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3,316,505 
FAST SWITCHENG MICROWAVE CIRCULATOR 
UTLAZING REMENANT MAGNETZATION 

Theodore D. Geiszler, Santa Clara, Calif., assignor to 
Western Microwave Laboratories Inc., Santa Clara, Calif. 

Filed Mar. 1, 1965, Ser. No. 435,811 
8 Claims. (C. 333-1.1) 

This invention relates in general to microwave cir 
culator devices of the gyromagnetic material variety and 
in particular to latchable mircowave circulator devices. 

Three-port microwave circulators have been utilized 
extensively in prior art microwave switching applications. 
Heretofore such microwave circulators have been biased 
by conventional magnetic control means involving bulky, 
relatively inefficient electromagnetic devices disposed 
external to the ground planes of the circulator structure. 
This type of magnetic control means requires a holding 
current during its entire operational period and con 
Sequently necessitates a substantial power source which 
may not be available in many applications. It is readily 
apparent that a switchable, latchable, compact, easily 
fabricated microwave circulator capable of handling rela 
tively high peak and average power is needed and would 
be welcomed as a substantial advancement of the art. 

Accordingly, it is an object of this invention to pro 
vide a microwave circulator which may be switched 
readily and maintained in a selected operational state. 

It is another object of this invention to provide a 
relatively compact microwave circulator which does not 
require a continuous holding current during each selected 
operational state. 

It is a further object of this invention to provide a 
latchable microwave circulator which is adaptable to relatively high power applications. 

Briefly, the device of this invention is a nonreciprocal, 
three-port microwave network in which energy entering 
one port may be directed to one or the other of the two 
remaining ports by the application of a magnetic field 
of selected direction across the gyromagnetic element. 
in the exemplary embodiment, the magnetic control 
means is disposed within the circulator structure. 
The foregoing and other objects, features and ad 

vantages of the invention will be apparent from the fol 
lowing more particular description of a preferred em 
bodiment of the invention, as illustratel in the accom 
panying drawings in which: 
FIG. 1 is a cutaway view of the device of this inven 

tion in a typical stripline embodiment; 
FIG. 2 is a more detailed showing of the magnetic 

control means in the embodiment of FIG. 1; and 
FIG. 3 is an exploded perspective view of the device 

of FIG. 1 showing certain essential elements. 
FIG. 1 shows a three-port stripline embodiment of the 

device of this invention having magnetic control means 
disposed between ground planes 21 and 22. In FIG. 1 
the three coaxial ports 11, 12 anl 13 of the circulator 
are equidisposed about a core 14a, 14b of gyromagnetic 
material, for example ferrite. The center conductor of 
each coaxial port is connected electrically to a central 
spider member 15 disposed in parellel relation to the 
ground planes 21 and 22 and separated therefrom by the 
core portions 14a and 14b, respectively. A conventional 
dielectric material 16 is shown surrounding the core 
portions 14a and 14b. In this embodiment the dielectric 
serves an impedance matching function. 
The magnetic control means in the embodiment of 

FIG. 1 comprises a core 23 of a material having a sub 
stantially rectangular hysteresis loop characteristic, a 
winding 24, and two conductive path means 25 and 26 
having a low impedance to electromagnetic wave energy. 
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The conductive path means 25 and 26 may be made of 
high permeability steel, for example, and may be recessed 
within the ground planes 2 and 22 as indicated at 28, 
28a if desired. It has been found that such recess not 
only reduces the overall size of the device but sub 
stantially improves the operational qualities of the de 
vice by minimizing any internal field discontinuity. 
The core 23 is carried to one saturation level or the 

other, as desired, by application of electrical pulse energy 
of selected polarity and duration from source 27 to the 
winding 24 to provide a magnetic field of selected 
polarity. This magnetic field energizes the ferrite core 
14a, 14b by means of the conductive path means 25 
and 26 such that microwave energy is directed to one 
port or the other. 
Once a saturation level is reached, the core 23 re 

mains saturated irrespective of the presence, or absence, 
of additional electrical energy of the same polarity from 
source 27. Consequently the core 23 maintains its in 
fluence on the gyromagnetic core 14a, 14b, and the cir 
culator is effectively latched in its operational mode 
until Such time as pulse energy of opposite polarity is 
applied to the core 23. 
While the core 23 of the rectangular hysteresis loop 

