WD 2005/ 101565 PCT/ US2005/ 012070 M NI ATURE BROADBAND SW TCHED FI LTER BANK 5
BACKGROUND OF THE I NVENTION 10 Field of the Invention: The present invention
rel at es i e circuits. Mre specifically, the r t invention

rel ates &8)%hﬁéﬁ%§%d mcrowave filter banks utilizing PSS Iosi 2070

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
requirements for these fiItgﬂgLAEﬂB&hﬂRQQHUﬁﬁNDDM/cost, smal | size, |ight

wei ght, | ow power dissipatigwiTemkralrEREBARK™MNCce. For certain
applications, two of the nost critical specifications 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
technogogies, 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 pBéGIFR | GHE DNYZE Ncomon 30 technol ogy for
filter mniaturization uses | anthanum al um nate (LaAl O3) substrates. WO
200i / 101565 PCT/ US2005/ 0121070 These types of material are used exclusively
in conjunction with | ow tenperature superconducting (HTS) filns. Such

subst rI?t es ar epexps ﬁél‘ﬁ@enti%}f-ffer froma high dislocation density, and have
a relatively low drerectrrc constant, which results in a |arge, heavy
circuit. 5 A comon design for a nultiband mcrowave filter connects a set
of bandpass

The present invention relates to microwave circuits. More specifically, the
present invention relates to multband 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 perfonmance buried

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

increases the umit 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

PI'N di Oq’@ﬁzmﬁ%m% crowave frequencies, however, these dﬁ‘(‘(’T/ﬁﬁ"ﬁm%Mfz v/ from
sever al ortcomngs. PIN diodes and transistors typica ave an

insertion loss (the |oss across the switch 10 when the swltch i s closed)
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 S<OREN. des and transi.stors hav allmted
frequency r%g E’esgtIL g"’é’ﬁfs%‘%e“s%droun&‘vfgvo%SWW8P"B&‘E}’om@?

swi t ches theﬁﬁrwneucdn@c(r}maﬁlhise $1r¢hesubstmbslas&xpmlvrapwﬁferdﬁ&ﬁlanatghon of the
overal | rrultl,band fllterv@éi {? iiS.a heed in the art faor an

i mproved muidislasaRRR AeEK G Y P Eghiveliolon diRlsprroparEny Hch et 0 @ng) | er
size, light %I—(EMb teirc@ind 1 Nproved performance over prior art fllters 20

SUMMARY OF T | NVENTI ON The need in the art is addressed by the
m ni aturfzed m cAsRaveordasigifer aynultihand mpicreyeane filtenconpeaina sqtof bandpasal , t he

novel circuigh ot Rl HAGIwS shily %tolesﬁl&ﬁg %r% s@vnfchésstT}%%é’%ﬁ’ch%?ar@grﬁgﬁlg' sposed

on a bottom surface of the rst sécon r at ched to
a top surf admepleienthd witlr s&mmmhhbtoabbmaml saclaps eﬂnsmtotsomePIm dipded.i @ of the

first substrate, a_second ground pl ate di sposgd a to rface of the
second subs{HE¥ave, fisqyengies, hgwever, E‘él‘f‘?soﬂ&g’lr e°’8"?5 Etﬁ‘”f"ﬂgs ‘first and

second substpmitiasdes Ond QinEistors typicaly me afilifisettion, lo&NEheObss Midds WeOdwidhpat hs
di sposed on the top surface of the first substrate and 30 including a

plural i 1} ofvhen the switgh iscalesgd) gseates dhapilrdR, apgd anyiselaemyalue ofessdhan 2 dBore 2 WO
2005/101565 ToUﬁgQQQ/f%%%Qaﬁ’&WH sn%él &S‘Ibléfeﬁ" f’cr&ﬂ%@%&l dev@ﬁ’%&{ @ke and

second groun ate, wherein each OWs an s ali1gned over a
portion of awgch)umobqnat In additions PIN Idl@istsmndWamhswmnhhwta ﬂlgutedrdi@nemb’ such

that th d d te the fifgst
T ust rat vESE A et tegiatound P07 ey Tt bl Fis SRR e {onea
filter 5 bamie;eaee 1he \sertidn gl andpoveer ﬂuklpaththHHWaﬂ%ﬁlﬁbaxﬂCﬁmﬂ sed of a

pluralit m cr oel ect ronechani cal switching conponents .is al sg descri bed
for usel E’{n the B&nges eee 15iq need ithgjart 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 enbodinment of a switched filter bank designed in
accor dawe@ 20ustihiIcRe t eachi ngs of the present invention.PQBUSGS02a870 s a

-di agram showi ng a side view of the illustrative switched filter batik,
illustrating the multiple 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 il ust rapenivgs cu? bnts Wietsedoad shbdberandagtiond Fiognd Blates wheirp@cRBpeiingt he | ayout

of the ill rative switched filter bank, show ng he. location of the top
Substrate dobevs andpabes °¥%f5’sl%91%9"e‘?fb argrynd pafhsands éﬁiaﬁi {mVEh pondustng t

schemati ¢ Qhatéihl, Stk kisht Giet REorldl gréifid plE iCEbnRERedR the%ied ghdunliheud. | ust rative
filter bank. 25 Fig. 5a is graph show ng the frequency response of the first
filter for anHBustative smbadimgat, the nevel gigyit. is pdgpteds forjuse g aptvvitchedwfilier t he
frequengy r onge t n i |t of.:lhe. | t i L | ter bank.
Fi g. 6a05i S bgﬁlgi aér g(?r{e(l)fﬁh%}les ?ﬁ@u@? i;h‘glei %O‘Pa{lvg%? %C}Ihé'ﬁszg‘? g(gt?%dﬂfrfﬂlfub’eétedesi ghed
i n 30 acconidmeketramedhatibad $veitohimign gemminents eispales edescribed efor i wsa. in3 thAD

2Ws/ 101- O, 65‘PCTc{ZtJ# ZBO /012070 Fig. 6b is an equivalent circuit schematic of
an il | ustr&ritehe §_r ‘filter designed in accordance with the teachings of
the present invention. Fig. 7 is a diagramof an illustrative |ayout of a
conventional edge coupled filter. Fig. 8ais graph show ng the frequency
response of the third filter for the 5 illustrative filter bank. Fig. 8b is
gr aph ow ng the freq e ,g%@@ﬁfﬂ A DA idder for the

il ustfﬂgti ve filter ba#gﬂ%glx‘g, I'S a(r?%lf?rust rati oﬂlﬁtﬂ‘déan illustrative

enbodi ment of a nonolithic single pole four throw MEM switch designed in
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. 2c 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. 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

30  accordance with the teachings of the present invention.



