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In the current article the concept of multi-resamatual-band filter has been described. The duatifdters based on three and
four rectangular dielectric resonators have beenhggized that functionate ifEq;; andTEg,;; modes. The proposed construc-
tion benefits since it doesn’t have additional dmg elements or DR shape complication. The anedytmodel of dual-band
filter has been developed that accounts for twadbaimultaneously. The accuracy of the proposedeiiedrerified by the sim-
ulation results obtained by applying finite elemem¢thod and shows insignificant disagreement. Thopgsed dual-band filter
can be applied for satellite systems that reqliecttansmission of several non-contiguous frequeheynels in the one beam.

| ntroduction are connected to the central conductors, whichtexci
With the movement to the mm-wave range [1], ththe resonators iTEq;; and TEq; modes. In fig.1 the
high Q resonator filters are of great importaneetipu- simulation model of the filter has been illustrated
larly on dielectric resonators, since they pro-vidgter solved by applying finite element method (FEM).
in-band selectivity. Metal cavity
In order to provide several frequency bands simult =
neously the multiband band-pass filters have got
growing attention for satellite and mobile communic
tions [2]. The actual importance of dual-band filtke-

velopment on dielectric resonators (DR) is thiseéhr -

Central
conductor ™

dimensional cavity-type of resonators which ensul
high unloaded quality factor and consequently loiwer
band losses [3]. The drawbacks of the existing ttoas
tions include the complication shape of DR as sl S
additional coupling elements that generally comifjex ]
the analytical model of the filter [4], [5] as welk in- 7
crease the weight and size parameters. v
In [6] the dual-band filter design has been re-
searched, operating in lower mod&,;; as well as
higher TEqz [7] mode of rectangular DR. The electro- The frequency offset between central frequencies
magnetic field distribution ofTEex resembles two can pe tuned by varying the length of DR.
magnetic dipoles, exited in antiphase, thus progdi By applying the numerical method to the EMW scat-
higher unloaded quality factor. tering problem on the system of three resonatoes th
Statement of the problem following wide-band amplitude-frequency response

. o ] _ (AFR) of dual-band filter has been depicted indig.
The aim of the article is to synthesize multi-rezton B TEus TEos

dual-band filter, particularly on three and fousamators
while applying the proposed concept [6], namelyubing ~10.00)
elongated rectangular DRs with square cross-seaijn ]
erating inTEq;; andTEqy oscillating modes with approx-  -30.00-
imately equal coupling coefficients. The appliecthnéds ]
include: numerical, realized in the software HF8|Sdna- -50.00
lytical [9] that implies the development of anatgli scat- ]
tering model of the filter. -70.00]

X

Fig.1. Construction of dual-band filter on three DR
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) . . Fig.2 Wideband AFR of dual-band filter based on
The construction of three-resonator filter consadts three DR with the dimensions#.26 [4.26(9.33 mm,

rectangular dielectric resonators, the coaxialslitieat
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manufactured from the materiad, =80, 190 =5 no

and placed in metal cavity with dimensions 0_j

26[50[5.5 mm

/] .
Qn_if)=— +2iQD(fOL_—1— ”z-‘j,
_J

n=123.

The analytical scattering model of the three- The coupling coefficients have been calculated for

resonator filter has been developed, that accoionts
the behavior of scattering parameters of the tbrige-
system (fig. 1) in the resonance region [9], emapto

calculate the frequency dependences of both traasmi

sion T4(f) and reflectionR(f) coefficients in each
band:

2 _2‘]?
TAlf) = D X
1(f) 122114k12_j Dy | —4kyp | Ol |

2kyy_j Ckyp_j Dy _| .

Q; f)
. 2‘211_] kip j 3 ‘2‘211_] ko jUh_j
Q. (f)
_2‘211_1' (k1o j DA (1)
Q3_j(f) ’
2 -2[Qp .

R,(f)=1-
1(f) jZ=:14k12_j D | —4kio | g |

*[Zkll_j kip Db j

Q1_j(f)
. 2kqg jlkep jIA j=2kgg Ko (A3
Q2 j (f)
_2kyy_jkp j DAz J
Qs_j (f)
whereQp - Q-factor of dielectric,

Ell_j — coupling coefficient between the trans-

mission line and DR in j-th operating mode,
ki j,kiz_j— are the cross-coupling coeffi-

cients between the first and second DR as wellrss f
and third DR correspondingly in j-th operating mode

fo ;— the resonance frequency of j-th operating

mode;
/]m_j =0.5[ﬁi HE’ll_j +k13_j)i'0.5|3/a,
A2_j =ik j—kis_j j-th eigenvalues of the
coupling operator,

s 2 2
m=13 d -('Ekll_j +k13_,-) +8Kp,

I — imaginary unit;

each band according to the results, reported in [9]
namely:

kiy 1=2.67007 kyy » =275007°,
kiz 1=4.41007 kyp » =3.25007% kg3 4 =500
k13_2 =5 D.O_7.

