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We show a photoinduced positive magnetoresistéiié®) effect(about 20% under a low magnetic

field (less than 0.1 Tat room temperature. The photoinduced MR effect has been observed in GaAs
including nanoscale MnSb islands, when photons with the energy above the band gap of GaAs
irradiated the sample. The photoinduced phenomena are due to an enhancement of tunneling
probability between MnSb islands by photogenerated carriers in the GaAs matri200@
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Control of magnetic properties by photogenerated carriphotoinducedVR changes atoom temperaturén nanoscale
ers is one of the main challenges in the research oMnSb islands embedded in GaAs.
ferromagnet/semiconductor hybrid structures as the striking MnSb islands were grown on semi-insulating>1
attribute, compared with standard full-metal magneticx 10’ Q) cm) (111)B GaAs substrates by a Riber 32P MBE
heterostructuresThe light-induced interlayer coupling was system. In the bulk, MnSb is a ferromagnetic compo(the
demonstrated in Fe/SiO and He¢—S) multilayers>® These  Curie temperatureT.,=590K) with a NiAs-type crystal
results suggested the possibility of modulation of the magstructure(a=4.13 A, ¢c=5.78 A) and the easy magnetization
netic interlayer coupling by light, but a thermal effect on theis along thea axis!® Detailed growth conditions have been
observed phenomena was not completely excluded. Reeported in our previous repott.The growth orientation of
cently, Koshiharaet al. reported a ferromagnetic order in- MnSb is (0001), and the atomically flat interface with no
duced by photogenerated carriers in magnetic 1lI-V semiintermixing can be realized it000)MnSb(111)B GaAs.
conductor heterostructures dfn, Mn)As/GaSk® Carriers When the growth is performed on the atomically fla11)B
generated by light in the GaSb layer are transferred to th&aAs surface, the initial growth of MnSb is three-
layer of (In, Mn)As, then the transferred carriers enhance thelimensional. The MnSb island growth is shown in the high-
ferromagnetic spin exchange between Mn ions. The ferroresolution cross-sectional transmission electron microscopy
magnetic order is surely photoinduced phenomenon, but therEM) image of Fig. 1a). The nominal thickness of MnSb is
phenomenon can be observed only below the ferromagneti®@ monolayer§ML).1” As shown in the figure, the nanoscale
transition temperature ofin, Mn)As, 35 K. It should be plano-convex islands with the hexagonal crystal structure are
noted that the optically induced ferromagnetic transition waggrown on the(111)B GaAs substrate with the atomically flat
also implied in magnetoresistive manganitésThe transi- interface. It was difficult to evaluate the lateral size distribu-
tion is, however, observable at low temperatures. tion of the island by the TEM observation, but the almost

Formation of magnetic clusters embedded in a semicondniform height of about 2 nm was observed within the wide
ductor and the magnetic properties have been investigateskarching areas. The MnSb islands were capped by the GaAs
intensively’~1° The magnetoresistan¢MR) effect was ob- layer with the thickness of 20 nm. The epitaxial growth of
served in MnAs:GaAs granular systems, which were prethe cap layer was done at 200 °C. Extra spots appeared in the
pared by the low-temperature molecular beam epitaxyeflection high-energy electron diffractigRHEED) pattern
(MBE)!! and the manganese-ion implantatiériThe huge  when the thickness reached 5 nm, then the spotty streak pat-
MR effect, up to 3 orders of magnitude, was also reported iriern was observed from the surface of the GaAs cap layer.
ErAs:GaAs nanocompositéd The strong negative MR ef- This fact agrees with the fact that many structural defects
fect was explained by hopping of bound magnetic polarongxist in the cap layer as shown in Figial (The granular
between ErAs nanoparticles. Although the ferromagnettrilayer film is referred to hereafter as GaAs/MnSb-island/
semiconductor granular systems are expected to be promi&aAs) Figure Xb) shows the x-ray diffraction pattern of the
ing materials which possess the photoinduced magnetic ph&aAs/MnSb-island/GaAs film with the nominal MnSb thick-
nomenon, few experimental observations have been reportgwess of 3 ML. A broad peak originating for(@004 MnSb
so far!* furthermore, the magnetotransport properties havéndicates the strong strain in the MnSb crystal. Some parts in
been studied only at low temperatures, because the MR ethe MnSb island show the elongation of thexis as is seen
fect was prominent at low temperatures. We now reporin Fig. 1(a), which is in good agreement with the x-ray dif-

fraction pattern, and the in-plane compressive strain has been

a , : . consistently observed in the initial growth @001)MnSb on
Peranent 20 sS Sectoeciiea Labortoy, 114 UTEION1118 Gas by RHEED! Magnetization curves measured
YAlso at The University of Tokyo, Tokyo 113-8656, Japan. by a superconducting quantum interference de@b®wn in
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qc, 1 FIG. 2. The laser irradiation effects on MR curves of GaAs/MnSb-island/
E 10 GaAs films with the nominal MnSb thicknesses of 3 and 5 ML are shown in

(a)—(c) and(d)—(f), respectively(a) and(d) without the laser irradiatiofin

50 60 70 80 90 100 the dark, (b) and (e) under the laser irradiation ok =1308 nm (hv
20 (degree) =0.95eV, below the band gap of GaAdc) and (f) A=830nm (hv

=1.49 eV, above the band gap of GaAEhe MR curves were measured by

FIG. 1. (a) High-resolution cross-sectional TEM image of MnSb islands @Pplying a constant voltage of 100 V between two electric contacts. The

grown on the(111)B GaAs substrate, and capped by the GaAs layer. Thescales ir(_a) and(d) indicate 5% of the resistance with no magnetic field and

nominal MnSb thickness is 3 ML. White lines are guides to indicate theirN0 laser irradiation. Each scale-bar is valid in each series of figlaesc)

interfaces.(b) The x-ray diffraction patterns of the GaAs/MnSb-isléqd ~ and(d)—(f). The curvature of the square magnetization of the GaAs/MnSb-

ML )/GaAs film. The inset shows the diffraction pattern measured by higherisland3 ML)/GaAs film normalized by the saturation magnetizatiun, is

power X ray of 8 kW. shown by the broken line iic). The direction of the magnetic field was
parallel to the film plane.

