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In order to develop advanced photonic crystals which function can be controlled by an external
magnetic field, magneto-photonic crystals based on magneto-optical effects were investigated. This
study reported deposition and evaluation of some Heusler alloy films commencing with Fe;Si,
fabrication of submicron magnetic lattices by a self lift-off process, magneto-optical properties, and
confirmation of magnetic modulation of infrared light propagating along waveguide of semiconductor
iron silicides.

AT R FERR
(HEHAT 2 1)
RS [ e 2 s
2008 4FE 8, 400, 000 2, 520, 000 10, 920, 000
2009 4FE 3, 800, 000 1, 140, 000 4, 940, 000
2010 4FE 2, 200, 000 660, 000 2, 860, 000
o 14, 400, 000 4, 320, 000 1, 8720, 000

WESYSF T

P& D4R« ABE - IS EL: - Top Sl

S - A T

F—U— N @SR, KA RT—568, BROCFRE, A4 FryrV7, 7+ b=y

7 tieh, A

1. WFFERHAG S W OH 5

Fox I 7+ b= AL LSI & DFEA % &8
HE 7 b=v7s

(2 L7 AAEEIE (B)

2

N
\=]

T4 Tk A% LT, SEITERB-FesSi,
ERALEZV )Y A RLEERT F b=y
A OERUCH R CTHIO TR L7 Z & T

T U YA R R O (ER & e[l
FEBEDRRAE (WFZEACEHE - arHfEY, HIT~
19 ) ] 2B\, 74 b=y 7 iEERIC
VB EE ek ) A REEEOER L
FOHTIrsu a2 EED T
X, ZOWRORERARIE, LST 2 E Si
TabtAELEE LS YA REFEO R

HD. FEKETO Fe,Si X F 3 v LAk
EHfiE FeSi ZY UV A K T b=/
A Eh I L UM E RIS 1 % Ik - 9k
IS AUR, FERMEBUR D ERT v
Jv D} RSy O JEIME~ O BREE O S F 5y
W N MEEDO B EFIH LIk 7 + b
= 7S, WHEEEROFEERT LD



RS AL GT ~ DI FATEME & L CTRH T D1k
RIEFHROPER T LT+ b=y
V8 T I SIS Ly ey
L EIRHEERICZZR Y, HTo b LUV
T~DOFREPHHFTED.

2. WEoHR

—WKEGIR AT TR T 3 b= F RN
P C OB OB — N & EICHH
T5H74 b=y 7T, - BIREOLT:
H—WRETITT 7 T T = EIER D
BRAD=ALE L THETHDLLEEZD
na. REO ML, ZiE TR LIEHE
WaEMELT, 74 b=y 7 iERhOMKERE
DOIFHE L LT, BERIETFREIT X B il
ERREICT A~ R b7 b=y 7R %E
F, ZORBEEZRGEET 22 ThD.

3. #rFED kL
(1) PR Rk oo VRS

A AT —EEHEOERIZITS T
X F Uy LiEE W BT Ge(111) %
FAWT, FEARIEE 200~300°CLL F T FesSi
e EESRA AT —H 4% 50~100nm D fE
JETRR LTz,
(DA /3F — AR

BRI MEIR BB O T3 F — A MER O T8
WCER LAV TV 7 AT - Fukw 2%
LISRT. 207 at 2%, $&2 mEE (50at%
PLE) &te Fe,Si I E#RARA AT —H4ET
IR EEA Ay F o TREELL, 202
&S 2 — TR A B A TN . RIS
TERLEZ®LZ7 VT AT - Tav AT,
Sy = F U T H ALK DIIEMEA A=
F 7T, Fe,Si MEBRRKRA AT —H4&
DLy F 2 ZHED Si T~ THIEEWIZ/
SWHEEZWFIHT L7 EATHLH. K
LWRLIZE21, ZoFavrRxSi T o7
L— k32— B (a) " (c), /NF — D
BEHEDO A F B — A Ay Z—RE (),
Si EADEEA F oy F o 7 ()~ () I
LTV E. (d) TIEARY — o ~DEED
HOIAHDRENEETH Y, AR TIEE
— LR B4 o B — A ARy H
— RN R & AR AR 7 S BRED R 2 Vv T
5.
()7 D FTAMh

