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THE NEW METHODS OF SYNTHESIS AND MEASUREMENT

OF THE MICROWAVE ABSORBER
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Yonezawa-shi, Japan

(I) New Methods of the Synthesis
of the Microwave Absorber

For some years, several synthesis
methods of the absorber have been re-
ported, and the absorbers which have
bvetter characteristics of reflection
than those constructed by the way of
cut-and-try method have come into mar-
ket. In these methods of the synthe-
sis, however, frequency characteristics
of VSWR cannot be given beforehand
except for only a few cases.

The authors developed the new
theoretical methods of synthesis of the
multi-layer absorber for microwaves
using lossy dielectric slabs. The ad-
vantages of these new methods are fol-
lowing: (1) it is possible to predeter-
mine the frequency characteristics of
VSWR, and (2) the material of which
relative permittivity g is not unity
can be used for the absorbing material.

These methods oonsist of starting
with a quarter-wave impedance trans-
former which is synthesized in the way
of the exact design method and then
replacing each element of the impedance
transformer by a lossy dielectric coun-
terpart(Pig.1). The replacement cannot
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Fig.1- Analogous quarter-wave

impedance transformer expression of the
multi-layer absorber.

be done directly because loss is in-
cluded in each layer of the absorber,
however, the approximation is introduced
for each method.m That is,

method At Wy = §, (1)

method Bt [pt» = |Rw] » (2)
where Wi is the characteristic impedance
of the (i)th section of the impedance
transformer, §; is the real part of the
characteristic impedance z; = E; + Ji
of the (i)th layer, [7, i8 the reflec-
tion coefficient between the (i)th and
the (i+1)th sections of the transformer
and (g is the reflection coefficient
vetween (i)th and (i+1)th layers of the
absorber. Because g or M is a func-
tion of &p; and lods tangent tanb; of
the (i)th layer, the equation between
relative permittivity and loss tangent
is obtained from Eq. (1) or (2), Loss
tangent is given beforehand as shown in
Fig.2 in order that the same frequency
characteristics of VSWR as those of im-
pedance tranaformer may be obtained. On
the one hand the method o
A or B has the two advan- L)
tages mentioned above, on S
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the other there is a
drawback that the total
thickness of the absorber
is not so thin as other’s
because loss in each
layer is not considered thoroughly. For
this reason we improved method A fur-
thermore. When loss in each layer is
considered thoroughly, following equa~
tions are obtained from Eq.(2):

Fig.2-
Logs tangent

|Bol = Rao- %%, (3)
_f1= Dty VP B2l
ol =[Sy Bt @

9 e 2 F eyo
Gl =] &{ﬁgﬂ] Ry 80 F¥(5)

where y; is the thickness and ai is the
attenuation constant of the (i)th layer
of the absorber, We synthesized
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absorbers by methods A and B, and ob-
tained the frequency characteristiocs of
VSWR by numerical calculations. It be-
came obvious that the frequency charac-
teristios of VSWR of the absorbers syn-
thesized by methods A and B are in good
agreement with given characteristics of
vsva(ng.i).
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Fig.3~ Frequency characteristics
of VSWR of the 7 layers absorber.

(II) A New Measurement Method of
the Reflection Coefficient

A new measurement method of the
reflection coefficient of the micro-
vave abgorber when the plane wave is
normally incident in free space is
developed. In this method the sample is
get in front of the horn antenna matched
to free space sufficiently, and VSWR in

guide, S, is Meagured(Fig.4). The re-
j'1lllil abunler J“‘-'lh
d

Fig.4- Measurement circuit,

fleotion coefficient |[*| is given by

IPI=—m§—Ad (‘5—1—5;1); )
where G is the gain of the antenna, d the

distance between the antenna and the
sample, A the wave length, The minimum
reflection coefficient that can be
measured by our equipments is about
0.033 (VSWR=1.07). When the low gain
antenna is uged for the sample of small
size, the distance d for which the re-
flection coefficient is acourately
measured, is given by
-4 " : 3
(/d’i- £*)
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vhere k is wave number,

=1,

(7)
It is proved
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experimentally that the theoretical

value of d is accurate as ghown in Fig.

S5, and that the distance d is D/A for
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Fig.5~ Theoretical and experi-
mental values of the distance d.

the antenna of the gain of about 20 dB
and the sample of which cne side of the
square is larger than 1.3D, where D is
the maximum dimension of the aperture
of the horn antenna. The measurement
can be ugefull for the sample of small
sige and the low gain antenna which
could not be handled by the convention-
al methods., This experimental set-up
is simple, and measurement is easy.
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