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matching the guide. (Values shown give

~~= 55. ) This equivalent circuit cannot

be altogether satisfactory and Fig. 10 in

[1] clearly shows a change in effective
varactor inductance which may be indica-

tive of some transformation of junction

impedance.

With the more common types of varac-
tor package, the tolerances are frequently so

serious that there would be considerable
variations in correction factors necessary to
deduce the junction values from the im-

pedance close to resonance.
The use of the series resonant condition

does not necessarily make it easier to
measure varactors by insertion loss than

by reflection methods, although commonly
used impedance values are not very suitable
for the latter. Blake and Dominick [2]

have used the transmission-loss method

because of the physical separation of their

equipment from the mount, since, at a fixed
frequency, measurement of loss is simpler.

When the frequency is varied, the changes
in generator output, in line losses, and in

detector sensitivity complicate the measure-
ment of transmission loss unless a balancing

path which includes the reference attenua-
tor is used. In such circumstances, for a
limited range of frequencies, there is little

or no economy in equipment compared with
a reflection technique using two balanced

paths connected to a precision directional

coupler. Phase information is helpful in de-

tailed analysis, and data such as obtained by
Roberts is desirable.

There is need for much further work on
evaluation of varactors and especially for

the development of methods suitable
for routine testing, and which can provide
useful data on tolerances in packages and
junction characteristics.

N. FfOULDING
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Submillimeter Wave Harmonic

Mixing

The difference frequency between har-
monics of millimeter wave oscillators has

been observed at submillimeter wave-
lengths using a crossed-waveguide harmonic
generator as a harmonic mixer.

Figure 1 shows the experimental setup

Manuscript received June 21, 1965.
I Devices of this type were first used by spectros-

copists to generate millimeter waves from centimeter
klystrons. For example, see W. C. King and W. Gordy,
Phys. Rev., vol. 93, P. 407, 1954. The units used in
these experiments have RG-98 and RG- 135 waveguide%

Fig. 1. Harmonics of 72.5 -Gc/s klystron mixing with
290-Gc/s carcinotron output and its harmonics.

Fig. 2. 1160-Gc/s harmonic mixing.

L

Fig. 3.
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Harmonic mixing using two 7OV1O klystrons.

Fig. 4. 950-Gc/s harmonic mixing.

used in mixing the 290-Gc/s output of a
carcinotron with the 72.5 -Gc/s output of a
klystron. The carcinotron was swept about

100 Me/s and the klystron was operated
CW. The difference frequency signals were
amplified in a 30-Mc/s IF amplifier and the

detected video output was displayed on an
oscilloscope. Figure 2 shows the receiver

output. Upper and lower sidebands are
displayed. The tith harmonic of the car-

cinotron mixes with the 4 nth harmonic of

the klystron to produce IF signals. The

upper and lower sidebands are separated
by 60/72 Me/s on the carcinotron sweep.
The highest harmonic observed was the

fourth at 1160 Gc/s.
Figure 3 shows the experimental arrange-

ment used in mixing the output from a

72.9-Gc/s klystron with harmonics of a
second 72.9 -Gc/s klystron. In this case,
one crossed-waveguide device was used as
a harmonic generator and an identical unit

was used as a harmonic mixer. Figure 4
shows the upper sidebands of the receiver
output. Thirteen harmonics were observed.

A narrow-band receiver is needed to resolve
adjacent harmonics. For example, the tenth
and twelfth harmonics are separated by 1
Me/s at the fundamental with a 60-Mc/s

IF. In order to determine how many of these

harmonics were generated in the multiplier

and propagated to the mixer and how many

were generated in the mixer, a waveguide
filter cutting off the second harmonic was

inserted between the multiplier and the

mixer. On] y the third thrcugh sixth 11ar-
monics were observed. These were showr to

be generated by the multiplier by observing
absorption in a gas cell with carbonyl
sulfide, OCS. The signals corresponding to

n = 1 and n = 7 through 13 wla-e generated in
the mixer.

In another experiment, both 72.9-Gc/s
klystron outputs were fed in the RG-98

waveguide input of a mixer. One tube was
connected to the regular input and the

tu niug short was removed tc, accept the sec-

ond input. In this case so many harmonic

beats were observed that the higher har-
monics were not resolved. More than 20

harmonics of the 72.9 input were observed.
Harmonic mixing experiments similar to

these have been reported by Murai2 who ob-
served beats as high as 75(3 Gc/s using a
1.N53 crystal. A millimeter wave super-
hetrodyue system using similar techniclues

was used by J ohnsons for [spectroscopy in
the 100- to 150-Gc/s region.

Since 70-Gc/s klystrons, can be phase

locked to crystal oscillator harmonics, this
harmonic mixing technique can be used for

accurate measurement of the frequency of

sub mill i meter oscillators (far-infrared lasers)
and for phase (or frequency) stabilization of
these sources.
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Magneto striation Effects in

Remanence Phase Shifters

One type of remanence phase shifterl

consists of a microwave ferrite toroicl lo-

cated in a waveguide. Close mechanical fit
between ferrite and waveguide is desirable

to eliminate reflection spikes, and to provide

an adequate thermal path. Such structures

%-+ally deVelOp mechan~cal pressure On the
ferrite, and this pressure may vary with
temperature, due to the unequal expansion
of the waveguide and ferrite with tem-
perature.

