View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Open Research Exeter

AlP  Applied Physic&\ \ \U

Use of microscale coplanar striplines with indium tin oxide windows in
optical ferromagnetic resonance measurements
P. S. Keatley, V. V. Kruglyak, A. Barman, S. Ladak, R. J. Hicken et al.

Citation: J. Appl. Phys. 97, 10R304 (2005); doi: 10.1063/1.1849071
View online: http://dx.doi.org/10.1063/1.1849071

View Table of Contents: http://jap.aip.org/resource/1/JAPIAU/NI7/i10
Published by the American Institute of Physics.

Additional information on J. Appl. Phys.

Journal Homepage: http://jap.aip.org/

Journal Information: http://jap.aip.org/about/about_the journal
Top downloads: http://jap.aip.org/features/most_downloaded
Information for Authors: http://jap.aip.org/authors

ADVERTISEMENT

AIP

Explore AlP’s open access journal: - Rapid publication
- Article-level metrics

- Post-publication rating and commenting

Downloaded 14 Jan 2013 to 144.173.176.73. Redistribution subject to AIP license or copyright; see http://jap.aip.org/about/rights_and_permissions


https://core.ac.uk/display/12825054?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://jap.aip.org/?ver=pdfcov
http://aipadvances.aip.org
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=P. S. Keatley&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=V. V. Kruglyak&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=A. Barman&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=S. Ladak&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=R. J. Hicken&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.1849071?ver=pdfcov
http://jap.aip.org/resource/1/JAPIAU/v97/i10?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://jap.aip.org/?ver=pdfcov
http://jap.aip.org/about/about_the_journal?ver=pdfcov
http://jap.aip.org/features/most_downloaded?ver=pdfcov
http://jap.aip.org/authors?ver=pdfcov

HTML AESTRACT * LINKEES

JOURNAL OF APPLIED PHYSICS®7, 10R304(2005

Use of microscale coplanar striplines with indium tin oxide windows
in optical ferromagnetic resonance measurements

P. S. Keatley, V. V. Kruglyak, A. Barman, S. Ladak, and R. J. Hicken®
School of Physics, University of Exeter, Stocker Road, Exeter, EX4 4QL United Kingdom

J. Scott and M. Rahman
Department of Physics and Astronomy, University of Glasgow, Glasgow, G12 8QQ United Kingdom

(Presented on 8 November 2004; published online 17 May 2005

It is shown that a coplanar stripline structure containing indium tin oxide windows can be used to
perform optical ferromagnetic resonance measurements on a sample grown on an opaque substrate,
using a pulsed magnetic field of any desired orientation. The technique is demonstrated by applying
it to a thin film of permalloy grown on a Si substrate. The measured precession frequency was found
to be in good agreement with macrospin simulations. The phase of the oscillatory Kerr response was
observed to vary as the probe spot was scanned across the coplanar stripline structure, confirming
that the orientation of the pulsed field varied from parallel to perpendicular relative to the plane of
the sample. €005 American Institute of PhysidDOI: 10.1063/1.1849071

