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5 BACKGROUND OF THE | NVENTION 10 Field of the Invention: The present
invention relates to mcrowave circuits. Mre specifically, the present

i nventi onVPMEYWEo nultiband mcrowave filter banks utPECT/EBIY5/012070

m croel ectronmechani cal switches. 15 Description of the Related Art:

Mul tiband mcrowave filters are used in a variety of applications, such as
comuni cations, electronic warfare (EW, and instrunentati on devices, to
separate 20 and identify signals in different frequency bands. Design

requi rements for these filt QBNIANUERE BROADBANDV cost, small size, |ight
wei ght, | ow power dissipati i er f nce. For certain
applications, two of the no i @Jﬁﬂgﬁgﬁﬁégﬁg?ions are cost and size. A
m crowave filter bank is typically inplenmented in a mniature m crowave
multi-chip 25 nodule (MCM. Presently, all mcrowave nulti-|ayer
technologies, i.e., Duroid, LTCC (low tenperature co-fired ceramc),

Alum na, etc., are in their infancies, requiring tight process controls to
nmeet the demands of high performance buried circuits such as bandpass
filters. Such a tight control on material and processing increases the unit
production cost to be prACKGROEND OF THE HreENggoNcOMTDN 30 technol ogy for
filter mniaturization uses | anthanum al um nate (LaAl(Q3) substrates. WO
20051101565 PCT/ US2005/ 012070 These types of material are used exclusively
in conjunction with | ow tenperature superconducting (HTS) filns. Such
substrates are expensive, suffer froma high dislocation density, and have
a rel atoi vel y | @leldioEthe diivehtiorconst ant, which results in a |arge, heavy
circuit. 5 A comon design for a nultiband m crowave filter connects a set
of bandpass

The present invention relates to microwave circuits. More specifically, the
present invention relates to multiband microwave filter banks utilizing
microelectromechanical switches.

15

Description of the Related Art:

Multiband microwave filters are used in a variety of applications, such as

communications, electronic warfare (EW), and instrumentation devices, to separate

20  and identify signals in different frequency bands. Design requirements for these filters

often include low cost, small size, light weight, low power dissipation, and high
performance.

For certain applications, two of the most critical specifications are cost and size.

A microwave filter bank is typically implemented in a miniature microwave multi-chip

25 module (MCM). Presently, all microwave multi-layer technologies, i.e., Duroid,

LTCC (low temperature co-fired ceramic), Alumina, etc., are in their infancies,

requiring tight process controls to meet the demands of high performance buried

circuits such as bandpass filters. Such a tight control on material and processing

increases the unit production cost to be prohibitively high. The most common

30 technology for filter miniaturization uses lanthanum aluminate (LaAlQ;) substrates.



filters between two single pole nmultiple throw switches. These switches are
typically inplenmented with sem conductor el enents such as transistors or
PIN di odes. At mcrowave frequencies, however, these devices suffer from
several MORVBOIMNYs. PIN diodes and transistors typi capd¢HusmoE2m0
insertion loss (the |loss across the switch 10 when the switch is cl osed)
greater than | dB, and an isolation value of less than 20 dB. This |ow

| evel of isolation allows a signal to "bleed" across the switch even when
the switch is open. In addition, PIN diodes and transistors have a limted
frequency raapRngsesasinarasuae ReDetuskyy 30 Con MM @bn REHP RAR tempERRSE
switches therefore increase the insertion |oss and power dissipation of the
overal | nul t SeRefrendyqtingr(HTS) flemsc eSuch ubdrates age reapensive, swiferafiem faohighn

i mproved nul ;i b Cr i . t f fer ower . c .smal | er
size, |ight e?is\%g?%ﬂ &gﬂ%\%:ﬁ%fﬁg%/égélﬁ%‘&w Frvaér;igfg(:&gvcg?a%mi \vgvlr%mgrr? &ﬁtls Mé&rs. 20
SUMVARY OF THigd, hhAviNTirGiit. The need in the art is addressed by the
mniaturized m'crgvvave circuit, of th present invention. In general, t he

novel cirguit incfFQBEney eis’tggtforﬂ}Bglflg%ﬂdéf“%’“fai"? SfterGogerds 2 535 opbandpasyi sposed
on a bottom gyekaekveeh thd Sinblepdle MMASIE bR swicRES Ol UK LR tRfidafighed to a
top surface of the first suBstrate and adapted to cover a portion of the
first substr amplemented odthinsemyeandneionelaments|issgio s drangistarst apPBlidiodee dft t he
second substra [N netal | | zat..on_disposed between the first and
second subst é%rgvsva‘t%o Pr? %‘%e?nmgs’ g{oﬁeﬁ % ghee 5 ??‘Flﬁﬁi ?u?%eg) pntgo“b FEYBHetS B%%’%‘Bgsp at hs

di sposed on Phediodgs sidr rasBtons tyblsily have tan $nseriohdbss (BedoskOackdis khekwigh a

pl uralit){qof vi as connectcg(% to the first ground plate, and one or nore 2 WO

2005/ 11) 14 568/ hprthe 856 S5/Pret Arates funil i apd an ispletion yrlusldemsdhad <t at e and
second gr oundryp BhAeveMag seiaRoP AW ARG “bleRlt M4Gss s itchdvbPRREh Ayer a
portion of a ground path and 1s filled in wt conéuctlng mat erial, such

that the secewitchgisoeped. plnatdditian, PO¥ éastee dnd dranfistofsi hae ayliouted figgedney I n an

illustrative enbodi nt, the no L cwit .S, adapt for use as swi t ched
(1 ter 2 bar P st Porspdnd Bt ho-3bd Fi log ot PERR aiteb el el &
plurality of incrdasythehBedtion RS hapdwak dissipdtivhiof thecsvaRRiltiBardsilel.s0 descri bed

for use in the swtched fjilter bank. ) i )
15 Hence, there is a need in the art for an improved multiband microwave filter

bank that offers lower cost, smaller size, lighter weight, and improved performance

over prior art filters.

20 SUMMARY OF THE INVENTION

The need in the art is addressed by the miniaturized microwave circuit of the

present invention. In general, the novel circuit includes a first substrate, a first ground

25  plate disposed on a bottom surface of the first substrate, a second substrate attached to
a top surface of the first substrate and adapted to cover a portion of the first substrate,

a second ground plate disposed on a top surface of the second substrate, a pattern of
metallization disposed between the first and second substrates to form a stripline
circuit, one or more ground paths disposed on the top surface of the first substrate and

30 including a plurality of vias connected to the first ground plate, and one or more



10 BRI EF DESCRI PTION OF THE DRAWNGS Fig. | is a diagram show ng an expl oded
view of an illustrative enbodi nent of a switched filter bank designed in
accordance with the teachings of the present invention. 15 Fig. 2ais a

di agr am sWOIPYIUSEi de view of the illustrative sw t chedPETIUS2405/539R0
i'llustrating the nmultiple layers of the circuit. Fig. 2b is a diagram

showing a top view of the bottom substrate of the illustrative swtched
filter bank. Fig. 2c is a diagramshowing a top view of the top substrate of
the illustrative 20 switched filter bank. Fig. 3 is a diagram of the |ayout

of the ill ustpeatngy eutsmiotthdedorfd substratetmmid seconti @rdung pldid) evHeesi@bdcBdpeding he t op
substrate ov%imt he bott.om substrat.e. %greﬁ%l S, an. e {Q\éal ent circuit

schematic of PHAWF ARGISAigRedAver ¢ pertipn o path grd is 1n fithicgnducipgt r at j ve
filter bank.ma@rifil §uchFBatithe ScoRSMAHING il BSmbied ULBE WirkEsoaRSHaef 1f he first
filter for the_ i fl_ustratiye fi I%Igr ba_nk.? Fig. 5bis grrap s_hovmatggh%he
frequency re¥pBisEatye ampedismentthe apvel girciibis adapted ifor west asaa pwischiedl Ifler bank.
Fig. 6a i .agna il1us hV y of a zig-z filt.er designed
" 30 achor takoe b iy kit gols Wyl oY R ool A8 bR pf

