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RF tkgnsmtters. Each such cavity filter is tuned to pass only the RF

signal fromthe transmtter to which it is connected, each RF transmtter
producing a different frequency RF signal. A conventlonal mechani sm

utilized 15 to tenperature conpensate such caV|ty filters is described in

U S. Patent No. 4,024,481. However, such air-filled cavity filters are

bot h expensive and relatively_large in size such that thegg cavity filters
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Background of the Invention

&“’ _ The present invention relates generally to radio
"frequency (RF) filters and more particularly to an RF
filter'having a temperature compensated ceramic resonator
adaptable for use in antenna combiners coupling a

5 plurallty of RF transmitters to a single antenna.

In order to combine a number of RF transmitters, the
RF signals from each transwitter must be isolated from
one another to prevent intermodulation and possible
damage to the transmitters. RF filters of the air-filled:

10 cavity type may be utilized to provide isolation between
the RF 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. A conventional mechanism utilized

15f to temperatﬁre,compensate such cavity filters is
described in U.S. Patent No. 4,024,481, Hdwever,.éuch
air-filled cavity filters are both expensive and - :
relatively large in size such that these cavity filters
consume an inordinate amount of precious space at remote

20 antenna sites located on top of buildings and mountains.

The size of such RF filters can be reduced by '
utilizing a ceramic resonator. One such filter
utilizing a ceramic resonator is described in U.S. Patent
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the ceramic resonator in such a filter is not tenperat conpensated for

t enperature changes in'the ceranmic due to RF power dissipation in the
ceramc and therefore can 5 experience bargf_shifts in resonant frequency
.duejlp RF power dissipation and the fact that“the ceram c cannot be nade
mﬁth-exactly zero tenmperature coefficient. Another filter described in U
Pat ent No. 4, 019, uf i 44 onv | | t P
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Objects and Summary of the Invention

Accordingly, it is an object of the present inven-

tion to provide a compact and inexpensive RF filter hav-
15 ing a uniquely temperature compensated ceramic resonator.

It is another object of the present invention to
provide an improved RF filter having a temperature
compensated ceramic resonator and a ceramic tuning slug
for linearly changing the resonant frequency of the

20 ceramic resonator. . - DT
It is yet a further object of the present invention
\ - to provide an improved RF filter having a temperature
compensated ceramic resonator that is thermally coupled
to the filter housing for minimizing temperature rise due
+25 to power dissipation in the ceramic resonator.

Briefly described, the present invention encompasses
an RF filter comprising a dielectric resonator sandwiched
between first and second dielectric compensating discs.
The resonator and first compensating disc may have

30 concentrically aligned holes therein into which a ceramic
tuning slﬁg is inserted for adjusting the resonant
frequency of the ceramic resonator. The resonator, first

- and second compensating discs, and tuning slug are



frequency of the ceramc resonator. The resonator, first and second

_ gohpensatlng di scs, and tuning sl'ug are _ enclosed and ‘mai ntai ned in

+al relatlonshlp wi th one another by a “metal housing. Input and output-
x My be coupled to the RF filter by means of respective |nput and
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appl i cati op tolacgefiornoanthenacppérDhdasliag. Descrlptlon of the Preferred
Enbodi nent In Figure 1, there is illustrated a perspective view of an RF
filter 100 enbodying the present invention. A portion of filter 100 has
been cut away Buiefir Descrdpkion| bfisthet Brawdngst ernal structure thereof. 20
Filter 100 in F|gure lis part|cularly wel | adapted for use in the antenna
conbiner in Figure 2 which conbines two or nore RF transmitters operating -
in the frequency raR§8uFpoh 880asperapective rutawWay Yievad@dd theof filter
100 is approxi pre€k¥réd. GBodIifienkr eﬁueaeyR?Sfiaftb.frt oF thie tp&fesle@& over the
anbi ent tenper%ture Eange of
tion,
Figure 2 is a block ‘diagram of combining apparatus

10 advantageously utzlizxng RF filters embodying the present

invention for coupling RF signals from respective RF

transmitters to a combiner for application to a common

antenna.,
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" Detailed Description of the Preferred Embodiment

In Figure 1, there is fillustrated a perspective view
"of an RF filter 100 embodying the present invention. A
portion of filter 100 has been cut away to more clearly
illustrate the internal structure thereof. _
20 Filter 100 in Figure 1 is particularly well adapted g}
for use in the antenna combiner in Figure 2 which
combines two or more RF transmitters operating in the
frequency range from 870-890 mHz. The nominal unloaded
Q of filter 100 is approximately 14,000. The frequency
25 shift of filter 100 over the ambient temperature range of
-30°C to +60°C is a maximum of 55kHz with respect to the
nominal frequency at room temperature. The nominal
dimensions of filter 100 are 5.5" in diameter and 3" in
length, as compared to 6" in diameter and 13" in length
30 for a conventional air-filled cavity filter. 1In
addition, filter 100 results in a materials cost saving
of 60% over an equivalent air-filled cavity filter.
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ceram ¢ conpound sul use i de cr din an art
Jonker and W iMes@¢@Rpu@ﬁti@¢b@dlﬂheb5§¥ﬁ@r9x59§teﬁttéwlum Peide am@ [err]

