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FILTER APPARATUS AND METHODOLOGY", filed August 27, 2004,
which is incorporated herein 5 by reference for all purposes. FIELD OF
THE INVENTION The present subject matter generally concerns
improved apparatus and methodology for providing radio frequency
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antenna configpgttpgsoaaiiRying improved transmission characteristics
to and/or from associated electricity meters. BACKGROUND OF THE
INVENTION The present subject matter concerns both apparatus and
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by reference for all purposes.

FIELD OF THE INVENTION

The present subject matier generally concerns improved apparatus
and methodology for providing radio frequency communication to and/or from
electricity meters. More particularly, the present subject matter concerns
combined radio frequency filter and antenna configurations achieving
improved transmission characteristics to and/or from associated electricity
meters.

BACKGROUND OF THE INVENTION

The present subject matier concerns both apparatus and methodology
in stich areas, including the use of embedded components in relation o
printed circuit board components, for forming a transmitter or transceiver
associated with an electricity meter.

A general object of metrology is to monitor a physical phenomenon to
permit a record of the monitored event(s). If the ability to communicaie
recorded measurements or monitored data is impeded, then the basic

purpose of the metering device and/or effort fails. Such basic function and



WO 2006/026329 PCT/US2005/030193 2 purpose of metering devices
can be applied to a number of contexts. One broad area of measurement
relates, for example, to utility meters. These may include the monitoring
walf peasuskption of a variety of forms of energy or other compaqgities) g6ty
as electricity, water, gas, and oil, to name a few. 5 Historically, a
mechanical form of register was used forutility meters. Such an approach
provided a relatively dependable field device with certain inherent
fupchissid) adyRmaagsichReexammMesibiag flowititecenmaailie one
commodity being measured was interrupted, the mechanical form of
gavgedsiraplyfstemsackindty plates, dutensatigallyorefidgtingithe Presoosy
accumulation 10 without other arrangements being required, and without

aripebisle Sre meniigsanl paet amion e vadeinptikies ehenriayoi piser
dity, th hanical register could thep simply begin to add
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interruptions. 15 Also, in many instances, the gauge or register required

NOSRPAHAE HOWET SHRRl¥SIRewRsiependiasiditae e Bydheth certain
commodity flow. In the case of electricity meters, the mechanical register
coimltebsntfantiioaky 2gvantageds Herromsanindh [idveitonasf etcdngumable
measurement function was temporarily moot so no measurement
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devices have
accumulated data. After resumption of the flow of the commodity, the

h

mechanical register could then simply begin 1o add additionai flow values to
the previous accumulation, so that accurate data was reflected at all fimes
regardiess of intermittent commodity flow inferruptions.

15 Also, in many instances, the gauge or register required no separate
power supply since it was operated directly by the commodity fiow. In the
case of eleciricity meters, the mechanical register could be electrically
powered. Hence, when power was lost, the measurement function was
temporarily moot so no measurement functionality was iost even though the

20 gauge itself would be temporarily without power.

As the technology of metering devices progressed, mechanical
registers began to be replaced with more electrical-based devices and
electronic forms of registers. In addition, data transmission devices have

heen infroduced that permit remote reading and/or control of utility meters,



been introduced that permit remote reading and/or control of utility meters,
WO 2006/026329 PCT/US2005/030193 3 thus relieving utility companies
of the need to visually inspect meters to obtain periodic reading, or of the
wiesdaio2visit a meter to undertake certain communications @otr@xanmpiani9s
such as instructions) directed to the meter. For example, in the case of an
electricity meter, electric power is 5 alregdy flowing to and through the
metering or measuring device. Such fact makes for a convenient supply

of glecteiEtmyvithayichminaide attanmide telisealpaitpaopetation ebtain
some other source of electrical power. Thus, there is a ready source
aveiitile regtiogide pbikemiedichadsiia retentiardaeriatirentaitsceivers
that may be used to transmit collected data to a remote location 10 and/or

to FREENBIGAT RN AR EaRrB PEdrtIBI iRl SirRERshEd 16 MIBify or

control :?e o%)eratifn .ofthhe u;tsi(IaitX mgt&r}b ng aﬂ% g;&]é SH';%h uses Efor
communicat (§ﬁ§?p B tinere proi) O “exists due in par(f {0 the fact that,

5 %%%ﬁ?{ﬁka&wr%%aéa@ ABE5H HeERTENIGRS RGNy URRidDtesRliense

ér such devices or with other devices 15 operating on similar
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control signals to or from the utility meter. Prior attempts have been made
to aultietissyseptradiohmicadproblesh SOUSL RARIGEIECAR PIBE td TiEsiacicisal.
for Remote Metering, issued M%yt%l& 2004, discloses an electricity meter
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10 and/or to receive various command and/or control signals designed to modify
or control the operation of the utility meter.

Regardiess of such uses for communications, an inherent problem
exists due in part to the fact that, when a reiatively large number of such
devices are in use, interference with other such devices or with other devices

15 operating on similar frequencies, can create errors in the reception of
transmitted data or controtf signals to or from the utility meter. Prior attempts
have been made to address such technical problem.

U.S. Patent 8,737,985 to Garrard et al. for Remote Metering, issued
May 18, 2004, discloses an electricity meter including, among other features,

20 an antenna system 120.
U.8. Patent 6,078,785 to Bush for Demand Reporting of Electricity

Consumption by Radio in Relays to a Base Station, and Demand Relays

Wattmeters So Reporting Over a Wide Areg, issued June 20, 2000, discloses
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Wattmeters So Reporting Over a Wide Area, issued June 20, 2000,
discloses 4 an electricity meter including an antenna that may correspond
to a loop integral to a non conductive portion of the case. A 2000 article
entitled "Current Affairs - Advances in AMR technology” briefly discusses
the use of PCS wireless modems with automated electricity 5 meter
reading systems using proprietary antenna fully contained within the meter
chassis. BRIEF SUMMARY OF THE IN¥ENTION In view of the
recognized features encountered in the prior art and addressed by the
present subject matter, improved apparatus and methodology 10 for

an akctricibsioptef adicdirepaerntdRiP tighalayelategponddétraldoyp integral
operations within electric meters are disclosed. More particularly, a

to pamicotndasteetsitseraithendasdiments of the present subject matter
involves improved antenna radiation patterns from antennas coupled to
tranSrAfli aeicirerbtank s uarssdoidiatiavithayangas éetdiR3aahnology”
accordance with a first aspect of the present invention, there is provided a

b”@ﬂéﬁié@%ﬁf%éh&#fgeﬁgr%ﬁl@’ff@lﬂ?@dﬁ?‘?ﬁmﬁﬂﬁmmﬁlﬁméﬂe&?@iw
board, comprising the steps of; providing a printed circuit board and

melRERRARTO-RIEIEME URPRRIRRTEISHBRIRBRAR Julk Prsta/apd itaip ermeter
radio frequency signals at a predetermined frequency; embedding in said

chas$ifted circuit board an antenna, 20 W|th said antenna configured so as to
radiate said predgte aid printed circuit

board a filter, sa L tion tuned to a

bre ne t\%gpvlg?% z%fclsfa gtﬁr %t rounteerada in the prior art and

addressed by the present subject matter, improved apparatus and methodology

for transmission of radio frequency (RF) signals relating to metrology operations
within electric meters are disclosed. More particularly, a particular aspect of
certain embodiments of the present subject matter involves improved antenna
radiation patterns from antennas coupled to fransmitters or transceivers
associated with utility meters.

