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WD 2005/ 101565 PCT/ US2005/ 012070 M NI ATURE BROADBAND
SWTCHED FI LTER BANK 5 BACKGROUND COF THE | NVENTI ON

wdaooFitelses of the I nvention: The present i nventPONUS2005/012070

relates to mcrowave circuits. Mre specifically, the
present invention relates to nultiband m crowave
filter banks utilizing mcroelectronechanica
switches. 15 Description of the Related Art: Ml tiband
rﬁcromavefiIterSw@“%fgﬂﬁBﬁogﬂ§XNﬁty of

appl i cations, suc nmuni cations, electronic
warfare (EW, and W FW%HH&‘;E‘]?%#%I ces, to separate
20 and identify signals in different frequency bands.
Design requirenents for these filters often include
| ow cost, small size, light weight, |ow power
di ssi pation, and high performnce. For certain
applications, two of the nost critical specifications
are cost and size. A mcrowave filter bank is
typical ly i npBAGKGROUND ORTHEINVENTION owave
multi-chip 25 nodule (MCM). Presently, all mcrowave
mul ti-layer technologies, i.e., Duroid, LTCC (|ow
tenperature co-fired ceramc), Alumna, etc., are in
their infancies, requiring tight process controls to
neet Fickbofdbodamendions hi gh performance buried circuits
such as bandpass filters. Such a tight control on
mat eri al and processing increases the unit production
cost The pba@enp rigtentiin felagdsyto hinighowaVh eirmeitst M@mc@@aﬂy, the
echnolo r.filt rization uses Ia hanum.
Pl areator ottt E o B AR RS 1Ak A M Ping
nﬁﬁﬁﬂaﬁzﬂﬁahﬁmﬂa%ﬁdwihese types of material are used
exclusively in conjunction with | ow tenperature
superconducting (HTS) filnms. Such substrates are
ex pensicviBtiorSeffifeceldiddomt:a hi gh di sl ocation density,
and have a relatively Tow dielectric constant, which
results in a large, heavy circuit. 5 A conmon design
for Rufitlahd RABAWIE ERYRVEe Libddt Bl a SR OF SpRiciBnsObuch as

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

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
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

technology for filter miniaturization uses lanthanum aluminate (LaAlO3) substrates.



filters between two single pole nultiple throw

sw tches. These switches are typically inplenented
wowRalh/16e63 conduct or el enents such as transi st oOPGT/U820P5/042070

di odes. At m crowave frequencies, however, these

devi ces suffer from several shortcom ngs. PIN diodes

and transistors typically have an insertion |oss (the

| oss across the switch 10 when the switch is cl osed)

gr gagsertypdiadt rhatehial a@é’ldseal’bxicﬁlgﬂvalyi i coMahtt®nOkith &S6 térﬂ@ﬂature

20 dB. This | ow | isqlation allows a signa

" pPusEpondpictipg SH{ ﬁ)e%gfw t §H°}e§‘8ﬁtf9\‘iﬁ% At S@enS s (e %om a high

0p@Riochthnadidiity, Al hideN RIR985 169 HididcaRSts@AS v&)ﬂﬁ:‘ﬁereﬁllts ina
limted frequency response and consume around 100- 3

mntaage, DBVp SRt These switches therefore increase the

t I
st R85 U BRASHIGHAT A B s LN LA s
f ofilters beuwpcrovzedsmah polbamdtipld trowswiches.| Tlease stdeikes adadypically

of fers I smal | er i ghter. wei gh

B e R e, £ bR 8 by Bes.
SUMWa&@:ﬁgdd&dléﬂ\/EbWé@\J theee de@ds istfférhRomardevdrsl shortcomlngs.
addr essed by t nleﬁ@flzed nj cr Qwaye gt;CUIt of th

pr BL% ﬁ&od?srﬂpéﬁfa]nsﬁorsm A% a0 Jopratiao sy (tes g gegoss the switch

101 Nehstd@s s@ird i Sloseily BhieAthen 1 8BS dndsh iQIBAJalue 6f 1BdsdhA 20 dB.
di sposed on a bottom surface of the first substrate, a

seddirdoy st phiselatianallered sigaaldo {peds appescibe Biitahipyen when the
f I EpitehSH Bg)%ﬁ atyg aﬂﬁﬁiloﬁ‘df"lm gl‘adés alﬁioffﬁfsisﬁ)r? gﬁxte' Qnm‘gﬂ‘ed tﬂeguency

first substrate, a second ground plate di spose
t owslsqxxsé awbcabunh erogt U309 Uh Bt 0%196 Jpowepalhese pwitdhes therefore

tlon di sposed between..t he ISt Se
Corepist B npRe BRRRR Doy R A it b BB
15 ground Hak&ﬂhdbﬁp@&&mjﬁnhihﬁﬁﬁ@m1ﬁ@ﬁﬁ&@ﬁn@ﬂmﬁ&ﬁﬁ&bwsm:ﬁha

sups nd, 30 including.a plurality of_ vias
c oﬁq%aﬁ%of o5 Lo £955 ssen%}?ro%%?d %gbtalt Heiglin dnd, HEPTGFedsgrmance
2 W ARORHHRH5 PCT/ US2005/ 012070 openings cut into
the 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 the second ground plate is

