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Effect of stripe domain structure orientation
on secondary electron yield
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Spatial and angular distributions of secondary electrons emitted from a uniaxial Co
film surface with magnetization normal to the surface have been calculated. The electron
energy has been chosen within 2 to 5 eV range (the main maximum of the energy
spectrum) and at 100 eV (Auger electrons). It has been shown that the regular stripe
domain structure must result in an anisotropic spatial distribution of electrons escaped
from the surface and reduced secondary electron yield at small escape angles. This phe-
nomenon is similar to the escape blocking effect at the interaction of accelerated particles
with single crystals.

PaccunTaHbl IPOCTPAHCTBEHHEBIE U YIJIOBBIE DACIPEENeHNsI BTOPUYHEBIX 9JIEKTPOHOB, SMU-
THUPOBAHHBLIX C IIOBEPXHOCTH OAHOOCHOU miaeHkKu CO ¢ HAMAarHMYEHHOCTHIO, HEPIEeHIUKYJIIP-
HOII IIOBEPXHOCTU. JDHEPTUs 9JeKTPOHOB BhIOMpasiach B MHTepBajdax 2—5 5B (0OCHOBHOI MaK-
cumyM dHeprerudeckoro cmexrtpa) u 100 sB (Oxe snextponsl). IlokasaHo, 4To Hajauuue
peryJsipHO# IIOJIOCOBOM HOMEHHOH CTPYKTYPHI JOJMKHO IMIPUBOAUTH K aHU30TPOIMU IPOCTPAH-
CTBEHHOTO DACIpEeJeJIeHUs JJEeKTPOHOB, MOKWHYBIINX I[IOBEPXHOCTh U YMEHBIIEHWIO BBIXOZA
BTOPUUYHBIX 9JIEKTPOHOB IPU MAJBIX 3HAUEHUAX YIJIOB BbLIETA. JTO SBJIEHUE aHAJIOTUYHO
addeKTy GJIOKMPOBKM BHIXO[A IIPU B3aMMOJEHCTBUN YCKOPEHHBIX YACTUI] C MOHOKDPUCTAJIJIAMIU.

© 2004 — Institute for Single Crystals

Charged particles are used widely to
study the surface magnetic properties [1].
Both the scattering and transmission of the
particles and the secondary electrons and
photons are considered, as well as their po-
larization is taken into account [1-3]. The
use of charged particles makes it possible to
observe magnetic domains and walls
thereof, as well as to study the domain
boundary structure. Recently, a particular
attention is drawn to the studies of domain
structures and collective phenomena therein
[1, 4]. In this connection, of interest is to
study the specific features of the charged
particle motion near the domain structures
(DS). The presence of regular DS in uniaxial
magnetic films may result in such peculiari-
ties in the charge particle scattering as the
entrance blocking, channeling, and multiple
scattering [5, 6]. The electron channeling in
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bulk single crystals was first reported in
[7].

The purpose of this work is to study the
effect of the stray magnetic fields in a
stripe DS (SDS) on the spatial distributions
of secondary electrons and the effect of the
emitted electron velocity orientation (in re-
lation to DS) on those distributions.

The angle reading scheme is shown in
Fig. 1(a), where the OY axis is directed
along the stripe domain boundary. The in-
itial velocity orientation of an emitted elec-
tron is set by the polar (§)) and azimuthal
(9g) escape angles that define the electron
motion direction as is emitted immediately
from the film surface. The electron velocity
orientation as it is withdrawn at a distance
exceeding the action area of the SDS stray
field is referred to as the final orientation

that is defined by angles §, and ¢, where
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the index ¢ defines the number of calculated
trajectory. The electron motion direction
and the magnetization directions in the do-
mains are indicated by arrows. The SDS
stray fields were calculated using the mag-
netic charge method; into account taken
were the fields of a block consisting of 20
infinitely long domains being the particle
nearest neighbors. In the course of trajec-
tory calculation, the block was displaced dy-
namically following the particle. The elec-
tron trajectory was defined by the Lorentz
force and determined by numerical solving
the motion equations.

