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Filed June 15, 1961, Ser. No. 117,339 
3 Claims. (Cl. 333-4) 

This invention relates to microwave phase-shifting ap~ 
paratus and more particularly to a microwave phase shifter 
adapted for operation at very high switching speeds. 

In microwave-switching apparatus, it is common to 
utilize a ferrite-type, magnetic ?ux-responsive, phase-shift 
ing material positioned within a segment of waveguide. 
Switching is accomplished by applying a variable or re 
versible magnetic ?eld across this material by a suitable 
magnetic circuit. When it is attempted to drive the mag 
netic circuit of such an arrangement at very high switch 
ing rates problems are encountered due to long time con— 
stants and large switching current requirements caused by 
the high reluctance ?ux path resulting from the wide air 
gap across the waveguide and ferrite-type material and 
from eddy currents which are induced in the conductive 
portions of the waveguide upon a change in magnetic 
?ux. Eddy current paths in the waveguide have the same 
e?ect as shorted secondary turns on the magnetic circuit 
and so increase the reactance thereof and tend to oppose 
any change of ?ux, thereby reducing the rise rate of the 
magnetic circuit and rendering the switch ineffective for 
high speeds. These problems can be substantially re 
duced by utilizing thin foil walls for the waveguide portion 
of the switch and positioning the magnetic pole pieces in 
contact therewith as set forth in the copending application 
Serial No. 752,933, ?led August 4, 1958, and assigned to 
the assignee of the present invention. 
However, additional difficulties are encountered when 

a segment of double waveguide is used as set forth in the 
above-mentioned copending application. When a switch 
of the type using double waveguide is connected between 
a pair of double-waveguide coupling elements, then a 
shorted turn on the magnetic circuit of the switch is 
formed, since the two adjacent segments of waveguide of 
the switch are connected together at their ends by the 
waveguide-coupling elements. It is therefore necessary 
to electrically isolate the two adjacent sections of wave 
guide from each other and from the coupling elements. 

In accordance with this invention, a pair of adjacent 
and parallel waveguide sections in a single microwave 
switch assembly are insulated from one another due to 
the fact that the waveguides are formed of a thin con 
ductive foil attached to an insulating material. The sec 
tions of foil waveguide are isolated from the coupling 
segments on either end by insulating gaskets so that there 
is no conductive path between the two foil waveguides 
or between the foil waveguides and the coupling segments. 
In order to avoid radiation losses through the gaps caused 
by the insulating gaskets, and also to prevent standing 
waves or other effects of a discontinuity in the transmission 
path, shorted-end quarter-wave stub slots may be provided 
surrounding the gaps. 

It is a principal object of this invention to provide an 
improved microwave switching device utilizing ferrite 
type phase-shifting elements mounted within a waveguide 
and coupled to an external source of magnetic ?ux. It is 
another object to provide a ferrite-type microwave switch 
adapted for operation at very high switching rates. It is 
a further object of this invention to provide ferrite-type 
microwave phase-shifting apparatus having a double 
waveguide segment and employing a reversible magnetic 
?eld which may be switched at very high rate. 
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Still another object is to provide a double-waveguide 

segment of a ferrite-type microwave switch. having insulat 
ing means to prevent electrical contact with waveguide 
coupling elements on either end. 
An additional object of this invention is to provide 

microwave-switching apparatus of the type utilizing a re 
versible magnetic ?eld and having a minimum of eddy 
current paths which tend to restrain the change of ?ux 
through the waveguide. 

Other objects and advantages of this invention will be 
apparent from the description which follows and from the 
appended claims. The invention itself may best be under 
stood from the following description of an illustrative em 
bodiment thereof, when read in conjunction with the ac 
companying drawings, in which: 
FIGURE 1 is a perspective view of microwave phase 

shifting apparatus utilized with this invention; 
FIGURE 2 is a sectional view of the apparatus of FIG 

