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(57) The present invention is directed to a circuit as-
sembly that includes an integrated circulator assembly.
The circuit assembly has a first substrate, which contains
a continuous circuit trace that includes a circulator com-
ponentfrom the circulatorassembly and atleastone elec-
trical component from the circuit assembly. A second
substrate is disposed beneath the first substrate and in-
cludes a cladding on one surface. The second substrate
contains an aperture that accepts a ferrite element, which
is axially aligned with the circulator component of the
circuit trace. A conductive material is placed across the
ferrite element so that it forms a continuous ground plane
with the cladding, which is common to the entire circuit
trace. The circulator assembly also contains a magnet
bonded to the ferrite element. The circulator assembly
may also include a yoke disposed below the magnet to
shield the circulator from external magnetic fields.

Integrated circulators sharing a continuous circuit

FIG. 2C
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Description
REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
Patent Application No. 11/314,160 of the same title filed
19 December 2005, which claims priority to U.S. Provi-
sional Patent Application Serial No. 60/636,945, filed on
December 17, 2004. Both Applications are incorporated
herein by reference as if fully set forth below.

BACKGROUND
1. Field of the Invention

[0002] Embodiments of the present invention relate to
a device, system, and method for providing continuous
circuit traces, and specifically to a device, system, and
method for providing continuous circuit traces comprising
circulators and other electronic components in a contin-
uous circuit trace, obviating the need for manual inter-
connects and impedance matching.

2. Description of the Related Art

[0003] The use of circulators to isolate and transmit
electronic signals is well known. Circulators are multi-
port devices, which receive a radio frequency (RF) sig-
nals on one port and route them to an adjacent port while
isolating or decoupling the RF signal from the remaining
ports. Currently, circulators are used for applications that
operate at very high frequencies. For example, circula-
tors are commonly used in microwave circuits and mi-
crowave transmit and receive (T/R) modules for both RA-
DAR and communications systems. Conventional circu-
lator designs may include a y-shaped RF conductor with
three port connectors that are positioned between a pair
of ferrite substrates. Magnets are placed above and be-
low the ferrite substrates to produce a DC-biasing mag-
neticfield in the ferrite elements to provide non-reciprocal
operation of the transmission paths between the three
port connectors. A thin metal plate, or cladding, is placed
on the outer surface of each ferrite substrate below each
magnet to provide ground planes for the circulator and
provide shielding from spurious RF radiation. The com-
ponents are then placed within a steel case or housing
to hold provided a return path for the magnetic fields gen-
erated by the magnets, while at the same time shielding
the components from extraneous magnetic fields.

[0004] Although circulators are extremely efficient de-
vices, conventional circulators have several drawbacks.
First, installation of conventional circulators on a circuit
board requires that an aperture, which is slightly larger
than the circulator package is cut into the circuit board
where the circulator is to be installed. The circulator is
then placed within the aperture and the port connectors
are attached to the external circuit trace on the circuit
board using manual interconnection, such as solder, rib-
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bon cables, and the like.

[0005] As shown in FIG. 1A, from U.S. Patent No.
4,761,621 toKane ("Kane"), printed circuit circulators are
known in the art. Conventionally, however, even those
circulators manufactured as printed circuit components
have nonetheless been connected to other external elec-
tronic components (e.g., resistors, filters, additional cir-
culators) using traditional methods. In other words, the
external components are surface mounted or through
hole mounted and then soldered to the printed circuit
board ("PCB"). As a result, since the port leads 313, 401,
403 of the circulator are normally made from different
materials and have differentimpendence values from the
external components 407, 409, 413, and because these
components 407, 409, 413 are soldered to the board,
there is an impedance mismatch at the interconnects,
which results in a degradation of the electrical perform-
ance of the circulator.

[0006] The impedance mismatch must be corrected
using ribbon connectors, or other known methods to
match the impedance the port connectors with the circuit
trace. As shown in Fig. 1B, from U.S. Patent No.
3,334,317 to Andre ("Andre"), attempts to correct this
impedance mismatch include using multiple stepped im-
pedance matching sections 10b, 10c to perform a con-
ventional impedance transformation. This adds complex-
ity to the manufacturing process and requires tuning
based on the operational frequency range of the circula-
tor. In other words, two resonators operating at two dif-
ferent frequencies require impedance matching sections
10b, 10c that are different sizes (i.e., widths) based on
their frequency.

[0007] Additionally, discontinuities between the circu-
lator and the circuit trace exist at the connection ports.
The manual interconnects also lead to insertion losses
at the port connectors, an increase in the interference
from unwanted RF signals, and high performance varia-
bility of the circulator. Furthermore, the manual intercon-
nects tend to have poor thermal capabilities, which can
lead to a decrease in the amount of signal power that
can be passed through the circuit.

[0008] Anotherdrawback with conventional circulators
is that the circulators do not lie within the same plane as
the components of the external circuit. This makes it dif-
ficult to effectively provide a common ground the circu-
lator and the circuit. Typically a metal plate must be mold-
ed to conform to the contours created by the circulator
and adhered to the backside of both the circulator and
the external circuit. This non-planar ground plane can
lead to reduction in the electrical performance of the cir-
culator.

[0009] Yet another drawback to conventional circula-
torsis that they are expensive to manufacture and cannot
be made using an automated manufacturing process.
For example, the ferrite substrates used in conventional
circulators tend to be brittle and can be damaged in an
automated manufacturing process. In addition, the com-
ponents, particularly the resonator, the ferrite elements,
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and the magnets must be precisely aligned to insure
proper operation of the circulator. Consequently, all or at
least part of conventional circulators must be assembled
manually and the component aligned using a jig or and
aligning frame. Once the components are properly
aligned, they are sealed, usually by hand, in a steel hous-
ing. A spring or other compression mechanism is usually
placed in the housing to insure that the ferrite material
remains in constant contact with the resonator. Unfortu-
nately, this assembly process is expensive in both time
and money.

[0010] Several attempts have been made to solve
these problems associated with conventional circulators.
For example, one method attempted to reduce imped-
ance mismatch between two or more circulator by cas-
cading the circulators in a common package. The circu-
lator includes two or more RF conductors cascaded to-
gether, which are disposed between two oblong ferrite
substrates. A single impedance matching elementis cou-
pled between the coupled connection ports of the cas-
caded circulator resonators to improve the performance
of the circulators. Unfortunately this method still must use
manual interconnects to connect the cascaded circula-
tors to an exterior circuit. Furthermore, the circulator el-
ements are disposed between two ferrite substrates,
which are easily damaged.

[0011] Another solution was to design a cost effective
method of manufacturing a large number of circulators.
The method includes depositing a circulator trace on a
central dielectric substrate. A series of dielectric shims,
which are pre-drilled with an opening are disposed
around a ferrite element, which rests on top each side of
the central substrate. A steel plate is then placed on each
side of the substrate layer. An outer shim then is placed
on top of the steel disc. The outer shim contains a number
of vias etched down to the steel plate to provide an elec-
trical contact to ground. A number of vias are then drilled
into the outer shim and filled with a conductive material
to provide contacts for surface mounting the circulator to
a circuit board. Although the method uses inexpensive
materials, this circulator has several drawbacks. First,
the steel disc covers only a portion of the circulator trace,
which provides an inadequate ground for the circulator
trace and consequently does not adequately shield the
circulator trace from spurious RF signals. Furthermore,
since the circulator is designed for surface mounting, the
circulator does not lie in-line with the external circuit and
therefore, the ground plane of the circuit is non-planar
and discontinuous. The ground plane between the exter-
nal circuit and the circulator must be bridged with ribbon
cables, or other suitable connectors, which results in
electrical inefficiencies. Moreover, since the circulator is
surface mounted, it uses manual interconnects to con-
nect the circulator to the external circuit, which result in
an impedance mismatch between the circulator and the
external circuit.

