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This application claims the benefit of provisional U.S. Application
Serial No. 60/325,701, entitled “ELECTRICALLY TUNABLE
BANDPASS FILTERS,” filed September 27, 2001, and provisional U.S.
Application Serial No. 60/XXX, XXX, entitled ELECTRONICALLY
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both of which are incorporated herein by reference in their entirety for all

purposes.

Field

This invention relates generally to electronic filters.  More
specifically, this invention is directed to electrically tunable bandpass
filters.

Due to increasingly crowded frequency allocations, modern wireless
communication devices require increasingly stringent filtering
specifications. This is particularly true for devices that operate in multiple
modes and/or over multiple frequency bands. Devices now popularly in
use employ fixed tuned bandpass filters (BPF) which have design
tradeoffs. The design goals of low passband insertion loss (IL) and high
close-in rejection conflict. Portions of the filter transfer function

representing the edges of the passband have a finite slope (the passband



cutoff is gradual rather than an ideal perfectly abrupt transition from
"pass' to 'no-pass'). The nore sharp the cut off required, the higher the
order of wolw/bsié er nmust be. Higher order filters are noreTasokygiiand have
a greater IL than lower order filters and may require extensive turning to
meet specifications. To neet the out-of,-band rejection specifications,
typical filter designs require a transm ssion zero, requiring a filter
vendor to tune each filter during its manufacture. Miltiple filters are
typi cal |y cotpffriegradwal nather thaaran ideal perfectly alpupttiapsitiomfropnt‘pass t hi s,
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require extra switches and have greater IL.

Unlike a fixed tuned BPF, a tunable filter can be dynamically tuned
to different frequency ranges within a specific band, and if sufficiently
tunable, different frequency ranges within multiple bands. Tunable filters
have several advantages over non-tunable filters. For example, tunable
filters need not have a broad passband if the passband is dynamically
adjustable. A narrow transfer function with high close-in rejection can be
implemented with a lower order filter than can a wide transfer function
with similar close-in rejection. Therefore, unlike a fixed tuned BPF, a
tunable filter can be of a lower order and still meet desired rejection
specifications. Lower order tunable filters are smaller in size, have a lower
profile, lower IL, and can be built using lower precision components using
a simpler fabrication processes, which in turn lowers cost. In addition, one
filter topology can be optimized to cover multiple bands if the tuning range
is wide enough. Thus multiple filter designs are no longer needed. Also,
split-band designs along with the associated switches become unnecessary.

Fig. 1 shows a typical implementation of a top coupled BPF 100.

One or more resonators 106 are coupled to an input 102 and an output 104



split-band designs along with the associ ated swi tches becone unnecessary.
Fig. 1 shows a typical inplenentation of a top coupled BPF 100. One or
nore resowatosnssi1d®e6 are coupled to an input 102 and an outpmUSLOE11VO
03/ 028146 PCT/US02/31118 3 via capacitors 108. O her realizations are al so
possi bl e. The resonators are construct ?{d and arranged so as to have a
reactance that has at |east one resonant frequency. At frequencies bel ow
200 - 300 MHiz. the resonators can be constructed fromdiscrete conponents
(i.e. sepanaaeapagibaist d& Gnher readizations jare alsa pgssibleol Vhe resmragorsgarehe
resonant frequency of the reactance by changing the values of the discrete
conponent s CORStracigide and fareangat isesas tordray eda seactance dthiagyhast ati east @uier ed
because the inherent reactances of all_ circuit conponents becone nore
si gni fi cantesAnait drequencyeqdd dzequencags helgye 200 = MHz, the serenators
utilizing a nobl ock dgz%gn re comonly used,. A high frequency resonator
is essenti &@Hgb%cwa%?ﬁe I m%&ﬁrﬁ?ﬁ CW@WR&%@%C@W%@&&RW$ 88dat
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interfere. These correspond to the resonant frequencieS. Typica , the
resonat or iffeqiR@eicauf f AGi BiHer $RQuEnsiesh rebohatons Yu®liging a monoblock

design are commonly used.

A high frequency resonator is essentially a transmission medium

with impedance discontinuities at both of its ends. Reflections at these

discontinuities causes energy to build up within the resonator, a fraction of

which is released during each cycle. A quality factor, Q, is defined as the

ratio of the energy stored within the resonator to that dissipated during one

cycle. Due to boundary conditions that must be obeyed by the electric and

magnetic fields, only signals with wavelengths that divide the length of the

resonator by certain discrete multiples will be maximally reflected and

constructively interfere. These correspond to the resonant frequencies.

