leStrip line filter, receiver with strip line filter and met hod of tuni ng
the strip line filter. The invention relates to a filter conprising at

| gast two wowwadssg el ectromagnetically cqupled strip |line r cRCHWERBISO08986Whi ch E

~strip line resonators are separated by alceranic dielectric. The invention
Jikewise relates to a receiver that includes such a strip line 5 filter,

and to Stripdinedilter, Tasaiver withcsirin linei filter and methed of amning: thersswip ilinetfilteropeni ng.
paragraph is known from published European Patent Application 541 397. Such
filters are especially used in transmtters and receivers for high-
frequency signals. Exanples of suchlike transm.tters and receivers-are GSM
PCN and 10 DECT. GSM (d obal System for Mobile Communication) - is a digital-
cel lul ar nobile tel ephony system whi-ch utilizes high-frequency signals in

t he 900 -MHz band. PCN (Personal Conmunication Network) is a digital

cel lul ar -nobi |l e tel ephony systemintended for small portable tel ephones and

utilizes a frequency The iriventidiprelités thE@{ltef Ebaptising fv 1€apeaio SRtdigss -
Tel ephone) is especially intended fo
electromagnetically coupled strip line resonators which stnp line resonators are separated by
a ceramic dlelectnc _ B
The invention likewise relates to a recelver that includes such a stnp line
5 filter,and to a method of tuning such a filter. - '
A filter as defined in the opening paragraph is known from published
European Patent Application 541 397. | | |
_ _ Such filters are espeerally used in’ transrmtters and receivers for high-
frequeney signals. Examples of suchlike transmltters and receivers are GSM, PCN and
10 DECT. . . o R :

| GSM (Global System for Moblle Commumcatlon) is a digital cellular

mobile telephony system which utilizes hrgh-frequency signals in the 900 MHz band.
PCN (Personal Commumcatlon Network) is a digital cellular mobile
telephony system intended for small portable telephones and utilizes a frequency of 1800

15 MHz. S y o , _ S

- DECT (Digital European Cordless Telephone) is especially intended for
cordless telephony over a relatively short distance ‘between the wireless. telephone and the
dedicated base station. DECT operates as does PCN at a frequency of about 1800 MHz.

| The present filters are especially used for suppressing undesired slgnals

20 that have a frequency lymg outside the range assigned to that particular system. This
suppressron is necessary, because. without filtering, the receiver may easily be overloaded by
suunghmnmnnumsuanmnnuugfhmntnnmdeﬂnsnume

- The -know_n filter utilizes at least two mutually eoupled strip line
resonators. The input and output' of the filter may be coupled to the resonator in dit_'ferent'

25 .ways. Several examples of such a coupling are deseribe_d in the book entitled "Microwave
Filters, Impedance Matching Networks and Coupling Structures” by G.L. Matthaei, L. |
Young and E.M.T. Jones, published by Mc Graw-Hill Book Company 1964, pages 217-229.
The stnp line resonators are accommodated in a dielectric which contains a multilager
matenal e. g a ceramic matenal The advantage of the use of ceramic dielectrics is their hrgh



cordl ess tel ephony over a relatively short distance between the wireless -

t el ephone and t he dedi cated base station. DECT operates as does PCN at a
frequenwo s19gdpout 1800 MHz. The present filters are espegicipysomgs for .
suppressi ng undesired signals 20" t hat2.have a fr.equency |yi ng outside the
-range assigned to that particular system This suppression is necessary, -
bec almiatmatdldattﬂbldonﬂamgt{hmﬁlmsuhsm small dinterisicris! of the fikée wiiete G portable’ ONg

trans ers tr tting fr utside this _range. The known filter
utili®% %\’? S ésagﬁﬁ{n ﬁir;‘]b fegiglssare; fon example, BaNd B exideshwhichput and

out D;&hf&hawﬁ rélhhgfﬂx iefe? @Soﬂ‘s of b ‘id‘%??%ﬂ@& B‘;a[rﬁ%%%%ﬁ)r % t2;5e g ove:

Seve exanpl es a cou (ng are descr o
"M crdimensions bfﬂtesﬁltdrrh;ealﬁutm'mdhl ng Netvvorks and Coupl ing Structures” by

GJLl. Matthaei, L. You and . EMT. J bllshed by M G'aw Hi || Book E
any 1964, page Eq_ ha‘f?léh%“{? %Pﬁﬂ@ﬁk@mdbomtambd : n

a di whiclc RRd 6?’&1 I eria _

The gg{?ﬁ%’fﬁg’e@gf t he use cer am c dielect rlsgéséﬂl s&t‘ﬁewﬁcﬁ%%m%lga Stive .