[0012] Therefore, there is a need in the art for a low
cost circulator that uses standard dielectric materials that
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can be assembled using conventional PCB techniques.
There is a further need in the art for a circulator that can
be integrated into a circuit, in which the circuit trace of
the circulator and the trace of the electrical circuit are
part of the same continuous circuit trace without the use
of manual interconnects. There is still a further need for
a circulator that has a continuous ground plane and can
be inserted into a circuit board so that the circulator trace
is in-line with the trace of the components from the ex-
ternal circuit.

SUMMARY

[0013] Embodiments of the present invention relate to
a device, system, and method for creating a continuous
circuit trace comprising one or more circulators and one
or more external electronic components. The ability to
manufacture these components in a continuous circuit
trace eliminated impedance mismatches created be-
tween the components. This, in turn, eliminates the need
for physical impedance matching using, forexample, var-
iable width impedance matching sections between the
components and the adjacent circuitry and traces. This
technology enables low cost printed circuit board ("PCB")
manufacturing of circulators and overcomes the perform-
ance loss normally associated with printed circulators in
the PCB environment.

[0014] Embodiments of the present invention can in-
clude device comprising a first substrate and a continu-
ous circuit trace printed on the first substrate, the contin-
uous circuit trace comprising a first circulator pattern and
a first external component. The circulator pattern can
comprise a central conductor element and three or more
connection ports. In some embodiments, the circulator
pattern can further comprise a discontinuous ring dis-
posed around the central conductor element to improve
circulatorloading. In other embodiments, the central con-
ductor element can comprise one or more slots to im-
prove circulator loading.

[0015] The first external component can comprise a
variety of RF electronic components. The RF electronic
component can comprise, for example and not limitation,
a second circulator pattern, a filter, an antenna, a power
divider, or a power combiner. In some embodiments, the
circuitcan further comprise a second external component
in a continuous circuit trace with the first circulator pattern
and the first external component. To improve circulator
performance, the first substrate can be relatively thin. In
some embodiments, the thickness of the first substrate
is between approximately .001 and .010 inches.

[0016] In some embodiments, the device can further
comprise a second substrate disposed beneath the first
substrate. The second substrate can comprise, for ex-
ample, a cladding on afirst side, an aperture, and a ferrite
element inserted into the aperture and proximately
aligned with the central conductor element. In some em-
bodiments, a conductive material can be disposed over
the ferrite element in electrical contact with the cladding
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to form a continuous ground plane. A first magnet can
also be disposed below the ferrite element.

[0017] Embodiments of the present invention can also
comprise a first substrate, a first continuous circuit trace
printed on the first side of the first substrate, the first con-
tinuous circuit trace comprising a first circulator pattern
and a first external component, and a second continuous
circuit trace printed on the second side of the first sub-
strate, the second continuous circuit trace comprising at
least a second circulator pattern. As above, the first and
second circulators each can comprise a central conduc-
tor element and three or more connection ports. In some
embodiments, the first circulator and the second circula-
tor can be connected with conductive vias in the first sub-
strate.

[0018] Embodiments of the present invention can fur-
ther comprise a second substrate disposed beneath the
first substrate. The second substrate can comprise a
cladding on a first side, a first aperture, and a first ferrite
element inserted into the first aperture and proximately
aligned with the central conductor elements. A conduc-
tive material can be disposed over the first ferrite element
and in electrical contact with the cladding on the first side
of the second substrate and can form a continuous
ground plane. In some embodiments, a first magnet can
be disposed below the first ferrite element.

[0019] The thickness of the first substrate can be be-
tween approximately .001 and .010 inches. The thick-
ness of the second substrate can be between
approximately .01 and .07 inches. In a preferred embod-
iment, the conductive material comprises a conductive
thin film adhesive. In some embodiments, the second
continuous circuit trace printed on the second side of the
first substrate can comprise the second circulator pattern
and a second external component.

[0020] Insome embodiments, a third substrate can be
disposed above the first substrate. The third substrate
can comprise a cladding on a first side, a second aper-
ture, and a second ferrite element. The second ferrite
element can be inserted into the second aperture and
can be proximately aligned with the central conductor
elements. In a preferred embodiment, a conductive ma-
terial can be disposed over the second ferrite element
such that it is in electrical contact with the cladding on
the first side of the third substrate to form a continuous
ground plane. The device can further comprise a second
magnet, which can be disposed above the second ferrite
element.

[0021] Stillother embodiments of the presentinvention
can comprise a method for creating an integrated circuit
comprising providing a first substrate and printing a con-
tinuous circuit on the first side of the first substrate com-
prising a first circulator pattern and a first external com-
ponent.

[0022] The method can further comprise providing a
second substrate comprising a metalized layer on atleast
one side and creating a first aperture in the second sub-
strate sized and shaped to accept a first ferrite disk. The
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first ferrite disk can be inserted into the aperture and a
conductive material can be placed over the first ferrite
disk such that the conductive material is in electrical con-
tact with the first ferrite disk and the metalized layer on
the second substrate to form a continuous ground plane.
A first magnet can be placed below the first ferrite disk
and the second substrate can be bonded to the bottom
of the first substrate.

[0023] Embodiments of the present invention can fur-
ther comprise providing a third substrate comprising a
metalized layer on at least one side. A second aperture
can be created in the third substrate sized and shaped
to accept a second ferrite disk. The second ferrite disk
can be inserted into the aperture and a conductive ma-
terial can be placed over the ferrite disk such that the
conductive material is in electrical contact with the first
ferrite disk and the metalized layer on the third substrate
to form a continuous ground plane. In some embodi-
ments, a second magnet can be placed above the second
ferrite disk. The third substrate can be bonded to the top
of the first substrate. In some embodiments, a second
continuous circuit trace can be printed on a second side
of the first substrate comprising at least a second circu-
lator.

[0024] The various aspects of the present invention
may be more clearly understood and appreciated from a
review of the following detailed description of the dis-
closed embodiments and by reference to the appended
drawings and claims.

BRIEF DESCRIPTION OF THE FIGURES

[0025] FIG. 1A is an illustration of a printed circulator
on a printed circuit board ("PCB") with conventional
through-hole mounted resistors.

[0026] FIG. 1B is an illustration of a conventional cir-
culator comprising impedance matching elements.
[0027] FIG. 1C is an illustration of a conventional cir-
culator, which includes tuning tabs.

[0028] FIG. 1D is an illustration of a conventional cir-
culator with mismatched port connections due to a dis-
continuous circuit trace.

[0029] FIG. 2Ais an illustration of an exploded view of
a circulator assembly for use with a microstrip circuit in
accordance with some embodiments of the present in-
vention.

[0030] FIG. 2B is an illustration of an exploded view of
a circuit trace for a circulator assembly in accordance
with some embodiments of the present invention.
[0031] FIG. 2C is anillustration of an exploded view of
a circulator assembly integrated with a microstrip circuit
assembly in accordance with some embodiments the
present invention.

[0032] FIG. 3 is an illustration of an overhead view of
acirculator assembly integrated with the microstrip circuit
assembly in FIG. 2A in accordance with some embodi-
ments of the present invention.

[0033] FIG. 4isanillustration of a cross-sectional view
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of the circulator assembly taken along the 4 - 4 line of
FIG. 3 in accordance with some embodiments of the
present invention.

[0034] FIG. 5 is an illustration of an exploded view of
an exemplary embodiment of a circulator assembly for
use with a stripline circuit in accordance with some em-
bodiments of the present invention.

[0035] FIG. 6 is an illustration of an exploded view of
a circulator assembly integrated within a stripline circuit
assembly in accordance with some embodiments of the
present invention.

[0036] FIG. 7 is an illustration of an overhead view of
a circulator assembly integrated within a stripline circuit
assembly in accordance with some embodiments of the
present invention

[0037] FIG.8AandFIG. 8B, collectively known as FIG.
8, are illustrations of a cross-sectional view of the circu-
lator assembly taken along the 8 - 8 line of FIG. 7 in
accordance with some embodiments of the present in-
vention.

