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~ Strip line filter, Teceiver with strip line filter and method of tumng the strip line filter.

_ ~ The invention relates to a filter comprising at least two mutually
electromagnetlcally coupled strip line resonators, which stnp line resonators are separated by
a ceramic dlelectnc _

The invention likewise relates to a recelver that includes such a stnp line
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 transmrtters and receivers are GSM, PCN and
DECT. . . o o : |
GSM (Global System for Mobrle 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
- 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 s1gnals
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
strong transmitters transmlttmg from outside tlus range. ' ’
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'

.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 hxgh
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relative dxelectrlc constant wlnch results in small drmenslons of the ﬁlter which, in portable

'.telephones, is highly 1mportant Usable matenals are, for example, BaNdTi oxides which

may have a relative dielectric constant of about 70 This results in a reduction of the

dimensions of the filter by a factor of 8. 4.
Experiments have shown that the attenuatlon of the filter in the passband

is rather hrgh, whtch leads to a reduced sensmvrty of the recelver in which such a filter is

It is an object of the invention to provrde a filter as defmed in the opemng -

paragraph in which the attenuation in the passband is reduced
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-sectton of the strip line resonators accommodated i in the -
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 coupling
between the strip line resonators in the filter known from. said Patent Apphcatlon is mamly o
effected v1a the region in the nerghbourhood of the s1des, this increased resrstance has a

 detrime; ntal effect on the attenmation in the passband

By deposmng the strip line resonators in two planes and couplmg them via -

the broad srde, this couplmg takes place especially in the nnddle of the stnp line resonator

where the resistance is much lower than on the sides. ; ;
There is observed that the coupling of stnp lme resonators via the broad -

- side is lmown per se from the journal arttcle "Reetangular Bars Coupled Through a Finite-

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 gi’ve"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 -

resonators accordmg to the journal article the cross-secttons_ of the strip line resonators- are

purely n=ctangular

An embodrment 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, wluch conductor has a length that
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is smaller than the length of one of the strip line resonators.

By arrangmg a conductor to affect the electromagnettc field in the _
neighbourhood of ‘at least one of the strip line resonators, the filter can be tuned. By applying
the conductor, the capacitance seen from the strip line resonator ts increased, so that the |
resonance frequency of the resonator will decrease. The resonance frequency of the strip line
resonator will decrease as the length of the conductor increases. When the filter is initially

- manufactured, the length of the conductor is sthaller than that of the strip line resonators, but

larger than the value that ‘belongs to the nommal resonance frequency of the strip line
resonators. By reducing the length of the conductor, for example, by removing material from
the conductor by a laser, the resonance frequency of the strip line res0nators 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. . L _ | | o :
 For realising a desired transfer function of the filter, the coupling factor

 between the strip line resonators is to have a predefined value. This coupling factor depends,

for example, on the distance between the sn'ip line resonators. It appears that the desired

‘coupling factor may lead to a relauvely large distance between the strip line resonators,

which leads to. relattvely large dimensions of the filter. By tnsertmg a further conductor with
a couphng opening between the strip line resonators, the necessary dtstance between the stnp
line resonators may be reduced considerably. The couphng factor may then be determmed by
a suitable choxce of dimensions and shape of the coupling opemng o _

A further embodiment of the mventton is charactenzed in that the stnp
line resonators are shifted sideways. _ ' '

* By shifting the strip line resonators sideways, the couplittg" factor can be
reduced. In addition, there is achteved that the electromagnetic field in the regton 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
elucidated with reference to the embodtments descnbed hereinafter.

