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Micromagnetism in mesoscopic epitaxial Fe dot arrays
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The domain structures of epitaxial F20 nm/GaAg100) circular dot arraysdiameters from 50 to

1 wm) were studied with magnetic force microscopy. A transition from a single domain to a
multidomain remanent state was observed upon reducing the dot diameter beneathid@ot

arrays with the separation twice the dot diameter. When the separation is reduced to half the dot
diameter, the single domain states were found to “collapse” into stripe-like multidomain states due
to local dipole coupling between dots. Micromagnetic simulations further suggest that for ultrathin
Fe dots of less than about 2 nm thickness the diameter does not have a significant influence on the
domain structures due to a dramatic reduction of the dipole energy20@ American Institute of
Physics[S0021-89780)47608-3

INTRODUCTION the element shape need to be considered. In this article, we
highlight the effect of the diameter and separation, as well as
While polycrystalline ferromagnetic elemehts con-  that of thickness on the domain structures.
tinue to attract attention for the study of magnetic domain

structure and magnetization processes in mesoscopic elgapmpPLE PREPARATION AND MEM IMAGING
ments, mesoscopic dots and wires fabricated from epitaxial

films are becoming increasingly import&nt° The epitaxial The starting magnetic material is a high quality epitaxial

magnetic elements have a well-defined magnetocrystallinBOdy'Cemered'CUbid)CC) Fe film of 20-nm-thick grown by

anisotropy and are much less influenced by defects in Corp_wolecular apeam epitaxy — on QEEE 0). at . room
: . I temperaturé® The cubic anisotropy is dominant, but with
trast with polycrystalline structures. Epitaxial structures

. . : the presence of a uniaxial anisotropy, in this film as shown
therefore provide an opportunity to control the domain strucy_ ~."" :
ture via the competing maanetic anisotrooy and di olarby in situ magneto-optical Kerr effect measurements. The
ure Vi peting gneti Isotropy POl was then capped with a 4-nm-thick Au layer to prevent

fields. For example, the domain width in heXagOnal_Close'oxidation before removal from the growth chamber. The Fe

packedhcp Co dots was tuned by changing the thickness ofyos arays were fabricated using electron-beam lithography

the dots‘?. The correlation petwgen the reduction of thickness(JEOL JBX5D2U operated at 50 KeV and ion beam etching
and the increase of coercive fields has been demonstrated fjih an intermediate metallic mask of Al made by a lift-off
submicron-size epitaxial Fe dof$In our previous studie$,  process. The diameterrof the circular dots was varied from
the domain structures of R&00) square dots on GaAs have 50 to 0.2um. Two sets of dot arrays of different separation
been studied using Lorentz microscopy. A transition froms were fabricated, one witls=2d, and the other withs
single domain to multidomain remanent states is observee:0.5d. The square dot arrays have total sizes of about 200—
upon reducing the element size beneath aboywB0due to 500 um with the edge parallel to thé110) directions. Fig-

a competition between the in-plane dipolar fields and theures 1a) and Xb) show large scale micrographs of the 10
magnetocrystalline anisotropy field. A recent study byum dot arrays with 20 and am dot separation, respectively.
Stammet al® demonstrated that two-dimensional Co dots inThe domain structures were studied in the remanent state
the thickness range of 2—10 ML grown on (@Q0 adopt a  using magnetic force microscogiIFM) after saturating the
single domain state regardless of their lateral size. In addinagnetization along one of the easy a¥if0 directions. A

tion to the fundamental interest of studying the domain concommercial Si tip coated with CoCr was used for the MFM
figurations in mesoscopic magnets, the stabilization of théMaging.

single domain state is important for magnetic data storage as

well as the next generation of spin electronic devidds. RESULTS AND DISCUSSION

We have recently carried out a systematic study of micro-

magnetism in epitaxial K200 dot arrays grown on Figure 2a) shows the evolution of the domain configu-

