ﬁédio‘FRequéncy Filter 5 Background of thg.lnvention The presentyi Rt
Is generally related to radio frequency (RF) filters. EXvisionaR r%ft)‘ﬂrﬁzch

application no. 8924695 rel ates r adj gguengyagonbi ner. 10
In order to conbine a nunber of d??aggﬁg?%grg ??Ege signal s from each

transmtter nust be isolated fromone another to prevent internodul ation
and possi bl e damage to the transm.tters. RF filters of the air-filled
cavity type nmay be utilized to provide isolation between the RF 15
transmtters. Each such cavity filter is tuned to pass only the RF signal
fromthe t%a u i thei Inventdonect ed, each RF transmitter
producing a different frequency RF signal. The outputs fromeach filter may

be conbi ned and coupled to a conwgn ant enna ,by conbi ning 2Q apparat us of
the type shown and deSBfi BE@SPRtUSD £hnds genexaldys regateds tor Fadie
coupl ed to thgpequaehcye(RPy gittersl.y odvdlsioragt appdiicatdonanocaf 24 The

tubs, whi oh FPREKRECE, & ER0APod BaEREY. SHBERrY, 0 55 coaxi al cable. A
convent i ok@l nechani sEnuprdercgot combriper & MuDbes PN REt &ransmisiersy
filters is deggpl hedgiBnWPsP2b-en! elieh ¢riasdmither aii@tehe S401atid ferdned
cavity filters are both expensive and relatively  large in size_such that
these 30 cavPR§ PRPLBET EGnQEﬁEegﬁiﬁﬂﬁﬁﬁqﬂﬂﬂéaﬁﬁGWh%ngfPﬁFﬁﬂiﬂﬁhdéﬂﬁaﬁ at
renot e ant ennBosthes tranandtterst.op RFf filitetisn@F M@ AimLilled Favity 2-
type may be utilized to provide isolation between the RF
N 15 transmitters. Each such cavity filter is tuned to pass
only the RF signal from the transmitter to which it is
connected, each RF transmitter producing a different
frequency RF signal. The outputs from each filter may be
combined and coupled to a common antenna by combining
20 apparatus of the type shown and described in US patent no.

. 4,375,622. Each filter is coupled to this combiner by
precisely equal lengths of coaxial cable. The combiner is
tuned by means of manually adjustable transmission lines or
stubs, which likewise are coupled to the combiner by a

25 coaxial cable. _
| A conventional mechanism utilized to temperature

compensate such cavity filters is described in US Patent
/ No. 4,024,481. However, such air-filled cavity filters are
both expensive and relatively large in size such that these
30 cavity filters consume an inordinate amount of precious
| space at remote antenna sites located on top of buildings
and mountains. ' -
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The size of such RF filters can be reduced by utilising a ceramc-
resonator. One such filter utilising a ceramc resonator is 5 described in
US Patent No. 4,241, 322. Although providing a nore conpact filter, the
ceramic resonator in such a filter can experience large shifts in resonant
frequency since it is not conpensated for«anbi ent and RF power dissipation
i nduced tenperature changes Another filter described in US Patent No. v’-
4,019, 161 utili s ven nechani sns _t era g conpensate a
ceram c resonat or GFﬁee(? oﬂ"%‘ %rfb“‘?rﬁtgﬁ? i{eeae@qqra}%y hﬁéﬂgatae but does
not provi de cepamié Sespnaiorn @néesuch filtere utidising @ rcesamic mesoanmars;/ of

Drovi do S (ksPRbEH BLUS bhent No? £243,322 Rfm{dagthpg?sﬁmn Ny §fbkON 0

provi de resonaf or”. tcord in g rese i nvention
there i s preonipactafilrer, fthet eeramiso reSORALOD ify éll 12 Uer can C’Wef@ﬁﬁat or,

a first shiq é"s?ﬁﬁs r%séhmt §akim@ta§ ASY coenperRatet fopavi ng

concentri cal al I g ﬁ aniunl n core s | nserted
for adjusti rﬁjnbwé“rég P?W&ﬁe Ls\f‘Eﬁ ?‘heméﬁ‘l’:& emps ?H%r
resonator, fAﬁétheanﬁlﬁeeCdastrtmensms reatént No. f4 019,161d mﬂmnd shl eld

212 D e b, e gt

out put si gna‘esonasorbmo, ®n oa tmcwmpgrvép bﬁlfﬁﬂ Substrate,n dut; dees nput
and out put. yraﬁdeoqsf m*as Ao ofehefC 3h ethericepamnics tekohator] ocation on
the netallic si ng Brief Description of the Drawi ngs 5

m he Inventi o/

15
Accordingly, it is an object of the present invention to provide
an iniproved ceramic resonator.
According to the present invention there is provided an RF
filter according to claim 1.

20 A resonator, a first shield plate and a first compensating disc
may be provided having concentrically aligned holes therein into
which a tuning core is inserted for adjusting the resonant frequency
of the ceramic resonator. The resonator, first and second
compensating discs, first and ‘second shield plates and tuning core

25 are enclosed by a metallic housing which preferably maintains” the
spatial relationship therebetween. Input and output signals may be
coupled to the RF filter by means of respective input and output o
coupling loops which may be located at any suitable location on the
metallic housing.
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Figure 1 is an expl oded perspective view of the preferred enbodi nent of -the
RF filter of the present invention. Figure 2 is is a bl ock diagram of
conbi ni ng 10 apparatus advantageously utikl gzieng RF filters illustrated in
Figure 1 for coupling RF signals fromrespective RF.transnmtters to a
conbiner for application to a conmon antenna. Figure 3 is a top view of a
m.crostrip coRhiefrDesdristioncoRrthel Daawinggstrated in Figure 1. 20 25 30
35 -4- Figure 4 is atop view of a coupling loop circuit board used in
the mcrostrip conbiner illustrated in Figure 3. Figure 5 is a bottomview
of the ciruit board 5 illustrated in Figure 4. 10 15 20 25 30 35 - 5-

_ Figure 1 is an exploded perspective view of the
preferred embodiment of the RF filter of the present
invention.

Figure 2 is is a block diagram of combining
10 apparatus advantageously utilizing RF filters illustrated
in Figure 1 for coupling RF signals from respective RF
transmitters to a combiner for application to a common
antenna. .
Figure 3 is a top view of a microstrip combiner and

K;/ 15 +the RF filter illustrated in Figure 1.
20 .
25
30
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Figure 6 is a top view of the microstrip circuit board used in the

mcrostrip conbiner illustrated in Figure 3. 5 Figure 7 il lustrates
the tuning circuitry used to tune the mcrgostrip conbiner illustrated in
Figure 3. Figure 8 is an expl oded view of the tuning circuitry and
appar.atus used to tune the microstrip conbiner illustrated in Figure 3. 1 0

Figure 9 is a bott&hoWrevdoflis e beRc VieM iqf Gomeurdring |Leoy sistuit Fi gure.
3. Descripti gda®ls WaRdPief YneehitHRAr cohbiner il1lustPaldse ih ERRLR IS
illustrated gn exploded view of an RF filter 100 that is parti cul arJIy wel |
adapted for dse in the antenna conbi ning apparatus in Figure 2 for

conbi ning two or midguRie i dessra thohtom et iof) the tdiarduisnumed r ange from
870- 896 .3 s%’ sunl %‘?{i‘% of filter 100 over the anbient-
terrperatmgz é'gi%range 0 J'F;e]rrg] 0 %'err] is a maxi num of 55 kHz with

respect to the nom nal frequency at roomtenperature. The nom nal

di nensions. of filter 100 are 5.5" (135 mm) in dianeter and 3" (73.5 mm in

| ength, as conpared to 6" (147 nm) in diameter and 13" (319 mm) in length
for a conventional air-filled cavity filter. In addition to 25 bei ng nmuch
smal l er than an equivalent air-filled cavity filter, filter 100 results in
a materi gl s cost saving of 60% over the equivalent air-filled cavity

filter. & err i ng to Figure 1, filter 100 includes a ceram c resonator 116
whi ch is sandwi ched between a first conpensating disc 114 and 30 second
conpensating disc 120. Resonator 116 is preferably conprised of a ceramc
conpound having a dielectric constant of at least thirty-six. Commercially .
avai |l abl e ceram ¢ conpounds such as those including pre-selected anounts \Qy
bari um oxi de, titanium oxide, zirconium oxide, zinc oxide,