2005/ 101565 micTdcldsROMbdARZEN7 Gwitdigy cOiporentnisedlsb vadserbedciférc uid isahemati c of

an illustrative zjiQ-z filter designed in accordance wth the teachings of
t he present ?WWBFAH](S‘H%%F—‘F'Q. 7 is a diagramof an illustrative |ayout of a
conventional edge coupled filter. Fig. 8a is graph show ng the frequency

response of the third filter for the 5 illustrative filter bank. Fig. Sb is
graph showi ng the frequency response of the fourth filter for the

erboai moil of & monol +  ARCREPCRIEFDN DR FREBEIWRIGEL | cn'Gesi gned i n

accordance with the teachings of the present

Fig. 1 is a diagram showing an exploded view of an illustrative embodiment of a
switched filter bank designed in accordance with the teachings of the present invention.
15 Fig. 2a is a diagram showing a side view of the illustrative switched filter bank,
illustrating the multiple layers of the circuit. | ’
Fig. 2b is a diagram showing a top view of the bottom substrate of the
illustrative switched filter bank.
Fig. 2¢c is a diagram showing a top view of the top substrate of the illustrative
20  switched filter bank.
Fig. 3 is a diagram of the layout of the illustrative switched filter bank, showing
the location of the top substrate over the bottom substrate. '
Fig. 4 is an equivalent circuit schematic of an interdigital filter, which can be
used in the illustrative filter bank.
25 Fig. Sa is graph showing the frequency response of the first filter for the
illustrative filter bank.
Fig. 5b is graph showing the frequency response of the second filter for the
illustrative filter bank.
Fig. 6a is a diagram of an illustrative layout of a zig-zag filter designed in

30  accordance with the teachings of the present invention.



10 invention. Fig. 10 is an equivalent circuit schematic of an illustrative
SPAT MEM switch designed in accordance with the teachings of the present

invention. Fig. 11 is a layout diagramof an illustrative SPAT MEM swi tch
desi gned W@ 20gg8twdance with the teachings of the presemRCT/us00F912070 15 Fi g. -
12 is a diagramof an illustrative MEM switching unit that can be used in

the SPAT MEM switch. Fig. 13a is a diagram show ng a side view of the
illustrative switching unit during the open state. Fig. 13b is a diagram
showing a side view of the illustrative switching unit 20 during the closed

state. Fig. l4a iFigastgisafbquvalddbeirdiRashienttic bSal iBlitativeddig-bhehiter detsdneat i ve
SPAT MEM switch. Fig. . 14b is_a graph of the nmeasured insertion |oss of the

i |lustrati velBogor NEW@\fJiectEfﬁhmzso SEEOHBEPGB65 PCT/ US2005/ 012070

DESCRI PTI ON OF THE,| glmgg% égm
applications will ﬁoJ,{/\v% escr|Atgqué«"‘Sr&gt%"levi m}?er g%{é&%ag%kﬁg cconpanyi ng
drawi ngs to discl Elge8a he gegh ashbemeohs fteqasmay meppomse dfhihe third didtert fornient i on.

“Wile the pr ent %e tion is described herein with reference to
illustrat T8 #@rﬁ?agkfor particul ar applications, it should be

under st ood that tFig. BH\E gfabR Rhéwwing Qe ﬁbd#]déhé}ﬁfésﬁd?@é of the fORAB FilBAYIrNgEe Or di nary
skill in the art and access to the teachings 10 provided herein wll

recogni ze addiustrasivafilterdwnk.i cati ons, applications, and errbodl ments W thin

the scope ther eOf]tzﬁnglsaaqqﬂJsh@fb%lof fhﬂlug&atiw)a %b@ﬁ]&h&?a% e %Yg]g&lé on woul d

be of significant~utilit an ex V|ew trative
enbodi ment ofoua tiveivt MM sfmtblt dbmgd&dﬂh al:ébrdmee gvithdthe nteavhings @ tiee pissdnh t he
t eachi ngs, of mwnemgr esent invention. The circuit
Fig. 10 is an equivalent circuit schematic of an illustrative SP4T MEM switch
designed in accordance with the teachings of the present invention.
Fig. 11 is a layout diagram of an illustrative SP4T MEM switch designed in
accordance with the teachings of the present invention. _
15 Fig. 12 is a diagram of an illustrative MEM switching unit that can be used in
the SP4AT MEM switch.
Fig. 13a is a diagram showing a side view of the illustrative switching unit
during the open state.
Fig. 13b is a diagram showing a side view of the illustrative switching unit
20 during the closed state.
Fig. 14a is a graph of the measured isolation of the illustrative SP4T MEM
switch.
Fig. 14b is a graph of the measured insertion loss of the illustrative SP4T MEM

switch.

25



15 10 is conprised of two substrates, a bottom substrate 12 and a top
substrate 14, each substrate having a top surface and a bottom surface. In
accordance with the teachings of the present invention, the two substrates
are conpwsemovfoikésgh di el ectric constant ceram ¢ havi n@Ca/us2besioinug0
dielectric constant of Er--40-100. In one enbodi nent, both substrates are
fabricated froma zirconiumtitanate conpound, having a relative 20

di el ectric constant of Er--40. Fig. 2a is a diagram showi ng a side view of
the illustrative switched filter bank 10, illustrating the multiple |ayers
of the circuit 10. Note BHRSCRIPTION ORPPHEIRNVENTIGRESses of the multiple

| ayers of the circuit 10 are exaggerated for clarity. As shown in Fig. 2a, a
| ayer of netallization, or ground plate 16, is disposed on the bottom
surface of the 25 bottom substrate 12 to forma first ground pl ane. A
pattern of nmetallization is etched on the top surface of the bottom
substrate 12 tdihfsﬁatmetehﬁaﬂﬁllfﬁeﬁsiaﬁdle)tm dfplieridns vill néwrde désclibegitwitht | ve

swi tched f ter k enmbodi nen urality of transmSS|onI|nef|Iters
Fig. 23 i &° Sleﬁ‘iea‘@rtg‘?ﬁ“scﬂwlﬁ’g“ga‘gf%‘ﬁgg e‘%\f‘ ¥ hecadyantagsops iradines of they

i1l ustratigadentidd@nfigr@nsm ssion lines 18 and filters etched on the top

sur face ofp the substrate 12. In the 30 illustrative enbodi nent shown, the

circuit 10 i ncWhilesthe mwserp;tainmgs if d¢scbed lwgein 2pith Rferencs ty\dllawatYe101565
PCT/ US2005/ 7 nvent not m ted t her et o.
The cir cm%fn %%g‘egts f&nﬁ%}&gw %c nr?ﬂsﬁgebouo(} b% un\ﬁersgc?(’dfﬂi’q%f}éefgve h nL§fRer types of

m cr owave lgdite@ (théreto. m&auﬁwdgmﬁwghilrm%e TaﬁearﬁCﬁd@@ssotf) thé @caphiggent
t eachi ngs The circuit, 10 al so _i.ncludes, _an input port 32 and an output port

