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TUNABLE CAVITY FILTERS USING
ELECTRONICALLY CONNECTABLE PIECES

GOVERNMENT LICENSE RIGHTS

The U.S. Government has a paid-up license in this inven-
tion and the right in limited circumstances to require the
patent owner to license others on reasonable terms as pro-
vided for by the terms of Contract No. HQ006-05-C-7117
awarded by the Missile Defense Agency.

FIELD OF THE INVENTION

The present invention relates generally to electronically
tunable electronic filters, and more particularly, to filters elec-
tronically tuned with microelectromechanical systems
(MEMS) devices and circuits.

DESCRIPTION OF THE RELATED ART

Filtering electronic signals is a fundamental function per-
formed in most electronic systems built today. The need to
separate or isolate signals of differing frequency is commonly
used to differentiate desired from undesired signals in com-
munications systems, or to evaluate differing signals in sensor
systems. Therefore, the ability to filter electronic signals is
highly desirable.

A fundamental measure of the quality of an electronic filter
is its insertion loss to desired signals and its rejection of
undesired signals. Great measures are commonly taken to
reduce filter insertion loss and improve filter rejection
through careful engineering design and proper selection of
materials. Reducing losses with desired signals and improv-
ing rejection of undesired signals reduces complexity and
cost of the remaining system electronics, and improves the
ability to process and discriminate these signals later in the
system.

There are two broad classes of electronic filters: those
constructed from lumped element components, such as
inductors and capacitors; and those constructed from reso-
nant elements, such as resonant cavities or dielectric resona-
tors. The design and operation of both of these types of filters
is determined by the operating frequency and the relative size
between the signal wavelength and the size of the filter com-
ponents. At lower frequencies, electronic filters are com-
monly constructed with discrete inductors and capacitors,
which make up the resonant circuits for the filter. At higher
frequencies, where the operating wavelengths are on the same
order as the dimensions of the components, distributed ele-
ments such as transmission lines or resonant cavities are used
to construct filters.

The quality factor (Q-factor) of the components used to
construct the filter determines what the ultimate insertion loss
and rejection of the filter will be. The Q-factor is the ratio of
reactance X to resistance R of the component at the frequency
of interest (Q=X/R). It is generally desirable to construct
filters with high Q-factor (high-Q) components such that the
final filter is as efficient and effective as possible, although the
cost and/or the complexity of the high-Q components can
preclude the use of these components.

Tunability is an important characteristic for an electronic
filter, as it allows several differing filter functions to be
accomplished by a single component. This significantly
reduces cost and complexity in electronic systems. The com-
mon problem with tuned filters is that the components which
perform the tuning generally do not have a high-Q factor,
which causes the filter to exhibit degraded loss and rejection
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performance. A tunable filter, with a high-Q factor, would be
an improvement over the prior art.

SUMMARY OF THE INVENTION

This application provides an apparatus and a method for
electronically tuning cavity filters. A tunable cavity com-
prises at least two pieces of material, such as metal plates or
metal traces, and MEMS circuitry interconnecting the pieces
of material. Multiple tunable cavities can be combined to
create a tunable cavity filter. In one embodiment, a waveguide
cavity filter comprises a metal insert attached to a substrate.
At least two pieces of material and MEMS circuitry reside
within the cavities produced by the metal insert. The MEMS
circuitry and the pieces of material are attached to the sub-
strate within the cavity. The MEMS circuitry can be con-
trolled to connect or disconnect the pieces of material, which
alters the electric and magnetic fields inside the cavities. In
another embodiment, a MEMS positioner inside the cavity
filter can physically deform or move a piece of material
within the cavity. By altering the electric and magnetic fields
the resonant frequency of the cavity filter can be tuned.
Although these cavity filters are tunable, they retain a higher
Q-factor than conventional tunable filters.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present applica-
tion and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accom-
panying drawings, in which:

FIG. 1 is a resonant cavity with a metal plate insertion;

FIG. 2 is a graphical representation of the resonant fre-
quency and the Q-factor of the resonant cavity with a metal
plate insertion of varying dimensions;

FIG. 3 is a resonant cavity with two metal plate insertions
connected by a shorting bar;

FIG. 4 is a graphical representation of the resonant fre-
quency and the Q-factor of the resonant cavity with two metal
plate insertions connected by a shorting bar with a varying
position on the metal plate insertions;

