LOW COST 2-D ELECTRONI CALLY SCANNED ARRAY W TH COWVPACT CTS FEED AND MEMS
PHASE SHI FTERS The present invention relates to a m croel ectronmechani cal
system (MEMS) steerable electronically scanned |lens array (ESA) antenna,
conprising: a MEMS H plane steerable lipear array including a continuous
transverse stub (CTS) feed array and an array of MEMS H- pl ane phase shifter
nodul es at an input of the CTS feed array; and wherein the H plane phase
shifter nodules shift RF signals input into the CTS feed array based on the
phase settings of the H plane phase shifter nodul es. The present invention
further relates'"to a nethod of frequency scanning radio frequency energy
using a mcroel ectronmechani cal system (MEMS) steerable electroni- cally
scanned | ens array (ESA) antenna. Such an antenna and such a nethod are
known from a docunment by Lee, J. J. et al., "Array antennas using |low | oss
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2 TECHNI CAL FIELD 10 The present invention relates generally to

el ectronically scanned antennas and, nore particularly, to an electronic
scanned antenna with a m croel ectronechani cal system (MEMS) radi o frequency
(RF) phase shifter. BACKGROUND OF THE | NVENTI ON 15 Advanced airborne and
space based radar systens heretofore have used electronically scanned
antennas (ESA) including thousands of radiating el enents. For exanple,

| arge fire control radars which engage nultiple targets sinmultaneously may

The present invention relates to a microelectromechanical system (MEMS)
steerable electronically scanned lens array (ESA) antenna, comprising:

a MEMS H-plane steerable linear array including a continuous transverse stub
(CTS) feed array and an array of MEMS H-plane phase shifter modules at an input of
the CTS feed array; and

wherein the H-plane phase shifter modules shift RF signals input into the CTS
feed array based on the phase settings of the H-plane phase shifter modules.

The present invention further relates’to a method of frequency scanning radio
frequency energy using a microelectromechanical system (MEMS) steerable electroni-

cally scanned lens array (ESA) antenna.

Such an antenna and such a method are known from a document by Lee, ]J. J.
et al.,, “Array antennas using low loss MEMS phase shifters” IEEE Antennas and
Propagation Society International Symposium. 2002 Digest. Aps. San Antonio, TX,
June 16-21, 2002, New York, NY: IEEE, US, vol. 1 of 4, 16 June 2002, pages 14-17,
ISBN: 0-7803-7330-8.



use ESAs to provide the required power aperture product. 20 Space based | ens
architecture is one approach to realizing ESA for airborne and space based
radar systens. However, when the space based |lens architecture is wutilized
at higher frequencies, for exanple, the X-band; and nore active conponents
such as phase shifters are packaged within a given area, weight, increased
thermal 25 density, and power consunption may del eteriously affect the cost
and applicability of such systens. r se shifter circuits for
el ectronically scanned | ens array ant (ﬁgg&ﬂﬂgsgﬁﬁﬁcluded ferrites, PN

di odes and FET switch devices. These phase shifters are heavy, consune a
consi der abl e amount @f DC power, and are expensive. Al so, the

i npl ement ati &h of Pl NhgiPEeRsat inyrntipeETelaies seaerally forplestimiqsiy sannas anteapas and,

circuitry is cgrgg}g \Y f IRg I iasing _cirncuit
al ong the RF path. %E‘Zl%ﬁ%?bﬁoggi%}%e%ﬁ? %’w nag% Q%Vg@%ﬁ%(ﬁp ec?%g%le%ﬁ%w ET
swi tches |imts sydtem{NEMS} heidict BequeddygRBEpHRYe 1eféror mance and i ncreases RF

| osses. Populating the ESA with presently available transmt/receive (T/R)
nodul es is undesirable due to high costs, poor heat dissipatiod and
inefficient power consunption. TEB DR d performance of
avai | abl e phase shifter circui t%ﬂgglqﬂoéﬁgj?t@ﬁghat I's Ir?ggded for space
based radar amd conmuni cati on ESA's, where thousands of these devices are

