
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
61

9 
74

4
A

1
��&������������

(11) EP 1 619 744 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
25.01.2006 Bulletin 2006/04

(21) Application number: 05106625.6

(22) Date of filing: 20.07.2005

(51) Int Cl.:
H01P 1/387 (2006.01)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IS IT LI LT LU LV MC NL PL PT RO SE SI 
SK TR
Designated Extension States: 
AL BA HR MK YU

(30) Priority: 20.07.2004 US 894812

(71) Applicant: M/A-COM, INC.
Lowell, MA 01853 (US)

(72) Inventors:  
• Kingston, James Paul

MA 01463, Pepperell (US)
• Paquette, Stanley Vincent

MA 01826, Dracut (US)

(74) Representative: Johnstone, Douglas Ian et al
Baron & Warren, 
19 South End, 
Kensington
London W8 5BU (GB)

(54) Ferrite circulator having alignment members

(57) A ferrite circulator (30) having integrated align-
ment members (50) and a method for aligning a ferrite
element (36) within a ferrite circulator (30) are provided.
The ferrite circulator (30) includes a ferrite circulator
housing (32) having a body for receiving at least one
ferrite element (36) therein. The ferrite circulator housing
(32) further includes a plurality of alignment members
(50) positioned and configured to maintain the alignment
of the at least one ferrite element (36) in an alignment
region (54) defined by the plurality of alignment members
(50).
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Description

[0001] This invention relates generally to microwave
devices, and more particularly, to a ferrite circulator hav-
ing integrated alignment members.
[0002] Ferrite circulators are typically configured as
multi-port (e.g., three-port) passive RF or microwave de-
vices having magnets and ferrite material that may be
used to control the direction of signal flow in, for example,
an RF circuit or a microwave circuit. For example, ferrite
circulators may be used to control signal flow in wireless
base station or power amplifier applications.
[0003] In general, a ferrite circulator or junction ferrite
circulator is a multi-port device, such as a three-port de-
vice, having a symmetrical Y-junction formed by a mag-
netically biased ferrite disk or slab that is often used as
a diplexer. The circulator allows flow of, for example, mi-
crowave energy in one direction (e.g., from one of three
ports to another one of the three ports). In operation, a
microwave signal entering one of the ports of the ferrite
circulator follows a rotating sense based on the interac-
tion of the electromagnetic wave with the magnetized
ferrite. Thus, by symmetrically constructing the ferrite cir-
culator, a defined signal path or direction through the
ferrite circulator may be provided. Ferrite circulators also
may be used to protect against reflections by terminating
one of the ports of the ferrite circulator to thereby provide
isolation.
[0004] In order for the ferrite circulator to properly op-
erate (e.g., properly control signal flow therethrough),
proper alignment of ferrite within the ferrite circulator
must be provided. Specifically, the ferrite and center con-
ductor must be precisely positioned and maintained rel-
ative to the housing in order to provide proper operation.
It is known to provide alignment devices in connection
with the ferrite circulator and/or to use epoxy to ensure
proper alignment of the ferrite within the housing of the
ferrite circulator. For example, it is known to use a plastic
aligning frame or aligning disc member in connection with
the ferrite circulator to ensure proper alignment of the
ferrite within the housing of the ferrite circulator.
[0005] These known alignment devices add complex-
ity and cost to the ferrite circulators. Further, the likelihood
of misalignment of ferrite within the housing of the ferrite
circulator increases due to improper positioning or affix-
ing of the alignment device within the housing.
[0006] The solution is provided by a ferrite circulator
housing that includes a body for receiving at least one
ferrite element therein. The ferrite circulator housing fur-
ther includes a plurality of alignment members positioned
and configured to maintain the alignment of the at least
one ferrite element in an alignment region defined by the
plurality of alignment members.
[0007] The invention will now be described by way of
example with reference to the accompanying drawings
in which:
[0008] Figure 1 is a diagram of an exemplary embod-
iment of a ferrite circulator.