In accordance with a first aspect of the present invention, there is provided
a method for reducing harmonic frequency radiation from a printed circuit board,
comprising the steps of: providing .a printed circuit board and including thereon a
transmitting portion configured for transmission of radio frequency signals at a
predetermined frequency; embedding in said printed circuit board an antenna,
with said antenna configured so as to radiate said predetermined frequency;
embedding in said printed circuit board a filter, said filter including at least one

paired portion tuned {o a predetermined harmonic of said predetermined
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frequency; and connecting said filter between said transmitting portion and
said antenna. In accordance with a second aspect of the present
invention, there is provided a utility meter, comprising: a metrology
portion; a transmitter portion 5 configured to transmit radio frequency
signals at a predetermined frequency; and a display portion; wherein said
transmitter portion comprises a printed circuit board supporting a
transmitter, and with an antenna and a ##ter respectively embedded in
said circuit board, with said filter being connected between said

| 'Bcﬁ*tion and said

fre %@é ﬁﬁﬁgﬁ.@ﬁ@&e%@?wmﬁ@aﬁ&%r sﬁg hion and

umber of quarter-wave tuned resonat
antRfepetermined number of selected harmonics of said predetermined
frequency. In accordance with a third aspect of the present invention,

therg, iécéﬁﬂﬂfé%ﬂ FheleckiciydRRiss W E'Ftﬁ@B%g}?ﬁ Wﬂﬂﬂﬂfﬁ‘g W is
features to provide control of out of band harmonic radiation, said

proflaetiaiime e Esiningingt 2 MridRGY Pertion; aRFANSshBIESWhrtion
board; a transmitter, supported on said printed circuit board and

corffgfiedradtiarisans radicatisyiienugaiynsignila predgteraateimiretiency; and
frequency; an antenna embedded in said printed circuit board; and a filter
a deyplgdutatdn; seic intesic trams pdttad portios aichfitteés dre i grintetheictedt
between said transmitter and said antenna and comprising one of a 20
boatiislipe dittergean ttaneriuttdmafidtevitvherebiesaalaidcdriityr nestaralithly
embedded radio frequency features provides enhanced electricity meter
embatideidimbaid mincuiibatonswish siet filiercosmgotivnsote dhidwesoctaak
for automated meter reading communications or related. 4b In
tranpodianabe faid arfteng sapeoritt ariddiieeaepEanga pregeisrmined

number of quarter-wave tuned resonators tuned to a predetermined number of
selected harmonics of said predetermined frequency.

in accordance with a third aspect of the present invention, there is
provided an electricity meter with embedded radio frequency features to provide
control of out of band harmonic radiation, said electricity meter comprising: a
metrology portion; a printed circuit board; a transmitter, supported on said
printed circuit board and configured to transmit radio frequency signals at a
predetermined frequency, an antenna embedded in said printed circuit board;
and a filter embedded in said printed circuit board, with said filier being
connected between said transmitter and said antenna and comprising one of a
stripline filter and a microline filier, whereby said electricity meter with embedded
radio frequency features provides enhanced electricity meter data signal
communications for effective communication of data such as for automated

meter reading communications or related.
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provided a stripline filter for reducing harmonic radiation from a transmitter
designed for operation at a predetermined frequency, comprising: a
stripline transmission line extending from a first terminal to a second
terminal; a first 5 pair of quarter-wave tuned resonators tuned to a first
predetermined harmonic of a predetermined frequency and coupled to
said stripline transmission line; and a,second pair of quarter-wave tuned
resonators tuned to a second predetermined harmonic of said
predetermined frequency and coupled to said stripline transmission line.

10 ARQihel BsoRASHINGSRAPRSELIS 19 arepraalsh e umated

meter reading communications and/or improved command and control

provRIBANHRIGHIRRSHIEMANAAIR G REISIHR Ba SR ADRIEH MR Ritter

particular aspect of certain embodiments of the present subject matter

dediRfaéesitr apeviding seduseddierrisngratiuancyf @@fﬂ%ﬁ%’?'é AdIae
IS.

transmitters (or transceivers) associated with utility meters. In such

traggnisxion is & gasatmM@sReetofiiSeidnaseiiisubinmdnattemrimaroxidesfor
reduced harmonic frequency radiation from low-cost transmitters

pains$quiattza-watle UtiladnmeserattVOrane6 /026 828t Pedaisr(0ed0OahIshit
It is another of the broader aspects of the present subject matter to

of angvedheteretustly inéitine reoy laeddeslimeibtfreqitestiptiomipanenissidoime;
particularly, for example, in such context, it is a present advantage to in
andtarssinonth ipadt wieuite eovids dduseipliesocoataisrblimadfites aeomments
5 combined with antenna features, all in an embedded context. It is a still
prefigtheninessaraonih eigeidarredsiepainat keqresentand coupled to said
stripline fransmission line.

Another broader present aspect is to accomplish improved automated
meter reading communications and/or improved command and control
communications from and/or to an electricity meter.

Another more pariicular aspect of certain embodiments of the present
subject matter relates to providing reduced interference in out of band signals
from transmitters (or transceivers) associated with utility meters. In such
context, it is a general aspect of the present subject matter to provide for

reduced harmonic frequency radiation from low-cost transmitters associated

with utility meters.



embodiments, to provide an antenna element configured and mounted
such that, once the electricity meter is fully assembled, the meter case
itself contributes as a part or all of a radiating element. 10 Additional
waspwetezenrd advantages of the present subject matter are getfaxisee1es
will be apparent to those of ordinary skill in the art from, the detailed
description herein. Also, it should be furtler appreciated that the
modifications and variations to the specifically illustrated, referenced, and

discussed featdtpsranidhstepsberaspsaaydhehpracitesd dobjesiousiitbio
embodiments and uses of this subject matter without departing from the

spaitvanidgsp sy tidizoenieditaso afipiseruarefaenpentiitetdSeach
variations may include, but are not limited to, substitution of equivalent
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embodiments, of this subject matter may include various combinations or
configuratians stiiftesaniyedist asedntdepsior steatupesjatdhpiesent
equivalents (including combinations of steps or features or WO

