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WD 2004/ 054033 PCT/ CH2003/ 000748 DESCRI PTI ON
TUNABLE RADI O- FREQUENCY FI LTER ARRANGEMENT, AS WELL AS
5 A METHOD FOR I TS PRODUCTI ON TECHNI CAL FI ELD The

invention relates to the field of radio-freque

eﬁ’& %@@r‘i/ﬁg“ol%? relates in particul ar t oP§T ﬁﬁé’a’gw“
radi o-frequency filter arrangement as cl ai msd in the
precharacterizing clause of claiml,

for its production. 15 A radio- frequeﬁ(r:]y fil ter mwmwmm"mmIm
U5 A6 147,577, A i ngl TITEBTE el et ?.X?”P'eionat opa1ss
|n whi ch the noving dielectric body can nove Ilnearly

| Noietd YO akatEiey S0l dikaRitn ACUEOH] as

tric resonator eI ement

exanpl e, fr o ¥ETHPD 0F @R 1188 oPRERYERI AMRT 25
Tr ansportable radio |ink connections (LOS=Line of
Si ght)_have bheen proven for rapid and flexible
cg%ﬁ'mlbrFItﬁL% re-free communi cation networks, in
parti cular in rugged terrain without a suitable 30

as p tg.i he f len

A EVEREL Gy B T DEhE 2idld )55 EHIB R eayeney

1zerm;rte£r1:5@3 @’Elz) reAppeeprMat epartx@nl:,arirto a tunable
pa{afdfd“ﬁfeqmﬁéi{kﬁl})a%&%ftb&t & Srafgénéfduided-19im8INAl the

processi ng n the transm ss|i on and receptl on
apI S FEEC 5ol NG uEhaUFRe @l ofdRiPadio FRAKSC vihi Bgthod

fiddreriscaanrodasiigied not only for individual

frequencies but' are -automatically tunable and are

di sti ngui shed by constant high Qfactors over the

t Uni ngdianfeequenOy?2 0Dl 0541033 rRETLOERB033 000748 this is

known, for example, from US-A-6,147,577.

A single tunable dielectric resonator, in which the
moving dielectric body can move linearly in the
vertical or horizontal direction in a cutout in the
dielectric resonator element is known, by way of
example, from EP-Al-0 601 369.

PRIOR ART

Transportable radio 1link connections (LOS=Line of
Sight) have been proven for rapid and flexible
construction of wire-free communication networks, in
particular in rugged terrain without a suitable
infrastructure, and these operate in the frequency
range of two or more GHz (for example 4.4 to 5 GHz; or
14.62 to 15.23 GHz). Appropriate filters, in particular
bandpass filters, are required for signal processing
within the transmission and reception appliances for
such directional radio 1links, which filters are
designed not only for individual frequencies but’ are
automatically tunable and are distinguished by constant
high Q-factors over the tuning range.
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In addition to the essential electrical and
radi o-frequency characteristics, filters such as these
nmust, however, also be producible at | ow cost, nust 5

have a robust design, and nust be designed to be
r&fQ A% /4P4R3P and to be space- savi ng aﬁGT/CH2°°3/°°°743

wei ght - savi ng. Space (vol une)sand weight, in
particular, are major factors for the nmobility of the
overal | comuni cati on system 10 In the past, in order

greduc the size of t cavities.for flh‘ters sug
as Tt heFAE QR i 0nk° hav |nc?§§§’f‘ﬁ@?§ beEhSHFEpG8ed
whiachi drefirequeatical echaracteesshacsr élidments amczingasl ithese

aﬂﬁggty h8%e ggt $e1%§ %Péaﬁcfﬁfgeln of ?os% must

r esonant con rguratron can Vari
t H@vé | tter robws tsudrsdonut i and | Busiesdpe besi:ESJkgnQVhy t@f be

exaiplfhid N US A Q7. 2ha WY chpwes Gied-saving and

initrally. In this known squtlon a flrst r ound ,
divR It 1RAHINK: (ceFRAFE pudMPludedr r aRfidl 20WEHIRE,  in

flp&%tiﬁﬁiéﬁonaﬁé ﬁmﬁ@ﬁﬂﬁﬂdﬂorﬁ eaeh tofe trivdoilciosar t €S the
of the filter. An |dent|cal second round dielectric

di HETRY SAFBISAIRISEHSYS the first, and can be

ral sed vertlcally, and | ower ed agai n, relative to the

g@é means OobraRy25¢§! eféé»ﬁ@écaélllé/ COMUd °|J§d the
m)t or riv

ellnear nmovemnen IS re U|re
t v ipurPos 9% fAddeE6d SByha @ gitRESSt eAA 1rﬁ5t$or have

M%éﬁﬂ[g&ﬁ‘)\@é@m pPropdsdW erfiidH O ivd NQAr dielectric
nmovenment b | ex threa ed, rod nechani sm

kigRRP1aQ re%\?ﬁnﬁ e REFEIT: vlcf?l6u§aV&|t§’a0‘§/sanF§§e§"unable
fivsddy, elementconpidicaiea vedesahidrft cudnfitomradtiiceve dare be

C rativel i_gh Cc d d f :
SR " AERE) B0 s SUOMELD LK Shpnion
nmolealdles cdiidled  asbys wasuiofedekxampgeod in uN&blAl-lﬁt W 4af 577,

thghfddh t ghs Secuyll Ynithelagi usidrephi s eGhan savihdton, a

is required for  the |inear venent requires a ve

| o5 ARt ofiepREE T R GUER oHRATANAG PUCK) is arranged

in a fixed position as a resonator in each of the
cavities of the filter. An identical second round
dielectric disk i1s located parallel above the first,
and can be raised vertically, and lowered again,
relative to the first disk by means of an
electronically controlled motor drive. The linear
movement that 1is required for this purpose is produced
by a digital stepping motor, whose rotary movement is
converted to a linear movement by a complex threaded
rod mechanism.

This known filter arrangement has various
disadvantages: firstly, it is comparatively difficult
to achieve the comparatively high accuracy and
reproducibility of the disk position during a linear
movement of the moveable disk, as is required for good
tunability of the filter. Secondly, the adjustment
mechanism that 1is required for the linear movement
requires a very large amount of space. As can easily be
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WD 2004/ 054033 PCT/ CH2003/ 000748 - 3 seen from
figure 4 in US-A-6,147,577, the notorized adjustnent
mechani smthat is arranged above the cavities

occup| es aobout 2/ 3 of the entire physical vo

MO 49444059933 hernore, owing to the 5 ESE'AEF‘IZnBQ/SPW“

the upper disk to nove in thesvertical direction, the
cavity nust be designed to be conparatively Iarge

f r&!@éi h@rt&fnalr.lflglEPeAll' 0160158686 V\i"-ﬂ'rhS'{\’aS ldrkeWns@orized
initia roposes a single tuna
%ﬂﬁqm%pqes%ﬁﬁPﬁPlg § ifﬁ:an %cgéﬁFPPQ %ﬂ(ﬁROY% the
prdmud:acés noidompdieal eabbue d2 gk dhHatthes aalﬂtan:@dphys&cal
Fixed,RosifEon 40 agGayity, ‘i‘-hdr@?} r‘}rtlg:g C&glf Fo
ex Y eckPict

entered to a greater or esser
bepathdii iys ghafde turwpex cAiske t'csutmmfe 1% THee vertical

r &N Qlor S “&ﬁ%d bc\!a@ﬂt%"St MY of phe §85e5H68N to  be
depth. For. this ose he di el ectric body can be

MARSP AT e WY AFGE hoiTR THE (& Tor m of 2 rod in
the wvertical direction (Figure 1 in EP-A-0 601 369)

t t al t 2] P-Al-Q
o0 a0 SN Tt « HErHotvRS o LAKEREPR: ot HBbut A ally.
tlprolg:srﬁpmrsmgl@atunalnl@edaeheeﬂ&ﬂcbyesbhator in which
‘C’fl Qlen 14 & NELPBLE. 1B°§ oy t%héé‘“&%@?egehc disk

nent mechanirsmi s
tm*?tprleﬁao%%#awlwm £ hged B@swg@ndéa pusevasy, which

paﬁﬁfoﬁ | @n abé eABdrblsS t%5 o epsddtidyt tyr | Se8BEL teneant by
gues abl e, gpgart cul ar, hi s _sol ution

15 b8 ECh b BB it ahanadatcaqAtTRethe: Ry tout
f rime thesdmamear feveamerdd asy tddsetwenth dfavehal iesdytion

scC u t her ve. T TH
C]\I%%% 1%Jgeclég%r %:%%é |%€gnﬁ§o%ﬁ[%é: ’{lr%\l dey Ecan be
pmwratt bineamablela aalioidequencyhéeéi Foem afr angedenn the

WhjGH: A b&r&é@%&?e%wé}ee&f %t 'E’EEJM-O 601 369) or in
di sti1 ngui shed %ﬁ d+:a%|q: particul arly conpact and rab

deédiy Qﬁ%?P %P??e&ﬁéﬁ%?ec%aiﬁcﬁgrﬁ%rpc§01a§é9)
hago afhrﬁ@b/ﬁ@@wpl@ éﬂ@l QQaté@p@Bﬁﬁt and thsagmrfe)sp@nse

C%ﬁ% eféggtbge aﬁ%e%% Wﬁkﬂfdséfutiéé PE] %ﬁermore, no
mechanically worked-out adjustment mechanism is
specified either, so that this proposal should in fact
be regarded just as ©paper prior art, and 1its
feasibility is more than questionable. In particular,
this solution proposal is also subject to the same
disadvantages resulting from the linear movement as
those which have already been discussed further above.

DESCRIPTION OF THE INVENTION

One object of the invention 1is thus to provide a
tunable radio-frequency filter arrangement which can be
produced <cost-effectively, ~is distinguished by a
particularly compact and robust design with good
radio-frequency characteristics, and has an
advantageous tuning response, and to specify a
cost-effective and simple method for its production.
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WD 2004/ 054033 PCT/ CH2003/ 000748 - 4 The object is
achieved by the totality of features in clains 1 and
27. The essence of the invention is to provide, as a

tunab dule, a cavity with a 5 _dielegtric
réﬁqg)iﬁé t which is arranged in a P/ 0037000748

p03|t|on and has an eccentricgcutout in which a

di el ectric body is arranged such that it can rotate.

The arrangenent of the body such that it can rotate in
cre

t [, t.he diel ect
2 1BYrghed C UL RS Rl FhBorpIA L Hhe T of BPyUESs in
rrtxylmhm tarar® d@si gitezl estknhieglofprehesiioverttiusn is to

tun d 1 t
U0 B LIRSS AR LK i
f|dx@1e<a¢:rmg€mnat@é%oeéllem§nto wWikkch nvignt psrapged in a

d'@f*é@“bég;@glbﬂ Lhat Hdwe f’j' %lc%%hrtkcicr %ﬁﬁﬂﬂitorln whlch a
elenent 1s, in_the form of E anar., round circul
|

didkelemtr s Pﬁalw tHe BFERBEE SUBhdyPehn ot GfB rotate.
abri arf@h@éméﬁtabEStw@1ﬁmdy5sucnlgwatZQtanghegotate in

t he di sk f th I

SR Sl ot USRS SR Al Mo L B Bhenc o
prleeiet éesqiigrddt hitoknédss, e:atmemmly hacomnecch el 8beri gotary
aXI y &\ﬁ;\in@ hedghtnd ”d!eg%g%ﬁe%}te éfﬂe $UMIWh, thus

s essentiallly equal to t e t hi ckness of
t ellowing ehighy Fénit@goﬁaf:eFaehfeﬁ@ﬁt reRr@é\s&éll@&H:éﬁw g be
t hhsnhiefeqenent has been found to have a particularly
advant ageous tuni ng characteristic, in which the
cutout in the dielectric resonator elenent is 30 a
cionel aprefernedi cadf imsroagh- hof e tie chf il lst eoneatarigement

Wi t.to e. L h

ot oEARES | chochReshOLALLER, 3K B scdnBliSheddn chat the
todmbe@urmt resonatol el @kemert r ekdnator @P%neﬁftrmn of a
;ﬁfaﬁawayrwﬁa Ehﬁchm@raags&epahat a6 frhem ang aﬂcg:mrtmc

S Rhe ol Dariow ol gags, and e dlel et B0 18 one

di aegléon tat thghdiakglgbaie® bife tind atih.eﬂlealuric( Gfsonator

anglégeggundedtggtt%gec%] E%%E%?k %%%%E%Q% S é%‘ﬁ% has a
predetermined thlckn'ess, and in that the dielectric
body has a height in the direction of the rotation axis
which is essentially equal to the thickness of the
dielectric resonator element.