published in the Jpi¥dehiah &Fdécéﬂd REPTHE §0&i@1¥ct¥9éué@né‘€ané\'®f’e£%
Cct ober 1978, at pages 390- 394, the_ceram c conpounds described In t

article, the conp EStWT%$Y](?Q)Tab@%evﬁu%%v?ﬁﬁa@h% CORPRUNY | Hwl 9P be
nol e percent BaQ, f&rmmlfspeﬁiserueiwzbe@dm &mfei@wcwtolemr].tmder
having a dielectrig Qs nt .of 40 |stsu gbkg% t use_in,resonator 116.
Many of the ot her %Qép 5i SYRRHET B9+ ¢ AR fﬁ%% des?fi bl q?ﬁytﬁ¥§cﬁp§|cle may 20
likewi se be uti®i zigld-TohpeSisy i amd dBg@sT{04~p@ 12U are preferably
conpri sed. of a'“”1§ﬁbffgﬁgﬁn it O6E FLURLIR of American Ceramic Society,
Volume 41, Numner 10, October 1978, at pages 390-394,
o - - - . Of the
| ceramic compounds described in thxs article, the compound
15 BagTigUgg in Table VI having the composition 18.5
mole percent Ba0O, 77.0 mole percent Ti0y and 4.5 mole
percent 2r0j and having a dielectric constant of 40 is
suitable for use in resonator 116. Many of the other

compositions of the type described /in this article may-
20 likewise be utilized. Compensating discs 114 and 120 are
- preferably comprised of alumina (A1303) since alumina
‘exhibits low dielectric loss, high thermal condguctivicy
relative to ceramic resonator 116 and a positive
‘dielectric temperature coefficient with respect to that
‘25" of ceramic resonator 116.
According to an important feature of the present
"invention, the negative dielectric temperature coeffi-
cient of ceramic resonator 116 can be substancially
compensated by the positive dielectric temperature
30 coefficient of alumina compensating discs 114 and 120.
That is, the -36 ppm/°C dielectric temperature coeffi-
cient of the ceramic.reéonator 116 can be substantially
offset by the +113 ppm/°C dielectric temperature
coefficient of the alumina compensating discs 114 and
35 120, or the +7 ppm/°C.ftequency'temperacure coefficient
of the ceramic resonator 116 can be substantially oifset
by the -63 ppm/°C frequency temperature coefficient of



exhibits low dielectric |oss, nigh thernal conduct|V|ty relative to ceramc:*

-resonator 116 and a positive dielectric tenperature coefficient with

respect to that 25 of ceranic resonator 1§s. According to an inportant
featUne of the present invention, the negative dielectric tenperature
' \ cient of ceram c resonator 116 can be substantially conpensated by‘g
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ce?gn1c resona?%?#gﬁéeﬁigg?gégdggs gb gﬁ? ernaﬁ regl tioR,© of Ceramic

-resonator 1 o by prov1d1ng a low thermal resistance
between ceramic resonator 116 and top and bottom plates (j
112 and 128 of the filter housing, and minimize the

15 overall RF lpss'of the filter by supporting the resonator
116 away from the loss-inducing plates 112 and 128 with
low-loss alumina. A compressive force exerted by plates
112 and 128 maintains good thermal contact between
resonator 116 and discs 114 and 120 such that the thermal

20 resistance between the resonator 116 and the filter
‘housing is less than 1°C/W (i.e. 0.68° C/W predicted by
‘design analys13) Therefore, according to another
feature of the present invention, filter 100 can
accomodate high power transmitters since the temperature

25 rise due to power dissipation in the ceramic resonator ‘
116 is minimized by the relatively low thermal resistance
between the ceramic resonator and the filter housing.

‘That is, with twelve watts of KF energy dissipateda in the
filter 100, the temperature of ceramic resonator 116 will

30 rise only 3°C above ambient temperature and the frequency
of filter 100 will drift only 42kHz.

