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present invention relates tb protection of analog to
digital converters 10 (ADC), to the reduction of

power consunption and to the mai ntenance of high

signal quality in a radio receiver's analog front end

in the presence of large interfering and jamm ng
signals. More particularly, the invention relates to a
single chip receiver utilizing mcro

el ectronechani cal system (MEMS) technol ogy to receive

wi deband or spread-spectrumsignals in a janmm ng

envi MOKED' TREGHNOLOGY MEMS$/SiGoBiCMODS DICGHTEAING ANARLOG
d obal Positi gROSTHSDEVITEANRE ETRF SAMBREKGROUND

OF THE I NVENTI ON [ 0002] This invention is applicable

to all comrunication systens. A spread- 20 spectrum
systemw || be used to illustrate its use and

ef fectiveness. Spread-spe [ i on systens
transmt |nfornatloﬁpEFE*éi{ﬁah&ﬁﬁgﬁgﬂkéstr t hat has

been nodul ated with a high-rate pseudorandom bi nary
sequence. The spectrumof the resulting signa

¢eeli es a Thamgeschicindwitidh helated tappéation ndarsded foldigitalhenverters

nal is subject _to intentiagnal ni ntenti onak
KARg o B o oo CoppurpnaaroL BA mgrTiPagE of ighsienal
%gallé@?% %‘?&géf re;b'e%?h ﬁnél ﬂgﬁt‘r éi’lYi ik eggﬁbééﬁlfvéj@ﬂh g'quﬂeﬁ’enrég and

anmm ng gna ocate e desire

?arﬁﬂﬁﬁg Sgiad) dMafeﬁpaﬁﬁcuﬂzirlw tHear’rwmdnmslla’reg t@a pinglethgcteogiver
ilter. Thus, it is the in- band signals that present
whdizigeaaicer clegrmeshaniea) syten .(MFévI@ef@elmqkeﬂaf tgfredepes wideband or

tran

SR Bl bR BHRE R P8 0886 Apc. suh e
H@E@loﬁdﬂf‘o@m&nn‘g‘m@@temmmﬁﬂrWI th MEMS technol ogy,

this is a |l ow cost, |ow power

BACKGROUND OF THE INVENTION

[0002] This invention is applicable to all communication systems. A spread-
spectrum system will be used to illustrate its use and effectiveness. Spread-spectrum
communication systems transmit information digitally on a carrier that has been
modulated with a high-rate pseudorandom binary sequence. The spectrum of the
resulting signal occupies a large bandwidth and appears noise-like. The signal is subject
to intentional or unintentional jamming. Jamming occurs by transmission of large radio
frequency signals in nearby or coincident radio spectrum. Jamming signals located out of
the desired signal’s band are usually removed using a preselector filter. Thus, it is the in-

band signals that present the greater obstacle to accurate reception of the transmitted

signal.

[0003] Suppressing these interferences can be accomplished with the use of RF
notch filters. When implemented with MEMS technology, this is a low cost, low power
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WD 2004/ 068731 PCT/ US2004/ 002055 2 solution and | ow
distortion for interference suppression. A notch
Oi2ba4esizs particularly effective in suppressPaguS2004/002055
conti nuous wave (CW or nartowband interferers. After
these interferers are renoved, the receiver can
process the spread spectrumsignal as if the
interference is absent with a snall |oss, proportiona
to the bandw dth being renoved. 5 For
interference-free spread spectrumsignals the received
SI nal can be processed with a very |ow resol ution

tiopend dovadistastien @rbmtﬁrfmqﬁa@pr&sm@ r Adwighdltesis partlculaﬂy

Lo B i Bt 8 R e s these

M@f&st@arWérﬁ@ve@aﬂl%Sb%%é@%roE&m spréxdZpbétiunABigniias if the
a 0.55 dB degradatl on with seband | and Q sanpling

dnteffe@BcelB absah with ats&anmqil Jossy proplegiianbioghe b@ild’fﬁﬂihﬂ%ﬁlfrg removed.

%OOd %rg@%gqﬁq)%{:qn%%ga pm alggz\ﬁs t Dc%e?ﬁ?% ﬁei‘f)#&l ¥%a'ge processed with a
[Wegélﬁffbﬁ R ee& ¥ espRi ONBl Aﬁj@%héja B?‘rh@a@ﬂn of 1.059 dB with

Anot her effect on systen1 esi gn and system
fesftonddaceQ san@h,ngm‘d A6 dBewith imtermediaté equenpio(E) samphng agamst

AT i R THEL LTP——

rl?a@@&éﬁg 1 gﬁﬁu st:aﬁﬁ)élﬂg LEDPB.IB PEh EOSRIRR! SThefbféR eto%ﬁﬁhﬁﬂl good

front esigned with high Ilnearlty at the
Cpﬁfonﬁﬁn&lvgitﬂ i lmAD@cdmlgjhmy argideerposicn somguttiption, Amsthod of

the presence of rge _signal s put emands on
tehEningess em@@s?f@amheéﬁ%‘f signa] ﬂ%@g wﬁ

decrease both the high linearity and phase n0|se

requi renents, it is necessary to renove the janmers

Hebo4E t hesAnsthepsifeenidissysin ﬂ@ﬁ@ﬁdnd/hystbmg)eeﬁouhsm@dn a jamming
met hods can_elimnate both- narrom1 nd mnd an

j EYHPRGSRY 18 P AV B SORYRRIS; A SEBAPYFSH . %Pﬁm&mg environment

S\Sv? nethg B G Jan %@1@&153&1‘9 H& ém%@ﬁ%%r Fﬂe%%ﬁg t@e ¥8\fﬁ§51?ents in the

P , SOne ne or steering
i zﬁﬁlﬁfgt fr6i8 en@dhst bedaitned withehi gk Bnediringatthe cost bf sigthifiomntly higher
t he signal path nust be used. Generally, filtering 25

tRticouBENLtiop! éremtleapresenee e lerge Sfr@@kﬂu AT gregigpdenands on the
%fgsg g&geu %etqﬁ{ren%\é\ﬁtg 8P{hré %ystgm.g To decrease both the high linearity and phase

noise requirements, it is necessary to remove the jammers before these components.