15

20

25
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| ant hanum oxi de and/or tin oxide nay be used. For exanple, suitable ceranic
conpounds are described in U S. patent no. 3,938,064 and in an article by

@G H Jonker 5 and W Kwestroo, entitled "The Ternary Systems BaO-[err] and
BaO-[err], published in the Journal of Arreriﬁan Ceram c Society, Volune 41,
Number 10, Cctober 1958, at pages 390-394 (incorporated herein by reference
thereto). O the ceram c conpounds 10 described in the Jonker article, the

d in T VI | { | t.1 : ;
Dol e per cent [ SABRrS 6, 4 p) Ufew AR E Rbpdhig: IR BRRRE NGy |
constant of foth¢ PEGrostrips eembiner cdlussrased 116 Figueeiy3.of the ot her ceramic

15 conpounds in the Figiier7 dlldstrates e hirfinks eireitey | i do B qRSALI Ng
discs 114 and 120 are.lgref egabeln'y. on&rl ed of..alumna (A1203) since alum na
exhi bits | ow dfACZOSIIR ¢Qyalin ibﬁ“? ateda IR SRGWS idsity relative to ceranic

resonat or 11ﬁ and a Figare i8 ds darel exploded 2diew mfgﬁlattunﬁlgscﬁéuiiﬁyeﬂﬁd}lvith
respect to tha a r 0 . | A ng e
of Filter 100, 2PRerAEsalsca’ & QWAL ind ichiitlp coMmtlfiel MituERAted "o, ke

resonator 116 &an be substantially conpensated by the 25 positive

di el ect i q @enper at WigufO fish Bbtrdin ew 7 HETRABARBIcHibier 14 and

120. That is, the -36 ppnl Lerr lelectric tenperature c
ceramc resonat‘ﬁpsqi@dgéﬁ Egg‘é‘]&bgrantial |y offset by the +113 ppni[err]
dielectric tenmperature coefficient of the 30 alum na conpensating discs 114

and 120. As im 5 t £ t,P_ s © é erature coefficient of

a dielectric al size. Therefore, the
desif ed conpensation is achieved by selecting the thickness of the alunina

conpensatijng di scs In Figure 1, there is illustrated an exploded view of an RF
filter 100 that is particularly well adapted for use in the antenna
combining apparatus in Figure 2 for combining two or more RF
transmitters operating in the frequency range from 870-896 mHz.
The nominal unloaded Q of filter 100 over the ambient temperature
20 range of -300 to +600C is a maximum of 55 kHz with respect to the
nominal frequency at room temperature. The nominal dimensions
of filter 100 are 5.5" (135 mm) in diameter and 3" (73.5 mm) in
length, as compared to 6" (147 mm) in diameter and 13" (319 mm)
- in length for a conventional air-filled cavity filter. In addition to
25 ©being much smaller than an equivalent air-filled cavity filter, ‘filter
100 results in a materials cost saving of 60% over the equivalent
air-filled cavity filter. |
Referring to Figure 1, filter ‘100 includes a ceramic resonator
116 which is sandwiched between a first compensating disc 114 and
30 second compensating disc 120. Resonator 116 is preferably
comprised of a ceramic compound having a dielectric constant of at
least thirty-six. Commercially available ceramic compounds such as
those including pre-selected amounts of barium

e > carary 2T L By SO T TR N W PN T3 WO S IeaT Y.




35 114 and 120

so that their dielectric tenperature coefficient i5§

substantially the sane in magnitude but -7- opposite in sign to the
dielectric tenperature coefficient of resonator 116. Moreover, the alum na
conpensating discs 114 and 120 not only progi de for ambient tenperature
conpensation, 5 but also mninmze tenperature rise due to RF power

di ssi pation of ceram c resonator 116 by providing a | ow thernal resistanceé&
bet ween cer ani coxg¢depatdtahiGmanstides tzdprcondumobkdde;oednt biddad 128 of

et veen cer ani o ahl@ and O
Suppor i ng the. FA8shARER pRiBE Srky Sy ¥Ik a1l WA HE, #hRi AR cover s

112 and 128. S

exenpleni saitebdecceragdic sorpoymdscarehstestinibed uimi Ak S.

discs 114 and 1 I Glnental 0 c fak 16 t s 112
and 128 and hougigﬁgwfzgl,b't ﬁé?é&%ﬁ%ﬁ%ﬁ?ﬁ?ﬂ%ﬁ?ﬁ?g aGlt'u%e' %i}g&’ﬁ

resonat or 118.
pl ate 142 nai nt

and covers 112 she ToUEReT B, Wieri R Hernls oo ete, WRATAS et od by
desi gn anal ysi sNumblar d0or Octabeay di9s§ ,t @tapages Idxidfée (dinddrparatiaD,
90 BouCl o TanEE BB SR LIRS || U L el e
the rel ativaPy gescrdpechdimbhe Jankem & PalferheaarOWSonat or 116 and
the top and bot BayTag\0aiss ihl adlé A8 havdnge tHecompéd it iowel me, svatts of RF
energy dISSIpat%%l%“ﬂ%@%égé1ﬁ%b,1ggho mole percent TiO; and 4.5 mole \;)
percent Zr0, and having a dielectric constant of forty
may be used for resonator 116. Many of the other ceramic
15 compounds in the Jonker article may likewise be utiliied.
Compensating discs 114 and 120 are preferably comprised
of alumina (Al;03) since alumina exhibits low
dielectric_loss; high thermal conductivity relative to
ceramic resonator 116 and a positive dielectric
20 temperature coefficient with respect to that of ceramic
resonator 1l16.

According to an important feature of filter 100, the
negative dielectric temperature coefficient of ceranic
resonator 116 can be substantially compensated by the

25 positive dielectric temperature coefficient of alumina v/

30

Angoipr E¥esEE oL &8 FEENRFY BYAEEIME of shiel d
8a0STJ096Shiogr amd BAV-TEI0 Banieen Pudbliesmwmtir 116 and

compensating discs 114 and 120. That is, the -36 ppm/°C
dielectric temperature coefficient of the ceramic
resonator 116 can be substantially offset by the +113
ppm/°C dielectric temperature coefficient of the
alumina compensating discs 114 and 120. As is known in
the art, the dielectric temperature coefficient of a

dielectric material is proportiocnal to the physical size.

