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A New Simple Microstrip Open-Loop Resonators
Filter for High Selectivity Applications

David Cafiete Rebenaque, Alejandro Alvarez Melcon and Marco Guglielmi

Abstract— In this paper the design of a novel pla-
nar microwave filter is presented. The structure is de-
signed in microstrip technology, and it is formed by
two loop resonators of different lengths. The length
of the first resonator is adjusted se that a suitable odd
resonance is tuned to the center frequency of the filter.
The length of the second resonator is adjusted so that
the next even resonance is tuned again to the center
frequency of the filter. The change in phase introduced
by tbe resonances of the loops produces a cancellation
of energy at a given frequency, therefore implementing
a transmission zero for high selectivity. In this paper
a design example is provided, and results of a man-
ufactured prototype are discussed. Measured results
confirm the theoretical predictions, and validate the
new structure for high selectivity applications.

I. INTRODUCTION

Microwave filters are still very important components
for mobile, wireless, and satellite applications [1]. In the
design of microwave filters, of paramount relevance is the
filter selectivity, which must be increased in order to betier
reject spurious signals [2]. A very popular technique for
controlling the selectivity is the implementation of trans-
mission zeros at precise frequencies in the insertion loss
response of microwave filters [3].

With respect planar microstrip filters several previous
works have been developed in order to increase de fil-
ter selectivity. For instance, in [4] a printed filter com-
posed of square open-loop resonators is presented. In the
structure, the transmission zeros are obtained by classi-
cal cross-coupling interactions between nonadjacent res-
onators. The work proposed in [4]is based on previous
works [5], [3], in which elliptic transfer functions are also
implemented by using similar square open-loop resonators
combined with cross couplings between nonadjacent res-
onators. Another example of a printed filter which uses
side cross-coupling interactions can be found in [6], where
hair pin resonators are placed in a square matrix to achieve
an eliiptic transfer function for a second-order filter.

In addition to the classical side-coupled implementation
of transmission zeros, other approaches based on broadside
couplings have been implemented. A very useful example
can be found in [7], where an elliptic transfer function is
synthesized for a second order filter by broadside coupling
two resonators through a slot open on the common ground
plane of a two layers microstrip structure. Also in [8]a
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three pole filter is presented with a transmission zero due
to a broadside cross coupling between the first and third
resonator.

In this paper we present an alternative procedure for
the implementation of transmission zeros in the insertion
loss response of microstrip printed filters. The big differ-
ence with respect previous designs is that the transmission
zero is not created by introducing cross-couplings between
nonadjacent resonators. The structure is composed of two
open-loop resonators of different lengths. The first length
is adjusted to tune a suitable odd resonance of the res-
onator to the center frequency of the filter. On the con-
trary, the second length is adjusted to tune the next even
resonance of the resonator to the center frequency. The
opposite phases occurring in the signal path from the in-
put and output in both resonators produce a cancellation
of energy at a given frequency, therefore creating the de-
sired transmission zero. The structure is based on the
same design strategy as presented in [9]. In [4], however,
the technigue is applied to the design of dual mode filters
in waveguide technology. The extension of this technique
to planar printed microstrip structures shows to lead to
very compact and useful microwave filters exhibiting high
selectivity.

In this paper we present briefly the design strategy of the
filter, together with the procedure to cascade several basic
configurations to obtain higher order structures. A filter
prototype is manufactured, and the results are discussed.
The measured results show that the structure presented
is indeed feasible, and results in a high selectivity simple
microstrip filter configuration,

11. STRUCTURE DESCRIPTION

The basic configuration of the filter structure can be seen
in Fig. 1. It consists on the input and output lines which
are coupled in a shunted configuration to two open loop
resonators of different lengths. One resonator is designed
to work at an even resonance, while the other is designed
1o operate at an odd resonance. The interaction of both
produces the required cancellation of energy at a given
frequency, therefore leading to a transmission zero in the
insertion loss response of the filter,

The main parameters to be optimized in this structure
are the lengths of the resonators, which in an initial de-
sign can take the approximated values of N A.¢5/2 and
( N+ 1Aess/2 respectively at the center frequency of the
band. In this way, the cancellation of energy, and therefore
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Fig. 1. Filter layout (not to scale). The Dimensions are W;

8.0mm, W, = 8.0mm, W, = 16.0mm, Wy, = 18.0mm, W,
42.0mm, W; = L.Omm, L = 16.8mn, Ly, = 16.4mm, and L, =

h = 0.51mm.

the transmission zero, is obtained in the proximity of the
center frequency, leading up to a sharp transition band.
Much care must be taken with the distance Wy, namely
it must exist enough separation to avoid direct coupling
between the input and output lines of the filter,

The lengths Wy, and W,, of Fig. 1,together with the
gaps L,, control the input and output couplings of the fil-
ter, and must be carefully adjusted to achieve the required
bandwidth. Since the input and output lines are side cou-
pled to the resonators, relatively narrow baridpass filters
can be obtained. In our designs we have achieved up to
2.5% relative bandwidths.

In the bandpass filter configuration proposed, we have
a trade off between the Q factor and the bandwidth
achieved. If the lengths of the resonators are adjusted so
that the two poles get closer together, then the Q factor
increases and lower reflection coefficient is obtained, but
at the expense of a lower bandwidth. On the other hand,
by separating the reflection poles, a wider matching band-
width can be obtained, but the filter becomes less selective
(the transmission zero appears less deep in the insertion
loss response).

