BANDPASS FI LTER BACKGROUND [ 1] Mst mcrowave filters
built using mcrostrip transmssion |ines have a
wo esvdoossys of not suppressing 2nd , 3rd and 4t h bPer/oBIV0§039903
signals. Traditionally, the way to solve this problem
is to add a lowpass filter at the two ends of a
bandpass filter. Physically, this makes the filter
structure bigger. Electrically, using | owass filters
i ncrease signal |oss, and the suppression of the
harnoni cs for the nost part is, not as good as desired.
SUWARY OF THE DI SCLOSURE [ 2] An edge-coupled filter
i ncl udes a phase vel ocity conpensation transn ssion
line section conprising a series of alternating
T-shaped conductor portions. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 3] Features and advantages of the disclosure
will readily be appreciated by persons skilled in the
art fromthe follow ng detail ed description when read
in conjunction wwth the draw ng wherein: [4] FIG 1 is
a layout of an exenplary enbodi nent of a bandpass
filter.[5] FIG 2 is a cross-sectional diagrammatic
view of the filter of FIG 1, taken along line 2-2 of
FIG 1[6] FIG 3 is aA&DaFgQ,SOf attenuation as a
function of frequencyB SHPERry filter
i mpl enent ati on, where the response shows attenuation
of the 2nd and 3rd harnmonics. [7] FIG 4Ais a top
vi ew of an enl arged porBACKGROBND | ter | ayout,
showi ng overl apped, edge-coupl ed conductor strips.
FI G 4B is a diagrammatic end view of the bandpass
ter F g '
VHioc) MRt ThEradie s, Bt SgRgopeRsiREEhsfbsion fnes have a
tendehu;nazlflnohsupprfelslslnng”ﬂ '&mmcb#@ harmonic SIgnaIs Traditionally, the way to

solve this problem is to add a lowpass filter at the two ends of a bandpass filter. Physically,
this makes the filter structure bigger. Electrically, using lowpass filters increase signal loss,

and the suppression of the harmonics for the most part is not as good as desired.
SUMMARY OF THE DISCLOSURE

(2] An edge-coupled filter includes a phase velocity compensation transmission

line section comprising a series of alternating T-shaped conductor portions.
BRIEF DESCRIPTION OF THE DRAWINGS

[3] Features and advantages of the disclosure will readily be appreciated by
persons skilled in the art from the following detailed description when read in conjunction

with the drawing wherein:
[4] FIG. 1 is a layout of an exemplary embodiment of a bandpass filter.



[8] FIG 5 is a layout of an alternate enbodi nent of a
bandpass filter. DETAILED DESCRIPTION [9] In the

wao odoboedsrg detail ed description and in the seveCBIS2005/039903
figures of the drawing, |like elenments are identified
with like reference nunerals. [10] In an edge coupl ed
filter fabricated in a planar transm ssion |line
medi um such as mcrostrip or stripline, energy is
propagated through the filter through edge-coupl ed
resonator el enents or conductor, strips. Harnonics in
the filter response appear due to the m smatch in
phase vel ocities of the even and odd nodes. In
mi (6t ostFliG 2 muploeskd-sectionat Hiagoaidmadideview af dhs filtas bEFIG. 1, taken

t han t?e Eg(gn node. Al so, the odd node tends to travel
alongige £-2 REFdat Lr edges of the microstrip coupled Iines

or[gf onaeies o isH §raph: of‘%ft‘ﬂeh@aﬁ&?a@‘éqﬂnéﬁlﬂfoﬁ?éﬁifedc‘? for an exemplary

travel near the center. In an exenp enbodl rdo
flltersmp}gne@stattm vwheraedhe cgspﬁnseﬁéomlat@nua ornr@gme 2 o|and 3" harmonics.

?[2 : Idéd'@ Jhgeli]e Y % gn}gdv%)%gr&d‘rgﬁ@@#@ laeﬂﬁénh?a))oﬁt showing

overlddpéat é@@é’-@oh{ﬂeﬂ' ée“&ndubt@rsinp@ FIGr 9Bt lapdlégi‘atrﬁmaﬁ@ end view of the
onpri ses spati al | 4L<garated I nput / out (1/0 ports
bancmsarﬁldiemf Fihidh E;\hCe igrecgreeh d@pmémsrv& Itﬁa fgvep and odd modes

ection 30. The
of pr@ﬁgﬁﬁﬁﬁé%x %ﬁu{‘étﬁ({e}ﬁéﬁaefﬁ%r%%r%g%éﬁprl ses edge- coupl ed
r efgpnat PIG. €5 greeldysuBaf ddalternate smbodimenrtrof cebbodpassriliter.

