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[57] . ABSTRACT 

A latching-ferrite circulator utilizing deposited ferrite 
layers and operable without the requirement of a per 
manent magnet. A pair of separated ferrite layers 
respectively include a microstrip transmission line cir 
cuit and aground planeon faces'which opposeleach 
other. The microstrip transmission line comprises at 
least one hub circuit portion and a plurality of circuit 
arm portions. At least two coplanar ferrite elements 
are deposited between the microstrip transmission line 
circuit and the ground plane. One ferrite element 
comprises the circulator element and is placed con 
tiguous'with the hub while the other ferrite element 
comprises a, magnetic return path member which is 
located a predetermined distance from the circulator 
element. A latching conductor is located generally in 
the plane of the microstrip circuit intermediate the 
two ferrite elements so that when a DC current pulse 
is applied to the latching conductor, a closed magnetic 
circuit loop is provided through the two ferrite ele 
ments and the ferrite layers containing the microstrip 
circuit and the ground plane. 

12 Claims, 5 Drawing Figures 
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DEPOSITED LATCIIED JUNCTION CIRCULATOR 
HAVING MAGNETIC FLUX RETURN PATHS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to means for con 

trolling the transfer of microwave energy between two 
or more transmission lines and more particularly to a 
circulator which utilizes a gyromagnetic material such 
as ferrite to cause a switching action from‘ one transmis 
sion line to another. 

2. Description of the Prior Art 
Latching circulators employ one or more ferrite sam 

ples or “pucks” which are latched to remanence by 
means of a suitably positioned DC ?eld provided either 
by a permanent magnet or electromagnet. The ferrite is 
latched by passing a pulse of DC current through a 
magnetizing loop so that upon termination of the pulse 
the ferrite will operate at the remanent ?ux density. 
Thus the internal DC magnetic flux density required for 
circulator operation is provided by the remanence ?ux 
state (latched state) of the ferrite puck. 

Strip line or microstrip latching ferrite circulators 
which operate without the need of permanent magnets 
for use for example as a three port circulator are also 
well known to those skilled in the art. Examples of such 
devices are taught in US. Pat. Nos. 3,341,789, P. C. 
Goodman, et al. and 3,350,663,>W.W. Siekanowicz, et 
al. While the noted prior art purportedly operates as in 
tended, it is an object of the present invention to pro 
vide an improved ferrite circulator utilizing microstrip 
transmission line means which is simpler in construc 
tion and which is particularly adapted to be fabricated 
by the deposition of ferrite layers in accordance with a 
well known chemical vapor transport process. 

SUMMARY 

Briefly, the subject invention comprises a pair of op 
posing ferrite substrates with one substrate having a 
microstrip transmission line circuit deposited on its 
inner face while the other substrate has a ground plane 
deposited on its inner face. A plurality of ferrite mag 
netic circuit members are deposited in a common plane 
intermediate the microstrip circuit and the ground 
plane and are selectively separated in accordance with 
the configuration of the microstrip transmission line 
circuit. One or more latching conductors are located 
substantially in the plane of the microstrip transmission 
line circuit, running between pairs of ferrite members 
such that a DC current applied thereto establishes a 
magnetic field which forms a closed circuit around the 
ferrite member on either side of the conductor, the 
ground plane and the ferrite substrate containing the 
microstrip circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top plan view of the inner portion of a 
three port circulator con?gured in accordance with the 
teachings of the subject invention and which is taken 
along lines 1-1 shown in FIG. 2; 

FIG. 2 is a cross-sectional view of the embodiment 
shown in FIG. 1 taken along lines 2-2 thereof; 