20 connected to t he SUMMAROORJARE ANY¥ ENTIONan
illustrative enbodi ment, the novel circuit is adapted
for use as a switched filter 5 bank. A novel single
pole multiple throw switch conprised of a plurality of

T o B ETCRE L S 09, SOIBONST S 88
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. 1 is a
di agram showi ng an expl oded view of an illustrative

werwodirsent of a switched filter bank desi gneBCT/mS2005/012070
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accordance with the teachings of the present

invention. 15 Fig. 2a is a diagram show ng a side
view of the illustrative switched filter bank,
illustrating the multiple layers of the circuit. Fig.
2lpéingd cili A BEsEBANsUbEtrAe i@lkeddndWrdtind e, kdkie@Bach opening
s¥bftrat§,of_the iIIusIrahive switched filter bank.
Filgflowsangd & aliggedgjren APerkighichy sundpatly prdyis SHled frewith gonducting
S WhSdriaftsBciOfhat 8 sddohdiglotAd bR is ohne¥ibd €@ tidtlot®ind plate. In
bank. Fig. 3 is_a diagramof the |ayout of the

i lap ddystraive enkadimertheiyie mpyel efrch iskadapte@pmese as eswitched filter
I o) t b - Hat ver. : :
SUBa T ot doE) el RS ANAAHET ol Sk BBl e o plonality of
ofmiemeleeitopredhagiioah switching rcompbments csamlshbedesased fon dshein the
il lystrative filter bank. 25 Fig. 5a is graph show ng
tﬁgH%Fg%%gﬁ%§LTesponse of the first filter for the
illustrative filter bank. Fig. 5b is graph show ng the
frequency response of the second filter for the
illustrative filter bank. Fig. 6a is a diagramof an

i | lustrative BrRIWHESCRAPTION CAOTHE DRAWASR@Nned in

30 accordance with the teachings of the present
invention. 3 WD 2005/101565 PCT/ US2005/012070 Fig. 6b
Is an equivalent circuit schematic of an illustrative
zig-zag filter designed in accordance with the

t eachi Rigs! wsfa didgeanpshowangtanienpledrdivaaw offiingllusitative embodiment of a
di_agr.am-pf il ust.rative | ay f.a conventional ..

c a2 o3t depel i Beclincs Rlthe Gocabel REMP RIS vention
f r equenigy2arie s dapten showirge dsidel iy b1 the @lustadive sRfiched filter bank,
ilJustrative filter bank.. Fig. 8b is graph show ng the

¢ PletE eraution bEs pTBRGRr ¢ ri bt or For the

i |1 ustrjgt by6s fd ifagambsHdling h Gop Fidws ofhd bbsth rsabduaR &F the
an illustrative enbodi nent of a nonolithic single pole

f lustrative siftobedfikeRibedh desi gned i n accordance with the

teachi ﬂgSZcpifs al (ﬂfg’fi@ﬁ Qﬁ&‘ﬂﬁg a top view of the top substrate of the illustrative

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.

Fig. 5a 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

accordance with the teachings of the present invention.



10 invention. Fig. 10 is an equivalent circuit
schematic of an illustrative SPAT MEM swi tch designed

WO pooagessilance with the teachings of the preserPtT/US2005/012070
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invention. Fig. 11 is a layout diagram of an

illustrative SPAT MEM switch designed in accordance

wWith the teachings of the present invention. 15 Fig.

12 is a diagramof an illustrative MEM switching unit
that carigh ivseduivalent dieuiBRAINAMVEMT sivillusihtivEig-zag BReridssigned
a diagram showi ng a side view of the illustrative
swinaserdes itk the Fachings of e PEsey wenios. Fig. 13b is a

di agr angis oW Bl g@mr IR iMseNvOTaydui6r 4 LdnYatibal e¥& coupled filter.
switching unit ~20 during the closed state. Fig. 14a
i s a griphdois gaph shaygig & freayenayi gspopse ehthe third filter for the

il .af | AT MEM switch. Fig. 14b is a graph of
thglur%{eag@%?l\é b?g(éerti on loss of the illustrative SP4T

MEM swiiig.c¥b is2&apgh MOwW2@0 8k 1y bGby PESpHsS200Rs GbRAD Alter for the
THE | NVENTION Il lustrative enbodi nents