Referring back to Figure 1, the copper housing for'
filter 100 both totally encloses the sandwiched ceramic
resonator 116 and provides a compressive force for

35 maintaining the spatial relationship between ceramic
resonator 116 and alumina compensating discs 114 and 120.



bet ween ceram ¢ resonator 116 and top and bottom plates 112 and 128 of the
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f¥lter housing, and mihinmize the 15 overall RF loss of the filter by
supporting the resonator 116-away fromthe | ggs-inducing plates 112 and 178
with | owloss al'unina. A conpressive force exerted by plates 112 and 128
mai NYai ns good thermal contact between-resonator 116 and discs 114 and 120
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I ncl udes an insid Fch has threaded holes for accepting screws
138. ,Copper bottom According to another feature of the present

invention, resonator 116  together with discs 114 and 120
may be individually or collectively sealed to prevent
15 degradation of filter electrical characteristics due to
humidity. The resonator 116 and discs 114 and 120 may be
_.he:metiéally sealed with a low-loss glass such as
Engelhard A-3702 dielectric ink which is fired at high
temperature. |
20 ~ The resonant frequency of ceramic resonator 116 may
be linearly adjusted by means of tuning shaft 102 and
dielectric tuning slug 118 attached thereto. The
resonant frequency of resonator 116. llnearly decreases as
tuning slug 118 is 1nserted into substantially concentric
W, 25 holes in disc 114 and resonator 116. Tuning slug 118 is
preferably. comprised of the same ceramic used for ceramic
resonator 116. However, in other applications, tuning
slug 118 may be any suitable dielectric material. The
tuning slug 118 not only produces linear changes in
30 resonant frequency, but also eliminates some spurious
- resonant modes (by keeping the overall copper housing
dimensions constant as the frequency of resonator 116 is
tuned), minimizes resonator de-Q-ing (because it employs
a low-loss dielectric), and allows discs 114 and 120 to
35 be in good thermal contact with resonator 118 over its
'~ _entire top and bottom surfaces. .Although resonator 116
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35 be in good erna cont

t 102 is fixedly held only at the inside top portion
108 of bushing 134. The top portion 108 of bushing 134
15 1is also slotted and threaded on the outside so that
locknut 104 may be utilized to fix the position of tuning
shaft 102 and ceramic tuning slug 118. Also, a bushing
locknut 106 is utilized to fix the position of the bottom
portion of bushing 134 with respect to pipe cover 130.
20 According to another feature of the present
invention, bushing 134, tuning shaft 102, and pipe 130,
"~ 132 may be comprised of different materials each having
different coefficients of expansion for compensating for
changes in the resonant frequency of resonator 116 with-

25 ambient temperature. For example, tuning shaft 102 is QJ

preferably comprised of copper-plated nickel steel,
bushing 134 is preferably comprised of brass, and pipe
130, 132 is preferably comprised of copper. The movement
of ceramic-tuning‘slug 118 over ambient temperatures may
30 be varied by varying the effective length of the brass

' bushing 134. The effective length of brass bushing 134
is adjusted by turning bushing 134 in or out of pipe 130,
132. The temperature compensation is then achieved by
the difference in the coefficient of expansion between,

35 and respective sizes of, tuning shaft 102, brass bushing
134, and copper pipe 130, 132. This arrangement can



entire top and bottom surfaces. Al though resonator 116 -7- 1s preferably .
tuned by nmeans of tuning slug 118, other suk@able conventienal tuning -
: apﬂaratus may al so be utilized. Tuning shaft 102 is preferably conpriseg
of weopper- '5 ‘plated nickel steel, such as Invar(RTM. Tuning shaft 1(
i ss¢hr eaded and napepembaheafonraegpuadingsehcéaose ofsi0dé pem/ar bifortik
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steel | odiment o equencies
| between 865-902 MHz are listed below in Table I. In this
§¥£ - ' embodiment, the resonator 116 and tuning slug 11% are

15 'comprised of the ceramic compound BayTigUsq,

| discs 114 and 120 of alumina, tuning shaft 102 of copper-.
-plated nickel steel bushing 134 of brass and the filter
housing of copper. The exact dlmensxons of the elements
of the filter embodiment will vary depenaxng on the

20 desired frequency of operation and the materials chosen
for each of the elements.

Table I Filter Dimensions In Inches

Outer . Inner
Element Diameter Diameter Length
s Resonator 116 2.680 1.260 0.772
25 Disk 114 2.800 1.260 1.139
Disk 120 2.800 - 1.127
Slug 118 1.225 - 1.355
Shaft 102 0.375 - 3.500
Can 124 5.625 5.500 3.145
30 Pipe 132 1.625 1.500 . 1.000
Bushing 134 0.750 0.375 1.250

Referring next to Figure 2, there is illustrated
antenna combining apparatus for cbupling RF transmitters
201, 202 and 203 having different signal frequencies to a

35 common antenna 231. Filters 211, 212, and 213 are
preferably filters 100 embodying the present invention.
Combiner 221 may be any suitable conventional antenna
combiner such as that shown and described in the U.S.



shi\ng 134 is preferably conprised of brass, and pipe 130, 132 S

foref &g ably conprised of copper. .The nnvengnt of ceramc tunlng slug 118
[over Qnbi ent tenperatures may 30 be varied by varying the effeéctive Iength
.bof\%gf)brass bushing 134. The effective I ength of brass bushi ng 134" is ;;;

~adrosted by tu b h| Ua94234 or out of pipe 130, 132. The
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In the 5 preferred e of filter s 122 are | ocated
substantially %gﬁﬁgl Ba?ﬁs%ﬁa?g 1E§e%ﬁ“%a%“1§3mmgeg§[gPF tﬁ%t &8P&ct to
one another. Feitepace enbmuaytlalobestlaavmagsbeahobateéa&ﬁzaﬂyb9U|table

| ocation on th&t; #%fﬁ%h9H§'EQIF§PCh9 feﬁe1§5§§§HQ|§n ggﬁaggéplate 112.

