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to a nultiple-node filter suitable for inplenentation in a radio frequency
(RF) integrated circuit. : ‘ ‘ -
MULTIPLE-MODE FILTER ‘

FOR RADIO FREQUENCY INTEGRATED CIRCUITS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to US Provisional Patent Application

No. 61/406,588, filed October 26, 2010.

FIELD OF THE INVENTION
[0002] The present invention generally relates to multiple-mode filters, and more
particularly relates to a multiple-mode filter suitable for implementation in a radio

frequency (RF) integrated circuit.

BACKGROUND OF THE DISCLOSURE

[0003] For many communication devices; microwave filters are an integral block. Filters
having high performance while utilizing small silicon area are ‘highly sought after
because commercial market trends are constantly striving towards low cost and highly
integrated solutions.

[0004] Silicon based manufacturing processes have been the dominant leader in low cost
and ability to achieve a high level of integration. However, passive filters have difficulty
being Aintegrated onto silicon substrates. Firstly, passive devices are silicon area hungry
and lump elements or transmission line filters are known to occupy huge areas, of-'ten/
making them too impractical to be integrated on an integrated circuit chip. This situation
is made worse in lower frequency applications where the required sizes for effective

- operation of such low frequency filters are even larger. Secondly, silicon substrates- are
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[0006] There have been numerous works and publications on the fabrication of passive
filters based on silicon process. For example; a planar ring resonator has been fabricated
within a CMOS manufacturing process. The ring resonator includes a perturb stub and
functions as a dual mbde bandpass filter at 60 GHz. Yet the siiicon area required for
fabrication is still large and the resonator has poor selectivity. In another implementation,
a bandpass filter operating at 77 GHz has been fabricated within a Silicon Germanium
(SiGe) manufacturing process. The filter employs lumped elements, spiral inductors and
metal insulator metal (MIM) capacitors, yet still suffers from high insertion loss. Other
attempts include attempts to incorpérate a filter monolithically.
[0007] In a bid to achieve high integration, film bulk acoustic resonators (FBAR) are
used in conventional filter designs. Unlike ceramic and surface acoustic filters (SAW),
fabrication of FBAR filters is compatible with conventional integrated circuit materials
and manufacturing technologies. FBAR devices include a piezoelectric layer, ‘such. as
zinc oxide or aluminum nitride, sandwiched between two electrodes and positioned above

a cavity in a substrate. Through a combination of series and shunt FBAR resonators in a

- ladder configuration, bandpass filtering can be performéd. Similar to FBARs, high

2-



[ 0006] There have been nunerous works and publications on the fabrication
of passive filters based on silicon process. For exanple, a planar ring

r esonat orWRZ812IBEW8f abri cated within a CMOS nanuf act uri RETHEEEHE037The ri ng
resonator includes a perturb stub and functions as a dual node bandpass
filter at 60 GHz. Yet the silicon area required for fabrication is still

| arge and the resonator has poor selectivity. In another inplenentation, a
bandpass filter operating at 77 GHz has been fabricated within.a Silicon
Ger mani unasp&it Gefio fmeldokitgUiralRgudtO CIBES) andQefldctdr® allBWPCRNSS Ibdasaeda ¢} ement s,
spiral inductors and netal insulator netal (MM capacitors, yet still
suffers fre@maldrofd dchReS GERMFrd @S ties Ve hioh Sl I e |
incorporate a filter nonoli trﬁllqcal ?Sy.l [01(%0 lﬂgtfgnd&aghpg g%}ﬁeg%%ﬁf«%
integratiQreat fiRPY i tors ((FBAR).. are used in cqnventional
filter designs. 1UﬁF%ﬁle@g%%%&a%%?egﬂr?efcg%ogoé%soﬁrgtlluﬁlt‘%i for @P%ﬁ ?@A%a? at

fabri cat iﬁ;)n of %I%@B fgh%ﬁrs is conpatible with conventional integrated

circuit materiars and uf acturing technol ogi es. FBAR devices include a

pi ezoel e i ayer, .such as_zingc oxide or alumnumnitride, sandw ched
bet ween tﬁwsilljé‘&‘{“rgéd@g WhP p@&‘flﬁmﬂaa@&é HrusBigs; anpthery bandpsss flter
Through a conbi nati on of series and shunt FBAR resonators in a | adder

conf i gur &€piam cah e sgskized. 1 iParadlel RYV stmctess yen farme dair §F riekmicallpcdphdds, hi gh
aspect ratio interlocking transducers (I1DTs) and reflectors all ow CMOS
based SAWiee$omatfoms filtoring HietiensGHHdwesen FFRARSSAM Andi TRV Gtiattutey all
functionality. However, FBAR or SAWfilters inplenmented with current

t echnol ogegsreaspecihli proteasing 6tepé) diniting eicibicaladlitf 26 4ONEAAIOREMNISIGHZ -

[ 0008] Through the use of thru-silicon-via (TSV) structures, another

bandpass shidH 4seCMIES; iSI0e BIOMSS, [(RAlsi A8dnp Pamald ﬁ{erilﬁb&oéés@ﬁﬁ%tswtpg%ré:ﬁ‘& forma

pair of electrically coupled lines to performfiltering tunctions. However,

FBAR, SAW:aiesthoMrEtiniatet , ' i al. ' teps.,,liniting
Chelv Som attbdrEUlieh e RSI6h bro:fdtl xRS0 IRSEF bl o hERBsr G

Cans and il e85 BodRESIaAl (HLAFEPRLAY Steps are not within standard

silicon fabrication processes, ereby requiring special care and material s

which le bot ost and. rel.iability issues. .[0009]. Thus, what is
needed i @2%?5‘?15’ per fbsrn ﬁ%&ejlsfai lanfgﬂrpeﬁ-lg?%/aé‘ﬁe ?‘B&‘Uiﬁ‘?sf cpiging s@aflidligenar ea
whi | e bei ng %gtﬁl i/}H%SC | abl 3 i.nto one or nore of the conventional integrated
circuit FEBATEEHE Hghly6tials duo opeor morsst the copkattiondsnicarsted diesnitur es and
characteristics w |l becone apparent fromthe subsequent detail ed
descri pt FORCHIE ternolggissn deatheraerrsotherdasiabla feaswres and icharastieridtics Ivell
accorrpangi ng draw ngs and this background of the disclosure.

ecome apparent from the subsequent detailed description and the appended claims,

taken in conjunction with the accompanying drawings and this background of the

disclosure.

| SUMMARY
[0010] In accordance with one aspect, a multimode bandpass filter is provided. The
bandpass filter is fabricated on an integrated circuit and includes a first set and a second
set of filter coupled elements and a perturbing element. The first set of filter coupled

- elements, ‘the second set of filter coupled elements and the perturbing element are all



SUMVARY [0010] In accordance with one aspect, a multinode bandpass filter
I s provided. The bandpass filter is fabricated on an integrated circuit and
i ncl udes WORPIE7H8t and a second set of filter coupl ed PETSERHIHIGTH a
perturbing elenent. The first set of filter coupled elenments, the second
set of filter coupled elenments and the perturbing elenment are all
coupled to a common node. A first end of a first one of the first set of filter coupled
ellements and a first end of a first one of the second set of‘ filter coupled elements are
coupled to the common node. A éecond one of the first set of filter coupled elements
includes an input transmission line .having one end coupled to an input port and an
opposite end being open—énded. Similarly, a second one of the second set of filter
coupled elements includes an output transmission line having one end coupled to an
output port and an opposite end being open-ended. |
[0011] In accordance with one aspect, a multimode bandpéss filter is provided. The
bandpass filter is fabricated on aﬁ .integrated circuit and operates as a
microwave/millimeter-wave filtering circuit. The baﬁdpass filter includes a first set and a
second set of filter coupled elements, a three-port “T” transmission line junction and a
perturbing element. The three-port “T” transmission line junction has a first port coupled
to a ﬁfst end of a first one of the first s.et of filter coupled elements and a second port
coupled to a first end of a first one of the second set of filter coupled elements. The
perturbing element is coupled to a third port of the three-port “T” transmission line
junction. A second one of the first set of filter coupled elements includes an input
transmission line and has a first end thereof coupled to an input port and an oppbsite end
thereof having an open end. A second one of the second set of filter coupled elements

includes an output transmission line and has a first end thereof coupled to an output port

and an opposite end thereof having an open end.
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multimode filter in accordance with a second aspect of the present embodiment.

[0016] FIG. 4, including FIGs. 4A and 4B, are diagrams illustrating transmission line
models of multimode filters with an open stub thereof replaced Wifh a lumped element
capacitor. FIG. 4A illustrates a non-elliptical multimode bandpass filter in accordance
with the present emBodiment wherein a perturbing stub thereof is replaced with a lumped
element capacitor. FIG. 4B illustrates an elliptical multimode bandpass filter in
accordance with the present embodiment wherein a perturbing stub thereof is replaced
with a lumped element capacitor.