Thereforé, the desired compensation is achieved by

- selecting the thickness of the alumina compensating discs

35

114 and 120 so that their dielectric temperature
coefficient is substantially the same in magnitude but



the tenperature of ceramic resonator 116 will rise only 80C above anbient
tenperature and the frequency of- 30 filter 100 will drift approxi mately
gkHz due to RF energy dissipation. Referring back to Figure 1, the housing
for filter 100 includes top cover 112, housing 124_and bott om cover 128
whi ch ‘are preferably cast fron1a|un1nun1al|oy eg., 35 #380 al um num
aLLoy) Top cover 112 includes a top hat 132 into mhich a threaded bushing

133 preferably s06R' § ﬁed €6 268 Iéi@iééé ibtt 112 al so
i ncl udes a recesseol§po ign 0 b eﬂpgrg%%?%ld pl ate

on receivi shield plate 142
142 incl udes three® 9§§§5ﬁ 1%5 RT3 €g¥o} §05|t|on|ng di sc 114.
Li kew se, botton1coverMQﬁGoﬁernctudealuminaeeenﬁeﬁseﬁiﬁ@rdi@eslYngaﬁaiEtd

| ate 148 d 0] h 12
Peerts into t he ot Sney £E1deO0er nb FLAGL ShERdOlrS cShEEnd Pion,
pl ate 142, raised Rgepalsae @4n§msée1§@mnﬁnat@cesseaead@a té RBtpowerover

128 maintain 10 r@@@@ﬁ@@fi&AGofnc@feﬂfé §@§éh@£ofeifélﬂysﬁfavfa§ﬂ?dé$£éw
114 and 120. Top cqver 112 is,attach ou5|n%mi®8r%¥°neans 0 our

screws which i nser tReFRRL BT LIRBRRSS %95W9357°%ﬁ PRECHetiPhRRY Bhe
cover 112 and houstoly 42d.bdéttamrcogedS01p2 oahdes28 6Di Sher £i3€6r ROdsing,

ot weon top cover 113 Biikd, EORIMGAHLE TREPLESY o8 Jufe CELLETRIRY L caet.
with housing 1%, %M@P?ﬁtb@%ethenb%§¢n%h©s bi6favayrfzog, thet losseinducing
mey be separate froTuioNsh Goveds a0tz 3hached, tNe1REe 20uRYndPaBRalkts heat
Sciifs' much better than air, alumina discs 114 and 120
efficiently conduct heat from resonator 116 to covers 112
and 128 and housing 124, thereby minimizing the
15 temperature rise in resonator 116. A compressive force
' exerted by springs 144-147 of shield plate 142 maintains
good thermal contact between the resonator 116 and covers
112 and 128, such that the thermal resistance between
resonator 116 and covers 112 and 128 is less than 1°¢c/w
20 (i.e. 0.689C/W predicted by design analysis).
Therefore, according to another feature of filter 100,
high power transmitters can be coupled to filter 100
since the temperature rise due to power dissipation in
the ceramic resonator 116 is minimized by the relatively
W 25 1low thermal resistance between ceramic resonator 116 and
the top and bottom covers 112 and 128. For example, with
twelve watts of RF energy dissipated in the filter 100,
the temperature of ceramic resonator 116 will rise only
8°C above ambient temperatﬁre and the frequency of
30 filter 100 will drift approx1mately 8kHz due to RF energy
'dlssipatlon.
_ Referring back to Figure 1, the housing for filter
100 includes top cover 112, housing 124 and bottom cover
128 which are preferably cast from aluminum alloy (edq.,
35 380 aluminum alloy). Top cover 112 includes a top hat
132 into which a threaded bushing 133 preferably



In order to produce a high-Q filter, the housing of RF filters are
typically made fromor plated on their internal surfaces with a highly
conductive material such as copper. For detailed filter design informtion,
refer 25 to the following two articles: . "gbasign of Cylindrical Dielectric
Resonators in | nhonogeneous Media," by Rene R Bonetti and Ali E. Atia, .
| EEE Transactions on M craowave Theory and Techni ques, Vol unme MIT-29, No. 4@1

pp. 323-326, Awdxdprh%&?i o brads risvpresiasitass Topg teoverXCamaidlisty 30

H gh-Q Di el ectr; t
M cr owave Theor %ajfn% e&ge%uesé@q& Lglﬂf%o %lﬁg%pgﬁ%%?%ff&?}n I
1968. Al t hough ldlzum ke lsl rpdtat@ %d@h&ﬁmd&hﬂe%st&hﬂoﬂéro al &

castable and | qg2 Efmeesss\i%ﬂaaﬁm QRRRY 1114 t YRRy eSS Q{dﬁbnﬁmmfﬁs of

filter 100, Si parts 112 4 and 8 are conpris f_#380 alun1num
al | oy. Hﬁeg‘é‘r"q ]f\zﬂ Vi oj bt (b1} rﬁ?ﬂ] Oltq'l I8F parts
112, 124 and 1&8:dtl|ass_:qmg>rsmm ct‘ifsd e taxt elhiﬁlra‘ﬂsddi sﬁep e X emmhitsn 116

t her eby | oweri rig 8 s firdd etthjﬁoQ\oqk gl:r@aﬁ:cﬂ'l C%’B% %95@ %er 100

According to anéth eatura o ter omerlng o
due to the al uriaGﬁ-um%l}ﬁzn@fpéh@lﬂlzplam 14?0 Xzdiges m akl af dismi ded

by utilizing ajbioghing cerbsddd ardd Y Hittich bt detiRemaia ihl4 and top
e 2 et ) Y e S RS dn RS U o
al so di sposed Q14 land a20sur fope cﬁvemrmm icsaraa:th’lcﬁxedsrtcelmbqﬂmgeammy 142
Sl tabl e) to psde Tha s Al o Gas et Tnty USRS, Vg,
107 and 108 at the periphery of cover 112 and housing
124. An O-ring 150 provides a moisture seal and, if
15 impregnated or coated with conductive material, an
electromagnetic seal between top cover 112 and housing
124. Bottom cover 128 is preferably cast with housing
124, but in other embodiments of filter 100, bottom cover
128 may be separate from housing 124 and attached thereto
20 by means of screws.
In order to produce a high-Q filter, the housing of
RF filters are typically made from or plated on their
internal surfaces with a-highly conductive material ‘such
as copper. For detailed filter design information, refer
25 +to the following two articles: "Design of Cylindrical o/
Dielectric Resonators in Inhomogeneous Media," by Rene R.
Bonetti and Ali E. Atia, IEEE Transactions on Microwave
Theory and Techniques, Volume MTT-29, No. 4, pp. 323-326,
April 1981; and "Microwave Bandpass Filters Containing
30 High-Q Dielectric Resonators," by Seymour B. Cohn, IEEE
Pransactions on Microwave Theory and Techniques, Volume
MTT-16, No. 4, pp. 218-227, April 1968. Although .
aluminum is not as good a conductor as copper, aluminum
is castable and less expensive than copper. 1In the
35 preferred embodiment of filter 100, housing parts 112,
124 and 128 are comprised of #380 aluminum alloy.



" 15 path for the external field at the top surface of tuning core 118, the
top surface of disc 114, and the bottom surface of disc 120, respectively.

. I'n other enbodi nents, shield plates 140, 142 and 148 could be constructed
of a non-conductor and plated with copper, -siel wer or gold, all 20 of which
have a conductivity greater than 1.3 X 107 mho/m the conductivity of #380
éIunTnunlalloy. By utilizing copper shield plates 140, 142 and 148, housing
parts 112, 124 aHeweyerpafuge teadeweroseRdustivityr oft Rduminnmookdugct i vity
metal |ic materiahsushnghpak@smab,2224capaPan st BARSAPRRAY sUmeC AL P! at ed
material s w t hout gegra$L23 EQEOS g filter 100. Therefore, filter 100 is
relatively i nexpERSPEBRANELE h&R8aFESPPAEORadilRg Fhenieky Jaweniingh the
Copper shield plQtefl£2lgkesoloocbydas mhche asahinkbperd@ntoioand 162 for
posi tioning dgsc 114 Lurt her i e rai.sed pordti ,
and 147 for p?oducinkcgggSEﬁﬁ Q?o?égﬁ&%%n§gggg%%1f§ 5%3%%%hé$§g %%%?gigg
assenbl ed. Thus,OEOEanQ p&rﬁgltgz,1994da9dt928hﬁopAnm9n@wch@ygimneparts

196 and 147 of pLize j53°aan 138 38csibstamRiflly’ dnSideRthy MLIking' &

spat a7 OhoPhEbBaY FondnBhier andalBlpiae nagonatymer 8 et Sty

conpensati ng di steplédverdli20aniibanother hdghdy¢ pontuetdivei4hieldd pléfeand

147 of copPetoshighdnBlabn'flser $28R08al BEUELRNAUIRL 3260004k iGAl from
gt OoVer %3 or mnimzing tenperature™ris é

disc 114 to og C ] se résonat or
116 due to powernégbBivpgenguctive shieldemdodrminls 1scadsm disposed on 116
and al um na the top surface of tuning core 118. Shield plates 140,
—/