Ultrafast magnetization dynamics have recently attractegbrofile of the pulsed magnetic field above the plane of the
increasing interest due to the potential for applications inCPS.
data storage technolodywhile resonant mode spectra may The permalloy sample was deposited onto a thermally
be used to characterize the magnetic parameters of thioxidized Sj100]/SiO,(100 nm wafer by dc magnetron
films.2 Technigues such as optical ferromagnetic resonancsputtering from a base pressure ok 30’ Torr. A protec-
(FMR)*® and pulsed inductive microwave magnetometry tive 20 nm thick layer of AJO; was deposited by rf sputter-
have been developed to study the magnetization dynamics @fg. A bias magnetic field of 150 Oe was applied during the
thin films and micrometer scale magnetic elements. A mi-growth to induce a uniaxial magnetic anisotropy. For a pre-
croscale coplanar striplineCPS or waveguide structure is liminary characterization of the sample, static longitudinal
used to deliver a pulsed magnetic field to the sample. IIMOKE loops were acquired using a cw HeNe laser. It was
optical FMR the local magnetization dynamics are sensefound that the permalloy possessed a uniaxial anisotropy
with a delayed optical probe pulse via the magneto-opticafield of 6 Oe.
Kerr effect (MOKE). In order to experience a significant The hybrid Au/ITO CPS was fabricated from a quartz
pulsed magnetic field, the sample must be brought into closplate precoated with a thin film of ITQL50 nm of ~95%
contact with the CPS, which can be achieved by depositingransparency and measured sheet resistance of
the sample directly onto the CPS. However, this is only fea—~30 ()/square. Photoresist was spun onto the plate and pat-
sible if the sample growth is insensitive to the substrate conterned so as to form an etch mask with a track width and
ditions. Wider application of the technique requires that measeparation of 3Qum. The unwanted ITO was removed by
surements be made on samples deposited on arbitragty etching in a methane/hydrogen plasma for 13 min at a
substrates. In Ref. 7, optical FMR measurements were madgressure of 11 mTorr. After removal of the remaining resist,
on spin valve structures fabricated on opaque substrates ugdayer of fresh resist was spun onto the plate. The new resist
ing a CPS fabricated on a transparent substrate. Because Whs exposed and developed so as to leave the full length of
the restricted optical access, measurements could only ke CPS structure exposed apart from g30 square region
made between the tracks of the CPS, i.e., with an out-ofhalf way along each track. A T30 nm/Au(150 nm bilayer
plane pulsed magnetic field. However, measurements with afjas next deposited and the remaining resist lifted off. Each
in-plane pulsed field are advantageous in some cases becayggck was 3 mm long with a dc resistance of about¥@nd
of the stronger response of the sample, and are essentialjhd a Au-free window of 3@m width at its center. The
precessional switching is to be obserVédHere we intro-  characteristic impedance was expected to be about28b
duce a hybrid Au/indium tin oxidéITO, In,03/Sn0,) CPS The CPS structure was placed face down onto the
fabricated on a transparent substrate, which allows opticaample, and the pump-probe measurements were performed
FMR measurements to be performed on magnetic samplgf the time-resolved scanning Kerr effect configuratfaat a
grown on arbitrary substrates with both out-of-plane and inwavelength of 790 nm. An optically gated current pulse gen-
plane pulsed magnetic fields. The use of the hybrid CPS igrated a pulsed magnetic field around the tracks of the CPS
demonstrated in the magnetic characterization of a 25 nrgrycture, after which it was absorbed in two @7surface
thick permalloy film grown upon a Si substrate. The responsgnount resistors placed at the end of the tracks. The temporal
of this simple sample is also used to characterize the spatiglyrrent profile had a complicated shape due to multiple re-
flections of the pulse from impedance mismatches within the
¥Electronic mail: r.j.hicken@exeter.ac.uk transmission line and connecting circuitry. In order to avoid
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FIG. 1. Intensity image of a hybrid Au/ITO CPS track. between the ITO sections of the CR&pen circles

overlap of the current pulse with weaker delayed reflectiond.orentzian function, and are plotted in Fig. 3 as a function of
from the preceding pulse, a commercially available pulsethe bias field strength. The figure also shows the mode fre-
picker was used to block four out of five laser pulses. Thequencies calculated in a similar manner from time-resolved
probe beam was expanded by a factor of 10, and a micrcsignals measured between the tracks of the CPS structure
scope objective of numerical aperture of 0.25 was used twhere the pulsed field lies perpendicular to the plane. In each
focus the probe through the CPS substr@ed ITO win- case the pulsed field was perpendicular to the bias field, and
dows to a spot of about 3xm diameter on the sample sur- so was not expected to affect the frequency of the uniform
face. A scanning translation stage was used to position theode precession. The frequencies measured in these two
spot at different positions upon the surface of the sampleconfigurations are seen to agree very well.
The out-of-plane component of the magnetizatdn was Although the signals appear similar in the frequency do-
probed by means of the polar Kerr effect, using a polarizingnain they differ in the time domain. Figure 4 shows time-
bridge detector. The measured Kerr signal was typicallyesolved MOKE signals obtained atgm intervals across
about 0.1-0.5 m deg. An in-plane bias magnetic fidldf  the CPS structure, as shown by the white arrow in Fig. 1.
variable amplitude was applied parallel to the tracks duringBetween the ITO sections of the tracks the pulsed field lies
the measurements. out-of-plane, whereas above the ITO window the pulsed field
Figure 1 shows an intensity image of an ITO window lies in the plane. Outside the tracks the pulsed field cants
obtained by scanning the sample beneath the focused laseut-of-plane in the opposite direction to that between the
beam. The ITO window sections could be clearly seen fotracks. Between these three configurations there is a gradual
both tracks. Figure (@) shows typical time-resolved MOKE variation of the field orientation. The change of pulsed field
signals obtained from the regions of the sample that wererientation results in a variation of the initial torque exerted
subject to an in-plane pulsed field, by probing through theon the sample across the CPS. This leads to a variation in the
ITO window. Figure 2b) shows the fast Fourier transform phase of the time-resolved signals measured at different po-
power spectra calculated from the time-resolved signals. Theitions. The phase shift is illustrated in Fig. 4 by the dashed
mode frequencies were extracted by fitting the spectra to a
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FIG. 4. Time-resolved Kerr signals measured at various positions across the
FIG. 2. (a) Typical time-resolved Kerr signalsymbols and corresponding  CPS track(symbols with corresponding simulationsolid lines. The sig-
simulations (line) obtained by probing through the ITO window for six nals from top to bottom correspond to positions airh intervals along the
different bias fields. A linear background has been subtracted from the sigarrow shown in Fig. 1. The dashed line illustrates the change in the phase
nals.(b) Fast Fourier transforms for the experimental signal&jn between the different signals.
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line drawn through the first positive peak of each signal. 20F 7 ' ' T T