The electron energy values were selected
in two ranges, (i) slow electrons, E; of 1 to
5 eV, that corresponds to the main maxi-
mum in the energy spectrum of secondary
electrons emitted due to electronic or ionic
irradiation of the surface [8], and (ii) fast
electrons, Ey = 100 eV, that corresponds to
the Auger electrons emitted by surface
atoms. The slow electron colliding with the
surface was considered to be absorbed, so
its trajectory was not taken into account in
the final distribution. In the case of a fast
electron collision, the following approxima-
tions were used: the scattering was consid-
ered to be a specular one, the energy loss
was set by the relationship E, = EkE, ;
where E, and E, ; are energy values prior
to and after the collision with the number n,
k =0.9. In the final distribution, no ac-
count was made for the trajectories of fast
electrons which lost their energy down to
values corresponding to slow electrons due
to multiple collisions with the surface. The
value and distribution of fields generated
by SDS is defined by the film saturation
magnetization M and the SDS period P
ratio to the film thickness k. The typical
SDS sizes in real materials are within limits
of 100 um to 50 nm [9] while the Py/h ratio
may be within a range of 0.5 <Py/h <15
[10, 11]. The calculations are shown for
Py/h =10, h =1 pm, 4nM = 17600 Gs (co-
balt). For Auger electrons, such conditions
correspond to the ratio R;/Py = 0.4 where
R; is the Larmore radius in a homogeneous
field of strength 4mM.

Since the amplitude of the SDS stray
fields drops sharply as the distance from the
film surface increases, those fields were as-
sumed to be zero at distances exceeding PO.
The emission point position (Z = 0) was se-
lected at random within the SDS period, the
initial velocity direction was selected also at random
within intervals 0" <§; < 90° and 0° < ¢, < 360°,
all directions being considered to be
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Fig. 1. Scheme of angle reading and the prob-
lem geometry (a); spatial distribution of
emitted electrons for the main maximum of
energy spectrum (b).

equiprobable. To construct the distribu-
tions, statistics of 125000 trajectories was
accumulated.

Consideration of calculated trajectories
of emitted particles shows that the presence
of stray fields of a regular DS must result
in an anisotropic spatial distribution of
electrons leaving the surface. Since main
effects of the SDS are manifested at small §,
angles [5, 6], let the §,(¢,) spatial distribu-
tion region at §, < 10°. Fig. 1b shows the
d,(p,) distribution for slow particles. Note
that, due to complex trajectory shape at the
particle motion in the SDS stray fields, the
d,(p,) distribution region at §, < 10° can in-
clude the points corresponding to electrons
emitted in all the initial directions. A point
presence in the §,(¢,) distribution means
that there is an electron with the velocity
direction corresponding to the §, and ¢, an-
gles at a significant distance from the sam-
ple. It is seen from Fig. 1b that the d,(¢,)
distribution is strongly inhomogeneous and
includes a region where no points are pre-
sented, thus, there are no electrons with
corresponding escape directions in the flow
of emitted particles. The presence of such a
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Fig. 2. Distribution in polar escape angle for
electrons from the main maximum of energy
spectrum along domain boundaries (a) and
perpendicular thereto (b).

region evidences that when electrons are
emitted in the stray fields of a regular do-
main structure, a phenomenon (escape
blocking) must be observed similar to the
escape blocking effect at the interaction of
accelerated particles with single crystals
[12]. A rather sharp border is seen to sepa-
rate the angular escape intervals that are
accessible (contain points) and inaccessible
(no points in the §,(9,) dependence) to the
secondary electron escape. The position of
that border depends unmonotonously on the
angle ¢,. At ¢, = 0° and ¢, = 180° (the es-
cape directions along the DS domain
boundaries (DB)) as well as at ¢, = 90° (the
escape direction perpendicular to DB), there
are local minima of the blocking angle in-
tervals AS. In the 0° < ¢, < 360° interval,
the AS dependence of ¢, is defined by the
SDS symmetry. Note that for fast electrons,
the d,(¢,) distribution is similar to that
shown in Fig. 1b. The difference consists in
the Ad(¢p) change amplitude and the position
of maxima in that dependence. So, for slow
electrons, the maximum value of the blocking
angle interval A3(45°) = 9.3° while for fast
ones, the maximum is observed at ¢, = 15°,
Ad(15°) = 3.5°.