A development of this refinement has been found to have
a particularly advantageous tuning characteristic, in
which the cutout in the dielectric resonator element is
a circular cylindrical through-hole which 1s concentric
with respect to the rotation axis, in which the
external dimensions of the dielectric body are matched
to the cutout in the dielectric resonator element in
such a way that the two are separated from one another
by only narrow air gaps, and the dielectric body is
bounded by two paréllel_ planar surfaces in a £first
direction at right angles to the rotation axis (60),
and is bounded by two cylindrical envelope surfaces,
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WO 2004/ 054033 PCT/ CH2003/ 000748 - 5 which are
concentric with respect to the rotation axis, 1in a
second direction, which is at right angles to the

r Qt at,| ' dtothe first direction._5
U%éfd;%fﬁrference fields in the dFST4EHZ003/000748
resonator element and in the getallic cavity are

preferably suppressed by the dielectric resonator

elaiRfi 410y dgnGeePLiE avithr oughebel o thel Troitatdloso axis,
expedi ent for the dielectric resonator ,elenent.and

LHEY o P ECPPRC OHEAY alBh (EIEE cobectigrt CRELEENEO the
nat@rdataion Treld idn@rtartlmegieimst diseacjpanticul arly
sinple and 15 conpact ‘design, overall, if, according

to anot her devel opnment, the at |east one filter is _
addviemdaakeke | ningepferenadl y fdeddengulrar £het edielectric

g%@&lgarféfl t%?émef.z{i‘@ iﬂﬁ{it ein\?ﬁﬁﬁ%”@mb%a?@&&egtcfawf&;ya are
ase plate and wa es, ich are ri angl es
té’%%ge‘f?a@é/ pl %P@PFG?gég t%)é/ si e waW%ieSFngFs redonator
cayksmsh©rhdhing op dacerdy thromglorhamenti ng pl ate,

which is parallel to the base plate, and in that the

cavities in the filter are formed by separating

pl &t esiswhialsar expedirgyr atfed | the hdifdllecgr iltougiesgnator
aNh &Hén @l 3l IBhedalled Bk e N BRRS Cedch PLA! Be 2 d of
nouﬁ?fng s?ots aFe prvFge& int eq%ase pla?e,gﬁﬁofﬁe °
vathe ptate arRrial t he separating plates, by neans of

whi ch the plates are plugged into one another and are

COPECS] e OLE ARELs HDP%! ERUlA BT Mo ane

cawvortpa@st | sdesighj s ocaseaathi evéd i acaopdinigcultar | yynother

si i oL h i ng.OReRLNGS,; i Gl ;
COUT TR Mg el TOUEL B RreRc s AcRnk M in
i e preferabdly seporanywbapl fidser3shopsingr in that the

deyp£] 0P Rouafi nighes & NRRledn Fsofi S 1 PRYLShaGitd Nahlatvall
a preferabl circul ar ogenln i S_provi
b

. g p ded in the
W EePuntithgh pfae e BbovEREaBRIGESt K8 Gg@iﬁﬁéﬁ plate for

t htloelgbidlel cialle, r eafecis veodert@cion ctiiesangt ofadkd by a
2019§é9§4%%%n@§ygc%98§/ePOQN%%.Sch is parallel to the base
plate, and in that the cavities in the filter are
formed by separating plates which are incorporated in
the filter housing and are at right angles to the base
plate, and mounting slots are provided in the base
plate, in the wall plates and in the separating plates,
by means of which the plates are plugged into one
another and are connected to one another, in particular
by being soldered. The electromagnetic interaction of
the cavities is in this case achieved in a particularly
simple manner in that coupling openings, in particular
coupling slots, are provided at predetermined points in

individual separating plates.

Another development of the invention is distinguished
in that a preferably circular opening is provided in
the motor mounting plate above each of the cavities,
through which the respective dielectric resonator
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- 6 elenment and the respective dielectric body are
held in the cavity, in that the dielectric resonator
elenent and the dielectric body are part of a tuning

el ement s associated with the cavi

mﬂﬂn%ﬂpﬁﬁx] 4#% not or nounting pl ate, aﬁ&Tyﬁ%§ﬁ39/998748
tuning elenent in each case has a fixed hol der, which
passes through the opening in the notor nounting

plettetnerftorand hendi etegptebitcivreemraaatevtqucermmy arbohded in

whi.ch passes through, t openi in.the not

i | BBVDENt e HhaChatl o HOUAETSShakct rEFoqTakes element
roirai ethéordilerleaaﬁrelcecbmdxz albedypart notorg tuning element
par. d .gear [
mﬁﬁECﬁfrg%sﬁfgéggﬁkggota |ona n%%gﬁgﬁtag%?:%ﬂeﬁﬁ%?gﬁd_on
t chehe Miater mawitding s pidh®.ed afigeh ifhatthaiy &&e tuning

”Efgﬁéné5lgh%a@hr%EEEW%ES'é FaddC WaTder, which passes
space- savi n according.to one referred

S stn et (HpeEboxn THY. Recab.dinsang Plage, for

hailse ngh el dc t ot fé@bﬁﬁwﬁrnglemSnﬂDuathdlderawﬁﬂbhrpasses
nting plate hat t

sl e aneRshdhan, dhe Wetor dhoring phate and is

homierrtédc.)r sulgd ditledectiti ccarsarrgtadre el Epentthe dielectric

AgSENeda GRddie hi’HSF%Qtlgﬁﬁta'rCUéaEHép?Eﬁﬁ' $Ro 4t Neind &

n t'hat t ear box un
r ARRTRRK elBAENt WiHIEh F§aRﬁ@NﬁS| ﬁl’teher‘?%@ﬁ;r%‘flala movement

shaf tghé SmpRYAL €4 ithed HY IR eS@eleh PLEChELABeBEBUICA] that
and is firni connected to the hol der for the

di &t A iTPHWS, and in that the rotating element is
driven by a drive shaft wthin the gearbox 30 unit via

a gear waee! {lyakx%%e s fdr %@%@h&%ﬂ&tﬂ Qg%aegt§£+m%

el‘ement, drive s ted tot
mmom@ng@| PG pﬁeﬁﬁérgéar@\m%lowgnﬁ worhe gearbox

geakit and bBcbhabahhea nhet 3f i Siefenini Eh@te%h"ee&ﬁﬁﬁslng
in the rotation direction in order to overc

S0 B e BBy OBy ArBAFGE GROHAE SPE P LaRRy g Chat’ thE motor
Furdé heriaiice - copeetean be edhbystihe, geatdheel tieang the

ng%pg?%OEg}oghg 8&r ectrlgngggbng%ghegle M3%t?is attached

to the housing.

Particularly precise tuning is achieved in that the
gearbox unit has a rotating element which is known in
the form of a shaft, is mounted in a prestressed
precision bearing and is firmly connected to the holder
for the dielectric body, and in that the rotating
element is driven by a drive shaft within the gearbox
unit via a gearwheel which is firmly seated on the
rotating element, with the drive shaft being connected
to the motor and engaging with the gearwheel via a worm
gear, and in that the rotating element is prestressed
in the rotation direction in order to overcome play,
preferably by means of a spiral spring.

Furthermore, space can be saved by the gearwheel being
in the form of a circle segment, rather than a complete



10

15

20

25

30

35

WO 2004/ 054033 PCT/ CH2003/ 000748 - 7 wheel. A
configuration such as this in the formof a segnent
with a segnent angle of about 100 is conpletely

h hwhi | i
e U m L T S el ettt ¢ body B CEEDgE 00748

cutout in the dielectric resonator el enent.
Particularly reliable tuning with high reproducibility
i swiesdll evRd donmftﬂgaxrata.ommmcihl as, tkhischihashe conmobf a

Dlogkerdt TeREY 2d A JBhne! S ORI ibhe  is

ric cutouts 1 ri c resonat or .
bcmxmsletrelsor gaf fleicont rbo taeverot sheorefifee worthwhile

di L4-Red drhén @Oxdé.r?ée of naltagélé 9@5' Bfoﬁhéeﬂi@léctkﬂc body in
part|CU|ar inth Ormo Jogkre barriers which are

corfe FEeP o Jtrhetré%rﬁ%‘%]rec%lf SRR ROV HRIER - or der

to deternmine the initial 15 position of the dielectric

El%taltc‘@a?’ﬁg’ Fgg gige uenc e];vlrjl te{ﬂe Hang %n%%gl%qq.lty
as&ocaehee‘aad apprbpti, atee csmgileoilp]m,tl‘@lrnl@m hhe a control

diof &OErig ha ?\o‘iﬁz é’x\%h Yoy §HB*1LC nyRer 1(g ?F&@E&@g in the

f requenci és o radi o-frequency
areQERfEHERE . COHRUES eiRr FRE ﬂéﬁﬂﬁéﬁﬁhﬁ 61eSPﬁétﬁ>6t hodies in

?ﬁ&mﬁf o t @ctntl{]?ol | Bne nkb@&thlénd bgt :tht@U ld&@‘éddt&lt& aodies,
e sheet-ne arts are si,ver - a an e
SOV PR BOBAGI98 SROEREE byl hektis- BTIA%i Fyephe form of

saligt theersheed - nedtiath pard s deseamordit it dilos, doamtrol
| a n f Si NELRAG 53 4