“di el aisedi ¢ const ant, - whi ch results in small’ dimensions of the.-filter which,
;Q aﬂglr gab:_%:,\b-?-: ephf zh\ﬂ‘ps h'o? H-tey mv t?t')rnt t%nprowldz%btl‘iﬁern:st geflmaeldsmaﬂrtg opén.lrrxg -
paragraph in which the attenuation in the passband is reduced "
10_ For this purpose the invention 1s charactenzed m that the strip line -
resonators are situated in- dlfferent planes and are mutually electromagnetlcally coupled at ‘
* least via the broad side. ' '
The invention is based on the recognition that the large attenuation in the
passband is caused by the cross:section of the strip line resonators accommodated in the
15 | ceramic dielectric not bemg rectangular, but endmg ina point on both sides. This means that
the resi: stance of the stnp line resonator at both. ends w1ll be relatively large As the couplmg
between the strip line resonators in the filter known from. said Patent Apphcatton is mamly
effected v1a the region in the netghbourhood of the srdes, this increased reststance has a
detrime: ntal effect on the attenuation in the passband _ __
20 | By deposmng the strip line resonators in two planes and coupling them via
the broad snde, this couplmg takes place especially in the nuddle of the stnp line resonator
where the resistance is much lower than on the sides. R . -
There is observed that the coupling of stnp lme resonators via the broad -
- side is lmown per se from the journal arttcle "Rectangular Bars Coupled Through a Finite-
25 Thickness Slot" by J. H. Cloete in IEEE Transactions on Microwave Theory and Techniques,
Vol. MTT-32, No. 1, January 1984. However; in this document a ceramic technique filter is
not discussed at all. In addition, said journal article does not give any indication that the -
problem of the. attenuation of the ﬁlter in state-of-the-art ceramic technology. can be solved
by coup hng the strip line resonators by the broad sides. For that matter, in the strip line -
30 resonators accordmg to the journal article the cross-secttons_ of the strip line resonators: are
purely ructangular | ' '
' An embodtment of the invention is characterized in that the filter also e
comprises at least one conductor for influencing the electromagnettc field i m the '
nexghbourhood of at least one of the strip line resonators, whxch conductor has a length that



mdy have a relative dielectric constant of about 70. This results in a
reduction of the dinmensions of the filter by a factor of 8.4. 5

Exper i ment wowgregghown that the attenuation of the filter i nptimnmmgd;and
is rather high, which | eads to a reduced ¥ensitivity of the receiver in

“whi.ch such a filter is used.. I's an object of the invention to prOV|de a
~filter aBsﬂtaﬂeﬁehhnmetlb@thWnB@fmmﬂﬂpdhie fesonaors)1 t he attenuation in the
passband is reduced. 10 For this purpose the |nventLon

i s characterized in 't /it arspging ?l%@%ﬁ%@fﬁ%ﬁﬁ@%@ﬂ tﬁélﬂﬁh e

differen I c I |
t he broa lghwﬁqﬁfgﬁ %{/@%ﬂf%ﬂ % ﬁe%rr(kacgignl ﬂ%%eﬁfgéplginﬁ .
at't enuat thercondudtos; messmndnn&seenlfﬁml ﬂb/smpelmerxemmas umreasi:dt scethat thep

l i ne resonators accommodated in the 15 cera di el ectric not being

r ect afiguresenanse fregnencyqof the fesasator will desrease;; thesresqnance frequency|of; the ﬁB’lP line
1
e an&g?@é COUpPIEéan&De%SWee P{el P H&Bpmewmeﬁ)w té’x#fls?iﬁéi}illy

Iarge I ne resonators 1 n t

known f r mamefabsiréd; tthe fengttpof thetdonduoter isesnmiller eidnethareof the st ¢ine eesonators) bube
-nei ghbour hood, of the sides, this increased resistapce has a detrjinental -~
ef fect olrgeRdhan thenvales that bﬂoagﬁetop@s Homigal rogpnance frequency of the stripdine

deposi ti &Qoﬁdi&sshs" 1Rdbdifl§ e RAPR G the tOndulbrP 'f&f@énﬁi@ ﬁpié%dd?ﬂg plA%RaY fom
10 the conductor by a laser, the resonance frequency of the strip line resonators can be tuned.

, A further embodiment of the invention is characterized in that the filter
comprises at least a further conductor which has a coupling opening located between the strip
line resonators. T S |

 For realising a desired transfer function of the filter, the coupling factor
15 between the strip line resonators is to have a predefined value. This coupling factor depends,
for example, on the distance between the sﬁ'ip line resonators. It app_ears that the desired'
‘coupling factor may lead to a relatively large distance between the strip line resonators, . |
which leads to relatively large dimensions of the filter. By inserting a fuirther conductor with
a coupling opening between the strip line resonators, the necessary distance between the strip
| 20 line resonators may be reduced considerably. The couphng factor may then be determmed by
a suitable chmce of dimensions and shape of the coupling opemng ' _
A further embodiment of the mvennon is charactenzed in that the stnp
line resonators are shifted sideways. _ o '
| * By shifting the strip line resonators sideways, the eouplixtg" factor can be
25 reduced. In addition, there is aehxeved that the electromagnetic field in the reglon not located'
between the strip line resonators is enlarged. As a consequence, the influence of the '
conductor i mcreases, so that the tumng range of the filter i increases likewise.
These and other aspects of the invention will be apparent from and
ehmkhmﬁ\wnhre&mmmetotheenﬂmdunansdbmxmedhemmmmwn
30 . , . . _