The ports 22, 24 are positioned along a filter axis 26
in this enbodi nent. The transm ssion |inesection 30

conprises a series QfEﬁ%ﬁ_EI‘D’IBEQ@leq'I‘@NptOI‘ sections

or lines 32-40, arran In a staggered of fset manner
relative to the fllter axis 26. The conductor sections

p@ﬂ ?ggleégsgqled iBS d%%ll geg Hgtl ¢ éit&ug(g\?] agfagr;t{(}pa-égﬁe drawing,
like &femien® afd @Bntlﬂ_éti?w‘ith 'FlRé réferdittd Meheegs.coupl ed |ine

portions which are adjacent a correspondi ng coupl ed
| i [16] pdntarmﬁgﬁcmmledﬁllt&réahncatﬁm@tpbanarutwa@srmwon line medium, such

as i RRTper slHingehgvie lofagef AEURE eyl e edge-couplec
resonator elements or conductor strips. Harmonics in the filter response appear due to the
mismatch in phase velocities of the even and odd modes. In microstrip coupled lines, the
odd mode travels faster than the even mode. Also, the odd mode tends to travel along the
outer edges of the microstrip coupled lines or conductor strips, while the even mode tends
to travel near the center. In an exemplary embodiment, to suppress the harmonics of the
filter, a means for equalizing the even and odd mode electrical lengths is provided.

[11] In an exemplary embodiment illustrated in FIGS. 1 and, a microstrip fiiter 20
comprises spatially separated input/output (1//0) ports 22 and 24, which are connected by a
phase velocity compensation transmission line section 30. The transmission line section 30
comprises edge-coupled resonator elements 32-40 in this exemplary embodiment. The
ports 22, 24 are positioned along a filter axis 26 in this embodiment. The transmission line



over | apping |ine segnents are approxi mately wavel ength
in length in an exenplary enbodi nent, at an operating
wo e@guesssy. [ 12] Each conductor section incl udesr/as2005/039903

respective T-shaped portion 32A-40A. The T-shaped
portions have a parallel leg portion oriented in
parallel to the filter axis, and a transverse stub
oriented perpendicularly to and bisecting the paralle
|l eg portion in this exenplary enbodi nent. For exanple,
T-shaped portion 32A has a pargllel leg portion
(conprising a portion of the conductor section 32) and
a transverse stub 32B. The directions of the

sectioh@0ssomm prisest alberies - a41@81aﬂlrtgaromiuetora;ectihmst odinstsld2-40, arranged in

a stal(g%%f%clﬂq 8ﬁ$%tlg{ﬁgrar|&é;trg[§§lr eﬁg%hes F iiter @ EEE tl'ha Ejggtf% ssﬁtlons are edge-
coudi&F gt SRORE %e%ﬂﬁ%ﬁré@\éﬁ n% gh ‘T’ﬁé@p‘éﬂa' § V\%raﬁbﬁ of the conductor

transverse Stu eotlmze
sectioas |drovidas @G isemamn sThe ||he$1§t2h%) mlbtc&mmmllw@om which are
s of . the

scob§ oo R B W S oSSR B orevamole,

line 32iddedla ﬂ?@éeérﬁ@npm Yhich beerfapsmessegabhoB4C afifine 34. These
transmssion linhe length which is travel ed by the odd

overlapping e segments: ace @pprod@ately Ya wavelgngthtindenath iangn exemplary

embB i tl Ao AR BRI " ottt port i n
phPIQ; E3dcn coheustseeptiory infdudesra ee@mﬁtmﬁt snapéd! @Brtich 32A-40A.
may be constructed in mcrostrip

The Efiaped@oriions iavesmparalielieg parian %rreéwt%mafa&%%ﬁ}eafit't@f axis, and a
vanbes sl BiSHS AFbEOGR AR B BarhbpidyBortion i s

exerdplans efmodiidenn Boeesambies §-stiapdtpditionei2A nas a parallel leg portion

