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especially to err resonat ors. Background o CQax| al
resonat or i ncl udes a cavity such as a recgangu vwa@beaa °§ﬁ??dtnﬁlg"
cavity's fundanental frequency, referred to as; %Abstrsctusu&ﬁgaﬁ s%t tgyaaged -------
sel ecti ng the rel ati onship between a center conductor—ang-t-he—cent-er
conductor's clgsing coveOMBINER WESONATOR GAYEINGE ANVI-BEAM he cavids. cdimy
cl osi ng cover~ gnhd t heSBPPED| EBEMENT DISPOSEDcWITHINr ITAVCAYITE®NStitute the
plates of a capacitor. The RF input signal, which is input to the 6@ IEEE~ 2.
produces an electric flel d between these capacitor plates and a nagnetic
field that i ctric field with maxi num strength around

the center conductor. Tﬂferﬁf&a{@rlﬁémﬁtééw%%ﬂﬁétrongly
determ ned by the center conductor's closi ng.‘?cover The area of” the cl osing

cover det er magFangement, £9% Hraxiag Fadie) SFISTCY (R VWCIRET | . e., the

resonator's frindpt and fnﬁﬁ&@@épé&éﬂﬁ%@&/bﬁﬁbﬂﬁéf@ t he length of
the center cond ctor e el anqgi.ng the capacitance. This tuning is
usual Iy accor : YoY hg an adj ustment screw di sposed in

opposition to the cent elr cmm(ﬁmlt m'esdhafnwrk inclwies adtgahity sischaldy a
Fgggagﬁgkgnu%%ﬁg}#r}g&ﬁ? na dres":qatlfw;,\ln rgdr Iq.7rslr£eét/It‘TCHr?l‘A‘J'ﬁe reso‘%‘a;?éc}?['g{ hi s e
frequéitcy ,Sﬁgnggggwﬁﬂyqé;qqu to as 1s usually set by selecting
the relationship between a center conductor and the
center conductor's closing cover (cap) which are disposed
within the cavity. The closing cover and the opposite
wall of the resonator cavity constitute the plates of a
15 capacitor. The RF input signal, which is input to the
cavity, produces an electric field between these
capacitor plates and a magnetic field that is orthogonal
to the electric field with maximum strength around the
center conductor. The resonator's fundamental frequency
20 is strongly determined by the center conductor'’s closing
cover. The area of the closing cover determines the
capacitance. The resonator is usually tuned, i.e., the
resonator's fundamental frequency is selected, by
adjusting the length of the center conductor, thereby
25 changing the capacitance. This tuning is usually
- accomplished indirectly by moving an adjustment screw
disposed in opposition to the center conductor. A
pick~up loop, which is usually situated on one of the

resonator's walls, is provided in the resonator. The

30 loop picks up the tuned signal frequency (for setting\Bhe
resonator, this frequency is the desired f)).

A problem with the above~described conventional

coaxial resonators is the difficulty of adjustment over a
wide RF-bandwidth, e.g., 10 megahertz (MHz) around a

35 center frequency of 465 MHz. Such wideband operation in
connection with common adjustment means normally requires



A problemw th the above-described conventional coaxial resonators is the
difficul'ty of adjustnent over a wi de RF-bandwi dth, e.g., 10 megahertz (MHz)
around a center frequency of 465 MHz. Such wi deband operatlon i n connection
Wi th common adj ustnment means normal ly requires -2- the use of bul ky
resonators. In a typical cellular tel ephor®e base station, there are, for

exanpl e, eight resonators each handling two channels. If not all the
resonat ors ar shasugej At FElEys FeFPNALOES - nedds 3atyPicadace kvl 8% equency

for the UnuseéeﬁQﬁﬁﬂﬁbob&séub%biﬁ.ohhetﬁ@ﬁ:levﬁrfer eqeen @kalipld | reidter not to
di sturb other cKa g The bgﬁ ess %nd associ ted ﬁ§IUStn%@t
arrangenent s FS?°Pﬁ orsnearti BARALingok¥PoFRanpe ?0 urtdati®dt &dbor§Pe ¢ hat
there is a needsbnatarseatrer esepdndw thei gysitemgr dér itso neldesssaatye ttdhe
bul ki t d f { '

ul ki negs as Sﬁ&&:ﬁ Eﬂe""!f \%ﬁgﬂ‘é?‘tf&“%he ﬁ§h§Q§ ?&%ﬁ%%r% ot-.ﬁ:%r dle"gig-{éofn

