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Abstract— This article presents the design of K-band Substrate
Integrated Waveguide (SIW) Band-pass filter with high rejection,
by using the topology with iris and the SIW resonators. The
simulated results of this filter have shown that the passband is from
17.3 GHz to 19.3 GHz, while the insertion loss is 1.35 dB within 10.9
% bandwidth around 18.3 GHz and input return loss in the
passband is better than 15 dB, with high rejection of -57.88 dB at
the frequency 24.07 GH. All the structures are designed on a single
substrate of Rogers R04003 permittivity 3.55. The compatibility
with planar circuits is provided via a specific microstrip transition
(microstrip tapered transitions).

Index Terms— SIW cavity resonator, microwave filters, transition, SIW-
microstrip technology.

I. INTRODUCTION
A High selectivity, low insertion loss, small size and limited cost are so many essential questions in

the design and the manufacturing of microwave circuits. Unfortunately, the traditional technology,
either planar or non-planar, is incapable to provide all these characteristics at the same time. In fact,
the rectangular waveguides present low insertion losses and good selectivity. However, their
production is costly and their integration with other planar circuits requires a specific transition. For
planar circuits have a low quality factor, but they have a good compatibility and low cost
manufacturing. These constraints led us to use the SIW technology to combine the respective
advantages of the technologies previously mentioned.

The SIW concept associates the use of planar technology microstrip and the functioning of cavities
in which are going to exist volume modes. Technically, cavities are included in the substratum and are
delimited for the upper and lower faces by the metal plane and for the side faces by rows of metallic
holes. This vias have a diameter and spacing small to appear as electric walls [1]-[10].

The SIW (Substrate Integrated Waveguide) structures have been of great interest and with a specific
transition that this technology is compatible with some planar technologies [11], [12]. The SIW has
been applied successfully to the conception of planar compact components for the microwave and
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millimeter wave applications. Such as filters [13]-[17].

In this paper, the properties of the SIW bandpass filter in the K-band with iris topology are carefully
studied in their equivalent circuit and their design. Then the equivalent circuit of SIW bandpass filter
with high rejection was studied using the rules and conventional synthesis tools to define the coupling
matrix of this filter. After defining the equivalent circuit, the second phase will be the study of the
design, but before an important part will be devoted to resonators SIW, for produce the bandstop. The
use of resonators and SIW bandpass filter allows the design of a filter having the peculiarity of
offering a very high rejection located and close to the bandwidth. The simulations of the equivalent
circuits were made by the method of moments (MoM) based on commercial software package (ADS).
On the other hand the simulations of the structures were made by the finite element method (FEM)
based on a commercial software package (HFSS). The results obtained by HFSS simulation are
compared and discussed with the results in [18].

Il. DESIGN OF THE CAVITY RESONATOR SIW AND QUALITY FACTOR
The propagation properties in the SIW and in the conventional metallic rectangular waveguide are

very similar. In particular, the electromagnetic field distribution is TEiy [1], Thus, the initial
dimensions of the SIW resonator cavity can be determined by the conventional resonant frequency
formula of metallic waveguide resonator (f.101), where the length and width of the metallic cavity, Les
and Weg, should be replaced by the equivalent width Wy, and length Lgyy of the SIW cavity because
of the presence of vias sidewall as shown in Fig. 1.

Werw

(a) (b)

Fig. 1. (a) Cavity resonator SIW. (b) Rectangular cavity waveguide filled with dielectric.
A SIW cavity can be designed by using the relations 1, 2 and 3 provided that P < Ao*(e/2)*?
and P < 4*D with g, relative permittivity, D and P are the diameter of the metallic via and the period

of via holes respectively [2]-[9].
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The quality factor (Q,) of a SIW cavity is presented by the following equation 4 [10]:
1 _1 1
A 0O O 4
Q, Q, Q @

With (Qq) resulting from the power loss in the lossy dielectric material filling the cavity and (Q.)