The di nensi ons 0 ari-ous” elrenen an e IFment 100 for
operation at frequbhc$ummbeymeenuwﬁqueobisthaRE fiited basoween Table |.
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of the ceram c conpound [err] discs 114 _and tuning s
102 of copper -EPS@RAEOF; ckEpe spabque hELhFay 134tSPPBF&§§f&nG°PEénﬁﬂqﬂﬁa

housing of copperthdibwabkpcépeimeped 086 ehatheemperatuze rise due to
_ power dissipation in the ée:amic'fesonator 15 minimized g}
and has low overall RF loss. Mbreover, the unique filter
15 1is substantially smaller than conventional air-filled

cavity filters. The RF filter of the present invention

may be advantagéously utilized in any:suitable

application, such as, for example, combining apparatus

for coupling multiple RF transmitte:a3havihg different

20 signal frequencies to a common antenna.




of the filter enbodiment will vary dependi ng on the 20 __desiredfreguency
of operation and the materials chosen for eagfyof the elenents. Table

Filter '‘Dinensions In Inches Quter : | nner El net er%
Dianmeter *  Length Resonator 116 2.680 ﬁmmnl“;"m“llllmlf i .
'0.7%2 25 Disk  crafdd:. = 2.800 - 1.260 * ¢ “1M3% Dsk

120 2.800 —— - 1.127 Slug 118 1.225.

1. 355 Shaft 102 0. 375 - I - 3.500 Can

5.625 o 56500 L. A radldiSfdquéti@e. (RF) filBfer comgriging:

1. 500 - 1. 000-Bushin 4 . . 0, 375 1.2
Referring next to Figure 'Z%Q%er%“ins‘% |“ﬁ%‘3§7rs}g %ﬁq%nﬁoe%naan%éﬂﬁlf‘ﬁmngsurfaces

_apparatus for coumnddgeing reonprtised soP0d, d pobecri @0Batendal hiving ent
signal frequenci ety S &MY £ Rardd o £ 46 s 2 Ulre Alne gl 213
are preferably fiﬁ%ers 100 enbodyi ng the present invenf?%n. é%ﬁ%%ﬁ@?ngﬁ&
may be any.SLHQEHHQ#%Rﬁﬁé#HF%haI ant enna combi ner such as that shown and
described in the U S - i8¢ eirid Necdnd /dompeh sding indand)1G4dte iving
filter 100 of the present .invention for flléirs 211, . 212 an _%éf t he
‘overal | size and SFRATERATEHRAYT AT n%‘?’rf?%gd"ss”%ﬁfgaﬁ YR 396
Figure 2 can be sitgridw ctine | peseracing feare, spagpecsively, paredrithe i first
remptel y | ocated EHH&”QEEond compensating means being comprised of a
10 dielectric material having a rate of change of resonant
frequency with temperature opposite in polarity to the
- predetermined rate of change; and
housing means including top, bottom and side
surfaces for substantially enclosing and compressively
15 retaining the resonating means between the first and
second compensating means, the top and bottom surfaces of
the housing means being thermally coupled to the top
surface of the first compensating means and the bottom
surface of the second compensating means, respectively,
20 for conducting heat away from said resonating means.



rentor Is mnim

///‘ »
sites, a substantial cost savings can be reallzed by ut|I|2|n filter
100 of the present invention. In summry uni que mg“t\m l E‘ has
faen 10 described that includes a tenper ure conA
resomator. The unlque filter is tenmperature conpenshted “is thernally %:
N1\zed so that t Al Urg. e S s ©n |n t'he cera =

gﬁ’ as q€§%é¥ﬁ%€ﬁﬁﬂ% oss éi%%ﬁ(ﬂdVe Lﬁﬁ%ﬂ?
15 is boustmat mgians - s‘-'m;Iqb@rf timard usdes an | Rt protre Iamﬁ amavi ty
érs. .. The oG phld h2obd. difdpayeds ot dLB’:G‘éHéEEM‘?rYdD e
v Sta ga IE? as ee(ie cor%lnlng

utilized in any atiqQn, suc for exa

“apparatus for QBGpPF‘ﬁghﬁﬁl EoNP ir%§rﬁscﬁ@r%l"fﬁi\ﬁlf’d§1%ﬂder°é*ﬁp% si gnal

frequenci es tosagggqgoQoa@@mmugp filcdy, dains:- 1. A radio frequency (RF)
filter conprising: resonating neans having top and bottom surfaces and

