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U.S. CL 333—7 7 Claims

ABSTRACT OF THE DISCLOSURE

A narrowband waveguide switch is described which
utilizes a plurality of resonators coupled to a main wave-
guide. Each of the resonators includes a switching diode
which, when placed in the conducting state, controls the
electrical length of the resonator in a manner such that
the resonator acts as a band-stop switch terminating pas-
sage of the electromagnetic energy down the waveguide.
The resonators are separated by an odd quarter wave-
length of waveguide section to provide impedance trans-
formations which enhance the attenuating characteristics
of the switch.

This invention relates to an apparatus for controlling
the propagation of electromagnetic energy and, more par-
ticularly, to a switch for electrically controlling the trans-
mission of microwave energy along a wave guide. This is
a continuation in part of my co-pending application, S.N.
414,596, filed Nov. 30, 1964 now abandoned.

There are presently available a variety of switching
devices for controlling propagation of microwave energy
along a wave guide or other transmission medium. One
category of available microwave switches is the mechani-
cal microwave switch which physically inserts movable
vanes, spokes, or pins into the wave guide to control prop-
agation. These, however, have many shortcomings as
microwave switches. They require some sort of an actuat-
ing element and mechanical linkage to control movement
of the vanes, etc., into and out of the wave guide. Con-
sequently, the switches are usually bulky, complex, and
costly. More importantly, however, mechanical switches,
due to their size and inertia, are inherently slow in opera-
tion. Where rapid switching of microwave energy is re-
quired, as for example where a standby transmitter must
be switched in because of a transmitter failure to prevent
either interruption of communication or damage to the
equipment, mechanical switches have proven to be simply
too slow in operation to perform this function adequately.

Another class of microwave switches are those which,
in one way or another, may be operated electrically. One
species of electrically actuated microwave switches is the
gaseous discharge switch. The gaseous switching devices
are positioned in the wave guide, and the conductivity
of the gas is controlled through an external power source
and suitable electrodes, with the switching action being
effected by short-circuiting the microwave energy, when
the gas is ionized. While gaseous switches are in many
ways a substantial improvement over mechanical switches,
they also have limitations which circumscribe their useful-
ness. Since the switching mechanism is based upon a gase-
ous ionization process, the switching speed and the switch-
ing repetition rate are obviously limited by the ionization
and deionization times of the gas. Furthermore, jonization
is not instantaneous, and gaseous switches pass a short
but intense “spike” of power at the start of the switching
operation.

Still another class of electrically operated microwave
switches are the so-called ferromagnetic switches which
use a ferrite body and a controllable magnetic field as the
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switching element. The magnetic field changes the perme-
ability of the ferrite so that the impinging microwave en-
ergy is converted into waves of different polarization, the
relative amplitudes of which are varied by the magnetic
field to control propagation of the energy. Since the perme-
ability of the ferrite, and thus the switching action, is
based on the rise and collapse of a magnetic field, the
speed of operation may be too slow for many applications.

In an attempt to avoid these limitations of size, com-
plexity, and operating speed, solid-state devices, such as
diodes, etc., have been proposed to perform this switching
function. In a typical system of this type, the diode is
Jocated directly in a wave guide and is forward-biased
into the conducting state whenever transmission of the
electromagnetic energy down the wave guide is to be pre-
vented. With forward-biase applied, the diode is driven
into conduction and provides a very low impedance or
short circuit across the wave guide. The impinging micro-
wave signal is thus prevented from propagating along the
guide and is substantially dissipated across the low imped-
ance diode. While microwave switches of this type repre-
sent a definite improvement over mechanical, electromag-
netic or gaseous switches in that the diode is small, may
be electrically controlled, and is quite rapid in operation,
it does have one serious limitation which severely restricts
its usefulness. Its major shortcoming is that only low
power signals can be switched. Since the diode must dis-
sipate all of the impinging energy the amount of micro-
wave energy, which can be switched, is limited to a frac-
tion of a watt since, at greater power levels, the amount
of power dissipated is sufficient to destroy the diode junc-
tion. Hence, a need exists for a simple, compact, elec-
trically controlled microwave switch capable of handling
substantial power levels.

