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1. INTRODUCTION

New Design of Miniature C-Band Sub-
strate Integrated Waveguide Bandpass
Filters Using Ceramic Material

This article presents new structures and methods of design of miniature
third-order substrate integrated waveguide (SIW) bandpass filters on a
high-permittivity ceramic substrate for the C-band. The aim was to
appraise the feasibility of such filters by using a 3D electromagnetic (EM)
simulator. The substrate integrated waveguide (SIW) offers good quality
factors and electrical performances compared with other planar
techniques. Its integration capabilities and fabrication cost are other
benefits that make it attractive. Ceramic material offer electrical
properties suitable in designing of passive devices. High relative
permittivity with low dielectric losses makes it possible to miniaturize
passive components while exhibiting high temperature stability, which is
an important selection criterion for a filter designed to equip the payload
of a satellite. Three SIW filters were designed on a Trans-Tech ceramic
substrate (thickness = 254 um, ¢, = 90, and tand = 0.0009) with drastic
specifications for space application. The first filter is composed of three
SIW resonators with direct coupling, the second is composed of three SIW
resonators with a cross-coupling to create a transmission zero, and the
third is composed of three SIW resonators with circular holes etched on
the top of the metal layer to achieve a super-wide band. The obtained
results for the proposed filters are presented, discussed, and compared
with relevant published literature. The proposed filter can be used to
enhance the performance of microwave devices used for C-band,
especially Satellite communications.

Keywords: Ceramic material, Cross-coupling, High-Permittivity, Substrate

integrated waveguide (SIW), Bandpass filter

performances of low insert loss and high Q factor
compared with the other planar techniques. However,

Ceramic materials offer relevant dielectric characteris-
tics for the conception of passive devices [1,2]. Some of
them reach high relative permittivity while presenting
low dielectric losses (tand < 0.001) [3-5]. They show
themselves also very stable against temperature chan-
ges, an essential criterion for a filter used in spatial
applications [6]. However, the realization of miniature
filters is confronted by more restrictive technological
constraints (a narrower microstrip line and finer
drillings).

A substrate integrated waveguide (SIW) allows integ-
ration of the rectangular waveguide into a substrate
through two arrays of via holes [7,8]. These vias must
all have the same diameter and must have sufficiently
small spacing to appear as perfect electric walls [9-11].
A recent work on the state-of-the-art of the SIW techno-
logy makes an inventory of the main published papers
on SIW filters [12-24]. Most of the SIW filters were
designed on a standard alumina substrate with excellent
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the dimensions of these SIW filters are so large that they
are difficult to integrate in satellite payload equipment.

In this paper, we propose to design SIW filters on a
high-permittivity ceramic substrate for the C-band in
order to achieve drastic specifications for space applica-
tion with the best compromise between size and elec-
trical performances. We begin with the design of a
third-order direct-coupled SIW filter on a standard
alumina substrate (thickness = 254 um, & = 9.9, and
tand = 0.0003) and then conceive its equivalent (the
same order, the same frequencies) on a Trans-Tech
ceramic substrate (thickness = 254 um, g = 90, and tand
=0.0009).

The results obtained are compared in order to
evaluate the performance of the high-permittivity
ceramic. Then, two other third-order SIW filters are
designed on a substrate with a relative permittivity of
90, the first one with a cross-coupling between resona-
tors to create a transmission zero and the second with
circular holes etched on the top of the metal layer to
achieve a super-wide bandpass. Gold metal walls (¢ =
41x10° S/m) with a thickness of 4 pm will be used for
the metallization. The structures will be simulated by
using the available Ansoft software High Frequency
Structure Simulator (HFSS).

FME Transactions (2021) 49, 103-112 103



2. DESIGN OF THE C-BAND THIRD-ORDER
DIRECT-COUPLED SIW BANDPASS FILTER

The filter must exhibit electrical specifications of a
central frequency of 5.24 GHz with an 8% fractional
bandwidth. The return loss must be better than 20 dB in
the whole passband and the attenuation must be higher
than 20 dB for frequencies > 5.7 GHz. The coupling
structure of this filter is shown in Fig. 1.
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Figure 1. Coupling structure of the third-order direct-
coupled SIW bandpass filter.