URE 1 taken along the lines 2-——2; 
FIGURE 3 is an end view of a completed assembly 

of a microwave switch utilizing the principles of this in 
vention; 
FIGURE 4 is a side view of a portion of the microwave 

switch of FIGURE 3 and of a waveguide coupling attached 
thereto in an operative position; 
FIGURE 5 is a sectional view of a portion of a micro 

wave switch and associated microwave coupling, includ 
ing a sectional view of the switch of FIGURE 3 taken 
along the lines 5—5; and 
FIGURE 6 is an end view of the microwave coupling 

of FIGURES 4 and 5 taken along the lines 6—-6 in FIG 
URE 4. 
With reference to FIGURES 1 and 2, there is shown a 

segment of double waveguide 10 including a pair of foil 
waveguides 11 and 12 which are positioned adjacent and 
generally parallel to one another. Although the wave 
guides are shown in greatly exaggerated thickness in FIG 
URE 2 for illustrative purposes, the waveguides 11 and 12 
are composed of very thin silver foil, having a thickness 
determined by the current penetration of the signal energy 
in the waveguide at the transmission frequency. The foil 
waveguides l1 and 12 are mounted on a plastic support~ 
ing structure 13 which is composed of a non-conductive 
material such as plastic. A set of ferrite-type phase-shift 
ing elements 14 and 15 are mounted in the foil waveguides 
11 and 12 on the pair of opposing Heplane walls which 
are the broad walls perpendicular to the E-vector of the 
propagated wave. A magnetic core 16 is employed hav 
ing opposing pole pieces 17 and 18 which are received 
in slots in the plastic structure 13 on opposite sides of the 
double waveguide segment 10, adjacent the ferrite ele~ 
ments l4 and 15. Surrounding some portion of the mag 
netic circuit of the core 16 is a winding which may include 
a pair of coils 2t} and 21 for inducing magnetic flux there 
in. The direction of flux passing between the pole pieces 
17 and 18 or through the ferrite elements 14 and 15 may 
be reversed by reversing the direction of current flow in 
the coil 20 and 21. Reversal of ?ux has the effect of 
changing the degree of phase shift which is imparted to 
microwave energy passing through the waveguides l1 and 
12 by the ferrite elements 14 and 15. The coils 20 and 
21 are positioned closely adjacent the plastic casing 13 
rather than around the tong portion of the C-shaped core 
16 for the purpose of decreasing the rise time of ?ux across 
the air gap. An illustrative microwave system in which 
the apparatus of FIGURES 1 and 2 may be utilized is 
shown in detail in the above-mentioned copending appli 
cation Serial No. 752,933. 
With reference to FIGURE 3, a completed microwave 

switching assembly is shown wherein the double-wave 
guide segment lii is encased in a housing 22 composed 
of potting resin or similar material. This housing 22 
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also encloses the major portion of the magnetic core 16 
and the windings thereon. A silver plating 23 having a 
thickness of approximately .005 inch is applied to each 
end of the assembly, and a slit 24 is scribed or other 
wise forrned in the silver plating 23 to a width of ap 
proximately .005 inch. This slit 24 is effective to elec~ 
trically isolate the two foil waveguides 11 and 12 even 
though these guides are in contact with the silver plating 
23. With this arrangement, no current can ?ow between 
the two foil waveguides 11 and 12. In order to elec 
trically isolate the waveguides 11 and 12, along with the 
silver plating 23, from the waveguide couplings which 
must necessarily be attached to both ends of the switch 
device, a gasket 26 of tetra?uoroethylene, ?uorinated 
ethylene polymer or other similar insulating material of 
a thickness of approximately .005 inch is applied to each 
end of the assembly by cement or other suitable adhesive 
material. 