142 and 148 are preferably comprised of copper (silver or
gold are also suitable) to provide the desired low-loss
15 path for the external field at the top surface of tuning
core 118, the top surface of disc 114, and the bottom
surface of disc 120, respectively. In dther embodiments,
shield plates 140, 142 and 148 could be constructed of a
non-conductor and plated with copper, silver or gold, all
20 of which have a conductivity greater than 1.3 X 107
mho/m, the conductivity of #380 aluminum alloy. By
utilizing copper shield plates 140, 142 and 148, housing
parts 112, 124 and 128 may be made from aluminum or -other
low conductivity metallic materials which are much
W2 25 cheaper than copper or copper plated materials without
degrading the Q of filter 100. Therefore, filter 100 is
relatively inexpensive while at the same time having a
relatively high-Q.
Copper shield plate 142 also _includes three tabs 160,
30 161 and 162 for positioning disc 114, and further
includes raised portions 144, 145, 146 and 147 for
producing a spring force when cover 112 and housing 124
are assembled. Thus, housing parts 112, 124 and 128
totally enclose the sandwiched ceramic resonator 116 and
35 cémpress raised portions 144, 145, 146 and 147 of plate
142 to produce a spring force for maintaining the spatial
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core, 118, , other suit e conventiona ng appar atus
% éﬁng Tm Mt ng shaft 102 is threaded and nates with a

t hr ePiedrésananbushequeidy, othtebanic resonator 116 may g;)
be adjusted by means of threaded tuning shaft 102 and
dielectric tuning core 118 attached thereto. The

resonant frequency of resonator 116 decreases as tuning
core 118.is inserted into substantially concentric holes

in shield plate 142, disc 114 and resocnator 116. In the

- preferred embodiment, disc 120 does not include a hole

20

25

30

35

for tuning core 118 since tuning core 118 need not be
inserted into disc 120 in order to achieve the desired
tuning range. In other embodiments, disc 120 may also
have a hole concentric with the holes in disc 114 and
resonator 116. Tuning core 118 is preferably comprised
of a low-loss ceramic material, such as, for example, the
same ceramic material used for resonator 116. Tuning W/
core 118 not only changes the resonant frequency, but -
also eliminates some spurious resonant mecdes (by keeping
the overall housing dimensions constant as the frequency
of resonator 116 is tuned), minimizes resonator de-Q-ing
(because it employs a low-loss ceramic material), and
allows discs 114 and 120 to be in good thermal contact
with resonator 116 over its entire top and bottom
surfaces. Although resonator 116 is preferably tuned by
means of tuning core 118, other suitable conventional
tuning apparatus may also be utilized.

-y



"press fit i-nto top hat 132 of top cover 112. The position of the shaft 102
may be fixedly held by 5 tightening nut 104 and washer 106. Tuni ng shaft
,102, housing 124 and covers 112 and 128 are preferably conprised of

alum num Since alum numis:non-ferrous, tunijng-shaft 102, housing 124 and
covers 112 and 128 experience | ess Q degradati on when subjected to external
10 nagnetic fields if conprised of alum numrather than steel or other
f8rrous materials. TuTuninghshaft0202t iai threaded148d hathsngitB3a

conpensating disc n LRC 2 nd al so
bengonpriseg of p?%gééfggﬁ%%ﬁﬁé?e??ggga%gg%ggﬁgﬁ%é%ﬁénéi??gfeﬁﬁgghn§¥ >
coefficients of eRpafs| EhtfénteokpenBati 4321 0f tARnge¥ernlife rEbBnant

frequency of resopak@tidabop theaBRheBt 108MREYaLET @ixEQlyeKaNE! By the
novenent of tuping,core 118 over anble t teggere@gres na¥ be garglglly
conmpensat ed by bugﬁ9h§e&é§9aﬁﬂ t h84hargnvasresolPgp nTEning shafsplldver
112. That is, thehdesingdlénpadatoversobpenandli bpsi arachrefedabyyt he
difference in the LCle Si 0Q; : e S |

qi zes of . bushi g SAEFLFEACRE QLuRiRARS! *BLHERIRTn; A L 0CABRSPEELLYE,
Thi s arrangement %ﬂniBGnﬁbﬂﬁgtéoﬂarhgu§5nﬂol§§ andecevengeld? and ppfi[err]
of the frequency g@pesiahtec1688fHi abgPhaltibh! {REn18Gnjdbeed EBNEKEBENAL

t he vari ous e%&nents of ,an ggﬁgdlnent filter (10Q for ogeratlon at
frequenci es bt weBaIReEigos Satf FPEPE4SHEE| Bf RLURABNE Father; Fhangg
enbodi nent, the rsteeaator éthemnflerrousgmaveriials8.are conprised of the
ceram ¢ conpound,. di s 2 f al.pa shi pg b S,
tuni,ng shaft 102 of a gﬁ%ﬁ n?gggétggghogg#ggg g??g ?igf %gghgﬁg igg'of #380
al uni num al | oy. TRempeBSatingediseAsldsé and LéndndshensingapaskBodlient26f

filter 100 will vapy dgpendiynd188 bBecomprised of pre-selected materials
15 each having different coefficients of expansion for '
compensating for changes in the resonant frequency of
resonator 116 with ambient temperature. For example, the
movement of tuning core 118 over ambient temperatures may
be partially compensated by bushing 133 and the height of
20 top hat 132 of top cover 112. That is, the desired
temperature compensatibn is achieved by the difference in
- the coefficient of expansion between, and the respective
sizes of, bushing 133, tuning shaft 102, top hat 132 and
tuning core 118. This arrangement can compensate for a
\_/ 25 worst case change of l.l_ppm/°c of the frequency
' temperature coefficient of filter 100.

The dimensions of the various elements of an
embodiment filter 100 for operation at frequencies
between 865-902 MHz are listed below in Table I. In this

30 embodiment, the resonator 116 and tuning core 118 are
comprised of the ceramic compound, discs 114 and 120 of
alumina, bushing 133 of brass, tuning shaft 102 of
aluminum and the housing parts 112, 124 and 128 of #380
aluminum alloy. The exact dimensions of the elements of

35 an embodiment of filter 100 will vary depending on the
desired frequency of operation and the materials chosen
for each of the elements.



desired frequency of opération and the materials chosen for each of. the

el énent s. Tabl e Fiter Dinmensions In Inches (mllinetre values in
brackets) CQuter | nner El enent D anet er

D anet er Lengt h Resonat or 116 12 - 2.68 (66) 1.26 (31)

0.77 (19) D sc 114 2.80 (69) 1.26 (31) 1.14 (28)

Di sc 120 ' 2.80 (69) - 1.13 (27.7) Core '
113 1.20 (29) =Table I Filter DimerisiIn$3Z) Shekeés - 102 .
0.38 (9.3) _ - (m2130meB6P MaUsiesg in oragxets) 5.62 (138)
5.50 (135) 3.00 (74) Top Cover oqudex 5.62744d38) 1.50 (37)

0.90 (22) Bottzuadewer 128 = pimface$138)  pianeteReferriageaext to

Figure 2, there 1s illustrated antenna conbi ni ng”apparatus for coupling RF
transrritst eRRAHaARDS havilg) diffe2as8 si®flal frequknzseb3tlo a ocommohi9)
antenna 23.DiscFilters 2444215 ark-sgﬁ; ef @Hbly filtdr2610DV15 2abed{28g the
present i nR¥RFon. Conb}3er 221 3 %re &Nably the nircrostrip dekdi het- B00
shown in FiGRF® 3. Combipe} 221 nay2%l spfHe a suitabre convent Foddl { it enna
conbi ner sEES t hat shbdfh and s% | bet Tn the U, ST Patent :39 ™ 620
which is i %;d het®ln by 20 2feftefifice therifa (HShut i i'ggng%he RF
. 2 . . 50 5 - }
Filter 100 gB.d4 | &E&0 S 215, thegpve size and_sp Requi' e s of
¥ . . ~ . D) . . . .
the condy ning apparatus 1n Figure 2 can be significantly reduced. Since
space is at a premiumin renntely$+ocate apt enna sitgghsa substanti al cost
t .

