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Study of NiFe/Al/Al ,O5; magnetic tunnel junction interfaces
using second-harmonic magneto-optic Kerr effect
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Using the second-harmonic magneto-optic Kerr effHMOKE), we have measured the
interfacial magnetic properties of NiFe/Al/fD; heterostructures as a function of,@®k thickness

and processing conditions. The samples were prepared like magnetic tunnel junctions except that the
top electrodes were not deposited. A large change in SHMOKE contrast was observed for different
oxidation processes and A); thicknesses. The magnetic SHMOKE contrast from a plasma
oxidized sample in which the oxidation front is thought to be inside the original NiFe film is 70%,
whereas the SHMOKE contrast from a thermally oxidized NiFe/Al sample, in which the oxidation
front is ~1 nm from the Al/NiFe interface is only 15%. Further, the phase of the signal is reversed
between the two structures. The SHMOKE data have been correlated with tunneling measurements
on similarly fabricated structures. For the two samples listed above, the junction resistivity varied
from 101 Q cn? (plasma oxidizeyito 10~ ° Q cn? (thermally oxidized. These results indicate that
SHMOKE may be useful for assessing tunnel junction quality during processing.
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I. INTRODUCTION IIl. EXPERIMENT AND RESULTS

Recent advances in magnetic tunnel juncibfiJ) per- Magnetic thin-film structures were fabricated by sputter

formance have made them strong cand|d_ates for use as ma@éposition onto oxidized Si substrates. The structures for
netic data storage elements and magnetic sefgorhe re- the SHMOKE studies consisted of 10 nm Ta/50 nm
sistance change of MTJs, as the magnetizations of the layers

change from an antiparallel to a parallel state, is a strond\'som€d 2.5nm Al. The Al layers were oxidized by three
function of the electronic and magnetic structure at thedifferent processes: thermal oxidaticexposure to ajr oxi-
magnetic—insulator interfacé’ The electronic and magnetic dation by a remotely generated oxygen plasma with various
structure at the interfaces is dependent on the junction fabrsubstrate bias voltages, and oxidation by a local plasma gen-
cation process which can introduce mixing of the magnetierated by the substrate stage bias voltage. The SHMOKE
and nonmagnetic layers, leave residual nonmagnetic materidhta were takeax situafter exposure to air for several hours.
at the interface, or introduce magnetic oxides at the interfacerhe plasma oxidized samples were stalgi@ve reproducible

A promising new technique to measure the electronic angHMOKE responsefor several weeks after fabrication and
magnetic structure at these buried interfaces is 10 100K &g thermally oxidized samples were stable after 12 h of air
second-harmonic optical generation in response to UItrafa%B(posure.

. g . . .
optical pulses: Segond—harmonlc generation occurs "?‘t n- The SHMOKE apparatus is described in detail in Ref. 9.
terfaces where the inversion symmetry of the electronic po- ! .
tentials and electron density is broken. The magnetization'—A‘ mode-locked Ti-sapphire laser produces 50 .fs pulses at a
dependent part of the second harmonic signal arises from tH&avelength of 800 nm. The second-harmonic light, at a
first few magnetic atomic layers that are in proximity to non-Wavelength of 400 nm, is detected as a function of applied
symmetric potentials. field in a p-transverse geometrp-polarized incident light,

In this article we use the second-harmonic magnetomagnetization transverse to the plane of incidgnthe spot
optical Kerr effect(SHMOKE) to investigate the electronic size is approximately 3gm, and the peak intensities exceed
and magnetic properties at buried NiFe—Al,@4 inter- 30 GW/cnf.
faces. We found that the SHMOKE signal varied consider-  Additional samples were made in an identical manner to
ably with oxidati.on @ime and oxidation process. In the earlythe SHMOKE samples except that top magnetic layers and
stages of Al oxidation, the SHMOKE contrast was out of 5inning |ayers were deposited. Tunnel junction structures

phase with air-exposed NiR@ef. 9 and its magnitude in- were patterned using a four-step lithographic process. Figure

creased as the oxidation depth increased. With further oxidal- L
. . . . shows the magnetoresistive response for aix20 um
tion the SHMOKE contrast displayed a negative maximum :

MTJ for 10 uA and 100uA bias currents.

and a subsequent sign change. : . :
Magnetic tunnel junctions were fabricated under several  Easy-axis SHMOKE hysteresis loopsecond-harmonic

different oxidation conditions, and the SHMOKE data pro- (SH) intensity versus applied fiejdfor thermally oxidized
vided a rapid method of characterizing the tunnel junctionand local plasma-oxidized samples are shown in Fig. 2.
barriers and comparing different oxidation processes tdhese loops represent the two extremes of the oxidation pro-
quickly identify optimum processing conditions. cesses investigated. The thermal oxidation pro¢&2sh in
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