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The Breakdown of the 360° Bloch Domain Wall in Bubble Magnetic Films
By
H.E. KHODENKOV, N.N. KUDELKIN, and V.V, RANDOSHKIN

According to Shirobokov /1/ the so-called 360° or double Bloch domain wall
exists in an arbitrary strong external magnetic field Hz parallel to the easy axis
of the uniaxial ferromagnet. On the other hand, it is found experimentally /2/
that in the bubble films the 360° wall is stable only below some threshold value
Ho of the applied field Hz, whereas above the threshold the wall is annihilated.

It is shown theoretically 3/ that under applied field Hz greater than the an-
isotropy field I-[a the 360° Bloch wall is unstable due to the growth of the Neel
perturbation deviating the magnetization vector M from the wall plane. From
the topological point of view two neighbouring 180° Bloch walls of the same
winding, of which the 360° wall is built up. can merge and annihilate, for ex-
ample, via intermediate state of two 90° Neel walls of opposite polarities. For
ferromagnets with the quality factor Q = Ha/4JtM <1 (4nM is the saturation
magnetization) it is found in 3 that the threshold field Ho is 47t M/3. Here we
deal with the case of bubble films with Q> 1 in detail and determine theoretically
and experimentally the threshold field.

Let us consider a uniaxial ferromagnet with easy axis parallel to the z-axis.
The plane of the wall is x0z, the magnetization vector M= M(sin@siny’,

” inBcoegp, 0s6)), where polar© (y) and azimuthal ¢(y) angles depend only on the
y-coordinate normal to the wall plane. The surface energy density is taken in
the form

= 4(AK) 1/zf{[(da/dy)2 & sinze(dy/dy)z] - sin28c082g7 +(1/Q cos? e-
- 2H sinBcos y}dy . (1)

The first right-hand term is the exchange energy, the second is the unjaxial an-
isotropy energy, the third is the Winter local demagnetization energy, and the
last is the Zeeman energy with H = Hz/Ha. Here A is an exchange constant, K
is a uniaxial anisotropy constant. The lengths are measured in units of the Bloch

1) Vavilov str. 38, 117 942 Moscow, USSR.
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wall parameter A .
The ground state of (1) is the Shirobokov 360° wall:

0 =7/2, tan(g /2) = ~(1 + 1/3)1/2(1/51;1 v, @
(o] (o}
dy,/dy = 2sinlg /2)[H + cos’ /2)]1/ 2 3)
where g (-@) =0, ¢ (+e0) =27, 7=(1+ Hyel/zxj

For small Bloch 5({ and Néel 80 perturbations the energy density is

2 1/2 P A

5% = a(aK) f[é 9L.8¢+60 1.,68]ay @
with the perturbation obeying the linear equations

A 2,2

Lop= [»d /dy” + cos2¢ + Hcos <p0‘_|5<,>: 0, (5)

A A

LZGGE[LI +1/Q - 2H + 2Hcosg.>o]58= 0. (6)
The lower level of i‘l is the symmetrical zero soft mode

-1/2

8g9,= 02 ag san

N=4[1 Y2 msimntmA], )

L16(pO =

The potential in the Schrédinger-like operator i‘l has the form of a double well
(H@) and the normalized eigenfunction 6‘% has two antinodes at the positions
of the 180° walls within the 360° wall.

Comparison of (5) and (6) shows that the levels of /‘\"2 are not negative at
small H. Energy consideration with the help of (4) allows to conclude that the
growth of the Néel perturbation&8 is unfavourable so that the 360° Bloch wall
persists. But with further increase of H the lower level of I_,7 may become
field Ho where
rial function in the

negative. Thus, the value of H making 6 ¢ = 0is the thres:

Shirobokov’ s structure breaks down. Now we use & Yo

Ritz procedure and obtain the following equation:
1/2
526 - 4AK)/ 8<po[Q H¢2Hcos,py >=0, (8)

where

21
<69)0|cos %|&Po>: (2/N) f sin( cpo/Z) [H + cosz(%/Z)] 1/2
o

ag, = 2m/M[a +0Y2 @ sinn 0l A ],
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Since Q > 1 in bubble materials solution of (8) takes the form
H /27M~ 1:[t-2m2 @Y pq . Q_ ©

The experiments were performed by high-speed photography /2/. The ob-
served Hg and the values of the threshold field calculated according to (9) are
listed in Table 1, where h is the film thickness and 1 is the characteristical
length. The bubblegarnet films had the nominal composition
(YSmLuCa)a(FeGe)solz.