10 invention. Fig. 10 is an equivalent circuit schematic of an illustrative

SPAT ME LLch .. designed in accordance with the teachi J resent
i nventi gané%?gm’ﬁ is a layout diagramof an illustrati vEe gg&‘?y‘ﬂéﬁesw tch

designed in accordance with the teachings of the present invention. 15 Fig.-
12 is a diagramof an illustrative MEM switching unit that can be used in
the SPAT MEMswitch. Fig. 13a is a diagram show ng a side view of the

illustrative switching unit during the open state. Fig. b is.a diagram
showi ng a side ‘§v§"o‘ga‘f?%“‘ia}eph%?l‘gf‘it*\?@ag%"{]a&H]is‘ﬁ‘ga‘hvﬁizfggzagé‘ﬁﬁh‘a‘?s ¢ he cl osed
state. Fig.inkédorisncéwith @RReathing T tERASHAGRveneS. ati on of the illustrative
SPAT MEM switch. Fig. 14b is a 8raph of the measured insertion |loss of the

i1l ustrative SPAigNvEwRsieraref apslusrame Joosy of o sobsnTT) W82 00Plg 570
DESCRIPTLON OF T, BIYERELAMhddinli $hd. Bbhietie IBSHSOTR B, Hft GIHETRY Ao/

applications w |l now escri reference to the acconpanying
dr awi ngss t oilldsteative §kertbask. advant ageous teachi ngs of the present invention.

Wil e the present. ipvention js .described herein w reference.taq

1 ustraci ve - eniBafian et shots Bechrurncisrons phite St S5yt

under st ood fllastativbaltérd@tion is not limted thereto. Those having ordinary
skill in the art_and access to the_teachings 10 praqvided _herein w |

recogni ze addi t il58al s diustratiopiob ar illugimtive embodiment of 4 nasplithigisipgia role v t hi n
the scope gt atbwaRENAARid BRAned if BSordde bl Nnt NErchingS B tnel pRéit | On woul d
be of significant utility. Fig. 1 1s an exploded view of an illustrative
enbodi nEht ioferdioswi t ched filter bank 10 designed in accordance with the

teachings of t heFiE.r F()Sl%%l eicl&¥aq£'1¥tic%@uit glc_:%gmgtgcr St aintillustrative SP4AT MEM switch
designed in accordance with the teachings of the present invention.
Fig. 11 is a layout diagram of an illustrative SPAT MEM switch designed in
accordance with the teachings of the present invention. ,
15 Fig. 12 1s a diagram of an illustrative MEM switching unit that can be used in
the SP4T MEM switch.
Fig. 13a is a diagram showing a side view of the illustrati\_/c 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 SPAT MEM
switch.
Fig. 14b is a graph of the measured insertion loss of the illustrative SPAT 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
accor darwe 2¥M13die t eachi ngs of the present inventi onPCTRE2FH1W{bst r at es
are conposed of high dielectric constant ceramc having a relative

di el ectric constant of Er-40-100. In one enbodi nent, both substrates are
fabricated froma zirconiumtitanate conpound, having a relative 20
dielectric constant of Er-40. Fig. 2a is a diagram showi ng a side view of
the illustrative sw t chd2ESCRIRFIONOF THE INVIENIBIOMt i ng the nmultiple | ayers
of the circuit 10. Note that in Fig. 2b, the thicknesses of the nultiple

| 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 net Blusaiye emhodigerts anpdaremplany apglicagpnss ik npmebedeserihed mitht om
substrate ] S i ] [ tive

wi tohod FTTSs BanacbaRaing titloss DEfici: B iiachiicalog BHE' 1T, o1
Fig. 2b i presenlimxgmtedn showi ng a top view of the bottom substrate 12,

illustrating > transmission.lines 1 dfilters.etched.on the top
surface of t he{%}gnﬁlﬁst[lérag?eéenif vefltﬁor{ Heéesgﬁ’eﬁﬁeﬁgf N\ RV er%lﬁ%g?j ?lﬁ’\gmnvghovm, t he
circuit lembdadimeste forpatticulbeapglicasionsf it icdldbedDdergidod 8t the idEntAGSAct01565

PCT/ US2005/ 012070 and_26.  The i nyventi Q]n,, however, is not limted thereto.
The ci r cufffuited thegsfoi niios Baving, ordiaphekall gp the, it aBe acegss do dhe Bachipgsier types of

M Cr OY@V € plohided héréin WilltrbQghiz&l SRRichhINAodifiRbnd BSHIRGRRS, £ chibSdiRRS €Nt
teachings. The circuit 10 al so includes an input port 32 and an output port

