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Abstract — We propose an original structure for the de-
sign of high performance filters with simultaneously con-
trolled band-pass and band-regect responses. The band-
reject response is controlled thanks to the integration of
low-pass structure. So, The spurious resonances of the
band-pass filter areregject up to the low-passfilter ones. In
this way, we have to optimize the response of the low-pass
structure in order to control the out-of-band response of
the band-passfilters.

|. INTRODUCTION

The syntheds of microwave integrated filters is basicdly
basad upon equivdencies between the ided dectricd scheme
depending on the selected mathematica transfer function and
corresponding design topologies. In this way, approximations
are commonly used, s0 as to fit both ided and synthesized
responses around a resonant frequency (for band-pass filters),
using for example the dope parameter method.

Consequently, in-band specifications are usualy respected
when implementing microstrip or coplanar band-pass filters,
but parasitic responses appear, mainly a ¥, 2 and 3° har-
monic frequencies; indeed, the basic resonant structure produces
uncontrolled additional poles and zeros outsde the operating
bandwidth. Different methods to attenuate these spurious
resonances have aready been proposed [1] [2] [3].

In many applications, a low-pass filter is cascaded with the
band-passfilter in order to reject such spurious responses, thus
increasing both the size of the complete filter and transmission
losses. In addition, such a technique is only efficient in sup-
pressing the first higher order paraditic resonances, the same
synthesis limitations being encountered for the low-pass filter
(in terms of spurious harmonics).

In this paper, we improve the out-of-band response in intro-
ducing directly a low-pass filter in the band-pass filter while
keeping congtant the performance of the filter in the in-band.
Then, we have to improve the out-of-band response of the low-
pass filter in order to suppress spurious resonances of the
band-pass filter beyond thefirst one.

In this way, two methods can be used. Thefirst one conssts
in improving the eectricd response of the low-pass lumped
filter in the attenuated band by extending the available charac-
terigtic impedance range through an gppropriate technologica
approach [4]. The integration of such low-pass filter in a band-
pass filter has dready been presented [5]. The second way

concerns the achievement of anew low-passfilter synthesis[6].
Once the low-pass filter responses have been improved, they
have been integrated within a band-pass filter in order to im-
proveits out-of-band response.

Il. IMPROVEMENT OF THE LOW-PASS FILTERS OUT -OF
BAND RESPONSE

The two previous mentioned methods are presented and dis-
cussed in this part. The implementation of the classical micro-
grip semi-lumped design (see Fig. 1b) usudly leads to the
electrica response presented on Fg. 2. Paragitic resonances
appears at about 3 or 4 f, in relation with the restricted available
characterigtic impedance range (25 Ohms < Zc < 95 Ohms).

We have proposed in a previous work the use of multilayer
configurations (see Fig. 13), then achieving ether higher or lower
characterigtic impedances (125 Ohms and 5 Ohms respectively)
with a better factor form. This results in a Significant improve:
ment of the out-of-band regjection, asillustrated in Fig. 2. Never-
theless, such technology induces dragtic conditions on the
implementation.
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(a) Multilayer technology.
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(b) Microstrip technology
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Fg.1.  Layout of the semi-lumped design (microstrip (b) and
multilayer technology(a)).
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fc and ¢ are respectively the cut-off frequency and the speed
of light.

Indeed, a and b compensate for the achievable characteristic
by atificidly modifying the eectrica length of the stubs and
theinverters.

A comparison between classcd and modified synthess is
shown on figure 4.

Fig.2. Comparison between microstrip and multilayer
technologies. (classical semi-lumped synthesis)

So, we have developed a new efficient low-pass structure
which dlows the use of classcd open stub topologies (see
figure 3). Such architecture is basicdly attractive for ensuring a
good regjection near the band-pass, in accordance with the reso-
nators selectivity.

. .

Fig.3.  Thenew topology and its equivalent circuit.

Then, we established new synthesis formulas in order to ap-
timize the electrica response of such structures, by introducing
additiond tuning coefficientsa and b.

The equivdencies between ided and microstrip scheme
shown in figure 3 are based upon semi-lumped synthesis. a and
b can be modified in relaion with equations (1) and (2) so asto
take into account technologica possibilities dong the complete
operating bandwidth.
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Fig. 4 Comparison between classica and modified topad-
ogy. (microstrip technology)

We can notice that the spurious resonance are rgiected up to
5f,, and the rejection near the effective band is dso improved.