Typically, the resonator is made sufficiently short such that only one

resonant frequency exists within the frequency range to be filtered. Signals

at other frequencies are increasingly transmitted to ground as their

frequency difference from the resonance frequency increases, resulting in

significant signal attenuation outside the passband.

The wavelength at a particular frequency within a particular
transmission medium is a function of the reactance of that medium. The
resonant frequency is changed by changing the length of the resonator as

measured with respect to the wavelength of the signal such that the



resonant frequency exists within the frequency range to be filtered.
Signals at other frequencies are increasingly transmtted to ground as
their frwouenesi4ei fference fromthe resonance frequency PQTIEsayed s
resulting in significant signal attenuation outside the passband. The
wavel ength at a particular frequency within a particular transm ssion
mediumis a function of the reactance oft that medium The resonant
frequency is changed by changing the |l ength of the resonator as neasured
wi t h r especbnstyuttiee wateeferontduntletlimsrapoahnse ooctitit theendMDréSRRe46
PCT/ US02/ 31118 4 constructive interference underlying resonance occurs at
t he new r edtagmeney. f Ekepidnal turihgetari bal acoomapigs elthenbyodmrigghgdhei t her
by changing the functional dependence of the |ocal wavel ength on the
frequency %un@yonfdhdngem@en% oé| thet lacad| waselgngthvfon Hber eqneney .orThy
wavel engt h dependence on frequency within a transmssion nediumis a
functi og opﬂﬂlgﬁmge@&%lﬁém@ﬁ@m&th@fcﬁhﬁrfﬁsm@rf unctional dependence of the
wavel ength is vgried i n. Yl YttriHmIron rnet resonators wth the
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crystal andediingérs 418 >PRABAY, require bulky magnetic field generating coils, and
are unsuited for the low power, low profile, low cost requirements of
mobile communication systems.

Another approach utilizes a bulk, single crystal ferroelectric (f-e)
waveguide as a resonator, where an applied voltage across the body of the
crystal is used to generate an electric field within the waveguide, thereby
changing the dielectric constant of the crystal and hence its resonant
frequency (see US Patent No. 5,617,104). However, the loss tangent of
known f-e materials are poor compared to typical microwave ceramics.
This means that the reactance of the material contains a non-negligible
resistive component (i.e. an imaginary component to the dielectric
constant), resulting in significant power loss via resistive heating of the
material. As a result usage of bulk ferroelectric materials for resonators at
GHz and sub-GHz frequencies are currently impractical for many
applications. This does not preclude the use of ferroelectric films, but
heretofore no prior art has disclosed or suggested the adaptation of such
films to provide electrical tuning of electronic filters.

Further, bulk f-e resonators may require the application of rather
high control voltages considering the relatively large geometries involved.

As previously mentioned, electrical tuning can also be accomplished by



frequency (see US Patent No. 5,617,104). However, the |oss tangent of
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resi stive conponent (i.e. an inmaginary conponent to the dielectric
constant), resulting in significant pows | oss via resistive heating of the
material. As a result usage of bulk ferroelectric materials for resonators
at GHz and sub-GHz frequencies are currently inpractical for many
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resonator and difficult to
They are too lossy to be put in parallel with a resonator and difficult to
implement within a distributed design. In addition their capacitive values

are relatively low and not very consistent from lot-to-lot.
SUMMARY OF THE INVENTION

The invention is a tunable bandpass filter comprising: at least one
resonator having a reactance with a resonant frequency, a ferroelectric f-e
film having a dielectric constant with a value that changes with an applied
electric field, and an electric field generating device for generating
relatively constant electric fields of different strengths. The ferroelectric
film is electrically coupled to the resonator so that the reactance of the
resonator and therefore the resonant frequency of the resonator and the
passband of the filter depends on the dielectric constant of the ferroelectric
film. The electric field generating device is constructed and arranged to
generate relatively constant electric fields within the ferroelectric film,

thereby making the resonant frequency of the resonator and the passband



inplenment within a distributed design. In addition their capacitive val ues
are relatively low and not very consistent fromlot-to-lot. SUVMMARY OF THE
| NVENTI ONwWOle/oes1vent i on i s a tunabl e bandpass filter conprcIiusg2/3ats | east
one resonator having a reactance with a resonant frequency, a
ferroelectric f-e filmhaving a diel ec%ri c constant with a val ue that
changes with an applied electric field, and an electric field generating
device for generating relatively constant electric fields of different
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so that the reactance of the resonator and therefore the resonant
frequency éfldhe resonator and the passband of the filter depends on the
dielectric constant of the ferroelectric film The electric field
generating device is constructed and arranged to generate relatively
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PCT/ US02/ 31118 6 of the filter a function of the strength of the
relatively constant electric field. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.

