIZMZ T, WEE
FOy-FeSiy & BoAL D48 (y-FeSi,?) DIEH/NF—

Intensity (a.u.)

(®

PHBOAE, $l, wFesi 3O oSy, S A B o

Fig.2 XRD patterns of a film (40 nm )
(a) as-depo, (b) after post-annealing

af0Z11/Si[110]) & B W X @ «001)/Si(001),
o LLIOY/Si[110]D FHRBR Co VR LT, b
FTOD = BRI IBIEC IETHBE TR Y,
= ORI B Do-FeSip Btk Si{111}D7 7> b
HAaH LTV e, BLEOEERIT, B-FeSh DT ¥’
L B AR I A AR D o-FeSi, (B D UWMX
1-EeSiy(?) D Si EARZST B CEROEEL X
AR AR LT, Stk LD R
SRBIC OV T ORI AT 21T 5 22 E LT
B-FeSi, A/3y ¥ RO ERRIBREEZHA LML
T FETHD,

Fig3 7 Css—hpna TEM image of a
(40 nm) after post-annealing

4. £L¥

FARREE 600 CiW Tk, BUBRAIHNC £9° Si BRI L T F v VEHRZH LI
o-FeSi, #H & y-FeSi, B &5, D%, Fe 5 LR LRRS % L B-FeSi IZERET 5.
Fhpbb, BFeSi, & Si FEMd O URMRIEL, PSS aFeSi, (DU idyFeSi(?) O
TN O EE T T D ARENR B 5,

5. HE

AR B IROVERIZE L CTHINNe 2 < 0 ZHIEEIB Y E LI KRR T.o 5 iIBh iR
RS LT, . 2ERRICETEER TERE Y £ LI KBRS ERER S RO
AT HEE R L ETS

6. BEIR

(1) K. Yamaguchi and K. Mizushima: Phys. Rev. Lett., 86(2001), 6006.

Q) mA B BUEK EEXE. £URZ 5 49 BEISAEEBHRES A THIE No.3(2002), p.1361
(3) N.Kuwano, D. Norizumi, T. Fukuyama and M. Itakura: Jpn. J. Appl. Phys., (submitted)

(4) M. Behar, H. Bernas, J. Desimoni, X. W. Lin and R. L. Maltez: J. Appl. Phys., 79(1996), 752.
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15. L—H'—7 7 L—3 3 LIEIZ X D Fe,Si iR R O /ER
Fabrication of ferromagnetic Fe;Si thin films
prepared by Pulsed Laser Deposition using an Fe;Si target

hiEl R, HROAL KILFER
Dai Nakagauchi, Tsuyoshi Yoshitake, and Kunihito Nagayama

RN REREFR AR TENTET 7 02 ABTEER
TN REFERER LA EFH L¥EER
Dept of Appl. Sci. for Electro. and Mater., Int. Grad. School of Eng. Sci., Kyushu Univ.
* Dept of Aeronautics and Astronautics, Grad. School of Eng., Kyushu Univ.

Ferromagnetic Fe;Si thin films were prepared on a silicon substrate by pulsed laser deposition using an
Fe;Si target. The crystalline structure and the magnetic properties of the deposited films were
investigated. Single phase Fe;Si thin film is grown at a substrate temperature of 300°C. Amorphous
Fe;Si, which is also ferromagnetic and whose saturation magnetization is about half as much as that of

crystalline Fe;Si, is grown at room temperature.

1. XL®HIZ

Fe-Si&IZ130.85e VDO EBBBAINZE N RX ¥ v T2 FF-OB-FeSi, 7 E /N7 7 AFeSi,MD
B RHE L | RREMESFE DFe,Si, FeSEET D, D &R & W7o MBI/ EE AT
FIRAEY hu=2 ADHFEAERE LTRERE, AR TIREOERIEL LT, 4=
v b E OB ThAD 2 ARBRESTRER L ——T7 7 L—3 3 (PLD)E[1]Z AW T,
Si(111)#AR_EIZFe,Si#E & ERL L £ DR RGZANT,

