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WD 2007/ 035220 PCT/ US2006/ 032611 COVPACT MULTI LAYER Cl RCUI T BACKGROUND OF
THE I NVENTION Field of Invention: This invention relates to circuits.
Specifically, the present invention relates to systens and nethods for
packagi ng a¥200%/635220i ng circuits, such as mcrowave fr @HAIN28P6/BBHMert er
circuits. Description of the Related Art: Circuit isolation and packagi ng
systens are enployed in various demanding applications including mcrowave
filter banks. Such applications demand conpact packaging that mnim zes

el ectrical interference betmeen:&ﬁzﬁﬁgﬁﬁ&éggggp a ircuit isolation
systens are particularly usef J¥O i r‘r%\e‘%ﬁggr;rb;v[‘converters and
filter banks, where crosstal k between switches, filters, anplifiers, and
signal converters is especially problematic. Conventionally, mcrowave
frequency-shifter conponents are individually packaged in expensive

doubl e-si ded cavitized housing assenblies, which are interconnected via
wire, ribbon, and/or solder interconnects. Such conponent assenblies are
often undesirably large and SASSESROUNDQF THE ROENTION: vari ous

i nterconnects are prone to breakage, which reduces systemreliability.
Hence, a need exists in the art for a cost-effective and space-efficient
system and nethod for assenbling and packagi ng circuit conmponents requiring
electrical isolationg.k, v%%&;/035220 PCT/ US2006/ 032611 SUMVARY COF THE

| NVENTI ON The need i g > addressed by the conpact nultilayer signal
processing systemof the present invention. In the illustrative enbodi nent,

the systemis adapted..for e With mcrowave.si | s, A i.ncl udes a
first mechani smfor ?Tehégeﬁ"%‘?nﬁgn r%#ets itonéplql'ﬂ'11 t%ypﬁgpcagg’gg%%rf%c{]ﬁvez%éﬁ ?e(li)gﬁ?siq%g t he
i nput signal ont eystenfsi #mslt msthodsafor patiagind andeaathgneicduits)i swh ras utesowtalwe | nput

si gnal al ong theﬁ];él{eﬁéyc%h\%ﬁgrlc' %%s.h t hrough one or

Description of the Related Art:

Circuit isolation and packaging systems are employed in various demanding
applications including microwave filter banks. Such applications demand compact
packaging that minimizes electrical interference between components.

Compact circuit isolation systems are particularly useful in microwave
frequency converters and filter banks, where crosstalk between switches, filters,
amplifiers, and signal converters is especially problematic. = Conventionally,
microwave frequency-shifter components are individually packaged in expensive
double-sided cavitized housing assemblies, which are interconnected via wire, ribbon,
and/or solder interconnects. Such component assemblies are often undesirably large
and expensive. Furthermore, the various interconnects are prone to breakage, which
reduces system reliability.

Hence, a need exists in the art for a cost-effective and space-efficient system
and method for assembling and packaging circuit components requiring electrical

isolation.



nore |ayers, including one or nore groundplane layers, to a first circuit
conponent for nodifying the input signal and providing an adjusted signal,
in response thereto. A third mechani smoutputs the adjusted signal. In a
speci fic enwshonesnito the first mechani smincludes an i npgi/uswoé/eéng

network in comunication with one or nore controllers for selectively
swtching the input signal onto one of plural input signal paths. The
switching network is positioned on a switching |layer. The second nmechani sm
acconmodates a first input signal that extends fromthe input swtching
network through at | east one groundplane |ayer and to an input end of the
first circuit conponent. The thy Dﬁl}f’ﬂiﬁh I eCERTIRdates a first output
signal extending froman out pu{gﬂen 0 té}?le irst circuit conponent, through
the at | east one groundpl ane |ayer and to an output switching network

di sposed on the switching layer. In the specific enbodi nment, the input
switching network and the output switching network are mcrostrip switching
networks. The first dhe oeddtindlengoiaddressal ey the comppacnmultilayekignacirogessint t hat
is disposed on a circyit |ayer. Th ireuit .layer is sitioned .between a
first groundpl ant Stfﬂgfg?he pé‘?sfﬁ'xétnvglétbogﬁﬂﬂberlﬁﬂsﬁr&wea%@ofi‘gv&ﬁamlsﬁﬂ%{n W‘cﬁd@’? ecific
Fnbodi r’ren][ : dt he ﬂi‘oir usie][withi rhiCtowkveCogiaRN Ehd syisﬁrrr]landh‘idéﬁ @ﬁ&VﬁecHahlkl}thr.reéEh@gCi rcuit
ayer includes plural circuit co nent s at _are each coupl.ed to a
respective i nputm’v&ﬁ%&lﬁnalea“grml%ﬂ{?g%dﬁﬂw&}%gWﬁé‘@ﬁgf’mgﬁéﬂ&‘ﬁ“ﬁ]r%‘bhAt he
first groundpl adacondaye@hanistn foifs kHRdbiiut Sighdl Glong thentabtvsiinlil d&hﬂﬂth}dmgh otd put
switching network,  respectively. 2 WO 2007/035220 PCT/ US2006/ 032611 In the
i|lustrative entBYP YT, nchyding 98¢ ermerg erqradrlans davstielo BBt GFOUGPEPESHAL r ol | er s
coupl ed to the ifopmbdifMgltdinpie sipBaIRd SrodiEls o8 adjRtddRBENAUA RidSonSIhéED] RY
network. The one or nopre controllers are adapted to selectively activate or
select a desir ¢Br¢mechanism opipps e ativgedsi®aled on the circuit layer in

response to a given I@B%bé’éiﬁ&&ﬁﬁodﬁ%@l@t@Jﬁﬁsf‘ﬁle&HdhiEMiﬁc)dﬁ‘des%hgﬁﬁlt sRit@GRSSi ng
system The systemfurther includes one or nore additional circuit 1ayers

di sposed subst arfeivark n ampRication; withaeng or grretoptspllepsiior sedecesbotiteging ttdpl ane
llayer on a side gfuttdBat 6£8Nhe ISOHRAPLBRE slgAMCPaths. The switching network is

positioned on a switching layer. The second mechanism accommodates a first input

signal that extends from the input switching network through at least one groundplane
layer and to an input end of the first circuit component. The third mechanism
accommodates a first output signal extending from an output end of the first circuit
component, through the at least one groundplane layer and to an output switching
network disposed on the switching layer. In the specific embodiment, the input
switching network and the output switching network are microstrip switching
networks. The first circuit component is a stripline circuit component that is disposed
on a circuit layer. The circuit layer is positioned between a first groundplane layer
and a second groundplane layer.

