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Sweep rate-dependent magnetization reversal in epitaxial Fe ~ /GaAs(001)
and Fe/InAs (001) thin films
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We present the magnetization reversal dynamics of epitaxial Fe thin films grown or{@@4 and
InAs(001) studied as a function of field sweep rate in the range 0.01-160 kOe/s using magneto-optic
Kerr effect. For 55 and 250 A Fe/Ga@®1), we find that the hysteresis loop ar@dollows the
scaling relatiorAxH® with =0.03—0.05 at low sweep rates and 0.33—0.40 at high sweep rates.
For the 150 A Fe/InA®01) film, « is found to be~0.02 at low sweep rates and0.17 at high
sweep rates. The differing values af are attributed to a change of the magnetization reversal
process with increasing sweep rate. 2000 American Institute of Physics.
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The magnetization reversal dynamics of magnetic thinfrequency range studied was used to detect the effective
films is of fundamental importance and is also highly rel-magnetic field at each frequency. We have measured mag-
evant to future high frequency device applications. Recennetic relaxation and observed domain structures using time-
theoretical studiés® of the dynamic scaling of hysteresis resolved scanning Kerr microscopy, in which the probing
behavior have focused on the area of the hysteresis loop adaser beam size is controllable. The magnetization as a func-
function of applied field amplitude and frequency. Experi-tion of timet, M(t), was measured under a constant ampli-
mental work~** has been carried out to describe the dynamude reverse field. Magnetic domain images were taken using
ics of magnetization reversal in ultrathin ferromagnetic@ scanning Kerr microscope with a resolution of L8
films*~® and mesoscopic structurds! Although the influ- In Fig. 1, we present the log—log plots of dynamic coer-
ence of the magnetic anisotropy on the static magnetizatiofivity (HZ) against field sweep rate at various frequencies
reversal process has been studied in continuous epitaxi@nd field amplitudes for the 55 and 250 A Fe/GRs)
Fe/GaAS! 16 and Fe/InAY18 systems, no studies of the films. The inset displays the log—log plots bf; against
magnetization reversal dynamics have yet been reported. fig/d sweep rate for the 250 A Fe/Ga@81) and 150 A
order to clarify the effect of magnetic anisotropy on the dy-F&/INAS00D) films. The dynamic coercive fields were deter-
namic behavior we studied in the present work tfi6—250 mined for frequencies and field amplitudes at which the hys-

A) epitaxial Fe films grown on GaA801) and InAZ001). teresis loops are saturated. We used the factHiffats pro-

The continuous Fe/GaA@01)'5*%and Fe/InAg01) 718 portional to theM—-H loop areaA in this case for the

films were prepared in UHV by electron beam evaporationqeterm'nat'on of the exponents in the hysteresis scaling

The base pressure during growth was kept-d0™° mbar relatiort*
and growth rate was- 1 A/min. Each was capped with 20 A~ A*HGQ”, D
Au for ex situmeasurements in order to prevent oxidation ofwhereH, is the amplitude of an oscillating magnetic fie(d,
the Fe layet*'® Magnetization curves during film growth is the frequency, and, g are exponents that depend on the
revealed a continuous directional change of the anisotropglimensionality and symmetry of the system. We find that the
axes with increasing film thickness. This behavior ariseglynamic coercivities superimpose well for the 55 and 250
from the combination of uniaxial and cubic in-plane mag-A Fe/GaAg001) films, respectively. Since the amplitude-
netic anisotropies, which are both thickness depentfeint.  and frequency-dependeit; superimpose, Fig. 1 demon-
contrast to the Fe/GaAB01) films, above 10 ML of Fe, strates that the scaling behavior fqr the variation of the hys-
Fe/InAg007) films exhibit a cubic in-plane anisotropy with teresis loop area for a sweep ratéd (dH/dt) reduces to a
negligible uniaxial anisotropy’ power law function of the forf

Hysteresis loops were measumdsituat room tempera- AxH® 2

ture using magneto-optic Kerr effe@OKE) magnetometry  an that the exponent is identical tog in Eq. (1). However,
with a probing laser beam spot of diameter2 mm, for it is clear that the exponent in Eq. (2) varies with the field
fields applied along the global easy magnetization'@tfs  sweep rate, but two distinct regions are seen in which ap-
close to the[001] direction for Fe/GaA®01) and along the  proximately linear behavior occurs but with different values
[001] direction (cubic easy axisfor Fe/InAS001). The ap-  of . By extrapolating the two distinct linear regions in the
plied magnetic field was driven by a time-varying current atjog—log plot of H¥ against the field sweep rate, the critical
a frequency between 0.01 Hz and 1 kHz. A Hall probe in theransition is found to occur at-16 kOe/s for the 55 and
250 A Fe/GaA&01) films. The exponentr is found to be

aAuthor to whom correspondence should be addressed; electronic maildentical tc_) the corr_esponding exponghin Eq. (1) in each
jacb1@phy.cam.ac.uk of these linear regions. On the other hand, for the 150 A
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FIG. 2. Hysteresis loops of 250 A Fe/Ga@81) film in a negative magnetic
field for several field sweep ratés.
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, , , . , namic regime(domain wall motion mechanisiour values
2 y 0 1 2 3 for the exponents of both systems are a factor of 10 different
. . . . _3 . .
Log H (kOe/sec) from those of theoretical predictiods? whereas in the high

FIG. 1. Log-log plots of dynamic coercivityH}) against field sweeping dynamic regimegnucleation mechanishour values are simi-
rate H at various frequencies and field amplitudes for 55 and 250 A Fellar to those of the theoretical predictiohis.