) [0005] Analog excision methods can eliminate both narrow and wideband

25

jamming signals using passive components. However, since the jamming signals can be
located anywhere within the passband, some method for steering, inserting, and
removing the excising circuitry from the signal path must be used. Generally, filtering
techniques implemented in current receivers use semiconductor switching, e.g.,
semiconductor transistors, to alter the filters’ characteristics. The filters’ characteristics
may be altered by switching in different components (e.g., banks of capacitors) or
different filters altogether. Semiconductor switching, due to the semiconductor’s limited

isolation characteristics, may allow parasitic capacitances from non-selected filters
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banks of capacitors) or di$ferent filters altogether.
Sem conductor sw tching, due to the sem conductor's
limted isolation characteristics, may all ow
parasitic capacitances fromnon-selected filters WO
2004/ 068731 PCT/ US2004/ 002055 3 and/or conponents to
effect the performance of a selected filter, resulting

in distortion of the filtered S|gnal 006] Fromt
canétomsgmmn@tﬂ)t@eeffeptthe perfprmanenel 2 srected ilie, fesulting étb@lstoﬂlon of
ﬁg ﬁg _grt f 5 a |l ow power, |ow distortion

THARCS HED protecting a receiver's front end for
use in nmultiple applications. SUMVARY OF THE
I NVENTI ON 10 [0007] In the Iight of the foregoing, the
i[3066]} i on rEbut the discussivni abpey itis eppaseridhatitherd iy Reegiipghe art for

nd for a,receiyver

a front
SRt 0y EdriaB SR T ot oAy el § Fonfend for use in
g&%}[%g,hca@{bngnal og-to-digital converter (ADC) on the
strate; a plurality of mcro electro mechanica
system (MEMS) switches on the substrate; at |[|east one
anti-alias filter : { east one
anti-jamfilter ong{}mwa%@fﬁﬁgﬁg* t he
filter characteristics of the at |east one anti jam

filter and the at least one anti-alias filter are o
clo@ogkd usi imghalightershe fonegonfg, thmeinmmﬁpa Irelatps tf arMEkggrated circuit

switches. [0008] Tq the acconpl of , t
O giE IO Pad (0 R er 1 Boh FRAGHIES BRUbStTAf  low noise
C&Q@Eﬁ&?ﬁNﬁs SRRk éﬁ‘éte NeY iy %fett) gf Oglf# bbavedies EADQ?QH altcubstrate;

pariicul pol nte out int

f oplueaMtyn of 1@11&36 eleptrd arechandcal bystean (MM)cb\tawhagm ‘detsubstrate at
forth in detail certain_ illustra ve enbodi ne

t Ieastiong anfi-ebes filtgs eadhesubstiptecandsat gast onentiza ter onfthe substrate,
ﬁgr\élenrthe ﬁi]tf T Hl%q,c?e[r&ﬁx\é &f thd FtQCé/s"fl Bhé) -Wﬁ té gﬁhglﬁt least one

princirples I nventi on may
OQitiastta&,ﬁl@d vRrdhagesl @i 40 tael oti‘eeﬂftthtrtﬁﬁradlfy dsﬁ'MEMS sw1tches

invention wll become apparent fromthe follow ng
detail ed description of the invention when considered
! R)OOS] To the accomplishment of the foregoing and related ends, the invention,

then, comprises the features hereinafter fully described and particularly pointed out in the
claims. The following description and the annexed drawings set forth in detail certain
illustrative embodiments of the invention. These embodiments are indicative, however,
of but a few of the various ways in which the principles of the invention may be
employed. Other objects, advantages and novel features of the invention will become
apparent from the following detailed description of the invention when considered in

conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Fig. 1 is a block diagram of a digitizing analog front end (DAFE) in

accordance with an embodiment of the invention.
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wi th an enbodi nent of the i#fvention. WO 2004/ 068731

PCT/ US2004/ 002055 4 [00010] Fig. 2A is an anti-jam
filter inplenented using a sub-band bandpass approach

in accordance with an enbodi nent of the invention.

[00011] Fig. 2B illustrates the loss incurred by

summ ng the out puts of many sub- 5 band filters Wi th
errors uniformy distributed between - rees

[ QD] Fi g Fim 2iAsis an aglirgam filies maplemente Fl@&éﬁtl aleésbw&pass

a_notch filter appr. achln o) h anot her
o ABT R oe iR TR iy 05%‘?%‘&)@ SCRI PTI ON
OF THE | NVENTI ON [00013] The following is a detailed

description of the present invention with reference
t 0QMHE ] at t adlie @Bdilusiratessthe lgse insitrred bx supeiing e eutputs of many sub-

S S ety ShenRys R e VR Gh h Resro

front end (DAFE) 50 in accordance with one enbodi nent
of the present invention is illustrated. An antenna or
alf@(wﬂr% ar r ayg. BZSfauanmm filtenignpaersemprbusing a naighdilter approach in

nal 0 t 58 f the DAFE
(9 ¢ eévﬁ&’eaﬁlp r?’?’? o%%{%gé ‘gﬁﬂe Pﬁg{lt& osiot e siegnal

enters a pre-selector 20 and anti jammng filter
(PS/AJ) 62 for pre-selection of the desired frequency
band and f orDEXAIEEBDBSCRIPTHANLGRA B MBS TIPR
out put of the PS/AJ filter 62 is electrically
connected to the input of a | ow noise anplifier (LNA)

6?%(\)/(?_ 'gg pre- gl ft')?ﬁ)\w%k R dela98d Qéscn{){i@n Eﬁﬁlég)résbﬁttlﬁﬁen@l%n with

s coarse filtering to reduce saturation of
L mwfeﬁaﬁcdogp thetittathed Heawdngsawierei lileoceireree ammeendds el refer to like

nal s
e ements throughout.