MRS S O S E ORI IE, X
EHT (XRD), X v v &> 7 5 —7 (XRC),
B IEEEEE, TV 7 — R TEELD G
WL DM B L O EEA A F v 3
> 7 RITENS Ko TR B AL A4 12D TRk
BITHIE LT, A A o BELEBRIT A AR
PR - i B I R PE AT O BREE NSRS O ©
—AF A (SC1 & MD2) %M.

W IE R R 1T D W TR RO 0 i 2
E (K2 #ERL, ZRICk- T, #FK

A AT =BT XX v VRO ENEBAL
A, B, BEEOESE A —h B A L 7.
Z ORERICFIEE T, 2R S T A
SRk EEZ T L, 3B O A D
Rk EEZ SR E IR TE 5. Fiz, W
ZEBETEDLLIICLTNEEDHI, BEOL
FNROEMANDAEZRETESHELHIZLT
W5, Fiz, BRI -t RTE
HE9ITLT, HitB X OMREROLTE I — ) e
ZHETE 5.

@Si LURNEBISE (d)Fe,SIDRIE Fe,Si

()RR @SITYFLY EATIRY) G
|mmmE = VA >136
HEEER
@IvFv7siasLkR [g g (NERITLTR %
EEEnp == 199]
@)Si LU AREBHE (d)Fe,SiDAE Fe,Si
]
(b) CrY R {TwF Si/Fe,Si
(SiTyFvy i R H::
CREEERE llllil”“
©TvFoy:mmasnam | O O () Fe,SIOT AR 00
OO 7.4nm
OO
1pm

X1 A7 U 7 NFT T aw Rk DM
& (Fe,Si) HDZER =T LT (£), Rtk
KaZz 2 (F) OERT o' X0,

Fhatoelastic modulator PEM
{M=07)

Polarizer {P-457)

5% Glan-Thompson [GT) prsm

Monochromator

A Signals S¢{7). S,p). S202p) - =
4 ¥ T 3 = Halogen Lamp
| Lock-In ampimer 1 || Lock-in ampifer 3 | & ’ (400W)
1
[ Loe-in ampimer 2 |—-|lpc: LabviEW |——~| arwer iom
4 2 {ERLU 7o BRI E 2 D MED — %)
SR E DOHERK.

4. WrIERLE
(1) ¥ DEREr




7 4 b= 7 s OB FHC R A TR 2=
4318 (FDTD) % Foi & U 7= BREIE it 7 e 7
7 N EYLERE U COmBEME RS iR ~ 7 %
N7 4 b= 7 iEE CORBKICF R DR
AR T Tu—F L LCHEERT v
VILDOIERMAIE L L CMaster FREZFUIZHLY
ANTHET D Z L& fRRIC Lz, ARIMR
I COMRNFEDOKRE S LRI
WCRHI ERREFNTE D X012, BT
ECa T MR~ T X N7+ b=v s
Flrm s OERICEH L7z

(2) BA AT —H&EBE O dbTEREAL
GeJhty BIzhlE L= mBdm k& L7z
Fe,Si7 M3 K O alt = B Rk FTHE IS 72
- 7= Fe, MnSi) 78 5 D R & 52 7 1k D FEAm L Z
R TV 74— R THELIC L D4 4
F¥ 31V 7 REZEIT, fEdbihELhED
EREERIEICKRTI L (K3). =15k
KA AT —H4%Fe, MnSi) = B TIZ, Mn
FELRRIZ & o CHABL A 23 Ll T OO
PN X > THILT DAY, FEBENESCIIREm
SIUER R I TN D el D =
LERRHLE. ZOZENnbE S X
B R AR B DSBS SO P R P E R BT 1 Fe, S
& HIZFe MnSiEENEM TH Y, ZD7=®
W~ 7R N7 4 b= 7GR
THDHIENTNoT-.

.............................