Manuscript received MaY 25, 1965.
1 L. Levey and L. Silber, “A fast switching X-. band

circulator utilizing ferrite toroids,, n 1950 IRE Weston
Cow. Rec., pt. 1, pp. 11-20.
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Fig, 1. Change in the B-H Ioop
with applied stress.
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Fig.3. Differential phase shiftvs,
compressive stress in ferrite,

The remanent magnetization, the coer-
cive force, aud the shape of the B-H loop of
ferrites and garnetsz are altered by com-
pressive stress. A typical effect of pressure
on the B-H loop of a toroid of garnet is
shown in Fig. 1. Since the phase shift is
directly related to the remanence magnetiza-
tions a variation in stress alters the inser-

tion and differential phase. Such variations
are inimical to phased array radars, and to

other applications. The variation of rema-

2 J. .%nit and H. P. J. Wijn, Fewdes. New York:
Wiley, 1959.

8W. Ince and E. St~m, “Wave~uide nonrecipro.
Cal remanence phase shlfters~” Pvoc. IEE Ink?%afl
Co%f. on the Mic~owaw Behavcor of Fen’imagnetics and
Plasmas, no. 13, p. 1.

TABLE I
MAGNETOSTR1CTWEPEOFERTIESOFFERRITES

Mg-Mn

Ni-Co

Garnets

Material

TT1-414*
TT1-109
TT1-105
TT1-390
GE 42L

TT2-L16
TT2-115
TT2-101
M-52*

TTG-1OO2
TTG-1oo1
TTG-1200
TTG-113
SP 286*

4TM,
Gauss

680
1250
1700
2150

860

1400
1600
3000
3150

1000
1200
1200
1780
1250

BILIBR(a)*~
at 3000 psi

1.0
1.0
1.0
1.0
1.0

1.55
1.21
0,93
0.84

0.84
0.88
0.88
0,95
0.95

*Prefixes: TT—Trans Tech. M—Motorola,
SP—Sperry.

** BRiBE(o) is the ratio of remanence moment at
3000-psi compressmn over the remanence moment
without stress.

Fig. 4. Change in the B-H loop by annealing.

n ent magnetization with compressive stress
is shown in Fig. 2 for some typical micro-

wave ferrites with a toroid shape, as shown.

On Table I are listed the maximum varia-
tions of a number of ferrites and garnets at

a stress of 3000 psi.

It appears evident from these data that

at remanence magnesium-manganese fer-

rites are not magnetostrictive, and that
garnet and nickel ferrites are strongly
magnetostrictive.

The differential phase shifts of garnet
and magnesium-manganese ferrite phase
shifters are plotted as a function of com-
pressive stress in Fig. 3. Note the stability

of the magnesium-manganese ferrite and
sensitivity of the garnet device. A measure-
ment of the remanence magnetization of

the garnet showed that the phase shift de-
creased proportionally with the remanence
magnetization.

We believe that magnetostriction is also
responsible for the effects of machining on
the shape of the B-H loop of garnets ob-

served by Harrison.4 He has observed that
the squareness ratio of the hysteresis loop
of machined garnet toroids is increased by a
heat treatment (annealing) process.

We have verified Harrison’s observa-
tions with garnets and have also observed

the effect in nickel ferrites. However, heat
treatment of magnesium-manganese fer-
rites does not affect the B-H loop charac-

teristics.
It appears that machining introduces

local stresses into the ferrite and garnet,
especially near the surface. If the ferrite is
magnetostrictive, the local B-H loop re-

4 G. R. Harrison: et al., “Microwave ‘square loop’
@rrimagnetic materials for application in fast switch.
mg phased array components, ” Rome Air C ev. Ctr.,
~,, y., T~&. Re~t. RADC-TDR-64-225, vO1. 1. D.
252, July 1964.

sponse is altered near the surface, and the
effect is readily observable in the loop of the

whole toroid. Annealing the toroid relives
the stresses and the B-H loop characteristics

are restored (see Fig. 4).
The hypothesis that machining mainly

effects the surface material of the toroid has
been supported by two experiments. Fifteen
roils of the surface of a machined toroid

were etched away; the resultant shape of
the hysteresis loop was similar to an an-

nealed toroid. Secondly, the squareness ratio

of the hysteresis loop should increase as the
surface to volume ratio of a toroid is de-

creased in machined toroids. This has been

observed.

CONCLUSION

Considerable caution should be em-

ployed in the handling of magnetostrictive

microwave ferrites, such as garnets and

nickel ferrites, for remanence applications.

The toroids should be annealed prior to in-

sertion into the device, and care should be

taken to avoid stress buildup in the toroid,

if optimum performance is desired. Struc-

tures should be designed to maintain a cou-
stant mechanical stress on the toroid, or a

method of flux stabilization, such as a com-

posite loop6 design, should be employed to
compensate for these effects.
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Comparison of Two Low-Loss

Semiconductor Switches

The semiconductor waveguide switch

discussed k these TRANSACTIONS in 19651

is similar to a switch reported in 1961,2 and

yet the authors of the recent paper were not

aware of earlier work,s approaching their

project from a different point of view. The

earlier switch offers advantages over the

latter, with switching specifications (isola-

tion, insertion loss, power Iimitationa, band-

width, etc. ) that are strikingly similar.

In comparing the two, it must be noted

that the result in Fig. 6 of the recent article,

i.e., single cavity switching, most nearly

parallels the previous work. Several cas-

cading experiments reported in 1961 implied

a behavior similar to that in the recent
article for a multielement switch.

Manuscript received MaY 14, 1965.
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January 1965.

Z D. L. Rebsch, “A 10W.1OSS semiconductor micro-
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