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

provided by Open Research Exeter

AlIP  Appiied Physic\ \V \H

Investigation of ultrafast demagnetization and cubic optical nonlinearity of
Ni in the polar geometry
R. Wilks, R. J. Hicken, M. Ali, B. J. Hickey, J. D. R Buchanan et al.

Citation: J. Appl. Phys. 95, 7441 (2004); doi: 10.1063/1.1687538
View online: http://dx.doi.org/10.1063/1.1687538

View Table of Contents: http://jap.aip.org/resource/1/JAPIAU/V95/i11
Published by the American Institute of Physics.

Related Articles

Delayed magnetic vortex core reversal
Appl. Phys. Lett. 102, 012404 (2013)

Thermally assisted spin-transfer torque magnetization reversal in uniaxial nanomagnets
Appl. Phys. Lett. 101, 262401 (2012)

Thick CoFeB with perpendicular magnetic anisotropy in CoFeB-MgO based magnetic tunnel junction
AIP Advances 2, 042182 (2012)

Erase/restorable asymmetric magnetization reversal in polycrystalline ferromagnetic films
J. Appl. Phys. 112, 103918 (2012)

Swing switching of spin-torque valves
J. Appl. Phys. 112, 103906 (2012)

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/12825047?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=R. Wilks&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/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=M. Ali&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=B. J. Hickey&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=J. D. R Buchanan&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.1687538?ver=pdfcov
http://jap.aip.org/resource/1/JAPIAU/v95/i11?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4773592?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4773053?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4771996?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4765652?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4765675?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 VOLUME 95, NUMBER 11 1 JUNE 2004

Investigation of ultrafast demagnetization and cubic optical nonlinearity
of Ni in the polar geometry

R. Wilks and R. J. Hicken
School of Physics, University of Exeter, Exeter EX4 4QL, United Kingdom

M. Ali and B. J. Hickey
Department of Physics and Astronomy, E.C. Stoner Laboratory, The University of Leeds, Leeds LS2 9JT,
United Kingdom

J. D. R Buchanan, A. T. G. Pym, and B. K. Tanner
Department of Physics, University of Durham, Rochester Building, South Road, Durham DH1 3LE,
United Kingdom

(Presented on 9 January 2004

Femtosecond optical pump-probe experiments were performed updii20M)/Si(100) sample in

the polar geometry with the pump beam close to normal incidence. A signal due to the ultrafast
demagnetization effect was observed when the pump pulse was linearly polarized. When the pump
was elliptically polarized, additional peaks were observed at zero time delay, resulting from the
specular inverse Faraday efféd®IFE) and the specular optical Kerr effel@OKE). By comparing
measurements made with different pump helicities, the SIFE and SOKE peaks and the
demagnetization signal were found to superpose in a linear fashion. From the dependence of the
peak height upon the pump polarization, valuesqf,,=(1—3i)x10 *radcnferg* and
Xxyyx=(—9+2i)x10 *?radcnferg * were deduced for the nonvanishing components of the
local cubic susceptibility tensor. For applied fields less than the saturation value, the sudden
reduction of the thin film demagnetizing field leads to an imbalance of the torques acting upon the
magnetization, causing it to precess. 2004 American Institute of Physics.

[DOI: 10.1063/1.1687538

Excitation by intense sub-picosecond laser pulses camagnetized sample. We quantify the contributions of the
cause a ferromagnet to be demagnetized on time scalédFE and SOKE to the rotation and ellipticity response and
shorter than the spin-lattice relaxation tiffeThe spin dy-  calculate the nonvanishing elements of the local cubic opti-
namics may be investigated by means of magneto-opticalal susceptibility tensor.
pump-probe measurements. When pumping with elliptically ~ Measurements were performed on a Ni film sputtered
polarized Iight, an additional transient circular and linear bi-onto a Si wafer. X-ray diffraction measurements showed that
refringence may be induced by means of the specular inversge film contained 7243 A of Ni and a 15.5 3 A over-
Faraday effectSIFE) or the specular optical Kerr effect |ayer of Ni oxide that formed upon exposure to atmosphere.
(SOKE), respectively. The magnitude of the SIFE and SOKEThe Nj had a fcc structure with a lattice constant of 3.52 A
are characterized by the values of certain components of the,responding to that of the bulk phds&he average grain
local cubic optical susceptibility tensdGenerally in metals, size was determined to be about 80 A, and the film was
a signal is observed where the pump and probe pulses OV§fs5,hq to have a preferrefl1) orientation. Optical pump-
lap in time. However in certain semiconductors, pumpingprobe measurements were made with 100 fs pulses with

with C|r_cularly po_Ianzed light can create a Io_nger-llvec_j ther- wavelength of 790 nm at a repetition rate of 82 MHz. The
mal spin population and the subsequent spin relaxation maﬁfump-induced rotation and ellipticity were measured in re-

be observed in the magneto-optical responséias yetto be g i ¢ has been described in detail elsewRére, the
shown that the magnetization of a ferromagnetic sample ma .
resent study the sample was magnetized by means of an