The pr esent vent 1 on act coaxl a eso

that is easy @gtaﬁpugreqnensyobaaésla rrder ﬂP&q@@né}sﬁuﬁmn@tmﬁﬁge The

coaxi al resonghg@hnbisl, Udehe bR1RIREEDAHETRBEOCE a0 RAYMstneityi LY having
a center conductor and an qval closing cap di sposed within the rectangul ar

cavity. The Iéﬁﬁ?ﬁgﬁﬁenﬁﬁnﬁﬁ§'GHeoF°PN§nEéHP§F E8FITALSTSaRF D RS shape of
the closing caﬁsseiefabﬁerybethw&daﬁeabahsf aefeedcodf anhentd®dlal new

resona di sposed t hi_n t rectangul a vity is a ratataple
I-beanﬁghaped &FafR A0 QF§%€r§8I§ ev1a% he?bulRinets aSSOClé%.%P
with conventional designs.

Summary of the Invention

The present invention provides a compact design

for a coaxial resonator that is easy to adjust and

15 provides a wider frequency tuning range. The coaxial
resonator includes, in one embodiment, a rectangular
cavity having a center conductor and an oval closing cap
disposed within the rectangular cavity. The length and
dimension of the center conductor and the shape of the

20 closing cap determine the fundamental frequency of the
coaxial resonator. Also disposed within the rectangular
cavity is a rotatable I-beam shaped element. Preferably,
a stepper motor and a connecting shaft rotate the I-beam
shaped element. The rotation of the I-beam shaped

25 element tunes the coaxial resonator. The I-beam shaped
element may also be displaced laterally between the wall
of the resonator and the closing cap to further
facilitate the tuning of the resonator.

Brief Description of the Drawings
30 Fig. 1 is a perspective view of the coaxial

resonator of the present invention;

Fig. 2 is a cross sectional perspective view
taken along the line 2-2 of Fig. 1; and

Fig. 3 is a plan view of the coaxial resonator

\“ “\ ‘

35 with the top removed.



a stepper motor and a connecting shaft rotate the |-beam shaped el enent.
The rotation of the |-beam shaped el ement tunes the coaxial resonator. The
| - beam shaped el enent may al so be di splaced |laterally between the wall of
the resonator and the closing cap to further facilitate the tuning of the
resonator. Brief Description of the Drawrngs—Fig. 1 is a perspective view
of the coaxi al resonat or of the present |nvent|on Fig. 2 is a cross
sectional per #8:aliLe8 e = SREIOD of Fig. 1; and Fig. 3

:2)2 a lol gn D\étewf the fcwh eairrlr:ﬂ;sqw G.To VFitdl tihecHeate rﬂ'm/qﬁe‘rspec‘elve
taile scrlp i on. of the.l ventlon erring n w to. Fi t e is a
perspective vive™ ofor}or?é‘eer?d'@cﬁ ﬁﬁg’ &%ﬁ%ﬁ% %t fh%h%resent
| nvent i on. Th@mmllnmnnam)r mkd an:laalcams:;na;llm cXudes ext angul ar
cavity ¥0. D 3Rey W% d %eofréééa (AU AL ;}ﬁ dty a%gés@d ségpper

1T or evi

not or some "ot her adj ust nment such as t screw.
Preferably, tHkhestompat rﬁt%rr%am]@p’atﬂaé’kﬁ]f e rigp I%t-’e‘#%’ﬂ’%ﬂ' dretPrced in

the direction qf otﬂﬂ%dil@lbhﬂ;ékrr u%t‘herﬁ.efdﬁvﬁd%g S tes Rirg. a&u&ﬁé@@s
sectional perspective view t the line 2 of Fiqg. V|ded
YVC?V} ?Rf

Di sposed wi t hiS¢te¥e r F&SEfF@ @petrné‘?‘ﬁ:‘?% L I GAR
and an I-beaﬂb@ﬁ@gedaterally displaced in the direction of the double

10 arrow A-A.