@)

resulting from the power loss in the walls which have finite conductivity.

Qd B tar]1-5 ©)
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Where (tand) is the loss tangent of the dielectric, (Ar) is the free-space wavelength in the dielectric

to the cavity resonant frequency and (3s) is called the skin depth. (F) is the shape factor of the SIW

cavity, for resonance in TE;o; mode, the expression of (F) is given by equation 7.
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The parameters Wew, Lsw and h are respectively the width, the length and the height of the SIW

cavity.

I1l. THEORETICAL STUDY OF BAND PASS FILTER AND PROPOSED TRANSITIONS
Generally, the microstrip transitions are very required to combine SIW and microstrip technologies.

Tapered transition shown in Fig. 2 has been studied. This kind of transition consists of a tapered
microstrip line section that connects a 50 microstrip line and the integrated waveguide. The physical
characteristics of microstrip line (the width W),) and the dimensions (width Wy and length Ly) of a
transition are widely detailed in [11], [12].

- F
W, Iﬂ W

— w3 =
Fig. 2. SIW Guide with tapered transitions.

The microwave band-pass filters are presented by an equivalent circuit [13]. This circuit consists of
impedance inverters and parallel resonant circuits. The number of the resonators or the order of the
filter (N) is determined by equation 8 applicable in the case of Chebyshev synthesis [13]. With L is
the level of out-of-band rejection in the pulsation s and L, is the maximal amplitude of the

undulation. € is the frequency of rejection high, found by the equation of the transformation of
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frequency [13], whose cut-off frequency is Q=1 rad/s.
o 100'1LA5 . 1
N > cosh 10°*~ -1 (8)
cosh Qs

The resonators in equivalent circuit are modeled by inductance and capacitance in series [13]. The

coupling coefficients between resonators are provided by impedance inverters K;;.1(0<i <n) [13], so
the filter coupling matrix is presented in following form:

s 1 2 i+1 n L
s{ 0 K, © 0 0 0 0 0 )
1 Ko 0 K- 0 0 0 0 0 -
2| 0o K, © 0 0 0 0

0 0 o K., o0 0 0

it1 o0 0 o K., © 0 0
| o 0 0 0 0 K... o |
1 0 0 0 0 0 K n-ln 0 K n.n+l
L o 0 0 0 0 0 K. o )

Fig. 3. Coupling matrix of the microwave bandpass filter circuit.

The indices S and L correspond to the source and to the load respectively, in other words to the
accesses. The indices going from 1 to n correspond to the resonators.

On the other the waveguide filters are formed with resonator distributed elements interconnected by
impedance inverters or admittance. The equivalent circuit of the band-pass filter SIW is presented by
impedance inverter and phase shifts [14]. The impedance inverters K;;.1(0< i <n) are given by the
formulas in [15].

The SIW filter with iris is influenced by the lengths Lgwi (i=1,2,3...,n) the resonators and also by
the coupling, That is an opening in the wall between two adjacent cavities. This type of opening is
called iris (the widths Wgw; (i=0,1,2.....n) the resonators), as illustrated in Fig. 4.

..(...‘.......‘...

O 2 ¢
‘4 Lsws EF -

Wsrwi

O

X

\®

—

— S 2 -
S o] =

) .
) - ()
C M M N B oooooOOo®@®

Fig. 4. SIW filter with iris.

The widths Wgy; (i=0,1,2.....n) of the resonators in SIW technology are determined by the abacus
of the estimated width in rectangular waveguide [16]. The lengths Lswi (i=1,2,3,...n) the resonators
are determined by the formulas in [17].