Transmission resonator

where Q., and Q.. are the external quality factors of
the resonators at the input and at the output, and M,
and M,; are the coupling coefficients between the
resonators. The external quality factors (Qein, Qeour) and
the coupling matrix [m] of this filter are given by (1)
and (2), respectively.
Qein = Qeout = 106682 (1)
0 1.03027 0
[m] =|1.03027 0 1.03027 2)
0 1.03027 0

where m;; denotes the so-called normalized coupling
coefficient [25].

my =1
FBW

where n is the order of the filter and FBW is the
designed fractional bandwidth.

for i,j=12,..n 3)

2.1 SIW filter designed on a substrate (£=9.9)

The substrate used is alumina with a permittivity of 9.9,
a thickness of 254 pum, and tand = 0.0003. A 50-Q
microstrip line designed on this substrate at a frequency
of 5.24 GHz corresponds to a width of Wy = 0.24 mm
and therefore this access line can be realized. The impe-
dance matching between the SIW filter and the 50-Q
lines is made by intermediate transitions between them
[26-28]. The physical dimensions of these transitions
control the external quality factors of the filter.

The external quality factor Q. can be extracted from
the structure shown in Fig. 2, an SIW square cavity (P,
D, and Wgwi = Lgiwi) coupled to a 50-Q access line
(W and Ly via a microstrip transition (W and Lry).
This structure must be well sized to have a resonance
frequency of 5.24 GHz (TE;p; mode). The dimensions
are obtained by applying the equations and rules
adopted in [29-33], namely D = 0.2 mm, P = 0.5 mm,
Ws]w] = Ls]w[ =11.8 mm, WT =472 mim, WM =0.24
mm, and Ly = 1.2 mm. The parameter involved in the
study of this coupling is the length Lt of the tapered-
microstrip transition. The value of Q. is obtained from
the simulation and the use of the following equation [34,
35]:
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where f; is the resonant frequency of the SIW cavity and
Af £ 90° is the £90° bandwidth of the SIW cavity. Fig. 3
shows the variation of Q, as a function of Lr.
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Figure 2. Arrangement for extracting the external quality
factor Q.. (a) Top view. (b) Three-dimensional (3D).
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Figure 3. External coupling Q. as a function of parameter L.

We can see that the external quality factor Q. dec-
reases when the length Lt of the tapered-microstrip
transition becomes larger and larger. Thus, as required
for filter specifications, Qg , = Qeou = 10.6682 is
obtained when Lt = 15.1 mm. The coupling coefficient
M, can be extracted from the structure shown in Fig. 4.
An SIW square cavity with a resonance at 5.75 GHz
coupled to another SIW cavity with a resonance at 5.47
GHz via an iris opening dj;. Mj, is obtained from the
simulation by [36,37]:

2 2
M:r%@hlﬁj{ﬁ‘ﬁ]_/&iﬁ )
20t S )\ 2+ 72 &+ 13

where fy; and fy, are the self-resonant frequencies of the
first and second resonators, respectively, and f; and f,
represent the lower and higher resonant frequencies,
respectively, obtained from the EM-simulated results.

Fig. 5 shows the evolution of the coupling coefficient
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M, as a function of the iris opening d;,. We can see that
the increase of the iris opening produces an increase of
the coupling coefficient. Thus, as required for the filter
specifications, M, = M,; = 0.08242 is obtained for an
iris opening equal to 7.4 mm.

Resonator 2 has a resonance
frequency of 5.47 GHz

Lsw2

ZMISM

206000

WSIW 1

Resonator 1 has a resonance
frequency of 5.75 GHz

Fig. 4. Top view of arrangement for extracting coupling
coefficient My2, where D = 0.2 mm, P = 0.5 mm, Wgw1 = Lsiw1
=11.8 mm, Ws|w2 =10.2 mm, Ls|w2 =17.2 mm, WM =0.24 mm,
and Ly =1.2 mm.