[0038] FIG. 9 is an illustration of an isometric view of
the circulator assembly taken along the 9 - 9 line of FIG.
7 in accordance with some embodiments of the present
invention.

[0039] FIG. 10 is anillustration of an exploded view of
another embodiment of a circulator assembly integrated
with in a stripline circuit assembly in accordance with
some embodiments of the present invention.

[0040] FIG. 11 is anillustration of an overhead view of
a stripline circuit assembly containing two integrated cir-
culator assemblies in accordance with some embodi-
ments of the present invention.

[0041] FIG. 12 is a logic flow diagram illustrating a
method for manufacturing a circulator assembly in ac-
cordance with some embodiments of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0042] To facilitate an understanding of the principles
and features of the various embodiments of the invention,
various illustrative embodiments are explained below. Al-
though preferred embodiments of the invention are ex-
plained in detail, it is to be understood that other embod-
iments are contemplated. Accordingly, it is not intended
that the invention is limited in its scope to the details of
construction and arrangement of components set forth
in the following description or illustrated in the drawings.
The invention is capable of other embodiments and of
being practiced or carried out in various ways. Also, in
describing the preferred embodiments, specific terminol-
ogy will be resorted to for the sake of clarity.

[0043] It must also be noted that, as used in the spec-
ification and the appended claims, the singular forms "a,"
"an" and "the" include plural references unless the con-
text clearly dictates otherwise. For example, reference
to a component is intended also to include composition
of a plurality of components. References to a system con-
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taining "a" component is intended to include other com-
ponents in addition to the one named.

[0044] Also, in describing the preferred embodiments,
terminology will be resorted to for the sake of clarity. Itis
intended that each term contemplates its broadest mean-
ing as understood by those skilled in the art and includes
all technical equivalents, which operate in a similar man-
ner to accomplish a similar purpose.

[0045] Ranges may be expressed herein as from
"about" or "approximately" one particular value and/or to
"about" or "approximately" another particular value.
When such a range is expressed, other exemplary em-
bodiments include from the one particular value and/or
to the other particular value.

[0046] The words "comprising," "containing," or "in-
cluding" conveys that at least the named compound, el-
ement, particle, or method step is present in the compo-
sition or article or method, but does not exclude the pres-
ence of other compounds, materials, particles, method
steps, even if the other such compounds, material, par-
ticles, method steps have the same function as what is
named.

[0047] Itis also to be understood that the mention of
one or more method steps does not preclude the pres-
ence of additional method steps or intervening method
steps between those steps expressly identified. Similarly,
itis also to be understood that the mention of one or more
components in a composition does not preclude the pres-
ence of additional components than those expressly
identified.

[0048] Various tabs, slots, and other features can be
used to change, for example and not limitation, the fre-
quency response, the bandwidth, or the loading charac-
teristics of a resonator. As shown in FIGS. 1A and 1D
from Kane, for example, a circulator can comprise a cen-
tral triangular conducting portion surrounded by a dis-
continuous ring. The slots in the ring act as a loading
mechanism and enable the overall size of the resonator
to be reduced. As mentioned above, FIG. 1B from Andre
depicts a circulator comprising a central circular conduct-
ing portion 28 with ports 10 comprising impedance
matching sections 10b, 10c. FIG. 1C, from U.S. Patent
No. 3,854,106 to Tresselt ("Tresselt) depicts a central
circular conducting portion with tabs 34 mounted on the
ports. These tabs enable the bandwidth of the circulator
to be broadened or narrowed, as applicable.

[0049] For the sake of clarity, the term "circulator" as
used herein refers to circulators in general, including var-
ious designs and including components (e.g., tabs, slots,
and impedance matching sections) used to "tune" circu-
lators. Components that affect the operation of the circu-
lator itself, as opposed to the overall circuit, are consid-
ered part of the circulator as opposed to "external" com-
ponents. In other words, as used herein, FIGS. 1B-1D
depict only circulators without any external components.
In addition, the actual design of the circulator is immate-
rial to embodiments of the present invention.

[0050] External components or external electronic
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components, as used herein, can include, for example
and not limitation, additional circulators, a filter, an an-
tenna, a power divider, or a power combiner. These com-
ponents are located in the same circuit with, but outside,
the circulator and are used primarily to modify the signal
going through the circuit (as opposed to tuning the circu-
lator itself). FIG. 2C, for example, depicts a circulator 110
in a continuous circuit trace with a filter 210. In this con-
figuration, the filter 210 would be considered the "exter-
nal" electronic component.

[0051] The term "continuous circuit trace," as used
herein, can include circuits that are printed, vapor depos-
ited ("sputtered"), laminated, etched, or otherwise depos-
ited or manufactured on a printed circuit board ("PCB").
These circuits are made by printing the various compo-
nents on the PCB and the components and are connect-
ed using printed conductors, or traces, as opposed to
manual interconnects, soldering, or other mechanical
connection means. PCB manufacturing reduces costs
and reduces or eliminates impedance mismatches in
connections. As a result, impedance matching meas-
ures, such as those described above, are unnecessary.
[0052] Embodiments of the present invention, there-
fore, relate to an apparatus, system, and method for pro-
viding a continuous circuit trace comprising one or more
circulators and one or more external electronic compo-
nents (e.g., a circulator, a resistor, or afilter). The one or
more circulators and the one or more external compo-
nents can be manufactured in a continuous circuit trace
such that no manual interconnects are necessary. This,
among other things, decreases manufacturing costs, in-
creases reliability and performance, and reduces product
size.

[0053] FIG. 2A is an exploded view of a circulator as-
sembly 100 in accordance with some embodiments of
the present invention. The circulator assembly 100 con-
tains a single ground plane in what is commonly known
as a "microstrip" configuration. The circulator assembly
100 includes a first substrate 105 that is made from a
non-ferrous dielectric material and is used to support a
circuittrace 110. Typically, the first substrate 105 is made
from dielectric materials that are used in constructing
conventional PCBs. For example, the first substrate 105
may be made from polymers, such as but not limited to
polytetrafluoroethylene (PTFE), combinations of PTFE
and woven glass fibers, PTFE and random micro fiber
glass, PTFE and ceramic, polyamides and polyamide
compositions including polyamide and glass, polyamide
film, epoxy resins, such as cyanate ester, bisamalemide
tiazine, and the like. However, the first substrate 105 may
also be made from semiconductor material such as but
not limited to silicon (Si), gallium arsenide (GaAs), indium
antimonide (InSb), cadmium sulfide (CdS), and cadmium
selenide (CdSe) for specialized applications.

[0054] The circuit trace 110 is applied to one side of
the substrate 105 using standard PCB manufacturing
techniques, such as physical vapor deposition (PVD),
also known as "sputtering," chemical vapor deposition
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(CVD), and the like. The circuit trace 110 is a conductive
material, such as gold (Au), silver (Ag), copper (Cu), alu-
minum (Al), titanium (Ti) and the like is first applied to the
substrate 105. A mask that contains the pattern of the
circuit element, in this case the pattern forms a circulator
pattern 115, or circulator component 115 on the conduc-
tive material. The circulator pattern 115 can comprise a
central conductor portion 115A and three or more con-
nection ports 115B. In some embodiments, as shown,
the circulator pattern 115 can comprise one or more
notches, a discontinuous outer ring, or other components
to alter or tune the behavior of the circulator 115.
[0055] The exposed conductive material is removed
from the substrate. The mask is then removed leaving
desired circuit trace 110. The circuit trace 110 of the cir-
culator 100 created in this manner, forms a continuous
trace with no discontinuities or irregularities. Alternative-
ly, the circulator circuit trace 110 may be located on one
side of the substrate 105 and connected through con-
ductive vias 175 passing through the substrate 105 to a
second circulator circuit trace 170 as shown in FIG. 2B.
The use of the second circulator circuit trace 170 can
increase performance by increasing bandwidth, lowering
insertion loss, and improving isolation.