used. 3 The docunent Lee,. J. J. .et al., ,mentioned at the putset,

di scl oses an an tenndk%?s%nﬁﬁfmﬁr?%?gf@cﬁik’?“m%w E‘?’i?tf’gé‘?_ga"ler‘l‘é?dead of
the conventi Oﬂaleléﬂnwnwall?@canﬁaﬁﬁﬁeﬁm (ES@D%cMe@;@ﬂu@ﬁéan@? f ﬁﬂﬁﬁh@@l@m&t& For
space-fed active array | ens antenna system which has an active array |ens

with a first arrepmpie, lagge Std eogirel rwdasnwhich engage mplaple tagets simudtanepuslipert ur e
which transmts i . ner fromfree s e, and a second array of
n@g%&ﬁesctgp\fgwﬂ: the rgqu%r% ROyYeL @ erE.\r:F BP ol e

. . oqduct. . .
radi ati ng el ene I'nifng a rear nna ap re ich transmts and
receives RF 29

Space based lens architecture is one approach to realizing ESA for airborne
and space based radar systems. However, when the space based lens architecture is
utilized at higher frequencies, for example, the X-band, and more active components
such as phase shifters are packaged within a given area, weight, increased thermal

25 density, and power consumption may deleteriously affect the cost and applicability of

such systems.

Heretofore, phase shifter circuits for electronically scanned lens array antennas
have included ferrites, PIN diodes and FET switch devices. These phase shifters are
heavy, consume a considerable amount of DC power, and are expensive. Also, the
implementation of PIN diodes and FET switches into RF phase shifter circuitry is
complicated by the need of an additional DC biasing circuit along the RF path. The
DC biasing circuit needed by PIN diodes and FET switches limits the phase shifter
frequency performance and increases RF losses. Populating the ESA with presently
available transmit/receive (T/R) modules is undesirable due to high costs, poor heat
dissipation and inefficient power consumption. In sum, the weight, cost and
performance of available phase shifter circuits fall short of what is needed for space

based radar and communication ESA's, where thousands of these devices are used.



energy froma feed aperture. Furthernore, an array of transmt/receive
nodul es is sandwi ched between the front aperture and the rear aperture. It
is an object of the present invention to provide an antenna which offers a
benefit in at | east one of the areas of3 weight, cost or perfornmance and
whi ch exhibits an inproved structure for building up the antenna. SUMVARY
OF THE I NVENTI ON The present invention provides a m croel ectronmechani cal
system (MEMS) steerable electronically scanned |lens array (ESA) antenna
according to claiml1l. The MEMS ESA antenna is steerable in the E-plane
usi ng MEMS phase shifter nodul es, and steerable in the H plane using MEMS
phase shifter nodules. The MEMS ESA antenna includes a MEMS E-pl ane
steerabl e | ens arhaydeoutheat MgVEe, f bletab, steativatd at thaeatsetadisalpses EnearlvENVS

E-plane ste {eﬁRL ﬁsllnﬁ sy sk Wbt ﬂ&k&kfd&i?é{vg{ E&s iARELSHGRE o 1 eﬁﬁ%ﬁé?l%n%%q%gsba”d

radi ating ele and an arr ['ane ~ phase

di sposed betMHenﬂmﬁeuf|rst and second arrays of radiating elenents. The
MEMS H-pl ane steerable linear array includes a continuous transverse stub
(CTS) feed array and an array of MEMS H pl ane phase shifter nodul es at an

i nput of the CTS wmdzaozaprovﬂm d\@w& fidd pkavecarsiyelenedrtenha sysem, ahicyhdss
i diatjng.el ene of the MEMS E-pI ane

di sposed acent the first
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array in an énepgafenmbaseet apertine. phﬁﬁ&nﬂ:eétammqf of ln@nkmit/iptedrems ks &r

nmodul es. 3a __Fur ﬁi}gr h{gere i A ? t hod_of frequency scanni ng radi o
frequency raﬁ‘ln 408 ﬁ%’ QE Yrﬁlaﬂﬂ DIEBT R compri sing the steps
of inputting radio frequency (RF) energy into an array of MEMS H pl ane phase

shifter nodules; _ . . ) . . .
It is an object of the present invention to provide an antenna which offers a

benefit in at least one of the areas of weight, cost or performance and which exhibits

an improved structure for building up the antenna.