Brazilian Microwave and Optoelectronics Society-SBMO received 12 Jan 2015; for review 29 Jan 2015; accepted 30 July 2015
Brazilian Society of Electromagnetism-SBMag © 2015 SBMO/SBMag ISSN 2179-1074



Journal of Microwaves, Optoelectronics and Electromagnetic Applications, Vol. 14, No. 2, December 2015 159
http://dx.doi.org/10.1590/2179-10742015v14i2473
IV. RESULTS

A. SIW filter with inductive post-wall irises in the K-band
In this work, all the structures are designed on a single substrate of Rogers R04003 permittivity &,

=3.55 and height h = 0.508 mm.

Generally to determine the parameters of SIW guide, designed in the K-band [15-22] GHz from a
conventional wave guide with dimensions a= 12.954 mm and b= 6.477 mm, using the formulas given
by equations 1, 2 and 3 for mode TE;,. With the diameter of the metallic via D = 0.5 mm and the
period of the vias P =1 mm. Following this approach, the distance between the rows of the centres of
via is Wsw =7.13 mm and the length of SIW guide is Lsw =Less =80 mm because does not bring
significant change in the propagation phenomenon.

A microstrip transition (taper) is used to interconnect SIW to the planar transmission lines. There is
a tapered section which is used to match the impedance between a 50 Q microstrip line and the SIW.
The 50 Q microstrip line, in which the dominant mode is quasi-TEM, can excite well the dominant
mode TE,, of the SIW, as their electric field distributions are approximate in the profile of the
structure.

The dimensions of the transition and the microstrip line are Wy=1.13, Wt =2.4 mm and Ly =14.565
mm. A schematic view of a SIW with two tapered transitions is shown in Fig. 5.

ngw WTI: EWM
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Fig. 5. SIW with two tapered transitions.
This structure is simulated by using HFSS. The simulated S-parameters of SIW with two tapered

transitions in the frequency band [15-22] GHz are shown in Fig. 6.
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Fig. 6. Frequency response of SIW with two tapered transitions.
The results illustrated in Fig. 6, indicate that the reflection coefficient S11 remains below -15 dB
across the entire band and the transmission coefficient S21 is around 0.8 dB.
Before passing to the design of SIW filter iris in the K-band, by studying their equivalent circuit, by

Brazilian Microwave and Optoelectronics Society-SBMO received 12 Jan 2015; for review 29 Jan 2015; accepted 30 July 2015
Brazilian Society of Electromagnetism-SBMag © 2015 SBMO/SBMag ISSN 2179-1074



Journal of Microwaves, Optoelectronics and Electromagnetic Applications, Vol. 14, No. 2, December 2015 160
http://dx.doi.org/10.1590/2179-10742015v14i2473

using software 2D simulation (ADS). This filter has a centre frequency f,= 18.35 GHz, the absolute
bandwidth 2 GHz and the relative bandwidth FBW = 10.9 %, the ripple is 0.01 dB. The filter must
submit a rejection of -20 dB at 20.8 GHz. Therefore, a 4 degree SIW filter, the circuit model of
microwave filter in ADS is shown in Fig. 7.
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Fig. 7. Circuit model of microwave filter in ADS.
Ko and K, 5 correspond to access coupling coefficients, Ky ,, K,3and Kz, correspond the coupling
coefficients between resonators. The function tuning of ADS is used to enable adjustment of the

coupling coefficients Kj;.; (0< i <4). Finally, the coupling matrix is shown in Fig. 8.

S 1 2 3 4 L
S 0 0.354 0 0 0 0
1| 0.354 0 0.088 0 0 0
2 0 0.088 0 0.061 0 0
3 0 0 0.061 0 0.088 0o |
4| 0 0 0 0.088 0 0.354 |
LI o 0 0 0 0.354 o )

Fig. 8. Coupling matrix of the microwave bandpass filter circuit.
The indices S and L correspond to the source and to the load respectively, in other words to the
accesses. The indices going from 1 to 4 correspond to the four resonators. The ideal frequency
response circuit in the K-band is shown in Fig. 9.
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Fig. 9. Ideal frequency response of the model circuit in ADS.

