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Magnetization reversal dynamics in epitaxial Fe/GaA€&001) thin films
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(Received 12 April 1999

The magnetization reversal dynamics of epitaxial Fe films grown on ®A(thickness range 55-250)A
has been investigated as a function of field sweep fate the range 0.01-160 kOe/sec using the magneto-
optic Kerr effect. The hysteresis loop ar&as found to follow the scaling relatioA«<H®*, with « in the range
0.032+0.003-0.049-0.003 at low sweep ratdbelow 6.3 kOe/secand 0.325 0.006—0.399-0.008 at high
sweep rategabove 16 kOe/sec The differing values of the exponent are attributed to a change of the
magnetization reversal process with increasing field sweep rate. Domain wall motion dominates the magneti-
zation reversal at low sweep rates, but becomes less significant with increasing sweep rate. At high sweep
rates, the variation of the dynamic coercivitff is attributed to domain nucleation dominating the reversal
process. The results of magnetic relaxation studies for easy-axis reversal are consistent with the sweeping of
one or more walls through the entire probed regieri00 xm). Domain images obtained by scanning Kerr
microscopy during the easy cubic axis reversal process reveal large area domains separated by zigzag walls.
[S0163-182609)05338-2

[. INTRODUCTION where«, B and y are exponents that depend on the dimen-
sionality and symmetry of the system. Specific values of the
The magnetic reversal dynamics in thin film magnetism isexponents are predicted for the various models, such as
of great interest to both theorists and experimentalists and is 8=1/2 (Refs. 4, 5, 1Bor a=2/3, B=1/3, y=1 (Ref. 2
relevant to high-frequency device applications. The descripin a continuous spin system ang= 3~2/3 (Ref. 6 or «
tion of dynamic magnetic hysteresis has been a longstanding 0.7, 3=0.36, y=1.18 (Ref. 3 in a mean-field Ising
goal, ever since Steinmétiound the empirical law that the model. Even though there have been several recent efforts to
hysteresis loop areA is given byAfoé'G, whereH, is the  describe the scaling behavior observed in ultrathin and thin
amplitude of an oscillating applied magnetic field. The in-ferromagnetic films (see Table ), e.g., Fe/A@0J),’
crease in loop area with frequency reflects the fact that th€o/Cu001),2*° Fe/W110,° and polycrystalline NiFe
system cannot respond instantaneously to the oscillatinfims,!' based on the continuous spin system and two-
field. dimensional(2D) Ising spin model, the values of universal
Recent work **?2on the dynamic scaling of hysteresis dynamic exponents still remain controversial?
behavior has focused on the area of the hysteresis loop, as a Zhong and Zharyproposed that, in the limit of low,,
function of applied field amplitude and frequency. Theoreti-and () in Eq. (1), the field is a linear function of timewith
cal prediction§®*® and experimental resufts*??> have a proportionality coefficientH,Q and thuse=g. In this
demonstrated that the loop ardollows the scaling relation case, for a sweep raté (dH/dt),5*2

AxH{QAT 7, (1) Ho=Ht, )

TABLE I. Experimental dynamic scaling exponentsArH3QAT~” for various continuous thin films.

System a B y Remarks Reference
Fe/Au001) 0.59+0.07 0.310.05 In situ 7
Co/Cu100 0.67+0.01 0.66-0.03 In situ 8
Fe/W110 ~0.25 ~0.06 In situ 9
Co/Cu001) ~0.15 ~0.02 In situ 10
Cu/NiggFe,/Si(00) ~0.9 ~0.8 0.38-0.01 EX situ 11
Au/Co/Au/MoS, *~0.036% Ex situ 23
*~0.177°
Cu/Co/Cu/Si001) *~0.022 Ex situ 27
*~0.30°
Au/Fe/GaA$001) *~0.042 Ex situ Present work
* ~0.4b
*AscHe,

@At low sweep rates.
bAt high sweep rates.
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AxHe, 3 Q-dependence H,-dependence