In a more specific embodiment, the first circuit component is a microwave
filter. The circuit layer includes plural circuit components that are each coupled to a
respective input waveguide and output waveguide that extend through the first
groundplane layer to the input switching network and the output switching network,

respectively.



opposite the circuit layer. The one or nore additional circuit |ayers

i nctude one or nore additional mcrowave filters disposed therein. The
vvarious wavegui des, including the first input waveguide and the first

out put wav&YuRWE3S20e equi pped with node- suppressi on hECEUSENEP32Y 5] | el

t he wavegui des, which are circul ar wavegui des. One enbodi nent of the present
invention is a stacked nmultilayer mcrowave filter with several filter

el enents. The unique positioning of the filter elenments between or adjacent

to groundpl anes facilita i..nproved input/Q ut .t sol ati,on and
significantly r educg% ﬂfeh}éﬁ?uoap% FS%?‘@F“’%H‘& ?y(ga%ﬁ)'t Ié‘ft?l%pinéﬁ%%?ﬁ M M er .
Versatility andcontdaitsadmupled yo dfe inpre sivitthing nétworkrdndfoc edl thei @itpis @witéhingni que

i nput and output switchin net wor ks.. The swi t chi networ ks can switch a
1P er ot o s, SR g Resh proless i sdabf AR BRN ARG SRR | o eent
and then sel ectdevigddycifeuit Wdinpbreat dRpaskd ioAGhe feirbiite lgek BUtdeptinss t@RAgivarhi | e ‘
achi eving mnimal int rfﬁre ce and. maximum el egtri cal iEoI ation between
filter input arfPeBtegsy o ©rhtt dpultilayersigpal procesfing SXFleihi d8% syttt FrBfupl e t he
filter el ement sinéiade Bfe SMvhbre REMBREEYRIHEyeRABEpbRa buichBAR ddpcai 3hakne or
nore layers of the filter are equi pped with special node-suppression holes

that further enffliFcle the yeeend graundplraclayes anfotids oidhe svondsenpimdplany 12y95220

PCTI US2006/ 0326hosiiBfl ook T PiHe(hle GF rabid-sdafbiMi MeShiF infers el 3 gixPI 0ded
view of a stacked nultilayer programuable mcrowave filter according to an
enbodi ment of thAeepddiieral misoaave dilterspdigposal therein. nplfii Varkays Wasggvidesust rat i ng
filter layers ofg hdi PR Sidd feqRligy 1. FiO.
3 is a nore det a?ldg%t\% g_&fﬁ‘?‘l‘ﬁ%ﬁé‘t‘ﬁ%&?ﬁﬁaﬁ%ﬁm _equ%lrll%’/b{e%é 91];se\/?/ivgtqchi ng

| ayer and cont ria¢dessippueshion bales thaj phraljed theofavegises whichare aingiled waypguides.
programmable filter i f I; . ifl I e ting
exenpl ary verti cal gagtelpgén‘%fl?r%gﬁg{eg?esgrﬁéﬁv egtﬁdggggﬁi%%aeﬁﬁlﬁﬁéérﬁ%{?&réﬁg. 1.
Fig. 5 is a furfilieewithreggwirdli @lter \eleowenisf Hie @nigepiositignive rof itiea filtqRFelemeatssi t i on of
Fig. 4. .

between or adjacent to groundplanes facilitates improved input/output isolation and
significantly reduces the form factor required to implement the filter. Versatility and
scalability of the filter is enhanced via use of unique input and output switching
networks. The switching networks can switch a filter input signal to an appropriate
layer and accompanying filter element and then selectively output the resulting
filtered output signal while achieving minimal interference and maximum electrical
isolation between filter input and output terminals. The vertical waveguides that
couple the filter elements to the switching networks and that extend through one or
more layers of the filter are equipped with special mode-suppression holes that further

enhance filter response characteristics.



DESCRI PTI ON OF THE | NVENTI ON Wil e the present invention is described herein
wth reference to illustrative enbodinents for particular applications, it
shoul d be understood that the invention is not limted thereto. Those

havi ng or dwoog7/@kt20l in the art and access to the teacheTigs2004u3eamided
herein will recognize additional nodifications, applications, and

enbodi nents within the scope thereof and additional fields in which the
present invention would be of significant utility. Fig. 1 is an expl oded
view of a stacked nultilayer programmable m crowave filter 10 according to
an embodi nent of the prese \’ﬁrﬁ‘ CRIRTIQN OF-THE DRAWINGS us  wel | - known
conponents, such as power supplies, antennas, and so on, have been omtted
fromthe figures. However, those skilled in the art with access to the
present 4 WD 2007/035220 PCTI US2006/ 032611 teachings will know which
conponents to inpl enggt ang ROV Qidw B £IRRE ﬁlﬂrﬁm%@ro%?ﬁhaﬂmﬁﬁ&&% of a
given application. The stacked progranmable mcrowave Tilter 10 Includes,
fromtop to bot #ideHaccexdiggiorapiemhepimens of the preseat inwantiow| - r outi ng | ayer 16, a
first groundpl ane | ayer f: 4 : ikt er | d dpl ane
| ayer 22, and a seco%lg' %I %g?@l%@ﬁe%g!ug#ﬁ%g f@ére{a%%gsjoﬁ gflgfragl&?in Q%E?e

appr oxi mat el y parogrdmspablerfittecefifigildent as shown in Fig. 1. The various

| ayers 14-24 have a . S i trl.Co i i d

present enbodi nment iigg'\gjlrsgdl @‘.’rgf%g‘%‘%fadﬁ érrvgi}ﬁ%ga%éé g?ﬁ%ﬁ%&%ﬁ%&g@rgﬁ%@g The
swi t chi ng | ayer laydr dnd cbniché sigmehroutinp inyes of the btackgd mattilayekprégtaramebla filterwf put
swi t chi ng netwo 6, which are positioned on opposite ends of a top surface
48 of the switciing |ayer 14. The switching networks 24, 26 are inpl enented
via mcrostrip w thFig 4isamumgnifedrwiesd filuatreing exdnepiaey veatical RR triadsitich bithe

groundpl ane | ayer 18. ngﬁt i r}.@.ut swi tching network 24 includes an input
termnal 28 for PREFERAPIRGISOT % byt ni crowave signal. In the present

speci fi c enbodi ment , Figh&isi afurther tneagnifisd vieRSof a0 @Rémlars veicaRE tignsitionfofa first
1-4 switch 30. Ehe first 1-4 switch 30 selectively provides input to a
second 1-4 swt W%z, a first vertical RE transition 34, a second

DESCRIPTION OF THE INVENTION

While the present invention is described herein with reference to illustrative
embodiments for particular applications, it should be understood that the invention is
not limited thereto. Those having ordinary skill in the art and access to the teachings
provided herein will recognize additional modifications, applications, and
embodiments within the scope thereof and additional fields in which the present
invention would be of significant utility.

Fig. 1 is an exploded view of a stacked multilayer programmable microwave
filter 10 according to an embodiment of the present invention. For clarity, various
well-known components, such as power supplies, antennas, and so on, have been

omitted from the figures. However, those skilled in the art with access to the present



vertical RF transition 36, and a third 1-4 switch 38. The second 1-4 swi tch
32 selectively provides input to a third vertical RF transition 50, a
+fourth vertical RF transition 52, a fifth vertical RF transition 54, and a
si xth vert WAPORASRIansi tion 56. The third 1-4 switch 3&CIAISEWPPIR6]Yy
provides input to a seventh vertical RF transition 58, an eighth verti cal
RF transition 60, a ninth vertical RF transition 62, and a tenth vertical
wavegui de RF transition 64. The 1-4 switches 30, 32, 38 are responsive to
control signals received froma first | .cation-Specific . Integrated
Greutt (ASO) " CORERSY it il oo LEGHRE a5 Bt il B RtRR e | he
control -routing ey ehe nddils vf fgiderf dpplidatiGet of routing paths 42, which are
connected to the firér@t Aﬁlg contro lﬁ\?ﬁr‘i and to the, ipput swtching network
24 via vertical connecfFEHed P FIORZYE E?Fﬁg TS SRt PR OB R ng
llayer 14. The oud gifchmpildyen 4G R8N ing PayeNFd, ARG g?otfnﬂ%lﬁﬁe Hyet 18 feh 68, an
out put of which_represents the output of the progranmabl e stacked m crowave

filter 10 as 5 Hier Jvev2eFseoondpermdprnoByaails tud asecond ddigr yeradt: oliSut

termnal 78. In y,gsR0Res [ 0224 8&CiploxilatehPiriIRl afd Siiden £08ofn i BORd
controller 44, the 4-1 swtch 68 selectively swtches Inputs froma second

