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Microwave Filters With Improved Spurious Performance 1 T
Based on Sandwiched Conductor Dielectric Resonators

Andrew R. Weily and Ananda S. Mohan
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Abstract—Microwave filters based on a novel resonator comprised of a J,
sandwiched conductor dielectric resonator (SCDR) loaded in a cylindrical
cavity are analyzed in this paper. The SCDR is a compact resonator that ex-
hibits good spurious performance. Resonant frequencies of the lower order
modes are analyzed, and mode charts, unloade®, slot coupling, and screw | a
coupling graphs are presented.S-parameters are computed using the fi-
nite-difference time-domain (FDTD) method for one- and four-pole SCDR
filters and compared with measured results. The measured spurious perfor-
mance for the four-pole elliptic function filter shows a large improvement

over conventional dielectric-resonator filters. The measured results agree
closely with predicted values obtained using the FDTD method. € |-2r,—'| c I‘-Zrl-'l
r 3 r 4
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. INTRODUCTION . .
Mobile communication systems require filters that have good () (b)

in-band perform.ance in terms of Iossland Q.OOd out-of-band spurlqulsl 1. (a) Configuration of an SCDR loaded in a cylindrical cavity.
performance. Filters composed of dielectric resonators (DRs) gi Configuration of an SCDR loaded in a rectangular cavity.
excellent in-band performance, but have poor spurious characteristics

due to their crowded mode spectrum. The key issue in obtaining wide

spurious rejection performance from a filter is to optimally desigfcﬁlpproaCh mixes completely different resonators such as combline

the resonator to give a well-spaced mode spectrum. Charts have b%%anEO“mOde DRs [.15]’ [16] or conductor and dlel_ectnc_ loaded
. ; o . resonators [17] to achieve extremely low-passband insertion losses
presented by Kobayashi and Miura specifically for this purpose [1]:

When using theTEqo; -mode DR, introducing a concentric hole cari nd excellent spurious-mode suppression. Other notable systems are

markedly improve the spurious performance [1], [2]. Many Otherlgactangular DR filters [18], partlg_lly metalll_zed _d|electr|c sl_ugs [19],
. ._conductor loaded DRs [20], modified combline filters that mix stepped
technigues have also been presented over the years to further improvi

the spurious performance of DR filters. Quarter-wavelength Coax%mgunlform rods [21], dielectric combline filters [22], and conductor

TMyo;:-mode DRs have been shown to have moderate insertion | % ded filters [23].

and good spurious performance [3]. Mode suppressors have bee everal researchers have reported novel filter elements that provide
added to filters to suppress out-of-band spurious modes [4], and sQme improvement over conventional DR filters. Conductor loaded res-

) o nators were introduced to counter the spurious-free performance limi-
TEo:-mode DR filters resonant evanescent-mode bandpass irises 39 P P

be used to filter out undesired modes [5]. Rectangular DRs excitedtaljlrg.Ons of DR microwave filters [23], but have limited scope for minia-

the TM, 1o-mode [6] and cylindrical" My, -mode DRs [7] have also turization. In 1999, resonators composed of both dielectric and con-

been shown to produce filters with good separation between spuri%ﬁ‘scmr materials were reported, such as the partially metallized dielec-

passbands. Quarter-ciitE; -mode DRs reported in [8] are able to IC cylinder [19] and the conductor-loaded DR [20]. These resonators

suppressTMg,; and hybrid modes with azimuthal variation indexs;fzrgIe.g?tfélyrﬁorrgpgf;'e:?:?nrgod?@tzly g?g?:;i;?aﬂeaiz)’ bltjrt] an
n = 1, as well as having low insertion loss. imi Improv IN Spurious p ) » Wi

. . . ", . aim to improve spurious performance of microwave filters, a novel
The concept of using different waveguide cavities to improve stog-

band rejection was introduced over 30 years ago [9]. This concept ggnpact resonator configuration is introduced in this paper, and its per-
been applied to half-wave coaxial DRs [10], as well as hybrid dom mance is investigated via theoretical calculations and measurement.

