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engineering. It relates in particular to a tunable
radio-frequency filter arrangement as claimed in the
precharacterizing clause of claim 1, and to a method

for its production.

A radio-frequency filter arrangement such as 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-A1-0 601 369.

PRIOR ART

Transportable radio 1link connections (LOS=Line of
Sight) have Dbeen 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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radi o-frequency characteristics, filters such as these nust, however, also
be producible at |ow cost, nmust 5 have a robust design, and nust be designed
to be reliable in use and to be space-saving and weight-saving. Space
(volune) and weight, in particular, are major factors for the nobility of
the overal lwc@oas/acstodn system 10 In the past, POT/@HBO0I D00 Ee t he
size of the cavities for filters such as these, solutions have

i ncreasi ngly been proposed which have a®diel ectric resonator el ement
arranged in a cavity as the tunable 15 basic el enment, whose resonant
configuration can be varied in order to tune the filter. One such sol ution
i s describedinby adginfomxanpbe, theUS- As6ehidia377, elwlutoh asds cidretl
initially. 1odfis | Bhb00ec By bEESE, T QUNE Il S6LRT g disicder ami ¢
puck) is arranged nafixed position as a resonator in each of the
cavities of Myrtfi howevern | dénei & Bredndibdandt dileWecEPPE  ditlel s

located parahdel apowedhe fidexlign,andneanmigtr absedayeidhsdl o and | owered
again, relative to the first disk by neans %{ an 25 electrpnlcalh¥
control | ed Motbras ve. iThe Y§heardPhovéient Rhat SREGSESHAYEE f 0r2hi s

pur pose is pioteedsavindg. di gepakest eppidlgmE)t or ,andioseweabaty noviemrent i s
converted to_a linear novenment by a_conpl ex_threaded rod. ch%ni m 30 This
known filterP3rrimigkient 2hgs Warious3© 5%d§85t38§%:m??} f??,cﬁt §ne

conpar ati velgvettd Tl cabtmub bcachoeveystemconpar ati vel y hi gh accuracy and
reproduahbility of the disk position during a |linear 35 novenent of the
noveabl € 'disk, as is required for good tunability of the filter. Secondly,
t he adjustnelt ghehadstm t i@t osdegquipedreéducehethe neat zeoveherithe

cavities for filters such as these, solutions have
increasingly been proposed which have a dielectric
resonator element arranged in a cavity as the tunable
15 Dbasic element, whose resonant configuration can be
varied in order to tune the filter. One such solution
is described, by way of example, in US-A-6,147,577,
which was cited initially. In this known solution, a
first round dielectric disk (ceramic puck) is arranged
20 in a fixed position as a resonator in each of the
cavities of the filter. An identical second round
dielectric disk 1is 1located parallel above the first,
and can be raised vertically, and lowered again,
relative to the first disk by means of an
25 electronically controlled motor drive. The linear
movement that is 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.
30
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 1linear
35 movement of the moveable disk, as is required for good
tunability of the filter. Secondly, the adjustment
mechanism that 1is required for the 1linear movement

requires a very large amount of space. As can easily be



requires a very |arge anmount of space. As can easily be W 2004/ 054033

PCT/ CH2003/ 000748 3 seen fromfigure 4 in US-A-6, 147,577, the notori zed
adj ust mrent mechani smthat is arranged above the cavities occupies about 2/3
of the entire physical volume of the filter. Furthernore, owing to the 5

capability ofotdheo4appeso3s sk to nove in the verticaler a3 a0otde cavity
nust be designed to be conparatively Iarge fromthe start. EP-A -0 601
369, which was |ikew se CI ted initialFy3 -10 proposes a single tunabl e

di el ectric resonator in an .eccentric cutout Fr ovided int
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(Figure 3@12%&éff 8 8r tdl%]émt'féz% %})rﬁﬁ%' QAdHgire 2 in

EP-Al -0 0 tails are state ut the tunl ng response
that can be %W@Wby ttHnes séIanLF@'n TPt hetifor edegdIngelchabPcalls

wor ked- out aghisd PNt &BE B S8 | BromPegd fiegrei ther, so that this proposal
should in fact = be regarded just as paper prior art, and its 25 feasibility

is nore than questionable. In particular, this sol ution proposal is also
subj ect to tie sane 6@ilsagiaant agﬁs:rfewéstim&efm@@thetéanaanm/lelment as

t hose V\:%QCI‘I have al readg. een |sc #rther abave. 30 DESCBM PTI O\I OF THE
| NVENTI 6N OR-Ub7ect df “the-Fn BF}? RGSTES pPSTRaE o Fundhi e

radi o- f requesricyeécéheriar cangeterits v;dmrandfail e theoduedectasitc effsdctivel y,
I's distinguighed by 2, 83,985t i gulakl¥ gopRact ;3Rd i10Ru, A} I & good
cutout can be entered to a greater or lesser extent by
a dielectric body that is shaped to match the cutout.

15 The resonator 1is tuned by adjustment of the insertion
depth. For this purpose, the dielectric body can be
moved linearly via a holder in the form of a rod in the
vertical direction (Figure 1 in EP-Al-0 601 369) or in
the horizontal direction (Figure 2 in EP-Al1-0 601 369).

20 No further details are stated about the tuning response
that can be achieved by this solution. Furthermore, no
mechanically worked-out adjustment mechanism is
specified either, so that this proposal should in fact
be regarded just as ©paper prior art, and its

25 feasibility is more than questionable. In particular,
this solution proposal is also subject to the same
disadvantages resulting from the 1linear movement as

those which have already been discussed further above.
30 DESCRIPTION OF THE INVENTION

One object of the invention is thus to provide a
tunable radio-frequency filter arrangement which can be
produced cost-effectively, is distinguished by a
35 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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One preferred refinement of the filter arrangement
according to the invention is distinguished in that the
dielectric resonator element 1is in the form of a
planar, round circular disk, and in that the dielectric
body can rotate about a rotation axis which is at right
angles to the disk plane of the dielectric resonator
element, in that the dielectric resonator element has a
predetermined thickness, and in that the dielectric
body has a height in the direction of the rotation axis
which 1is 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 is 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 parallel planar surfaces in a first
direction at right angles to the rotation axis (60),

and 1is bounded by two cylindrical envelope surfaces,

e
this

nment is
pect to



such a way that the two are separated from one another 35 by only narrow air
gaps, and the dielectric body is bounded by two parallel planar surfaces in
a first direction at right angles to the rotation axis (60), and is
bounded by two cylindrical envel ope surfaces, WO 2004/ 054033

PCT/ CH2003/ 0 724804 /054@33h are concentric w th r ePOIVICH2® 037d 0048 | on
axis, in a second direction, which is at right angles to the rotation axis
and to the first direction. 5 Undesirabfe interference fields in the

O el oot 1o WERANALOL SLEBERL 8001 Dyl DEBELE LLC BRVILL 16, ALaferably
suppr essed by:ﬁ e el ectric resonator having ~a cent r
t hr ough- hol eln 1® $@CDBdaﬂs§eG%p@dheNmndﬂ HSE?@lEi@htrﬁﬁgﬂ@§oﬁ&Idﬁmfelenent

and the di el gt G pogy; aghy t, he,conpased ofecd g, same material. The

filter arrangenment has a particularly sinple and 15 conpact design,
overall, if, according to another developnent, the at |east one filter is

accommodat edmdés@ratm_eé er ght¥reeetangul & eflidst erlrhousheg dlrutetta;trlt&e
filter housing is forned froma base E?ate and malh whi ch are at

right angl eS¥PM1HEhasel grete 320 R hetBFde™GaP %lcan(‘fal"&té’ové‘r@d on the
top face by preftaisl noustibpgepkatie, byhi cthe s @gaedeterito tesdmeser plate,
and in that the cavities in the filter f d by separating plates

whi ch are |ncorpo§éggﬁwqg ne %?%fé%%o }%é%g%% are at right angles to the
base 25 plate, and nounting slots are provided in the base plate, in the

wal | pl ghes gnd j the. sepay dlraqmol HHS, tHY WAL chdhipddates are

pl ugged into one another are connected to one another, in particular
by bei ng sol@l&esnt 'IWédeFE@t Fiéﬁé@ﬁ’étrl@ iadst RGNt of P8O CORPOSAd fes is in

this case aclhevednd maxpardicularly sinple manner in that coupling
openi ngs, in particular

The filter arrangement has a particularly simple and

15 compact design, overall, 1if, according to another
development, the at least one filter is accommodated in

a preferably rectangular filter housing, in that the
filter housing is formed from a base plate and wall
plates, which are at right angles to the base plate for

20 the side wallg, and is covered on the top face by a
motor mounting plate, which is parallel to the base
plate, and 1in 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

25 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

30 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.