FIG. 51is a tunable resonant cavity with multiple metal plate
insertions connected by MEMS devices;

FIG. 6 is a tunable resonant cavity with two metal plate
insertions connected by multiple shorting bars;

FIG. 7 is a conventional waveguide filter;

FIG. 8A is a bottom portion waveguide, a metal insert, and
a substrate of a modified tunable waveguide filter;

FIG. 8B is a top portion waveguide, the bottom portion
waveguide, the metal insert, and the substrate of the tunable
waveguide filter;

FIG. 8C is the assembled tunable waveguide filter; and

FIG. 9 is a tunable resonant cavity wherein a MEMS actua-
tor and/or positioner is used to physically move material
within the cavity.

DETAILED DESCRIPTION OF THE INVENTION

In the following discussion, numerous specific details are
set forth to provide a thorough understanding of the present
invention. However, those skilled in the art will appreciate
that the present invention may be practiced without such
specific details. In other instances, well-known elements have
been illustrated in schematic or block diagram form in order
not to obscure the present invention in unnecessary detail.
Additionally, for the most part, details concerning network
communications, electromagnetic signaling techniques, and
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the like, have been omitted inasmuch as such details are not
considered necessary to obtain a complete understanding of
the present invention, and are considered to be within the
understanding of persons of ordinary skill in the relevant art.

It is desirable to incorporate MEMS devices and compo-
nents into tunable filters because the Q-factor of MEMS
devices is much higher than their conventional counterparts,
such as p-i-n diodes or field effect transistors (FETs). MEMS
varactors (variable capacitors) can also be incorporated into
tunable filters because of their high Q-factor. This allows
tunability with reduced loss and improved rejection. In fact,
the Q-factor of the MEMS devices are so high that often the
loss of the filter is set by the remaining fixed elements rather
than the tunable elements. At frequencies above 1 GHz, the
Q-factor of inductors or capacitors may range from 10-50 and
transmission line Q-factors may range from 100-200. Alter-
natively, the Q-factor of MEMS devices can range from 300-
500 or higher. Therefore, constructing tunable filters of
improved performance requires combining higher Q-factor,
fixed filter elements with those of tunable MEMS devices.

At microwave and millimeter-wave frequencies (2 GHz
and above), the highest Q-factor filter elements are those of
resonant air-filled metal cavities. A properly constructed cav-
ity may have Q-factors in the thousands or higher. In this
disclosure, the MEMS device are not used to add inductance
or capacitance to the circuit, but can be used to modify the
electric and magnetic fields within the cavity, which alters its
resonant frequency. Therefore, the operating frequency of
very high Q-factor cavity resonators can be modified to oper-
ate over a range of frequencies as a tunable filter element.

FIG. 1 depicts a tunable resonant cavity 100 with a metal
plate insertion. A metallized box 102 filled with air operates
with multiple resonant frequencies. The resonant frequencies
are dependent on the physical dimensions of the box and the
permittivity and/or permeability of the material occupying
the box 102. For example, an air-filled box 102 with dimen-
sions of 22.86 mmx22.86 mmx10.16 mm has a lowest reso-
nant frequency of 9.27 GHz. Accordingly, there are higher
resonant frequencies for a cavity filter, but this disclosure
focuses on the lowest resonant frequency. A first mode of a
filter element is its lowest resonant frequency. Near the lowest
resonant frequency a filter only has one mode, whereas at
higher frequencies the filter may have multiple modes. In
practice, a number of resonant cavities 100 can be combined
to create a tunable cavity filter.