nant Mo, -mode dielectric rod resonators and regulavy; -mode rnJI'he resonator, first proposed by the authors in 1998 [24], consists of

disk DRs [11] to produce filters with improved stopband performancg.C%ﬂ'ndr'ﬁzlvvcioﬂdg(:togjanfvrvﬁh?d tt;ietvrveenntv;/or Dgg;gd 'Tshdeggtng
Another successful technique that has been presented for air-filflsye 52 ched conductor dielectric resonator ( )- The

cylindrical cavities involves replacing the input cavities with loweF 3" be made very compact and has moderately Qighut offers con-

order mode resonators that possess good spurious-mode separgh E{ﬁﬁle |mpr?v§]mennt§v|r;cs:%uF;|0usmEi)erfrortrininicer.i rously analvzed
[12]. This method achieves greater than 50-dB spurious suppression to S baper, the new - configuration IS rigorously analyze
h . ) ing finite-difference time-domain (FDTD) analysis methods
just over twice the filter center frequency. Encouraged by these resu ) . . L

1-[27]. To confirm the improved spurious rejection performance

researchers began to design mixed-mode DR filters in both cyllndrlO the SCDR, resonant frequencies of the lower order modes are

13] and rectangular [14] enclosures, combinih andHE;; DR ) .
[13] n9 [14] Hou - c]orinputed using both the FDTD method and HFSS and compared with
modes to achieve good out-of-band performance. Another successiu .
measured results. Mode charts are calculated for the SCDR loaded in
both cylindrical and rectangular cavities to clearly show the variation
Manuscript received September 13, 2000. This work was supported by thethe mode separation obtained by changing various parameters of the
Australian Research Council under an Australian Postgraduate Research AWéHi‘]figuration An unloaded chart and slot coupling graph are also
The authors are with the Faculty of Engineering, Telecom Group, PR . ! .
University of Technology, Sydney, N.S.W. 2007, Australia (e_ma"'?,alculated to a_ld in the design of the SCDR filter. To further verify the
ananda@eng.uts.edu.au). improved spurious performance, tSeparameters of a probe-coupled
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TABLE |
DIMENSIONS, THEORETICAL RESONANT FREQUENCY, AND (., FOR TWO CONFIGURATIONS OFHE,-MODE SCDR. ReFER TOFIG. 1(a)
FOR PARAMETER DEFINITIONS. ALL DIMENSIONS ARE IN MILLIMETERS

& 2r3 2r; 2ry c te ta t fa Qu

SCDR 1 37 71 46.2 254 62 1 2.5 28 1.977GHz | 5,892

SCDR 2 45 40.9 26.6 14.6 35.7 0.5 72 10.4 | 1.900GHz | 7,730

TABLE I
COMPARISON OF MEASURED RESONANT FREQUENCIESWITH THOSE CALCULATED USING THE FDTD METHOD FOR THESCDR
CavITYy OF FIG. 1(a), WITH THE DIMENSIONS GIVEN FOR SCDR 1IN TABLE |

HE TMy HE,, TMy, HE,
Measured 1.980 3.100 3.503 3.888 4,133
FDTD (Error) 1.977 (0.15%) 3.097 (0.10%) 3.465 (1.08%) 3.871(0.44%) 4.146 (0.31%)
HFSS™ 2.043 3.183 3.590 3.969 4.130
Relative Mode 1.0f, 1.57fy 1.77f, 1.96f, 2.091,
Spectrum
TABLE Il
VOLUME AND CAVITY UNLOADED () FOR CONDUCTORLOADED AND SCDR QWITIES AT PCS RREQUENCIES
Cavity Type Volume(cm"') Resonator Q, Q./Volume
Conductor Loaded [23] 250.4/2 6,000 (measured) 48
SCDR 1 (Table 1) 245.5/2 4,700 (measured) 38
SCDR 2 (Table 1) 46.9/2 7,730 (FDTD) 330

FDTD method and compared with measured results. Finally, °*° ' ' ' ' ' ' '

four-pole HE;;-mode elliptic-function SCDR filter prototype is 5F .

designed and built and its measured performance recorded. T | e 2rymesmm |
four-pole filter is simulated using the FDTD method and comparetc " ©=62.0mm 2r,=46.2mm
with measured results over both wide and narrow bandwidths. 4 ™ t,=1.0mm 2ry=71.0mm 1
gas_ HE,, i
II. MODE CHARTS, UNLOADED (), AND SLOT COUPLING 7 .
s 3 ot 1
The configurations of an SCDR loaded in a cylindrical and rectan §
gular cavity is shown in Fig. 1(a) and (b), respectively. The SCDR con 29 i
sists of a conductor ring resonator of thicknessnner radius';, and § ok HE,, J
['4

outer radiusz. The conducting ring is sandwiched between two di-

electric ring resonators of the same shape and size, each with thickni  "°[

tq4, relative permittivitye -, and the spacing of the SCDR from the floor 4} | . Measured (HE, , HE, . HE ) : .

