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Correspondence_ ———

Millimeter Resonance Isolator

Using Chemically Deposited

Ferrite Films*

.Ln experimental resonanre isolator show-

ing the feasibility of newly developed chem-
ically deposited ferrite films, was made in
the 35-Gc region. Included in this letter are
two graphs showing the isolation charac-

teristics that were obtained and also a brief

description of the film preparation tech-

niques.

The characteristics obtained of the reso-

nant isolator using chemically deposited

uict.cel and nickel-zinc ferrite films are pre-

sented in Figs. 1 and 2. At 35.3 Gc the ni~.lcel

fdm has a re~-erse-to-forward ratio of 19 to 1
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Fig. l—Resonance isolator characteristics using a
nickel ferrite film at milhmeter wavelengths. AD-
phed magnetic field 9.4 kik-oersted.
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Fig. Z—Resonance isolator ctiaractenstics using a
nickel-zinc ferrite film at millimeter wavelengths.
Amhed magnetic field 9.2 kilo-oersted.

* Received July 5, 1962.

with an applied magnetic field of 9.4 kilo-

oersteds. Similarl~ the nickel-ziuc film meas-

ured at 36.1 Gc yielded a 16 to 1 reverse-to-
forward 10SSratio with an applied magnetic

field of 9.2 kilo-oersteds.
The nickel fdm is 36.9 microns thick and

the nickel-zinc fdm is 36.0 microns thick.
Both were deposited on 0.021 XO. 120 X 1.0”

96 per cent alumina substrates. At 1“ band
the nickel film has a linewidth of 1725
oersteds and 4r MS= 3600 gauss. The nicl.zel-

zmc film has a linewidth = 1765 oersteds and

47r Ms of 4800 gauss. <l-ray diffraction anal-

ysis was also performed on the films to

verify their crystal structure.
The frlms are made from nitrate solu-

tions. Ferric nitrate and nitrates of nickel
and zinc are dissolved at room temperature
in a solvent such as alcohol. The indi~-idual
solutions are analyzed and combined in a
stoichiometric ratio according to formula-

tion. The substrate is then coated with this
solution and subjected to a preliminary firing
at 400”C to 700”C. This process is repeated
several times uutil the desired thickness is

reached. The coated substrate is then fired

in a suitable atmosphere at temperatures

ranging from 900”C to 1100”C from 1 to 2
hours.

The preliminary nonreciprocal isolation

characteristics of these new chemically de-
posited ferrite films are encouraging, and
these films may have importance for appli-
cations in isolators, masers, circulators,

switches and variable attenuators in the
millimeter and submillimeter wa~w rcgious.
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A Device for Rapidly Aligning

and Mounting Ferromagnetic

Single Crystals Along

Any Desired Axis*

ii new type of device has been developed
that locates the axes of a ferromagnetic
crystal quicldy and easily, without the

usaal time-consumiug X-ray procedures.

‘~his device mal<es it possible to quickly find
any desired axis of a ferrornaguetic crystal
and provides a convenient method of

mounting the crystal on a rod along this
axis.

The technique developed maims use of a
suggestion by .4uer I to the effect that the

principal axes of a ferromagnetic single

crystal can be fouud b]- geometrical con-

struction once the angles of the easy axes of
magnetization have been located. In Auer’s

method the locations of the easy axes are
placed on the crystal by means of a marking
needle and the desired axis is deduced from

these markings.
Briefly, the procedure which has been de-

veloped by the authors is as follows. ‘The
ferromagnetic sample, in this case a YIG

sphere, is mounted on a small dimpled rod

which is placed in the center between the

pole pieces of a magnet. The magnet is

placed on a rotating mount as shown in

Fig. 1 so that the field can be oriented iu
any desired direction with respect to the
crystal. The crystal is placed on the dim-
pled rod, and turns until ~an easy axis (of

which there are four in a cubic crystal with
negative anistropy) comes into coincidence
with the direction of the magnetic ti,eld.
After this first orientation is completed, the
sphere is attached (by means of some easily

soluble glue, w-ax, etc. ) to a wire which is
placed in a radial hole along the easy axis

in the side of the aligning jig as shown in

Figs. 2 and 3. This wire is free to turn in the

radial hole under the influence of the small

trx-gues exerted on the ferroma~uetic sample

by an applied dc field. This step locates and
retains one of the easy axes.

The next step is to rotate the magnet by

an amount that depends on the crystal axis
which one is trying to locate. \\re were in-
terested in locating the [110] axis (the face
diagonal), which requires, as shown by
.4uer,2 that we obtain a second easy axis dis-

placed from the first by 70+0. This second

angle is accurately located by means of the
milliag head protractor shown in Fig,. 1.

The ferromagnetic sphere rotates on the

wire to which it was attached in the previous

step, so that the second easy axis is now
placed along the dc field. The final step in

our case was to attach the s,phere to a quartz
rod along the [110 ] axis. ~, radial hole was
drilled in the side of the alignment jig along

the bisector of the angle between the two
easy axes. The radial hole, and the rod that
it holds in position, are shown in Fig. 2. The
sample is attached to the quartz rod (or

other holder) with a drop of cement and the
wire is taken off.

