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Abstract— This paper presents a novel design
filter based on even- and odd-mode predistorti
technique allows for the realization of loss
equivalent to lossless filter responses, althoug
insertion and return loss. Hence, the filter can
low Qu resonators, which will significantly 
reduction of its physical size and weight. An e
degree filter with Chebyshev characteristic d
measured results, which were in-line with the s

Keywords- Bandpass filters; predistorted f
lossy filters. 

I.  INTRODUCTION 
Since the explosion of wireless commu

demand for further size and cost-reduction in
has increased. However, in general, the 
performance with highly selective filters 
resonators, which contribute to significant
expensive technologies. For instance, a dual
filter [1] is bulky when used for satellite 
space stations. Whilst dielectric resonator filt
unloaded Q factors in reasonable physical si
are expensive if low loss dielectric is requir
superconducting filters offer very small physi
to dielectric resonator, but at the price of req
systems [4]. 

Therefore, in order to overcome the
problems, it is preferable to design microwav
way to use low Qu resonators and make them
Qu resonators. This can be achieved w
compensation techniques with the aim of min
Q factor of the resonators, and consequently d
and expense of the filters. 

There are several techniques of compen
as reported in [5]-[9]. In this paper, a n
bandpass filter based upon a synthesis techn
[10] is presented. It is shown in [10] th
network can be formed directly from predi
odd-mode subnetworks, therefore eliminatin
hybrid 900 coupler. The advantages of this 
realizations of lossy filter responses are equ
lossless filters that are offset by a constant a
not require external devices.  
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gh at an increased 
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contribute to the 

experimental third-
demonstrated good 
simulated results. 

filters; SIW filters; 

unication systems, 
n microwave filter 

design of high-
requires high Qu 

t physical size or 
l mode waveguide 
communication in 
ters can offer high 
ize [2, 3], but they 
red. Moreover, the 
ical size compared 
quiring the cooling 

e aforementioned 
ve filters in such a 
m behave like high 
with passive loss 
nimizing unloaded 
decreasing the size 

nsating losses such 
ew class of SIW 

nique introduced in 
hat a symmetrical 
istorted even- and 
ng the need for a 
technique are the 

uivalent to an ideal 
amount and would 

The technique of predisto
been well explained in [10],[1
Chebyshev lowpass prototyp
network. Its response is sho
prototype contains two high- Q
and one low-Qu factor resonato
represent 1 Farad capacitor
Admittance inverters are repre
shaded circles represent nodes.
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Fig. 1. Ideal 3rd-order Cheb
simplified circuit, and (b) id

[10]

II. PRACTICAL 

In this section, a systemat
lowpass prototype (Fig. 1(a)
demonstrated. For realization p
is transformed to a ban
transformation. The theory beh

nsoring this work

6 dB Offset 

orted even- and odd-mode has 
1]. Fig.1 (a) shows a 3rd-order 

pe in the form of simplified 
own in Fig.1(b). The lowpass 
Qu factor resonators (Qu = 5.39) 
or (Qu = 2.558). The dark circles 
rs with a given loss factor. 
esented by connecting lines and 
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byshev lowpass prototype (a) 
deal response with 6dB offset 
,[11]. 

SIW FILTER DESIGN 
tic filter development using the 
) as a starting point will be 
purposes, the lowpass prototype 

ndpass filter using standard 
hind the transformation is well 
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explained in [12]. The focus here will be with
can be seen in Fig. 2 the transformation to ba
lowpass prototype. 

C’rCr Gr L’r

 
Fig. 2. Bandpass transformation of a capacito

element. 
 

Design example: Center frequency, fo at 
MHz fractional bandwidth. The following 
bandpass transformation of a capacitor 
prototype (Fig. 2) are applied to obtain el
element capacitors and inductors [12]: 

ᇱܥ  ൌ ′C౨னబ    
ᇱܮ  ൌ ଵ′C౨னబ   

 
where α’ is the bandwidth scaling factor, 

 
ᇱߙ  ൌ னబனమିனభ   

 
After scaling to 50 Ω the new element va

resonators are 2.5465x10-11 F and 2.3544x10
The resistive element for the first and se
265.95 Ω and 127.90 Ω for the third reson
The unloaded Q factor for this circuit is calcu

 
 ܳ௨ ൌ னCG     

where 

 ߱ ൌ ଵ√LC    
 

The bandpass filter now contains two hi
(Qu = 267.23) and one low- Qu resonator (Q
the average Qu factor is 238.26 and the filte
realized in Substrate Integrated Waveguide 
[13]-[15]. The response of the 3rd-order Ch
filter is shown in Fig. 3 with passband inserti
loss value of 6 dB and 26 dB respectively. 

