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Fig. 1—Direct-reading microwave phase meter (using double square-law probe phase detector on slotted line}.
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Fig. 2—Individual probe and phase detector output relations.

angle (26x) and this angle is added to the
meter indication.

The spacing of the two probes deternines
only the sensitivity of the phase detector.
For broad frequency use, the spacing can be
a quarter wavelength at the center fre-
quency.

Phase measurement accuracy in trans-
mission systems is {requently limited by re-
flections. The moving-probe type of phase
detector provides inherently low reflection
measurement apparatus. Equality of refer-
ence and unknown signal amplitudes is not
required for operation; however, it is desir-
able in order that errors due to reflections
of the strong signal in the weak signal chan-
nel may be kept to a minimum value.

This phase meter method has been used
from 300 Mc through X band with 10:1
frequency range for a fixed spacing of the
two probes.

For power levels of 1 to 10 mw for the
reference and unknown signals, a sensitivity
of 0.1° has been obtained with 1-kc modu-
lation.

PeETER Lacy
Wiltron Company
Palo Alto, Calif.

A VHF High-Power Y-Circulator*

A number of articles [1] on the theory,
design and application of three-port circu-
lators may be found in the literature. Spe-
cific devices of this kind are commercially
available for low signal power levels. In this
letter a high-power version of a three-port
or Y-circulator is presented. The character-
istics measured at high power are compared
with measurements performed at low power.

A strip-line structure was chosen for the
junction configuration. To obtain a required
+2% per cent bandwidth at the center fre-
quency of 220 Mc, with a constant applied
magnetic field, the junction geometry of the
center conductor was chosen in the form of a
clover leaf. A MnMyg aluminate ferrite (such
as Trans-Tech 414)' with a low saturation
magnetization was selected to obtain the de-
sired performance at these low frequencies.
The rather unfavorable temperature charac-
teristics of this material, however, necessi-
tated forced cooling. The ferrite disks above

* Received by the PGMTT, July 25, 1961, re-
vmed manuscript received, Augubt 31, 1961.
1TT414 is a product of Trdns Tech

Inc.,
Gaithersburg, Md.
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Fig. 1—Exploded view of the V-circulator element.

and below the strip-line junction are placed
in a pillbox enclosure. The space between
the edge of the circulator ferrite disks and
the inner wall of the circular enclosure is
filled with a coolant of low loss, high dielec-
tric strength fluid such as Freon 113 (Tri-
chloro-trifluoroethane).?

In the high power environment, care has
to be taken to avoid discontinuities in di-
electrics to prevent electrical breakdown. On
the design being presented, electrical break-
down was observed with dc above 15 kv.
The attenuation introduced by the dielectric
loss of the coolant is insignificant in the
200-Mc region.

The circulator element was designed with
the following geometric parameters. A fer-
rite disk of 5-in diameter is used. The en-
closure diameter was chosen to be 7 in.
Fluid inlets and outlets are distributed
around the periphery of the circular en-
closure and located in the three electrically-
neutral regions (60° off each port). A thermo-
couple consisting of a Chromel-Alumel wire
pair is attached to the top ferrite disk so as
not to interfere with the circulating coolant.
Two holes are situated at the top and bot-
tom ground plate to facilitate the escape of
air during the filling process. Fig. 1 shows an
exploded view of the circulator element.

To enable the investigation of the circu-
lator over an appreciable bandwidth a broad-
band transformer design was selected for the
three ports. For a limited frequency band of
operation, a compensated transformer of re-
duced length is desirable to reduce the over-
all size and weight of the circulator.

A coolant such as Freon 113 was selected
primarily for electrical reasons. The ferrite
disk temperature has to be kept at approxi-
mately 24°C at a maximum of 2 kw average
transmitted RF power, The dissipated power
is then of the order of 200 w. The cooling
volume of the circulator is in the order of 120

. 2 Freon 113 is a product of the Du Pont Co., Wil-
mington. Del.
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cm?. This volume is replaced two to three
times per second. A by-pass valve has been
included to control the flow rate of the liquid
through the circulator. The cooling system
operates in a closed loop.