FIG. 3 is a similar top plan view of a four port circu 
lator con?gured in accordance with the teachings of 
the subject invention; 
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2 
FIG. 4 is a longitudinal cross-sectional view of the 

circulator shown in FIG. 3; and 
FIG. 5 is a top plan view partially in section of 

another embodiment of a four port circulator. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings and more particularly 
to FIGS. 1 and 2, reference numerals 10 and 12 refer to 
a pair of disc shaped ferrite substrates which respec 
tively include a microstrip transmission line circuit 14 
and a metallic ground plane 16 deposited by well 
known techniques e.g. chemical vapor transport on‘ 
mutually opposing inner faces 18 and 20. 
The term “microstrip transmission line” includes 

various transmission lines that propagate signal sub 
stantially in the TEM mode. It includes, for example, 
various parallel plate transmission lines whether or not 
dielectric material is used. The microstrip transmission 
line circuit 14 deposited on the face 18 is con?gured to 
provide a three port circulator and comprises a com 
mon region, hereinafter called a hub circuit portion 22 
and three RF signal transmission line means, 
hereinafter referred to as arm circuit portions 24, 26 
and 28 which intersect the hub 22 at substantially 120° 
angles with respect to one another and which extend to 
the outer periphery of the substrate 10 as shown in FIG. 
1. FIG. 1, moreover, is illustrative of the configuration 
of the microstrip circuit 14 with substrate 10 removed. 
A generally circular ferrite layer member or puck 30 

together with three separated arcuate ferrite layer 
members 32, 34 and 36 all of equal thickness comprise 
first and second ferrite means respectively which are 
deposited in a common plane on either the ferrite sub 
strate 12 containing the metallic ground plane ‘16 or the 
substrate 10 containing the microstrip circuit 14.1-Iow 
ever, the deposition of the ferrite members 30, 32, 34 
and 36 is such that when the substrates l0 and 12 are 
sandwiched together such as shown in FIG. 2, the cir 
cular ferrite puck 30 is contiguous with and has its 
center aligned with the center of the hub 22 of the 
microstrip circuit 14. Moreover, the diameter of the 
ferrite puck 30 is adapted to be greater than the diame 
ter of the hub circuit portion 22 so that it extends 
beyond the perimeter thereof. The arcuate ferrite 
members 32, 34 and 36 which are coplanar with the 
ferrite puck 30 are located equidis'tantly away from the 
perimeter of the puck 30 and between the circuit arm 
portions 24, 26 and 28 as shown in FIG. 1. The 
remainder of the space is occupied by a suitable dielec 
tric 37 which can also be deposited by a chemical vapor 
transport process. 

Intermediate the circular ferrite puck 30 and eachof 
the arcuate ferrite members 32, 34 and 36 is located an 
electrical latching conductor 38, 40 and 42 respective 
ly which are commonly connected across the terminals 
44 and 46 of a reversible DC voltage source 48 in such 
a sense so as to magnetize the arcuate members in the 

same direction. The latching conductors 38, Mind 42, 
moreover, are deposited on or attached to the face 18 
of the ferrite substrate 10 such that they lie substan 
tially in the same plane as the microstrip transmission 
line circuit 14 as shown in FIG. 2. 
When a DC current is applied simultaneously to each 

of the latching conductors 38, 40 and 42, via terminals 
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44 and 46, a magnetic ?eld H of predetermined polari 
ty will be set up around the respective conductors de 
pending on the relative polarity of the voltage at ter 
minals 44 and 46 and a closed magnetic path or loop 
will be provided by the circular puck 30, the upper and 
lower ferrite substrates 10 and 12 and the three ferrite 
members 32, 34 and 36. The magnetic loop associated 
with latching conductor 42 is shown in FIG. 2. When 
the DC excitation is removed the ferrite puck 30 will 
exhibit a remanence magnetic flux state due to the 
direction of flow of the DC current and thus will pro 
vide a latched direction of signal transfer of RF energy 
to and from selective microstrip arm'circuit portions 
24, 26 and 28. Upon the application of a reverse cur 
rent the direction of magnetization would reverse, 
thereby latching the circulator in the opposite 
direction. 
The ferrite members 32, 34 and 36 thus act to pro 