1 shows a typical inplenmentation_of bandpass filter utilizing .pyltiple
coupl ed resonat &1g. 1 shew szaité/pépadilagﬁﬁmeatatao%qfr%i?@ndaa-?seﬁiﬁ%t%ﬂlm| i zi ng

the f-e film,. Fig. 3 is a diagramof a first exanple of a stripline
r esonat or mlfhtlipi?g@uphﬁ@eﬁoeaﬁﬁ-m Fig. 4 is a diagramof a dielectric

| oaded wavegui d%ié.ef ?sngtdci)arlgram of a microstrip resonator utilizing the f-e film.

Fig. 3 is a diagram of a first example of a stripline resonator utilizing
the f-e film.

Fig. 4 is a diagram of a dielectric loaded waveguide resonator
utilizing the f-e film.

Fig. 5 is a diagram of a second example of a stripline resonator
utilizing the f-e film.

Fig. 6 is a diagram of an overlay capacitor coupled resonator
utilizing the f-e film.

Fig. 7 is a diagram of an interdigitated filter topology.

Fig. 8 is a diagram of an interdigitated filter topoiogy utilizing
overlay capacitors.

Fig. 9 is a diagram of a combline filter topology utilizing overlay
capacitors.

Fig. 10 is a table generally illustrating some of the design options,

benefits and issues associated with a variety of f-e device designs.



utilizing the f-e film Fig. 5is a diagramof a second exanple of a
stripline resonator wutilizing the f-e film Fig. 6 is a diagramof an
over |l ay capaaioesine coupl ed resonator utilizing the f-e filPem/USoy311718is a
diagramof an interdigitated filter topology. Fig. 8 is a diagram of an
interdigitated filter topol ogy utilizin? overlay capacitors. Fig. 9 is a
diagram of a conbline filter topology utilizing overlay capacitors. Fig.
10 is a table generally illustrating sonme of the design options, benefits
and issues associated with a variety of f-e device designs. WO 03/028146
PCT/ US02/ 31118 7 DETAI LED DESCRI PTI ON The relative permttivity, Cr, which

determ nes the dielectric CO!DE*T%\IIQEB]%FS NNbe varied in f-e
varylng

mat eri al s under the application o near DC') electric
field (E-field). And although the loss tangent of bulk f-e dielectrics is
significant, that of applicable f-e thin or thick filns fabricated on a
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tangent of bulk f-e dielectrics is significant, that of applicable f-e thin or
thick films fabricated on a wide range of microwave ceramics may be
much better, approximating that of some commonly used microwave
ceramics. Therefore, rather than use a varactor or bulk f-e dielectrics for
electrical tuning, thin f-e films may be used to modify the local capacitance
of the transmission medium and thereby provide an adjustable reactance
that changes the resonant frequency of the resonator. When properly
designed and fabricated, these f-e capacitors may provide a higher
capacitance and Q than varactors at frequencies above 1 GHz. They are
available as thin or thick films and are ideal for tuning distributed or
lumped element resonators. Their electrical properties from lot-to-lot are
also more consistent than that of varactors.

Thin/thick f-e films are widely used in high temperature
superconductivity work, and there are several hundred of such known
materials. Film thicknesses on the order of 0.1 um to 1 mm are typical.
Barium strontium titanate, Ba,Sr(;.TiO; (BSTO) is the most popular for
room temperature operation where x is preferably between 0.3 and 0.7.
Their tuning speed is about 0.3 — 1.0 us for an applied constant E-field, so
they are not modulated by a rf signals. An applied dc voltage V. is

generally used to create the E-field. It is not uncommon to have films with

Ag/AVy. > 3.



designed and fabricated, these f-e capacitors may provide a hi gher

capaci tance and Q than varactors at frequencies above 1 GHz. They are

avai | abl ewaa3tobsiae or thick filns and are ideal for tuningpdiTatSoe/buted or

| unped el enment resonators. Their electrical properties fromlot-to-lot are
al so nore consistent than that of varactors. Thin/thick f-e filnms are

