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INFLUENCE OF COBALT SUBSTITUTIONS
ON THE DOMAIN STRUCTURE OF (100)
AND (111) YIG FILMS'

J.SIMSOVA*, S. KRUPICKA*, M. MARYSKO* 1. TOMAS*, Prague

Films of YsFes_,_,Co.Ge,0,, (x=0--0.1, y=0--0.14) prepared by the LPE
method possess a strong dependence of the magnetocrystalline anisotropy constant K, on
the Co’* content. Due to the fact that the total anisotropy field perpendicular to the film
plane H, = 2K./M,, determined by FMR, is small for these materials (g =H,/47M, <
<1) both the influence of magnetocrystalline anisotropy and the stress induced
anisotropy will play a significant role in the domain structure. In particular bubble
domains were observed on (100) films with K, >0 and with the tensile stress (o> 0),
while for the (111) plane this was the case if K, <0 only.

BIMAHHUE TOBABOK KOBAJTA HA TOMEHHYK CTPYKTYPY
(100) ¥ (111) NAEHOK VDKT

Ha nnenxax tuna Y.Fes . ,Co.Ge,0,; (x = 020,1; y =0+0,14),nony4ensbix
meTofioM IXK®P, oGHAPYKEHA BbIPAIMTENBHAR 3ABHCHMOCTD KOHCTAHTHI MATHMTHOH
KPHCTALIMYECKOA aHH30TPONMHA OT KOHUEHTpauuH noHos Co**. C yueTom dakra, uyTO
onpeneneHHoe meTonoM PMP anusoTponroe nole, NEPIEHIUKYIAPHOE K TIOCKOCTH
TIICHKH, O'iCHb Mano, HA JOMCHHYIO CTPYKTYPY BIHSET, KPOME HABENECHHOH aHH3OTPO-
T¥H, CBA3AHHOR C HANPAKEHUEM, TAKXKE MAaTHHTHAS KpUCTA/LIOrpaduyeckas AHW30TPO-
nua. HwrHaprueckne qoMeHbl HaGMORANHCH Ha MAEHKAX (100) npu K, >0 u pacrsry-
BaiOLeM HalpsKeHHy o >(),.Torna kak Ha nneskax (111) ronsko npu K, <0.

»

I. INDTRODUCTION

In the previous paper [1] the influence of the stress induced anisotropy and the
magnetocrystalline anisotropy on a domain structure was studied for two Co®*
concentrations. It was shown that a special type of domains called rectangular
bubbles may exist in the remanent magnetic state if a tensile stress is present. The
aim of this paper is to continue the study of the films with g >0 by extending the
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composition range of the (100) films as far as the Co™ content is concerned and

mwog m=<ommmmm:m3o m:n_cm:nmomﬁofosmrm domain structure for the (111
films. :

IL. MEASUREMENTS

The way in which the composition of the films, the lattice mismatch and the
magnetic parameters such as 2K,/M,, 2K,/M,, 47M..; were determined by usin.
EMA, the double crystal X-ray method and FMR, respectively, are mnmoacna :m
more details in {1] and {2]. The results of our measurements including the previous
ones are summarized in Table 1.

For the (100) films 2K./M;, changes its sign with increasing Co>* content ;

becoming positive it increases the value of the total ani i .
nisotropy field
to the film plane H(® [4]: Py perpendicular

HGo - 2K, 3Ai000 2K?

==t +
M. M, M M
Table 1
1
o (100) plane (111) plane
content 2K, Remanent 2K, 2K, Remanent
M, H®  domain ‘M, M, H{"  domain
[79.6 Am™] [79.6 Am™]  structure [79.6Am™] [79.6Am™)
. stripes,
traces 1 -70+10 < _MMMMH 1" ~75%15 ~0%20 120420 bubbles
Fig. 3
) stripes,
001 2 14510 180%10 r. bubbles /
(Fig. 2a—d)
& stripes, ,
0.02 3*) 220410 245+10 r.bubbles O 235%15 —150+20 95420 stripes
. orse
0.05° 4%) 510410 555+ sHpes, i
10 bbles & 58020 —270+15-154+20 quality
of stripes
. hardly
011 5 970+10 1090+19 Siripes, =
r. bubbles 5 1060£20 —520+20-500+ 20 any
stripes

*) see [1]
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As A0 was found to be large and negative for bulk samples of corresponding
compositions (see Fig. 1), the second term in (1) is positive and should substantially
increase the positive H,"” values (Table 1). These values were calculated using
FMR data and the values of lattice mismatch supposing that the growth induced
anisotropy field 2K¥/ M, may be neglected for the (100) films with 0> 0 (see [1]).
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Fig. 1. Concentration dependence of the magne- /v:oo
tostriction constants for Y,Fe;_,_,Co,Ge,O,;, sin-
gle crystals at T=295 K according to [3]. -4r

The original labyrinth domain structure of our films viewed by the Faraday effect is
showh for sample 2 in Fig. 2a. The rectangular bubble domain as shown in Fig. 2d
were observed for all (100) films with K, >0 as a remanent structure if the sample
was subjected before firstly to an in-plane field (Fig. 2b) and, secondly, to a strong
enough perpendicular magnetic field. When increasing the perpendicular field
gradually, characteristic changes of the domain structure were observed (Fig. 2¢)
before reaching the state with rectangular bubbles. A similar type of transient
domain structure was reported for Mn** containing films [5] and interpreted in
terms of a tramsition between the Neel and the Bloch walls due to a strong
magnetostriction effect.

For (111) films the growth rates were chosen in such a way as to prepare also the
samples with 0=0. In this case the total anisotropy field perpendicular to the film
plane is [4]

i11) A NM A, NN up:—& NN“

YTTAMTOMT M T 2

The values for our films were calculated from FMR data [6] according to the
relation:
w 111)
ﬂlmkumr —47M, . 3)
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Fig. 2a. Origin domain structure of sample No 2

Fig. 2b. Remanent d i
(K, >0, (100) planc], Omain structure of the same

sample after the influence of the inplane field.
Stripes parallel with the [110] direction,

Fig. Mn __uoﬂm“: structure :...Sa applied perpen- Fig. 2d. Rectangular bubbie domains after m:E.nn..
icular field 49000 Am (sample No 2). ting sample No2 to a perpendicular field
78800 Am™'. Bubble domain walls are mostly

parallel with the [100] and the [010] directions.

Fig. 3. Bubble domains in sample No 1'[K; <0,
(111) plane) after being subjected to a perpendi-
cular field 59700 Am™"'.
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Taking into account the dependence of A, on the Co®>* content (see Fig. 1) the
contribution to H4'" of the stress induced anisotropy for a higher Co®* content is
expected to be negative and also the contribution of the magnetocrystalline
anisotropy for all samples with K, >0 will oppose the growth induced anisotropy
field 2K7/M,. Thus the resulting HS' will decrease with an increasing Co*
content in agreement with data in Table 1 including the domain observations,
where only for the sample No 1’ a bubble domain structure was detected (Fig. 3).

II. CONCLUSIONS

Rectangular bubble domains were observed for all (100) films with K,>0 in
agreement with the values of H{°®. Due to the fact that the values of this field are
very small for all samples (¢ = H41*”/47M, < 1), the direction of magnetization in
stripes and bubbles is not perpendicular to the film plane but makes an angle of
about 60 degrees from the normal to the film [7]. As far as (111) film are
concerned we can only conclude here that the compositions with K, >0 are not
appropriate for bubble domains.
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