36. A pl uwithintthe ssppq thengefnd aiidjHoral felds ingvhichuth¢ presame mygntiongypuldee of nput  port
32 5to Eﬁlﬁunlth@ﬁt?’ and fromthe filters to the output port 36. Fig. 2c is
a diagram showm ng a’top view of the top substrate 14. In this enbodi nent,

t he hori zont al Figi dtis awfexplbdedt Gewv ofibs tilhatrativeembodineenf a dwitthedefilpe 34 and a
ri ght edg 8, ]S smaller than that of the hottom substrate 12. The top
subst r at egﬂ’i 1i°s“{"'51§‘i1 Bﬁ%‘i&’r‘%’ﬂc"t ith e teaphings of s Rresgpipyentign 1 She QigRi ¢t hat it
cover $5t heo ROddmpeRedbf ttLsub@tk@M béttohy Biststrat @2 had GaBp dubdtie 14heachi | ters 20,
22, 24, and 26. A layer of netallization is disposed on the top surface of

the top seHbstratahavinga op sudicprrd skatiomeugpes delagspetraceanith e rackingsefFi 9. 2a).
The fil tegs &Eé%nf E}H%nﬁdﬁp TR Sebskrites bfe! &Jn’np@ged of high dielectric constant

ceramic having a relative dielectric constant of Er=40-100. In one embodiment, both

vr+
—

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 substr T op
subst r at®¥O24"Y¥ % eref ore 15 attached to cover the ceﬁi@&g@&’l@ﬁ"ﬁ? of the
bottom substrate 12. The region 40 between the input port 32 and the |eft
edge 34 of the top substrate 14 is not covered by the top substrate 14, and
transm ssi on lines 18 in this region are thus inplenented in mcrostrip.
Simlarly, ((f _ﬂlfon 44 between the output port 36 and the right edge 38 of
the top subdtdZt elhrpsnyestiophowexreripaotinieH therel, ‘Thasdtopiad @ mpy inchylg any

transm ssi oRyhbd1eR thi df'?iltergoortd?ﬁe? t;{p%Qbeﬂxc?Jv&vE Qﬁ&ﬁé%&du‘?ﬁé g i N

mcrostrip. Thus, in the illustrative embodi nent, he mcrovva circuit 10
i s conpri sedlecﬁﬁopetdfrtl@@wse@ﬂtcmbmgasmt 1GalFo glclugb)an iaputipep2 asdeti on 40, a

processi ng sect out ectlon 4 The. prgcessi ction 42,
i ch i nei udBgousRe 385 G B ulb by BRG s Wupldend B ASRE B 20
stripling tkb"thelgheﬂ; hﬁd&dﬁltﬁdﬁl&rﬂbﬂid’tﬁtpﬁemmﬁ substrate 14 on 25 top of t he

bottom substrate The put section 40, between the input port 32 and the
processing secti F)‘ﬁ 49 15 @ &"i‘g e‘i‘é‘ﬁi‘l&o? R Yirw  Hsipitpp substatent4: uz'ééh‘?n crostrip

transm ssi Oembbdiﬂﬁntlﬁe 'h@ﬁzohfaﬂﬂ'ﬁih bt 8 %pasuﬁéugféaM beaRd DRt daBEB4 BRIL 32 to
the processing section 42, i.e. to each he four filters 20, 22, 24, and

26. The out pight edag B8,gnsmafler ﬂbétth?é@ﬁﬂleﬁ@ﬁyﬂéé@é@ten@ sBret top subsgratarld is he out put
port 36, is r rip
transm ssi on@c:ﬁ%ieésdﬁggmg%g {r?%dﬁlgu nl%%%t?}ll% Sg‘?ﬁ ﬁlh tsc%gg &?8%“%35%@2}@3:&565

PCT/ US2005/ ailidfate 12r antainie ﬂwcﬁimizmg?_?.séél mmzaz Aflawmdfhﬂetilbwuoﬁnkt ers 20,
22, 24, and 2 o the ou ort 3 nd transm ssion |i

transiti onsdﬁﬁ%fg‘ai%éheltﬂpts °88ﬁﬁ1§ctf’?ﬁ S'I?t?i%%?‘gg‘i %?FCP?‘{? ‘gp'éP%gl(ﬁsed to
account for (¢hb@n GIERPAF The IR aR tRRAGPleRAtedBIlttpne] N addi tion, one or nore
M C (mcrowave integrated circuit) chips may be 5 attached to the top

surface of the bdé showndnFig 2hythe foor ﬁlF?fStZr‘i’ezfi ﬂﬂwddé amaegeddapyallelm

sections. gt ?l,[ﬁ]t ,{ggtpatte h Kk es two
swi tch chi pgle &ﬂﬁl‘ i nﬁfﬁf’gﬁﬁmg’d I rst élﬁ ngﬂTI %%b%g%rl% row % %4T)
switch ¢hi pa&@hfat toacdved thencentee reg'icmoélz of dlot bqttmnﬂ@ulmiatptléd e cegignl 40 t he i nput

port 32 to sele t ed t he
ot put _sect Peesins giogt oo £ ngdf 1R A6CRN G pcd Seible S Borolfel Pu "Fi 1 ¢ o
to the outpee top &ﬁbsﬁﬁe 14 eadithipsthisSGe Ime@rl 84R ik eégﬁfxpzrre thud Gipbafenfe i

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 |ines 18, each transm ssion |ine 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. WO0BYIMHMS section 44 al so includes four transRFESAUSEHWSOINIE 183,
-each transm 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. The transm ssion lines 18 are isolated frominteracting with each ot her
by confining each between two finite ground paths 60 (shown in Fig. 2b).
The gr oundfromdhenprog@sing sactipm 42 (e die fper filtarn R0,\22a24,60d\il6) ththe ontpett t he
ground paths t i round. 16 _| ocated qgn e.bqgitomof .t he bottom
substrate 1102 %gs fhsrgﬁfﬁqaakt{r%g\slﬁlssil%n ﬁ Wé téarngl,qmﬁgb h ae(sléegr & %er (PESCIH| es t hat
are dril | eflanshission lindsHé asuzed oak@uhfonthe clidngésael thel prépagitioal medidnher eby
connecting to the in (ggrround 16, '&[héﬁcroundiggeat hs, 60 are al so adapted to
i solate the fodf 3dfiPR, neyer more MJ gowgve mlegtuhyArgud) ehigs ™y b he top
substraf e ddckaso tHeSp SREIRE B the HBttddI3hbsahE 107R WECRBut 4Wand/ok blitpiad hr ough
both the substrate 14 and the top ground plate 30 by using |aser 25

