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Abstract. This paper describes an improved optical method for measuring locally the 
cubic and uniaxial magnetic anisotropy fields in thin garnet films. The derivative of the 
in-plane component of the magnetization is measured, using a double modulation technique 
which combines polarization modulation with field modulation. A simple graphical method 
is devised to calculate H k and H, from the extrema in this derivative curve. The results of 
measurements on magnetic garnet films obtained by different methods are compared. 
Local measurements of the anisotropy induced by substrate facet strain are described. 

Index Headings: Magnetic anisotropy - Garnet films 

Several methods have been proposed recently for 
measuring the magnetic anisotropy of thin garnet 
films. All of these measurements are based on either the 
direct observation of domain configurations [1, 2] or 
on a measurement of the Faraday rotation under 
certain external field conditions [3-7]. It is the latter 
method which we wish to discuss in this paper. 
The methods proposed up to now have a number of 
drawbacks: poor signal-to-noise ratio, measurement 
of uniaxial and cubic anisotropy components together 
rather than separately, and a certain ambiguity in the 
deduction of anisotropy components from the 
measured curves. 
In this paper we present a new version of this technique, 
designed to avoid these disadvantages. Essentially it 
employs modulation of both light polarization and 
external magnetic field, yielding a derivative signal of 
high signal-to-noise ratio. In order to obtain unique- 
ness of the resulting curve, the field component parallel 
to the sample plane is modulated. This also allows an 
independent measurement of the cubic anisotropy 
component. Detailed descriptions of the experimental 
technique and of the data analysis are given in Sections 
1.1 and 1.2, respectively. 
In Section 2 the results obtained with this method are 
compared with ferrimagnetic resonance measurements 

and domain observations. Finally, in the last section, 
the capability of the method for measuring local 
changes in anisotropy is illustrated for the case of facet 
strain in the garnet substrate. 

Measuring Technique 

All existing methods have been worked out for the case 
when the sample plane is a (111) plane, and the aniso- 
tropy is a combination of a cubic component and an 
uniaxial contribution with the symmetry axis normal 
to the sample plane. We will also consider this particu- 
lar case (which is that most frequently occurring in 
assessing bubble materials). 
Krumme et al. [3, 4] measure the Faraday rotation 0 F 
of the sample by a standard polarization modulation 
technique as a function of external fields H• normal to 
and H// parallel to the sample plane 1. H// is applied 
along El12] or [TT2], so that the magnetization is al- 
ways in the (110) plane. From 0F they deduce plots of 
the angle 0 between the magnetization and the sample 
normal as a function of H//at fixed values of//1. Their 
analysis, leading to values for the cubic and uniaxial 

1 Note that our indices L and//agree with the convention of [3, 4], 
but differ from those of [5--7]. We feel that the chance of confusion 
is less when reference is made to the sample geometry. 
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anisotropy fields, starts from the location of inflexion 
points in these plots. Therefore, it seems sensible to 
measure directly the derivative of such curves, where 
these points will show up as maxima or minima. This 
means that one tries to determine the "susceptibility" 
Z//= d ( M  cos~9)/dH//, which is the derivative of the nor- 
mal component of the magnetization direction. 
In fact, the basis of the methods proposed by Josephs 
[5] and Shumate et  al. [6, 7] is a susceptibility measure- 
ment, but since they modula te / /1 ,  they measure Zl 
rather than Z//. Josephs [5] maintained a zero mean 
value of H i  and measured only the tail of the sus- 
ceptibility curve for high in-plane fields H//. Shumate 
et al. [6, 7] employed a non-zero field H• 
It is useful to go into the magneto-optical measure- 
ment in some detail in order to establish what is actual- 
ly measured. Let the Faraday rotation of a specimen in 
a given magnetization state be Or, and let polarizer and 
analyzer be at an angle e from the extinction position. 
Then the relative intensity of transmitted light is 

t*  = I / I  o = sin2(0F + C 0 . 

