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Abstract. In this article, we demonstrate a new inductivedeiw 5.245-GHz-band-pass filter based on post-wall
irises by standard PcB process on Epoxy FR4 subsiatew and easy to build microstrip-to-waveguidsition
that consists of three tapers is also designednioect the filter to standard measurement systerth Smulated
results and measurements have shown insertiordags than 5 dB within 14% bandwidth around 5.245zGidd
input return loss better than 25 dB over the frequeange.

PACS. 41.20.-q Applied classical electromagnetism - 41RCElectromagnetic wave propagation; radiowave
propagation.

1 Introduction planes which can be easily interconnected withrathements
of the system on a single substrate platform withtaning.
This system can be miniaturised into small pacKaghed the
system in package - SIP) with small size and lost €b0].

This paper presents the design and performance éva
inductive-window filter using post-wall irises oj¢ing
\pround 5.245 GHz. Wbegin with a brief analysis of C-band
SIW-microstrip lines. Then, a new stepped transitis
proposed to connect SIW circuits to microstrip orid® filter

is designed and fabricated by using low cost pdirt&cuit
board (PCB) technology. The measurements are peefbby
means of a vector network analyzer (HP8720C).
Electromagnetic simulations and measured respooséke
filter are presented to validate the proposed agiro
Compared to previous studies related to SIW filtasing
post-wall irises, a wide bandwidth operation of @hb4% and
return loss better than 25 dB are achieved by tiopgsed
filter associated to stepped transitions [11]-[13].

Filters are widely used in satelite and modern
communication systems. General requirements fosethe
filters are low insertion loss, high power capac#yall size
and high rejection with low cost realization [1]:[2
Rectangular waveguide components have advantagas o
other planar transmission structures for microwarel
millimeter-wave band applications because of their loss
and high Q-factor. But their high cost and difficul
integration to planar circuits prevent these congpds from
being used in low-cost high-volume applicationsc&tsly,

a new concept of substrate integrated waveguid®V)SI
technique has been proposed [3].

Many components such as antennas, power divid#essf
and diplexers, based on SIW technology have bgsorted
[4]-[6]. This technology offers a good option fdretdesign
of microwave and millimeter-wave filters. It progs a low
profile, low cost standard printed circuit board3Cg)
and low weight scheme while maintaining high
performance [7]-[9].

SIW structures are realized by two bilateral wadlf
periodic metallic via-hole arrays in substrate gndunded



2 Integrated-Waveguide Analysis We propose in this section an electromagnetic armlgf a

SIW cavity at the test frequency 5.5 GHz. In congmar with
A substrate integrated waveguide (SIW) is made effattic conventjonal waveguide, the SIw is an artificialripdic
via-hole arrays in the substrate between top aritbipo Waveguide. Therefore, the post-diameter D and &g P of
metal layers replacing the two metal sidewalls. Athe posts may significantly affect the propagaiiothe SIW

comparison between a conventional waveguide antia S @nd the return loss at the input ports. In ordeersure the
is given in Fig. 1. propagation of the electric field in the synthedizeaveguide

The propagation properties in the SIW and in the3ection, an optimization of P and D is proposedulhwave
conventional metallic rectangular waveguide (RW@g a finite-element method (FEM) based on a commeraéhare
very similar. In particular, the electromagneticeldi ~Package (HFSS) is used for simulatioihie top, middle,
distribution is TEylike [14]. Thus, the initial dimensions of Pottom and sidewall metalizations are all copped the
the SIW resonator cavity can be determined by thélielectric material is an Epoxy FR4 substrate with= 44
conventional resonant frequency formula of metallicand tand= 0015. The distance between the rows of the

waveguide resonator, where the length and widtithef  centers of via holes is W = 19 mm. After optimipatiD is set
metallic cavity, L and Wg, should be replaced by the {51 mmand P to 1.8 mm.

equivalent widthW and lengthL of the SIW cavity because The figure 2 shows the electric fields distributiam the

of the presence of vias sidewall. cross-sectional view in the conventional rectangula
waveguide and in the SIW waveguide.

(b)

(b)
] ) ) ) ) Fig.2. Electrics fields distributions in a rectangulaaweguide and in
Fig.l. Configuration of the waveguides. (a) Conventionaly Sjw. F = 5.5 GHz (HFSS simulation). (a) RWG. (BVS
rectangular waveguide. (b) On-substrate integraimeeguide.
. , . . From these graphs, one can note that the dominade rof
A SIW cavity can be designed by using the followingihe g is quite similar to the TEmode of the conventional
relations [8, 14, 15]: waveguide. The maximum field is present at the teicd the

guide.
D2 In order to perform robust S-parameters measuren@rhe
=lc ~ 095P (1) SIW circuits, and to connect them to standard nreasent
equipment, a transition from microstrip to the SB\proposed
in the next part of this paper.
DZ
W =W - 095p (2) 3Microstrip Stepped transition

Many approaches have been reported for the iniegraif
The equations (1) and (2) denote respectively #i@ions  waveguides and planar circuits [7, 9, 17, 18, I®this work,
between the dimensions of the conventional andSiW 3 new and easy to build microstrip to SIW planapped
waveguides. The parameters D and P are the diameter transition is discussed\ schematic view of a SIW with two
the period of via holes respectively. stepped transitions is shown in Fig. 3.
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Fig.3. Topology of the SIW with two stepped transitions.

As shown in Fig. 3, the transition comprises thragers.
The dimensions of the tapers as a function,adrid W are
summarized in table 1.

Taper i 1 2 3
Width W, (mm) W/3 2Wi/3 W,
Length L (mm) L/3 L/3 L/3

Tab. 1. Geometric parameters of th@crostrip to SIW planar
stepped transition.

