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Application of the Planar I/O Terminal to Dual-Mode
Dielectric-Waveguide Filters

Kazuhisa Sandviember, IEEEand Meiji Miyashita

Abstract—Planar input/output terminals have been applied to Coupling Control Dent
dual-mode dielectric-waveguide filters. Two types of the filter, for a
13-GHz Ku-band and a 22-GHz K -band were designed and fab-
ricated only by metal plating on the surfaces of a ceramic block.
They are realized with very small volumes of less than 0.05 cin

Index Terms—Bandpass filters, dielectric waveguides, wave-
guide excitation.

I. INTRODUCTION

IELECTRIC-WAVEGUIDE components with metallized
surfaces have been expected to be utilized in microwave
circuits because of its highep values comparing to dielec- Fig. 1. Dual-mode dielectric-waveguide filter with planar I/O terminals.
tric coaxial counterparts [1]. Their applications have ever been
mainly considered at the frequency 8fband or below. Re- I1l. FUNCTIONS OF THEPLANAR I/O TERMINALS ON A
cently, the planar I/0O terminal was proposed as an efficient ex- DUAL -MODE DIELECTRIC-WAVEGUIDE FILTER

citation structure for the dielectric-waveguide filter [2]. It has

the advantages that the fabrication is easy, height is reduc dthas been indicated that the planar I/O terminal is applicable
Y. t%r'the effective excitation structure of the dielectric-waveguide

and loss is small. Moreover, this structure is useful for othﬁ jer and can control the resonator’s exten@Q.) value b
types of dielectric-waveguide component that use the TE mode ¢ y

. . ' anging its size [2]. In [2], th€). value was being controlled
as well. In this paper, the planar I/O terminals are applied Eo hanaing the 1/O terminal si d fixing the isolati
dual-mode dielectric-waveguide filters &t/ K -band frequen- y changing the erminal siz€ and fixing the isolation gap

cies. They are realized by very simple monolithic structures Witﬁhnagr:hi: rcilrjlgdi;&;?igzls ; a?:r:' ttyr]@ Vait\r/]a#j(?nls tﬁ()anlt/rg)”{eedm?%al
very small volumes. aing gap leng g

size.

The planar I/O terminal essentially acts as a coaxial port and
the rectangular waveguide connected to the planar I/O terminal
Il. BASIC STRUCTURE OF THEDUAL-MODE can be expressed by an equivalent circuit of Fig. 2 as a three-port

DIELECTRIC-WAVEGUIDE FILTER model. That equivalent circuit is almost the same as that of

) . . the H-plane T-junction of the rectangular waveguide [7]. The
Dual-mode filters constructed by waveguides having asquaf ly exception is that the additional reactarfeej X.) exists

cross section have been studied. Cutting one corner for the di-

lectric filled fruction i ially efficient ¢ the entrance of the TEM port. That reactageg X.) cor-
gl?zcer;icl:telrse[:sf—o[g]s ruction’1s an especially eticient way to rer'esponds to the capacitance between the I/O terminal and the

Fig. 1 shows the basic structure of the dual-mode dielectrtcl,)gl(-)ttom metal plate that surrounds it. The changing of the iso-

L ; . . tion gap length changes that capacitance value widely. It is
waveguide filter with planar 1/O terminals. Its shape is nearlyiﬁcreageg whegn the isogllation gap Igngth is shortened anéll is de-

cube, except that one corner is made to dent. This dented corfjer, . o lengthened. Thjs control technique has an ad-

serves to control the coupling co efflc_lent. All surfaces are plat?/gntage that the I/O terminal can be kept in practical size within
by metal, except that there are isolation gaps around two I/O t vide range of the design

”;m.aft' Thelszlio terlmmalslar;]pnlyt/ ple;ted n (;acl:h of tfhe cen erFurthermore, there is another significant function in an appli-
orrnght-angied two planes. n this structure, whole surtaces g, ot he planar I/O terminal to a dual-mode dielectric-wave-
almost covered by metal, and nothing is inside. The inside ele

P : : fide filter. That is the controlling of the coupling coefficient,
tromagnetic field is npt disturbed co_nsequently, and this str s described in the following. Fig. 3 shows the electric and mag-
ture can operate at higher frequencies.