I11. INCLUDING THE NEW LOW-PASS FILTERS INTO BAND-
PASS STRUCTURES

Here, low-pass structures are directly integrated in the differ-
ent dements of a band-pass filter and can be synthesized in
order to ensure a high rgection level of higher resonant frequen-
cies

This solution is applied to the well-known band-pass filter
based upon quarter-wavelength shunt stubs and series imped-
ance inverters depicted on figure 5-a[7]. The associated eectri-
cd response is dso presented on this figure, and the numerous
spurious resonances around harmonic resonant frequencies can
be observed.

So, we have modified the geometry of the different imped-
ance inverters of a 2" order filter, so as to insert an equivaent
low-pass dructure insde each basc inverter. The dectrica
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response of the complete filter is modified in the out-of-band
region (see figure 5-b) while it remains quite smilar in the
desired operating bandwidith.
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Fig. 5-b. Basicideaand theoretica response.

IV. EXPERIMENTAL RESULTS

A third-order band-pass filter (f, =1 GHz, BW =40 %) has
been desgned on a dasscd subsrate (AR1000, e =10,
h =635 mm) and tested (fig.6).

Fig.6.  Layout of the third-order band-passfilter.

As depicted on the figure 7, good performances are achieved
insde the operating bandwidth (Return losses < -24.5 dB,
Insertion losses > -1.1 dB) while the first spurious resonance
appears a about 6 GHz (I.L.= -10 dB). This corresponds
approximately to the 6" harmonic frequency. This is quite a
significant improvement with respect to classcd results (Har-
monic behavior from 3F;). Moreover, measurements fit very
well with theoretical smulaions.
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Fig.7 Electrical response of the third-order band-pass
filter.

V. CONCLUSION

Origind approaches concerning the improvement of band-
pass filters performances have been proposed. The insertion of
low-pass filters into conventional resonant structures appears
as quite a convenient solution for suppressing spurious re-
sponses in a desired rejected bandwidth, without any degrada:
tion concerning Size area, insertion losses and transmission
losses. Moreover, despite classica topologies are considered,
we succeed in optimizing the dectrica response by inserting
additiona tuning parameters @, b) which compensate for the
characteristic impedance limitations.
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Furthermore, improvements can be proposed by choosing
lower characterigtic impedances which have a direct incidence
on the spurious resonances location. Unfortunately, this also
results in additiond distorsons due to junction discontinuities
influences. Contralling the resonator lengths through the tuning
coefficientsa and b rether than modifying extensively the char-
acteristic impedances appears, in our point of view, as a better
procedure.

References

[1] U. KARACAOGLU, D. SANCHEZHERNANDEZ, |
D. ROBERTSON, M.GUGLIELMI
Harmonic suppression in microstrip dual-mode ring reso-
nator bandpass filters.
|.E.E.E. M.T.T’s. june 1996, San-Fransisco, USA.

[2] J MARTI, A.GRIOL
Harmonic suppressed microstrip multistage coupled ring
bandpassfilters.

Electronics letters, 29" October 1998, Vol. 34, N° 22.

[3] M.TSUJ, H. SHIGESAWA
Spurious response suppression in broadband and intro-
duction of attenuation poles as guard bands in printed-
circuit filters. EUMC, 2-5 October 2000, Paris, p. 44,vol.
3.

[4 C. PERSON, L. CARRE, E. RIUS, STOUTAIN, J.Ph.
COUPEZ,

Original techniques for designing wideband 3D integrated
couplers.
|.E.E.E. M.T.T’s. june 1998, Baltimore, USA.

[5] C. QUENDO, J. Ph. COUPEZ, C. PERSON, E. RIUS,
M. LE ROY, STOUTAIN
Band-pass filters with self-filtering resonators : a solution
to control spurious resonances. |.E.EEE. M.T.T's. june
1999, Anaheim, USA.

[6] C.QUENDO, C. PERSON, E. RIUS, M.NEY
Optimal design of low-pass filters using open stubs to
control out-of-band. EUMC, 2-5 October 2000, Paris, p.
338,vol. 3.

[71 G.MATTHAEI, L. YOUNG, E.M.T.JONES
Microwave filters, impedance-matching networks, and
coupling structures. ARTECH House,Dedham, MA.
1980, pp. 594-598.

0-7803-6540-2/01/$10.00 (C) 2001 IEEE



	IMS 2001
	Return to Main Menu