2. FEBRF:

L—HF—{ZiF ArFF =¥ v L—H'— (HE 1930m) ZHWVWE, ¥—5y M7 — 7 5@
I L Y YERL L= Fe & Si ORI 3:1 D FesSi & Z AV, #—7y h~D L —F—AS
AEEITASE, TN—T U X Fix 10 JVem?, < VELEAELE 10 Hz, #—77 v hERREERE
iX 50 mm. EEARIEEE Tsid 25 ~ 400°C & L, ERICIX Si (UI)EAWVWE, #—5 Y FERRBIC
Ry 7Ly R AVF—RIZREL., Fuy 7Ly MEZERICHIE L7z, BARRHERH
AT 1 nm/min Th oo, Fx U A—PIEZ — Ry F R 72 VT 5x107 Torr LT IZHER
L7, TERLLT-86 Y 9o FHBL, HaiEEsr LA X REPE (XRD), BREREZEE
REF HMBI(SEM), BELHRFiE 2 IREIGUEIERRBEAE (VSM) ICX W RIE LT,
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3. EBRER

20-0 A ¥ ¢ o THRIE L 7= ERUED X fRElHf/ 7
— % Fig 1 1TRT, ZERIRED 25°C TiXEFre
— BRI TTELT 7 R ERS>T VA,
100°C 1272 % & FesSi(220)m b D7 rm— Rige—7
DMBLR & FesSi OFERIED R4 %, 200°C T
i FesSiz(211)M b D v— 27 BRI S 5, 300C°1C

Fe,Si(220)

FeSi(211)

Ts=400°C

7 Ts=300C

—

Ts=100°C

Intensity (a.u.)

A S

Ts

=25°
125 LBV FesSi 725 OBV EHT £— 2 BB Mot
N5, v=—7—ORDLES FEOBSTER &%megkmwwﬂgy

Si{111)

22 nm & BEED b, 400°C 25 FeSi MLl 20 40 60 80
20 (degree)
5a¥ %, Fig.2 (Z FARIREE 300°C THR SET FesSi Fig.l Change in X-ray diffraction pattern,
BAFRMBE 0> SR A 72 BE LB AR & . Fig.3 ([ZAaFIRE(LOD measured by 26-8 scan, of the deposited films
for various substrate temperatures.
EWRE T 2B AR, EREED 300°C
T3 Fe,Si DISITHAOEN K L fafiibid A
NI EIGEWVEEZ =T, BRERTHRET ST E
NT 7 AfEY FesSi ORIy ORATIBHMLZ R T D
Z k 75§2}97f))0 f:o #@Hﬁ*ﬁf‘&) Z) F€5Si3 7b§*)?llill'§—
% 200°C TIXRAFIRELAMEB/N & 72 5, FesSiy 23728 7 1
HEAREEE 200°C IZBWTRHRET 2203 &<
o TRV, T

Ms (emu / cma)

4. F&¥H
—1006

T

PLD EiZ & ¥ ZARIEEE 300°C THBEE FesSi 23K , , o ‘
Fig.2 Typical magnetization curve of the Fe;Si
ETA3Z N0l FREERTIETELT 7 thin film deposited at a substrate temperature of

300°C.
AEDFEE L. FeySi OF¥5 Ofafniift R Lz,
900 .
5. HEE o {
ABEO—MITEHTMAREHROBIHICL  §
DRSO THB, g
R
: t
6. BEM g {
(% %00 ]
[1] T. Yoshitake, T. Nagamoto and K. Nagayama, B { ‘
Thin Solid Films, 381 (2001) 236-243. @
[2] T. Yoshitake, G. Shiraishi, and K. Nagayama, Jpn. J. % 100 200 300 200
Substrate temperrature (°C)
Appl. Phys, Vol.41 (2002) 836-837. Fig.3 Dependence  of  saturation

magnetization on the substrate temperature.
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16. BETITEBIT HP-FeSip KA « WU AR L
Optical reflectivity and absorption of B-FeSi; under high pressure

FHEITH., ME—, & HA, FEEX
Y. Sumida, K. Takarabe, Y. Mori, and R. Teranishi

[ LR R R S B E T

Department of Science, Okayama University of Science

1. LI

B -FeSiz B EETERINIBFOELRBE V7 BT HEsEs
DRy FEERED, BSUSHEREER Y Si RERIITE Y X L v VIRER ST
RN R FOERNBH DI B -FeSizl2]id, BEBBR O/ FBELFESLOR
FRNRRIEE, PL 227 MARIEB L OB -BHEEREN LA N> TS,

