
D-2
DIELECTRIC HIGH-POWERBANDPASSFILTER USING QUARTER-CUT

TEo18 IMAGE RESONA’N)RFOR CELLULAR BASE STATIONS

Toehio Nishikawa, Kikuo Uakino, Kikuo Tsunoda, and Youhei Ishikawa

Murats )(anufacturing Conpany Limited

Kyoto, Japan

ABSTRACT

A dielectric high-power bandpass filter using “lluarter-

cut TEo Ia Image Resonators” has been developed. This res-

onator construction has a high unloaded Q over 7000 and

also Provides a sufficient thermal diffusion Path to the

metal housing.

The insertion loss and the attenuation level of the 8-

Pole elliptic function type filter are 0.37 dB and 95 dB

respectively. The physical size of the dielectric filter

is 280x135x65 (mm), one third to one fifth the volume of

conventional cavity resonator filters.

INTRODUCTION

Recently 800 MHz band cellular systems have been put

into practical uae in mobile communication systems.

Transmitting high-power bandpass filters for their base

stations must be compact and low cost.

The most important problems involved in to design a high-

power dielectric transmitting filter are generally how to

construct a high Q dielectric resonator system which has

low dissipation power and how to provide the thermal dif-

fusion path which suppresses the temperature increase of

the resonator.

We proposed a new dielectric resonator filter construc-

tion which solves these problems.

The dielectric resonator construction of the filter is

composed of one quarter of an original TEo1o mode dielec-

tric ring shaped resonator(i) and two metal ized ceramic

substrates for fixing the resonator. We named this the

“Quarter-cut TEoia Image Resonator” (tI.T. I.R. ).

Using this construction we succeeded in developing an

880 MHz 8-pole elliptic function type high-power filter

with 20 NHz bandwidth. The size is reduced to about l/3-

1/5 of conventional cavity resonator filters.

This paper describes the unloaded Q estimation, the Pow-

er and the thermal design and the performance of the new

dielectric resonator filter.

CONSTRUCTION

The construction of the Quarter-cut TEoia Image Resona-

tor (Q. T. I. R.) Filter is shown in Figure 1.

The Q. T. I.R. is fixed to the L-angle metal ized ceramic

substrates. The substrates are attached electrically to

the metal housing wells which divide the space into one

quarter that of the T801 node cut-off wevewide.

Resonators are inductively coupled to each other, snd the

two resonators at each end are coupled inductively to the

external load. Input and output ports

nectors (female). The equivalent circuit

coupled resonator filter corresponding to

tion is shown in Figure 1.

DESIGN

Outline of Required Characteristics

are type N con-

of the direct
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The required characteristics for the bandpass filter

used for mobile communications systems at the 800 UHz

band are listed in Table 1.
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Fig. 1 Basic construction of “Quarter-cut TE0,6

Resonator Filter “ and its equivalent circuit
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Table 1. Outline of required characteristics

Center frequency (fo) 880MHZ

Bandwidth (BW) 20 MHz

Attenuation (fo-35MHz) 90 dB m]n

InsertIon loss (at BW) 0.45 dB max

Input power 500 watts max

VSWR (at BW) 1.5 max

Volume 3.oQ max
J

Dielectric Materials

Dielectric materials of the Q. T. I.R. are listed in

Table 2.

Table 2. Ceramic materials

Resonator Substrate

Material system (Zr, Sn)T104 2Mg0. Si02–ZrS104

Dielectric permittivity (er) 37.5 8.5

Dissipation factor (tan 6 ) I 2,5 X 10-s

at800 MHz IL-””1
1 Atadi

ii3” AT
2%/ IO”c

Temperature coefficient

(71fo )
2ppm ( ‘C

Thermal expansion

coefficient (a)
6.5ppm /°C 6.5ppm / “c

Thermal conductivity (K) 0.02 Joul I cm. deg. sec

Resonant Frequency And COUP1ing Coefficient

The electromagnetic field distribution of the Q.T. I.R.

is completely the asme as that in the filter using axi-

al lY couPlsd original TEOI6 aroderesonators.

Accurate design method of the filter is reported by
y. Kobayash i eta 1. ‘2) w both resonant frequencY and cou-

pling coefficient of the newly designed filter can be an-

alytical lY obtained with high accuracy using this method,

TMOI 6 ,HKI I ~ and EHi 18 modes are not excited in the new

resonator as shown in Figure 2 because of the existence

of the two electric wal 1s. So the spurious response of

the Q.T. I.R. filter can be expected to be far superior to

the original TEoio mode filter.

Unloaded Q of Q.T. I,R,

The unloaded Q analysis of the original TEOI 8 mode res-

onator (Qo . . is 1.., ) is reported by Y. Kobayash i. ‘3)

However, in order to estimate the unloaded Q of the Q.T.

I. R. , we must calculate the opt iona 1 conductor losses on

the two electric wal 1s.

The conductor losses (1/Q’ ) and unloaded Q (Qo) are

given as follows:
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Fig. 2 Measured resonant characteristics of original TE018

mode rasonator and Quarter-cut T Eol ~ Image Rasonator

(1)

1 1,+ 1_.— (2)
QO Q QOoriginal

<r>= -frH2 drdz
where

fH2 drdz
(3)

The average extent of the magnetic field (<r>) is calcu-

lated by F.E.M. according to the definition of Equation(3).

The ef feet of sma11 inner radius (Rx) is to expand the

<r> ss shown in Figure 3.

When the construct ion parameters are given as in the

same figure, theoretical and measured values of unloaded

Q are 7500 and 7100 respective lY.
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Fig. 3 Unloaded Q of Quarter-cut TEOI,S Image Resonator
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Power Design

The most seas it ive character ist ice of the dielectric

filter under high-power operation seems to be the third

or&r inter-modu lat ion.