25 savings cartPESTERRT AW Dy Ut TP Rg2t heRPFR &F ¢ REREPMi ng next to
Figure 3, tintenna ¢ohbibning cxpmaratus for coupling RF transmitters

201-205 having different signal f£requencies to a comnmon \J
antenna 231. ~Filters 211-215 are preferably filters 100
15 embodying the present invention. Combiner 221 is

C

-~

preferably the microstrip combiner 300 shown in Figure 3.
Combiner 221 may also be a suitable conventional antenna
combiner such as that shown and described in the U.S.
Patent No. 4,375,522} which is incorporated herein by
20 reference thereto. By utilizing the RF f£ilter 100 for
filters 211-215, the overall size and space requirements
of the combining apparatus in Figure 2 can be
significantly reduced. Since space is at a premium in
remotely_located:antenna sites, a substantial cost -
25 savings can be realized by utilizing the filter 100.
Referring next to Figure 3, there is illustrated a )
top view of filter 100 and zmicrostrip combiner 300
embodying the ?resent invention. The top cdver 112 of
2ilter 100 is removed to xors clearly show coupling loops
30 122 and 31l. Two screws insert into_holes 139 for
mounting each of the 2ive filters 100 to a suitable
maounting panel. Four screws insert into holes 108 Z2or
zounting top cover 1ll2 to housing 124.
RF signals are coupled to filter 100 in Figure 3 by
3S =means of coupling ioop 122 of conneczor 136 and coupling
loop 311 on circuit board 301. In the preferved

- revee eSS e A v T B S UYL e ar et TS . Rl LRI



“top view of filter 100 and microstrip conbiner 300 embodying the present

invention. The top cover 112 of filter 100 is renoved to nore clearly show

.coupling loops 30 122 and 311. Two screws insert into holes 139 for
mounti ng each of the five filters 100 to a_s Btable nount i ng panel . Four

screws insert into holes 108 for nounting to; cover 112 to housing 124. RF

,ﬁjgnals are coupled to filter 100 in Figure 3 by 35 neans of coupling | oop
2

2 of connector %mwmlmﬁgpm@; ﬁhﬂiﬁ#"ioé&“ % 3%‘?

preferied nb t tes i ng
are | ocated subst%"nﬁeta?c? ‘b]‘%‘% Q"eﬁ'ﬂ%ragf l?%s‘iﬁl‘éﬁ%? afis
and are di sposed ::aasca'mcwum edr)d [aare]dmpdseésa:lecappmmw hezo@s

h F f 2 '
aritcal t'ogiiéiri‘t L SRR SO OE AR e S AR D 1S
on housi ng 128 atththeXafk alﬂ%a#kﬁlm%rpquplm plegre Jo‘q‘z ti‘lﬁ mt\t@rl‘@ical

resonator 116, asd mmmr&f nei1€0p 162, ash fso be
sufficiently separa avoj d_undesi rabl e I rec couplln co | ner
300 in Figure 3 ﬁﬁ%‘f 3’&9“?%#%9 Gt At %r%l-‘%‘i@’(%e’ep%ﬂ%@%%r@%)

met al housi ng 32(lamk fof ecloo upEntrar ot msoﬁmﬁaﬁ@,l Il dsgeas| s®upling
Fgures 4 and 5)2 i U URGH B ok 5 N6 P e Lok
of metal houstthg B2@VEshrundsairable edhr%ﬂ#ycmﬁ)m@ed of a dielectric
material suitable forcdhwimet 1460 t{RNEIEESE O ix&éﬁ?deé %&ﬂ'@tfé@é &i{fit
eandl ment of corgoéanz(_a 331063 (sseuebsat. s?ot eFiCt_:Inggewst) bon?ertal housing 320 d fi
o/ ' g and five
coupling circuit boards 301-305 (see also Figures 4 and
5). An output connector 902 (see Figure 9) is soldered
15 to the center of substrate circuit board 310 and extends
out of the underside of metal housing 320. Board 301 is
preferably comprised of a dielectric material suitable
for microstrip transmission lines. In the preferred
embodiment of combiner 300, substrate circuit board 310
20 is comprised of alumina. Coupling circuit boards 301-305
are attached to housing 320 with a screw. Strap 314 is
soldered between coupling loop 312 and the ground on
board 310, and strap 313 is soldered between coupling
loop 312 and a corresponding microstrip line on board
o 25 310. Similar straps are used to couple boards 301, 303,
304 and 305 to board 310. Housing 320 is attached by two
screws to platform 154 on each filter 100. Once attached
to each of five filters 100, housing 320 is enclosed by
attaching a metal top plate 330 with screws (see Figure
30 8). . _
Each coupling circuit board 301-305 inserts into
corresponding apertures 152 in the housing 124 of filter
100, and are each moisture sealed by a rubber boot, e.g.
340. A transmitter signal from a transmitter, e.g. 201

35



20 is conprised of alumna. coupling circuit boards 301-305 are attached
- to housing 320 with a screw. Strap 314 is sol dered between coupling | oop
312 and the ground on board 310, and strap 313 is sol dered between coupling
| oop 312 and a corresponding mcrostrip Lipg on board 25 310. Simlar
straps are used to couple boards 301, 303, 304 and 305 to board 310.
Housing 320 is attached by two screws to platform 154 on each filter 100.

Once attachedist QPpﬁea @ dontrectéd 1965 ahdO colplead g feidnatorerdiiopgd by -

a0, AR R Gun gl W B

coupling ci r % : ) !
t he housi g 1ceupling i loopr 3100pnaaitcuiteboarth 3. st Micrastripe diroyitay rember

boot, e.g. 34 t A Si bl : ] r : s
Ta i s Sppli Dgafd IR ¥Behbfies 8 ive B3 %“‘%‘%*‘?e‘é%%% and, Gouplts tem, to
| oop 122. TheoRiputeceRNeGtaRsPVL ( (seesFaghre iX). detected by 5 coupling | oop

f,ll 0? ci rcuit't boaRefeRing Mﬁ"oﬁ* lrFiguf‘ésr W?hHYS€%§mﬁ§ mﬁu@@égmiziﬁeﬁmdrbe
lve ransm er .Sl gnak.s an cou es m QU cpnne r ee
Hoore o) Refigtail il BireRft Boatd AUl and LonBiihe” I B00; , JCBuORRE o, o
det ai | C(llQJ: :!Qpp:iﬂt:miis medallic3plating, poeferably lcoppes(ilatifigypin rthe 1top | o?p
311 t e a r I

board 301, - pr JrfkE) of hodidc 3017 ooty rild¥rn Tber PTFE With N difnad

of 2.1. Boar ddisdectric sonstméok @-houBaagda30l os akaehadetosbousingadze refy
whi ch i nsert schiibiné® 3004 %5 aBseredv IVRichoHhgerts ifitd iHoly - 4020 MBuaedt30D
{ransm soTon Lhlfuidt 1y GANERBAR miBsttp chdsAliioh HHAS BEF, Lhipnnd® 1858
15 311 and ground pad 413. As shown in Figure 5, only portion 502 of
the bottom surface of board 301 is copper plated. Portion 502 is
opposite to fifty-ohm microstrip transmission line 411 and ground
pad 413. That is, there is no plating on the bottom surface of board
301 opposite to coupling loop 311..
20 - Referring next to Figure 6, there is illustrated in more detail
substrate circuit board 310. Board 310 is copper-plated on its
bottom side and includes five fifty-ohm microstrip transmission
lines 601-605 of equal length on its top side for coupling
corresponding filtered transmitter signals to junction 620. Junction
25 620 has a hole in its center for accepting the center conductor-of the
output connector 902 (see Figure 9). Board 310 also includes )
serpentine transmission line 610 for tuning junction 620. W)
Referring next to Figure 7, there is illustrated unique variable
reactance tuning circuitry including serpentine transmission line
30 610 and dielectric tuning plate 630 for tuning microstrip combiner
" 300 in Figure 3. Line 610 is a short-circuited -




t he bottom'surface of board 301 is copper plated. Portion 502 is opposite
to fifty-ohmmcrostrip transm ssion line 411 and ground pad 413. That is,
‘there is no plating on the bottom surface of board 301 opposite to coupling
| oop 311. 20 Referring next to Flgurf56 there is illustrated in
nmore detail substrate circuit board 310. Board 310 is copper-plated on its
Hettom side and includes five fifty- ohm m crostrip transm ssion lines