5T B-FeSiz DAy FEBEEIIRFOEHLIKESBRLTNELEZOLNDDT,
2 iX. Diamond Anvil Cell % IV S BfERICHBEEEL T D LICE»T
BL LB FEHa, b c AV FiBE L OBBREHLNICTHZ LRI LTS,

I 2T, HIE B -FeSi: BT Fioisid 25U - RINRIE OB E £ T 5,

2. EBRFGE

2-1 HHEER

AL ¥Er FT7rentn (DAC) 2#AT5, £ 1.0mmBOY 1 YE FtzH
W, H Ry FOREHRRNIZIZRAEL - BRI B IOV E—REZENEE (2F ) —1
- A X )= VRAHR) EHICEHAT D, BN E—RHMRICLVRET S,

2-2 BIA~RZ FARE
RN R E I T DARHOY A XiZ 200 m ¢ T, FFE 730nm 7>5 2400nm DFFEIEK
TiT o, BIUREITDORITTRT &L 5 ICREOFRAAE 1s & BRAEIOFEE IR
Iolt DI VRDD, ZZTAITRAEBOEXTHD,
a =1/d*1n(Is/To)
AREIABEKYE EA/NM., KBPFEET RE BIC L VW ER I B -FeSi,
(100) //5i (001) EEFE &R L 7=,
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2-3 RHARZ MARIE

EHRAEICBT A AT DOV A Xix 500 2 m X500 p miZ Uiz, HR@PHiX 400nmp>
& 2400nm THAFTRIT A (Au) DL HRD T,

REHIABEKRF ESN, KBEPFRECT RE BRI LV ERI I B -FeSi,
(100) //Si (001) AL K KY BERHIEECCaildfE HWEOTIETHER IR B
~FeSi, 7V 7 (100) Biis@AaEER L7,

3. EBER
| o
0 i —8— oxp dats
® e BE = o kim
—— 12GPs -
A . > ) /f‘/‘ on
® ost
% i 7 3
s L~ ¥ osof
g '/ [T 18
Jigonee =t [ecwmmmme e ]
- "
¢ o7 a8 os ip 14 42 13 e T T TR TR TR

hvleV]

Figl B -FeSi,OHETFI I 3MINAY kb, Fig2 B-FeSi, ORILH= IAF¥—DENEIE,

Fig.1 £ BNOSLH ERY BEETIX 0.8eVIHETHDH Z & B 3h D, 3.5GPail
BT 0.9eV FHEE TEMR ST B, OF D EAHMIZ & > THRILA 7 P2
BTRAX—MZT7 FPLTWABZ EBBRBI S,

Fig.2 X 0 Eg ODEABRERXI1KRDOT 4 v T 471X

Eg=0.015.9*P(GPa)+0.873 (eV)

L0, B-FeSi, DEHRINHEDEHFSIL 0.0163eV/GPa TH D & RO b,

Fig.3 L0 BER SOV~ 0OV 7 MHE
1183 0.015.9eV/GPa & —E L TW\W5H Z L 38
i,

4 W "t
R RO RBINEAE, KA LTI K
KFEOBBEAEIL, RO I CRED 3 _ o
TR LET, ®o" h"m »o
Fig.38 -FeSizﬂ)ﬁiE'FiCiaﬁéﬁHZ/\‘& b,

BEBLEEUEALELEBREERS
bl ™
-
I
g
]
7

5 BEIM
[1JH.Udono and I.kikuma:Jpn.d.Appl. Phys.Vol. 39(2000)pp.L.225-1.226
2hkisse, RANSCE  KAWE, 69, 804 (2000)
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17. B-FeSi, D7 # hVv 2 & v ADRERENE

Temperature dependence of photoluminescence from S -FeSi;

B EE, M —. HREA. FERX
H.Sakuramata, K.Takarabe, Y.Mori, and R.Teranishi
M LR K ERE RN AR S EERTY
Department of Applied Science,
Graduate School of Science, Okayama University of Science