SUMMARY OF THE INVENTION

The present invention provides a microelectromechanical system (MEMS)
steerable electronically scanned lens array (ESA) antenna according to claim 1.
The MEMS ESA antenna is steerable in the E-plane using MEMS phase
shifter modules, and steerable in the H-plane using MEMS phase shifter modules.
The MEMS ESA antenna includes a MEMS E-plane steerable lens array and a MEMS
H-plane steerable linear array. The MEMS E-plane steerable lens array includes first
and second arrays of wide band radiating elements, and an array of MEMS E-plane
phase shifter modules disposed between the first and second arrays of radiating
elements. The MEMS H-plane steerable linear array includes a continuous transverse
stub (CTS) feed array and an array of MEMS H-plane phase shifter modules at an
input of the CTS feed array. The MEMS H-plane steerable linear array is disposed
adjacent the first array of radiating elements of the MEMS E-plane steerable lens array
for providing a planar wave front in the near field. The H-plane phase shifter modules
shift RF signals input into the CTS feed array based on the phase settings of the H-
plane phase shifter modules, and the E-plane phase shifter modules steer a beam

radiated from the CTS feed array in an E-plane based on the phase settings of the E-
plane phase shifter modules,



adj usting the phase of the RF energy based on the phase settings of the MEMS
H s pl ane phase phase shifter nodul es; radiating the H plane phase adjusted
RF signals through a plurality of CIS radiating elenments in the formof a
pl ane wave in the near field; emtti t he H pl ane phase adjusted RF pl ane
wave into an input aperture of a MEMS E-plane steerable lens array

i ncluding an array of HEMS E-pl ane phase shifter nodul es; converting the RF
pl ane wave into discrete RF signals; adjusting the to phase of the discrete
RF signal s based on the phase settings of the MEMS E-pl ane phase shifter
nodul es; and radi ating the H plane and E-pl ane adjusted RF signals through
a radi ating aperture of the MEMS E-pl ane steerable |ens array, thereby
reconmbi ning the RF signals and form ng an antenna beam 1s To the
acconpl i shnment of the foregoing and rel ated ends, the invention, then,

conpri ses the featufFeshdnghae isapfdvated autethod dé fequeheydcamnthgpadie frequerayl y poi nt ed

out in the clajyf f 1. NG oyl rawi ngs set
forth in detai ?Ac{l:@;r% -E?%y eﬁ%kﬁ&ﬁ%ﬁ%\%ﬁ%ﬁﬁé@%ﬁ@? ﬂ}oep %lp ﬁgp?ﬁ%ﬂ? ion. These
enbodi nent s ar eadindieqagricy €RF) dnergg e an afrayoeff MEM S W-piine ghese/shiftapusdulry,s i n
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conjunction with the drawi ngs BRI EF DESCRIﬁTICN WNGS 25 Fig. 1 is
a schematic envirayghe ptuslity oEGTS fradsasing elementsda thesfophiof apiapasvave mtbelgéang an

| ectronical - | ESA ith . mcroel ect hani cal
oystem (HENS)  phacenaimetis HH R botes Al R e Bt ARBR T o
2005/ 018048 PCTHESEIBS1H 3%t HbleAeds! dray thelddinkSdd Bt5SfMERS MbRAe yhaew of a

pair of w de band radiating elenents and a MEMS phase_shifter nodule in
accordance wi t hshiftgs %gémomvmg]mem plane wave into discrete RF signals; adjusting the

10 phase of the discrete RF signals based on the phase settings of the MEMS E-plane
phase shifter modules; and radiating the H-plane and E-plane adjusted RF signals
through a radiating aperture of the MEMS E-plane steerable lens array, thereby

recombining the RF signals and forming an antenna beam.