ORISR Sl IR oCHRES 0 SLOLEIN LA inician

almfhletlomn tlgft t hehsheetdimkegtrigart sbeddesnitianly the

@l ¥- PLagesdcd oget Rl byr Badsmad: of ahlie URhERY value

alds and the crossing s]Jots, nmountin sl ots and

MOERRIRY |VER i FCOFULr 1B fidien HANGRY  40d hARARLate an
ar@pﬁi"@pi@i&"@@e@ﬂmt |iﬁfs1f'd1|&1er olﬂouﬁhég dselamteic bodies

h
trrﬁ"gl :J(r:ﬁa: :’cfé’ ady g?é‘t’mg% th%{1 J\'f'zé:r soIu 3 8%%1%9%5 'BE° tne

predéiabfyequencgt £i1 bem arsalag)ptheeu to the junction
poi nts between the plugged-together sheet-netal parts,

and in that the plugged-together sheet-netal parts are
One preferred refinement-of the method according to the

invention is distinguished in that the sheet-metal
parts are silver-plated, and are soldered to one
another by means of a silver solder, the sheet-metal
parts have mounting aids, in particular in the form of
crossing slots mounting slots and mounting lugs which
are matched to one another, in that the sheet-metal
parts are initially loosely plugged together by means
of the mounting aids and the crossing slots, mounting
slots and mounting lugs in order to form the filter
housing, and the plugged-together filter housing is
made mechanically robust by pushing the mounting lugs
into the mounting slots, in that silver solder,
preferably in paste form, is applied to the junction
points between the plugged-together sheet-metal parts,
and in that the plugged-together sheet-metal parts are
heated, preferably in an oven, until the silver solder
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heated, preferably in an oVen, until the silver sol der
WD 2004/ 054033 PCT/ CH2003/ 000748 8 nelts and fl ows
into the junction points. The production process is

partic jJ;pl e and cost-effective if all _of
;k&n%¢ﬂ§2é§%é3 s of a5 filter housing gpgggﬁ?%PPdﬁ$g748
comon netal sheet, which hag not been silver-plated,

by neans of a cutting nethod, preferably by neans of

| aselre € wirdd nfjl ows Itod tthe Wayhd thisdn thtei ot - out

sheet-netal parts are connected to the remmining area

of the netal sheet only by a small 10 nunber of narrow

wellss iprodisttiore neratesseeist operhéculeiil tkémple and
CYsQuts éﬂf@énﬁ@t le P2{1S JeS LREN sgﬂ é’te etpilat ?%rtbn of a

that t he eet-nmetal parts are deta rom

et ial tthdupin@rare| Gat sfromr appatn@en E‘ﬁé‘aér hegén which

u%ﬁg : gldtonﬁereﬂ(?t stitheteEthlaEeaouswg,mé@n@ardﬁ c¥ acut®ing
W e Weps r
N tekiod o breretdhty TlingSos 8 AP Pkl Bga g such a

owesyt dehdthetheavut +est webeet himetalt parhsuaregciosnected to

G S Ena T AQC B 800U BN Dot G SRS i b Capsnall

Thanbee et oranrow webexpiai abdti Ahaometdadt shlesitn tigether
25¢§ | Mg ch@gbu'ﬁs' Bﬁe@éeﬂaka&y Vﬁ&@@@' et Sl i 1ver-

conj unction wt dr awi ng 30 35 Figure 1
s %drpe%%p%fmvtéh%véhaﬁ R‘}FEW-oPaFHE arp| detached from

hatise nefd heshéedt eafbex) being salver-plegeancynti birer then
arr angenent accgrdl rred exe

r ef | ar .
ST met SPURREUC VA | gt {8 alPBRaRSor Thy BETCicular
f ivitdy stivhi mdjoni ey a0 f anjedwabenysindéndng atotheseapdints

eael tl@éVEhE@HLm‘éEXU g%%ﬂéh'vﬁﬁéﬂ ea:?ér%ﬁ&geéi”oﬁtmde the

Square an are coup t o one anot her tunlng
urffd sl ti e when d‘ﬂéﬁ e%3e1=¢%r RS 1S ecF@mﬁ%e and

adj ustabl e dielectric bodies

Further embodiments are specified in the dependent
claims.

BRIEF EXPLANATION OF THE FIGURES

The invention will be explained in more detail in the
following text using exemplary embodiments and in
conjunction with the drawing, in which:

Figure 1 shows a perspective overall view of the
filter housing (the filter box) of a radio-
frequency filter arrangement according to one
preferred exemplary embodiment of the
invention for a total of three filters which
are arranged alongside one another and each
have four cavities which are arranged in a
square and are coupled to one another (the
tuning units with the dielectric resonator
elements and adjustable dielectric bodies
have been omitted, for clarity reasons);

i
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have been omtted, for clarity reasons); WO
2004/ 054033 PCT/ CH2003/ 000748 - 9 5 10 15 20 25
Figure 2 shows the filter housing fromFigure 1, in

0 R B3R put s of the three 11 el CeRigdhras
shows the filter housing frompFigure 1, in the form

of a side view of the transverse face; Figure 4 shows
a perspective view of a nmetal sheet, which is used

af‘qit@ﬁ“%'ouspéﬁéﬁsf%ﬁaht h&l%éﬁ”%‘éﬁr%%gf aﬁé&ﬂ ifife 1, in

I ng as
transverse gtepafarmngplat §l§§t W@y toe t:hreeelongltudlnal

filters; Fi OdLe 5w§{99mehéh§nee&§p%hl ¥acHeY Qff &he three
net al sheet which Is used in the | ter housing as

shown in F|§h¥%e{5as a transverse separatlng pl at e
with a coupling opening between the four cavities

hin e f the re lters; Fiqur ws the .
DOHLHREE | G0 SRRUF oftRE nEtFebhdRe I chTPL dadae 1. in
the filter holsi fpras efiown sideFigiewe bDfasthe transverse
separati ng pkﬁé g.running in the |ongitudina

direction wt coupllng openi ngs between the front
and rear cavities of all three filters; 30 Figure 7

sheygutdes pesseRst 'aVepé‘f@ﬁﬁé@&{'@e wase @E ata? m8tal h&heet,
filter housi }gﬁ shown in_Figure 1 MAhh a_l arge

nunber of no g $Fot¥Sefnt 85 wAi cHathe PIGLr ffe the

separating ptoagesvensge wddespl atfes tae sholbern kowsies as
2 to 5 can bSehO‘gI? Inserﬁ'lgﬂreandl Canar?c? %’(l)l der ed ‘transverse

separating plate between the three filters;

Figure 5 shows the perspective view of a metal sheet
which is used in the filter housing as shown
in Figure 1 as a transverse separating plate
with a coupling opening between the four
cavities within each of the three filters;

Figure 6 shows the perspective view of a metal sheet
which is used in the filter housing as shown
in Figure 1 as a separating plate running in
the longitudinal direction with coupling
openings between the front and rear cavities
of all three filters;

Figure 7 shows the perspective view of the base plate
of the filter housing as shown in Figure 1
with a large number of mounting slots, into
which the lugs ofl the separating plates and
wall plates as shown in Figures 2 to 5 can be
inserted, and can be soldered.

Figure 8 shows the perspective view of a tuning unit
with a motor, a gearbox unit, a dielectric
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Figure 8 shows the perspective view of a tuning unit
Wth a notor, a gearbox unit, a dielectric WO
2004/ 054033 PCT/ CH2003/ 000748 - 10 resonator

el j el ectric body which can _rotat
Flw(&a%ﬁﬂ he tuning el ement from F 1-1%003r{06?0748
5 view from underneath; 10 -Fiigure 10 shows a

| ongi tudi nal section through the gearbox unit of the
tuning unit Jfé@tbﬁath)JQUéEerﬁen'Ei ghndealdishewsrtibebody which
perspective view of the gearwheel, which is in the

formof a cif¢te" %%%ﬂ% fron1the gear box unit shown
in Figure 10; 15 Figure 12 shows the perspective view
of S heri ;
el%réﬁféjssﬁoegﬂé*g Eﬁé Qﬂﬁ%ﬂb %'1%%%% grg%re 13 s ovvs e

t he perspectY%@Wvﬁ%@Wc#n@¢ﬁﬁ%ﬁ%¢ectr|c body, whi ch
can rotate, of the tuning unit shown in Figure 8;
Figure 14 shaws the_ fundanment rangenent of
Ges o] 'SF4i (e | noBSLhudrBahecBRArRgh o thrfgah  the
exenpl ary endpeeh et $1Im\m i of Fi giltee 1rfundnd t henit from
orientationdp£ %P §SSOC|ated di el ectric resonator
el ements and bo within the cavities, with respect
to the coupling sI ots; Figure 15 shows an alternative

arg fagearet él@o&rQaEhbnEIeE‘s%lérc%l% Qflévlﬂeoﬁa‘tfhb' Qeaddiwiizel ,

filter, in a_row, 35 ure 16 shows_the outljne
circuit di agfaheRf 18 %:%ntttl'%ﬁ §9EPerRf of tHercle segment,
radi o- fr equeficym f thé egeadivdangerenéhewe ol Wi Pggtvet he;

i nventi on;
Figure 12 shows the perspective view of the dielectric
resonator element of the tuning element shown

in Figure 8;

Figure 13 shows the perspective view of the dielectric
body, which can rotate, of the tuning unit
shown in Figure 8;

Figure 14 shows the fundamental arrangement of the
cavities of a filter in a square according to
the exemplary embodiment shown in Figure 1,
and the orientation of the associated
dielectric resonator elements and Dbodies
within the cavities, with respect to the
coupling slots;

Figure 15 shows an alternative arrangement to that in
Figure 14 of the cavities of a filter, in a

row;

Figure 16 shows the outline circuit diagram of a
control system for the radio-frequency filter
arrangement according to the invention;
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WD 2004/ 054033 PCT/ CH2003/ 000748 - 11 Figure 17
shows the arrangenent and configuration of the
sheet-netal parts for a filter housing as shown in

Fiqure 1 common netal sheet; 5 Figure 1

t r%ﬂ%ﬁzﬂhéhﬁ between the filter fre&ﬁ@é%ﬁiﬁﬂgz99°74e
filter according to the exenplary enbodi nent and the
rotation angle of the dielectric body 45; 10 Figure

1% shome Iﬂesﬂﬁfu][tlefé famaﬁg@?eptpfam Qfofliqﬂ”ﬁﬁgt._&ation of
par anet ers reflection coefficient at.the nput.
Cirve B and 1o Res STARTEL BAE L okST | 8, e o PRGSIng as
forward di r esowm; i uFigurd)l ofn tdecdmmemrmaczbrshegt ;

to the exenplary 15 enbodi nent for the tuned frequency

of 4.7 G& over a frequency range of 15 MHz about
t ilgues pettshvewsi dche edurliiionaiti R0 Ietyigan 2 hshod Lter

the neasuredgfg y &f ofide ofitdhe S adyamier t21 the
of the filter according to the exqulareaenbodlnent
Y,

for the tunedFFTRRENCFIPGALREALGEN hPERpion angle
frequency rapfiecioé diéDedtizi@bioody t4®; respective

m d- frequency. 25 APPROACHES TO | MPLEMENTATI ON OF THE

I NVENTI ON The tunabl e radi o-frequency filter

arfageeeh? sihowh the wessureddiraquinciobroding éxtthe S

has a filterphonsingrs (301 FigUESeLLibA WREER121BWADRR the
of tuning units (40 in 30 Flgﬁre 8) _are inserted and

are screwed ®PEhe nAEIVe no#iti gl at$LY 13 (HFangission

1). | The 1; il t@éeb@ylé'i@@;r anch th@l tﬂﬂiiww:wnﬁ%ﬁlem%i?nlbe curve
expl ai ned separ atel y. e..conpl etely asse ilter

arrangenent'gg Rét eﬁ?lE%%FﬁFe&Fﬁ%f:V%%s%%st f exemplary
clarity. 35 dhsodimémngfibar thel tenebodigsieqyeficyl todr 4.7 GHz

box) 10 il ateg.in El nposed
t hi cker (at 8?%% %ogfe teglr%lfrm?l?]nmg:%g&% at gglgﬁ%n%bgfuta the
nunber of WIreSD4sbEYe3IB1PChY eppensy 00874 s

Figure 20 shows the measured frequency profile of the S
parameter S21 of the filter according to the
exemplary embodiment, for the tuned frequency
of 4.7 GHz over a wider frequency range of
+ 60 MHz about the respective mid-frequency.

APPROACHES TO IMPLEMENTATION OF THE INVENTION

The tunable radio-frequency filter arrangement which is
described in the following text has a filter housing
(10 Figure 1) in wkich a number of tuning units (40 in
Figure 8) are inserted and are screwed to the motor
mounting plate (13 in Figure 1). The filter housing and
the tuning units will be explained separately. The
completely assembled filter arrangement is not
illustrated, for reasons of clarity.

