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Ferromagnetic nano-particles formed by annealing
in group-1V ferromagnetic-semiconductor GeFe
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[T FExiTv Y a7y ) a o —l8E5T 5 IV RIREEE 15K GeFe BN BT G O
HO R WM SERTH Y . £72 SI(00D) IR BICEET X R v VREFETH L Z L 2R L TE
7o b2 A E ¥ 2 U IR EE(Te) A 170 K O Geg sosFeg 105 HRIEIZ X L TRERICT =— L2475 Z L2k v,
Ge ¥ A V& FiEEFIZERIBENET 2 IR - ERR SN D Z E N> T=D THRET 5,

[EZBRER] KED A= ¥ %3 — (LT-MBE) I X V. Ge(001)Fab F(C k= B AR Ts = 240°C T
e L 72 GegsosFeo 105 HIEIC /T L C, 7 =—/LiJE T, =600°C TEHEFEMKTITHBWT 30 0M7 =—v
ATV, T =— /LRl & 7 =— %O Y o 7L ORI Z A (MCD) OBGGKFME LS MCD A~2 FL %
HE L7z, Fig. lallio6nb L9118, Ge DL FICHINT H23eV TOE E—27 L 15eViiiTHOT R
— R —7nBllEn-, ZO7a— KRR —70OEEE LT, Fe @ 3d #lEOfMESEIC L D
d-d R, Fe3d WLBENERT 2 R/ > K6 OB, @i GeFe (L& O IR 32 2~
LD 3 ODFRFEMENRE X Hivd, 7 =—/LREIOY > 7 ILix, MCD HE ORESHKTED 1.5eV~3eV D
BN X—ZBWTHEBR DO b 257 U ¥ 2 —F %< (Fig. 1b)Z L b, ¥ A YEL RGO
BEHOH DR, BIEE LTHAYEY FMEGEEL RS TR ERTH DL, DA 1.5eV T TH
bivd 7 n— R — 7 X Fe D 3d MUADRRBEHEIZ LD d-d BB, & L <X Fe3d UANEKT DR
M N ENEOBERBICERT 260 THLEEZbND, XMEWT (XRD)IZE D 6-20 2% v > Bl
AR BB TEM)IC X 28 B OBIERCH A E TR T (TED)WC X 2 BB OBIETH ¥ 1 vE 2 M
HEUA O BAIB R SN d o T2, ZHUTx L 600°C TT =— /L &1T > 7=H v 7Lk, MCD R DR
RIFMEN 7 + U TR X =12 L > TR > TE Y (Fig.lc), BEOMBIMEMNTFEL TND Z ENyD
ST, 1.5 eV T THOT n— R — 7 1358t ki ik 2 b o &2 B, D MCD DR
RIEPEICHT 57y b7y PRV TlZ 230K 72 & RS bz, FEBRIC TEMBIEIC LY. Ge 44
YT RS BRI T R 7 VIR S U 72(Fig. 2), & BT RLX —4 8 X B4 (EDS) T
FRAIHT 24T o Tk Ry BREEME T ORI SRR ST B BEIRIC BV TiE, Fe RS 20~30% & iR T
72> TWB Z ENhotz, £72. 600°C TT =—/L %47 =4 7LD MCD 8 E DRESEAEE D
RiX13eV, 25eV T =— L ZITIORIOV TN ERZSTED  1X-o &0 & LIERES MR IET:
HROKESIOENERLTND,

(] AROFTE O — IR AT R B A B 4 (RERIHEERTZE), Jodimfl & COE, FIRST OB %= TiTbhiz,
1) Y. Shuto, M. Tanaka, and S. Sugahara, Appl. Phys, Lett. 90, 132512 (2007).

2) Y. Shuto, M. Tanaka, and S. Sugahara, Jpn. J. Appl. Phys. 47, 7108 (2008).

(@ of 5,
10K
g -20r
13 -40
‘;’ 'gg —— as grown J
' —— Ta=600°C
-100¢ . . . L
1.5 20 25 3.0
Photon Energy (eV)
(b) T T T C T T T
1.0¢ y 1.0 — 1.5eV
-~ S N N, ~ock N\ 2.3eV
3 05 505
© ©
5 0.0r 5 0.0
= -0.5} before S -0.5p after i
i sy annealing
ol annelallng . o 1.0k | | |
01 0 0.1 01 0 0.1 Fig. 2. High resolution transmission electron
B(T) B(T) microscopy lattice image projected along the Ge[110]
. . axis of ferromagnetic nanoparticles in the Ge; g9sFe; 105
Fig. 1 (a) MCD spectra of Ge, ¢9sFe; ;o5 films before and after annealing, measured film after annealing.

at 10 K with a magnetic field of 1 T applied perpendicular to the sample plane
with a reflection configuration. (b) (¢) Magnetic field dependence of MCD
intensities at 1.5 eV (broad peak) and 2.3 eV (£, peak) (b) before annealing and (c)
after annealing.
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