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Introduction

Spin and Orbital Moments: X-Ray Magnetic Circular Dichroism

(a) d-Orbital Occupation  (b) Spin Moment (c) Orbital Moment

Spintronics, which exploits the spin property of electrons, Is an emerging
paradigm for the next-generation electronic devices. Diluted magnetic
semiconductors (DMSs) combine the electronic functionality of conventional
semiconductors and the non-volatility of ferromagnetism, representing one
of the most promising route to the realization of room-temperature
spintronic devices. However, the lack of direct experimental evidence for the
Intrinsic ferromagnetism in DMS to date has rendered the nature of the
observed magnetic phenomenon highly controversial. The element-specific
softy x-ray magnetic circular dichroism (SXMCD) Is regarded as the litmus
test for any intrinsic ferromagnetism.

. Experimental IW.

e Samples: .
Cu doped ZnO thin films (50 nm) were grown by PLD using mixed ZnO and CuO powder (99.99%) 075 [
Sample 1: undoped ZnO (reference) 05020
Sample 2: 2%at ZnO:Cu at O rich pressure (1x10- torr)
Sample 3: 2%at ZnO:Cu at O poor pressure (5x107 torr)

» Undoped (sample 1)
and Cu-doped @ O rich
condition (sample 2) are
non-magnetic.
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(@ smees @ 7 semples | » Strong XMCD signals occur at both Cu
- V — Al — L-edge and O K-edge only for the FM
U ] ' sample 3—consistent with SQUID.

| » The XMCD at Cu L-edge centralized
0 K-edge ] only at the 935 eV peak (Cu_O,), while at
- - : the regular Cu?* site is negligible

Good film crystallinity and homogeneous
distribution of all elements.
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— e ) > Regular Cu?* (3d°) is dominant in sample 2 (O- o
\‘ rich), while Cu_V, (mixed 3d°+3d2%) is dominant *
Saans In sample 3 (O-poor) due to the doping effect of

pinding eneray (&) Voo » Innovated First-principle calculations with disorder visualize the large sized V,, orbital residing within the

00— host band gap and reveal incomplete spin polarization in the Cu 3d bands.
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» The local magnetic moments of Cu in the vicinity of the V5 orbital are ferromagnetically coupled through
a “double-exchange” like effect mediated by the overlapping vacancy orbitals.

» Cu (2%) doped ZnO under O-deficient condition displays ferromagnetism with T_ of 750 K. This work was supported by NRF-CRP Grants No. NRF-G-CRP 2007-05 and No.
» The intrinsic band polarization in Cu-doped ZnO is successfully probed by the SXMCD at both Cu and O states. NRF2008NRFCRP002-024, NUS YIA, NUS Cross Faculty, FRC, DOE Grant No. DE-AC02-
: . . : i i L. i i 98CH10886, and CMSN and NNSFC Grant No. 10774091. This work was partly performed
» The observed FM is proposed to originate from the alignment of the localized large moments of Cu in the vicinity of oxygen vacancies mediated at SSLS under NUS Core Support Grants No. C-380-003-003-001, No. A*STAR/MOE RP
by the large-sized vacancy orbitals through an indirect “double-exchange™ like effect. 3979908M, and No. A*STAR 12 105 0038.
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