[0017] FIG. 5, including FIGs. 5A and 5B, are front, right, top perspective Viéws
illustrating transmission line models of a non-elliptical multimode filter and an elliptical
multimode filter in accordance with the present embodiment. FIG. 5A is a perspective

- view of the non-elliptical multimode filter in accordance with the present embodiment



[0014] FIG 2 is a top planar viewillustrating a transm ssion |ine nodel
of a non-elliptical nmultinode filter in accordance with a first aspect of
t he presemP 28R¥dI%%ent. [0015] FIG 3 is a diagramill uSCTEG2Hg/ 080377
transm ssion |line nodel of an elliptical nultinmode filter in accordance

Wi th a second aspect of the present enbodinent. [0016] FIG 4, including
FIGs. 4A and 4B, are diagrans illustrating transm ssion |ine nodels of
multinode filters with an open stub thereof replaced with a | unmped el enent
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enbodi ment, whgregl n a perturbing stub thereof is replaced with a | unped
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enbodi nent wherein a ground shield is not depicted. FIG 5B |s a

per spect fopgewpestiveiviavhef e nppelliptral mulimadaiilierin peqordanog wi th%ﬂ@ée% th the
present enbodi nent wherein a ground shield is not depicted. [0018 FI G 6,
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mul tinode filter in accordance with the present enbodinent. FIG 6A is a
front, righéliptiap manspectfiliee ivisevordinct heitmohe ekdsergt érsbddimentt withdbef i | t er
in accordance with the present enbodi nent wherein a ground shield is not

depi cted roﬁh&hlggﬂq@n@tegl de planar view of the non-elliptical multinode
filter i n accordance wth the present enbodinent with the ground shield

i1 ust raﬁ)@%] FIG. 7, including FIGs. 7A and 7B, are views illustrating a non-elliptical
multimode bandpass filter with skew coupling in accordance with. the present
embodiment. FIG. 7A is a front, right, top perspective view of the non-elliptical
multimode bandpass filter with offset in accordance with the present embodiment
wherein a ground shield is not depicted. FIG. 7B is a side plaﬂar view of the non-
elliptical multimode bandpass filter with offset in accordance with the present
embodiment with the ground shie‘ld‘illustrated.
[0020] FIG. 8, including FIGs. 8A and 8B, are views illustrating a non-elliptical
multimode bandpass filter with input ports feeding from a higher metallization layer and
with offset in accordance with the pfesent embodiment. FIG. 8A is a front, right, top
perspective view of the non-elliptical multimode bandpass filter with input ports‘ feeding
from a higher metallization layer and with offset in accordance with the present
embodiment wherein a ground shield is not depicted. FIG. 8B is a side planar view of the

- non-elliptical multimode bandpass filter with input ports feeding from a higher



[0019] FIG 7, including FIGs. 7A and 7B, are views illustrating a

non-el liptical nultinode bandpass filter with skew coupling in accordance
with the WP ®Rbodinent. FIG 7A is a front, right, PEASGBREHHPEETi ve
view of the non-elliptical multinode bandpass filter with offset in
accordance with the present enbodi nent wherein a ground shield is not
depicted. FIG 7B is a side planar view of the non-elliptical multinode
bandpass filter with offset in accordance with the present enbodinent with
t he groundetglhizalon laydruat vethecffsef @02@brdah&s with thdlebihi RebbHiEent §Aerid 8B,
are views illustrating a non-elliptical multinode bandpass filter with

i nput porthégloerdsmigd imam@dhi gher netal lization layer and with offset in
accordance with the present enbodinent. FIG 8A is a front, right, top
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bandpass filter wth input ports feeding froma higher netallization |ayer
and withn8hn§1§tfat¥a1 accordance wth the present enbodi nent wherein the
ground shield illustrated. 100211 FIG 9 is a top planar view of a
non-el | i E 0224 F1Gu110; dedudipg filpss d0Ai prdrl0R, t #re mieanplenam yiewisn bisirating
accordance with the present enbodi nent wherein a ground shield is not

i |1 ust r atedtimedrp bandmpssG filte, withe linfehidigital-(li@es i OAccanddndeO Byithariee tpogzemd anar
views illustrating multinode bandpass filters with interdigital lines in
accor dancmbedintent. h&1Gr 841t aevibedifne non-eHipeal Iitin®da bahéMisofil@r with

non-el l'i ptical nultinode bandpass filter with interlocking fingers for the

coupl ed fnteekingsfingerd forehe icbuled @baaRERoMihel inh&cBfdRAGN it 'O Phdveit
wherein a ground shield is not depicted. FIG 10B is a view of an

SLLB% ;ﬁ gigbsmm?iﬁh?ﬁg&eilﬂ%Bﬁ%shﬁélb 1ot WepiBeeBUIFIG Pl 0B 15 GEL QFKh @Fi&)ftii:ﬁger s in
present enbodi nent wherein the ground shie I'S not
i [T ustrabflimode bandpass filter with multiple interlocking fingers in accordance with the
present embodiment wherein the ground shield is not illustrated.
[0023] FIG. 11, including FIGs. llA. and 11B, are top planar views illustrating
multimode bandpass filters with hairpin resonators in accordaﬁce with the present
¢mbodiment. FIG. 11A is a view of a non-elliptical multimode bandpass filter with
 hairpin resonators in accordance ‘wilth the present embodiment wherein a ground shield is
not depicted. FIG. 11B is a view of an elliptical multimode bandpass filter with
miniaturized hairpin resonators in accordance with the present embodiment wherein the
ground shield is not illustrated.
[0024] FIG. 12 is a block diagram illustrating a cascaded multimode filter topblogy in
accordance with an alternate embodiment. |

[0025] Skilled artisans will appreciate that elements in the figures are illustrated for

- simplicity and clarity and have not necessarily been drawn to scale. For example, the



100231 FIG 11, including FIGs. 11A and 11B, are top planar views

i llustrating multi nobde bandpass filters with hairpin resonators in
accor danc¥ORPtHSTWE present enbodiment. FIG 11A is a viPEWSER01H/000377
non-el liptical nultinode bandpass filter with hairpin resonators in
accordance with the present enbodi nent wherein a ground shield is not
depicted. FIG 11Bis a view of an elliptical multinode bandpass filter
wWith mniaturized hairpin resonators in accordance with the present
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a block diagramillustrating a cascaded nultinode filter topology |n
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appreciate that e nts | ures are Il at ed |C|ty and

clarity an neces g wn to scale. For exanple t he
dlnen5|on§g%ga%dﬂ%o&?e PI&eTE R %%ﬁ?@ﬁ?ﬁm HEFR§ures i1l ustrating integrated
circuit architecture may be exaggerated relative to other elements to help
to i nprove understandi ng of the present and alternate enbodi nents.

DETAILED DESCRIPTION

[0026] The following detailed description is merely exemplary in nature and is not
intended to limit the invention or the application and uses of the inveﬁtion. Furthermore,
there is no intention to b¢ bound by any théory presented in the preceding background of
the invention or the following detailed describtion of the invention.

[0027] It is an object of the present invention to provide a filter which is able to
overcome the limitatiohs of the prior art, such as difficult to scale and high éost and high
silicon area requirements. A bandpass filter structure is introduced’ which uses two pairs
of coupling elements to provide rejectioniof out of band signals. In accordance with this
present embodiment, a perturb element is added between the coupliﬁg elements, allowing
the filter to operate in multimodes due to the creation of additional transmission zeros.
Multimode functioﬁality allows thé filter to have selgctivity»across a wider bandwidth
with low insertion loss. Fabrication of a multimode bandpass filter in accordance with
this present embodiment is fully com’patiblev with standard silicon-based processes
without the use of additional processing steps. Further, due to its ability to be fabricated
on a silicon-based substrate, the filter may be miniaturized in order to be fully integrated
for a complete system on chip (SoC) solution. Also, the filter can advantageously bé
fabricated in a multilayered configuration for further miniaturization. These and other

- features, and the advantages achieved thereby, are described in greater detail hereinafter.
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enbodinent is fully conpatible with standard silicon-based processes
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to be fabricated on a silicon-based substrate, the filter may be
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non-el liptical multinode bandpass filter 100 in accordance wth a present

enbodi Memffrstiafid d@BLE iRk sekiidnitilapd second filter coupled elenments 11, 12 are
unit elenments representing coupled transm ssion |lines. Coupling elenents

represen . . i . Widh a netical ly coupl ed
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to the segcond filter coupled elements .12. These coupling el enments, have a
char act e?’? g?n:jl():e Ilnror%lgla%ﬁoclél% u?@"gg‘g’a’éﬁ’i‘lléﬁl%ﬁrﬁ’%ieﬂ% ge Hgélfe ERSIRSIOBY t ur bi ng
el enent 10, havi nggda vakue of Y' is ﬁonnect ed in shunt in the mddle of the
equi val eAtORSIRIRY e bapdress fieaae shapsstAnsks emngedhaccogdinglie Fher Blterand
second filter sections 11, . 12. [0029] Wth the introduction of Ys, the
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i ntroduce nore transm ssion zeros. Depending on the transm ssion zeros

i nt r oduc&aproveemylivepsissdter idesigr.i Bhe shwdtprodeaintdsen ebandpade adthathelipragént. The
filter utilizes electromagnetically coupled transm ssion lines with the
perturb smbodit@nt o capable mbrapviedaltyusettinmpobaltfniddeeperthetsitign . and eansMlssiopode
filter in accordance with the present enbodi nent is capable of optionally
setting mibt jereeigiopewhild hadinemianNd fiftanpaisS BiRIvid@r By GRNRLAL | PReMbh! €
maintaining a filter pass bandw dth by selecting a certain conbination of
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filter coupled elements 11, 12, and size of the open (perturb) stub 10.