The rectangular filter housing (filter box) 10
illustrated in Figure 1 1is composed of a thicker (at
the top) motor mounting plate 13 and of a number of
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- 12 sheet-netal parts, which formthe base, side
walls and (inner) separating walls of the filter
housi ng 10. The sheet-nmetal parts include the

b ichis ill d individual Ly i
FHRLASOAT QA0 Tl Stes 512 and 20 (SEETAREZbRIg0g7Ae

4) which run in the transver;®e direction, the wall
plates 14 and 32 (Figures 1, 2) which run in the

I (mgéetwdriertadll cgbaﬂssi 15 OWhlctho&'mal’tﬂéi‘rlﬁa%lelii n§ede \aralls and

separ at.ing_ pl ates | strate

i nditR alsf%)?ﬂaﬁ@%r‘ggli Wg %h HROYT HGr }O - The

seqdmem—imag:qdl aprer8s, iwmilokde sthecdmmbplate hél, which is
S%ﬁéfy%ﬁgddiﬁ&§5iaﬁagﬂg 19, | ié@f ated the wall plates

%} eet - met al parts are
colr?po " 25 cheaml @lssi Flawmni & sWhigh pirae in  the

igﬁeltns?ﬁéz% (dﬁf@étiﬂéré ftﬂiﬁ43%)ll T&flarmi.@r UNghag 32

at e is co pse (0] e a mat er |

D bed o ea L PRESE Crih, HhotRe T aRak thaings digRetion,

emrmlta:anﬂsmsé\s mzmeb)e Sﬁpﬁrétgﬁglngateslzfnl th|e19 which

S e 20,.can roduc articul ar

oaord  TERERBaEe, IO Y ST FighERE § 5, and

srré'e& Nenaerbarsepaﬁatm plater Fouswhgcho l@utlmaaed in
xgé; 1 Sheeta b Ocﬁlréé'tié‘x@l € §hﬁe hﬁ th%l’lﬁ%@%ted

| I | ust r at e e

in Figure 17. First of all
arjsllﬁotlnsl F%@Frﬁl $ edThes ?h??Fa’l“P?alt i&arts are

CCtRinQithFech fde émleﬂ @hegtmtnhckpe&usellplaze sheet

20, .32 _and e cu met al sheet 6
o {8 (REERG®End N & BoRiathol o T (Toges  RouAting
tq:dmueqdez vig h admpostesiet -afet alhegasemd haateanial bead is

i [ ct t ere
awlhéeéet sé&%rn%l%%% p%?tr:]t ;hz%g; nar?%%ve&gégg %fgf'

nﬁﬁ@mn%ﬁ:oﬂ e webs are arranged at points on the

sheet - net al parts which are | ocated outside the

cavities n t he subseq nt filter housing. 10.
S EER B 150%t eh ey L e din ot heS HBghal | Barts
t hedn 35 Beher produkcede npaatieclardp theasily and cost-

ke SRy BIPEIRESRAT! G Bl URGRENILLET pRISE or
1the &ilter housing 10 out of a common metal sheet 69 of
suitable size, in the manner illustrated in Figure 17.
First of all, the metal !sheet 69 is not silver-plated.
Initially, the contours of the required sheet-metal
parts 11, 12, 14,..,20, 32 and 33 are cut out in the
metal sheet 69 by laser cutting and by a comparable
cutting technique, with the sheet-metal parts that have
been cut out still being connected to the rest of the
metal sheet 69 at various points by narrow webs. The
majority of the webs are arranged at points on the
sheet-metal parts which are located outside the
cavities 21,..,24 in the subsequent filter housing 10.
The lack of any silver layer at these points means that
there will be no affects on the radio-frequency
characteristics of the cavities. Once the cut metal
sheet 69 is in the form shown in Figure 17, a silver
layer is provided over its entire surface. This results
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| ayer is provided over its entire surface. This
results WD 2004/ 054033 PCT/ CH2003/ 000748 - 13 in the
sheet-netal parts being virtually conpletely

i AOBATEOIE oos whion v | et or bYCHICHEpOhoT s

Fbmever, since these are largel y- | ocated outside the
5 cavities, this is not disadvantageous. The filter

ho.l.l-ffi hel O shechkomegdlf r partbe Hathyi dkh&*tuafﬂ%ﬁt 'd@ﬂtp@etely
par nmot.or nmount | .
P S At e v SRR SR R 190 180 ARSI ngiig in
cathie ealreas by thensvehfs avisicH abl ¥l slaver beolcdteer tihhrough.

ag-l&yeep? h?%ﬁ'&%ettﬂ'gégl Q%rtfa%& }3}2’locja4: ff’ge the

are purpose rst VISt ona
ccﬁﬁ@e’-‘t@ﬁ bytlpi i rfgow@madfgamme%w mount i ng
slots that are provided for thls purpose into 15 one

anot her, .and the sheet -net al usi ng that |s for.me
€ L aRar U195 T e b by TR né 2oMe. Htnidy vi dual
Imeetmxweﬁ&te peids nglsl ois, Qdy. ileomalBlz,pl aBesaidd, the

32 th I ' i.nal  f ft I :

S0tk LSS ULl (2Ee,0! IBPrafgUB Rt 48, me
20coiderimpunsi ngrpﬁadeom: ba(smatrmalrefaamannt@ble silver
solgfied n i 4 heyf orgyf @& APPIgdd 0 dhe 12,

Junctlon pOIntS betmeen t e Sheet - net a parts an
dik4ri buid@d 32uch3Bhare hdogapsha$ HEHQERt ;féﬁS;Bomfs all

ﬁr@ré@isfﬁ:&?a 1¢l ﬁ&@ﬂg@&ibkﬂn@bﬁ hplagbgiﬁgl %Lﬁ‘[t@.ﬁ'ﬁfsluEBe and
ousi n a een ar.e 1S
Wi 0 ARl Gan thal Bite IRGhaR Ly EOT eLli ELgUEBPSe into
sobmeramgthend asd thel sHedowneagai hoasdegt hdasoliderformed
orSar Tt BBCnREReaTeD | Bobfi) 407 bRRAL Sho hdhcing
321u@% im—@ @h@ HeGMHEMY tSrﬂéDttﬁa»séMht ethe wadl phetes 14,

wed 3 Bhattfﬁe 1fon§2tt&mﬁ91arf¢ac%rr@flg%ﬂeonfif@er housing 10
Io g i tudi nal, faces of the housi ng are provi

r POPNRBURG nERe I YPRSEg §%5etdf t %ﬁ(ﬁ?QWg§§?s ?%ethe
35n¢l\ﬂi>i' nbahesnd2pldde 20.andsdZtabdet heosepacdt istlder in

gglgli fotrﬁx of 1%oq%r33p§é€eequ' pQSSllet h:e' rthgv\'ejunct:lon
points between the sheet-metal parts and is distributed
such that the gaps at the junction points are reliably
closed during the soldering process. The housing that
has been prepared in this way is then heated in an oven
to the temperature required for soldering, and is
cooled down again once the solder has melted and has
run in the junction points.

In order to plug the sheet-metal parts 11, 12,
14,..,20; 32, 33 into one another, the baseplate 11 and
the wall plates 14, 32 which are arranged on the
longitudinal faces of the housing are provided with a
number of mounting slots 39 (some of which cross). The
wall plates 12, 14, 20 and 32 and the separating plates
15,..,19 and 33 are equipped on their lower edges with
mounting lugs L1 appropriate for this purpose, by means
of which they can be plugged through the mounting slots
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nmounting lugs L1 appropriate for this purpose, by
means of which they can be plugged through the
nmounti ng sl ots WO 2004/ 054033 PCT/ CH2003/ 000748 - 14

39 i ate 11, and can be sol de
tﬁﬁhgv@$§éﬁﬁiﬁﬁg.m ates 12 and 20 and sep%&%?iﬁg%ﬁpépgg748
,19 additionally have -ygquntd ng lugs L2 on their

S|de edges whi ch can be pl ugged through correspondi ng

S JBJUﬁtri'dng:h‘é gb&sieplblﬁe | omgi tuﬂ&inad:az\iva:}fre plsaileteret. The
nd _can he t d
ot L P RAESER A2 atld oy S paenatTRE Blaces
12,5 14,.19 26;16321wnaﬂ1whe1’1¢mlgmmmaﬂg1 ylmgmnlir?g on their
S(e)splaci@t %@&Eg' ahﬁléﬁ ca%e%@l pfu&&éanghﬂ)ﬁ%ﬁ 3brr@ponfing

ar e rovid
s Te@Un G| Sl‘B‘éﬂ sn ehe rﬁ@@afé@lrt% \&%%spﬂaa%earé‘l 32,

al 4,64 nadn Orbé hesollﬂé}.@d f ace ar@ﬁ:déiV\Brtcf ac low unlmpeded
(alternatin n. Fi ure

8 q}S|n slots 37 &38 gg
THFISAY uBEn AR FEARTRGES8paP rPgn%|a §555thng Bates
Er?mfvenfe Separat?mg ghaﬂes ibe. 1@&gn£adhnaﬂﬁyahrunn1ng
otal__o0 = [ C
s Sty “afate A7) BUATRT KRS RN TAT 36, 37
i rendhe38f |(Fueurlesu§1—@ axe fmvagg@cnat é@etsévﬁhee%t-@fetal
mhé&@tgo fﬁetﬁgEOEQEQd’tﬂ%4@@%s§ﬁn§§aﬁﬁkeaDMéHﬁdHEEon the

erence ure he four
aS%%%?%téécecéVFiléQWQI facgy %ﬁ%%@F%ﬁ%ﬁ%ﬁrSﬁ@éalPﬁ glots

spray e3goim pightétey.F3. In addition to the filter

F3, the filter housing 10 shown in Figure 1 has two

further identical 25 filters F2 and F1 which |ikew se

eaThe cbopgisedioal lycavinniag aepanpuinn playaasé. and the

Eagpaﬂévépgeféég$£§tfﬁ PE%E%Ed 53 a31§h9 ul? W &otal
an assocl an_ out put

279£28, 314 Feslp?ec%qiﬁlétycal%ocﬁiﬁétﬁ-éﬁrf @mlh‘éstlaf aj square

eaﬁf'%ef a]Erlé% f(iai er? &4, ih2 ﬁrgduFé% 7RI %er%ﬁigolﬁ@m@donﬁ the

anot her radi o- qu oses IS

FcRibGRE BPURIE Of siauhl pooaFr ARGty STl egf which

CO&\IbéI rgurRitelted35 by Wra@/ tofinexampd e, segiriat the plefesence
%}qm.‘% 18Nd5 19 (Fbﬁ“”f? g n ihe e | OGS VAl L Yated

8 separaflhg pl ate I gure

cavities 21 4 which are arranged in a square form a
filter F3. In addition to the filter F3, the filter
housing 10 shown in Figure 1 has two further identical
filters F2 and Fl which likewise each comprise four
cavities arranged in a square. Each of the filters Fl,
F2 and F3 as shown in Figure 2 has an associated input

26, 28, 30, and an output 27, 29, 31, respectively.