It is, therefore, one of the primary objects of this in-
vention to provide a microwave switching device which
is small in size, simple in construction, rapid in opera-
tion, and capable of handling a large amount of power
without damage to the switch.

A further object of this invention is to provide a high
power microwave switching arrangement which can pro-
duce a high degree of isolation of the signal when the
switch is actuated and has a very low insertion loss when
the switch is not actuated.

Yet another object of this invention is to provide a
high power microwave switch of the type utilizing elec-
trically tunable resonant structures to control transmis-
sion of the microwave energy.

A still further object of this invention is to provide a
microwave switching arrangement using one or more tun-
able resonant circuits of the band-stop or band-reject type
which are electrically actuated to control transmission
of the signal.

Other objects and advantages of the invention will be-
come apparent as the description thereof proceeds.

"The various advantages of the invention may be achieved
in one form thereof by having a plurality of electrically
tunable resonant structures positioned along a wave guide.
Each of the resonant structures includes a diode which may
be selectively reverse or forward-biased in order to control
the electrical length and, hence, the resonant frequency of
the structure. When the diode is forward-biased into the
conducting state, it changes the resonant frequency of the
resonant structure so that it acts as a high impedance in
series with the wave guide, ie., a band-stop filter, and
prevents transmission of the incident microwave energy
along the wave guide. The spacing between the resonant
elements, if more than one is used, is kept at approxi-
mately an odd multiple quarter wave length of the signal
center frequency. The odd multiple quarter wave length
wave guide acts as an impedance transformer, and the high
impedance resonant structures atfer the first are trans-
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formed to low impedance series resonant shunt circuits,
thereby enhancing the signal isolation effected by the
switch. By using a plurality of resonant devices so spaced,
the isolation provided by the plurality of resonant devices
is substantially equal to the product of the isolation of the
individual resonant circuits.

The novel features, which are characteristic of this in-
vention, are set forth with particularity in the appended
claims. The invention itself, however, both as to its or-
ganization and method of operation, together with other
objects and advantages thereof, may best be understcod
by reference to the following description taken in conjunc-
tion with the accompanying drawings in which:

FIG. 1 is a schematic illustration of the microwave
switch constructed in accordance with the invention,

FIG. 2 shows an equivalent electric schematic diagram
of the switch of FIG. 1.

FIG. 3 is a graphical representation of the operating
characteristics of a single band-stop switching circuit con-
structed in accordance with the instant invention.

FIG. 4 is a graphic representation of the operating char-
acteristics of a microwave switch including a plurality of
band-stop switches separated by an odd quarter wave
length.

FIG. 5 is a partial schematic diagram of a communica-
tion system utilizing a plurality of transmitters in which
one of the transmitters is coupled to the radiating systems
by means of the microwave switch of the instant invention.

FIG. 1 illustrates such a microwave switch for control-
ling propagation of electromagnetic energy along a trans-
mission medium such as a wave guide, Microwave ener-
gy from a source, not shown, is propagated (from left to
right as illustrated by the arrows) along wave guide 1 fo
a suitable utilization circuit, also not shown. Positioned
along the wave guide is a microwave switching means con-
sisting of a plurality of electrically tunable, band-stop fil-
ter switches 2, 3, and 4 which, as will be explained in de-
tail later, isolate the microwave source and signal from
the load.

Each of the band-stop filter switches includes a unidirec-
tional conducting device, such as diodes 5-7, positioned
in resonators 8-18. The conductivity of these diodes is
varied between the conducting and nonconducting states
to change the resonant frequency of the resonators there-
by controlling transmission of the microwave energy down
wave guide 1. Resonators 8-10 are coupled to wave guide
1 by means of coupling slots 11-13. The coupling slots
may be either capacitive or inductive depending on their
size and location in the “E” plane (or narrow cross-sec-
tion) of the wave guide. With the switch actuated, resona-
tors 8-10 are band-stop filters and prevent transmission of
microwave energy in the selected band. In this state, the
electrical length of the resonator is approximately a half
wave length of the band-center frequency, fo, i.€.,

AGy
72

At this length, the admittance (Y=G /B, where G is the
conductance and jB the susceptance) of the resonators and
their associated coupling slots is quite low. Since the
resonators are coupled to the wave guide in the “E” plane
the resonator admittances are in series with the wave guide
and represent a very high impedance in series with the
wave guide when the switch is actuated.

