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In the author’s opinion, the application

of corner mirrors for ultrarnicrowave inter-
ferometers instead of planar or spherical mir-

rors should simplify considerably the con-
struction and improve the ruggedness of
these instruments. It will also enable

achievement of new constructional solutions.
The author would like to thank Prof. M.

Suski and Prof. Z. Godzi6ski for their useful
and helpful discussions.

M. KLOZA
Radio Dept.

Polytechnic Inst. Wroclaw
Wroclaw, Poland

Fig. 2—Michelson interferometers with comer mir.
rors. H =hom, CM =corner mirror, BS = beam
splitter.

Fig. 1— X 16 varactor multiplier
in prototype package.
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Fig. 3—Fab~y-Perot interferometer “a[iants with
corner mlrrora H =horn, CM =corner mirror,
AM =absorption mat.

absorption mats, without which the inter-

ferometer operation could be disturbed. The
set in Fig. 3 (b) has the horn axes situated

parallel to one another. The variant in Fig.
3 (c) is a further Fabry-Perot interferometer

modification. Of course, in Figs. 3 (b) and
(c), a suitable setting of perforated plane
mirror with respect to the horn is required.

A Fabry-Perot interferometer with
corner mirrors possesses, besides previously
mentioned insensitivity against misalign-

ment, increased ruggedness—another valu-
able property. In this set there are no possi-
bilities of the existence of unwanted mul-
tiple reflections in the space horn-mirror,
since the corner mirror reflects onto the

sides the waves falling on it from the back.

One could also apply in ultramicrowave
interferometers, total internal reflection
prisms, instead of metallic corner mirrors as
was proposed with respect to lasers.5 How-
ever, the available dielectric materials limit
this scheme to rather lower Q cavities.

5Z. Godzi&,ki, “Application of total internal reflec.
tion prism for gaseous lasers, x pROC. IEEE (Cop.-
?esjo?zdence), vol. 51, p. 361; February, 1963.

High-Order Varactor Multipliers*

The following correspondence is a report

of the experimental results that have been

obtained with a single-varactor-diode fre-
quency multiplier. This circuit is a times six-

teen ( X 16) single-stage varactor multiplier

operating from 350 to 5600 Mc, The high

efficiencies predicted theoretically for single-
stage, high-order varactor multipliers are
now being achieved with these practical cir-
cuits. They should have wide application in
microwave systems where reliability and size
are major considerations.

The X 16 varactor multiplier is part of a

solid-state C-band local oscillator used in

missile-borne radar transponders. It is

driven by a crystal oscillator, a transistor

amplifier and low-frequency multiplier cir-
cuits and utilizes a graded-junction silicon

varactor in a series configuration packaged

in a microminiature, ceramic, coaxial pill
package. In addition to the varactor diode,

which is loop coupled into a band-pass filter
resonant at the output frequency, the cir-
cuit consists of an LC tuner resonant near
the input frequency, a variable coaxial
phase shifter and a low-pass filter with a cut-
off frequency of approximately 1400 Mc.

The VHF signal, supplied by the driver, is

transmitted unattenuated through the tuner
and low-pass filter and is converted into har-

monics in the diode. The low-pass filter im-
mediately adjacent to the diode reflects all
harmonics above the fourth. The second,

third and fourth harmonics flow through the
low-pass filter and the phase shifter and are
reflected back by the LC tuner. Low-loss
idler paths are achieved by the phase
shifter which controls the phases of the sec-
ond through the fourth harmonics. The de-
sired output frequency, the sixteenth har-
monic in this instance, is selected by resonat-

ing the diode capacitance with the induct-
ance formed by the coupling loop of the ou~-

put band-pass filter. This filter is a minis.
ture, two-section quarter-wavelength, c~-

axial cavity with a 3-db bandwidth of 20 M c
and an insertion loss of 2 db. Conversio~
efficiencies of 12 db—including the 2-db loss
of the output filter-have been obtained
with this high order varactor multiplier

using diodes made by several different man-

* Received September 13, 1963.
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Fig. 2—Plot of typically obtained power output vs
power input (f~ =5650 Me).
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Fig. 3— X 16 varactor multiplier tuned over a l-kMc
frequency range. Resulting increase in conversion
loss is less than 3 db.

ufacturers. The diodes can be operated
either with self bias or fixed dc bias.