The four cavities of: each of the filters Fl, F2 and F3
are coupled to one another for radio-frequency
purposes. This is achieved by means of suitably
arranged, elongated coupling slots 35 in the transverse
separating plates 15, 17, and 19 (Figure 5) and in the
longitudinally running separating plate 33 (Figure 6).
The coupling slots 35 are positioned in the present
example such that they are located in the center of the
wall of the adjacent cavity and on the vertical center
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The coupling slots 35 are positioned in the present

exanpl e such that they are,located in the center of

the wall of the adjacent caV|ty and on the vertl cal
cente 054033 PCT/ CH2003/ 000748 -

plwa(?w %‘%mé‘o ities to be coupled. The |WGW@J°&F°7“

this position for the coupld ng characteristics will be
described in nore detail |ater. The transverse

seyedred | 69 phat eavigiasd B wdi ebuseaar a’ﬁ:‘Bet hepbirtbece of
cour se

F2
eqtt}?lp&beaoaﬁgﬁo%oﬁﬁ r‘:g"%gpcg%nlﬁ?g?g ACIB?W:ﬁF%?l%IF%'F%QW‘}& be
r edestat dred| edent AdréFi giﬂten:IJZ) lanetrhe fTen oftrmnsverse
di ' t
Ol olod LG TBRGLD LB (SN B ScDedfglelUe oi1pers
gdvker n&'2t hendv &ial frmducmerréqeéh@y e / tpénsﬁﬁ)‘é§$©n not

Chad@Ot98d Sk €n dodpei A dbyédieds cavity and of the
respective filter. The dielectric resonator el enent

44 is part of a compact tuning unit 40 that is 15
associatetlan thiedachrdavidasdiiegyr esléndfl) 44 THEigure 12)

notth the Bodr 0218 BERETH 90k ERh R 480 the, Bt g each

4|60f( Fi grinee 1©avlifnesvvh@sle en@;lt hefaireéd@ct riinc rekBenatfdrlter
BB 1y s 0

?m rcu% aé?l%pgﬂlanb%%%%g v!g{é: o@é%ffmﬁahﬂ& {%8qlency and

asEeRR SR EeS 1R h Qh?éfaccd:\ﬁrtlyﬁth ned th]éecaVPCiWJr@%?a]t efavity

ur@&@d nlsgt I&heﬁfieéiﬂe&itqaxél@ll@é@namé gierestri¢ hasohator
ra ciLrcular t

h d t | .
LTI 45 CRPCBPAE Gl QUSSP qUrecdd) ain, 40" Thak is
di @ sctiatedodytiseachi quae tha) (Bfguhes san01 hi Theegsining
IsurrlTPtyna dlénSEFgwes Egr ltﬁecg'tO%Hg&S O%lé(ih ITFOhlﬁlttl! tplate
can rota atlon S that is at ri
ank efrem ahevdi ard bﬁéné i xedehgiléeactdbi d Figgaeatldy) . to

el pResé 4d4na Thendl EHEQHEt§Qc'Srb@ohﬁ%oEor@&@&e%t 44 is
C|rcular%§yllndr|cal { hrough-hol e that is co tric

albduta¢ped r oWRLCHn %&P%ec% tRREUERt & nAFLEF ﬁ§ orfPening

of 285 hgrdigelrect 1) ¢ hadyeH5isarss smd Cdresd t avitche €héowavity,

59; Igosygg ga&? tfocateg axgerneath.

The dielectric resonator element 44 has a central
circular through-hole 58 and an eccentrically arranged
circular cutout 59 (Figure 12). A dielectric body 45
(Figure 13) of the same thickness is mounted in the
eccentric cutout 59 such that it can rotate about a
rotation axis 60 that is at right angles to the disk
plane of the dielectric resonator element 44. The
cutout 59 is in the form of a circular-cylindrical
through-hole that is concentric about the rotation axis
60. The external dimensions of the dielectric body 45
are matched to the cutout 59 in such a way that the two
are separated from one another only by narrow air gaps.
For this purpose, the dielectric body 45 is bounded in
a first direction (which is at right angles to the
rotation axis 60) by two parallel, planar surfaces 61,
62, and is bounded in a second direction (which is at
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are separated fromone another only by narrow air
gaps. 35 For this purpose, the dielectric body 45 is
bounded in a first direction (which is at right

{ otatlon axis 60) by two
QﬂﬁQ%giig and i s bounded ﬁTZCH§8836°°°748

dlrectlon (whi ch |s at MD 2004/ 054033
PCT/ CH2003/ 000748 - 16 right angles to the rotation
axiigHi0 anglé® tbe thier stotaliiactanhg by tamdd to the first
cy .C e £ 3

S B R P ARE L L en I on 8L EPERLES 63, 6
thénbﬁdyans |qosmemetdr14cnt@bo1he ¢ineo Ut o tani b a5l§ee610| r(see

%é’)n Thendi Bhagt iisC sbady vdm hdd o6l abh¥ober BB pe

fro same di e ectrlc material as the dielectric
r eeaTatisy Figuife®) 44. 1t is attached to the end of a
hol der 47 10 whi ch is mount ed such t hat it can rotate,

and can.b rot at ed ans of t ha

s BiaTeat et Hal (FEas, oyt FEur Ho e ThedR the
disgdnect dh.elecesmnatmtetmmas44thabo:1nte1tetrs:rm atriespnator
a T t t f
)%Jt%nﬁe%tes%%at a3 %Bgogtégé g B500881 Jfi" SUREEder 47
mvhifgte quenapusitechesyeh t ‘éhatt gt b@amairpéateTh@rt%n%@ be

unide AQxd Fﬂ)}?“ﬁl@én§ @) t‘?}%s%dl?éﬂiysn@oﬂﬂ%t S§§ a?commodated
gearbox unit 42 and g notor

whi ch
f lidhgdhRonriettidd t ¢ttt dear SERAE a3 0at tice Gadectric
a&ﬁéscﬁ{auﬁs éhembat dan ,4aoMy cbhearotattdior) astis t 68@. The

gearb e notor refera

SRR O L8 TRhGReAE ERGBIEREL B B ppgonacor
geglrdomentuni &nd?2 thas Ehmomsdﬂgrﬂquencmhcébtﬂumefllaeél to
t i, hpldets 46 for the 25 stationary dielectric

resonator elenent 44 is nounted. A rotating el enent

49 in the formof a shaft is nmounted by neans of a

proged St&mnb@amﬁg 48 spegutbat SLII.O(‘}a@sséﬁﬁ:ata&lyn cdmprises
t hrou | e which pazges th ou h the_ base ,.of t@ﬁlch

hdtsi Ga&’%ogt r ¥ ht h|1§ ¥ot at i*lg 30
(ﬂfﬂ&ﬂﬁelﬁbnneétedﬂwbcoheegeaﬂbbm thethdRdet 4het lsdde and

C%&_&%gﬂ@h BMO r0§7 E@ﬂ?kg ggns?EE?@E)b%gr'@%émﬂég}box

is

can be pr éstresse rovi bearln
unit 42. The motor 41 is preferably a stepping motor

As can be seen from Figure 10, the gearbox unit 42 has
a housing 43 on whose lower face the holder 46 for the
stationary dielectric resonator element 44 is mounted.
A rotating element 49 in the form of a shaft is mounted
by means of a precision bearing 48 such that it can
rotate in a through-hole which passes through the base
of the housing 43 at right angles, and this rotating
element 49 is firmly connected to the holder 47 that
can rotate. By way of example, a special bearing which
can be prestressed, is provided with two ball bearings
and is used in hard disk memories of PCs is used as the
precision bearing 48. Bearings such as these can be
obtained, for example, using the name “RO bearing”
(after the inventor Rikuro OQObara from the Japanese
Company Minebea Co, Ltd. Their principle is described
inter alia, in US-A-5,556,209. The precision bearing 48
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and is used in hard disk nenories of PCs is used as
the precision bearing 48. Bearings such as these can
be 35 obtained, for exanple, using the name "RO

beari ng: the inventor Ri kuro Cbara fromthe
Ja@én@@%"/g%g%y M nebea Co, Ltd. Their %ﬁ?}rﬁ“ﬁoé"losooue
described inter alia, in US4 5, 556,209. The

preci sion bearing 48 WD 2004/ 054033 PCT/ CH2003/ 000748

17c0162©f111!51i1?@|§ ﬁs ttgp ttige ac Bbﬁ‘igﬁféﬂ\?nﬁ&f aohﬂaos Bt %d’i?:ioning
accuracy o ielectric bo in the region of a
fe%ﬁf’ﬁ%@ﬁe?gr jz,heasé*%cl?c‘e%?e Oéﬁr 430615} a'i}égt hREAGRoPE 2
t hBewi hiersmEterBE? ausd ifE3. ré&ql omdr fibeehcbhiranet eining of
fo{ﬂéoﬁig‘é&ﬁcﬂ-‘f Sfftgﬁdiiﬁ_s nount ed on the rotating

el eémen . a n

s shown | Tgure 11. Since the full
tuning range of the configuration shown in Figure 9
ang WiReS] t v 19ndi gheCtfdfm I &¥ONat OF i BLeRBENedbor is

and the dielectrjc bodé 45 can_be covered by rotation |
of MP¥REEAdyORhr BHGh TOBACERGm FAEMEHSI tifdn skGwn Shewn  1n

Fiplger®, 18, sedigiceangtreof £ullQ00 tenihhge tdwiye of the
adequat e fo;lithe %ﬁearv\/neel Desi gni n

. t he .
gear Whe 3108 b Pt net f ot b Bt a A5 o RIS the
medbslebbricheegenabox ehened? dddandushet ldd eligtitng.c body
unj c L gn cextr a o
vvo%fr’n éggr @%nbgoﬁﬁ%%sﬁgf Ergégfél%‘ ich i sﬂ%t B?l hft tmﬁfgl% 70
anfFem £Bet PESAsLan) Ghoxk sLie(Fikgire s9 coAn6€cé@r angle of

dit@gt! yié 0 hée Mtdn 4ladenedges Mt h die gpaimheadl s1.
51. In order to ensure_that gerelgno,gla in_the £
S STETRIES et o HEARIEB LM Shart Ginet ik gdin Q5108 2

t heirolat segtelremdnsg stipmesthes gedriboxt heniot 421 and2%hus

di ti . 1S Of A A ir sSprd , [ [
rm%ﬁ%e onlwghg’a ﬁggsiin% Zf% T%% Iclpégén%%?r it\gpsgg2 e}ntcf emely
53compachrovided in the gearbox unit 42, in order to

control the drive unit 40. The first light barrier 52

scans a marking el enent (not shaown in Fi %ure 10) whi ch,
30THE MPWhed®dF moBF 2 FEdvesdadsarRRy i Whash 18 at right

apghigbesat o the rotation axis 60 and is connected
directly to the motor 41, engages with the gearwheel
51. In order to ensure that there 1s no play in the
engagement between the worm gear and the gearwheel 51,
the rotating element is prestressed in the rotation
direction by means of a spiral spring 50, which is
mounted on the housing 43. Two light barriers 52 and 53
are provided in the gearbox unit 42, in order to
control the drive unit 40. The first light barrier 52
scans a marking element (not shown in Figure 10) which
is in the form of a rod, is seated in an appropriate
mounting hole 56, 57 in the gearwheel 51 (Figure 11)
and marks the end points of the pivoting range. The
second light barrier 53 scans a position sensor disk
54, which 1is seated on the driveshaft 55 and 1is
provided with a radial slot. The interaction of the two
light barriers allows the initial or zero position of
the gearwheel 51, and thus the initial position of the
dielectric body 45, to be determined precisely.
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mounting hole 56, 57 in the gearwheel 51 (Figure 11)

and marks the end points of the pivoting range. The

second light barrier 53 scans a position sensor disk
mhlch i s seated on the driveshaft 55 _and is

pr“@n AB34P32 radial slot. The interacEFd CWOP%OOO"“

two light barriers allows_thg initial or zero
position of the gearwheel 51, and thus the initia
position of the dielectric body 45, to be determ ned

preci s . VWD 2004/ 05403 /| CH2003/00Q74

LA A | BROTLARChor BT, ZPRECr oS aE7ef agavities
221,.. 224 whth hehdi dlledeqta:llcesmmmei eebennaentsl 4ddand
badi 45, pl e a
corified e B BASCSAATLEPELLY HATTRE BLLAMGRARRE B o
i I9eanent eh oreaclagaeh | BhEi ghii bteusonFine . b5§| s Bhis is
| ISR Sndd adald ol Bigloe KT SHCLAK D8gis of the
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ERRTIE (AR P ELAGSE A SENS R nePadgcert ) injected
caL\ﬁttd eeh@Z fl&&wn«ﬂa\lﬂtﬁm1ancbr®eegatté$dbgganearfsr oof the

a 2 Th u cated
P e 20, 8 SRR SLOIST0AE 19080 ana
seqmr aamcﬂuglsfalelnsttztfed Iﬁganavfrmstzg Jlasy, ca‘hety 24. The

di&%&&“fﬂgﬁ: £e5eRaty  glemani s g éﬁet"h‘ét oy &f 1 0get '&@'nter

elr eccentric cutouts 59 15 fromthe verti cal
cémiaieg| ke R e c6BPLRRg f oSePRrating | yaldat@ly the