601- 605 of equ&hnémﬂﬁibnonnbt éft hdsaAf4r hav | ifirie rigpRenFididandd t er ed
transmtter signa ﬁ. PI’LC'[I B?@i\]unﬁtb? %&héﬁﬁgthlnltS
center for acc\%ﬁf PnBatihof it 1%&9"8{& Y QDFIFCERS UBIBE (see
Figure 9). 5Boaphit8163G. sdLmecBhﬂemaye|b|aenbnﬁgureschnnrrassax\pentmaepﬁfkenf Qs
tuni ng J unct ! ofliGfeBe0E" 1O siibly B Fibhiahe ‘or (41 Dher duitsbié Uiibe

uni que varlable reac ance Serpe

transni ssi on | dicsated ya_aopmposmia|amlm@qmrth¢rg0§4 atkograber dm Ul Ghcand
mcrostrip Conﬁiﬂiﬁg me' 630 9#661& dd h nlcé azlﬁ:l%er i'eé‘dthﬁé%tﬂi be: 15

-t | t t
el 100 22 SMyLER, oo SR o, shgbige sl . v it 10530

Line 610 t@y brelarvéiwulind 6102esnr front ipusithon tBrio pesitionugl.r at ed or may

appli Lati on { het gof ﬁ*fag‘é%ﬂﬁﬁéﬁ%lgé%&@?ﬁ aé*ﬁ?%ﬂ%ﬁ& SR,

i npedance whosBreseats Afcdnpuy impedanc eao r%}n-r r:l vhoee the calueiofi the dnpwt y

by noving pl atfba@@&xc@X%‘ ¥hticd b 1 at@ 630 frEPIH\F&)%bt hﬂé 5100
position C. Th vari bIe rfe nc CII’CUIt n?{
phedents an i né&F of éﬂcé erre.]d;i( Qfalt% SFHE ’1 ﬁﬂflon

react ancel)§ i sthearamocuiny ofovangtlphabé ﬂ@lnpﬁatremahoelxnés tdétermined byng
0,1 o o S P o8 DS R LB o i Pt 650
' Increasing either the length of line 610 or the dielectric constant of
plate 630 increases the reactance tuning range and vice versa. The
center of the reactance tuning range is determined by the
20 impedance terminating line 610 and the length of line 610. In
general, the input impedance Zj may be calculated by the equation:

(1) Zp =20[ ZT/Zp + jtanBL ] , where:
1 +(ZT/Z0) jtanpL

25

o ' BL = 2xn(f/c) (L1/rT + L2fer2);

— _ f is frequency;

' c is the speed of light;
Zo is the characteristic impedance of line 630;
30 ZT is the impedance terminating line 630;

Line 630 has a physical length of L = Lj+L2; and er1 and er2
are the effective dielectric constants of the covered and
uncovered portions L] and L2, respectively.




the length of line 610 and the dielectric constant of tuning plate 630.

I ncreasing either the length of Iine 610 or the dielectric constant of

pl ate 630 increases the reactance tuning range and vice versa. The center
of the reactance tuning range is determ neqdgy the 20 inpedance
termnating line 610 and the length of Iine 610. In general, the input -

i npedance [err] may be cal culated by the equation: (1) [err] [err] 25

[err]L = [err] (f/C)In[ Qhé] pfeﬁei-re‘d %}HBBdi/meﬁt | 6f trhe %ae@@b Oi‘raxhww reb@faﬁ'ﬂce' s ™

t he characterlstjc gf_. Sl he_J e ance
termnating | |HB’%§1 clﬂlﬁ'é' 4B ’rﬁi’ge ST H)'f‘??’b%\l“?’éﬂﬂ’(sﬁl%’f P_ne_(‘[ and
[err] and[ﬁrr]teﬂnmmhde by fachore calrceilect.eJ ZT ond).antheaf t&rmlnatndabgdaand
uncover ed port'(l}%?? c[lﬁfl{d ﬂi@ ilfd\fej E:ﬁﬁBECfbf’ ¢hY - in 1 {n']lﬁedaﬂ& ricﬁ otfrhm? 0

preferred enbodinent o rlale reacta I'ng cli

Fi gure 7, tumﬂ@tl‘ﬁdngﬂss@ on I|ne 610 is 5 term nated by a short C|rcuit,
I.e. ZT = a short circuit, the above equation for the
I nput mpedance [ezi I|n red es,to: lerr].=,[e Accordi ng

to the preferred e Wéﬂg 6? £id Eﬁ‘b@@%m&ﬁth%hé’ $Ater of the
r eact ance}l Quniingendogs the. eenteveof ptlh@t redtancovianing neangel (i.ef whew pihte or

lerr] = L2 = Ig c%%ré’%n%hﬂél?”oﬂiinfée%' beGrfl‘Bgl 2;-5392) ffaﬁ B@pﬂd‘s%' g of

t he uni que varil a reactance uning Cilrcul
preferred errbdiﬂsmﬁft for eaghi sp@mf;goapph@ammf tbﬁ umgueeatﬁrmhie reasiancts

chosen to be tuning circuitry in Figure 7. For the preferred embodiment of

combiner 300, the center of the reactance range was chosen to be U

15 infinite reactance so that the input reactance X of the input
impedance  Z] may be shifted between capacitive and inductive
reactances. Since infinite reactance has no effect on operation of
combiner 300, combiner 300 is tuned by shifting the input reactance
X from infinite to increasing amounts of capacitive or inductive

20 reactance to achieve the desired combiner characteristics. For any
specific terminating impedance ZT, the input impedance Z] of the
unique variable reactance tuning circuitry in Figure 7 is shifted over
a range given by equation (1) above and centered about the
predetermined input impedance produced when plate 630 covers

25 one-half of tuning transmission line 610 (ie. L1 =L2= L/2). -

When used in conjunction with combiner 300, the unique
tuning circuitry 610 and 630 in Figure 7 provides variable ' W/
compensation for the reactance associated with the microstrip
discontinuity at the junction 620 of five microstrip transmission

30 lines 601-605. As a result, combiner 300 exhibits greater
transmission efficiency -
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15 infinite reactance so that the input reactance X of the input

i npedance ZI may be shifted between capacitive and inductive reactances.
:Since infinite reactance has no effect on operation of conbiner 300,

conbi ner 300 is tuned by shifting the |npq reactance X frominfinite to
iTcreasi ng amounts of capacitive or inducti‘'vé 20 reactance to achieve the
desi red conbi ner characterlstlcs For any specific termnating |npedance

ZT, the input, bgpgd g}ﬁ%ﬁéﬁh&d’%gﬂf‘dv@é SBtafndl b‘ié‘%igﬂfo@lr{t k’% Sbove

circuitry |n |gure over a ran |ven &i
and cent er ed URBINE ‘t“ﬁénz)r@d@méﬂmdﬁénbnéut GG&WGet erdfunitke pl ate .