15 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

20 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

25 Fig. 1 is a schematic environmental view of several radar applications
embodying an electronically scanned lens array (ESA) antenna with
microelectromechanical system (MEMS) phase shifters in accordance with the present

invention.



Fig. 3 illustrates a two dinensional mcroel ectronechani cal system (MEMS) 5
steerable electronically scanned |l ens array antenna in accordance wth the
present WOHYWAIEAS the | ens antenna including a one di RERSISBHA00ENS

E-pl ane steerable lens array and a ohe di mensi onal MEMS H pl ane steerable
continuous transverse stub (CTS) electronically scanned feed array. 10 Fig.
4 is atop plan view of the Fig. 3 electronically scanned | ens array
antenna, except that the Fig. 4 |lens antenna has 16 MEMS phase shifter
nmodul es and CTS radiating elenents. Fig. 5 is a cross-sectional view of a

segnent of the caonti us trapsverse. st 15 S) electronically scanned
feed array of Fi SﬁgS? H%ségte%a FOQ Fga%ﬁ‘ﬁ@’ Al ﬁ?tfﬂéwfﬂ%i‘%ga??%ﬁgxs and’

di mensi onal MgR1E: . . L i; um control of
MEMVS phase shi fteggﬂé%gglgggﬁn%??%ﬁh%“E%og?%lﬁg%g%t%%?ﬁégsy]?{nlﬁgecrg%?dance with the

present invention. 20 Fig. 7 is a side elevational view of a MEMS steerable
el ectronically scanned |lens array antenna in accordance wth the present

i nvention, the arfl8nhilustatesafwedimensional misragleqtipgnashamenl sysigp, MEMBlral ity

of phase shi epblies, ;and a_ pluralit f cont ai ni ng DC
col b i erSTAPAE Pe-AHIGHD sb&Rion 3RS ot Roltif i e BB Gh Bergoiell ™ 7°\ene
steerabl e eligedntion] hlidnt aneaAN RGNS o digdenFBhANVEBMSESI& ettt Wnk h t he
present invention. W 2005/018048 PCT/ US2004/003318 5 Fig. 9 illustrates a
printed cir curay andarode R@Bsiombl MEMFiHyplaiie Medfabketcoatinhdus tranbearse gub cal | y
scanned | ens ay antenna, including an array of printed w de band

radi ati ng e|®ﬁ§§fiepﬁawaﬂ%cme§fe%ﬁwm phase shifter nodules on the PCB in
accordance with the present invention.

10 Fig. 4 is a top plan view of the Fig. 3 electronically scanned lens array antenna,
except that the Fig. 4 lens antenna has 16 MEMS phase shifter modules and CTS

radiating elements.

Fig. 5 1s a cross-sectional view of a segment of the continuous transverse stub

15 (CTS) electronically scanned feed array of Fig. 3.

Fig. 6 is a schematic diagram showing a one dimensional MEMS E-plane
steerable lens array including column control of MEMS phase shifters to accomplish
E-plane scanning in accordance with the present invention.

20

Fig. 7 is a side elevational view of a MEMS steerable electronically scanned
lens array antenna in accordance with the present invention, the antenna including a
printed wiring board (PWB), a plurality of phase shifter PCB assemblies, and a
plurality of spacers containing DC column interconnects.

25
Fig. 8 is a front aperture view of the Fig. 7 MEMS steerable electronically

scanned lens array antenna in accordance with the present invention.



5 Fig. 10 is a side elevational view of the Fig. 9 PCB and MEMS phase
shifter nodules as viewed fromthe line 10-10 in Fig. 9. Fig. 11 is a
bot t om vVW&WR0BI O8RS Fi g. 9 PCB and MEMS phase shifter noBOT&S20040@B3H g. 12 is
an enl arged view of a MEMS phase shifYer nodule in accordance wth the
present invention. Fig. 13 is an exploded view of the Fig. 7 MEMS steerabl e
el ectronically 15 scanned lens array antenna in accordance wth the present
invention. Fig. 14 is a perspective view of one of the spacers of the Fig. 7
MEMS steerable electronically scanned | ens array antenna in accordance with