Let a field component Hi (i referring to either l o r / /  
components) be modulated at a frequency co// with 
(small) ampl i tude/ t ,  then one has 

OF = OF(tT) + 0}(/7)/~ sino)H t + . . .  

and to first order in H one has 

I*=s in2(Ov+c~)+s in[2(O~+~)I tO 'F]s ine)r~ t+ ... (1) 

and at the frequency co u one detects a signal 

I,~ = sin[2(0 r + a)0~/~]. (2a) 

In practice, OF ~ 1 and one can write 

I*  = 0~/~(sin2~ + 20 F cos2~). (2b) 

This is the basis of the methods in [5-7]. The field Hi_ 
is modulated and the signal I}  is observed. From (2b) 
it is clear that I*  is only proportional to the desired 
quantity 0) if c~>>0 v. However, in that case there is a 
large dc component in the light intensity, as seen from 
(1), reducing the signal-to-noise ratio. If :~ is reduced to 
improve the signal-to-noise ratio, one measures a 
signal proportional to OF'O), in addition to that 
wanted. Thus, there is a conflict between the demands 
of low noise and disturbance-free signal, and one has 
to consider carefully what one is actually measuring. 
To avoid this complication, we propose a double 
modulation method combining the polarization 
modulation of the standard technique employed in 
[1, 2] with the field modulation of [3-5]. Let the 

polarization angle ~ be modulated at frequency co s and 
amplitude ~, e = ~ + ~sinco~t. One can detect a signal 
I* at frequency e)~, which for small ~ is equal to 

I* = sin [2&(~ + OF) ] . (3) 

If the field modulation frequency a)r~ ~ ~o~, one can feed 
this signal to a second detector tuned to co H and detect 
a signal 

I ~  = 2~I2I(dOv/dH)cos2(Ov + YO . (4) 

Now 0 v is small and ~ can be chosen close to zero. Thus 
one has a signal I*B ,.~ 2~I2I(dOF/dH) of the desired form, 
while at the same time the dc intensity I* ~ sinZ(a + OF) 
is very small. In this way a low noise is combined with 
a pure derivative signal proportional to dOF/dH. This 
derivative is proportional to the susceptibility we want 
to measure 

dOr/dH i = OF(O = O)Md cosO/dH~ = OF(O)z i . (5) 

In such a double modulation scheme, it is of course 
important to make a proper choice of modulation 
frequencies and lock-in detector time constants. We 
have successfully employed two Brookdeal 401 A lock- 
in detectors, with the polarization modulation at 1 kHz 
and the corresponding time constant at 10 ms, while 
for the field modulation we had 10 Hz and 1 s, respec- 
tively. These are of course just typical values. The signal 
I~ is a measure of 0 e or cos0, which can thus be 
monitored simultaneously. 
Our proposed technique consists of measuring the sus- 
ceptibility Z// as a function of H// for positive and 
negative values of H // or ien ted  along a [112] direction. 
The sample is oriented using a Laue transmission dif- 
fraction pattern, which is displayed on a TV monitor 
for ease of operation. The perpendicular field H• is kept 
at a value high enough to avoid both domain formation 
and instabilities [3] in the uniform magnetization con- 
figuration. The susceptibility plot shows extrema for 
both signs of H//. The asymmetry in the peaks is a 
measure of the ratio of cubic to uniaxial anisotropy, 
and combined with their location yields values for these 
anisotropy fields. In addition, by scanning )~//as a func- 
tion of HI  for values of H / / l a r g e r  than the anisotropy 
fields, an independent check on the cubic anisotropy 
is possible. The analysis of the measurements, which 
can be done either graphically or by a numerical fit, 
is discussed in the next section. 
One important advantage of this technique is that the 
anisotropy fields can be determined uniquely from the 
positions of the susceptibility peaks alone, leaving 
agreement between theoretical and experimental curve 
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shapes as a further check on the correctness of the 
analysis. In the method of Shumate et al. [6, 7], these 
positions are not unique: different combinations of 
anisotropy fields can give rise to the same peak po- 
sitions. It then becomes necessary to use curve shape 
as well to avoid erroneous conclusions. In their tech- 
nique, moreover, it is necessary to rotate the sample, 
in order to measure with HI~ along various crystal 
directions in the plane. This makes it impossible to 
carry out local measurements, unless the spot investi- 
gated is exactly on the axis of rotation. As in the method 
of Krumme et al. [3, 4], after initial orientation we do 
not need any further sample rotation; thus local 
measurements using a narrow light beam are feasible. 
An example of such a measurement is discussed in 
Section 3. 