36. A I ummvideg herein Willyerqenize aﬁdltl?rﬁégmil@cmi;|aep1@ﬁ§?@yandrmho@ﬁv@$nput por t
32 5 10 tfifid thk S&pe theldfadd é?lmtﬁ)ﬁ‘“? fieldt §BRRick ﬁ’xe??é%erﬁ%@ﬂﬁorpmmd B6of Fig. 2C is

a diagramshowng a top view of the top substrate 14 his enbodi nent,
the hori zamllﬁcawuatihty of the top substrate 14, between a left edge 34 and a

ri ght edge 38, small SRR t hat : sub The top
substrate 14 i & at‘tsachg(gloge {69 ofantli}g“mui’et 8%#’%‘{%5%{ ;tl %hecigt?f that it

covers t haagord de&fgned 1ntd&eorb;ﬁicé@/ﬁlﬂ11&tsad:hﬁlg§ aft the p&seéi® fventivnOThe BRcuit | ters 20,
22, 24, and 26. A layer of netallization is disposed on the top surface of

the t dé sUBdt Fermprised °€ w9 sytsiratess @ hofemgrbiiale 171 ander Bp subgRit ierehEi 9. 2a)
The filterg,@he hﬁaﬂg a 'tdﬂjgu?fg&%ﬂq bbfforst sirkRk.| B&ccordance with the teachings of

the present invention, the two substrates are composed of high dielectric constant

ceramic having a relative dielectric constant of Er=40-100. In one embodiment, both
substrates are fabricated from a zirconium-titanate compound, having a relative
20  dielectric constant of Er=40.
Fig. 2a is a diagram showing a side view of the illustrative switched filter bank
10, illustrating the multiple layers of the circuit 10. Note that in Fig. 2b, the thicknesses
of the multiple layers of the circuit 10 are exaggerated for clarity. As shown in Fig. 2a, a
layer of metallization, or ground plate 16, is disposed on the bottom surface of the
25  bottom substrate 12 to form a first ground plane. A pattern of metallization is etched on
the top surface of the bottom substrate 12 to form transmission lines 18 and, for the
illustrative switched filter bank embodiment, a plurality of transmission line filters.
Fig. 2b is a diagram showing a top view of the bottom substrate 12, illustrating
the transmission lines 18 and filters etched on the top surface of the substrate 12. In the
30 illustrative embodiment shown, the circuit 10 includes four bandpass filters 20, 22, 24,



As shown in Fig. 2b, the four filters 20, 22, 24, and 26 are arranged in
parallel in the center region 42 of the bottom substrate 12. The top
substrate 14 is therefore 15 attached to cover the center region 42 of the
bot t om suUNStIV&YW1IP  The regi on 40 between the input por PCBYSHRHOIN | ef t-
edge 34 of the top substrate 14 is not covered by the top substrate 14, and .
transm ssion lines 18 in this region are thus inplenmented in mcrostrinp.
Simlarly, the region 44 between the output port 36 and the right edge 38 of
the top substrate 14 is not covered by the top substrate 14, and

t ransm ssi on ahd A®sTHeBinventio® howhves, is agfi lmuitedlﬂmrettb.eﬂ'hé citcﬁliti 10phayniethdechny N

mcrostrip. Thu th IIustr tlvee odi nen crowave cjrcuit 10
is conprised nglingé cﬁqgg 0&4% Bn& ¢ tgf% THFOVERYG . c1r§1555 wy oqtrﬁlﬁ‘?ﬁm%%?l}lon 40, a
processi ng seigtdcope ofahe ﬁ&énﬁﬁachﬂ:? PUke SREGHk ﬂ@Blsé%cluE@@arpﬁ@ﬁlep%?ﬂ NhndgRti on 42,
whi ch includes the four filters 20, 22, 24, and 26, is inplemented in

stripline thoBBBHOIS. Aplieligef pnsirisiosdisemi® couple eresgywfiom theinps ppBa2 of t he
bott om sug-)st rt@fl@ﬁi]tgrz a};ﬁ'?fofn é’#ilte?set%ttﬁe Q%)rp% ween t he i nput port 32 and the
IS i

processing section enent e crostrip, and includes mcrostrip
transm ssion |i neEwlacfmra dlmgammhbtvmgga topsvigrnadf ﬂmleomptshbstnat&pm porthis 32 to

t he processin ection ach of the ur f|| rs. . 2Q, 22, 24, and
26. The out pﬁg‘bg‘g’@f’? ﬁ‘ 2“10113&%@#&& g 14&3‘3@@8‘%? ofige 3hand fe out put

port 36, is FﬁtOedgéfBS a5enAleg thaf (B o RRbM sAbstARd1 3. nﬁ@@g\%umuﬁ{eqatlsl p
transm ssion lines 18 for transmttin ghal s out put 2005/ 11) 1565

PCT/ u52005/ 0 2ttayhe ory top of ﬂﬁé}omm@@ssgatngzﬁeh thatit que(sr the pertibe of e bottqnnt ers 20,
22, 24, &k 0 d gr m

transiti ons é‘%tr%} int ol {chgnﬁhllge(%% 2§627 ??a%lgér)nagm% ﬁ? Otilﬁél@ﬂgir&gnt}%ed to
account for tisposethandestop rsurtfice oﬁrﬂmpagamhsmte e do dorm 4 Becandl giound plafi180 or nor e

MC(n1crovva |nt cuit) chi 5 attached to the top
surface of t e%&a@ﬁdgterétf’éai h\‘ﬂ“ﬁ’f?@‘ep%ﬂﬁﬂs%ﬂ“}ind/or out put 44
sections. In the Ik néwinlin Figy 20, SRDRE FIRR 20, tzfl%faﬂdtv%rar@ﬁ% gddinipAfalis1ges two

switch chips (shown in Fig. 1): a first single pole four throw (SP4T)
switch chip 96 entenatgen #4 of e botiepusubsicate 13n Te tedapbunite & dothetefore he i nput

port 32 tg aat?a%h%iqoegovfe{'cﬁ%ente?@%c%aﬁ?%?% &Fﬂfﬁg&ﬁ%tt%hlzchﬁsgg%‘g 4bne

out put secti cou he “ou put rom 1 ed filter
to the out pubetpeérd thd@mpuilpret 3ngmdt ths kfitddgn3 46X thdeipalibstatd Iick noevéed by

the top substrate 14, and transmission lines 18 in this region are thus implemented in

microstrip. Similarly, the region 44 between the output port 36 and the right edge 38 of
the top substrate 14 is not covered by the top substrate 14, and transmission lines 18 in
20  this region are therefore implemented in microstrip.

Thus, in the illustrative embodiment, the microwave circuit 10 is comprised of
three regions (as shown in Fig. 2b): an input section 40, a processing section 42, and an
output section 44. The processing section 42, which includes the four filters 20, 22, 24,
and 26, is implemented in stripline through the addition of the second substrate 14 on

25  top of the bottom substrate 12. The input section 40, between the input port 32 and the
processing section 42, is implemented in microstrip, and includes microstrip
transmission lines 18 for transmitting a signal from the input port 32 to the processing
section 42, i.e. to each of the four filters 20, 22, 24, and 26. The output section 44,
between the processing section 42 and the output port 36, is also implemented in

30  microstrip, and includes microstrip transmission lines 18 for transmitting signals output



transm ssion lines 18, each transm ssion |line 18 adapted to couple one of
the four outputs of the SPAT chip 50 to one of the four filters 20, 22, 24,
and 26. The output section 44 also includes four transm ssion |ines 18,
each tramanm@si@ned i ne 18 adapted to coupl e the out put PET/EROSEN247The f our
filters 20, 22, 24, and 26 to one of the four inputs of 15 the SPAT chip
52. The transm ssion lines 1S are isolated frominteracting with each ot her
by confining each between two finite ground paths 60 (shown in Fig. 2b).
The ground paths 60 contain several vertical vias 62 which connect the
ground pat Aesm6Be b@)césbﬂg Redtion 4gr(ﬁomdhelﬁ>uf anés ed, 2m) 2uhendozy) i@ teutgupe bot t om
substrate 12. As i | known_ in the art, 20 vias are vertical holes that
are drill eBo% Wougﬁm\fli\ﬁ@ng ulssissign 1lne, fansytions cembgdded fatthe | conperting by
connecti ng adapted to

i sol ate thterar%g{lﬁr%%l FqIB %@r%ggga%%coumﬁm egg%emtﬂﬁmp ‘ﬁ‘.‘gwg"é the top
substrate 14 haw 4ddv,t@nope¢1Dngs)rfﬁzb/ﬂﬂh(xmcmwevqom@naﬂ clrbyt)chhidslma;gbe hr ough

both the su 14a t 4dr ou plate 30.b i | ase 25

drilli ng o?tPaghifla% }opss ?Cg éheq%” Qgﬁzi @p‘@ﬁﬁ%ﬂ?xk%f?’@?%q}\‘fpﬁgﬁ/\s t hat
fol | ow por tdctitrs. ah tmmmugfa@uaemsmhhsnt%e@meﬁ bekbot haauhstsake cigs and are
used to provide a . seanl ess RF ground path between the top 30 and bottom 16

ground pl afSEQW%V‘ Kigi i 2 gt singlegalefour tiuew 63P4Fe siseh elp 5@ gitached in the

