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Nonreciprocal ferrite devices—in particular, low-
loss circulators—are increasingly difficult to realize at the
lower microwave and UHF frequencies, Previous low-loss
S-band and L-band circulators used a high-density mag-
nesium manganese ferrite with aluminum substitution (Gen -
eral Ceramics R-6). Measurements show that the loss of
R-6 in broad-band circulators increases rapidly when the
operating frequency is decreased below 1100 Mc. There-
fore, a new material is required for UHF application.

Two new aluminum-substituted yttrium-iron-garnet
(YIG) compositions were obtained that combined low satura-
tion magnetization (400 and 300 gauss), narrow line width ,
reasonable Curie temperature, and low dielectric-loss tan-
gent. The 300 gauss material had aline width of 50 oersteds,
a dielectric losstangent of . 0016 and a Curie temperature of
1259C. The magneticlossat1200 Mcas a function of applied
magnetic field for R-6, unsubstituted YIG, and the 400 gauss
substituted YIG are compared in Fig. 1 Reverse magnetic
loss measurements of the 300 and 400 gauss materials at
900 Mc are compared in Fig. 2. The 300 gauss material
shows a low loss dip below resonance that is broader than
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that of the 400 gauss material and which extends to lower
frequencies. The 300 gauss material is the most suitable
for application inbroad-band UHF circulators and isolators .

A broad-band UHF/L band four-port phase-shift—type
circulator was developed that operated over a2 tol frequency
range. Insertionlosswas 1 db or less from 660 to 1320 Mc
(with constant magneticfield) and 0.5 db or less from 800 to
1150 Mc with a minimum isolation of 20 db and an average
SWRof 1.15 (Figure 3). Avery compactandfavorable cir-
culator package designwas evolved. It employed, two alu-
mina loaded strip-transmission lines, a broadband coaxial
magic tee of novel design, and a broad-band 900 hybrid and
three-quarter-wave Techebyscheff transformers.

Isolator measurements down to 200 Mc showed reverse-
to-forward magnetic-loss ratios of 36 at 600 Mc and 12 at
300 Mc using the same structure as used for the circulator
which was designed for optimum performance at higher
frequencies.

*This work was supported by the Department of Defense.
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Figure 2 - Comparison of Magnetic Loss (900 Mc).
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Figure 3 - Performance Data for UHF/L Band Circulator.
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