Theory and Analysis of Measurements 

In this section we derive a description of the shape of 
susceptibility vs in-plane field curves in terms of exter- 
nal and anisotropy fields. From this we construct a 
simple graphical method for the analysis of experi- 
mental results; alternatively one can employ a numeri- 
cal fit to the observed peak positions. 
In this paper, all energies will be divided by the 
saturation magnetization M, and the discussion is es- 
sentially in terms of anisotropy fields. The sample is 
oriented with [111] as the sample normal, H/ /being 
applied in the (110) plane and counted positive when 
along [112]. The magnetization direction m is charac- 
terized by a polar angle ~; measured from [111] and an 
azimuthal angle ~0 measured from [112] (Fig. 1). 
With this sample orientation, any strain- or growth- 
induced anisotropy is expected on symmetry grounds 
to have uniaxial symmetry. Anisotropy fields are de- 
fined as follows: an "effective uniaxial" field H e = 

2 K J M -  4rcM is built up from uniaxial anisotropy (K~) 
and demagnetization energy (2rcM 2) contributions, and 
the cubic field is H k = 2 K ~ / M .  In terms of these fields, 
the reduced total energy density for uniform magneti- 
zation along (~, q)) can be written in the form 

E = - Ha cos~ - H//sin~ + E~(~, ~p), 

E a 1 �9 = 2HeSln-O + ~ H  k (6) 

�9 ( - 8 sine0 + 7sin40 + 4 ~ 2  sin 3~9 cos0 cos3(p). 

Here we have introduced E ~, the reduced anisotropy 
energy density; for other sample geometries, E ~ will 
change, but the formulation in terms of E ~ remains 
similar�9 

[111 ] 

[~1o1 

Fig. 1. Sample geometry 

In order to find the equilibrium magnetization direc- 
tion, we require the derivative o r e  to be zero along two 
mutually orthogonal directions. We define these direc- 
tions as follows: if m is a unit vector along the magneti- 
zation direction (O, ~0), then g is a unit vector per- 
pendicular to m in the sample plane along (zc/2, ~0 - rt/2). 
The third orthogonal direction is along h = m  x g. 
Small deviations can be written as 

m + d m = m  ~ l - 5 2 - e 2  +(Sg + eh , 

and the required derivatives are those with respect to 
5 and e. It can be seen that varying e alone means a 
change in 0, while variation of 5 refers to a motion of m 
perpendicular to the (110) plane. Some algebra shows 
that derivatives with respect to fi and e can be expressed 
in those with respect to 5 and q) 

E a = - E,~/sinO, E~ = E~ ; (7a) 

Eaa = E~JsinZ~ + E~ cotg0,  E~ = E ~ ,  
(7b) 

Eo~ = - EsJs inO + E~, cosO/sin2O. 

In equilibrium we require E~ = E~--0 with the stability 
conditions E~ > 0, E~oE~-  E2~ > 0. For  magnetization 
directions in the (T10) plane, where ~p=0, one has al- 
ways E o -  0, E~--- 0 for any 0. Thus, with H// in  the (110) 
plane, m lies in that plane too, provided of course the 
stability criteria are met. Thus equilibrium directions 
are determined by 

0 = E~ = H• sin0 - H//cosO + E a , (8a) 

provided 

0 < E0~ = Ha cosO+ H//sinO + Ego, 
(8b) 

0 < E~ = H a cosO+ H//sinO + E ~ .  