Wr ap- aroun 4d:£<ﬂt§t6§ 8 LHgtrative
switched fi ter ank lope 0 %)e\?\nﬂ]ng p?EE&F 8%2‘??3?1%% tﬁﬁ& Exﬂ?a E%Cbst rate 14 in
posi tion oSB4T swmiéchbahipt &nrsﬂlbsmtpat sectiéh 44 E’da‘lﬁtédZﬁ)@Blﬁ;ﬂéﬂL%@u@@ﬂ' frol82865/ 012070

openi ni eePeg a0 By Sechabr i Batl 1oeoTy AO PR REG e openi ngs

64 are thegadshlidsRd linds wet Bachlmsmdsmmaé 18%6}&9@@&%0&;}1@ oh®Rf GeOfhe pl ate 30
to the ground paths 60 on the bottom substrate 12, which are connected to

t he bott onPgPesAtiths|SPEE chip SGtomans of theyfour Bitars 20,132, Rérand ek THE W#PUt he pr esent
i nventi on Lé@ﬁ&#‘ﬂ?ﬁsd @FﬁPdQ%%Sﬂgsn%@J‘&ﬂﬁé? r11§ Eéh%&%sé)ﬁ?m?W Lcﬁb o Pr OCessi ng

section 42 irst ter overing t requency and a second
filter 22 canplrtheigutgut®f Ghtzof the folu filtkrs 20, 22124 2ahdAB\te bneof the fodr inpirz of and a
fourth gi I%her %{3 c.O\ggri ng 12-18 GHz. In the illustrative enbodi nent, the
first 1 e SP Chlp L.

The transmission lines 18 are isolated Vfrom interacﬁhg with ;each other bsr
confining each between two finite ground paths 60 (shown in Fig. 2b). The ground
paths 60 contain several vertical vias 62 which connect the ground paths 60 to the main
ground 16 located on the bottom of the bottom substrate 12. As is well known in the art,

20  vias are vertical holes that are drilled through the substrate 12 and filled with metal,
thereby connecting to the main ground 16. The ground paths 60 are also adapted to
isolate the four filters 20, 22, 24 and 26.

As shown in Fig. 2c, the top substrate 14 has five openings 64 that are produced

by drilling through both the substrate 14 and the top ground plate 30 by using laser

25  drlling or any other suitable method. The openings 64 form windows that follow
portions of the ground paths 60 on the bottom substrate 12, and are used to provide a
seamless RF ground path between the top 30 and bottom 16 ground plates by utilizing a
metallization method called wrap-around-ground.

Fig. 3 is a diagram of the layout of the illustrative switched filter bank 10,

30 - showing the location of the top substrate 14 in position over the bottom substrate 12.



e s i

filter 20 and second filter 22 are inplenented as interdigital structures,
and the third 10 filter 24 and fourth filter 26 are inplenented using a
novel structure. Fig. 4 is an equivalent circuit schematic of ‘an

i nt erdi gl‘g‘alz“‘h"l"!“él?’ 20, which can be wused in the illustPEE/USW0DI208r bank
10. As is well known in the art, an interdigital filter 20 includes a
plurality of rods or resonators disposed in parallel (seven resonators 70,
72, 74, 76, 78, 80, and 82 are shown in the illustrative enbodi nent of Fig.
4). Each 15 resonator is short-circuited at one end (connected to the bottom
ground pl at eWhén khe tbpaeubstratas 462 pttaehell RO bettohe Mitsste A2, thBepaiifigrosens, with

adj acent resqgnat f.or exanpl sona rs 70 and 72 - havi ng opposite
ends open- Ci ‘f%%?r theirsy S@%W?%drt’?@ §0pf'é)eﬂﬁs\ﬁ§|aéqﬁhe%ﬁ}l%]ntwm agr ans

for the inpug uﬁxpfntetaiS?o cOMAES the fop w&%ﬁté@omefgwuﬁaﬁmhfsﬁfnt E8 or 70 by

a transm ssmn line 18, and the output port 36 I's coupled to the 20
last filter Sﬂéﬁmtﬁal?ehvh&bawoanqcteérﬁ%ﬁlﬁbgﬁ@mgﬂommm16The wi dth, |ength, and

spaci ng the r of n fre ncy r.es he filter

20. In t(h%fe T ust TRt {h\@gr&?&?tet"‘%@é‘n@ fg hown th‘%fl%‘m B‘fﬂ@es ?Qr%‘étbf’??‘{st filter

20 and secorignfipasé fitterd zn mbemptmé pxmhﬁgs&ﬁbmgz h lfirs flltgp20 evetdfsthg2-4 Fi g. Sa

is graph sho &F?‘Fthe fre uenc sponse of the first filter 20 for the 25
e

illustrativ ‘é‘}ﬂn%l?ﬂ? 135eC 3 cogprmed-3 (fzna g’l‘fé\ﬁltﬁ’gz"t%?@eqq‘c’esql?ency
response of &he m&ﬁ?&ﬂﬁll fflfel' ﬁ@éov@%lg ﬁslﬁ?ﬂ%'tﬁb L 3v«,5ﬂ'n@dm}n§9dthé ﬂﬂ%t first
filter 20 is a bandpass filter covering 2-4 GHz an e secon ter 22 is

a ‘bandpass fﬁltet éﬂ a@d\ﬁefrmldgﬂm 82 @ezimplemented af linterdigitat stoetufés) arel thbdlmkd 10 shown

in Figs. 3 nd fou Ler 26 re inplenmented
usi g a Wow T2 ol s 8 e g b v, (758 o480 it B0 | e
Fig. 6a is a di agigmighn aqmvdléxwafwuatsclmhaymﬁ inftdigital fierz0g which e be24
designed in 8 W) 2005/101565 PCT/ U5200-,/012070 accordance with th

t eachi ngs ofusediin the Hugmiive flferbaplo ) Asie well Knovgninithe arh ap dnisrdigital dilter 29 r cui t
schematic Ofméln@es'al piafidy 'rc‘/d% FiroRAks fdisb&s%& irf aralﬁ'l sezférgreg&ﬂtofré Y4, eh, 24 is

simlar to a coupled-line filter topolog degree’ bend in
each coupl ed/4s &6t 788G end tﬁétarershOWlayodte lﬂia&traavmmbOd;mmna@ﬁ Flgeé) gtEaclﬁ havi ng

o) €1 00kl s G o i e R B bR R GREL SO0
series of cowg 6 and open-circuited at the other end, with adjacent resonators — for example,
resonators 70 and 72 — having opposite ends open-circuited. Also shown in Fig. 4 are
equivalent circuit diagrams for the input port 32, which is coupled to the first filter
resonator 70 by a transmission line 18, and the output port 36, which is coupled to the
20  last filter resonator 82 by a transmission line 18. The width, length, and spacing of the
resonators determine the frequency response of the filter 20. In the illustrative filter
bank 10 shown in Figs. 1-3, the first filter 20 and second filter 22 are implemented using
this type of design.
Fig. Sa is graph showing the frequency response of the first filter 20 for the
25  illustrative filter bank 10, and Fig. 5b is graph showing the frequency response of the
second filter 22. As shown in Figs. 5a and 5b, the first filter 20 is a bandpass filter
covering 2-4 GHz and the second filter 22 is a bandpass filter covering 4-8 GHz.
In the illustrative filter bank 10 shown in Figs. 1-3, the third filter 24 and fourth
filter 26 are implemented using a new type of topology called a “zig-zag” edge coupled
30 filter. Fig. 6a is a diagram of an illustrative layout of a zig-zag filter 24 designed in