While Jiang, Yang, and Wafiglemonstrated that the expo- (ai (2 100 He
nente is identical toB in Eq. (1), which is consistent with a H,7120 O
)

mean-field Ising model, other experimental observa-
tions”®* are not compatible with this result. In real mag-
netic systems, the current key issues are the universality of
hysteresis scaling behavior, the values of the exponents, and
the possible correlation betweenand 8 in Eq. (1).°712

From a technological viewpoint, the Fe/GaAs system is of
particular importance due to its potential for use in magne-
toelectronic devices, e.g., as spin injection electrdfés.
Although a number of studies of the static magnetization
reversal process associated with the magnetic anisotropy in

0.25 Hz H,=24 Oe

o)
400 Hz H,=37 Oe
vl il
H,=55 Oe

Normalized MOKE intensity

1.5 kHz
continuous epitaxial Fe/Gaf@01)**?! have been recently @ )
reported, to our knowledge, no dynamic studies of the mag-
netization reversal have yet been reported. As will be dem- —_——

onstrated in this paper, the dynamic magnetic hysteresis can 50 Oe 50 Oe
reveal new information on the effect of the field sweep rate i =118 Oe

H on the dynamic magnetization reversal process. FIG. 1. Evolutions of frequency())-dependent and magnetic

. We first presen_t the resu!ts c.)f an expenmental Investigagey amplitude Ho)-dependent hysteresis loops for 55-A Fe/
tion of the dynamic magnetization reversal in ti§5—250 GaA<001) film.

A) epitaxial Fe films grown on GaA801) with different
magnetic anisotropy strengths. In order to clarify the micro-domain images were taken using a scanning Kerr microscope
scopic magnetization reversal mechanism we have also iQ/(/ith resolution of 1.5xm
vestigated the magnetic relaxation procésmgnetic after- a resolution of 1.5um.

effect) using time-resolved magneto-optical magnetometry

and used scanning Kerr microscopy to observe the micro- Ill. RESULTS AND DISCUSSION
scopic reversal process.

Figure 1 shows the evolution of frequen@y)-dependent
and field-amplitude Kl,)-dependent hysteresis loops ob-
Il. EXPERIMENTS tained from a 55-A Fe/GaA801) film. The magnetic field

The continuous Fe/GaAB01) films were prepared in ul- Was applied along the easy-axis direction of the film. It is
trahigh vacuum by electron-beam evaporation. The basgPvious that the shape of the hysteresis loops varies with
pressure during growth was kept at fanbar and growth both the frequency(}) an_d field amplitude ). A similar
rate was 1 A/min. Each was capped with 20-A Au éorsitu sequence oM-H loops is also observed from the 250-A

measurements, which from electron energy-loss spectroéz—,‘a/GaA@Ol) film. For theQ-dependenF hysterg_sis [oops in
ffigs. 1a-1(d), the shape of the loops is classified into four

types, in qualitatively good agreement with theoretical
predictiond® and experimental results on other epitaxial
systems:® In the frequency range 0.25-100 Hz the magne-
tization M exhibits an almost square loop. With increasing
frequency theM-H loop develops rounded tips. As the fre-
quency increases further, ti-H loops eventually can no
tion of the Fe layer thickness usiiysitu MOKE andex situ longer be saturate_d With the availgble field, and then collapse
Brillouin light scatteringt®2°2'Magnetization curves during 9radually as predicted in theoretical wé{see Fig. 1d)].

film growth revealed a continuous directional change of thd" contrast to the results of previous work on F&RA0)
anisotropy axes with increasing film thickness. This behavioflms;” no abrupt collapse of thil-H loop was observed at
arises from the combination of uniaxial and cubic in-planethe critical frequency at which the dynamic coercivityq)
magnetic anisotropies, which are both thickness deperifient.exceeds the applied field strengtid), Ho<H7 .