CRI PTI
an “%%é‘gﬁ%ﬁg?g%‘pm ications wll now be described with

5 ref erEg®es ko illubeatias 6 DAV BNtIatg dit@dnaBoft 20mehotieiOsifple pole

t he advantageous, teachi ngs of the present invention.
Wh{PHE R F NS SVECh SROGHE Bhavcadgies it die esheigh ofth present

refesftigge to illustrative enbodinents for particul ar

applications, it shoul d be understood that the )

i nvent i16& 10sis apequivalent ciaeuit;selqmeatip of 7h dlistratizg iSRGT MEM switch
or gl . SKI LN, : he teachi ngs
oY Bl hlan by PhCniBBat BCRRAR bRk,

modi f i dag.ildns,a lappt degtainoeisan dlnsirating S TdMEM switch Hesigned in
the, Sqope. thareol, and AddiLlgnal fhel ds in which the
prege? rnventi on ul d B0 sn%ﬁ’i’ficant utility.

Fi 9. 1 Hig 1ans exipligoded an illwtafivealEM bwisdhingtunit@hat can be used in

acte MNP he t eachi ngs of the present |
i nvent ifgg. 133N¢ aCdidgah lshowing 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
during the closed state.
Fig. 14a is a graph of the measured isolation of the illustrative SP4T MEM

switch.

Fig. 14D is a graph of the measured insertion loss of the illustrative SPAT MEM

switch.
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whawsnglses t op surface and a bottom surface.

15 10 is conprised of two substrates, a bottom
substrate 12 and a top substrate 14, each substrate

accordance with the teachings of the present

i nvention, the two substrates are conposed of high
dielectric constant ceramc having a relative

di el ectric constant of Er=40-100. In one enbodi nent,
both substr at PESGREPTHIN OFLEHE INVEREION
zirconiumtitanate conpound, having a relative 20
dielectric constant of Er=40. Fig. 2a is a diagram
showing a side view of the illustrative sw tched

filter bank 10, illustrating the nmultiple |ayers of

t he dilysiative empodingsaie apthetemplinRipglicagipns willsmowiecksrebekwith
referdh etk ‘éléc?ln?al%?%ec{r%gés At{s) cﬁ)'Sg ﬁlglah)ea]ﬁ({)aggéﬁ teach1n$s of the

exagger at ed
¢Seli¢em@hmnzat| on, or ground pI ate 16, is di sposed on

t he G ttoms strate
forma ¥| r sfp %Sélgulﬁ‘éf%?naﬁe es%lbe P, W gg FJ%’EGEW Z‘Q’(‘?t’iﬁ‘ﬂve
endodichis (fOI‘QJaI'thtlleapph@tlSM[ ft @hbﬁlddfe unBe&stbed ﬂ1§11ﬂ1§1ﬂb§1ﬁ61@fs Qot

12 to, form m.ssion i 18 and, for th
Wi dhortipr iR P PG Ht Sl i 3Bt pfrshi to e teachings
pdvided |Heteih @il ﬁedfc%ﬂﬁé‘fhcﬁﬁﬁo%]l ﬂ1¢d‘ﬁ’caﬁbﬂst Sfpbicatiohd andzgnlboﬁnﬁents
di_agram show n vi ew of the bott om substrate 12,

"Y@l"h@? PRP? Hi@reog e aﬂ@lﬁ%@hﬁ@l@ﬁ ig whichtkesprewntincentipy weyld be of

%q]ﬁ{gglgugl the top surface of the substrate 12. In the
0 illustfative enbodi nent shown, the circuit 10
i ncl Gited i eurexpadedpaeys of b ilBwkate enPRdin®@at of &s¥ihed filter

P 0 1 206,
e T i N
1D ne bamjgisedyf twilisvbgirated) a botpen mfbsfgdté lli‘aftﬁd a @c;p @bhﬁfehtzy R&h
t t t rtin I e
stk BRPNE ¥ o G et Fharis it dt sl of

theNfilestAe Snvafition Pt twr EdbsBdesaitd Rfhpoft cﬁuﬁlg]PQl'ietlec%ﬁ cd%stant
lurality of transm ssion |ines f8 cou energy from

BB e agsletivesdieleeirig gonstaat ofj Frrgd-300. 5 fregthotiinsnt, both
S&Hs{rit@g Srd Pathidfed Yo s Ei?cfohmﬁlahtafeté; col%?odn% %aﬁhg% ?fg]cltlve

showi ng a top view of the top substrate 14
d@}%@ldlcﬁmmlto Hye4thori zontal width of the top substrate

t edge el S
smal F‘g tﬁaﬁﬁa{gng{ ghogﬂ%h ﬁ@oﬁ%\g%?gh%f% atfve S%'itc e%ﬁéte{ e
18 ulhsstratatgahd dhultiple Iatetsad Hedirouit 100 Naé thahia Fix) 0b,ahe thicknesses
bst 12 uch t. it covers.the.portion of _the
of P Ellilee el U at breSRrE of Py it SGmap Fiepsa, o
lazét, ofaﬂﬁdalﬁﬁatloﬁ; baY8lindoplatdBlicalsl digkddobn ke bdHoMPQSRAEE S the
t he %}g surface of the top substrate 14 to forma

