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ANALYSIS OF BIAXIAL ANISOTROPY IN FERRITE-GARNET FILMS 
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A method of studying biaxial anisotropy in ferrite-garnet fi lms with in-plane magnetization 
is considered. To ensure the maximum reliability in a comparison between the pulse 
properties of a film and its anisotropy the latter is investigated by means of a pulse inductive 
apparatus. For the identification of the anisotropy axes the dependence of the shape of the 
180°-pulse reversal signal on the direction of the switching field is analyzed. The value of 
the effective anisotropy field, was measured by the method of free magnetization 
oscillations.   
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1. Introduction 

 
Anisotropy is one of the factors that affect the behavior of magnets in magnetic field pulses. 

Thus, the value of the effective anisotropy field and the direction of the external switching field 
relative to anisotropy axes determine the form of the pulse switching curve representing the 
dependence of the magnetization reversal rate on the pulse field intensity. To ensure the maximum 
reliability in a comparison between the pulse properties of a magnet and its anisotropy the same 
measuring equipment should be used. However, in the papers related to this problem [1-4], the 
investigation of magnets with unaxial anisotropy (permalloy and soft amorphous films) has been not 
considered in depth. Here the possibility of studying biaxial anisotropy in ferrite-garnet (FG) films 
with in-plane magnetization is discussed. As already known, such films are applied to the solution of 
some technical problems, in particular, for making high speed optical modulators [5,6]. In such 

films, alongside with in-plane anisotropy (with an effective anisotropy field kOe1H
1K ≤  [7,8]), 

the biaxial anisotropy [9] does appear. Quantitative information on the effective field of biaxial 
anisotropy 

2KH is absent. 

 
 

2. Experimental equipment 
 

Reference pulse induction installation [10,11] was used. The explored FG fi lm was 
positioned in a strip line. This line and used sources of current pulses have allowed to gain pulses of 
a magnetic field PH  with amplitude up to 65 Oe at rise time 3-4 nanoseconds and up to 30 Oe at 

rise time 0.3 nanoseconds. Frequency repetition of the pulses was 1.2 kHz. For recording the change 
of a magnetization a longitudinal pickup loop was used, which plane was perpendicular to the field 

pulse PH . The induced voltage in the pickup loop was detected by a sampling scope. The sampled 
signals were subjected to an electronic noise subtracter.  
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3. Indentification of the anisotropy axes 
 

For the indentification of the anisotropy axes the regime of the 180° magnetization reversal 
was used. An initial state of a technical saturation of FG fi lms was achieved by applying a constant 
bias magnetic field bH  in the film plane. The reversal process was exited by applying the field pulse 

PH , which direction was opposite to the bias field. The dependence of the reversal signal shape on 

the film orientation relative to the field PH  was investigated. 

It has been found that if the amplitude of the total field bPS HHH −=  is sufficiently high                         

(≥ 50 - 60 Oe) and a film is rather homogeneous, the four directions are clearly defined. These four 
directions lie in the film plane and the signals for these directions have maximum duration                
(~ 8-12 ns). A transition from one of these directions to another is achieved by the rotation of the 
film on the angle close to 90°. For homogeneous films this transition is not followed by appreciable 
change of the signal shape. Fig. 1 shows the signals corresponding to the four possible directions of 
the field PH , for which the signals duration is maximum. Oscillograms are obtained for the film 

with the following data:  FG composition - ( ) ( ) 1253 OFeGaLuBi , thickness - 2.75 µm, field of 
technical saturation - 2.7 Oe, saturation magnetization - 16 Gs. The analysis of hysteresis loop of the 
film has shown that the discussed directions are collinear to two easy axes [9]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. The signals of magnetization reversal relevant to four possible directions of a field HS  
                                                     along the easy axes HS = 56 Oe. 

 
 

For more precise orientation of field SH  along any easy axis in FG films, we have 

addressed to the experience of investigation of permalloy fi lms [10,12] and used a dependence of the 

signal shape on a magnetic field ⊥H , perpendicular to the easy axis. After applying the field               

⊥H (~ 2-3 Oe) the signal shape sufficiently changes and the signal duration decreases (see Fig. 2, 

signal 1 and signal 2). If the fi lm is homogeneous, and the field SH  is collinear to one of easy axes, 

the change of the field ⊥H direction on 180° is not followed by any change of the signals (see Fig. 2, 
signal 2 and signal 3). However, if the film is essentially inhomogeneous this condition is not 
developed at any orientation of the field SH . Thus, with the help of the described method it is 
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possible to estimate the inhomogeneity of FG films. Our experiments shows that the required 

orientation of the field SH and one of the easy axes for homogeneous FG films can be carried out 

with an accuracy of  ~ 0.5-1.0°. 
 
 

4. Measurement of the effective field of biaxial anisotropy 
 

In order to measure the values of an effective field of biaxial anisotropy we have applied a 
method of the free magnetization oscillations, which was used earlier for measuring a field of an 
unaxial anisotropy in permalloy films [1,2]. We have showed that the free magnetization oscillations 
are easily generated in FG films under action of the magnetic field pulse applied in their plane [11]. 

It has been also found that Landau-Lifshits damping constant Hz102 6×<λ . In these conditions 

( )bK2

2
2 HHm

4
f

2
+⋅⋅

π
γ= ,                                                        (1) 

 
where f is free oscillation frequency, 
 

1KS HM4m +π= ,                                                            (1a) 

 
γ  - gyromagnetic ratio, 

1KH - effective in-plane anisotropy field, 
2KH - effective field of biaxial  

anisotropy, bH - planar bias field applied to along one of the easy axes.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. The signals of magnetization reversal, received in presence of a field HS = 56 Oe, 
directional along an easy axis. The signal 1 is received at field H⊥ = 0, and signals 2 and  
                                 3 – at two opposite directions of a field H⊥ = 3.2 Oe. 

 
 

Free magnetization oscillations are initiated by applying the field pulse SH ( )Oe73−≤ , 

perpendicular to the bias field bH . A value of the anisotropy field 
2KH can be obtained from the 

dependence of the oscillation frequency square on the field bH . The example of the experimental 

dependence is shown in Fig. 3. The experimental points are measured, accordingly, for two 
geometries, i.e. the field bH was applied in first case along one axis, and in the second case - along 

another, perpendicular to first one. Fig. 3 shows that all these points are well approximated by one 
straight l ine. This result shows, that the investigated FG film really is biaxial and influence of 
unaxial anisotropy in this film does not appear. Prolonging the approximation straight line up to 
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crossing with an X-axis, we find that for the sample under study Oe650H
2K ±= . Also, we found 

out that for others investigated FG films 
2KH is situated in limits 35-55 Oe. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Frequency square, F2, versus bias field Hb. Triangles and quadrates represent results  
                                    obtained for two geometries discussed in the text. 

 
 

Using the value of 
2KH  the coefficient m in (1) can be determined. So, from the data 

presented in Fig. 3 follows, that kOe2.02.1m ±= . Using above mentioned value of SM  (which has 
been found by use of vibrating sample magnetometer; VSM of Princeton Measurement Corp.), we 
got the value of kOe2.00.1H

1K ±= . 

 
 
5. Conclusion 

 
Extension of the pulse inductive method’s investigation of magnetic anisotropy in thin 

permalloy films on the case of ferrit-garnet films with in-plane magnetization is rather fruitful and 
allows to obtain data not only on the biaxial anisotropy, but also on in-plane anisotropy. 
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