The results show quite a good 6% agreement between Hg and I-I'J in the films
with the quality factor Q ranging from 2.4 to 6.3. The largest discrepancy is
for the Q = 2.4 film, that is for the case, where formula (9) is a poor approx-
imation,

The demagnetization energies except the Winter local term do not con-
tribute significantly to the proposed breakdown mechanism. First, theH com-
ponent of the demagnetization field equals zero at the centers of the 180 walls,
that are the only points where our trial function (7) is essentially nonzero.
Second, the twisting of the walls caused by the H component is negligible be-
cause the distance between the 180° walls is very small at the moment of the
breakdown.

In conclusion we note that both the theoretical and experimental data dem-
onstrate unavoidably the instability of the 360° wall. It is extremely difficult

Table 1

Theoretical Ho and experimental Hz values of the threshold field

sample b '?(/ Hxm Q@ e
() () (@ carm) |a/m)
1 4.7 Jo.53 [234 6.3 1820 | 8.5
2 6.6 [0.78 |266 [5.6 | 9.23 | 9.23
3 4.5 [0.28 |205 [5.2 |10.19 | 9.87
4 6.1 072 272 a7 | 9.31 | 9.23
5 4.2 [0.36 [345 [4.3 [11.68 [12.02
6 2.2 |0.29 457 3.1 |14.96 [15.28
U 2.3 lo.25 512 [2.4 |16.15 |17.11
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to imagine how a nucleus of a new magnetic phase may be above the threshold
value of the applied field given by (9). The established threshold can be taken
as an upper bound of the stripe chop field in the vertical Bloch line memory
recently proposed by Konishi /4/.

A somewhat different type of 360° wall has been treated in /5/. A large
magnetic field was applied perpendicular to the easy axis of a low-Q (K1) fer-
romagnet. The 360° wall solution exists only if the applied field Hx> Ha' The
stability threshold relative to the uniform mode found in /5/ equals 4%M/3.

It exactly coincides with the corresponding magnitude for the 360° wall in the
H, field /3/.
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wall parameter A .
The ground state of (1) is the Shirobokov 360° wall:

e
8, =7/2, tan(g /2 = -(1 + /0" X1/}, )
dg,/dy = 2sin(g,/2) [H + cos%( /2] 2 3)

where LPO(-m) =0, kfo(+oo) =27, q=(1+ H}el/ﬂé

For small Bloch 6(p and Néel 80 perturbations the energy density is
8% = 4(a10"/? [[5 92,89 +68 L,56lay @
with the perturbation obeying the linear equations
i.l&; = [—dz/dy2 + cos2 ¢, + Hcos tpo]ﬁ 9=0, (5)
1,80=[L, +1/Q - 20 + 20 cosg;o]ae): 0. (6

The lower level of i‘l is the symmetrical zero soft mode
1/2

89, = V2(ag say)
N=4[1+ Y% menn @3], )
/i,lliqzo =0.

The potential in the Schrodinger-like operator i‘l has the form of a double well
(Hél) and the normalized eigenfunction 6970 has two antinodes at the positions
of the 180° walls within the 360° wall.

Comparison of (5) and (6) shows that the levels of i‘Z are not negative at
small H. Energy consideration with the help of (4) allows to conclude that the
growth of the Néel perturbation &8 is unfavourable so that tite 360° Bloch wall
persists. But with further increase of H (he lower level of L2 may become
negative. Thus, the value of H making 5 ¢ = 0 is the threshold field H where
Shirobokov’ s structure breaks down. Now we useé%‘ as a trial functmn in the

Ritz procedure and obtain the following equation:
2 1/2
6°6 = 4(AK) 5<p |Q - 2H + 2H cos%]s%>=o, (8)

where Pr e

<6q}0]cos %|5%>= (2/N) f sin( %/2)[H + cosz(%/Z)] 12
o
ag, = 28/M[(1 + nY2.@2.+n sin}‘ n-la 3],