of the cavity ist. The dimensions of the enclosing cavity are radius 0 Measured (TM_ , TM_ )

and height for the cylindrical cavity and:, b, andc¢ for the rectan- osr FoTD i

gular cavity. % 2 n s s 1Io 12 7
The dimensions, resonant frequency, and unloagdeaf two dif- tfmm)

ferent SCDRs are presented in Table I. SCDR 2 is a much more com-

pact element than SCDR 1, requiring only about 19% of the volunfréd- 2. Mode chart for an SCDR loaded in a cylindrical cavity versus the
for a slightly lower resonant frequency. However, SCDR 1 is the efielectric thickness,.

ement that will be used for filter design in the following section as

a proof of concept of the SCDR element since the ceramics requitethed using the FDTD method are very close to the measured values.
were more readily available to the authors. Future research will foclike relative mode spectrum, as a function of ¥hE,;;-mode reso-

on the more compact SCDR 2. The measured unlo&iéasr SCDR nant frequency, is also given in Table II, showing good separation of
1 is 4700, which is slightly lower than the predicted value of 5892he higher order modes. Table Il shows a comparison of the cavity
For the SCDR prototype filter, the conducting resonator was madewaflume, unloaded) and@../volume for a conductor loaded resonator,
copper, the cavity was made of aluminum, and the SCDR was simd the two types of SCDRs from Table I. The volume is divided by
ported by three radial Teflon posts. Silver plating both the conductiigyo because dual-mode resonators are used. Table Il shows that SCDR
resonator and cavity would lead to a higher unloa@edhlue. In order 2 gives significantly highe€)../volume when compared with the con-

to analyze the lower order modes of the structure, the FDTD methddctor-loaded resonator.

for mode chart calculations presented in [25] has been used. To conFig. 2 depicts a mode chart that illustrates the effects on resonant
firm the accuracy of the method, Table Il compares measured restitequency of increasing the dielectric thicknegof the SCDR. Both
obtained for the SCDR in a cylindrical cavity of Fig. 1(a) with com<alculated and measured values are shown. The important thing to note
puted values obtained using FDTD and HFSS. The HFSS eigenmditen this figure is thathe mode separation has not been markedly
solution used 3247 tetrahedra. As can be seen from Table Il, the agmeféected by increasing the dielectric thickness of the resonklemce,

ment between the measured data and those computed using thetheaesonator may be miniaturized without significantly degrading the
different numerical methods is quite good. In particular, the results ofpurious performance.
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Fig. 5. Mode chart for a SCDR versus the height of the enclosing cavity
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Fig. 3. SCDR tangential-field distribution plots for th&E,; mode atz =
50 mm. (a) Electric field. (b) Magnetic field.
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1 Fig. 6. Mode chart for a SCDR versus the inner radius
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~
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this diagram that there is a minimal effect on resonant frequency by
introducing a concentric hole in the SCDR that can be used for placing

sl i a supporting dielectric structure of low permittivity in order to hold the
resonator firmly in place.
2t L . s L . J Fig. 7 shows the variation in the conduct@r dielectric@, and un-
0.4 0.5 0.6 07 08 0.9 1 - . . . . .
@rfa) loaded(® as a function of the enclosing cavity radius, calculated using

the technique described in [27]. It can be seen from this figure that the
Fig. 4. Mode chart of resonant frequency versus the radius of the SGDR conductor) dominates the unloaded for the SCDR. Slot-coupling

coefficients for theHE,;-mode SCDR loaded in a cylindrical cavity

have been calculated using the perfect electric conductor (PEC)/per-

Fig. 3 shows the electric- and magnetic-field distribution plots for tfg€t magnetic conductor (PMC) wall technique and the FDTD method