2066700¢ BRI ECT AISITDBIOBISIR 6iewshil opafiehe thene Sroistes sHeSsly
referenced in the flgures or stated in the detailed description
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unavoidan requency asitics presented by mechanical
1passociatiapfighal aspects and advantages of the present subject matter are

set forth in, or will be apparent to those of ordinary skill in the art from, the
detailed description herein. Also, it should be further appreciated that the
modifications and variations to the specifically illustrated, referenced, and
discussed features and steps hereof may be practiced in various
15  embodiments and uses of this subject matter without departing from the spirit
and scope thereof, by virtue of present reference thereto. Such variations
may include, but are not limited to, substitution of equivalent means and
features or steps for those shown, referenced, or discussed, and the
functional, operational, or positional reversal of various parts, features, steps,
20 orthe like.
Still further, it is to be understood that different embodiments, as well
as differant presently preferred embodirnents, of this subject matter may
include various combinations or configurations of presently disclosed steps or

features, or their equivalents (including combinations of steps or features or



antenna within a metallic housing environment, thus providing for

improved efficiency of radiation. Other exemplary embodiments of the

present subject matter may make use of embedded filters to limit
wenztnentéseadiation that may impair the 10 operation of otheraeariasos/n3o193

electronic equipment. As another aspect of the present subject matter,

such embedded filters may employ a degign utilizing a multilayer printed

circuit board and thereby limit the need for other expensive components.

Otherigurmpharnersbosimapte eitherarasait isubjeismmedier selaieitotise
15 utility meter, having a metrology portion, a transmitter portion
conigiied dissctivlitsmit radio frequency signals at a predetermined
frequency, and a display portion. In such embodiment, the transmitter

portion rivi}f &fGAIREGESTRIIRMG SonfiAsEns BIRiteLeAEif BakRIC 2"
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an enna an er respec empoeadea In such Circuit poar
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connected between the transmitter and the antenna. Additional details of
thefilsenmairhe spesiipd-ostm encmnbodimehisstherdohi iotgipnetd
necessarily required in others) in which the filter comprises a
preffaiensireidasigtiber of quarter-wave tuned resonators WO

2006/026329 PCT/US2005/030193 7 tuned to a predetermined numbe
of selectElREATBIRIE SRR HBRNS Al P HRT P S APHAAHRR) SUReR
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10 operation of other nearby electronic equipment. As another aspect of the
present subject matter, such embedded filters may employ a design utilizing a
multilayer printed circuit board and thereby limit the need for other expensive
components.

Other exemplary embodiments of the present subject matter refate to a

15 utility meter, having a metrology portion, a transmitter portion configured to
transmit radio frequency signals at a predetermined frequency, and a display
portion. In such embodiment, the transmitter portion may advantageousty
further comprise a printed circuit board supporting a transmitter, and there
may be provided with the utility meter an antenna and a fiiter respectively

20 embedded in such circuit board. Such an exemplary filter configuration
preferably involves the filter being connected between the transmitter and the
antenna. Additional details of the filter may be specified in some
embédiments thereof (though not necessarlly required in others) in which the

filter comprises a predetermined number of quarter-wave tuned resonators



5 band harmonic radiation. Such present exemplary electricity meters may
include, for example, a metrology portion, a printed circuit board, a
transmitter supported on such a printed circuit board and configured to
wwazgstitardlio frequency signals at a predetermined frequeRCY/@R2605/030193
antenna embedded in such a printed circuit board, and a filter embedded
in such printed circuit 10 board. The filter may preferably be connected
between the transmitter and the antenna and may prefereably comprise
onardcasiptawsfdtanendranibiar ofise dited. Harsusticexs thplary qutesehiied
electricity meters provided with embedded radio frequency features, the
refeliusm@yhanced electricity meter data signal communications for
effective communication of data such as for 15 automated meter reading

communt i8R PEISfTC RS TROETEH LG A L AbaiRAEiAl
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from a transmi esigned for' operation at a predetermined frequency,
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extending from a first terminal to a 20 second terminal, a first pair of

quiadiaty &vesiunenisesonetolsciupeddn, a firsitqar edeténmbred hasnonitof
a predetermined frequency and coupled to the stripline transmission line,
ansliasetashenpielo B qprnted stk hased arssendioretincerrmisadind

predetermined harmonic of the predetermined frequency and c ed to
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circul may be prowde where the stripline transmission line, the

10 fIrSRAY, Of LRI RS tERRH TS enate e dNR RSB P Bl RImitter and
quarter-wave tuned resonators, and the
the antenna and may prefereably comprise one of a stripline filter and a
microline filter. In such exemplary present electricity meters provided with
embedded radio frequency features, the result is enhanced electricity meter
data signal communications for effective communication of data such as for
15 automated meter reading communications or related.

Certain present exemplary embodiments relate in greater manner to a
stripline filter for reducing harmonic radiation from a transmitter designed for
operation at a predetermined frequency. Such an exemplary filter may
comprise a stripline transmission fine extending from a first terminal to a

20 second terminal, a first pair of quarter-wave tuned resonators tuned to a first
predetermined harmonic of a predetermined frequency and coupted to the
stripline transmission line, and a second pair of quarter-wave tuned

resonators funed to a second predetermined harmonic of the predetermined

frequency and coupled to the stripline fransmission fine. In certain of such



fifth quarter-wave tuned resonator are all embedded in the printed circuit 5
board. In other, alternative stripline filter embodiments, all such features
may be formed on, rather than embedded in, the associated printed
warmiitiozad. Still further present aspects relate to corresporing2065/030193
methodology, it being intended as understood by those of ordinary skill in
the art that such corresponding methodglogy equally forms part of the
present disclosure. 10 Broadly speaking, one exemplary such present
meikadnipgyimplresiterameibpebias regdueiag bacordsiarienaebey
radiation from a printed circuit board, comprising the steps of: providing a
prprtadieicwitdrodng amplineltrdirmgnitsiarebreattrafisshitdn giosridar-wave
configured for transmission of radio frequency signals at a predetermined

freyiRh ESERMBEY dSeRPAR R AtCHARINAYS AHT A% "EROAAB M A (i

such antenna configured so as, to radiate the predetermi r cy;
erﬁ%h&ﬂﬁ{befhwt%veeAairﬁ?ecfecsi?@&tt rgg?éﬁa i %?%Scﬁnﬁ tglr%ﬁﬁﬁéiﬁg&g?least
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predetermined frequency; and connecting the filter between the

transioitlieg oROrivR cmdr Renastrizndn 204 mesmtatanoentethcaspie bt of.
certain embodiments of the present subject matter, each such embedded
filter mayBtiefednégomestn 2anHai e ain to nasaapred e setherriamnh it
otherwise resulting from the use of individual filter ,co_mgtonen
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10 fe%%ﬁ&y%@@%%&éﬁﬁ%ﬁ%ﬁ%@% thBthodology relates to a
method for reducing harmonic frequency radiation from a printed circuit board,
comprising the steps of: providing a printed circuit board and inciuding
thereon a transmitting portion configured for transmission of radio frequency
signals at a predetermined frequency, embedding in such printed circuit board

15 an antenna, with such antenna configured so as fo radiate the predetermined
frequency; embedding in the printed circuit board a filter, such filter including
at least one paired portion tuned to a predetermined harmonic of the
predetermined frequency; and connecting the filter between the transmitling
partion and the antenna.