In practical terms, by reducing L,, we can obtain wider
bandwidth and higher return loss. On the other hand, if
L,, is slightly increased (0.1mm or 0.2mm longer for the
examples in this paper), the Q factor increases, and the
return loss decreases. As a side effect, changing L,, might
vary the operating frequency, since it controls not only the
transmission zeros, but also the position of the bandpass
reflection poles. Further length increments can even cause
coincidence between the reflection poles and transmission
zeros, leading to undesired responses. This behavior, how-
ever, can also be used to implement filter responses with
a transmission zero below the passband of the structure.
This is an interesting behavior, since transmission zeros
above and below the passband can easily be obtained.

In Fig. 2, a typical response of this filter with the trans-
mission zero above the passband is simulated with the lull-
wave commercial electromagnetic simulator ADS (HP -
Advanced Design Simulator). In this design we have op-
timized the length of the resonators for an operation with
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Fig. 2. Single-stage filter response simulated by ADS.

an IV =5 higher order resonances. The whole design pro-
cess is yecomplished with few operations if the described
previous steps are carefully followed.

Once the single filter configuration has been designed,
two identical unit cells can be cascaded to obtain a higher-
order response in a compact structure. Both high selec-
tivity and bandwidth can be simultaneously obtained by
cascading two of these novel filters as shown in Fig, 3.

For the design of this more complex structure two new
important parameters need to be adjusted in order to con-
trol the coupling between the unit cells. The first one
is the distance Lg between the two set of resonators (see
Fig. 3). This distance can be changed to control the bal-
lance between the two pair of resonances. The other im-
portant parameter is the width of the coupling line joining
the two unit cells. This width can be decrcased to adjust
properly the inter-resonator coupling between the two set
of resonators. This last step will achieve the right level’
of ripple throughout the whole passband. In this way,
a constant-ripple elliptic-filter with both high selectivity
and wider bandwidth can be achieved, as can be seen in
Fig. 4. It should be noted that the struciure is completely
symmetric, arid that the transmission zeros of both pair
o resonators lie on the same side of the passband, thus
resulting into a double transmission zero on this side. The
simulation results obtained with ADS software tool sug-
gest that very high quality factor filters can be achieved
in a small compact configuration.

An alternative design can be foreseen, by combining two
set of resonators, one optimized to produce a transmission
zero below the passband, and the other optimized to pro-
duce a transmission zero above the passband. This last
alternative can be used when high rejection is to be ob-
tained on both sides of the passband. On the contrary the
complexity of the design increases, since this last concept
leads to a non-symmetric structure.
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Fig. 4. S-parameters two-stages cascade filter calculated :E)y ADS,

11t. RESULTS

ADS Soltware was employed lor the design, simulation
and optimization of a filter prototype with the resonators
operating at V = 5 higher order resonances: The structure
has been optimized following the basic simple steps shown
in this contribution. The prototype of the single stage mi-
crostrip filter has been manufactured to check the. validity
of the proposed design. The layout of the prototype mi-
crostrip filter structore is shown in Fig. 5. The strip width
is fixed in Imm to get a 505} input/output lines, and the
four gaps (L,) controlling the input and output couplings
have the same dimensions: (.2mm. These gaps are usually
very small to achieve the input/output coupling required
for the specified bandwidth. Also the lengths Wi, and W,
are optimized for suitable bandwidth.

The structure has been manufaciured on a TMM-4 sub-
strate (¢, = 4.5, b =0.53mm). The physical dimensions
are shown in Fig. 1.

The transmission and reflection responses of this struc-
ture are obtained for the manufacturéd prototype filter
from three different sources, namely from the ADS soft-
ware tool simulation {which uses the infinite size multi-
layered media Green's functions [10]}, from experimental
measured results obtained with an HP-8720-ES vector net-
work analyzer, and from a volume/surface integral equa-
tion applied to the analysis of finite size arbitrary shape
microstrip structures [11]. ,

In Fig. 6 and Fig. 7 these three resulis are compared, It
can be seen good agreement except for a frequency shift
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Fig. 5. Manufactured filter prototype.
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Fig. 6. 511 single-stage response comparison.

)

of about 50 MHz. Also, since higher order resonances
{ N = 5} have been used to optimize the passband of the
fiiter, lower order resonances can be seen before the ac-
tual passband. Results show that the nearest lower order
resonance occurs around 3.9 GHz. ‘The optimization of a
filter prototype with N = 1 will decrease further the total
dimensions of the filter as compared to Fig. 5.

In addition, it must be pointed out that, whiler ADS .
simulation assumes an infinite dielectric layer, the finite
1E method simulatés a scenaric in which the size of the di-
electric substrate is adjusted to the conductor limits. This
{imiting case of the size of the substrate produces an ad-
ditional frequency shift as shown in Fig. 6.

Measured results show that the filter has a bandwidth
of 1.38% and center frequency fo of 4.43CHz. The pass-
band ripple remains lower than 0.25dB. As expected, the
two resonators produce a 2-pole response filter with sharp
transition due to a transmission zero.

IV. CoencLusions .

In this paper we have presented a new microstrip fil-
ter structure exhibiting high selectivity, Unlike traditional
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Fig. 7. 82 single-stage response comparison.

designs, a transmission zero is implemented without in-
troducing cross couplings between nonadjacent resonators.
The basic structure consists on a two open-loop resonators
of different lengths. The lengths are adjusted to tune the
N and N + 1 resonance of each resonator respectively to
the center frequency of the filter. The opposite phases of
the signal in each resonator produces the cancellation of
energy required for the implementation of a transmission
zero. A filter prototype with N = 5 has been designed,
manufactured and tested. Measured results on the mann-
factured prototype confirm the validity and usefulness of
the proposed structure.
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