Hysteresis loops were measurex situat room tempera- On the other hand, for field-amplitudeH ¢)-dependent
ture using MOKE magnetometry with a probing laser bearmhysteresis behavior, it is clearly seen that a critical threshold
spot of diameter~2 mm. The applied magnetic field was field (H,) exists, corresponding to the dynamic coercive field
driven by a time-varying current at a frequency between 0.01Hg), beneath which minor loops are observed, M.,

Hz and 5 kHz. A Hall probe in the frequency range studied<Mg. Representative loops are shown for the fixed fre-
was used to detect the effective magnetic field at each frequency of 100 Hz in Figs.(&)—1(h). Once the applied field
guency. We have measured magnetic relaxation and olstrength exceeds the threshold field, hysteresis loops which
served domain structures using time-resolved scanning Kereach the saturation magnetizatioM{) are obtained, as
microscopy, in which the probing laser beam size is controlshown with the loop at 55 OfFig. 1(g)]. An abrupt transi-
lable. The magnetization as a function of timeM (t), was  tion occurs at the threshold field, after which the area in-
measured under a constant amplitude reverse field. Magnetireases slowly witiH,. However, whereas the amplitude-

oxidation of the Fe layern situ magneto-optic Kerr effect
(MOKE) was used to study the evolution of the magnetic
anisotropy, as the Fe films were grown so that films with
different final anisotropy strength could be produé¢étf

We have previously studied the evolution of magnetic in-
plane anisotropy in epitaxial Fe/Ga@91) films as a func-
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100 —— ; - . . motion process becomes less and less effiéemn the
Fe/GaAs(001) higher dynamic regime, thel} variation was attributed to
80 | i?oi Z?SHZ 2504 - nucleation d.ominating processes. .
™ oo o« o A theoretical model proposed by FatuZzdor polariza-
<} et A ¥ tion reversal in ferroelectric systems, based on competing
* o B0 F + Hm2400e + HmI800c g - domain wall motion and nucleation processes, has been dem-
% T himos a0 g A onstrated to be consistent with the interpretation of the mag-
g i | netization reversal in GdTbFe filfisand Cu/Ni/Cu/Si001)
) 40 films.2® The magnetization reversal process strongly depends
5’ o~ upon a parametek, given by
20 + gratd e& v+ v aREEKEY 1
A At ¥ k=v/r:R, (4)
0 L . . . . wherer is the critical radius of a nucleus, andR are the
-2 -1 0 1 2 3 domain wall velocity and the nucleation rate, respectively,
Log H (kOe/sec) with
FIG. 2. Variation of dynamic co_ercivityl-{é‘) as a function of v="folg ex;{ _ Eg_ MsVg(H~— Hc)) ®)
the logarithm of a field sweeping ralt§(dH/dt) at various frequen- kgT '
cies and field amplitudes for 55- and 250-A Fe/G&@®q) films.
Eo—MsVe(H—H,)
and frequency-dependent hysteresis behaviors in both Fe/ R=foexp - kgT ' )

GaAs films are qualitatively consistent with previous . |
work,”~122|0gog plots of the loop area again@tandH,  Where fo=10"Hz is the attempt frequencygg® are the
(not shown are found to be not linear foH,>H? . This activation energies for domain nucleation and wall motion,
behavior is inconsistent with the theoretically prediced ~ 'espectively, Mg the saturation magnetizationyg the
and Ho-dependent scaling behaviof and previous experi- Barkhausen volumeg Barkhausen length, argT the ther-
mental resulté—1%22 mal energy. Domain wall motion and nucleation dominating
In Fig. 2, we present the variation of dynamic coercivity "eversals correspond to large and smalalues, respec-
(H*) as a function of the logarithm of the field-sweeping tvely. Raquet, Mamy, and Oyggéfound k=9 in the low
rate at various frequencies and field amplitudes for the 55dynamic regime andk=5x10"" in the high dynamic re-
and 250-A Fe/GaA®01) films. The dynamic coercivites 9/Me- Our _results are in qualitatively g_ood agreement with
(H?) were determined for frequencies and field amplitudedN€!l experimental results and theoretical mddeln our