35 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



coupling slots, are provided at predeterm ned points in individual
separating plates. 35 Anot her devel opnent of the invention is distinguished
in that a preferably circular opening is provided in the notor nounting

pl at e above each of the cavities, through which the respective dielectric
resonat or Wae Qo' 4080883 CT/ CH2003/ 000748 6 el erent/ cazd 03y® aogysect i ve
dielectric body are held in the cavity, in that the dielectric resonator

el enent and the dielectric body are ba?t'of a tuning elenent which is

associ ated wi-th the cayi and i s nounte n 5 t.he oot or untikng .pl ate, and
in that the eflueﬁri\er{{g} ae]ilerr%ﬁ T SERE (8 & %e;isecgtlﬁcxe%ml&%l %grg, Ipl\‘/?/%lglchll%passes
through the Wpencayity, t hen mbhet niumt diglplcatrdc foesonheodi @llestante
resonat or el lpntpea dioldel M Choppsses Jduough thee gReasnG idhdde mtor
mounting plate and is 10 nmounted such that it can rotate, for the dielectric
body, a notofidhh par eiseecdrtads tweigpt nghepeavitandrd HealBertedi ©0 whi ch

transmtsg thed otddnalmdpuernt peftd,he 4/ orid 0 thie halrder cuMhingh is
nmount ed such that it can rotate. 15 The arrangenent is particul arl

space- savi nF¥§mentactBr §RG tc@ﬁﬁleh%?eﬁerfﬂé‘@ddg%}%ﬁenf", 1fRe X unit

i s accomodailetbidh atheusdghind) thattHhembodsi Rpurits nepupl @deon forrot or
mounting plate, in that the notor 20 is flange-connected.t.o.the housing, and
in that theatkhéol%]e‘?fef%?q%erﬁ?%?@é??i%f?ggggatgr gﬂgﬁgnf”hilschatqaascsﬁesd to the
housi ng. Parttimulg | yher epesénguinngles rastivrevecdunnihhaplabhe a28 dgear box
unit hasea relalidg eleenindbi o | saknawt il tBe.T i Olyd Al | S
nmounted i'n a presﬁresse preci sion Bear ng and is firnly connect ed to the
hol der for hdiy di 8l ewitids bbdy paattd cudaghat eheppéngt imgLor, and a

gearbox unit, which transmits the rotational movement
of the motor to the holder, which is mounted such that
it can rotate.
15
The arrangement is particularly space-saving 1if,
according to one preferred development, the gearbox
unit is accommodated in a housing, in that the housing
is mounted on a motor mounting plate, in that the motor
20 1is flange-connected to the housing, and in that the
holder for the dielectric resonator element is attached

to the housing.

Particularly precise tuning is achieved in that the
25 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 1in that the rotating
element is driven by a drive shaft within the gearbox
30 unit wvia 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,

35 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



elenment is driven by a drive shaft wthin the gearbox 30 unit via a
gearwheel which is firmy seated on the rotating elenent, with the drive
shaft being connected to the notor and engaging with the gearwheel via a
worm gear, and in that the rotating elenent is prestressed in the rotation
direction i werzer4 ta5403E3 cone play, 35 preferabl ypdry omeans /o0 4%pi r al
spring. Furthernore, space can be saved by the gearwheel being in the form
of a circle segment, rather than a corrpl efe WO 2004/ 054033 PCT/ CH2003/ 000748
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cutouts kn the diglget rie ngsopal ff-Dedl eseddhatdb def1dRegoNt rol the rotation
of the dielectric bodies, 1n that position sensors, in particular in the

formof light barriers whi ch are connected to the control bl ock, are

Br gyi ded i nhmglelﬂcdalcmgm eral mab]ELBF thutifriga | wilth pﬁ@@hi Q?pifoddﬁtﬁhﬁleilt@ct ri cbI
odies in the |o equen ilter arr e nd. in that va t abl es
are stored it ‘ﬁylﬁn(’i?ﬁ’stsmﬁ a‘f%ﬁ_ﬁf’aln]ag?hr o1 Gt eaRgPe FBEHon of the
dielectric bﬂoﬁ»cﬂs a\n temarynerd nambénpat seliect eds fpfquededesnoftnd’le 20
radi o-f gauenc ilter rangement e_pr tre inenent met hod
accordi Iaig to T ntlln?/e% |%$1t|gsn§| ?Saﬁleg gg% gﬁsf%fntaﬁg) sh%ee me{la parts
are silver- phaded, tcan@loatieototherEdtabloneOESthﬂoﬁh@rlewrneaﬁmdﬁe% silver

;9' der, the gheghselak:RBR! $R3eTOUN I dBrad Ni RALHEC YA Ik the form
light barriers which are connected to the control
block, are provided in order to determine the initial

15 position of the dielectric bodies in the
radio-frequency filter arrangement, and in that value
tables are stored in the memory and associate an
appropriate angle position of the dielectric bodies
with a small number of selected frequencies of the

20 radio-frequency filter arrangement.

One preferred refinement of the method according to the
invention 1is distinguished in that the sheet-metal
parts are silver-plated, and are soldered to one
25 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
30 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,
35 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



crossing slots mounting slots and nounting |ugs which are matched to one
another, in that the sheet-netal parts are initially |oosely plugged
t oget her by neans 30 of the nounting aids and the crossing slots, nounting
slots and nounting lugs in order to formthe filter housing, and the

pl ugged-t ogegdnezod4 Jd$dodusi ng i s nade nmechani calder /calpusds Ao gissdhi ng t he
mounting lugs into the nounting slots, in that silver solder, 35 preferably

in paste form is applied to the juncti&n' poi nts between the

pl ugged-toget her sheet-netal parts, and in that the plugged-together
sheet - et al Jakts @ [Hest ctitoreier NSt 19N #PHYeR: until the sil ver
sol der WO 2004/ 054033 PCT/ CH2003/ 000748 8 nelts and flows into the

junction points. The_producti rocess is gartl cy IarI l.e and

cost-effecti i fPEPRUGE L Re EF@E‘FS?@ af pRPES1GH.Z flsl “hoithg are
cut froma caremieffdedivhedlf, ablclohashaotstmsen-msedaker palratsedofbya neans of

a cuttin od referably b ns_of laser cutting,..in sucl way t hat
t he cut - gut slhme?rnkg a?lrf)go\r?%ea%‘éegggﬁ%@c?eaofnmontHl ragmaslhr(ﬁer'lcg ar el:Chof t he
netal sheet lody ript a beyeal | si0vemvipdated, nabyovmeshs, oh tmatcutrtangat al

sheet tOQEthﬁ eet ;2?£$€e£gﬁlﬁuﬁ @@gﬁsngg FagéEtEuk%l latEd’

inthat the s arts ar et ache rom the ne eet after bei ng
si | ver-pl at éfdaY anel tar ehe h@ﬁt gubdsheetonstplicPatrhe Firlet @Ofﬁ@%eﬁb tan

particul ar 1@1&{“ EQmébth@J Ay Of the websir erRidh neh B} E{}O%e d%llrﬂs on
t he sheet - net parts which are | ocated outside the_ cavities when the

filter H@us@f@“@%r cohpra¥EOV FiePRer 1BnbBaEmERES MEe 1s SEE dPIsthgte

dependent  20; h aidFe %BItEBLEXPbAuéIL@Nt@E ThEr £8 GURES thhen | nvERidon wi |l 1 be

gﬁggg:gﬁgt;n r$@ge{€'éhé? E e s geggkgga ”EaE%éta%E @%é?ﬁﬂ@ﬁ‘?@ém

the metal sheet after being silver-plated, and are then
used to construct the filter housing, in particular
15 with the majority of the webs remaining at those points
on the sheet-metal parts which are located outside the

cavities when the filter housing is complete.

Further embodiments are specified in the dependent

20 claims.
BRIEF EXPLANATION OF THE FIGURES

The invention will be explained in more detail in the
25 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-

30 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

35 square and are coupled to one another (the
tuning wunits with the dielectric resonator

elements and adjustable dielectric bodies

have been omitted, for clarity reasons);



conjunction wth the drawi ng, in which: Figure 1 shows a perspective overal
housing (the filter box) of a radio- 30 frequency filter

view of the filter

arrangenent according to one preferred exenpl ary enbodi ment of the
invention for a total
anot her and wacioodaymed®yr cavities which are arr aggeatH20068 Ao eqmre and
are coupled to one another (the tuning units with the dielectric resonator
el ements and adjustable dielectric bodi 8~ have been onitted, for clarity

reasons);

WD 2004/ 054033 PCT/ CH2003/ 000748 9 Figure 2 shows the filter
in the formof a side view of the |ongitudinal

housing from Figure 1,

wi th the | nriguehnd® ouslppws ahet heilbeee hdusfint ef somFiRjWere3 shovisn t he

of three filters which are arranged al ongsi de one

face

filter housing fromFigure 1, in.the fqQqrmaf a side,view of. the transverse
YL Flggrrrsnpeocﬁ[£I sidt VIEW, @ tgPe Efl.or%g}tuvaili

face; 10 Figure 4 shows a

as a wal l

filters;

ive Viéw o shee

%ﬁ%i s used

pl ate for theacerebhshetbe fimpessofntheutplter dfoudiengtasee shown in
Figure 1z and has a tr@g§y§f§e 15 separating plate between the three
e

Figure 5 shows t
used in the filter

housi ng as shown

perspective view of a netal sheet which is
in Figure 1 as a transverse separating

plate 20 w tfh &, £0upl i fowPerinRg Peiveen Houg iheur £ r&@Virtigs-aM i hi nipach of

the three

filters;

F

ure 6 shows the perspective view of a netal sheet

which is used in the 5% efHBusPhg SasSsABWY IS P Frlier &P SF SSpar at i ng
plate running in
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Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

face;

shows a perspective view of a metal sheet,
which 1is used as a wall plate for the
transverse faces of the filter housing as
shown in Figure 1, and has a transverse

separating plate between the three filters;