20 In accordance with aspects of certain embodiments of the present
subject matter, each such embedded filter may be configured to minimize

unconirollable surface radiation otherwise resulting from the use of individual

filter components.



summarized objectives above, and/or other features, components, or
steps as 5 otherwise discussed in this application. Those of ordinary skill
in the art will better appreciate the features and aspects of such
wambedipaents, and others, upon review of the remainder of ghers2005/030193
specification. BRIEF DESCRIPTION OF THE DRAWINGS A full and
enabling disclosure of the present subjegy matter, including 10 the best
mode thereof, directed to one of ordinary skill in the art, is set forth in the
specificatigaisiicbnpakesaistcsenrepie dbat anppadeafisgh s necadishiy
Figure 1 is a diagrammatic illustration of an exemplary configuration of an
exerppiasedilie this agtnocidzenh sotiord armeindlidthendresemasatgeetioster;
Figures 2a through 2d, inclusive, represent examples of equivalent 15

cireamdRelans ehRIRSGRPRA YR I EURBARBRIR FiRPRR SRIaTRRFRM tidlfe
1; and Figure 3 representatively illustrates.the mounting of an antenna
TS TR B T S S e e
s Repaalise gbeirencabamaieisdrangae hieirigrerl 20he art wil
specification and appended drawings is intended to represent same or
anglageupesiiseshelrRmeanis anctepeat tieprreembalibjecsmaidesthers,
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS As
diseuseevievivd BeiebBaimtannj tetheemieiton section, the present
subject matter is particularly d with improved apparatus and WO
2006/026329 PCTAISIDEED MOy R ol aBIBEN A 2o transmission
of radio fieguency (Rigk SPNal CIAna e (URIAgyesIARRSYIiRG

utility meters, 10r exampl€, such as ele
10 the best mode thereof, directed to one of ordinary skill in the art, is set forth in

the specification, which makes reference to the appended figures, in which:
Figure 1 is a diagrammatic illustration of an exemplary configuration of
an exemplary filter constructed in accordance with the present subject matter;
Figures 2a through 2d, inclusive, represent examples of equivalent
15 circuits at different frequencies of the exemplary filter iliustrated in Figure 1;
and
Figure 3 representatively ilustrates the mounting of an antenna within
a utility meter in accordance with the present subject matter.
Repeat use of reference characters throughout the present
20  specification and appended drawings is intended to represent same or
analogous features, eiements or steps of the present subject matter.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As discussed in the Brief Summary of the invention section, the

present subject matter is particularly concerned with improved apparatus and



meters. As a general non-limiting example, a medium-powered RF
transmitter operating in the 900 MHz (mega Hertz) ISM (Industrial,
Scientific, 5 Medical) band of frequencies (generally 902 MHz to 928 MHZz)

wieneriss2eonsiderable power output at the third, fourth angdifilyszensnszoies
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15

harmonics that fall into FCC (Federal Communications Commission)
restricted bands. Thus, specific harmonigs filtering is needed to bring the
level of emissions under government regulated limits. 10 Traditional

degignfublbe MR rIMISHIRSS SINERY Tauensy [HeySithAark:aHE e
task of harmonic suppression. Implementation of such filters has been
diffcedtolomstiyadaiote aidatotilif petasititopassraindsuahcdsaeeiicolled
radiation from the filter itself. In addition, the use of individual components
adRetaihe ASsL SANETS! thrRNdaiERY W%&ﬁ"ﬁﬁé@ AYYYATRA SHecific
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economlcal stripline filter 10 that may corporated into a regular multi-
laygs it rsbeirssiidp earuendrahith ohemvisal andessesntamaofdn 20

concerns identified with respect to previous developments in the art. More
speeli éfyddng Swiplimenitidion® Gomovesthan cesivitkeg teselyt slinjecspaatier
avoids the use of individual components that may themselves be a source
of HEARIETBURETARARIINO FOSER I Lob S S2B OSSR e
As illustr c[iln Figure 1, the stripline filter 10 in accordance with the
pre?&ﬁ'{ajﬁg W Rnatter comprises a transmission line portion generally 12

Traditional designs utilize lumped band-pass and/or low-pass filters to
carry out the task of harmonic suppression. Implementation of such filters has
been difficult, mostly due to creation of parasitic pass-bands and uncontrolied
radiation from the filter itself.- in addifion, the use of individual componenis
adds unnecessarily to the overall cost of such filters.

With specific reference to Figure 1, a diagrammatic illustration is shown
of an exemplary configuration of a stripline filter 10 constructed in accordance
with the present subject matter. The present subject matier provides an
economical stripline filier 10 that may be incorporated into a regular multi-

tayer printed circuit board, and which otherwise addresses many of the

20 concerns identified with respect to previous developments in the art. More

specifically, the stripline filter 10 in accordance with present subject matter
avoids the use of individual compenents that may themselves be a source of

uncontroliable radiation.



extending between a first port 20 and a second port 22. Such ports 20 and
22 may be designated as input and output ports, although the order may
be 5 electrically reversed, as the exemplary filter structure illustrated is

weymmetical. Such symmetry may not be exhibited, howevegdmnothaisnzo1es

5

10

15

20

designs so that symmetry of filter design is not a necessary limitation of
the present subject matter. With further yeference to Figure 1, the stripline
filter 10 in accordance 10 with the present subject matter may

correspopd ifgsraampleidaa nlHalkyiaihaund aunHSioRYRd QsPNALors
generally arranged in pairs and distributed along the transmission line 12.

