7N

H—Co 77145

FIAF Vol. 31, No. 9, pp. 480-486, 2010

NTEZEIh

AERIBEDREIHR

] 143 - Pavel A. IGNATIEV * Sebastian WEDEKIND * Guillemin Ropary,*

Larissa NiEBERGALL * Valeri S. STEPANYUK * Dirk SANDER

and Jiirgen KIRSCHNER

Max-Planck-Institut fiir Mikrostrukturphysik, Weinberg 2, D-06120 Halle/Saale, Germany
(2010 4% 6 J1 16 H3BH)

Spatial Modulation of Spin Polarization within a Single Co Island

Hirofumi Oxka, Pavel A. IGNATIEV, Sebastian WEDEKIND, Guillemin RopARyY,”

Larissa NIEBERGALL, Valeri S. STEPANYUK, Dirk SANDER

and Jiirgen KIRSCHNER

Max-Planck-Institut fiir Mikrostrukturphysik
Weinberg 2, D-06120 Halle/Saale, Germany

(Received June 16, 2010)

When electrons are confined to nanostructures, quantum interference takes place due to their wave-particle duality.
Using spin-polarized scanning tunneling microscopy, we studied the influence of quantum interference of electrons on
the spatial distribution of the spin polarization within a single magnetic nanostructure. We find changes in both the
magnitude and sign of the spin polarization on a subnanometer scale. We compare our experimental results with ab initio
calculations of the spin-resolved local density of states (LDOS). We find that the modulation of the spin-polarization at a
given energy can be ascribed to the different magnitudes of spatially modulated majority states and non-modulated

minority states contributing to the total LDOS.
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Fig. 1. Coisland grown on Cu(111). (a) STM image of a Co

island on Cu(111). (Vs= —0.1V, I=1.0nA.) The
Co island is two atomic layers high and has a base
length of 12 nm. (b) Differential tunneling conduc-
tance (dI/dV) spectra measured at the center of the
Co island in (a) at different external magnetic field,
00T and+0.6 T. (Vaw= +0.5V, I=1.00A.) (c)
dl/dV hysteresis loop at the center of the Co island in
(a). The red and blue colors indicate upward and
downward sweeps of the magnetic field, respectively.
The yellow dots correspond to measurement condi-
tions of the dI/dV spectra in (b), the light-blue
markers identify the measurement conditions of the
dl/dV images shown in Fig.2 corresponding to
parallel (P) and anti-parallel (AP) states.
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B, =D Co74 7Y F (Fig.1 (a)) LTZoddl/
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WAL TT A AT OIRRE T, Fig.2 (b) 1 FEATOIRET
WESh7 dl/dVIETH 5. CoT A T ¥ FOB/BTIRE
745 Y FRNOEFZTTRETA I Y FOH L X -
T - BEHEE BT 57200 W—D Co T4 T
¥ F ETHE ENTPAT - BOPATIRIB O d1/av R % -
T, dl/dV IERNHIEZR T 2 LEN D S,

oD dI/dvig X (1) BT, di/av IERNFRED
ZRIEY v T (Aaw ) ZFHHE L7 (Fig.2 (0)). &t
HENTz Awa 181X, dl/dV IERBREN Co T4 T ¥ I
ONEICHRSEAT A EEZHALPIC LTS, 7V
IWMER (V=+40.03V) T, CoTA4 5 ¥ Fig, 74
7 ¥ FNEBTIXIED dI/dv IR EZ R L, FBH Tl
B dl/dv IERHEZRT I LW bR b, ORI,

(2010)

dl/dV asymmetry

dl/dV-asymmetry map of the Co island in Fig. 1 (a).
(a) and (b) dI/dV images were recorded at — 1.1 T,
but with different magnetization configurations
between the magnetic tunneling tip and the Co island,
anti-parallel (AP) and parallel (P), respectively. The
insets represent the AP and P configurations. (V=
+0.03V, Vaw=+0.5V,and I=1.0 nA.) (c) dI/dV-
asymmetry map calculated from the two dI/dV images
measured at AP (a) and P (b) states using Eq. 1.
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Fig. 3. Calculated spin-polarization map of a triangular two-
atomic-layer Co island on Cu(111). (a) and (b) Local
density of state (LDOS) maps for the majority and
the minority state electrons at the Fermi level,
respectively. (c) Spin-polarization map calculated
from the two LDOS maps in (a) and (b) using Eq. 3.
(d) Line profiles along the white arrows in (a) and

(b).
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Fig. 4. Energy dependences of the measured dI/dV-asymmetry maps and calculated spin-polarization
maps of the Co islands. (a) to (d) Experimental dI/dV-asymmetry maps measured on the Co
island in Fig. 1 (a). The dI/dV-asymmetry maps are calculated from two dI/dV images
measured at AP and P states using Eq. 1. Measurement conditions of dI/dV images : B= — 1.1
T, Vaw= +0.5V,I=1.0 nA. (e) to (h) Calculated spin-polarization maps of the triangular Co
island. Each of the maps is calculated from two LDOS maps for the majority and the minority

states using Eq. 3, respectively.
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Fig. 5. Calculated spin-resolved LDOS of a two-atomic-
layer Co film on Cu(111). Vertical dashed lines
correspond to the energy positions where the dI/dV
asymmetry maps in Fig. 4 are obtained. A color map
indicates the energy area where experimental result
for the inner part of the Co island show only positive
(red), only negative (blue), or both signs (checker
board pattern with red and blue) of the dI/dV
asymmetry in the dI/dV-asymmetry maps.
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