[0009] Figure 2 is a diagram illustrating electric field
configurations controlling the operation of a ferrite circu-
lator.
[0010] Figure 3 is a top plan view of a ferrite circulator
housing constructed in accordance with an exemplary
embodiment of the invention.
[0011] Figure 4 is a section view of the ferrite circulator
housing of Figure 3 taken along the line 4-4.
[0012] Figure 5 is an exploded perspective view of a
ferrite circulator in accordance with an exemplary em-
bodiment of the invention.
[0013] Figure 6 is a section view of a ferrite circulator
in accordance with an exemplary embodiment of the in-
vention.
[0014] Figure 1 illustrates an exemplary embodiment
of a ferrite circulator 30 in accordance with an exemplary
embodiment. The ferrite circulator 30 generally includes
a housing 32 defined by a body having a one or more
magnets 34 and one or more ferrite elements 36 (e.g.,
ferrite slab or disk) aligned therein. The housing 32 is
constructed of a metal, such as, for example, steel or
aluminum, and which in one embodiment forms a cylin-
drical cavity resonator.
[0015] The ferrite circulator 30 also includes a plurality
of stripline circuits 38 (only one of the stripline circuits 38
is shown in Figure 1) defining ports 40 of the ferrite cir-
culator 30. For example, a Y junction ferrite circulator 30
may be formed by providing three stripline circuits 38
defining three different ports 40. The ferrite circulator 30
also may include a ground plane 42 for establishing a
ground reference within the ferrite circulator 30. It should
be noted that a dielectric (not shown) between different
components, for example, between the ground plane 42
and stripline circuit 38 may be provided within the housing
32 of the ferrite circulator 30.
[0016] Further, although only one magnet 34 and one
ferrite element 36 are shown, additional magnets 34 and
ferrite elements 36 may be provided in a stacked arrange-
ment within the housing 32. Also, additional stripline cir-
cuits 38 defming additional ports 40 may be provided
(e.g., four stripline circuits defining a four-port ferrite cir-
culator 30).
[0017] In operation, and as shown in Figure 2, power
may be applied to any one of a plurality of transmission
lines 44 defined by ports 40 that are formed by stripline
circuits 38 extending outside the housing 32. When pow-
er is applied to one of the plurality of transmission lines
44, a standing wave pattern 45 is established. This elec-
tromagnetic field pattern is caused by counter-rotating
waves created within the housing 32. It should be noted
that coupling and isolation within the ferrite circulator 30
are determined by the relative position of a port 40 and
the standing wave pattern.
[0018] The presence of an induced axial magnetic field
across the ferrite element 36 changes the effective per-
meability experienced by the rotating waves based upon
the sense of rotation. This causes rotation of the standing
wave patterns. For example, the ferrite circulator 30 may
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be configured such that the power transfer and isolation
properties are provided such that the standing wave pat-
tern is rotated thirty degrees. Additionally, one of the ports
40 may be internally terminated to provide a two-port
isolator.
[0019] Various embodiments of the invention provide
for aligning the ferrite element 36 within the housing 32.
Specifically, and as shown in Figures 3 and 4, a plurality
of alignment members 50 integrally formed as part of the
housing 32 to align a ferrite element 36 therein are pro-
vided as described in more detail herein. The plurality of
alignment members 50 extend generally perpendicularly
to a plane of a bottom surface 52 of the housing 32, for
example, as protrusions, to define an alignment region
54 for maintaining therein a ferrite element 36. The align-
ment region 54 is provided as a generally planar area for
supporting the ferrite element 36 substantially horizon-
tally relative to sides 56 (e.g., walls) of the housing 32
and between the alignment members 50.
[0020] It should be noted that the number and config-
uration of the alignment members 50 may be modified
as desired or needed. For example, although the align-
ment members 50 are shown as generally cylindrical
posts, the shape of the alignment members 50 may be
provided having, for example, a square, rectangular, oc-
tagonal or other geometric shaped cross-section. Fur-
ther, the height of the alignment members 50 may be
modified to accommodate (e.g., receive in the alignment
region 54) and maintain therein more than one ferrite
element 36 provided in a stacked arrangement.
[0021] Further, the number and positioning of the align-
ment members 50 may be modified to accommodate dif-
ferent sizes and shapes of ferrite elements 36. For ex-
ample, the alignment members 50 may be arranged to
define a square, rectangular, octagonal or other geomet-
rically shaped alignment region 54 for receiving and
maintaining therein or therebetween a correspondingly
shaped ferrite element 36.
[0022] Further, in various embodiments, the alignment
region 54 defined by the plurality of alignment members
50 is sized smaller than the magnet 34 (shown in Figure
1). For example, the alignment region 54 may have a
diameter approximately twenty percent smaller than the
diameter of the magnet 34. Further, and for example, the
height of the alignment members 50 may be about equal
to the thickness of the one or more ferrite elements 32
or may be sized slightly higher than the one or more ferrite
elements 32 (e.g., five percent higher).
[0023] The alignment members 50 are integrally
formed as part of the housing 32 in the various embodi-
ments. For example, the alignment members 50 may be
formed into the housing 32 using a machining, stamping,
casting and/or molding process, which may be a single
or multiple step process. For example, in one exemplary
embodiment, a two step process is performed to form
the alignment members 50 and alignment region 54. Spe-
cifically, in a first step the alignment members 50 are
formed (e.g., by stamping or pulling up posts from the