In the drawings:
o F1g 1 shows a transceiver accordmg to the mventlon,
Fig. 2 shows a filter accordmg to the invention drawn in perspectlve '



the broad side, this coupling takes place especially in the mddle of the
strip line resonator where the resistance is nuch | ower than on the sides.
There wooérpmayed that the coupling of strip I|ne r esonat peHIRgs00986 € broad P
side is known per se fromthe Journal 4article "Rect angul ar Bars Coupl ed :
. Through a Finite- 25 Thickness Slot" by J.H Coete in | EEE Transactions. on
M crowave Theory - aRig. "Beshowsqubngltuﬂlhal setioB af theofilter, showlnllﬁrEiglﬁiM ‘However,

in this docunent &.cer sgltpc te J e fllt_er |s not ‘discussed at all. In
addition, said jo WS A B‘P‘ll@ an pltermative embadiment forithe

prob gﬁo‘m%qﬁéeﬂuatlon of the filter in state-of-the-art ceramc
t echnol ogy . can be sdl ved by coupling the strip l'ine resonators by the broad
si des. .For that meFige 5, shows taheross-sectioh iofi ¢heSfilter stowminoFiz. 2canddi ng to the

. jqurnal article t cross-sections qf t nators are purely
r ct angul ar. An eEE‘gdl ,%Hyvs&fcrpssesqcﬂ%,o?,aﬁnilgpgﬂgoﬁge ? e filter shoWR e
filtefFgs0 conprises at |east one conductor. for influencing the.

el ectromagnetic field in the nei ghborhood of at |east one of the st ri p line -
fesonators, which InoFﬂaudtanraelml;Zas lconmgcted: focan: mputZoutput of the transceiver 4. -

The mput/output of the transcelver 4 is connected to a transcetver switch 10. An output of
the transceiver switch 10 i is connected to an input of a receiver 6. ' '

10 _ The input of the receiver 6 is connected to an input of a bandpass filter 12
accordmg to the inventive idea. The output of the bandpass filter 12 is connected to an mput , ‘
of an amphﬁer 14. The output of the amplifier 14 is connected to an input of a bandpass

~ filter 16 whose output is' connected to a first input of the freque_ncy converter means in this |
- case formed by a first mixer 18. An output of a first oscillator- 20 is connected to a second
15 input of the first mixer 18. The output of the first mixer: 18 is.connected to an inpu‘tiof an
amplifier 22. -The output of the amplifier 22 is connected to an input of "a SAW filter 24
(Surface: Acoustic Wave). The output of the SAW filter 24 is connected to a first input ofa
second mixer 26. An output of a second oscﬂlator 28 is connected to a second input of the -
-second mixer 26. The output of the second mixer 26is connected to an. input of a
‘20 filter/demodulator 30. The output’ of the ﬁlterldemodulator 30.also forms the output of the
receiver 6. A s1gnal to be transtmtted is applied to a transmltter 8, whose output 1s connected
to an input of the transceiver switch 10. = L .
The transceiver 4 as shown in Fig. 1 is arranged to be used'in a' duplex
transmlsston system in which the l:ransmttter and receiver need not necessanly be switched

25 on s1multaneously Examples of such transmtssron systems are GSM, PCN and DECT. The
advantage of this is that the transceiver 4 may be considerably sunpler than a transc_etver e
arranged for full duplex operatlon in which transmrtter and. recetver can operate
stmultaneously ‘The latter transceivers requtre complex duplex ﬁlters to avotd the output

| signal of the transmitter ending on the input of the recetver .

30 ' If the transceiver swnch 10 is in the receive mode, the received s1gnal is
transferred to the bandpass filter 12 For DECT this bandpass filter has a centre frequency of
1890 MHz and a bandwidth of 20 MHz The output signal of the bandpass filter 12 i 1s
amphﬁed by the amplifier 14 and subsequently applied to a bandpass filter 16 whtch is
identical to the bandpass filter 12.



id smaller-than the length of one of the strip line resonators. By
arranging a conductor to affect the electromagnetic field in the

nei ghbour hBY96iH984% | east one of the strrg | i ne resonators, MIIMSIQOQBG can
be tuned. By applying the conductor, the apaci tance seen fromthe strip-

| ine resonator is incr sed s Eat th re sonance frequency of the
resonator will decreas fo* %ﬂ'@“@grmﬁm mixer 18 with a

resonat og; ‘H@gﬁ&ﬁ t S he
filter i s [ nr‘lf y rraﬁﬂ?ﬁr%ture r%@ Ig‘rellllﬂ%t{]ﬁgﬁ@r}ﬂge fg%%dgﬂng ﬁ?ﬁ:% mﬁ%ﬁ%

t han thaﬂﬂ)I IV&EMHzJ Tp'hé butput agnnlalfahsmmxtls isr ynplifiddeby tﬂeemqﬂiﬁ& 22ha@id the
bel ongs noE S r sonance frequency of the strip_ line resonators. By