If coupling slots 11-13 are capacitive, the electrical
length of the resonator in the switched condition is made
to be slightly greater than a half wave length

G

so that the resonator represents an admittance having nega-
tive susceptance, B=jK (i.e., inductive). The capacitive
slots represent a positive susceptance. B=-jK, which
cancels the negative susceptance of the resonator so that
the resultant susceptance is zero B,=0, and the resultant
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4
admittance is a small conductance, Y,=G so that the
equivalent electrical length of the total assembly, res-
onator, slot, etc. is

AGo

2

Thus, resonator 8§ in the switched condition can be repre-
sented, as may be seen from FIG. 2, by a parallel tuned
circuit 14 resonant at the center frequency f, of the micro-
wave signal frequency band. Variable tuning screws 15-17
are provided for resonators 8-19 to provide additional tun-
ing adjustment of the resonators in the switched condition
so that the resonators and the coupling slots or irises pre-
sent the proper impedance in the switched condition.

The individual resonant band-stop switches 2, 3, and 4
are separated by impedance transforming wave guide sec-
tions so that the high impedances of resonant cavities 9
effectively become a low impedance series resonant circuit
18 as shown in FIG. 2. To this end, the coupling slots 11,
12, 13 are separated from each other by an electrical
length that is an odd multiple quarter wave length of the
center frequency fo of the microwave signal frequency

band,
(lz= (29— 1)7\G0>
4

This impedance transformation greatly enhances the sig-
nal isolation of which the switch is capable, with the total
isolation of the switch being substantially equal to the
product of the signal isolation provided by the individual
band-stop switches.

As was briefly discussed before, diodes 5, 6, and 7, posi-
tioned respectively in resonators 8-10, perform the switch-
ing operation which changes the tuning of the resonators
to convert them from band-stop switches in a band out-
side of the signal band so that they have substantially no
effect on the microwave signal in wave guide 1, to band-
stop switches in the desired band to prevent further trans-
mission of the energy. Diodes 5, 6, and 7 are preferably
semiconductor junction diodes, the conducting states of
which are electrically controlled to vary the electrical
length of the resonators. Diodes 5, 6, and 7 are physically
positioned in the resonators so that in the forward-biased or
conducting state they present a short circuit across part of
the resonator so that the electrical length of the resonators
is changed sufficiently for it to be approximately a half
wave length at the center frequency of the microwave sig-
nal frequency band

AGy
"2

At this electrical length, the resonators act as band-stop
filters by inserting the transformed low impedance of res-
onator 9 in shunt between the high impedance resonators
8 and 19. In the reverse-biased or nonconducting state,
diodes 5, 6, and 7 are an open circuit. This changes the
electrical length of the resonators and shifts the resonant
frequency outside of the frequency band of the transmitted
signal so that the resonators have substantially no effect on
the transmitted signal. In other words, diodes §, 6, and 7
provide a means for selectively tuning and detuning the
resonators thereby controlling propagation of the micro-
wave energy down the wave guide.