HE,,-mode SCDR calculated using the FDTD method. Comparis&%?l- Measured and calculated results are presented in Fig. 8 an.d are
of these plots with those presented in [23] for the conductor-load@Hité close to one another. In order to couple orthogonally polarized
resonator show the field patterns to be very similar. Fig. 4 shows tH&“11 SCDR modes, 45coupling screws are needed. Screw coupling
resonant frequencies versus the SCDR radidsr an SCDR loaded in May be calculated using the technique of [28] and the following equa-
a rectangular cavity. This diagram shows the strong dependence ontipe:
radius of the SCDR for each mode, exceptiid,; mode. In Fig. 5, 2_ g2 fo—fm
the resonant frequency variation for an SCDR of a fixed size versus the k= 21 f2 /2 LS
height of the enclosing rectangular cavity is plotted. Fig. 6 shows the e oo
mode chart for resonant frequency versus the SCDR inner ragdjus where f. and f,, correspond to resonant frequencies when PEC and
again for an SCDR loaded in a rectangular cavity. It is apparent frol®MC walls are, respectively, placed at the structurally symmetric plane

@)
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Fig. 7. Q.,Q., andQ, variation for theHE,;-mode SCDR dimensions of Fig.9. Screw coupling results for an SCDR with dimensions given in Table I.
Table | as a function of cavity radius to SCDR radius. Cavity enclosure is copgeoupling screw diameter is 4 mm.
with o, = 5.80 x 107 S/m ands = 0.9 with tan § = 5.8 x 10—3.
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P
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Fig. 10. Configuration of a one-pole SCDR filter used for mode spectrum
analysis.

FDTD
Measured

CH1 Sg4 log MAG 10 dB/ REF 0 dB i —-14.84 dB
"] 1. 963 200 114 GHz

0.005

0 10 20 30 40 50 60 ca
Slot Length (mm)

Fig. 8. Slot-coupling results for an SCDR with dimensions given in Table I.
Slot width is 2.4 mm and slot thickness is 1.6 mm.

13y

of the resonator. Screw coupling results calculated using the FDTI M
method are compared with measured values in Fig. 9.

Before building the four-pole filter, it is useful to examine the mode 7 /
spectrum across the frequency band of interest for a one-pole SCD / \\v ]
filter. This takes into account the external coupling structures that will "
be used and their excitation of the various higher order modes. Fig. 1 /
shows the configuration of the one-pole SCDR filter. The measuret
wide-band mode spectrum, and that calculated using the FDTD methc
and the unmatched ports modal extraction technique [26] are shown ...  START 1.000 000 000 GHz STOP  4.500 000 000 GHz
Figs. 11 and 12, respectively. The dimensions of the SCDR are given ] ]
in Table I, and subminiature A (SMA) probes were used to realize thid- 11- Measured wide-band performance of a one-pole SCDR filter.
external coupling. The passband frequencies of the various modes cor-
respond well between the measured and calculated results, however,
there is some variation in the insertion-loss levels. As well as showing
the SCDR-mode separation to be very good, the plots confirm that theThe configuration of the four-pole elliptic function SCDR filter is
TMgy:1 mode is not excited by the external coupling structure. shown in Fig. 13. The filter center frequency is 1.910 GHz with a

Ill. Four-PoLE SCDR HLTER
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Theoretical response of the SCDR four-pole elliptic function filter.
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Fig. 12. Calculated wide-band performance of a one-pole SCDR filter.
CH1 Sy4
CHZ Sz
2
cz2
t
input coupling
‘/probe
Y,
%
coupling —¥ ///
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Mz}
ca
tuning
screws
AN B-B’ cC *
START

Fig. 13. Configuration of the elliptic functioHE,;-mode four-pole SCDR
filter.

1.860 000 000 GHz

STOP

1.960 000 000 GHz

Fig. 15. Measured narrow-band performance of the four-pole SCDR elliptic

. . . . ... function filter.
16-MHz bandwidth. The normalized coupling matrix used for the filter

design is

Measured

0 0980 0 =0.110 0
0980 0  0.788 0
[m] =
0 0788 0 0.980 10
-0.110 0  0.980 0

Ry =Ry = 1.254. )
The design frequency for the isolated SCDR was chosen as 1.977 Gt g
to take into account the loading effects of the coupling probes, coupling 5%~
screws, and coupling posts. Coupling scréywsandks, were adjusted
experimentally. Slot lengths férs andk 4 were calculated from Fig. 8
to be 38.0 and 20.2 mm, respectively.