Here the first of the conditions (8b) refers to stability 
against small deviations out of the (T10) plane, while 
the second refers to a similar stability within that plane. 
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The derivatives of E ~ in (8) can be written explicitly for 
our geometry, with ~0 = 0, as 

E~ = H~sin`gcos`9 + ~ H~ 

�9 [sinOcos0(- 4 + 7sinZ`9) + ]/2 sin2`9(3 - 4sin2`9)], 

E~o = Hecos2# + {Hk[-- 4 + i 1 sin20 

- -  7sin4`9 4- ~/2 sinOcos`9(-- 6 -- 4sin2`9)], (9) 

E~ = He(1 - 2sin20) + 16 Hk[-- 4 + 29sin2`9 

--28sin4`9 + ~2  sin`gcos`9(6- 16sinZ`9)]. 

The equilibrium condition (8a) gives the functional 
dependence of 9̀ on H• and HII, though this is not 
explicitly expressible unless H• 0, Hk=O. The sus- 
ceptibilities Z• and Z//are found by differentiating (8a) 
with respect to H• or HII, respectively. Thus one finds 

Z~ = sin`9(c3EJOH~)/(~gEj~`9) . 

Since dE/O0= E== one obtains from (Sa) 

ZII = - -  sin`gcos&E=,(`9), Z• = s i n Z O / E e ~ ( O ) ,  (10) 

where of course 0 is a function of H• and Hil through 
(Sa). In previous methods proposed 3, 4, 5, 6, 7 scans are 
made of Z• or Zll as a function of H// for fixed H• 
Peaks in plots of Z• or Zll are found by differentiation 
of (10)�9 Explicitly, the problem reduces to finding an 
angle 0 satisfying 

[E~cos2`9 + EgOi] sin0 + [E~ocos~q + H• 

( D i - - c o s 2 ~ ) =  0 , 

where D• = 2sin20 - 1 for peaks in Z• DII= 2sin20 for 
peaks in Z//. Subsequently, the corresponding peak po2 
sitions HII are found by substituting this value for 0 
into (Sa). 
Suitable experimental restrictions on H• are such that 
the stability conditions (8b) are never violated during 
an entire scan of H//from - oo to + co. By eliminating 
HII from (Sb) by means of (8a), one can determine a 
minimum value Hm for H• for any combination of He 
and H k. Provided Hz is chosen larger than Hm, in- 
stabilities will not occur. Of course, this reasoning pre- 
supposes a uniform magnetization: conditions to 
prevent domain formation will have to be met sepa- 
rately. In Fig. 2 we have plotted values for Hm for all 
possible combinations of H~ and Hk. Drawn lines refer 
to values of Hm/lHkl while dashed lines refer to values 
of H,,/IH=t. In the upper half of the figure values of H,, 
are given for H e > 0  as a function of Hk/He. For 
negative H~, meaning that K,  < 0 or that 4~M is larger 
than 2K,/M, we have plotted values in the lower half 

0 -.2 -.4 -.6 -.8 -1 

(He)0)  l 

I H e I / H k  
-1.4-2-3 4010 3 2 1,,4 .8 .6 .4 .2 

L5 

. . 5  

-10 

(H~< 0)~ 15 " N  

i i . . . . . . . . . . . . . . . . . . . . . .  

-10 -3 -2-14  -1 =8-:6-.4 ":2 ,2 .4 .6 .8 1./,, 2 3 10 
H,.:/IH~I 

Fig. 2. Minimum values H,, of the perpendicular field necessary to 
obtain stable solutions for all possible combinations of H, and Hk. 
(Drawn lines: H,, / IHkl ,  dashed lines: H,./IH~].) In the upper half H,, 
values are given for H~>0, in the lower half for H,<0. Note: 
horizontal scale is linear in Hk/IH~] for IHk/H,I  < 1, and inversely 
linear otherwise 

of Fig. 2 as a function of Hk/iHe]. Thus the right-hand 
side of Fig. 2 refers to positive, the left-hand side to 
negative H k. Once an initial guess as to the values of 
H e and H k has been made, Fig. 2 can be used to find 
experimental conditions where no instabilities will 
occur [8]. 
To make such a preliminary guess of ilk, we propose a 
simple procedure for finding Hk, independent of the 
value o fH  e. From (10) it is apparent that Zll will change 
sign when either sin0 or cos`9 changes sign. An obvious 
sign change occurs when HII =0. However, it is possible 
to have cos`9 = 0, ,9 = _+ rc/2 provided 

