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Magriet i cdomain wa l l contrast in the Synch ro t ron x-ray topograjjhs

° f (100) F_e3wt%Si crystaU compressed along an essy J ' r e c t i o n of

magnetj_za_t Ion

M , T i l l i

Laboratory of Phys ics l M e t a l l u r g y , H e l s i n k i Ü n i v e r s i t y of Technoloqy,

Espoo. F in land

J.D. Stephenson

F r i t z - H a b e r - I n s t i t u t der Max-P lanck-Gesc l l scha F'. , B e r - l i r , ( w e s t )

and V. Ke lhä

Instrument Laba ra to r y , Techn ica l R e s e a r c n C e n t

T r a n s m i s s i o n and back ref lcc i ion x - r ay topogr^phs of a large near (100)

Fe-JwtSSi subyra in compressed along an easy sur face d i r ec t i on of

:nagne t i zat Ion are taken w i th v-jhite synchrot rori radiat ion. D isaopearance

of the r OOl ] i t r ipe domai n con t ras t is observed only in the O Q 1

t r an^ .m iss ion topograph. High r e s o l u t i o n back r c f l ec t i on Copographs

reveal a z ig -zag f i n e s t r u c t u r e of the s t r i p e s . A domain moöel to

e x p l a i n the r e s u l t s is presented.



Compress ion along [du] in g ra in o r i e n i e c ( 1 0 0 ) [ C Q ! ~ F e - } w t - - . S i conmercia]

c rysu i l s was Fo^nd to created s t r i pe dora lns , a ' i g n e d p o r a l ' e l lo t u e

s t r e s s d i r e c t l c n . T r a n s m i s s i o n s ^nch r <H ro.n x - r a y topographs i ak en n t
_ -i

s u c c e s s i v e l y increased v a l u e s of cc rn f - ' ess l ve s t r e s s f i nro " , 5 to 1 0 . ß N m,"

a l so <.howcd t ha t t he s t r l p e doma in w i dl h decreased wi ih i nc reas i nn

s t r e s s (Tuomi, Slephenson, T i t l i and K c l h ü 1 9 7 9 ) . The r e s u l t s w ^ r e i n

acreement w i t h energy cons ide rs t ions and B i t t e r p a t t e r n o b s e r va t io r i<>

(Corner ,3nd Mason 1363).

l con ha s a p o s i t i v e magnctof.tr i et Ion c o e f f i c i e n t in the [ lOO" j d i r e c t i o n

äs messured by Webste r ( 1 9 2 5 ) and c a l c u l a i e - d by HeUenberg ( ' . 9 3 ! )

a p p l y i n g s t a t i s t i c a l cons iderat ions . Whcn the sä" T! u is comprebSMi

m a g n e t i z a t i o n tends to a l i g r perpendicu l a r ! y to the d i r c c i i o n et s t ^ e s s ,

becajse th i s has the same e f f e c t äs compress ion : a dec rcasc of the

length of the sample in L he riirection of corpress i ve sfess. The

r t ;&u l t i ng donain conf i(]urat ion has been d c s c r i b e d by a nodel w i : h / i g -

zag-boundar ies (Ch i kazum i and Suzuk i 19^> :J, Co.-ner and M.-isnn ' S 6 3 ) .

T h i s model is the s ta r t i ng po i n t for the ><-ray topcqrriphic con t IMS i

a n a l y s i s oT t h i s work.

Polcarova and Kaczer (196?) have shown tha t a 90° domai n w a i ! in an iron-

s i i i c o n c rys ta l is not v i s i b l e i f

of the two odjacent domains , and g is t he d i f f r a t - t i o n vec to r . The

con t ras t is caused by the m a g r e t o s t r i e t i v e deformat ion wh ich is d i f f e r e n t

on the two s ldes of the w a l l . A 180° comain w a l l is expected IG r.tmw

no con t ras t , because tne magnetosir i et ive defor r ra t ions on each s i d e of

the wa l l are equa l .