vide a respective return path for the magnetic loops 
established by the current ?ow in the conductors 38, 40 
and 42. The degree of latch can be made equally as 
good as a machined toroid because the magnetic gaps 
between the ferrite layers are essentially non-existent 
due to the deposition process. Moreover, the substrate 
return path does not affect the circulator action 
.because the ferrite behavior in the regions of the 
microstrip arms is reciprocal, that is, the DC mag 
netization is parallel to the direction of propagation of 
the RF signals. Thus, a latchable ferrite circulator com 
prised of deposited multilayers of ferrite material is 
provided which does not require the need for a magnet. 
A second embodiment of the subject invention is dis 

closed in FIGS. 3 and 4 where, for example, a four port 
circulator is desired. As in the case of the previous em 
bodiment considered above, a pair of ferrite substrates 
48 and 50 respectively, include a microstrip transmis 
sion line circuit 52 and a microstrip ground plane 54 
deposited on mutually opposing surfaces of the sub 

' strates. The microstrip transmission line 52 in the 
present embodiment comprises a double hub con?gu 
ration with three circuit arms projecting therefrom. 
More particularly, it includes circuit hub portions 56 
and 58 which share a common circuit arm portion 60. 
The hub 56 has circuit arms 62 and 64 projecting 
therefrom while the hub 58 includes arm circuit arms 
66 and 68. Whereas in the previous embodiment a sin 
gle circular ferrite layer or puck 30 was deposited so as 
to be in registration with the single hub 22, the present 
embodiment includes two coplanar circular ferrite 
pucks 70 and 72 which comprise ?rst and second fer 
rite means respectively. These pucks are deposited in a 
manner heretofore described so that they are respec 
tively contiguous with the microstrip circuit 52 and the 
ground plane 54. Intermediate the two circular pucks 
70 and 72, in the plane of the microstrip circuit 52, is 
fabricated a single latching conductor 74 which is 
jumped over or under the common circuit arm 60 and 
which is adapted to be coupled to a reversible DC 
source such as shown in FIG. 1 by means of circuit 
leads 69 and 71. The space intermediate the substrates 
48 and 50 not filled by the circular ferrite pucks 70 and 
72 is preferably filled with a suitable dielectric material 
73. ' 

When a DC current is ?owing in the latching conduc 
tor 74 as determined by the polarity of the voltage ap 
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4 
plied to the extremities thereof, a magnetic ?eld H is 
produced and a closed magnetic path is provided by the 
combination of the substrates 48 and 50 and the two 
circular ferrite pucks 70 and 72 (FIG. 4). The mag 
netization of the ferrite pucks provided by the direction 
of the magnetic ?eld again determines the direction of 
transfer of RF signal energy flowing to or from the 
device by means of the circuit arm 62, 64, 66 and 68 
with the latching feature being provided by the 
remanence magnetic state of the ferrite pucks 70 and 
72 as noted earlier. 
A modi?cation of the embodiment shown in FIGS. 3 

and 4 whereby the need for a jumper con?guration of 
the latching conductor 74 over or under the microstrip 
arm 60 is eliminated can be obtained so that the 
latching conductor lies entirely within the plane of the 
microstrip circuit 52 as shown in FIG. 5. The physical 
con?guration is exactly as described with respect to the 
embodiment shown in FIGS. 3 and 4 with the exception 
that the latching conductor 74 includes microstrip ele 
ments 76 on either side of the intersection with the cir 
cuit arm 60 which act as low pass microwave ?lters 
which prevent RF signals from being coupled from the 
circuit arm 60 to the outer extremities of the latching 
conductor 74 to the circuit leads 69 and 71. The com- _ 
mon circuit arm 60, moreover, include a pair of well 
known lumped microstrip capacitor blocks 78 located 
on either side of the junction with the latching conduc 
tor 74 for preventing DC current from ?owing to the 
circuit hubs 56 and 58. 
The embodiments shown in FIGS. 3, 4 and 5 have the 