at which the hysteresis loops are saturated. We used the fali: se/, a b:/c\)/ad_trfanstlﬂo? trt:a.glon occurs n the (rjangt;e 6|'3_1?
that ;. is proportional to théVi-H loop areaA in this case ideﬁt‘isceaﬁ' cor?trill;]u?ironsaduelstorev%]nlaciln rr(1:gtrirc>er1S pa?nnd snu?:I:artTil?:
for the determination of the exponents in Ed).>"'! We

find that the dynamic coercivitie$d) superimpose well for processes for the magnetization reversal, &g-1.

: . . i We obtained the values of the exponenin Eq. (3) from
both films, respectively. Since the amplitude- and frequencyihe log-log plot of the variation ofi* versus the field-sweep

dependent? values superimpose, Fig. 2 demonstrates tha : . . .
th pM H cV uaA' uper Ft) |t Igth i rateH in two distinct dynamic regimes for the 55- and 250-A
Ee (3)' g?ﬁ ??ha IS prop:a(;r qua t'o Ite sweEp r(?) 5,'{13 Fe/GaA$00)) films. In the low dynamic regimébelow 6.3

q.(3) and that the exponeutis identical tog in Eq. (1). kOe/seg, the best fits give the values af=0.049+0.003

However, itis clear that the exponemtaries with the field- . g 535 0,003 for the 55- and 250-A Fe/Ga@®1) films,
sweep rate, but two distinct regions are seen in which ap-

proximately linear behavior occurs but with different vaIues;eesopet(;]tIe\/(\ellgl'uIenS t:fi:h'g]gz%in; g](')% r:r?(;ngag%% éggkgg
of a. By extrapolating the two distinct linear regions in a ' i y ' '

obtained for the 55- and 250-A Fe/Ga@61) films, respec-
log-log plot ofH} against the field-sweep rate, the critical a8y P

= tively. It is obvious that there is no significant difference in
transition is found to occur at16 kOe/sec for the 55- and

2 , ) the dynamic response of the two films, which nevertheless
250-A Fe/GaAg0)) films. The exponentr is found to be  5ye Gifferent uniaxial magnetic anisotropy strendfion
identical to the corresponding exponghtn Eg. (1) in each

3 ) the other hand, our values for the exponenn Eg. (3) are
of these linear regions. . quite similar to those found in Au/Co/Au/MgS
A similar variation of HY against a sweep ratd was  sandwiche€® «~0.036 in the low dynamic regime and

observed in Au/C(BA)/Au/MoS, sandwiches with perpen- ~0.177 in the high dynamic regime. Our values for the ex-
dicular magnetic anisotropy by Raquet, Mamy, and OuSSset. ponent« (in our case.a~g) also agree with those of the
They have proposed an analytical expression for the magnexponents found for Fe/W110):° 8~0.06 up to 256 kOe/
tization, considering magnetic after-effects due to the comsgec. |n the low dynamic reginfelomain wall motion mecha-
petition between wall motion and nucleation processes. Ayjsm) our values for the exponents are a factor of 10 differ-
sharp transition was observed in the variatiorHdf versus  ent from those of theoretical predictiofi® whereas in the
the field sweep ratél at 180 kOe/sec. Below 180 kOe/sec, high dynamic regiménucleation mechanispour values are
the main reversal mechanism is attributed to domain walkimilar to those of the theoretical predictiofié.It is clear
motion, but upon increasing the field-sweep rate, the walthat this discrepancy arises from the fact that the theo-
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250 A Fe/GaAs(001)

L7 A 0.024 kOefsec
® 2.4 kOe/sec
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O 48 kOe/sec

1 | i | 1 |

-120 -100 -80 -60 -40 -20
H (Oe)

FIG. 3. Hysteresis loops of 250-A Fe/Ga@8)) film in a nega-

tive magnetic field for several field-sweep ratés

retical prediction$® do not consider the actual domain wall
motion and nucleation processes which govern the magneti

zation reversal dynamics.