Sugie sprarsabiactveatEscratprses ayttzm scusdigurat asrtiotcheibesatly 12
whereas low-pass or band-pass filters may have been types of filters

préisnsiie REWRRHA NSRS lcth ARt R ABARNCEN91b A2 558 GIpRAES 20 and 22
bodiments) of filters. Thus, quarter- 30 and 32,

AR T B e ML o EHE oo A s

Opsr@é'tﬂgafﬁ?é{%?&é@ 'Qé%%mslgfgﬁ%f%%&wanﬁgﬁ&éﬁa&ue“cy may

correspondto about 2,700 MHz or GHz i.e., three times the base or

fungdamesttareguemsynth8PP MEZhorsavethiniger sterevy, thesecotiesigns

ordinary 20 skill in the art. In like manner, resonators 40 and 42, as
ilustr#itetsymapeatoroé siiendetig u iantgranace sy miatbagaawé theoprieediourth
harmonic of the exemplary base 900 MHz frequency, while resonator 50
maSHBSFESIGH to a quarter-wave WO 2006/026329

E;%ﬁé@%g@ﬁﬂgégﬁﬁ%%rﬁ% ?Z%Oéig q‘egutaosmgﬁf'j’fé itgrr1 qgigc%fomgnce
with the present subject matier may correspond, for example, to a plurality of
bowed quarter-wave resonators generally arrangad in pairs and distributed
along the transmission line 12. Such quarter-wave resonators may be
configured as notch filters, whereas low-pass or band-pass filters may have
been types of filters previously employed in other configurations (i.e., non-
stripline embodiments) of filters. Thus, quarter-wave resonators 30 and 32,
as illustrated, may each be tuned to the third harmonic of the fransmitter
operating frequency. In the exempiary configuration, such frequency may
correspond to about 2,700 MHz or 2.7 GHz (L.e., three times the bass or
fundamental frequency of 300MHz), as well understood by those of ordinary
skilt in the art.

In like manner, resonators 40 and 42, as illustrated, may correspond o

quarter-wave resonators tuned to the fourth harmonic of the exemplary base

900 MHz frequency, while resonator 50 may correspond to a quarter-wave



Figures 2a through 2d individually correspond to equivalent circuit
representations of the stripline filter 10 corresponding to the base
frequency 5 and harmonics thereof particularly of interest (i.e., third,
whioantls;casdgifth) according to the present subject matter. In pattigstassnzo193
Figure 2a representatively illustrates an equivalent circuit of the stripline
filter 10 as it may appear electrically whilg,operating at a fundamental
frequency within the 900 MHz ISM frequency band. As 10 illustrated in

Figgseraomtiindespa tenaHanasimeastalopaiaiinrinesseosy b stripline

filter 10 may be represented as a series and parallel configuration of
sulstardrally symmetrically arranged transmission lines of selected
lengths. More specifically, in the case of the fundamental frequency

represenfa8idiedRHRoHED 2 dortddhineroegpeie tasgudgient circuit
tively),, , 15 both b idered to b ivalentl
PR AR SRR Bt S Er SR S5, PG PGP aTDN
s wayelanath Jraaspission dncu e, GRRRSES aeisnieas el whichmay be

representatively shown as coupléd to a common ground plane. As is

Cusisibiivdnd epsesesiatiensdkeatbese of Figures 2a through 2d, the
Greek symbol lambda (A) is understood to 20 represent wavelength.

Coupled to padipuimtidigpuiris eitkecniativgholst Mklasaripivempl@cuit
transmission lines are a pair of series connected A/12 transmissions lines

whelsB SIfIRIBR BisidLasH pameRrey Hadpreli Bl SRRIBRE By way
o § W0 20001026520 PCTILISPO0BIOHPISR, 12 AL20 yancision e

lﬁ%dc%@(f?oa e previdud y mentiohed cG6mmon ce plané (see

10 UPRREPOEIOH S e s AN B LE FIILGRdamental operating frequency, the

stripline filter 10 may be represenied as a seties and paraliel configuration of
substantially symmetricaily arranged transmission lines of selected lengths.
More specifically, in the case of the fundamential frequency representation of
Figure 2a, ports 20 and 22 (Port 1 and Port 2, respectively), as shown, may
15 both be considered fo be equivalently coupled to the junciion of a 1/16
wavelength transmission fine and a 1/12 wavelength iransmission line, the
opposite ends of each of which may be representatively shown as coupled to
a common ground plane. As is customary in representations like those of
Figures 2a through 2d, the Greek symbol iambda (A) is understoed to
20 represent wavelength.
Coupled to the junction points of the fwo A/16 and A/12 series coupled
transmission lines are a pair of series connected AM12 fransmissions lines

whose comman connection point may be represented as coupled by way of a



With further reference to Figure 2a, it will be observed that the just

described equivalent representation of the stripline filter 10 may be further

5 reduced as represented by the unmarked right-hand side arrow head to
wa simiesstorm illustrated on the right hand portion of Figuregtae/&xshs/030193

reduced or simplified illustration and representation corresponds to a pair

of capacitors coupled respectively to poris, 20 and 22 and a

corresponding representation of a common ground plane together with a

singledraasspindion line saumankel 40 frRIXEpMeMMASRIRLA

between port 20 and port 22. In accordance with the present technology,
the rdfach orupila enthéitiphar partien ep eratinakegnivaleaisenay.
correspond to elements as illustrated in Figures 2b through 2d,
respective¥ithlyritigrsefeisnss soieste 2a. dxaithhtatbserved dont Higines,
the initia] representation in each of such equivalent circuit

oo SRR R R RS o BHRISEEA PR oRd gt
SePIEASEU OGARE RIS AUEELEAUYSEN ahihs SRl ey 1

except that the various of the transmission line represen?atlons for

eac A ae I nsitriRe nthe FRFESARNERERISUFRRIANRUNHRA BdhGd
above noted differences in lengths of transmission 20 line representations
for thesivgplified hasrsivos it ecpecmmdatied comdsgondpdoenizqpfivalenitors
circuit representations (right-hand portions of each respective illustration
of FigupiEsi 28spReliy 28 PartreSahsedd Rt D APHRBPENTING faRthsATdaton of

fre uengclﬁfto the various harmonic frequencies as illustrated, res ective{jy,

in (RPN P61 SRR B AR F ORI SRRRNSEIN e 96 o
| POSRAREECTHSRAIGIRIER A4 JRURIGolrsgach insance, hose

of o will understand
in accordance with the present technology, the third, fourth and fifth

harmonic operational equivaients may correspond o elements as illustrated in
Figures 2b through 2d, respectively. As will be observed from an examination
of such Figures, the initial representation in each of such equivalent circuit

15 - representations is structurally identical {o that illustrated in Figure 2a
representing the fundamentai frequency eguivaient of the stripline filter 10
except that the various lengths of the transmission fine représema!:ions for
sach differ as illustrated in the corresponding Figures.

in addition fo the above noled differences in lengths of fransmission

20 line representations for the various harmonics, the second, reduced
component equivalent circuit representations (right-hand portions of each
respective illustration of Figures 2b through 2d) differ somewnat from that of
the fundament frequency to the various harmonic frequencies as iliustrated,

respectively, in the right hand portion of each of the Figures 2a through 2d.