~Tsillg this technique we have aligned a

yttrium-iron-garnet sphere and have made
measurements of its tirst-order anisot ropy

constant K1/310 using the standard method

outliaed by Yager, et 0J.3 The results of
these measurements, reduced to the final
form from which the anisotropy constant is
determined, are shown in Fig. 4, which is a
plot of the fields required to resonate the
sample as a function of the angle @between

* Received July 9, 196’2.
I Martin Auer, “Novel method to rment ferri- s Ibid., seeFM 2 on P. 8$
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Fig. l—Device for orienting ferromagnetic sin!de
crystals using rotating electromagnet.

Fig. Z—Aligning jig showing YIG sphere attached to
wire along one easy axis and quartz rod along
I 11OI axis.
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Fig. 3—Constmction of aliwin.g jig for mounting
crystal along [110] axis.
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Fig. 4—Measurement of first-order anisotm~y con.
stant of Yttrium-iron-garnet at T = 25.6”C.

a [100] axis of the sample and the dc mag-

netic field. These measurements were per-
formed at ~0 = 3 Gc using a crossed-strip-
line coupler that is similar to the crossed-
guide coupler which was described else-

where.4 The value of KI/Mo, which was de-
termined from the slope of this plot, is equal
to —43.0 oersteds measured at an ambient
room temperature of 25.6”C. This value of
K1/MO agrees very well with the value

measured by Dillon,5 KJMo= —42.5 oer-

steds; very well with the value of KI/Mo

= –43.2 + 0.1 oersteds measured by Hill

and Bergman ;“ not as well with the value
K,/M,- –25 oersteds reported by Rod-
rique, et al.,~ and fairly well with the value

of K1/MO = — 35 oersteds reported by Czer-
Iinsky and Field.’

We have also measured the anisotropy
constant hT1/MO of 600 and 950 gauss galli-
um-substituted yttrium-iron-garnet. g The
results of these measurements are shown in
Table I below.

TABLE I

ANISOTROPYCONSTANTSOF GALLIUM-SUBSTITUTED
YTTRIUM-IRON-GARNET

—
Mo T KIIb!fo

600 gauss 22.9°C –55. 8 oersteds
950 i 50 gauss 25°C —4I .7 oersteds

Y. SATO
P. S. CARTER

Stanford Research Institute
Menlo Park. Calif.

Millimeter Wave Cavity Coupling

by Quarter-Wave Transformer*

INTRODUCTION

In order to use high mode-order micro-

wave cavities ( Fabry-Perot, 1 conf oca I,z or

biconical spherical’ resonators) to achieve
either high field intensities or high selectiv-
ity with low transmission losses, it is neces-
sary to couple power into the resonators

efficiently. This may be accomplished if the
coupling system acts as a transformer
matching the lossy elements of the cavity

to a source of input power, and if the cou-
pling system has an aperture large enough

to make diffraction losses negligible.

This note describes an easily designed
coupler which satisfies these requirements.

It is essentially a series iteration of parallel
plane waveguides, each i/4 long. The funda-

mental design principles of this coupler are

described and applied to the particular case
of a bisected confocal resonator. Experi-
mental evaluation verifies the efficacy of

both the transformer and the approxima-
tions used in its design.

PRINCIPLES OF TRANSFORMER DESIGN

The essence of electromagnetic cavity

coupling is the establishment of a balance

between the power passing inward through

the coupling aperture and that power lost

to the cavity walls and its filling materials.

Thus a cavity of volume V enclosed by the

lossy surface .S and coupled by the aperture

A satisfies the following balance:

+Re
J

EAxHA*.dA=~Re
f

EXH”, dS
A s

+~Re
J

aE E*dV. (1)
v

Let consideration be given just to the condi-
tion of resonance, when EAX HA* is purely
real. Since the coupler will have a very low

impedance and will be considered essen-

tially as a perturbation, let the field ampli-

tudes within the cavity be characterized by

HA, the average magnetic field at the surface

of the cavity in the aperture region. The
definition of K, the total loss factor, is

KHA. HA* = Re
J

EXH*. dS
s

+ Re
f

cE. E*dV. (2)
v

In most cases, this quantity includes losses
due to

1) Finite surface resistance of metallic
walls.

2) Diffraction at the ends of an open

cavity.
3) Any coupling apertures other than the

one under consideration.
4) Losses coupled by the media filling

the cavity.

The last category should include crystals,
plasmas or any other system driven by the
cavity fields.

The coupling electric field EA, assumed
to be perpendicular to HA, k regarded here
as a perturbation only. If the fields across
the aperture are approximately constant, its

magnitude must satisfy the following power
balance:

@AHA*A = ~KHAHA*. (3)

3 W. Culshaw, “Resonators for millimeter and sub-
millimeter wavelengths, ” IRE TRANS. ON MICRO-
WAVE THEORY AND TECHNIQUES, vol. MTT-9, pp.
135–144; March, 1961,