The geometrical structure of the third-order direct-
coupled SIW band pass filter on an alumina substrate (g,
= 9.9) is shown in Fig. 6. The dimensions of this filter
are optimized by the HFSS software in order to obtain
the desired frequency response (Table 1).

From the simulation results (Fig. 7 (a)), the filter has a
3-dB bandwidth of 0.41 GHz (a fractional bandwidth of
7.8%) and an insertion loss of 2.43 dB at a centre
frequency of 5.24 GHz. It also has a return loss better
than 18.5 dB from 5.02 to 5.28 GHz and a rejection level
higher than 20 dB from 6.05 to 6.67 GHz. We also note
that the group delay of S,;, shown in Fig. 7 (b), is 1.98 ns
at 5.24 GHz with a variation of 1.1 ns in the passband
(from 4.98 to 5.39 GHz). Note that the surface area of the
filter is 53.4 mm x 22.2 mm = 1185.5 mm® (Fig. 6).
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Figure 5. Coupling coefficient M., versus parameter d,,.

Table 1: Dimensions of the third-order direct-coupled siw
bandpass filter on a standard alumina substrate

Symbol Xﬁiﬁ)e Symbol Xﬁiﬁ; Symbol Xﬁiﬁ;
D 0.2 Wewa 10.2 Wr 472
P 0.5 Lsw> 17.2 Lt 13.6

Waiwi 11.8 Wum 0.24 di» 5.6

LSIWI 11.8 LM 1.2 d23 5.6
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Figure 6. Top view of the third-order direct-coupled SIW
bandpass filter on a standard alumina substrate (g,=9.9).
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Figure 7. Simulated results of the third-order direct-coupled
SIW bandpass filter on a standard alumina substrate
(£~9.9). (a) S-parameters. (b) Group delay of S,;.

2.2 SIW filter designed on a high-permittivity
substrate (£,=90)

The third-order direct-coupled SIW bandpass filter on a
high-permittivity ceramic substrate is designed by follo-
wing the same process of design as for a third-order
direct-coupled SIW bandpass filter on a standard alumina
substrate (¢, = 9.9). The selected substrate was provided
by Trans-Tech. Its relative permittivity is 90, thickness is
254 pum, and the loss tangent is less than 0.0009. The
access line that we used on this substrate has a width of
Wn=0.17mm, which corresponds to a characteristic
impedance of 20 Q at 5.24 GHz. As a result, the 50-Q
lines are eliminated due to the fineness of the
corresponding line width (of the order of 5.8um). Then,
using equation (4) and the same structure as in Fig. 2
under the conditions of D = 0.2 mm, P = 0.5 mm, Wgw;
:LSIWl:4mm,WT: 1 mm,WM:0.17mm, andLM: 1
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mm, we are able to present the variation of Q. as a
function of Lt (Fig. 8). We can thus see that the external
quality factor Q. obtained by the synthesis, whose value
is 10.6682, implies the use of a length of Lt =1.15 mm.

In the same way, for the coupling between the
adjacent cavities (M, = Mp;), using equation (5) and the
structure of Fig. 4 under the conditions of D = 0.2 mm,
P=0.5 mm, WSIWI = Ls]w] =4 mm, Ws]w2 =3.305 mim,
Lgw2 = 6 mm, Wy = 0.17 mm, and Ly; = 1 mm, we
obtain the variation of the coupling coefficient M, as a
function of the iris opening d, (Fig. 9). We can thus
observe that M;, = M,; = 0.08242 is obtained for an iris
opening equal to 2.68 mm.