r educi ng drving# centre frequengy, of 440,593 MHgfromhe .
from 30 ﬁﬁ‘m 5%33}&1%@ 581, the resonance frequency of the s_trr p line

resonat ors“can be tune urt'her enbodi mrent of the invention is
characterized in that Thleoﬁtphtagnaiasrmlxeém atse¢<m=lanmr126rwlﬂea sl‘gnatlhatmga

whi ch hag a coup | ocat bet ween tr e resonators, For
Foal 1'si nieduGae ar 0, MERCwRRn cimes fiomm dhe Segend prailacor Eﬁeifgeemmlhg nucmerls,
bet ween bHensi é“"ﬁ ex?t?e ﬂmﬁ ggiel(ﬁ%e
coupling factor g&é%&dﬁ??ﬁ?ﬁ%ﬁéﬁp i g% ?’[ance et ween f[;ﬂhen ‘?‘F% and
| i-ne r esdemodulated by the fiter/dembdulaton80desi red coupl ing factor may lead to a
relathvely | arge distapce.between the strr resonators, which |leads to
rel aﬁpvel y large di rreglgl cﬁ'ﬁmilwgﬁ ’P’ct@fi on A Fagrier by thetranspitter $
Wt h_ which carrier has a frequency that is equal to that of the received signal in the case of '

| DECT. The output signal of the transmitter 8 is conveyed to the aerial 2 via the transceiver-

_switch 10 '

- The ﬁlter 12, 16 of Fxg 1 is realised w1th a multlcoatmg teehmque The
15 ﬁlter cons15ts of stacked foils which are sintered, during whxeh operation the foils have at the '
proper places palladmm tracks provided for formmg strip line resonators and so on and so
forth. It is concexvable that another metal such as, for example, copper or s1lver may be
subsututed for palladmm The sintering is preferably effected under a lateral pressure, so that
the dimensions of the filter in the plane of the foils do not change durmg sintering. The foils
20 are formed from a n_uxtur_e of powder of a ceramic material and an organic binding agent.
Said te__e_hhique is described in more detall m United States Pétenl 4",612,68_9. Altematively, it
is possible that the strip line resonators consist of two metal layers separated by a thin
ceramic layer in lieu of a single metal layer. This leads to less attenuation of the filter in the
passbanrl. N | _ ' o .
25 * The filter shown in Fig. 2 comprises a first base plate 46 and a second
base plate_48. be_tweeﬁwhich a first strip line resonator 32 and a seeond-su'ip line resonator
34 are inserted. The first strip line _re-so_n_ator' 32 and the second strip line resonator 34 are
| conneeted on Qne._side, by a conductive side face 66,10 a side of the first base plate 46 and
“the Second base plate 48. The other side of the strip line resonator 32 is capacitively coupled
30 toa condu_etive side face 57 via the capacitor plates 40 and 42. The conductive side face 57
- is furthermore connected to the first base plate 46 and the seebx_ld bese plate 48. The strip
line resonators have a length of /8. The capacitors are there to enable the strip lines 32 and
34 having length \/8 to l_'esonete. The stnp line resonators 32 and 34 are coupled via a
coupling openiﬁg, in the further conductor 44 which is arrahged betweerl the strip line



a coupling opening between the strip line resonators, the necessary :
di stance between the strip 20 |line resonators nmay be reduced consi derably.
The cowr) dgiegirct or may then be determi ned by a suitable §986

di mensi ons and shape of the coupling 6pening. A further enbodi ment of the
_invention is characterized in that the strip line resonators are shlfted

si deyésyfatoRy32 bhd B4NThé bize Vfthe coupling opeaingt deterntineothe extent b couplitlg' ng

factor .can be 25 reduced. In addition, there.is achi eved that the-

el ecbctmagm figst strip ling resonator 33iand the,seqond strin, line resonator 34. Theiinputi ne

o BRbRLIT &8 AR Aifes R £HPAR 32 BT 6F i ok B R, ot Pttét%“g“‘“%esé

and gédjéd RPORGISt SiiptlR jeSoridr 321 vidi dnl elbetratitted &1 50.r Phe olPuetigaaltit ed

with reference to the enbodi nents descri bed here| nafter. 30 In the .