wi dely used in high tenperature superconductivity work, and there are
several hundred of such known materials. Filmthicknesses on the order of
0.1 tmto 1 nm &ig 2yisi amlexanfdei ofirasnicrostripnresanatar 200Becuspeised) afi as
(BSTO is the nost popular for roomtenperature operation where x is
pref er abl ynperoxsep dilamend bayer 20Reia ginundy plpaed204, anshita odiglectrico |t s
for an applied constant E-field, so _they are .not dul ated by .a rf .
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212 acrosscidited afi dlettid ficld ¢RaR&IAy X2 across the f-e film that changes €, of
the film and therefore the resonant frequency of the resonator. The voltage
is controlled by external control signal 214.
Fig. 3 is a first example of a coplanar waveguide 300 comprised of a
central conductor 302, two grounded outer conductors 304, a ground plane
322, and a dielectric substrate 306. An f-e film layer 308 is positioned
between the stripline conductors 302 and 304, and the dielectric substrate.
A voltage applied by the dc voltage source 310 positively biases the central
conductor with respect to the two outer conductors and creates an electric
field (E-field) 312 across the f-e film, but in this case the choice of bias
arrangement is better than that of Fig. 2 because the E-field 312 is more
concentrated within the f-e film and is therefore greater for the same
voltage and substrate thickness. The voltage is controlled by external
control signal 314.
Fig. 4 is an example of a dielectric loaded waveguide (DLWG)
resonator filter 400. An input signal introduced via input port 416
resonates at the resonant frequency within a first half of the waveguide 424
and is coupled via 2" order aperture 420 to a second half of the waveguide
426, which having the same resonant frequency, combine to form a second

order filter. An output signal is taken via output port 418. The body of the



the filmand therefore the resonant frequency of the resonator. The voltage
Is controlled by external control signal 214. Fig. 3 is a first exanple of
a copl anawowasesywé de 300 conprised of a central conduct oPCIABN2/5M8
grounded outer conductors 304, a ground plane 322, and a dielectric
substrate 306. An f-e filmlayer 308 isypositioned between the stripline
conductors 302 and 304, and the dielectfic substrate. A voltage applied by
the dc voltage source 310 positively biases the central conductor with
respect t ofiltes, formeslion substratec4 @6 sisamanprised of adrighlg dielectri¢ #62d An
(E-field) 312 across the f-e film but in this case the choice of bias
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concentrated within the f-e filmand is therefore greater for the same

vol t age an@peuBer, isowerisid byccandupting planggéd22 Aoreltage apphgd detween

(DLWG T eluntwerccnduching plenea 2B Gireratesriel i Helonitun tF 4.6 AbNA08rt 416
5207, B e LA oS B hadl el
:adegdf d;?rh gafp e ARt The i@ﬁa%er ?ﬁﬁﬁf%ﬁé?&r % VRlaks: 503%?'? B33 fgﬁ%g‘;
S >c/orrpri sgamgf’ ﬁgéﬁﬁg%éﬁtrrggg {ér@g%{r% le%lf : Rxnﬁié?%O% %ﬁ%@g@%@g\aﬁf@g%nt ed ’
conduct i ng oA B 8 B A e B e P anos
422 gener ahg%ex3Brral 168d,0a DLW ref6ndto chh!pfodffe a Q of about 1000 within

the PCS band (i.e. around 2 GHz) with an I.L. of about 1.6 dB at a 3dB

bandwidth of 10 MHz.

Fig. 5 shows a second example of a stripline resonator 600
comprised of a central conductor 602, two grounded outer conductors 604,
and a dielectric substrate 606. The f-e film 608 is mounted between the
central conductor 602 and the dielectric substrate 606. A dc voltage source
610 controlled by control signal 614 is applied between the central
conductor 602 and the two outer conductors 604 so as to generate an E-
field within the f-e film and thereby dynamically adjust the resonant
frequency of the resonator 600. With no external load, a stripline resonator
can provide a Q of about 750 within the PCS band with an I.L. of about 2.2
dB at a 3dB bandwidth of 6 MHz.

Filter tuning with f-e films can also be implemented according to a
similar scheme as that described for tuning with varactors where tuning is
accomplished by adjusting the effective electrical length of one end of the
resonator. Instead of mounting the f-e film within the coax, stripline, or
microstrip resonators as shown in Figs. 2, 3 and 5, the film is coupled to
the transmission medium by mounting it as an overlay capacitor as

illustrated for the overlay capacitor coupled resonator 700 shown in Fig. 6.