(coNRSG BoRRRIET: Tt EPGRIPY SEFTL SRRANEr & [NVET LAty 328 The

dureétfbﬁsQﬁRﬂé' ltr§n§l'5}éz§é 5RIR $28-48RCaltdrAafeh! 'a§ o%’(ﬂh'épét@btléi‘?gths The filter

surface trace pattern forms
responwl ics\onsetrid avsut3@-cedtenfiequency (a@s pmwe inB|G24); depending on the

Iengﬁhgfe %@22' o eﬂgﬁbﬂ%ﬁﬂeqj Ilﬁa,e@tpgfﬂﬁ%g &ﬁHBdgﬁthg%ay be optimized,
which may result in different stub lengths. Because the odd mode tends to travel along the
outer edges of the coupled lines or conductor strips, while the even mode tends to travel
near the center, the T-shaped sections add transmission line length which is traveled by the
odd mode, but not the even mode. As a result, the odd and even mode components
propagating along the transmission line 30 arrive at the output port in phase.

[13] The exemplary filter embodiment of FIGS. 1 and 2 may be constructed in
microstrip. The filter comprises a substantially planar dielectric substrate 23, e.g. a
substrate such as alumina or duroid having a substrate height h. A conductive ground
plane layer 25 is formed on one surface of the dielectric substrate, here the bottom surface
of the substrate 23. A conductive microstrip trace pattern is formed on the opposite
substrate surface, in this example the top surface. The trace pattern forms the conductor



[14] The phase velocity m smatches of the even and odd
nodes nmay be conpensat ed by extending the odd node
WO paembizeg path. In an exenplary filter structeCEUSI008039903

alternating T-shaped portions of the filter provide

the conmpensation. In a mcrostrip coupled line, the

odd node is faster and tends to travel on the edges of

the line, while the even node is slower and travels

along the center of the coupled |ines. The exenplary

filter architecture illustrategd in FIG 1 conpensates

for the m snmatch of phase velocities of the even and

odd nodes in the filter structure by periodically
sectionst32d0aindghstli®d pprtad, By. daldjausemengalalryeerebedirm&rdaihe trace pattern

may e @Brictect sl PRt RhneRERi BrBRGRRSnt . most of the
pg@f?e TREPSHSR 'v@fbc'it? RisPvateREs f Méee'vreﬁw(bdd modes may be

ions. Some phase’ conpensati on ma provi ded by
compeasa}tedg)yteréem@ngtﬂh% odd moge tfamjlngopat%nétaamym@mfﬂtﬁéstructure

e RSB TINHE PR oF R, BB BARb S mcrost

coupl8d iRestheiddidi made i Bstarrarld teade oty et thafddgess dfftiee line, while the
phase velocities of the even and odd nodes

ro

even nedgris slgyer andravels alpﬂalthe egnter ofahe soyplgd aE . & %ef%p'ary filter
o f .

scnp L3100 SSSSEPHBLALI SO B Lt bebciio of e

even @&ingl edd rmodes! b:stthetf&teZ%tru‘Ehﬁecbmculwbd'rcaﬂy rinfosduing astbs, and by

adjusting Menelec CoRenalpy LDE aeHel HvE pupleiesestos in fe fiter. nan
exeméﬁ%‘é‘iﬁ&cﬁju%énrarﬁoé’t Seingihdse EdfperSation B StodRidd by the T-shaped

al cul’at ed phase velocities for the even node
portlohse) Sanmh ptialsemdmp(eme;tlm nzay becpriogidest by tvarying itbe lengths of the

f w h.
coupigd gt Fpvaforithe FBRTRABASNEI Gt or BY pbfmftion.
a[1t5qenuq:t|@g 142 42ndepind héwdvémrtmmm@eggn Eﬂm@a\Meté‘rs FbfSa microstrip

h very good out-of-band rejection.
transrgmpm bme smbkodimenbafiast ther phase yalositiesr elgiieneven @f‘daQ\dd modes

propaga‘terqg facl:;é %%uplgzil fﬁf&‘?ﬂt%.%‘p\ |§)\ée5|aarammat|c illustration of edge-

coupled conductor strips C1 and C2 formed as microstrip conductors on a surface of a
dielectric substrate 23. The conductor strips C1 and C2 are arranged in parallel, and are
spaced apart by a distance s. As depicted in the end view, FIG. C, the substrate 23 has a
height h. FIG. 4C is a graph showing calculated phase velocities for the even mode (ve)
and odd mode (vo) as a function of the ration s/h, and for different ratios w/h.