GaAs_(OO]) fiI_ms. The lines are guidesl‘or the_A eye‘to distinguish two regions. Our results support phenomenological mobielat as-
;28 }'&”izt/gﬁggi) le?r?d_ljl(.)sgo[,)g\olt:se/?:;s?(?:glglsr;geld sweep rate for the g\, e domain nucleation and wall motion process for the
magnetization reversal, based on thermally activated relax-
ation. In Fig. 2, we present hysteresis loops of the 250 A
Fe/lInA4001) film, the corresponding transition from low to Fe/GaA$001) film in a negative magnetic field for various
high values ofa occurs at~35 kOe/s as seen in the inset of field sweep rates. It was observed that the sharpness of the
Fig. 1. hysteresis loop diminishes with increasing sweep rate. This
A similar variation of HY against sweep rate was ob- behavior becomes pronounced upon increasing the sweep
served in Au/Co/Au/Mog with perpendicular magnetic an- rates between 24 and 48 kOe/s in Fig. 2. A similar behavior
isotropy by Raqueet al® A sharp transition was observed in was also seen in the loops for the 55 AFe/G@&d) and
the variation ofH} versus the field sweep rate at 180 kOe/s.150 A Fe/InA%001) film. The shapes of the loops in both
Below 180 kOe/s, the main reversal mechanism is attributedystems with varying field sweep rate are qualitatively com-
to domain wall motion, but upon increasing the field sweeppatible with those of Au/Co/Au/MoS(Ref. 6.
rate, the wall motion process becomes less and less efffcient.  Figure 3 shows magnetic relaxation curves for the 55 A
In the higher dynamic regime, theé} variation was attrib- Fe/GaA$001) film. For time t<0 andt>45 s the sample
uted to nucleation dominating processes. was saturated in the positive direction. The averaged magne-
We obtained the values of the exponentin Eq. (2)  tization within the area of the laser beam spot changes over
from the log—log plot of the variation dfiy versus the field time in a constant reverse field. It is clearly seen that relax-
sweep rate in two distinct dynamic regimes for the 55 andation proceeds by both discontinuous and singjemps.”
250 A Fe/GaA&01). In the low dynamic regimébelow 6.3  The relaxation curves differs from the results of previous
kOe/s, the best fits give the values af~0.05 and 0.03 for work°?2 In Cu/Ni/Cu/S{001) films®*® and Au/Co/Au
the 55 and 250 A Fe/GaA@01) films, respectively. In the films?! with perpendicular magnetic anisotropy relaxation
high dynamic regime(above 16 kOejs the values ofa occurred by a smooth decay, whereas relaxation occurred by
~0.33 and 0.4 are obtained for the 55 and 250 A Feh series of discrete jumps in Fe/@91) films,2? where the
GaAq00) films, respectively. It is obvious that there is no laser beam spot was alse100 xm. On the other hand, very
significant difference in the dynamic response of the tworecently, Gonziez et al® found that relaxation in Co/Ni
films, which nevertheless have different uniaxial magnetiomultilayers occurs in a single step that corresponds to com-
anisotropy strength¥. For the 150 A Fe/InA®O0)) film, the  plete magnetization reversal, which is compatible with our
value of« is found to be~0.02 in the low dynamic regime present results.
and ~0.17 in the high dynamic regime. Our values for the  As reported in previous studi€s-*the magnetization re-
exponenta of both systems in Eq(2) are quite similar to  versal proceeds by the sweeping of a few 180° domain walls
those found in Au/Co/Au/MoS® a~0.036 in the low dy- for fields along the easy direction of Fe/G&®81) films
namic regime and~0.177 in the high dynamic regime. Our with strong uniaxial anisotropy. Our results demonstrate that
values for the exponent (in our casea~ ) of both sys- relaxation jumps correspond to a domain wall moving fur-
tems also agree with those of the exponemn Eq. (1) found  ther than 100um. We thus infer the existence of domain
for Fe/W110):” B~0.06 up to 256 kOe/s. In the low dy- wall pinning sites, e.g., macropins by extrinsic defééthat
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FIG. 4. Field-dependent evolution of domain structure at various fields in
the 250 A Fe/GaA®01) film during the magnetization reversal process:
24, (b) 29, and(c) 32 QOe.
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the magnetization reversal. Such reversal behavior reveals a
. . . . ; rapid dynamic response to a time varying external field in the
0 10 20 30 40 50 low dynamic regime.

