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The possibility of reducing the radiation loss @ldctric resonator (DR) to the external environirteas been investigated for
the first time by applying higher order mode of DRmely “quadrupole” type, with higher Q factor.eTtquadrupole” mode
for constructing narrow band-pass filter (<1%) bagn studied. The resonant frequencies of dietemsgonator have been
calculated on grounds of approximate analyticahoetas well as finite element method. The couptiogfficients of the rec-
tangular DR with coplanar line have been scrutihizeth as a function of the glass substrate’s lieigimelybs, on which the
DR is situated, and as a function of the DR’s dispment toward the center line, namglyThe synthesized two-resonator
band-pass filter has the improved gain slope. Th@moum value of insertion loss at the central fregey of 5.9 GHz is -
2.4dB, the shape factor is equal to 3.45.

number of mentioned half waves isn’t too large. §hu
Introduction the utilization of “higher modes” of DR is considdrto
increase slightly the size of the structure comgpaveth
Dielectric resonators are made of materials withhi the main mode, namely Tk
values of dielectric constant, low dissipative &sand
temperature coefficients. They are widely usedcton- Statement
structing frequency-selective devices, since they p of the problem
vide significant advantages, like higher Q-factower
dissipation losses, a steeper gain slope at thesedfy  The purpose of this study is to investigate thespos
the passband etc. In most cases, the feature ofyenepility of using of the highest mode of the DR, ndyne
accumulation inside the material itself is detemiby “quadrupole” type, in order to increase the unlahde
the index of relative dielectric constant: the Righal- quality factor, while maintaining an acceptablecieof
ue of this index, the less radiation occurs in @de coupling coefficient with the transmission line, \asll
environment [1]. as the construction of a band-pass filter with ioved
Despite these modern technologies allow producirfgequency response slope on the DRs. The transmissi
DRs with large indices of relative permittivity (about line selected for this research is coplanar linee -
100), the Q factor of DRs, made of such dielectrids vestigation techniques include numerical and azallyt
ten decreases due to the increase of dissipatieat@&f methods for solving Maxwell's equations in order to
the material loss in the dielectric in microwaveduen- find the solution to the problem of wave scatterofg
cies. The usage of materials with reduced dietectri¢oplanar transmission line from the DR as well fes t
constant is accompanied by growth in radiation loggoblem of filters’ computations with the DR with
from the DR to an external environment as wellras ihigher oscillation modes.
teraction between the accumulated field in thematw

and structural elements. In order to reduce ther@bo “Quadrupole”

mentioned impact the idea of higher order oscdlati oscillation mode

modes of DR with higher Q factor is proposed, ctara

terized by high concentration of accumulated field. The urgency of DR with a rectangular cross-section

The term “higher modes” of DR implies that thenvolves the presence of additional parameterses-f
electro-magnetic modes with a large amount of halfftom, comparing to spherical or cylindrical DRs, ttha
waves are confined in the dielectric volume, coragar allows more flexible choosing of corresponding dime
with the lowest type of oscillation. It is assuntkdt the sions while maintaining the appropriate values of Q
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factor and bandwidth. It is commonly known thatréhe  Considering the electric field vectors are tangenti
is no accurate single-wave solution of the boundagnd the magnetic are normal to the sidewalls, tlag-M
conditions for both rectangular and cylindrical DR  well equations acquire the following form:
In order to calculate the eigen frequencies ofDRethe
dielectric waveguide model of the respective cross-
section [3,4]has been used. el hl' GJUO,BZ E(]:OS,B x3inB,y [£0sB,z,
An approximate solution to the problem of eigen k2
modes is usually examined by submitting the figid i

the resonator in the form of a standing wave ofakd hll B,
E- modes in rectangular waveguide, that does not ac ez s [$inB x$ingB,ysin S,z
count for the higher oscillation modes. Frequenaly c k12 ,By Y

culating error of the main magnetic oscillation raod
constitutes approximately 5%. (1) _ 0
The technique proposed in [5] was used to account & =4 (1)
for both basic and higher oscillation modes. Tle&fof
eigen oscillation mode was obtained in the forrfivad-

component exponentially decaying solutions of Max- hg,p
well's equations in the rectangular coordinateesyst ¥ = -———=[$in B, x[tosp, y[$inf,z,
The fields of eigen oscillation modes outside theded- k; _IBy

tric prism were assumed to decay exponentiallyhas t
distance increases from the surface of the resonato

Figure 1 shows the distribution of electro-magnetic h = hB, B,
field (EMF) of TEy; oscillation mode for the DR, char- z k2
acterized by a height, width ag and depthb,. The de-
picted oscillation mode at fig. 1 is a magnetic dua
pole that resembles two magnetic dipoles excited in hE,l) =h, [€osB, x[sin B y[$inB,z,
opposite phase.