bottom surface 52) and in a second step, the planar align-
ment region 54 is formed. In operation, this two step proc-
ess may include, for example, a first machining strike to
form the alignment members 50 (e.g., posts) and a sec-
ond machining strike to flatten the alignment region 54
to provide a planar surface.
[0024] During the manufacturing process, the align-
ment members 50 may be formed at any position along
the bottom surface 52 of the housing 32. In one embod-
iment, the alignment members 50 are centered in the
housing 32 relative to the sides 56 (e.g., walls) of the
housing 32. However, the number and positioning of the
alignment members 50 may be provided at any location
along the bottom surface 52 of the housing 32.
[0025] It further should be noted that the integral form-
ing of the alignment members 50 as part of the housing
32 to form a single unitary piece may be provided by any
suitable process, including, but not limited to, shearing,
extruding, punching, etc. In a molding or casting process,
the alignment members 50 may be formed in the housing
32 at the time of molding or casting, or as part of a sec-
ondary step.
[0026] Thus, as shown in Figure 5, a ferrite circulator
30 having a housing 32 with integrally formed alignment
members 50 is provided. For example, a dimpled housing
32 or a housing 32 having posts formed thereon may be
provided. It should be noted that the housing 32 is con-
structed having a plurality of openings 60 formed in the
sides 56 to allow extension therefrom of stripline circuits
38 to define ports 40 of the ferrite circulator 30.
[0027] As shown, one or more ferrite elements 36 (e.g.,
ferrite disks) are inserted within the alignment region 54
defined by the plurality of alignment members 50. A circuit
element 62, comprising a plurality of stripline circuits 38
is provided on top of the ferrite element 36. A spacer 64,
which may be formed of a dielectric material is then pro-
vided between the circuit element 62 and a magnet 34.
A pole piece 66 is provided on top of the magnet 34 and
a cover return 68 is provided on top of the pole piece 66.
A cover 70 is then provided on top of the cover return 68.
[0028] It should be noted that the spacer 64 is provided
between the circuit element 62 and the magnet 34 to
minimize the "lossyness" of the circuit element 62 that
would occur if the magnet 34 contacts the circuit element
62. Further the pole piece 66 and return cover 68 are
provided and configured to focus the magnetic fields with-
in the housing 32 as is known and to direct flow of energy
therethrough. Also, in various embodiments, the cover
70 is spring loaded to apply a downward force on the
components within the housing 32 to maintain the posi-
tion and alignment of the components therein. The cover
70 and housing 32 may have complimenting locking or
latching portion to secure the cover 70 to the housing 32
(e.g., snap fit).
[0029] Thus, as shown in Figure 6, a ferrite circulator
30 is constructed having a stacked arrangement of com-
ponents therein with the ferrite element 36 maintained in
alignment with the other components using the plurality
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of alignment members 50. The various components may
be secured to one another, for example, by glue, epoxy
or other suitable material. Additionally, the components
may be maintained in position relative to each other by
a force supplied by the cover 70. As described herein,
the number and configuration of each component (e.g.,
the number and shape of ferrite elements 36) may be
modified as desired or needed, for example, based upon
the application or system requirements for the ferrite cir-
culator 30.
[0030] As shown in Figure 6, the alignment region 54
for maintaining the position of the ferrite element 36 is
generally smaller in diameter than the other components
of the ferrite circulator 30 such that a gap 72 is provided
between the plurality of alignment members 50 and the
sides 56 of the housing 32. Essentially, the plurality of
alignment members 50 are spaced a distance from the
sides 56 of the housing 32. The other components of the
ferrite circulator 30 are configured in a stacked arrange-
ment on top of the ferrite element 36 as is known.

Claims

1. A ferrite circulator housing (32) comprising:

a body for receiving at least one ferrite element
(36) therein; and
a plurality of alignment members (50) positioned
and configured to maintain the alignment of the
at least one ferrite element (36) in an alignment
region (54) defined by the plurality of alignment
members (50).

2. A ferrite circulator housing (32) in accordance with
claim 1 wherein the plurality of alignment members
(50) extend generally perpendicularly from a bottom
surface (52) of the body.

3. A ferrite circulator housing (32) in accordance with
claim 1 or 2 wherein the alignment region (54) com-
prises a generally planar surface.

4. A ferrite circulator housing (32) in accordance with
claim 1, 2 or 3 wherein the plurality of alignment
members (50) are configured as protrusions formed
as posts extending from a bottom surface (52) of the
body.

5. A ferrite circulator housing (32) in accordance with
any preceding claim wherein the plurality of align-
ment members (50) are formed in a first machining
process and the alignment region is formed in a sec-
ond machining process.

6. A ferrite circulator housing (32) in accordance with
any preceding claim wherein the plurality of align-
ment members (50) are configured to maintain the

ferrite element (36) generally centered within the
body.

7. A ferrite circulator housing (32) in accordance with
any preceding claim wherein the plurality of align-
ment members (50) are configured to define the
alignment region (54) which has a shape and size
corresponding to the at least one ferrite element (36).

8. A ferrite circulator housing (32) in accordance with
any preceding claim wherein a height of the plurality
of alignment members (50) is configured based on
a thickness of the at least one ferrite element (36).

9. A ferrite circulator housing (32) in accordance with
claim 1 wherein the plurality of alignment members
(50) are formed by stamping during one of a molding
and casting process.

10. A ferrite circulator housing (32) in accordance with
claim wherein the plurality of alignment members
(50) are integrally formed as part of the body.

11. A method of aligning a ferrite element (36) within a
ferrite circulator housing (32) comprising aligning the
ferrite element (36) by means of alignment members
(50) defming an alignment region (54) for the ferrite
element (36).
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