In the drawings:
o th 1 shows a transceiver accordtng to the mventron,
Fig. 2 shows a filter accordmg to the invention drawn in perspecttve '
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-- Fig. 3 shows a longitudinal sectiOn of 'the-filter shown in Fig 2,

F1g 4 shows a longltudmal section of an alternative embodiment for the _

ﬁlter shown in Fig: 2; S ,

N Fig. 5 shows a cross-sectlon of the filter shown in Fig. 2; and

_ Fig. 6 shows a cross-sect_lon of a further embodiment for the filter shown

in Fig. 2. T | L
In Flg 1-an aerial 2 is connected to an mput/output of the transcelver 4,

The mput/output of the transcelver 4 is connected to a transcexver switch 10. An output of

the transceiver switch 10 i is connected to an input of a receiver 6.- ' '

_ 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 amplxﬁer 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 ﬁ_'eque_ncy converter means in this |
- case formed by a first mixer 18. An output of a first oscillator 20 is connected to a second .

input of the first mixer 18. The output of the first mixer- 18 is connected to an input of 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 osclllator 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

filter/demodulator 30. The output of the ﬁlterldemodulator 30.also forms the output of the -
receiver 6. A s1gnal to be transmltted is apphed toa transmltter 8, whose output 1s connected
to an mput of the transceiver switch 10. P

The transceiver 4 as shown in Fig. 1 is arranged to be used'in a' duplex
transmlsslon system in which the transmltter and receiver need not necessanly be switched
on smultaneously Examples of such transmlsswn systems are GSM, PCN and DECT. The
advantage of this is that the transceiver 4 may be considerably sunpler than a transc_elverl e
arranged for full duplex operatlon in which transm1tter and. recexver can operate
sunultaneously ‘The latter transceivers requxre complex duplex ﬁlters to avond the output

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

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 is
amphﬁed by the amplifier 14 and subsequently applied to a bandpass filter 16 Wthh is
identical to the bandpass filter 12. o -

«
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.. The output signal of the bandpass filter 16 is mixed in the mixer 18 with a
signal_coming from the first oscillator 20, which signal has a frequency in the range from
177171787 MHz. -The output signal of the mixer 18 is amplified by the amplifier 22 and the
SAW filter 24 'selects the component having a centre frequency of 110.592 MHz from the .
output sxgnal of the amplifier 22. . : : :

_ - This output signal is mlxed in a second mlxer 26 with a signal havmg a
frequency of 100 MHz which comes from the second oscillator 28.- The output of the mixer

_ 26 then cames a signal that has a centre frequency of 10.592 MHz which is then filtered and

demodulated by the ﬁlter/demodulator 30. _

The signal to be transmmed is modulated on a carrier by the transmitter 8
wluch 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-

- The ﬁlter 12, 16 of Flg 1 is realised w1th a multleoatmg techmque The
ﬁlter cons15ts of stacked foils which are sintered, during whxch 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
are formed from a mlxture of powder of a ceramic material and an organic binding agent.
Said te__t_:_hmque is described in more det_all in United States Patent 4,612,68_9. Alter_natlvely, 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
passband. '

| The filter shown in F1g 2 comprises a ﬁrst base plate 46 and a second
base plate 48 between which a first stnp line resonator 32 and a second strip line resonator
34 are inserted. The first strip line resonator 32 and the second str_lp line resonator 34 are

 connected on one side, by a conductive side face 60, to 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

to a conductive 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 sec_otld base plate 48. The strip

‘line resonators have a length of /8. The capacitors are there to enable the strip lines 32 and

34 having lengt_h_)_JS_ to tesonnte. The strip line resonators 32 and 34 are coupled via a
coupling opening in the further conductor 44 which is atranged b_etween_the strip line
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resonators 32 and 34. The srze of the couplmg opemng determmes the extent of couplmg
between the first strip line resonator 32 and the second strrp hne resonator 34. The mput
signal of the filter-is applied to a contact 52 on the side face of the filter. Th1s contact is

coupled to the first stnp line resonator 32 via an electroplated tap 50 The output sxgnal of .

the filter is available on a contact 56 on the side of the filter. Tlns contact is coupled to the

second strip line resonator-32 via an electroplated tap 54. “The. conductors 55 and 58 on the
side of the filter are there for the tuning of the filter. These 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

removing material from the end of that particular conductor by a laser. Such a filter of

ceramic matenal containing BaNdTi oxide has drmensrons of 3 2mmx1.6mmx1.5mm

for an 1890 MHz centre frequency. - ' , o '
In the cross-sectron shown in Fig. 3 of the filter of Frg 2 1s clearly

visible the connection between the conductrng srde face 60 and an end of the stnp line

resonator 32. The other end of the strip line resonator 32i is capacmvely coupled to the sxde

| ‘face 57 via the capacrtor plates 36 and 38. These capacrtor plates are arranged in such a way |

that alignment faults do not affect the capacrtance because the overlappmg surface remams
the same in the case of minor relatrve 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
the contacts 52 and 56 and the base plate 48. The conductors 55 and 58 whrch may be
shortened for the tumng of the filter are posruoned on the outside of the filter, SO that they

