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A, multi-purpose Kerr-microscope system is set up for domain
observations i-~ static or dynamic cases. The material under investiga-
tion is Metaglas Fe40Ni38M04  BIs. After field annealing, stripe domains
are found with the e;sy axis parallel to the induced field. We have pet-
formed the pulse field experiments to find wall mobility, intrinsic
damping and Gilbert damping constants. The coercivity and per-
meability of the same material have also been measured at various
frequencies and field amplitudes. From the discovered d.c. coercivity
and initial permeability, we proposed a pinning wells model to explain
the relation between the two quantities.

I. INTRODUCTION

Magnetic domains are known to exist  in Ferro- or Ferri-magnetic materials.

Essentially, all the phenomena associated with magnetic properties, such as coercivity,

permeability, magnetoresistance, etc. are closely related to domainsí y2. Therefore, domain

properties, either static or dynamic, are always the prime subject in ferromagnetism. In the
past, because people were deeply involved in bubble memories, wall dynamics has been fully
developed and studied3  34. Recently, the intense interest of Magneto-optical recprding  also
utilize the technique of domain obs&vations5  ,6 and its related propert#.

In this paper, it is not intended to discuss the technological aspects of domain
applications. Instead, we focus our attention on the physics of domain walls. Particularly,
these involve direct observations of static domains and studies of wall dynamics with our
newly developed ëKerr-microscope system and a proposed bulk-pinning well model to’
explain the inter-relation between coercivity and initial peI;meability of most ferro-magnetic
materials. We have chosen Metglas 2826MB as aëmatíerial  to study,  because it is magnetically
soft7  . That means we do not need very high fields to move the walls or to magnetize the
sample. Additionally, the visibility of domains in this material was found to be reasonably
good.

.
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II. DOMAINS AND WALL DYNAMICS

, The Metglas 2826MB ribbon was fabricated by Mr. D. R. Huang of Chung-Shan In-
stitute*. The as-cast ribbon. is about 2cm wide and 50pm thick. In order to observe
domains, we must first polish at least one side of the ribbon. The polishing procedures are
standard with 3pm, IMrn  and 0.05pm abrasives. A well-polished sample is about 40pm thick
and looks shiny. Then, to achieve optimum magnetic properties, such as low coercivity H,
and well-defined stripe domainsí,  field-annealing is needed. We cut a piece of polished
sample of 2mm wide and 3cm long and put it in a quartz tube for annealing. An anneal is
performed at 350°C for one hour in a vacuum 10 -6 Torr. At the end of theone hour, an
axail magnetic field, supplied by the solenoid coils around the tube, is switched on. The
cooling rate is about 1.2îcimin. The magnetic field is directed along the length of the
sample so that an easy axis of that direction can be induced.

For domain observations, a Kerr-microscope system, as shown in Fig. 1 (a), is set up for
this purpose. A 200W high-pressure mercury arc is used as a light source. Two glan-
Thompson prisms of high quality (with extinction ratio of 1 x 10e6 ) are used as a polarizer

.
and analyzer respectively: The angle of incidence is chosen to be 60î. For the best Kerr

l(b)

FIG. 1 (a) Kerr-microscope system. A & B: light Source, C: aperture, D: filter, E: shutters, F: condenser,
G & M: Glanífhompson  prisms, H: cooling line, I: Helmholtz coils, J: set screw, K: back plate,
L: sample holder, N: objective, P: mirrow, Q: slit, R: eyepiece, S: potomultiplier.

1 (b) Stripe domains under the action of a pulse, dc or ac field, A X is the wall displacement.
l(c) Parabolic bulk pinning wells. Wall 1 and Wall 2 are at the bottom of each well, in equilibrium.