MEASUREMENTS

Electrical characteristics of the device
were obtained at both low and high signal
power levels. The low power measurements
provided a reference for the performance
evaluation of the component when subjected
to high transmitted power. During the de-
velopmental work an interesting phenome-
non was observed. Isolations in the order of
50 db or more could be obtained in discrete
ferrite temperature regions. The insertion
loss however remained unaffected by large
changes of ferrite temperature. This tem-
perature effect can easily be observed on
TT414 ferrite as the temperature for opti-
mum circulator performance lies in the room
temperature region. These observations sug-
gest that materials with high Curie tempera-
ture could be used in low-frequency circu-
lators providing the device is operated at a
temperature other than room ambient. Ex-
periments performed at room temperature
on VHF circulators containing high M,
(magnetization saturation) materials were
unsuccessful. Similar measurements under
various temperature conditions were per-
formed with the circulator presented here.
The obtained isolation and loss at low power
levels for varying ferrite temperatures is
illustrated together with the characteristics
obtained at high power levels (Fig. 4). The
magnetic field has been adjusted at each
temperature point for maximum isolation.
A ferrite temperature for optimum circulator
performance was established in the vicinity
of 24°C.

Fig. 2 illustrates the isolation and loss
characteristics of the circulator for variable
magnetic fields at different ferrite tempera-
tures. The isolation characteristic for a con-
stant applied magnetic field is also included
for a ferrite temperature of 24°C. Fig. 3
shows the applied magnetic field for maxi-
mum isolation as a function of ferrite tem-
perature. The ferrite disk teruperature was
controlled by means of the circulating fluid
surrounding the ferrite disks. The measure-
ments were performed after the device
reached thermal equilibrium.

The VSWR of the circulator was meas-
ured at low power levels in the frequency
region of 215 to 225 Mc and was in the order
of 1.08:1 maximum.

Hica POWER MEASUREMENTS

The circulator was used as a duplexer
substitute in a radar front end. A matched
dummy Joad simulated the antenna. The
isolation between the transmitter and the
receiver terminals was measured as a func-
tion of the ferrite temperature, or indirectly
as a function of the transmitted power. The
results obtained are compared with the iso-
lation-ferrite temperature measurements at
low power levels. In most cases the high
power measurements were made at thermal
equilibrium of the ferrite disks. Some in-
stantaneous temperature-isolation checks
were made to verify the measured slope of
the isolation-temperature function obtained
at high transmitted power.
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Fig. 3—Applied magnetic field for maximum isolation
as a Elénctlon of temperatures varying from 12°C
to 29°C.

The measured ferrite temperature does
not reflect the true temperature existing in
the active region of the ferrite disks, as the
heat distribution can be assumed to be non-
uniform. The refrigerated coolant circulating
through the circulator element causes addi-
tional thermal disturbances. The relation
between the measured and the true ferrite
temperature is given in Fig. 4. This relation
was obtained by comparison of the low and
high power characteristics. The existing tem-
perature gradient can be evaluated from
these measurements,

Fig. 4 also shows the isolation obtained
as a function of the measured ferrite tempera-
ture at low and high magnitudes of trans-
mitted power.

The low and high power measurements
can be compared to evaluate the high power
performance of the device. The temperature
difference between points of equal isolation
obtained at low and high power furnished
a means of comparison. The width between
points of equal isolation differs in the order
of 0.2°C, which can be considered well with-
in the accuracy of the measurement.
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HIGH POWER MEASUREMENTS AT 217 Mc
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Fig. 4—Comparison of the isolation-temperature
characteristics obtained at low and high trans-
mitted power levels.

The comparison shows that the relative
isolation-temperature characteristics do not
differ appreciably; therefore the performance
of the device can be considered independent
of the magnitude of the transmitted power
for the range of power levels used in these
experiments.

Peak power of 1 Mw was applied over a
short period of time. No electrical break-
down or deterioration of the circulator char-
acteristics was observed.

CoNcLUSION

An insertion loss of 0.3 to 0.5 db and an
isolation of 50 db or more can be obtained
at the center frequency for which the circu-
lator was designed. The necessary magnetic
field is not excessive at low frequencies, the
dc control power being of the order of 10
to 20 w. No significant changes in electrical
characteristics were observed when the de-
vice was subjected to transmitted REF power
in excess of 2 kw with a peak power in the
order of 1 Mw.

In conclusion a summary of performance
data obtained with the above high-power
Y-circulator structure is presented.

TABLE 1
Variable
Fre. magnetic field Constant field
AUENCY | Too]a- Isola-
Me) o | Loss | tion | Loss |vewr
@by | @by | @by | (@b}
225 32 0.4 24 045
219 | >s0 0.4 | >50 0.40 1.08
215 36 0.4 24 0.55

G. V. BUEHLER

A. F. EIKENBERG

Research Division

Electronic Communications, Inc.
Timonium, Md.
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