The conductive states of the diodes are controlled,
either manually or automatically, by means of a suitable
biasing circuit to provide electrical actuation of the switch.
The biasing circuitry is shown generally at 20 and con-
sists essentially of a switched DC source. The DC supply
21 has output terminals to which the diodes are connected
and a switching device 22 which operates in response to
an input control signal at terminal 23. Switch 22, as illus-~
trated in FIG. 1, is simply a device for enabling the power
supply and switching the polarities of the biasing voltages
applied to the diodes. Thus, with a control signal applied
to terminal 23, the output of the DC supply has the polar-
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ity shown in FIG. 1, and a positive voltage is applied to
the anodes of diodes 5, 6, and 7 over supply bus 24, and
a negative voltage or ground is applied to the cathodes of
the diodes over bus 25. In the absence of an input signal
to actuate switch 22, the polarity of the output from DC
supply 21 is reversed, and a negative voltage is applied
to the anodes over bus 24 and a positive voltage over bus
25 so that the diodes are reverse-biased. It will be obvious,
to those skilled in the art, that electrical control circuit 2¢
for the diodes may be actuated in any number of differ-
ent ways, and that the arrangement illustrated in FIG. 1 is
by no means limiting. For example, biasing of the diodes
may be achieved manually or through any circuit ar-
rangement for automatically changing the bias voltages
in response to a condition, such as a fault on a system, etc.,
to a program controlled pulse.

The manner in which the multi-resonator microwave
band-stop switch of FIG. 1 functions may perhaps be most
easily understood by means of the schematic illustration
of FIG. 2 which shows the equivalent electrical circuitry of
the switching device illustrated in FIG. 1. Thus, with diode
5 biased into the conducting or forward direction, the elec-
trical length of cavity resonator 8 is

AGo/2

The switch susceptances, which include the susceptance
of the resonator, tuning screw 15, and capacitive slot, can-
cel out so that the resultant susceptance is zero. Thus, the
admittance of resonator 8 is a pure conductance of a
very small value. Since capacitive coupling slot 11 is
positioned in the “E” plane of the wave guide the admit~
tance, which at f; is equal to a pure conductance, is con-
nected in series with the waveguide. Resonator 8 may
thus be represented by a series-connected parallel reso-
nant circuit 14 resonant at the center frequency f, of the
microwave signal. This high impedance isolates the micro-
wave source and signal from the load and prevents further
transmission of the signal.

A cavity resonator, such as the one illustrated at 8, may
typically provide approximately 20 to 25 db of signal
attenuation or isolation. Since physically realizable reso-
nators have a finite impedance rather than the theoretically
infinite impedance of a parallel resonant circuit, complete
isolation is, of course, not possible with a single resonator.
In order to achieve greater than 20 or 25 db isolation
possible with a single band-stop switch, additional reso-
nators 9, 10, etc. are coupled to the waveguide 1 at odd
multiples of a quarter wavelength from resonator 8.
The additional resonators 9 and 10, etc., with diodes 6 and
7 forward-biased, also have an admittance at f, which is
a pure conductance of a small value so that the impedance
or resistance seen by the wave guide at the coupling slots
12 and 13 is very high and is the equivalent of a parallel
resonant circuit in series with the wave gnide. However,
the electrical spacing of the coupling slots 12, 13 of reso-
nators 9 and 10 from the coupling slot 11 of resonator 8
and from each other is approximately an odd multiple of
a quarter wavelength at the signal center frequency

f()()\fo! 3};G0: 5);G07 ete.)

The wave guide section acts as an impedance transformer
so that looking to the right from the resonator 8 the im-
pedance of resonator 9 is transformed from a very high
value to a very low value; in other words, the parallel
resonant circunit representing resonator 9, when viewed
from resonator 8 and resonator 18, is transformed to
series resonant circuit 18 connected across the wave guide.
This greatly enhances the isolation afforded by the switch-
ing arrangement. Assuming the parallel resonant circuit 14
in series with the waveguide has a very high but finite
impedance Z at f,, it is obvious that another parallel
resonant circuit, having an impedance Z in series with 14,
only doubles the total impedance, ie., Zg, and the at-
tenuation and/or isolation is merely increased by 3 db.
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Thus, if the attenuation or isolation due to parallel reso-
nant circuit 14 were 20 db, for example, the addition of
a second parallel resonant circuit would merely increase
the attenuation to 23 db, and so on, producing at best a
small increase in the isolation. However, by the impedance
transformation, the series resonant circuit 18 across the
waveguide shunts the microwave signal not attenuated by
network 14. The microwave switch of the instant invention
tion constitutes a plurality of such resonators electrically
spaced by approximately an odd multiple of a quarter
wavelength at f,. By virtue of this spacing, alternate high
impedances in series with the guide and low impedances
in shunt with the guide are seen by the signal. In fact, as
will be explained in detail presently in connection with
FIGS. 3 and 4, the signal isolation, which can be achieved
using » resonators, is approximately the product (or
n times) of the attenuation of the individual resonators
so that three resonators, each of which are individually
capable of producing an isolation or attenuation of 20 db,
produce a total attenuation of 60 db or more, whereas
three resonators, without the impedance transforming sec-
tions, would, at most, produce an attenuation of 24 or
25db.