bei ng conprised of a dielectric material having a predeternined rate of
change of resonant 8reqdhecRFNfillter dongyeiiaigiren dliaisd kuuhﬁsxnnnisazd
conpensati ng h t ti ' di_sposed
above and bel g?ﬁ?%e ?gg&gﬁaﬁg r?glgn?lqrsle%g ceﬁaﬁiﬁﬁgﬂ% ﬁﬁhéﬁld
second corrpenséncﬂgdmea‘lwpmmgecdmiﬁss@dlhﬂtamtlf@llcﬁ gannentr ingldry al

having a rate Q.fl.l‘ig edewleh %%‘én%‘?ltotfl{e%qu%'lﬁ)ﬁ VRI* Fe f1QEE T Al OPPOSI T e i N
polarity to the prédeterm ned rate of e; Ji
10 including tuning means com sed of a dielectric material
and being insertable into the holes of the first
compensating means and resonating means for changing the L)

resonating means resonant frequency.

4. The RF filter according to claim 3, wherein said
15 tuning means includes a tuning shaft and a tuning slug,
the tuning slug being comprised of the same dielectric
material as the resonating means,

5. The RF filter according to claim'4, wherein said
tuning shaft is threaded and said housing means further
20 includes threaded bushing means adapted to:receive the
tuning shaft.

6. The RF filter according to claim 5, wherein said i/
tuning shaft, bushing means and housing means are
comprised of different materials having different
25 coefficients of expansion with temperature for
compensating for changes in the resonating means resonant
frequency with temperature. '

7. The RF filter according to claim 3, wherein said
housing means further includes an input probe and an
30 output probe disposed at a predetermined distance from
one another for coupling respective input and output
signals to said RF filter.



houéing neans i ncl uding top, bottom and side _surfaces for éubstantrally

encl osing and conpressively 15 retaining the resonati B th
firgt and second conpensating means, the ‘cop amd-bogtt“]mwmrm Hlmﬂmhe
housi ng neans being thermally coupled to the top surfdcetofttht fSrgt
cofpénsat i ng freans and the Bottom surf-ace of the second conpensating means

respectively, 20 for- congyct Thg RFafideey kcooredng reosehatimng ,nwahetein saia

The RF filter accor g t | gi e ' ' i.n f her, -

'nel udes an' i nput _pf6b8 caRBeaReBRrs, FOBpEhEaEEhE YRS 4 BB b Ry
di stance from one arombpeiskdr ofoapmigasespective i nput and out put 5
-signals to said RF filter. 3. The RF filter according to claim1, wherein
said resonating nmeans and first conpensating neans further include ) .
respective hol es substanfial FpecBRcEhLFREaRFGORALRENED Rilehmohe HASERAR, said

said RF filter furtbesoAaQcihgChedhByibusibgcananaltonponpedsel afdiel ectric
mat eri al and bei ng iqﬁgrtable in

. o_the holes of the first cgnpensating
neans and resonatin §ﬁ§rf5rméhﬁﬁb?ﬁg1Pﬁgupé§§ngﬁfﬁﬂmnﬁﬁﬁgerZéﬁﬁént
frequency. 4. The BEcaniumrcadder (ThQ2) oandacir8onikar ekddead@r02) .t uni ng
means includes a tuning shaft and a tuning slug, the tuning slug being
conprised of the same dielectric material as the resonating neans. 5. The
RF filter according to claim4, wherein said tuning shaft is threaded and
sai d housi ng neans further 20 includes threaded bushing neans adapted to
recei ve the

k.

N\



“tuning

shaft,

'haV|ng
‘conpensating for changes. in the resonati ng neans r

shaft. 6. The RF filter according to claimy, mhereln sald tunlng

bushi ng nmeans and housi ng neans are conpris
different 25 coefficients of expansil@m mnth

terlals .

equenoy mnth\,

temp€rature. 7. The RF filt.er accordln%ér g claim.3, mhereln sai d housi ng *

resonat

i ncl udi ng barium oxid

(Zr Q2)

0 t her i ncl ud8s ad FAgdC FrEgsen

REJ0 T3 ditsdt SompFe hif&rosed at a
i ned di stance fﬁ.—eebmae:mgotnhahsf tlavdeigpltiopg aneis beaidote surlidc ed

ng to

gdi gnal s to i d_RF F fi r r di
erei ﬁ-ngal & P s?f’h'gﬁg s?éjcc?r% c%r’]ﬁﬁé‘ﬁsatt.m r#lag'r eh%(ipqlﬁ antially
d of al pmedetegmiligd. Rﬁetmﬁﬂecoac@cmdNHQYLo cIa|n11 wherein said 5

