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Advantages of using an IF substitution method with a waveguide below cutoff attenuator
for obtaining ferrimagnetic resonance line width of polycrystalline materials are discussed.
An improvement in the IF system involving phase locking the local oscillator to the signal

generator is described.

Measurements were obtained which indicate that the above 1F

attenuator method compares favorably with accurate frequency measuring techniques for

plotting entire resonance curves.

1. Introduction

The American Society for Testing and Materials
has recently established a standard test method for
determining the ferrimagnetic resonance line width
and gyromagnetic ratio of nonmetallic magnetic
materials [1]." The method essentially utilizes a
precision REF attenuator located on the input side of
the transmission cavity for determining the half-
power points on the resonance curve of the sample.
We have recently published tables which facilitate
the calculation of the half-power points using the
ASTM techniques [2]. At the same time, some of
the advantages and disadvantages of using an IF
substitution technique with a 30 Me/s piston attenu-
ator for obtaining these measurements were pointed
out.

A typical advantage of [F detection may be found
in greater sensitivity which increases the range of
sample size and loss which can be measured. An-
other advantage is related to the increased accuracy
inherent in the use of an IF substitution method
using a waveguide below cutoff attenuator [3].
Furthermore, since the IF frequency is constant in
such a setup, the same attenuator and detection
system may be used in equipment designed for
measurements at different microwave frequencies.

The primary disadvantage associated with the IF
substitution method lies in the inconvenience and
additional time required for manually tracking the
local ITF oscillator with the signal oscillator. This
introduces delay in the time needed for the measure-
ment of the maximum and 3 dB points on the reso-
nant curve of the sample since the signal generator
must be retuned at these points to maintain the
cavity at resonance. The IF method of course
requires somewhat more equipment than the RF
substitution technique; however, with the exception
of a precision waveguide below cutoff attenuator, the
extra equipment is usually available in a typical
laboratory. Furthermore, at the present time,
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complete TF attenuation measuring are
becoming commercially available.

Our previous experience using the method adopted
by the ASTM with an IF substitution arrangement
had indicated that the advantages in many cases
outweighed the disadvantages. For this reason, we
have recently carried out further studies in an effort
to gain a greater appreciation of the applicability of
[ ¢ substitution methods in ferrimagnetic resonance
setups in general as well as to develop a system for
avoiding the disadvantage associated with local
oscillator tuning. The purpose of this paper is to
describe in somewhat more detail the results of these
studies. This discussion will be divided into essen-
tially two areas. First of all, the development of a
ferrimagnetic resonance measurement system using a
phase lock arrangment for automatically tracking the
local oscillator with the signal oscillator will be
described. Secondly, a comparison of the use of the
attenuation method using a waveguide below cutoff
attenuator with a method using an accurate fre-
quency measuring technique for determining entire
resonance loss curves will be discussed.

systems

2. Experimental Setup

A typical experimental setup utilizing an I'F sub-
stitution technique designed for measuring line width
by means of the ASTM method has a waveguide
below cutoff attenuator preceding the IF detector.
Changes in the RE attenuation of the cavity due to
the sample properties are measured by the corre-
sponding changes in the [ F attenuator which maintain
a constant level signal to the ITEF detector. In a
typical measurement of line width, the signal fre-
quency is first adjusted to give cavity resonance for
the empty cavity and the I'F attenuator is set to a
value, Ay, to give a convenient output reference level
on the galvanometer. The sample is then inserted,
the d-¢ magnetic field adjusted for maximum ab-
sorption in the sample, the frequency adjusted for
cavity resonance, and the IF attenuator set to a new
value which we designate as A, in order to obtain the
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same output reference level. Knowing AsA4,, it is
possible to calculate the IF attenuator reading
corresponding to the half-power points on the reso-
nance curve of the sample. The attenuator is then
set at this calculated value, and the line width is
determined from the two d-c field settings necessary
to alter the sample properties until the fixed output
reference signal 1s obtained. Once again, the signal
frequency must be adjusted to maintain cavity
resonance corresponding to these new sample con-
ditions. It is readily apparent from the above dis-
cussion that the magnetic d-c field and signal oscil-
lator frequency settings are interdependent and
require considerable trail and error adjustment for
obtaining optimum conditions. The added com-
plication of tuning a local oscillator to maintain a
fixed IF frequency is obvious.

The availability of commercial phase lock systems
offers a solution to the above problem. Such systems
are usually used to lock the frequency of a klystron
oscillator to some multiple of a low frequency crystal
oscillator to produce stable microwave frequencies.
The same equipment should be applicable for phase
locking the klystron local oscillator to the signal
oscillator in an IF system. An arrangement using
a frequency discriminator to vary the local oscillator
frequency to automatically track the frequency
variation of the RF source has already been described
in the literature [4].