netic fields that are calculated by HFSS simulations. That anal-

ysis model is a cubic dielectric-waveguide resonator connected

with two coaxial lines. Fig. 3(b)—(d) shows the cross section so
) ) ) that it cuts two coaxial lines at the center. The electric-field vec-
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Fig. 2. Rectangular waveguide connecting with a coaxial line. (a) General
view. (b) Side view. (c) Equivalent circuit.
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the resonator. The magnetic-field intensity becomes zero on the
diagonal (- A’), as with the even mode. However, if the coaxial TOT
lines do not exist, it becomes zero on the diagoi&l’), as

with the odd mode; it does not become zero due to the influence
of the coaxial lines. Fig. 4(a) shows a rectangular waveguide res-
onator having a square dent, and there is a coupling between two (d) (e)

degenerate resonant modédZo; andTEq; modes) [3]. That Fig 3. (a) cubic dielectric resonator connected to two coaxial lines for HFSS
magnetic-field distribution shown in Fig. 4(b) has an analogy tmalysis. (b) Electric field of the even mode. (c) Electric field of the odd mode.
that of the odd mode shown in Fig. 3(d). This means the makiﬁa Magpnetic field of the even mode. (e) Magnetic field of the odd mode.

of the two planar I/O terminals on a waveguide resonator having
a square cross section that also yields that coupling. Therefore,
the changing of the dimensions of the planar I/O terminals has
influences on not only th€. value, but also the coupling coef-
ficient.

IV. DESIGN ,l,
A. Ku-Band Filter * Y

The design of the bandpass filter is made at the center fre-
guency of 13 GHz. A dielectric ceramic with its constant of 21 is @ (®)
used. In the case of a general filter design Ghevalue and cou- Fig. 4. (a) Square corner cut rectangular resonator. (b) Magnetic-field

. . . . distribution of the second resonant mode at the center cross section.
pling coefficient can be determined independently. However, in
this case, the filter design should be done with special care be-
cause the TEM ports’ dimensions have the influence both on theThe required?. value for a 0.1-dB-ripple Chebyshev band-
Q. value and the coupling coefficient, as mentioned above. pass characteristic with a bandwidth of 280 MHz at 13 GHz is

A side length of the dielectric filled rectangular waveguid&6, and the gap length around the 1/O terminal that corresponds
having a square bottom section becomes 3.56 mm with a thi-that is 0.5 mm (searching for it from Fig. 5).
electric constant of 21 to get the dominant resonant frequencyThe coupling coefficientis also calculated by HFSS as a func-
of 13 GHz. Thus, a cubic-shaped resonator with side lengthtadn of the side length of the dent made at one corner. Fig. 6
3.5 mm having one I/O terminal is analyzed by HFSS to obtaghows the analysis model to obtain the coupling coefficient. This
the@. value. Fig. 5 shows the calculatéd value as a function model is one-half of the actual filter that split at the virtual cou-
of the isolation gap length. Here, the side length of the squarting plane, which is defined because of the symmetry of the
I/0 terminal was fixed to 1.2 mm. Th@. value is decreased electric and magnetic fields at the resonance. Two resonant fre-
against the increasing of the isolation gap length. guencies at the reference plane of the port2(T2) are calculated

A
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Fig. 7. Calculated coupling coefficient versus coupling control dentdize
Fig. 5. Calculated externé} value versus isolation gap length.
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under two conditions. The even-mode resonant frequéficy

is obtained when the coupling plane is set as a magnetic wall,
and the Odd'mo_de resonant frequeﬁﬁw is obtained W_hen the Fig. 8. Calculated extern#) value and coupling coefficient versus isolating
coupling plane is set as an electric wall. The coupling coeffiap length.

cient is then calculated by

I/O Terminal Gap g (mm)

is done without a coupling control dent. It is recognized that the

k= M isolation gap evidently has a function that control not only the
fo+fe Q. value, but also the coupling coefficient. The coupling coeffi-

At this time, the portl terminated with 50 is necessary to cientbecomes nearly zerogt= 0.6 and negative at a region of
consider its influence for the resonant frequency. g > 0.6. Here, positive values mean coupling is inductive and

Fig. 7 shows the calculated value of the coupling coefficieRgdative values mean coupling is capacitive.
as a function of the coupling control dent size. In this calcula- For @ 0.1-dB ripple Chebyshev characteristic with bandwidth
tion, the isolation gap length at the portl was fixed to 0.45 mrf 400 MHz at 22 GHz, the). value and the coupling coeffi-
The required value of the coupling coefficient is 0.015, and it @ent become 82 and 0.014, respectively. These values are al-
obtained by a 0.4-mm dent size. most satisfied by choosing the gap length of 0.32 mm.

