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Abstract— A survey of the major techniques used in the
design of cavity filters is reviewed and discussed in this
paper. It is shown that the basis for much fundamental
microwave filter theory lies in the realm of cavity filters,
which indeed are actually used directly for many
applications at microwave frequencies as high as 18 GHz.
Many types of algorithm are discussed and compared with
the object of pointing out the most useful references,
especially for a researcher to the field.
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. INTRODUCTION

CAVITY FILTER- Cavity filters are the basic circuitry
behind a Duplexer and are sharply tuned resonant circuit
that allow only certain frequencies to pass. Generically,
filter of this kind are known as notch filters. Physically a
cavity filter is a resonator inside a conducting "box" with
coupling loops at the input and output, as follows:- Still
widely used in the 40 MHz to 960 MHz frequency range,
well constructed cavity filters are capable of high selectivity
even under power loads of at least a megawatt. Higher
Q quality factor, as well as increased performance stability
at closely spaced (down to 75 kHz) frequencies, can be
achieved by increasing the internal volume of the filter
cavities. Physical length of conventional cavity filters can
vary from over 82 in the 40 MHz range, down to under 11 in
the 900 MHz range. In the microwave range (1000 MHz (or
1 GHz) and higher), cavity filters become more practical in
terms of size and a significantly higher quality factor than
lumped element resonators and filters. Cavities are often
grouped in series with each other to increase filter
effectiveness by making the pass band deeper with
respect to surrounding frequencies. This can be very
useful when ham repeaters are situated very close to other
spectrum users such as pager whose unwanted signals can
interfere with the ham equipment. Cavity filter are a very
effective way to create a notch at the repeater
frequencies. Cavity Filters are known for low insertion loss
and higher power handling ability. API Technologies
engineers researched the suppression of inter modulation
products in low loss, high power cavity designs and through
careful process control and component selection devised
specialized design techniques to satisfy our customers’
unique requirements. Superior pseudo-elliptic designs our
engineers generate reduce the number of sections required to
meet a specified attenuation response, thereby generating a
smaller cavity filter with lower passband loss, and reduced
costs. Similar techniques may be employed to provide
passhand group delay equalization or increase attenuation
over a specified stopband region.

Filters with high-frequency selectivity, low
insertion loss, and robust temperature stability are key
building blocks for microwave and millimeter-wave systems
[1]. Micro strip transmission lines and rectangular

waveguides are two well-known structures that have been
widely used to design microwave filters. Filters
implemented in standard waveguide technology exhibit
good performance, but they are generally bulky, non planar,
heavy, and not suitable for low-cost applications. On the
other hand, micro strip filters are cheap, fully Integrated,
and easy to design, but they do not provide high quality
factors. In the last decade, the substrate integrated
waveguide (SIW) has provided an alternative for the
integration of high-performance and low-cost passive
components. Several topologies have been proposed to
design SIW filters.[1], Along with a high quality factor, the
field pattern and current distribution offer key advantages
for realizing tunable filters. However, this mode of
operation is degenerate with a pair of low-quality factor
TM,;; modes that need to be separated from the operating
TE,;; mode without degrading the quality factor or overall
filter performance [2]. Realization of a filter function in a
cross-coupled resonator configuration such as this presents
another challenge however, a cross-coupled realization is
essential since a planar layout allows for a single actuation
mechanism to realize tenability. To the best of our
knowledge, no demonstration of stable tuning performance
using this mode can be found in the literature. [2]
Application in telecommunications, signal processing, and
metrology have an ever increasing demand for X/K -band
microwave sources with phase noise between 1-10 m rad or
few tens of femto seconds timing jitter [9]. Additional
requirements include low-cost and compact size, which is a
major bottleneck in extending existing technologies. With
the development of microwave technology, coaxial cavity
filter is used very widely in the system of communication
and radar. The filter can be classified as standard coaxial
filter and square cavity coaxial filter by the cavity structure.
Coaxial cavity filter has the characteristic of high Q value
and is easy to physically realize, which make it be
applicable to the situation of narrow band, low insertion and
great sideband suppress. [4] The structure of microwave
band-pass filter has crucial effect to the volume and weight.