Referring now to Fig. 2, a cross sectional
perspective view taken along the line 2-2 of Fig. 1 is
provided. Disposed within the rectangular cavity 10,
there is an RF output coil 20 and an I-beam shaped

15 element 12 orthogonally placed against the electrical
field between the plates that make up the capacitor. The
plates of the capacitor include the front wall 13 of the
rectangular cavity 10 and the closing plate 16. The I-
beam shaped element 12 has the property of introducing

20 frequency adjustment (tuning) over a wide span when
rotating the I-beam in the field. To achieve the same
tuning span with prior art resonators, one would have to
increase the length of the center conductor 15 in order
to, for example, broaden the distance (S) between the

25 capacitor plates 13, 16.

Referring now to Fig. 3, a plan view
illustrates the rectangular cavity 10 with the top wall
removed. An RF signal is input to the rectangular cavity
via a coaxial cable 21 and a RF input loop 19. An RF

30 signal is output from the rectangular cavity via a
coaxial cable 22 and a RF output loop 20. The
fundamental resonator frequency f, of the cavity 10 is
settled through the adjustment length (L) of a coaxial
center conductor 15 and/or its closing plate 16. The

35 design and/or dimensions of the closing plate 16 also
affect the adjustment of the fundamental resonator

frequency £ According to the present invention, the
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el ement 12 orthogonal Iy placed against the electrical field between the
plates that make up the capacitor. The plates of the capacitor include the
fromt wall 13 of the rectangular cavity 10 and the closing plate 16. The |-
beam shaped el enent 12 has the property of introducing frequency adjustnment
(tuning) over a wi de span when rotating the k-beamin the field. To achieve
the sanme tuning span with prior art resonators, one would have to increase
the length of rdtmtio esf cineluT+ibeand 512 nioralehiiéved fwitkxangl ¢, theoaden the

di st S t Fi 3,
o ol an vi o | (oS WSGGRPEEL | RfiStndy dChevFol! SERYy TRNGKR, T O
removed. An Rﬁdﬁwemg neans whichels ettmmért@awwsqlatadcsmfal

cable 21 and a-RF input loop 19. An RF signal is output fromthe
rectangul ar cavity via a coaxial caple 22 and a RF out put qug 20. The

fundame® al resonator fraRnEPEarign AL e Ehedm 152 adiestselhenr ough
t he adj ust nentrdsigintcd Lir&duén©p e tihe &t it imam dasd ofidbmandi 06, |t S

o foct the adfriRat grt iEnd it F Telorettrt {Faguenes i ffon® &5
According to tmvmas'sé:nemmht and tthee width ohtthe di-léanhk2|wheam 12 is
oS ek el BLECRSE (gt 0 ELASHRL) GrS et gheot et

1 diagonal dimension of the —beam 12 is settled through
the formula S-(2*(> 10 mm)) in order to accomplish
maximum Af and good voltage flash-over resistance. The
diagonal dimension is depicted in Fig. 3 by the dotted
line a-b. The statement placed in the parenthesis is

15 power related, meaning < 10 mm for less power (high power
being approximately 50w).

The oval design of the closing plate or top-
capacitance 16 improves the voltage isolation distance
i.e, the S-measure increases. Improved Af through the

20 oval shape of closing plate 16 is a consequence resulting
from the increased projected surface of the I-beanm 12.
The design of the oval closing plate 16 is related to the
resonator cavity dimensions through the equations, b/B=k,
k*D=1, where k is a constant.

