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In today's electronics, the two degrees of freedom of electrons, charge and spin, have been utilized separately.
Recently, a new technology has emerged called spintronics, where the charge and spin of electrons are utilized in
one system [1, 2]. Adding the spin degree of freedom to conventional semiconductor charge-based electronics
will add substantially more capability and performance to electronic devices.

There is a group of materials called diluted magnetic semiconductors (DMSs). These materials are the
semiconductors doped with a few percent of magnetic atoms (transition metals (TM) or rare-earth (RE) metals)
into cation sites and are one of most intensely studied group of materials in spintronics. One problem of DMSs
is its low ferromagnetic transition temperature (7t). The highest 7t is 160K for post-annealed (Ga, Mn) As [3],
which is much below room temperature. This low 7t value made it rather difficult to apply DMSs to practical
applications.

In this study, we have investigated the structural, optical, magnetic and electronic-structural properties of (Ga,
TM)N (TM=Mn, Cr) and (Ga, REIN (RE=Gd, Eu) in order to clarify the underlying physics beneath them,
especially the mechanism of magnetism in (Ga, TM)N and (Ga, RE)N from the viewpoint of their electronic
structure, and try to give a guideline for new materials search of DMSs.

We have grown GaCrN by ECR- and RF-plasma assisted molecular beam epitaxy (MBE). GaCrN layers with
Cr concentration of up to 9.2% were successfully grown. The crystallinity of the samples was examined by
reflection high-energy electron diffraction, x-ray diffraction and Raman scattering measurements. We observed
ferromagnetic behavior at 10K-400K in contrast to the paramagnetic behavior of GaMnN at low temperatures.

Strong photoluminescence (PL) emission was also observed at the emission energy of 3.29eV. The origin of the

[1] J. L. Simonds, Physics Today, April (1995) 26. [2] S. A. Wolf et al, Science, 294, (2001) 1488. [3] D. Chiba et
al, Appl. Phys. Lett. 82 (2003) 3020.
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PL emission was concluded to be a band-to-band transition in GaCrN from the results of its optical absorption,
temperature- and excitation-power-dependences of PL. The local structure around Cr atoms were studied by
extended x-ray absorption fine structure (EXAFS) measurement and the substitution of Cr into the Ga lattice
sites were confirmed up to Cr content of 3-5%.

Magnetic properties of CaEuN have been studied experimentally and theoretically. We concluded that the
experimental results can be accounted by assuming the coexistence of Eu?* and Eu3* ions interacting thorough
RKKY-type interaction. Our EXAFS study revealed that the majority of Eu atoms substitute the Ga lattice
sites in the local symmetry of Csv and the results of x-ray absorption near edge structure indicated that

coexistence of Eu?* and Eu3*. Magnetic properties and the local structure of another RE-doped GaN, GaGdN,

were also studied.
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BEFOHL D1 ODEHRETHIEMLHETIBEOFEEFT LY bu=s AT, $H 1 O0BHEL LTOAY
VEMATRMAHIET 277 /) nY—i3, $EEALY hr=s 2L LOREERSR TS, ZORDICH, B%
OYEERIIBEBRERR L OMMERFZRM LR SRS EAPBEERREZRT, Ll ZhETIELNT
WD FHERME B ROBBEMEY = — ) —RERZERUT CH O, FEU L CHMBIM L T/ ERMELEE ORI’ L
HATHD, ZODIZKRH LTI, GaN (Vv bF A hFA4F) 2= L LAmERELERZIERL, 209
R OHBEAMIEICE L CHI% L, R R TAERE LSRRI RS LT3,

BIRMIZ1E, BB 4AR (Mn. Cr) 2 L7z GaMnN, GaCrN B X UFH & E (Eu. Gd) ML = GaEuN,
GaGdN 122\ T, FEMEIE, LFHRE, BE, STHOMEICE L TERNICEZERMIZRH LTS, ECRBX
U RFBHEDHFRIEFF (MBE) {EICL YD Cr BE 9.2%F T GaCrN 2/ER L, EXAFSHIEIZL YV 3-5%
FCD GaCrN T, Cr it Ga ¥4 FEEHTNB S L #RBL TS, “hb0O GaCrN (BT, 10K-400K T
TR R RER LT, 51T, Th D GaCrN 7513 329 eV DRI F—DHRNT + FAIREB AN EEBBIL
TW3, ZORNIE, BHEXREEER EOREND, GaCrN IZH LR SN Ay FRER LAY FRIEBIC
IB2bDLORHREB TV, THICED, $EERAEY b=y AHOFHERELEFR L LTAZELRLOZAIRL
T il B,

GaEuN, GaGdN THLEZEBEELBHI L TW15, TN oHTIRSRBEM GaN Tix, AHEEFONEE 7N
RIBRIZ & 2 R EBOHRWV PL E X LER LT3, GaEuN ORI DWW TERRM, BRI 2L, GaEuN
TEH S -BHMERE T RKKY MICHEERALTWD Eudt 140 E Bt A 3V BHEFEL TR LT3
NEREHEICI VAL TWS, EXAFS BIFEIC L Y Euid Ga %1 F &2 EH TS Z &2, XANES HIZEC L 9 Eus*
A A& Butt A 3 DOEFREREINTVS, GaGdN iZBWThH, BkFE, BRIRFEREBIZOW TR ZINZ
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ZDEDITEBI T, GaN #X— R & U7 H LW AEBME L E IOV CERNIC BRI 2 R F Rt
WROABUCHEIIT 5 & & bic, BREIC D ABHESEIMICRE 2L T, BEAA LY fa=y ARESEICE
WT5b0THY, Bt (B OBMHRIE LTHAMEOH B LD LRD B,
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