that changes its reactance, resulting in a change of the resonant frequency
within the wavegui de. The voltage applied by dc voltage source 410 is

cont rol | ewolmp/oesing r ol signal 414. The f-e film 408 and comrdaatSozvgiips anes
422 coul d al so be nounted on the surfaces parallel to the x-y plane. Wth
no external |oad, a DLWG resonator can ovide a Q of about 1000 within
the PCS band (i.e. around 2 GHz) with an"l.L. of about 1.6 dB at a 3dB
bandwi dth of 10 MHz. Fig. 5 shows a second exanple of a stripline resonator
600 conpriBedbasicaresenatoal 7@bnwhettorcads coamialy striplne ontmrcrostriycisor s
604, and a dielectric substrate 606. The f-e film 608 is nounted between
the centrahoenieduatopra eoramivsubgiraie ol e witle apurderlyisgedegromndcphaset age
source 610 control | ed control signal 614 is applied between the central
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inductively coupled input signal, both ends of the resonators inner
conductor 702 can be grounded as shown. A dc voltage source 710
controlled by control signal 714 generates the E-field used to adjust the
capacitance of the overlay capacitor.

Direct f-2 thin film deposition can be done on some substrates, or
with buffer layers on others. The packaging of an f-3 device may eliminate
the need for a substrate.

As shown in Fig. 1, multiple resonators can be electrically coupled
to obtain a higher order filter with a filter transfer function that, while
centered about the same resonant frequency as that of the resonator, has a
more abrupt cutoff and a flatter peak than each individual resonator’s
transfer function. A number of different filter topologies utilizing different
resonator types are possible. Popular topologies utilizing stripline and
microstrip resonators include interdigitated filters, combline filters, and
edge coupled and hairpin filters. Fig. 7 is the top view of an example of an
interdigitated filter topology utilizing f-e film electrical tuning in which the
wavelength-frequency relationship within the resonator is varied. The
input signal via transmission line 802 is electromagnetically coupled to

each resonator in turn as it travels across the resonators (vertically in the



10 The basic resonator 701, which can be coaxial, stripline or mcrostrip,
s nmounted atop a ceram ¢ substrate 706 with an underlying rf ground pl ane
704. An fwe oBioksué ayer 708 of thickness d is positioned teooan$s2sne end of
t he resonator and sandw ched between the resonator's grounded outer |ayer
and an overlaid netal |ayer 722, thereb?/ formng the overlay capacitor.
Coupling to such a resonator can be ach leved by either electromagnetic
coupling, capacitive coupling, or by a direct tap into and out of the
resonat or (igure),| ared is sutputt vraetraBsmisdion lind B06ay Eachofesabatar has one
mcro-nmeter seemto provide high dc R fields for a given (small) dc

vol t age. Feapagitivehyleadedeayd ongpiheatdchend. sihmedlativetHaegmenoof mhich
resonators i nner conductor 702 can_be grounded _as shown, A dc voltage
sour ce 710is alietnased éor adjacemt ilier.sTsdesomancgatiequeney ohthergsoaptprised t o
adj ust the _capacjtance of the over]ay capacitor,. Direct f-2 thin film
derosi ti one},eé—‘ﬁplﬁéllﬂoﬂ usteds ite @ﬁ%é‘?ét @é‘?"f’or oI fﬁmf%lpcmﬁzrgnaﬂg

ot hers. The packagi ng of . an -3 device el,i.m nat t he need for a
Substrat o RIS I el i th ey wTiat Pt dmile o ctrically
coupled to obtain | gher, order fi r W ficl fer 4 nans I on
thalto , While ceﬁ%‘r gda}(%gﬁtthgl‘ﬁﬁg%&ébb@%wg%}h% qugﬁcj z?gﬁtﬁﬁ’ %#mﬁge
resonat or, apher t

i ndi vi dual a?g%g%gt glr)({ Zh@ttl{sgﬁg &Ve%zfryc?: ?gﬁat%sngb e(r:&'g@iégi w&gﬁf%qql?er

topol ogi es ouidrhyigs RdvEitebf lftﬁ@fopehgeﬁﬁpaf fHe fe¢PRAtGRE ©OROSSI bl e. Popul ar

topol ogies utilizing stripline an mcrostrip resonators include
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electromagnetically coupled planar combline filter topology utilizing
overlay capacitors 1008. The signal input via transmission line 1002 is
electromagnetically coupled to each resonator in turn as it travels across
the resonators 1004 (horizontally in the figure), and is outputted via
transmission line 1006. Such a filter may have a 10 mhz bandwidth in the
PCS band. With a 20 mil thick MgO substrate, no buffer layer may be
needed.