The configuration and optimal physical dimensions of
the third-order direct-coupled SIW bandpass filter on a
high-permittivity ceramic substrate (g, = 90) are shown in
Fig. 10 and Table 2, respectively. We note that the
surface area is 12.4 mm x 7.675 mm = 95.17 mm’, which
represents a considerable miniaturization with a nearly
92% reduction in the surface area compared to the filter
on an alumina substrate (Fig. 6). The results obtained
with HFSS (Fig. 11) proved that the fractional bandwidth
is 8% and the insertion loss is 2.66 dB at the centre
frequency of 5.24 GHz. Thus, the return loss is better
than 20 dB from 5.09 to 5.35 GHz, the rejection level is
higher than 20 dB from 5.7 to 6.6 GHz, and the variation
of group delay is less than 0.61 ns in the passband.

These results confirm that the proposed filter on a
substrate with a relative permittivity of 90 (Fig. 10)
satisfies the required specifications with a very
significant size reduction.

4 T T T T T T T d
08 09 10 11 12 13 14 15 16

Ly (mm)

Figure 8. Q. as a function of Ly, where D = 0.2 mm, P = 0.5
mm, Ws|w1 = Ls|w1 =4 mm, WT =1 mm, WM =0.17 mm, and
Ly =1 mm.
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Figure 9. M, as a function of dy,, where D = 0.2 mm, P = 0.5
mm, Wsw1 = Lsiw1 =4 mm, W, = 3.305 mm, Lswz = 6 mm,
Wy =0.17 mm, and Ly =1 mm.
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Fig. 10. Top view of the third-order direct-coupled SIW band-
pass filter on a high-permittivity ceramic substrate (g, = 90).

Table 2: Dimensions of the third-order direct-coupled SIW
bandpass filter on a high-permittivity ceramic

Value Value Value
Symbol (mm) Symbol (mm) Symbol (mm)
D 0.2 Wiz 3.36 W 1
P 0.5 Lgiwa 6 Ly 1.1
Wsiwi 4.115 Wy 0.17 dpp 2.06
Lgiwi 4 Lm 1 d»; 2.06
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Fig. 11. Simulated results of the third-order direct-coupled
SIW bandpass filter on a high-permittivity ceramic
substrate (£,=90). (a) S-parameters. (b) Group delay of S»;.

3. DESIGN C-BAND THIRD-ORDER CROSS-
COUPLED SIW BANDPASS FILTER WITH
CERAMIC SUBSTRATE

This filter must be centered at 5.24 GHz with a
fractional bandwidth of 8% and a rejection of 52 dB at
5.77 GHz. The substrate used is also the ceramic
substrate with a relative permittivity of 90, a thickness
of 254 pm, and tand = 0.0009. The coupling structure of
this filter is shown in Fig. 12.

FME Transactions
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Fig. 12. Coupling structure of the third-order SIW bandpass
filter with cross-coupling between resonators 1 and 3.

The normalized coupling matrix [m] and the external
quality factors (Qepn, Qeour) Of this filter are given as
follows:

0.075 0.99777 0.29859

[m]=]0.99777 -0.29067 0.99777 6)
0.29859  0.99777 0.075
Ooin = Qoo =10.6671 @)

Then, by following the same method of design as for the
third-order direct-coupled SIW bandpass filter on a
high-permittivity ceramic substrate (Fig. 10), we can
obtain the results presented in Figs. 8 and 9. From these
results, we can extract the dimensions of the coupling
elements (L, di;, and d,3). Table 3 presents the coup-
ling coefficients to be applied with their correspondence
in the physical dimension.

Table 3. Coupling coefficients to be applied with their
correspondence in the physical dimension

Coupling Dimensions of Coupling
Coefficients Elements (mm)
Q. =10.6671 Lr=1.15
M, = M,;=0.07982 dip=dy=2.62

The cross-coupling between resonators 1 and 3 is
achieved by an iris di3 (Fig. 13). The cross-coupling coef-
ficient M3 is obtained from the simulation by [38]-[40]:

5K
= ®)
7+ 17

where f; and f, also represent the lower and higher
resonant frequencies, respectively, obtained from the
EM-simulated results. Fig. 14 shows the evolution of
the cross-coupling coefficient M3 as a function of the
iris opening d;3, where D = 0.2 mm, P = 0.5 mm, Wgy;
= Lgrw1 = 4 mm, Wy, = 0.17 mm, and Ly; = 1 mm. From
this abacus, we can see that the cross-coupling
coefficient M3 = 0.02388 is obtained for an iris opening
equal to 1.5 mm.