%&m x idd zhile cm@lutmﬁerayghe@trpéeelets@hate@tdea@gxle@ts 44

Icn, 1IN exa e 1S, articul ar

oS EPheken croqRuten BiERotpetl, st i | Futdiee 59

I nEddre thét eerhavabgcan2err adiame refjueneycoeppbnge'slot 35
the.c f

R o Cobgeafla’ Al BBes HOOEEE0 B0 chifBut EREN o

tcmmctﬁttwmd @agsle nghishet .imn tiGdi ex8mALedegk®e about

ofsfd eedansi Sp@F OV ERSr b onirthgusarabnl ié¥ ft®le cutout and
addi tional co pI i ng between the 25 fi rs%f‘ﬁaw ty 21 and

t HOYRSING aviSthPto4, TEEULES| ndtRat &€ by HhESE- SHEPEHY 2

catydidvof ety | keBbouse’ lih wWhothertlzonébgpl ahgorfactor

of.a filter F_ by ns of e r rom t

CORAAIE coff ! nbEC ¢ i sl ; 4fiE2RbREOT (ifen  che
dielectric body 45 is rotated toward the next coupling
slot. An additional degree of freedom is provided by
the capability for additional coupling between the
first cavity 21 and the last cavity 24, as is indicated
by the S-shaped coupling element in Figure 14.

Another configuration of a filter F’' by means of which
- apart from the transverse coupling - the same effect
can be achieved is for the cavities 21,..,24 to be
arranged in a few, as shown in Figure 15. In this case
as well, the coupling slots 35 are arranged centrally,
and the dielectric resonatorleleﬁents 44 are rotated,
together with their éutouts, through about 60° from the
center plane. ’ :

A control system is provided for tuning of the filter
arrangement by means of the tuning elements 40, and a
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30 can be achieved is for the cavities 21,..,24 to be
arranged in a few, as shown in Figure 15. In this case
as well, the coupling slots 35 are arranged centrally,

and tzge d/ ectric resonator | elenments 44 are

%%er with their cutouts, tBF3YGH2983¢4000748
60 fromthe 35 center planejoA control systemis
provided for tuning of the filter arrangenent by

NRERh 16f éi‘r@lilﬂié& Bh@aﬁnaaa@Qamar&k ac VY 2004L 96208 stem
PCT/ 03/ 000 él I‘:]. gE lified lkL)LOCk

dir It OF ST AFEOe Ot (o TR oy 1108 | FOREFALeqt| §5 has a
Ficg:mte:o]]ﬁ bIbekccﬁ“ﬁ r ehliieh, 65fdms exampdret,r ohabl acks@étable

su r opLaGRSSor
?n%oéﬁq{c? power od{agutgiS cg?'?)espongl%n %)%%% O%Buts
nmﬂmeaﬁonﬁstrm sta1 thehauedhay opt mp@@KSGGllconThgl sontrol

t B e s NGoAPESL S ﬂﬁeVb%ebﬁ%n%oW%koﬂ§“45”§1aaBHe'ﬁower
activated fromthe oufside via an input unit 68

68.
cHMTNES GIE 668 | 3 ek RE’A Wi FPM at%nBP’ySl@EPm aé? mPut
| RNy cég vafrhe tcabltedlarnsleilor 6d, intieglact@ assici at defory

b th t t 41 with_a.
TGOy *BF ool q vy Bhucey T alaba sy hE . i}, wRich
I retseroTEdi t @ \ep et It es pep duesidebyofi bher pokpping. motors
Fuyyt I 6
P Thet o THEREE REY sl Rape L pBrEhETS BIUE hog the
urfiltl te. | f 5n§9é@EfiFétﬁrequ€Hé§ﬁ9ror gre fiRxeduerd by

flﬂdt%rfpdlsaﬁlrﬁrﬁndeﬁuk@hé@mé@b (dwhdg csharbiup)bldde 66
dielectric bodies 45 are first

ve
CHRGEAY Shens (Feh e Peachioht PARYRErsapdr ap3 for
p(ﬁSdH otunsngi gmaJted4(D)y afipraopspatef $cgrialegrizhdyr ofor the
Jt@"&.ht ﬁ xeés P& ?gte% SdStE p' ﬁ@ ”BEQrSAdﬁ}ing
are en sWtc orvvardfrom e inl osItio
b)ﬁttarré:-mmbertbﬁ sigledgrieshodieng 4t5o ahe tfamSé; of all

V@r{d’l/eedtﬁg@ﬁ boHde NBADE Ya b7 polh thidnd \’I@{é'ereachlng of
ation for the desired

det erm ned, aﬁz i nt er(gr?l
Dt 3s o81gRRleds Pyt BPPEAYTLAtEhSdgnals
Ca‘_’:‘ﬁ)nmdhé)etvﬁcw 1tdiee bargeéys B8R, t BB, S@He kiteppiahy MBYors

be4lsvgéghglqe1f10|slw9\%ﬁ%da foS w%g:idf if:roa}rll gt?krz'et erﬁtlal position
by the number of steps corresponding to the table value
taken from the memory 67, or to a value determined by
interpolation for the desired frequency. The motors 41
for a filter may in this case all be switched largely
at the same time, or may be switched following a
specific algorithm.

If the radio-frequency filter arrangement with the
filter housing 10 according to the exemplary embodiment
(Figure 1) is intended to be designed for band 4, that
is to say for a tunable frequency range from about
4.4 GHz to 5 GHz, the housing (without the tuning
units) has a base area of approximately 66 mm x 186 mm,
and a height of approximately 30 mm. Each of the
cavities has a base area (Al,..,A4 in Figure 7) of
28 mm x 28 mm, and a heéight of 20 mm. The dielectric
resonator element 44 has a thickness of approximately
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If the radio-frequency filter arrangenment with the 30
filter housing 10 according to the exenplary
enbodi ment (Figure 1) is intended to be desi gned for

band 4 [.s to say for atunablefre n n

f%ﬁn%ﬂﬁﬁpéj&t to 5 Gz, the housi né’ #8&3%8743

tuning units) has a base arQﬁ)of approxi mately 66 mm

x 186 mm 35 and a hei ght of approxinmately 30 mm Each

ggs thie, &avektesnhas d%ah@?eh%ra][dﬁzioa(ﬁﬁroiil;rnﬂeﬂw e13) mdf, and
nm elg t. 0 mm__T ctrlc
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5 raIIeI vertical boundary surfaces .is approxi mtely,
MTHePEHARAg e 4BRBFATSct Slon| SPepphBkPAmt Bt ing

24bmnebe]y3)nd the surface of the notor nmounting plate

13. 10 Characteristic curves as are shown in Figures

18 to 20 are obtained for a filter arrangenent

deSiagractérnistic cwayes FRguegel $hshawsin hieigures 18 to 20

r i etyeen t t engy
ot th ot T ot ang) & o hevd LRI Boe,Sa8dr AR this

t W&¥ccentric cutout 59 in the dielectric resonator
el enent 44. The rotation angle range is fromO to 90.
At Dtheﬁral ht Slgs of. the ele tric bod¥h45a

 FRSBHES all By THOTRSSOS TOLaStORFAR BEskEer, the  tunable
re&nhtaezor €remeehsy44.ard gutlkee 19 reotaws onhe aresglsur edf the
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e - exe nent Specl
t Htiekecteris orref(%'fafﬁ%l‘l emlemen,_ts fhe mlpm rsaqaqneqnv@ngle

B)ratde Eéal’f&@nﬁstb@nt@)@f(fd Cignt goi "tl'fé"'estfl@é Ej sides of
di recti,on, S21 as a functian

fr%*aﬁeﬂe;lfesi:ra S Hodr cdp nige; CEQFERTY 3t W14th7 gggpect to
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Figure 19 shows the measured curves for a number of S
parameters of the filters according to the exemplary
embodiment, specifically the reflection coefficient at
the input S11 (curve B), the transmission coefficient
in the forward direction, 821 (curve A), as a function
of the frequency for a selected mid-frequency of
4.7 GHz. The frequency range is in this case * 15 MHz
about the respective mid-frequency. The graph is
logarithmic. The scale in the vertical direction is 0.5
dB per division for S21, and 5 dB per division for S11.

Figure 20 shows the measured curve for S21 for 4.7 GHz
over an extended frequency range of = 60 MHz about the
respective mid-frequency. The graph is logarithmic. In
this case, the scale in the vertical direction is 10 dB
per division.



about the respective md-frequency. The graph is 30
| ogarithm c. The scale in the vertical direction is
0.5 dB per division for S21, and 5 dB per division
for SQ11. Figure 20 shows the neasured curve for
EPPQQQE% r an extended frequency PSHQSH395369°°748
MHz about the 35 respective miid-frequency. The graph
is logarithmc. In this case, the scale in the
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PCT/ CH2003/ 000748 Fllter housing (Filter box) Base
plate Wal | plate (transverse)
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Mot or nmounting p
Separating plate
(Gircuit) Input

570 Food e ¥
46 25 47 48 49
58 59 60 61,.

late Wall plate (Ilongitudinal)
(transverse) Cavity Qpening
(Filters FI, F2, F3) Qutput (Filters

arati | at I i tudi nal 36,
Slot 18 89" 35 40" 41 FuygHEgud opgras

50 51 35 53 54 55 56, 57 35
, 64 Mounting slot Coupling slot

Tuni gty ot te Mt @ticd Sé@pdg notor) Gear box unit

10

11

12, 20
13

14, 32
15,..,19
21,..,24
25
26,28,30
27,29,31
33

34, 36, 37, 38
39

35

40

41

42

43

44

45
46
47
48
49
50
51

52, 53
54

55

56, 57
58

59

60
61,..,64

Filter housing (Filter box)

Base plate

Wall plate (transverse)

Motor mounting plate

wWall plate (longitudinal)
Separating plate (transverse)
Cavity

Opening (Circuit)

Input (Filters Fl, F2, F3)

Output (Filters Fl, F2, F3)
Separating plate (longitudinal)
Crossing slot

Mounting slot

Coupling slot

Tuning unit

Motor (stepping motor)

Gearbox unit

Housing (Gearbox unit)