[00014] Referring now to Fig. 1, a digitizing analog front end (DAFE) 50 in
accordance with one embodiment of the present invention is illustrated. An antenna or
antenna array 57 for receiving a composite radio signal is connected to an input port 58
of the DAFE 50. Upon entering the DAFE 50, the composite signal enters a pre-selector
and anti-jamming filter (PS/AJ) 62 for pre-selection of the desired frequency band and
for excision of narrow band jammers. The output of the PS/AJ filter 62 is electrically
connected to the input of a low noise amplifier (LNA) 64. The pre-selection portion of
the PS/AJ filter 62 provides coarse filtering to reduce saturation of the LNA 64 by out of

band jamming, co-site or ambient signals.

[00015] The output of the LNA is electrically connected to the input of an anti-
aliasing matched filter 66. The output of the anti-aliasing matched filter 66 is electrically
connected to the input of an analog-to-digital converter (ADC) 68, such as a direct
sampling/under sampling ADC, for example. The anti-aliasing matched filter 66 has a
cutoff frequency that attenuates unwanted signals from the ADC input to the point that
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connected to the input of an anti- aliasing matched

woibi4mesB6. The out put of the anti-aliasing maPcinag2004/002055
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filter 66 is electrically &onnected to the input of

an anal og-to-digital converter (ADC) 68, such as a

direct sanpling/under sanpling ADC, for exanple. The
anti-aliasing matched filter 66 has a 30 cutoff

frequency that attenuates unwanted signals fromthe

ADC i nput to the point that WO 2004/ 068731

PCT/ US2004/ 002055 5 they will not adversely affect

t Weeyowilnat edvessaly pifent theigreptiadesupperting phassplogked pogy (PLL) 70 and

and tenperature nsat r scil.latar (T

P R Bty SRR AR A R R Bl R for e
PrANCEBSTROADE $8tprotitied bn blipuDAFES the DAWE 60 wiiyh bRy be connected
connected to a receiver 75, such as a GPS receiver,

f 40 agscgitisr @5, ch 000 GFP rFerivarnior examilat i on of a direct

sanpl i ng/ under sanpling ADC 68 can reduce the

conpl exity of the overall DAFE 50. By perform ng

baodpesis samie ifglenidiation@FQid@Et ARPliBH uhSerSafiplih AEIC 68 can
by elimnating one or nore stages of m xers, thus

r eedisietige canydexityr afithe owdrale DAFE HbwBY peréeruiing hamipgss sampling, the
Furt her nor.e, .t he sj | qualj.ty increases 10 throu .
citrostyes A g s m P I O P et PRy s reducing
avpl Cirdg: Pt gk BekiBhese. FRithaRiofe 'tﬁlé"'ﬁ%ﬁﬂ‘ bualfty increases
quadr at ure denodul ation. [00017] The DAFE 50

pribfoagia Birgct émphasg sndiquadtatuezplrest ppjcction by adpiding\neplgude and phase
El ectro Mechanic sfem M5) technol ogy and, for
eéﬁsﬁisé?h@g?%mlﬁé@}%ﬁdiegwg '8%n a single substrate

92. In particular, the PS/AJ filter 62 and the

anti-aliasing matched filter 66 are inplenented using
VEOB0 1 Elc hnol TgyD ARRI H0eprefemblyNanfidys ABEd 6&hankbglihcludipg Micro
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of i e B SRR 9710 g EE, REESIAY BRAER oA P AIRRing matched

i rfilesg 168 tarimmémemed usdhg MEMSE tedhuology,onisileotht RNA 64, ADC 68 and PLL
70 may be implemented using SiGe BiCMOS technology, for example. The benefits of a
mixed technology approach include a reduction in size and in power consumption of the
DAFE 50. Size reduction is a result of the integration of many different functions onto a

single chip. Power savings results from use of a power efficient SiGe BiICMOS process,

the use of an under sampling ADC, and MEMS technology.

[00018] The use of an under sampling ADC 68 allows the elimination of at least
one down conversion stage including mixers and PLLs. The inventors estimate an
additional 40% power savings due to elimination of the down conversion stage. Further
power savings may be realized through the use of passive, high-Q filtering elements
using MEMS technology. In particular, MEMS technology allows the creation of small,
low power, low distortion and jammer resistant filters.

[00019] The structure of the PS/AJ filter 62 is dependent upon the method chosen

to implement the narrowband jammer excision. Exemplary designs for PS/AJ filters
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use of an under sanpling ADEC 68 allows the elimnation

of at |east one down conversion stage including

m xers and PLLs. The inventors estimate an 25

addi ti onal 40% power savings due to elimnation of the

down conversion stage. Further power savings may be

realized through the use of passive, high-Qfiltering

el enents usingngNB technol ogy. I n particular, NEMS

t éngnds epp-bend basdnase appreashi whichwillpass only p sanpeweed portion of the

i) Aboh oG SR plorBdTRynieR il BRbv b ihin iershding on the
t R TR BOSpERAS %Bthe?f%/}\p filt81) bR 1TENb1d flger HAAKOMRRBE employed to

j ammer excision. Exenplary desi gns for PS/AJ filters
WPe0id #e<0BSFE HORCTL g2 b fersst frequency baiulsa T@uﬁdmﬁbﬁ effects of

o GRPR apierrgee Cpald Do toRE o ety BETRiRed fitrs,

V"‘T%émsé‘\fajfﬂ)n MY %wﬁt@ﬁesl AREURA to @Fs@@xﬁfébﬂﬁe Qﬁuéeﬁqllte%sl #6m the circuit.
conplexity of the PS/IAJ filter, switchable filter

b akuidstiormily e supbandeappranch pes e tad deévkb eDAREo f5dinpipatiegt the need for an
several diff rent req bands. To r duc
o PH PR Rt g5 AT & Gt HeR e & P! DERHEHE the sub-band