We have recently developed a ferrimagnetic reso-
nance measurement setup using a commercially
available phase lock systemin a 30 Mc/s 1F substitu-
tion arrangement. In this system, the local oscil-
lator is phase locked to a frequency 30 Mc/s below
the signal frequency. A block diagram of this setup
designed for a signal frequency, fo, is shown in figure 1.
Basically, the phase lock system compares the
difference of the signal frequency f, and the 1F local
oscillator frequency f,—30 Me/s with a 30 Me/s
reference signal which is contained in the phase-lock
unit. A d-¢ correction signal is applied to the
local oscillator, a klystron, such that it tracks the
signal oscillator. This local oscillator signal at a
frequency of f,—30 Mec/s is, of course, mixed with the
cavity output signal at the frequency f, to produce
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Ficure 1. Schematic diagram of equipment used for ferri-

magnetic resonance work using a phase-locked IF substitution
system.

the IF frequency of 30 Me/s. All attenuation
measurements are made using the 30 Mec/s piston
attenuator which controls the level of this IF signal.
The remaining components in the system are used
for level setting, power monitoring, and frequency
measurements which are all common to setups of
this type. These measurements also require d-¢
field measuring equipment such as a nuclear reso-
nance gaussmeter, which is not shown in the
diagram.

It should be recognized that attenuation measure-
ments such as above require that the power levels
in the overall system remain stable during a measure-
ment. This is, of course, true for both the RF and
IF  substitution methods. A good temperature
independent power monitoring setup is thus necessary
in order that corrections can be made for any
small variations in the power level of the system
which may occur during a measurement. The
crystal used in the power monitoring unit shown in
figure 1 was mounted in a temperature controlled
oven.

It is also apparent that the accuracy of measure-
ments of this type is dependent upon the type of
precision attenuator used. The piston attenuator
used in the setup in figure 1 can detect attenuation
changes of 0.01 dB. This type of performance is
considerably better than can be obtained from most
RF attenuators. Furthermore, accurate RF atten-
uators are in general available only over limited
microwave frequency ranges. This frequency re-
striction is not applicable to the piston attenuator
operating at the fixed IF frequency. Impedance
matching is much less of a problem in piston attenua-
tors than is the case for RF attenuators. While it is
recognized that the insertion loss of a piston atten-
uator is rather high, this is not a serious disadvantage
due to the high sensitivity in the IF detection system
and the fact that the range of attenuation of concern
in an ordinary measurement is not great.

An experimental evaluation of the above setup
has given very satisfactory results. The local
oscillator accurately tracks the signal oscillator
during a typical measurement. As a result, the
ease of operation of the IF method with this phase
lock system compares favorably with the RF sub-
stitution method ordinarily used in the ASTM
method.

3. Resonance Curve Plotting

The discussion thus far in the paper has referred
primarily to the measurement of the 3 dB points on
the resonance curve of a sample. However, many
situations arise in which a knowledge of the shape
of the complete loss curve is desirable. This is
usually expressed as the imaginary susceptibility
X'’ as a function of the applied field. Many tech-
niques for plotting curves of this type are based on
VSWR measurements using reflection type cavities
[5]. Some of the earlier work in obtaining these
measurements with transmission type cavities was
based on the RF substitution method [6]. A more
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recent description of the use of RF attenuators in
such work has also been given by Silber [7]. How-
ever, with the development of transfer oscillators in
conjunction with frequency counters, it has become
possible to more accurately measure resonance
curves in terms of changes in the () when trans-
mission cavities are used. On the other hand, a
study of the working equations for plotting reso-
nance curves suggests that the use of an accurate
piston attenuator such as described above should
allow such curves to be obtained from IF attenuation
measurements with accuracies comparable to those
obtained from frequency measurements. The ad-
vantages of the IF substitution method have also
been recognized in the measurements of other types
of materials such as high loss liquids [8]. It was
thus the purpose of the present work to make a
direct comparison of ferrimagnetic resonance curves
obtained using a frequency counter and transfer
oscillator with those obtained using a piston atten-
uator. In both cases, the IF system shown in figure
1 was used for obtaining the data.

It may be shown using an analysis such as
described in reference 5 or 6 that the effective
imaginary susceptibility of a small sample in a
transmission cavity is given by

1/1 1 V.
M=o e ) O 5% 1
x 2<Qn Qo> v, W

where

@ ,—loaded @ of the cavity with the sample;
Qo=loaded @ of the empty cavity;
C=a constant dependent on the cavity and its
mode;
Ve, Vi=volume of cavity and sample respectively.

When using the frequency method, the @’s in this
equation are evaluated from f/Af, where f is the
resonant frequency and Af is the frequency differ-
ence between the three dB points on the resonance
curve. It might be mentioned that even for this
frequency method, the accuracy of the piston atten-
uator is useful in calibrating these half-power points
on the cavity resonance curve.