1 HE®IZ

WMkEE S ) YA K B-FeSi, (TERFEMDE Si, Fe MR ITHK L THRELMETHD .
. AR K¥EORE -BENLIZL - T Si B8 EICKRTELEDORE B -FeSi, DL F ¥ ¥/
P ANEEAR—-AVRBBSORRENSHABIN, 2027 X Uy VEEOXRINEEIT
~10%em? EREX VI LM HRBIET /A ZARAKBEROFH LV iR LTHIfFShTV3 2.
¥7- Si DT BHIAE R B -FeSi, R— KRB HIE, SV FE Y v 7Y TS 1.55um
D7 x b I 2 R (photoluminescence : P} L7 bl IR ABBRB E . Bx
I3 2% C B -FeSi, HEORIN A7 PVOENKIFHEZHE L TE i ) FFRIA—1R
B-FeSi, ® PL OER L EFHEOHMEZEMTIFEFENL LT, PL OBREELEMEL
7.

2. BRI

HEHT, ABRFOER) « KB/HFREBIZBNT
MISHER(RDENEIC L ¥ Si(00) iz ¥ %
¥ VR L= B -FeSi, % FV>. Si/ B -FeSi, BR/Si
BELAER L bLOT, Si I B -FeSi, BRHAMRD
RAENRTWS. B-FeSi ROKEX &34 0.1pm T
H5, REHCBHTXROREIX ArA1F o L—
F—0 5S145ABEAVS. REDLHEHE K
EANBIITOANRL.Ge T AT 7 ¥ —I2L>ThH

C=UNRO4NWO=NWO =W
o]

07 08 09 10 11 12 13

W45, £-360RE. He EMmAIKEC X Energy (eV)
DHIK~BRETERSEDHZ LB TED. Fig.1 B-FeSi ®PL A~ ko,

3. ERER
20K A6 200K ¥ COREHETPL BEE1To7z. TOREKN2T T 7% Fig. 11 I7-T. T
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NOHDT T 706 EOBREICHBVTS 0.82eV(1.51 pm)fHET PL BRI TWA Z ¢
M5, FOMIZKRHITR UL Si BRICEFE LAERAEPAOLND. xHIOREXORHRIX
L G3ooTWig, £ Fig 2 & PL MEO Y — 7 OfLE, FEME. 0.80eV(1.55pm)dbH
0.92eV(1.35 1 m) ¥ TORNEEMRE ORBRTFHZ AT, BEOHMIMEV, FEE M
LREHRE D — 7 fHRLHEEBEL L THA Z & 3bd 5.

2 S o4
S as00f . = s
® - LN Jos3f
< 2000 -
.:, : 3 - \ .:_ 0824 —-\",)\/\ NN N
e 1500p N s 081}
- £
£ jo00} i
£ = - 4:‘ 0.80
a sago | * a 0.789F
0 50 100 150 200 - 50 100 150 200
~ oast Temperature (K) 2 ~_~Temperature (K)
> =
S ea2t . a2l N
= / ] \\"H\\
x 0.08} - 3 -
x T £t e
“oeoat e e : ———
, . LU ~
0 50 jo0 150 200 0 50 100 160 200
Temperature (K) Temperature (K)
Fig.2 B -FeSi ® PL MiRBEKTFE.
4. Lo

AR—/ViR B -FeSi, D PL A7 MA-ORBERELEZBI L7-. 0.82eV(1.51 um)DE L — 7 | TH—
DR TR VEREME(: & 2T Fig. | D@ TRLIEE—2)2835 5 Z & # 4 B0 ERITRY
LTV, X270z b\ < o0 PL E— 7 BERIAX—IzZH D Z LBl
ABILITARDLERD S. '

5. BiEE
RE IR L TTF o ABRFOREMRM,. BANBRICEH - LES
6. BEIR
1) KL - RA)ISCEK : IGHHE F69% 575 P-804 (2000)
“RIBIZR X LWOEBSEB T 3EK B -FeSi, DIFADERIR L f$kBE”
2) HiAEY - =R . ISAYEFRERLESHAE AR TH¥EEI T XX b
P-17 (1998) “BREDEERT RO ENA DB Lk