The structure of the resonators is not limited to that shown in Figs.
2-6. Any resonator structure where an f-e film is coupled to the
transmission medium is contemplated by the invention. For instance,
instead of being mounted within the resonator as shown in Fig. 5, the f-e
film could be mounted on one or more outside surface of the coaxial or
stripline resonator similarly to the arrangement shown in Fig. 4 for the
DLWG resonator. Likewise, the f-e layers need not be limited to coupling
apertures of the DLWG shown in Fig. 4. Instead, f-e film can be deposited
on the I/O (Input/Output) surfaces on the waveguide as well as on one or
more surfaces on the outside. Additionally, instead of using just one
overlay capacitor as shown in Fig. 6, two or more overlay capacitors can be

used at either or both ends of the resonator. Fig. 10 is a table generally



interdigitated filter topology utilizing f-e filmelectrical tuning in

whi ch the wavel ength-frequency relationship within the resonator is

vari ed. TWe osjozgawé signal via transmssion |ine 802 is el ectrrusomgnest i cal |y
coupled to each resonator in turn as it travels across the resonators
(vertically in the WO 03/028146 PCT/USOZ2{ 31118 11 figure), and is output
via transm ssion |ine 806. Each resonat has one capacitively |oaded and
one shorted end. The relative placenent of which is alternated for

adj acent f illustratighsomesof the desigacoptmons, dfencfids madassues associabdovithcal |y
adj usted as descri bed above for f-e filmel ectr| caI tunin utilizing the
wavel engt haf yarieyrely f-eedexice rasignsadDesignms, 4ragd B genevally mange fgom
topology as that of Fig. 7 but with tuning achieved via the use of overlay
capaci t or sn@@m@@mpn@@r&l@nm}@&s WEBEKENUF hEZGi @ RHOENBERnSIZe e MPAMWA] of
the resonators 9041 . 9is the top view of an exanple of a second order
el ect r omagMRIETHEN 9S%oupl ed pl anar conbline filter topology utili zi ng

overl ay capaC|t rs 1008. The SI rans sion line 10 is

el ect r omagnet i c %&PPB"- t:hégﬂ}pdph]ﬁcﬁwets&?r{ﬁgéxp?eqt 1yen 0ﬁcr 0SS

t he resona nt jh ot fl

transm ssi ?)1%(/\%. ?{ggriotg@w é@h zhilf‘%{ll‘)te@( %‘gﬁf)lﬁg@éﬁé 13%;856%8%&%%% ®the

PCS band. i i : r; Y.

needed. The st r uc }%héy&[q]e%h é%(?rlg o?és 1?%&;}2(1)1{3%@%%@%%8 %L F&Y%O\An in

Figs. grﬂ&?i pleSoPIRE ?&es’%ﬁt‘iﬁ%‘r’iﬁoﬁ"ﬁﬁﬂ‘?s bt innldeldibe HﬁﬁﬁhngthhEhe

transm SSI n mediumis contenplated by the invention. For instance,
contrary, the present invention is intended to encompass all modifications,
alterations, and substitutions within the spirit and scope of the appended

claims.



I nstead of being mounted within the resonator as shown in Fig. 5, the f-e
filmcould be nmounted on one or nore outside surface of the coaxial or
striplinewoasorator simlarly to the arrangenment shown i nPETgiso#3fios the
DLWG resonator. Likew se, the f-e layers need not be limted to coupling
apertures of the DLW shown in Fig. 4. |nstead, f-e filmcan be deposited
on the 1/0O (I nput/Qutput) surfaces on tﬂ% wavegui de as well as on one or
nore surfaces on the outside. Additionally, instead of using just one
overlay capacitor as shown in Fig. 6, two or nore overlay capacitors can be
used at either or both ends of the resonator. Fig. 10 is a table generally
WO 03/ 028146 PCT/US02/31118 12 illust CluAlMSone of the design options,
benefits and i ssues associated with a variety of f-e device designs.
Designs 3, 4, and 5 generally range from mninmuminsertion |oss, nmaxinmum

size to m ninumsize i mum_ insertion Joss. |t can thus.be appreciated
that the object ilveé thgbﬁﬁgmﬁgl?%\%ﬁ iaoPiaSShé(}é’ HIDRUSIREy and
effectively accomlished. The I{?gr eglii ng specific enbodi nents have Peen
provided to il AstiEatl Me TEYPUAPT  BAVIRE 2 ErRgtanee) WILY 4 Ghsradegstt e
present inyenti l.s,not intended to be limting. To the contrary, the
present i ngwaglﬂfﬁ%gﬁleh?%hded to enconpass all nodifications, alterations,
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changes with an applied electric field, the ferroelectric film being
electrically coupled to the resonator so that the reactance of the resonator
and therefore the resonant frequency of the resonator and the passband of
the filter depend on the dielectric constant of the ferroelectric film; and

an electric field generating device for generating relatively constant
electric fields of different strengths, the electric field generating device
being constructed and arranged to generate relatively constant electric
fields within the ferroelectric film, thereby making the resonant frequency

of the resonator and the passband of the filter functions of the strength of

the relatively constant electric field.