4-1 switch 70, Bhefyarigus layerpid-2dekave @alowipsstdieepstia pubstrate corg, whichriel theut put
vertical RF trafsits A entddBhBid M BialbSoM out put term nal
78. The second 3‘?1 sv‘\:nmtﬁgﬁf}?% serfglcdt' %‘éﬁ/ g}&\?tdggéééd‘?%%b{%&{%{i‘;ﬁpt hird, fourth,
fifth, and sixth ouflpeswichingileyst 14fEcludesan inpubsveitcBing dstworlepandtanwatpyt t o an
i nput of the firgt. A4- m i ; i | §d cc contr ol
signals fromt he&étgéig%get%é\fn ’ér%glw?glrl a&jﬁ?ﬁ%ﬁﬁ?ﬁgﬁ:&;ﬁﬁ?% Ilgfldesg%fﬁ%%ﬁﬁﬁ% jég\/vl ch 76
sel ectively sw ttbhewitchiggidayer ddn lS@hﬁéﬂWiﬁ;hil‘ei petworks f24i r26hafre dmglemented viser t ihcal
RF transitions 88-94.. respective t n_i npu .the fir 1 i tch 68.
The various sw t%ﬁ%gmgéﬁ%?o%ona%%mf@sa%&r? ?e@né:hﬁeg V%:aotﬁ Pf)sk grz)lhlgljflﬁcliafms’ 2 é\ﬁcei ved
fromthe second ®SIC controller 44. The control signals are routed through

the control-routing.dayer, 16 via a s nd, set _of rout ths.46, which
are connected to thé’%%‘@%ﬁf&' “ﬁ@l%ne?‘g?{gggﬂcg‘ MRS gg‘%ﬁgwc%‘%% ng
network 26 via Vst iniedowaveosighel t inohés pfeseat spebifiveinbedinedtdiha gnpub teanighl 28he

swi tching | ayer

- -

cjéﬁliects to an input of a first 1-4 switch 30. The first 1-4 switch 30 selectively
provides input to a second 1-4 switch 32, a first vertical RF transition 34, a second
vertical RF transition 36, and a third 1-4 switch 38.

The second 1-4 switch 32 selectively provides input to a third vertical RF
transition 50, a fourth vertical RF transition 52, a fifth vertical RF transition 54, and a
sixth vertical RF transition 56. The third 1-4 switch 38 selectively provides input to a
seventh vertical RF transition 58, an eighth vertical RF transition 60, a ninth vertical
RF transition 62, and a tenth vertical waveguide RF transition 64. The 1-4 switches
30, 32, 38 are responsive to control signals received from a first Application-Specific
Integrated Circuit (ASIC) controller 40. The control signals are routed through the
control-routing layer 16 via a first set of routing paths 42, which are connected to the
first ASIC controller and to the input switching network 24 via vertical connections
(not shown) extending through the switching layer 14.

The output switching network 26 includes a first 4-1 switch 68, an output of

which represents the output of the programmable stacked microwave filter 10 as



The first, third, fifth, seventh, and ninth input vertical RF transitions
34, 50, 54, 58, 62, respectively, extend approxi mately perpendicularly .
through the switching |ayer 14, the control-routing |layer 16, and the first
groundpl anwd nyre3sh8 to the first filter layer 20. At p¢EUSI068E32411] t er

| ayer 20, the input vertical RF transitions 34, 50, 54, 58, 62 couple to
inputs of five respective first-layer filter elenments 96, three of which

are visible in Fig. I. The three visible first-layer filter elenents include

a first filter elenent 98, a second filter elenent 100, and a third filter
el ement 102, whi PRVidedeat ap Suipptaripali7§e Ip Aespense FPp{??elRfé’rftGP@:ﬁql sigmalp frgisd t i on

50, the fifth i nﬁ%nd%ﬁﬁdll@@M WRVIEOHHRE 68 éélecuaa switded in E@t& ﬁbfﬂ%‘geco\ﬁ@ml' cal
wavegui de 34, respectivel g/lﬂ:‘i' e corresponding tirst, ird, fifth, seventh,

and ni nth out put SWight70¢ &l firproutpyt siesicel; BR strapsitiorg 32, 5843008@3 outppt vertieahdiF i vel y,
ext end appr ox! Mg ghitoPel BENALEYAA S 1015 BAglEnsih PN N0 |ayer 14, e

control -routing layer 16, and Irst roun pl ane | ayer 18, and coupl eto
out puts of the respe&ﬂlb\?@oﬁ 4-4 tswitehy & SeﬂqctlYeéY S\@tcbmlsmth@itfpmhs fifthf t he

100 are 6 o 2000F RIS FEARTRE SsRpaERG T Mopdlpety, #h bl f s 11, © BTN
vertical RF transwitch68 ﬁ&@spoﬁseftm tccclpltqflspemfwrmnmmgﬁ&s fromaiss secamd coﬁzb,‘llexand t he
first output verM %ﬂ%ﬁ,ﬁg 13| VF“%QF %gﬁggvblyc n%u'[gemsege% tBurth

sixth, eighth, and ut ve I’ISI 60, 64,

respectively, extisthohndpeuthovertival RY frampitiopes8dd4; raspectivelyt, mmgmttomhefmtudhl ng

| ayer 14, the cont{gﬁ)é routing layer 16, the first groundplane | ayer 18, the
first filter %) and the second groundpl ane | ayer 22. The input
vertical RF transi t i hs vardfas swﬁéhes 56,, 7(50’6 aﬁélrsspmslive td ooﬂmapm”gﬁals)fecéxi/atb

respective second- er fi,l ree e visible in
Fig. 1. The thr et S ouf tesonkl gt it Bostel i
second, ?ndht hi rdﬂ)n&biﬂ&&ﬁﬂg Il@glelrﬁ ik hfs%&:bnd?be@ Bﬁ:‘bﬁﬁnglﬁﬁ)s 4$0s8hlclla;9,comreas<pe;ct ively.
| nputs of the vigible a er re e*rent 106, 108 110

coupled to the f ﬁﬁ?"ﬂn‘?m te“F %‘@Znet‘f’?f % X‘f‘h"e?t’r‘fﬁlut

verti cal wavegtuod@ecﬂ&xsém&mnvlﬂpeﬁ@amg%mywﬁesmﬁmgna&erﬁ?lf transition 36,
respectively. The secon fourth, sixth, eighth, and tenth output vertical

RF transitions 74, dbe fitsy thigh fifth,seventhy and pinthdpput vesical RF tansitigns ol y

per pendi cul arly 54@58} WA redpd@ively, extend approximately perpendicularly through the switching
layer 14, the control-routing layer 16, and the first groundplane layer 18 to the first
filter layer 20. At the first filter layer 20, the input vertical RF transitions 34, 50, 54,

()

58, 62 couple to inputs of five respective first-layer filter elements 96, three of which
are visible in Fig. 1. The three visible first-layer filter elements include a first filter
element 98, a second filter element 100, and a third filter element 102, which are
coupled to the third input vertical RF transition 50, the fifth input vertical waveguide
54, and the first input vertical waveguide 34, respectively.