drilling otectawy. & Herillygativhemabadundnbche filier taplerPrindudss tioswitol ehdpsns t hat

fol  ow por gt . qf:tike on). r and are
used to pr%i\l/é}ﬂgmg;l’slza%qgglsm’g‘f%gﬁégﬁﬁdt%ﬁog{]?lstﬂég %8%%1]1 e%%%c%e%# bottom 16
ground pl ahpg sbetiontd0l adapted) teacoupletthd inpatagariodR e belebtabfilteedand a second

wr ap-aroungd-ground. .Fig. .3 is a diagramof t | ayout of the.illustrative
swi t ched fﬁ‘ﬁ{a nggﬁklpl%, mn ﬂé‘?)Ogtpgt%ga%ﬁg&]taﬁiép?‘gg%f?%’%%o*e prRut B Bstrate 14
in posjgti ofRleeié@rfilfen®o R b@putSpoRSt6. atThe Ligput SedMon2D Lptakbrd LifSludeTHoaiS2005
/012070 When the top substrate 14 is attached to the bottom substrate 12,

t he openi riEgIsEKsian dinesy |l §.o57ely tgneapissigelive }& adantad teecopplsuens phathesfown. The
openi ngs g i i L JUS b e op ground
plate 30 '?0 glﬂioétpggﬁ# Eg@gjg tg(?\q%tﬁhglﬁefb 'g(lﬂlggsn;%’ 2ﬁ’bié§rag(?g&lg?w \I?,EL? létf] are
connect ed sectidnifd alsotinadureg fawu transplision 1ihés 13 eachdran$rhission bite Meadhpted r  bank 10

o e, PS5 oY e RIS L BB S RIS bl B 40, 1,

frequency thesSeuT enigsrond filter 22 covering 4-8 GHz, a third filter 24
covering 8-12 CGHz, and a fourth filter 26 covering 12-18 GHz. In the
illustrative e,ﬁpgd;q%rﬁts?lo{l Himes 18 gre isolated from interacting with each other 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 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  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,
30 - 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 and fourth filter 26 are inplenented using a
novel "XQ298Y91¥fructure. Fig. 4 is an equival ent ci r%’f’”%@ﬂ%‘%ﬂ"c of ‘an
interdigital filter 20, which can be wused in the illustrative filter 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 nrent of Fig.
4) . Each 15Whews theappisulisgats Hdris attachedutp tthaibettomosubsteatel 12,cthe npairegd 6dare he bott om

ground plate. 16, b he _vias 62 nd,open=circuited at the.other end, with
adj acent reagil(%'?ﬁ Qr/eétﬂ}eufrg?pe%(‘/ae %uélg pgtP Ségg'ngﬁ%?%emfgs gﬁ&re? n ﬁﬂ%f{;ﬁnn %bpposi te

ends open- cliquidideaalito ddnaect sieotop gioandriplate 30 ®r e grR@ud pathe B0 ofiithebatfontli agr ans
for the input port 3%, which is coql.; {a?ed to the first filter resonator 70 by
a transm ssVSH™q ife ™ ieh aze penpegied &y g wogpEreukplatidpch is coupled to the 20
last filsger resongt Msidvd¥ilEr baRNEITHE HeOhredeht Srvifion BEMEIER: bLgAOt h, and
spacing of the resonators determ ne the frequency response of the filter

20. 1 n the bandpass filiers yrethe istripline prioepsking] gectivroddt @ firstifidfer 20 cayeringibe 2i4 st fil ter
20 and secq ' ' ted. usi t hj 0 i Fig. 5a
I's graph sh(gi\%mz %&l[eﬁéy %g%sgﬁ%nw}tgg%& rcfs“:"(gal'ln:éf%Z%r| ng zlmrh%fi tﬁ#?ﬁelﬁecl;ov% 88& the 25

i Il ustrati v@Hg,iand erfoudrthriited 2§ coverthgHi2gl8 Gitiz.| In tiyr ilipdiratibosvhinglithére, the gtiency
response of _th second .filt 22. shqwn.in Fi.gs. 5a and 5bb, the first
filter 20 i@l_teé%Baﬁ’i‘gpgﬁ‘é"él_dfﬁlﬁef & afe @?‘}eﬂﬁgé‘? AHW‘SﬁWWéeSs@@oﬁ%a R tor 22 i
a bandpgss filtdr b®bndfUAR iR 242 iklemehtad Lidife 4 hdveptzi@bdo? Smidnirber bank 10 shown
in Figs. 1-3, the third filter 24 and fourth filter 26 are_ inplenented

usi ng a new t ypd&ipf4 s apsawnralent srquitgchematic pf andgterdigitpd filtey 20} whichgan bg | t er .

s gned gl RS BBy P PuirtaEld, Ast Bat Rt in3te & 8 BnddiranePiq 24
o o e o e Lyt 241
ST ar oot dBuabbt A £ oot Bpfhe oy Blivd Frbodied’ & B 4heBREL fona in
each coupl edsonamwet istshofQiréiRl at SR éndY@uhedisdsSto The BUHONCAOMAG1atd @6 ibgithe 5 havi ng

smal ler foot print. Fig., 7.is a diagramof, _a | ayout of a cgnventional edge
coupl ed filYiay62)1nd oparscirgyited At the REer erfyevitadiaceyt esomaters 11 sxaePlides a

series of CRURLGE 70 and 72 — having opposite ends open-circuited. Also shown in Fig, 4 are

(4]

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. 5a 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 transmi ssion line, with half of the
resonat oWQ 2M¥1¢G6Hl ed to the adjacent |ine on one si dPCS200138Mer hal f
of the resonator |ine coupled to the 10 adjacent line on the other side. 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 i nciondiwes withahé éesclufigs ofebo pmbant nvertiaphnd Fign réhtisran eglivale®, 94, 96,