[0030]. The filter coupled elements 11, 12 and the perturbing element 10 are coupied
together at a common node. Alternatively, the common node could be a three-port ‘.‘T”
transmission line junction having a first port (1) coupled to the filter coupled elements 12;

a second port (2) coupled to the filter coupled elements 11 and a third port (3) coupled to

- the perturbing element 10. Also, optional transmission lines could be coupled between



[0030] The filter coupled elenents 11, 12 and the perturbing el enent 10 are
coupl ed together at a common node. Alternatively, the comobn node coul d be
a t hr ee- p¥PL2012105708ansni ssion | i ne junction having a fi PST/SEE11/000577 coupl ed
to the filter coupled elenments 12, a second port (2) coupled to the filter
coupled elenents 11 and a third port (3) coupled to the perturbing el enent
10. Al so, optional transm ssion lines could be coupled between the filter
coupl ed elenments 11, 12 and the conmon node or three-port "T" transn ssion
i ne jungti®@n I j Itk W OF l,SSi on
l'ine rmdg'fe %&ggﬁﬁﬁ%éﬂe |e;ﬂ)%tsi1§é?§rgrfﬁﬂl}%rr%gggﬁ ?‘%cgpz%%hﬁwnaccgtg gﬁ({‘}gg\i}m th a
first aspect of the present enbodi nent. The nultinode bandpass filter 200

shows then%P%ﬁ%ghd filter configuration, including an open stub 23 with

i npedanc electric length.02. The open stub 23 js.connected to a
e pofSTRERE AT b o BRTm oV of A1CHIBENGR HHE aaeL RS POMCRRER. coupl es
a first port (1) to a first end of a first one of a first filter coupled

el ement smdtimede filiny 20840 geepadange) Witdra figsppsneet of the prasentfanbodierti (e one of
a second filter coupled elenents 25. A second one of the first set of
filter coupirelediandmass ltar200sbowsiths paoposerbliltertconfigiritami, teludingancopgnhas a
first end coupled to the input port Pl and an opposite end bei ng '

open- endedb 24 widc ongkdaiee Hf aridhdectdc eagths@{. The bpdit gub CBuUpL@theetkeénent s 25

i ncludes an output transm ssion line and has a first end coupled to the

out put peHild 32t BNEf AthrePpers i T'eraidchi @R jdedion MIAcE diplad fikepshiigsi on

| i nes advant ageously provi de both even-node i npedance and electric |length

of Zoe apd, first 8o CHfrsIBAELS m&gﬁﬂ&%oﬁgl@d %ieﬁf‘ehfsiﬂadndlc%ﬂgtzba £89n8p8r: 00,

respectively. [0032] A coupling gap S 24 together with the paraneters of

t he ope n(%jttélgﬁgsgsgfﬁjﬁg H}s{'&?e Jfﬁ%a%?%@@?%&?é&déi‘éxgéﬁ fﬂqutSQc%38Bﬁ£ g%tihg?hremdes

of the filter erefore, un ent coupling conditions, ‘
nunber of. reso i n | enenat.ed (s di.fferent.. For .exanple, for weakly
Coupt e I ST anleP el RedFNE o7 iuded o8 iR mis SR BF PR Afs 2 5%,
strongly cpupl cgondi tions, additional poles introduced by open stub 23
al | ow muft m@ﬂaﬁ dERB RO FI 5 ]ﬁnmose;tsab# Being PRGrsTAIS; ArierTieRogE ¢ ho

filter coupled elenments 21, 25 could nmake o
the second set of filter _coupled elements 25 includes an output transmission line and has a

first end coupled to the output port P2 and an opposite end open-ended. The coupled
transmission lines advantageously provide both even-mode impedance and electric length
of Z,. and 6, and odd mode impedance and electrical length Z,, and 6, respectively.
[0032] A coupling gap S 24 toge_thér with the parameters of the open stub 23 determines
the passband bandwidth and the operation modes of the filter 200. Therefore, under
different coupling conditions, the number of resonating poles generated is different. For
example, for weakly coupled situations the number of poles generated is lower, while for
strongly coupled conditions, additional poles introduced by open stub 23 allbw
multimode operation. |
[0033] The coupled transmission lines of the filter cdupled elements 21, 25 could make

- use of coupled microstrip lines. The structure could also make use of other forms of
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use of coupled mcrostrip lines. The structure could al so nake use of other
forms of mcrowave transm ssion nedi um such as coupled CPWIlines. Al so,

ot her t haWOGAIYOST®BNg a straight stub architecture for PRESERIHIPBTEl enent
23, the perturb elenment 23 could be a radial stub or a stepped stub. These
listings of transm ssion |ine nmediuns and stub structures are not limted

to those disclosed, as those skilled in the art will realize that nunerous
other structures could be utilized in accordance with the principles and

overal | siittotlavié GrafisthisQoh nddidniisecH bd tQIPISPEPHN linkl tA16S, "GRG thaPbh/nal
transm ssion lines 22 could be added to the filter structure to connect the

filter coupl aduflaRIRIN frcfilecnit® fdrhd b ErttneOss, u{egaﬁnafbg%%@fm%g%%ﬂﬁ port

(2) of the three-port transm ss I ne juncti ferring to

FIG 3, Be g: r?@iéf&%hr' zly ;g‘]tter A ﬁ?t‘lhnsgg io? I?ra}lsirrii1 Ssiom g‘%li m%%]iu?r{,% ea?llS:S ;:,]f al

mul ti node cordance W a second asp

enbodi nment. Wth the introductio f additional_ coup|led transm ssion |ines
ST 0o ¢ natmsesren Lkl it daredan Gamorated Hiherrpl et er
transfer function. One end of the newly introduced transm ssion |ines 31
are t er nTHREWYS Phel sBisRIeEAUIdbs WHlizsd fpccariaacewith theupinsiplesandipyeralput
transm ssion line of the first filter coupled elenents and the out put

t ransmi ssiregiuniejsgeowfin thie fidter desienf | Furdernerapdpsivnall teansmissiondjpes 22 eoulde
coupling to the input port P1 and the output port P2, respectively. The

el |'i pti cak aflddd orthd@itensinentragecesikyt thenfilter esipied] dahemn 2 he2f to the fpsssband
as conpared to all-pole filters. Wiile shown in FIG 3 as strai ght stubs,

t he couplped (1)raadsie esomipdri (2esf B tieeipdre“T o amehiRPonTRRGEREohi ne coupl ed
| i nes, coupled transforners or coupled inductors with one end shorted to

ground. Tduaa} Refeerifd oUIGEUS & SiadtaR8IeshRbk t2hGHistibn AndBY IR n CRIHERS

required silicon area while still providing the inproved performance of an

el i pti cgluikhddeStitted SRR a#ﬁbﬁanée tP(S%J g%.bﬁ'(g ableCP af ﬂﬁi @?&n@%mb%ﬁﬁleﬂi.gg;ﬁns

illustrating transm ssion |line node mul t1 no ers wth an
stub t her\?@lﬁl( t}{eqmrggu%gow of gd(%ti(l)l%larlr%ggplgé %gl?s%ission lines 31 to the filter 200, the

filter 300 can generate an elliptical filter transfer function. One end of the newly
introduced transmission lines 31 are terminated to ground while the other ends are
coupled to the input transmission line of the first filter coupled elefnents and the output
transmission line of the sécoﬁd filter coupled elements opposite the coupling to the input
port P1 and the output port P2, réspeqtively. The elliptical filter 300 advantageously
improves rejection near the passband as compared to all-pole filters. While shown in
FIG. 3 as straight stubs, the coupled transmission lines 31 can be formed as meander-line
coupléd lines, coupled transformers or coupled inductors with one end shorted to ground.
Thus, the structure can be established in a way that reduces required silicon area wﬁile
still providing the improved performance of an elliptical filter. |
[0035] FIG. 4, including FIGs. 4A and 4B, are diagrams illustrating transmission line

- models of multimode filters with an open stub thereof replaced with a lumped element
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capacitor in both a non-elliptical node filter 400 and an elliptical node
filter 450. FIG 4A illustrates the non-elliptical multinobde bandpass
filter 40002A1245¢W8dance with the present enbodi nent wh&EEISE2HANSET t ur bi ng
stub 23 (FIG 2) is replaced with an equival ent |unped el enent capacitor
41. FIG 4B illustrates the elliptical nultinode bandpass filter 450 in
accordance with the present enbodi nent wherein the perturbing stub 23 (FI G
2) is replaced with an equival ent | unped el enent capacitor 42. The

capaci t ogap4ditor 42 b6 MR-dlijtivalvmode fiker 400sandainaaliptietbinodd/fiNgr £4padGt or
structure, a poly insulator poly (PIP) capacitor structure, a MOSFET

capaci t 0f5 §htdGidd Ge nBhelliptiedldhaliihdle Gandasd AlterS400UEL bicOrdancamythcpaci tive
structure. 100361 FIG 5, including FIGs. 5A and 5B, are front, right, top

re, 100361 | ncl uding FIGs,” 5A - front, Tight, top
il 1 ol e B A B R 2 Y e Be® 0By cance.

an mul ti node filter 550 in accordance
ith th g nbodi t. Fl A j i i .
hon el I R ARDRL SRt sParis A Wb apd HRAEEL e o Hhulilibae
depicted. FIG 5B i : ti i f t | '1i pt,ical ltimpde filt
550 wher BATHPERS GHisEAS0 b AEAoHARES MG IR Bres fmRodment MHacra GRS iBng e ¢ by ee

di nensional transm ssion |lines representation of the non-elli ti%%l filter
200 of Fstab 23, (RGn2) ay irsplaced qviths pn ggpivalent fumapedpgleraeny (aRAdiog g 1he

transm ssion lines representation of the elliptical filter 300 of FIG 3.
The couptapdcitaraisA2 s®1 bma kigves mgtal mselatoefrmetaﬂéﬁﬂl\@ice@aoatpbstﬂ@wr@saemléd by

hori zontal coupled lines 52, while the coupled lines on the right hand side
i s showninsylawe pplyePIP) camcitd. stilibergpeMOSFET tapacioprsevemtee dnbytesdigitadt ure 51.
The coupled lines 52, 53 and stub 51 are fabricated within the same

net al | i ZgdgabiforlsBi&lre oF ARy Ogpfatiin@birdchagsn ssion |ines are not shown.