th t i tian. 20 Fig, 15.is,. i i ew of VE H pl

St eer abl o cont| nEGS iSRRI ers LIt o NEVS AR Fcod
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the conti numdsathfgadnaﬂ@z{t@emataﬂlarra&@@El\ﬂf,?ﬁ&sre%ﬁiffei\lrﬁddmmepm array of
Fig. 15, showi ng a phase constant thereof. Fig. 17 is a block diagramof a

packagi ng c#® cefithitbe pEMBIt ihysintiols st eer abl e conti nuous transverse stub
(CTS) electronically scanned feed array of Fig. 3. WD 2005/018048
PCT/ US2004/ 003318 6 DETAI LED DESCRI PTION OF THE I NVENTION I n the detail ed

description whi C'[Tié.%'ié’%i’ ie%%%#&?he%&ﬂﬁ?ﬁ%@ﬂ?ﬁ’ @WMSQJ&‘A%&M?& same

ref erence nunerals] regardl ess of whether are shown I'n erent s
enmbodi ment s nafduldseas pietadrfton hedittel 10R10 thoFig) 9.ustrate the present invention in
a clear and conci se manner, the draw ngs may not necessarily be to scale and
certain features

Fig. 11 is a bottom view of the Fig. 9 PCB and MEMS phase shifter modules.
10
Fig. 12 is an enlarged view of a MEMS phase shifter module in accordance

with the present invention.

Fig. 13 is an exploded view of the Fig. 7 MEMS steerable electronically

15  scanned lens array antenna in accordance with the present invention.

Fig. 14 is a perspective view of one of the spacers of the Fig. 7 MEMS
steerable electronically scanned lens array antenna in accordance with the present
invention.

20

Fig. 15 is perspective view of the MEMS H-plane steerable continuous

transverse stub (CTS) electronically scanned feed array of Fig. 3, an incident

wavefront being shown via dashed lines, and H-plane scanning via arrows.

25 Figs. 16a-16c¢ each illustrate a segment of the continuous transverse stub

(CTS) electronically scanned feed array of Fig. 15, showing a phase constant thereof.

Fig. 17 is a block diagram of a packaging concept of the MEMS H-plane
steerable continuous transverse stub (CTS) electronically scanned feed array of Fig. 3.



maybe shown in somewhat schematic form Referring initially to Figs. 1-3,
the present invention is a two dinensional | o mcroel ectronmechani cal system
(MEMB) sWEE0AHPEBO4] ectroni cal |y scanned | ens array ant BAHASID40FR3RE 3)

i ncl udi ng a one di nensi onal MEMS E-pl @ne steerable lens array 11 and a one
di rensi onal MEMS H-pl ane steerabl e continuous transverse stub (CTS)

el ectronically scanned feed array 12. The MEMS steerable lens array 11
includes a rear array of w de band radiating elenents 14a, a front array of
wi de band radiating is elenents 14b, and an array of MEMS phase shifter

nodul es 18 (Fig. 2) sandw che b rear_and f rrays of

radi ati ng el enents 1l4a aﬁﬁﬁﬁﬁEﬁéﬁ@@@@w@}?ncl udes a CTS
feed array 16 and a row of MEMS phase shifter nodules 17 at the input of
the CTS feed array 16. The phase shifter nodules 17 allow the CTS feed
array 16 to el ecl el detdiled description whikh fAll6RESidertidalcéifortenf akebecthe 20 MEMS
steerable CTS 12 is positioned adjacent the rear array of radiating el enents
14a of the BN the soretsieencememerals yegntdlasscofpvhwihardiseyarp slovar indifferent ont i n