M =%
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Fig. 13. Top view of arrangement for extracting the cross-
coupling coefficient M.

The geometrical structure and optimal dimensions of
the third-order cross-coupled SIW bandpass filter on a

FME Transactions

high-permittivity ceramic substrate (¢, = 90) are shown
in Fig. 15 and Table 4, respectively. Based to the
simulated frequency response in HFSS (Fig. 16), the
filter has a fractional bandwidth (FBW) of 8% and an
insertion loss (IL) of 2.57 dB at a centre frequency (CF)
of 5.24 GHz. It also has a return loss better than 20 dB
from 5.12 to 5.4 GHz and attenuation of 51.65 dB at
5.77 GHz.

0.10
0.08 -
0.06 -
0.04-

0.02

Cross coupling coefficient M43

0.00 T T T T T d
1.2 1.4 1.6 1.8 2.0 2.2 24

d1 3 (mm)

Fig. 14. Cross-coupling coefficient M,; versus parameter
d13, where D =0.2 mm, P=0.5 mm, Ws|w1 = Ls|w1 =4 mm, WM
=0.17 mm,and Ly =1 mm.

In order to examine the precision of the obtained
results, we compared them with published results in
[41]. Table 5 illustrates the comparison between the
third-order cross-coupled SIW bandpass filter on a high-
permittivity ceramic substrate (¢, = 90) and the filters
presented in [41]. From this comparison, we have
demonstrate that the proposed filter (Fig. 15) has low
insertion loss, a good upper stopband (30 dB from 5.6 to
6.6 GHz), and a very compact size compared to the SIW
filters presented in [41], which are designed on the same
high-K substrate (g, = 90). We conclude that the
proposed filter (Fig. 15) has the advantage of compact
size that is easy to integrate with other planar circuits
and good out-band suppression with simple structure.
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e 8 o 0 8 8 8 s 0 o C

S
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OO0 0000 Gulid

Lsiw Lsw+

Fig. 15. Top view of the third-order cross-coupled SIW band-
pass filter on a high-permittivity ceramic substrate (g, = 90).

Table 4. Dimensions of the third-order cross-coupled SIW
bandpass filter on ceramic substrate

Value Value Value
Symbol (mm) Symbol (mm) Symbol (mm)
D 0.2 Lsw2 6 Lt 1.1
P 0.5 W 0.17 dpp 1.98
WSIWI = 4 LM 1 d23 1.98
Loiwi
Wsiw2 3.305 Wr 1 dis 1.3
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Table 5: Results comparison with the presented filters in [41]

CF FBW . Size
Ref. Technology Order (GHz) %) IL (dB) Upper-Band Rejection (mm’)
High-K Ceramic 30dB
[41] (£,=90)/SIW 6 4 7.2 2.6 425-5 GHz 26.34x14.24x0.635
High-K Ceramic 30dB
[41] (,=90)/SIW 8 4 8 2.95 425-5 GHz 33.12x14.64%0.635
This work | High-K Ceramic 30dB
(Fig. 15) (£=90)/SIW 3 5.24 8 2.57 5.6-6.6 GHz 12.4x7.505%0.254
0 We notice that an increase in the diameter R; of the
circular hole makes it possible to shift the resonant
104 frequency towards a higher frequency. We can therefore
. >30dB reach the desired frequency (6.9 GHz) by applying a
@ -204 diameter of R; = 1.624 mm.
5 5l { £ Of:loowoo
E 0 g
D P
a ——S24 e
-
-50 4 +S11 g O O
~ O G
'60 T T T T 1 m
4.25 4.75 5.25 5.75 6.25 6.75 g @) &
Frequency(GHz) O ®
Fig. 16. Simulated frequency response of the third-order @) ®
cross-coupled SIW bandpass filter on a high-permittivity 3
ceramic substrate (g, = 90). o © o o 6 o o GIJ
4. DESIGN C-BAND THIRD-ORDER DIRECT-COUP- < g
LED SUPER-WIDE BANDPASS SIW FILTER LSIW 1
WITH A CERAMIC SUBSTRATE
@@
This filter must exhibit performances of a centre 8.5-
frequency of 6.9 GHz with a ripple of 0.1 dB and a N
fractional bandwidth of 38%. The substrate used is also 5 8.04
a ceramic substrate with a relative permittivity of 90, a b
thickness of 254 pm, and a loss tangent of 0.0009. The 2 7.5
coupling structure (Fig. 17), the normalized coupling ¢
matrix [m], and the external quality factors (Qein, Qeout) g 7.0
of this filter are given below: =
c 6.54
Q Mz My g
ein —0—————0— Qeour £ co
1 2 o "]
Q
. . . . m 5-5 L) | L) Ll L] 1
—— Direct coupling ® Transmission resonator 0.0 0.4 0.8 1.2 1.6 2.0 24
R4 (mm)