98, 100, 102, 104.and. 1 e. shown in.th 15 illustrative enbodi nent of
Fig. 7). Asc{/{ﬂl chen&%ﬁ\?gﬁie?liuﬁg?uvgﬁb%mgéﬁfﬁrﬁéd filter, each resonator is an

open- ended tr ansmhéssigeag hitere24 ivbifnilatdlafco@fled- T files Wpdlogl bui MeudLupped to
t he adj acent |ine on one side and the other half of the resonator |ine
coupl ed to dawEee Repdainesach | coprled, sectipn so i theslageut hap amers: epipragt disign t he

teachi ngs Ohatile sRAIRS E9dt priftN ¥R kOl Hiagrhs bEAGy & oPAVYEERAVERE b strai ght
| i ne resonat S‘Eds?%?s each regonqtgp of t?]éé 20 z?)é-zgg gélrﬁ?%tﬁglls gen@gcki a
particul ar ditigd ¢10.] Thereoni¢ntigndl redgs weupladobitirnidift includesha rsedesnefi coupledncl udes a
90 degree b r t izne o form ap "L". pad Lesonat or.
This new fi ?%g?a%fai}ﬁﬁ% St P12, 508 {1 718, g 120 e oy N
nearly 30% resonpariedn bpencanded trarsmiraion dide)avithohabl efdhd tesdrera.lind lkeupdeistogn

procedure i§ nore C | ex si.nce how qQne s.to take into account  the
parasitic e ezt‘g%ce‘btfol%h@ ot ﬂ@eg?@gglﬁé’ﬁﬁr B%?toﬁéhe?@s?%w F‘l‘?‘aﬁ?&ée‘gfo e filter.
Desi gn agj uadjagit neConthdEthEBSHR. tFor &tafipleCihs st haYe 6 RRsordfdd 115 R3GUPMH Bf t he
coupled line sections to optim ze the filter response over the required

frequency b#ececquddalf®f rgsenaieraldR and Bigisprgnd half of wsenateryl 14 dsenvnlsd tothet he t hird
filter 24 f ' tive filter bank 10, and Fig. 8b is graph show ng
t he frequen%St?lgelggfoljﬁ;soéy%# Il'?She 30 fourth filter 26. As shown in Figs. Sa and
8b, the third fi Retarniito Biga Gazamd s thef novelezig-2ag\alt@0Db inbDieS 5 series of

PCT/ US2005/ 11120711 . ' = th filt 26 . band
filter covefﬁsﬂﬁgﬁiﬂé‘?\éeﬁér{‘g% goi‘%ﬂ%ﬁ%? ﬁ@&q{’%‘g’%‘ 34 196 Iafee«raﬁhgwﬁ:‘ﬂsjthgt hgp Pass

desi gn gpeciifusgative @Rfbodmenbef Biped). | As Wi aenebntiohall ddpe cbagikd fileredchout
departing fromthe scope of the present teachings. As discussed_ above, the
swi t ched fi reseqatesdhpn opeoreRded ansmisiion g itk haff f hesgpsonator 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 thé

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 erre%gqmﬁm'l%g MEMS t echnol ogy. For m crowave appl imld'&g&ml)@}(l SwW t ches
offer lower Insertion |oss and | ower power dissipation than conventi onal

sem conductor based swi tches. Single pole single throw (SPST) MEM sw tches -
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

Cui tohes, - Fegrons S dir T o ol Bl b iR e ek YRR LA B OB

nonol i thi c ghed, @tHePlypes dffilferst AHAQMYTAMA S saal BBaded 1 @6 avedance with

( i l__;{e@i'ﬁcﬁﬁn _ _
the teachings of the present invention. Fig. 10 is an equivalent circuit
schemat i ¢ offilteank ¢ withqui dengpetingiem thesgopeofshs presenbigachings Fig. 11 is a | ayout

di agram of the il i R | : I are is a
monolithic cir chtk L&?S%‘Eﬁddﬁﬁﬁ?%\g‘&&fﬁ"?%g 15%?(%%9%%%@% %@%3?9132& and
132D di sposend 62 dn shnljistative egtbodiment, 34e switch cBips 50samdt Chare dmpleingotedit i on. A

transm. ssion i 8 _coupl es _ener. froman input rt. 136 first port
of " Tour pOrPe MRS ainae’* FRE TUEbuns ShUCTRTT O BHpOLIE® SBF BYF the four
port 20 j ungisewiBn 1443 aidelosenpbest dissipaion | thUEchvertiobaV $eplicdiducton bssed 32A and

1328, respectjvely. _Q%e fourth port of the four port junction 140 (opposite
the first pévitghes.s Singlypelg sngle, throy SPSEHMEM switches g g inyhetaton 144 by

a transm ssiRield fittibAdork S LEGCARE 18 Mplellechidihe QPRARKEDinAPh (singRf pdige thr ee
port junction 144 are coupled to the inputs of swtching uni ts L.)LSZC and
132D, r é8peotulti¢ yhrow chifectungt pnd theffew\prodsigisrthatude exist3@A piimaglyugihglel to a

first output rt t ransm ssion |ine 144A, the output of sw tching
unit 132B iQOI(%gﬁﬁ?l%é%@é@@r 3%t§ﬁe3Ut put port 142B by a transm ssion |ine