B. K-Band Filter Without the Dent V. FABRICATION AND MEASUREMENT

A filter design for X -band is tested here as one more trial. The designed filters were fabricated and measured. Dielectric
As shown in Fig. 7, when the coupling control dent size is zermaterials have relative dielectric constants of 21 and 7.9 for 13
the coupling coefficient still has a considerable value. It sugnd 22 GHz, respectively, and their details of the characteristics
gests there are possibilities that the dual-mode filter can be made described in Table I. The conductg(@.) in this table is
without the coupling control dent under the specific conditionestimated by using a conductivity of 30 10° s/m that the

The Q. values and coupling coefficients are calculated in plated silver on the dielectric materials has.
similar way again with a dielectric material having the relative Sizes of the filters are 3.5 mm 3.5 mm x 3.4 mm, for
constant of 7.9. Fig. 8 shows thg value and the coupling coef- 13 GHz, and 3.5 mnx 3.5 mmx 3.0 mm, for 22 GHz. Both of
ficient as a function of the isolation gap length. This calculatiothem are less than 0.05 érim volume. The planar I/O terminals
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Ku-band K-band 20 o [ \ 10
f(GHz) 13 22 o ‘ / \ o
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Fig. 11. Measured response of the filter designedifer-band (13 GHz).
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Fig. 12. Measured response of the filter designedifeband (22 GHz).

TABLE 1l

MEASURED CHARACTERISTICS
Fig. 10. Fabricated dual-mode dielectric-waveguide filters for 13-GHz center

frequency. Ku-band K-band
i . Center frequency (GHz) 12.92 22.28

applied here essentially act as TEM mode ports and can be used Bandwidth (MHz) 319 384

by connecting with signal lines like strip lines or coaxial lines Insertion Loss (dB) 1.8 21

that have 502 specific impedance, as shown in Fig. 9. One of

the easiest ways is to connect the coaxial SMA connectors to the

planar I/O terminals directly, and this is also useful for accurate 0 ‘ \/_v

measurements. In this paper, the SMA-type coaxial connéctors

~
A\

are processed so that their connection planes become flate and 10 / \ \
used. Fig. 10 shows the fabricated filters for 13 GHz and an 15 //
SMA connector processed for measurement. / ‘ \\

20 g

i ——

e |

The measured frequency responsegaf- and K -band fil-
ters are shown in Figs. 11 and 12, respectively, and the mea-
sured characteristics are described in Table II. These character-
istics include two SMA connectors. Though measured results 35 3 ]
are slightly different from the designed value, with both filters e \\ //A’
exhibiting practical characteristics. The filter design with the 45 [—— +85°C CL L il
higher precision will become possible due to the improvement 50 ] '-.\\*"//
of the ceramic processing. START : 21.3GHz STOP : 23.3GHz

Furthermore, temperature dependence of the filter response is i -
measured with thé&’ -Fl:))and filter. 'Fl?he resultis shown in Fig? 13.'?'9' 13. Temperature dependence of fichand flter's response.

Changes are less than 0.1% for the center frequency and S.Z% . - .
: : . _Itcan be said that a good temperature coefficient of the dielec-
for the bandwidth, in the temperature range fred(® to +85°. . . S o .
tric ceramic material is reflected to the stability of the filter re-
1Radiall SMA connect type R124.426.123. sponse.

Attenuation & Return Loss (dB)
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VI. CONCLUSION [4] I. Awai and T. Yamashita, “A dual mode dielectric waveguide resonator

In this paper, the planar I/O terminals have been applied

and its application to bandpass filter3yans. IEICE vol. E78-C, no. 8,
pp. 1018-1024, Aug. 1995.

to fabrications of dual-mode dielectric-waveguide filters. It [5] A. C. Kundu and I. Awai, “Resonant frequency and quality factors of

became clear that the planar 1/0O terminal can be used for
controlling the coupling coefficient of the dual-mode di- [g]
electric-waveguide filter, and that utilization makes the filter
structure very simplekK - and K'-band filters were fabricated

with monolithic ceramics less than 0.05 €and showed prac-  [7]
tical characteristics. This proposed filter structure is drastically
miniaturized compared with a conventional type of dual-mode
waveguide filter, and can be applied in portable terminals.
Moreover, the filter size become smaller with using higher
dielectric-constant material or higher operation frequena
and there is a possibility that a multilayered circuit boa
can embed this filter structure due to its simplicity. The filte ©
structure proposed in this paper is expected to contribute
miniaturizations of microwave communication equipments.
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