From the theore t i ca l domain con f igu ra t ions and from eq. (1) cne can f ind

out in w h i c h x- ray topcg raphs ihf 9'!' domain wü l l s of l he model should

c i iappear and ! ,-i wh i ch oases iliey an1 v i s i b l e . In t h i s work such x - ray

t t ipnyrr iphs ;ire takcr. ar-c the o b s e r v e d cont i 'ast in them is rornpared r i i th

the iheoret ic£ i 1 p red ; c t i or.i.. The x - r a y topog raph ic mplhod tn.it u t i l i z e s

w h i t e iynchro t rcn r a t ' i a t i o n (Tuomi , Naukk j r i nt-n, L . u j r l l a , and Rabe 1 9 / 3 ,

Tuomi , Naukkar inen, and Rabe 197V Har t 1375) is p.irt icul.ir ly w e i l

^uiu-d for [he cont ror . t an.! l y v i i, bfc.iiisf s t .vera l r e f l e c t i o n s can be

o u l a i n e d at ü tinii; ana exposure t i nie 5 for UiKinrj h igh r « - , o ! u L i c n topographs

are 'ihort (a few second'".) -

^ 2. Exper imenta l

An obout H . 1 5 rnm ihick g r a i n o r i e n t e d ( 1 0 0 ) F e ~ 3 w t ^ S i p l a t e l e t w.is qlueü

on an a l um i n i um f r .'ine of a compress ion- t ens i on j HJ (Tucmi et a l . 19 79) -

r\s (.am co.-.pressi ve s t r e s s caus ing a s t r a l n of 1 . 6 - 1 0 was ap | ) l i e«

to l he spec i rue.T in the ho r i zon ta l [n !ü] d i r e c t i o n . The s t r a i n was

reasured w i t h , a -i t ra i n (j-uge g l ^ed on die s a m p l e . Tran^ml Sü i 011 and back

r c f l e c t i o n topographs were takcn on Kodak Indus t rex type R s i e g l e co j t ed

i ' i 1ms w i t h the wh i t e Synchro t ron r a c i a t i o n from the D O R I S s torage r ing,

whobc pos i t r on energy was 3 - 0 GcV and whose cur rcn t v.as 15 to 30 nA.

In the back r e f l e c t i o n geornetry f luorescence rs r i ia t ion was e f f c c t i v e l y

removed by mcans of a 3 mr p l a s t i c s h t e t in f ron t nf the f i l m c a s e t t e .

In t.lt' l r,insr:ii ss ion modc a t o s s e t t e in wh i cn l hs f i l m was behind a 2 nm

th i ck a l u rn i n i um cover v;as used for t h« same purpose. The d i s t a n c e
2

between tne f i l n of iht s i z e 103 x 100 m"' p laced perpend i cu l ar l y to the

i n t i d e n t tieam and the sanple was 50 nim in cach casc. A c i r c u l a r n p e r l u r e ,

10 mr, i- diameter, bored in a 80 n^ t h i ck lead shicld l i m i t e d the s i z e

of the inc ident bearn. In the back r e f l e c t i o n geometry the ccn t re hole

of L he F i l m case t t e , the diameter of wh i ch was 5 mri, fu r ther decreascd

the s i z e of the beam.



§ 3- Synchrotron x-ray toponraphi,

Fig. l a) shows a 001 t r ansm iss ion topograph tüken fron thc comorcsscd

c r y s t a l . For t h i s .nieasurement the sarip 11> was t i l ted 18 about the

h o r i z o n t a l [öld] -ax is from the p o s i t i o n in w h i c h the s u r f o c c - norra'.

(2° off ihe MOOl d i r e c t i o n ) wdi p ü r a l l e l lo i he s y n c h r o L ro;- r a d i a t i o n

bean.

Accord ing t o a ca l cu l a t ion perf crmeü i ", t he same manner äs in p rev ious

works (Tuomi, Naukkar inen, Rabe 197S Hart 13751 Pc i ro f t " and Sauvogc

1978) the p r inc ipa ! wave lcngth cf the d i f f r a c t e d beam on the f i l m turned

out to be 39 pm ( re f lec t ion 00**) . Ho r i zon ta l s t r i p e domain o'tuis a re

c l e a r l y v i s i b l e in the topograph. Between them the ' -e arc regions vhere

no donain s t ruc tu re is v i s i b l e .