=}
S}

o
o

NORMALIZED YIELD

xmm=2.5% 4
(Fe (MnSi)Ge(111))
Lin=1-5%
(Fe,SiGe(111))

-3.0 2.0 -1.0 0.0 1.0 2.0 3.0

TILT ANGLE (deg.)

X3 Ge(111) i Blz=v & X v LpkF
L 7=Fe,(MnSi) & Fe,Si D <111> 4k D F
¥ RIVT 4w TR DT O SE B <A1
AL RLG (BAAT N KEL) Th
v, ET O JEF O NS ELA D 2Ry (
Xmin N INEN) T ERGND.

3) BEKT > VL OWE
~JER b7 A b=y 2 R T ORI
A HE R T HHBET » Y L0
Tkt £ 5 2 PRE T B 10 AT, BB U

Fe Sl O RS KL 7 —2h R llE (X4
) LRy B RET D) S A—H
ZPFH LT, Ge RICFERT ERE LT-Fe,Si
HIEOFEERT VIV O ARy L OFE
KA R e T RO D B SRAMER I e R G
E LTz, EORER, BERT Y IEHeEko
LMD EE L I RE SRR, 2
T EEEOEN - hE A ISR L7z K
ERBRBRESECEBRL VDL EEZ LR
5.

100 ———

50 [

-50 |

AL/ x10%

-100 f
Fog—13.2-11.51
-150 | sxy=-0.62-0.032i

00 L 0o 0w
0 20 40 60 80 100

Incident angle (degrees)

[X|4 Fe,SiMEOMERSIEFH —hFIC &
% p RATRE D (AL/1) DOAH
AIRTEE. SE  JIE R B ICER L
7= R,

o’e’a’e
:':':':‘o 4

0%0% %% %4%:%
00 ,0,0,,%:%%
0%0%%: % %% %
90%6%0%:%:%:%: %
% o%e%
| egege
| gt

._"
e_0_0_0o_4"
L :.....

K5 BT U7 hAT7-F a2 TERLE
AT ORMER T A (F) EERaT A
(MEbLO IR b7 4 b=y IHESRDE
A E T M.

4) ~7 % 7% b=y ZiERo/ER



A7) T AT TR (KL) EHN
Tw 7R b 74 b=y 7 fEmEER LT,
[XI51ZS1 (100) Hep FIC/ERL L 7= =M%+
M AFe,SiD T o (B) & sRREEMEIR
Fe,SiFDZER 2T A (F) ZH DO %R b
7 % b=y 7 FEE O ERE - IEMEE S AR
T RO ST RT— DI E DA
ITEE R IO NER T o+ b= ZEdR T O
tE&%&@iﬂﬁ/ﬁ/%FA WZEHT

HESTHDH., BLT7V T " AT - 7Tutk
2 (IEMVEA F vy F o TR F v E—
LBAR B T RESA) ORaE iz &
ST, W E~DORIEIEF R O Fk
FERIN T & DHELE RGO /D 72 O BEERS T-8
Ho— A ERC X T,

(5) BN~ DGR 45

“AKTOERaT A (K5 TFR) 26D
Fe,Si~ 7 % b7 # b= v 7 ft b OHEHEEE
2p ) —[Elfin g D AT kv (FIINEGS: : 2006
) ZH6ITRT. DI NF — DR
WFe,Si D A7 ML R LTS, B
72 DI CITEN WA, 1. 5eVELF DI
kU CHE 72 IREN LD = Ak T DER
AT L ELOTIT XN T b=y T HERRIC
IR D Z E RN o Tz,

100nm thick Fe;Si film

|
\

Fe,;Si MPhCs with air rods

Kerr signals

1.5 2.0 2.5 3.0

Photon Energy (eV)

M6 22535 L% OFeSi — AT L
Fe,Sivd I OMERE K I A —[BlHE A (FHkHE
) DAY kv (HINESS © 2006). ADfE
TZ 77 TIE T HBPRE WAl 28T

(6) JEZEFM D HERE LB

X 7 IR O FERETER O YR O
&% 7~Rd". InGaAs -8R L —HF &Iz L
T, 77 A4 3—%EL TR —FeSi, 74 b
= 7 FEEPICIER U T2 s I 2 A&
BHTEMBRELE— R OEEEFHEEZRIE LT, 8