H i sin`9 -= - E~(cos`9 = 0) = - ~ Hk. (11) 

Stability is assured if H/I sin`9 >He+ �89 Thus, pro- 
vided HII is large enough to maintain stability, one will 
find a zero crossing in Zll when H• is varied while HII is 
kept fixed. The value of H for which ZII= 0 is a measure 
of H k, independent of the values of H/f employed and 
independent of H~. Incidentally, such a simple check is 
not possible when measuring Z• since that shows at 
best a shallow extremum. This check is especially 
valuable for small values of the ratio HUHe, since it 
then is difficult to measure H k accurately from the 
asymmetry in the susceptibility plot alone�9 
Another simple check consists in observing the slope 
of the ZII vs HII plots at zero field. Here one should have 

dzII/dHI/= [Hi + H e -  2-H3 k3 q-2, H/I=O, (12) 
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Fig. 3b. He/H + as a function of H• for He>0 .  (Parameter: Hk/He) 

1.4 

affording a further test of the consistency of the results 
obtained. 
The main analysis, however, will have to come from an 
analysis of the measured positions H + (for positive H//) 
and H_  (for negative H/l) of the peaks in the sus- 
ceptibility vs in-plane field plots. Given H• and the 
corresponding fields H+ and H_  one can make a 
numerical fit to yield values of H e and H k which lead 
to these peak positions. It is then convenient, as a 
further consistency check, to plot the curves of Z~ / vs H// 
predicted from these calculated values, since the com- 
plete curve shapes should agree. 
For a quicker analysis, which can if necessary always 
be complemented by numerical methods, a simple 
graphical method has been devised (Fig. 3). This is a 
natural extension of the use of (Ref. [6], Fig. 2). It rests 
on the observation that all equations employed are 
linear in the fields so that universal curves can be con- 

structed by plotting ratios of fields rather than the 
fields themselves. Experiments yield fields Ha, H +, and 
H_ ; in the analysis given by Shumate et al. [6] cubic 
anisotropy is neglected and they plot H + / H  e as a func- 
tion of H •  + (in our notation). Similar plots for non- 
zero cubic anisotropy give a collection of curves for 
different values of the ratio Hk/H e. Note that we have 
plotted H e / H  + in contrast to the convention employed 
in [6]. The ratio Hk/H e can be determined from a plot 
of H _ / H +  as a function of I-l• again giving a set 
of curves with Hk/H e as a parameter. In Figs. 3a and 3b 
we show such a combination of curves, drawn under 
the assumption that H e > 0; Figs. 3c and 3d give similar 
curves for H e <0. We have used H+/H•  as the abscissa 
in Figs. 3c, d, since in the latter case H I / H  § is always 
larger than 1/~. 
Figure 3 reveals two advantages of this method: (i) ex- 
cept for values of H• immediately above the minimum 
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value Hm, the curves do not cross, and a unique de- 
termination may be made from the positions H+ and 
H alone; (ii) the regions for H e positive and negative 
are completely separated except for the common point 
H• H_/H+=I, which is reached only for 
H• thus from the observed value of H• the 
sign of H e may immediately be ascertained. (Similar 
plots for Z_L peaks show that these two advantages are 
lost with perpendicular field modulation.) 
Thus our proposed measuring cycle contains the 
following steps after sample orientation and selection 
of the area to be viewed (it is assumed that H k < 0): 
(a) for a value of HI  large enough to collapse all 
domains when H//=O, we scan Z// as a function of 