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;

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;

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 of the separating plates and
wall plates as shown in Figures 2 to 5 can be

inserted, and can be soldered.

shows the perspective view of a tuning unit

with a motor, a gearbox unit, a dielectric



the |l ongitudinal direction with coupling openings between the front and

rear cavities of all three filters; 30 Figure 7 shows the perspective view
of the base plate of the filter housing as shown in Figure 1 wth a large
nunber of nounting slots, into which the lugs of the separating plates and

wal | pl ates wo stwawosa0FBgures 2 to 5 can be 35 ipwmerdExhosfobears be

sol dered. Figure 8 shows the perspective view of a tuning unit wth a
notor, a gearbox unit, a dielectric W %004/ 054033 PCT/ CH2003/ 000748 - 10
resonator element and a dielectri¢c body which can rotate; Fjgure 9 shows
he o ng el omant 11 cresoenrer geTonoat Bh0T S ARl A raE: e R G 6 10
shows a | ongitudi nal seatiootdtepugh the gearbox unit of the tuning unit
from Figure 8, 10 Figure 11 shows the perspective view of the gearwheel
which is in the formof a circle segnent, fromthe gearbox unit shown in
Figure 10; 1Bidiugrre 1ghahewshehéupengpediemeatyifwprof Figerdi él eclyix

resonator; el enent of the.fuping hedpMShown in Figure 8, Figure 13 shows
t he perspective view of ?he dﬁglectrlc a20'body, whi ch can rotate, of the

tuning unit shown in Figure 8; Figure 14 shows the fundanental arrangenent

of the cavigjesro&f1@ Ehdksr hn @oﬁﬁlﬂ@ﬁéiﬁﬁ@orgie@ﬂib% AR exemd ary
enbodi nent shown in Figure 1, and the orientation of the associated
di el ectric resonator ePe¥enP¥ antPifodie§ the tuning wunit from

Figure 8;
10
Figure 11 shows the perspective view of the gearwheel,
which 1s 1in the form of a circle segment,

from the gearbox unit shown in Figure 10;

15 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
20 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
25 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;
30
Figure 15 shows an alternative arrangement to that in
Figure 14 of the cavities of a filter, in a

row;

35 Figure 16 shows the outline circuit diagram of a
control system for the radio-frequency filter

arrangement according to the invention;



within the cavities, with respect to the coupling slots; 30 Figure 15 shows
an alternative arrangenent to that in Figure 14 of the cavities of a
filter, ina row 35 Figure 16 shows the outline circuit diagramof a
control systemfor the radio-frequency filter arrangenent according to the

i nvention; W 20004 0650683 PCT/ CH2003/ 000748 - 11 FeTyom 0los Ajoowi g he
arrangenent and configuration of the sheet-netal parts for a filter housing
as shown in Figure 1 on a comon netallsheet; 5 Fi gure 18 shows the

rel ationship between the filter frequenc f the filter accordin o the
el ar'y. NGO Hon” P The T aToATGRGFES. ofihe T £ L TT LoBodf 45! 10
Figure 19 shows the nedsarsdeét egeeatypprogi Eerob tfhétSr penenetceras S11
(reflection coefficien t i 14 CUL V. % QPQ t i, ssion
coefficient in the for%/%?‘sdndlﬂ?e%%%ﬁ% %u%eg gmo trﬁ%e?lﬁl%@géglécor ding to
t he exenplary 15 enbodi ment for the tuned frequency of 4.7 G4z over a

frequency r O 1d5M¥s abot  Lhe o F RSPGET Ve daghsdf equRNCYs; jang- Figure
20 shows t he asur ed ?reqsuency prlL(;!T‘A-:‘Jiall e:L of t Ise S 20 paraneter l821 of the
filter according to thEre@@npt argf enBrli fentt e orrqdrdined 59 eddehcy  of

4.7 GHz over a wider fé;@%ﬁ&ﬁ’ I @R A mentb0aMZ taROULot B bBSRAM I e

m d-frequency. 25 APPROACHES TO | NPLENEEA%’}I,O\I OF THE | NVENTI ON The tunabl e
radi o-frequency filterartBagehehtCitCP?EY Hescribed in the fol | owi ng text
has a filter housing (10 Figure 1) in which a nunber of tuning units (40 in

10 Figure 19 shows the measured frequency profile of the S
parameters S11 (reflection coefficient at the
input; curve B) and 821 (transmission
coefficient in the forward direction; curve
A) of the filter according to the exemplary

15 embodiment for the tuned frequency of 4.7 GHz
over a frequency range of * 15 MHz about the

respective mid-frequency; and

Figure 20 shows the measured frequency profile of the S

20 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.
25 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 which a number of tuning units (40 in
30 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.
35
The rectangular filter Thousing (filter box) 10
illustrated in Figure 1 is composed of a thicker (at

the top) motor mounting plate 13 and of a number of



30 Figure 8) are inserted and are screwed to the notor nounting plate (13
in Figure 1) . The filter housing and the tuning units will be expl ai ned
separately. The conpletely assenbled filter arrangenent is not
illustrated, for reasons of clarity. 35 The rectangular filter housing

(filter boxX)wd®ood/osigssed in Figure 1 is conposedTofcHrdds mdoo74st the
top) notor nounting plate 13 and of a nunber of WD 2004/ 054033
PCT/ CH2003/ 000748 - 12 sheet-netal pards, which formthe base, side walls

and (inner) separat.i wal | s of . the filter _housing 10. .The heet - pet al
parts | ncl udd e Bebp| BREC 1, "RifEh T8 (TSt et edoifidi VRdad 139 n Fi gur e
7, the wall fimates) 5sd4Banadil (aeésalcfo Hheguf £l dgr whbuhingn lion tThee
transverse directi h ) 1 n i gures 1 ich run in
t he | ongi tud%}%%‘%aﬁr et %r?\,él%st hlg&?%%?l%vgrh%ed?%%%%%:tge&%’at ?V}r%é):%},\gsgs

15, .., 19 whithlusteated usndavedueddiviiduaFiguire Fi.gurls wadhd Batasd 10 the
(inner) sepasati plag e ' I spingal edy )i ndihe, | ongd tudi nglpdirection
and is i?l ugffzraatée}gj i%%ji v%%}l%fﬁ Filgure 6. )Thew sheet - met al parts are
conposed, frran@pree oflIrehkieRi ck t&R veirld atlatret 14t edRd mat%erial No.

1.4301). The(@ﬁemnttngwﬂ@cal ahe 13 khecampREehda@haiheisare e erial and
is likew se silver-plated, but has a thickness_of, faor exgrgpl \ mm As
can be seen FrontErREYerSy, (FHRCEhe8EPAERAI"BaPLEt 80 Can b pr“gbllfgbd
particul arl yagasillyusndacest -imd fecduaEly by dudures akl aidtbe ekt - net al
parts of . the filter housing 10 out o C n netal she f . suitable
si ze, i ot he" enAéPnFF?usﬁ‘?—a %%%@FP%&?S Ir.’ ﬁq?éﬁ og]a?{b?g?ﬁg et al sheet
69 is not sither-platedtudsnahitiditgctine coandurs isf t he Insjuiatetl
sheet - net al individually in Figure 6. The sheet-metal parts are
composed, for example, of 1 mm thick silver-plate sheet
steel (material No. 1.4301). The motor mounting
15 plate 13 is composed of the same material and 1is
likewise silver-plated, but has a thickness of, for

example, 4 mm.

As can be seen from Figure 17, the sheet-metal parts
20 can Dbe produced particularly easily and cost-
effectively by cutting all of the sheet-metal parts of
the filter 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.
25 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
30 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
35 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



parts 11, 12, 14,..,20, 32 and 33 are cut out in the netal sheet 69 by

| aser cutting and by a conparable cutting technique, with the sheet-netal
parts that have been cut out still being connected to the rest of the 30
nmetal sheet 69 at various points by narrow webs. The mmjority of the webs
are arrangedwat2pod n0s40m3t he sheet-netal parts wRaly a0 deaEHMOUL Si de
the cavities 21,..,24 in the subsequent_filter housing 10. The |ack of any
silver layer at these points means that'35 there will be no affects on the

radi o-frequency _.characteristigs of the vities._.Qnc he. cut | sheet
69 is in thel?ortrﬁeshégv\ﬁe?cn nﬁtﬁﬁr egflf,ksa kglg ?/ér é]fgy%a}f} pcr%rh\ifldeer%éf er its
entire surfasElvahiplaesdlt Supb 200U/€54D33t PEF/ AR00B¢908F48nly 1 in the
sheet - net al t s-085ng sVicitualdys complet el y1 L xer wal @&Id.t il ver
plating is m&zési nggonlg in tet heé ar eas okf t%e vve%s WthCh w1l [ater be cut

t hrough. HOWeWeYST si fd@Qchesbeare 308 gbpyIebEatlcfadindi autehde Fhawities,

this is mot dispdvant agepys:sTheefaltesvheusioeud0 is forned fromthe
i ndi vidual sheet-netal parts 11, 12, 14,..,20; 32, 33 and the notor

nmounting plate 13 by soldering and pinning. The 10 soldering is carried out
by means of Bhsuiffial)ed shbuslingsol @en si Nf Grmey efrokhetBbeeind®etiadugiarts 11,
12, 14,..,20, 32, 33 are for this purpose firsg, of 2I rovisiqgnally
connect ed bf%?%@’dﬁ@aﬁmﬁﬁlf% Iq&gs g?\d Tounti vy si’dt's Pﬁatagéeo%%%vi ded
for this purposeri mbantingneplaatot hed, bandsdliersheet andt @linmowmsi.ndglhdat i s
formed .i.s ni. cal | .Qhust b L{,ﬁ% 95?6 MUNtdRg o | dpto the
nmount i ng:;LosI g?cgfd%fggt %% \%grytlrrl%:aat éus {bf %’Qon hé Ionglat udi nagﬁf ace of the
filter housisglder aie pimnedven.t HEheppeheatdgectal t Irarmel fhkes i, the 20
ot or rmuntijfw, plaig, 15, A syitaple gpouph;of solglele i kiddte bermpof sol der
paste is applied to the j'unciion _ ,
provisionally connected by plugging mounting lugs and
mounting slots that are provided for this purpose into
15 one another, and the sheet-metal housing that is formed
is made mechanically zrobust by pushing the mounting
lugs into the mounting slots. Only the wall plates 14,
32 on the longitudinal face of the filter housing 10
are pinned at the upper edge to the end faces of the
20 motor mounting plate 11. A suitable amount of solder in
the form of solder paste is applied to the junction
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
25 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.