be modified due to the helicity of the pump pulse. No suc | ith ical hole i le sh h |
effect was observed in a recent experiment upon an in-plang ectromagnet with a conical hole in one pole shoe that al-
magnetized Ni filn?. However, the axis of the photon angu- 'oWed optical access to the sample. The pump and probe

lar momentum and the magnetization axis were separated Rfams had angles of incidence of 4° and 26°, respectively,
a large angle, so that any optically oriented spins would bé&nd average powers of 200 mW and 4 mW, respectively.
expected to precess and quickly dephase in the local eX3oth beams were focused to a diameter of aboupfrbon
change field. In this paper we investigate the rotation andhe surface of the sample. The resulting pump fluence of
ellipticity response of a perpendicularly magnetized Niabout 1.4 mJ/cilies within the regime where the magneto-
sample for which the magnetization and the pump photorPptical response is expected to have a linear dependence
angular momentum are almost parallel. We compare the rodpon the pump powérThe probe beam was alwayspo-
tation and ellipticity response for a linearly and elliptically larized. A quarter wave plate was inserted into the initially
polarized pump, and investigate the response of a partiallp-polarized pump beam with its fast axis at an ang® the

0021-8979/2004/95(11)/7441/3/$22.00 7441 © 2004 American Institute of Physics
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FIG. 1. The rotation(triangles and ellipticity (circles response of the Ni

sample are shown when magnetized perpendicular to the plane by an applie € r . 5 3 4 5 .
field of 7.3 kOe. The curves have been offset for clarity. The inset shows the

Pump-Probe Del
static hysteresis loop obtained with the pump beam blocked. Lme  6e)

FIG. 2. The rotation signal obtained in positive and negative external fields
of 9.4 kOe is shown. Measurements were made pitholarized and left

. and right circularly polarized pump beams.
plane of incidence. Consequently the pump beam pvps- 9 P pump

larized when¢=0°, £90°, circular when¢= +45°, and

elliptical at intermediatep values. The dependence of the peak height upon the awgleas
Static polar magneto-optical Kerr effe®lOKE) hyster-  been plotted in Fig. 4, and may be described by

esis loops were obtained with just the probe bdamet in Agl 1 Re I

Fig. 1) and reveal a typical hard axis behavior with a satura- = —sin4¢ G, (1)

tion field of about 6 kOe, as expected for a Ni thin film with An) 2 Im Re

bulk magnetization. The half loop height of 150 mdeg agreesyhere A¢ and A7 are the peak transient rotation and ellip-

well with calculations made using published values of opti-ticity,

cal and magneto-optical constaftsAn ultrafast partial de-

F +sin 2¢

magnetization of about 3% was observed when the pump _ _ 32772'pump[Xxxnyr Xxyyx] (2a)
was p polarized. Figure 1 shows the transient rotation and c[1+n|* | n(1-n?) |’

ellipticity response of the sample in an applied field of 7.3

kOe. The rise of the signal shows a different behavior in 10 . . . . . .
rotation and ellipticity within the first few hundred femtosec-

onds, suggesting the presence of nonmagnetic contributions 8t —
to the magneto-optical responjé’eThe ellipticity signal has a s e e
10-90% rise time of 130 fs, whereas the rotation signal & — >
changes slope and reaches a maximum after 270 fs, in rea- £ 41 — &7
sonable agreement with values reported previotsihen § Al _ﬁ%‘f —% | ]
the pump was circularly polarized, a sharp peak was ob- £ — A —.°
served at zero time delay in addition to the demagnetization 0 %ﬂ:ﬁ: E§§5 T
signal, as shown in Fig. 2. The peak width corresponds to the 2l —= |
cross correlation of pump and probe and the sign changes " [
with that of the pump helicity. The zero delay peak and the sl 1

demagnetization signal appear to superpose in a linear fash-

ion, the pump helicity having no effect on the longer-lived E 6 ~

demagnetization tail. 2 g4l ~ |
Figure 3 shows the time-resolved rotation and ellipticity = —

signals obtained at remanencedawas varied from—90° to % 2r By = i

+90°. Due to the shape anisotropy there is negligible rem- T o=\ {3 i

anent static polar MOKE signal and so the peak associated —W—vv V

with the pump polarization can be observed in isolation from 2r Lo

the demagnetization signal. A small step at zero delay, seen 0 2 4 6 8 10

most clearly in the curves obtained with a linear pump, re- Pump-Probe delay (ps)

sults from breakthrough of the transient reflectivity signal,

caused by imperfect a"gnmem of the polarization of the in_EIG. 3. The time-dependent rotation and‘elllptlcny response in zero gxternal
field are shown. The pump beam polarization was varied by rotating the

coming.pump and probe bear&The elliptically pOIa.rized _quarter wave plate frongy=—90° to +90°. The curves have been offset
pump gives rise to a peak at zero delay but no long-lived tailhorizontally and vertically for clarity.
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FIG. 5. The time-dependent rotation signals obtained with-polarized
pump at applied fields of 0, 1.6, 2.5, and 9.4 kOe are shown. Precession of
the magnetization is observed at fields smaller than the saturation value.