H/ />0;  the peak position gives a rough indication of 
the magnitude of He + �89 
(b) for a value of H//< 0, in absolute value larger than 
that found under (a), we scan g//as a function of H i ;  
the zero crossing gives H k according to (11); 
(c) a "safe" value of Hi  > Hm is determined from Fig. 2 
and the preliminary values of H k and H e found above; 
for this value a plot of Z//is made with H//varying from 
large negative to large positive fields; from the peak 
positions H+ and H_ we determine H e and H k either 
graphically or numerically; 
(d) the results of (b) and (c) are compared for con- 
sistency; "theoretical" susceptibility plots are com- 
pared with the experimental ones both regarding the 
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general shape and with respect to the slope at the 
origin. 
As mentioned in Section 1.1, we have only discussed the 
case of a (111) sample plane. Of course, the method is 
also applicable to cases with a different sample orien- 
tation. For  example, for a (110) sample plane, stable 
solutions can be found with H//along a [001] direction 
or along a [110] direction, while for a (001) sample 
plane HI~ can be suitably chosen along a [100] direction. 
Due to the higher symmetry in these three cases, 
H + = H _  and as a consequence an independent meas- 
urement of H k is necessary to determine H e from the 
extremum in Z//- 

Comparison with Domain Observations and FMR 
Measurements 

The optical method described above has been em- 
ployed to determine the anisotropy parameters of a 
number  of samples with different compositions. In 
Table 1 examples are shown of four garnet films with 
ratios of K1/K ~ varying between about 0.1 and 1. The 
films used for these measurements were grown by 
liquid phase epitaxy on (111) oriented gadolinium 
gallium garnet substrates. The approximate compo- 
sitions are given in Table 1. The K ,  and K1 (fit) data 
were obtained from a fit of the experimentally de- 
termined values of H+ and H ,  using the method 
described in Section 1. The Ka (direct) values given in 
the table were calculated from the zero crossing of Z// 
as a function of H i  at a fixed value of rill [cf. (11)]. For  
comparison we also show the anisotropy values 

obtained from F M R  measurements at i 0 G H z  and 
from an observation of the in-plane field H~ at which 
the domain contrast disappears [1]. The anisotropy 
field H k used to calculate the K u (domain) values given 
in Table 1 was obtained from H~/by applying the cor- 
rection described by Druyvesteyn et al. [93. Measure- 
ments of the saturation magnetization were performed 
with a vibrating sample magnetometer.  
F rom Table 1 we conclude the following: 
1) There is good agreement between the K 1 values 
obtained directly from the zero crossing of){//versus H .  
and the values from the curve fitting of Z//versus H//. 
2) There is also good agreement between the results 
obtained by the optical method and by FMR. The 
uncertainty in K1 is, of course, largest for small KjKu  
ratios in both methods. 
3) The K ,  values calculated from the domain ob- 
servation method are in good agreement with those 
found with the other two techniques. Since these K ,  
values are not corrected for the K~ contribution they 
contain, such agreement is expected only for small 
K J K ,  (as in the case of specimen 3). For  specimen 2, 
however, where K JK,  = 1, this agreement seems purely 
accidental. 

Local Measurement of the Anisotropy - -  The Effect 
of Substrate Facet Strain 

Facet strain is a common garnet substrate defect which 
is associated with the formation of facets on the solid- 
liquid growth interface. When a garnet slice containing 
a facet region is used as a substrate for a magnetic 

Table 1. Comparison of uniaxial anisotropy constant K~ and cubic anisotropy constant K 1 obtained by different experimental methods 

Anisotropy units = 103 erg/cm 3 
Optical method FMR Domains 

Specimen K,) K1 (fit) a K 1 (direct) b K, K 1 K, c 4rrM [gauss] 

1 2.95_+0.12 -0.5 _+0.1 -0 .67_+0 .02  3.02_+0.06 --0.6+0.1 2.83 150 
2 2.1 _+0.1 -2.1 +0.2 -2.4 -+0 .1  2.15+_0.12 -2.1-+0.2 2.31 118 
3 12.3 -+0.2 --1.6 _+0.4 --1.6 _+0.1 11.5 _+0.1 -1.6-+0.6 12.5 200 
4 3.16 _+ 0.12 - 0.36 -+ 0.05 - 0.37 -+ 0.02 2.95 _+ 0.06 -- 0.5 -+ 0.1 4.14 125 