Our results support phenomenological mofetbat as-
sume domain nucleation and wall motion process for the
magnetization reversal, based on thermally activated relax:
ation. In Fig. 3, we present hysteresis loops of the 250-A
Fe/GaAg00]) film in a negative magnetic field for various
field-sweep rateBi. It was observed that the sharpness of the T o .
hysteresis loop diminishes with increasing sweep tdte
This behavior becomes pronounced upon increasing the | | | | i
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sweep rates between 24 and 48 kOe/sec in Fig. 3. A similal 0 10 20 30 40 50

behavior was also seen in the loops for the 55-A Fe/
GaAq001) film. The shapes of the loops in the Fe/
GaAg00)) films with varying field-sweep rate are qualita-
tively compatible with those of Au/Co/Au/MgSandwiches,

Time (sec)

FIG. 4. (a) Part of a MOKE loop measured at a sweep rate of
0.01 kOe/sec andb) magnetic relaxation curves of 55-A Fe/

which are in good accord with theoretical curves obtainedzaag00y) film under a constant reverse field. The inset(af
from Ref. 23. Very recently, we also found similar dynamic shows the sharpness of the loop at low sweep rate. For ttinge

behavior in an epitaxial Cu/Co/Cu/(8D1) structure?” which
nevertheless differs from that of Co/@01) (Refs. 8, 1Qin

situ (see Table)l
The phenomenological mod&fs?6-28

lowing relation:

] MeVa(H-Ho)
1/2 kBT

The relaxation time, is sensitive to the applied field and
increases with the applied field up to the saturation fi¢ld

are based on de-
magnetizing timet;,, at which M =0, according to the fol-

andt>45 sec the sample was saturated in the positive direction.

t>45 sec the sample was saturated in the positive direction.
The averaged magnetization within the area of the laser
beam spot changes over time in a constant reverse field. It is
clearly seen that relaxation proceeds by both discontinuous
and single “jumps.” The relaxation curves differ from the
results of previous work on GdTbFe filris, Cu/Ni/Cu/
Si(002) films,?® Au/Co/Au films?® and Fe/Ag001) films.2°

In Cu/Ni/Cu/S{007) films?® and Au/Co/Au film&® with per-
pendicular magnetic anisotropy, relaxation occurred by a
smooth decay, whereas relaxation occurred by a series of

We therefore extended our dynamic study to magnetic relaxdiscrete jumps in Fe/A§01) films?® where the laser beam
ation on the second time scale. The laser beam was focuseg@ot was alse-100 um. As reported in previous studiég®

to a spot of diameter approximately 1@0n and thus was

the magnetization reversal proceeds by the sweeping of a

sensitive to the magnetization vector aligned with an appliedew 180° domain walls for fields along the easy direction of
magnetic field averaged across this area. The samples weFe/GaA$001) films with strong uniaxial anisotropy. Our re-
oriented such that the magnetic field was along the easy dsults demonstrate that relaxation jumps correspond to a do-

rection of the 55- and 250-A Fe/Ga@91) films.

main wall moving further than 10@m. We thus infer the

Figure 4 showga) part of a MOKE loop measured at a existence of domain wall pinning sites, e.g., macropins by
sweep rate of 0.01 kOe/sec with the inset showing the shargextrinsic defect$? that are spatially distributed on a few

ness of the loop Hi.,~14 Oe) and(b) magnetic relaxation
curves for the 55-A Fe/GaA801) film. For timet<0 and

hundredum. On the other hand, micron-scale Barkhausen
jumps by micron-pinning sites are also visible in Figb}#
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We also found that such a single jump was observed in re-
laxation curves for the 250-A Fe/Ga@91) film. The relax-
ation study shows that the magnetization develops through
successive wall jumps of a few hundrean at a constant
field by thermal activation and that the domain walls expand
rapidly through the sample that thus gives rise to a square
hysteresis loop which does not depend much upon the field-
sweep rateH. The magnetic relaxation results thus support
the view that rapid domain wall motion dominates the mag-
netization reversal process in the low dynamic regiisee