100371 For the structures 500, 550 illustrated in FIG 5, the coupled

el ement syBE) FRVI 5 CRIRMingS FItS. "9 A8 3B Park ! ROEMrighi, QBp | jeiectivEhoresski | | ed
inthe art will realize that other transm ssion line structures could al so

be enpl i £ 0 b, t BernBPhAd BhCal | Y,
e enp O}iﬁxgtr?tgiﬁn&&s%rg%l%& i{u&léa I%deld oﬁ?q‘oﬁ%n e lcﬂll'ﬂﬁﬁl'id& Slernsuobiad Rhcal Iy

t hey can rica In any netallization layer, limted only by the
process technol o node, undin rQvi : round
For the Mgraeanrmprs sl DR LBl R o s ket 3l Ao

metal li zati on | ayer hel ow t filter. 500,.,55 oul d. be used .a ound

shi el d. R@G@STV?:B‘FWEF&&%‘FCE‘,’QEW‘CQI ’@fé{%‘ﬂe fgﬁﬁgq(ggﬁ?fanoag%mﬁ?(g%héég?snlgd\’}i ng six
netal lization |ayers, top layer 6 coul d used for the c truction of the
filter 5depigsd. Fi&hﬁ%fs 3 PRESRSEING Y‘%‘f’é)tflltléti/aﬁl,’t“'rfgf"é‘ﬁt“ﬁ"%ea’f‘/‘lé‘?%gﬁré’fkﬁel‘ﬁal ayer ,

metal 3 layer, netal 4 layer, or netal 5 |ayer could be used for the ground
shi el d. Byound shigknis alss notdepirted e F1E adi idenicisghe (thrag diBpnsignglHErnsBIssIon| ayer ( s)
as used in the description of the exanple. Those skilled in the art wll
real i ze tihatreptebantativatcdltise haydligtical Slta @08 dfyFigpp! iSoaidarly, FAay SBeepirts| ayer
could be used to formthe filter coupled to a correspondi ng | ower netal
ground s kHeathete fdanerdshmaliratsasdsionfides apsevestsii@nof theeBiptiddiifgter 0@ pHFicabl e to
the structures described throughout this patent application, including the

structurgs pfe Edupfed Bansthissn 1thes b4 tBOGefd hand side are represented by horizontal
coupléd lines 52, while the coupled Hnes on the right hand side is shown by coupled lines
53. The open stub is represented by structure 51. The coupled lines 52, 53 and stub 51

are fabricated within the same metallization layer. The optional transmission lines are

not shown.
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100391 FIG 6, including FIGs. 6A and 6B, depict another exanple of the
proposed filter. FIG 6Ais a front, right, top perspective view 600 of a
non-el | i p¥PCAI2Z051%8i node filter 610 in accordance with PRESH2RYOAT7

enbodi ment wherein a ground shield is not depicted. FIG 6B is a side

pl anar view 650 of the non-elliptical nmultinode filter 610 in accordance
with the present enbodinment with the ground shield illustrated. The coupl ed
transm.ssion lines 61,63 in the non-elliptical nmultinode-filter 610 are
verti cal |[903% ok ettie asrustomeans00n S5beilpsaaEch IRG. \5, ale Glplel MItherd GroO Ut put
feeds and the odd inpedance |lines of one of the coupled transm ssion |lines

61 are fdubRAtddrusing AWRSstrige tradshigs®dd Piks! aptR5e Wi EirPihe Ladw R sk {:hg even
i npedance lines of a second one of the coupled transm ssion TI nes

fornmed i nytier fi‘faﬁé}ﬁ"lrssﬂfﬂlﬁé Lingalrk Oty ltf%ﬂgé b%}g}ﬁloﬁfle?hgm(gg‘%r ]Yerg\y0$ ?99 !r‘%\/va6zl ew

of the non-elliptical multinode i |reC|on

FIG 6 hat th | 61, 63
(()f the fﬁetégr;&%é%%@dg\r}%?&ltﬁngxdctﬁﬂe car g § % ‘i“fag‘“ﬁ‘gi”“ ﬁ’gﬁtléy elF’Plr*r%]bz’sr’are not
h 600, 650, 0040 T filt 610 11 pt |
e B S el E LA 2

fllter Also while mcrostrip. transm SS|on | ines are depicted in the views
600, 650, S5 oL the MuffostEipJFnmissien kipeR A ligraasivsly. ameethermetalizationslapee t he
filter 610 can be constructed nonolithically, the filter 610 can be

f abri cat &glow hafiernth). At eduld beusedas # apend shieldi t ed only by the process

t echnol ogy node. G oundi ng can be provided by a substrate ground or any

ot her nel®38] Far examplayiora 6MOS O; Fpmmeichhdlogapioesss lawieSsik NEQEING&RNI Ng t he
mcrostrip transmssion lines 61, 63 of the filter 610 could be used as the

ground shayetsdtopHayeres oy &¢ uvdd for thd esmsR@tioa Yo IBSIAIET 500 S60MBAR) bi gt i on
| ayers, top metallization layer 6 coul d be used for the even inpedance

lines 63sastrieIlhycRsméthie] RO& ekl 31a4f2r, 6RstalO8E yd TR ' ul d be
fabricated wt hlyn metal | i gatl gn I a%’? 5, @ and yarny%gg\?\gfye%re(?glﬁtl zag?on | ayer

or the sufglbhatugeL Ry ik g?lﬁﬁndas“‘hlélﬁe W\Arlg);hﬂg n%hé ﬁledliiltep?e?qrpgttl(%l 11mzta$ng ﬁ1§| ayer

structures discussed herein are exa is the
other ot el oSt hh Faddhdhd Bachfidd et ntea'al'%%ﬁfat °°§s'gﬁ‘ 8 e et ol on.
exampl ¢GPS BAEhG s fisr e bl rp B Apiingi? Byeetoskhog o, ar e
W 70901111 tﬁg ffltei gg&plieadt tlonagcoaf'respondmg lower metal ground shield for the microstrip

';ransmission lines. »This is applicable to the structures described throughout this patent

application, including the structur_és of FIGs. 6, 7‘, 8,9,10and 11.

- [0039] FIG. 6, including FIGs. 6A and 6B, depict another example of the proposed filter.

FIG. 6A is a front, right, top perspective view 600 of a non-elliptical multimode filter 610

in accbrdance with the present embodiment wherein a ground shield is not depicted. FIG.

6B is a side planar view 650 of the non-elliptical multimode filter 610 in accordance With

the present embodiment with the ground shield illustrated. The coupled transmissioﬂ

lines 61, 63 'in the non-elliptical multimode filter 610 are vertically coupled as shown in

- the perspective view 600. Input and output feeds and the odd impedance lines of one of
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non-el liptical multinode bandpass filter 710 with skew coupling in
accordance with the present enbodinent. FIG 7A is a front, right, top

per spect iV 212487780 of the non-elliptical nultinode baREpR&30¥{0P3EY 710
with offset in accordance with the present enbodi mrent wherein a ground
shield is not depicted. The coupled transm ssion lines 71, 73 now nmakes use
of a conbination of horizontal and vertical coupling. |Inputs and outputs
feed in to the odd inpedance lines 71 in a first metallization. |ayer while

a stub 72h@sshpldieraneissioANBdant ard foRgsd #3a af“férwﬂﬁﬁtﬂ%tléyep w%ﬂ@'a%ﬁf
metallization layer. FIG 7B is a side planar view 750 of

non-el | i phl mdlhdWeh i ﬁ?&ﬁn&?ﬂ%@%ﬁ § stdohll Bhe Zﬁ'@l |{lﬂ(]ed){ {x ssﬁcgl 1@&8%%&”‘39 W th

t he present enbodi and wth the ground sh rate e view 750

is avie en Jin edlrectl a 4 The odd
and evenW?r?rlflpeéidlgﬁacltgg+%r§éetZ@%at%%ﬁ%o r’\['gf Soveprl?%{lf) i ?ﬂoelsvae?”[e ﬁlnf“éctl on.
| nst ead, nd evs lines 71, 7 of f set by a certain
di st ance. h*fﬁfga ﬁ‘ e f&éﬁgﬁllgzl? ﬁ‘r‘fcltlﬁ'és"féfr@w g‘% a]élﬁbm)l RS Vigwr 050 ew
700, 750. 1004 I non-elljptical filter 710 is depicted in FIG 7,
the transSAP¥s| hthP Pﬁia%?VQHg‘QH%tmq lines §iic3 §f thgpiterod Bloserlap exaptiyt Theal
filter structures in accordance with the present enbodinent. In addition,
whil e m @PB@I!W@HWI@HM@Q@WWW iaregthehvoew 609,1658. is for illustration:
purposes only and it is understood that other transm ssion |lines could be
utilized[0W0hddetflier ilDtien nobelimivabilteonThe siwicpae showh iih HIGak! i ,aldohe
filter 710 can be fabricated and the groundi ng can be provided in any