The corresponding first, third, fifth, seventh, and ninth output vertical RF
transitions 72, 80, 84, 88, 92, respectively, extend approximately perpendicularly
through the switching layer 14, the control-routing layer 16, and the first groundplane
layer 18, and couple to outputs of the respective first-layer filter elements 96. Outputs
of the first filter element 98, second filter element 100, and third filter element 102 are



switching | ayer 14, the control-routing |ayer 16, the first groundpl ane

| ayer 18, the first filter layer 20, and the second groundpl ane | ayer 22.
.The output vertical RF transitions 74, 82, 86, 90, 94 couple to outputs of
the five r M¥QUINPRIsecond- | ayer filter el enents 104. ELIHSIQOHR6e

vi si bl e second | ayer filter elenents 106, 108, 110 are coupled to the
fourth output vertical RF transition 82, the sixth output vertical RF
transition 86, and the second output vertical RF transition 74,

respectively. ese i ng layer
16 is construct eab1 gf?ﬁfsl %‘n{f lﬁ%ﬂp{ﬁ%yﬁ‘@ﬁ@% hfth&{lﬁut?r?r%eﬁggg HEODDJr oid. A
top surface 11284oancttheﬁrsbmtmtwdrhdabRiEtrmgitibay‘erresi:&tweiyshovm | acki ng surface

nmet al i zati on, but eéhl biti g d. fl"lro h..hol %s 1 coaxi %1 tructures
corresponding to th 5%?%‘*3@“5 g]cgllg f ? 0Py V%}H%a ﬁg{‘f&‘ Sléém? eﬁi nput

¥ert i cal Wa\éelgujﬁdﬁﬁ, 6341;esﬁ%gt1ve§/§)e)ﬁﬁld$bpt‘0m:n§iety ﬁdﬂﬁn@bﬂﬁﬂl whroapibhdiswitetting t he
exhi bi L1 ng a1 R 1AeE ORIk uiog BEFTa RS EIbgRER 6 IPoe TR S8 ansi ¢ | on
hol es therein, o0, aﬁlﬂrtﬁe%éébﬁ&?mhﬁdpldﬂ@la‘y&flzo%e‘ﬁﬁﬁﬁVe@t@dalﬁtﬂaﬁsﬁﬂ;ﬁé t3gons 34,
36, 50-64, 74, 76, 80-9 t he second groundpl ane Iayer 22 is

i npl emented  vi¥% é%%ﬁé@?\fﬂ%%@%ﬁt phafive Tespeptierserrpd-tavel ks plements 104 at ed t op
surface 118 wi tdheo bf WRIRQRY4{R8RAR Bie T/ 1493000 ARRR Rlondleyet B ciffirky ansi ¢ i o

hol es therein. The second filter |aye 4 also exhibits a netallic surface
120 di sposed oringludsi é"xr%ctsmoed c’e‘ﬂdethﬂldn swmd fayere dijter) glegentysi 06, 1108 HdOyar i ous

vertical waveg %ﬂ)@&w@ﬁ Eﬁé s of 'tlﬁ%lsﬂ;lé secbld-la éoﬁ?eg didnfenid hl@Wn 1&)( 186 dfng

perpendi cul arly throug various horizon ers 14- However, the
various verti cajoupipd tt(P dh% ifourininp@4 verthe! 191)11@1;51’:1@452 7e ggh gmuﬁravrtlcelxt end
vertically throggh P asly aljiﬁ? hrough the
| ayers 14-24 wt h%‘h&es gplglrtl n%ﬁbdgm sco%élsog) §ﬂr«% %elgeé i nvention. For
t he purposes of thé‘hpmgmhtfowh,swmmgbm anmt@nﬂlexumuwm‘thabﬁl:lmﬁnﬂmﬂ@,h is
taken to -mean t her 0P8 P h. The
first filter | ?fé%ﬁ%%. %Q%k%i di e ec?lg) cggigfr%{g %lgrpﬁﬂh ﬁ{ﬂﬂ%ed%%)%hgg%
net al i zati on 1Isevitehing layer B, di watrdlyrowting dayed 16 rieafirst gronmiplaoa tiyegly, thet he
filter el ement o 9 M5t ah 28 bR elnl Yeblobififne oy 339 8! dupuP LGRLE Rr2" 025 18
shaped to provide desired

transitions 74, 82, 86, 90, 94 couple to outputs of the five respective second-layer

filter elements 104. Outputs of the visible second layer filter elements 106, 108, 110
are coupled to the fourth output vertical RF transition 82, the sixth output vertical RF
transition 86, and the second output vertical RF transition 74, respectively.

In the present specific embodiment, the control-routing layer 16 is constructed
substantially from dielectric material, such as Duroid. A top surface 112 of the
control-routing layer 16 is shown lacking surface metalization, but exhibiting plated
through holes, i.e., coaxial structures corresponding to the various vertical RF
transitions, such as the input vertical waveguides 34, 36, 50-56 shown.

In the present embodiment, the first groundplane layer 18 is implemented via a
dielectric substrate exhibiting a first metal-plated top surface 114 with vertical RF
transition holes therein, which correspond to the various vertical RF transitions 34,
36, 50-64, 74, 76, 80-94. Similarly, the second groundplane layer 22 is implemented
via a dielectric substrate exhibiting a second metal-plated top surface 118 with



filtering operations on mcrowave signals passing through the filter

el ements 96. The second filter layer 24 is constructed simlarly to the
first filter layer 20 with the exception that the nmetallic surface 120 of

t he secondwa tpwe3st2ayer 24 | acks wavegui de hol es t her epar/osmhe/o32éie filter
el ements 96, sandw ched between the first groundpl ane |ayer 114 and the
second groundpl ane | ayer 118, are stripline filter elenents. Consequently,
the filter elenents 96 are hoanenous and exhibit inproved filter responses

over certain other The second filter |ayer 24
is constructed sl mﬁagﬁ]iﬁmﬁﬁnﬁﬁé tﬁl?rf’ ?‘fef"g;rar}lltﬁ’i/]é?’er Fay alS&F{thlisﬁéneé%yEept i on

t hat no wavegqui dmfa@lleedisbdse@ghaaﬂg[ecm@@@@nd filter layer 24 are needed. In
operation, the ASICEF(&) IIers 40, 44 conflg@rethe mgut switchin

network 24 and the o %%Ot@ﬁigﬂﬁﬂﬂf‘e‘f%‘islé’e alvepveggiidss 84,3601 44, Z‘bl7g=r filter

el ement from thg.g4 4k 910\7@1' KIBBHS p gﬁen@fculﬁllkethfdu Tthefdah&.%rho 1?6(19&'1 1a9ks @4- from
the filter elenents 104 of the secondfl ter articular filter

el ement is sel ectedIOWAL theevarigppyesisal %E@a@wopﬁzﬂis%oﬁo'ﬁﬁeﬂb BO-Hendtor k 24
and the out put ”@&éﬁ@R/ngfﬁlyecﬂl%géﬁath@'ﬁonioﬂﬁ}‘fay&b 903k of G @%‘fétlﬁdﬁ PUNafdRe | nput

switching network 14; through a correspondi ng input tical RF transition;
through the sel et24dwittiont departing fremithe sconeofi s prasent igyentfon2 §orrthe s&poses of