resonators (five resonators 112, 114, 116, 118, and 120 are shown in Fig.
7). Each resonator is an open-ended transmssion line, with half of the
resonator line coupled to the adjacent |ine on one side and the other half
of the r dQAYWSAP1B6Pne coupled to the 10 adj acent |ine orPGHESHYFHEROWI de. For
exanple, the first half of resonator 114 is coupled to the second half of
resonator 112 and the second half of resonator 114 is coupled to the first
hal f of resonator 116. Returning to Figs. 6a and 6b, the novel zig-zag
filter 24 includes a series of resonators (eight resonators 90, 92, 94, 96,
98, 100, 102ccck@hcamdthliBé tmlﬁn@ﬁﬁl\ﬂhe ipresérit énvedhifior, land Hig. a6t iseancsapdienent of
Fig. 7). As with conv nal .edge Cﬁlftgl ed filter, each resonator is an
open- ended tcﬂrﬁ'r‘%ﬁ'\?lgrg’i‘tlfr? erf ustiafiyepigzagtils 24 he r esonator |ine coupled to

the adjacent |inep algozag fiktbiclRy leeﬂuiahe% a%hﬁéd hﬁé ﬁlt&ftoﬁdwgyrlﬁ%&eﬁh&ra dg ne

coupled to the adjacent line on the other side. In accordance with the
t eachi ngs ofdegige bend e pach ¢onple¢hts¢<t§lnn Sprthfttéhﬂladf)uw@mmgwc@nmemct derign st rai ght

par i cul 3 ARy Hre (REARTER. 731+ YaFafeflebaf e sl T ) Lges a

90 degree beﬁ]tér at0.t HEheceviivertiondl dédge cbupmi fiftar M gncades la” sesiba p£ doupionat or .
This new filter |ayqut offers _a smal f oot pr a reduction of

a1y 8000 TEORHEPLAYE BCRARTEA P oHal | das 5ot Betts Fhage 1 Fignd abson

procedure i Sed¥RitEr ﬁ(&mbhgﬁﬁemﬁ& 'ﬁﬁﬁsnﬂégi’&nq{ﬁ@ Vbﬁﬁh&lpoit ﬁg?e %)ﬁ'&t& l‘ﬁfe%h‘;?l&d
parasitic effects of the 90 degree bend on the 2 or mance o e filter.

Desi gn adj usthqmdja@nt:hm maoma@lée tand theeothesiglfrof thé mShI;atthhe eppled g tlef  t he

coupl ed i ne .sec t he nse r..the required
frequency baﬁﬁcen}l ife'3 P%S?B‘éﬁ@]p S %\mpi h %Stﬁgﬁgéeﬁggf ?rééﬁbs cggplS‘?H)t he third
filter 24 fahe §dﬁend lnallﬂ derési’oﬁith\/EIZfdnHtﬂQfse&ﬂlﬂHxaﬂfQ)fr@BﬂatEﬂ 014 i8Bouipleddb @gh show ng

the frequenc resp nse of the 30 fourth filter 26. As shown in Figs. 8a and
8b, the thi dstirifoeresoatordley pandpass filter 9 WO 21)1)5/11) 1565

PCT/ US2005/ 01207 Qenfrig %HZF%S B6al and S, tﬁé‘ﬂovkh%gfzggrﬁlﬂér ?h}illt@ﬁdegg defle dsaogoandpass

filter covering 12-1 course, other types o ters and ot her
desi gn speC|résooamsc6mshtrre§pntter819§eﬂ2 |9fh 960 88,r60£102, 104 arek 1(eank shb®man theout
departl g fr

depar 1| % RBARE G5B e B % 25N ERSHERAR S LS SRE, 2R, (he

resonator is an open-ended transmissmn line, with half of the resonator line coupled to

the adjacent line on one side and the other half of the resonator line coupled to the

adjacent line on the other side. In accordance with the teachings of the present

invention, instead of having conventional straight line resonators, each resonator of the

20  zig-zag filter is bent at a particular angle. In the illustrative embodiment, each resonator

includes a 90 degree bend at the center of the line, forming an “L” shaped resonator.

This new filter layout offers a smaller footprint, with a reduction of nearly 30%

compared to conventional edge coupled filters. The design procedure is more complex

since now one has to take into account the parasitic effects of the 90 degree bend on the

25  performance of the filter. Design adjustments can be made to the length, width, and

spacing of the coupled line sections to optimize the filter response over the required
frequency band.

Fig. 8a is graph showing the frequency response of the third filter 24 for the

illustrative filter bank 10, and Fig. 8b is graph showing the frequency response of the

30 fourth filter 26. As shown in Figs. 8a and 8b, the third filter 24 is a bandpass filter



5 and 52. In an illustrative enbodi nent, the switch chips 50 and 52 are
i npl emented using MEMS technol ogy. For m crowave applications, MEM sw tches
offer lower insertion |oss and | ower power dissipation than conventional

seni cond¥PFHPYLEG  switches. Single pole single throw{SBEHBONENI Y t ches

are known in the art. However, little work has been done to inplenent these
swtches into a single pole 10 multiple throw architecture, and the few
products that do exist are primarily single pole double throw (SPDT)
switches. Fig. 9 is an illustration of an illustrative enbodi nent of a

monol i t hi ¢ sicagiragBol2eGHz angrthe foughy filtlEN2 Gsigja betdpas filtss fayesn lfhl&&hr @fnce with

Schemnt o of cpes o SRREr e BBk sheinbocsd i e B R BhE T o1
di agr am of tfoterﬂadnhst)m&ﬂwutde;Sm{gﬂdiﬂ/tlﬁ\stdpebfﬁé)premﬁteaﬂmegs switch 50 is a

monolithic circuit clu four MEM swi tching unit 132A,. 132B, 132C, and
132D di sposed on éséf ?‘f{j‘fs@J g%)ﬂfg’t ﬁgﬁtslé“t&@ﬂ filtgr Ear@liﬁméqucwo wigtchichins 2Pi on. A

transm ssison hji 38, T3GnGRMEhER &ﬁlﬁfdﬁx\{enft "RERiRch | it SO 57138 hgslanemeast port
of a four port junction 140. The second and third opposing ts of the four

port 20 junctusiog MEMSaideolel dt9r troicrolwavd applications, MM cmtdg:s offet doWeB2A and

132B, respect.iv rth port .of.t Qur ort unct opposite
the 1iret portsriol loss RelgNh bR pispbacon ar, it eBRrbl, S orBat S "R by

a transm ssi @wittliese Shﬂg’ie pmesm@eomdwaMSthEM mmss a@ P& mofhetdie three
port junction_144 are coupled to the inputs of switching units _132C and
132D, r espectianavst, ligtle werk has dsen depe @v@f"cpmeﬁbﬂ'&?ﬁ §W11@293\“it% acHREk eelet o a

first ouyput gkl %&3& RhiRctulel 3R méﬁwog}oadc&eméﬂé&m&bﬁe Wiy QheieW t ching
uni t 1328 is coupled to a second output = port 142B by a transm ssmn l'ine

144B, the outppletdonble shwpw BRI awiiches132C i s coupl ed toa third out put port

142C by a transm gsign li.ne 144C an V\AtChI n 132D i s
coupled to a four? guﬁ %‘dp“%%tr‘ (?Lféfflﬂqlbsbatéve epltabﬁ g? c?r{n?rforglg“ %’18 Each
swi t chi ng uniféurBdw( MBRAswilch2D, debpacd iavdor@arP)withStha deaphiags 60the lpadaam t 10
WO 2005! 101565 PCT/ US20115/ 012070, energy froman_input |l ne_to an _qutput
li ne when t hénvepiiane hFigg 19,5 a0 peuivalent éHCUIéWBCIH%S{C of; the Adustrativendb 4y MEMN t he

SWi t chi ngsunighishisd BRFig AT €8 T56TARGHDN e b3V BAIAERP YR %0.