144B, the out put Figf 9 svantidistraipniofiah illus4tive smbodiplenttbf @naholithiy sisklopdlput port
142C by a transm ssi li.n 44C, d the outpuy f swi.tchi unit 132D is
coupl ed to %WGUPWM& fm‘{"%pgbrqes‘ﬂ t)a)?c%{d*’r"f’%l‘i"ét&ﬁtg%?ea ?gsn‘gn %Hﬁse“éo_ Each
swi t chi ng Uitiventioa?2 Kig3RAs dndefRivalea® Gircut@hebddiP)of the ARBRAtRE JraTi K@M t 10 WO
2005110 1565 PCT/ US2005/ 012070 energy froman input line to an output line

when t hé5 swiswitehi Yganddiig. 1l és alpypé diagramepf thstillusgratives T MEMrsygitchA@n t he
swi tching unit i ThdR5V8t svtch 46 Esqm%qi%lp Xﬁc%it%cﬁ?diﬁ/gqoﬁral%h@w&éhﬁ% units
1324, 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 144 A, 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 (1324, 132B, 132C, and 132D) is adapted to transmit
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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 Revonamsmissi on (i.e. 5 isolation state). By applpétnigsaobomsiwvol t age
to the switching unit, the cantilever closes down creating an RF path for
the m crowave signal to pass through (transmi 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 t ch &Rrgyi fida0uh ipRaPHAd ton@ Jufpablihd'Wh&Cmb &wathihf aniPi658d, dn8@apehi Ngs.
Fig. 13ais a 10 diagramshowi ng a side view of the illustrative swtching
uni t. 132 dufasgiteRasy Boen be svitching it ps open, aygetegmigedipygjbianyolesdnplieh si de

Vi ew of t hewithd gkl Wi, SBARGRIDEnt il is b3dtiotbdlih gHids R Gl:ARsoatat € The
swi tching uni t 132 i ncludes an ar ?}g%url_els 50“%%(&5%%%1&?@&&%3%@3% trate 134
at a first tmdmissian difes Hergfora mder the 5@itchiis operp titbreeis do RF topsmigsion 6ed 154 of
the ar ure 150 .S \Pos LI d pver .an [ nput tr.ansm.ssion |.ine 156 and an
output I tlrs(ékrlllnsorrrll Ss‘,azt?)oﬁﬁ ?pr?gﬁ[%s%%iy%% estor ar éwbt?}é{gg 81“@ G 6 efeieé(f} & di sposed

on the subsdovaieating an RE@eth fordike @icromaué sigrdb b padithfough eramtmission statdp0 i s i n
aced fromthe_substrate bias

the open positiqn, the armature 150 (s s

el ectrode 160 ar detiRas e m%feﬁndﬁusPFWQﬁ%s‘ﬂW@ngﬁé 153 thatcagibe usedy A pai r
of conduct i pahdSPALt 89itchd0. CRArAFTeS oAREM BiRinidgteid ywWahsed ih B Sy 20
contact end 154 of the armature 150 such that 1n the closed position, one

cont act 162MEdbswitehtS9 witheut departing frera theSieopgred therpsesgntieachivgntBigtl3a &2 cont act s
th tput k. . . t. . -af. i db
e ou I(UJ (%1%%&1 %ﬁ’cﬁwng %gllde %é@/logﬁ{é Slo E:r%tg{}%&nt 8 ng ?Iﬁll? ?if &HQ‘@L’ ltl}/e 0%%8 B:gt(é\,t € y a

conducting NS ssi I ne e arnatdre 'S in the
cl osed posidnddiig. 13beisiandiagrathishewvihg@ saledvi¢vhof thet Plustrdtive) switchinfy ariel132

electrically coupled to ong, anat her b caonduction path.via the contacts
Toa and o5 deha st Redn THERMRRE waY 1 B0k BB HEntd B ol 1 he
156 to the quitaw 134ia08 fildd8nd (Rrof HeGEmMEEI8). XisdcdnB@nd ¥ dosfabtad Usd bf 132. Wien
the armature 150 is in the open position, the input line 156 and the output

|ine 158 art@e emsese b isyPqsiioned averfanowpEnEnsaysioReline ideand OBPE! 150 al so
bi as ol ot rSRE TR TPAE R e LR RRSe DR P bR ot ea
11 WO 2005/ urdésths aR@king/330.0 Wigh 27 §mature 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, protrude 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



to a substrate bias pad 168 via a conductive line 170. The armature bias

el ectrode 166 is__electrically coupled to an armature hj - via a
conduct iIWR 2894 and armature conductor 176. When ?@P?@&'ﬂi&%& t age
potential is applied between the substrate bias pad 168 and the armature
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 _bgg. 13b).. The armature 150 can
al so i ncl ubper Ybstygte Rigsad 168w acanduoverline 14Q; phsr armagreissrdirinds e h as t he

contacts 1§1€cui8a‘i’19‘éb'§$1&ﬂ8 ah laftffat® Bias ch'% 75 A £CoAdEEVeIRR l%lqn&%!gtlﬁé or 176.
Returning to the”SPAT MEM swtch 50 of Figs. 9-11, the state of sw tching
unit 10 16mduiter KontWhen ashithlle boltage potentiag ssappliesd betelcendhdhsubstraimbias 168A and

172A, and th t ate, of w f.chi njpt 132B i.s control ..by _bi vol t ages

app | eq  obty 8 G el Ak e e L RobB% 2,

adapt eds t oths Ralfs@ata bixe BleCodei186 tethatel the $witthinkgluhitIB2 &binvke epdp@dsitient shown in
upl ed, to a common

Figs. 9 and..1 swiitching upjts 13 and 132D ar C
substrate 8?‘%1113?9éﬂﬂ‘f6g§f"91*ﬁ5‘°§ B'el%g)k W’E’%ﬁ‘rﬁdﬁﬁ@cﬁwq‘%@@“@ ntrolled
by a bias #einbad¢781e kipperting clgllﬂgtgfeg@tswh‘%s Meaonied 187 Zondwifls fike163t at e of

switching unit 132D is contro y a bias voltage applied to an’ armature
bi as pad tizpeectiode {§fcandcpndycionti6ve enbodi ment, the switch 50 is adapted to

coupl e energy f%ﬁ%n%%tﬂewﬁ- tswltgl@Sq &Oﬁgg 9911‘1 wsﬁgeowswﬂwgg?iforts 142A,

142B, 142C, or or vice Ver sa, one 0 outp s to the
i nput pbrt 13236is conktolisd bybiks/vabtages applied It higs pads 168 Availd 17BA, addabestate ohi | e t he

ot her sw tchi uni t re o ...The inyention, wever,, .18 no imted to
Ohi'e cont | Stheuhe 328 oty bany bESamee BV s b BRbige 1L

mul tipl e ogkRtHingd@iitsS1320Tad 23PEPU! dapied O dharél@Penirhtd bak @ad.t g tBeope of the
present teachings. 25 In the equivalent circuit schematic of Fig. 10, the