dSawthedflterHs gvailableen.a contack 36 o the sidecof sheifiler. This icentagt, isreaupled tojthe 2
SNV, 3nd 'strip find fésBhatbl 92 Via BH%]e'c&Xﬁﬁléd‘al $H e | cBn&lﬁ:l&rQ 3t Axlﬁess on the

side of the filter are there for the tuning of the filter. Thesé conductors 55 and 58 are '_
~ cornnected to the side face 57, to the first base plate 46 and to the second base plate 48, The
' filter is tuned by reducing the length of the conductor 55 and/or the conductor 58 by
10 removing material from the end of that particular conductor by a laser. Such a filter of
ceramic matenal containing BaNdTi oxide has drmensmns of 3 2mmx1.6mmx1.5mm (
for an 1890 MHz centre frequency. - o , o ' ' '
| In the cross-sectton shown in Fig. 3 of the filter of Fxg 2 1s clearly
visible the connection between the conducnng sxde face 60 and an end of the stnp line
15 resonator 32. The other end of the strip line resonator 32i is capacmvely coupled to the sxde
| ‘face 57 via the capacltor plates 36 and 38. These capacttor plates are arranged in such a way
that alignment faults do not affect the capacttance because the overlappmg surface remams
the same in the case of minor relatxve shifts between capacttor plates 36 and 38 and stnp lme
resonator 32. Part of the base plate 48 has been removed to avoid short-cxrcumng between
20 the contacts 52 and 56 and the base plate 48. The conductors 55 and 58 wh1ch may be
shortened for the tumng of the filter are posmoned on the outside of the filter, SO that they
- are easily accessrble for a laser beam which is used for the tumng
. In the sectional view of an alternat-tve embodiment for the ﬁ_ltef shown in’
Fig. 2, the input and output are coupled to the electroplated tap 50, 54 respectively, via a -
25 capacitive voltage divider. The contact 52 is capacitiv'ely:mupled to the electroplated tap 50
by means of a strip 51 which partly overlaps the. electroplated tap 50. The electroplated tap
50 is capacitively coupled to the conducttve side face via a stnp 49. The contact 56is
* capacitively coupled to the electroplated tap 54 via a strip' 53 which partly overlaps the
electropl.tted tap 54. The electroplated tap 54 is capacmvely coupled to the conductive side
30 face 60 via a strip 47. The use of the capacmve couphng is results in a lower attenuation of
the filter in the passband. T o - ' | o
_ The tumng of the filter shown in th 4i is effected by cutting the
conductor 58 through by a laser at a certain spot, so that one or more of the strips 35, 37,
39, 41, 43 and 45 are no longer connected to the conductor 58_t.The use of the strips 35_, 37,



44 Fig. 3 shows a Iongltudl naI sect;on of the filter shown in Fig. 2; Fig.
4 shows a |ongitudinal section of an al tternatlve enbodi nent for the fllter

shown in ng,%ﬁgsﬁlg '5 shows a Cross- section of the filter plegiosigdoss J.
2; and 5 Fig. 6 shows dlcross-section of a further =

enbodlrrent for the filter shown in Fig. 2. In Fig.~1 an aerial 2 is

connect e3p, t41 43 amb4s combiet with theccdndacter 68 \leads 4o aiiiunlargwhixmg m?eof the
transcei ver S connect ed tO a transcejver_swi tch 10. An out Ut

transce.mumcm 3 of ithe steips are elgsargothe smhm'oresanat@@eth%theeconﬂuctor 8.1t

The inpu iV h,gﬂs : ti&?# qﬂagﬁ ter
12 accor§ %l@?ﬁlﬁéﬁﬁn\/@%ﬁ%ﬁeﬂg %’ clﬁ?ad %e&{)tgg pass tél&érlz 'S
connect eprodacesnthe spot whéreahe aﬂinlucfdreis is40 bEhm chrongh tobbtaltetherdesiréd etnskér | s
connected to an jnput of a bandpass filter 16 whose output is connected to

a fir8st W@ﬁuct he frequency converter neans in this case formed by a

f1i5r S;[ nr;ui(e(r)f 11:8heA1[]| (r)gt m xer s{g&hf?ﬁ gﬁ? tﬁ% ’t%‘g s*rf'g S m xXer isé?l gna:ggond-

connect egretooupledi vid atcouplingopening i the ﬁiﬁheerimlduw‘opM The two stripliné ireSondtdrs S

' connect ® t o %2 alrg i gno?e gx'la‘c\{ggeldll}yetrhe ztfnlro base plates 46 and 48. In an alternative

embodiment shown in Fig. 6 the strip line resonators 62 and 64 are shifted SIdeways This
10 sldeways shift of the strip line resonators 62 and 64 leads to a smaller coupling between

these strip line resonators, so that in some situations the conductor 44 may become
redundant. Another consequcﬁce. of the sideways shift of the strip line resonators 62 and 64 -
is that the influence of the conductors 55 and 38 is enhan’ced as a résult of the smaller
dlstance between that parucular conductor and one of the stnp line resonators. Thls leads to

15 an enlarged tuning range.



(Surface Acoustic Wave). The output o
first input of a second m xer 26. An
connectypg 9b/posas second i nput of the se S -
second mi xer 26 is connected to an ingut of a 20 f||ter/derrodul at or 30.