the near field.. Th hase shi.fter npdul es. 18 of the NEMS steerable

| ens array f?lbg@’é%qn S %I\ﬁggﬁ s ’gd?‘é?fléﬁpf i%ﬁ?‘fsﬁétel\yéﬂ/gr%s?‘g@‘éﬁﬂn@n @fasd%? in one
di nensi on | s lﬂ]% L td be
acconpl i shegn%%%e%%gﬁ%’k%g?%eq r??:g; ﬁ?@%ﬁ?%ﬁy?gzgg%ﬁ?ﬂgcﬁgg%efg?ﬁ% phases
of the MEMSnsdydershbive iC§Sindwhitaclidh@itiodorni.her eby to nmove the antenna beamto
a different angular position along the E-plane. As will be appreciated, the
present invention obviates the need for transm ssion |ines, power dividers,
and i nterconnectsgthat are. custamarily.associated W.2005/ Q18048

pCT US2004) 00351 R Tl Tt PR+ B entiafenoRnad ¥ W9 dinriten)

i nvent i ofy, I eslbfeRRecklbRetHHIRE] sydfem QIBMS)stdfabl AScthdiGly soatiRd 14 kg MVEMS

steerable lens array 11, which can becone expensive and conplex for |arge
(where N >l@ffenamie@(ig. Hrinelpdmy atonerdiménsidnal MEMBaplbfe steembletleds| arayn bot h

comercial and mlitary applications, .
1 and a one dir)rllens%pnal MEMS H-plane steerable continuous transverse stub (CTS)

electronically scanned feed array 12. The MEMS steerable lens array 11 includes a
rear array of wide band radiating elements 14a, a front array of wide band radiating

15 elements 14b, and an array of MEMS phase shifter modules 18 (Fig. 2) sandwiched
between the rear and front arrays of radiating elements 14a and 14b. The MEMS
steerable CTS 12 includes a CTS feed array 16 and a row of MEMS phase shifter
modules 17 at the input of the CTS feed array 16. The phase shifter modules 17 allow
the CTS feed array 16 to electronically scan in one dimension in the H-plane. The

20 MEMS steerable CTS 12 is positioned adjacent the rear array of radiating elements
14a of the MEMS steerable lens array 11 and provides a planar wave front in the near
field. The MEMS phase shifter modules 18 of the MEMS steerable lens array 11 steer
a beam radiated from the MEMS steerable CTS 12 in one dimension in the E-plane.
E-plane steering may also or alternatively be accomplished by varying the frequency,

25 which causes the respective phases of the MEMS steerable CTS 12 to change, thereby

to move the antenna beam to a different angular position along the E-plane.

As will be appreciated, the present invention obviates the need for

transmission lines, power dividers, and interconnects that are customarily associated



i ncluding for exanple, aerostats, ships, surveillance aircraft, and

spacecraft. Fig. | shows an environnental view of several advanced airborne
and spac¥opaEddsi8dar systens in which the antenna 10 HyU804098318p| vy
i ncorporated. These systens include/ for exanple, |ightweight X-band

space-based radar for synthetic aperture 1o radar (SAR) systens 22, ground
novi ng target indication (GMIl) systens 26, and airborne noving target
i ndi cation (AMIl) systens 28. These systens use a substantial nunber of
antennas, and the antenna 10 of the present invention by nmeans of the MEMS
phase shifter, nodul es .18 has been found tog.have a relati,vely. | ower cost,
use rel ati v cP@gga%%&%@p}engﬁ% §g°1 i §RfeéFI%ilﬂv OBﬁ?&tcﬁ%h‘epﬂ"%ﬁhﬂg t antennas

usi ng PIN 1&dioppe ﬁ%lﬁ%}gﬁ%@%&ﬁe@ﬁ@ﬁg N%E%&El@'iéns a?g?[‘%mcfh/c%ﬁ%%o\ﬁ?e (T/'R)

nmodul es. As Is shown In eac ase shi nmodul es 17 and 18 i s

sandw ched agienstesiamd qahpleo fordamge §where Nae100) antetiaa baaysyseethat i ng el ement s
14. In the illustrated enbodinent, the radiating el enents 14 have
substantially the same 20 geonetry and are di sposed synmmetrically about the