Il. LITERATURE REVIEW

This paper reviews various algorithms based on cavity
filters for microwave applications.

A. Temprature Compensation Method

In [1] a new temperature compensation method is proposed
and demonstrated in this paper for cavities and filters
realized in substrate integrated waveguide (SIW). The SIW
structures largely preserve the well-known advantages of
conventional rectangular waveguide, namely, high and high
power capacity, and have the advantages of microstrip lines,
such as low profile, small volume, and light weight. In this
paper, we demonstrate that by an adequate selection of
substrate properties, SIW cavities can provide self-
temperature drift compensation. The compensation is
achieved by using an appropriate ratio between the
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coefficient of thermal expansion and the thermal coefficient
of the permittivity. The theoretical prediction is confirmed
by an experimental investigation using inductive post filters.
Three commercially available substrates are used to design
cavities at 10 GHz with the Roger TMM10 substrate
providing a close fit to the required characteristics for
temperature compensation. The results for the cavity show a
stability of 2 ppm/ C in calculation and 8 ppm/ C in
measurement.
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Fig. 1(a): Insertion loss of the SIW iris filter and coupled
line filters versus the temperature change.[1]
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Fig. 1(b): Measured S -parameters of the coupled line filter
versus the temperature change.[1]

B. Ka-band Tunable Filters

In [2] a metal-ring loaded TE,,, resonator is shown to offer
wide spurious-free window by splitting the degenerate
TM,;; mode. The introduced resonator offers tunability
without performance degradation. A cross-coupled planar
TE,,, Cavity resonator incorporating an end-cap metal ring
feature and a novel long iris to realize positive coupling in a
direct-coupled cavity layout is introduced in this paper. The
long iris allows for any transmission zero locations to be
realized in a cross-coupled planar TE configuration. Pseudo-
low-pass and pseudo-high-pass tunable filters with complex
filter function and stable tuning performance were designed
and fabricated using the presented idea. Both filters employ
the same layout and actuation mechanism. To the best of our
knowledge, this is the most stable tunable filter presented in
the literature with respect to return loss and transmission
zeros. The filter maintains steep selectivity and excellent
return loss over the tuning range. A 40-160-MHz bandwidth
and 500-MHz center frequency tuning range at the 20-GHz
band was exhibited by cascading pseudo-low-pass and
pseudo-high-pass tunable filters. The tuning mechanism
exhibits a resolution of 1 MHz and a repeatability of 0.94

MHz over an 11 201 actuation life test. The measured tuning
error is approximately +- 0.5 MHz with respect to an LUT.
The pseudo-high-pass filter response is maintained after
vibration testing.

C. Rigorously Drive a Complete Lossy Equivalent Circuit,
Arbitrary Cross Section and Arbitrary Coupling Geometries

In [3] a rigorous derivation of an equivalent circuit of a
direct-coupled-cavity filter with arbitrary shaped cross-
section and coupling geometries including losses because of
cavities and coupling structures has been presented in this
paper. With the correct understanding of the fields inside the
cavities of a filter and using the even and odd mode theory,
equivalent lossy circuits of the inter-cavity couplings as
well as the external couplings have been derived. Assigning
the losses of a half- wavelength lossy transmission line to
the resonators, the losses due to the coupling structures can
be extracted. A fifth degree direct-coupled-cavity filter has
been designed, and the above theory has been successfully
applied. The agreement between simulation and the
response from the extracted equivalent circuit is excellent.
The filter has also been manufactured and measured. No
tuning process has been carried out. The measured response
agrees very well with full-wave simulations and with the
novel extracted equivalent lossy circuit. The theory has
been successfully.
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Fig. 3: Yield analysis including losses everywhere in the
filter and insertion loss .[3]

Another application of the theory developed in this
work is the yield analysis of the designed filter with
manufacturing tolerances. It can be presented as an
extension to the work in[3]. However, using the equivalent
circuit theory derived in this work the yield analysis of the
filter can be performed with an accurate evaluation of the
resulting losses. In Fig.3, the results of the yield analysis
performed directly on the equivalent circuit, including losses
in cavities as well as in coupling structures are presented.
Note that no additional full-wave simulations are needed to
obtain these results (details of the achieved losses are shown
in the inset of Fig.3).
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D. Tunable S-Band 3-D Electromagnetic Simulation