The result simulated by ADS in Fig. 9, shows that the full frequency passband is from 17.3 to 19.3
GHz. the center frequency fo= 18.3 GHz, the absolute bandwidth 2 GHz and the relative bandwidth
FBW= 10.9 %. The return loss is better than 20 dB between 17.64 GHz and 18.98 GHz. You can be
seen that the filter respects well the tender specifications.

After the study of equivalent circuit of SIW filter iris in the K-band, passing to the design, by using
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the Rogers R04003 substrate for comparing with the results in [18]. The structure of SIW bandpass

filter in the K-band with iris topology a 4™ order is shown in Fig. 10.
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Fig. 10. SIW filter with stepped transition using post-wall irises.

Using the method of the abacus, to find the results which are going to be optimized by HFSS, the
final dimensions of the structure are: Lsywi=Lsws=4.43 mm, Lgw2=Lsws=5.17 mm, Wewo=Wsws=4.4
mm, Wswi=Wsw3z=3.2 mm, W gw>=2.94, W+=2.4 mm, L+=14.565 mm, D = 0.5 mm, P =1 mm, Wgw
= 7.13 mm, Wy =1.13 mm. Fig. 11 illustrated the reflection coefficient S11 and the transmission
coefficient S21 of SIW bandpass filter in the K-band with iris and also the results in [18].
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Fig. 11. Frequency response of SIW bandpass filter with iris. (a) Transmission coefficient S21 as a function of frequency. (b)
Reflection coefficient S11 as a function of frequency.
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The result simulated by HFSS shows that the full frequency passband is from 17.3 to 19.2 GHz. the
center frequency fo= 18.25 GHz, the absolute bandwidth 1.9 GHz and the relative bandwidth
FBW= 10.4 %. The insertion loss around 18.25 GHz is approximately 1.3 dB, the return loss in the
passband is better than 20 dB between 17.56 GHz and 18.87 GHz.

On the other side, the result simulated by HFSS in [18] shows that the full frequency passband is
from 17.3 to 19.3 GHz. the center frequency f,= 18.3 GHz, the absolute bandwidth 2 GHz and the
relative bandwidth FBW= 10.9 %. The insertion loss around 18.3 GHz is approximately 1.3 dB, the
return loss in the passband is 10 dB, with high rejection of -57.88 dB at the frequency 24.07 GHz.

Both results are in good agreement, but the result simulated by HFSS in [18] shows a high
rejection, because of the use of resonators SIW.

B. Equivalent circuit SIW bandpass filter in the K-band with high rejection
The equivalent circuit of SIW filter in the K-band is realized (Fig. 7). For to have an rejection in

24.07 GHz, using the same (LC) resonators as the other resonators, which model the absorption
cavities dimensioned to resonate at frequencies to reject (24.07 GHz) and added to the filter, the
frequencies to be rejected are adjusted using the chord elements that model a parallel reactance.
Moreover, each resonator receives a parallel reactance, to adjust their resonant frequency after adding
the absorption resonators. Modeling circuit of this modification, with the addition of a resonator in

parallel and coupled to the latter by an impedance inverter is shown in Fig. 12.
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Fig. 12. Circuit model of SIW filter with resonators absorption.

The ADS tuning tool will be called upon to adjust the various settings that are the coupling
coefficients and the parallel reactors, for obtain the coupling matrix shown in Fig. 13.

S BSRC 1 1 2 3 4 BSRC 2 L
5 (o0 0 0.354 0 0 0 0 00
BSRC 1| 0 38 4.58 0 0 0 0 0o |
1 0.354 458 -0.014  0.088 0 0 0 0o |
2 0 0 0.088 -0.014 0.061 0 0 0
3 0 0 0 0.061 —0.011 0.088 0 0
4 0 0 0 0 0.088 -0.011 4.58 0.354 |
BSRC 2| 0 0 0 0 0 4.58 38 0
L o 0 0 0 0 0.354 0 0

r

Fig. 13. Coupling matrix of the microwave bandpass filter circuit integrating absorption resonators.
BSRC1 and BSRC2 correspond to the two resonators absorption (Band-Stop Resonator Cavity),

they resonate at the frequency of 24.07 GHz, the diagonal elements corresponding to the absorption
resonators. The circuit frequency response is shown in Fig. 14.
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Fig. 14. Frequency response of the circuit model.