ing geans is S”bsgﬁgs'ta'ah}ﬁ GREBRGS @ m%f?%%ﬁ" gHén“s "R 't?!vmeg

t1tani um oxi

mat eri al haV|ng a predet rmned ermal _cond ctlv ty;

secon compensatzng means being comprised of a

e L ZI rconi um oxi d
13 10topAangdd QtﬁP@qﬁﬁﬁéfC@RFﬁnﬂlbﬁéPS ééﬁmmaﬁ¢uf Qv

nmeans havi ng tope28e QﬁEtQEb%H%kQ

i ng

Sm%'&ﬂsbe'r'é% %Qrﬁib'ei%d Qn whee| BGidd C

dlelectrlc_materxal having a thermal conductivity greater
10 than the thermal conducitivty of the resonating means

dielectric ‘material; and
housing means including top, bottom and side

surfaces for substantially enclosing and compressively 1;}

retaining the resonating means between the first and

15 second compensating means, the top and bottom surfaces of

the housing means being thermally coupled to the top

surface of the first compensating uweans and the bottom
surface of the second compensating means, respectively,

for conducting heat away from said resonating means.



5 " first and second conpensating neans each having top and bottom
surfaces and being' di sposed above .and belom/the reso

respectiively, and the first and second' ' conpdisat i ng mlm Ilmwmu:u)“”rl sed
of .a dielectric'material having a thermal conductivity gfeater® 1G t fan the

t h&xsal conducitivty of the'resonating nmeans dielectric material; and .
~housi ng neans incl udi i .t ofi‘hebth‘r't dblaed siceorsiimgades dlaims st aﬂterzﬂﬂn)/ /

encl osing and co S el.al.nin I an |
first and 15 seggngacgégéxng E% il gﬁgQ%fﬁg&@%ahh§§'y§ I#Hg ace Fﬁ
housi ng neans bei AYLPMEr paPbe ddﬁppésdtéttHenﬁﬂ§Qﬁﬂﬂm%ﬂs 'ﬁﬂﬂiﬁﬂﬁﬂ%ﬁrom

- conpensat i ng LneaBﬁeaQﬁoEB%rbTbEOEb%ﬁlﬁ%@er@%pbﬁ%x%%@Q&%u&oﬁﬁﬂn%%wdﬂ%

means, respectively, -fqQr conductin eat away from sai d resonati ng neans.
-14- * C L2  fitgnags« te) saidhR Rﬁ iditefar according to claim 10, wherein
'sai d housing means further includes an input probe and an output probe

di sposed at a predeterqgi ned,di-sta from one ,anot her for, cQupl

respecti've input and Bg} § iks&§i§F§ @scexg nﬁptP,F} ig ngrﬁﬁn

filter accordi ng saidl aesohatingemeanssand ﬁ&ssmabbngensamingndehnsst

conpensati ng "Ea”?uﬁ%hgﬁe&PﬁTﬁhﬂd%egﬁﬁB%i%bV%gﬁ%ﬁeﬁuﬁﬁQib%g%gﬁbiher

concentrically all'rgne one an ter
i ncl udi ng tuni ng eearentoipalizdadlignedewishr poemanother ,asaideRFg filter

insertable injg tka-RALSS iAE1LBENE tBhing means comprised of a dielectric
material and being insertable into the holes of the first
i,f compensating means and resonating means for changing the
resonating means resonant frequency.

13. The RF filter according to claim 12, wherein_
15 said tuning means includes a tuning shaft and a tuning
slug, the tuning slug being comprised of the same
dielectric material as the resonating means.

14, The RF filter according to claim 13, wherein
said tuning shaft is threaded and said housing means
20 further includes threaded bushing means adapted to
receive the tuning shaftc.

i~/ 15. The RF filter according to claim 14, wherein
said tuning shaft, bushing means and housing means are
comprised of different materials having different
25 coefficients of expansion with temperature for
compensating for changes in the resonating means resonant
frequency with temperature.

16. The RF filter according to claim 12, wherein
said housing means further includes an input probe and an
30 output probe disposed at a predetermined distance from
one another for coupling respective input and output
signals to said RF filter.



TconpenSatlng means and resonatlng means for changln ans ,
resonant frequency. 13. The RF filter accor,q ng to.. Eﬂmim M

sai d tuning neans includes a tgning shaft an a tun

. slug bermgyconprised of the sane dielectric material as the resonatlng v"

he RF fiiygr 286ORHI ﬂglterchabmra&n \M&@r %Ilial&ah@t ligig sshaf tv%

eged and gaig Fous% g ae Zg her JDC udes t hreaded bushing
means\ adapt & t o°F YESERERE URPRBD h&PPpeﬂgatTﬁé ﬁﬁaPFIFEF according to.
cl ai m\l4, whgr ei substantial by sbmpt;sbdsbfnglumana and housi ng neans are
conpri sed_of/ di fferent nmaterials having different 25 coefficients of
expansion with tenperature for conpensating for changes in the resonating
means resonant frequbey. ﬁh@hRFeﬁgEteruﬁecotdiﬂEhGORélhﬁmtéO astheraiing to
cl ai m 12, V\hﬁfe'élaﬁéi'@'em&t{‘ﬂgrﬁé‘gﬁsfE'&tEgﬁghgﬁlt‘ig‘ﬁ?a@o'ngg‘igeﬂr gge jand an