30 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

35 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



poi nts between the sheet-netal parts and is distributed such that the gaps
at the junction points are reliably closed during the soldering process.
The housi ng that 25 has been prepared in this way is then heated in an oven
to the tenperature required for soldering, and is cooled down again once

t he sol der has meb&gdsand3has run in the junction BoT CH2030/000D48ler to
plug the sheet-netal parts 11, 12, 14, 4,20; 32, 33 into one another, the
baseplate 11 and the wall plates 14,’3% whi ch are arranged on the

| ongi tudi nal ,faces aqf, t he _housi are provided with a _n er .of unting
slots 39 (so%% olfnv\%i% (;ebraosse Sl.ar}%w]gﬂ wﬁflld ngpesgﬁz,Sagagﬁﬁdand 2 and the
separating ptasesveiSe. wald aidtd® are @udi ppedndn sapsiratiowerpbages with
nounting |ugsczL1l apgr st ri- hi UrRQSE: S f i ey can
be pl ugged t}fm?bugh??h%@réolﬁérﬁ%uiégls’{ P2 2004/16%)/40%@%&7%453%3%%%%48 ~ 14
39 in the baStpracdges, atddarcde 88| RéregedTREr QAN KRF LSRRI at es 12
and 20 and s@panei h§9dspblatesn lfhe - 1d8gaddiihonalhyl haveceuntd Nz ugs L2 on
their side edges, which can $e glugged thégggh correspondi ng, 5 qgggtlng
slots in the?PdngFtudinal $affeprdt esiRa, OBET Fify e SRS I n or der
to all ow uni apedetingcidsstlng atrahbeetrsanssdriseandl lsepadasdpay aplagepl at es

12, 14,..,20;,32 w,th t longj tudinally, runging . separating plate 33,
speci al cros%%hg ﬁ%OfS’gif 32%237wﬁ an§h§8 ?EP%&Fgg%ﬁ- liérep%ﬁ%ﬁ$%ed in

t hese sheet - separatpagt plake t3,s sassial heresossg ngsohse 3dl,t ¥hatE’ on t he
upper f angd .| ro o | £ ex\nat jng L3RG ;S| Qf 37, i igure 6).
15 The Ialg)ﬁgi ?ﬁ%l g\gfl&ﬁl u%rﬁal(s?]lg4t g@pi%%’?i ﬁg&g?%g §§ %r%st%eSh%%nﬂ%gége
separating pbares.15n. thig ceselt the srOSEaNgsofars lferneke dentikal
cavities, eagBouith2eSoMaie1obase @2 (Mrernddihy Brddanh Hrétg forned

in the , ,
37, 38 in Figure 6).

15 The longitudinally running separating plate 33 and the

transverse separating plates 15,..,19 result in a total
of 3 x 4 = 12 identical cavities, each with a square
base area (Al,..,A4 1in Figure 7) being formed in the

filter housing 10, four associated cavities of which
20 are annotated, by way of example, with the reference
symbols 21,..,24 1in Figure 1. The four associated
cavities 21,..,24 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
25 filters F2 and Fl1 which likewise each comprise four
cavities arranged in a square. Each of the filters F1,
F2 and F3 as shown in Figure 2 has an associated input

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

30 The four cavities of each of the filtergs F1l, F2 and F3
are coupled to one another for radio-frequency
purposes. This 1s achieved by means of suitably
arranged, elongated coupling slots 35 in the transverse
separating plates 15, 17, and 19 (Figure 5) and in the

35 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



filter housing 10, four associated cavities of which 20 are annotated, by
way of exanple, with the reference synbols 21,..,24 in Figure 1. The four
associated cavities 21,..,24 which are arranged in a square forma filter
F3. In addition to the filter F3, the filter housing 10 shown in Figure 1
has two furtker200en064aB325 filters F2 and F1 whi gbct/jdexd 6E/ @aecidgonpri se
four cavities arranged in a square. Each of the filters F1, F2 and F3 as
shown in Figure 2 has an associ at ed i’anu% 26, 28, 30, and an output 27, 29,

31, tively. 3 f ..caviti f f filt FIl , F d F3
are (r:gaglegdlI\L’lga%ﬁeogng?‘%ercoalfjvértcﬁe\é%i%gf?gqﬁgﬁggegpu esellér.‘poeﬁrl‘i'sas“q% ) h?gved

by nmeans of shis$abbgitapnarged,ted ongapeiingoupbiragtelrdtss i8%s iwil ltlhebe
transverse LnRg plate , 1 1 Fi.gure a i 5

| ongi t udi nal ?%Q%%Eﬁ%ﬁg glergar gltol}%g p %tf%{lgB ?Iial(téet}?'e 6?% Tﬂ‘grécﬁlo%‘;%f%% slots
35 are positsepayatinghplpteseritt andhnp? ewbuch skapretey tdree fbkeesl in the

center ofs the; wald ghgt hes adigentncavidorrand 9pet he,wepbi,eak cepber WO
2004/ 054033 PCT/ CH2003/ 000748 - 15 plane of the cavities to be coupl ed.

The i nmport an@@UHPPeE NV tBoSPHPSANEoPPERENEBLpI i ng characteristics will be
described in nore detail later. The transverse separating plates 16 and 18

whi ch separate the téi I tta,s 5 F1,. F2 and F3 frogl one, anat h&r, are, of, course,
not equi ppedl FERUCBUPIGHTY SSTerihgeSSHA P uFBe e el &8t riFd FHSonkt or
el ement 44 (fFhgthe f3)ym bfi theikar msohraatigeld iis1 atteangedam dhecament er of

each 1Q of the cavities 21...,24 for in:the filter h in nd
gover ns %e 8€er;t1%1e raﬁ?g}ﬁgaue#cly’ 'aggzq} t rgﬁ]s:%egsi on' chggl%ct gﬂl%% of the
i ndi vi dual cheusyngahd ehdt ppvespectheeoteradél. rikde odifelesptariay razdnat or

el ement 44 is DpALL; OL; 8r COMRACL A& fig; LNnidy 4Qnkhalnhsyiaugssaciied wth
each cavity K gures ghiO). %ﬁe tuni n? _
and of the respective filter. The dielectric resonator
element 44 is part of a compact tuning unit 40 that is
15 associated with each cavity (Figures 8-10). The tuning
unit 40 is screwed onto the robust motor mounting plate
13 from above and has a fixed holder 46 (Figure 10), to
whose end the dielectric resonator element 44 is
attached, which projects through a (circular) opening
20 25 (Figure 1), which is associated with the cavity,

into the cavity located underneath.

The dielectric resonator element 44 has a central
circular through-hole 58 and an eccentrically arranged
25 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
30 cutout 59 1is 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.
35 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 1is bounded in a second direction (which is at



unit 40 is screwed onto the robust nmotor nmounting plate 13 from above and
has a fixed holder 46 (Figure 10), to whose end the dielectric resonator

el enent 44 is attached, which projects through a (circular) opening 20 25
(Figure 1) , which is associated with the cavity, into the cavity |ocated
under neat h. Wheaab£/E&8403% resonator el enent 44 havor/araocd /000748l ar

t hrough-hol e 58 and an eccentrically arranged 25 circular cutout 59 (Figure
12) . A dielectric body 45 (Figure 13) ' the sane thickness is nounted in

the eccentric cutout_ 59 such.that it_can rotate abou rotati.on . axis 60
that is at rigHtt a‘ﬁﬁ?%gstgot Hi ERE2 bt Fhe 2Bt St %eQ off & eg?ritgler eéslbrng&t or
el enent 44. dhwe30icut doy 68ci sylnnthéchdr anvklapei scoifacesyldndrddal

t hr ough- hol LS..CO ic.ab h tatiLop.axi 60. hesseégernal

di mensi ons g’fﬁ{kﬁﬁe é?gl e%%ﬁ%ﬁ%%ld@ %ggugr gCHrfée)lt g&gge%gﬁt ﬁaex%gt ggt 9 1n such a
way that theFigwre at@; separ dody 4Sommarrtatbt ko obhg bByiteutr g@naike gaps. 35
For thisgpurase, it he;diglesfric 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 WO

2004/ 054033 %d/ 620034090 748bdy 16 id gpteBBghB3yt Edhed OF@bmorttaxi s 60
and to the first di rectiQnC% bg t wo iylindr'cal envelg e surfaces 63, 64,
which are cofftEnt ALEIE5EIE G hBAFST AR orfSaxF 86 (At SERC LR QuriE S32%He body 45
i nserted int@ldrhentcuteut Iaani deatbasked ito Filgeir enf) .ofThe diébect rdT body 45
is preferably farnmed from.t S i.el egtr] terijal h iglectric
resonat glp e %ln%nt 134.mq“{nt|ers}?aﬂl§kgﬁé_‘g'a$o ﬁe&éﬁﬁgga&’%ﬁo?ge@ g‘?gl Shich is
mount ed suchretrated tbgameposatcd, taml weehadeismothebd sy ansamnasiatde
g?cra“'t smthat igaccapndat achid n 4de Adining dinids 4Q YLl atianed-tdhe
ielectric

resonator element 44, about the rotation axis 60. The

rotation allows the resonant frequency of the resonator

15 element, and thus the mid-frequency of the filter, to

be varied.