630 covers 2presuift- Mén&éntéﬁhn&timgéb gl Iﬂiﬂns@ao inl afly kGfthble L2 =
L/ 2). Wien used |n conj ctlon WI Mbl ner 3

t
circuitry 610PRHS a&‘?@ eraél YLV 2R RFeCEB?ﬁr}Iéﬂ’éttPg?r)fl‘gno‘rs t he

react ance asdesirgdd W|th the m crostrl p discontinuity at the junction 620

f f t I 0
gOO Iexﬁl m fgosrre;{keérfe?ﬁ sm ssg on e%’f {H(%séng hl@&?ityﬁsaﬂ Eféﬂ)d%&e éo{gnﬁvvl dt h
" than woul d b&hebstaipling duping gircuitey Lﬁﬂd}lﬁé’ﬁ&!&mﬁg user tuitung dhecri bed.

Mor eovery, 0t henfcrbiteip %niﬁlﬁe? 300 SfRstrated it Figurean, ber @m%y
utilised in an tabea on where arlable duc
capacitive tﬁﬁ?\fw&%: 04 %‘F%‘Eg éé@f rIFgns Ooélsﬁtﬁ%s b gﬂaﬁpl Uﬁlpg?%d
an expl oded ai holeof33hdost acaess o serpengine musmlysmdlmppéllet uDielectric
45 "ot AR Wb BREERfioc e bk we b Fi dpdibeni
a\rol e 350 f &logkcB808 ine g@qoéhmmélqlmngmsﬁnroncmtenmspmm SQ4tand; th
tuning pj &t e obleék ithod F6Fgsbstd §UP @rd38BIDY @o%tl ?mee 80dNaRdliges BadeK 806
' nel udes thr gg"Ind® 808" ind °S1086G°Rble3? 810" an ANLrews insert into
holes 810 and 811 for attaching cover plate 802 to top plate 330 of
combiner 300. Posts 808 and 809 of plate 802 position block 806
and dielectric tuning plate 630 over serpentine transmission line
20 610. Spring 804 forces dielectric tuning plate 630 against
serpentine transmission line 610. When tuning combiner 300, the
screws retaining plate 802 are loosened and plate 802 is slid back
and forth in the direction of slotted holes 810 and 811 to tune
combiner 300. When the desired tuning is achieved, the screws
25 retaining plate 802 are tightened. The foregoing unique tuning’
apparatus and process allow combiner 300 to be quickly and
accurately tuned. '
Referring to Figure 9, there is illustrated a bottom view of the
microstrip combiner 300 illustrated in Figure 3. Output connector
30 902 extends from the bottom of housing 320 and provides the
combined output signal of combiner 300. - Connector 902 is secured
to housing 320 and provides the combined output signal of combiner
300. Connector 902 is secured to housing 320 by means of nut 904.




15 other two for posts 808 and 809. Cover plate 802 includes postss 808
and 809 and slotted holes 810 and 811. Screws insert into holes 810 and 811

for attaching cover plate 802 to top plate 3308of conbi gﬂ ml I MF
and 809 of plate 802 position block 806 and dielectric trmlll HI ”ﬂ
over serpentine &fgnspission line 20 610. Spring 804 forces dtel ®ctyic

tuning plate 630~agarmnst serpentine transm ssion |ine 610. Wen tuning gy
conbi ner 300, the screws retaining plate 802 are | oosened and plate 802 is —

slid back and forth ip thg ghaest ep8qaEneyO(ReY Bolesr8dOmPds 8id: L0 tune
combi ner 300. Wien the degired %unlnﬁ IS aﬁhleved t he cre§€ 25_retaining
plate 802 are tightened. THRE"RBFBEoT A N aﬁén?uﬁ?ﬂgaﬁépg? ! SRHEPFBRess

al | ow conbi ner 380dtbebrgqoonmptiseddoficaucetrahjct materi&kfpraving 4o Figure
9, there is i8l t | ' strip conbiner 300
gggégéeg;ﬁiga& Eﬂh¥h§!’8£n&§§tﬂgg§9,

illustrated in Ut put connect or extends fromthe bogtdm
of housing 320 and provi déargheaB8nBrAERdoEPRRENSAELAY BeaRSORARr NAVANG

Connector 902 i stggcahadpbetblUsuPgadds and BedMydesspbsedoabbredanyt put

si gnal of conblngr 300 Cbnnectog.902 i s_secured to ho§3|ng 320 Eﬁ nmeans of
nut 904,  * D@low fhe rgponaging megps;fespectivel; o“RecHAEHED (RF)
filter conprisi ngurfasanafi themfédnstheompegnsapingdméanhsoanduthactspand

bei ng CQ”pri¥°d.Qﬁf?a8§r3§iEthESEbﬁh EgﬁhgﬁsatﬁnBrﬁgﬁﬁﬁrﬂgﬂﬁg Eﬂ@&ﬁgily
conductivity; first and Second conpensatlfg means-each having-top and.
bot t om sur f aces GAYPBEAN§OdEBRoEER ébévb?&gembép§ﬂﬁFﬁ§ pEsShat regonakasg

respectively, -t hgeRAkt orespetesoedl,,t Radf khet seeapennat sagorgans and the . -
top 10 surface of i N8 <38I29  neaReRaThy dotRdl2ed®hRda" AR BE Y 1c A
material having a thermal conductivity greater than the
the thermal conductivity of air;

first and second shield means being comprised of
a metalliclmaterial and being thermally coupled to and
disposed above and below the first and second
compensating means, respectively, for producing a
low-loss electromagnetic path above and below said
resonating means;

housing means being comprised of a metallic
material having an electrical conductivity less than that
of the metallic material of said first and second shield
means and further including top, bottom and side U
surfaces; '

input coupling means and output coupling means
disposaed on the side surface of said housing means
opposite to said resonating means and at a pre-selected
30 gistance from one ancther for coupling respective input

and output signals to said RF filter; and |
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coupl ed. t-o 't he-t op—and—bottomsurfaces of the resonating neans,
respectively, and the first and second conpensati ng neans bei ng conpri sed
:of a diel ectr uumnﬂuﬂll"ma{mMQ a thermal coondygtivity greater than the 15
t he 't her mal first and second shield neans being _
ceqpri sed of a metal Tic material and being thermally coupled to and
disposed above and bel ow tggiq houétﬁétmé&ﬁssQﬁBBdaﬁQﬂHEﬁ?aéhEQOQEEQSand

respectively, for oducin ow: |, oss_el ect c path above and
bel ow sai d resondf?%@lﬂéﬁﬁstﬁﬁoE?Fﬂﬁaﬁéﬁﬁsmﬁépﬁggggﬁg?Pstﬂe %lﬁsﬁePﬁgl

mat eri al havi ng amaebndtcompénsahdngtmeah; hrdsthkapitrbatané sheoﬁatshhemd
e Al o ST ek PSSR InanbBLHoR s RaNgs 00 £HE' BoheiRel RS
means d|sposedﬁothh@gstheryaliaceoﬁplsdlGohgbslﬁérabahsdogsggndeShéeédl

resonating means gesndl feBpectelet edwﬁ@reﬂyshaﬂSG éﬁaﬁaﬂerasﬁzkéshcaor

coupling respectlve |n ut ana out pu na s"to said
9 * C L pagp* SaPg° BE§FnBeﬁ¥§ 8 §BﬁsF8ﬁPFéFF?geﬂEFB§rnﬁlﬁﬁﬂ and
retaining the ressaabndgcompansbetngemeahs,fEisgtaaddsseoaﬁdcsnmemaameags

nmeans and the flrgé agge5ﬁ ﬂér#gggsnﬁﬁ °9h8§ﬁ£98?r§€ gog£gﬂ1§g aces of

-t he housi ng neans belng cou secon shield
means, respeck?vergsonpt agymaana entrdassnpgtsdahbereln thereby

ninimizing the temperature rise of said resonating means
due to power dissipation.
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-paﬂh i s produced between the resonating neans, first and second ° .