[16] In an exemplary simulation embodiment, the filter 20 attenuates the 2" and
3 harmonics as shown in FIG. 3 with very good out-of-band rejection. FIG. 3 is a graph of
attenuation as a function of frequency for an exemplary filter implementation, over a
passband centered at 10 GHz, with a nominal bandwidth which is about 2.5 GHz. FIG. 3
illustrates an exemplary simulation plot of the return loss (S(1,1)) and insertion loss (5(2,1))

as a function of frequency. The exemplary simulation embodiment whose performance is



passband centered at 10 GHz, with a nom nal bandw dth
which is about 2.5 GHz. FIG 3 illustrates an
wez@opbasy simnmul ation plot of the return | oss PS&(/11S2005/039903
1)) and insertion loss (S(2,1 )) as a function of
frequency. The exenplary simnul ati on enbodi nent whose
performance isdepicted in FIG 3 was done using
Agil ent=s ADS linear simulator tool. This exenplary
enbodi mnent of a microstrip filter also exhibits very
low loss filter with very highyout-of-band rejection
characteristics. This exenplary filter enbodi nent
exhibits a good |inear phase for over 80% of the
depicfad inelrlGhehdmisdidne wEingdgilest=snADBdineas simulatoritoes This exemplary
characteristic have been suppressed. [ 17] An .
embogirpeat of@micsestripdilter alse exhibity uexy lowrdpsihlterméthwary high qut-of-band

oo RTINS A A Bbognarphse or
over §0%tc#tise filterlf¥ndWidts. fHaArh®nicy inhhé étsentien 1038 characteristic have been

inplemented in a transm ssion |ine type other than
Suppreseedstrip, e.g. in stripline or copl anar wavegui de. [

184-1An . i i s i | : e .
PSSO o TR VAP et I Bt roucton
of sizé@hd Weighhef moshmioovaye irtegmated oirpuitsswhich/ilipe mugtiple filters.

¢ Pl mils B erialechse o eyt SRER L A SasBissianyine type other
than ﬁ?‘ésif%gtggaéqum §trﬁb‘liﬁé‘%€%Qpliaﬂaﬁwéeéﬁ@iﬁbi ne or series of

bends, "eac conprising edge-coupl ed resonat or
sE@li oAmother exeMpidmy patbodlimentds illustspieslda Fi@. 9.twhich depicts a layout

o aSyes 30 FRTBIn SRR B HRRRT L 102 758 i se

velocRPebmbeRSafidrefisestaissionNhedfeetigh I00s TheitrariRaiissibe lindistbtion 110 is
a spaci ng between them Simlarly conductor sections

arrange® in Bpeerpeatine gs-sesigp| A dJ-shapad hendso earky sompising edge-coupled

n nds 40, t 14, -
resorgff SERAET A% PRSI Sor8BF SRSl RpBhE. For oxample
condu@ogidiont 112e 114 arewed arepltwaetengtnsn etgctrddas tength at an operating
adjusted to_provide phase vel ocity conpensati on. ,Tt?e
frequengy, @ndzase dispesed i Basliel it a Spﬁcgas&eéweﬁﬂ&w Similarly conductor

sectioHs’ 1 8, 1% afeCEd g BoMIEd. ADsIRRIIPHSHi¥n PASSRHMEctsSends of conductor
sections 114, 118, and provides phase velocity phase compensation. The lengths of the a
wavelength sections may also adjusted to provide phase velocity compensation. The filter
100 can be constructed in microstrip or stripline, for example. An exemplary passband is
200 MHz centered at 1.85 GHz. '

[20] Although the foregoing has been a description and illustration of specific
embodiments of the invention, various modifications and changes thereto can be made by
persons skilled in the art without departing from the scope and spirit of the invention as

defined by the following claims.



200 MHz centered at 1.85 GHz. [20] Al though the
foregoi ng has been a description and illustration of
WG p@e6iobizs4 enbodi ments of the invention, vari OUBCT/US2005/039903
nodi fi cati ons and changes thereto can be nmade by
persons skilled in the art wthout departing fromthe
scope and spirit of the invention as defined by the
followi ng clainms. CLAIMS What is clainmed is: 1. An RF
bandpass filter circuit, conprising: a first
I nput/output (1/0 port (22); @ second |I/O port (24);
a phase velocity conpensation transm ssion |ine
section (30) coupled between said first 1/0O port and
the second 1/0O port, said GLAIMYi ssion |ine section
conprising a plurality of parallel-coupled conductor
portions (32-40) arranged for signal coupling between