Referring now to FIGURES 4 and 5, a microwave 
coupling 27 is shown attached to one end of the micro 
wave switch assembly. The coupling 27 and a like cou 
pling which engages the opposite end of the switch as 
sembly include a segment of double waveguide 28 and 
a wide ?ange 29. The coupling 27 is constructed of an 
integral piece of conductive material and so, if this 
coupling were in electrical contact with both of the foil 
waveguides 11 and 12, then a path for eddy currents 
would be established. That is, the two guides 11 and 12, 
if shorted together at their ends, would create a con 
ductive path which would act as a shorted secondary 
for the magnetic circuit of core 16. However, the gasket 
26 effectively isolates the conductive coupling 2'7 from 
the waveguides 11 and 12. The coupling 27 is attached 
to the switch assembly by suitable means such as a set of 
bolts 30 passing through the ?ange 29 and including 
screw threads which engage threaded holes in a table 
shaped member 31 which has been imbedded in the pot 
ting resin of the housing 22. The member 31 has four 
legs each having a threaded hole therein to receive one 
of the bolts 30. The member 31 has a rectangular hole 
in its center to clear the plastic member 13 and to insure 
that the member 31 is insulated from the waveguides 11 
and 12. Also, the member 31 is spaced apart from the 
outer face of the housing 22 upon potting so that there 
will be no electrical contact between the plating 23 and 
the member 31. Of course, holes are provided in the 
plating 23 of a size larger than the diameter of the bolts 
30 so that there is no electrical contact therewith. This 
arrangement avoids conductive paths between the cou 
pling 27 and the switch assembly. 
The conductive materail of the coupling 27 de?nes a 

pair of waveguides 32 and 33 which may best be seen 
in the end view of FIGURE 6. The guides 32 and 33 
should provide a continuous path for energy being trans 
mitted through the foil waveguides 11 and 12 of the 
switch assembly. In FIGURES 4 and 5, it is seen that 
the interposition of the gasket 26 between the coupling 
27 and the switch assembly creates a gap between the 
waveguides 32 and 33 and the corresponding waveguides 
11 and 12. Thus, in order to prevent radiation of micro 
wave energy through these gaps, and also in order to 
avoid standing waves which may be established due to 
the discontinuity in the waveguide, a set of quarter-wave 
stub slots 34-37 are cast or otherwise formed in the 
?ange 29 of the coupling 27. The depth of each of these 
stubs is on the order of one-quarter wavelength at the 
waveguide transmission frequency. The slots are formed 
in the conductive material of the coupling 27, and so the 
ends of the slots are shorted, forming shorted end quar~ 
ter-wave stubs which appear at the openings thereof as 
very high impedances. Thus, the gaps between the wave 
guides 11 and 12 and the waveguides 32 and 33 appear 
as very low impedances, since the slots 34-37 are ap 
proximately one-quarter wavelength away from the gaps. 
It is noted that the slots 34-37 extend only along the 
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4 
long dimensions of the guides 32 and 33, the reason 
being that little energy will escape from the ends or 
short dimensions of the guides where the E-vector is at 
zero or a minimum. 

In one embodiment of the invention, the switch is 
utilized with Waveguide having cross-sectional dimen 
sions of 0.14 by 0.28 inch. The adjacent and parallel 
guides are spaced from one another by about 0.04 inch 
and the quarter-wave stub slots 34-27 are spaced from 
the guides by about 0.10 inch. These dimensions are 
suitable for waveguide frequencies of the order of 
30K me. With a switch as described, it has been found 
that the magnitude of the driving current for the coil 
20 can be reduced by a factor of about 1/3 and the rise 
time of the switching operation can be decreased from 
about 100 microseconds to as little as 40 microsecond-s 
compared to the results obtained without the elimination 
of the shorted turn or, in other words, without the inter 
position of the insulating gasket 26 between the swich 
assembly and the couplings on either end. 
The materials and dimensions speci?ed above, as well 

as the structure of the illustrative embodiment of the in 
vention, are given by way of example only and are not 
meant to be construed in a limiting sense. Various modi 
?cations of the invention will be obvious to persons 
skilled in the art from reading the speci?cation, and so 
it is intended that the invention be limited only by the 
true scope of the appended claims. 
What is claimed is: 
1. Microwave switching apparatus comprising, in com 

