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Spin-dependent electron transport in NiFe  /GaAs Schottky barrier structures

A. Hirohata, Y. B. Xu, C. M. Guertler, and J. A. C. Bland®
Cavendish Laboratory, University of Cambridge, Madingley Road, Cambridge CB3 OHE, England

Photoexcitation at the Schottky barrier formed between 5 nm thighEsi, films and botm™ - and
p~-type GaA$100) substrates with doping density in the range’*&n(p)<10"®> m 3 was
investigated using circularly polarized laser light. A helicity-dependent photocurrent dependent
upon the magnetization configuration of the film and the Schottky barrier height was detected. The
results provide evidence of spin-dependent electron transport through the NiFe/GaAs interface and
show that the Schottky barrier height controls the spin-dependent current passing from the
semiconductor to the ferromagnet. D00 American Institute of Physics.
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I. INTRODUCTION is the same as that of a conventiohalVV measurement. The
.. polarization of the beam was then modulated using a photo-
metal/oxide/

semiscrgﬂzjdui?saslgnst) 'u;l::ggfllénﬁas rt:(;glrj]gh attracted areat elastic modulatofPEM) with 100% circular polarization at a
J y 9 frequency of 50 kHz. For the polarized illumination mode,

|r_1terest for potential appl|cat|c_ms n magnetoelectromc de‘[he bias dependence of the ac helicity-dependent photocur-
vices and memory elementsSince Prinzet al. reported a

spin-dependent tunneling current through a CeDAIGaAs rentl through the interface was probed both in the remanent

0 - . B .
thin film tunnel junctior? a great many studies of spin- state { )and under the application of a magnetic fi¢lé

dependent tunneling through MOS junctions have been 1.8 T) sufficient to saturate the magnetization along the

n O . - .
reported® Such systems can be used for spin-polarized scarﬁlearnznn doigt?lglr Kto) tr:g ::2 ?\ae?iiac;ilor; tof}ethpeh'o:tl\c/)ln vt/]r?illlglttﬁelzshe-
ning tunneling microscopySP-STM.*® However, due to PeTp 9 '

: : licity is parallel or antiparallel to the magnetization with
the presence of the oxide layer, the mechanism of the SPN0 and 1™ are a measure of the difference in photocurrent for

Sgt%edndlzegrt tt#:ré?rlgg ftgrrr%urggg:gﬂ\ﬂ'v)lgesn{:ig?&ounctlg’(ggnpl"right and left circular polarization for the in-plane and per-
interféce a Schottky barrier arises which also gives rise té)endicular magnetization configurations, respectively.
tunnelind under apgropriate bias conditions Rgcent studie we produ+ced % sam4p|e of 3 nm SAU/53 nm NiFe/
show that a spin-dependent current is transmitted by theéaAs(lOO) (n*=10%, 10%, and p~ =10 m™) using
Schottky barrier in FM/SC direct interfaces based on
NiFe/GaAs?

In this article, in order to clarify the dependence of the JamAu
spin-polarized transport on the Schottky barrier height and AlComget ) AR
the roles of photoexcitation in the SC and the FM, we pro- Polarizer Right/Left Circular Light
duced samples of 5 nm p§Fe,/GaAs(100) in ultrahigh [ _ @ — e | — e |\ o
vacuum(UHV) with different levels of doping of the GaAs. P
For the GaAs substrates, three doping densities were uset =™
nt=10% 10* andp~=10"® m™3. Conventional -V mea-
surements were carried out with and without photon excita-
tion. A circularly polarized laser was used to excite electrons
with a spin polarization perpendicular to the film plane for
both perpendicular and in-plane magnetized states.
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Il. EXPERIMENTAL PROCEDURE —

1]

_Thl_s study Wa_s Carrled_ out _US”_]g a conventional photor]:IG. 1. Schematic configuration of the photon excitation experiment. The
excitation setup with front illumination at room temperature jaser is polarized in the 45° direction. Right/left circular light is produced

(see Fig. 1% He—Ne lasefA=632.8 nm light perpendicular  using a PEM. The bias dependent photocurrent is determinée-ymea-

to the sample surface was used and the bias dependences&ement methods combined with a lock-in technique. A schematic view of
. . the NiggFe,q/GaAs hybrid structure is also shown in this diagram. Two Al

the current through the N'Fe./GaAS Interface_ Z.'5<V . contacts on the surfad®.5 mmx0.5 mmx550 nm and an ohmic contact

<1.5 V) was measured both with and without optical exci- on the bottom are used for the measurement. The value of the variable

tation. In the absence of laser illumination, this dependenceesistance for the measurement was chosen to be approximately the same as
that of the resistance between theyfRi,, and the GaAs substrai@*

=107, 10* andp =10 m~2 doped, typically 60, 200, and 1%), re-
dAuthor to whom correspondence should be addressed; electronic maispectively. The magnetizatiod in the FM and the photon heliciti are
jacbl@phy.cam.ac.uk also shown with the field applied normal to the sample.
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FIG. 2. Bias dependence of the current through thgH,/GaAs interface
obtained without photon excitatiofh—V curve.