HhE
ﬂ%@@,%%@yy:yxwx-7jh:

NI G T & SR InGaAs -8 /A kR H
RV JEREHY, ERaTsxH0
=R — (M5F) O~ 7R N7+
k= 7 £ Si0,/ ZfAk% T B —FeSi,/Si
NI DAT TR 3 h = T FERD
B AET ARy MNEEIEA7-0IC
SHHELE S 7o &2 R0, KT ISR T &
11 5 u mi & O CARHRZS T O PR IE
BRZ1T - 72. 10 & 100mT D A AN MG % 1
WETIN L C R 2 S O 28 b i
LTRIE L & 2 A, 100mT TIXB & 27T
B L DImICIREEDEAL & SRR g D2
TEBEL, AT 7T 5 b=y ZFERD
B 2 Al T DR A iR T D Z LR
TE7o. WRERLE L TR\ —r %
T2 7R ORI 2 W23 A0E, BB
FE NIRRT o 7.

—

Si0, coupling Fe,Si MPhCs

InGaAs hp\ I S | ggiﬁ;att
Laser Diode | B-Fesi,Si Phos Analyzgi'n ho|:etectors

B=10 mT x25 | | B=100mT ]
il
5 I \wwu
v -l
& JMWMWMWMN
1) ‘ | | \ l J_ Il | \

H Hllﬂ“

Turn of magnetic field

7 A O ERERER DR OB (L)
EAMRBEG LN (ORED) 12 X 2 658 D AR
() .

[#FZEDNLE ST ]

KA AT —BEHEREDPANIE A7 —
EHbOv IR N7 b=y I EROER L
Z ORI O CTORETH D, EHIT
KFEF~DIEHAEHIE LIEEK DRI
FEFAOERIL, HNTONRRESIEHD 1 >0
AREME AV RE L C T b=y I
B LRI E S TRERERD D H.

(5% DREE]

REB 2 ARA AT — 5 A TR

LoV I RN T+ b=y IR EITo
7o, ZOOWFGERCE - ik - B A E, Hikd
WX > TIRWMEHZEH FTRETH 5.

JADERFETEZHE LT, IHICHEESYE
77U



5.

TR A A S

(WF7ERERE . WF7E 38 K ONEEERF e 12
E 7))

UdegEamsa) G 11 1p)

@ Y. Maeda, K. Narumi, S. Sakai, Y. Terai,

®r
O

K. Hamaya, T. Sadoh, and M. Miyao, Ion
channeling study of iron based Heusler
alloy epitaxial films on Ge(111), #
HtA, Thin Solid Films, Vol. 519, FJJ
fll H, DOI:10.1016/j. tsf. 2011. 05.
024

Y. Maeda, K. Narumi, Y. Terai, T. Sadoh
and M. Miyao, Low temperature ion
channeling of Fe,MnSi film epitaxially
grown on Ge (111), &HA, JAEA-Review,
Vol. 2010-065, 2011, p.141.

Y. Maeda, T. Ikeda, T. Ichikawa, T.
Nakajima, B. Matsukura, T. Sadoh, and
M. Miyao, Magnetooptical properties
of iron based Heusler alloy epitaxial

films on Ge(111), #FEA, Physics
Procedia, Vol. 11, 2011, pp.200
-203.

Y. Maeda, T. Nakajima, B. Matsukura,
T. TIkeda, and Y. Hiraiwa, Phonon
properties of B — FeSi, and
photoluminescence, % %t f , Physics

Procedia, Vol. 11, 2011, pp. 167-200.
Y. Maeda, T. Ichikawa, T. Jonishi, and
M. Narumi, Determination of silicon

vacancy in ion—beam synthesized
B-FeSi,, #HiA, Physics Procedia, Vol.