Further modifications on the circuit 
practical physical realization. For instance, 
on the ends of both main-lines are scaled to
additional transmission lines are introduced
50 Ω terminations for each main-line. 
admittance inverters main-lines are rep
microstrip lines in order to accommodat
between the SIW cavities.  The final circuit i

h the resonators as 
andpass filter from 

Gr

 

or with dissipative 

6.5 GHz with 125 
equations for the 
of the lowpass 

lement values for 

 (1) 

 (2) 

 (3) 

alues for bandpass 
0-11 H respectively. 
cond resonator is 

nator, respectively. 
ulated using:                                 

 (4) 

 (5) 

igh- Qu resonators 
Qu = 133.02). Thus, 
er is suitable to be 

(SIW) resonators 
hebyshev bandpass 
ion loss and return 

are needed for 
the resistive loads 

o 50 Ω. Therefore, 
d in order to allow 

Furthermore, the 
placed with 3λ/4 
te the separation 
is shown in Fig. 4. 
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The resonant frequency is de

݂ ൌ ఒబ ൌ ൫మାమ൯భమଶ   
 
where l and a are the length
waveguide. 

The transformation to recta
diving the length, l, and width, 
with ߝ√  . The equivalent di
together via holes can be det
rules explained in [16] and [1
distance of 0.8 mm and 1.6 mm

 
 

rd-order bandpass filter with 
characteristic. 

K22

K22

K33

-K33

ZL=50 Ω

ZL=50 Ω

C’2

GR2

L’2

C’3

GR3

L’3

50 Ω 86.65 Ω

50 Ω 86.65 Ω

≈3λ/4 ≈3λ/4

≈3λ/4 ≈3λ/4

Resonator 2 Resonator 3

 

it of bandpass filter. 

gular waveguide for TE10 mode 
ncy of 4.301 GHz can be found 

ఒబଵିቀഊబమೌቁమభమ   (6) 

etermined using; 
 

  (7) 

h and width of the rectangular 

angular SIW is done simply by 
a, of the rectangular waveguide 
imensions of the SIW cavity 
termined using a set of design 
7]. In this case, a diameter and 

m is calculated, respectively. All 
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these dimensions can be further tuned and 
the simulation in order to obtain the desired r

The transition method from a rectangul
microstrip line is realized through coupling 
the responses for each SIW resonator mu
matched with the ideal responses exhibite
circuits. The coupling between first and se
realized based on iris. They are connected t
line in order to have a 3λ/4 separation b
resonator cavities. All the three SIW reson
merged with microstrip main-line as b
combination of SIW and microstrip techno
Fig. 5. 

 

Fig. 5. Layout of SIW bandpass 

III. EXPERIMENTAL RESUL

To verify the theory and simulation
manufactured using a standard PCB proce
constructed using a 0.508 mm thick, Roger R
substrate with permittivity constant ߝ  = 
thickness of copper is 35 ߤm and loss tangen

The manufactured SIW bandpass filter, w
and width dimension of 81.94 mm x 61.40
Fig. 6. The comparison between measure
results is shown in Fig. 7. The measured 
insertion loss (S21) is approximately -7.09 d
(S11) is better than -19 dB are obtained 
However, there is a frequency shift of 68 M
from the desired centre frequency, whic
variations of permittivity in the substrate, i.e
the inconsistencies of dielectric thickne0.0381݉ߤ, and also manufacturing toler
amounts of losses in the passband are due
transition from microstrip to SIW, copp
conductivity, radiation loss through the su
cavity, and losses through SMA connectors. 
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rance. The small 
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Fig. 6. Photograph of predi

Fig. 7. SIW bandpass filter si

IV. CO

A new design of SIW
predistortion technique has 
manufactured and measured. T
ideal lossless responses with a
The filter is suitable for m
increased insertion loss can be
reduction is very important suc
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