The theoretical response of the four-pole filter, calculated using the
coupling matrix of (2), is shown in Fig. 14. The measured narrow-banc
performance of the SCDR filter is given in Fig. 15. Filter insertion loss
at the center frequency was 0.77 dB, with a return loss of greater tha

-40

-50

10 dB over the passband, and 22 dB at the center frequency. The re:
ized unloaded) of the filter was 3100 with the degradation caused by

the insertion of tuning and coupling screws and the brass cross-slotiggl 16. Calculated and measured narrow-band performance of the four-pole

coupling plate between the two cavities. SCDR elliptic

19

1
1.91

1
1.92

Frequency (GHz)

function filter.

M
1.93
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—_— Measured
- FODTD

_30 1 L 1 s : ] ! L i
1.86 187 1.88 1.89 19 191 192 1.93 1.94 1.95 1.96
Frequency (GHz)

1 1.35 17 2,05 24 275 31 3.45 38 415 45
Frequency (GHz)

g'ng “_Ctglcfulat(te_d a?_lc: measured narrow-band performance of the four-pef&_ 19. Wide-band spurious performance of the four-pole SCDR elliptic filter
elliptic tunction filter. calculated using the FDTD method.

cH1 5:; 109 MAG 10 98/ REF 0 a8 - Qio‘"' ;;j‘::’e:s the center frequency up to 4.054 GHz, or 2fk2which is a large im-
) * provement over conventional dual-mode DR filters. BothHi&; and
&[;38,445.88 TMj1-mode passbands have been suppressed, with the dominant spu-
c2 ! ai-s,8d37 g8 rious passband resulting from tH& > mode. The wide-band spurious

performance calculated using the FDTD method is givenin Fig. 19. The
locations of the spurious passbands have been accurately predicted;
however, their levels, particularly tH€E»; mode, are not as accurate.
Overall, for such a complicated structure, the FDTD simulations com-
pare well with measured results, and provide valuable insights into the
\ / SCDR filter performance. Using the design information, the filter was

\ readily constructed and tuned, and its prescribed performance was met

using the calculated dimensions.

IV. CONCLUSIONS

Filters based on a new resonant element, i.e., the SCDR, have been
introduced and their performance evaluated through FDTD simulation
and measurement. It is shown that the merits of the SCDR lies in im-
proved spurious rejection, and high unloadgger volume when com-

Fig. 18. Measured wide-band spurious performance of the four-pole SCIPRCt configurations are used. The added advantage of the SCDR con-
elliptic-function filter. figuration is that spurious performance does not degrade with reduction
in size (see Fig. 2), thus lending itself well to miniaturization. Resonant
. frequencies for the lower order modes were accurately predicted. Mode

Narrow- and wide-bands-parameters have been computed fogharts, siot coupling, screw coupling, and unloadegraphs were also
the four-poleHE; SCDR filter using the FDTD method, Mur's y esenteds-parameters were calculated for one- and four-pole SCDR
absorbing boundary condition (ABC), and unmatched port modgters and compared with measured values. The four-pole filter mea-
S-parameter extraction [26], [27]. The FDTD mesh size was %43 g,red spurious suppression was greater than 38 dB from the center fre-
252 X 209, discretization of 0.5 mm, and 240000 time steps WeERiency of 1.910 GHz up to 4.054 GHz, or 2.§2with a passband
required. The FDTD code was run on a 128-node CMS computer afidertion loss of 0.77 dB. Narrow- and wide-bafiparameters calcu-
required 691 MB of memory and 16.0 h of CPU time to cOmput§ateq for the four-pole filter using the FDTD method gave close agree-
Narrow-band insertion-loss and return-loss diagrams computed Usiignt with measured results. Issues related to the use of SCDR filters
the FDTD method are compared with measured results in Figs. 16 ‘?BFihigh-power applications will be investigated in the future.

17, respectively. The computdds;| value shows good agreement

in the relative positions of the transmission zeros, the slope of the

filter skirt outside the passband, and the level of the elliptic function

sidelobes. However, the passband flatness is not correctly predictedihe authors would like to thank the New South Wales Centre for Par-

leading to a significant discrepancy in the calculatéd | value. The allel Computing (NSWCPC), N.S.W., Australia, for providing access

main reasons for the discrepancies could be attributed to the inheren€M5 computing facilities.

dispersion in the FDTD algorithm and the truncation of the time series

used in the calculations before the fields have stopped oscillating REFERENCES
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