- The output of the filter/denodul ator 30 also fornms the output of the

' r eceiCeATMS: A stgnal to be transmtted is applied to.a transmitter 8, Wnose"'
output is connected to an input of the transceiver switch 10. The ‘

transceiver-4 as shown in Fig. 1 is arranged to be uged_m_a__dﬂ.pr_e*_' SN

transm ssion systemin which the transmtter and receiver need not
necessarily be switched 25 on sinultaneously. Exanpl iﬂ!ﬂlwﬂwl“ II I“L
transm ssi on systens are GSM - PCN and DECT. The advan at
the transceiver 4 may be considerably sinpler than a transcel ver arranged
for full duplex operation in which transmtter and receiver can operate '

v Ehehot Vi oRie? bofiking B e G il e RRlsBEucMY Gl 4° 10
- r eceilineiresodftors, which strip line resonitbrst dre separaed by ceramiié dtelé&-xd: s in'the

recelve node the recei ved signal is transferred to the bandpass filter 12. .
For thap thestrip |ling réspRatoss arensituated; in flifferent planesand are,mumally

- S%Bf’tleg&@m%én%%ﬂ‘ﬁégrﬂ%%ﬁ i peihadie e, anchess e LR
16 wRi ch i s identiEiiter a9 claittednChimsl ;fdhataeterikéd in that the filter also comprises
at least one conductor for influencing the electromagnetic field in the nelghbourhood’ of at ‘ :
- least one of the stnp line resonators, which conductor has a length that is smaller than the
| 'length of one of the strip line resonators. ' ‘
3. - Filter as claimed in Claim 1 or 2, characterized in that the ﬁlter compnses
. 10 atleasta further conductor which has a coupling openmg Tocated between the stpp line .

resonators. - _
4, Filter as claimed in Claim 1,20r3, characterized in that the strxp line -
resonators are shifted sideways.
5. High-frequency sxgnal receiver of whxch one input is coupled to a filter
15 comprising at least two mutually electromagnetically coupled strip line resonators, whtch :
‘strip line resonators are separated by a ceramic dielectric, which filter is coupled toa
fretjuency converter for converting the high-frequency signal into 2 Signal having a lower
~ centre frequency, charactenzed in that the strip lme resonators are located in dxfferent planes
and are mutually electromagnetxcally coupled at least via the broad side. '
20 6. . " Receiver as claimed in Claim 5, charactenzed in that the filter comprises
at least one conductor for mﬂuencmg the electromagnenc field in the nelghbourhood of at
' least one of the strip line resonators, whtch conductor has a length that i 1s smaller than the
length of one of the strip line resonators.
7. . Receiver as claimed in Claim 5 or 6, charactenzed in that the filter
25 | includes a further conductor w1th a couplmg opening which opemng is located between the
strip line resonators.
8. Recewer as clatmed in Clalm 5, 6 or 7, charactenzed in that the strip hne
resonators are shifted sideways. . ' '
9. ' Method of tumng a filter which compnses at least two mutually
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5°The out put si gnal of er, 16 is nij &S BHEEREASIBEEN 8 with
a signal comng fromt !C mzmmll I r 20, whigh si gMBEPLAGEDa frefuency
A the ranywo dermsud771- ® output signal of tThe 86

anplified by the anplifier 22 and the SAWSfilter 24 selects the conponent
having a centre frequency of '110.592 MHz fromthe 5 output .signal of the

Al T Tt o e, o s '
28g The &K ‘;‘ ﬁﬁg‘%‘%@i‘mﬁ M_‘ﬁ’éwﬂﬁ INg; TESPRALOLS, aFe kgated i different -
fr equencypiges 4id 300 gl Uidironiaghbchy &Jusfegdatm VRS HaD Yok thay

filter/d ul at or 30 he si gnal transm
nmodul at edhe filter includesat keast: dne ¢andnsmr faremﬂﬁendmgmecmcmwghmc fiekrincthency

that i t he re ved nal in th
out put> s maERposhob B af leaitonel 6 s SHip B ibpuesdrs, hich Gondustor 2 adenisfh that
transcei \@smaiér tiin e leligm 6ﬁ 6ﬂee<5f the stri;ﬁhﬁé résofiators, 'w‘theQﬁé infififlg Y! éffected by
mul ticoating technique
reducmg the length of the conductor. .
10. : Method as clalmed in Claim 9 charactenzed in that the reduction of the

length of the conductor is achleved by removing material from an end of the conductor.



15 filter consists of stacked foils which are sintered, during which
operation the foils -have at the proper places palladiumtracks provided for
fQrm ng stwiopwe61es43 resonators and so on and so forth. It is POTERISHaE6e
that another metal such as, for exanple, copper or silver may be
substituted for palladium The S|nter| preferably effected under a

| at-eral pressure, so that the di mension /’ the filter in the plane of the
foils do not,change during sintering. The foils 20 are fornmed froma

m xture of péwder of ‘a ceramic material and an organi c bi nding agent. Said
techni que | escribed in. nore detail in United States Patent 4,612, 689.
“AlternativeNy, it is possible that the strip |line resonators consist of two
metal |ayers|separated by a thin ceramic layer in lieu of a single netal

| ayer. This [Teads gn.Less_aLLenuaLLou_ofthe_fElLeL_Ln_fEe_passban 125

The filter 4 2, conprises st base e nd.
base plate 4
strip line fe ‘ :
the second gt p |#ne(resonator 3% are’donnect ed onfone iI[de, byj\a |
conducti ve $|Hb fa&e b, t¥ha sidé of 18de fi 28t bad4 pl 864 46 adﬂ)th?