FIG. 3 illustrates graphically, by means of curve 28,
the characteristic response of a single resonator band-stop
filter switch. The signal frequency in megacycles is plotted
along the abscissa and the insertion loss in db along the
ordinate. Curve 28, also identified by the legend “forward-
bias state,” illustrates the frequency response of the single
resonator band-stop filter switch with the diode biased in
the conducting or forward direction. The resonator was
constructed to be resonant at 6725 megacycles with the
diode forward-biased. It can be seen that at the center
frequency of the band f,=6725 mc. the insertion loss or
attenuation of the signal is approximately 23 db. It can
also be seen that for a bandwidth of approximately 10
megacycles centered about f, points 29 and 36 of curve
28, the minimum attenuation of the switch is approxi-
mately 20 db. Curve 31, labelled “reverse-bias state,”
illustrates the characteristic response of the single reso-
nator band-stop filter switch with the diode reverse-biased
into the nonconducting state. It can be seen that the res-
onant center frequency of the cavity is shifted to 6850
megacycles and out of the transmitted microwave signal
band. In the desired 10 megacycle microwave band cen-
tered about the 6725 mc., point 32 of curve 21 shows that
the insertion loss with the switch reverse-biased is only
a fraction of a db. Thus, a band-stop switch, consisting of
a single resonator, is capable, in the switched state, of pro-
viding from 20 to 23 db isolation and an insertion loss in
the unswitched state of less than a db.

FIG. 4 jllustrates the characteristic response of a band-
stop switch of the type shown in FIG. 1 using four (4)
resonators, each individually having the characteristic il-
lustrated in FIG. 3. Curve 33 shows the characteristic
response of the switch with the diodes in the four reson-
ators forward-biased and in the conducting state, and
curve 36 illustrates the response characteristics of the
switch with the diodes reverse-biased. It can be seen from
curve 33 that for a bandwidth of 10 megacycles centered
about f;=6725 mc. (points 34 and 35 on the curve), the
signal attenuation is approximately 90 db; better than
four times the isolation produced by single resonator band-
stop switch in the same frequency band. It is apparent,
therefore, that a band-stop microwave switch, using a plu-
rality of electrically tunable band-stop filters each sep-
arated by an odd quarter wave length section, produces
a signal attenuation or isolation which is at least equal
to the product of the attenuation achieved by a single
electrically controlled band-stop filter. This, of course, is
highly desirable and is a great improvement over pre-
viously known microwave switches both in the degree of
isolation afforded but also in the simplicity of the switch
construction and the speed and effectiveness of its op-
eration. It can also be seen from curve 36 of FIG. 4 that,
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with the diodes reverse-biased so that the microwave sig-
nal is transmitted to the load, the insertion loss in the
signal band (points 37 of curve 36) is again less than a
db.

By positioning the switching device as shown in FIG. 1
this offers an additional advantage in offering great flexi-
bility in adjusting the impedance at the point of switching
to the particular characteristics of the switching device.
The power delivered to the load in the pass condition, and
hence the power which the switch is capable of handling,
is approximately equal to V4 V,I;, where V, is the voltage
across the diode in the reverse-biased state and I is the
current through the diode in the forward-biased state. V
and I; have both D.C. and R.F. terms and in order to
maximize the power that can be handled by the switch,
the product, Vyl,, must be maximized.