- are easily accessrble for a laser beam which is used for the tumng

25

30

. In the sectional view of an alternauve embodiment for the ﬁlter shown in
Fig. 2, the input and output are coupled to the electroplated _tap 50, 54 respectively, via a -
capacitive voltage divider. The contact 52 is capacitiv'ély: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 conductrve side face via a stnp 49. The contact 56is
capacitively coupled to the electroplated tap 54 via a strip 53 which partly overlaps the
electroplnted tap 54. The electroplated tap 54 is capacruvely coupled to the conductive side
face 60 via a strip 47. The use of the capacmve couphng is results in a lower attenuation of
the filter in the passband. . ' o - ' ' o '

_ The tumng of the filter shown in Frg 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 SSt.me use of the strips 35_, 37, '
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39, 41, 43 and 45 con_lbined\ &ith the conductor 58 leads tolza'il enlarged tuning ll'ange,: -
because the ends of the strips are closer to the strip line resonators than the conductor 58. It

" is conceivable that a measurement of the transfer characteristic of the still unmned ﬁltér

produces the spot where the conductor 58 is to be cut through to obtain the desired transfer
characteristic. - | - -

In the cross-section shown in Fxg 5, the strip line resonators 32 and 34
are coupled via a coupling'opéning in the further conductor 44. The two sﬁip line resonators

32 and 34 are furthermore enclosed by the two base plates 46 and 48. In an alternative

embodiment shown in Fig. 6 the strip line resonators 62 and 64 are shifted sideways. This
sidéways 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 result of the smaller

| distance between that particular conductor and one of the strip line resonators. This leads to

an enlarged tuning range.
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H!IIIIJ il IIIjI IIILI | I!II

1. ~ Filter comprising at least two mutually electromagnencally coupled stnp
line resonators, which strip line resonators are separated by a ceram1c dlelectnc, R
characterized in that the strip line resonators are situated in different planes and are mutually .

electromagnetlcally coupled at least via the broad side. .
2. - Filter as claimed in Claim 1, charactenzed in that the filter also compnses :

at least one conductor for influencing the electromagneuc field in the nexghbourhood of at

. least one of the stnp line resonators, which conductor has a length that is smaller than the
length of one of the stnp line resonators. : : :

3. - Filter as claimed in Claim 1 or 2, characterized in that the ﬁlter compnses
at least a further conductor which has a coupling openmg Tocated between the strtp line .
resonators. : o o

4. Filter as claimed in Claim 1,2 or 3, characterized in that the strxp line -

resonators are shifted sideways. - . _
5. High-frequency signal receiver of which one input is coupled to a filter
comprising at least two mutually electromagnetically coupled strip line resonators, Which :

‘strip line resonators are separated by a ceramic dielectric, which filter is coupled to a

frecjuency 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 electromagnettcally coupled at least via the broad side.
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, wluch 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

includes a further conductor wrth a couplmg opening which opemng is located between the
strip line resonators.

8. Recewer as clarmed in Clalm 5, 6 or 7, charactenzed in that the strip lme :
resonators are shifted sideways. . ' '

9. ' Method of tumng a filter which compnses at least two mutually
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'electromagnetlcally coupled stnp line resonators, which stnp lme resonators are separated by
a ceramic dielectric, characterized in that the strip line resonators are located in different _
planes and are mutually electromagnetically coupled at least via the broad sxde and'in that
the filter mcludes at least one conductor for mﬂuencmg the electromagnetxc field in the
nexghbourhood of at least one of the strip line resonators, which conductor has a length that
is smaller than the length of one of the strip line resonators, while the tuning is effected by
reducmg the length of the conductor. | | .

10. : Method as claimed in Claim 9 charactenzed in that the reduction of the
length of the conductor is achieved by removing material from an end of the conductor.