that such illustrations make use of indicated capacitors (illustrations of
right- hand side of Figures 2a and 2b) or inductors (illustrations of
right-hand side of Figures 2c and 2d), as well as various nodes,

wepnneotians with common 5 ground planes, and specific exegmpleYossn30193
approximated transmission line lengths. With reference now to Figure 3,
an additional aspect of the present techqglogy will be discussed in more
detail, more specifically involving a methodology for providing an

emhegldag aneiaiat-ReeOfia80 BrwHirAar S KRNSEIEH QiILBRRGRINRY
associated with a utility meter, such as an electricity meter. Illustrated in
Fighed 8. dih stativiatynaketesg ehiedidhicDCathatiime| (idestratioas on staited
configuration, a metallic housing 110 to which may be couple a metrology
asSERbRc§idTiamyesstrtRad AP bEdIogHR divrEatRsmhgobs kasvheidfops
(nat shown) posjtioned within a circular opening 120 within the face of the
meBAHERASRG 130 PN B ey BRI 38D the

5 XA SIESNI L FSSIR MEELAOD S EPERSRIAUE e

illustrated as corresponding to a metrology circuit board 140, a ra
frequsmey (RF) transmitter or transceiver board 150 and a display panel
160. 20 Display panel 160 may correspond to a liquid crystal display
(LCD) or\atith refbemntypeny disitayeas, aragdodiset cgekfiarntteasedembwn
in the art or yet to be developed. The particular form of (or even the
prel§encRiasty wiispldipenssscivmerr st Raisas e phebuabdibiect
matter, Each of such component % ., the metrology board 140, the
LT IRy ROk A SRR SR AR 8 U B CBiosRaan Wit o
10P CHAHSRROPIUNBeive? associated with 2 utility meter, such as an electricity
meter.
lNlustrated in Figure 3 is an electricity meter generally100 that includes,
in an installed configuration, a metallic housing 110 to which may be couple a
metrology assembly generally 130 that may be plugged inte matching
15 connectors (not shown) positioned within a circular opening 120 within the
face of the metallic housing 110. The meirology assembly or components
130 of the exempiary representative electric meter 100 are representatively
illustrated as corresponding to a metrology circuit board 140, a radio
frequency (RF)} transmitter or transceiver board 160 and a display panei 160.
20 Display panel 160 may correspond {o a liquid crystal display (LCD) or any
other type of display as may be selected from those known in the art or yet {o
be developed. The particular form of (or even the presence of) a display does

not form a limitation to the present subject matter. Each of such components

{Le., the metrology board 140, the transmitter/transceiver board 150 and the



display panel 160) are coupled together by suitable interconnections (not
shown but well understood to those of ordinary skill in the art) as may be
specifically required in a given embodiment of the present subject matter

WO 2permitspsoper operation of the exemplary representative glegtriekys/ozo193
meter. 5 With further reference to the transmitter/transceiver board 150,

an antenna 170 may be embedded into }Ee printed circuit board on which
the components corresponding to the transmitter/transceiver are

MQHEREH: pARBETER A0 B Re5BRRAEF S iR1BR FREICRIRRABRERYAS

previously discussed with respect to the stripline filter 10 with reference to
FigshiesrilbanddOuhigirstsodad inosg bi2ddiresperiivelthdruapdamay be
embodiments of the present subject matter, both the antenna 170 and
strigherfifaly Eoay beacgivesdirepdiserithel ths peassrifsabingimaiier to
printed circuit board otherwise corresponding to (i.e., serving as) the

traREF{tEPAPSH SEERAUPB Ga 5L S¥F TR B &P RSO HE RS BRI E70
smay be fojed an e inied Cleu bosts (bt 5 Lan hegdeg

therein. arly, a microline filter arrangement may be practiced in place

of asEiRlineHian MeQRRiRNAH QSIS REBRLER SBSR: 44 WMaYhe

operatively associated with antenna 170 for forming a portion or all of a
radiatingdamsentretpoadinicoths tnoeriierietesarite rcarsaricl Ovisdfully
assembled. 20 Design principles relating to specific placement of the
anténisarey t7 QuiainDeorreRaAISIE InREtPANINBEN S LA WET SrBiRIE V150
will take into consideration antenna orientation as well as the_physical
s

prelERERs S BHERRPEH IR RERIR AIRABYHABIRASE R

oA B S A e
subject matter, both the antenna 170 and stripline filier 10 may be embedded
together as parts of a multi-layer printed circuit board otherwise corresponding
to (i.e., serving as) the transmitter/transceiver board 150. In other
embodiments, antenna 170 may be formed on the printed circuit board rather

15 than embedded therein. Similarly, a microline filter arrangement may be
practiced in place of a stripline filter. Also, optionally, housing or meter case
110 may be operatively associated with antenna 170 for forming a portion or
all of a radiating element of the antenna, once the meter with case 110 is fully
assembled.

20 Design principles relating to specific piacement of the antenna 170
within, for example, the transmitter/transceiver board 150 will take into
consideration antenna orientation as well as the physical presence and effect
on the antenna radiation patiern that the electricity meter housing and any

connecting conduits and electrical wiring may have on the antenna



16 performance. The antenna may also be designed to provide radiation
in two orthogonal polarizations, i.e., dual polarization characteristics, in
order to increase transmission range and reliability, all in accordance with

whepraeesy subject matter. In many cases, electricity metersgwith §obHes0193
within the line of 5 sight of transmitters/transceivers wishing to
communicate with the electricity meter. In.such case polarization diversity
may be of assistance in improving the reliability of such non line of sight
compErieatiRnNSTIW hiteihia Pras e SHbigst graiten e Rach degsr et
detail with respect to specific embodiments thereof, it will be appreciated
thatrthogenb0 skdlethiiothd.art dupopoittaating craratderstandingraéthe
foregoing may readily produce alterations to, variations of, and
eqiiGEaRtsiR SIS OMPBWmBMg e iabbbrdidn aaserdanpe withribepesasnt
discl%gure is by way of example rather, than bg/ way of limitation, and the

Sdlr’l

SuBTRB B L d HOBL N BRI R TR SIS L RROMRL ge of
svalaling AORLeRAIONORs I he Bisaantd o sHAIGEERE R a5 Nalehb

readily apparent to one of ordinary skill'in the art. WO 2006/026
PCrhiir 2005(0BGHE8 phiarfdtld didetsith HYHy D42 hséigiAHR0H Fabroving

reducing harmonic frequency radiation from a printed circuit board,
cortiprisimpithe stepshofop i dingjginprime.cicativtmard and including
thereon a_transmitting portion configured for transmission of radio
frequency$itHe RiesestsitiRtEmalid e haendpsernsddarfan wiid

p”r#ées%é:é{ %cl}J Iép%%; lrg e%‘b%'&?%%?a% %ﬁgpegf'? IE? will be appreciated that those