[0056] The circulator circuit trace 110 may have the
form of any conventional circulator. In FIG. 2A, the cir-
culator circuit trace 110 contains a RF resonator and
three conductive transfer strips that extend from the
points of the triangular resonator and terminate at elec-
trodes or contact pads (not shown) for connecting to an
external circuit. Although the circuit trace 110 is depicted
as having a triangular-shaped RF resonator, those skilled
in the art will appreciate that the circuit trace 110 may
take on any shape that contains a central resonator and
three equally spaced conductive transfer strips extending
from the central RF resonator without departing from the
scope of the invention. As mentioned above, the circu-
lator 110 can also comprise various tuning elements to
modify the behavior of the circulator 110.

[0057] The circulator assembly 100 also has a second
substrate 120 disposed below the first substrate 105. The
second substrate 120 is also made from a dielectric ma-
terial and is preferably made from a dielectric material
used for constructing PCBs, as described above. The
second substrate 120 may be made from the same die-
lectric material as the first substrate 105 or may be made
from a different dielectric material based on the design
criteria. The second substrate 120 includes an aperture
125 that is proximately aligned with the circulator circuit
trace 110. The aperture 125 is typically circular in shape;
however, the aperture can also be any polygonal shape,
such as a square, a triangle, a pentagon, a hexagon, and
so forth. The bottom side of the second substrate 120
includes a cladding 130 that forms a continuous ground
plane. The cladding 130 is a thin layer of a conductive
material such as copper, gold, silver, aluminum, titanium,
and the like.

[0058] Thecirculatorassembly 100 also contains a fer-
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rite element 135 disposed within the aperture 125 of the
second substrate 120. The ferrite element 135 is circular
in shape and has diameter that matches the diameter of
the aperture 125 so that it may rigidly affixed into the
aperture 125. Although the ferrite element 135 is typically
described as being circular, the ferrite element 135 will
have the same shape as the aperture 125 to insure that
the ferrite element 135 self aligns itself with the circulator
circuit trace 110 and minimize any discontinuities be-
tween the second substrate 120 and the ferrite element
135.

[0059] Disposed beneath the ferrite element 135 is a
conductive material 140. The conductive material 140 is
slightly larger than the aperture 125 to ensure that it
makes electrical contact with the cladding 130, thereby
providing a continuous ground plane across the circulator
circuit trace 110. The conductive material 140 is typically
very thin, approximately in the range from 0.001 inches
to 0.003 inches. As a result, the conductive material 140
approximately coplanar with the cladding 130, which pro-
vide improved shielding and improved electrical perform-
ance over conventional circulators. Inone exemplary em-
bodiment, the conductive material 140 is a conductive
thin film adhesive that can be cut into any desired shape.
The conductive thin film adhesive 140 is simply adhered
to the cladding 130 of the second substrate 120 making
sure thatitfully covers the aperture 125, thereby ensuring
a continuous ground plane. In addition to completing the
ground plane, the conductive tape also provides addi-
tional support to the ferrite element 135, thereby further
securing it within the aperture 125 and eliminating the
outer support casing required for conventional circula-
tors. In another exemplary embodiment, the conductive
material 140 may be a conductive adhesive, such as con-
ductive two-part epoxy. The conductive two-part epoxy
is applied across the aperture in a thin layer while in the
molten state, typically having a thickness approximately
between 0.001 inches and 0.003 inches and allowed to
cure. In yet another exemplary embodiment, the conduc-
tive material 140 may simply be a thin metal film. The
metal film can be secured to the cladding using a thin
bead of adhesive.

[0060] The circulator assembly 100 also contains a
magnet 145 located below the conductive material 140
and proximately aligned with both the ferrite material 135
and the circulator circuit trace 110. In an exemplary em-
bodiment, the magnet 145 is a permanent magnet and
is polarized to produce a direct current (DC) biased mag-
netic field that passes through the ferrite material 135
and the circulator circuit trace 110. The magnet 145 is
held in place by the conductive material 140.

[0061] The circulator assembly 100 may also contain
a yoke 155 that is disposed beneath the magnet 145.
The yoke 155 is typically slightly larger than the magnet
145 and has a plate 160 and a tang 165 that extends
around the periphery of the plate 160. The tang 165 has
a height sufficient to cover the magnet 145 to provide
both a DC magneticfield return path and adequate shield-
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ing from external magnetic fields.

[0062] Thecirculatorassembly 100 also containsthree
connection pads (not shown) at the ends of each of the
three conductive strips of the circulator circuit trace 110
that electrically connect the circuit assembly 100 to an
external circuit. The connection pads may be mouse
holes, which are known in the art. Alternatively, the con-
nection pads may be formed on the underside of the sec-
ond substrate 120 for use as a surface mounted compo-
nent.

[0063] FIG. 2C is anillustration of an exploded view of
amicrostrip circuit 200 containing the circulator assembly
100. As shown by the figure, the circulator assembly 100
comprises circular loading mechanisms and is fully inte-
grated into the microstrip circuit 200 as opposed to being
connected through manual interconnections as required
by conventional circulators. The microstrip circuit 200
contains a continuous circuit trace 205 deposited or
etched on a first substrate 105. The continuous circuit
trace 205 contains at least one circulator circuit trace 110
electrically connected to at least one other external RF
component 210 (as opposed to components associated
with the circulator, as mentioned above). The RF com-
ponent 210 may be a filter component, a coupler com-
ponent, or any other type of RF component. The RF com-
ponent 210 may even be another circulator. Because the
circulator circuit trace 110 is integrated within the contin-
uous circuit trace 205 that contains the RF component
210, there are no discontinuities or manual interconnects
between the circulator circuit trace 110 and the RF com-
ponent 210. Integration of the circulator assembly 100
provides several advantages over conventional circula-
tor designs. First, because conventional circulator de-
signs require interconnects between the circulator and
an external circuit element, there will always be an im-
pedance mismatch at the interconnect, which results in
unwanted signal degradation through the system. How-
ever, since the circulator circuit trace 110 is integrated
within the circuit trace 205, there is no impedance mis-
match between the circulator circuit trace 110 and the
electronic component 210. Therefore, there is little to no
signal degradation at the interfaces between the circula-
tor assembly 100 and other connecting RF components
210. Second, because interconnects bridge a disconti-
nuity in a circuit trace, conventional circulators tend to
have high insertion losses at the interconnects. Since the
present invention eliminates any interconnects, insertion
losses associated with those interconnects are eliminat-
ed. Additionally, by eliminating the interconnects, there
are no discontinuities when connecting the circulator as-
sembly 100 into the microstrip circuit 200 to allow RF
interference to enter the microstrip circuit 200. As aresult,
interference due to unwanted RF signals in the circulator
assembly 100 is greatly reduced.