'Iﬁ ggHced fromthe presence of the unused filters,
hi'gh 1sol ati on MEMS swi tches are used to disconnect
the unused filters fromthe circuit. Additionally,

the sub- band. a proach has t he ed benefit
10AF2GH g Relerigda FiotAnfn R BTIBT Ty é@qdéwﬂ@ass

fi; 161&)@ %%at{oﬁ'o%tﬁ%/k] Cllgtet %dgg%?ﬁ%ve ﬁ;hrer | nA‘j’ @i‘l’t@{:?%‘cmé%’ﬁorates

ructure gto

amammlmg 30s5-80@ fa sslebtirzathel filtariakpeissacteristics of the filter 62°. A
i mpl ement ation of the PS/AJ filter is illustrated, The
PYIRYLS switehy prayides sRystabatanESes NS S CBAIOHIAIAIEE -

; ?ﬁ%{n§c%ln§§ 10 aﬁsm ﬂntl ﬁ odﬁg @51@8{113 'aﬁ\;IngfS Q{letéhrlﬁls a very low

sever ant ages
OVifi§eriforBIRB? @O desH thiin SWcB:zh 4(5€GIQZ), and a high isolation when open (e.g.,

greater than 30 dB). In addition, the switch has a large frequency response and a large

bandwidth compared to semiconductor transistors and pin diodes. These advantages
provide enhanced performance and control when used in tunable filter designs.
Additional details relating to MEMS switches can be found in U.S. Patent No. 6,046,659,

the disclosure of which is herein incorporated by reference in its entirety.

[00021] The MEMS switches used in the PS/AJ filter 62” are double pole single
throw (DPST) switches (e.g., two isolated switch contacts that open and close together).
It should be appreciated, however, that other configurations of MEMS switches may be
utilized and the use of a DPST switch is merely exemplary. Furthermore, Fig. 2A shows
a sub-band bandpass implementation using four MEMS switches and four sub-band filter
banks. It should be appreciated, however, that implementations of a sub-band bandpass
filter utilizing more or fewer MEMS switches and/or sub-band filter banks may be used,

and such implementations are contemplated to be in the scope of the invention.
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i sol ati on when open (e.g., 7greater than 30 dB). In
addition, the switch has a | arge frequency response

and a |l arge bandw dth conpared to sem conduct or

transi stors and pin diodes. These advantages provide
enhanced performance and control when used in tunable
filter designs. 20 Additional details relating to MEMS

swi tches can be found in U S Patent No. 6,046, 659,

t I{@O@Q%]cl os Ut & motedshitatonirel lires & eorimend p@hé‘tIEMSowltch to “open”
ref ce,lnlt ent.irety. [000211 The |.TENS .Swi

38 RS S pel sy it gy £chs ST IBIED 1 gy e ould be
t %ﬁl’é‘n{ cﬁi}@skﬁl@ﬁtlﬁﬁfe%ﬁ( FHg-opeh WRd bl%@é AR oF hIHCEMS switch is
contacts that open and cl ose together). 25 It should
beachigpedby a;ipéying bdisweltage toamne of m@lre cwirfol gﬁmnmalsmfsth@ MEMS

MEMS swi t ches y be utili d and f
st 7o furw ré%p%lp ishpdefom toRiangy o
f 13 2
2 SRR GeRdnAac LIRLSIRR p (8 LEHE MDD comoson

appg. el whedgndtheewvich totdpah andrplossreWihan a(ynttagﬁ‘ isapplied to the control
sub- band bandpass. filter utilizjin or fewer %
SVPEBRelS oA e/ MENS, 57 ek an epesatisaRIes By b &R, owags the
a {: {

ns%b%"a‘f? R SR E'ngﬂﬁ%{%f c%gggﬁo(%ggg@ﬁgaﬁo%, BRn itk {b8ted switch

scope 0 he |nven I on.

PCbntdo2 F0H 1062601 thd a;b;ﬂib@e(ﬁi oﬂthe iveltapat é]ﬂ)nt/b!aely;:icﬁltiter swtitch is a
I i nes to command each tch to "

" crasmelly glosedh@Y-Cormoish, theli ﬂi’é l%ﬂl%t@ﬁi a‘wéch qq’i’é@é Wé@ RPgHypon

line I

¢ ORI B S e R B e an
I SaddaediaByAflotrérmipplsomnaich additisnal pbleage to one or nore
control termnals of the MEMS 5 switch. For exanple, a

single pole MEMS switch may have four term nals, two

t eﬂbﬁbzgj 2 ; g/rX Ilgstetgl SO' acln adﬁ%i/\f?] g tlgl()%’logfe?ﬁltst Nﬂfl?StsWPtch 80ais

COsHHRBEted ﬂﬁaﬁ%ﬁt‘ﬂbd%qoo PANseadifdl tehbiagl onihe firg potd 8(agef the first
is applied to the control termnals of the MEMVS

SWMEEMES swiifcle Beais rcosme@tqddo £ it mmu@l aha Hrsigelrpand filter bank 102a.
t ovard Vi
opSh LR Bt outsooth BT 0of BBl o firt terminal
on a second pole 80a2 of the first MEMS switch 80a. A second terminal on the second
pole 80a2 of the first MEMS switch 80a is connected to a summing junction 104.