Dielectric resonator element
(stationary)

Dielectric body (moving)

Holder (in the form of a half shell)
Holder (which can rotate)
Precision bearing

Rotating element

Spiral spring

Gearwheel (in the form of a circle
segment)

Light barrier

Position sensor disk

Drive shaft -(with worm gear)
Attachment hole (position sensor pin)
Central through-hole
Eccentric cutout
Rotation axis
Boundary surface



Housi ng (Gearbox unit) Dielectric resonator elenent
(stationary) Dielectric body (noving) Holder (in the
formof a half shell) Holder (which can rotate)

AU BRRERD ((PL2LLT2 8 P S B v

barrier Position sensor dislk®{rive shaft-(wth worm
gear) Attachment hole (position sensor pin) Centra
t gpugh- hol e EccemdritcoTléput Rotation axis Boundary
su %ace WD 2004/ 054033 gqg£cqg003/000748 - 23 65
cofiroller 66 Cont?otCbiBeR* 67 Memory (EPROV) 68
ImﬁUt unit 5 69 MimdrghEEPROMI, .. A4 Surface

g F2, F3 Fllte&E&ggg s filter) K1, K2 Curve L1,

untlng I u 4 54033 PCT/ CH2003/ 000748 - 24

PM?ENT CLAI MB 1 MetaHi sheeequency filter arrangenent
hayi ng. a4 Ieast onerdeébter (FI, F2, F3), which has a
nunber of cavitie 21, ..,24) which are coupled to
oner %%o?%e$3 f or Fhﬁ? EfFQﬁﬁéﬂ%§Sp€+£5§5§ and in each
of KWhixh a Curve

L1, L2 Mounting lug



10

15

20

25

30

35

di el ectricc resonator elenment (44) is arranged in a
fixed position, and in each of which a dielectric body
(45) is provided, whose position relative to the 10

dlel ctri nator el enent (44) can be_yar,i

% ﬁﬁﬂéﬁﬁhe frequency of the filtePCTF %9999,000743
F3), characterlzed in that- the dielectric body (45)
is arranged in an eccentric cutout (59) in the
dielectric resonator ebpmERPEMT ¢HAjMsand in that the
di el ectric body 15 (45) is arranged in the eccentric
cutout (59) such that it can rotate. 2. The

r ddi o- f& eq@i@rﬂﬁéq@nwriﬁg@mt axgsagicmmend having at
clai ol oﬁ@arfﬁ‘itt%[.:] Zé};*l ' ”F.‘zhatmt he v%fél’?chélsc azonumber of

resonat or &
rcﬂmfclﬁscul(aﬂ- dl s 4)arYd'11tqf¥1t Prﬁ? tqfélfdl%i eépru%n%oaylother

(4159r CaRgietateqabawly Bﬁiﬁ@%@éé@na@éﬂ Sif6Qacthi 6b iwh#dh a
[ qﬁges to the dis g ane of % g dlelectrlc a ;
é%tﬁ‘kﬁ I eMETOTRAPT. S5CBCDEhe (R44i olF r JUGRY 10 2

flﬂﬂﬁﬁdép¢@h@3@mntaad thaieseth dfh vhiacim 2, dlelectrlc body

@E Ct?k44§§ﬂ @Eégét t ogéel éé%kfoare§gﬂgk958 the

as a predetermn ness
tmelteté:mcel astsana tieady el e8pnitas (4dhei g ibe S(Yatm@d in

di e t n S e al
cfﬁ:féltg&%g%urﬁ.ﬁ R ﬂé&?e g, of'htﬁE eg1e88enkhal Fg, r3),

equa | ckness dielectric resonat or

elhmciemhzed, he thah otfheeq@éﬁéyﬁqtirlltcer body (45} is
ararﬁatﬁj@iltlﬁSaﬁl @lcreeeehtr&& idutduwi M5DPrig, the dielectric

h
GEREYe et oy (44 DrRta i) HREL Hiel Epgpetric boay

cy145Mr1$aarrmm@@@hlmothemhcchnt31conuennt|d5ﬁntﬁuch that
%??g%%bt rotation axis (60). WO 2004/054033

P 3/ 000748 - 25 5. The radio-frequency filter
arrangenent as claimed in claim4, characterized in

thﬁt‘Wﬁh@XESHBQLfrégﬁéﬁéyoﬁiﬂﬂéﬂf&tﬁhﬁﬁéﬁéﬂﬁcabo@ﬂalmed
(4 are natcged to int

he cut 59
ectdtre ona?B?r@FEﬁEﬁ?e (4&§ %hgﬁchtgemafufﬂthrlc
thﬁedmt&he sdpmenited (44 pmisnein the form of a planar,

round c¢ircular disk, and in that the dielectric body
(45) can rotate about a rotation axis (60) which is at
right angles to the disk plane of the dielectric
resonator element (44). '

3. The radio-frequency filter arrangement as claimed
in claim 2, characterized in that the dielectric
resonator element (44) has a predetermined thickness,
and in that the dielectric body (45) has a height in
the direction of the rotation axis which is essentially
equal to the thickness of the dielectric resonator
element (44).

4, The radio-frequency filter arrangement as claimed
in claim 2 or 3, characterized in that the cutout (59)
in the dielectric resonator element (44) is a circular
cylindrical through-hole which is concentric with
respect to the rotation axis (60).
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another by only narrow air gaps. 6. The
radi o-frequency filter arrangenent as clained 10 in
claimb5, characterized in that the dielectric body

(45 b by two parallel planar syrf
ﬁ?%&ggq%%dl rection at right angl esB 9%%0%]/’000748
rotatlon axis (60), and is -begnded by two cylindrical

envel ope surfaces (63, 64) which are concentric with
15 respect to the rotation axis (60), in a second
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char act er| zed |]2¥t hat the dielectric resonator el enent
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of the sams rmterlal 9. The radio-frequency filter
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separating plates (15,..., 19; are
Hﬂ:’éﬁ)of@‘g)eoamﬁ '@‘Pleﬂﬁ?lf’eﬁ?s'ho@ﬁ%t%‘i@) and are at
rlght ?ngl es to thle base plate (11). 5 10. The

i o- Jegquen i.l ter arra
cI imgh 3 5F§gPeFF?gﬂepﬁyt :ﬁtﬁ%un?¥5@n§+€$%t(§ﬁ claimed
36in. o,nféQ)oﬁr elxiond déd to 6he thaeaptetitz¢d1)in i bhahe the

Wa!iiefé@éff’c ( 1%’es4}€‘1’at%9" B&Dex@&gt in (hﬁ? sepal at ;L:lng central

through-hole (58).

8. The radio-frequency filter arrangement as claimed
in one of claims 1 to 7, characterized in that the
dielectric resonator element (44) and the dielectric
body (45) are each composed of the same material.

9. The radio-frequency filter arrangement as claimed
in one of claims 1 to 8, characterized in that the at
least one filter (Fl1, F2, F3) 1is accommodated in a
preferably rectangular filter housing (10), in that the
filter housing (10) is formed from a base plate (11)
and wall plates (12, 14, 20, 32), which are at right
angles to the base plate (11) for the side walls, and
is covered on the top face by a motor mounting plate
(13), which is parallel to the base plate (11), and in
that the cavities (21,...,24) in the filter (Fl, F2,
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plates (15,...,19; 33), by neans of which the plates
10 are plugged into one another and are connected to
one another, in particular by being soldered. 11. The

r adi fre filter arrangenent as cl ai [
&’%fg’ characterized in that CouspﬁgHEQBBIOOOMS
openi ngs, in particular coupbkigng slots (35), are

provided at predeternined points in individual

sear a}tcareg ﬂd)ﬁﬁ@@_ l(b1j5 sepaiatlﬁﬁ) pﬂa?teé'he(15 19 33)
radi,o-frequenc ilte rrang

| 38h%s! RIS LLLESE A TANISIENG 185 2l AR #O(16) ama
praefecraab Ini glitr curdcdreso denitige (b}Es)e islgireovilded i n t he

not or nmounting plate (13) above each of the cavities

(21,...,24), through which the respective dielectric
r ddbnatliie eradbnt LTaqICneY £hé tEEs FEHaNEERET o2 r Fdaimed

rzg.éf’g@%/?:(erﬂ5gngr&1§ﬁ%&éﬂzte{éﬁ EﬁV:thht gﬁ)unm%g slatés (34,
u rran nt as.c nmed in

chfract eriXePih Pﬁ%’l’gggg dPetEE raqacse r%]s"‘b‘?'?at gjrm in the
elfwmnt p(l_é.ﬁ)aslandlz he(ldﬂ,el 20{ ri32)poend 45n atee 38epartting
of_.a tun| el ene i C i

A 18521 eTenh, (40) WLGh o esE! BRA L blSees
(E&)e nnugg’e@ iatico-dneeproyer | andr aper @ryEmetecsto one
clgy rbagﬁeuﬂé’r P BAGIL I FRib I [ hat the

tun| ng e]i enment I'n each case has a fixed hol der

(46), which passes through the opening (25) in the

motior nEHEt i‘ﬂ@l@l-ﬂ{:équézlaﬁ' fiokerhearhtplpgidgitc as claimed
resonat.or, e (A&_AO)2 a.Wo 2 04/ 054033 14

P 7 "1]5‘81‘78& AN Eh FRESes cOUPLINg
tm;mrgimgsh,e O.'anI pgrE2hlamr tdomplotg nolots ng(pbate are
(BHopflkd o Z;%e%écébﬁﬂ"ﬂed't AR gt aliey [ ahdilegua)
di*el ectric bo mot or a gear box unit
(%Qawmm t 613 he. 5 %Dt a}:f)onal movenent of

the- notor (41) to the holder (47), which is nounted
L Bl LhgBiR oL el IO SLAISME U, ctainea
chiaf acn®s | 3€d dTaitst 9t heoniby (EhbraictexrizEd sieppilat a
rn%fgferably circular opening (25) is provided in the
motor mounting plate (13) above each of the cavities
(21,...,24), through which the respective dielectric
resonator element (44) and the respective dielectric

body (45) are held in the cavity.

13. The radio-frequency arrangement as claimed in
claim 12, <characterized in that the dielectric
resonator element (44) and the dielectric body (45) are
part of a tuning element (40) which is associated with
the cavity and is mounted on the motor mounting plate
(13) .