The tuning unit 40 (Figures 8-10) essentially comprises
a gearbox unit 42 and a motor 41, which is
20 flange-connected to the gearbox unit 42 at the side and
drives the holder 47 (which can rotate) via the gearbox
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
25 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
30 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
35 obtained, for example, using the name “RO bearing”
(after the inventor Rikuro Obara from the Japanese
Company Minebea Co, Ltd. Their principle is described

inter alia, in US-A-5,556,209. The precision bearing 48



resonator el enment 44, about the rotation axis 60. The rotation allows the
resonant frequency of the resonator 15 elenent, and thus the m d-frequency
of the filter, to be varied. The tuning unit 40 (Figures 8-10) essentially
conprises a gearbox unit 42 and a notor 41, which is 20 flange-connected
to the gearbex 2004/¢24@33t he side and drives the 2003 /Mockgan
rotate) via the gearbox wunit 42. The nptor 41 is preferably a stepping
notor. As can be seen from Figure 10, Yhe gearbox unit 42 has a housing 43
on whose | ower face the holder_46 for the 25 stationary dielectric resonator
ol emont 44 | SOHGHREES AlPot difhg BFERERETHBTI n The For MU EUHI | s
nounted by aeansaof afprée sdionldsariagbd8ysaéh itrhathe t regmonr etfatae in a

t hr ough- hol e i ck hr Qug o] h iLng .43 .at_ right
angl es, and %%srﬁ?%?gﬁé%réo %Iléegestn?e%gﬁ?rgeqi%#ygggﬁgég?ec§%§l&q}%é%ol der 47
that can rotlke efiBenayFbf Exaapfiel3a special bearing which can be
prestressed, is provided with two ball bearings and is used in hard disk
menories of PCs is used as the precision bearing 48. Bearings such as these
can be 35 obtaigREEWHRRL exdmpiB, BEEngfeme e ROLBEARI NFECLPHf T the

inventor Ri kib@n€d@r achr ophtherdapnanage etempany Monebead Cahduird. {kheir
principle is_described inter alia, i r}#i A-5, 556, 209. The pr%ci si.on bearing
48 WD 2004/ O54HS PET/ CHEGESF000748 - cONBPBut 819 t heTacHienent  of

a posi tioni ngonadguracionf shewdi electrigubodys 4%nid tdengegiean afhea few
P 5 A geardnent et REn e Eb R o ShBHE, efcold o i N e ne
rotating el eh®entan9beascahmed i by Epgateohl.ofSittee bhdyf thirouah P ¢ ange of
the from the position shown in Figure 9, a sector angle of
100° 1is more than adequate for the gearwheel ©51.
Designing the gearwheel 51 to be in the form of a
15 circle sector means that the gearbox unit 42 and thus
the tuning unit 40 can be designed to be extremely

compact.

The worm gear on a driveshaft 55, which is at right
20 angles to the 7rotation axis 60 and 1is connected
directly to the motor 41, engages with the gearwheel
51. In order to ensure that there is no play in the
engagement between the worm gear and the gearwheel 51,
the rotating element is prestressed in the rotation
25 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
30 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 is
35 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.



configuration shown in Figure 9 and conprises the 10 dielectric resonator

el ement 44 and the dielectric body 45 can be covered by rotation of the
body through 900 fromthe position shown in Figure 9, a sector angle of
1000 is nore than adequate for the gearwheel 51. Designing the gearwheel 51
to be in thewbazmoefosedB3circle sector nmeans that HA® qEEOIBA0A0TI48 42 and
thus the tuning unit 40 can be designed to be extrenely conpact. The worm
gear on a driveshaft 55, which is at 'ri]giht" 20 angles to the rotation axis
60 and is connected directly to the notor 41, engages with the gearwheel
51. In order to ensure that there is no play in the engagenent between the
wor m gear aniist hérgedywhesit 5inedt hertbeat iabhpvel, entgme ifoupr estvigsisssl in t he
rotati on 25 gjrectipon s of iral i 0 ' [ npupt ed on
t he housi ng %j?;’ ) T’V\%4)| ‘lﬂgmln%gl%ricglr%l 2 alncg %%Q&é%.%o%rg\l/}éﬁgglaisn%ﬁhe gear box
unit 42, in bedkest 45 cvmeed chatgplyE dal tthAeon wre farsangedhinbadrier 52

scans a marking, £l enpAt £peh sRewnchp Firquie:0) pahich (&0 i sy t hes form of
arod, is seafed in an_appropriate _nounting hole 56, 57 in the gtearvvheel 51
(Figure 11) ‘hHeSHEI %It HRCENAIBSANLE BAOLRE pPhvEOn Ader 78-S THe tR&cond
light barriesx&dpBeang arpesiflilaersensor TeskRF54nemiehiks Seps@tedn the
driveshaft 55 and 'bs 35. rtovi ded V\,itzg1 a radial _slot., The intergcti on of the
two |ight bHFYSef8€al t RBVERYt il oPTIRFDADo%i EMore St RE it wheel

51, and thuscotnel imit Babtposist i dfhd hedi atbehtectairtt bedy 225, 230 dred

determ ned psgeci Y. 4/ 054 P 3/ 4 al dy
ment i ong fuirfhergggbgvs\é\g‘ﬁﬁ%%%u?ggg{}i i Sg_l%%’% 1059%971 gmaY%gYh?%di e rgeta:lt ric
resonat or el epwpt snd4sdds bddi esedblqtateatl oanthl | yerhithémegnter r anged

in a5 squarg inegach ofnt hendildef S Flof  debar@lifhd Swalls of the

cavities 21,..,24. The dielectric resonator elements 44

are rotated together with their eccentric cutouts 59

15 from the vertical center plane of the coupling slot 35

that 1is 1located <closest to the cutout through a

predetermined angle which, in the example, is about

57°. This particular configuration of the cutout and

coupling slot results in the filter having a

20 radio-frequency response in which the coupling factor

decreases as the frequency 1increases, when the

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

25 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
30 can be achieved 1is 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 resonator elements 44 are rotated,
together with their cutouts, through about 60° from the

35 center plane.

A control system is provided for tuning of the filter

arrangement by means of the tuning elements 40, and a



illustrated once again in Figure 14 on the basis of the exanple of the
filter F3. The RF energy is injected into the first cavity 21, propagates
by neans of the coupling slots 35 via the adjacent cavities 22, 23 and 10
24, and is emtted again fromthe last cavity 24. The coupling slots 35 are
| ocated on tWe gep#yo&k038nter planes or in the cePCE/CHZOBRHAOGT4E8g wal | S
of the cavities 21,..,24. The dielecgrgg resonator elenents 44 are rotated
together with their eccentric cutouts 59715 fromthe vertical center plane

of the couplir ot . . to ate sest t ut gh a
predeterninehg§%§ e%ﬁﬁggﬁ%m§$t§%§%§a%%%%€éﬁsggbguqs g%¥ﬁ$%$§ %%?%?@ular
confi gur at i ohsofi ltlystatad and Figows i Wy sFbe rasguinsligr t RE fids e2 havi ng

a 20 radio-f pgapeRsy BRSBONES | Mn¥bLch ddie eQuURbiag gl on  deceggses as the
frequency increases, when the dielectric body 45 is rotated toward the next

coupling sl BECTrPRTagEFEPEnal 2BEgr e@ of "FeRHom PS prRYYEd bYUtPHes

capabi | i ty febraddpbhanal cUPthagnhebeee NtoSrdi &St cad tyogdrand the

| ast cavity %4, ?s isin |C%Fed by the S—shﬁged coggllqgheH$nent in Figure
14. Another BORFFgEPaGCRTTEH S Th9 t2FCRP1RY WBRALS of "whi'eh THE aBAFELfrom t he
transverse coupputg, - ahle isaretdffaeeld f3drcahdeachidyed a saf otnphe

cavities 21,...24 to0 arranged- i e i.n_Figure this
case as melP?ighg%603§F?n88§P5g% 3%%§%éw%ﬁf§%§gﬁyg%%tW&ngfi %% O%ge
di el ectric réEBRa@Mor &1 enént swidiclr eraloteat edblesogatchestwirell,t hehkclbut out s,

through ]fa@ougsgg.ﬁgge@ gh%ge%§fq%nts%rep0'rﬁ%er%t&ﬁ@ﬂ@|s@é@sﬁq@i SoPbpyi ded for

tuning of the er arrangenent by neans of e tuning el enents 40, and a

WO 2004/ 054083 paticreoosmbea743f seigctpigHine®iansay f VeduBFo&E drBgr am of
this control ggystem isriddrsddaied i nvhigeee l&rdhe geoldieldser 6§yhas a

interpolation. Furthermore, the control Dblock 66
receives signals from the two light barriers 52, 53 for
15 each tuning unit 40. If a specific frequency for the
filter or filters 1is intended to be set (during
start-up), the dielectric bodies 45 are first of all
moved back to their initial position. The reaching of
the initial position is signaled by appropriate signals
20 from the two light barriers 52, 53. The stepping motors
41 are then switched forward from the initial 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
25 for a filter may in this case all be switched largely
at the same time, or may Dbe switched following a

specific algorithm.