E:osﬂ xs$inB,y8inB,z,

Z 4 where S, , B, , 5, are wave propagation numbers in
/\ thex-, y- andz directions.
! — E By matching the fields at the boundary conditions,
| H the eigen frequencies are obtained from the fohgwi

transcendental equation:

<

8, @tg(ﬁy %j -5, @

Based on transcendental equation (2) the normalizec
frequency dependencies [6] as a function of DRs di
mensions have been received and shown at fig.2.
bo \ Hence, the following dimensions of DR are chosen:

J/ a, = 7/mm, b, =7mm,L =15mm and &, = 36.
Fig.1. Distribution of electro-magnetic field of JEo0s-
cillation mode
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10 H-L b — : y DR with the “quadrupole” oscillation mode
<‘ " ® 3,=2L in a coplanar transmission line
F X ag=1,5L Figure 4 illustrates a structure that consists haf t
8 W a;=L ! DR, disposed on the glass substrate. The last ®ne i
0 ap=0,5L placed on a coplanar transmission line. The whole
O ay=0,25L structure is enclosed in a rectangular metal cavibe
geometric dimensions and other parameters of the-st
6 | | ture are shown in Table. 1.
Table 1. Parameters of the structure of DR with the
4 - TE;2; oscillation mode in a coplanar transmission line
Ly 5 Name | Param| Value, Material
M-I E N . mm
DR agbo;L | 7;7;15 | Dielectric
(€=36; tgh=5*10")
: = ‘ ; CPW |wgh |14,0,2; |FR-4
0 0.5 1 15 p) 1,6 (€=4,3; td = 0,025)
t 0,035 Copper
bo/L (v=5,8*10/Sm/mu=1)
Fig.2. Normalized resonant frequency Vac. Hy 28 Vacuum
of the rectangular DR box (€=1; u=1)
Subs. | bs 0,1 Glass
under (€=2,5; t=0,002)
In order to provide more accurate electrodynam|dDR

analysis of eigen oscillation modes of the dieleats- _ o
onators the finite element method has been appiied, where t denotes the thickness of metallizationoaef ¢
plemented in CAD software HFSS. The result of niplanar transmission line; o

merical simulation of the resonance frequency, mame “CPW? stands for coplanar transmission line;

i = 558 GHz, shows good agreement with the .vac- POX” designates the vacuum box;
0_HFSS g g “Subs.” signifies the substrate with thicknéss

calculated one according to (2) and makes up
fo cac = 569 GHz. The error is 1.9%.

At figure 3 the distribution of electro-magnetielfi
of TE,y; oscillation mode at frequency of 5.58 GHz i
shown according to the numerical method of comput
tion.

W

Fig.3. Distribution of electro (a) and magnetic fie)ds
of TE,y; at frequency of 5.58 GHz
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Fig. 6. Distribution of electro (a) and magnetig fields of
left adjacent parasitic mode at frequency of 5.3#G
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Fig.4. The dimensiong) and general view (b) of the simu- | ------
lated DR with the Tk; oscillation mode in a shielded co-
planar transmission line

P

Figure 5 shows the calculated S-parameters of tL
structure, according to which the frequency of Thgy; a) b)
oscillation mode is equal to 5.97 GHz. The adjacent o )
parasitic modes of DR are separated from the dpgrat Fig. 7. Distribution of electro (a) and magnetig fields of

one for 0.63 GHz (| = 534GHz) and 1.17 GHz right adjacent parasitic mode at frequency of Gt&
(f, = 713GHz).

Fig. 8 illustrates the structure of the electroneign
field of the “quadrupole” oscillation mode at fremncy

g S-Paramgter Magnitude in dB of 5.97 GHz.
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Fig. 6 and 7 show the distribution of EMF of adja-
cent parasitic modes of DR. a)
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Fig.8. Distribution of EMF of Tk at 5.97 GHz bs=2 mm
bg=0.05 mm
The construction, shown in fig. 4, has been used f 0 1 2 3 4 5 6 7 ypmm
the calculation of the coupling coefficients betwelbe
transmission line and the DR [7]. The excitatiorDdét b)

is carried out by the field of coplanar transmissiioe
[8]. It was assumed that the DR is located on agyla
substrate with a thickness lof