In Fig. 2, presented are the dN/dd distri-
butions in polar escape angle of particles
from the main maximum of energy spec-
trum, the particle being emitted in the di-
rection of DB (Fig. 2a, ¢,y = 180°) and per-
pendicular thereto; the distributions are
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Fig. 3. Distributions in azimuthal escape
angle: & = 5° (a), 6 = 8° (b).

constructed within the ¢,y = 5° range. These
distributions show distinctions in the for-
mation of escape blocking region at differ-
ent observation directions. It is seen from
Fig. 2a, the electron emission probability
along domain boundaries varies smoothly as
the polar escape angle decreases, the maxi-
mum escape probability corresponding to
larger & values. In the direction perpendicu-
lar to DB, the calculations evidence a sharp
jump of the escape probability as & in-
creases, the maximum in the dN/dd depend-
ence lying at small escape angle values.
Such distinctions may be associated with
possible focusing of particles as those move
along the domain boundaries; in this case,
the SDS stray fields draw the trajectories to
the domain boundary [5].

The distributions in the azimuthal escape
angle for different values of polar one are
shown in Fig. 3. Both distributions demon-
strate a non-monotonous dependence of the
escape probability on the ¢ angle. At small
8 values, 5° + 2° (Fig. 3a), the escape occurs
only along DB. Increase of & up to 8° makes
possible the particle escape also in the di-
rection perpendicular to DB. At the further
d increase, the calculation demonstrates the
escape possibility in any directions and a
smoothing of the dN/d¢ dependence. A maxi-
mum in the dN/dd dependence at 6 = 10° and
its manifestation in the dN/d¢ one can be
considered as a peculiar focusing of the
emitted particle flow along the direction
perpendicular to DB. To estimate the effect
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value, the capture angles into the channel-
ing regime along DB were calculated for
300 eV electrons [5]. The choice of the en-
ergy value is associated with possibility of
classical scattering description at the esti-
mations. The estimations have shown that,
at the used SDS parameters, a particle mov-
ing along a DB is captured into the channel-
ing regime at §; =~ 3°. This value is close to

the angular blocking range described above.
Thus, in spite of low absolute values of the
escape blocking ranges, those effects are
relatively strong. It is to note that calcula-
tions at other Py/h ratio values give similar
results, the only difference consisting in
the characteristic angle values.

Thus, the presence of stray fields of a
stripe domain structure with magnetization
perpendicular to the sample surface must
result in a decreased emission probability of
secondary electrons at small escape angles.
This phenomenon is similar to the escape
blocking at the charged particle motion in
single crystals. The escape blocking interval
at the particle emission in the presence of
SDS depends on the particle flow orienta-
tion with respect to domain boundaries.
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Bnius opieHTalii cMyroBoi JOMeHHOI CTPYKTYpPH
Ha BUXIiJI BTOPUHHUX €JIEKTPOHIB

I1.0.Menvnuuwyr, O.1.Bacvro, I1.I. MenvHuuyk

PospaxoBano mpocTopoBi Ta KyTOBi po3mojisini BTOPHMHHUX €JEKTPOHIB, IO eMiTOBaHi 3
noBepxHi ogHoBicHOI muiBku CO 3 HaMarHiueHiCTIO NMepeneHANKYJIAPHOIO N0 MoBepxHi. Exep-
riro eseKTpoHiB BuOpamo y imTepBanax 2—5 eB (0cHOBHUII MaKCUMyM €HEPTETUYHOTO CIIEKT-
pa) ta 100 eB (Oxe enekrponu). IlokasaHo, 10 HASBHICTH peryJspHOI CMyroBoi AOMeHHOI
CTPYKTYPU Ma€ IPUBOJUTH IO aHi3O0TPOIIii IIPOCTOPOBOTO POIIOAiNY €JeKTPOHIB, Ki BUMII-
I 3 TIOBEPXHi Ta 3MEHIIEHHIO BUXOAY BTOPUMHHUX €JEKTPOHIB IPH MaJuxX KyTaX BUJIBOTY.
Ile aBume € aHaJOTiYHUM OO0 edeKTy OJOKipOBKM BUXOAY HPU B3a€EMOJii IpPHUCKOpPeHUX

YaCTOK 3 MOHOKpHUCTaJIaMHU.
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