PCT/ US2006/ 0326 e gsQuL.put | \E gh the
out put swi t ohi nghd et SRARANIONR ol velftlt) TRoulPHE o By S

speci fic enbodi rwmenditzﬂ@'l)dbmyglcoratalamg@dkrfvuglt er 10 configuration is adapted

to filter el ect romgﬁﬁ%ifﬁsteﬁﬁérg?’axg}i %@'e%gltpac&%ﬁgt\éial corJ %g{ﬁencﬁy)gbs%ﬁgw such as

bet ween 4-15 GHz. Fu ernore, resent nment one filter
el enent at a t i neetalizatiom Hétvath siargicdily odmntlramlaé earsesphiiding 4o thSifiltert dgnentsuse of

e TEUE ot DR iy B kP S0 BRI 2R
i nput/ out put t erfitteriag Spe%pﬂsBonamdroaraw@alts paksﬁag klirarghdieeﬂmmlexgdsmd yTienhance
SRSIETNALE 1T R EEN N SR U
i ndependent adj axedption that the metallic surface 120 of the second filter layer 24 lacks waveguide
holes therethrough.
The filter elements 96, sandwiched between the first groundplane layer 114
and the second groundplane layer 118, are stripline filter elements. Consequently, the
filter elements 96 are homogenous and exhibit improved filter responses over certain
other conventional filter elements. The second filter layer 24 is constructed similarly
to the first filter layer 20, with the exception that no waveguide holes through the
second filter layer 24 are needed.
In operation, the ASIC controllers 40, 44 configure the input switching
network 24 and the output switching network 26 to select a particular filter element
from the filter elements 96 of the first filter layer 20 or from the filter elements 104 of
the second filter layer 104. A particular filter element is selected when the
appropriate switches of the input network 24 and the output network 26 enable an
input signal to pass through the input switching network 14; through a corresponding
input vertical RF ftransition; through the selected filter element; through the



cavati zed housings for each filter element to ensure sufficient input/output
i solation. Consequently, the footprint of the filter 10 significantly
reduces filter space requirenments, which is very inmportant in various

appl i cati oggo 4d0fhidthiong M ssile, aircraft, and satellitgc-$¥358EHnefiot € t hat
various |ayers, 1ncluding the filter layers 20, 24 are coated’mnt% met al
134. The netalization 134 is connected to all ground planes 18, 22, which
further inproves signal isolation and cross talk. Note that the bottom
filters 104-110 are stripline filters. Consequently, an additional

groundpl ane | ayedorréspoiidisehautpu} vertical iwagéguitiedandehrouglt the obiptit switching hetwotkayer 24.
The ASIC control]erg 40 4 st i nformation about filtering
characteristics ﬂﬁ?ﬁEQBWW#FFP%$5§|enent 96, 104 and run al gorithns that
choose the appropriatg thé | predenf QGpecific Hmbedinghtgnae eoipatonmRKkdd. fiter axddi ti on,
the ASIC controllers 40, 44 may seng tuqing signals, via.the routing paths
42, 46, to vari FQBHEFFIOR; isigleatﬁ% R xR TP RYOMBIOEHG FRETRY WIHR & HEIEOYRYC 32, 38
and sw tches 68, frefflency BanldOsubB M RePY25 &Hz, FinkHefthorb)ah HRHPREE 8mbodlM&it,Ng
signals may be conmputed by the ASIC controllers 40, 44 based on a

predet erm ned al Goroeditelatentatp time iyselceted Via theventelerd 48444 hose skilled in

the art wth aCCGSS,SEche%ié"%seOBie&@"iﬁ o QAR ﬁet%()@)ﬂchﬂuﬁn&{h@tb%t;ﬁ%@@&éhﬁm ation.
In the present enbodinment, the ASIC controllers 40, 44 select the

appropriate fi |netyorlePé irepambimgion with the essrodigraynéplaneHayers &% 28 rkeiwest the
el ectromagnetic "Eﬁﬂl% t.hat i 06403 . .o1Pr OVi ded
to the input ter n_a?:}ﬁgst. a!asszc%?%t%ﬁgﬁz%%{e%g,ﬁai%@%o ni cat?“3 2& &\ic%lh a
f r equency- neasurisalajiod detween theotermsihdsvip, 78\and betwedny te yinpud sod otpub £ the
functionality j [ 0t Ot trol | 40 .44 Ll.ltate
determning t he@%gqaﬁgﬁépyh%?é@hgrﬁg]ﬁ%ﬁ%&s{hg nnécfd ?05 sg‘é}tcézlﬁl llnfléa‘)? %Jegtg%‘ﬁ%:c%ﬁng t he
appropriate fil togvatie¢dchmmsingsdor, eath filtercelanaii togdnyure syfficient isput/owput isodtien.
control l ers 40, e ually pre- figured.to select icul ar
filter el enent 9@%5%%@7?@?20& .“r"blq?et?lg @8” 4812%30%{%1 orerr%gcr??/?%hgepgs{p;gégri t hm
may be i npl enentreqhirementsy wiser ispvary rimportdnt én eainns tapplicationst inelndiddSinfissidy, t hose
skilled in the aagr'% ﬁn tgo#t .tundge experimentation. In the present specific
enbodi nents, thé V4riBus ?}]éfts}(segfs' RF transitions 34, 36,

Note that various layers, including the filter layers 20, 24 are coated with

metal 134. The metalization 134 is connected to all ground planes 18, 22, which
further improves signal isolation and cross talk. Note that the bottom filters 104-110

are stripline filters. Consequently, an additional groundplane layer (not shown) is
included below the bottom: filter layer 24.

The ASIC controllers 40, 44 store information about filtering characteristics
of each filter element 96, 104 and run algorithms that choose the appropriate filter for
a given signal environment. In addition, the ASIC controllers 40, 44 may send tuning
signals, via the routing paths 42, 46, to various circuit paths extending to/from the
switches 30, 32, 38 and switches 68, 70, 76 to improve overall filter performance.
Tuning signals may be computed by the ASIC controllers 40, 44 based on a
predetermined algorithm that may be readily developed by those skilled in the art with
access to the present teachings without undue experimentation.