et al | i zapplanbleay an elliptitd dilRBNABD, WhisCrssedrRRenshliSidd Mdsatd @psctdemcr i bed
inregards to FIG 6. 100431 FIG 8 includes FIG 8A which is a front,

right, t e \ewsBeob50,ther @nhdRiSsion lides@ntdhibd BE LAl F{}Hhtef Thele tlli’@?ﬁé} ass
filter 810 with input ports feeding froma higher nmetalli’zation ayer and

with of f g dafl RCCOfHANEE ﬂ%l{oﬁﬁc}{léﬁypnﬁfe’s Fiftkr 8 WT@%ghgifen%% bricht & ﬁ} 2}nlyC al

includes FIG 8B which is anar vie e non- el
mul ti modg,eallization layer, limited only by the process technology node. Grounding can be

provided by a substrate ground or any other metailization layer below the metallization
layers incorporating the microstrip transmission lines 61, 63 of the filter 610 could be
used as the ground shield. For example, with a technology node of six metallization
Iayers, top metallization layer 6 could be used for the even impedance lines 63 as well as
the perturb stub 62; odd impedan_ce‘lines 61 could be fabricated within metallization layer
5, and any lower metallization layer or the substrate could act as the ground shield. The
metallization layer structures discussed herein are by way of example only; by no means
is the filter 610 fabrication limifed to the metallization layers described as other
metallization layers can be combined to achieve the same function.

[0041] Referring to FIG. 7, additional views 700, 750 dépict another example of é
proposed filter 710. FIG. 7, including FIGs. 7A and 7B, are views 700, 750 illustrating a

non-elliptical multimode bandpass filter 710 with skew coupling in accordance with the

-14-



bandpass filter 810 with input ports feeding froma higher netallization

| ayer and with offset in accordance with the present enbodi nent wherein the
ground shWVeI2A1%05 98t r at ed. Coupl ed transmi ssion |ines 8PCTES204{0A§37Aar to
the coupled transm ssion lines 71, 73, nake use of a conbination of

hori zontal and vertical coupling. Inputs and outputs are fed from a higher
nmetallization |ayer through odd i npedance |ines 81 of the coupled

transm ssion lines 81, 83. A stub 82 and the even inpedance lines 83 are

of f set amptestar ambdimtdti NFIG. |I70WRS a kel ght abp q,ers}i@af@e vidW O] of the nkhew 800
depicts a non-elliptical node bandpass filter 810 with offset wherein a

ground shiighidal futhoddopin@bsd iR oGkl GBI Menibics @i fle plapar Vi ew

(in the direction of arrow 84, FIG 8A) of the non-elliptica andpass

filter Si0pbiiinPlhsth Mblnd {}ﬁelan&ﬁm%e%mea' @fﬁge&pﬁ t?angw‘ésgogd} g g30¢l and

even i npedance 11 Nnes can®exac (FIG
t filt 810 d odd d
evenI |n npg anlce ealﬁ(%egseS(i gér%@}n@fnraggq 2%88?9’55 Cri’ié:"u H’%Og Sﬁn‘%d o

transm ssi on | are not. s n ejther_vi ew 800, 850. 0045] Wile a
non-el | i ﬁPYpBE?I fle‘qullntt‘éFheS)ﬂd ”inge‘g’éﬁﬁ J(’:?"é(f liip a firgy megalligagion dayen siwle gistwh 72i ne
arrangenent is equally applicable to elliptical filter structures in

accor dan@®d thetepyen Hapadprcedines ehprsdprmast within addghier mstallizatioh kayei. cFl6s 7Bi p
transm ssion lines are shown, this is for illustration purposes only and it
i s under it ®side phatr viewsBOtof lrsminseliptival muésnadebaddss filtet 7 Wedith Sifkee t he
filter 810 can be constructed nonolithically, the filter 810 can be

f abri cat édaodiahérewish chenptiestgt embodimenr aidi ikl tiengramd smélaliflisaatedoMHeayer in
t he manner discussed and the limtations described in regards to FIG 6.
[0046] AsicweT80 Bnedewtdfand filtere71054sr d46h s theliiREli@AS60aH G4 BRNHdSEg of two

filter sections, two pairs of coupling elenents and a perturbing el enent.

The f or eg@inthpbifiet Bies?Nd 73 do not overlap in the vertical direction. Instead, the odd and
even impedance lines 71, 73 are offset by a certain distance. Thé optional.transmission
lines are not shown in either view 700,750.
[0042] While a non-elliptical filter 710 is depicted in FIG. 7, the transmission line
arrangement is equally applicable to elliptical filter structures in accordance with the
present embodiment. In addition, while microstrip transmission lines are shown, this is
for illustration purposes only and it is understood that other transmission lines could be
utilized. Since the filter 710 can be constructed monolithically, the filter 710 can be
fabricated and the grounding can be provided in any metallization layer in the manner
discussed and the limitations describéci in regards to FIG. 6.
[0043] FIG. 8 includes FIG. 8A whiéh is a front, right, top perspective view 800 of a
non-elliptical multimode bandpass filter 810 with input pbrts feeding from a higher-

metallization layer and with offset in accordance with the present embodiment. FIG. 8B

- also includes FIG. 8B which is a side planar view 850 of the non-elliptical multimode
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illustrations have described the coupling elenments by using straight
transmssion lines. FIG 9 is a top planar view of a non-elliptical

mul ti nodeWRRAIRZH8filter 900 with neandering lines in BEESCAAANB03A t h t he
present enbodi nent. A ground shield is not depicted in FIG 9. 100471 Wil e
the filter 900 is fabricated using neandering mcrostrip transm ssion

| ines, other transm ssion lines are equally applicable. Instead of straight
coupled transm ssion |lines, the coupling elenments have lines that couple to
each ot hdrandpesa filteadidewith gnfua phito feedingefraby lhght ihagEeatinylafa \bina dyvieh
expensive silicon area. While the filter 900 is a non-elliptical nultinode

bandpass dffskt @raccériinde WALOME GresttehBoRN S WMRrdid i) Gourd &tﬁelé'i?&té{éﬁ! icable
to an elliptical filter. Inthe filter 900, the transm ssion |lines are all

f abri cat ethumddhtanshiR§ios & | & A 2L tralGRRYEL 1; seg,.Skilled in
the art w Iupdregl i ze fha?gst%ﬁg%?’r%ﬁg%@g&o&n&ﬂ%gé? cou%gﬁggé%ﬁﬁt%?léed on any
metal |a Lmit.ed. ngl ogy,. node, and, t hat t he. gr.ound
shield ooy gf %%“%‘5‘5%}"?‘2“%8%?“&%%% gg‘ltﬁr‘:%t"é’g s ﬁap%? and %}JEB‘E}F] areriss 9 wi ¢ hi n
a | owner el | li zatj.on | ayer or furthe iaturi i on, the neandering

t]. F m rizat
coupl ed 15N ser(%eue}ddzalgltgnié'ﬁf heoneh 'IP’IHF‘E?HH‘F P‘F%Sr@n?fztﬁEP%‘Fﬂl?dzﬁﬁfiS&HSSF%er s.
The odd inpe e |ines coyld be fabricated within a higher netallization
| ayer, Mﬁgp%gf% ef%véwgifﬂﬁ@gé%%veaﬁams@%e Hpgs 8 ae Offéﬁraiﬂgef@fénbd/wtﬂhihm a | ower
nmetal lization or_vice versa, shielded by a substrate ground and/or a
gr ounded [bteretatizationlaygt.i on | ayer. Furthernmore, the odd and even
i npedances lines could overlap exactly or be skewed by sone di stance.
100481 R4} The view F08. dgicts @ nomeldibticabtmedd bandpher fiftabgi e avigd ofséing
interdigital fingers is depicted. FIG 10, including FIGs. 10A and 10B, are
top pl anavhexeireavgralfGhield0is Goi ddpicséd, ahd kg vtk B50@eg chand@@siandrividw i 1010,
1020 with interdigital lines in accordance with the present enbodi nent.