[0064] A second substrate 120, which contains a clad-
ding 130 on the outside surface, is disposed below the
first substrate 105. The second substrate 120 contains
an aperture 125 that is aligned with the circulator circuit
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trace 110 of the continuous circuit trace 205. Typically,
the first substrate 105 is much thinner than the second
substrate. The first substrate 105 has a thickness in the
range of approximately 0.001 inches to 0.010 inches,
while the second substrate 120 has a thickness in the
range of approximately 0.010 inches to 0.070 inches. In
one exemplary embodiment the first substrate 105 has
a thickness in the range of approximately 0.003 inches
to 0.007 inches, and more preferably 0.005 inches, while
the second substrate 120 has a thickness in the range
of approximately 0.01 inches to 0.07 inches, and more
preferably 0.03 inches. Those skilled in the art will ap-
preciate that the thicknesses of the first substrate 105
and the second substrate 120 are necessarily not limited
to the values herein provided and may be adjusted to
any thickness as required by a particular design.
[0065] A ferrite element 135 is located within the ap-
erture 125. Beneath the ferrite element 135 is a conduc-
tive material 140. In an exemplary embodiment, the con-
ductive material 140 is made from a conductive thin film
adhesive, which is laid across the ferrite element 135.
The conductive material 140 is slightly larger than the
aperture 125. This allows the conductive material 140 to
make electrical contact with the cladding 130 and form
a continuous ground plane over the entire continuous
circuit trace 205. Maintaining the ground plane that is
continuous over the entire continuous circuit trace 205
provides improved shielding of the microstrip circuit 200
from unwanted external RF signals. Furthermore, since
the conductive material 140 is made from a thin film, typ-
ically on the order of approximately 0.001 inches, the
conductive material 140 is substantially planar with the
cladding 130, which improves electrical performance of
the microstrip circuit 200, since path length along the
ground plane is substantially the same as the path length
along the continuous circuit trace 205.

[0066] A magnet145isdisposed below the conductive
material 140 and is proximally aligned with the ferrite el-
ement 135. The magnet 145 is used to induce a biased
magnetic field through the ferrite element 135. A yoke
155 may then be bonded to the magnet 145 using an
adhesive material 150 to provide a return path for the
biased magnetic field and also shield the circulator as-
sembly 100 from unwanted external magnetic fields.
[0067] FIG.3isatop-down view of the microstrip circuit
200 containing the integrated circulator assembly 100 of
FIG. 2, in accordance with some embodiments of the
present invention. The continuous circuit trace 205 con-
taining the circulator circuit trace 110 and another RF
component 210 is shown by the figure. Disposed beneath
the first substrate 105 is the second substrate 120 (not
shown), which contains the ferrite material 135 located
within the aperture 125. As seen from the figure, the fer-
rite material 135 is proximately aligned with the central
RF resonator of the circulator circuit trace 110. The con-
ductive material 140 extends beyond the aperture 125
to provide an electrical contact with the cladding 130 (not
shown) on the backside of the second substrate 120 (not
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shown). The conductive material 140 is also proximately
aligned with the aperture 125.

[0068] FIG. 4 is a cross-sectional view of a portion of
the microstrip circuit 200 taken along the 4 - 4 line of FIG.
3. The continuous circuit trace 205, which contains the
circulator circuit trace 110, is located on the top surface
of the first substrate 105. The first substrate 105 is com-
posed of a thin layer of a nonferrous dielectric material,
such as PTFE, or other materials used for the manufac-
ture of PCBs. The first substrate 105 is relative thin and
has a thickness, T4 that in the range of approximately
0.001 inches to 0.010 inches, while the second substrate
120 has a thickness T,, in the range of approximately
0.010 inches to 0.070 inches. In one exemplary embod-
iment the first substrate 105 has a thickness T4 in the
range of approximately 0.003 inches to 0.007 inches, and
more preferably 0.005 inches, while the second substrate
120 has a thickness T,, in the range of approximately
0.01 inches to 0.07 inches, and more preferably 0.03
inches. Those skilled in the art will appreciate that the
thicknesses T, and T, of the first substrate 105 and the
second substrate 120 respectively, are necessarily not
limited to the values herein provided and may be adjusted
to any thickness as required by a particular design. The
continuous circuit trace 205 is typically deposited on top
of the first substrate 105 in a very thin layer, having a
thickness, T, in the range of approximately 0.0008 inch-
es to 0.0015 inches.

[0069] The second substrate 120 is bonded to the bot-
tom of the first substrate 105 using standard circuit board
adhesives known in the art. The second substrate 120
is also made from non-ferrous dielectric materials, which
are used for the construction of PCBs, such as PTFE and
the like. In one exemplary embodiment, the second sub-
strate 120 and the first substrate 105 are made from the
same dielectric material. However, those skilled in the
art will appreciate that the first substrate 105 and the
second substrate 120 may be made from different non-
ferrous dielectric materials with different dielectric con-
stants, as required by a particular application. The bottom
of the second substrate 120 also contains a thin cladding
130 that provides the ground plane for the microstrip cir-
cuit 200.

[0070] Integrated within the second substrate 120 is
the ferrite material 135. The ferrite material 135 is dis-
posed in the aperture 125, which has been milled into
the second substrate 120. Alternatively, the ferrite ma-
terial 135 may be affixed in the aperture 125 using a
conventional heat resistant, non-conductive adhesive
material, such as a two-part epoxy, which is known in the
art. The ferrite material 135 has substantially the same
thickness, T,, as the second substrate 120 so the top of
the ferrite material 135 and the top of the second sub-
strate 120, and the bottom of the ferrite material 135 and
the bottom of the second substrate 120, form substan-
tially coplanar surfaces. This allows the first substrate
105 to lay flat upon the second substrate 120 without any
significant variation in height at the interface between the
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second substrate 120 and the ferrite material 135, as any
variation may stress the first substrate 105. Stresses in
the first substrate 105 may lead to cracking or even rup-
ture of thefirst substrate 105 above the interface between
the second substrate 120 and the ferrite material 135,
which canlead to degradation in the performance or even
complete failure of the stripline circuit 200. The desira-
bility to have the bottom of the ferrite material 135 and
the bottom of the second substrate 120 being substan-
tially coplanar is to provide planar ground plane, which
has previously been discusses.

[0071] The conductive material 140 is disposed on the
underside of the second substrate 120. The conductive
material 140 extends beyond the boundary of the aper-
ture 125 so that it provides sufficient electrical contact
with the cladding 130 on the underside of the second
substrate 120, thereby providing a continuous ground
plane for the microstrip circuit 200. In addition to providing
a continuous ground plane across the ferrite element
135, the conductive material 140 also bonds the ferrite
element 135 in the aperture 125 of the second substrate
120. In addition, the conductive material 140 has suffi-
cient flexibility to accommodate small variances in the
thickness between the second substrate 120 and the fer-
rite element 135 due manufacturing tolerances. The
magnet 145 is larger than the aperture 125 and is also
aligned with the ferrite element 135 to ensure that the
ferrite element 135 is completely covered. Finally, the
yoke 155 is bonded to the magnet 145 using an adhesive
material 150. The tang 165 (FIG. 2) of the yoke 155 ex-
tends in an upward direction from the plate 160 (FIG. 2)
and fully surrounds the magnet 145 thereby shielding the
magnet 145 from external magnetic fields that may inter-
fere with the operation of the circulator assembly 100.
[0072] FIG.5isan exploded view of an exemplary em-
bodiment of a circulator assembly 500 arranged in a strip-
line configuration in accordance with some embodiments
of the present invention. The circulator assembly 500 in-
cludes a first substrate 503 that supports a circulator cir-
cuit trace 506. The first substrate 503 is composed of a
thin layer of nonferrous dielectric material, such as PTFE,
and other materials used for the manufacture of PCBs.
The circulator circuit trace 506 contains a triangular-
shaped central resonator and three conductive transfer
strips spaced equally around the perimeter of the trian-
gular-shaped central resonator. Those skilled in the art
will appreciate that other shapes may be used for the
central resonator, without departing from the scope of
the invention.

[0073] The circulator assembly 500 also contains a
second substrate 512 that is positioned below the first
substrate 503 and a third substrate 533 that is positioned
above the first substrate 503, thereby forming a laminar
structure. The second substrate 512 and the third sub-
strate 533 are also made from a non-ferrous dielectric
material. In an exemplary embodiment, the second sub-
strate 512 and the third substrate 533 are made from the
same dielectric material used for the first substrate 503.
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In another exemplary embodiment, the second substrate
512 and the third substrate 533 are made from a dielectric
material that is different from the dielectric material used
for the first substrate 503.