MEM swi t chillsgiratitg embodimeny shosmén Bigs-vthand Ui s¥isehing Buits) 1536 apddBah amnd i s
represent egou%)éd% la%n{;'ﬁo%' SbSRELLIR Eid thge. FhdBiste d%sh/‘it@l'ﬁﬁ%‘uﬁﬁ!l@ib 'ié ne 180A
M sw tch that Jan

coupl es the I's sitbated at input port ction 140 to the
out put 13 r acotrioHsid o a | biasevoltdgkAapplibr toosrh enmatine d@as padt ITBCnegndithetstatape nodel ed

e By BRI 5L kPO BB VTR 2

open, as alB¥.l es

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 WD 2005/ 1111565 PCT/ US2005 /0120711 capacitance O of 5 if that decouples
a transmssion line 180B fromthe output port 142B. Simlarly, swtching
uni t 320MO20nBHdPEd as a series capacitance C2 of 5 if PGRIUSAGSEZIN] es a
transm ssion line 1SCC fromthe output port 142C, and switching 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. Sanple values for the circuit
conponents shown in Fig. 10 are: transm ssion |ines 138, 144A, 144B, 144C,
and 144D eapdeitioree iGlgofas Wit ¢iah derouplés antramsthissidnelivgt 1808 froGhe autpitrpoftsm SSi on

| i nes 180A,,.,180B,.. 180C d18 ach ving a wdth of 25 pm_  _and a |length
of 85 m H2ReNPLLEn SRE0E B RaG I godaes 6F A SShes eRNaRT G2 obighn of 10
100 pm r estisH ®couples alraRsmiSsiorlité 1@@@%5‘@6?\%%& RT3, Aad kfite ol | owi ng
tabl e conpares the erformance of the new PAT switch wth that of a

convent i origP isHRdelRg a1 Tsqriencappatanga 3 ehd Tawhich gagpuplena trpsmpissicidlingnt ages of

the MEM sWishpof] fe blsutdefl14shHb! € power consunption and its ease of
biasing. In ong e odtlﬁlrlrg) '?IR'e size of the MEM SPAT switch chip is 3.0 mm x

2.5 15 mm x 0. Sampile vEligs tﬁdntpe diirqmixmp'nmnmeptsodhowodnﬁg li@eaye: v rysmissidnout

departing,fro e th esen teachl Techn DC Control
DC DC Cont'P8i ﬁ\%:‘?“é"g g@o&:“%ﬁd‘?ﬁlﬁb%@ﬁ %7% gﬁ?%é@ "%ao nanowat t
M M C PI N 48044 trensaissionUings 85030 Q80BN B0, ana4@0m Sach magb width bhgs gmasur ed
isolation of the illustrative SPAT switch 50, and Fig. 14b is afgraph of

t he neasuragd ailengy of; %M,d%wrafsmhhnq 142 haingra) wigthars70 wmiand p legth ofAs shown,
an isqlat '199#8’ eg{s§,§§§f0§'f'ii QCE[O{:SQ-HJ@Q —aghk ﬁyed while an insertion | oss
A ) tal Re

of 20 les IS O when the svmtchls cl osed, for the
frequency rangdhé IfQIMgtabIe:_bﬁmﬁﬂzs thalpsformaxcedf thelm‘pé‘mimsmﬁmchackl ng is

obt ! ned, RS RRet Dol BTN SEET ST Rt WY faficsion 1

advantages of the MEM switch are its negligible power consumption and its ease of
biasing. In one embodiment, the size of the MEM SP4T 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 SP4T 9.0 sq. mm 2 Yes 300 mW

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

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 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 SP4T switch 52 is also used to couple energy

13



bank 10 shown in Fig. 1, to couple energy fromthe input port 32 to one of
-the four_ filters 20, 22, 24, and 26. A second MEM SPAT j al so
used to WORPYMNS gy 13 WO 20057101565 PCT/ Uszooslmzo'?éwﬁjgg‘n”’%ﬁ”l’@f t he
filters 20, 22, 24, and 26 to the output port 36. A dielectric |ayer may be -
enbedded mﬁthin the bottom substrate 12 to support the DC bias routing to
the switch bias pads. Thus, a snall, |ow cost, high performance swtched
filter bank can be_ 5 constructed by conbining the nonaolithic S|ngpe pol e

mul tipl e t hiom weef SRiftlen 280t 24-138d 26 o the ortRutpre SevdvAclestie layer iy degn of the
present i ”V%thble&iéd withirPhe bbikdt® StRirtY ¢2 fﬁd@;ﬁ% WRHC buaqoam#ttshﬁeds&{cht er bank

covers the 2-18 GHz frequency band in di screte channel s of 4 GHz,
4-8 GHz, 8- b@sm and 12-18 GHz. The MEM SPOT shows an excel |l ent tracking

erformance for h 2 I B i nsenti,o 0 1 and reater
p ﬁo?n%%éggtb%ﬁ%‘ égél rm%rﬁ' swﬁched ﬁlt ga 9 9

than 25 dB of is atlon e ovéeral I T nSertion Foss due
to the cHnmbicasstused by banbining ﬂfelﬁxﬁr&;ﬂ1ﬂ11c5sxh@5$olbhmnnﬂ1e5hrda MEM switch aptiannel .