The result simulated by ADS in Fig. 14, shows that the full frequency passband is from 17.3 GHz to
19.3 GHz. the center frequency f,=18.3 GHz, the absolute bandwidth 2 GHz and the relative
bandwidth FBW= 10.9 %. The return loss is better than 15 dB between 17.61 GHz and 18.86 GHz,
with high rejection of -68 dB at the frequency 24 GHz.

C. Configuration of the resonators SIW

The design of a filter having the peculiarity to offer a very high rejection located and close to the
bandwidth, needs to use the resonators for to produce the bandstop response.

A square cavity (W =Legr) in TEyo; mode, allows it away to the parasitic modes in the spectrum.
The width and the length of the cavity resonator SIW are Wgw=Lsw=4.7 mm, with the dimensions of
the transition and the microstrip line are: Wy=1.13, Wt =2.4 mm and Lt =14.565 mm, the quality

factor (Q) of this cavity resonator SIW is 370.
The structure and the dimensions of the cavity resonator SIW with two tapered transitions are

rEc:n@)oipjuoo

shown in Fig. 15.

——rT Werw Wr

v 0O0C 0000

-

Lsw
Fig. 15. Resonator SIW with two tapered transitions.

The transmission coefficient S21 and the reflection coefficient S11 of the cavity resonator SIW with

two tapered transitions are shown in Fig. 16.
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Fig. 16. Frequency response of resonator SIW with two tapered transitions.
The simulation of the resonator SIW in Fig. 16 showed that the resonance frequency was at 23.12
GHz. After studying the cavity resonator SIW bandpass, passing the bandstop response, by using a
SIW guide connects to the cavity resonator SIW (Fig. 17).
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Fig. 17. Configuration of cavity resonator SIW bandstop with two tapered transitions.

Where (B) and (A) are the width and the length of SIW cavity that affects the bandstop response,
the value (C) is the input length of resonator. To reach the 24.07 GHz by varying the width of the
cavity while the rest of the dimensions are being kept constant.

The transmission coefficient S21 of resonator SIW bandstop is shown in Fig. 18, for the values of
the width (B) equal to 4.7 mm, 3.435 mm and 2.935 mm respectively, with the length (A) and the
other dimensions are constant (D =0.5 mm, P =1 mm, Wy=1.13, W+=2.4 mm, L{=14.565 mm, C =4

mm, A =4.7 mm).
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Fig. 18. Transmission coefficient S21 as a function of frequency of variation of (B) for the resonator SIW bandstop with two
tapered transitions with dimensions D = 0.5 mm, P =1 mm, Wy,=1.13 mm, Wy =2.4 mm, L+=14.565 mm, C =4 mm,
A=4.7mm.

The results simulated by HFSS of resonator SIW bandstop in three different values of the width (B)

are shown in Table 1.

TABLE |. FREQUENCY RESPONSE OF VARIATION OF (B) FOR RESONATOR SIW BANDSTOP WITH DIMENSIONS D = 0.5 MM, P = 1 MM,
Wn=1.13, W1 =2.4 MM, L1 =14.565 MM, C =4 MM, A=4.7 MM

B (mm) Centre Stopband Frequency (GHz) Attenuation(dB) 3dB Stopband Bandwidth (GHz) insertion loss (dB)

4.7 20.88 -18.28 20.7t0 21 2.06
3.435 21.46 -19.8 21.26t0 21.7 1.64
2.935 21.67 -20.13 21.44 10 21.92 1.38

The results show that a decrease in the width (B) a resulted in an increase in the centre stopband
frequency and stopband bandwidth, by against the attenuation and insertion loss are decreased.
A single cavity is not sufficient to expect the frequency 24.07 GHz. using two resonators of the

same dimensions, the model of the structure is shown in Fig. 19.