Fig. 2), but the values of the exponenrt are ten times
smaller than those in the high dynamic regime where slower
nucleation processes govern the magnetization reversal. A
detailed discussion of magnetic relaxation in epitaxial
Fe/GaA$001) continuous films and patterned structures will
be presented separatéfy.

Further direct evidence demonstrating that domain wall
motion occurs in the low dynamic regime is presented in Fig.
5. We display the field-dependent evolution of domain struc-
tures in the 250-A Fe/GaAB01) film during the magnetiza-
tion reversal process for a field applied along {&0] axis,

a combination of an easy cubic direction and the hard
uniaxial directiont’”'® The area of each image is 1

x 2 mn?, where black denotes the unswitched part and white
the switched part. It is clearly seen that the nucleation is
followed by the subsequent growth of domains separated by
zigzag walls, and a small increase of the field promotes the
domain growth via wall displacements over a few hundred FIQ. 5. Field-dependent evoluti_on of dqmain structure gt vgrious
um, as observed in previous wotkThe magnetization de- fields in the 2.50-/3\ Fe/Ga/(@OD film dur!ng the mggngtlzatlon
velops through discontinuous wall jumps, illustrating that'eversal for a field applied along the10] axis, a combination of an
domain wall motion dominates the magnetization reversal€2sy cubic direction and the hard uniaxial directie:24 Oe, (b)
Such reversal behavior reveals a rapid dynamic response to?4 O¢:(¢) 29 Oe, andd) 32 Oe.
time-varying external field in the low dynamic regime.

[100]

[010]

|

Hre'v Hsat

. 500 um

netic relaxation studies and domain observations reveal that
large and abrupt wall displacements occur for the magneti-
zation reversal. We conclude that the dynamic reversal pro-
We have studied the magnetization reversal dynamics ofess is dependent on the field-sweep rate and that domain
epitaxial Fe films grown on GaAB0l) (thickness 55 and wall motion is responsible for the dynamic response to a
250 A) in the field-sweep range 0.01-160 kOe/sec as a fundgime-varying external field in the low dynamic regime. The
tion of frequency and field amplitude using magneto-opticsmall values ofx in the low dynamic regime indicate that the
Kerr effect. Direct experimental evidence has been found fodynamic response is rapid, in qualitative accord with the re-
the variation of the magnetization reversal process with insults of the relaxation studies.
creasing field-sweep ratél(dH/dt) associated with the
competition between domain wall motion and nucleation
processes. Domain wall motion dominates the magnetization
reversal in the low dynamic regime, but becomes less sig- The authors wish to thank EPSRQG.K.) and the ESPRIT
nificant upon increasing the field sweep rate. In the high E.U. “MASSDOTS"”) for supporting the work. One of the
dynamic regime, the observed variation of dynamic coerciv-authors(W.Y.L.) would like to thank the British Council of
ity HY is attributed to predominant domain nucleation. Mag-Korea for financial support.

IV. CONCLUSION

ACKNOWLEDGMENTS

*Present address: Korea Advanced Institute of Science and Tech- (1993.

nology, Department of Physics, Taejon 305-701, Korea.

Electronic address: jachl@phy.cam.ac.uk

1C. P. Steinmetz, Trans. Am. Inst. Electr. Efy.3 (1892.

°M. Rao, H. R. Krishnamurthy, and R. Pandit, Phys. RevB
856 (1990; J. Phys.: Condens. Mattdr 9061 (1989; M. Rao
and R. Pandit, Phys. Rev. 83, 3373(1991).