[0074] The second substrate 512 contains a first clad-
ding 515 disposed on the bottom exterior surface (not
shown). Similarly, the third substrate 533 contains a sec-
ond cladding 536 deposited on the top exterior surface.
The first and second claddings 515 and 536 are formed
by depositing a thin layer of metal using standard depo-
sition techniques, such as PVD, CVD, and the like. The
second substrate 512 and the third substrate 533 each
contain an aperture 518 and 539, respectively. The ap-
ertures 518 and 539 are aligned with the circulator circuit
trace 506 on the first substrate 503. A first ferrite element
521 is inserted into the first aperture 518 and a second
ferrite element 542 is inserted into the second aperture
539. The ferrite elements 521 and 542 are typically
placed into the apertures 518 and 539, respectively.
However, the ferrite elements 521 and 542 may be affixed
in the apertures 518 and 539 using an adhesive, such
as a two-part epoxy and the like.

[0075] A first conductive material 524 is disposed
across the underside of the first ferrite element 521. Sim-
ilarly, a second conductive material 545 is placed across
the top of the second ferrite element 542. In an exemplary
embodiment, the conductive materials 524 and 545 are
formed from conductive thin film adhesive, which are
slightly larger than the apertures 518 and 539. The con-
ductive thin film adhesives make electrical contact with
the claddings 515 and 536 to provide two continuous
ground planes, which shield the circulator circuit trace
506 from unwanted RF radiation. Alternatively, rather
than using a conductive thin film adhesive, the conductive
materials 524 and 545 may be made from a conductive
adhesive, such as a conductive two-part epoxy. Typical-
ly, the conductive materials 524 and 545 are relatively
thin. As a result, the conductive materials 524 and 545
are approximately coplanar with the claddings 515 and
536.

[0076] Thecirculatorassembly 500 also contains afirst
magnet 527 disposed below the first ferrite element 521.
Similarly, a second magnet 548 is located above the sec-
ond ferrite element 542. Both the first magnet 527 and
the second magnet 548 are proximately aligned with the
circulator circuit trace 506 to produce a DC biased mag-
netic field that passes through the ferrite elements 521
and 542 and the circulator circuit trace 506.

[0077] The circulator assembly 500 may also have a
yoke 554 that has a top plate 557 and a bottom plate
560. The top plate 557 of the yoke 554 is placed on top
of the second magnet 548. A first adhesive material 551
may be inserted between the top plate 557 and the sec-
ond magnet 548 to affix the top plate 557 to the second
magnet 548. Similarly, the bottom plate 560 is disposed
on the bottom of the first magnet 527 and may be bonded
to the first magnet 527 by a second adhesive material
530. In an exemplary embodiment, the first adhesive ma-
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terial 551 and the second adhesive material 530 are
made from the same conductive material that is used to
complete the ground planes across the second substrate
509 and the third substrate 533.

[0078] The yoke 554 may also contain at least one
tang 563 that extends between the top plate 557 and the
bottom plate 560 and provides a return path for the mag-
netic field induced by the magnets 527 and 548. In an
exemplary embodiment, the yoke 554 includes two tangs
563, which pass through a first pair of cutouts in the first
substrate 503, a second pair of cutouts in the second
substrate 512, and a third pair of cutouts in the third sub-
strate 533 and connects to the bottom plate 560. The top
plate 557 and the bottom plate 560 of the yoke 554 are
approximately the same size or slightly larger than the
magnets 527 and 548 to provide sufficient shielding to
the circulator circuit trace 506. Although the yoke 554
has been described as having two tangs 563, those
skilled in the art will appreciate that the yoke 554 may
have either a single tang 563 or three tangs 563 located
intermediate of the three conductive strips of the circu-
lator circuit trace 506. Each of the first pair of cutout, the
second pair of cutouts, and the third pair of cutout are
edge plated to provide additional shielding and isolation
for the circulator assembly 500.

[0079] Thecirculatorassembly 500 also containsthree
connection pads (not shown) at the ends of each of the
three conductive strips of the circulator circuit trace 506
that electrically connect the circulator assembly 500 to
an external circuit. The connection pads may be mouse
holes, which are known in the art. Alternatively, the con-
nection pads may be formed on the underside of the sec-
ond substrate 512 for use as a surface mounted device.
The connection pads may be formed on the underside
of the second substrate 512 by etching vias through the
second substrate 512 up to each of the three conductive
strips. The vias are then filled with a conductive material
such as copper, gold, silver, aluminum, and the like.
[0080] A stripline circuit 600 in accordance with some
embodiments of the present invention is shown in FIGs.
6-9. The stripline circuit 600 includes at least one circu-
lator assembly 500 (FIG. 5) that is integrated into the
stripline circuit 600. The circulator assembly 500 is inte-
grated with at least one external RF component 609 in
a continuous circuit trace 606 etched on a first substrate
603 in accordance with some embodiments of the
present invention. The RF component 609 may be afilter
component, a coupler component, or any other type of
electronic component. Because the circulator circuit
trace 605 is integrated with the continuous circuit trace
606, there are no discontinuities or interconnects be-
tween the circulator circuit trace 506 and the RF compo-
nent 609. As with the microstrip circuit 200, this config-
uration provides several advantages over conventional
circulator designs, including improved impedance
matching between the circulator assembly 500 and the
other electronic components 609, low insertion losses,
improved shielding to unwanted RF signals, and greater
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reliability. Although the stripline circuit 600 is shown with
a single circulator assembly 500 integrated with a single
RF component 609, those skilled in the art will appreciate
that the stripline circuit 600 may be expanded to include
any number of circulator assemblies 500 integrated with
any number of RF components 609 without departing
from the scope of the invention.

[0081] A second substrate 612 and the third substrate
633 are disposed below and above the first substrate
603, respectively and have claddings 615 and 636 de-
posited on their respective outside surfaces. The second
substrate 612 and third substrate 633 contain apertures
618 and 639, respectively, which are proximately aligned
with the circulator circuit trace 605. Ferrite elements 621
and 642 are disposed within the apertures 618 and 639.
Conductive material 624 and 645 overlap the apertures
618 and 639. In an exemplary embodiment, the conduc-
tive materials 624 and 645 are made from a conductive
thin film adhesive, which is laid across the ferrite ele-
ments 621 and 642. Because the conductive thin film
adhesive 624 and 645 are larger than the apertures 618
and 639, the thin film adhesive makes electrical contact
with the claddings 615 and 636 and forms continuous
ground planes over the entire continuous circuit trace
606. Maintaining ground planes that are continuous over
the entire continuous circuit trace 606 provides improved
shielding of the stripline circuit 600 from unwanted exter-
nal RF signals. Furthermore, since the conductive mate-
rials 624 and 645 are made from a conductive thin film
adhesive, which has a thickness typically on the order of
approximately 0.001 inches, the conductive film is sub-
stantially planar with the claddings 615 and 636, which
further improves the electrical capabilities since the path
length along the ground planes are substantially the
same length as the path length of the continuous circuit
trace 606. Magnets 627 and 648 are disposed below and
above the conductive material 624 and 645 and are prox-
imally aligned with the ferrite elements 621 and 642. The
yoke 654 may then be bonded to the magnets 627 and
648 using an adhesive material 630 and 651 to provide
a return path for the DC biased magnetic field and also
to provide shielding to the circulator assembly 500 (FIG.
5) from unwanted external magnetic fields.

[0082] FIG.7 is anoverhead view of the stripline circuit
600 in accordance with some embodiments of the
present invention. The first substrate 603 (not shown),
which carries the continuous circuit trace 606 that shown
in broken lines, is disposed between a second substrate
612 (not shown) and a third substrate 633. The continu-
ous circuit trace 606 includes the circulator circuit trace
605 electrically connected to the RF component 609.
Since the circulator circuit trace 605 and the RF compo-
nent 609 are integrated into the same continuous circuit
trace 606, there are no interconnects between the circu-
lator circuit trace 605 and the RF component 609. This
allows the stripline circuit 600 to have better electrical
properties, such as improved impedance matching be-
tween the circuit components, improved signal transmis-
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sion, and improved heat distribution through the contin-
uous circuit trace 606.