11, 2011, pp.83-86
Y. Maeda, Iron silicide photonic
crystals and light propagation

property, ##tf, Physics Procedia,
Vol. 11, 2011, pp.79-82.

B, IRE, Wi R, AL
EY, A F L Fx ) TR DHRA A
Z —HA4Fe, MnSi(111) /Ge(111) ~T 11
TR X L SR o il ) P o FTEA,
w71 Ol (5 2 B A SDM2010-187
M, 110%, 2010, pp. 13-17.
AT, #k2U A ROXFIGH, &
BoA, o AMEL, 79%, 2010, pp. 135-139.
Y. Maeda and Y. Terai, Fabrication of
iron silicide photonic crystals and
properties of light propagation, 2t
£, Compound Semiconductor Photonics

Materials, Devices, and Integration,
Pan World Publishing, 2010,
pp. 170-172.

®rY. Maeda, Y. Hiraiwa, K. Narumi, A.

Kawasuso, Y. Terai, Y. Ando, K. Ueda,
T. Sadoh, K. Hamaya, M. Miyao, Site
preference of atoms in Heusler alloys

Fe,Si and FeMnSi grown on Ge(111)
toward realization of Ge channel spin
transistors, Materials Research
Society Proceedings, s®raif, 1119E,
2009, pp. 1119-L05-02-07

@ PEtidr, LR —ER, i, LW

N, PERE, ERIERE, piEdEY,
Fe,Si/Ge(111) ~7T m=E X X 2 ¥ /Lt
HCI T DAL ZER), Aair L, o
Ry U YA RRPEK L BEY
BFgEss - LRI U o NRAEERE
DT F A K, 2008, pp. 41-43

(=& (G20 1)

)

WA, iR, 5 e, mREE
W, ERIER, milES), 414 F xR
U > 712 K % Fe,CoSi, CoFeSi/Ge ~T &
S DR, 55 58 [l F A B 2R 2 B RE
ARl E, 2011 43 H 26 H, &)L
[ NE

HEFE, W& e, eRE, RIS
), B-FeSi, T/ fidt DI ICFFIEDREMT,
5% 58 Bl HELESBRE A RS,
2011 £ 3 A 26 H, M) TR,
R, R BERE, B, AiHeE
B, AFFr RV ZICLbHRART
—&4 Fe, MnSi(111) /Ge(111) ~F =
v X 3 L S o sl A P o BRI,
IEICE & iEwdfEras Y 3 U6k -
T34 A (SDM) WFFE4, 2010 A= 12 H 17
H, BART - HE¥ vy /32X
WA, piEEY, e, SFHE
. EEfRdE, BERIERE, KEA A
LIz XD A U RBHRA AT —H 4/
R DR, B AR - SR B ek
1% - 25 5 Ml @R & s ATy AR Yy
L, 20104210 H 14 A, &IF>T 4 —F
Y7 —.

meERE, flEe, PEF1, K P
Homewood, pij Y, Co K—7" 8 —FeSi,
DA F L E—LEGRE T+ ) R, H
7 1 [ENSHYBL RS, 2010 42
9 H 17 H, REIFRF

WA mE, B R, B R, S
BEFN, il &, BwRE OEE, KR4 A
YFx 3V 7LD FeMnSi, Fe,CoSi
T VXX VEBE O, 57 1B
FW e s P2, 2010 42 9 H 17

A, RIRFXF.
Y. Maeda |, Iron Silicide for
Optoelectronics , International W&E

Heraeus Summer School on Sustainable
Electronic Materials, (JAfFi#iH), Aug.
3, 2010, German Physics Center,
Bad Honnef, Germany.

Y. Maeda, Iron Silicide Studies
towards Photonics, Asia—Pacific
Conference on Semiconducting



Silicides Science and Technology
Towards Sustainable Optoelectronics
(APAC-SILICIDE 2010) July 25, 2010
EPOCAL TSUKUBA.