F ig . l b) shows a 1(11 r e f l e c t i o n topograph ( p r i n c i p a i w a v e l e r g t h ^7 pm)

taken from the same part of the c r y s t a l äs in F ig . l a. Für uiking t h i s

topograph the sample was turned back 10 the p o s i t i o n in w h i c h [ l 013 va*

alrnost p a r a l l e l to the Synchrotron r a d i a t i o n bean. The l( l l r t ; f l e c ' . : on

topograph shows exac t ly the same h o r i z o n t a l s i r i p e donains 3?. seen in

the 001 r e f l e c t i o n and in add i t i on a l s o s t r i p e s in the v e r t i c a l d - i r e c t i c n .

Moreover, the f ine z i g - z a g s t ruc tu re of ; he domain wa l l s C..HTI be

c l is t ingui shed, ma in ly in the [Olö] hor izonta l s t r i p e s p a r t l y due to tr,e

be t te r geomet r i ce l resolul ion in the v e r t i c a l d i rec t ion ihan in the

hör i zonta l or.e . Because thc pos i t ron beam height a t 3 • 0 '=sV l r- üÜR l S

is about l mm ( t ta te r l i k 1979) the v e r t i c a l r e s o l u t i o n i r- t r p topograph

of Fig. l is about 1.5 u P- The horizont.-H r c s o l u t i c n c a l c u l a t e a from

the fo rmu la g iven in a prev ious work (Tuomi e: a l . 197^ ) i & abcut 3 um.

Several other I ransmiss ion and r e f l e c t i o n topographs wcre cx. imincd.

There was a very weak hor izon ta l L 01ü] s t r ipe. domain cori t rast in tu t>

130 and in the 130 r e f l ec t i on . The v e r t i c a l [OOl] s t r i u e s almoit

d isappeared in the 103 and in the 103 rc f lec t io i (see the Lau« pat iem.

in the previous work (Tuomi et al. 1 9 7 S ) ) -

^ k. S t r i p e dop'ain mode l

F i g . 2 a) sho'^s a magne', ic domain mcdel for the {][}<]) F f - 3 w t ^ S i c r y s t a l

cor.pressed r i !oncj the [010 ] d i r e c t i o n . U is e s s e n t i a l l y the same äs

t na t p r e s e n i e d p r e v t o u s l y Liy Ch i kazum i a-d Suzuk i [1955) in , -vh ich 9ü° domain

w e l l s , e . g . C D F F and E F G H i n te rcep t f-.e su r face and jo in to each other

iilono z i y - z a g i i n e s , e . g . along i r . The z ig- . 'ag j u n c t i o n l i r-,e o f the

t ' r t O w a l l s 90 on t t ie s u r f o c e is j u s t i ' i e d by thc re f l ec t i on topograph

shown in F i g . Ib. Z i g - z a g I i n e s have a l s o been öbserved by R o e s s ' e r

( 1 5 6 7 ) , ••'ho took x - ray tooographs urder anomalous t r a n s m i s s i o n contl i i ions,

ard in the B i t t e r p a t t e r n s oF co-npressed i r o n - s i l i c o n c i y s t a l s ( C h i k a z u m i

and Suzuki 1955, Ba tes and Carey I960, Corner and Mason ( 1 9 6 3 ) .

Tie d i r e c t i o n of ;riagnet iza t ion is a l s o siown in the do^a; n mode l . The

d i f f e r e n c e belween the magnet i z a i i o n v c c t o r s on both s i d c s of a

ho.-i/ont.il [ülO] 90 domain w a l l such äs A B C D is

( 2 )

( 3 )

i n wa l l s t h i s d l f f e r e n c c vector i

W

I f the d i f f r a c t i o n v e c t o r i s g = [ O O l ] , l Ken 9 • £M = 0 and g • ;,M = 0

wh i ch means thai the v e r t i c a l s t r i p e dom.iins should d is jppear in the Q 0 1

r e f l e c l i o n . Th i s was a l so observed in the Synchrot ron x-ray topographs

(Hg. l a ) . A s i r d l a r d i sappearance of v t i r t i ca ! s t r i p e domains ( c a l l e d

f r i n g e s ) was observed by Kur iysma and MC.MÜMLIS (1968) in the 00^

r e f l e c t i o n us inc ] anomalous t ransmi i s ion o f C r K , r ad i a t i on .