Time (sec) The authors thank EPSROK), ESPRIT(EU, “MASS-

FIG. 3. Magnetic relaxation curves of 55 A Fe/G&@@1) film under a DOTS”) and the British Council Korea for the financial sup-
constant reverse field. port

. —_ . M. Rao, H. R. Krishnamurthy, and R. Pandit, Phys. Rev4B 856
are spatially distributed on a few hundred microns. We also (399 Y Y B

found that such a single jump was observed in relaxation?m. Acharyya and B. K. Chakrabati, Phys. Rev5B, 6550(1995.
curves for the 250 A Fe/GaA801) and 150 A Fe/InA€O01) jF- Zhong and J. X. Zhang, Phys. Rev. L&th, 2027 (1995.

films. Magnetic relaxation studies in both systems show that, " '3: He a;"d’\?'YC' Wangd Zhycs. \';/e"' L?r?’ 2326\%99134911 1095
the magnetization develops through successive wall jumps otg.' R':Sl?ét, R. Ma?:ﬁ ’;,?d JcC bu::egt” Phﬁ: R254ﬁ4128(1(996' '
a few hundred microns at a constant field by thermal activa-’J. S. Suen and J. L. Erskine, Phys. Rev. Le®.3567(1997.

tion and the domain walls expand rapidly through the sample®J. S. Suen, M. H. Lee, G. Teeter, and J. L. Erskine, Phys. R&@, B249
that thus gives rise to a square hysteresis loop which does ncggggg'cmi W. Y. Lee, A. Samad, and J. A. C. Bland, Phys. Re0B
depend much upon the field sweep rate. The magnetic relax-11906(1999. ' T s

ation results thus support the view that rapid domain wall°J.-P. Jameet al, Phys. Rev. B57, 14320(1998.

motion dominates the magnetization reversal process in theW. Y. Lee, B. C. Choi, J. Lee, C. C. Yao, Y. B. Xu, D. G. Hasko, and
ow dynamic regimeisee Fig. 1 but the values of the expo- .3 3 G270 0L Pvs Lewa toosises,

nenta are ten times smaller than those in the high dynamicsc papoo, R. J. Hicken, E. Gu, M. Gester, S. J. Gray, D. E. P. Eley, E.

regime where slower nucleation processes govern the mag-Ahmad, and J. A. C. Bland, Phys. Rev.m, 15964(1995.
netization reversal. 4M. Gester, C. Daboo, R. J. Hicken, S. J. Gray, A. Ercole, and J. A. C.

. . . . Bland, J. Appl. Phys80, 347 (1996.
Further direct e_vldence demonst_ratlng_ that. the domains, 5 Xu, E. T. M. Kernohan, D. J. Freeland, A. Ercole, M. Tselepi, and
wall motion occurs in the low dynamic regime is presented j. A. . Bland, Phys. Rev. B8, 890 (1998.
in Fig. 4. We display the field-dependent evolution of do-'°C. Daboo, M. Gester, S. J. Gray, J. A. C. Bland, R. J. Hicken, E. Gu, R.

main structures in the 250 A Fe/Ga@81) film during the ~,Ploess!. and J. N. Chapman, J. Magn. Magn. Matég 226 (1997).
o . . Y. B. Xu, E. T. M. Kernohan, M. Tselepi, J. A. C. Bland, and S. N.
magnetization reversal process for a field applied al@ig] Holmes, Appl. Phys. Letf73, 399 (1998.

axis, a combination of an easy cubic direction, and the haréPy. B. Xu et al, J. Appl. Phys85, 5369(1999.

uniaxial direction->*The area of each image is<il mn¥, 19M. Labrune, S. Andrieu, F. Rio, and P. Bernstein, J. Magn. Magn. Mater.
; ; 80, 211(1995.

Wh.ere black den.OteS the unswitched part and . Whl.te thg‘OP. Rosenbusch, J. Lee, G. Lauhoff, and J. A. C. Bland, J. Magn. Magn.

switched part. It is clearly seen that the n.ucleatlon is fol- Mater.172 19 (1997,

lowed by the subsequent growth of domains separated bAJ. Pommier, P. Meyer, G. Rissard, J. FefteP. Bruno, and D. Renard,

zigzag walls, and a small increase of the field promotes the Phys. Rev. Lett65, 2054(1990.

domain growth via wall displacements over a few hundred ?i:dﬁf;"gb;m' J. Ferrs. J. Gray, and J. A. C. Bland, Phys. RevS&

microns. The magnetization develops through discontinuous; Gonz'gz, A. Salcedo, F. Cebollada, J. J. Freijo, J. L Mmnand A.

wall jumps, illustrating that domain wall motion dominates Herando, Appl. Phys. Let?5, 848(1999.

Downloaded 28 Nov 2002 to 144.32.136.70. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/japo/japcr.jsp