FI G 10Athiesdifeciibref 2060 8af FRG.MEN)-6tl thé Rbh-6Mptibd I rhdXOMRdpRARIRAS Ry iyt €7 1010
with interlocking fingers for the coupled transm ssion Iines In accordance

ith theo i Y L8l depigted. FIG
Wi e oFsRSA tRMEeHITRLIdWRBIEN wh%%@gd& Dh& 39 o finfihn %eﬂrlle% el H

10B is a view 1050 of an elliptical nultinode bandpass er

| tipleg) [ I i §,h t  enbodi t
wher of n' ChoIgou TR BnblR9E Rl 0BT LT B WG SP0 S35 < PERBA T n 1
10A. Int 1@ f tg.th [ f alt ti dd | d
Finger i i A 2y 4 SofpRAaa e PROCFPSa St adye 0 arhe: & Petin dutnce- can be

seen thai-there re three even i dance fingers connected to the open stub
and two {ﬁ%lol?tf?ﬁggg}?é‘é“sﬂoﬁélé‘fe%a%&ﬂ vadn either Mg 8WfP0out put ports. Wen the
nunmber of ﬁven i.pedance finger and the nunber of odd inpedance fingers is
equal t ol98fd While & perrellipHeal | falter il Os isndepisied: s FlGd 85 theatrghsmissiomdiander i ng
transm ssion lines. Therefore, the nunber of fingers nust be greater than
one. Thedapgpaentols eguelly aprdisable do fellimisals fikerdsttusairesuimbarconfaney eithi tipedance
fingers could be equal. O the nunber of odd inpedance fingers could be

nor e t hapregent kmbeditiean hhelditionbehilomievarip itnpaniasioe lihésge sBowd W, isi Nst ead
of straight coupled transmi ssion |lines, coupling occurs through the

i nt er | ocfor tigpstratigepaposevhlygindrit RXREBSIONE thitldtik® MraBiRsiol BRBOIouidIbE he Vi ews
1000, 1050, microstrip transm ssi-on lines are used for illustration

pur posesutiizey. Findems gilekishb e b8 doRenRfdd Mbadidhieay] t%lﬁeehﬁﬁl n%& 190 pd O M Of

transm ssion lines could also be used. In addition,
i nterl ocbichtdd fREHS LAMIhLE W dn the. filter 1020. In
the views 1000, 1050,th he rglbnaer g};}gngg{ﬁj%@?%gﬁgzﬁétﬁ%é 8lalnvx}htehrp?{mtefle sane
met al | i zgtd I T s .di scussed fore, the fingers and stub
coul d be %é{ gréldgg%%lglr?%\g@ése&neesfr%edluéfl%grafdssﬁ?ﬁﬁ?‘ d only by the technol ogy
node, a vin .correspondi ng sulhstrate ground or a ground forned in a
| oner ml;lﬂ %miésa'?lf%honlegfﬁ? %ﬂ%?‘mgﬂ‘rr‘f H@FloFﬁdﬁieé?‘HFPliséW Bhtwe fller septi@nss of t he
coupled lines cquld he fabricated on different v

- two pairs of coupling elements and a perturbing element. The foregoing figures and
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netal layers (i.e., the odd inpedance lines could be fabricated within a

hi gher netallization | ayer and the even inpedance |ines and stub could be

f abri cat EYORPIISATO] | ower netal lization |layer, or vice VETS&EROYAPEded by a
substrate ground and/or a grounded | ower netallization |layer. Furthernore,
the odd and even i npedances |ines could overlap exactly or skewed either
hori zontal ly, vertically or both by sone distance. [0051] FIG 11,
including FIGs. 11A and 11B, illustrates top planar views 1100, 1150 of

nul t i nodellbaratpeskavki desaited thd Gouplihg Glamdnks byiusipg RirhighoRatsalisidmliagcor dance
with the present enbodinment. FIG 11A is a view 1100 of a non-elliptical

mul t i modeFIBandfsas sof ipldner vieWlOf Wi Adh-O18ptidal Mu18SBA& LAk abS ﬁ%ﬁ@b@'%pg? Wi th

t he present enbodi nent wherein a ground shield is not "depi cted. 11B i s
a Vi ew 15&nedénmnisds!ih Rké o ilter Wi, L h
mniaturized haIi%PpIi%rS\ l?gggﬁg%ngwlimnmggg%gre a%gga{\?\nm%ﬁ' tﬁvégr%iglgcgsehﬁ?lﬁé%gdi ment
wherei n tfae guoypfgshield is also not illustrated. Instead of straight
coupled transmi ssion lines, hair pin and mniaturized hair pin resonators

coul d be owi.de coupl.ing i.n order to.reduce the requirenent for
expensi ve[b@?? i\@g‘%\ent&? Xlgter ?@8’55 FZ}ITbr [chted H‘é‘“\gi%‘?ﬁga‘?ﬂfwlci‘fﬁﬂ’, tranggissian ligesi ng st ub

and the even inpedance lines are fabricated within a higher netallization
layer, wiHIeE iRRRSHen [inssas Agually japplicallee Ingfpad efatighiceunled rowemission
netallization layers. In a simlar manner, the odd inpedance |ines could be
fabri cat d@esithesoyphing ¢lgnents hstedines hat towld @yeaeh othii ine memdpeng fashibng st ub
and the even inpedance could be fabricated within.a | ower netallization

| ayer. THeerghyoadventegrously seving en ekigansive stliven atehs tWhiletherfilen 00nes @hbi-zat i on

| ayer below the filter. [0053] Referring to FIG 12, a block diagram

i |l ustratellipjcad makiorwdebandpdss fide the limprove@paLagk KA iMFRGCOrgdange with

an alternate enbodi nent is depicted. The bandpass filter includes a first

filteringpslicableité adBlipBes fiter. MR tBe HRGOIUD, fHel ttBEM RS of 1ihELIt Sl FRSQT
within the same metalﬁzation layer. However, those skilled in the art will réalize'that the
transmission lines could be fabricated on any metal layer, limited only by the technology
node, and that the ground shield could bé a corresponding substrate ground or a ground
formed within a lower metallization layer. For further miniaturization; the meandering
(;oupled lines could be fabricated within different metallization layers. The odd
impedance lines couldvbe fabricated within a higher metallization layer, while the even
impedance and stub could be fabricated within a lower metallization or vice versa,
shielded by a substrate ground and/or a grounded lower metallization layer. Furthermore,
the odd and even impedances lines could overlap exactly or be skewed by some distance.
[0048] Referring to FIG. 10, a non-elliptical filter fabricated using interdigital ﬁngers is
depicted. FIG. 10, including FIGs. 10A and 10B, are top planar views 1000, 1056

illustrating multimode bandpass filters 1010, 1020 with interdigital lines in accordance

- with the present embodiment. FIG. 10A is a view 1000 of a non-elliptical multimode
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the first and second filtering circuits are cascaded through input and

out put ports thereof up to N stages (N being an integer greater than one).
Simlarl yYWPEMHB7H08r egoi ng figures, each of the first aR8TEAE0IO0RGY e
second filtering circuits includes a first set of filter coupled el enents,
a second set of filter coupled elenents and a perturbing el enent coupl ed

t hrough either a commbon node or a three-port "T" transm ssion |ine
junction. The cascaded nultinode filter topol ogy has defined paraneters

t hat ar e bdedpagn ddtend 01 ® prithmmetbcking nfiegera fqr tidedoabridneshsfdidsir 1iRg {esponse.
[0054] Thus it can be seen that several schenes of high performance

el i pti cabcaadahcaovithetht pRisér @inboUinidntMierehrn dRA%S shield 8moflgslices Raye been
di scl osed whi ch advant ageously provide high scalability wth reduced

si |icon goBaist @k SWBOLSE A eRpBicAl’ miRiSode ' | ROeHR LG MG CUI t
fabrication technol ogi es. Furf:t fri:’e?, Itnhe mul ﬁh\#gg%kg%lﬁéépgdgg %lftﬁtlggltlaié?si gns in

dang i ' j . e.sel,ecgtivity, across a w der
bandw ar rctddhe M &2 GBeorfB0 AT Bis, BRYE SRRaIrhatt theffin Jo¢ shapba
fabri cat n. Lliconsb d trate, th | ti npde bandpa filter
desi Igns (rgmfglicl lé%r%§ lhl}ulast rﬁ??'zzzﬁp%esrggzé?‘ 21?0 HE MA: g{?"@‘ﬁii‘&té]dr%f%; tatheonpl et e

systemon_chip 0C) .sol utigon. Also, the nultinode bandpass filter designs
can advaﬁf‘ﬁ@?dﬁéﬁ?ﬂ ingragdd ampedanes fingerpithian syen wapedanseifingemt i on f or

further mniaturization. Wile several exenplary enbodi nents have been

pr esent elPOARI Froan ther dgwi1990.décan be aeanchatrthereianm thae evea impedarice dingerst shoul d
be appreciated that a vast nunber of variations exist, including variations
as to theonngeted taths operesiub and trawddiepedanico fisgérayemeced té hpuraghaiphg
recordi ng medium 100561 It should further be appreciated that the

exenpl ar porgsrb¥dicnehe suraber @frdvyn éxipedah&sfinggdindrtke AGhbérndfediiCithge@adckm t the
scope, applicability, dinmensions, or configuration of the invention in any

way. Rat isgers iheqfadnegoiniedahireds dpsaiidtl 0Bud bdlERVbImchiingfe kil | ed
in the art wwth a convenient road map for inplenenting an exenp ar%

enbodi mehns@fissidhelihddY EMhdr&Bre, ithe RELHG &f"gx?geg% glqrrlgtn%é; %%ﬁ%?%ﬁg%ec héﬁ{ges may

be nade in the function and arrangenent . . of "pl ay
of U he | RUib A 90 IReRECRORNY BT BRI oBlch O pelSRA finghth chufffhe e Scope
equal. Or the number of odd impedancé fingers could be more than or less than the
number of even impedance fingers. Thus, instead of straight coupled transmission lines,
qoupling occurs through the interlocking fingers, saving on expensive silicon area.
[0050] In the views 1000, 1050, microstrip transmission lines are used for illustration
purposes only as those skilled in the art will realize that other forms of transmission lines
could also be used. In addition, the number of interlocking fingers could be much higher
as shown in the filter 1020. In the {/iews 1000, 1050, the fingers and stub are fabricated
within the same metallization layer. However, as discussed before, the fingers and sfub
could be fabricated on any metal layer, limited only by the technology node, and having z;

corresponding substrate ground or a ground formed in a lower metallization layer. For

- further miniaturization, the fingers of the coupled lines could be fabricated on different
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CLAIMS What is clainmed is: 1. A nmultinode bandpass fiL;Fr fabric?tgd Fn ant

I ntegrated circuit conprising: a first set of filter coupled el enents
havigg a WP2812/05¢1080f coupl ed el ements and coupl ed t o aPEdFE3HI1ABRET

a second set of filter coupled el enents having a second set of coupled

el ements and coupled to the common node; and

metal ‘layers (ie., the odd impedance liﬁes coulld be fabricated within a higher
metallization layer and the even impedance lines and stub could be fabricated within a
lower metallization layer, or vice versa) shielded by a substrate ground and/or a grounded
lower metallization layer. Fuﬂhermbre, the odd and even impedanc‘es lines could overlap
exactly or skewed either hoﬁzontally, vertically or both by some distance.