Fig. 17. Coupling structure of the third-order direct-coupled
super-wide bandpass SIW filter.

0 0.9071 0

[m]=|0.9071 0 0.9071 ©)
0 0.9071 0

Oein = Qeour =2.7806 (10

Fig. 18 (a) shows the structure of the SIW cavity
with a circular hole etched on the top of the metal layer.
The dimensions of the SIW cavity are fixed (P = 0.2
mm, D = 0.5 mm, and Wgw; = Lgwi = 4 mm) and
therefore the resonant frequency depends only on the
diameter R; of the circular hole. Fig. 18 (b) shows the
variation of the resonant frequency as a function of R;.

108 = VOL. 49, No 1, 2021

(b)

Fig. 18. (a) Top view of the SIW cavity with a circular hole
etched on the top of the metal layer, where D = 0.2 mm, P =
0.5 mm, and Wgw1 = Lgiw1 =4 mm. (b) Resonant frequency
as a function of parameter R;.

Then, wusing a Conductor Backed Coplanar
Waveguide (CBCPW) as a transition to connect a
microstrip line to an SIW square cavity with a circular
hole etched on the top of the metal layer (Fig. 19 (a)),
we can extract the external quality factor Q.. The
parameter involved in the study of Q. is the length Lcpy
of CBCPW transition. Fig. 19 (b) shows the variation of
Q. as a function of Lcpw, where D = 0.2 mm, P = 0.5
mm, WSIWI = LSIWI =4 mm, R] =1.624 mm, WM =0.28
mm, Ly; = 0.88 mm, and Wpw = 0.08 mm.
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Fig. 19. (a) Top view of arrangement for extracting Q.,
where D =0.2 mm, P = 0.5 mm, Wgw = Lgw1 =4 mm, Ry =
1.624 mm, Wy, = 0.28 mm, Ly = 0.88 mm, and Wc¢pw = 0.08
mm. (b) Q. as a function of Lcpw.
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Fig. 20. (a) Top view of arrangement for extracting M.,
where D =0.2 mm, P = 0.5 mm, Wgw = Lgw1 =4 mm, R, =
1.624 mm, Wy = 0.28 mm, and Ly = 0.88 mm. (b) M12 as a
function of d12.

For the calculation of M;,, we simulate the structure
of Fig. 20 (a): two resonators coupled by an iris ope-
ning. Each resonator consists of an SIW square cavity

FME Transactions

with a circular hole etched on the top of the metal layer.
Then, using equation (8) for each variation of the iris
opening d;, with the conditions D = 0.2 mm, P = 0.5
mm, WSIWI = LSlWl =4 mm, Rl =1.624 mm, WM =0.28
mm, and Ly; = 0.88 mm, we can present the evolution of
M), as a function of d;, (Fig. 20 (b)).
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Fig. 21. Top view of the third-order direct-coupled super-
wide bandpass SIW filter with a high-permittivity ceramic
substrate (¢, = 90) and circular holes etched on the top of
the metal layer.