The electromagnet ic energy stored in each resonator

under high-power operation, as shown in Figure 4 , ia ob-

tained from the equivalent circuit. The F.E. M field anal-

YSis of the TEo i 8 mode resonator g iv= nax i mumelectric

field strength in the dielectrics when the stored enersy

is known, as shown in the same figure.

Then we developed a measurement system which evaluates

the distortion level of the Q.T. I.R. using two saall RF

power sources as shown in Figure 5.

The field intensity in the dielectrics obtained by this

measurement system is calculated to be 44 V/U which is

equivalent when the filter input power is 1.45 KW. It

will be low enough for Q.T. I.R. because the available

field intensity of para-e lectric material is general lY

about a few KV/mm. The measured distortion level of the

new dielectric resonator at field intensity of 44 V/mm is

less than -120 dB as shown in Figure 6.

Therms 1 Oasign

The thernfal energy, which was caused by the diss ipat ion

factor of the dielectrics, flows to the electric walls

which work as heat sinks.

Assuming that the thermal d if fusion is on lY due to the

therms 1 conductivity (K) of the ceramic dielectrics and

assuming a magnetic we11 mode1 of dielectric resonator,

the stat ionary temperature is given by two dimens iona 1

analysis. Thermal source q (ro, P O) is expressed by tota 1

R.F. loss power (PDLOSS) and electric field distribution

as fol 10W8.

q(ro~o)~ 2P
DLOSS J; kOl~)

/

mLj ‘0 rJ~ (uol&)dr
Rx

(Uol = 2.401) (4)

The temperature distr ibut ion is given using two dimen-

sional Green’s function as fol lows.

Gn(rp; ropo)

2Z Sin 2np . Sin 2npo.—
[

. (y”+ @’” +:”] (6)
Kr7 “.l

[

O“_ p)o” 1
0

n 2-(*) “o

I I t I 1 1 1 ( 1
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Fig. 4 Calculated stored energy and electric field

intensity of each resonator

A mode S mode

Mfc=890

MHz

Zzimz?l
C mode

Calculated electromagnetic distribution of each mode

Measurement system

Fig, 5 The measurement method of the third order

inter-modulation
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Fig. 6 The third order inter-modulation of Q.T.I.R.
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Input power = 500 watts

pD LOSS= 1.75 WattS

f = 866.65 MHz

Resonator No. ; R4

L (thickness of resonator) = 18.2mm

R. = 41mm

Rx = 14.4mm

m, Rc=55mm
Fig, 7 Temperature distribution of Quarter-cut TEO1~

Image Resonator

;r

6(rp) =fo ~.rGE(rp;rOpO) q(ropo)rodroc%

~ ~.

+ j02~r G1(rp; ropo)cdropo )rodrod~o (7)

The highest temperature POint in the dielectrics is the

center of the outer circumference, and its ca lculat ion

and exper imenta 1 value are 16 degrees and 20 degrees

cent i grade higher than the heat sink respective lY as

shown in Figure 7. The insertion loss increase by temper-

ature rise of the dielectrics of the filter under 500 W

RF power operation should be about 0.03 dB.

PERFORMANCE

The performance of this f i Iter is shown in Table 3, Fig-

ure 8 and Figure 9. This performance sufficient lY sat is-

f ies the raw i red characteristics shown in Table 1.

Table 3. Performance of the filter

Center frequency (f. ) 880 MHz

8andwidth (BW) 20 MHz I

Attenuation (fo- 35MHz)
I 95 d8

lnsertiOn IOSS (at BW) I 0.37 dB

VSWR (at BW) I 1.37

o r * , , 1 I

I \ i I

0.5 1.0 1,5 2.0

Frequency U.lHZ)

Fig. 9 Spurious response characteristics

CONCLUSION

have developed 800 MHz dielectric high-power bend-

Pass f i 1ter with 20 MHz bandwidth using “Quarter-cut TEo I a

Image Resonators”.

Low insertion loss of 0.37 dB is obtained by high un-

loaded Q of 7100, and high attenuation of 95 dB is ob-

tained by 8-pole elliptic function type filter design.

Stab le power character ist ice of the f i Iter are guaranteed

by the new measurement method to evaluate the harmonic

distort ion of the dielectric resonator. The dimensions of

the filter are 260x135x65MM, about from one third to one

fifth the size of the cavity resonator filters. This is

expected to be applicable to 800 MHz use in cellular base

stat ion.

REFERENCES

l. K. Wakino, T. Nishikawe, S. Tamura and Y. Ishikawe “Microwave

bandpass filters containing dielectric resonators with

i reproved temperature stabi 1i ty and spurious response, ”

1975 IEEE 11’lT-S INTERNATIONAL MICROWAVESYNPOSIUM

IEEE Cat .No. 75CH0955-5 PP. 63-65

2. Y. Kobayashi, and S. Yoshide “Oesign of bsndpaes filter

using axial 1y-coupled dielectric rod resonators, ”

Trans. IECE Japan, vol. J66-B, PP95-102, Jan. 1983.

3. Y. Kobayashi. T. Aok i, and Y. Kabe, “Inf luence of conductor

shields on the Cl-factors of a TEo dielectric resonator, ”

1985 IEEE M’IT-S INTERNATIONAL MICROWAVESYNPOSIUkl

IEEE Cat .No. 85CH2163-4 PP. 281-284

I Size I 280X 135X 65mm (2.46Q) I

Fig. 8 Attenuation characteristics

136

Fig. 10 Outview of Quater-cut TE016 image Resonator Filter