Fig. 2 indicate the superparamagnetic behavior of MnSb
islands. The saturation magnetization exhibited a linear relaical power meter equipped with 818-series semiconductor
tionship to the nominal thickness of Mn$ibom 1 to 5 ML).  detectors of Si and Ge.
By the extrapolation of the linear relationship to zero mag-  Figure 2 shows MR curves of GaAs/MnSb-island/GaAs
netization, the nominal thickness of the magnetic dead layefilms with the nominal MnSb thicknesses of 3 and 5 ML.
which may arise at the heterointerface by the intermixing,The photoinduced MR effect is clearly demonstrated in the
was estimated as less than 0.05 ML. photon energy dependence of MR curves from Figa) ®
After unloading the epitaxial film from the MBE cham- 2(c). The obvious change in the positive MR effect appears
ber, the stripe-shape sample, typically 4 mghmm, was Within a low magnetic field of about 0.1 T. Here we have to
cleaved from the wafer and the electrical contacts were mademphasize that the effect occurs in the sample of the nominal
at the opposite ends by indium solder. The magnetotranspoMnShb thickness of 3 ML, where MnSb islands are isolated
properties, the magnetoresistance, and the magnetic-field d@nd embedded in GaAs matrix as shown in Fig).1When
pendent current—voltagé{V) curves, were measured in the the sample is irradiated by the laser beam with the photon
same configuration of two-probe method at room temperaenergy below the band gap of GaAs, the MR curve remains
ture in air. The magnetic field up to 1.5 T was applied par-the same as that under no illumination and no positive MR
allel to the film plane for both measurements. The MReffect is observed. By the laser irradiation with the photon
curves were measured by applying a constant voltage usingenergy above the band gap, the positive MR curve emerges
conventional MR measurement setup. The sweep rate of thes shown in Fig. @). The MR ratio, defined ad R/R(0T)
magnetic field was kept at about 0.005 T/s. Th&/ curves  =[R(H)—R(0)]/R(0) in this letter, reaches about 20% at
were measured using a HP4156 precision semiconductor p&t=0.08 T. The photoinduced phenomena strongly depend
rameter analyzer. The voltage was scanned fref00 to  on the nominal thickness of MnSb. No distinct change by the
+100 V with the scan rate of about 5 V/s. Low pow@ laser irradiation is observed in MR curves of the sample with
mW) laser diode$830 and 1308 ninwere used to illuminate the nominal MnSb thickness of 5 ML. Since the resistance
the sample. These photon energies correspond to “aboveecomes more than one order smaller than that of the sample
(1.49 eV)” and “below (0.95 eV} the band gap of GaAs, of 3 ML, it is reasonably thought that the MnSb island does
respectively. The sample including the electrical contactsiot exist apart from the others in the GaAs/MnSb-is(&nd
was exposed to the unfocused laser beam. The direction ®fiL)/GaAs film but the coalescence of MnSb islands starts at
the beam was perpendicular to the film plane. The power othe nominal thickness between 3 and 5 ML. The small posi-

commercial laser diodes was recalibrated by a Newport optive MR effect is observed even under no irradiation. The
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40x10-6 T T T carrier in the material of MnSb islands embedded in GaAs.
— 27 By the laser irradiation with the photon energy above the
'Dark band gap of GaAs, the MR ratio dfR/R(0T) increases
from 0% to 20% in the GaAs/MnSb-island/GaAs film with
the nominal MnSb thickness of 3 ML. The change of the
resistivity as a function of the magnetic field is much faster
Light (1.49 eV) than that of the square magnetization. The sign of the MR
-40x10805 20 0 39 100 effect cannot be explained in the standard giant MR model
Voltage (V) based on the spin asymmetry of the electron scattering.
Nonetheless, the relatively large photoinduced MR effect
FIG. 3. The Iaser_irradiatiom(vz_ 1.49_eV) effect on-V charact_eristics of  with the high magnetic sensitivity provides insight to explore
the GaAs/MnSb-island/GaAs film with the nominal MnSb thickness of 3

ML. The |-V curves measured under the magnetic fields of zero and 1.5 'Ia_novel spm-depen_denfc phenomen_a in a semiconductor "_:md
are shown by solid and broken lines, respectively. Without the laser irradiaWill be of technological importance in the magnetoelectronic
tion, these curves are superimposed. industry?!

Current (A)
o

- This work was performed at JRCAT under the joint re-
MR effeCt Under the |aser |rrad|at|0n becomeS Smallel’ tha@earch agreement between NA'R and the Angstrom Techno'_
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In conclusion, we have presented experimental evidence, reduce the resistance and the threshold voltage of the breakgeen
for the positive MR effect induced by the photogenerated Fig. 3 to meet practical conditions from a possible application viewpoint.
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