second base,pla e 4#8. The other side of the strip line redqonator 32}i

capaci-tively colipl ¢d 30 'to a conductiy i de face 57 viaglihe capac]i
pl ates 40 aﬁd TZ._[Q? conductive side [figs¢ é i's furtherjnome necied to
the first basg_Ql 46 and the seco’nc['ggl\i | ate 48. Thgﬂg rﬁ@plln
resonators have| a e_gth of Lerr]. _The_capacitors are there to_enab dz t he
strip linesl32.fand — — (- _g _________________ -
6 4
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34 having length [err] to resonate. The strip line resonators 32 and 34 are
coupled via a coupling opening in the further conductor 44 which is :
arrénged betﬁﬁ@ﬁﬁﬁﬂﬁ3str|p line. 6 resonators 32 and 34. The gé t he
coupl i ng opening determ nes the extent of coupling between the %‘?@? / W\‘p
i ne resonator 32 and_ the second strip li esonator 34. The input signal
of the filteris applied to a contact 52 ég?@te side face of the filter.
This contact is coupled to the first strip line resonator 32 via an

Is avail able on a

el ectroplated tap 50. The output signal of 5 the filter

contact 56 on the side-of the filter. This contact is coupled to the second
The conductors 55 and

strip line resonator -32 via an electroplated tap 5
are there for the tuntthg of the filter. These

58 on the side of the filter
conductors 55 and 58 are connected to the side. fa 57, to the first base -
plate 46 and to the secd&® ' yned by reduci-ng
the | ength of the condu 10 renoving
material fromthe end off thaf parti ctor by a rtpaser. Such a

xi de hgs difrensions of 3.2 mm

filter of cerami c materijal -clontai ni ]

x 1.6.mmx 1.5 nmfor af 1890 Mi ce ency.
52\2\\\\\ \ /// 56
AN 0%
A <
50 N5
3—— '
/ :
! | . 2
, z
’ | \ -
55— | 3638

AL ML R Y
SN S I TR
(]
(v

////// .

/(////I //I//////////////////I//////f// Ll ol

57

N

FIG. 3



In the cross-section shown in Fig. 3 of the filter of Fig. 2 is clearly

vi si bl e the connection between the conducting side face 60 and an end of
the strip Wowss1d843 resonator 32. The other end of the strip bchgpdsppessat or
32 is capacitively coupled to the side face 57 via the capacitor plates 36
and 38. These capacitor plates are arrzg in such a way that alignment -
-faults do not affect- the capacitance, se the overl appi ng surface
remai ns the same in the case of mnor relative shifts between capacitor

pl ates 36 and 38 and strip |line resonator 32. Part of the base plate 48 has
been renoved to avoid. short-circuiting between 20 the contacts 52 and 56
and the base plate 48. The conductors 55 and 58 gfi ch may be shortened for
the tuning of the filter are positioned on the oytside of the filter, so
that they are easily accessible for a | aser beargwhich-is used for the

tuni ng. Int he secti op .‘!VllAnu;anlAuvlﬁuﬂnv;-'zuz-j'lw-!;zilzijbjzi:jj:}’ t for the filter
shown in Fig. 2, the Ppput _and output are coupled to thgel ectroplated tap
50, 54 respectively, W { acitive v¢ltagd divifpde The contact 52
is capacitively coupI;‘ ctropl at ed tggv Q_bvl peans of a strip 51
whi ch partly overl aps | ated tap|50. T e¢lroplated tap 50 is
capacitively coupl ed } tive side|face |l B rip 49. The -

contact 56 is-capacit; to the electroplayfldt ap 54 via a strip

53 which partly overl 9 tfr opl ated {ap 5 BT g ectroplated tap 54
is capacitively coupl g ductive sf|de 30’?ace b0 via a strip 47.
The use of the capaci ti is resulfs in a;_ome' attenuation of
| o
U
N |
52 54 \\\\3/-56
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.the filter in the passband. The tuning aof the filter showmm in Fig. 4 is
effected by cutting the conductor 58 through by a.laser at a certain spot,
sQ that onwoeesrveae of the strips 35 37, 39, 41, 43 and 45 m;mgs/dogmger
connected to the conductor 58. The use of the strips 35, 37, 7

7 39, 41, 43 and 45 conbined with the cgp pyctor 58 leads to an enlarged -
tuni ng range, because the ends of the s are closer to the strip line
resonators than the conductor 58. It is conceivable that-a nmeasurenent of
the transfer characteristic of the still untuned filter produces the spot
where the conductor 58 is to be cut through to obtain the desired transfer
5 characteristic. .In the cross-section shown in Fig. 5, the strip line
resonators 32 and 34 are coupled via a coupling opening in the further
conductor 44. The two strip line resonators 32 and 34 are furthernore
encl osed by the two base plates 46 and 48. In an 46t ernative enbodi ment’
shown in Fig. 6 the strip line resonators 62 and 64 are shifted sideways.