[0083] In addition, the cladding 636 cover the entire
exterior, or top surface, of the third substrate 633. The
conductive material 645 extends beyond the aperture
639 to provide an electrical contact with the cladding 636
to form a continuous ground plane over the entire con-
tinuous circuit trace 606. This allows the circulator circuit
trace 605 to share a common ground with the RF com-
ponent 609. Having a common ground between the cir-
culator circuit trace 605 and the RF component 609 pro-
vides several advantages over conventional circulators.
The common ground plane provides increased shielding
of the continuous circuit trace 606 from external RF ra-
diation. The common ground plane also increases line
isolation and reduces radiative emissions from the strip-
line circuit 600 to improve the electrical performance of
the stripline circuit 600.

[0084] Referring to FIGs. 8A, 8B and FIG. 9, a cross-
sectional view of a portion the stripline circuit 600 is
shown. In particular, FIGs. 8A is an illustration of a cross-
section of the circuit assembly 600 taken along the 8 - 8
line of FIG. 7, while FIG. 8B is a magnified view of the
cross-section shown in FIG. 8A. FIG. 9 is an illustration
of anisometric view of the stripline circuit 600 taken along
the 9-9line of FIG. 7. The cross sectional views illustrate
the relative thickness of the first substrate 603 to the sec-
ond and third substrates 612 and 633. The first substrate
603 has a thickness, T, that is in the range of approxi-
mately 0.001 inches to 0.010 inches. The second and
third substrates 612 and 633 typically have the same
thickness, T, that is greater than the thickness of the first
substrate 603 and in the range of approximately 0.01
inches to 0.07 inches. In a preferred embodiment, the
first substrate 603 has a thickness T in the range of
approximately 0.003 inches to 0.007 inches and more
preferably about 0.005 inches, while the second sub-
strate has a thickness T,, in the range of approximately
0.01 inches to 0.07 inches, and more preferably about
0.03 inches. The detail of a portion of the continuous
circuit trace 606 is shown in FIG. 8B to show its relative
thickness. Typically, the continuous circuit trace 606 is
very thin and has a thickness Ts, usually in the range of
approximately 0.25 ounces/meter?2 (oz/m?) to 1.0
(0z/m2). Any gaps 805 (FIG. 8B) between the first sub-
strate 603 and the third substrate 633 are filled with a
standard thermally stable adhesive, which is well known
in the manufacturing of PCBs. The continuous circuit
trace 606 is substantially uniform along its entire path
due to the elimination of interconnects between the cir-
culator assembly 500 and the RF component 609. The
uniformity of the circuit trace 606 leads to the improved
heat distribution along the continuous circuit trace 606,
which allows the stripline circuit 600 to handle higher
power signals.

[0085] FIG. 10 is an illustration of another exemplary
embodiment of a stripline circuit assembly 1000 contain-
ing a circulator assembly integrated with at least on other
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RF component in accordance with some embodiments
of the presentinvention. The stripline circuit 1000 is iden-
tical to the stripline circuit 600 shown in FIG. 6, except
the yoke 654 has been eliminated from the circulator as-
sembly 500.

[0086] Although the stripline circuit has been shown to
have a single circulator elementintegrated into the circuit
trace 606, those skilled in the art will appreciate that the
stripline circuit assembly 600 can contain any number of
circulator assemblies integrated within the circuit trace.
FIG. 11 in an illustration of another exemplary stripline
circuit 1100 that contains two circulator assemblies 1110
and 1115 that have a circulator circuit trace 1120 and
1125, respectively connected in series, which are inte-
grated within a continuous circuit trace 1115 containing
at least one other electronic element 1030 in accordance
with the present invention. As seen by the figure, the
circulator circuit traces 1120 and 1125 are connected
through a common circuit trace 1115 to the RF compo-
nent 1130 without using interconnects. Furthermore, the
circulator assemblies 1105 and 1110 share a common
ground plane with the RF component 1130, where the
common ground plane 1130 extending over the entire
continuous circuit trace 1115.

[0087] FIG. 12 s a flow diagram illustrating a process
1200 for manufacturing the circulator assembly 100 in
accordance with some embodiment of the presentinven-
tion. The process 1200 allows the large scale manufac-
turing of highly reliable and inexpensive circulator as-
semblies 100 by using readily available low cost materi-
als and eliminating the need for manually assembling the
microstrip circulator assemblies 100. Although the proc-
ess 1200 is described for manufacturing a microstrip cir-
culator assembly 100, those skilled in the art will appre-
ciate that the process 1200 is also applicable for manu-
facturing a stripline circulator 500 (FIG. 5) in accordance
the present invention. Furthermore, those skilled in the
art will appreciate that the method 1200 is equally appli-
cable for manufacturing the microstrip circuits 200 (FIG.
2) and stripline circuits 600 (FIG. 6) that include integrat-
ed circulator assemblies.

[0088] Process 1200 begins at 1205, in which a circuit
trace 110 is created on a first substrate 105, wherein the
continuous circuit trace contains least one circulator cir-
cuit trace 110. The first substrate 105 is made from a
non-ferrous dielectric material, such as dielectric mate-
rials used for manufacturing PCBs. For instance, the first
substrate 105 maybe made from PTFE, or a PTFE com-
bined with glass, glass fibers, resin, ceramics, and the
like. Typically, the first substrate 105 that carries the con-
tinuous circuit trace 110 is relatively thin. For instance,
in an exemplary embodiment, the first substrate 105 has
athickness, T, inthe range of approximately 0.003 inch-
esand 0.007 inches and more preferably of approximate-
ly 0.005 inches.

[0089] The continuous circuittrace 110 may be depos-
ited on the first substrate 105 using any conventional
method known in the art. For example, the continuous
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circuit trace 110 may be deposited on the first substrate
105 by physical vapor deposition, also known as sput-
tering, chemical vapor deposition, electro deposition,
lamination, and the like. Alternatively, one side of the first
substrate 105 can contain cladding one side and the con-
tinuous circuit trace 110 can be etched using standard
techniques. Designing the continuous circuit trace 110
provides several advantages over the circulator compo-
nents used in conventional circulators. For instance,
since the continuous circuit trace 110 resides on non-
ferrous dielectric substrate, the continuous trace 110 of
the circulator assembly 100 can be manufactured using
conventional PCB techniques. Second, the non-ferrous
dielectric is more durable than the ferrous substrates
used in conventional circulators. Conventional ferrous
substrates are typically made from ferrite or pressed from
metallic powder, which tends to be brittle, easily broken,
limited in size, expensive, and usually is not compatible
with other RF components. Therefore, the use of mate-
rials commonly used for PCBs for the first substrate
makes the circulator assembly 100 more robust than con-
ventional circulators and therefore, is conducive to auto-
mated manufacturing.

[0090] At1210, an aperture 125 is cut into the second
substrate 120 at a position that will allow it to be proxi-
mately aligned with the circuit trace 110 when the second
substrate 120 is bonded to the first substrate 105. The
aperture 125 is bored completely through the second
substrate 120 and the cladding 130. This "through-bor-
ing" process has several advantages over existing circu-
lators. The aperture 125 avoids the problems associated
with milling a recess in the substrate to small and precise
tolerances, which are difficult to achieve, problematic,
and expensive to manufacture.