U is ev iden t from the rodel that it is not p o s s i b l e to observe the

d isappearancc of c i t hc r v e r t i c a l or h o r i z o n t a l s t r i p e domoins i r . any other



r e f l e t t i o f lhari Ü O t or 0 1 0 , rcspt 'c l i •v u l y . The t 'O r i zu." la l t t r - , j ; i : don-.iin

w a l l AßCD Tür w h i c h AH = [ i C l J s foult! d i pappea r «. r,. ', n ihr ! Ii l t cpo r ra

However, for ehe adjacent do.nain w a l l CDEF ,'-M = . ; 0 ' ; arid :herc-Fore the

horizontal str ipcs are v i s i b l e in ilic 1^1 r e f l t - c t i o n äs '.--ai a l so fo.:nd

exper imenial ly .

The *l 1 l r ef l «et ion topograph , in vili i ch ',M . • g f 0 ( i - 1 . 2 , ; , ' - ) . L. f. :)'.•."•;

dar k (weak x- ray i nter>s i ty; z i g-zag l i n e s wn ich a re ,!ppr;>x >ui t <_ l y 5 ,im

w i d e . In the model o f F i g . 2a) the / i r j - z a g l i n c s o r-:1 ju. ici ions of 'jO

doma in wa l l s penet r;i l i ng t he s ur face - In s f i rsi ap^ro^ i m<i t ion the l i nc

may be regarded äs boundar i t -s be tween l wn su r f ' - icc dorn,] ins vj i t •• <:p.;oij i l c

dona in wa l l 5 . Magnetes t r i c t i on wou l d not resu 11 in nny not i cal; l c

d i s t o r t i o n cf the lou ice ard conseque-.t l y no con t ras t w i : l bc o ;;'..'••• rved

in t he x- ray topograrihs .

l t i s , hovje ver , po^^iblc t ha t L he zig-zaq linc'.. of the JO dona i n w,i l l

Junc t i ons widei: out into b a n d s , when t he co/nprcss i vc s t r es i i s i ru.i t-,-v,ti(l

äs shciwn schcmat i Cti' l y in F i g . ?b ) . T h i i k i nd of a.'i "opi'n i r,'| - u p ' 1 o' [.'"L-

c losed f l u x s t f L C t u r e on the s u r f a c e vjas s u g c e s t e d liy D i j l . s t ra ans ^a , - t i

( 1 9 5 3 J who observed B i t t e r pattd 'ns i" I M O r i ro'i-c. i l i con c . r y s i . ; ] j ,

comprcssed a Ion g 001 i . 5 In-u l Laneous l y w i t h the w i du*' i MIJ öl : !;i.' L \, ;ij

lines the width of ihe sur face doiiviins, the magnet i /o t ion of v.'hich ii

M? or H , , dccreases w i t h i ncrcas ' ng comjM'e L >?, ivc s t ^ e s s . The ro t ' l ec t ion

t t>[ 'ograph of F ig . 1 !> ) :ends sone suppor t to t h i s mtide l of F i q. '.'b] . '. •'

t he reg ions of arrd l l s l r i p e w i d t l i the b l a c k l i - e - , are w i d e r th t j - : "ü vg- i '

ones, whereas the broad w h i l e s t r i p c s are at-tonipan i ec by n.är rc.v.' ::' c1.' k

zig-z. ig s ' . r ipes. W i l l i,im«,, Bozorth ,ind S h o c ^ ' c y MS1*?) iiadc c.! l cu ! .it i on

w' ' ich show that the "opcning-up" of Lhe f l u x reduces the t o t a l cnern-, .

A& n con l us ion , the cont ras t ana iys i s of the x - r ay sync .hro t t on l oiioijraph

renders support to the s t r i pe doma i n incxiel of C h i k n z u m i and S u z u k i ( 1 9 5 5

to :hc s u g g e b t i o n s made by D i j k s t r a and H a r t i u s ( 1 9 3 3 ) .
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Figure capt Jons

F i g . 1. (a) 001 transmission and (b) ^11 reflection topograph of a

near (100) Fe-3wt%Si crystal taken wi th Synchrotron radiation from

DORIS in Hamburg. The crystal is compressed along horizontal [oioT

direction. Measured (average) compressive strain is 1.6 10-5

F i g . 2 a) Model of a rnagnetic doma i n conf i gurat ion in a u n i a x i a l l y

compressed near (100) Fe-3wt'^Si crystal, b) Widening of the stripes

at a large compressive stress.
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