The novel switch 50 is a monolithic circuit including four MEM switching units
132A, 132B, 132C, and 132D disposed on a single substrate 134 in a SP4T switch
configuration. A transmission line 138 couples energy from an input port 136 to a first
port of a four port junction 140. The second and third opposing ports of the four port

20  junction 140 are coupled to the inputs of switching units 132A and 132B, respectively.
The fourth port of the four port junction 140 {opposite the first port) is coupled to a first
port of a three port junction 144 by a transmission line 142. The second and third
opposing ports of the three port junction 144 are coupled to the inputs of switching units
132C and 132D, respectively.

25 The output of switching unit 132A is coupled to a first output port 142A by a
transmission line 144A, the output of switching unit 132B is coupled to a second output
port 142B by a transmission line 144B, the output of switching unit 132C is coupled to a
third output port 142C by a transmission line 144C, and the output of switching unit
132D is coupled to a fourth output port 142D by a transmission line 144D.

30 Each switching unit 132 (132A, 132B, 132C, and 132D) is adapted to transmit

10



to the switching unit. Each swtching unit is positioned in series with its
i nput -output transm ssion lines. Therefore, when the switch is open, there
is no RF transmission (i.e. 5 isolation state). By applying a bias voltage
to the SMPLOKVIRENit, the cantilever closes down cr eal’ﬁ:ngSHW”Ni“ﬂbth for
the m crowave signal to pass through (transm ssion state). Fig. 12 is a
diagramof an illustrative MEM switching unit 132 that can be used in the
SPAT switch 50. Qther types of MEM switching units nay be used in the SPAT
MEM swi tch 50 wi thout departing fromthe scope of the present teachings.
Fig. 13a i serargyliﬁomliaagmmmismtminr@Mt $inelwhen ﬁws@vﬁtchihguhitlisjdbseé,tzindmosvw t chi ng

unit 132 du the o and . Fi 13b a hovm si de

vi ew of the 1%&§P?r§¥ %8“ ﬁﬂ\]?&f’"ﬁfﬁ? ‘?pe%’af de HP’inﬁ‘gl’jf %é 1agy E&?ﬂa@%affe The
SWi t chi ng Ufithe dwidchinpChiiid € BachibwitchiBg Uhieis aditidhddain Reskstvatd Beinp®tidagiuf at e 134
at a first end 152 of the armature 150. second end or cont act end 154 of

the ar mat ur BanEBEsios liges Themfue v thedtitpinjsiopen. these isine R forpnsmiseion §6- and an
t put t di d
o Phe shbsFRRRH §36P Y Wil B oias 502 14 GGt Rle GhEThd ARIHERIGE & SPOD

t he open podavr aeatinglae R.ﬁtpaﬁxtfmrthe nﬂxﬁ@wavs signa ¢ephst thoonghlfearsmizsibn state).bi as

el ectrode 160 a nsni s an 158 an air A pair
of conducting dlnt‘rqrﬁ ]gslsa agEaghP “9116'2" S@@f?‘i’}&g‘“@d%ﬁ);&‘ F‘E‘rﬁet‘%%qp 20 P

contact endinkhdSPAT §hRchS0TEDHERyped Bf FED sm@ﬁn%ﬁmis HBayHeQzeinRRS §P4ON, ONe

contact 162 contacts the input line 156 and the other contact 162 contacts
the out put MEMsWIRh SOrwighout dapacting fremithe spepe ofitee prpwsot terchings.yFigoldadta ed by a

conduct j g yr in the

P osed MY EhARRTHARIGA slde oG trdfududile sobOBe WIF 152 Bl Ol sl

el ectri cal | andckigpl 3dist diagremashowingra sh@e aewmidhn:illu@matpatshqw}uﬁg tiie 18Dnt act s
162 and 25 ond cting.ljne_164.. nal an, t hen assfr e|n ut i ne
156 to the e qlosed st ?6‘?““’31“ 3?@%‘%?%% Qi 1o ﬁ odi9the 132. When
the armatur leaéﬂe 1354 4t frfi@n® PEof tROSIAtRN50! REsebdHAhd bi aﬁtaéééldqeﬂi of he out put
line 158 are electrically isolated fromone another. The armature 150 al so
i ncl udes antharameturee 1§ isspesitioned oHE AGBPH; Sprsessioablinee 15@and pe oytytt r at e

bi as el petr g 100y 1TRYs8UASLEALE BhASeRbas 6P A8k ch & Gitkikieasd v coupt ed

under the armature 150. When the armature 150 is in the open position, the armature

150 is spaced from the substrate bias electrode 160 and the transmission lines 156 and
158 by an air gap.
A pair of conducting dimples, or contacts 162, prottude downward from the
20 contact end 154 of the armature 150 such that in the closed position, one contact 162
contacts the input line 156 and the other contact 162 contacts the output line 158. The
two contacts 162 are electrically connected by a conducting transmission line 164 so that
when the armature 150 is in the closed position, the input line 156 and the output line
158 are electrically coupled to one another by a conduction path via the contacts 162 and
25  conducting line 164. Signals can then pass from the input line 156 to the output line 158
(or vice versa) via the switching unit 132. When the armature 150 is in the open
position, the input line 156 and the output line 158 are electrically isolated from one
another.
The armature 150 also includes an armature bias electrode 166 disposed above

30 the substrate bias electrode 160. The substrate bias electrode 160 is electrically coupled

11



el ectrode 166 is electrically coupled to an armature bias pad 172 via a
conductive line 174 and armature conductor 176. Wen a suitable voltage’
pot ent i al WOLUBYPWIFEd bet ween the substrate bias pad 168PERYSZMEOROTAL ur e’
bias pad 176, the armature bias electrode 166 is attracted to 5 the
substrate bias electrode 160 to actuate the switching unit 132 fromthe open
position (Fig. 13a) to the closed position (Fig. 13b). The arnmature 150 can
al so include structural nenbers 178 for supporting conponents such as the
cont act s 16% a sbsditcbinggppd| 168 @iakGénduchvealnedi7ec The senahfi6bianelecmdel tes ior 176.

Returning to, the SP4T switch 50 of Figs. 9-1], .the state of sw tching
ani t 10 133K G GRERIET {éle?a awé%ﬁeigwaw%@eé&sm}w tee bi*4ed gERALre 68A and
172A, and t Bendatit £760f Wheh biibRYoliPetpoftArdd id Spphied béabdEtle BibsRhB $iay 0! t ages
applied to bias pads 168B and 172B. Wi tching units 132C and 132D are

adapt ed to ®#hiE @mdctberamretuse Aiss padi174, thetdnmatuie biaselecitody 6@ istadigctedrie shown i n

Figs. 9 and .t chi i > t n
cubsi r a5 bESuH R Rl 6D of SRl AE R 132 M B b BBBITTE) | o
by a bi as v¥ig.dgde)tafdel desed pasition (Bignesb)ir Ehebinfstuizald0 TaR4lso melddd ictatabt e of
switching unit 13ﬁl? i.s controlled by a hias, voltage applied t?_ an armature
bias pad 17SBYeE 7§ fL SYRRCHIE.CmPORENEs S Sﬁ%‘f‘{“@%@@vﬁ"t“é‘l‘?“@@ 11 18%gapt ed to

coupl e ener gs Ele@ibde i bardBaduckelite. 136 to one of the four output ports 142A,
142B, 142C, or 142D (or vice 20 versa, fromone of the output ports to the

i nput port 136).Ratameng to theySPYASMEM svdich AQ ofiRigs. 9 1, Ithetate pioayatghinghiit e t he

ot her syt chifg:.uni The i 110 v IS t Jigited to
thi's coldi gui e it degbEnRP ey ol 804 18K BHE ot Indt g o

mul ti pl e ouswitdhinpaimitsl 33B inddnaokdUs] biaswoltdpes hpplie® a0 biasipads 1688 ki1 28ope of the
present teachings ui val ent cirguit schematic of Fig, 10, the