In order to achieve a low-loss broadband respotise,
transition is designed by simultaneously considgtioth
impedance matching and field matching. Thuse do the
electric field distribution in the SIW,aeh transition is
connected to the center of the width of the SIWicasithe
electric field of the fundamental mode is maximumthis
place [20]. The optimization of the transition isrformed
by means of electromagnetic simulations by varyihg
dimensions (L, W, of the stepped geometry. After
optimization, the dimensions retained ®e=5.82 mm and
L;=24.9 mm.

The distribution of the electric field is givenkig. 4.

Fig.4. Electric field distribution in SIW with steppedaftrsitions.
F =5.5 GHz (HFSS simulation).

This figure denotes a good input/output electrieldfi
matching.

The proposedIW with stepped transitionsas fabricated
on a substrate of Epoxy FR4 under a standard PG&eps.
A photograph of the prototype is shown in Fig. 5.

Fig.5. Photograph of the manufactured SIW with steppetsttians.

To measure the S-parameters, a SMA connector isected
to each port. The measured S-paramters are perdowite a
vector network analyzer (HP8720C) in the frequebeynd
4.4 — 6.8 GHz. The simulated and measured resdtstown
in Fig. 6.
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Fig.6. Simulated and measured S-parameters of the SIW with

stepped transitions— HFSS Simulation - - - Measurement ).
(a) §; as a function of frequency. (b);%s a function of frequency.

From the figure 6-a, the measured return loss chexiatics
are less than 13 dB in the frequency range 4.48-GiHz.
From the figure 6-b, the measured insertion lossaaound 5
dB. The discrepancies of about 1.5 dB with the &teal
insertion loss are mainly due to the SMA connectbas have
not been taken into account in the simulation. Thors can
conclude that these results are in good agreeméht tie
simulated ones and validate the proposed micreSiiig
transition.

In the last part of this worla SIW inductive band-pass filter
based on post-wall irises with stepped transitissoposed.



4 SIW inductive window band-passfilter
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Filters with operation frequencies around 5 GHz ande =
bandwidths will be needed in future Wireless Loéaka =
Network (WLAN) applications. Judging from its elgcal
performance, the SIW is a good compromise betwhen t 3
air-filled rectangular waveguide and planar circ[2t]. o
Therefore, a4 degree SIW cavity filter with a bandwidth CcoCcOCO0DC 00
of 730 MHz around 5.245 GHz is designed and redline
this last part. The cavities of the filter usingdimtive ()
post-wall irises are shown in Fig. 7.
ODOOODOOO 000 000000000 OOOO -X .X
W ° $ IXa X3
v, ! s | I 1]
1W5|w1 5|w2 i Wsiw 3 W |
“—|_'_‘ if : 2 T E be
OOOOOOOOOOQO OQOODODDQOD (o] o]
—> . ,
Le Lswi L5|wz |-5|w3 Xl
z Stepped transition (b)

Fig. 7. Geometry of SIW inductive-window filter using pos#l|
irises. F = 5.245 GHz. ¢/2 ¢/2

The dimensions of the filter are selected as, W4=nfn,
D =1 mm, P =2 mm. The structure comprises fosomant K
cavities coupled by five metal irises (Fig. 8-aheTdesign
revolves on the determination of the lengthgL(i = 1,..,3)

of the cavities and the widths 3 (i = 1,..,3) of the
resonators. To that end, a general method is Yriefl
presented to design a filter based on post waegi First, ©)
the integrated waveguide is mapped to a convertiona

rectangular waveguide using the relations (1) @)dAs  Fig. 8 Design process ofnductive post-wall irises filter.

illustrated in Fig. 8-b, a T-network can model ais in  (a) post-wall iris in waveguide. (b) Equivalent Etwork.
rectangular waveguide. The theory developed by Matz () Equivalen-inverter network.

in [22] for iris in a waveguide is used to calcelat, and X,.

The T-network is then transformed into & with the model presented, we have designed theegree

K-inverter (Fig. 8-c) using (3) and (4) [23]. SIW filter. We used a 0.8 mm thick dielectric subst with a
relative permittivity of 4.4 and a loss tangent @f015.
Table 2 summarizes the dimensions of the filteeraHFSS

K=2, tar((—pjﬂan‘l& 3) optimization of the theoretical dimensions.
i 1 2 3
Lsiwi (mm) 6.6 13.8 15.1
0= tan‘l(ﬁ+£}tan‘l Xa 4)
Zo 2o Zo Wsiwi (mm) | 11.96| 9.42 8.9
Using this model, the filter is designed on theibad the W= 1.4 mm, W= 5.82 mm, L=21.6 mm
well-known synthesis techniques for inductive isisi

rectangular waveguide. Practically, the lengths esmdths
of SIW cavities obtained by this procedure will d&djusted
a little bit to satisfy the specifications by usiadull-wave
analysis with HFSS.

Tab. 2: Dimensions of SIW inductive-window filter.



The Photograph of the manufactured SIW filter with5 Conclusion

stepped transitions is given in Fig. 9.

A SIW cavity filter with post-wall irises using aew type
microstrip line to SIW transition is proposed amhtnstrated
around 5 GHz. The fabricatedl® degreefilter exhibits an
insertion loss of 5 dB and the return loss is bdattan 25 dB
in the passband. The proposed filter has small kizeoss,
and can be directly integrated with other circwighout any
additional mechanical assembling tuning. Additibnakhe
structure proposed is easily scalable over micrewand
millimeter frequency ranges.

Fig. 9. Photograph of the manufactured SIW inductive filter

The HFSS and measured reflection and transmissioﬁeferences

coefficients are shown in Fig. 10.
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