2. A tunable bandpass filter according to claim 1 wherein the
bandpass filter has a filter transfer function, and wherein there are multiple
resonators each having a resonator transfer function, and wherein the
resonators are electrically coupled such that the filter transfer function is a

function of the resonator transfer functions.

3. A tunable bandpass filter according to claim 1 wherein the electric
field generating device comprises a dc voltage source connected to two

conducting elements in close spaced separation.



1. A tunable bandpass filter with a passband, conprising: at |east one
resonator having a reactance with a characteristic resonant frequency; a

f err oel ecwoios/otsikén havi ng a dielectric constant with a valpaa/tshasiiighanges
with an applied electric field, the ferroelectric filmbeing electrically
coupled to the resonator so that the regctance of the resonator and
therefore the resonant frequency of- the resonator and the passband of the
filter depend on the dielectric constant of the ferroelectric film and an
electric field dedetnmtablg baadpass filter geoerding g alaimitli wheyeindhetasideast
electric fields of different strengths, the electric field generating

devi ce beORg msosatarc cempiiresan rdiipairicolagdedr goaxiak| rgspnatioy baviagant
electric fields within the ferroelectric film thereby naking the resonant
frequency CcentraheonduEaraBd anEUICEEOPEYSIEnd of the filter functions of the
strength of the relatively constant electric field. 2. A tunable bandpass
filter according to claim1l wherein the bandpass filter has a filter

ﬁé‘;‘glﬁ;t: ert‘Pétnis32;Afa3ﬁref_¥\?1§rn,%5ﬁﬂé%%rniﬂﬁérﬁ RO i@‘ﬁﬂtﬁ%‘éi ly
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claim1l m%{)ﬁhﬁ‘:@%ﬁbgﬁé@%i el d generating device conprises a dc

vol t age source connéc conducting el enents in close spaced
separation. WO 03/028146 PCT/US02/31118 14 4. A tunabl e bandpass filter
according to claim1l wherein the at |east

6. A tunable bandpass filter according to claim 4 wherein the
ferroelectric film is mounted outside the outer conductor of the resonator
and is overlaid by a conducting medium so as to form at least one overlay

capacitor.

7. A tunable bandpass filter according to claim 1 wherein the at least

one resonator comprises a dielectric loaded waveguide resonator.

8. A tunable bandpass filter according to claim 7 wherein the

ferroelectric film is mounted on an outer surface of the resonator.

9. A tunable bandpass filter according to claim 1 wherein the at least
one resonator comprises a stripline resonator having a central conductor, a

dielectric substrate and two outer conductors.

10. A tunable bandpass filter according to claim 9 wherein the
ferroelectric film is mounted between the central conductor and the

dielectric substrate of the at least one resonator.



one resonator conprises a dielectric |oaded coaxial resonator having a
central conductor and an outer conductor. 5. A tunable bandpass filter
accor di ngwoosobsiwen 4 wherein the ferroelectric filmis mpamtusd2/batsween the
central conductor and the outer conductor of the resonator. 6. A tunable
bandpass filter according to claim4 mhﬁiein the ferroelectric filmis
nount ed out si de the outer conductor of e resonator and is overlaid by a
conducting mediumso as to format |east one overlay capacitor. 7. A

t unabl e bandpasd If i At amabde dratidpgss dilteniaccordihgr & claine £ whersin thee
resonator conprises a dielectric |oaded wavegui de resonator. 8. A tunable
bandpass f iferreelestdefdimis mounited oursidadheontereonduston of ¢he at teast brei s
nount ed on an outer surface of the resonator. 9. A tunable bandpass filter
accor di ng fesenaiprand yheverlaid hy agonducing miediymswnas & femnpt least one
stripline resonator having a central conductor, a dielectric substrate and
two outer QUYRBIYIGIPECIOD. A tunabl e bandpass filter according to claim9
wherein the ferroelectric filmis nounted between the central conductor
and the dielectric substrate of the at |east one resonator. WO 03/028146

POTy U021 S1118_ 150 A el BRI RIRES B b 1EIR SO B, o
]E he at | eaﬁé%s?’lﬁle fé’sBHin‘)tr% ANdatSony iR ArPVreRoR UGG S RELIURAR aS tO
orm at |east one ~overlay capacltor.
filament layer, a dielectric substrate and a ground plane.