. 25 1nth
MEM swi t chi RYTEHTS ugzw%éé alﬂiﬁa& drenprispted |1o SBC (3 GRPINER diasimede) Ingthy i s

repr esent edjii¥rAive SMbbAmbR ROGE ilRFRE. Pamd 1 RMBchifly WhABIRCSAIONB2DIAE 1 SOA
couples the MEMswitch that is situated at input port junction 140 to the

out put tr anseHpieditoa ¢ommeon] spbgiraterhias pad &68G. hiTbe state efcwitehingvinitsl33€ds nodel ed
intheircis i t. en_st.a and theref or ea represented b
!)5 %n%lohgdﬂl P)’thélat}l% &o?tg%e? a}g)thleflﬁz_?g m a S%urF (H;ﬁs n%a%uﬁi&?}, gﬁ%la}e Setid &P y

S nnaeled, when

a low 30 series Ca ance
open, as a switdh@g unit 132D is controlled by a bias voltage applied to an armature bias pad
172D.

In the illustrative embodiment, the switch 50 is adapted to couple energy from
the input port 136 to one of the four output ports 142A, 142B, 142C, or 142D (or vice

20  versa, from one of the output ports to the input port 136). Thus, only one switching unit
will be closed, while the other switching units are open. The invention, however, is not
limited to this configuration. The switch 50 may be adapted to couple energy to
multiple output ports simultaneously without departing from the scope of the present
teachings.

25 In the equivalent circuit schematic of Fig. 10, the MEM switching unit 32A is
modeled when closed (low loss state) and is represented by a low resistance R of 0.5
Ohms. A transmission line 180A couples the MEM switch that is situated at input port
junction 140 to the output transmission line 144A. The other three switching units are
modeled in their isolation state (open state) and therefore are each represented by a low

30  series capacitance of 5 fF. The switching unit 32B is modeled, when open, as a series

12



12 WO 21) 05/ 101565 PCT/US2 00 5/0 12070 capacitance Cl of 5 IF that
decouples a transm ssion line 180B fromthe output port 142B. Simlarly,
switching unit 32C is nodel ed as a series capacitance C2 of 5 IF which
decoupl esW@ 2005898565 ssi on |ine 1 SOC fromthe out put portPQHBEOIHALROIN t chi ng
unit 32D is nodel ed as a series capacitance C3 of 5 IF which decouples a
transm ssion line 5 1 SOD fromthe output port 142D. Sanpl e val ues for the
circuit conponents shown in Fig. 10 are: transmission |ines 138, 144A,

144B, 144C, and 144D each having a wwdth of 70 pmand a length of 400 m
transmi ssi e#pabitanes C1835, FlHaEdecdlts, a RitdmisSOh liwaalsoB afdo gheoundtpartof 25 pm
and a length of 85 pin; transm ssion Iin? 142 haying a . wdth of 70 mand a

| ength of li%ﬁ-l%@llaﬁaf’ PREGREIMIRIZC ¢ modeledpiya serpsGapasitance ool 5d8= 5 jf.
The fol |l ow RLES: ARCK g@{lls wi tch

wi th that ﬁg:gtdg%&#\?gﬁtgi onaﬂﬁggAﬁ@eﬁl\)ﬁéCﬁ)él N SPR%EEW?%%@WRS S cc?\%%:ﬁntﬁhe mai n
advant ages 33P is medelgd\isanietiehcapactance Cineffl FFgwintle dgrouples & trassumigsiondimeand it's
ease of . bi.asipg. Jn one e iment, the size of the MEM SP4T switch chip is
3.0 mﬂ>5< 2_1%%9%@0':89@%&?%6 chi p di mensions, of course, may vary

wi t hout departi Sgnple aaltdPr tiECaRait @bmpdiRniIsBSCN in FRAQDI ARG StrankilddRal 0gy Area
DC Control DC DC Control Vol ta%es Bl ock/ Chocks Power MEM SPAT 7.5 sq. mm 1

No < 1.0 nainghviatt 14e 343N 44Prandd 46D sech having avesigthoefo70uin apd g lengthepfi s a graph
of the Meagys g4 ﬁagmsgfoﬂrﬁa%sbﬁemoﬁ Y5, 3hd y@;ﬁ@%ﬁ@%@gm{m@gﬁ Fig. 14b
0SS o e I'lTu e

is a graph of "the measured I nseftion strativ switch
50. As shewha leapthi £ @5 atm; aranohisgereliriecld2 thaeing 25vidiB of a0 e aad hieagtadhf whil e an

insertign |l gss of 20 ]ess_than 0.6.dB j s _obtai when the switch is closed,
for thé8f_ré§@%’ﬂb5‘?s“?tﬁﬁ é"of?éh‘?‘glcta CIt%dé_:E%éaa:sg&qexcellent performance
tracking is obt ghdefloREEE cbiiarsthi saf&aahﬁh%;of/ihm%mlmﬁ@hmﬁo of this

design is used in the illustrative swtched filter bank 10 shown in Fig. 1,

to coupl e enbriggt off aorveationahGaApdMMIQ PINoSRATe switch: hé\sf dhawn, fliel meins 20, 22,
24, and 26'ad\’/%n3§é§o&dth%1\§%%v-{tcﬁ Wt ﬁg]ne%?igfbﬁa &)lv%g cgﬁs%gmttign GOHRL G &NGT 9Y

biasing. In one embodiment, the size of the MEM SPAT switch chip is 3.0 mm x 2.5

15 mmx 0.1 mm. The chip dimensions, of course, may vary without departing from the

scope of the present teachings.

Technology Area DC Control DC DC Control
Voltages Block/Chocks Power
MEM SP4T 7.5 sq. mm 1 No < 1.0 nanowatt
MMIC PIN SPAT 9.0 sq. mm 2 Yes 300 mW

Fig. 14a is a graph of the measured isolation of the illustrative SPAT switch 50,

and Fig. 14b is a graph of the measured insertion loss of the illustrative SP4T switch 50.

As shown, an isolation of greater than 25 dB can be achieved, while an insertion loss of

20  less than 0.6 dB is obtained when the switch is closed, for the frequency range from 0 to
20 GHz. Also, excellent performance tracking is obtained between the switch paths.