SM. Acharyya and B. K. Chakrabati, Phys. Rev. #, 6550
(1995.

4D. Dhar and P. B. Thomas, J. Phys2A, 4967(1992; 26, 3973

5F. Zhong and J. X. Zhang, Phys. Rev. L&th, 2027(1995.

6C. N. Luse and A. Zangwill, Phys. Rev. 5D, 224 (1994.

7Y.-L. He and G.-C. Wang, Phys. Rev. Let0, 2336(1993.

8Q. Jiang, H.-N. Yang, and G.-C. Wang, Phys. Re\6B14 911
(1995.

9J.'S. Suen and J. L. Erskine, Phys. Rev. L##.3567(1997); 80,
1119(1998.

103, s. Suen, M. H. Lee, G. Teeter, and J. L. Erskine, Phys. Rev. B
59, 4249(1999.



PRB 60 MAGNETIZATION REVERSAL DYNAMICS IN . .. 10 221

11B.-Ch. Choi, W. Y. Lee, A. Samad, and J. A. C. Bland, Phys.  Thin Solid Films275, 91 (1996.

Rev. B(to be published 22\W. Y. Lee, B.-Ch. Choi, J. Lee, C. C. Yao, Y. B. Xu, D. G.
12E. Zhong, J. Dong, and D. Y. Xing, Phys. Rev. Le80, 1118 Hasko, and J. A. C. Bland, Appl. Phys. Letd, 1609(1999.

(1998. 23B. Raquet, R. Mamy, and J. C. Ousset, Phys. Re%4B4128
3A. M. Somoza and R. C. Desai, Phys. Rev. L&@, 3279(1993. (1996.
1‘5‘8. Datta and B. Das, Appl. Phys. Lefi6, 665 (1990. 24E . Fatuzzo, Phys. Re\27, 1999(1962).

G. A. Prinz, Phys. Todag¢8 (4), 58 (1995. 25M. Labrune, S. Andrieu, F. Rio, and P. Bernstein, J. Magn. Magn.
163, M. Florczak and D. Dan Dahlberg, Phys. Rev.4B 9338 Mater. 80, 211 (1989.

(1992. 26p_Rosenbusch, J. Lee, G. Lauhoff, and J. A. C. Bland, J. Magn.

17 H
C.IDaboo, E J.dchken, E.|Gud, M. Glesterl, S. j Gray, r? E. P. Magn. Mater.172, 19 (1997).
Eley, E. Ahmad, J. A. C. Bland, R. Ploessl, and J. N. Chapmangz,,, -\ Lee, A. Samad, T. A. Moore, B.-Ch. Choi, and J. A. C.

Phys. Rev. B51, 15 964(1995. .
18M. Gester, C. Daboo, R. J. Hicken, S. J. Gray, A. Ercole, and Jyg Bland, J. Appl. Phystto be publishetl
A. C. Bland, J. Appl. Phys30, 347 (1996. J. Pommier, P. Meyer, G. Bssard, J. FerteP. Bruno, and D.
’ ' Renard, Phys. Rev. Let85, 2054(1990.

19y, B. Xu, E. T. M. Kernohan, D. J. Freeland, A. Ercole, M. ,q - | N
Tselepi, and J. A. C. Bland, Phys. Rev.58, 890 (1998. R. P. Cowburn, J. FerreS. J. Gray, and J. A. C. Bland, Phys.
Rev. B58, 11 507(1998.

20C. Daboo, M. Gester, S. J. Gray, J. A. C. Bland, R. J. Hicken, E., :
Gu, R. Ploessl, and J. N. Chapman, J. Magn. Magn. Ma#s, W Y. Lee, S. M. Gardiner, Y. B. Xu, and J. A. C. Blafanpub-
226 (1997. lished.

2M. Gester, C. Daboo, R. J. Hicken, S. J. Gray, and J. A. C. Bland-"U. Ebels, Ph.D. thesis, University of Cambridge, 1995.