bettoay t@alteo%te fw@s@oun@ga%%m pattern gf mptglizatippds etched on
th ity Qrfac@ bR tHeUborh MbRARNDES fhit BhishdsloA8ines 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

illustrative embodiment shown, the circuit 10 includes four bandpass filters 20, 22, 24,

| NPCT/US2005/012070



As shown in Fig. 2b, the four filters 20, 22, 24, and
26 are arranged in parallel in the center region 42

w@booshelshot t om substrate 12. The top substrat ePQHUBD05/012070
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therefore 15 attached to cover the center region 42

of the bottom substrate 12. The regi on 40 between the

i nput port 32 and the left edge 34 of the top

substrate 14 is not covered by the top substrate 14,
anghdt26a et entdon, hdweesr, kot Bniidd tBerb80 T cidfu@ 10 include any
i mpl enment ed |n n1cro tr| éﬁlﬁ]larl ., the region 44
beiiRhsh ot fee ok oba 1PT T5peS fh HIGLAKAYS] Cgﬁwwewbo% gepprting from
t he 5@Be SEHAS bfeBdr® tehéhingd. AL citAUQ0&Ho I?Nclﬂcf@@ atk ﬁ’lgut port 32 and an

substrate 14, and transm ssion lines 18 in

r et perk 86. 1 hehelity of trapphissitinedl 1§ eounicenaey fpmp ﬂwrlhm port 32

i |yt QEQ m crowave circuit
Wnﬁgﬂ%%%%rlgg%£m¥%h ggér g gﬁégias shown in Fig.
2b) . arfig.risuts = dogiaon sib@ingaa gop ows di hestep tsilbutra#2]4. amd this

t ction.44..T roce Si.n ection
o pefdeRt. (R IBh et  Beflhp SB35 S $6leoR R iehfeagy 34 and a
I srighipdgerssnisethaller thid thpd ofiike bd’tfoﬁﬂ@lbstfal&elﬁd’dhd fop Rulekbrate 14 is
t he segond S bstrate 14 on 25 tgﬁ@pf t he bottam

suitiethed om topor the Rotiopgbstiatedle; Sigh At 1t getepiibn PetEEn phihe bottom

POfubstrdi ﬁz]eoﬂtiiﬁmg RAOGRSS 120923654, 1.0 242, Al Rydr 0¥ ROBRELEN is
in mcrostrip, and includes n1crostr|p transm ssi on

| | fiepgserigonf the tapr salhfgcm eftthoripppulstrgigait to feym ¢ Beeondh pigindyplere 30
L C each of the
¢ ol 1B 200 TR oF 8L il hradin Srph®, PAC0 DY |

44 beﬁtsvshe\mn tnrfeg Ebothe &wir ﬁ@ers%ﬂl’lxﬁzﬂ, 4l 2reae artaag@un parallel in
ce Qér rﬁ{;l f tﬁg lbce)trt‘.Tc'):“‘ng1 t trate 1%0 ’Eﬂés oﬁg’st F gllrjate ?Ap is therefore

InC? CrOStrlp rans ssion”li
t rm&mi ttt) icoger Shgvalts egibpul of Gh&NBLIZE SHHHAB6R. The region 40

PCT/ US2005/ 01207 t he cessing section 4

( f9eBHeR e i P o7 el G5 <3555 SEES g | fig covered by
OUhPHp subfdtate 136 anBrARMRSGH lﬁlésamﬁf' 68 ir@fod 4B €hus implemented in
transitions embedded in the connecting transm ssion

| imisstrig. Jiailagly ethe egiondé Gefiveer e ovtpe p@ﬁa%ﬁgl@@ theightdge 38 of
prtﬁept%g %ﬁlﬁsﬁgte qﬁqlé ﬁUpcoxl a?yfqhé 1081y 1?1595‘@ lg,r anr(‘frﬁraﬁsn%&n lines 18 in
uit I'ps may be 5

m cr owave |ntegrate
atthlaa:dgm arqiherhbretloplem@mfeéusnmfosmhe bott om substr at e 12

in theinput 40,4 4 sections, :
1 ust AP L £ R ety A uBRERIE ey f Hiised of
t vibires vdgionk (as Bhaen in FEh QWEI ah fnpht gctich)40, apdotdssiig Sdctigd 42, and an

pole four thr SP4T SWtc ttached..in th
i er‘H’i“t 8l % é‘lfﬁ% n&&e“tt‘Bn g%n}%h @‘ ’Pﬁlé‘? M“‘p%f“fs 7@252 24,
t Qnd 286k e@plefledibd 1nBitripliRB througheBOMAitioRRA TheSdkbrdbubdtiaR® 14 on
52 in the out put section 44 adapted to coupled the