[00024] A first terminal on a first pole 80b1 of a second MEMS switch 80b is
connected to the input node 100. A second terminal on the first pole 80b1 of the second
MEMS switch 80b is connected to an input terminal of a second sub-band filter bank
102b. An output terminal of the second sub-band filter bank 102b is connected to a first
terminal on a second pole 80b2 of the second MEMS switch 80b. A second terminal on
the second pole 80b2 of the second MEMS switch 80b is connected to the summing

junction 104.
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wi Il open upon application8of the voltage. It follows
that multiple pole MEMS switches will have an
additional pair of termnals for each additional pole.
15 [00023] A first terminal on a first pole 80al of a
first MEMS switch 80a is connected to an input node
100. A second termnal on the first pole 80al of the
first MEMS switch 80a is connected to an in

t dPADAB) of A firftteminalienisalivgt pale Begl QfaﬁfqblrsIlMﬁMS syitch 80c is

P CoBBeneEiodhe foGhoder B! 1A Rsp RERRER o e A8 et Gt thira
8%%1\@ stiéh §0d 18 bolvieMBd ivath g?mmﬁmrﬁl SEL AN JuB!baha @lter bank 102c.

on the second 20 pol e 80a2 the first MEMS swi tch
80Ani @it heredha of th third suhrbary! filtarbenlo h0204 confjegdia p fiast terminal

it e 17ogbPRE SER pfbeal MENR sVIHLAR. o gaepagerml on the second

m@ g(\)\%Zte(f:ﬂghg ﬁJérd%EMHES\{n'td'hSSOCHQ L&RPRE t& f:hetsﬁﬁmﬁﬁg jlg%tign 104.

i's connected to an input term na
second sub-band filter bank 25 102b. An out put

(AL ST el S BB R s
of cotnﬁgctéc? i Pg’%gg% o 1o: P% SQBnd ArereBH Meiidt ;E@IE 89&1‘1I of the fourth

t he secon e second MEMS swtc
C ORIBAES edittlos0dhB conmstiaigo ah tummtt tarmiri0 ¢f a WO/ (88 Tdter bank

fP F{é’&gségséétg%ggglpa; ttﬁq%%é?t]gg b Igggf {ig%ret@glgqﬁléd ¥ Connected to a first
ﬁltafe?n 3 Q?Ctoﬁg 8%]%%?2 %Eﬁx%tf i dl\lﬁwgﬁé 1 h %9@1 n]&%!:orﬁﬂermmal on

the I'rs w tch 80c

comBeedond prb S0d2i of ot fotreth MEMNIS seifitch 80Hiis chrmadted tmﬁie summing
filter bank 102c. An output termnal, of the th

s uisnpiagrdl 34. | Therougey 06 oD thejsympyng Bacion 16+ s the P%tput of the filter 62”.
tenninal 5 on a second pole 80c2 of the third MENS

switch 80c. A second term nal on the second pole 80c2

of (g7} hi r dATHMEMD-SaMdteRdRRE désgreelingesiet dach tul‘[eband filter 102a-
summ ng junction 104. [00026] A first termnal an

fi ted, gbiidesglonisigen spectryy infp WENSSWhands Sedlysiated in Fig, 24, each

filter bank 102a-102d includes a different transfer function to filter specific frequencies

from the composite signal. Each sub-band can be further divided as required to achieve a
minimum excisable jammer bandwidth. The output of each fixed-frequency sub-band
filter 102a-102d is examined for the presence of a jammer through the use of analog
power detection circuitry (not shown) that is digitally controlled, for example. Detection
of jammer signals is well known by those skilled in the art and will not be discussed
herein. If a jammer is not present in a particular frequency band, then the output of the
fixed frequency sub-band filter is summed with the other sub-band filters. If a jammer is
detected, however, then the respective MEMS switch for the particular sub-band filter
102a-102d is opened, thus removing the jammer from the spectrum. As noted
previously, a MEMS switch provides several advantages over a semiconductor switch,
including low insertion loss and high isolation when the switch is open. Moreover, the

implementation of mixed technology, e.g., MEMS switches and SiGe BiCMOS on the



connected to the input node 100. A second term nal on
the first pole 80dl1 of the fourth 10 MEMS sw tch 80d

woommasBct ed to an i nput term nal of a fourthPeuskhemdo20ss
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filter bank 102d. An outpu? term nal of the fourth
sub-band filter bank 102d is connected to a first
term nal on a second pole 80d2 of the fourth NMEMS
switch 80d. A second termnal on the second pole 80d2
of the fourth MEMS switch 80d is connected to the
summi ng junction 104. The output 106 of the sunning
junction 104 is the output of the filter 62.
[ CREREbSrate, pubvideraccommdireskagtdbitpangmes lmrp@n@h thagdrpditional
sub and filter 102a- 102d, divides the signa

FRRIHASS: many sub-bands. As illustrated in Fig.
2A each filter bank 102a-102d includes a different
transfer function to filter specific frequencies from
t He062&hosi t Borxixgmale, ifEdemmen sighainuere detebied Atithe ngtput of the fourth

§ ane S BTt PSS 2 PG PR Ry he remaining
S ubnband ﬁltfefé 1251592 %h%r?%g first thes@ e chhéJ‘Si‘)a—SOc would be closed

presence of a | anmer h the use of analog power
dedlsting theCicteanistgnyl” (o passsd:mﬂvﬂ@ fM@JIMEMS:iS\@IthniBO@/Would be open,
r si

