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Abstract

A combline microwave cavity filter for the E1 Galileo band (1559-1591 MHz,
fractional bandwidth (FBW) equal to 2%) is designed and simulated. The
standard approach low pass prototype-bandpass-inverter coupled resonator
is followed and for the realization the combline cavity filter type is chosen.
The filter presents post-production tuning capabilities mitigating manufactur-
ing tolerances. For the lumped prototype a 5"-order Chebysheuv filter with 0.5
dB ripple is considered. A good agreement between the Chebyshev prototype
and simulations is achieved in passband.

Index Terms - Combline microwave cavity filter, E1 Galileo band, filter design.

I. INTRODUCTION

Microwave filters are commonly used in satellite communications thanks to
their high selectivity that allows to filter out signals that are close in the
frequency spectrum [1], [2]. We are interested in a L-band microwave filter
that receives the E1 Galileo signal (1559 — 1591 MHz) [3] and that filters out
the Iridium signal (1616 — 1626.5 MHz) [4]. Particularly, we need this filter to
equip LaBarchettaMagica [5], [6], a demonstrator of an autonomous ship.

In Section II. the specifications for the filter are provided, the combline mi-
crowave cavity filter is designed following the standard approach low pass
prototype-bandpass-inverter coupled resonator and the filter dimensions are
calculated considering the combline cavity filter type for the implementation.
Then in Section III. the results for the bandpass prototype and those from
simulations are compared. Finally, conclusions are drawn in Section IV..

II. FILTER DESIGN

The specifications for the designed filter are determined by the frequency
bands of the desired and undesired signals. Then, the lower and upper
passband frequencies match those of the E1 Galileo band, that is, 1559 MHz
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Figure 1: Standard approach to filter design: a, low pass prototype; b, band-
pass prototype; ¢, admittance inverter coupled resonators.

and 1591 MHz, respectively. The upper stop band frequency is the lower
frequency of the Iridium signal, that is, 1616 MHz. For the sake of symmetry,
the lower stop band frequency is taken equal to 1534 MHz. The attenuation
at the lower and upper stop band frequencies must be at least 20 dB. The
center frequency is f, = 1575 MHz, the bandwidth BW = 32 MHz and the
fractional bandwidth FBW = BW/ f, = 2%.

The standard approach to filter design using a) low pass prototype, b) band-
pass, and c) inverter coupled resonators is depicted in Fig. 1. For the filter
prototype we opted for a 5%-order Chebyshev prototype with 0.5 dB rip-
ple. The immittance values for the low pass prototype are gy = g¢ = 1,
g1 = g5 = 1.7058, g = g4 = 1.2296, g3 = 2.5409 [7]. In Fig. la the immitances
with even indexes are impedances while those with odd indexes are admit-
tances; gy and g¢ represent the source and load resistances, respectively.
The bandpass filter is obtained from the low pass prototype denormalizing
with respect to a) resistance and b) frequency. The formulae for the de-
normalization with respect to the resistance are: L' = Rygs4, C' = g135/Ro,
Ry = Rogo, R; = Rogs, where Ry = 50 2, and L/, C’, R,, and R, are the denormal-
ized inductances, capacitances, source and load resistors, respectively. The
frequency transformation is: jw = Q (jw/wy + wo/jw), where j is the imaginary
unit, ' is the angular frequency for the low pass prototype, w the angular
frequency for the bandpass prototype, wy = 27 fy, and Q = 1/FBW the qual-
ity factor of the filter. The frequency transformation transforms the shunt
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Figure 2: Filter responses for the Chebyshev prototype and simulation.

capacitances of the low pass prototype filter into shunt resonators and the
series inductances into series resonators [7]. The unloaded resonance fre-
quencies for all resonators is the center frequency, f, = (2m/L;C;)~'.

For realization it is advisable to have only shunt or series resonators. The
combline cavity filter implementation that we chose requires shunt res-
onators. Then the series resonators are transformed into shunt resonators
by means of admittance inverters, as shown in Fig. 1lc, where the B; is the
susceptance of the i shunt resonators and J;;;; the admittance inverter
between the i® and (i + 1) shunt resonators [7].

The technical drawing of the filter and its main dimensions are depicted
in Fig. 3. This is composed by shunt resonators realized by means of
shorted transmission lines whose physical length is L = );/8 = 23.8 mm,
being )\, the wavelength at f; in vacuum. The resonator line admittance
Y, is chosen equal to 1/70 S to give good resonator unloaded Q’s [7]. The
impedance Z;y at the free end of a short circuited line with characteris-
tic impedance 7,;, = 1/Y,; is given by Z;y = jZ, tan(f,), being 6, = n/4 the
electrical length at f,. Then, the short circuited line behaves as an induc-
tance of value L{|,_, ., = Zai/wo. The values of the distributed capacitances
are Cf|,_, ,,, = 1.4 pF and are found applying the condition L;C; = w;” to the
shunt resonators. The gap G = 4 mm between the free ends and the ceil of the
cavity contributes to the distributed capacitance. The rest of the distributed
capacitance is achieved by means of tuning screws penetrating into holes
drilled inside the resonators. The screw diameter is D = 3 mm, the diameter
of the resonator holes is D; = 5.5 mm. The addition of post-manufacturing
tuning elements allow to mitigate the manufacturing tolerances. To enhance
the possibility of post manufacturing tuning, four coupling screws with di-
ameter D are placed in the middle between adjacent resonators. The outer
resonators are fed by means of coaxial cables entering the cavity at an height
of H = 20 mm. The cavity width is chosen to be b = 16 mm while the distances



Siit1, © = 1,2,3,4 between resonators and their diameter are evaluated from
the curves expressing the capacitance toward ground and the coupling ca-
pacitance between adjacent resonators for a coupled stripline with rectan-
gular conductors [7], [8]. The rectangular striplines are then converted to
circular ones equating the perimeters. For easiness the diameter D, of each
resonator is set equal to the average diameter. The spacing between res-
onators is decreased by 5% while the diameter is increased by 5% to reduce
‘cut and try’ effort [8]. Eventually, the distance between end resonators and
cavity walls is fixed to £, = 8 mm. Table I lists the physical dimensions.

Table I: Physical dimensions of the technical drawing in Fig. 3.

Parameters b 512 = 545 523 = 534 Eg L G H D Di Do

Value (mm) 16 15.7 17.0 4 238 4 20 3 b.bH 7.7
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Figure 3: Technical drawing of the filter. The width of the cavity is b.

III. RESULTS

The designed filter is modelled and simulated in HFSS [9]. Here the penetra-
tion of both tuning and coupling screws is varied to tune the filter. Figure 2
compares the results for the bandpass Chebyshev prototype and the simula-
tion, showing a good agreement in passband and the fulfillment of the speci-
fications. The discrepancy between the two responses outside the passband
is due to the fact that the distributed shunt resonators well approximate the
lumped resonators only around the center frequency.

IV. CONCLUSION

A combline microwave cavity filter for the E1 Galileo band is designed follow-
ing the standard approach low pass prototype-bandpass-inverter coupled



resonators. A 5%-order Chebyshev prototype with 0.5 dB ripple is selected
to fulfill the requirements. For the realization the combline cavity filter type
is chosen and the resonators are realized by means of shorted transmission
lines loaded with distributed capacitances. The results for the Chebyshev
prototype and those from the simulations are compared and a good agree-
ment is found in the passband. The future developments are to realize and
characterize the filter, and to exploit it for the satellite link of LaBarchettaM-
agica [5], [6].
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