odmpe&ﬂw beftom wbstz@@% Ko | Bretiayt soctionet0, befweerethe inpgtporihizrand the
3%oc-££hﬁ1g' Ribn S@ﬁt iso rﬁnﬂl@m&lﬁ&{ Qflofngcrbs%:ﬂ, Ugﬁﬁ 1£<Qﬁlfes 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

microstrip, and includes microstrip transmission lines 18 for transmitting signals output
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transm ssion |ines 18, each transm ssion line 18
adapted to couple one of the four outputs of the SP4T

w@kios/18663 0 one of the four filters 20, 22, 24PCHN/0BH012070

The output section 44 also includes four transm ssion

lines 18, each transmi ssion line 18 adapted to couple

the output of one of the four filters 20, 22, 24, and

26 to one of the four inputs of 15 the SPAT chip 52.

Tibe the pn;emsmg is@ttioh K2 €ford 8heaifoﬁr fiad 20,20, $4,QHH 26) to the output

|nte ]I{3 g (ﬁjh each otg confinin each between
roadhapd, Hepnsastien @e(E%Wﬁnﬁ FmPpdsicd 2i) theTpenmecting

ﬁ&rﬁﬁi‘éﬁlon DA BDuse PR RSOV BE @lllangé%rlﬁ {h% g} Xéa@iﬁn ﬁr?adlum

whi ch connect the ground paths 60 ground

16 | o¥atddfiopnonner Bory HHCdﬁnwrh@a\{@omteemedtm@w)adepslmay be

ASichell 98hd tofs @ng%? :OF] He &%ﬁﬂ'ﬁ tsubsﬁ’ \hag ?puY Ght _blcggrl output 44

hol es that ar oug he 'substirate
$€|Ct1¢1éd Injthehillnsttative, embddémeshythe Gherdetk hQ incudbhevonmiitth chips

LAY AT A b REb 5, B el S5 G arn

inputfdegtion240), adhﬂited tooqibuﬁ]dbtﬁd fnpﬁtepoli432h’@Sa felocrd Cfﬂ@ﬂlaﬁ@é s&bnd
rough bot

a ro
SR e Bl mdbectgm ol R eogepyhe g from the
dctnRl filRb t6lhd biithg Rkt 891y m& hﬁfut $hdifoR tloembRho %cluﬁ&e four
openi ngs 64 form w ndows that follow portions of

pnsaeop dings 1§ eagh trepmanissiont ling h&b@medtte cppple gl Oérfhe four
éiﬁﬁii’ 5OhPRO¥T Bfip 30 18 SATHLERS £ LfgdZZp al harﬁ%élveﬁ{e o‘ﬁﬁa%t

op 30 and bottom 16 ground plates by dtili
Sﬁ’@!@l 44 alsqtinadilesrfouh iehsmassion dnesr 18peagh U“anmmsgmdmel .1 8 Eda@ted%

%)\?\1}9]? g%eogl% 091]:3 ogﬁﬁg Eo@%ﬁyrts %@fZZt E@alhci i(i“] fﬁtéﬁl? %%tée fo&tﬁ inputs of
ﬂthPﬂ)qﬂnIsﬁlbst r at e 14 in position over the bottom

substrate 12. . 05/ 101565, PCT/ US2005/ 012070
Wien “@8}3“%%&1?8 f % aﬂle’]gtegtff% raieragtet Yih iseshy other by

@uBsihg @ddd BeBvech R0 FRADIcRAIS BALR6E (shBlvh GR ?%4 QYRr Thd gﬂoﬁnd

respective ground paths 60. The openi ngs are then
Trefhs (08 gontaineverpl vertiepl vigs AR which conmeeh throgroundrnaths §f tejthe uraén

b8 63Qated oh bR bgﬁ(QH BEmMPBth%h s@gs lch?h qp%f&l?ﬂﬂown in the

Substrate 12, which are connect to ottom gr oun
saare vargcal ek ghat preudsilled tliroughf the séstrganR 200 ﬁlif:d it metal,

tﬁ&?@ﬁ&hecﬂﬁg E)t fhg rI]nan{] oHﬁIcF %6. f HL k())ldlrl q@s{ g(? ﬁre aélapted to

ine proces
1$qlertsﬂleff®drﬁﬁers2@22,cﬁf1@mdag the 2- 4 frequency band,

coverl a3 aihe Bhauishil {4 frs TeicpBiiiessAds armgiuced
b&?&rﬂﬁlg(}iﬂouglh BothhBe Eltbstigé NAtahd eheClh QEIUAB Mate BHBy fu‘s1§1§ Uaser

drilling 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,

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



filter 20 and second filter 22 are inplenented as

interdigital structures, and the third 10 filter 24
W(ami)szﬂtmsssh filter 26 are inplenented using a POWEE2005/012070