In order to confirm our interpretation of the experimental 15l ]
results, we performed macrospin simulations of the magne- < 10

tization dynamics of the sample at different positions under S sl 1
the CPS. We solved the Landau-Lifshitz equalfon the ‘gn '

small angle approximati§nto obtain the following expres- 2 L N —

sion for the mode frequency: = 05F ]

oK = -1.0f .
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: : : FIG. 5. Spatial profile across the CPS for the in-plane and out-of-plane
where ¥ Ky andM are the gyromagnetic ratio, anisotropy components of the pulsed magnetic field calculated for a track-sample sepa-

constant, and magnetization, respectivelyand ¢ are the  (ation of 30um.
angles subtended by the static magnetization and uniaxial

anisotropy axis with the applied field. The dependence of the ) .
frequency upon the bias field strength was first fitted to EqW@S €stimated to be 1.5 and 2.0 Oe, respectively. The good
greement between experiment and simulation confirmed

(1) in the quasialignment approximation, i.e., assuming thaf!

the static magnetization of the sample lies parallel to the biad1at the orientation of the pulsed field varied between parallel
field. The fitted curve is shown by the solid line in Fig. 3. @nd perpendicular to the plane of the sample, as shown in

Assuming a value of 2 for thg factor and using the mea- Fig. 5. Since the orientation of the pulsed field varies across
sured value of the anisotropy field, a value of 770 emw/cmthe CPS track the initial torque on the sample magnetization

was extracted for the magnetization, which lies close to th&Vill vary. This causes the magnetization to be deflected in
bulk value for permalloy. The dashed line shows amacrospiﬁ“ﬁerem directions at d|ffere_nt positions across the track.
simulation of the field dependence of the frequency in which! hérefore, the measured, will appear delayed when the
the static orientation of the sample magnetization was calcyN@gnetization initially moves in-plane prior to canting out-
lated using the steepest descent method. The curves are 9fPlane. _

good agreement, justifying the assumption made in the fit- In summary we have demonstrated that a hybrid Au/ITO

ting. The extracted magnetic parameters were used to sim&P> allows magnetization dynamics to be studied in a
late the shape of the time-resolved signals for different valS@mPple fabricated on an opaque substrate, following excita-
ues of the bias magnetic field and for different positions oftion P éither an in-plane or an out-of-plane pulsed magnetic

the probe spot on the sample surface, as shown in Figs. 2 field. We have shown that a phase shift exists in the time-
and 4, respectively. resolved MOKE signals obtained at different positions across

The simulated dynamics ¥, shown by the curves in t_he ITO window. Macrospin simulations confirm the_ varia-
Fig. 2(a) reproduce the reduction of frequency and the in-tion pf the.pulsed field between the out-of-plane and in-plane
creased amplitude of the uniform mode as the applied fielgonfigurations.

_strength is decreased. The pulsed fi_eld was assumed to rise to The authors gratefully acknowledge the provision of fi-
its peak value after 60 ps and the in-plane and out-of-planancial support by the U. K. Engineering and Physical Sci-
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