A.
o a
(= o
P [=] (] 1
[=] (4]
L]
== O OQHOQOT C TDOQQQOQQQQ LT
D r |
sw Wy W
C L
—Qnooonnneol lgOOOQOGGOO
(=]
o
B L=]
L]

Fig. 19. Configuration of cavity resonator SIW bandstop with two tapered transitions.
The dimensions of the structure are: D = 0.5 mm, P = 1 mm, Wy=1.13, W+=2.4 mm, L{=14.565
mm, A;= 4.7 mm and B;=2.935 mm, with the input length of resonator is C= 4 mm.
The transmission coefficient S21 and the reflection coefficient S11 of the cavity resonator SIW

bandstop with two tapered transitions are shown in Fig. 20.
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Fig. 20. Frequency response of resonator SIW bandstop with two tapered transitions.

The result obtained by Fig. 20, shows that the resonance frequency is 24.07 GHz.

D. Design of SIW bandpass filter in the K-band with high rejection
After designing the SIW filter in the K-band and the resonators SIW stopband, by combining the

two structures for to have a SIW bandpass filter in the K-band with high rejection, the structure is

shown in Fig. 21.
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Fig. 21. SIW bandpass filter iris in the K-band with high rejection.
The final dimensions of the structure are:
Lswi=Lsiws=4.43 mm, Lswo=Lsiws=5.17 mm, Wgwo=Wsws=4.4 mm, Wgwi=Wsws=3.2 mm,
Wsw2=2.94, W:=2.4 mm, Lt=14.565 mm, D = 0.5 mm, P =1 mm, Wgw= 7.13 mm, Wy=1.13 mm,

A =4.7 mm, B=2.935 mm and C=4 mm.
Fig. 22 illustrated the reflection coefficient S11 and the transmission coefficient S21 of SIW

bandpass filter iris with high rejection and also the results in [18].
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Fig. 22. Frequency response of SIW bandpass filter iris with high rejection. (a) Transmission coefficient S21 as a function of
frequency. (b) Reflection coefficient S11 as a function of frequency.

The results simulated by HFSS are in good agreement with the results in [18]. The results simulated
by HFSS shows that the full frequency passband is from 17.3 to 19.3 GHz. the center frequency
fo= 18.3 GHz, the absolute bandwidth 2 GHz and the relative bandwidth FBW= 10.9 %. The insertion
loss around 18.3 GHz is approximately 1.35 dB, the return loss in the passband is better than 15 dB,
with high rejection of -57.88 dB at the frequency 24.07 GHz.

This filter have a small size can be directly integrated with other circuits. This makes them

favorable for the applications of multimedia services.

V. CONCLUSION
In this work, a bandpass SIW filter with high rejection was presented for K-band applications.

Which are designed by three steps, the first is the design of the SIW bandpass filter in the K-band
based on the iris topology, the second is the design of cavity resonator SIW bandstop and finally
combine the two structures for to have a SIW bandpass filter in the K-band with high rejection.

The simulated results of this filter have shown that the passband is from 17.3 to 19.3 GHz. the
center frequency fo= 18.3 GHz, the absolute bandwidth 2 GHz and the relative bandwidth
FBW= 10.9 %. The insertion loss around 18.3 GHz is approximately 1.35 dB, the return loss in the
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passband is better than 15 dB, with high rejection of -57.88 dB at the frequency 24.07 GHz.

These filters are easy for integration with other planar circuit compared by using conventional
waveguide. The design method is discussed; the results from our analysis are in good agreement with
previous research done on this topic. These bandpass SIW filter with high rejection is suitable for

practical applications.
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