The X 16 varactor multiplier is shown in
prototype package in Fig. 1. A plot of power

output vs power input typically obtained is
shown in Fig. 2. The multiplier has been
tuned over a l-kMc frequency range with a
resultant increase in conversion loss of less

than 3 db. This is shown in the curve of con-

version efficiency plotted in Fig. 3. The in-
stantaneous bandwidth of the multiplier is

approximately 20 MC over this l-kMc tun-
ing range. Both the instantaneous band-
width and the tuning range are limited by

characteristics of the output band-pass filter
rather than by the varactor multiplier.
~ As part of a missile-borne system, th,s
~ractor multiplier has been subjected to
severe environmental tests. It is capable of
withstanditig vibration of 20 g’s in thre,e
planes, from 20–2000 cps (maximum double
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Fig. 4—Efficiency vsrlrive as obtained with a
selected MS4511F diode.

excursion of 0.5 inch), with no change in
electrical performance. Power variation for

a temperature change from 25°C to 70°C
averages ~0.7 db with an additional power
drop of 1.3 db up to 100°C. The power out-

put, however, remains constant from O“C to
25”C.

lVhilethese result saretypical, substan-
tially higher efficiencies have been obtained
with specially selected diodes. Conversion
losses as low as 7.7 db, including a 1.5-db
output-filter loss, have been repeatedly

achieved. A plot of efficiency vs drive ob-

tained with a MS4511F diode is shown in
Fig. 4.

The authors thank W. Venator for his

help in the compilation of the experimental
data.
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Application of a Fast Microwave

Switch to High-Peak-Power

Plasma Diagnostic Experiments*

INTRODUCTION

The purpose of this communication is to
report a unique method which eliminates

difficulties encountered when observing a
microwave pulse of high energy transmitted

through a plasma. It has become increas-
ingly Important to observe the character-
istics of low-pressure plasmas being irradi-
ated with high power microwave pulses.
Knowing the time dependency of electron
density during the time in which the high
power pulse is irradiating, the plasma gives

an insight into recombination, diffusion,
degree of ionization, etc.

* Received September 16, 1963. The work rePOrted
in this, cpmmu,nication was done while L. Lapson was
a partlcmant m the Undergraduate Science and Re-
search Program of the National Science Foundation.
The microwave switch used in this work was de-
veloped with the Rome Air Development Center,
Rome, N. Y., Contract No. AF-30(602)-2135.

EXPERIMENTAL PROBLEM ENCOUNTEIUZD

The experimental setup is schematized

in Fig. 1. The plasma is irradiated with

pulses of peak power of approximately 0.1 to

1 Mw at 5.5 Gc, a f’RR of 60 and a width of

5 Ksec. The cm plane wave is incirfent on the

bottle and the full power of this wave travels

through the bottle during the “formative

time lag” of the gas. The gas used in our
case i~ H~ at a pressure of 1 mm of Hg. Fol-
lowing this time lag, the gas ionizes and tbe
transmitted power is attenuated severely.
The pick-up horn receives a pulse as shown
in Fig. 2 where t, refers to the time at which

the gas is ionized. This is similar to the spike
and flat leakage familiar in TR tubes. The

flat leakage is approximately 35-4o db be-

low the spike. The time variation of electron

density can be deduced from the instanta-
neous attenuation of the flat part of this sig-

nal. Thus, it is desirable to display the signal
on a CRO. This was impossible to do, since

the relative magnitudes of the spike power
(hundreds of kilowatts) and the flat power

(watts) are as shown in Fig. 2. Any attempt
to observe the flat part of the transmitted

signal simultaneously with the spike re-
sulted in crystal burnout.

What is required is a component that
will separate the high-power spike from the
low-power flat, allowing the flat to emerge

independent of the spike from a single port.

The spike may then be discarded by feeding

it to a high power dummy load.
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Fig. I—Simplified schematic of plasma
diagnostic experiment.
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Fig. 2—Sketch illustrating the relative, amrdi-

tudes of the sr]ike and the flat portion.

~JSE OF SWITCH TO SE PARArE

SPIKE FROM FLAT

plasma diagnostics. The RF dynamic

switching time is 20—30 m,ec. Fig. 3 also

depicts the various waveforms at the three

ports of the circulator. The spike emerges at
D at full peak power. The switch and associ-

ated circuitry is shown in Fig. 4.
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Fig. 3—Simplified schematic of improved experi-
mental setup employing circulator and fast-acting
high power switch.

CIRCUI.AR

THE SWITCtJ

Depicted in Fig. 3 is the additional mi-

crowave circuitry necessary to accomplish
THE MODULA”~~

the separation of the spike and the flat por- Flg. 4—The switch and associated circuitry.

tions. The critical component is the fast-act-
ing broadband, high-peak-pou-er switch.’

The switch is capable of hold-off powers in The experimental arrangement operated

excess of a megawatt at short pulse widths satisfactorily. The results are best shown by
and, hence, its usefulness in high power the two oscillograms of Figs. 5 and 6. De-

picted in Fig. 5 are the RF detected en-
velopes emerging at ports.4, C and D. Peak-

I H. Goldie, “A fast broadband high power micro-
wave switch, ” Micvowaw J., vol. VI, PP. 76–81;

power levels in this oscillogram are 140 kw.

August, 1963. Note that the switch is fired after the spike