The maximum value of Vgl; is determined by the safe
thermal, voltage or current breakdown ratings of the
switching device. This, in turn, is dependent on placing
the diode at the proper position or impedance level in
the circuit. The switch arrangement described here lends
jtself particularly to the solution of this difficulty for the
impedance level at which the diode operates can be ad-
justed over a wide range of values by varying the distance
between the switching diode and the end wall, a range
of adjustment which makes it possible to match the re-
quirements of many different available switching diode
devices thereby optimizing the power handling capacity
of the switch.

For a maximum impedance change (and hence a maxi-
mum frequency shift) between the conducting and non-
conducting diode states, each diode is preferably spaced
from the closed or shorted wall of its respective resonator
by an electrical length that is an odd multiple of

AGo/4

This spacing may be varied considerably, as for example
as much as plus or minus

AGy/8

depending upon the magnitude and characteristic (i.e.,
inductive or capacitive) of the impedance which the
resonators are to present when the diodes are non-con-
ducting. Thus, while a spacing of

AGy/4

may be ideal for many applications, other spacings may
be used, depending upon operating conditions.

FIG. 5 illustrates partially in block diagram form one
practical application of the microwave switching arrange-
ment illustrated in FIGS. 1 and 2. It shows a communica-
tion system, with “hot” standby, which includes two trans-
mitters operating simultaneously on the same frequency.
Transmitters A and B operate on the same frequency and
are continually energized to produce, for example, a 10
mc. output carrier signal centered at fo. The transmitters
are coupled through a pair of multi-elements band-stop
filter switches 38 and 40 to common waveguide 40, di-
plexer 41 and thence to a radiating element such as an
antenna 42. Switches 38 and 39 are controlled by a switch
control element 43 which selectively maintains one of the
two switches in the “On” condition and the other in the
“Off” condition. The switch control 43 may be either man-
ually operated or may be operative in response to some
condition sensing device such as a sensing element for
determining loss of the transmitted signal. Switch control
element 43, in one instance, forward-biases the diodes in
switch 38, thereby isolating transmitter A and its carrier
signal from waveguide 40 while simultaneously reverse-
biasing the diodes of switch 39. The carrier signal from
transmitter B passes through switch 39 to common wave
guide 40, diplexer 41 and antenna 42. Upon the occur-
rence of some predetermined event, such as a failure of
the transmitter or reduction of the power level for ex-
ample, the switch conirol circuit, which may be of any
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suitable kind, is actuated. This removes reverse-bias from
switch 39 and applies forward-bias, thereby isolating
transmitter B from the common wave guide and the an-
tenna. Simultaneously the diodes in switch 38 are reverse-
biased, and the switch now passes the signal from trans-
mitter A to wave guide 40 and to antenna 42. Thus, by
means of this simple multi-resonator band-stop switch
arrangement, two or more transmitters may be easily di-
plexed to a single common wave guide or transmission
medium and thence to a radiating element such as an
antenna. Also, shown in FIG. 5 is the output from an-
tenna 42 and diplexer 41 to one or more receivers, not
shown, which may, in turn, contain band-stop switches of
the type illustrated in connection with the transmitters.

It will be apparent now that a simple, inexpensive,
rapid, and highly effective microwave switching arrange-
ment has been described which produces a high degree
of isolation by means of a simple but highly reliable
structure.

Although a number of specific embodiments of the in-
vention have been shown, it will, of course, be understood
that the invention is not limited thereto since many modi-~
fications, both in the instrumentalities and circuit arrange-
ment employed, may be made. It is contemplated by the
appended claims to cover any such modifications which
fall within the true scope and spirit of this invention.