In [10] the coupling coefficients’ dependencies
have been also researched, namely the coupling pa-
rameters between DR and transmission line as well a
the cross-coupling coefficients. Moreover, the o
conditions for the equal alteration of coupling ftiee
cients have been determined that ensure the twdsban
of the filter.

In fig.3 (a,b) the AFR of dual-band filter calcu-
lated by applying two methods, namely FEM and ana-

Iytical one (1), have been depicted. The phasaiéeq
cy responses (PFR) have been also illustratedgiB fi
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Fig.3 AFR of 3-resonator dual-band filter in each
and calculated according to analytical (1) and HBMap-
roaches

According to fig.2, the computed numerical and ana-
lytical dependencies have modest disagreementcim ea
band of the filter. This occurs due to the fact tHeSS
software environment accounts for the boundary ieond
tions of the construction as well as the effecnoh-
resonance propagation whilst the presented analytic
model considers solely the resonant scatteringeaf- e
tromagnetic wave (EMW) on the system of DR.

From fig. 3 the -3dB level fractional bandwidth of



T.V. PIDGURSKA; 0.0. TRUBIN, B. M. SHELKOVNIKOV: «QADRUPOLE» MODE DR FILTER FOR C-BAND APPLICATIONS 31

the first passband (b mode) is 0.68% at the center 1 F 1 1 1
frequency of 6.09 GHz with the insertion loss & dB = D;“'fj*k“) -l Dli“'ff'k“) -k D;“’t"k“) -k Dli“'f*kl“)
. + - - +
while the -3dB level fractional bandwidth of theesad  ®| - iy - +is) ~( -2 ki) = Tan=Ae ko) =l Tar— rhoe]
passband (T& mode) is 0.5% at the center frequency k121k13 klz:lk13 klz_—lklg klz':'l'- kig

of 6.58 GHz with the insertion loss of 2dB in thend. . , ,
Out-of-band rejection between passbands is abol¥N€re eigenvalues of coupling operator are defaed

60dB. The spurious product is located at 7.41GHz. A (k12 +i Uf11+k14)i\/(k12 +i EI3?11”(14)2 ‘4E(klz(i Eli<~11+k14)+(k12 +k13)2)’

The four-resonator band-pass filter has been alsé - 2
synthesized. In fig.4 the simulation model of titef feaz 1 R a2z + Ry s P+ 2 ol g o)+ o s ?)
has been illustrated solved by applying finite edem ~* _ 2 _
method. ki4- the cross-coupling coefficient between the first

and fourth DR.

By providing summation for each operational band
the scattering parameters of dual-band filter ouar fo
resonators can be found as:

e
)13 20 5 }

As follows from the numerical solution of the EMW  wheret =1234 since there are four resonators,

metal cavity-—"

Fig.4. Construction of dual-band filter on four DR

scattering from the four-resonator system the ¥alhg | | |L(| )
wideband AFR of dual-band filter has been calcdate Matrices' ™, """ are defined through the elements
as indicated in the fig.5. of eigenvector matrix B: )
dB TEo15 TEo2s boo Ell Ebgt b03 bOO kll * bOt b03
A = bio .. 0 obizly o bio .. 0 - g,
bog . O .. byl by .- 0 e bog
kig Dbt | [ Kyq Dby
0 0
0 0
] 0 0 .
‘ ' - ‘ . ‘ wher , substitute the t-th col-
6.0 6.1 6.2 6.3 6.4 6.5 6.6 6.7 . .
£ G umn of the matrixA; correspondingly
Fig.5 Wideband AFR of dual-band filter based orrfou (f) A f N f 1
= +—+2i — -1}
DR with the dimensions#-26 [4.26 [9.33 mm manufac- QU =4 Qo fo Qo fo
tured from the materiafr = 805 tgo =500 and The following coupling coefficients have been cal-

culated for each band accordlng to [9]:

placed in metal cavity with dimensiord [62 (5.5 mm k — 3360107 k11_2 = 2770107,

As follows from [9] the analytical scattering model

qf the DRs’ syste'm implies the supcessive determina k =47 D0‘3,k12 , = 3270073,
tion of both the eigenvalues and eigenvectors ofi- ¢ -
pling operator, afterwards handling the scatteprap- Kis —1EL0‘4,k13 ) =100,
lem of EMW on the DR system. e _
In view of awkwardness of the four-resonator fiker k14_1 =100 ’k14_2 =100"

analytical model the scattering coefficients haeerb According to the chosen coupling coefficients the

written in the matrix form through the eigenvectofs AFR of dual-band filter by applying FEM has been

coupling operator. The derived eigenvectors for theompared with the AFR based on analytical model (3)

coupling operator matrix can be given for each basid in fig.6 (a,b). The PFR of }§ in each band have been
illustrated in fig.6 (c,d).
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dB AFR 1in second band
dB AFR in first band 0

properties. Compared with the finite element method
application the scattering parameters derived Ipjyap
ing analytical model, demonstrates insignificans-di
crepancy due to the fact that the analytical model
doesn’t consider the effect of non-resonance prapag
tion. The proposed dual-band filter can be usedsébr
ellite systems that require noncontiguous in freqye
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