10 skilled in the art, upen attaining an understanding of the foregoing may readily
produce alterations to, variations of, and equivaients to such embodiments.
Accordingly, the scope of the present disclosure is by way of example rather
than by way of limitation, and the subject disclosure does not preclude
inclusion of such modifications, variations and/or additions to the present

15 subject matter as wouid be readily apparent fo one of ordinary skill in the art,



antenna configured so as to radiate said predetermined frequency;
embedding in said printed circuit board a filter, said filter including at least
one paired portion tuned to a predetermined harmonic of 10 said
waredetermmed frequency; and connecting said filter betweemssaitkzo05/030193
transmitting portion and said antenna. 2. A method as in claim 1, wherein
said step of embedding in said printed cifguit board a filter comprises
embedding a stripline filter in said printed circuit board. 3. A method as in
claim 2, wgremsaid gmpwiembedding a stripline filter in said printed
circuit board comprises embedding in said printed circuit board a
predetermined Aungiescfoyuediaringaertonediraseratorsdiatied fravaa
predetermined number of selected harmonics of said predetermined
freqiigtesyclacull Peardo Boa¥OTIFEIEIFREISIRTPEin said step of embedding in
said printed circuit board a filter comprises embedding a microline filter in

said printed cirb{YHE 8 RITEPS SIEIHIRS58 BETATEIHBEMS RS 18 5.
A %%H%Qc&ar %’#@W b ‘%J%?%igngmé?&{ﬁ%ﬁ%g '%%g%?ﬁg il ABed:

circu comprises embedding a filter inclu two
spairpddattiane dunedda different predetermined harmonics of said
predetermined frequency. 6. A method as in claim 5, wherein said step of
embedding a filtenbkddaid jprasiedbdivaditchoaitdcom priseddheas g aald
embedding in said printed
antenna configured so as to radiate said predetermined frequency;,

embedding in said printed circuit board a filter, said filter
including at least one paired poriion tuned to a predetermined harmonic of
10  said predetermined frequency; and

connecting said filter between said transmitting portion and said
antsnna.

2. A method as in claim 1, wherein said step of embedding in said
printed circuit board a filter comprises embedding a stripline filter in said
printed circuit board.

3. A method as in claim 2, wherein said step of embedding a
stripline filter in said printed circuit board comprises embedding in said printed
circuit board a predetermined number of quarter-wave funed resonators tuned
to a predetermined number of selected harmonics of said predetermined
frequency.

4. A method as in claim 1, wherein said step of embedding in said
printed circuit board a filier comprises embedding a microline filter in said

printed circuit board.



circuit board a stripline filter comprising a transmission line portion, a pair

of third harmonic portions, a pair of fourth harmonic portions, and a fifth 5

harmonic portion. 7. A method as claim 1, wherein said step of providing a
werimedh 2esuit board and including thereon a transmitting partion-éastRetoios

includes providing a receiving portion included on said printed circuit

board and operatively associated with sajg transmitting portion for

forming a transceiver 5 function on said electricity meter. 8. A method as

claim 1, werein grithsacibodduither incdusiasiie ek pradding drkaid

electricity meter; and said step of providing a printed circuit board and
inclorditey thieraibhcais edittenttimgrisestiemfadding i dltedéschadiogtit desatdwo
printed circuit board within said electricity meter for forming a transmitter

funBaBRGAPEiansdIgHdry FREret PocdeieiBinGg hamssPBsaitherein said

stegrggg{é)r\éggrilgg an eé%ctricity meter includes providing an electricity
met&r CASE operalively WO 2006/026329 PCT/US2005/030193 19

interconngcted Witheaid aRERNIARS ARHO- D RN RS RRERE GurAdiating:,

element of said antenna. 10. A utility meter, comprising: a metrology
portioseia pransmditenipoied esmpgsse thiodiansnaidisfEeRURE Yrinted
signals at a predetermined frequency; and
circuit board a siripline filter comprising a fransmission line portion, a pair of
third harmonic portions, a pair of fourth harmonic portions, and a fifth
5 harmonic portion.

7. A method as claim 1, wherein said step of providing a printed
circuit board and including thereon a transmitiing portion further includes
providing a receiving portion included on said printed circuit board and
operatively associated with said fransmitling portion for forming a transceiver

5  function on said electricity meter.
- 8. A method as claim 1, wherein:

said method further includes the step of providing an electricity meter,;
and

said step of providing a printed circuit board and inciuding thereon a

5 transmiiting portion further includes mounting said printed circuit board within
said electricity meter for forming a transmitier function for said electricity
meter.

8. A method as in claim 8, wherein said step of providing an

electricity meter includes providing an electricity meter case operatively



5 a display portion; wherein said transmitter portion comprises a printed
circuit board supporting a transmitter, and with an antenna and a filter
respectively embedded in said circuit board, with said filter being
weprneotestbetween said transmitter and said antenna, andpwithusaaasfilierss
comprising a predetermined 10 number of quarter-wave tuned resonators
tuned to a predetermined number of selggted harmonics of said
predetermined frequency. 11. A utility meter as in claim 10, wherein said

filtestisr o atdRIGEwithesaid Zinie b tyoae tey fafdilolalTpaR onk eseiatsgid
quarter-wave tuned resonators are tuned to the third, fourth, and fifth
harieomos off saddapeedetermined frequency. 13. A utility meter as in claim
10, further comprising a housing, wherein said housing is configured to
function d8a pdtibHMEIRS: SRERAENGI4. A utility meter as in claim 10,
wherein said utility meter is an electricity meter, and further wherein said
transmitter portﬁ)ﬁ/‘%ﬁtﬁj&y iﬁgm%s receiver features, operatively

interconnected MFQ&%%H@H&%H%H#%E%% N R EANBEE I
features for said electricity meter. WO 2006/026329 PCT/US2005/030193

20 digné\s flagirinibanaiesdvityesabgdser radio frequency features to
provide control of out of band harmonic radiation, said electricity meter
Scomprising: a needispiayygeotiton; 5 a printed circuit board;
wherein said transmitter portion comprises a printed circuit
board supporting a transmitter, and with an antenna and a filter respectively
embedded in said circuit board, with said filter being connected between said
transmitter and said antenna, and with said filter comprising a predétermined
10 number of quarter-wave tuned resonators tuned to a predetermined number
of selected harmonics of said predetermined frequency.
11. A utility meter as in claim 10, wherein said filter is a stripiine
filter. |
12, A utility meter as in claim 10, wherein said quarter-wave tuned
resonators are tuned fo the third, fourth, and fifth harmonics of said
predetermined frequency.
13. A utility meter as in claim 10, further comprising a housing,
wherein said housing is configured to function as a portion of said antenna,
14, A utility meter as in claim 10, wherein said utility meter is an
electricity meter, and further wherein said transmitter portion further includes

receiver features, operatively interconnected with said fransmitter portion for

forming transceiver features for said electricity meter.