. ration with dot diameter in dot arrays with the separation
GaAs(lOQ) by molecular b_e_am epitaxy and _patterned bytwice that of the diameter. The interparticle dipolar coupling
e-beam lithography. In addition tq the Iateral_ size of the dotsis often believed to be negligible when the ratio of the sepa-
parameters such as the separation, and thickness as well @gion o the diameter is larger thaiThe evolution of the
domain configuration with the diameter shown in Figa)2
dElectronic mail: jach1@phy.cam.ac.uk can thus be compared with our previous wodn square
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FIG. 1. Large-scale micrographs of the circular dot arrays with dot diameter - /
d=10um and separatios (a) s=2d, and(b) s=0.5d. t=2nm 3
dots to show the influence of the geometry. It was found that
in square dots of 15 nm thickness multidomain states were |
created when the size was reduced beneath aboytns0 t=20nm|y
Here the lack of contrast in the MFM images of the 50 and
20 um dots in Fig. 2a) shows that the single domain state in (®)

circular dots can persist down to 20m due to the strong

magnetocrystalline anisotropy of the epitaxial Fe films. It isFIG. 3. (8 Computed values of remanence for isolated dots of thickhess
unlikely that the different critical size values for the transi- =2 and 20 nm and different diamete() The magnetization configura-

. . . . . L tions (left) and the simulated MFM picturdsight, corresponding t& -M)

tion from single domain t(_) mUIt_lpIe domain _Stat_es In C'_rCUIarfor the dots ofd=1.28um, t=2 nm, and 20 nm, respectively. In the left
and square dots, respectively, is due to their slightly differenpiot, the gray scale corresponds to the component along the applied field
thickness. The much smaller critical size for the circular dotsaxis and the magnetization vector in one of each 12 computational cells is
as compared with that of the square dots suggests that tfgpresented, whereas in the right dh/ is represented on a gray scale.
high symmetry favors the stabilization of a single domain

state. With further decreasing diameter, it is expected that a

second transition from a multiple domain to a single domainin the single domain states the magnetization is not aligned
state will occur. In this case the total energy required to formprecisely parallel to thé100) directions, due to the presence
any domain wall across the dots will be higher than that ofof the uniaxial anisotropy®

the single domain state when the dot size is reduced beneath Figure Zb) shows the evolution of domain configura-
a certain value. The MFM images in Fig(a® suggest that tions with dot diameter in the dot arrays with the separation
single domain states are stabilized in theuh Fe dots, al-  half that of the diameter. We would like to emphasize that
though the exact value of the critical diameter for the secondhe dots in Figs. @) and 2b) were fabricated following
transition remains to be determined. It should be noted thagéxactly the same procedures and their only differences are
the different separations. The most striking feature is that the
single domain states of the 50 and 26h dots in Fig. 2a)
collapse into multidomain states. This demonstrates that lo-

4= S0um 20um 10y Ipm cal dipolar coupling between dots via the edges are strong
enough to switch the domains. The coercivity of the continu-
. a8 . ous Fe film is about 20 O2&and the stray field 1gm away
o from a 20um dot was estimated to be larger than 25 Ger
@ @ bo o q example. The detailed domain structures are determined in
2@ e principle by the spatial distribution of the stray field due to

all the dots in the array. This stray field distribution is ex-

pected to be anisotropic, i.e., corresponding to the structural

. anisotropy, related to the structure of the dot arrays such as
the geometrical configuration and array periodicity. The

stripe-like patterns shown in Fig(l2 as well as the rotation

of the magnetization direction way from tk&00) axis might

suggest the importance of such a structural anisotropy in the

dot arrays.

FIG. 2. MFM images and schematic diagrams of the domain configurations Pre“n_]mary numerlcal m_lcromagnetlc _SImU|at|0nS have

of the dots arrays of two different diameterto separatiors ratios, (@) s~ 0€en carried out on isolated iron dots of thicknesseg and

=2d, and(b) s=0.5d. 20 nm and different diameters ranging from 160 nm to 2.56
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pum. More specifically, the remanent state after saturationnto stripe-like multidomain states due to the local dipole
along one of the easy cubic axis has been computed. Figuedupling. Micromagnetic simulations suggest that for ultra-
3(a) shows the evolution of remanence with the dot diametethin Fe dots the domain configurations show little deviation
for the two thicknesses. The equilibrium states are qualitafrom the single domain state as required for magnetoelec-
tively the same in all cases and are represented in Fij. 3 tronic devices.

by the simulations for dots of about Zm diameter. The
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