14. The radio-frequency filter arrangement as claimed
in claim 13, characterized in that the tuning element
(40) in each case has a fixed holder (46), which passes
through the opening (25) in the motor mounting plate
(13), for the dielectric resonator element (44), a
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16. The radi o-frequency filter arrangenent as cl ai ned
in one of clains 14 or 15, characterized in that the
gearbox unit (42) is acconmodated in a housing (43),

ind ' 43) i t ed
e A oddfdiousi ng, (43) s mounted on g KBh%03 /000748

fl ange-connected to the haugmng (43), and in that the

hol der (46) for the dielectric resonator element (44)
}&ﬁd@@hedzofwnﬂt&m hpeasseg (hyougtD tHe BRemiad 0{25) in

requency-_filter.arra ne s ¢clained in _claim.l16

cH%ﬂ%CT% Ee@oPﬁE%ﬁgtpgﬁgegggpaofnﬁﬁigg Tﬂ%?t%%sSEC$ that
rattat cag elomeard, (46F whiechdiglécrrie bodm ©f5)a a motor
shaft, i nt [ p re pr.aci S o ; h
beg{rll)ng. ngiléangg?gg??r n?ff%onﬁg%géd Vt?fglﬁﬁertlﬁldsglts the
( &ptatipnahengvenesity e hsde (Beter, e i kot neret holder

rotgiy Ngynh £ tmd dPed SsEéh Vemabyi@ e Veosheé! (55)
within the gearbox unit (42) via a gearwheel (51)

which is firmy seated on the rotating el enent (49),
wit%h, t hehelr rudid80fsbahbntyb)f ldiary aoraregeneeht oashelaimed
noior {4 d [ W _tah . r e j r

gof chgin 2, cHIIACES ekl o TAEET NE ot b, R8P T
clstiemeing meter m 17, characterized in that the

rotating elenent 35 (49) is prestressed in the

rotation direction in order _.to overcone play, .
prd er abP§ 59dﬁééﬁ§egFe5C¥mﬂ&%teQnﬁ¥¥EP¥é%ﬁ¥tVﬁﬁ claimed
ZO%Q/ afﬁéo%’f PETAGHE 003/ 0748, cha2@ctEYizBde in that the
radi o-frequency, filter arrange t ;as_clakned._in .
of STFERPRE 7+ r(gg, tRafac? nggeganhgt%PH%lng @, in
gednabheche( 3dusingleséghed s mort édr wnofa amekpr| gounting
S . 0. :Fh Qs r c M ter ar

S PIFEE, (3aF7 I g | BOUERON4L) | R SRt ected
the® &heh husime (481 er #ndriin pphap3)thenshebder (46) for

Caphéi @8 llebtric 2A¢soMbtbrdicledint C(1@ponal Okttached to
elggegﬁs §44 g&? dielectric 10 bodies (45) which can
r ot B PP LRGP h: t hem

17. The radio-frequency- filter arrangement as claimed
in claim 16, characterized in that the gearbox unit
(42) has a rotating element (49) which is in the form
of a shaft, is mounted in a prestressed precision
bearing (48) and is firmly connected to the holder (47)
for the dielectric body (45), and in that the rotating
element (49) is driven by a drive shaft (55) within the
gearbox unit (42) via a gearwheel (51) which is firmly
seated on the rotating element (49), with the drive
shaft (55) being connected to the motor (41) and
engaging with the gearwheel via a worm gear.

18. The radio-frequency filter arrangement as claimed
in claim 17, characterized in that the rotating element
(49) is prestressed in the rotation direction in order
to overcome play, preferably by means of a spiral
spring (50).
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21. The radio-frequency filter arrangenent as cl ai ned
in claim?20, characterized in that the four cavities
(21,..., 24) are arranged adjacent to one another in a

1 The radi o-frequency filte rr
agﬂim&)gﬁ?%l aim 20, characterized i E’C&Hﬁ}g’%%wow“
nunmber of filters (Fl, F2,- B3 ,- each having four
cavities (21,..,24) are 20 arranged al ongsi de one

andg herrhen ﬂad@ﬁnﬁﬁe&uéhey thwsmgazfﬁ&age:ﬂéht Tlae claimed

radlo-fre arra t_as cIa| n

oL AP OF 1§55 G, 2 b 0P SERar ARG og RAE che
capearvesedg21,(51,)24) s ardesicansded iby tﬂ@ensfcmm cofipla ngircle
S'é&éﬁéﬁ@? mhich are each arranged on a vertica

center plane of the cavities to be coupled, and in

that the eccentric cutouts (59) in the dielectric
res@natre Eh@ﬂ@ntie&éé}lc?f € 13iean Ope 4195 erh &l t BEOldlg-hilmed

30 d d bly about .57,
R SAUSE Rl ST L R S e g SN

diﬂﬁ@cﬂltersewmat o2 el@l)erhaeé 48pur24avibées (21,...,24)
Lter ank i - .
o %? drarecty % 53 OonE 5?20 erize iﬁ£?LgFgg %aéf%Ctrlc

cdmed s ef4%)65yr,1m\1m¢:¢nha@t@t©omwmg@ﬂom ey, a
menory (67) and an input unit (68), is provided in the
eccentric cutouts ggpln t he dlelectrlc resonat or

B e U P
orfier claieornt o ol chhearekatized aint hhatdnﬂieecfouc cavities

bodies (45) 5. _The _radi o-f requenc t .
arﬁ%ﬁgbhhhtzgg 8F§,ﬁ£§aQ?ei1 A 4, t h§rac?gPF§ga noa
I nsqrbate position sensors, in partlcular in the form of
l'ight barriers (52, 53) which are connected to the
control block, are provided in order to determ ne the

i R2i al TR®srardn-Sreanency didaet apeareenerst) apn Giadmed

raﬂhociéEﬁUQ@Cy%ﬁ%ﬂdﬁtefﬂléﬂﬂﬁﬂ%@%ﬁ“alﬁﬁmb@heof filters

radi o- qu y filter arrangenent as ai_me

of e mi FE o T na o™ I oFPobuc iR B s Ve 2T are
arranged alongside one another in a common filter
housing (10).

23. The radio-frequency filter arrangement as claimed
in one of claims 1 ‘to 22, characterized in that the
cavities (21,..,24) are coupled by means of coupling
slots (35) which are each arranged on a vertical center
plane of the cavities to be coupled, and in that the
eccentric cutouts (59) in the dielectric resonator
elements (44) are arranged rotated through a
predetermined angle, preferably about 57°, from the
vertical center plane about the axis of the dielectric
resonator element (44).

24. The radio-frequency filter arrangement as claimed
in one of claims 1 to 23, characterized in that a
controller (65), which has a control block (66), a
memory (67) and an input unit (68), is provided in the
eccentric cutouts (59) in the dielectric resonator
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tables are stored in the nmenory (67) and associ ate an
15 appropriate angle position of the dielectric bodies
(45) with a small nunber of selected frequencies of
uency filter arrangenent. :

fg’?) 3r° g‘u@tsld'o %of a radio-frequency 20 Flé%(grézaswago“s
arrangenent as clained in en@9of clains 1 to 26,
characterized in that a nunber of planar sheet-netal
pdoidd es11(442, itd, ordéfn, t32, c88)kraie tdmneotedibn af the
f| ter order to formthe cavities

ete c%%)l% 2%%@%4%)net hod as clained in claim?27,
characterlzed in that the sheet-netal parts (11, 12,

145 . 2 %ﬁsﬁré&@eﬁé vehebét %%raai@één@rﬁc s&édensgmed

to one anot her neans, of _a, silver sol

THE® feiaidy & (ﬁ%lf%tq”fﬂ%ﬁ‘%l HZ@haEh%?%&:FéPFzéansPﬁs' in
t hair ditta 1Hein niteal £ o t 6f (]1ilghﬂ.2baiﬂ3.ers 20523253)3%hich

{ t t.h . .
" TSGR G SaOUUALR e L Slogiaca i
amte & novot | degtlewrgd nel i tIL@) dhithaar e pustidhied t cobnethe

agﬁtéi%d:fl%ztgggfgge ?ﬁ?)et t@h P& d ecft?ency filter

are |n|t| oose y plugged
t Gggangengithweans of the rmuntl ng ai ds and the
crossi ng WO 2004/ 054033 PCT/ CH2003/ 000748 - sI ots

(34, 36 nmountin l, (39) and nt .
L?g% ((Ihe |33 o eraavend?s Budtene 24 et 4 Claimed
(J:ﬁv) ,onénsff tdieajrheigedah@geb hechrbteerhoadi g lthaltrad'alue

STARTYE CEHY L ERRNEh, b PURD RephRs TRAD, i HOSottdee an

8 “rrount i'ng
sameropiratfeer asigl e nppadtaohor af |@1%1pp§1meél@qtéf3t%eb0dles

Jlwzg"uﬁ&K”£“§m§fimﬁﬁﬁ?éPeoP|Eggégtéegﬁkagﬁenc1es of the

sheet-netal parts (11 , in
trFaﬂdthTefIiﬂQ]ﬁéﬁlt Werd TGNl parts (11, 12,
10 14,..,20, 32, 33) are heated, preferably in an

O\é?gﬁ untll téﬁg S%(I)]\:/erpggldgg{:iggltgfang flr%\&oi—q:‘tr%quency
filter arrangement as claimed in one of claims 1 to 26,
characterized in that a number of planar sheet-metal
parts (11, 12, 14,..,20, 32, 33) are connected to a
filter housing (10) in order to form the cavities
(21, ..,24).

28. The method as claimed in claim 27, characterized
in that the sheet-metal parts (11, 12, 14,..,20,
32, 33) are silver-plated, and are soldered to one
another by means of a silver solder.

29. The method as claimed in claim 28, characterized
in that the sheet-metal parts (11, 12, 14,..,20, 32,
33) have mounting aids, in particular in the form of
crossing slots (34, 36,..,38), mounting slots (39) and
mounting lugs (L1, L2) which are matched to one
another, in that the sheet-metal parts (11, 12,
14,..,20, 32, 33) are initially 1loosely plugged
together by means of the mounting aids and the crossing
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junction points. 30. The nethod as clainmed in one of
clains 27 to 29, 15 characterized in that all of the
sheet netal parts (11, 12, 14,..,20, 32, 33) of: a

[ 10) are cut froma co

é@e{?ﬁ@ﬂ gnot been silver-plat emﬁ 748
cuttl ng net hod, preferably - 3o neans of |aser cutting,

in such a way that the 20 cut-out sheet-netal parts

(1dlot®, (34,.3620..,38), 3$bunﬁuhngﬁE£SGGBBD thd mounting

[ eRLT gy ar g, of o REATE! B 3BER! O 1YY Piag (10)

nar row we t hat” t'he
(emdt o@hteherplmqgwed-lfﬂaomhemt §héeerrretrmusm tsig11made

1 4 3 s, t \Y; I
L %g?éftl nlc%Pl gr&bgg)cp By Sﬁsahmb%leg r@&ﬁ%u?égzwgss)m
arke? Het HeFRd FROMMMRA TSI Sifke (69 af tidt  gdidly silver

Si ¢ ¥EdeP) atp&féfeara%l@r elflh%mdfb@m(;onﬁér@mltlm to the
filter housi ng% lg%lehe met.hod as <r:La|ms t ther
cl HFAFBH°2 char ré%zed SH'SHAt t hé'Svebs B eRe S cbethe
prse]ni@atmtay @antlsoselbol aRs Ioh the2Ghed®,metHl, and in
re.l qcat
ltén c ot ed tﬁgitﬁérz}qj')%ﬁ’“%é‘{%f ?)I r@_% edy, 12,
ho%%lng,%Qo)Bﬁs dbhb|@g§ heated, preferably 311 an oven,
until the silver solder melts and flows into the
junction points.

30. The method as claimed in one of claims 27 to 29,
characterized in that all of the sheet-metal parts (11,
12, 14,..,20, 32, 33) of a filter housing (10) are cut
from a common metal sheet (69), which has not been
silver-plated, by means of a cutting method, preferably
by means of 1laser cutting, in such a way that the
cut-out sheet-metal parts (11, 12, 14,..,20, 32, 33)
are connected to the remaining area of the metal sheet
(69) only by a small number of narrow webs, in that the
metal sheet (69) together with the cut-out sheet-metal
parts (11, 12, 14,..,20, 32, 33) is then silver-plated,
in that the sheet-metal parts (11, 12, 14,..,20, 32,
33) are detached from the metal sheet (69) after being
silver-plated, and are then used to construct the
filter housing (10).

31. The method as claimed in claim 30, characterized
in that the webs remain predominantly at those points
on the sheet-metal parts (11, 12, 14,..,20, 32, 33)
which are located outside the cavities (21,..,24) when
the filter housing (10) is complete.