This 10 sideways shift of ffhe strip I1ne resonatprs o and 64 leads to a
smal | er coupling betmee% . 3 — :
o~  %/—58
44 4“4 |
f \ / f
q 34 A
: L ‘
\l i
| | 46
_ . | )
_ _ . | { j
55\?- ' 62 o o8
' /4 : '
44 “ f
I, Y SR
" 64
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strip lifre resonators 62 and 64 is that
and 58 is enhanced as a result of the srral | er distance between that
particul ar conductor and one of the stripdline resonators. This |eads to 15
an enl arged t#ipg range. 8 Cains 1. Filter conprising at

| east two mutually el ectronagnetically coupled strip |ine resonators bei ng
- separated by a ceramic dielectric, said strlpll 5 2y an

OE| onghcross section with a broad side and an eggt
that the strip line resonators are positioned i | ff :
that the strip line resonators are E mut ual | Eectzragﬂ%‘kp’pgf]al fty coupled
at least via the broad side. 2. Filter as crarmed rim—oFam 1,
characterized in that the filter also conprises at |east one additional
conductor for influencing the electromagnetic field in the nei ghbourhood of
at | east one df the st rFiftet comepnisinpatdeast swo suineallychigctiomagneticelyl genled strip

line resonators being separated by a ceramic dielectric, said stripline resonators having an

thesé strl p line resonators, ~so that in Ei”ﬂ "Etlons t he concﬂggmmr SHEET

mey beconme redundant. Anot her consequen qu ﬂ/m's shift of the
t he conductors 55

oblong cross-section with a broad side and an edge side, characterized in that the strip
line resonators are positioned in different planes and in that the strip line resonators are

.5 mutually electromagnetically coupled at least via the broad side.

2. Filter as claimed in Claim 1, characterized in that the filter also comprises at
least one additional C(;nductor for influencing the electromagnetic field in the
neighbourhood of at least one of the strip line resonators, said additional conductor
having a length that is smaller than the length of one of the strip line resonators.

10 3. Filter as claimed in Claim 1 or 2, characterized in that the filter comprises
at least a further conductor having a coupling opening located between the strip line
resonators. |
4. Filter as claimed in Claim 1, 2 or 3, characterized in that the strip line
resonators are transversely displaced with respect to each other.

15 S. Receiver for feceiving high frequency signals, having one input being
coupled to a filter comprising at least two mutually electromagnetically coupled strip line
resonators, said stripline resonators having an oblong cross-section with a broad side and
an edge side, characterized in that the strip line resonators are positioned in different
planes and in that the strip line resonators are mutually electromagnetically coupled at

20 least via thé broad side. |
6. Receiver as claimed in Claim 5, characterized in that the filter comprises at
least one additional conductor for influencing the electromagnetic field in the
neighbourhood of at least one of the strip line resonators, said additional conductor has a
length that is smaller than the length of one of the strip line resonators.

25 7. _ Receiver as claimed in Claim 5 or 6, characterized in that the filter includes
a further conductor with 5 coupling opening, said coupling opening being located between

the strip line resonators.



[
havi ng a I-ength thaT|s smal l.er than the | ength §

_ resonators ﬁ“‘ s clained i ; at >, ;
5 characterl zed in that‘ “l[“\ \‘““ ise® at |eq b s}y du—;tor
havi ng a coupl i ng openrnge | dcat "ed Sbef ween the st i B2€i'me TESdﬂ’a‘t’U’S' 4.

"Filter as clainmed in Jaim1, 2 or 3, characterized in that the strip |line
resonators arg,{ransverggiyef 0§ B R lhih 50610 9! chtad@eieddh it thd frip ifne

" Receiver for réceiving hig requency signals, haVi ng one i nput bei ng

. coupled to a freédmrorsamsmmvergemmsbm Mthn‘espﬂctualehgh ethext r omagnetical l y
coupled strip line resonators,

ai d | |
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strip line res gnétr cal coupl ed at
| east via she dblsicerossiectién with a broad s1ﬂbamd ae edgessidd, ahamctermedjnathm t5¢ strip
characterized in that the filter co ises at | east one additjona

. conduct or for lmcrfmmtgrﬁgretmmmet %Plaéeﬁ g iy that @%W‘Hé}”ﬁﬁﬁwmﬁﬂr
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} - includdseft Sba¢Ebned® [gld‘.'oﬂmbtd)rnfoﬂlﬂldéh&ng Ith&elecﬁi‘mﬂmém fielddnitire
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t hat the filter 1ncludes a further conductor with a coupling opening, said
Coupl i ng openineighbourhgod of at leastisac W the strip line resonators, said tuning conductor has a

10  length that is smaller than the length of one of the strip line resonators, the method while

the tuning is effected by reducing the length of the conductor.
10. Method as claimed in Claim 9, characterized in that the reduction of the length

of the conductor is achieved by removing material from an end of the conductor.
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