A MEM SPAT switch 50 of this design is used in the illustrative switched filter

bank 10 shown in Fig. 1, to couple energy from the input port 32 to one of the four

filters 20, 22, 24, and 26. A second MEM SPA4T switch 52 is also used to couple energy

13



13 "WO 2005/ 101565 PCTI US20051012070 fromone of the filters 20, 22, 24, and
26 to the output port 36. A dielectric |ayer may be enbedded within the
bottom substrate 12 to support the DC bias routing to the switch bias pads.
Thus, a sW@2005/lgaecost, hi gh perfornmance swi tched filtePCRABRNGHRNGE 5 -
constructed by conmbining the nonolithic single pole nmultiple throw VEM
swtch and the mniature mcrowave circuit design of the present invention.
In an illustrative enbodinent, the switched filter bank covers the 2-18 G
frequency band in four discrete channels of 2-4 GHz, 4-8 GHz, 8-12 GHz and
12-18 GHz. THenVeM BRETiltes D0y, am, 204 26 kd mabutpmq;@hisﬁg ApdislkaricRpeendyde each
arm (less than 0.6 dB of insertign |oss greater than 25 dB of

i sol ation fr GRbesed §vithin tapibpiion subsisate rlgll'“l> S‘i‘Pﬂ?B’é ﬁq Bf Masseuigngeto thesviteh

conbi ned swi gghegqand filter is less than 1.5 dB for each channel. The
estimated wunit production cost for the switched filter bank MCMis in the
range of $50 $70. Tiese a vildilove eosto gl (pnrfbmgnd:el Iswithedt filtgr badkt ean hank are

than 1 . ThPeercea byt Stibnstitis 80ad PR anelipBANEY HERF BB ana

wei ght r educ&heomnﬁitmewarcrol&@e fertilt aevighabe theVresent ifemionOr In &f flludiratiena based
MCM i npl errent.atl on. Thus, the present invention has been described herein

with ref er en€@bpgmsnt, ﬂé?r $witched filtenbanisi Gouers thoo?-18 GHE tirequengy b&B‘bI“P &t on.
Those havi ng 4apd nﬁ’a‘éﬁile%kéMA gﬂiztﬁ'% @1, 8- f"i‘@]—l?%&sﬁ ltSCGﬁ%g enb 3‘?aCh' ngs

wi |l recognize a(}fnl tional nodifications, applications odi ment s
within the sshxms anrescedlont, tracking perfdmamh(ﬁvreaaclrmmr(dmmhbyomr@ dpp@rtidmdossl aims to

cover and ti Ne] nd nbodl within
he scoptd of teheenrtEehe HhoLRfHR FomBECh ab B The St e 5 14
CLAIMS 1. Atcmh@ fcOBivi€d Sitchied AndGTMePisilEss fttan 135 B f&tea&w}ﬁﬁﬂeﬂit The estimated

unit production cost for the switched filter bank MCM is in the range of $50-$70. The

MCM dimensions for the illustrative filter bank are 1.0” x 1.0” x 0.05”, with a weight of

60 g and DC power consumption of less than 1 nW. This is an overall MCM volume
15  reduction of over 80 fold, and weight reduction of over 100 fold compared with the prior
art Alumina based MCM implementation.

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

20  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,

25 WHAT IS CLAIMED IS:
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a first ground plate disposed on a bottomsurface of said first substrate; a
second substrate attached to a top surface of said first substrate and
adapted to cover a portion of said first substrate; a second ground plate
di sposed on a top surface of said second substrate; a pattern of

nmetal lizati on di sposed between said first and second substrates to forma
stripline circuit; one or nore grourtlLAMSSs di sposed on the top surface of
said first substrate and including a plurality of vias connected to said
first ground plate; and one or nore openings cut into said second substrate
and second graomngoydvatcecuindvatpeisingeach opening follows and is aligned over a
portion of a %round lpajth and is filled in with conducting material, such
that said seddHd YP¥a%d plate is connected to said first ground plate. 2.
The inventi om farbt gedutl Hlake Sk}REEI dh StittEmishiitsde of slSfifsBduBstiate;f abri cated from
high dielectric constant ceramc. 3. The invention of claiml| wherein said
first subst rai‘tsécor‘iﬁé”t&“?télaﬁ‘t‘iﬁ?/‘gm(fitéﬂ’ geters of spid futt aphstraf aad efapted fGPVET2 equal to
40. 4. Theridnbrenl ippsbkigt,ai m 1 wherein said second substrate is fabricated
fromhigh dielectric constant ceramc. 5. The invention of claiml| wherein
sai d second siseNdgrng glatedispapedranadopisustagscaliseid sewnd subsirate:gr eat er t han or
equal to 40. a6patt3;h%fh@%ﬁﬁ&t‘i&%i%ﬁasé&'b@!\i&ﬁ sMDEIsEAA sOMRd QlibsRESO"ESH PRSpIRE Sai d
first substrate are not covered Dby said second substrate. 7. The invention
of cl ai BUWherein said mcrowave circuit further includes a pattern of

metal | i zatio [ kbt ‘ I ne of
sai d 1 egi ons Thof AAREoREeHEAEReFH WERR rnE R bl byt Thiud e £

ci rcui t . plaklitg.of Aasrednhéctahino paidbidy kwundpiptej @idng: a first substrate of high
dielectric caonstant ceramc; a first groun | at e di,sposed, on bott gm
surface of samaof mpcret iy fie ol i tul off e P POFRRRG Brdfie

const ant opegihg fidllowahiidic Akghet Ovear atpoprios wf b geandpatis aidds filledsin withuosducdhg and

adapted 10 LML, RaOHL M Houdhed Labet S LG hG: ST She, the portion

2. The invention of claim 1 wherein said first substrate is fabricated from high dielectric

constant ceramic.

3. The invention of claim 1 wherein said first substrate has a relative dielectric constant greater

than or equal to 40.

4, The invention of claim 1 wherein said second substrate is fabricated from high dielectric

constant ceramic.

5. The invention of claim 1 wherein said second substrate has a relative dielectric constant

greater than or equal to 40.

6. The invention of claim | wherein one or more regions of said first substrate are not covered

by said second substrate.

7. The invention of claim 6 wherein said microwave circuit further includes a pattern of
metallization disposed on the top surface of said first substrate in one of said regions to form a

microstrip circuit coupled to said stripline circuit.

15



second substrate forns a stripline region and the portion or portions not
covered by said second substrate forma mcrostrip region; a second ground
pl ate di sposed on a top surface of said second substrate; a pattern of
metal li zati on di sposed between said first and second substrates to forma
stripline circuit; one or nore integrated circuit chips attached to said
first substrate in said mcrostrip region; and one or nore transm ssion

| i nes di gpose . t ce of said first substrate and adapted to
coupl e s%id Vﬂ gg%gpéﬁmgﬁﬁgﬁf§rg ps with each other and/or with said

stripline ci rafiistsub@rateTdidighniedettricarongdnt céramity 8 wherein said nulti-chip
nodul e further.inclu

es.one or, nore roynd pat.h i sposed on the top
surface of sal Jo¥§y pialﬁ%%'fqoé?deona%t&)ttlo csluﬁ%ﬁer? sad §ng?“§gti“§§l of vias connected
to said firstagtadndbsph@iof highQiclettir contantdranic aftachbdior t9p wWiekebfMsakiefiret
mul ti-chip nodul e further includes_onge.or re eni ngs cut into sai
Cocond SUBSTEAE SR cois gratna’ Pars s tarer ATACH R AYTFom S and
i s al i gnedorv@bstrate@erdsiaGfrigdine feg®nQud thePaition dNpbriisnsfriot ¢ Reret By WAill Bece@nduct i ng
material, such that said second ground plate is connected to said first

ground ptUksterte fpAM a MO E58t9Mon of claim 8 wherein said first substrate has

a rel ative digleedldrGung QRS APos@r PALEF surfabSY sQld sedkutsRard0. 12. The .
invention of claim$8 wherein said second substrate has a relative dielectric

constant  gr eaRaEerntoh gi§tabizabeudispopes betveen gaid first and second substrates to form a stripline
circuit;
one or more integrated circuit chips attached to said first substrate in said microstrip region;
and
one or more transmission lines disposed on the top surface of said first substrate and adapted

to couple said integrated circuit chips with each other and/or with said stripline circuit.

9. The invention of claim 8 wherein said multi-chip module further includes one or more
ground paths disposed on the top surface of said first substrate and including a plurality of vias

connected to said first ground plate.

10. The invention of claim 9 wherein said multi-chip module further includes one or more
openings cut into said second substrate and second ground plate, wherein each opening follows and
is aligned over a portion of a ground path and is filled in with conducting material, such that said

second ground plate is connected to said first ground plate.

11. The invention of claim 8 wherein said first substrate has a relative dielectric constant greater

than or equal to 40.

12. The invention of claim 8§ wherein said second substrate has a relative dielectric constant

greater than or equal to 40.
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