[0051] FIG. 11, including FIGs. 11A and 11B, illustrates top planar views 1100, 1150 of
multimode bandpass filters 1110, 1120 with hairpin resonators in accordance with the
present embodiment. FIG. 11A is a view 1100 of a non-elliptical multimode bandpass
filter 1110 with hairpin resonators in _accordaﬁce with the present embodiment wherein a
ground shield is not depicted. FIG. 11B is a view 1150 of an elliptical multimode
bandpass filter 1120 with miniaturized hairpin resonators in accofdance with the present
embodiment wherein the ground shield is also not illustrated. Instead of straight coupled
.transmission lines, hair pin and miniatun'ied hair pin resonators could be used to provide
coupling in order to reduce the requirement for expensive silicon areé.

[.0052] In the views 1100, 1150, the perturbing stub and the even impedance lines are
fabricated within a higher metallization layer, while the odd impedance lines are
fabricated within lower metallization layers. In a similar manner, the odd irhpedance
lines could be fabricated within a higher metallization layer, while the perturbing stub
and the even impedance could be .fabricated within a lower metallization layer. The
ground shield can either be the substrate or any metallization layer below the filter.

[0053] Referring to FIG. 12, a block diagram illustrating a cascaded multimode ﬁlte?
topology 1200 in accordance with an alternate embodiment is depicted. The bandpass

- filter includes a first filtering circuit and one or more second filtering circuits. Each of
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a perturbing elenment coupled to the common node, wherein a first end of a
first one of the first set of filter coupled elenents and a first end of a
first oneVeRUIHE7Y8cond set of filter coupled el enents REESE3UA08B'T0 t he
common node, and wherein a second one of the first set of filter coupled

el ements conprises an input transm ssion |ine having an end thereof coupled
to an input port and an opposite end thereof conprising an open end, and
wherein a second one of the second set.of filter coupled el enments conpri-ses

an out puthe i8Nl eoAfilkdrig ciravitsFe dabcadrd tm%agleg{puﬁwpbﬁguttpbr@@h&éﬁfput port
and an opposite end thereof conprising an open end. 2.A nul'tinode bandpass

filter faprd fedigfds R g dﬁtxﬁﬁgﬁl K& tﬁ&ybﬁe)a@ﬂnﬁ'ﬂ?}r t%tthggorégo ﬁ%ﬁgure§ of

m crowave/ m |l imeter-wave fil erlng CII’CUIt conprising: a

filter ngﬂl &dthglfﬁgieﬂ{[dsone orsﬁ&%ns%cgf(f ﬁRLn ngc?uts ngcl'f&)ci da Fl}s? rsrgtn('gts filter

coupled elements, a second set of filter coupled elements and a perturbing element
coupled through either a common node or a three-port “T” transmission line junction.
The cascaded multimode filter topology has defined parameters that are designed and
optimized to meet a predetermined filtering response.

[0054] Thus it can be seen that several schemes of high performance elliptical and non-
elliptical multimode bandpass filter designs have been disclosed which advantageously
provide high scalability with reduced silicon area requirements in one or more
conventional integrated circuit fabrication technologies. Fuﬁher, thé multimode
bandpass filter designs in accordancé with the present embodiment have selectivity
across a wider bandwidth with low insertion loss.

[0055] Due to its ability to be fabricatevd on a silicon-based subsfrate, the multimode
bandpass filter designs may be miniaturized in order to be fully integrated for a complete
system on chip (SoC) solution. .Also, the multimode bandpass filter designs can
advantageously be fabricated in a multilayered configuration for further miniaturization.
While several exemplary embodiments have been presented in the foregoing detailed
description of the invention, it should be appreciated that a vast number of variations
exist, including variations as to the materials used to form the various: layers of the

magnetic recording medium.
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a three-port "T" transm ssion line junction having a first port coupled to
a first end of a first one of the first set of filter coupled el enents and
a second WO2P12457¥8ed to a first end of a first one of PRESERIINAS[Et of
filter coupled elements, wherein a second one of the first set of filter
coupl ed el ements conprises an input transm ssion |ine having an end thereof
coupled to an input port and an opposite end thereof conprising an open
end, and wherein a second one of the second set of filter coupled el enents
conpr i se400§6] dutshutld tfusthenbe sippreciatede thaathé g:xaimpRAg e&ﬂlﬁﬂﬁﬁém@@kﬁmoﬁ%’ to an
out put port and an opposite end thereof conpri si ng an open end; an

a pertur kkagples,esmhtare Qiopl i@@nd&d 2o tilthit dthBOsdopOf aﬁﬁlﬁ:a&m}ﬁedlﬂ%ﬁglon s o
transm ssion |line junction. 3. The bandpass filtér in accorcfance

W th eithenfigdrald ok igy m@xﬁfoml@an}y\@/gy ekﬁhﬁxhﬁ'b ég‘gﬁé 'd?@}l% SERL GO | ses an

open stub transm ssion |ine I acc Y'dance

with eit (g a er.ei each of ,the first and second sets
of filte vtl)upl%ﬂeogk ]Slkﬁfedqtns{h?o%tpr%es conﬁlgllnen foad, pap { 1EBpicayne an

transm sgion | i
xemplary MGibodiment of the invention, it being understood that various changes may be

made in the function and arrangement of elements and method of play steps described in
an exemplary embodiment without departing from the scope of the invention as set forth

in the appended claims.
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5. The bandpass filter in accordance with either Claim1 or Caim2,
wherein the bandpass filter conprises a non-elliptical nmultinode filter,
and wher eWR 20ROSHEBt ur bi ng el ement conprises an open- en&EH/S&2U/000377

6. The bandpass filter in accordance with either Claim1l or Cdaim2,
wherein the bandpass filter conprises an elliptical nultinode filter, and
wherein the open end of the input transmssion line and the open end of the
output transmission |ine are each connected with a section of coupled |ines
wherein ends opposite the connections to the input and output transm ssion
| i nes are connected to ground. . 7. The bandpass filter in accordance

with any of Clains 2 to 6, wherei néﬂgnﬁgrturbi ng el ement . conprises an
open-ended stub, and wherein a structure of the bandpass filter has
di mrensions symmetrical with respect to a center line of and perpendi cul ar

to the open-ended stub.
at is claimed is:

1. A multimode bandpass filter fabricated on an integrated circuit
comprising:

a first set of filter coupled elements having a first set of coupled elements and
coupled to a common node;

a second set of filter coupled eiements having a second set 6f coupled elements
and coupled to the common node; and

a perturbing element coupled to the common node,
wherein a first end of é first one of the first set of filter coupled elements and a first end
of a first one of the second set of filter coupled elements are coupled to the common
node, and wherein a second one of the first set of filter coupled elements comprises an
input transmission line having an end tﬁereof co'upled to an input boﬂ and an opposite
end thereof comp.rising an open end, and wherein a second one of the second set of filter
coupled elements comprises an output transmission line having an en(i thereof coupled to

an output port and an opposite end thereof comprising an open end.

2. A multimode bandpass filter fabricated on an integrated circuit and
operating as a microwave/millimeter-wave filtering circuit comprising:
a first set of filter coupled elements;

a second set of filter coupled elements;
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8. The bandpass filter in accordance with any of ClainEdZQhB or 4,hmh$rei?
the perturbing el enent conprises an open-ended stub, an erein the firs
and seconWO2812055708f | | t er coupl ed el enents are forned a®¢MPeLilPa07{o a
center |ine of and perpendicular to the open-ended stub. 9. The bandpass
filter in accordance with Gaim1 further conprising: a first optiona
transm ssion |ine connected between the comobn node and the first end of

the first one of the first set of filter coupled lIines; and - - a second
optional transrthssiport ‘I mensuissieckedubaiondaning Adira@oraduplede angtt he first
end of the first one of the second set of filter coupled lines. 10. The

bandpass ehd bt &first Bn@6hE A 6& oWiltbr Bliple@eRneHislah8h sEQRB bR IcBEledtoa . @
first optional transm ssion |ine connected between the first ‘port of the

T trangrehl @ha kR 6nd SNGE isé?:Bnc?-&!*ii of ﬁgerfcjo{lﬁlgd gﬁ&eﬂtfs, &ﬂ&eiﬁliars%ngon%noene()f the
first set of filter coupled lines; an

of the first set of filter coupled elements comprises an input transmission line having an
end thereof coupled to an input port and an opposite end thereof comprising an open end,
and wherein a second one of the second set of filter coupled elements comprises an
output transmission line having an end thereof coupled to an output port and an opposite
end thereof comprising an open end; and

a perturbing element coupled to a third port of the three-port “T” transmission line

junction.