Y. Maeda, T. Ikeda, T. Ichikawa, T.
Nakajima, B. Matsukura, T. Sadoh, and
M. Miyao, Magnetooptical Properties of
Epitaxial Film of Iron Based Heusler
Alloys, Asia—Pacific Conference on
Semiconducting Silicides Science and
Technology Towards Sustainable
Optoelectronics (APAC- SILICIDE 2010)
July 25, 2010, EPOCAL TSUKUBA.

B. Matsukural, T. Ikeda, K. Narumi, Y.
Terai, K. Hamaya, T. Sadoh, M. Miyao,
and Y. Maeda, Ion Channeling Study of
Epitaxy of Iron Based Heusler Alloy
Films on Ge(111), Asia—Pacific
Conference on Semiconducting
Silicides Science and Technology
Towards Sustainable Optoelectronics
(APAC- SILICIDE 2010) July 25, 2010,
EPOCAL TSUKUBA.

T. Nakajima, B. Matsukura, T. Ikeda, Y.
Hiraiwa, and V. Maeda, Phonon
Properties of pB-FeSi, and Their
Correlation with Photoluminescence
Properties, Asia—Pacific Conference
on Semiconducting Silicides Science
and Technology Towards Sustainable
Optoelectronics (APAC- SILICIDE 2010)
July 24, 2010, EPOCAL TSUKUBA.

Y. Maeda, T. Ichikawa, T. Jonishi, and
M. Narumi, Determination of Silicon
Vacancy in lon—Beam Synthesized
beta—FeSi,, Asia—Pacific Conference on
Semiconducting Silicides Science and
Technology Towards Sustainable
Optoelectronics (APAC— SILICIDE 2010)
July 24, 2010, EPOCAL TSUKUBA.

Y. Maeda, Iron Silicide Photonic
Crystals and Properties of Light
Propagation, Asia—Pacific Conference
on Semiconducting Silicides Science
and Technology Towards Sustainable
Optoelectronics (APAC- SILICIDE 2010)
July 24, 2010, EPOCAL TSUKUBA.
BIEAEY), RGN, LRI, Ll
N W HE, REBZEY, HRIERE,
%69 [mIS B iR 2, 2008
F9H 48, PEHKE

AIHEEY), Sk VA ROT7+ b=y 7
T A~DIER, 5 69 ES YT
LTS - L URY Y AR (I
), 200849 H 4 H, HEEKRY

Y. Maeda and Y. Terai, Fabrication of
iron silicide photonic crystals and

properties of 1light propagation
International Conference on Materials
for Advanced Technologies 2009 (ICMAT
2009), IUMRS-ICA 2009, 28 June-3 July,
Singapore.

@ FIEES), PEEK - BmEEAR VA R
DN« AT AL RSO FREM,
4 ESHAYE T U YA RRYEER S
B E M TR iy, HIfFaRBE, 2009
£9H 12 B, EllRRemEEtE (il
).

® wmEt, W&z, giEEY, gV
PA R KA RT—EET EEREORSK
TR, 5 37 [B1S AW B B MR G
<, 200943 A 19 H, HEKRZF.

Y. Maeda, Y. Hiraiwa, K. Narumi, A.
Kawasuso, Y. Terai, Y. Ando, K. Ueda,
T. Sadoh, K. Hamaya, M. Miyao, Site
preference of atoms in Heusler alloys
Fe,Si and FeMnSi grown on Ge(111)
toward realization of Ge channel spin
transistors, Materials Research
Society (MRS) Fall Meeting 2008,
December 3, 2008, Boston, USA.

Y. Hiraiwa, Y. Ando, K. Narumi, K. Ueda,
T. Sadoh, M. Miyao, Y. Maeda,
Ferromagnetic FeGe/FeSi layered
structures formed by interdiffusion in
Fe,Si/Ge hybrid structures, The IUMRS

International Coference in
Asia :TUMRS-ICA 2008, December 9, 2008,
Nagovya.

(Z Dt

R Do

http://www004.upp.so-net.ne.jp/silicide/index.
htm

6. WFITHLR

(1) WFzefRsE

BIE =¥ (MAEDA YOSHIHITO)

KT « =R IVX —BEFSER - HEHR
o E %5« 50275286