"zig-zag" structure. Fig. 4 is an equivalent circuit

schematic of an interdigital filter 20, which can be

used in the illustrative filter bank 10. As is well

known in the art, an interdigital filter 20 includes

a Whel @b |t<§p’sdb§trdt@ﬂﬁlscliﬁadlﬁ§ ek Oofiord iseiRased 2] the @gé rihds @l are
(seven resgnators 70, 72 74, 76, 78, 80, and 82 are

s HERRED; gyex el respersv Eormrradisdei Theppergresridqre thyn filedhiy with
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filter bank 10 _jincludes two switch chips 50
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
fourth filter 26. As shown in Figs. 8a and 8b, the third filter 24 is a bandpass filter
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10



to the swtching unit. Each switching unit is
positioned in series with its input-output

w0 eansamsesi on |ines. Therefore, when the sw t chCT/ES2005/012070

10

15

20

25

30

open, there is no RF transmssion (i.e. 5 isolation
state). By applying a bias voltage to the sw tching

unit, the cantilever closes down creating an RF path
for the m crowave signal to pass through (transm ssion
Steatrgy fromFirginpuitdink So 8n GhtpGriAEWHEn @ik dwhichis ki iV@oMEMNd not
SWItChI uni t %&fZ that can be used in the SPAT switch

5 CranRI TS TRSrSTERPE Ut E APSRgaseteringd By dliagnkigeq applied
t he iR TichilyEWhis WiHagth sv&iQ:hMYE uhRw pdgﬁlﬁﬁ&f i RGrids AR 1¥shﬁput-output

scope of the present teachings. Fig. 13a is a
diURBTRpsI G- naheaef@ned‘@lew@/@“@ﬁch usmewhqg@;xs matRtheansmlsswn (ie.

S \@éoqefﬁhh Ridteh NiBY o %ﬁ%ng YR G ftié% @ H%nsgﬁt%ﬁhg ll?l? ek ga'n?leve]r Woses

is a |a ram sh W nNng a Si e Vi ew O ustra
swWowe hren@imu RF pegpfor e mlcngwm gigodlds pabs Sra@igk (trafibreission state).

f \(/)\n Eﬁgﬂégu%star%%%%gg £ a Ver&g@%m‘ﬁﬁj i 15 1?#1@13&3“%6 used

amm‘it \$PET kavich 50. s@manglpee roﬁ MEBM G @itélagy urits @hagz%é ubdd in tHRESPAT
ure 1 sitio ver an jnput transm ssiaon
e i D e Fem R rern bR ep o BE. The 10a s a
S U@faﬁﬂih@wﬁig&%@'vﬁﬁf 6&9@111&@1@’[1*/695&10&@% s8¢ 1%&1*35 the open state,
substrate 134  under the arnmature 15

afPhfig 430 507 fiagipm ShAwing Fetidepew taf dhe ﬂltlﬁ@tla? ﬁwqhm unit 132
1 ggnﬁ 6 PSRt Al E\pﬁ‘chﬁié%ﬁ a3 ﬁc@ﬂ&san%'m&ﬁr% 946 atga@ﬁ)ed to the

and the transm ssion |1 nes an alr ga
Asghsirate o34 darfdsiond hp thhrqﬁnesturedﬁoc Arseeont] sndI_@Z:ontact end 154 of

R

C batsadssiohGihe 16 Bn tAaanbﬂratel’iﬁasl dieitbdd 160eis Usposad dn iHecsubdtiarer 134

con t 162 cC e ou jne 158. The. two
c M 65@{6 ATPAHIe ]:}@ %e&tp‘? EIEPP@ i%dwﬁé’&fl?oopﬁ% P%Fmon the armature
C 05W14GhadaE flomains BibSEAtO Biab b1BRod6 466 thd @ transWh®dn i 156 and

armature 150 is in the closed position, the input |ine
1565 Bl #488Pout put |ine 158 are electrically coupl ed

to oneaangt fedonfitifg %ﬂﬂé@c Bf Q(Hna‘%?st nszv Ilpfemh@ee dGPNAE Edm the

162 and 25 conducting I'ine s can then pass
f emact bred 1 fpefithe am@nq@ 650 @101(1 Iﬂf@t outhp lqlosetd Pprsitiofgone (contact 162

Vb&ﬁe Ghe %Btv R ltSB (ﬁlgcﬁf% toﬁ]'éfh &%’bagg%% %’ﬁ%uts }fr\fé oult;Pup fnq 15 |§ o The

ar mat ur e
1Evﬁ) wntdtcts h&2 amb}eclhodlﬁymem]:&&d by coatiwting trmkﬂlsmonsmé dd4e) that

fr e arpature 15Q aI [
Parutle 18 bsin R BoR <G B dupta iy LY g paitput tine
S Ui&dré aeaﬂ@lﬂl?%@lleﬁ% odoth&by a&ﬁd@ﬂ%ﬁﬁﬁlﬁh@ tHRic8&acts 162 and
coupl e