value, the net field is parallel to the static magnetization and
exerts no torque to stimulate the precession.
In summary, we have investigated the rotation and ellip-
ticity response of a perpendicularly magnetized Ni sample by
-4:90 — -e‘;o — -éo — (') — 3'0 — elo 50 means of mggneto—op_tical pump-_probe m_easurements_. _We
Wave Plate Angle (deg) pbserved a dlff_erence in thg transient rc_)tat_|on .and ellipticity
induced by a linearly polarized pump, indicating that non-
FIG. 4. The variation of the height of the peak at zero delay shown in Fig/magnetic signals contribute to the response. When the
3 (squareswith the orientation of the wave plate is shown. The solid curve sample was pumped with eIIipticaIIy polarized |ight, a peak
is a fit to Eq.(1) while the dashed a_nd dotted curves show the contributionsat Zero delay due to the SIFE and SOKE added to, but did
from the SIFE and SOKE, respectively. . . . L
not modify, the demagnetization signal. This indicates that
the pump helicity cannot be used to modify the spin polar-
ization on time scales greater than the pulse width. From the
B 32721 pump| Xxxyy™ Xxyyx - vgrie_ltion of the height of th(_a peak at zero delay, the nonva-
= cl1+n[? n(1—n? |’ (2b) nishing elemgnts of thg cubic suscep.tlbll}ty tensor have been
calculated. Finally, optical demagnetization was observed to
| pump IS the pump intensitye is the speed of lightn is the  jnduce magnetization precession when the strength of the
index of refraction, andy,xyy and x,yyx are the incoherent static applied field was smaller than the saturation value.
parts of the nonvanishing components of the local cubic sus-
ceptibility tensor of an isotropic material. The first and sec-  The authors acknowledge fruitful discussions with V. V.
ond terms in Eq.(1) correspond to the SOKE and SIFE, Kruglyak and the financial support of the Engineering and
respectively. The data in Fig. 4 have been fitted to Efjs. Physical Science Research Coun&PSRQG.
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=(1.3-i2.7)x10 °radcnferg ! and Xxyyx=(—9.0 1E. Beaurepaire, J.-C. Merle, A. Daunois, and J.-Y. Bigot, Phys. Rev. Lett.
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agreement with a value ofm(xyuyy— Xxyy)|=3%10 *° esu at Lett. 78, 4861 (1997,

810 nm obtained by Bennett al. from SIFE measurements  syy. p. Svirko and N. I. Zheludewolarization of Light in Nonlinear Op-
alone?? tics (Wiley, New York, 1998.

For magnetic field values less than the saturation value, /?hVRK'me" ';femgegngévég'éz%rl'?gggbv V. Paviov, R. V. Pisarev, and
. . . . . Rasing, Phys. Rev. B3, .
the MOKE signal was observed to oscillate with a period of 5R. Wilks, N. D. Hughes, and R. J. Hicken, J. Phys.: Condens. Magier

the order of 100 ps, as shown in Fig. 5. The oscillations were 5129(2003.
found to be independent of the pump polarization, but their®N. W. Ashcroft and N. D. MerminSolid State PhysicéSaunders, New
phase was observed to shift by 180° as the direction of the, Yok 1976. .

lied field d. We beli that th illati R. Wilks, N. D. Hughes, and R. J. Hicken, J. Appl. Ph9%. 8670(2002.
applie 'e_ was .reverse C ¢ believe tha e 0§C| a IlonseHandbook of Chemistry and Physi@$th ed., edited by D. R. LidéCRC,
are associated with precession of the magnetization stimu-Boca Raton, FL, 1994
lated by an optically induced reduction of the demagnetizing®G. S. Krinchik and V. A. ?rten?\)’ev, Sov. Phys. JEPB, 1080(1968.; Zh.
: 13 ; ; Eksp. Teor. Fiz53, 1901(1967.
field. I_:or_flelql values less Fhan the saturation value, tthB' Koopmans, M. van Kampen, J. T. Kohlhepp, and W, J. M. de Jonge, J.
magnetization is c_amted_rela_twe to the surface _normal Such appl. Phys.87, 5070(2000; Phys. Rev. Lett85, 844 (2000.
that the demagnetizing field is equal and opposite to the ap*Handbook of Optical Constants of Soljéslited by E. D. PalikAcademic
plied magnetic field. The pump pulse induces a sudden re-Press, Orlando, 1985p. 323. . ,
duction of the magnetization, and hence the demagnetizingp' J. Bennett, A. Malinowski, B. D. Rainford, I. R. Shatwell, Y. P. Svirko,
. . . ! . L2 and N. I. Zheludev, Opt. Commui47, 148 (1998.
field, leaving a net field about which the magnetization be-3y; yan Kampen, B. Kc‘,’opman& J.T. Kohlhepp, and W. J. M. de Jonge, J.

gins to precess. When the static field exceeds the saturatiorMagn. Magn. Mater240, 291 (2002.

Ellipticity Peak Height (mdeg)

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