alNertiataiaeadict ors; the phase velocity conpensation
transm ssion |line section conprising a plurality of

shaped conductor portions for phase velocity

COMERRII AL FREPERIN BoRiifsfRds and even mode

propaga A filter according

t a fightahputloutpbefl@)para(2R)shaped conductor portions are
Tshaped E/rtl 025 and have a first conductor leg, and a
t?éﬁ%%‘? B624532B- 40B) oriented transversely to the

tﬁ gﬁ%sé@erocﬁ csmf ebgsgo@ﬁgr%rﬁiseﬁmnm Jetidh 30 Vo @drbetween said

transver sald ape porti bIS
first /©giadt &nd tte $@:xg>nd4/0 p@rtfsald gansssian ling se@tlanyompnsmg a plurality of

parallq come& cohdmor portlo ?3? H&f’grré/ﬁge%pfor glg oup?ng 'beRNeen alternate

conductors;
the phase velocity compensation transmission line section comprising a plurality of
shaped conductor portions for phase velocity compensation of respective odd mode and

even mode propagation signal components.

2. A filter according to Claim 1, wherein said shaped conductor portions are T-
shaped portions and have a first conductor leg, and a transverse stub (32B-40B) oriented

transversely to the first leg.

3. A filter according to Claim 2, wherein the transverse stub of said T-shaped

portion bisects said first leg.

4. Afilter according to any of Claims 1-3, wherein the phase velocity compensation

transmission line section is a microstrip transmission line section.

5. Afilter according to any of Claims 1-3, wherein the phase velocity compensation

transmission line section is a stripline section.



transm ssion line section is a mcrostrip transm ssion
line section. 5. Afilter according to any of Cains
wa2®8¢/008384 ei n t he phase vel ocity conpensati on PCT/US2005/039903
transm ssion line sectionis a stripline section.6. A
filter according to any of Clains 1-5, wherein the
phase vel ocity conpensation transm ssion |ine section
conprises: a dielectric substrate (23) having first
and second opposed planar surfaces; a ground pl ane
(25) fornmed on the first substrate surface; said
paral | el -coupl ed conductors forned on the second
dielectric surface in a staggered arrangenent about a
linear filter axis (26) with gaps between ends of

o BBt PRS0 357 ol BB SR ity fopppensatin
transr@%@i%ﬁ mﬁ@@_é%hb?{ coRprR_gation line section provides

npensation for an odd node propagation velocity
vihidetedtsc gubstrate (2Bhhaving dtemndoesopd apRgser gianar surfaces;

vel ocity., 8, filter r.di di

& BN plare (#okarmeh ORE e s RaRIBEE e [P ¢ or

A fd PHANSDRBILY condectoRatrmed onithe seugpendiléatric surface in a
transm ssion [ine section. 9. A filter accordin

staggereyl grrangsmery abost mlingAekitaraxis(2g) withaars ket Qts‘%s of alternate
condulff%)\_’ys&gﬁf'q\{iéé Egéégggpﬁgdd first and second I/0O ports.

er to any of Clainms 1-5, wherein
the transm ssion |ine section is arranged in a hairpin

configuration (1 10). 11. A fiJter according to. i m .
10, Rfndiiter AACREa® e @NY oRESEENG G JMRer ﬁ’l s%éjgg}aese velocity
i i i bfidh forigbd@wicdd Bropagdtion velocit
comp%ﬁ%@{&?gﬁea%bc%toﬁfﬂggﬁggg gh{;’ﬁ’g?%%'@? rrsr 1-5, wher elen pséi d Y
whichd@graateothapaart ewers mcgie-propagatioravelagited i n a st agger ed
arrangenent about a linear filter axis (26).
8. Afilter according to any preceding claim, wherein harmonics of a response of the

filter are suppressed by said phase velocity compensation transmission line section.

9. A filter according to any preceding claim, wherein said filter is free of low pass

filters at said first and second I/O ports.

10. A filter according to any of Claims 1-5, wherein the transmission line section is

arranged in a hairpin configuration (110).

11. A filter according to Claim 10, wherein the shaped conductor portions (116)

are arranged in U-bends of the hairpin configuration.

12. Afilter according to any of Claims 1-5, wherein said conductor portions (32-40)

are arranged in a staggered arrangement about a linear filter axis (26).