If the radio-frequency filter arrangement with the
30 filter housing 10 according to the exemplary embodiment
(Figure 1) 1is 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,
35 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 height of 20 mm. The dielectric

regsonator element 44 has a thickness of approximately



control block 66 which, for exanple, has a suitable mcroprocessor and a
nunber of power outputs 5 corresponding to the nunber of notors 41. The
control block 66 controls the stepping notors 45 via the power outputs,
and is activated fromthe outside via an input unit 68. The control bl ock
66 i nteract swov2004/08403y (EPROM 67, in which vaar/crddes/ @ E748 or ed,
whi ch 10 associate a specific step nunber of the stepping notors 41 with a
nunber of sel ected frequency val ues of the” filter. Internediate val ues are

produced by _interpglation. Furihernore, th aont r al ock 66 recejves
B gnals 1 onf bt B8 oAy e ob "fef Bk Bae i Tl dendmun 4 ho. 11 a
speci fic frezmentcytéoral hedidndter orffidprreximatietendedst onhe sBte (during

start-up), t i ctyd c di r i ofc al k %F’c;?ﬂﬁé‘ﬁ their
initial posic?lf%rﬂ%@ér eto:fle.at(::ﬁlgnd&;‘eé}&t ec_:ei Ir:l{ilf[i;éltla So%i '%Llson I's silgna ée by
appropri at e &i®ghal §h20 Wik tee £he Idigheasaria &adBs2455betmeensitdppi ng

motors 41 aggrihea swdahedsf obsurdafifomstibeababt i 88 RASHAdOmadyl§ he
nunber of steps correspondi ng to the table value taken fromthe nory 67,
or to a val ue BBt ertienet BYRSi Mot Bt IRFPHGTS nBRG¥si TR X/, The
notors 41 2524 orma belybed nmyhe n Bhir§acasecdl | tiee swnbthed |lwswsl dng at t he
sane tinme, or n@%( J?f swtched followwng a specific algorithm If the

r adi o-freque?l]c‘?/ itter arrangenment with the 30 filter housing 10 according
to the exenplary enbodinment (Figure 1) is intended to be designed for band

4, that .4 s LU freq CYV. e; frac t 4. to 5
G, 't néhoustas s fhatiti RERvEs) pET RN Y AREci | FTREPEY 1eieb OE
appr oxi mat el grecohhexneds fivm B5L bl arryhgenentppeotomgteliyp 3himm Each
of the cavigigs has a base area (Al,..,A4 in Figure 7) of 28 mmx 28 mm

and a height of 20 mm The dielectric resonator elenent 44 has a thickness
of approxi mately

Figure 18 shows the relationship between the tunable
15 filter frequency and the rotation angle of the
dielectric body 45 in the eccentric cutout 59 in the
dielectric resonator element 44. The rotation angle
range is from 0° to 90°. At 0° the straight sides of
the dielectric body 45 are tangential with respect to

20 the dielectric resonator elements 44.

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
25 the input 811 (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
30 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
35 respective mid-frequency. The graph is logarithmic. In
this case, the scale in the vertical direction is 10 dB

per division.



WO 2004/ 054033 PCT/ CH2003/ 000748 - 20 6 nmm an external dianeter of
approximately 15 nm and an internal dianeter of approximately 6.5 mm The
di aneter of the eccentric cutout 59 is approximately 6 nm the width of the
di el ectric body 45 between the 5 parallel vertical boundary surfaces is
appr oxi mat el Wo 200@/0B#03IUNi ng unit 40 proj ects onbgTAgHROXBBLEITWMS 24 MM
beyond the surface of the notor m)untin%tl plate 13. 10 Characteristic curves
as are shown in Figures 18 to 20 are obstained for a filter arrangenent
designed in this y: Fiqure 18 sh04§ t he reIatL%pship betme%ngégﬁ t unabl e
15 filter fr&QG&Rdy and tHE rot atVER A e oPTENECSHi el eCiric HO&Y'#5 in the
eccentric cutmagticc¥ nagudmery di giétcer ¢ aesangéonent!| ermemic44. cBre rokati on
angle range 4.8.-: 0 9 t .QO0 e Lg sig§? fqs dielectric
body 45 are f%%ﬁéﬁ%#%lséf?hgpggbégi %% Sg%ﬁ?%eg I elec f?cl%ggg%ét%FEEIenents
44. Figure l1¥sshovred hwe¥afrdiratifesandr rgpneabeibdty Sveraranetides of the
filters agcordi he-zgxRp! ar, S t CighahGald )y refl ection
coefficient g%@%%%ﬁiginput Slqu%ufbe B?%q?ﬂespﬁgﬁsﬁﬁggﬁgL c%@%fig%ent in
the forward GEdABHSISH (cubVe A) VeZY a f #RRFon 6RIERe EEREYSERYY for a
:/alzect gd m dﬁﬁa&mmwicé.aﬁ%arﬂl@uﬁr?ﬁqu%cyﬁﬁ@@gg cblﬁ iiﬂle_hhié&_aQaS_(IE_h 15
about t respective md-frequenc The gra S ogarithmc. e
scale in theq§8$FF%%V“H}ﬁ%%t??ﬁpwébé%%gadﬁ?p%rC8$W?§iSHQFSF ¥S1E8Hd 5 dB
per divi si onwiiawh S3%tt]1disglaie i2thahewsntllesxitgasur ed curve for 521 for 4.7
GHz over,an extended frequency range of 60 MHz about the 35 respective
m d-frequéncy. The graph is logarithmc. In this case, the scale in the
vertical direction is 10 dB per division.



WD 2004/ 054033 PCT/ CH2003/ 000748 - 21 Overall, the invention provides a
tunabl e radio-frequency filter arrangenment which can be designed such that
it is sinple and costs little, can be tuned very accurately and
reproduci bly over a wide 5 frequency range, is extrenely space-saving, and
is distinguW@h2el04€)/05403¥3good radi o-frequency chBRCRAGHIGAIAXN0748
particular, a nunber of identical filtgrs can be acconmpdated in a common
filter housing, wth little additional“conplexity. 10 WD 2004/ 054033

PCT/ CH2003/ 000748 . - ' f rence synbols 10 Filter housing (Filter
box) 11 Baggl%ﬁé?% %gﬁi?éégévéYTﬁﬁigte (transverse) 13 Mdtor nounting
plate 14, 32 Wall plate (longitudinal) 15,..,19 Separating plate
(transverse){g21,..,24 cavipyngr2§ogp§@§ngF{gléguﬁéi) 26, 28, 30 | nput
(Filters F1, F2, F3) 27,29,31 Qutput (Filters F1, F2, F3) 33 Separating
plate (longithdinal) 34, 382s87Pl&BeCrossing slot 15 39 Mounting slot 35
Coupl i ngsslot2, 480 Tuni ng unysl#lphhter (£ saeppéngeotor) 42 CGearbox unit 20
43 Housi ng (f?arbox unit) 4ﬁbtjelectr£c renggéor el ement (stationary)

tor mounting p
14, 32 Wall plate (longitudinal)
15,..,19 Separating plate (transverse)
21,..,24 Cavity
10 25 Opening (Circuit)
26,28,30 Input (Filters F1l, F2, F3)
27,29,31 OQutput (Filters F1, F2, F3)
33 Separating plate (longitudinal)
34, 36, 37, 38 Crossing slot
15 39 Mounting slot
35 Coupling slot
40 Tuning unit
41 Motor (stepping motor)
42 Gearbox unit
20 43 Housing (Gearbox unit)
44 Dielectric resonator element
(stationary)
45 Dielectric body (moving)
46 Holder (in the form of a half shell)
25 47 Holder (which can rotate)
48 Precision bearing
49 Rotating element
50 Spiral spring
51 Gearwheel (in the form of a circle
30 segment)
52, 53 Light barrier
54 Position sensor disk
55 Drive shaft (with worm gear)
56, 57 Attachment hole (position sensor pin)
35 58 Central through-hole
59 Eccentric cutout
60 Rotation axis