C?t%ﬁl'&ﬁ%sn{xﬁ%%ﬁq? XSl Y B 1 vt S oy f Falctigh a the
qlfsﬂ’?ee st ARLGIR- fgge%ééz nd aﬁxlnﬁglll}?%naﬁ’% t d'eféc%d at the

par requency
fi mﬁutfdfemeu@ncaymﬁgj butobaid filicrd B02b- H024lyithen dhanﬁiﬂstMEMS sw1tch 80a
ot her sub-band filters. |f_a jamrer_ is_ _detected,

howewldrbe opgeasl, thvs bleckprecthe ipameneenshiapd the rgmajipe MEMS switches
paééb g(ﬁlci RE Hlﬁl’f)% cl?c?sgg ilé)\!vfr%%trt% e&Q%PSI%IQ% i b%g.o pened, thus

r enovi ng spec not ed
previ ousl y, a I\/EI\/IS switch provides several advant ages
over a sem conductor switch, including lowinsertio

| owoaﬁh h| gnnugl@ﬁr@ttupmblvmévhethémgm%%i%orb‘p@ﬁulﬂple Sub-band filter

Sover %%@ﬁgéﬁoféﬁegé %(%(')r ng%%g[ﬁﬁ &)q:lé e%réoér%ﬂ}/ 107 illustrating

20@1@1@5@&70311 pihst/oEeed O BORNE FilteDs is alstateds T piuﬁcular the graph 107
provi des a conpact package that consunes |ess powe

t hetrowtsrthatiif themphibse drrgslintrashiced Pweash filter is randomly dlstnbuted within a

small range, the implementation loss is small. For example, an error distribution over

+50 degrees 108 yields only a 1 dB performance loss.

[00030] Referring to Fig. 3, an alternative embodiment of the PS/AJ filter 627
using a notch filter design is illustrated. The notch filter approach requires the design
and fabrication of high-Q MEMS filters that have two degrees of freedom: variability in
center frequency and stop band bandwidth. In the GPS case, the center frequency should
be steerable over the 20 MHz GPS bandwidth. Ideally, the notch width should be
adjustable from 0 Hz to 10% of either the clear acquisition (C/A) or precision (P) code
signal widths, or 200 kHz to 2 MHz, depending on which signal is being used.

[00031] The PS/AT filter 62°° includes four filter sections; a pre-select filter 110
followed by three filter sections 112, 114, 116, all of which are steerable and bandwidth-



[ 00028] For example, if a jamer signal were detected
at the output of the fourth 5 sub-band filter 102d and

wea 2peEreen1si gnal were not detected at the out pRCTAK200M802055
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remai ning sub-band filtersi0l02a-102c, then the first
three MEMS swi tches 80a-80c woul d be closed allow ng
the "clean signal" to pass, and the fourth MEMS sw tch
80d woul d be open, thus blocking the janmer signal.
Simlarly, if a jamrer signal were detected at the

out put of the first sub-band filter 102a, and a jamrer

signal were not detected at the 10 output of th .,
r exfpistabley Mots-dydewderfsiderablsfilters maybedised. hEle Tt’${é\1fﬁ1¥*3§ 02

R TN T p—
8Qiss38 ?%‘@Yédi‘ltz{b@s Ot G B Agpnéoisted Rt @B ofi 3pale MEMS switch is

pass. An i nherent probl em when using

s uperclyasempbny afd othértdopfigurstipnsefirdMEMS éwltcmlaa}z) be puployed.
Is the introduction of phase errors. Referring to Fig.
2B, a graph 107 illustrating the loss from phase

6{6963 ar | S}&ﬁ‘ g% ftlel F@A? ﬁ'lt%r 627 HﬁFifgaﬁ o an'tlnahas/pre—select filter

rtic shows that if the phase
e riri@rhas atﬁrstdemedallwmﬂl tb |ahu1mut nede hEmamll aysecond terminal connected

| d83ore ‘féﬁiﬁvﬁrét%q?m%w s 1&%? BRI 0RG; SEF REREIORSTden sow s
S LIRS tnga i SHERPEEL QR IENAS LORE ArdAEMS

eferring to terntlve enbodi ment
ofsviitvl 80%! Bbofuidctedirto @R inputi srminad ofio ficsh filtiet bank 13381 @ml output

is illustrated. The notch filter ch re res

esTighal Gt Fisb g 298 ROl BIFS Pt STEIEl Ghpecond N.O. pole
h t f )
ff%%ae%tgggg%ﬁﬁm V\tl{c %an A %f hﬁk&%ﬁﬂlﬁaﬁ oh & &?g%(gf)ole 80a2’ of the
t MersERIENES stitelg 8@ ch@ﬁecbtbdito&{ﬁaded%t gefizbleemmaton titlerd N.C. pole

20 MHz GPS bandwi dth. |deally, the notch vvi dth should
be80aéapﬁt§1f: S5t MEMSrVe bSO ois EomResteddp AR 1 heA spend terminal on the

o AituBole o ot AL SR S0 RRaI AR 124,

is being used. [00031] The PS/AJ fllter 62" |ncI udes
four filter sections; a pre-select filter 110 30

f ol008%8H by AHiretdempinglem asist Ndhole §0b1] pfia sqopgd MEMS switch 80b’
gfdfﬁhglg%‘g& /rtg 6%%% Eﬁéf‘ bA%ec%rr]lg tgr%ﬁlqé%gttﬂe H@t BQIQ %IOQPSJf?tﬁe second

MEMS switch 80b’ is connected to an input terminal of a second filter bank 122b. An
output terminal of the second filter bank 122b is connected to a first terminal on a second
N.O. pole 80b2’ of the second MEMS switch 80b’. A second terminal on the second
pole 80b2’ of the second MEMS switch 80b’ is connected to node 126. A first terminal
on a third N.C. pole 80b3’ of the second MEMS switch 80b’ is connected to node 124.

A second terminal on the third pole 80b3” of the second MEMS switch 80b’ is connected
to node 126.

