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Abstract

Transmission and back reflection x-ray topogréphs of a large near (100}
Fe-3wt%Si subgrain compressed along an easy surface direction of

magnetization are taken with white synchrotron radiation. Disappearance

of the [001] stripe domain contrast is observed only in the 00}

transmission topograph. High resolution back rcflection topographs

reveal a zig-zag fine structure of the stripes. A domain model to

explain the results is presented.



§1. Introduction

Compression along [010] in grain arientes (100) [00!‘ Fe=3wt/Si commercial
crystals was found to created siripe dorains, a?igned paral el 1o the

stress directicn. Transmission synchrolron x-ray topographs laken at

successively increased values of compressive stress fiom 0.5 to 10.8 N2

also showed that the stripe domain widlh decreased with increasing
stress (Tuomi, Stephenson, Titli and Kelh3 1979). The results were in
agreement with energy considerstions and Bitter pattern abservations

(Corner and Mason 1963).

fron has a positive magnetostriction coefficient in the [100] direction
as measured by Webster (1925) and calculated by Heisenberg (1931)
applying statistical considerations. When the £370%e 15 compressed
magnetization tends to aligr perpendiculariy to the dircclion of siress,
because this has the same effect as compression: a decrcase of the
length of the sample in the direction of corpressive stress. The
resulting domain configuration has been described by a rmodel with rig-
zag-boundaries (Chikazumi and Suzuki 1955, Corner and Masan 1663},

This model is the starting point far the x=ray topegraphic contrast

analysis of this work.

Polcarova and Kaczér (1967) have shown thar a 900 domain wail in an iron-

siticon crystal is not visible if

L>
4

W
i
[=]

(1)

ineq. (1) af = ﬁl - ﬁz, where ﬁl and ﬁz are the magnetiszaticn vectors

of the twe adjacent domains, and a is the diffraction vector. The
contrast is caused by the magretostrictive deformation which is different
on the two sides of the wall. A 180° comain wall is expected to show

no contrast, because the magnetostrictive deformations on each side of

the wall are equal.

From the theoretical domain configurations and from eq. (1) one can find

out in which x-ray topcgrapts the 90” domain walls of (he mode} showld
disappear and in which cases they are visible. In this work such x-ray
tapegraphs are taken ard the observed contrast in them is compared with
the thecretical predictions. The x-ray topographic method tnat urilizes
white synchrotrca radiation (Tuomi, Naskkarinen, Laurila, and Rabe 1973,
Tuomi, Naukkarinen, and Rabe 1974, Hart 1875) is particulariy we!l

cuited for the contrast anaiysis, becanse several reflections can be

otlained at @ time ang exposure times for taxing high resoluticn topograghs

are short {a few seconds).

§ 2. Experimental

An about 0.15 mm thick grain oriented (100) Fe-3wt#Si platelet was glued
on an aluminium frame of a compression-tension jig (Tuemi et al. 1979).
A constant conpressive stress causing a strain of 1.6-]0-5 was applied
te Lhe specimen in the horizontal [ }UE direction. The strain was
measured with a strain gauge glued on Lhe sample.  Transmission and back
reflection topographs were taken on Kocdak Industrex type R single costed
{ilms with the white syrchrotron raciation from the DCRIS storage ring,
whose positron energy was 3.0 GeV ard whose current was 15 to 30 mA.

In the back reflection geometry fluorescence racdiation was effectively
removed by mecans of a 3 mm plastic sheet in front of the film casette.
In the Lransmission mode a cassette in whicn the film was pehind a 2 rmm
thick aluminium cover was used for the same purpase., The distance

between tne filn of the size 100 x 100 mﬁz placed perpendicularly to the

incident beam and the sample was S0 mm in cach case. A circular aperture,

10 mm in diameter, bored in a 8 m~ trick lead shicld limited the size
of the incident beam. In the back reflection geometry the centre hole
of the film casette, the diameter of which was 5 mm, further decreased

the size of the beam.