MEMS ph hi f dul 8 i.s A ) i h
Foeal Fadvat i ng. dF PERRERH 107 ot Reboth eRm@sd Sqrailiey BBpofotr o,
through t hehkﬁ@ﬁl%ﬁ@ﬁlﬁﬂbf&ﬁfﬂﬁﬁ@#fg@ shiveilM&1c8 @frcraftS ad spacBGaft 2PRY €CI at ed,

alternatively the radiating elenents 14 may have a different geometry

and/ or be dslspesacnasynmmettel dewlof saleraltadvireed/BlyBoime ané spavieftiasad mdatul e 18
and/or 25 the feed/radiating axis A _In other words, the front or output
radi ating eP¥StREIn WiHch thgwanieape 16 maybesuitshly incomarptpd: Rhssesgemgar or i nput

e PRI ot R Mo 20l SR 00 SLETRR ol elies 2 el
relatively ?ﬂﬁffsmg() SERMsRO! tlodAd advirdteredNind{ead6R Mﬁgaﬁstdﬁgrid,ﬁa@w 003318

8 arcuate dista ortion 42. The claw1like projections 32 formslots 36

t her ebet weenirbarhemoyimg\taxget mdjpation GAMIY) syistevds 23 Ehese gystgmopegat es (f or
exanple, in the direction_of the feed/radi a{dnp axi s A? durj ng operation of
of the present in

the ant ennaSutstaniiplanygabes of aptennagsangthe antenna vention by means
of the MEMS phase shifter modules 18 has been found to have a relatively lower cost,

use relatively less power, and be lighter in weight than prior art antennas using PIN

15 diode and FET switch phase shifters or transmit/receive (T/R) modules.

As is shown in Fig. 2, each MEMS phase shifter modules 17 and 18 is
sandwiched between a pair of opposite facing wide band radiating elements 14. In the
illustrated embodiment, the radiating elements 14 have substantially the same

20 geometry and are disposed symmetrically about the MEMS phase shifter module 18
and about an axis A representing the feed/radiating direction through the antenna 10
and more particularly through the MEMS phase shifter module 18 thereof. As will be
appreciated, alternatively the radiating elements 14 may have a different geometry
and/or be disposed asymmetrically about the MEMS phase shifter module 18 and/or

25 the feed/radiating axis A. In other words, the front or output radiating element 14b

may have a different geometry than the rear or input radiating element 14a.

Each wide band radiating element 14 includes a pair of claw-like projections

32 having a rectangular base portion 34, a relatively narrower stem portion 38, and an



also referred to herein as ground planes, are adjacent one anot her about the
5 feed/radiating axis A and adj acent the phase shifter nodule 18 at opposite
ends of woeo0ophRe+8 shifter nodule 18 in the direction ofPCT/8200¢ewsrsadi at i ng
axis A Together the base portions 34 have a width substantially the sane
as the wwdth of the MEMS phase shifter nodule 18. The stem portions 38 are
narrower than the respective base portions 34 and project fromthe base
portions 34 in the direction of the feed/radiating io axis A and are al so
adj acent one anot her about the feed/radiating axis A The arcuate distal
portions 42 project fromthe respective stemportions 38 in the direction of

the feed/ r agneteidiiplaertionsa nbhextlawdilee peqjestions ¢2 0wy siotoif theeebeeagnr adi at i ng
is A and f h Th te djstal t.i 42 togeth

form a 11 ar Uit BovidsiRel oG8 SiSRF SpSay R PaRAE: (P L Ee I ST CaRt B

phase shift gf, QHdRAS akﬁéateﬁggir}]%og 1afi6h bPheAhtdnlls lf).eqqi{e"l)%?éﬁérti% ais A

The flared opening of a w adiating element 14 at the rear 'end of
t he MEMS st ebo adfbmed torieran aagrolihd peames, wesadjment deenareitiser abadki the f r equency ( RF)

energy from tgf: VEMS steerable CTS 12, and propagates the RF enerig%}éal ong
the corr &sp&isdiragaingaxiss and adinsentdhe phase phi WS 1t sppesiterands of tdul e