[00034] A first terminal on a first N.O. pole 80c1’ of a third MEMS switch 80¢’ is
connected to node 126. A second terminal on the first pole 80c1’ of the third MEMS
switch 80¢’ is connected to an input terminal of a third filter bank 122¢. An output
terminal of the third filter bank 122c¢ is connected to a first terminal on a second N.O.



10 adjustable. More or fewer steerable filters may be
used. The PS/AJ filter 62" incorporates a 3-pole MENS

wewhdmas3avi ng two normal |y open (N. Q) and oneCT/US2004/002055

10

15

20

25

30

normally closed (N C.) comtlacts. It should be

appreci ated that the use of a 3-pole MEMS switch is

nerely exenplary and ot her configurations of a MENS

switch may be enployed. 5 [00032] Referring to the

PS/AJ filter 62" of Fig. 3, an anti-alias/pre-select

filter 110 has a first term nal connected to an i nput
a second term nal connected to node 121.

A P‘PIP §90% o ﬁherﬁa}rdéﬁEMSf itsh §Qco A setoad ggraminal on the sqcpnd pole 80c2’

VD Ry 9, BN, 19332 o R i

SWNIC.poBO80c3t 6f 1he IﬂlﬁﬁFE/mMS Owatth BOP U cdiesfe®®d nétle 126. A second
first filter bank 122a. An output termnal of the

f i Yezming] o the thighrole 30e3’iof ﬂ@%ﬂméé‘ﬂEM& $vitehf§0csis connected to node

te nal on a second N.O pole 80a2' of the first

MENMG switch 80a'. A second terminal on the second pole
80a2' of the first MEMS switch 80a'" is connected to
node 124, A first termnal on a third NNC. pole 80a3'
of [008851 i r st TVERB Adiilies 928 @an rénsovegamarst signals throdgh the

121. A t 15 third 8
ndep PrBRSR RN SR el iendhandth foB Bt feh fiter bank
[ 00DR31228 ihdIidds ald@frfeRtan@fer furdctibs to A& spgcﬁh@ j0akr fr&glencies

a second MEMS switch 80b' is connected to node 12
sefromdhe eomparite signak Harthermsere plilker s@@hdits ofay bh eememdrﬁbm the filter

VS .swi t 80b’ tQ t te nal

Cedihe i PR uEMEE6S g8 kal s opaniner) Aalegion MEMS
t h&wig@re§B80a1P st £ 8@@“-‘803?2@“0& %xéhg%l@e&‘é%ffiil Ieﬁaﬂan{ér 533[5 esent, one of
termnal on a second N. O pole e second
VBB fdterst ]c?ﬁaaaat is thnskthorughtappropriate neethddseo smtemjpassband
pol e 80h2' of the sec nd ME witch 80b' is connected
P oPistB s dbe desied SEchYTE 2 ngR aretsmt@athq lgeatigp 0§ the jammer.
8
ope i TS SO0 LML £ PRRIS Sy HORRSS Kl o, which
t hHe sietdesdribddNiSrs buttach ki@ ini the ttenateet Ad:on&Sl stlgnall @k@nt to the first

Sél?El\[Igfswgéﬂ ﬁ({po;\)r Léai}%tngtthgﬂrgﬁ\ll @88@12 |8fga3 to open and tﬁe first N.O. pole
80al’ and the second N.O. pole 80a2’ to close, thus causing the signal and jammer to
enter the first filter 122a. The first filter 122a removes some or all of the jammer and it
allows only the signal and any residual jammer to pass to node 124. If no other jamming
signal is present and if the first jammer has been sufficiently excised, the second filter
122b and the third filter 122¢ are not needed, no control signals are sent to the second
MEMS switch 80b’ and the third MEMS switch 80¢’ and the third N.C. pole 80b3’ of the
second MEMS switch 80b’ and the third N.C. pole 80c3’ of the third MEMS switch 80c’
remain closed and the first and second N.O. poles 80b1°, 80b2’ of the second MEMS
switch 80b’ and the first and second N.O. poles 80c1’, 80c2’ of the third MEMS switch
80c’ remain open. The signal at node 124 passes through to node 128. If other jammers
(up to two more for the exemplary circuit of Fig. 3) are present and must be excised, or if
additional attenuation of the first jammer is desired, or both, the second and third filters

122b, 122c are tuned to excise the jammers, and control signals are sent to the second



connected to node 126. A second term nal on the first

pole 80cl' of the third MEMS switch 80c' is connected
woao@amesput termnal of a third filter bank 1PET/USZNW4/002055

output 30 termnal of the tlhird filter bank 122c is

connected to a first termnal on a second NN.O WO

2004/ 068731 PCT/ US2004/ 002055 11 pol e 80c2' of the

third MEMS switch 80c'. A second term nal on the

second pole 80c2" of the third MEMS switch 80c' is

connected to node 128. A first termnal on a third

N.C_pagle 80c3' of the third MEMS switch 80c! is . . )

coHB s¥itch 8RB rndthe thitd MENEhsvitehed Qe - Fimallynifinegamgyipg signal is

PEbs e 481 et BB LR oS00 g
| asigesl teipagsal s through the manipul ation of the

vari abl e center frequency and the stop bandw dth. Each
filter bank 122a-122c includes a different transfer