I 1 I [
e % C;lc&glg 216@3 ?&Cﬁi@g}z g%tstﬁllgg_%@s]%om the nput line 15 6\{[\g)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

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

11



to a substrate bias pad 168 via a conductive line 170.
The armature bias electrode 166 is electrically
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line 174 and armature conductor 176. \Wen a suitable
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Fig. 14a is a graph of the measured isolation of the illustrative SP4T 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
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 SPA4T 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 SPAT switch 52 is also used to couple energy
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13 WD 2005/ 101565 PCT/ US2005/ 012070 from one of the
filters 20, 22, 24, and 26 to the output port 36. A

wale@saetsss ¢ | ayer maybe enbedded within the bpCT/082005/012070

10

15

20

25

substrate 12 to support the DC bias routing to the
switch bias pads. Thus, a small, |ow cost, high
performance switched filter bank can be 5 constructed
by conbining the nmonolithic single pole nultiple throw

VER16 vhd exhheafilebrs 20022, i Nind 0B ltcﬁth@b@cFlﬂ\fs@M% C Ardidictricdgyer 88y be
of the_ present invention. | ustrative

e BRI ItIR e Dot swRshate 1P 16 P Kheclo 16 oy 0 thg switch
Gﬂ%m&k@guency band in four discrete channels of 2-4

4-8 CGHz, 8-12 GHz and 12-18 Giz. The MEM SP4T
shows dhug xe emalintow rapelkigh peritraneen switdhed faltee Hbank nean. be

(388 Sl 5L Bk 1 g0 i

ovihe alihiafuresmrdréverve |coswit design 0D the heesemninivention.s \ih tanhidlsstrative

and.fi.lte an, 1.5 dB annel e,
eteiisl o po RS B vl olis R P TR RRRE R b in four
f ididceote HankeldMIN-i SHz048heHE, B peGEE a8 0238 GHZI NEhe WEM SPAT
dlnen5|ons or the illustrative filter ank are 1.0" x

1. sbowg(anoexeg ent tacKIRg Ber@g,n@qﬁ:@ (gfeacleefymé ﬂg\ﬁé pnsertion loss

C QA8 BrsRict @n 9 d1b 8ESollkhtAFok DWio T UHZD STRILveMA rlﬁée%nom due
vol une 15 reduction of over 80 fold, and weig

r delthetdomhingd swiees agdiliepisdese SipdriedB fqrtewhtch@mplr i e estimated
alfit &ﬂbtfb% cjaﬁsf&dthﬁ/%’ft 1@%&%‘3;'33@?%&2 11r;rih€sran%\dhoq’ $50-$70. The

pres I nvention een Herel
r eM@MedlmenanmS dor ﬂpa]rlmmmeafﬂteebdmaraﬂeﬁi’tx 1.0t x 0. 0Famtithewedght of

appl i cat Those h V|n ar i.ll in th t

8 & SR Pow RSB AR Rl it 1+ Db M votume

adéﬂubtl@nﬁl overB0ifbld caatl imeipht redyibn ﬁtaivbﬂl’ﬁﬁ) fold @odpaded with the prior
|nen% $1£H|n t he scope thereof. It is therefore

|ﬁF wega 59se %¥3i s to cover any and al

such gpp, |tE@ﬂ)fe@é1§a1m?éﬁﬂérf h&AbéeANGes@itdd eERAd WiBNeforence to a
within the scope of the present invention.

Acedicdlprrbpdingegt farpparicylacapplvptivn, Shoseavipe oglgsrydilbe the art
P%& %&Qéﬁl@ﬁéﬁ tea%s%ll :l'ecoénég Adafoam %dﬁﬁﬂcﬁﬁ'&r&, :{pﬂwﬁéa‘uons

characteri ze .
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,

WHAT IS CLAIMED IS:
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a first substrate (12); a first ground plate (16)
di sposed on a bottom surface of said first substrate

W@ 1@5/10668 second substrate (14) attached to aP€DPS2005/012070
surface of said first substrate (12) and adapted to
cover a portion of said first substrate (12); a second
ground plate (30) disposed on a top surface of said
second substrate (14); a pattern of netallization
(20) disposed between sai ddriAm™s (12) and second 10
substrates (14) to forma stripline circuit; one or
nore ground paths (60) disposed on the top surface of
sai d f'f“Arn‘%dev%Ne%ﬁr@uﬁ?l@) caRgelingly yd' ng a plurality
of vias 5(62) connected to said first ground plate
(16); sbyubsteate i@k e openi ngs (64) cut into said
second 4 g
(30) . iéi?ﬂz 0%1{‘1@ %e Q62?ﬁ5§s§%§? qjtt?gl Véu?fége doi.péa%{ rsté ﬁlgbatrate
ov@R);a portion of a ground path (60) and is filled in
wi th conductin ch. that.s n