Calculation of the coupling coefficients is accom-
plished using the formula [1]:

Fig. 9. Coupling coefficients of DR with the coparirans-
mission line as a function of substrate’s heighta) and
displacement from the centerligig(b)

The coupling coefficients were calculated for the
s,.//20 values ofb,, varying in the range [0.01; 2.4] mm with
K. =tgo* @0 ™" -1), (3) step 0.1 mm. From fig. 9a it is clear that the pegthe
coupling is obtained whebs is equal to 0.1mm and
makes up about 2.9 *0 The further increase in the
height of the glass substrate leads to a graddatten
|S,,| - coefficient of transmission in dB. of the coupling coefficient.
Coupling coefficients of DR with the coplanar
transmission line have been studied as a function o
displacement from the centerligg(Fig. 4a) for a range
Kc(bs) of substrate’s heighb,, namely [0.05; 2.0] mm. As it
3%e-3 can be seen from the Fig. 9b, the maximum coupéing
achieved with the symmetrical placement of DR at th
current-carrying strip line, i.e. wheg equals 0 mm. It
2.4%e-3 should be noted that the valueypt= 0 mm corresponds
to the unshifted position of DR, whilg = 7 mm corre-
. i sponds to the maximum possible displacement of the
1.8%-3 center DR in a rectangular shielding cavity.
Thus, in order to increase the unloaded Q-factor,
while maintaining the acceptable value of the cimgpl

wheretgod =0.0005 is the loss tangent of dielectric;

* . A
L.2%e- coefficient the following values of the substratke&ght
and displacement from the centerline were chosen,
6*e-4 namelybs equals 0.1 mm ang is 0 mm.
Band-pass filter with “quadrupole”
0 048 096 1.44 192 24 oscillation mode of DRs

bs mm Fig. 10 depicts the structure of the two-resonator
: band-pass filter with an operating oscillation maxfe
a) TE,;5. Two resonators with the dimensionsagf=b; =
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7 mm;ay; =by =7 mm and.; =L, = 15 mm are located S-p et Masiitide 5B

on a glass substrate with thicknesdgf 0,1 mm. The 0 arameret agm . ° :

distancedz between two resonators equals 2mm. L NN [ =S,
oo A RIS

17} A S N A S
5.8 588 592 5.98
Frequency / GHz
b)

Fig. 10. 3D view of the band-pass filter with "quagble"
oscillation mode of DRs
Fig. 11. S-parameters of the band-pass filter Wjthadru-
Quality indices of band-pass filter are depicted at pole” oscillation mode of DRs
Fig. 11. In order to provide a better suppressibthe
nearest neighboring components the following apgroa  Thus, the minimum amount of insertion loss at the
was used. The dimensions of one DR (Fig. 10), nameienter frequency of 5.9 GHz is equal to -2.4 di th
a, andb, have been varied, while the resonant frequeRandwidth of band-pass filter at the level of -GuBkes
cy of it stayed the same, namely 5.9 GHz. Howeveyp 0.72% and the shape factor constitutes 3.45.
such measure allowed only slightly suppressingaoép Electromagnetic field distribution of the band-pass
sitic components whilst the separation from therape filter with “quadrupole” mode of two DRs is showh a

ing TEy; has decreased with the significant deteriord=igure 12. According to it the excitation field,caenu-
tion of |S 4| at the resonance frequency. lated in the left DR, excites the right DR at 5.6
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Fig.12. Distribution of electro (a) and magnetig fiblds of
band-pass filter witfTE,;5 oscillation mode of DRs at reso-
nant frequency of 5.97 GHz

Table. 2 provides the comparison of quality indices
of band-pass filter under research and of two rfilte

from [9], in which the rectangular DRs are placed i
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Conclusion

1. Using the finite element technique for “quadru-
pole” oscillation mode the resonant frequenciesect
tangular DR have been computed and studied.

2. The “quadrupole” mode has been investigated for
the first time. It is characterized by a high cartcation
of accumulated field near the resonator and previle
improvement of band-pass filter’s gain slope.

3. The coupling coefficients of DR with the coplana
transmission line have been investigated as a ifumct
of substrate’s heights and displacement from the cen-
terline yo. The optimal values were chosen, namaly
equals 0.1 mm ang is 0 mm.

4. The two-resonator band-pass filter with rectangu
lar DRs is proposed that operates on magnetic guadr
pole oscillations mode, thus, having an improvenh ga
slope. The minimum value of insertion loss at tha-c
tral frequency of 5.9 GHz equals -2.4dB, the shape
tor is 3.45.
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