[0091] At1215, a stack is created by placing a second
substrate 120 comprising a cladding layer 130 on at least
one side below the first substrate 105. An adhesive ma-
terial, such as bond film that is suitable for RF circuits is
placed between the first substrate 105 and the second
substrate 120. The second substrate 120 is also con-
structed from a non-ferrous dielectric material used for
making PCBs. Typically, the second substrate 120 is
made from the same material and has the same dielectric
constant as the first substrate 105. However, those
skilled in the art will appreciate that the second substrate
120 may be made from a different material and have a
different dielectric constant than the first substrate 105.
Furthermore, the second substrate 120 is made to have
thickness, T, that is greater than the thickness of the first
substrate 105. In one exemplary embodiment, the thick-
ness T,, of the second substrate 120 is between approx-
imately 0.01 inches and 0.07 inches, and more preferably
about 0.03 inches. At this time the stack, which consists
of the fist substrate 105 and the second substrate 120
may be bonded tighter to form a circuit board laminate.
Alternatively, the bonding process may be performed af-
ter all of the elements have been aligned and assembled.
[0092] The second substrate 120 contains an aperture
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125 that is proximately aligned with the circuit trace 110
on the first substrate 105. The aperture 125 is typically
circular in shape and has a diameter that encompasses
the entire central resonator portion of the circulator circuit
trace 110. A circular-shaped aperture 125 is preferred
over other shapes, as a circular-shaped aperture 125 is
easier and less expensive to manufacture than other
shaped aperture. Although a circular-shaped aperture
125 is described as being more desirable, the aperture
125 may have any polygonal shape, such as a triangle,
a square, a pentagon, a hexagon, a heptagon, an octa-
gon, and the like.

[0093] At 1220, a ferrite element 135 is placed within
the aperture 125 in the second substrate 120. The ferrite
element 135 is typically formed in the shape of a disc,
and has athickness thatis substantially equal to the thick-
ness, T, of the second substrate 120. This allows the
top of the ferrite element 135 to be coplanar with the top
of the second substrate 120 and the bottom of the ferrite
element 135 to be coplanar with the cladding 130 on the
bottom of the second substrate 120. This prevents any
discontinuities from forming within the circuit trace 110
due to unwanted flexing. The use of pre-drilled apertures
125 in the second substrate 120, which are proximately
aligned with the circulator component 115, allows the
ferrite element 135 to be "self aligning." Thus, the ferrite
element 135 can be placed in the correct relationship
relative to the circulator element 115 without the use of
special alignment jigs or structures. Furthermore, since
the alignment jigs are not longer required, the process
of inserting the ferrite elements 135 can be automated
using standard PCB manufacturing techniques.

[0094] At 1225, a conductive material 140 is placed
across the aperture 125 and over the ferrite element 135
so that it is in electrical contact with the cladding layer
130. The conductive material 140, by being in electrical
contactwith the cladding 130 completes the ground plane
for the circulator 100. Normally, the conductive layer 140
has a thickness in the range of approximately 0.003 inch-
es and 0.007 inches. The thin conductive material pro-
vides a substantially planar ground plane, which is con-
tinuous across the aperture 125. The conductive layer
140 is typically made from a conductive tape, which not
only completes the ground plane, but also supports the
ferrite element 135 in the aperture 125 and is thermally
stable over the operating temperatures of the circulator
100. Alternatively, the conductive material 140 may be
made of a conductive adhesive, such as a two-part
epoxy, and the like.

[0095] Next, at 1230, a magnet 145 is placed beneath
the conductive layer 140 and in proximal alignment with
the ferrite element 135. The magnet 145 is typically a
permanent magnet and is bonded to the ferrite element
with a conductive material 140. Typically, the conductive
material is the same conductive tape used for the con-
ductive material 140 disposed between the magnet 145
and the ferrite disc 135. The conductive material 140 may
also be made from a conductive adhesive, and the like.
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[0096] At1235 ayoke 155 is placed below the magnet
145. A conductive material 140 is also disposed between
the magnet 145 and the yoke 155 to allow the yoke 155
to be bonded to the magnet 145.

[0097] Finally, at 1240, the stack is laminated in a one-
step process, also known as co-bonding. This co-bond-
ing process of manufacturing can be applied to manu-
facturing at least one circulator with at least one RF com-
ponent that share a common, continuous circuit trace, in
which the various assembly components are laminated
or joined together, in a single step, commonly referred
to "co-bonded" or "co-bonding."

[0098] The method 1200 for manufacturing the circu-
lator assembly 100 provides several advantages over
existing methods. First, since the circulator assembly 100
uses standard dielectric materials commonly used in
PCBs for the substrates, rather than ferrite substrates,
the cost of manufacturing the circulator assembly is
greatly reduced. Second, since the ferrite elements 135
are self aligning, the circulator assembly 100 can be as-
sembled without the use of alignment jigs. Therefore, the
circulator assembly 100 can be assembled using stand-
ard automated PCB manufacturing techniques. Further-
more, the method 1200 supports panel production prac-
tices, which allows large scale production of the circulator
assemblies, which greatly reduces the overall cost of
manufacturing the circulator assembly 100.

[0099] Other alternative embodiments will become ap-
parent to those skilled in the art to which an exemplary
embodiment pertains without departing from its spirit and
scope. Accordingly, the scope of the present invention
is defined by the appended claims rather than the fore-
going description.

Claims
1. A device comprising:

a first substrate (105); and

a continuous circuit trace (110) printed on the
first substrate (105), the continuous circuit trace
(110) comprising a first circulator pattern (115)
and a first external component;

wherein the circulator pattern (115) comprises
a central conductor element (115A) and three
or more connection ports (115B).

2. The device of Claim 1, wherein the circulator pattern
(115) further comprises a discontinuous ring dis-
posed around the central conductor element (115A)
to improve circulator loading.

3. Thedevice of Claim 1, wherein the central conductor
element (115A) comprises one or more slots, one or

more tabs, or both to improve circulator loading.

4. Thedevice of Claim 1, wherein the first external com-
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ponent comprises an RF electronic component.

5. The device of Claim 4, wherein the RF electronic
component comprises one of a second circulator pat-
tern, afilter, an antenna, a power divider, and a pow-
er combiner.

6. The device of Claim 1, further comprising a second
external component in a continuous circuit trace
(110) with the first circulator pattern (115) and the
first external component.

7. The device of Claim 1, further comprising:

a second substrate (120) disposed beneath the
first substrate (105), comprising:

a cladding (130) on a first side;

an aperture (125); and

a ferrite element (135) inserted into the ap-
erture (125) and proximately aligned with
the central conductor element (115A);

a conductive material (140) disposed over the
ferrite element (135) and in electrical contact
with the cladding (130) to form a continuous
ground plane; and

a first magnet (145) disposed below the ferrite
element (135).

8. A method for creating an integrated circuit compris-
ing:

providing a first substrate (105);

printing a continuous circuit on the first side of
the first substrate (105) comprising a first circu-
lator pattern (115) and a first external compo-
nent.

9. The method of Claim 8, further comprising:

providing a second substrate (120) comprising
a metalized layer on at least one side;

creating a first aperture (125) in the second sub-
strate (120) sized and shaped to accept a first
ferrite disk (135);

inserting the first ferrite disk (135) into the aper-
ture (125);

placing a conductive material (140) over the first
ferrite disk (135) such that the conductive ma-
terial (150) is in electrical contact with the first
ferrite disk (135) and the metalized layer on the
second substrate (120) to form a continuous
ground plane;

placing a first magnet (145) below the first ferrite
disk (135); and

bonding the second substrate (120) to the bot-
tom of the first substrate (105).
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10. The method of Claim 9, further comprising:

EP 2 487 750 A1

providing a third substrate (633) comprising a

metalized layer on at least one side;

creating asecond aperture (639) inthe thirdsub- 5
strate (633) sized and shaped to accept a sec-

ond ferrite disk (642);

inserting the second ferrite disk (642) into the

aperture (639);

placing a conductive material (645) over the fer- 10
rite disk (642) such that the conductive material
(645) is in electrical contact with the first ferrite
disk (621) and the metalized layer on the third
substrate (633) to form a continuous ground

plane;

15

placing a second magnet (648) above the sec-

ond ferrite disk (642); and

bonding the third substrate (633) to the top of

the first substrate (105).
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