> ground HIEP Sflgfgn% @dcag%ﬁ%%%%a t‘ipoguéfﬁ‘feo"ffs?lﬁzﬁgd%ﬁfﬁtﬁ (12) and

pl &dapted IBJoveRa pitien ofbudTrétQubsohte @] m 1 wherein said
first (12) and secand {Hﬁ% substrat es are fabri cated
f rom higifeefidesrawd plate (b disapied oardipp surfage of prad second substrate
i nugntion of daim2 wherein said high dielectric

constant ceramic has a relative dielectric constant
gr eat er2 p¥igr of mstpliizationo (240 disposegthstwasy esaidi finst 0£2) @nhdisepond

10 3 ?&a@és&lﬁ% %r&r%ég?élo?%lrgdl{cu' t (20) includes a

predeter transnmission line filters. 5.
The i nvmntqromomf gl@lna;l aths \ﬁﬁbr@spmsmen Ghe e eunfaegicdrid first

petP e S8y atg bl i WH3eREEREp wif fremppiaie
sufas); aad e (14) 6 The invention of Claimb5 wherein

said m crowave circuit 0) furth i ncl udes first
si ngl e P6I% THPtIPEHasY (b ANS TG e ] egpd sbngrisaidh and second

15 I e&8inteplate ¢30)! WRdrein %acgn%bmﬁ@ b BIRGE AN ?srhq@nw@re@wpsﬁon of

coupl e ‘an input port one of said filters,
anl 29usd pethd oY) fwgll i fw@ﬂ én mqhtqomhtsﬁtl& msierighisaghthessid second

adaplR140 (F05 KU eSO st Sb@RB)ate (16).

2. The invention of Claim 1 wherein said first (12) and second (14) substrates

are fabricated from high dielectric constant ceramic.

3. The invention of Claim 2 wherein said high dielectric constant ceramic has a

relative dielectric constant greater than or equal to 40.

4. The invention of Claim 3 wherein said stripline circuit (20) includes a

predetermined number of transmission line filters.

5. The invention of Claim 4 wherein one or more regions of said first substrate

15



5 and in accordance therewith couple said filter
selected by said first switch (50) to an output port

W@ 3®p/101865 The i nvention of C aim 6 wherein sai BCT/USBD5/012070
(50) and second (52) switches are inplenented using
m croel ect romechani cal conponents. 8. The invention of
Claim6 wherein said first (50) and second (52)
switches are each inplenmented as a single integrated

C {128 biietnotdvivpred Bhefi€bdtofbdulstedid @8).are attached to said
first substrate (12) in said region not covered by
sai d second substrate (14). 9. The invention of Caim

8 wher @i TheS fvhidh CIroMRANE € vh&tint sa(dlg)mrwaxtéﬂ ?&c it (10) further
includes a plurality of transm ssion |ines

dinslydesed fisth single padep mediiplateonfswiel (0) iadapted wulsstiveas gontrol
g%léﬁal Fu?cflﬁ acg&‘a%g]tﬁ&s%& it J:délBFe aglglsgut %\%ﬂggﬁqy ggs)l%e\?\#fs%%of}]l‘éers,

e outputs o
o:ﬁndsaeaecblfdl siﬁg@rpole hGltipEhkroiviswetab (SOh adibte@it@ieteie nbatel signal
circuit i ncl
s i ae e RRRe felhiGiohgt rl A Sl iR aften (0 o an
dm&pn@@ﬂ(nn the top surface of said first substrate
(12), each transm ssion line (18) adapted to couple
the output of one of said filters to one of the

I nput s7, ate HREMioR 8ECRMN §Wh§1€ﬁ‘1 s(u@%‘)rst (§(5§ and E&oﬁ@&@mvh&ﬂes are

of Claim 10 wherein said ground (60) are adapted
Empﬁﬁﬁﬂm§W@mgémﬁbﬂﬁ@?%mgh%@@)“ﬁﬁ@n@ﬁ%nsn1SS|on | i nes
(18). 16

8. The mvention of Claim 6 wherein said first (50) and second (52) switches are

each implemented as a single integrated circuit chip, wherein said chips are attached

to said first substrate (12) in said region not covered by said second substrate (14).

9. The invention of Claim & wherein said microwave circuit (10) further
includes a plurality of transmission lines (18) disposed on the top surface of said first
substrate (12), each transmission line (18) adapted to couple one of the outputs of said

first switch (50) with one of said filters.

10. The invention of Claim 8 wherein said microwave circuit (10) further
includes a plurality of microstrip transmission lines (18) disposed on the top surface of
said first substrate (12), each transmission line (18) adapted to couple the output of

one of said filters to one of the inputs of said second switch (52).

11. The invention of Claim 10 wherein said ground paths (60) are adapted to

isolate said filters (20) and transmission lines (18).
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