When using the attenuation method with a trans-
mission cavity, it may be shown that eq (1) [see
appendix] becomes

’7 1 %ﬂ ‘r‘fc

s

where

A =piston attenuator reading corresponding to empty
cavity at resonance;

A,=piston attenuator reading corresponding to any
point on resonance curve of sample with
cavity at resonance.

Measurements were taken on several different ma-
terials which directly compared the use of the fre-
quency counter and eq (1) with the use of the piston

attenuator and eq (2). Typical data taken at 110
Me/s on one of these ferrite materials is shown in
figure 2. It was found that excellent agreement was
obtained between the two methods for several dif-
ferent materials provided care was taken to avoid or
compensate for drift in the gain of the IF detection
system in the attenuation measurement. As was
pointed out for the RE substitution measurements
described in the literature [6, 7], this drift may readily
be corrected by using a high field reference level
corresponding to the empty cavity.

[t is felt that one of the more serious errors in
either the frequency or attenuation method would be
due to the dependence of the transmission loss of
various components in the system on frequency.
Both methods of course require small frequency
changes to maintain the cavity at resonance during
a measurement. Such effects are difficult to evaluate
for both methods; however, errors due to the fre-
quency sensitivity of transmission loss, impedance
mismatches, ete., should be slicht if only small fre-
quency variations are encountered. Data obtained
on disks such as shown in figure 2 indicated that the
frequency and attenuation method in general agreed
to better than 1 to 2 percent in the vicinity of the
half-power points on the curves where the greatest
frequency changes were necessary to maintain res-
onance in the cavity. This agreement suggests that
transmission errors such as described above are in
general quite small. Somewhat larger variations
between the two methods are experienced in the
wings of the resonance curve; however, the losses
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Ficure 2. Typical ferrimagnetic resonance loss curve of a thin
disk sample at 1100 Mc/s obtained from frequency and attenu-
ation measurements.
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are becoming so low in these areas that accurate
measurements by either method becomes difficult.

The curves shown in figure 2 give the imaginary
susceptibility of the material in the vicinity of ferri-
magnetic resonance as a function of d-¢ field. In
order to ()btdin the attenuation curve in terms of
susceptibility, it was necessary to obtain a measure-
ment of the loaded Q of the empty cavity as can be
seen in eq (2). This would in general be obtained
with the frequency method. However, this @ is
assumed constant during the measurement and thus
eq (2) can be written

Ao—An
X”:K<10 2 —1)’ (3)
where
.1 V.
K00,

If A,=A, and x''=x"’
the resonance curve, then

at the maximum point on

=K (10“027’ 1T—l)

and
Aoi—An
X' 10 #® —]
ﬁ: e (4)

10 20 —1

which essentially means that the shape of the reso-
nance curve normalized to its maximum value may be
obtained by attenuation measurements alone. This
may be convenient in various research programs.

4. Summary

It is concluded that the I'F substitution technique
may be applied to the ASTM method of line width
measurement. [t has particular advantages when
measuring high loss samples or when data is desired at
microwave frequencies where good RE attenuators
are difficult to obtain. The convenience of the IF
substitution method is considerably improved by
phase locking the local IF oscillator to the signal
oscillator. It has been demonstrated that this
system can be used to plot entire resonance curves
in terms of attenuation measurements with an

accuracy comparable to that obtained with a
frequency counter.
5. Appendix
Starting with eq (1),
1/1 1 V
L JJRENC
=5 (0=a) 7 W

it can be shown from eq (9), p. 291, of reference [9]

that
Py 403

Py O

for the empty cavity and

P, 42
Py Qi@

for the cavity with sample where:

Py is the power output from the empty cavity;

P;is the power input to the cavity;

P, is the power output from the cavity with
sample;

(o 1s loaded @ of empty cavity;

@, 1s loaded @ of cavity with sample;

@, and @, are the L()uphno @’s of the input and
output ports and are assumed constant during the
measurements.

If P, is held constant as is the case for the IF

system,
Py Qo)
U

and substituting in equation (1)

o P, Ve
‘2%(\/1—’" 1)y,

This same equation is also given in references [6] and
[7] except the power ratio is expressed in terms of
equivalent voltage ratios.

Let the power input to the piston attenuator be
BP, for the empty cavity and BP, for the cavity
with the sample where 5 is a pmpmtlonahtv con-
stant. If Pis the constant output power level of the
piston attenuator, then the corresponding attenuator
readings in decibels are given by

o)

Ao: 10 lOg‘m BTI)AO

and
]3 )71
A,=10logy, 71’
/ 2
Ao— A, =10 logyy 5"=20 logyo J,;o,
" Vi n
D Ao—A,
\31)0—10 20
\/“'[); )
therefore,

X//

1 Ao—An
10 —1> (*ﬁ;
2Q0<

which is eq (2) in the text.
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