Xc is the Size  of the well.
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contrast, we have used P-polarized light. The sample is mounted on a stage of the sample
holder labeled L in Fig. l(a). This stage can be rotated around the Y-axis. A Water-cooled
Helmholtz coils are also equipped to give an external field of at least 20 mT. This field is
large enough to saturate the sample in either the transverse or longitudinal directions. To
work this Kerr-microsocope, optical alignment is essential and the two prisms must close to
extinction. Then, two or three domain walls are observed, parallel to the easy axis induced
by the magnetic anneal. Because the domain contrast is weak, we only made visual observa-
tions, instead of using photography. The average width of each domain was estimated to be
1 to 1.5 mm.

The first experiment to be performed on domain walls is to find out the demagnetizing
coefficients D, and induced anisotropy energy KU along the easy (Z-axis) direction of the
sample. These are done by saturating the sample with a d.c. field H, parallel to the easy
and hard axes respectively. Saturation along the easy axis is recognized by the mutual an-
nihilation of the walls, and that along hard axis is recognized by the disappearing of domain
contrast. D, is calculated from D, = cc, H, /MS g 10e4, where Ms 2 0.88T. This value is

not far from the theoretical valuelo.  Then, KU is calculated from H, = H, + (I& Ms>/cc,,
where H, = 2KU/Ms and D, is the demagnetizing factor in hard direction. K,, is found
to be approximately 3 x 10’ J/m3 .

The second experiment is to take domain wall velocity measurements. They were
carried out by applying a pulse field of fixed amplitude to the sample, as shown in Fig.í 1 (a).
The PG507 pulse generator and TA-1000 power amplifier can produce one pluse or a
sequence of pulses with SO-usec pulse lengths. The domain wall positions were observed at
the begining and end of each pulse. Then, wall velocities are determined from the wall dis-
placement Ax and pulse length for each fixed pulse amplitude. These measurements will
enable us to find out the wall mobility and .other parameters related to the walls.
Theoretically speaking, the equation of wall dynamics can be written as, see Fig. 1 (b),

mx + px = 2Ms(Hi  - H , ) (1)

where m is the effective wall mass per unit area, p is the viscous damping per unit area, and
Hi .is the internal field., Since the effective wall is small, m = 1.4 x 10s9  Kg/m’  ì,  the first
term of Eq. (1) is usually neglected. Then, for the internal field,

D,R
Hi =  HE - - (2)

p0

where R is the average magnetization, which is represented from Fig. l(b) as

Since in each pulse field experiment, Ax/a = lo-ë. Then- the demagnetizing field D, m/cl,,
% 7mOeí<  HC< H,, where H,, discussed later, .is found to be 20mOe. Hence, from the
above argument, the demagnetizing term in Eq. (2) can be neglected for H, > lOOmOe;  and

Y-mi-,_^  _ ,.
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Hi 2 HE. Eq. (1) is written as

Pi = 2M,(H, - H,)

(4)

VW f X = p(H,  -Hi)

where cc = 2Ms//I  is the wall mobility. Eq. (4) is a linear relation between wall velocity VW
and the external field amplitude H, This relation is justified from our experimental results,
shown in Fig. 2. The slope, which is equal to the wall mobility, is found to be 0.18mZ  /C.

u

=0

-

P

H,(Oel

EIG. 2 ëWall velocity V, vs external field HE in Metglas 2826 MB.

The dotted extrapolation to the HE - axis is the value of Hc 2 17 mOe, which is slightly
smaller than the Hc found from the hysteresis measurements discussed later. This is con-
sistent with other measurementsî.

Since there are usually two kinds of mechanisms responsible for the viscous damping12,
the viscous damping coefficient p is written as

P=Pi+P e (5)

pi is the intrinsic damping coefficient due to spin-relaxation, and 0, is the eddy-ctlrrent
damping coefficient due to the eddy-current. For the case of a rectangular cross-section
sample of thickness w, 0, and p, are expressed as12

/3, =  (16MJZw/7rpcZ

(6)

, ;: Pi = [cr(l  + q12 )M,lrl (KU /A)ìí
.+.

where p is the resistivity, c is the speed of light, (11 is the Gilbert damping fromíthe Landau-
Lifshitz equation, y = 1.76 x 10í Oe-’  see-’  , and A is the exchange stiffness constant.
Then, it is straight forward to calculate p, and from Eqs. (5) and (6), pi is obtained. Since
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we have measured KU, and. A a~ 1 .O x 1 O-l1  J/m for most of Fe-based alloys, OL is calculated
to be 0.20. This value agrees with that obtained from a single-crystal Fe wisker sample13.
Also, from the values of pi and p,, weí find pi Z, P, 2 0 ( 10r2 Kg/m2 set). This is usually

not the case in a crystalline material13,  tihere  Pi < 0, - 0 (1 Kg/m2 Set).  The reason for
the smaller value of be is because of the higher resistivity in amorphous materials.