§ 3. Synchrotron x-ray topeqgraphs

Fig. 1 a) shows a 001 transmission topcgraph token from the comoressed
crystal. For this seasurement the sample was tilted 18° about the
horizontal {010] -axis frem the position in which the surface norra’
(2°

beam.

of f Lhe [1003 direction) was parallel to the synchrotron radiation

According to a calculation perfcrmed in the same manner as in previous
works (Tuomi, Naukkarinen, Rabe 1974, Hart 1975, Petroff and Sauvage
1978) the principal wavelength of the diffracted beam on the film turned
out to be 39 pm {reflection 004). Horizental stripe domain areas are
clearly visible in the topograph. Between them there are regions where

no domain structure is visible.

Fig. T b) shows a k11 reflection topograph {principai wavelergth 127 Fm)
taken from the same part of the crystal as in Fig. la. For taking this
topograph the sample was turned back 1o the position in which [IOU: v
_almost parallel to the synchrotron radiation beam. The 411 reflection

topograph shows exactly the same horizontal stripe domains as seen in

the 001 reflection and in addition alsc stripes in the vertical directicn.

Moreover, the fine zig-zag structure of the domain walls can be
distinguished, mainly in the [010] horizontal stripes partly due to the
better geometricel resolulion in the vertical direction than in the
horizontal ore. Because the posilron beam height at 3.0 GeV ir DORIS
is about 1 mm (Materlik 1979} the vertical resoluticn ir the topograph
of Fig. 1 is about 1.5 um. The horicontal resoluticn calculates from

the formula given in a previous work (Tuomi et al. 1974) is abcut 3 um.

Several other transmission and reflection topographs were cxamined,
There was 3 very weak horizontal [010] stripe damain contrast in tre
130 and in the 130 reflection. The vertical rUOI] stripes almost
disappeared in the 103 and in the 103 reflection (see the Laue patters

in the previous work {Tuomi et al. 1978}).

§ 4. Stripe domrain mode)

Fig. 2 a} shows a magnetic domain medel for the (100) Fe-3wt%Si crystal
compressed along the [010] direction. 11 is essentially the same as
trnat presented previously oy Chikazumi as~d Suzuki (1955} in which 900 domain
walls, e.g. COEF and EFGH intercept the surface and ioin to each other
along zig-zag tines, e.g. along EF. The zig-saq junction line of the
two walls 900 on the surface is justifled by the reflection topograph
shown in Fig. 1b. Zig-zag lines have also been observed by Roess'er
(1967), who took x-ray topographs usder anomalous transmission conditions,
and in the Bitter patterns of compressed iron-silicon crystals (Chikazumi

and Suzuki 1955, Bates and Carey 1960, Corner and Mason (1963).

Tne direction of magnetization is also shown in the domain madel. The
difference between the magnetization vectorse or both sides of a
horirsontal [019] 90° domain wall such as ABCD is

ahy =M= M) = [101] (2)
and for the wall CDEF

Aﬁz =M - N, = [10?1. (3)

For the vertical [001] stripe domain walls this difference vector is

Moo= T11p7
‘2M3 = ;_'.IUJ (%)
or
ahy = {10, (5)
If the diffraction vector is é = [00!], then 5 . Aﬁ} =0 and é . Aﬁh =0,

which means that the vertical stripe domains should disappear in the (01
reflection, This was also observed in the synchrotron x-ray topographs
(Fig. ta). A similar disappearance of vertical stripe domains {called
fringes) was observed by Kuriyama and McMarus (1968) in the 002

reflection using anomalous transmission of CrK, radiation.

It is evident from the model that it is not possible to observe the

dizappearance of cither vertical or horizantal stripe domains in any other
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Figure captions

Fig. 1. (a) 001 transmission and (b) 411 reflection topograph of a
near (100) Fe-3wt%Si crystal taken with synchrotron radiation from
DORIS in Ramburg. The crystal is compressed along horizontal 1010]

direction. Measured (average} compressive strain is 1.6 - 10_5.

Fig. 2 a) Model of a magnetic domain ccenfiguration in a uniaxially
compressed near (100} Fe-3wt%Si crystal. b) Widening of the stripes

at a large compressive stress.

Fig, | a
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Fig. 1 b