In the present embodiment, the ASIC controllers 40, 44 select the appropriate
filter elements 96, 104 according to the frequency of electromagnetic energy that is



50-64, 74, 76, 80-94 exhibit node-suppression holes, which are optimzed to
suppress undesirable signal nodes travelling in the vertical RF transitions
as discussed nore fully below. The node suppression holes 122 are

i npl enent evorzca7/ooseml - net al - pl ated through hol es runni pgrasheéentsiial |y
parallel to the vertical RF transitions 34, 36, 50-64, 74, 76, 80-94. In
this enbodi nent, the vertical RF transitions 34, 36, 50- 64, 74, 76, 80-94
are inplenmented via coaxial structures or circular wavegui des. Wvegui des
other than circul ar wavegui des nmay be enpl oyed without departing from the
scope of the prEeded fonfhe imphigamingh 88.e Thk pontreders A, t44emayr qomppunjcaigpyithei at e

t hat the stacke i 1€ : ] t : {11 | ayers,
additional fil tg?&dg{l‘%,%ﬁ%%ng?fé V‘P‘g@? f%hﬁ&)'f e&gﬁf@%ﬁ%ﬂ%ﬁﬁ%ﬁr Ilter

el ements per | ajpey bebuilhdnie thd eprnotlérs 40, ot fediliats defpraninifig thi dreguensyeoitthe

i nvention. Furt the. 1.0 | . . 96 YocD€ad wth
ot her types of ﬂ@‘lﬁt;@ C%llg }t tocé(;c?rrlplot%tlre] 5%%&115 {shggﬁﬁ gém?er %Ia% gﬁglg& C9g hg%d'r ?Cg(l?rgﬁgg
anplifiers, andABensgivelynwiltehmutolledeflarddi mgy be armodily e-opdigofed tth eselpstes ent

invention. In the,. nt .specd fi odi.nment , i nterfaci ng between the

swi tching net W@lﬁagilﬁerfée“% @6{% IH%" \% £f tg?ﬁerﬁléo’t aaﬁg F?cp%lﬁglygllgeaﬁﬂ%menent ed
via stripline-tmay bbrimplementéd sias tsenprograimable abmpyter 6rt ethdrakSITgbp &oveeen t he
vertical RF transitiopns 34, 3 50-64, 74, 76, 80-94 and the filters

96- 102, 104-110° ?%‘?%F%%th‘e“g&“@??‘?e’f@ﬁ‘mt%to- stripline transitions.
Conventional stri pl ilfeetpeeséit getifia embddadiénts, the Rariche Sértiéal RF hamditidns B4-36st ri pl i ne
transitions may oye i £ hout, departing fromthe scope of the present
i nvention. 10 vﬁ%%ﬁés%%%%%é%@gmwgﬂ% WiHehaze ng i cddo FRPESse ar t

Wi |1 appreci at eudddgiable Rgnsll B6dee HaRIRY R HIBRHRAINRIT frnbfess 45 difc@ised hory be
adapted for use th el ectromagneti c, energy exhibiting frequencies other

than nicrowave FPHEPEORci Lo Wit SRPressingahalesnte2s 4 Arplpmentedopa matalmpgtal- oy esent

invention. FurtfigedereughthoRs glaﬁbsfﬁhﬁdlrzwglftbltﬁeev@ﬁo‘aﬁm kdsiticny 30e
replaced with circuit co nts other than filters, such as anplifiers,

onent
frequency convif D64 74af 38940 thifiembedimertets verier) RE twsitions 3dc#pdlof t he
present inventigQn.74l ne, sl %%?leﬁlgﬁeﬁ%t&miﬂ%hﬂ@cﬁﬁé@'bkﬁraﬂm whvepBYesbe

replaced with different types o _ , )
Waveguides other than circular waveguides may be employed without departing from

the scope of the present invention.

Those skilled in the art will appreciate that the stacked filter 10 may be scaled
to accommodate additional layers, additional filter elements per layer, or fewer layers
with fewer filter elements per layer without departing from the scope of the present
invention. Furthermore, the filter elements 96, 104 may be replaced with other types
of circuit components, such as frequency converters, amplifiers, and so on, without
departing from the scope of the present invention.

In the present specific embodiment, interfacing between the switching
networks 24, 26 and the vertical RF transitions are implemented via stripline-to-
circular transitions. Similarly, interfacing between the vertical RF transitions 34, 36,
50-64, 74, 76, 80-94 and the filters 96-102, 104-110 are implemented via circular-to-
stripline transitions. Conventional stripline-to-circular transitions and/or circular-to-
stripline transitions may be employed without departing from the scope of the present

invention.
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swi tching networks. For exanple, the 1-4 switches 30, 32, 38 may be repl aced
with a single 1-10 switch. A 1-20 switch could be enployed in
.inplenmentations wherein the stacked filter 10 exhibits twenty filter

el ements. YWR200HP32® use of the swi tching networks 24, PETUR208EMBSIAAt i on
with a stacked approach exhibiting isolation-enhancing groundpl anes 18, 22
yi el ds conpact «circuit inplenentations while mnim zing cross-tal k between
conponents and maxim zing electrical isolation between the input term nal

28 and the output teryinal. 78. Fiq. 2.1S. @ (fied exploded vie
illustrating filter frg%;&sénllfé,mztie %"1“ FVH ap%rf"%%gghatn@hﬁ?chvg?mﬁ?w bl e
filter of Fig. Imiclowavecfileesillynaytbeadipiddefor aseiwith eleptomaghetioegerdadsdibithgd of Fi g.
1 is not shown in Fig. In the present specjfic enbodinent, the five
first-layer fi1{Buespisndhedbhgamsnlave rauprbeyeastsrasiing Spmh o oSfMemant s

104 are inpl eneniQehtaifivention. Pl BuRBerible! e RIRIE RicGowiVet fMteds 08! @ gl g
patterned filter netalization 130 surrqounded by clearance areas 132 in

surroundi ng met deplasgd A, Gigguit SampopgHts Gthsr thap _Lﬁh?é’iﬁe pych cas| anptifiers o fiequeRc¥ns 52,
56, 36, 60, 64 RdnOdtRHSo ¥ WitHofd de 112iﬁ2g' R84 ttlel 2> dF4he Ilﬁ‘@sentﬁﬂvenlg&. 184 and

acconpanyi ng node- suppression hol es are nore clearly visible in Fig. 2.
Fig. 3 is a nor additiemithegwighing netwerks 24t36ngay braenlasedvatudiffergnt( tpes afwi t chi ng

Layer 14 and contiiglisd QRO Rop¥ipACud o BRcRk 3gkads i) 1d @Rl RiRQr ammebl e

filter 10 of Fig. 1.” The controll'er "40 tonnects _
correspondi ng fismgle Isktswitch. A deR0iswijcheuldde 2mplopied ihémplementations wharéimehel ayer

16. Simlarly, t 4 connects to the second set of
routing paths 48{}?1%"'%?%%‘[1@0%&%ty"%@ﬂ:ﬁ?tgljgeh&feﬁéer 16. 11 WD 2007/ 035220

PCT/ US2006/ 032611 | The heiquer eseoft the pwitcHing: nebwhudsesli2de A6 ,in tchmbmationowith a

connecting paths,42.. 46 npect. th S| ontrol | ers 4 4 . vari Qus

circuit-tuning SS?@BEQ aﬁ%ﬁgc:ﬁnexﬁlﬁ{émé hsglﬁi onéﬁ‘\lllm “CHi (g’gunﬁ"élfm \/?B(r}ﬁ’ éﬁlyl %{%'dc o?q%aout put

swi t chi ng net worckait impleaertationsa | widier mitiitizingt bross-taliinbawetent kemponess a8l C

controller 40 and the s nd.AS] C controller 44 to the input w t.ches 2-32

and the out put SWITUHES g‘%@f‘%&aa?%‘,cb%e%éh@f?%fwﬂoﬁ 3811%0[“?,“?&3’?%[1 ontrol
78.