III. COERCIVITY AND INITIAL PERMEABILITY

A 12 cm long and 2 mm wide strip was cut from the 2826 MB ribbon, and then field
annealed in the same manner as described in Sec. II. A hysteresis B-H loop tracer, as shown
in Fig. 3(a) was used to measure the coercivity and permeability x of the material. Because

___~1 I

L

3 Ia)

3 (b)
FIG. 3(a) The apparatus for the coercivity and permeability measurements.. The dotted line represents the

shields to eliminate the earth field.
3(b) The major loop is measured at various frequencies and field amplitudes to obtain H,and  X. The

dotted line is the commutation cur& obtained from the minor loops.

of the effect of the earth field, the whole apparatus is well shielded. For the initial
magnetization run, the sample was demagnetized. As in Fig. 3(b), H, is determined for each
frequency of the major loop, and the permeability is obtained from the tips of the com-
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mutation curve, which is identical to the initial magnetization curve. Then, from these-.
measurements, we can determine the intrinstic  properties, such as dc coercivity and initial
permeability xi (independent of frequency and field amplitude) of the material. From Fig.
4, it is seen that Hc approximately varies as f1í3. This is due to the eddy current effect.

FIG. 4 The coercive force H, as a function of the external fieldís frequency f and amplitude H,.

However, theory has predicted Hc a fîí  14. The slower frequency dependence probably
arises because of breaking into finer domains at high frequency. Our aim here is to find the
Hc at the lowest frequency limit, which is approximately 20 mOe. Permeability, is plotted
as a.function of field amplitude in Fig. 5. The shape of this curve is easily understood from

I I

H,(mAlcm)

FIG. 5 The permeability measured as a function of field amplitude H,.

the virgin curve of Fig. 3(b).  Then, xi is obtained from the low limit of field amplitude,
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ëwhich is about lo3 .

Finally, we discuss the relation between HC and xi in the framework of a pinning well

model. It is generally observed that for any ferromagnetic material, HC is almost inversely
proportional to xi15  .’ To understand this phenomenon, we must go is to the microscopic
picture of any pinning mechanism. In reality, the shapes of pinning wells can be very
complex. This is evidenced from the Barkhausen spectrum. However, for simplification,
we may approximate the real pinning wells with parabolic wells, as in Fig. I(c).
Mathematically speaking, the pinning force per unit wall area is

au 2Ax
fP=-=-aax xc % (7)

where X, is the size of the well. If a field HE is applied to move the wall, the equilibrium
condition gives,

2Ax
2M,H, =  f, =  $ =-

XC
Ms

Hence

HE
Ax=--x

Hc c

(8)

(9)

Since two walls move in opposite directions by Ax, the average magnetization R is expressed
as in Eq. (3). Then, from Eqs. (3) and (9), it is easy to show that

Eq. (10) explains the observed relation between xi and HC. With the measured values of
xi, HC, Ms and a, we obtain X, z 1 .lpm. This is of reasonably correct order of magnitude,
because the range of any inhomogeneity, like defects, extends about 1Dm.

IV. DISCUSSION

We have measured all the important parameters, such as domain width, anisotropy
energy, .wall mobility and Gilbert damping, concerning a static or dynamic domain wall.
Amorphous materials are most suitable for these kinds of measurements with our Kerr-
microscopy system. We have also proposed a bulk pinning well model to account for the
relation between coercivity and initial permeability. The model is based on the general
properties of a domain wall.
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