material may be disposed other than as shown in FIG. 1, 
it has been found that by construction of the magnetic 
return paths integral with the ground planes 21 and 22, 
the shorted turn effect and the total reluctance are re 
duced. Moreover, it has been found that by utilizing 
a core 23 having a high coercive force and a spider 
member 15 of high permeability steel, or of plated ferrite 
material, the efficiency of the magnetic control circuit 
is greatly enhanced. This efficiency can be further in 
creased by silver plating and/or annealing the spider 
member 15. The necessity of such efficiencies may be 
dependent upon the loss and switching time requirements 
of the particular application. 
To guarantee the proper boundary conditions for the 

microwave fields at the junction, it is desirable to silver 
plate the portion of the control magnetic field conductive 
elements directly adjacent the core 14a, 14b. For high 
power applications it is especially desirable to utilize 
high permeability fast switching steel for the conductive 
path means 25 and 26. It has been found that this type 
of steel not only performs well in the magnetic sense 
but affords an excellent heat sink, as well. It may also 
be desirable to incorporate impedance matching means 
such as disclosed in my copending application, Serial 
No. 389,580, entitled Improved Microwave Strip Trans 
mission Line Circulator, which was filed August 14, 1964. 

It has been found that the switching time characteristic 
may be improved, and the energy required to switch 
decreased, by the utilization of rectangular hysteresis 
loop material for the core 14a, 14b, as well as for the 
core 23. It is recognized that the operational charac 
teristics of the latchable microwave circulator of this 
invention may be optimized by selective disposition of 
the rectangular hysteresis loop material and associated 
magnetic field conductive elements. Furthermore, it is 
understood that the rectangular hysteresis loop material 
may be carried to saturation by any conventional means 
and that the portion of the magnetic control means in 
the embodiment of FIG. 1 which is contained between 
the ground planes 21 and 22 may be potted in dielectric 
material or ortherwise. 

Operational characteristics for C Band and X Band 
embodiments of the structure of FIG. 1 have clearly 
demonstrated the practical utility of the device of this 
invention in fast acting switching applications. In a C 
Band embodiment minimum and maximum isolation was 
20 db and 25 db respectively; insertion loss was 0.15 db; 
and switching time was 50 p.sec. In an embodiment 



3,816,505 
3 

designed for X Band, minimum and maximum isolation 
was 20 db and 25 db, respectively; insertion loss was 
0.20 db; and switching time was less than 10 usec. 
While the invention has been shown and described with 

particular reference to a preferred embodiment, it will 
be understood by those skilled in the art that various 
changes in form and details may be made without de 
parting from the spirit and scope of the invention. 
What is claimed is: - ' 
1. In a microwave circulator device of the variety 

incorporating an element of gyromagnetic material hav 
ing an axis, a magnetic body of rectangular hysteresis 
loop material having an axis spaced from but parallel 
to said element axis and adapted to energize said element 
of "gyromagnetic material when said body reaches a 
saturation level condition and means for reversing the 
saturation level of said body. 

2. In a microwave circulator device of the stripline. 
variety incorporating spaced ground planes and an ele 
ment of gyromagnetic material having an axis, said gyro 
magnetic material being disposed between said ground 
planes, a magnetic body of rectangular hysteresis loop 
material having an axis spaced from but parallel to said 
element axis and disposed between said ground planes 
and adapted to energize said element of gyromagnetic 
material when said body reaches a saturation level con 
dition, and means for reversing the saturation level of 
said body. 

3. In a microwave circulator device of the stripline 
variety incorporating spaced ground planes and an ele 
ment of gyromagnetic material, disposed therebetween, 
a magnetic body of rectangular hysteresis loop material 
disposed between said ground planes and adapted to 
energize said element of gyromagnetic material when 
said body reaches a saturation level condition, and means 
for reversing the saturation level of said body, said first 
and second magnetic field conductive means being dis 
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4. 
posed in spaced relation between said ground planes 
Such that said first magnetic field conductive means, said 
element of gyromagnetic material, said second magnetic 
field conductive means and said body of rectangular 
hysteresis loop material form a complete magnetic cir 
cuit. 

4. An assembly as defined in claim 3 wherein said 
first and second magnetic field conductive means are 
planar means disposed in juxtaposition with respective 
ground planes of said circulator device. 

5. An assembly as defined in claim 4 wherein said 
first and second magnetic field conductive means are of 
high permeability steel material. 

6. An assembly as defined in claim 5 wherein said 
first and second magnetic field conductive means are 
recessed within said respective ground planes. 

7. An assembly as defined in claim 6 wherein said 
means for reversing the saturation level of said body comprises an inductive loop encompassing said body 
and a pulse energy source adapted to energize said in 
ductive loop in reverse directions. 

8. An assembly as defined in claim 7 wherein there 
is only one ferromagnetic body and a single inductive 
loop surrounding said body - - - 
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