The results presented in Fig. 19 (b) and Fig. 20 (b)
make it possible to deduce the initial dimensions to be
applied for the coupling elements (Lcpw and dip = dy3).
The configuration and the dimensions of the filter, after
optimization by HFSS, are shown in Fig. 21 and Table
6, respectively.

The simulated frequency response by HFSS (Fig. 22)
shows that the fractional bandwidth (FBW) is 38% at the
centre frequency (CF) of 6.9 GHz and the return loss is
better than 16 dB from 5.72 to 8.22 GHz. Thus, the mini-
mum insertion loss (IL) is 1.26 dB and the ripple in the
pass band is less than 0.18 dB. Compared with the filters
using high-K ceramic [42], [43] as list in Table 7, it can
clearly be seen that the proposed filter (Fig. 21) has better
performances, including very low ripple, lower insertion
loss und greater fractional bandwidth. Also, the proposed
design gets a more compact circuit size than other designs.

Table 6: Dimensions of the proposed filter (Fig. 21)

Value Value Value
Symbol (mm) Symbol (mm) Symbol (mm)
D 0.2 Wepw 0.08 d, 2
P 0.5 LCPW 0.4 d23 2
Wsiwi = 4 W 0.28 R, 1.624
Lsiwi
Waiwo 4.16 Ly 0.88 R, 1.78
04
o 204
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Fig. 22. Frequency response of the third-order direct-coup-
led super-wide band pass SIW filter with a high-permittivity
ceramic substrate (g, = 90) and circular holes etched on the
top of the metal layer.
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Table 7: Comparison with the published filters

CF o Ripple Surface
Ref Technology Order (GHz) FBW (%) IL (dB) (dB) (mm?)
High-K Ceramic
[42] (6=68.7)/LTCC/SIW 6 7.33 5 3.9 2.1 16.375%4.3
High-K
[43] Ceramic (¢,=90)/ 5 3.83 23 1.12 1.27 13.51x6.75
Microstrip
This work High-K
(Fig. 21) Ceramic (£,-90)/SIW 3 38 1.26 0.18 13.96x4.36

5. CONCLUSION

New miniature third-order SIW bandpass filters on a
high-permittivity ceramic substrate for the C-band are
presented in this article. The use of a ceramic substrate
with a relative permittivity of 90 allowed us to reduce the
surface area of the SIW filter by nearly 92% compared to
the SIW filter on alumina substrate (s, = 9.9). The
simulations results also demonstrate that this reduction in
size does not influence the performances of the filter, that
is to say without strong degradation of the insertion
losses, and from here we conclude that such particularly
high-permittivity ceramics are very attractive for
frequency applications between UHF and C-band. We
have also proved that the use of a cross-coupling between
the resonators allows improvement of the rejection. Then,
we have proposed a novel miniature C-band super-wide
bandpass SIW filter by using a high-permittivity ceramic
substrate and circular holes etched on the top of the metal
layer. The simulation results of the proposed filters are
encouraging and filled the design criteria for radio
frequency (RF) such as low insertion losses, ease of
fabrication, and integration with other RF circuits in
communications systems. The solution proposed in this
research work is based on a ceramic substrate with a
permittivity of 90, which allowed us to reduce size and
make SIW even more attractive. This confirms the
feasibility of a SIW solution with a high-permittivity
ceramic substrate for the design of filters intended to
equip the payload of a satellite. Since C-band is mostly
used for satellite and Radar applications. So, proposed
SIW filter may be a good candidate to enhance the
performance of Satellite application devices.