30 output pr obe osed, at predet er m ne né "anot her for
coupl i ng respect ?%ﬁﬁfcd%ﬂt%ﬁ%%ht1§F6HQF§8tSa§éPB Rrifiel {880), -1 5- *
cC L M Stitadidd.oxide RFif2)tendageecdhnamt ox¢hai zi02)wherein
said first and second conpensating neans are substantially conprised of
alumna. 18. The RF filter according to claim 10, wherein 5 said
resonatlng neans i s substantlally conprlsed of a



dielectri¢ material |nclud|ng bari um oxi de (Bac»' titani umoxide (Ti Q) apd

RZIrCOHIUWIOXIde (Zr). 19. Conbi ni ng appara mul ti plfe
ragio frequency (RF) signals to a comon ant—m-na Hﬂm ﬂ") ﬂmﬂ@ﬂ”ppartu -
conprising: at-least two transmtting neans each prodeaci ng s I aspect
RFsgi gnal s -havi ng different' signal- frequencies; at least two filter meaps

coupled to respectlvelﬂnansﬂpmbungngeappaRECQSQﬁarscosa&hnglmuémlpéansadlo
conprising: 10 atjn h op bot t om
"~ surfaces and being CSﬁBen°¥d(RF) séﬁﬁﬁggt%chng?ggﬁg gﬁgegng s31d

predet er mi ned r at e COMbARAAGe 3pPaFEYENSAMPFASAD8ACY with tenperature; first

and second conpensating neagg least two craaaﬁhchaugnaehaa aadhberbaicing
surfaces and bglng di sposed aﬁ ve .and.bel o onatln .neans

respectively;, and FREPFFELYVE §é§8ﬁ&s bﬁﬁéﬁgapﬁ geﬁﬁﬁﬁs b8PAG conpri sed

of a dielectric nafeeqaenbdespg a rate of change of 20 t he

resonating reans resonant fLedygagy Wieh & STRET ALURS ABARTLLE cb" BGLAGe

to the predeterm ned rate of hous means
and side surfaces tuansmbstanguaeaySeﬁflcsgnglandeash fllter means

conpressively retabgbgglgqﬁgresonatlng means between the first and second
conpensati ng neans,
10 resonating nmeans having top and bottom

surfaces and being comprised of a dielectric
material having a predetermined rate of change
W o of resonant frequency with temperature;
. first and second compensating means
15 each having top and bottom surfaces and being
disposed above and below the resonating means
respectively, and the first and second
compensating means being comprised of a
dielectric material having a rate of change of
20 the resonating means resonant frequency with
temperature opposite in polarity to the
predetermined rate of change;
housing means including top, bottom and
side surfaces for substantially enclosinyg and
25 compressively retaining the resonating means
L : _ between the first and second compensating means,
‘the top and bottom surfaces of the housing means
being thermally coupled.to the top surface of
- the first compensating means and the bottom
30 surface of the second compensating means,
respectively, for conduéting heat away from said
. resonating means; and
input and output probe means couplea o
the Housing means, the input probe means further
35 . being coupled to the respective transmitting
means RF signal, and the output probe means
providing a filtered RF signal; ana
combining means having inputs coupled to
respective filtered RF signals from the filter means and
having an output coupled to the common antenna.



the top and bottom surfaces of the housing %%ans bei ng thernally coupled to
tEe top surface of the first conpénsating neans and the bottom 30
rface of the secordd.conpembahing apga:atuesmectbwaby;ngomudmm@uetma@ibeat

) xfromsaid r n Lnput a r.ohe s cou Ied“’
ousi ng nbanacepRd RBD: 5iRRRLo EY, o Poafilhr dhoRhRES T834%, LR €0,
t he regpesnnns apaﬂgﬁBStFﬁgpﬁé§h§8ﬁF si gnal-, and the out put
j providing a fpkt Q%ﬁgtREwé' Qeahsm%@ﬁgmleaheg RN rddVicigy