1) Ya.asLao. 1 sFe3.90Gal, i0012 
2) Yz. 15Cao.8sFe4.1 sGeo.85012 
3) Y2.70Smo.30Fe3.80Gal.20012 
4) Y2.85Lao.12Pbo.oaFe3.80Ga~.zoO 12 

a Calculated from the position of the extrema in the Z//vs H//curve. 
b Calculated independently from the zero crossing of the Z//vs H• curve. 
~ Calculated from the field H~/at which the domain contrast vanished. 
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Fig. 4. Measured curve ofgll vs. Hi/for a garnet film (47rM = 16 gauss) 
grown on a Gd3GasO 12 substrate containing facet regions. Curve (a): 
local measurement within a facet region. Curve (b): local measure- 
ment outside a facet region 

layer, the associated strain is replicated by the layer 
[10, 11] and has been found to cause a local change in 
the magnet ic  anisot ropy [4, 11, 12]. A direct measure- 
ment  of this anisot ropy change is illustrated in Fig. 4 
for a facet region approximately  1 mm in diameter. 
The layer composi t ion  chosen for this measurement  

was Y2.ssLao.tsFe3.vsGal.25012.  For  this compo-  
sition both  the 4zcM and K u are small and thus the effect 
of facet strain is relatively large compared  to that of  
layers with larger anisotropies. This is clearly evident 
in the plot of z// versus H//in Fig. 4. Here it can be seen 
that  the susceptibility peaks were shifted to larger H// 
values as the focussed light beam was moved  from the 
unstrained region to the facet strain area of the 
magnet ic  layer. The measured values of  K ,  and K 1 

were - 2 6  and - 3 5  erg/cm 3 outside the facet region 
and + 33 and - 31 erg/cm 3 inside the facet region. The 
measured 4~M was 16 gauss. 
The facet strain replicated by the layer was measured 
with a double crystal diffractometer and found to be 
1.3 x 10 -4. F r o m  this and the above values for K, ,  one 
can estimate the magnetoelast ic coupling constant  as- 
sociated with the change in anisotropy. For  a (111) 
layer with a biaxial planar strain ~ the induced aniso- 
t ropy  AK,  is 

A K , =  ~C2111 

where C = Ct t + C12 "[- 2C44 is the appropria te  elastic 
constant  and 2111 the magnetostr ict ion constant.  F r o m  
the above values for AK,  and e we arrive at C2111 = 
3.0 x 105 erg/cm 3 for this part icular composit ion.  This 
is in reasonable agreement  with values estimated from 
published data  on the elastic [-13] and magneto  striction 
[,14] constants  of the G a  substituted iron garnets. 

Conclusion 

Using a combined polarization modula t ion  and field 
modula t ion  technique a derivative signal of the 
Fa raday  rota t ion is obtained with a high signal-to- 
noise ratio. This derivative, which is propor t ional  to 
Z//, is measured as a function of H//for negative and 
positive values of rill along a [112] direction. Using the 
posi t ion of  the extrema of this curve as input  data one 
can calculate the uniaxial and cubic anisotropy fields 
with the aid of either a graphical method  or a numerical  
fit. F r o m  the zero crossing ofz//as a function of H• at a 
fixed value of H// one can obtain an independent  
measurement  of  the cubic anisotropy constant.  The 
method  is applicable both  for positive and negative 
values of the anisot ropy constants. The data obtained 
are in g o o d  agreement  with F M R  data. 
Since the sample is fixed in space, local anisot ropy 
measurements  can be carried out by using a focussed 
light beam. To illustrate such a measurement  the 
change in layer aniso t ropy due to facet strain in the 
substrate has been measured and the magnetoelast ic 
coupl ing constant  estimated. 
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