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Abstract

Integrated circuit elements in finline
technique have been developed for the ap-
plication in an automatic measurement sys-
tem which determines the complex material
parameters of ferrites and dielectrics.
These elements render possible a very fast
tuning of the measurement getup in compa-
rison with mechanically controlled systems.
They can alsoc be produced much cheaper and
more easily than waveguide elements. The
design of fully integrated microwave mea-
surement systems in finline technique will
be discussed.

Introduction

The realization of automatic measurement
systems for measuring e.g. the complex ma-
terial parameters of ferrites and dielec-
tries requires the use of electronically
controllable components, such as attenua-
tors, phase shifters, switches etc.. The
consideration of possible concepts for the
construction of these components yields
that integrated circuits in finline tech-
nique show certain advantages with respect
to other principles like conventional di-
ode-waveguide attenuators or electromecha-
nically controlled rotary vane devices.

Such advantages are, besides others, that
in generalfinline components can be produ-
ced much cheaper and more easily than wave-

guide elements.Furthermore, the use of pin-
diodes renders possible a very fast tuning
in comparisoen with mechanically controlled
systems employing servo motors; in contras?t
to conventional diode-waveguide attenua-
tors, the pin-diodes can be easily integra-
ted into the finline.

Details of system design

In a first version, we have designed a com-
puter-controllied integrated microwave unit
in finline technique, which uses a finline
attenuator and a finline isolator. Basical-
ly, a finline attenuator consists of three
sections: a homogeneous center section,where
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one or more diodes are located, and two ta-
per sections, which provide the necessary
matching between the impedances of the wa-
veguide and the diodes. The resulting per-
formance of the attenuator largely depends
on the properties of the taper sections.
Therefore, extensive research with respect
to the characteristics of these tapers was
done, the results will be discussed in the
oral presentation. Since a single diode
does not meet the required specifications
with regard. to bandwidth and attenuation
behaviour, the use of two or more diodes Is
necessary. Investigations show that a con-
figuration according to Fig. 1 yields the
best results.

Metatlization
[Thickness=17.5 um}

Beam
Lead Pin \ 7
DSG 6474C

w) i —

D

.

¢
i
1
t
1
[

RT/DUROID 5880 o — b ——t= 2=
[Thickness 125 um t:;————~—f———-l S —

€= 2-22)

Fig. 1: The finline attenuator.

In Figs. 2 and 3, the measured results for
the insertion loss and the reflection loss
of the attenuator are plotted versus the
frequency with the overall bias current I
of the three diodes as a parameter. It can
be seen from Fig. 2 that the attenuation
for a constant bias current is frequency-
dependent; therefore the application of the
attenuator for precise wide-band measure-
ments requires the use of a correction me-
chanism for the bias current in order to
achieve a frequency-independentattenua—
tion. .

In Fig. 4, the bias current I., which is
frequency-dependent for a constant value
of the attenuation, 1is plotted versus the
frequency with the insertion loss as a
parameter.
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Fig. 2: Insertion loss of the finline
attenuator,
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Fig. 3: Reflection loss of the finline
attenuator.
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Fig. 4: The bias current of the finline

attenuator,
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The above-described attenuator was develo-
ped as a part of an automatic system for
measuring the complex magnetic and dielec-
tric material parameters of microwave fer-
rites or dieleetrics. Employing a recently
published method /3/ (and its just comple-
ted extension for measuring the imaginary
parts of the material parameters), the com-
plex material parameters can be computed
from the measured resonant frequencies and
Q-factors of resonant modes that ocecur in
& cavity partly filled with the material
sample to be measured.

The same desk-top computer that controlls
the automatic measurement system shown in
Fig. 5 is also used for the computation of
the material parameters. The determination
of the Q-factor requires an exact 3 4B va-
riation of the microwave power that is avai-
lable at the input of the transmission-t{ype
cavity. The correction mechanism consists
of the desk-top computer (microcomputer)
in combination with a digital-to-analog
converter (DAC). Depending on the frequen-
Cy, the computer provides the adequate bias
current I, for the desired attenuation. By
means of & second DAC, the computer also
provides the sweep voltage for the micro-
wave generator, The output signal of the
crystal detector is digitized by an analog-
to-digital converter (ADC) and, like the
output signal of the frequency counter, is
then transferred to the computer.
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Fig. 5: Block diagram of the automatic
X-band measurement system,

An electromagq&t generates the premagneti-
zing de-field H, , allowing a maximum field
strength of 167 kA/cm. Since the input of
the loosely coupled cavity practically
forms a short circuit, an additional iso=-
lator was inserted between the attenuator
and the cavity in order to prevent the oc-
currence of reflections which could dete-
riorate the accuracy of the attenuator,
The isolator /5/ was also realized in fin-
line technique. Fig. 6 shows a cross-sec-
tional view of the isolator.
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Fig. 6: The cross-sectional view of the
igolator in finline technique.

In Fig. 7, measured results for the inser-
tion loss in forward (transmission loss,
Fig. 7) and backward (reverse loss, Fig. 7
direction are plotted as a function of the
frequency. '
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Charascteristics of the finline
isolator.

Fig. 7:

The application of the automatic measure-
ment system yields that the difference bet-
ween automatically and manually measured
resonant frequencies was less than 0.5 MHz,
while the automatically and manually ob-

tained Q-factors showed a typical deviation
between each other of about 3 %3 tests pro-
ved that the measurement accuracy for the
Q-factor can still be improved.

At present, a second computer-controlled
fully integrated microwave unit in finline
technique, which includes several of the
- up to now - seperate microwave components
shown in Fig. 5, is under development: the
attenuator, two isolators and two directio-
nal couplers (one for levelling purposes)
are combined in a compact finline circuit.

Conclusion

For the application in an automatic
measurement system, integrated elements in
finline technigue have been developed,
which allow a simpler and more efficlent
system design than conventional waveguide
elements. A wide-band precision attenuator
is described, whose bias current is con-
trolled by a microcomputer in order to
achieve a frequency—independentattenuation
Besides controlling the measurement system,
the same computer is also used for the cal-
culation of the material parameters from
the measurement data. Furthermore, an iso-
lator also realized in finline technique
is described, which improves the accuracy
of the attenuator. At present, a fully in-
tegrated microwave unit in finline techni-
gque is under development, which includes
most of the microwave elements of the
measurement system.
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