By inserting a thin, metal plate 104 into the middle of the
box 102, the resonant frequency of the cavity 100 changes.
The metal plate 104 alters the electric and magnetic fields,
which changes the first mode or lowest resonant frequency.
As the height H of the metal plate 104 increases the resonant
frequency decreases. FIG. 2 is a graphical representation 200
of the resonant frequency and the Q-factor of the resonant
cavity 100 with a metal plate insertion 104. The diamond plot
points indicate the resonant frequency F,, which is shown on
the left y-axis of the graph 200. The square plot points indi-
cate the Q-factor, which is shown on the right y-axis of the
graph 200. The x-axis represents the height H (mm) of the
metal plate 104. Accordingly, FIG. 2 represents the resonant
frequency F, and the Q-factor of the filter 100 as a function of
the height H of the metal plate 104 within the cavity 100. As
the height H of the metal plate 104 increases, the resonant
frequency F, and the Q-factor decrease. The higher the metal
plate 104 is, the more it perturbs the electric and magnetic
fields by changing the electromagnetic structure of the first
mode and moditying its resonant frequency F,. This resonant
cavity 100 demonstrates greater than a 30% reduction in
resonant frequency F,, while still maintaining a Q-factor
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above 1000. The amount of tuning is dependent on the elec-
tromagnetic field distributions for the resonant mode of inter-
est, as well as the position, dimensions, and composition of
the materials used to perturb the field.

FIG. 3 depicts a tunable resonant cavity 300 with two metal
plate insertions connected by a shorting bar. The two metal
plates 304 and 306 are inserted into a metallized box 302.
There is a small gap G between the two metal plates 304 and
306. A shorting bar 308 is inserted within gap G to connect the
two metal plates 304 and 306. The shorting bar 308 also
modifies the resonant frequency of the cavity 300. Changing
the position of the shorting bar 308 along the length of the two
plates 304 and 306 varies the electric and magnetic fields
within the cavity 300. FIG. 4 is a graphical representation 400
of'the resonant frequency F,, and the Q-factor of the resonant
cavity 300 with two metal plate insertions connected by a
shorting bar 308. The diamond plot points indicate the reso-
nant frequency, which is shown on the left y-axis of the graph
400. The square plot points indicate the Q-factor, which is
shown on the right y-axis of the graph 400. The x-axis repre-
sents the distance D (mm) of the shorting bar 308 from the left
edge of the metal plates 304 and 306, as shown in FIG. 3. For
this cavity 300, the resonant frequency F is the highest when
the shorting bar 308 is close to the edges (right or left) of the
metal plates 304 and 306. As the shorting bar 308 moves into
the middle of the metal plates 304 and 306 the resonant
frequency F, decreases. In similar fashion, the Q-factor is the
highest when the shorting bar 308 is close to the edges of the
metal plates 304 and 306, and the Q-factor decreases as the
shorting bar 308 moves into the middle of the metal plates 304
and 306. Accordingly, the movement of the shorting bar 308
tunes the cavity 300 frequency and maintains an effective
Q-factor. In practice, a number of resonant cavities 300 can be
combined to create a tunable cavity filter.

FIG. 5 depicts a tunable resonant cavity 500 with multiple
metal plate insertions connected by MEMS devices. Multiple
metal plates 504 are inserted inside a metallized box 502. The
configuration of these metal plates 504 can be adjusted
according to the tunability desired. The metal plates 504 can
be connected by MEMS devices or circuitry 506. Rather than
a single metal plate (FIG. 1) of varying height, a collection of
metal plates 504 can be inserted within the cavity 500. The
plates 504 can be dynamically interconnected using the
MEMS devices 506. By electronically controlling the state of
the MEMS devices 506, or reactively tuning MEMS varactors
which interconnect the plates 504, the electric and magnetic
fields can be effectively modified to alter the resonant fre-
quency. Accordingly, the cavity 500 still retains a high Q-fac-
tor resonance. In this embodiment, the plates 504 can be close
together with one or more MEMS devices 506 interconnect-
ing the plates 504. In practice, a number of resonant cavities
500 can be combined to create a tunable cavity filter.

FIG. 6 depicts a tunable resonant cavity 600 with two metal
plate insertions connected by multiple shorting bars. Two
metal plates 604 and 606 are inserted inside a metallized box
602. In the gap between the two metal plates 604 and 606,
multiple MEMS devices or circuitry 608 interconnect the
plates. The MEMS devices 608 are electrical elements that
connect or disconnect the metal plates 604 and 606. Instead of
a single movable shorting bar (FIG. 3), the two plates 604 and
606 can be dynamically interconnected by the MEMS devices
608. Activation of the various MEMS devices 608 alter the
electric and magnetic fields within the cavity 600. This
embodiment can provide the same function as the movable
shorting bar in FIG. 3, thereby creating a tunable filter with a
high Q-factor. In practice, a number of resonant cavities 600
can be combined to create a tunable cavity filter.