3) M — . BIEHORFLEN F 128 §3 5 P-229(2002)
“BREE ¥k B -FeSi, DFES T BT
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18. Sn HElEA & R L@k U 9 RGO B KA MR
Electrical properties of bulk f -FeSi, grown from Sn-solvent

Okt Foll, FEAEZ, BB
“K Matsumura, H.Udono and LKikuma

TIRRFRFRA LM AR EREF LFHEL
Department of Electrical & Electronic Engineering,

Graduate School of Science & Engineering, Ibaraki University

1. LI

B-FeSi, 7L 7 Wik iy, MELRR T ~OIGABBHFCEX 5, “hETIL, BxILAK
FREIRIZEOT Ga Al Y, Zn Bl Y 2 VWA Z LIk Y p M B -FeSi, 2L 7 WS MR R
TEXAHZE, Sn Al Y VAT LICEY n B B-FeSi, L7 BFSRRHRE TR B2 L 28
HLT& R, 4B, Sn BEEAVVTHRER L7z B-FeSi, SV 7 MG OB 2 & LT
FERICHOWTHRET 5,

2. EBFHE:

FERREITIREERIC L o TT o, IEEIZIIHIE SN 53X U 6N @ Sn, WHEEEHOITM
FRECHS Fe: Si=1:2 O FeSi, M Uic, AR ICEE & BB A AL, ARE%5X10%Torr
UTFCEZEHIELTRET Y IV EER L, RET V7% 40Clem DIREAR % b it
MOBKFICREL, REEREZITo, REHBIOFEEHBOARNZ2IBEIT 880°CH X
V930 CTh5H, B0 ULERENE, X &EYr, BEE M, Hall JIEI L - CEHm L7,
ERE, SRA— 2 M X o TR U7, BUEE, Z|IE»S 10K OFF TITV, HUNBSE 0.35T
&L,

3. KBRR

1 IR BB IREE 880°C C 336 BBl O E 21T
STRRBEON-EROBEESZTRT, Ga B, Zn
WP ORRE LTS EIRRLY, sHROMHD
ZRE LTV, K X BEH»S, Zhbo
WX BHMCHA I L 2R L, ERER

I SnVAIEM SRR LI B-FeSi, 58
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I EhWi7 72y FEABH LR, BRGNS

BELTWAZ Ehtbhot, Bz, BREEHE 10 f aesss s 8 %+ 13
B Hall WRIC X 0 BERARHE & B LIS f; T e ]
R, R a Y THoT, B2 IZSNBIU6N '§ 10! i" s or oy 3
MED Sn 2RVORE LERBOBRRORE | o e 2
KA RT, WIROMEER X > CEIERO@:  § o |
BH b, FRTOEHRIME SN OHRIL 04 S ]
~0.6Qcm, #ME 6N DOBAIL 64~78Qcm ThH o 0002004006008
o, ¥, ¥¥ YV TRE, BREICLEN)A iﬁ!ﬁoiﬁt 1/r.[x"] '
B,

K2 EHRROBEKFHE
4. FH

Sn A RWAZ TR B-FeSi, N7 BERPHRETEDZ LBbh ot £/, &
BOMEIZLY, EEOBHICRVWRLLONDZ ERbhot, ZDZ D, Sn BT
O SPOFHINETNBHICEBL TV BRI ERRREINS,

[.:fi 2
AFEO—IHiL, () B BRIV X —-ERMEAOHAKICL > TITo %,

BER

(1) H.Udono and LKikuma:Jpn.J. Appl.Phys.Vol.39(2000)pp.L225-1.226.
(2) H.Udono S. Takaku and I.Kikuma:J. Crystal Growth Vol.237-239(2002)pp.1971-1975.
(3) TR M : 2002 EEFISAYEEL TRE 30a-P11-12.
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Growth of iron disilicide films on the sapphire substrate

BILE ., BRER, BEBIRE . MR
S.Fukuyama, T.Katsumata, H.Udono and [.Kikuma

KBPRFERFRETL AR EREF LFHER

Department of Electrical and Electronic Engineering,

Graduate School of Science & Engineering, Ibaraki University
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(DHH.Udono and LKikuma: Jpn.J.Appl.Phys.,Vol.41,(2002) 583
(2)K.Herz and M.Powalla: Appl.Surf.Sci.,Vol.91,(1995) 87
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