The estimated wunit production cost.for_the switched. fil nk MCMis in
the range off\SsBYIANIS MIPFWVaVE SNPHS 3&%’. ofn the rRSFSeRt IveRtiogs ¢ glgls‘i‘?t}"f’er bank

are 1.0" x 3m@ dﬁﬁe&, @ﬁ"m&h&d"ﬁﬁer"ﬁ‘dnﬁ%vé}‘é theP9-19 @né @&&@Wan&qnwti on of
less than | nW This is an overal MCM vol une 15 reduction of over 80 fold,

and wei ght ﬂé@@@tqh@meEfOf@\fbﬁHzoﬁstﬁﬁ ScionpHe end U241R Gle Bhe MEMSPATAl uni na
based MM i Eﬁ?{lv?sr%r&&tlle %ger{ohﬁﬁlcg St 25 taé-fn;{ge?{]ﬁn 56*@50 Hioﬂ?c?sﬁ“ bed
a particular

herein with erence ar e
appl i catld on and pester th:m/lfn@ ofldmlatmnﬁcmkDCIto 20 GHzp. dhé¢ oveeaitlinmaslssstdnet he

present teachj 0 i ti.ongl i i ons

P embout aire SpPhed RGOSR Hier b PR 113 B B BRL TREGHEER by The
appended cl @hiibrddaction\cost feie awitthad filtérUahk MM lid fathé fMge oN$IBLEAOCALEONS and
enbodi nents within the scope of the present invention. Accordingly, 25 WHAT

| S CLAI MED MEMydimegsions fos thegHustativodiiey smasy 04 20 78" 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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CLAIMS 1. A mcrowave circuit (10) characterized by. a first substrate
(12); a first ground plate (16) disposed on a bottom surface of said first
subst r atWO(209¥10156§ a second substrate (14) attached to BCTHS2¢30024¢¢ 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 said first
(12) and second 10 substrates (14) to forma stripline circuit; one or nore
ground paths (60) disposed on the togIlstIM$&ce of said first substrate (12)
and including a plurality of vias (62) connected to said first ground plate
(16); and one or nore openings (64) cut into said second substrate (14) and

second 15 grounq_plm@r&@}cilm?dhaﬁa@hzeg@ni ng (64) follows and is
al i gned over a portion of a ground path (60) and is filled in with

conduct i ng mat er iadirst sybgtrgtet(h¥¥ sai d second ground plate (30) is connected

to said first grquad 161 6) dispok \Y; o) i in said
first (12) and second&%%fpsugs?)r%lts%osggglrlg a lrml %:har?ifé% ?dém |t\gggsr(§rlglgl ectric
constant cer@%c. 3. The invention of Caim2 wherein said high dielectric

const ant _.ceram c _has rel atiye diel.ectric constant greater t r equal
Lo 2045 The | nocrtmg roTa@ AP AaCHEALY ajop wipE SPﬁdpr‘FtﬁBE’%aFecG?fafﬁzo)
includes a agagetotioRrgsbriidnBIesid Fhst sidaa@i(spi on line filters. 5. The
invention of Claim4 wherein one or_nore regions of said first substrate 15

WO 2005/ 101565 Pereessdenoimd plate (49) dispysed 0B aigp suidacerad gaif peaosd gubsiatsnd
substrate (X4)) 6. The invention of Caim5 wherein said mcrowave circuit

(10) further “Tncludes a first single pole nultiple throw switch (50)
adapted to recei wepattermooit mofallization (20) disposed between said first (12) and second

10  substrates (14) to form a stripline circuit;
one or more ground paths (60) disposed on the top surface of said first
substrate (12) and including a plurality of vias (62) connected to said first ground plate
(16); and
one or more openings (64) cut into said second substrate (14) and second
15  ground plate (30), wherein each opening (64) follows and is aligned over a portion of
a ground path (60) and is filled in with conducting material, such that said second

ground plate (30) is connected to said first ground plate (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



signal and in accordance therewith couple an input port (32) with one of
said fil ..and a second single pole nmultiple throw gw dapt ed
to recei%‘g{%m?:/gﬁf’%ol signal 5 and in accordance therew ?#é%%g’%@%’é?d filter
selected by said first switch (50) to an output port (36). 7. The invention-
of Claim6 wherein said first (50) and second (52) switches are inplenented
usi ng m croel ectronmechani cal conponents. 8. The invention of Claim6 wherein
said first 0) and second 2) switches are each inplenented as a single

i nt egr at ed ég}%‘ﬁiﬂ?t‘i?ﬁ?r ggwﬁgchggﬁtbatraéﬂlﬁg are attached to said first
substrate (12) in said region not covered by said second substrate (14). 9.

The invention of Claim8 wherein said mcrowave circuit (10) further
i ncl udes a pl ur &-iThe srentioarndnflaim on whesiassaid gyicgmepe squibl Dhburthey sur f ace

of said fir; u ( 1S Si j . to couple
one of the %Eltu%%tgs)ﬁ%# %élg}eo&% % |mrusfp%sjvﬂv]|Lr %@%W?%%d%btgﬁéé %‘%ng’ glq?%%lﬁ- ers. 10.
The i nvent i ignabhndinadchor8anvh eliee¢witls eduflendncinpwtepoet (B2) with toné dO3aid fitereer

includes a plurality.o icrostrip transmssion |jnes (18) disposed on the

L op Sur f accHiA LRl RS BRBel By h (S5 40Pl s e R el 19)

adapt ed 3 0 GURlaBcdricO tHeRwhithQouple R8id Hited sd16btddl byt Qi fifsP sWiéh @b) o | nput s of
said second switch (52). 11. The invention of Claim 10 wherein said ground
pat hs (60) eHRtRPEEHId to isolate said filters (20) and transmi ssion |ines
(18). 16

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

implemented using microelectromechanical components.

8. The invention 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 8 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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