bination, ?rst and second sections of rectangular foil 
walled waveguide positioned adjacent and parallel to one 
another and adapted to propogate high frequency energy, 
said sections of waveguide being composed of thin foil 
mounted on the interior walls of a pair of elongated 
holes in a non-conductive housing such that said sec 
tions of Waveguide are insulated from one another, a 
magnetic core having a pair of pole pieces engaging op 
posite sides of both of said sections of waveguide, said 
pole pieces extending through said housing, a thin con 
ductive plating on each end of said housing and con 
tacting said sections of waveguide at the edges thereof, 
a narrow slit in the plating on each end of said housing 
running between the exposed ends of the ?rst and second 
sections of waveguide, a winding surrounding said core 
and positioned closely adjacent said sections of wave 
guide, a pair of ferrite-type phase-shifting elements 
mounted adjacent said pole pieces within said ?rst and 
second sections of waveguide, ?rst and second coupling 
segments composed of integrally-connected double rec 
tangular waveguide of size corresponding to said ?rst 
and second sections of waveguide, said ?rst coupling 
segment engaging one end of said ?rst and second sec 
tions of waveguide and said second coupling segment en 
gaging the other end of said ?rst and second sections of 
waveguide, each of said coupling segments having a wide 
conductive ?ange facing said conductive plating, one of 
a pair of insulating gaskets positioned between said con 
ductive plating and said wide ?ange of the coupling seg— 
ment at each end of said ?rst and second sections of 
waveguide and a set of quarter-wave stub slots formed 
in said wide ?ange spaced from the long sides of the 
openings of said double rectangular Waveguide by about 
one quarter wavelength at said high frequency. 

2. Microwave switching apparatus comprising, in com 
bination, ‘first and second sections of rectangular foil 
walled waveguide positioned adjacent and parallel to one 
another and adapted to propagate high frequency energy, 
said sections of waveguide being composed of thin foil 
mounted on the interior walls of a pair of elongated holes 
in a non-conductive housing that said sections of wave 
guide are insulated from one another, magnetic means hav 
ing a pair of pole pieces engaging opposite sides of both 
of said sections of waveguide, said pole pieces extending 
through said housing, a thin conductive plating on each 



3,214,711 
5 

end of said housing and cont-acting said sections of wave 
guide at the edges thereof, a narrow slit in the plating on 
each end of said housing running between the exposed 
ends of the ?rst and second sections of waveguide, fer 
rite-type phase-shifting means mounted adjacent said pole 
pieces Within said ?rst and second sections of waveguide, 
?rst and second coupling segments with each being com 
posed of integrally-connected double rectangular wave 
guide of size corresponding to said ?rst and second sec 
tions of waveguide, said ?rst coupling segment engaging 
one end of said ?rst and second sections of waveguide and 
said second coupling segment engaging the other end of 
said ?rst and second sections of waveguide, each of said 
coupling segments having a wide conductive ?ange facing 
said conductive plating, a pair of insulating gaskets, one 
of said insulating gaskets being positioned between said 
conductive plating and said wide ?ange of the coupling 
segment at each end of said ?rst and second sections of 
wave-guide. 

3. Microwave switching apparatus comprising, in com 
bination, ?rst and second sections of ‘rectangular toil 
walled waveguide positioned adjacent and parallel to one 
another and adapted to propagate high frequency energy, 
said sections of waveguide being composed of thin foil 
mounted on the interior walls of a pair of elongated holes 
in a non-conductive housing that said sections of wave 
guide are insulated from one another, ‘magnetic means hav 
ing a pair of pole pieces engaging opposite sides of both of 
said sections of waveguide, said pole pieces extending 
through said housing, a thin conductive plating on one 
end of said housing and contacting said sections of wave 
guide at the edges thereof, a narrow slit in the plating on 
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said one end of said housing running between the exposed 
ends of the ?rst and second sections of waveguide, ferrite 
type phase-shifting means mounted adjacent said pole 
pieces within said ?rst and second sections of waveguide, 
a coupling segment composed of integrally-connected dou 
ble rectangular waveguide of size corresponding to said 
?rst and second sections of waveguide, said coupling seg 
ment engaging ‘one end of said ‘?rst and second sections 
of waveguide, said coupling segment having a wide con 
ductive ?ange ?acing said ‘conductive plating, and an in 
sulating gasket positioned between said conductive plating 
and said wide ?ange of the coupling segment at said one 
end of said ?rst and second sections of waveguide. 
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