Funfidag) to Gl |G gl R acies 10 from.. .
5 ¢ nEU0SRE oo SR o EES e i RVSRRELE R bt i bed in
be detenay Bdinkles oot ieat filid in@éntiod)s BbtAEhG ddﬂ@swmﬁgql\;éﬁl\gg@pe, but

sw tches 80a3' - 80c3' and opening the selection B
swinchidles a3 obergeg peadificagionp andsamdvalentoponeing ithén thefspit and terms of

sipal e .l ammer i resent, one of .the f .ers
B8 bR PR R T 5 s b PAE el 2 MEMS fiter has been
cr gRt@sél RasinbalrefitEnRUs i es/MISi1Ees2. I Bl be Aprecitéd, however,
with a notch present at the |ocation of the janmmer.
10 15thphthetsamie pgineiples miay Hei dppbed foshe sutbatisinghi@lger ési ng
MEMS switches or other nethods, which are not
descri bed here but are known in the literature. A
control signal is sent to the first MEMS switch 80a',
causing the third N.C. pole 80a3' to open and the
first NO pole 80al" and the second N O pole 80a2
to close, thus causing the signal and jammer to enter
the first filter 122a. The first filter 122a renoves
sone or all of the jamrer and it 20 allows only the
signal and any residual jamrer to pass to node 124. |f
no other janmng signal is present and if the first
jammer has been sufficiently excised, the second
filter 122b and the third filter 122c are not needed,
no control signals are sent to the second

&,




MEMS switch 80b' and the third I TEMS swtch 80c' and
the third N.C. pole 80b3" of the second MEMS switch
woaQm4/0asmdit he third N.C. pole 80c3" of the thi pdTNEMB4/002055

switch 80c' 25 remain closdd and the first and second
N. O. pol es 80bl", 80b2' of the second MEM5S sw tch
80b' and the first and second N. O poles 80cl', 80c2
of the third MEMS switch 80c' remain open. The signa
at node 124 passes through to node 128. If other
jammers (up to two nore forcthpvgxenplary circuit of
Fig. 3) are present and nust be excised, or if
additional attenuation of the first janmmer is desired,

%ﬂﬁﬂ%c&i%dﬁ@cond and third filters 30 122b, 122c
are uneé O excise the jamers, and control signals
are sent to the second WD 2004/ 068731

PCT/ US2004/ 002055 . 12 MENG. switch 80k’ e third |
VENS bt ch B8 et T2 05 ARRHOR (2 EL0) f 8 receiver

present, Qgglggh%-alias filter 110 is placed in the
signal path Fo allow only the desired signal to pass.
5 [00036] Wt subsiaie {32¢ul ar enbodi nents of the

i nvention ha G [ ' SRS
under st ood t%got“bfcﬁ% aﬁ%\?@%ﬁ@?ﬁ‘)i(@)ﬁg?{eﬁdﬁﬁutag%
5cor r espondi ngl analog-ts-clggite] copwdrter (ARCU@8somatht sdisaniges,

modi fi cati ons and. equi.val ents caom ng, Wt hi spirit

and terns of?P H@BG%EWWﬁfiﬁbgﬁﬁgﬁm gk%ﬁt?“ﬁgﬁﬁgygﬁ%&?Pnﬂw
t he i npl en@apdtatd, on of a MEMS filter has been

di scussed herein with reference to the PS/AJ filter

62. It will Hdeappresatiativdilientipeorme ststekatnd he sane

principl es may.he,anpliisd aiG EHOnaRS db@ldi@SiRekid hk HREr

66. WD 2004/ 068731 PCI/ US2004/ 002055 13 CLAIMS What
10i s cl ai mecthagcteristicAnf theeidepshionesdintijang Giter agid dfietat kapigpne anti-alias

32 ﬁ,lp ? Ig Sif L gf:ﬂ%e grg?g:gért%?g E%i‘né %%a;stfo%g of'the %‘Fu%elth‘{}(le f\/IEMS switches.

2. The DAFE of claim 1, wherein the ADC is a direct sampling/under sampling
ADC.

3. The DAFE of claim 1 or 2, wherein the anti-jam filter and the anti-alias filter

(66) include a switchable bank of filters, and each bank is selected using at

least one MEMS switch.
4, The DAFE of claims 1, 2 or 3, wherein the anti-jam filter is a notch filter.
5. The DAFE of claim 4, wherein the notch filter has a steerable center

frequency.



a low noise anplifier (LNA) (64) on the substrate; 5

an anal og-to-digital converter (ADC) (68) on the
wGeaiwenesIse; a plurality of micro el ectro nmechaP@TEk2004/002055

system (MEMS) switches on tlHe substrate; at |east one

anti-alias filter (66) on the substrate; and at | east

one anti jamfilter (62) on the substrate; wherein the

filter 10 characteristics of the at |east one anti jam

filter and the at |east one anti-alias filter are

changed ugShB®AFE dfeish 50WBeréih atibRh BhrtvalithtiyadiisMBle between 0 Hz

switches. 2. The DAFE of claim1, wherein the ADCis a

direct safdt?Ander sanpling ADC. 3. The DAFE of

claiml1 or 2, wherein the anti jamfilter and the

anti-alias filter (66) include a sw tchable bank of

filters, dhdDedEhoflshunks 1-6, skdrein fledntigim @iltet is a keabindpase filter.

MEMS switch. 4. The DAFE of clainms 1, 2 or 3, wherein

the anti-jamfilter is a notch filter. 5. The DAFE of

clai .4, viheDARE dftRihAotT furfnet doRiprisiag: a St eerabl e

center frequency. WD 2004/068731 PCI/ US2004/ 002055

14 6. The DAFERagstloghediloapsPLL APk {he subsrate: aBdndwi dt h

i's adj ust abl g..hel Wee& (78 ondhdsudsiMiiz. 7. The DAFE of

clainms 1-6, wherein the anti jamfilter is a

sub- bandpass filter. 8. The DAFE of claim 1-7,

further c i .sing: . a phase .l ocked. | 0o PLL 70)._on

the Shibst Ap AT Eng cidn 8108 Ge BECEHa SRSk

subst r at e cofpentited. DAFE of claim 8, wherein the crystal

oscillator is tenperature conpensated.