61,..,64 Boundary surface



45 Dielectric body (noving) 46 Holder (in the formof a half shell) 25 47
Hol der (which can rotate) 48 Precision bearing 49 Rotating elenent 50
Spiral spring 51 Gearwheel (in the formof a circle 30 segnment) 52, 53
Light barrier 54 Position sensor disk 55 Drive shaft (with wormgear) 56, 57
Attachnment hatee qusiad4083Fensor pin) 35 58 Centr alpcoyomzgio-3hy@ o 743
Eccentric cutout 60 Rotation axis 61,..,64 Boundary surface WO 2004/ 054033
PCT/ CH2003/ 000748 - 23 65 Controller %6 Control block 67 Menory ( EPROV)
68 I nput unit 69 Met al shg_et AlI ..M Surface F,Fl,F2,F3 Filter (Bandpass
filter) K1, Curve L1, LZSBUitiHg lug 10 WO 2004/ 054033

PCT/ CH2003/ 0G¥748 - 24 PATEMTIEGAIBSDIK A radio-frequency filter

ar r angenent ing at |eastygpne fi FI, F2, F3) , which has a nunber of
5 cavities (Eb?,/. ., 24) whi ch N(I;ll‘e c%u{o}%%dopﬁ)o one anot her for radio-frequency
pur poses and & each of whi chrpt unit

5 69 Metal sheet
Al,..Ad Surface
F,F1,F2,F3 Filter (Bandpass filter)
K1, K2 Curve
L1, L2 Mounting lug

10



dielectric resonator elenent (44) is arranged in a fixed position, and in
each of which a dielectric body (45) is provided, whose position relative
to the 10 dielectric resonator elenment (44) can be varied in order to tune
the frequency of the filter (FI, F2, F3), <characterized in that the

di el ectric bwdy2048yobd403arranged in an eccentric cPCDUCHE683/0007488
dielectric resonator elenent (44), and_ in that the dielectric body 15 (45)
is arranged in the eccentric cutout (59§4sDch that it can rotate. 2. The

radi o-frequency filter arrangenen&,%gm&l%j a in claiml, characterized in
that the dielectric 20 resonator & &fent isin the formof a planar,

round circular disk, and in that the dielectric body (45) can rotate about

a rotation axis (g0) r%}tehf&éq?tencg,i gbt1angl es n%g\ﬁeQ{:SkhQ{@?g oL the
dielectric resonator elenent (44)7 25 3. The radi 0o-frequency filter
arrangement asaefaioned fihterailmia, Thar Bet er wdeh hanag thikfel ektric

resonat ors el ggeRti£44) (M|s. a M edeheth nede t Bbekness, to arthd Nahbehethe
di el ectric body (45). has a helght in 30 the direction gf t{e rotation axis
which is esséffi af? o‘e%[%‘ﬁu?% X h®UWROSETesaNdf itthe®drel et r "¢ EsoRat or

el enent (44)didledbeitadiresbheguencyl émériter @4)angereatrrasgeldai imd a35 in
claim?2 or 3_.ch racte%Lzed in(%hat th cu%ou%.%ﬁg) (%n he dielec%ric
resonat or el SAEH Ffff €% &eutar 2y Phadriear thr iﬁéﬁ?&%%?mﬂ? Yis
concentric wi(gh) respegiravidede roftatdeon odis i(B0) . rai@ 200/ 064038he

PCT/ CH2 /0 = .25 adji oz ue filter,arr nt . as
clainedqgfn g?é#%?ﬁ?léha¥§%?e$?%éd %%F%%éﬁth%Mexf%%haF% d?%ggggonéﬁof t he
di el ectric bedgderssp auvaemitehdgamency of the filter (F1, F2, F3),

characterized in that the dielectric body (45) is
arranged in an eccentric cutout (59) in the dielectric
resonator element (44), and in that the dielectric body
15 (45) is arranged in the eccentric cutout (59) such that

it can rotate.

2. The radio-frequency filter arrangement as claimed
in c¢laim 1, characterized in that the dielectric

20 resonator element (44) is in the form of a planar,
round circular 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).

25
3. The radio-frequency filter arrangement as claimed
in c¢laim 2, characterized in that the dielectric
resonator element (44) has a predetermined thickness,
and in that the dielectric body (45) has a height in

30 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
35 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).



5 the cutout (59) in the dielectric resonator elenent (44) in such a way
that the two are separated fromone another by only narrow air gaps. 6. The
radi o-frequency filter arrangenment as clained 10 in claimb5, characterized
in that the dielectric body (45) is bounded by two parallel planar surfaces
(61, 62) inwa 2004y08&088tion at right angles to t¥er/cH2@23 600@*48& (60),
and i s bounded by two cylindrical enve%ope surfaces (63, 64) which are
concentric with 15 respect to the rotat DN axi s (60), in a second

direction, which is at right angles to the rotation axis (60) and to the
first direction. 7. The radio-frequency filter arrangenent as clained 20 in
one of claing.1 t6hé, relddcadreguesdyi nfiHe=r t asradgemestr ias rekaipedr

el enent (44) 1Hasc@ta9%nt r@' tcheeeatet%ed( 58), 8cpdhe radi o-dxequency filter

arrangenment as clai ned in one claims 1 to 7, characterized in that
the diel ect#iBeR8LQRGL 6’rf eqlﬁweﬁteéa@yraﬁdba%f di”e‘t)ectiFFc M SRS 45y ar e

each conposeghgf édt%@@rmtsrmt eihal thé. d[féﬂerc@s@l*l@'ffégéﬁaﬁbrfléléitﬁent
ar r angenent as claimed 30 in one of claims 1 to 8§, chargﬁ i zed |n that

the at | east3bhelPi BEGh GFIWaELDeR) the HWROANGISSERHAT AR 7D
rectangul ar &hbtrerhpysonty(d8rrownathayapbe filter housing (10) |s forned
froma base plate (11) and wall plates (12, 14, 20, 32), which are at right
35 angles to the base plate (11) for the side walls, and is covered on the
top face by . nntﬁhenmumubHQqaquaacxJﬁ@lt@miehraegpaeatlQSt@ﬂaime®ase

plate ( Eﬁgfgﬁi 3/008§§§3@¥b%%9§§(%% th @4ihénd93343éﬁfg ﬁgé F2, WO

2004/ 05 033 are ornmed by separatin f ates
(15, ...,19; 33%) e choandednddr pevat @ertarllteﬁe tflétrtet ﬁettsfeﬁg:S( 185 and are

at right angkes tonthg basespl ageréddlon at right angles to the
rotation axis (60), and is bounded by two cylindrical

envelope surfaces (63, 64) which are concentric with

15 respect to the rotation axis (60), 1in a second
direction, which is at right angles to the rotation

axis (60) and to the first direction.

7. The radio-frequency filter arrangement as claimed

20 in one of claims 1 to 6, characterized in that the
dielectric resonator element (44) has a central
through-hole (58).

8. The radio-frequency filter arrangement as claimed
25 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
30 in one of claims 1 to 8, characterized in that the at
least one filter (Fl, F2, F3) is 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
35 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 (Fl1, F2,



5 10. The radio-frequency filter arrangenment as clained in claim9,

characterized in that nounting slots (34, 36,...,39) are provided in the
base plate (11), inthe wall plates (12, 14, 20, 32) and in the separating
plates (15,...,19; 33), by neans of which the plates 10 are plugged into one

anot her and wo e2ecohhes4@3Bto one another, in partirRm/EIHA00IE MY £D| der ed.
11. The radio-frequency filter arrange[%(aé;t as clainmed in claim9 or 10,
characterized in that coupling 15 ope in parti cuI ar coupling slots

(35), are pr% ded at reggt ebo§r1 ne (gtnl[r?ql 15@@3‘” ﬁf separ atéﬂg pl at es
fre

(15, .. e Mradi uenc er "arrangefrent " as’ clai’nmed 20
in one of c|mm 9are ﬂllcmm%ilzmzdthn tiidttexr 1r9<p1e$em9b| (yO¢i rand ar

openi ng (25),48 apgqy%éiﬁg éﬁbi€§ thEIQé posnting ol ai €) (13) above each of the

cavities (21,. t hrough which the respective d| electric resonator
el enment (44) and t he respectlve dielectric 25 body (45) are held in the

cavity. E3. fde rﬁ@éOr&H@@U@%}éu@hwn@q&@r @rﬁéﬁgémélntnasclcalamnile%i
characterized in_that the dielectric _resonator el enent (4@ tand t he
)

dielectric bolyCtasy dre FPHATESBI2et aRi (7% SHRMRCTRD Eh 13
associ ated vagh. . Impaaréypa@dldedrrumnttﬂfb deddephater (oaunt iimg tHet e

(13). 14. The {ﬁdlﬂi tre%ag??%y fMte arrgggemerg ag C?hﬁénesde a3r5at r}}qcl aim 13,

characteri ze tni ng” el emént i n"ach case has a 1 xed
hol der (46),pldtiedh dasses -, tllroudh) t hbyopesang ©25)which heheotwlatasunt i ng

Dt & 83 ho) Bt 6ol eliehiy | sné 5aBabOr ekeMells (d4hnepc U 2004404023

PCT/ CH2 der I ch passes throug openi ng (25)
in the m)t CRNPPRE | N phaklel ¢uByIr abi heingusebdesedh that it can rotate,
for the dielectric body (45), a notor

11. The radio-frequency filter arrangement as claimed
in c¢laim 9 or 10, characterized in that coupling
15 openings, in particular coupling slots (35), are
provided at predetermined points in individual

separating plates (15,...,19; 33).