advantage over the ?rst embodiment disclosed in that 
no additional ferrite elements such as the arcuate mem 
bers 32, 34 and 36 are required to close the magnetic 
loop. Moreover, this type of con?guration can be logi 
cally extended to any number of circulators. 
Having thus disclosed what is at present considered 

to be the preferred embodiments of the subject inven 
tion, 

I claim as my invention: 
1. A latching circulator comprising in combination: 
a ?rst and second substrate capable of providing a 

magnetic flux line path therethrough, separated by 
a predetermined distance and having a respective 
inner surface opposing one another; 

at least three RF signal transmission line means cou 
pled together at a common region, being con 
tiguous with said inner surface of said ?rst sub 
strate; 

an electrical ground plane contiguous with said inner 
surface of said second substrate; 

?rst and second ferrite means of substantially equal 
thickness located in a common plane between said 
substrates, said ?rst ferrite ‘means being at least 
contiguous with said common region, said second 
ferrite means being separated a predetermined 
distance away from said first ferrite means such 
that said first and second substrates together with 
said ?rst and second ferrite means de?ne at least 
one closed magnetic circuit path; and 

electrical conductor means passing between said ?rst 
and second ferrite means and being located sub 
stantially in a plane common to an inner surface of 
one of said substrates, said conductor means being 
adapted to be connected to a. reversible DC volt 
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age source which provides a current ?ow through 
said conductor means selectively in either of two 
directions to generate a magnetic ?eld within said 
at least one closed magnetic circuit path whereby 
said ?rst ferrite means controls RF signal flow 
between said at least three RF signal transmission 
line means. 

2. The invention as de?ned by claim 1 wherein said 
?rst and second substrate are comprised of ferrite 
material. 

3. The invention as de?ned by claim 2 wherein said 
at least three RF signal transmission line means com 
prises microstrip transmission line. 

4, The invention as de?ned by claim 3 wherein said 
?rst ferrite means comprises a generally circular layer 
of ferrite material and said second ferrite means com 
prises three layer members respectively located 
between each of the three microstrip conductors. 

5. The invention as de?ned by claim 4 wherein said 
three layer members comprises generally arcuate seg 
ments. 

6. The invention as de?ned by claim 4 and wherein 
said electrical conductor means comprises a conductor 
being located in a plane common to the inner surface of 
said ?rst substrate which plane is also common to said 
microstrip transmission line means. 

7. The invention as de?ned by claim 1 and addi 
tionally including another at least three RF signal trans 
mission line means coupled together at a common re 
gion and being contiguous with said inner surface of 
said ?rst substrate, being separated from said previ 
ously cited at least three transmission line means by a 
predetermined distance and wherein one transmission 
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line means of both form a common transmission line 
between the common regions thereof; and 
wherein said second ferrite means is located con 

tiguous with said common region of said another at 
least three signal transmission line means. 

8. The invention as defined by claim 7 wherein all 
said transmission line means comprises microstrip 
transmission line means. 

9. The invention as de?ned by claim 8 wherein said 
common regions comprise substantially circular hubs 
of microstrip conductor means and wherein said first 
and second ferrite means comprise generally circular 
ferrite layers capable of being magnetized in either of 
two states by current flow through said electrical con 
ductor means. ‘ 

10. The invention as de?ned by claim 9 wherein said 
electrical conductor means comprises a conductor 
located in a plane common to said RF signal transmis 
sion line means. 

11. The invention as defined by claim 10 wherein 
said electrical conductor means intersects said com 
mon transmission line between said common regions, 
and additionally including isolation circuit means cou 
pled at the junction thereof for preventing signal in 
teraction between the two. ' 

12. The invention as defined by claim 11 wherein 
said isolation circuit means comprises low pass ?lter 
means coupled to said latching conductor on either 
side of said junction and capacitor means coupled to 
said signal transmission line on either side of said junc 
tion. ' 

* It * * * 