a transmitter, supported on said printed circuit board and configured to

transmit radio frequency signals at a predetermined frequency; an

antenna embedded in said printed circuit board; and a filter embedded in
wanoprimderd circuit board, with said filter being 10 connectedrbetveesssaith s

transmitter and said antenna and comprising one of a stripline filter and a

microline filter, whereby said electricity mgter with embedded radio

frequency features provides enhanced electricity meter data signal

communicationsfoerberityereas runisatieadsebidatichehas dPfeatures to
automated meter reading communications or related. 16. An electricity

metspEsdrcolamt dSouibebesadrvaismilteiohasaiopseatisly assaciated
therewith a receiver portion, for collectively forming transceiver features,
for RESHEEHY@ly transmitting signals to and from said electricity meter via
said antenna. f’L7 An electricity meter as in claim 15, wherein said filter
includes & %Boé?gyn%@a%umber of quarter-wave tuned resonators

dunedto a predgtgﬁmg&egre&m%kpf selected harmonics of said

predetermined frequency. 18. An electricity meter as in claim 15, wherein:

said electdceinamitesrfeibssriagludasia prater casai aBdrVEA 200628329
PCT/US2005/030193 21 said antenna is configured and mounted such

thatrarsreitvaitiefetveityy sigieisistfalyaktemted, fsaidemeter case
performs as part of a radiating 5 element of said antenna, to provide an
overall reSHARETIBGRRSIMRSIG SalGmZHBcTIRdERarEtiEv8ard

approaches,with ng required additional parts: @04y with said fitter being

10 connected between said fransmitter and said antenna and comprising one of
a stripline filter and a microline filler, whereby said electricity meter with
embedded radio frequency features provides enhanced electricity mater data
signat communications for effective communication of data such as for
automated meter reading communications or related.

18.  An electricity meter as in claim 15, wherein said transmitier has
operatively associated therewith a receiver portion, for collectively forming
transceiver features, for respectively transrﬁitting signals to and from said
slectricity meter via said antenna.

17.  An electricity meier as in claim 15, wherein said filter includes a
predetermined number of quarter-wave tuned resonators funed o a
predetermined number of seiected harmonics of said predetermined
frequency.

18.  An electricity meter as in claim 15, wherein:

said electricity meter further inciudes a meter case; and



with less uncontrolled surface radiation. 19. A stripline filter for reducing
harmonic radiation from a transmitter designed for operation at a
predetermined frequency, comprising: a stripline transmission line

wextendingffom a first terminal to a second terminal; 5 a firsppaiosfos/030193
quarter-wave tuned resonators tuned to a first predetermined harmonic of
a predetermined frequency and coupled g said stripline transmission line;
and a second pair of quarter-wave tuned resonators tuned to a second

predeternsii¢ diianme iRt P waipiniRadianenonss d 0 Wresiiay
said 10 stripline transmission line. 20. A stripline filter as in claim 19,

furtimetescsriptiis espenfiftbcg saideneteavest nedorss patpartunied adiatityrd
predetermined harmonic of said predetermined frequency and coupled to

Ssai@SpNNR fAASAISERM i%@%@e@%ﬁ’iﬁfﬁ& ARG iRteRAPS deRifRrein

sald fgrst and ?e onc LPtabr of quarter- Wave uned reso dla and said fifth
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"”%Rﬂ@ﬁﬁﬁlﬂﬁ%&ié‘@@ﬂﬁ%@?%aﬁ&{hm said first terminal and said

second terminal are electrically interchangeable. 22. A stripline filter as in
claim 20, fgrthepcanpansimg MO0 26329 REEMIEN8RGIA30193 22

a printed circuit board; and wherein said stripline transmission line, said

firstpamifteudetigredfor cpaeiivoairapordesaitised fied ysaieyofcomprising:

quarter- Wg \elzg‘lgf[?xgqsrger\i?nqsast%ﬁ:gg gxtendmg from a first terminal to a second
terminal;

3 a first pair of quarter-wave tuned resonators tuned to a first
predetermined harmonic of a predetermined frequency and coupled to said
stripline fransmission ling; and

a second pair of quarter-wave funed resonators tuned to a second
predetermined harmonic of said predetermined frequency and coupled to said

10 stripiine transmission line.

20. A stripline filter as in claim 19, further compyrising a fifth quarier-
wave funad resonator tuned to a third predeierminecf harmonic of said
predetermined frequency and coupled to said stripline transmission line.

21. A stripline filter as in claim 20, wherein said first and second pair
of quarter-wave tuned resonators and said fifth quarter-wave tuned resonator
are coupled to said stripline transmission line in a symmetrical configuration
so that said first terminal and said second terminal are elecirically

interchangeable.

22. A stripline filter as in claim 20, further comprising:



5 said fifth quarter-wave tuned resonator are embedded in said printed
circuit board. 23. A stripline filter as in claim 22, wherein said printed
circuit board is a multi-layer printed circuit board. 24. A stripline filter as in
walabm22¢3atherein said first predetermined harmonic is the throhinaomaniaes
of said predetermined frequency, said second predetermined harmonic is
the fourth harmonic of said predeterminegh, frequency, and the third
predetermined harmonic is the fifth harmonic of said 5 predetermined
frequency gHntéassriplinediter asdin claim 20, further comprising: a printed
circuit board; and wherein said stripline transmission line, said first pair of
quarter-walversinragttresiptinedrensaidseriml paid tfspanof-auartetvars
resonators, and 5 said fifth quarter-wave tuned resonator are formed on

saifHPRHTEEETRLL®: BB 8C 8Pl D PRGN SIS SES FiRE TS aid
Sprins'%etg ﬁljtrr?ldEabr%)e&}'[\gval‘rsequwgétir'égxgétgz[iQF& %r%.r%%ebcp %r(sjéid printed circuit
board.

23. A stripline filter as in claim 22, wherein said printed circuit board
is a multi-ayer printed circuit board.

24. A stripline filler as in claim 22, wherein said first predetermined
harmonic is the third harmonic of said predetermined frequency, said second
predetermined harmonic is the fourth harmonic of said predetermined
frequency, and the third predetermined harmonic is the fiftih harmonic of said

5 predetermined frequency.

25. A stripline filter as in claim 20, further comprising:

a printed circuit board; and

wherein said stripline transmission line, said first pair of quarter-wave
tuned resonators, said second palir of quarter-wave tuned resonators, and

5 said fifth quarter-wave tuned resonator are formed on said printed circuit
board.

26. A stripline filter as in claim 25, wherein said printed circuit board

is a multi-layer printed circuit board.