25 The present invention also makes it possible to
move laterally the adjusting device 11 (See the double
arrow A-A of Fig. 1 which illustrates the movement of the
stepper motor), thereby causing the attached I-beam 12 to
move laterally between the capacitor plates 13, 16. This

30 lateral movement of the I-beam 12 facilitates the ‘catch!
of the correct frequency range including the location of
f, via the so called parking frequency. Accordingly, the
present invention provides a resonator, such as a iA/4-
resonator, with a simple frequency adjustment means 11

35 which includes either a manual rotating device and/or an
automatically driven device, for example, one driven by
the stepper motor. Cem L
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Aferr] rotation of the I-beam 12 adjusts the resonance frequency between
maxi mum and mninumi.e., between 4max and 4nmin on a [err] rotation. The
rel ati on between the height and the width of the |-beam 12 when achi evi ng
maxi mum Af shoul d be preferably 0.5. The di agonal dinension of the |-beam
12 is settled through the formula S-(2*(>glQ mMm) in order to acconplish
maxi mum Af and good vol tage flash-over resistance. The di agonal dinension
s depihct ed inFig 3 b?thime dnet Qﬁvéhaeiag.- haszbeefzt aée&embeal( ﬁ_ﬁedtbn t he
parent hesi s is wer relaje meani ng, <, Q S | power
bei ng appr oxi RR F§r36mﬁ$£?ﬂ§m89§ﬁ'dg§iéﬁ ng%ﬁ§£8pgs?Hgggﬁéfew8ggfop-
capaci t ance lthatphavesbéén usktlagrei wokdsi off destcriptibneratherStheasure
i ncreases. | 0 . ou t % e 0§, A0 e 16
consequence p§§u¥¥ﬁ%§QF?§§ft%§digg?gagéaﬁgggjgg%gghsgbgaggkg§Sthfl?Bgam
12. TheSdesi gpresenhechainschayi hg phdecwithpytrdepasting €wemr &8enat or
cavity dinensgpps LB5pE0Br! BReCOHFbhRREn BhBiks KrballerB8pecks.S 2
constant. The present invention also nmakes it possible to nove laterally
the adjusting device 11 (See the double arrow A-A of Fig. 1 which
illustrates the novenent of the stepper notor), thereby causing the
attached |-beam 12 to nove laterally between the capacitor plates 13, 16.
This lateral novenent of the |I-beam 12 facilitates the 'catch' of the
correct frequency range including the location of [err] via the so called
par ki ng frequency. Accordingly, the present invention provides a resonator,
such as a [err]/4- resonator, with a sinple frequency adjustnent neans 11
whi ch includes either a nanual rotating device and/or an
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aut omat i cal I'y driven -devi-ce, for exanple, one driven by the stepper notor.
-5- V%I! has been described in its preferred enbodinents, it
i s unde m’mm mm&ﬁj rds that have been used are words of description
rat her than¢ oft |ism and that changes within the purview of the
present clainms may be nade wi t hout departfng fromthe true scope of the

I nvention in its broader aspects. What is clained is 1. A coaxi al
resonator, c&PEMSiing: a cavity; a conductive el enent, having a

predet er m ned shaped plla.te (Mbdrdeds cdaﬁasqeéguﬁamdr,t heowsris ingand
connected to the aV|ty rovide a fundamental frequency for the coaxi al
resonator; an |-beam sifa W enent di sposed within the cavity between the