1 claim:

1. In a microwave switch, the combination comprising,

(a) a waveguide transmission path for microwave
energy;

(b) a plurality of electrically tunable resonators posi-
tioned along said transmission path;

(c) a plurality of coupling apertures in said waveguide
for coupling each of said resonators to said wave-
guide;

(d) switching means for changing the resonant fre-
quency of said resonators so as to convert said reso-
nators to band-stop filters in the switched state and
thereby prevent transmission of said energy along
said waveguide path, said switching means including:

(1) a solid-state element having two conductive
states positioned in each of said resonators for
varying the electrical length of said resonators,
the electrical length of said resonators being
such that each of said resonators acts as a high-
impedance band-stop filter when said element is
in one conductive state and the electrical length
being such as to have substantially no effect on
transmission of said energy when said element
is in the other conductive state;

(2) electrical means for selectively switching said
solid-state element into one or the other of the
conductive states to control propagation of said
microwave energy along said transmission path;

(e) and an impedance-transforming waveguide section
having a length in the direction of energy propaga-
tion that is substantially equal to an odd multiple,
including unity, of a quarter wavelength of said en-
ergy, and being positioned between each adjacent
pair of said coupling apertures whereby said reso-
nators in the switched state represent alternate high
impedances in series with said transmission path and
low impedances across said path to enhance attenua-
tion of the microwave signals in the switched state.

2. In a microwave transmitting system, the combina-
tion comprising,

(a) a pair of continuously energized transmitters for

generating microwave energy;

(b) a common waveguide and a radiating means cou-
pled to said common waveguide;

(¢) means for selectively coupling energy from one of
said first and second transmitters to said common
waveguide and to said radiating means, said coupling
means including:
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(1) first and second individual waveguides respec-
tively coupled between said transmitters and said
common waveguide;

(2) band-stop switch means associated with each
of said individual waveguides, each of said
band-stop switch means comprising a plurality
of resonators coupled to a respective individual
waveguide through coupling apertures, each of
said resonators having diodes positioned therein
for controlling the electrical length and thereby
the resonant frequency of said resonators, said
resonators being converted to band-stop filters
in response to the conductive state of said
diodes, each adjacent pair of apertures of each
of said band-stop switch means being separated
by impedance-transforming waveguide sections
to enhance the attenuation of microwave energy
when said diodes are in said conductive state;

(d) and switch control means for selectively biasing

said diodes to bias said switch means associated with o

one of said individual waveguides so that the energy
from one of said transmitters is attenuated and
simultaneously to bias said switch means associated
with the other waveguide so that energy from the
other transmitter is coupled to said common wave-
guide, whereby only one of said continuously ener-
gized transmitters is operatively coupled to said
common waveguide.

3. The microwave transmitting system of claim 2,
wherein said impedance-transforming waveguide sections
are an odd multiple of a quarter wavelength long.

4. An improved microwave switch for selectively pass-
ing and blocking microwave energy of a selected fre-
quency comprising:

(a) a waveguide section for providing a transmission

path for microwave energy of a selected frequency;

(b) said waveguide section having a plurality of elec-
trical coupling means at spaced intervals along said
transmission path;

(c) each of said spaced intervals being substantially
equal to an odd multiple, including unity, of a quar-
ter wavelength at said selected frequency;

(d) a plurality of resonant cavities each having an in-
put end and a shorted end spaced from said input
end;

(e) a solid-state device respectively positioned in each
of said cavities and spaced from said input end by a
distance substantially equal to some multiple, includ-
ing unity, of a half wavelength at said selected fre-
quency;
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(f) means respectively coupling the input end of each
of said cavities to a respective one of said electrical
coupling means;

(g) and means connected to each of said solid-state
devices for selectively switching said solid-state de-
vices into one conducting state so that said cavities
present one electrical impedance at said selected fre-
quency, and for selectively switching said solid-state
devices into an opposite conducting state so that said
cavities present a second electrical impedance at said
selected frequency.

5. The improved microwave switch of claim 4 wherein
each of said electrical coupling mzans comprises a cou-
pling aperture in a wall of said waveguide section.

6. The improved microwave switch of claim 4 wherein
each of said solid-state devices is spaced from said shorted
end of its cavity by a distance approximately equal to
some odd multiple, including unity, of a quarter wave-
length at said selected frequency.

7. The improved microwave switch of claim 4 wherein
each of said electrical coupling means comprises a cou-
pling aperture in a wall of said waveguide section, and
wherein each of said solid-state devices is spaced from
said shorted end of its cavity by a distance approximately
equal to some odd multiple, including unity, of a quarter
wavelength at said selected frequency,
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