-0.070 [

molecular-beam epitaxyMBE) techniques in UH\f. The
ohmic contacts on the bottom of tine andp-type substrates
were prepared by evaporating 100 nm thick GeAuNi and
AuBe, respectively, and then annealing at 770 K for 2 min.
The GaAs substrates were cleaned for 2 min using an oxygen
plasma and then loaded into the UHV chamber. The NiFe
films were epitaxially grown at a rate of approximately 1
monolayer/min bye-beam evaporation. The substrate tem-
perature was held at 300 K and the pressure was around 7
% 10 1° mbar during the growth. The deposition rate was
monitored by a quartz microbalance which was calibrated
using reflection high-energy electron diffractigRHEED)
oscillations of Fe on a AGO00 single crystal. After the [OUEN JUNS FUUUR FUUUE FUUE FUUTE FUUOR SUUE INEE
growth, the NiFe films were covered by a Au capping layer. o5 20 1.5 1.0 05 00 05 1.0 15

Two Al electrical contact4550 nm thick were evaporated Bias [V]

on the Au layer. A computer controlled bias VOltag_e WasFIG. 3. Bias dependence of the helicity-dependent photocurrent without
applied between one Al contact and the bottom ohmic COMtsolid line with open circles|®) and with the applied magnetic fieldolid

tact and the current through the other Al contact and th@ne with closed circles,1") in the case ofn* =102 10% and p~
substrate was measured using a lock-in technique. As thel0® m™ doped substrates. Magnetizatibhin the FM and photon he-
polarized laser beam enters from the Au capping layer Sidéi,City P are also shown without and with the field application.

these structures provide a way of avoiding laser absorption at

the bottom surface of the SC, as occurs under baC£|(=|”—|°) of ~0.015 uA is almost constant in the bias

) N
llumination. range ofV<0.7 V. In Fig. 3a), peak A appears at=0.83

V for 1° and shifts toV=0.85 V forI". The shift of peak A

lll. RESULTS AND DISCUSSION between " andI? is 0.02 V, which is almost the same value

Figure 2 shows thé—V curves of the NjjFe,o samples  as the width of the maximum peak of the total spin polariza-
without photon excitation measured by the usual four-tion of permalloy? Since electrons are excited in the permal-
terminal method. It should be noted that evérV curve loy layer by both the bias and the photon energy and then
possesses a small featuf@ around the Schottky barrier propagate over the barriépeak A is likely to be related to
height as observed previouiyThe ideality factof was cal-  the spin-dependent transport from the FM to the SC. The
culated to be 6.69, 5.37, and 4.04 for =10”, 10?4 and  Schottky barrier heigh#,, has been reported to be 0.66—-0.70
p~ =10 m3, respectively. These values are comparableeV for Ni and F& which is approximately the same as the
with those of the previously reported permalloy samfles. bias voltage for peak A.

The helicity-dependent photocurrent is shown in Fig. 3~ With n*=10** m3, a similar tendency can be seen in
with (I") and without (°) perpendicular saturation. In the Fig. 3b), although peak A fot" is much broader than that of
case ofn* =10 m 3 [see Fig. 83)], for instance, it should 1°. In reverse bias, a constant difference betwifeand!" is
be noted that the helicity-dependent photocurrent values faagain observed. The magnitude of the difference-&06
I" and 1° are observed to satisfy"<I® as previously uA. In the case o~ =10"> m 3, on the other hand, both
reported® This provides clear evidence that the spin-the position of the helicity-dependent photocurrent features
dependent transport from the SC to the FM occurs under thand the sense of the peak A is opposite compared with the
application of a perpendicular magnetic field. The bias desamples discussed above, suggesting that these features are
pendence of the helicity-dependent photocurrent differenceelated to the height of the Schottky barrier at the interface.
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FIG. 4. Bias dependence of the “polarizatior®= (1"—1°)/(1"+1°) with
nt=10% 104 andp~=10"®> m3 doped substrates.

Both 1% and I™ are again constant in reverse bias but of

almost the same magnitude, which means that there is n

significant spin-dependent current through the interface.

Figure 4 shows a measure of the polarization of the spin-

dependent current through the NiFe/GaAs interfRce(I"
—19/(1"+19. with n*=10®> m™3, for example, almost
constant polarizationk~3%) can be seen at the bias range
of —2.2<V<0.7 V, which is likely to be related to the spin-
dependent photocurrent from the SC to the FM. Ror
=10** m3, the corresponding value B~4.5%, while for
p~=10"° m 3 P~0. We conclude from the above results

Hirohata et al.

dependent photocurrent from the SC to the FM is suppressed
by the electron transport from the FM to the SC due to the
reduction of ¢, under the application of forward biag

~p-
IV. CONCLUSIONS

We have observed a clear difference in the helicity-
dependent photocurrent through the NiFe/GaAs interface ac-
cording to the orientation of the sample magnetization at
room temperature. An almost constant difference between
the helicity-dependent photocurrent for perpendicular and
parallel configurations is observed below the Schottky bar-
rier height forn*=10?% and 16* m~3, which corresponds
to a measure of the spin-dependent photocurrent passing
from the SC to the FM. At an applied bias voltage approxi-
mately equal to the Schottky barrier height, a minor change
in the bias dependence of the helicity-dependent photocur-
rent was observed, suggesting that the existence of electron
téansport from the FM to the SC.
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