In [4] based on the electromagnetic model of filter, the
theoretical analysis of coaxial cavity filter is made from the
point of “field”, and the mathematical equations of coupling
coefficient between cavities, the Eigen mode value of each
resonant units and input-output structure factor are also
acquired in the analysis. The three-dimension
electromagnetic simulation software is used to analyses and
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optimizes the structure parameters of filter. Then the filter is
fabricated and tested.

E. Orthogonal coaxial with distributed cross coupling

In [5] the orthogonal arrangement of coaxial cavity
resonators causes distributed cross-coupling. While the
cross-coupling is always inductive, the coupling between
adjacent resonators can be tuned to be mainly capacitive or
inductive, depending on the length of the 45 oriented tuning
screws. The synthesis of the distributed coupling matrix has
been discussed. If the cross-coupling is too strong due to
small distance between the resonators, the distribution effect
might beneficially be applied to push the transmission zeros
to the complex frequency domain. The results may be
generalized for higher order filters with more transmission
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Fig. 4 Measurement result of the spurious performance of
both filters: (a) inline, (b) folded orthogonal coaxial cavity
filter.[5]

The measured wideband response of both filters is
shown in Fig. 4. The first spurious resonance is located at
4.7 GHz for the inline filter and 5.0 GHz for the folded
filter, respectively.

F. Finite element method (FEM) parallel plate waveguide
(PPWG)

In [6] by changing the separation between two grooves
which placed in upper and bottom faces of the PPWG, a

tunable resonance splitting effect can be achieved. This
phenomenon may have the potential application on terahertz
filter. These simulation results will guide our experimental
work.

G. Substrate integrated waveguide (SIGW)

In [7] a new compact concavo-convex cavity SIW resonator
is proposed and employed in filter design. The design,
fabrication and measurement of the new concavo-convex
cavity SIW filter exhibit some merits, including compact
size, wide stop band and easy integration.

H. Guided mode resonance filter (GMRF) cavity resonator
integrated guided mode resonance filter (CRIGF)

In [8] a new CRIGF of curved gratings for reflecting a small
spot- size incident wave is proposed and has been
preliminarily demonstrated. Narrowband reflection spectrum
with the maximum reflectance of 32% and the FWHM of
0.2 nm were obtained for an incident beam width of 10 mm
thanks to the curved grating lines of the Grating coupler
(GC) and Distributed-Bragg-reflectors (DBRS).

I. Mode-locked-laser diodes(MLLD)

In [9] presented results from two compact on-chip MLLDs,
with and without an intra-cavity filter. Superior performance
of the laser with an intra-cavity filter for higher harmonic
locking is clear with the observation of up to 55 dB optical
side-mode suppression. The filter enables stable locking to
higher harmonics and we observed 30x reduction in RF line
width from having a 10x longer laser cavity. We would like
to increase the laser cavity length by using low loss silicon
nitride waveguides to further reduce the microwave line
width. In terms of hybrid section. Design we would like to
analyze structures with modified confinement, by changing
the Si waveguide width, for optimum gain and absorption
saturation.

I1l. COMPARISON TABLE OF EXISTING METHODS

sNo.| REFRENCE TECHNIQUE MEASURING ADVANTAGE | DISADVANTAGE
PAPER PARAMETER
For SIW filter High frequency
A Temperature Insertion loss= 0.3- | selectivity, Low Rectangular
Compensation 0.7dB insertion loss. waveguide-
Technique for Temperature Temperature Rectangular Heavy, bulky, non-
Substrate Compensation swept= 40-80°C waveguide- planar and not
1 Integrated Technique(TCT) For micro strip High quality suitable low cost
Waveguide Substrate Integrated filter factor, High power application.
Cavities and Waveguide(SIW) Insertion loss= 2.2- _ Capacity. Micro-strip filter-
Filters 0.8dB Micro-strip filter- They do not provide
[1] Loss tangent(tand) Low profile, small high quality factor
Linear frequency | Volume and high
drift= 8ppm/°C weight.
Return loss=17-
20dB
Insertion loss=0.2-
A Ka -Band TE,,, Ka-band 0.22dB High quality factor | Low quality factor
2| Fully Tunable tunable filter : for TE, for TM
Cavity Filter[2] Quality oo o
factor=15500-
16000
Bandwidth=190-
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200.