Futures works will be interesting in SIW for coupled
interlinked split ring resonator based epsilon negative
metamaterial with high effective medium ratio for
multiband satellite and radar communications.
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NOMENCLATURE

0., External quality factors of the resonators at
en the input

0 External quality factors of the resonators at
eout  the output

M Coupling coefficient between the resonators

W jandjforij=123,.n

So-called normalized coupling coefficient

forij=1,23,..n
n Number of the resonators or the order of the
filter

FBW  Designed fractional bandwidth
W Width of the conductor

Ly Length of the conductor

0. External quality factor

P Distance between the holes
D Diameter of the metallic via

Werw ~ Width of the SIW cavity
Lgrw  Length of the SIW cavity

Wt Width of the transition
Lt Length of the transition
5o Resonant frequency

Afigp  +90° bandwidth of the SIW cavity

d Iris .o'pening between the resonators i and j
fori,j=123,..n

Diameter of the circular hole etched on the

R top of the metal layer

W Width of the conductor backed coplanar
CPW waveguide (CBCPW) transition

I Length of the conductor backed coplanar
cPw waveguide (CBCPW) transition

Greek symbols
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&, Relative permittivity
tand Loss tangent of the dielectric
lo} Conductivity of the tissue

HOBM JIN3AJH MUHUJATYPHUX CHB
®UITEPA HA KEPAMHUYKOM CYIICTPATY
3A I-ITOJAC

A. Pxab6any, A. En ®ana, H. I1e6op, C. Bpu

[Ipuka3zyjy ce HOBe CTPYKType M METOIC AW3ajHHUpama
MHHHUjaTypHUX HHTETPUCAHHMX TaJaCOBOAHUX IIPOIyC-
Hux (CUB) ¢untepa Ha KepaMHIKOM CYIICTPATy BEIHKE
IPOIMYCTJBUBOCTH 32 I-1ojac. L{usb je 61o aa ce u3BpiIu
NpoLeHa M3BOIJBMBOCTY TaKBUX (uIITepa Kopuihemem
EM cumynaropa. TamacoBoj HMHTErpucaH y cymncrpar
(CUB) nyam kBanuteT u mobpe enexktpuuHe rnepdop-
MaHce y nopehemy ca IpyruM IUIaHapHUM TEXHUKaMa.
MoryhHocTr UHTETpHCaRka U TPOLIKOBU M3pajie YHHE ra
aTpakTHBHMM. KepamMHuky Marepujayl UMa eleKTpUYHA
CBOjCTBa IMOTOHA 32 J¥3ajH MacuBHUX ypehaja. Bemnka
pelaTHBHA TPOIYCHOCT €A Maj MM JHEeNeKTPUIHHM
ryounuma omoryhasa n3pajay IacCMBHMX KOMIIOHEHATa y
MUHHjATypHUM JMMEH3HMjamMa, NpU 4YeMy I[OCTOjH Be-
JMKa CTa0WJIHOCT Ha BHCOKHM TeMIlepaTypama, IITO
Npe/ICTaBJba 3HaYajaH KpUTEpHjyM Koa nzdopa punrepa
JM3ajHUPAHOT 32 ONpPEMy KOPHUCHOT TepeTa KOl care-
mrta. Jnzajaupana cy tpu CUB ¢untepa nHa Tpanc-
Tex kepamuukoMm cyncrpary (nebsbuna — 254 pm, € —
90, tand — 0,0009) ca npeuusHuM crennduKanrjama 3a
npuMeHy y csemupy. IIpBu ¢unrep je cacraBibeH 01
Tpu CUB pe3oHaTopa ca OUPEKTHHM CIajambeM, IPYTH
nMa Tpu CUB pe3oHaTopa ca MONPEYHNM CIajambeM Ja
6u mpeHoc 6mo Hyna, a Tpehm uma tpu CHB peso-
HAaTOpa ca KPY)XHHM OTBOpDMMa Ype3aHHM Ha BpPXY
METAJHOT cJioja Aa Ou ce M00HO Cylep-LIMPOKH Iojac.
Pesynratu ucrpaxuBama Cy NpHKa3aHH, Pa3MOTPEHH U
ynopehern ca peneBanTHOM nuteparypom. Ilpemso-
KEHU (uirep MOXe J1a ce KOPUCTH 3a M000JbIIAE ep-
(dopmaHCcH MUKpoTanacHHX ypehaja 3a 1-mojac, moce-
OHO 3a CaTeNUTCKy KOMYHHKALIH]Y.

FME Transactions