13. A tunable bandpass filter according to claim 12 wherein the
ferroelectric film is mounted between the microstrip filament layer and the

ground plane.

14. A tunable bandpass filter according to claim 12 wherein the
ferroelectric film is mounted outside the ground plane of the resonator and
is overlaid by a conducting medium so as to form at least one overlay

capacitor.

15. A tunable bandpass filter according to claim 1 wherein the
bandpass filter has a filter transfer function, and wherein there are multiple
resonators, each resonator comprising a stripline resonator with a resonator
transfer function, and wherein the stripline resonators are
electromagnetically coupled within an interdigitated topology such that the

filter transfer function is a function of the resonator transfer functions.

16. A tunable bandpass filter according to claim 1 wherein the
bandpass filter has a filter transfer function, and wherein there are multiple

resonators, each resonator comprising a stripline resonator with a resonator



12. A tunabl e bandpass filter according to claim1l wherein the at |east
one resonator is at |east one mcrostrip resonator having a mcrostrip
filament wayenzsias di el ectric substrate and a ground pl anePCT/US82/3A18 unabl e
bandpass filter according to claim 12 wherein the ferroelectric filmis
nmount ed between the mcrostrip filanent, layer and the ground plane. 14. A
tunabl e bandpass filter according to cla m 12 wherein the ferroelectric
filmis nounted outside the ground plane of the resonator and is overlaid
by a conduttanstemediumction, as and f ovhemin| etlst ostriplves | ayesomaparsi t aire 15, A
t unabl e bandpass filter according to claim1 wherein the bandpass filter
has a filt eleatramagreti¢alhe coupledawithiharcsimbline tepalogynsiahi fhiaé the édissat or s,
each resonator conprising a stripline resonator with a resonator transfer
function, &asigrduaictionns asumcpionrf thegesenalps teansterduastionsagnet i cal | y
coupled within an interdigitated topology such that the filter transfer
function is a function of the resonator transfer functions. 16. A tunable

pandpass {11 1er gocgr Lo SLALT e SR Ghe. SanRRSS LALen e o
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|Ite_r transter fanction Ts a tuncti‘on o the resonat or _transfer _
functions. rddnafot UpaREr FRALHBAS did tWhett O Meick8steip? i Bbdn DL &ir the

electromagnetically coupled within an interdigitated topology such that the

filter transfer function is a function of the resonator transfer functions.

18. A tunable bandpass filter according to claim 1 wherein the
bandpass filter has a filter transfer function, and wherein there are multiple
resonators, each resonator comprising a microstrip resonator with a
resonator transfer function, and wherein the microstrip resonators are
electromagnetically coupled within a combline topology such that the filter

transfer function is a function of the resonator transfer functions.

19. A tunable bandpass filter according to claim 10 wherein the
bandpass filter has a filter transfer function, and wherein there are multiple
resonators each having a resonator transfer function, and wherein the
resonators are electromagnetically coupled such that the filter transfer

function is a function of the resonator transfer functions.

20. A tunable bandpass filter according to claim 11 wherein the
bandpass filter has a filter transfer function, and wherein there are multiple

resonators each having a resonator transfer function, and wherein the



bandpass filter has a filter transfer function, and wherein there are
multiple resonators, each resonator conprising a mcrostrip resonator with
a resonaworostesnef er function, and wherein the mcrostri pCcTasonatios s are
el ectromagnetically coupled within an interdigitated topol ogy such that the
filter transfer function is a function t he resonator transfer functions.
18. A tunabl e bandpass filter accordinglto claim1l wherein the bandpass
filter has a filter transfer function, and wherein there are nultiple

r esonat or s ressaxatorse apn adlectromagnetically acoupleds suclp thas chat dilteni transfer
resonator transfer function, and wherein the mcrostrip resonators are

el ect r omagifienétien is/a fengtienl ofitht resomatemtshnsfer fopetiong; such that the filter
transfer function is a function of the resonator transfer functions. 19. A
tunabl e bandpass filter according to claim 10 wherein the bandpass filter
has a filter transfer function, and wherein there are multiple resonators
each having a resonator transfer function, and wherein the resonators are
el ectromagnetically coupl ed such that the filter transfer function is a
function of the resonator transfer functions. 20. A tunable bandpass filter
according to claim 11 wherein the bandpass filter has a filter transfer
function, and wherein there are nultiple resonators each having a
resonator transfer function, and wherein the WO 03/028146 PCT/US02/ 31118
17 resonators are el ectromagnetically coupled such that the filter transfer
function is a function of the resonator transfer functions.