Fig. 2 is a magnified exploded view illustrating filter layers 20, 24 of the
stacked multilayer programmable filter of Fig. 1. For clarity, the intervening
groundplane layer 22 of Fig. 1 is not shown in Fig. 2.

In the present specific embodiment, the five first-layer filter elements 96 and
the five second-layer filter elements 104 are implemented as stripline filter elements
with strategically patterned filter metalization 130 surrounded by clearance areas 132
in surrounding metal surfacing 134. Various input vertical RF transitions 52, 56, 36,
60, 64 and output vertical RF transitions 82, 86, 74, 90, 94 and accompanying mode-
suppression holes 122 are more clearly visible in Fig. 2.

Fig. 3 is a more detailed view illustrating a Radio Frequency (RF) switching
layer 14 and control-routing layer 16 of the stacked multilayer programmable filter 10
of Fig. 1. The first ASIC controller 40 connects with the corresponding first set of
routing paths 42 in the control-routing layer 16. Similarly, the second ASIC
controller 44 connects to the second set of routing paths 46 in the control-routing

layer 16.
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lines 42, 46 of Fig. 1 are not showmn in Fig. 3. Fig. 4 is a magnified view
illustrating exenplary vertical wavegui des 50, 52, 80, 82 of the ,
programmable filter of Fig. 1. The vertical RF transitions 50, 52, 80, 82
are i npl emyg ®e7ssRocent er circul ar wavegui de sections péRusiengeuanded by
strategically positioned node suppression holes 122. The exact nunbers,
sizes, and positions of the nbode suppression holes 122 are application
specific and may be readily determ ned by those skilled in the art with
access to the present teachings to neet the needs of a given application.
Vel | - known met hods f &t ther eiassit spspifin pobodimenty e vaaieds epupetingr pathsc4 cAfi t s
to/fromcircul ar i ; i sitions
50, 52, 60, B2 e b Ay syiiits 3, 116 EHFRURL AT shEFhh nd BRT |

i nvention w t howwitddpsmnetwerly 2¢ aondrthe lputpyicayitehing esteordk, 26Fi Ayldit®nal sirguif patlisher
magni fied vi ew OJOHI?e]Qt Uil %%gk@fd c%%flér%%lanﬁﬁlets%&rﬂg I, lerFJAgt'o tﬁle inT e
node- suppr essi on hol es and acconpanyi ng ‘surtface netalrl zatl on Picilitate
coupling the m cowitslies 2132 and the butpig switthen6d 78, 76 craspectivelys Eor daity,dhd cogtrolet wor k

24 of Fig. 1) tq,th rdd.cal _circul ar vegui de 50 and constituent center
circular wayeg Plase&lﬁgﬁﬁw-ﬁé‘“sl}?b ggé‘?ﬁg'ﬁndesi rabl e ni crowave signal
propagation nodes. THigs4 istdmagnifedandw ilnstefihg ermphsy Mekdl desgtideesd, byrei n
with reference t rticul ar _epbodipgen or a i cul.ar appli i on.
Those having or oﬁ%n@r Tpgramumahle alter th‘%a dﬁ?é’&%@t’i{%ﬁ“ﬂ@mﬁé@s&ﬂg&% achi ngs
wi Il recogni ze agdiifblematted Ol fdeftat icBBHar waRdphide adebions, 1@NGuesidaei et s
within the scope thereof. It is therefore intended by the appended cl ains

to cover any andT3PFICAlyPAsitignsd mode SUpRESSIoRAIIEs1e4t ThhExagiImbeisotEs 9kt s
W thin the scopgogifiods'sT thy BBENbuppRYEsH hales 128CHO aphIREtA spbafiYBAd nia§ vel @i med
is: 1. Anmultilayer signal processing systemconprising: first nmeans for

recei ving an i npgtadilypgrrained by those sleitied daithe #rbwith aggessdp dicimapent teAcliAgA ©© onto a

first signal patfeeyieh&lifofsdifn bbplRhtidiE #WH-knb&h HAMSILM: rRibnil} Etﬁ}?ﬁferi p
switching network in comunication with one or nore controllers for

sel ectively swi tapdhmisgostyini circuifsiigifemsirepanwageguisles Aechas thelexqmeplary Mestieal RFgnal
paths, said sw tchlifgs 86 905K s AP B8 ElpiBikd3o implement embodiments of the present

invention without departing from the scope thereof.

Fig. 5 is a further magnified view of an exemplary vertical RF transition of
Fig. 4. The mode-suppression holes 122 and accompanying surface metalization
facilitate coupling the microstrip switching network circuitry (see switching network
24 of Fig. 1) to the vertical circular waveguide 50 and constituent center circular
waveguide 142 while suppressing undesirable microwave signal propagation modes.

Thus, the present invention has been described herein with reference to a
particular embodiment for a particular application. Those having ordinary skill in the
art and access to the present teachings will recognize additional modifications,
applications, and embodiments within the scope thereof. It is therefore intended by
the appended claims to cover any and all such applications, modifications and
embodiments within the scope of the present invention.

Accordingly,
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switching | ayer; second neans for routing said input signal along said first
signal path vertically through one or nore horizontal |ayers to a first
.circuit conponent that provides an adjusted signal in response to receipt

of said input signal wherein said one or nore horizontal |ayers include one
or nore groundpl ane | ayers and wherein said second nmeans further includes a
first i npwyhwhietiindg iextending from said i nput sw tching network

vertically through at Teast one horizontal groundplane |ayer and to an i nput
end of said first circuit conponent; third neans for outputting said

adj usted si gnal], Whey giuRilsyi Sighdliprétebim sy steRCdonieBinga first output wavegui de
extending froman output end of said first circuit corrponent and vertically

t hrough said atﬁr$tea@msé@rerehwing@ntleputgrw@lnwlsawetlveéyecrutlagdandonaﬁ starebut

cont rol 1 eraih Shtite Bl dlp SROTR, BRRdhcluiishioni sy oIPHi, oLe

swi t chi ng ﬂéﬁﬁmnk ,cofnuhi QAFiBn it BeCorC Mbte cdnlt@nsrstfet BeJecdidapt @ﬂtdhﬁlgadhid vate or
select a desired circuit component disposed on said circuit |layer i

response tiBpu signgkonto 9pe ohplusHdnputsigaabpathss std syitehing petwosk gisapsed rO@caes si ng

system first circuit conponent is a stripline circuit
comonenm%ltgblﬂg§a%}egl sposed on a circuit |ayer positioned between a first

groundpl ane | ayedondrineans §acmndng sdid unpaip kigna dlenpesaid Sest dighalrsith geidgitipl ane
| ayer and sald second ground IanZ%Ia yer orres ponding to said at |east one

hor i zont althigkelliRapI %4 HaoTealRIIZonizh ygrsntosa. S‘cF‘F%‘uﬁ OmRRRSPt HRE IPERIALES pAlr al
circuit cg fasn}l%%al 3@9& Bf?éép1 efi-céﬁt 8 M%R@gtg@fﬁ | WHeHin W& e '&erﬁﬂ';d out put
exten r a rst a

wavegui de that vertically through s groun yer to
said i nputhosmrttdhayags meltude oke amniorpagrdurrdptapelﬂayswwd Mh@galmeetld\mdond means