I PNQut's }oup) ed to respective ter nal s romthe filter means and
hav ng an gu? put Te8RPEEAVEoRFhE18BANSN &ﬁﬂ@ﬁnﬂl fergpc Sléﬁﬁﬁlnlng

appar atus—f or cogpgqﬁgnaubglple radi o frequency (RF) signals to a common
ant enna, sai d conbini ng agga t us co rLsh % | east t&p transmttin

means each producing 5 BRSEy EWRFELLS §I§eﬁ3§|ﬁ§ FFeF@nFe§P§ﬁélve
frequenci es; at teaﬁsmlmnlhglmeanseaﬁssdgnpled EQchefné¢Ervmehnansn1tt|ng
means RE S|gnalé §9§Ql glter means conprising: 10

resonati ng neans P2 g "t8p and bottom'surfaces and being conprised of a
dielectriic nb@erial having a prederesghasdnghseanis heNdogt iteipt gnaf ibositoand

second conpensating MeanSgyrfaces and being comprised of a dielectric
material having a predetermined thermal

axi

conducctivity;
first and second compensacxng means
15 each having top and bottom surfaces and being ng
disposed above and below the resonating means
respectively, and the first and second
compensating means being comprised of a
dielectric material haﬁing a thermal

20 conductivity greater than the thermal
conductivity of the resonating means dielectric
material;’

housing means including top, bottouw and
side surfaces for substantially enclosing and
25 . compressively retaining the resonating means
between the first and second compensating means,
the top and bottom surfaces of the housing means
being thermally coupled to the top surface of s
the first compensating means and the bottom
30 surface of the second compensating means,
respectively, for conducting heat away Irom said
resonating means; and :
' input and output probe means couplea
to the housing means, the input probe means
35 - further being coupled to the respective
' ' transmitting means RF signal, and the output
probe means providing a filtered RF signal; and
. combining means having inputs coupled to
respective filtered RF signals from the filter means ana

- having an output coupled to the common antenna.
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-15 each having top and bottom surfaces and being di sposed abo
~and bel ow the resonating neans respectively, and th I] lIfIﬂGMd
, corrpensatr ng neans being conprised of a‘diel-d8trid ﬁmu”ﬂlﬂﬂ H

thermal 20 = ¢ conductivity greater t han the t herfral* cSnductrvrt

t A&’ r esonat i ng means dj.elecCtric é{ housr‘b& neans_i ncl udi ng to
bottom and side surfacds fdt "GRG a"'ﬁ‘ fPERRASEC1ng 4 ra

COﬁpreSSltvel y ret a&ﬂqﬂ.ﬂeﬁd}p (rmolgﬁ{hm rrﬂarmgaet vwamhe fégcriaeong, S@%@Qﬂ
conpensati ng nean: 0 S GE ng, neans. Hei ng
thermal Iy coupl ed ﬁ'rec‘%q'gip%;ger Nce rEf cthrl{ﬁ |$as n (% Jl’Ss)a't |ar’1r8d %‘ﬁ%lréﬁrd
the bottom 30 means hawifng eopf, thied: et et mmfagpsreﬁns enclosmg
respectively, or head, fr M6 al

5 p&ﬂg%&ﬂ% ol %‘ﬂi%&t{é‘é% t{]FF;fl che | pr%soe

i nput and out put e nmeans coupl e ousi ng neans,
means 35 further being coupled to the respective transmtting

”?ansl RF Sidgnalnb and the Olﬁo%littloﬁﬁ r{lﬁa'&ﬁrﬁe ?té&br?aédi;tl%ﬁs’e%i’f thed
Sl gnal ; and conpl n nmeans having | Nputs cou or ective fi er e
RE' signals from ti?é’gsfq 1A sRcond mp ‘&1 “lﬁﬁ’bﬁ.rtf%‘g RRFanF kol

common ant enna. ccﬁﬂed‘dac&n&l.forﬁx\ﬂm'tﬂmiicﬂfs tefeientellec eoiqensat i ng a

radio 10 characteristics of said filter due to temperature; and
compressively retaining the first compensating

means, ceramic resonator and second compensating means
w between the top and bottom surfaces of the housing means

for conducting heat away from said ceramic resonator.



frequency (RF) filter having a ceram c resonator, first and second
dlelectrlc conpensati ng neans, and housi ng means h and .
sitde surfaces for enclosing'5 the ceram glg_esonaamlm m“jﬁm g'l
coppyi sing the steps of: pesitioning the ceranmic resonator betvwee

aQd second conpensatirig<means for substantially conpensating for

ions of -the el eggtriggl é@ch&@aé@@éeamgl €6 eLasai'ghfilfugthdwe to
k‘gt re; and conpre55|vely r et ai i rst conpensatin

in
& C resonato*n%hﬂdé%%oﬁﬂecﬁﬁﬁgn%gtF%@ih%§n§abgtﬁﬁéﬁmﬂﬁerfégngﬁﬁrbotton1
surfaces of the ppesSt nEo é@§afDﬁgC@@dw§tang heabndmapmbeasasang Qesasi C

resonat or. _accordin er including
the step of seal?%ﬁ §%Pﬂt%%Fg%lEyrBgﬁﬁﬁ?g+ngf §§ géﬁ%ensatlnégneans and
second conpepisatéDge oeanal f ohasabseniis t it syo freaddt £ad térgdagattioon of the 5
el ectrical charaﬁterafElcs .of “said filter due to-humdity.