3. The bandpass filter in accordance with either Claim 1 or Claim 2, wherein

the perturbing element comprises an open stub transmission line.

4. The bandpass filter in accordance with either Claim 1 or Claim 2, wherein
each of the first and second sets of filter coupled elements comprises a pair of strongly

coupled tranismission lines.
5. The bandpass filter in accordance with either Claim 1 or Claim 2, wherein

the bandpass filter comprises a non-elliptical multimode filter, and wherein the péx’[urbing

element comprises an open-ended stub.
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a second optional transm ssion |ine connected between the second port of
the "T" transm ssion line junction and the first end of the first one of

t he seconyO28t2/657708i | t er coupl ed | i nes. 11. The B&R$EALH/PI{er in
accordance with any of Clains 1 to 10 wherein a load of a circuit connected
between the input port and the output port conprises fifty ohns. 12.

The bandpass filter in accordance wwth any of Clains 1 to 10, wherein each
transm ssion line of each of the first- and second filter coupled el enents
are sel ected §romiteeagdpepfitanpaterdgcawitheithatClaim I ion€laim 2 oyiesmiar
wavegui de, a stripe line, and other types of transm ssion |ines. 13.

The ban d@@%ﬁné .a%s[ fiker| BmPASRHAMGRicH hbltdbie Hltef anll Wheleih theldpen\sheoei n the
first and second filter coupled elenents are selected fromthe group

compr i si g ;209 4: SOHRLGH 168l RO ohEPBITLP HcPBubhEmR AR LI CAup! od

coupling nsm ssi on , nder - shaped coupling transm ssion |ines,

and spiral shaped, coupling.tra 1ssion |ines. . ass
filtor i Praecet quh s “B‘hg%?ﬂ?l’%\%rp&e%i Qgrein P qppog eetPSi"gﬁél‘%eﬁtg&fﬁ tlragpggnd-
second filter coupled el enents conprise one or nore of a single capacitor
or - net RBRIand oyt rapsaissigndingpareconnectsd 'R BIYPd capacitor or the r-network
capacitors are each selected fromthe group conprising a

nmet al -i nsul ator-netal capacitor, an interdigital capacitor, and another

capacitive-type coupl ed el enent. _ _
7. The bandpass filter in accordance with any of Claims 2 to 6, wherein the

perturbing element comprises an open-ended stub, and wherein a structure of the
bandpass filter has dimensions symmetrical with respect to a center line of and

perpendicular to the open-ended stub.

8. The bandpass filter in accordance with any of Claims 2, 3 or 4, wherein
~ the perturbing element comprises an open-ended stub, and wherein the first and second
sets of filter coupled elements are formed asymmetrical to a center line of and

perpendicular to the open-'ended stub.

9.  The bandpass filter in accordance with Claim 1 further compﬁsing:

a first optional transmission liqe connected between the common node and the
first eﬁd of the first one of the first set of filter coﬁpled lines; and

a second optional transmission line connected between the common node and tﬁe

first end of the first one of the second set of filter coupled lines.

10.  The bandpass filter in accordance with Claim 2 further comprising:
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15. The bandpass filter in accordance with any of Clains 3, 5 7 or 8,
wherein the open-ended stub is selected fromthe group conprising a

strai ght WPEB120§7108di al stub, a step resonator type stuBCT&G2011/000377

nmet al -i nsul ator-netal capacitor, a PIP capacitor, an interdigital

capacitor, a MOS capacitor, another capacitive elenent, or any conbination
of one or nore of these el enents. 16. The bandpass filter in
accordance with either Ctaiml1l or Claim2 further conprising a substrate on

whi ch each of ; fRopidnt rARMiSRAMMNE chidetbRA beRkieh @t Mkepmnéfsharh t he
perturbing elenent are formed, the substrate conprising a material selected

fromthe . ri Sl § ond hFi Loxkge, strate
ot or | af s RIGNTRTBE 14 He T8 en I IR CEhOBE 1 GRS Eoptif
wherein flt leea(ft one of the first and second filter coupled el enents

conpri se &nftY il ayered integrated circuit structure. 18. The
bandpass filter in accordance wth Claim1l6, wherein the integrated circuit
operating as &SPed RiD tFﬁnF’F‘fsﬁ‘BPé‘P%%‘V’@“FSI’bF@FF‘Pl eéF?%@'HO”égglﬂﬁ iﬁes an

integrated | :
transmission line junction and the first end of the first one of the second set of filter

coupled lines.

11.  The bandpass filter in accordance with any of Claims 1 to 10 wherein a
Toad of a circuit connected between the input port and the output port comprises fifty

ohms.

12.  The bandpass filter in accordance with any of Claims 1 to 10, wherein
each transmission line of each of the first and second filter coupled elements are selected
from the group comprising a microstrip line, a coplanar waveguide, a stripe line, and

other types of transmission lines.

13. © The bandpass filter in accordance with any of Claims 1 to 10, wherein the
first and second filter coupled elements’ are selected from the group comprising edge-
coupléd coupling transmission lines, broadside coupled coupling transmission lines,
meander-shaped coupling transmission lines, and spiral shaped coupling transmission

lines.
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circuit formed by an integrated circuit technol ogy selected fromthe group
conprising CMOS, GaAs, SiGe, and InP. 19. A bandpass filter conprising: a
first flﬂN@ﬂPHﬂEEW$CU|t and one or nore second fPFF@ﬁﬁﬁ@ﬂ@QVEU|ts

wherein each of the first and one or nore second filtering circuits are
cascaded through input and output ports thereof up to N stages, wherein N
is an integer greater than one, to define paraneters that are designed and
optinized to neet a predetermned filtering response, and wherein each of
the first andldne dhemudpaseiiemndn bidotdantdgithiafig of CRiGO MRS il 6 86herdinfthd St set
of filter coupled elements; a second set of filter coupl ed el enents;

first and second filter coupled elements comprise one or more of a single capacitor or 7-

network capacitors, and wherein the single capacitor or the m-network capacitors are each

selected from the -group comprising a metal-insulator-metal capacitor, an interdigital

capacitor, and another capacitive-type coupled element.

15. The bandpass filter in accordance with any of Claims 3, 5, 7 or 8, wherein
the open-ended stub is selected from the group comprising a straight stub, a radial stub, a
step resonator type stub, a metal-insulator-metal capacitor, a PIP capacitor, an interdigital
capacitor, a MOS capacitor, another capacitive eleﬁlent, or any combination of one or

more of these elements.

16.  The bandpass filter in accordance with either Claim 1 or Claim 2 further
comprising a substrate on which each of the first and second filter coupled elements and
the perturbing element are formed, the substrate comprising a material selected from the

group comprising silicon, silicon dioxide, and another substrate material.
17.  The bandpass filter in accordance with Claim 16, wherein at least one of
the first and second filter coupled elements comprise a multilayered integrated circuit

structure.

18.  The bandpass filter in accordance with Claim 16, wherein the integrated

- circuit operating as a microwave/millimeter-wave filtering circuit comprises an integrated
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a three-port "T" transmssion line junction having a first port coupled to
a first end of a first one of the first set of filter coupled el enents and
a second WO2W12¢GiBed to a first end of a first one of PRESEELINBNEEL of
filter coupled elements, wherein a second one of the first set of filter
coupl ed el ements conprises an input transm ssion line having an end thereof
coupled to an input port and an opposite end thereof conprising an open
end, and wherein a second one of the second set of filter coupled elenents
conpri segiran forh@lUby bn dmsgiatedidiouit itevhndlayy nelected érodh theegroup cowppsiegl to an
out put port and an opposite end thereof conprising an open end; and a

perturpi@gﬂﬁigﬂ@@;sﬁgyghquxo a third port of the three-port "T"
transm ssion line junction. 20.The bandpass filter in accordance with

Caim 19 wherein each of the first and one or nore second filtering
circuits conpri se: a first optional transm ssion |ine connected

end of the fil15t GRS PRI pdeidBE ol £l er coupl ed 1ines. and
a first filtering circuit; and |
one or more second filtering circuits, wherein each of the first and one or more
second filtering circuits are cascaded through input and output ports thereof up to N
stages, wherein N is an integer greater than one, to define pafameters that are designed
and optimized to meet a predetermined ﬁltering response, and wherein each of the first
and one or more second filtering circuits comprises:

a first set of filter coupled elements;

a second set of filter coupled elements;

a three-port “T” transmissién line junction having a first port coupled to a
first end of a first one of the first set of filter coupled elemenfs and a second port
coupled to a first end of a first one of the second set of filter coupled elements,
wherein a second one of the first set of filter coupled elements comprises an input
transmission line having an end thereof coupled to an input port and an opposite
end thereof comprising an open end, and wherein a second one of the second set

| of filter coupled elements cofnprises an output transmission line having an end
thereof coupled to an output port and an opposite end thereof comprising an open
end; and |

a perturbing element coupled to a third port of the three-port “T”

transmission line junction.
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a second optional transmssion |ine connected between the second port of
the "T" transm ssion line junction and the first end of the first one of
t he seconyO28t2/65F708i | t er coupl ed |i nes. PCT/SG2011/000377

20.  The bandpass filter in accdrdance with Claim 19 wherein each of the first
and one or more second filtering circuits comprise:

a first optiohal transmission line connected between the first port of the “T”
transmission line junction and the first end of the first one of the first set of filter cdupled
lines; and

a second optional transmission line connected between the second port of the “T”
transmission line junction and the first end of the first one of the second set of filter

coupled lines.
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