plate and an opposing eaddnduetiive selehgitat ehaanicho @ g etdp termiyedal |
formng a ca ngs, | %ﬁ$§§g Y to tune
t he co%m al fgglégtﬁgt gﬁat%a q’fg&?a{g ans for rc{?ql{l ngc‘rég‘ﬁlﬁ)f| eam shaped
el ement wit hpﬁroméecawftupdamentam fxrouency dpnhdthe erasekali ng to claim 1
wherein the ¢akbhutldw ng a rectangul ar shape. 3. A coaxi al resonator,
conprising: a rectangular s aped caV| a conductjve el enent,
havi ng a predet er ni ned 383 eéi/éﬂ%ﬁ’tth q’ssﬂﬂ (iWr’% HFRet he
cavity and ceawndeiycbeltwredir ‘tﬂﬂéllpil}atéirhﬂd ke roppmyiand ei.-mien:y wall,
10 said plate and opposing cavity wall forming a
capacitance, said I-beam shaped element being provided to
tune the coaxial resonator; and _
means for rotating the I-beam shaped element
within the cavity.

15 2. (Amended) A coaxial resonator according to
claim 1 wherein the cavity having a rectangular shape.

3. (Amended) A coaxial resonator, comprising:
a rectangular shaped cavity:
a conductive element, having a predetermined
20 oval shaped plate, which is disposed within the cavity,
an I-beam shaped element disposed within the
cavity between the plate and an
opposing cavity wall, said plate and opposing cavity wall
forming a capacitance; and
25 means for rotating the I-beam shaped element
within the cavity.

4. A coaxial resonator according to claim 3
wherein the means for rotating includes a stepper motor
coupled to the I-beam shaped element via an isolated

30 shaft.

5. A coaxial resonator according to claim 3
wherein the means for rotating includes a manually
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di sposed, wi fhin the cavity between the plate and an opposing cavity wall,
sai d pl aumﬂmmwﬂﬁﬂmgmaw ty wall form ng a capacitance; and neans for
rotating HOAge d elenent within the cavity. 20 4, A
coaxi al resonator "aclortling to claim3 wherein the means for rotating

I ncl udes a stepper notor coupled to the-l Zbeam shaped el enent via an

| sol ated shaft. 5. A coaxi al resonator according to claim3 wherein the
means for rotadjwstantée unesber nopuplég tdj theabreeamnsbapeduglenent t he

I-beanlshagedvﬁg an €1 S5E eHi%h€£t150|ated shaft. -7 - 6. A coaxi al
resonator according to clarm erein the neans for rotating is laterally

noveabl e such that the | ateral novenent of the neans for rotating laterally

di spl aces the |-beam shgpedaeteaRial rFesonatofOasterdifgotat elaamcgrding to
claim2 wherein the plate i s ov A coaX|a£éresonator

gl 5 s?a ed, 8
accordi ng to rerein G BeANg hEOheERtd bggrb?%}PﬂﬁsiﬁcFﬁﬂﬂg Yst epper
not or cdupl edadustable membehapadprédneot theaisolated askdfthast an9. A

nal udes & montErTy o8 fedle fof PREMITHAL T BFR Pped eldnentd) Ion

via an isolated shaft. 10. A coaxi al resonator according to claim1l

wherein the neans for rplalirEbéﬁiéPIféé&ﬁ&tBPV§é86§d§H§htbhéiaiﬁe3|atera'

novenent of the nmeans for rotating Iaterally,disglaoes he I-bean1sha8ed

el enent . wherein the means for rotating ' 1s laterally moveable suc
that the lateral movement of the means for rotating

10 laterally displaces the I-beam shaped element.

8. A coaxial resonator according to claim 2
wherein the plate is oval shaped.

9. A coaxial resonator according to claim 1
wherein the means for rotating includes a stepper motor
15 coupled to the I-beam shaped element via an isolated
shaft.

10. A coaxial resonator according to claim 1
wherein the means for rotating includes a manually
adjustable member coupled to the I-beam shaped element

20 via an isolated shaft.

11. A coaxial resonator according to claim 10
wherein the means for rotating includes a manually
adjustable member coupled to the isoclated shaft as an
alternate means for rotating the I-beam shaped element.

25 12. A coaxial resonator according to claim 1
wherein the means for rotating is laterally moveable such
that the lateral movement of the means for rotating
laterally displaces the I-beam shaped element.
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