Rigorous
derivation of
lossy equivalent

Rigorously drive a
complete lossy

Insertion loss

Low dissipation

6 Based on Parallel
Plate

Waveguide

Cavities[6]

method (FEM)
parallel plate
waveguide (PPWG)

according to range
of HF LF

higher sensitive
fluidic sensor

3 circuit for equivalent circuit, loss, high power
narrowband Arbitrary cross Group delay handling
waveguide section and Arbitrary capability

direct-coupled- | coupling geometries
cavity filters[3]
. Insertion loss High Q va!ue,
Design of a ~1.0dB easy to physically
Tunable S-band | Tunable S-band ~ 3- ' realize, low Only suitable for S-
4 Narrow-band D electromagnetic Insertion loss, band
Coaxial Cavity | simulation software Return great side band
Filter[4] loss=14.5dB suppress, high
selectivity
Unloaded quality
Orthogonal factor = 2700 for
Coaxial Cavity 0 . folded filter,
Filters rthogo_nallcoamal Spurious resonance | Best performance
5 . - with distributed L
With Distributed . Inline filter=4.7 results
Cross- cross coupling GHz
Coupling[5] Folded filter=5
GHz
Double-channel
Mlaroyband Finite element
Terahertz Filter Q value varies High Q value

Compact
concavo-convex

Insertion loss

High Q value low

cavity filters <28.5dB cost, high power
7 using Substrate integrated handling
multilayer WG (SIGW) Return loss capability easy
substrate <1.07dB integration small
integrated area
waveguide[7]
Cavity-resonator Guided mode Full width /half
integrated resonance filter max
guided-mode (GMRF) cavity (FWHM)=0.2nm, High- resolution
8 resonance filter resonator integrated beam width e
. . - optical index
consisting of guided mode 10micrometer
curved gratings. resonance filter Maximum
[8] (CRIGF) reflectance=32%
Harmonically
Mode-Locked .
Hybrid Silicon Phase notse=1-10
9 W_Laser Mode-locked-laser Super mode LOW.'COSt compact Only existing for
ith Intra- diodes(MLLD on< size, greater %/K-band
Cavity Filter to fodes( ) suppresston quality factor an
45dB at 0dB input
Suppress
Super mode power
Noise.[9]

Table 1: Comparison Table Of Existing Methods

Above table concludes that the cavity filter on
substrate integrated waveguide (SIW) has provided an
alternative for the integration of high-performance and low-
cost passive components. Several topologies have been
proposed to design SIW cavity filters.[1] If tunability is
realized by resizing cavities, the actuation system must

exhibit minimal power consumption. Latching is required to
ensure that power is only consumed during a tuning
operation and to maintain filter performance while the
mechanism is unpowered. The filter can be classified as
standard coaxial filter and square cavity coaxial filter by the
cavity structure. Coaxial cavity filter has the characteristic
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of high Q value and is easy to physically realize, which
make it be applicable to the situation of narrow band, low
insertion and great sideband suppress.

IVV. CONCLUSION

The microwave cavity filters in particular application is a
vast one. This paper describes the development of
microwave cavity filter technology from an applications
perspective. Military applications required wide-band and
tunable devices for electronic support measures receivers,
which led to the development of highly selective wide-band
waveguide filters, coaxial resonator and suspended-substrate
multiplexers, and electronically tunable filters. In this
paper, an attempt has been made to relate some of the
numerous advances in filter technology to the applications
that have driven them. Although microwave filters are often
described as a mature technology, The SIW cavity also
shows better results in term of insertion loss because the
SIW is shielded and is less affected by moisture. This
characteristic makes the SIW a structure of choice to design
microwave systems working in hostile environment with
high humidity.
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