conpensat i ng HI' H I second shiel'd neans and the housing neans for
conducti ng a\l/mr“mu mm IH[I lr esonati ng neans heat dissipated therein
thereby mnim*zi §g the"tenperature rise of 44T resonati ng nmeans due to
power dissipation. 15 20 25 30 35 1111111111211111111122211111122221 -
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wherein said resonating neans, first shield means:and first conpensating
means further | FeFEBatisgpBeaNFe HoEss Shiald,means, ah&dHSS cally aligned

2ghgr9nedan?thegpm en?aanBFFHdnhFEﬁ&gﬂﬁhﬁﬁﬂqﬁﬂd&d&@&ﬁﬂdﬁﬂﬂk'hﬁmﬁs

i sed of a di ctri,c eria n i,Ng _i,nser.t At 0.t f th
first conpensat Fﬁgsﬁé&ﬁé‘? 'Yi_ﬁxﬁﬂrglr&ﬁ?é'&t@ %ﬁeéﬁgﬁ'a Ak ér:gae{lr.lng}eeosrr'o ©
changi ng t he5r esaddt RFg fidder faxhher incdnding tudng mReRsRCMpRiged
according to cl ta;ghfai@i@&ﬂé%&éﬂmln&d@mdacﬂm@ tidcdaf t and

a tuning core, uni ng _core belrng conprised of” a cergmc terial. 15
4. The RF fil1cholesord Apa & Lash RONDEMRALIAT MAANRH ff 555 1T LHL HPFRENS

conprised of a gRWAldeisenEIitly Meantd f1af haticee aherhasormet ithg urdargs core
for shielding said res%p | ng._ neans and tuning core.
resonant frequency. _ s
10
3. The RF filter according to claim 2, wherein said
tuning means includes a tuning shaft and a tuning core, .

the tuning core being comprised of a ceramic material. \&/

15 4. The RF filter according to claim 3, further
including third shield means comprised of a metallic
material and being disposed ;bove'Said tuning core for
shielding said resonating means and tuning core.

20 5. The RF filter according to claim 3, wherein said
tuning shaft is threaded and said housing means further
includes threaded bushing means adapted to receive the
tuning shatt. .

25 6. The RF filter according to claim 5, wherein said
tuning shaft, bushing means, first and second
compensating means and housing means are comprised of
pre-selected materials having different coefficients of

" expansion with temperature for compensating for changes

30 in the resonating means resonant frequency with

temperature.
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20 5 7T } ' ing to claim3, wherein said tuning shaft is
tgreadgd and sai d housing neans further includes threaded bushing neans
adapted to rec ' haft. 25 6. The RF filter according to
claimb5, wher emnmmﬂﬂmﬁnmmﬁaft bushi ng- npans, first and second )
cquensating'neanscadd Hougi ng neans are conprised of pre-selected
material s having different coefficients of expansion wth tenperature for
cbﬁﬁe?sating for changes 30hei RFt f¢lteronatordingats cdadmadt Whegedncgaid
W enper at ure. - Liter rdi L ;
wherein said firsffgﬁﬁ §§§oﬁ&ZSBQpgﬁgg?ﬁﬁéhééﬁngaéﬁg gg g?é%??é?thily
conpri sed of al uncomprised ofgalumins.RF filter according to claiml,
wherein one of said first and second shield means i ncl udes spring neans for
produci ng a conpressive force when retained by said hoysing_neans. 10 15 20
25 30 35 11211111181111The1 RF1£41ter) aeeprding to claim™1, wherein one

of said first and second shield means includes spring
means for producing a compressive force when retained by
said housing means.
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‘9.' Aradio fremomrl sing: resonating neans having top Y

and bottom surfac be| ng 5 corrprl sed of a ceramic material having a

pr edet er mi ned the and a predeterm ned rate of change of .
resonant. frequenc re fi rsﬁ and second conpensating neans

bei ng di sposed above and be oW tﬁe r esonat ?'ng‘ means, respectively, and.each

havi ng top 10 and bottom surfaces, the bottom surface of the first :
conpensati ng ans sur f t he second conpensati ng nmeans
bei ng thermal Ty coﬁ‘pi}gﬁ gr%q{‘gechp(gﬁ @Et[e of YRS H&s of the resonati ng .
means, respecti vel sgsonatinghanéanssthawing stop rahd: dgttomasiurfacesaasd bbeimg
conpr | sed gof ﬁoﬁ&?ﬂs‘éﬁt rdfcamékﬁziﬂm?é ﬁ‘ﬁi’é aha%ﬂf Qf ggélh?lpreggterm rff pnant

frequency Wlt eratureo OSI arlty rate
of change, anqonqlmtavlé)'eandle m@tﬁamrmd {T9¢e 7 9 ﬁ ange ofcwrPn@dtpensating

rreags furtherf,lgal\ﬂem awmlr nﬁmp@nﬂuﬁél vity greater than the thernal

t t f d shi d, of
oral |1 20 nt o TRt AR 5EPRRA; Fompensaing, aRR, BeLAE GRBBsECABles ana
bel ow the firandabelovectred remmm@tmgns;eaespeotmpptandelqaphf bavingdiopi ng
a | ow | ogg el ga4" BH&BH?tdlﬁf bf Q%%tﬁﬁ? ﬁeﬁ?@tc?ypé’ff‘s%ﬁﬁg and

housi ng means Dbei ng nP r| aI
el ectrical cofQAds| and hes3oPt SuFachaof gher ﬁ%CQPé’c AQMPCTRAEIS AnceRs sing

flrfst and secm&nsdn |éb ddstantiel vop hard | btk l@ﬂrﬁa@@s @pttherrrmgsix@e ]
Side surtace BiEADS, Sr%‘é s”ﬂsf*e A7d” s, R an SEv ot SHABEn RS “Fral
and at a pre- being:tcemlmmdarufeaf dielectric anatenial hawingoaprategof e}h]aagel oﬁ \J
'SL‘ESE a"r’]‘t”:ia :J;Péektn (ﬂ%‘cx)lgn#eﬁgtegc?a'vﬁll?ﬁéﬁ##ﬁur@%pﬁ%ﬁé NBUPOILKTFAS said
pred etermmed rate of change, and the dielectric material of the first
and second compensating means further having a thermal
conductivity greater than the thermal conductivity of air;
first and second shield means being comprised of a metallic
20 material and being thermally coupled to and disposed above and
below the first and second compensating means, respectively, for
producing a low-loss electromagnetic path above and below said
resonating means; and '
housing means being comprised of a metallic material having
25 an electrical conductivity less than that of the metallic materidl of
said first and second shield means and further including top, bottom

and side surfaces; - ot
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resonati ng neans between the first and second conpensati ng neans and the
first and second shield nmeans, the top and bottomm
housi ng neans being thermally couple to the first an i el d neans,
respectively, whereby a |ow thernmal resist@3ce path m’ﬂgﬂl en the
.resonating neans, first and second conpensati ng neans,

skiel d means and the housi nq neans for conducti ng ﬁ/ia fromsaid resonatl ng
nmeans heat 1 5 di JBPBLiCPRIE Jnfans et y°‘h‘PHFn¢%‘F ing Haeapspdisposed Pnse

of said resonahengndleeeuﬁ'adeleoi saidViesusingsimransooppasite 16 saill Qeéémﬂﬁycy
(B0 b o ARBAAL 4 ¥, RSpHBLElRbE] YiRuaescH BROORY el BRLBuy D
respective mput and output signals to said RF filter; and
said housing means substantially enclosing and retaining the
~ resonating means between the first and second compensating means
and the first and second shield means, the top and bottom surfaces
10 of the housing means being thermally couple to the first and second
shield means, respectively, whereby a low thermal resistance path is
produced between the resonating means, first and second
compensating means, first and second shield means and the housing
\-/ means for conducting away from said resonating means heat
15 dissipated therein thereby minimising the temperature rise of said
resonating means due to power dissipation.

10. A radio frequency (RF) filter substantially as hereinbefore
described by way of example with reference to Figure 1 of the
20 drawings. -
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