12. The radio-frequency filter arrangement as claimed
20 in one of claims 9 to 11, characterized in that a

preferably circular opening (25) 1is 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
25 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

30 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
35 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



(41) and a gearbox unit (42), which transmts the 5 rotational novenent of
the notor (41) to the holder (47), which is nmounted such that it can
rotate. 15. The radi o-frequency filter arrangenent as clainmed in claiml4,
characterized in that the notor (41) is a 10 stepping notor. 16. The

radi o-frequemcy2604 f@54@33 angenent as clained in @oriAdfH2068 NE0dZesr 15,
characterized in that the gearbox unit_(42) is accommobdated in a housing
(43), in 15 that the housi ng (43) i s Touhted on a not or nounting plate (13)

, inthat t to t d th h i d

thlatn th((ja1 holh%%ﬂ? ’516) (44% w}fjncehdp Fg%%::]l cCroeu ag r g?peoﬁesr%gg]?i%%?l S gtnt alcﬂed
to the hpustlmg 148pr ROubZinGhelrddi otfY)ecrmracysf mbhat egdr rardenBmt as
claimed in 'c’é‘(l4r§otc ackgLi 7 %F%]'&%éfé‘éd?@a%%ﬁlgboﬁé‘ﬁ” (n%ofa}‘as a

rotating elerrent chis’in i's nounted in a
prestressed pteLi sish 25 lge@rbex (48)tand4es. flwmﬁyhcdhl?@%fﬁféleo the hol der

(47) fors theodiel 86411 GRRME(A5bs UL | RotBat the) retattng whement (49)

is driven by a drive shaft (55) wi,ithin the gearbox unit (42) via a
gear wheel (Sfﬁ Whi €picR %?rrﬁ‘PS}nt@éaﬁéﬁho'ﬁh‘i“ﬁel?o?%{llﬁ@t%F ment (49), with
the drive 30 shaft (55) being connected to the notor (41) and engaging with

t he gearwhee] _via.a wor e Th di.o-freguenc |Iter rran enent as
Cl'ai e n L ai Ty e PREEEARRE Y AT (RESTORRITRY & (39) s
prestressed im tlhelmoﬂat,l ahadiactetriiged nimortdeat tt)hevaCerre ﬁllay ispraef erably
by means .of ng (50). WD 2004/054033 PCT/ CH2003/ 000748 - 28
19. Theﬁr adl%té%{ﬁ%n%;é/tp |£[ter arrangenent as clainmed in one of clains 17

or 18, characterized in that the
16. The radio-frequency filter arrangement as claimed

in one of claims 14 or 15, characterized in that the
gearbox unit (42) is accommodated in a housing (43), in
15 that the housing (43) is mounted on a motor mounting
plate (13), in that the motor (41l) 1is flange-connected
to the housing (43), and in that the holder (46) for
the dielectric resonator element (44) 1is attached to
the housing (43).
20
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, 1is mounted in a prestressed precision
25 Dbearing (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
30 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
35 (49) is prestressed in the rotation direction in order
to overcome play, preferably by means of a spiral

spring (50).



gear whee
radi o-frequency filter arrangenent as cl ai ned

(51) is designed in the formof a circle segnent. 5 20. The
in one of clains 1 to 19,

characterized in that each of the filters (FI, F2, F3) has four cavities

(21,...,

24)

with dielectric resonator elenments (44) and dielectric

10

bodi es (45) wbizbo4A054083te arranged in them 21. Pdw/ crabas foeerency
filter arrangenent as clained in claim?20, characterized in that the four

cavities
22. The radi

(21,..., 24) are arranged aﬂj%%eht to one another in a 15 square.
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21. The radio-frequency filter arrangement as claimed
in claim 20, characterized in that the four cavities
(21,..., 24) are arranged adjacent to one another in a

square.

22. The radio-frequency filter arrangement as claimed
in claim 20, characterized in that a number of filters
(F1, F2, F3), each having four cavities (21,..,24) 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) 1in 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) 1in the dielectric resonator

(68 dielsowrded in the

the rotation of the



dielectric bodies (45). 25. The radio-frequency filter arrangenent as
claimed 5 in claim?24, characterized in that position sensors, in
particular in the formof light barriers (52, 53) which are connected to
the control block, are provided in order to determine the initial position
of the dielwoteDo4lpodre33(45) in the radio-frequeregT/CH2@03/000748
arrangenent. 26. The radi o-frequency fi%ger arrangenent as clained in one
of clainms 24 and 25, characterized in that value tables are stored in the
menory (67) asso an 15.a pLapri ngl pogition f the dielectric
bodi es (45)g0g%ﬁs @n@ re(%e]gf Sel ecritra]freglﬁenm%%tl 19t ﬁ)é‘:h the

radi o-frequedtgléctrar hpdaﬂgeﬁéﬁﬁ. 27. A nethod for production of a

radi o-frequency 20 filter arrangenment as clainmed in one of claims 1 to 26,
characterized in that a nunmber of planar_sheet-netal parts (11, 12,

14, ..,20, 322533)Thee reshmedregusicy $ilter H66§Pﬁ§m€%) 3% etabredo form

the cavi td esin(2laim 24),, c%‘ér%%temeze@tﬂpd;m G b Ns&h8bHy 27in
characterized in tgat t he g@ 3 arts (11 12, é§2 Sé %¢ 33) are
si | ver - pl at eB2THAGUARE <8I §8Fe of 5% sViYet sol der.
30 29. The nmatrbodtarmeadtaddredo nthéaldaarﬁ&olchhnackerlm pmvuld@td t he

sheet - net al ﬁarts (%} 1 14 20, .32 3@) ave nnu ng ai in
4 1

particul ar i ﬁe f &t o étc?%%%?ng gFot 6, posé fonnoﬁ% |nghslots

(39) and 35 donehechgitudgsodids LZB)whivh tdree nadabedrEqu@ney'aﬁmlher in

t hat thqi§hegg 5gkeggrts (11, 12, 14,..,20, 32, 33) are initially loosely
pl ugged toget y neans of the nDuntlng ai ds and the crossing WO

2004/ 054033 PCT/CH2003/000748

26. The radio-frequency filter arrangement as claimed
in one of claims 24 and 25, characterized in that wvalue
tables are stored in the memory (67) and associate an
15 appropriate angle position of the dielectric bodies
(45) with a small number of selected frequencies of the

radio-frequency filter arrangement.

27. A method for production of a radio-fregquency
20 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).

25
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.

30

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
35 mounting lugs (L1, L2) which are matched to one
another, in that the sheet-metal parts (11, 12,
14,..,20, 32, 33) are 1initially 1loosely plugged

together by means of the mounting aids and the crossing



- 30 slots (34, 36,..,38), mounting slots (39) and nmounting lugs (L1, L2)
in order to formthe filter housing (10), and the plugged-together filter
housi ng i s nade nmechanically robust by pushing the nmounting lugs (L1, 5 L2)
into the nounting slots (39), in that silver solder, preferably in paste
form is apphoeglooo/0B€033uncti on poi nts between t e/l cDEes  opet der
sheet-netal parts (11, 12, 14,..,20, 32, 33), and in that the

pl ugged-t oget her sheet - net al parts (11, 3%2‘ 10 14,..,20, 32, 33) are heated,
preferably in . an oy e silver, sold I and Ioms into the

j unction poi At<LS égQThé théﬁﬂas TQ%R%ﬁ&EIIﬁf%% 5%3& @9”?% %, 15
characteri zetugs that akd ah bh@eshaetinﬂmawhauﬁridaﬁ_hodénngﬂ-10 20, 32,
33) of a fil h in r ro Qo) sheet whi ch
has not beenégéllgggipl %&%%e% gﬁéa%%e%f ghg&%tlng ﬁ%?%a% grefer(%%y by
means of | aseecRani¢aglyi rrow@t aovapushangt Hheomewnt 408 Jhast - Metal parts
(11, 12, sld12) 20033, SR AOGRCORICCLEGLSO (119 1 empl ni g, @r 6ay Dled he met al
sheet (69) on by a smal| number ©of narrow webs, in that the netal sheet
(69) toget he?o%\%?ﬁ tﬁ{r%ﬁﬁﬁ%{hYsﬁéetP%f’e‘%%ll fogayt sl%lfppllzle%to tlee 32 33)

is then silverngtabed, 28cincthat poewsheet - tal paFtsy ég?etrlélr
32, 33) are detached fromthe netal sheet (69)_after beln silver- plated
and are thenSBEBH TBERLNERMTE (her 9t et hous?hy E7£0) . 330 32N THER net hod’

as cl ai ned |ﬂhatanﬂmﬁoplubgédeteQEtadr |@hééﬁuméMQ1m@hﬁxmen&um predom nantly

at thos ts opn.the she metal parts (11 2Q, 32, 33) whi ch
are | oc ed %Etsrdgothgz # |€§~( eate%ﬂ)pwﬁ% r?ﬁﬁy?l}ter ou§?ng (10)
35 is conpl etetil the 81lver solder melts and flows into the

junction points.

30. The method as claimed in one of claims 27 to 29,
15 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 laser cutting, in such a way that the
20 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,
25 in that the sheet-metal parts (11, 12, 14,..,20, 32,
33) are detached from the metal sheet (69) after being
gilver-plated, and are then wused toc construct the

filter housing (10).

30 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)
35 is complete.