ti d f t aid fi r . out
hevoou e Tulher 0GRS 3R dnmie SisauRt B el S B Uavequi de
are equi pRREiWIY hrbBdeat 16&@@5@55&%@%&%51@@6 lapar ald R ansﬁabﬁlt SRVEGdiddes,
sai d wavegui des” being circular wavegui des; and one or nore additional

circuit | éyéwcmismmntubst antially adjacent to and parallel to said
second groundplane LA%Sh: Sipdify $8d 8hust8d SeiaConde 'R NER AEnd AYfRles

a first output waveguide extending from an output end of said first circuit component and
vertically through said at least one horizontal groundplane layer and to an output
microstrip switching network disposed on said switching layer;

one or more controllers coupled to said input switching network and/or to said
output switching network, said one or more controllers being adapted to activate or select
a desired circuit component disposed on said circuit layer in response to a given
operational mode of said multilayer signal processing system;

wherein said first circuit component is a stripline circuit component that is
disposed on a circuit layer positioned between a first groundplane layer and a second
groundplane layer, said first groundplane layer and said second groundplane layer
corresponding to said at least one horizontal groundplane layer,

wherein said circuit layer includes plural circuit components, each coupled to a
respective input waveguide and output waveguide that extend vertically through said first
groundplane layer to said input switching network and said output switching network,

respectively, wherein said first input waveguide, said first output waveguide, and said
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opposite said circuit layer, wherein said one or nore additional circuit

| ayers include one or nore additional mcrowave filters di sposed therein or
thereon. 2. The systemof claim 1l further including a control-routing |ayer
positioned between said switching |ayer and said first groundpl ane | ayer,
said control-routing layer including signal paths for routing control

signal s frQeh SRigdcOne iffut MERgGBT 41l b@nﬁﬁt twavediidk atd\RUbipp¥d tveifti Mgbdeet wor k
and said output switching network. 3. The systemof claim1l wherein said
first circuwppressiomdiotast thas paralied r savhveaveghideser said), wayvegyislee nbding ciiehlanci ng

i sol ation betmegn,aqiinput and an output of a <circuit conprising: a first
gr oundpl an‘ga‘ieﬁk}l ?S,’ 4 second groundpl ane | ayer approximately parallel to said

first groundpl ajhe érayeié adaitiohdlCtirduitelagere ndispbsed aslestarbiatiyemincedi b bnd st
groundpl ane | ayer and said second groundpl ane |ayer; an input wavegui de

ext endi ng namllsﬁgmszad;fp@m@ grpuadplanet layestongs §igedis] @ik sseapé gramdrlags lgyei ng t o
an i nput e i theul t ; . J I hr ough
"ol ane. or baitl Gt dreSieith, pRr SR ond Sy AdkeMi MR AH IR FRRkPEG 1 OF
sai d ci r curtmat edaditidrial ticoivaecdiings Uayeed pesdii bothedorppr oxi mately parallel to
and adjacent to said first groundplane |ayer on a side of said first
groundpl ane | ayer o%posite sai d second groundpl ane | ayer, wherein said

i nput wavegui de-and 1d@isystemtqd Haimavisgherdacluding aeontielgagtng layer positionehi ng

L e T R D

sW t chi ng ihelyéding sikdaladisdomnroatnglcaitiotsighal efr@nsaid ons oflinspros@troliera td daidst
circuit layer, said first circuit layer further including plural circuit

el enents, BREWHEhiBGNEWSrKpng sard QuiRHtSWHFHAGASWEHUpl ed to a respective input
wavegui de and out put wavegui de, said input wavegui de and out put wavegui de
extending thr oug

h i ' ' . Y . g
coupting to sard i it sutbRen et TRAIEs4 SR P SRl ell £ MO RS ok
respecti vefilyer.

4. A system for enhancing isolation between an input and an output of a
circuit comprising:

a first groundplane layer;

a second groundplane layer approximately parallel to said first groundplane layer;

a circuit element disposed between said first groundplane layer and said second
groundplane layer;

an input waveguide extending through a plane of said first groundplane layer and
coupling to an input end of said circuit element;

an output waveguide extending through a plane of said first groundplane layer and
coupling to an output end of said circuit element;

a switching layer positioned approximately parallel to and adjacent to said first
groundplane layer on a side of said first groundplane layer opposite said second
groundplane layer,

wherein said input waveguide and said output waveguide extend through said
switching layer, said input waveguide and said output waveguide coupling to an input

network and an output network, respectively, that are disposed on said switching layer,
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a second circuit layer positioned approximtely parallel to said second
groundpl ane |l ayer and positioned on a side of said second groundpl ane | ayer
opposite said first groundplane |ayer, wherein said second circuit |ayer
‘includes plural additional circuit elenents, each additional circuit

el ement coupled to said input switching network and said output swtching
network on said switching |layer via additional wavegui des extendi ng through
sai d second gr ovherhy arid digyiérelesaang i dispase oinra {irst cirayiedayes s fiyst gircuit

groundpl ane | r..and. said,switching. layer:. acontroller for ctively
Qontrof | et ren udidinadha PRI Aot BioMel Cuchfetdrlon BG5S v

swi t chi ng thatryipedtivednputveiiegdte aidbiltpst Wiekuilé)rsaldgiip@ wioekiidd atd betut

el enent di spose on said first circuit layer or said second circuit |ayer and
to direct wevegwdy pxtierding thrpegh saidyfisst grundplape layen andgsad peilchinglaypetd t o an
out put of I 3 i i - Ont e elye

ai'seri but i S0P ety WD RecREhl S R P PRIl B BBYels o ng
net wor k andearmdsdicdit tayep pdsitsoet! approginresd] ywarkllel sakald cecond @roundylene fagsi ti oned

bet ween sai g swi.tching l.ayer and sajd first groundpl ane, er. 5. The system
of claim &naa@sa%?wgsoaiaoﬁ@ Pl see@raﬁﬂwp@ws %%Pp@ﬁlt%%l%% geundplanec i ¢
layer and 1%%&,%%‘@1}1%51?%%0:{& éiﬁgittlayeelr%ﬁﬂfé Pmra%aﬁgn i@t GleRs)dadn | t er
| ayer are ‘mcrowave filters adapteed to fifter a predeterm ned m crowave

f r equency additiofd ecisyitt demerit couplath ® wdidrieput sdicingonétwotl @nd masldoatpst cont r ol

signals to .cantrol said input. switching network and/ or said, output
oL o e SiitBE RiyeBEan shARWitchiBg ) oo [ Eecufles SRendigt HRBen o sai d

i nput  swi 61 lREorACEWRRdplantSlayer said first circuit layer, said first groundplane layer, and
said switching layer;
a controller for selectively controlling switches of said input switching network
and/or said output switching network to direct an input signal through a desired circuit
element dispose on said first circuit layer or said second circuit layer and to direct a
resulting output signal of said desired circuit element to an output of said output
switching network; and
a control layer for distributing control signals from said controller to said input
switching network and/or said output switching network, said control layer positioned

between said switching layer and said first groundplane layer.

5. The system of claim 4 wherein said circuit elements disposed on said first
circuit layer and said additional circuit elements disposed on said second filter layer are

microwave filters adapted to filter a predetermined microwave frequency.

6. The system of claim 5 wherein said controller produces control signals to
control said input switching network and/or said output switching network based on a

frequency of an input signal provided to said input switching network.
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