18. The fla [ wi.de.ba ragdi ad | | 4 pposite
or 20 fronE) ﬁ%ﬁg&%@& ﬁ%g{z{@é%éwg%e%l %cﬁs%of@ﬁgg% x%ggat%gea?%sd% af[ggetk%eﬂel%er gy from
t he correspgagdipoetidds'dd Habaa Svigth subSthntiHlg thesakit 2 BB SviliheofaRE MENISpHhdRg sl ot
36 and into free space. Turning to Fig. 3, the MEMS phase shifters 18 are

confi gured akiftanmadulayi8i The 2&n pertiEMS st @erraleethiantise msparyive baseThus, t he
MEMS steerable |e array 11 inc¢luydes an input. aperture 54 conprj.sing an
array of inBB‘E“OP%gf? and H@)J(@t érﬁghfﬁg%ﬁﬁapos%wﬁpmﬁ%e anmfa%feg% @%@918,
and an oyt put:.aqr Lajl.ng..apertur LSl alLr, 0¥, O

e ot i Ditkis @4t Bich A 0RRT RO SRR HAhBRERRE A SnOULRIL

steerabl e | diytal bﬂﬁ)hsﬂlgﬁcge&ifﬂ)m&l edtiveddtém oflorsB8rin (Ko dif€vtidon afitheseven

(7) colums of WO 2005/ 048 PCT/ Us2004/ 003318 9 o )
feed/radiating axis A and branch laterally away from the feed/radiating axis A and

away from one another. The arcuate distal portions 42 together form a flared or
arcuate V-shaped opening that flares outward from the phase shifter module 18 in the
15  direction of the feed/radiating axis A. The flared opening of a wide band radiating
element 14 at the rear end of the MEMS steerable lens array 11 receives and channels
radio frequency (RF) energy from the MEMS steerable CTS 12, and propagates the
RF energy along the corresponding slot 36 to the corresponding MEMS phase shifter
module 18. The flared opening of a wide band radiating element 14 at the opposite or
20 front end of the MEMS steerable lens array 11 radiates RF energy from the
corresponding MEMS phase shifter module 18 along the corresponding slot 36 and

into free space.

Turning to Fig. 3, the MEMS phase shifters 18 are configured as an array in
25 the MEMS steerable lens array 11. Thus, the MEMS steerable lens array 11 includes
an input aperture 54 comprising an array of input radiating elements 14a behind the
MEMS phase shifters 18, and an output or radiating aperture 58 comprising an array
of output radiating elements 14b in front of the MEMS phase shifters 18. The MEMS

steerable lens array 11 of Fig. 3 has an array of four (4) rows and seven (7) columns of



MEMS phase shifters 18 and four (4) rows and seven (7) columms of input and
output radiating elenments 14a and 14b. It wll be appregi t he
array navo&qpﬁﬁ?lisgg any suitable quar;ti ty of MEMS phase&gt@%ﬁ@?@&%if and

i nput and output radiating elements“14a and 14b as may be desirable for a
particul ar application. For exanple, s in Fig. 4, the MEMS steerable | ens
array 11 includes sixteen MEMS phase shifters 18 and sixteen input and

out put wi de band radiating el enents 14a and 14b. The MEMS steerable |ens
array 11 is space fed by the MEMS steerable CTS 12. The MEMS steerable CTS

1SS el o e O S  EALY p B

shi fter nodul es. four 1 n ity o i nput s

62 (four i nridiatingiefleméhteMMaoaidneibt it wilhist ippeeciatéd fhaethearragmdbconiptiseCTS f eed
array 16 includes_a continuous stub 64 and a pl gralité of CTS radiating

el ement s 68anypswiablerquantity oS MEMS rhose shifiers d 8 snd by and wripyt radéatingput
aperture 54 of t VE teerabl e l.e rray 11 In the illustrated

ehbodi ment , CEMSRTAN AN 148 pR GiegPe feritiblost § Shebriac SBRlHtoR GHRRE o o t he

I nput and, oy Pigt 47 AEMENR Gl HIPRES arkAP1 PREIHAD sixfled MEMIpRAIE shiffersSitg" at ed
enbodi nent tﬁig CTS radi atiéra?gﬁg?errentéa%8 are t?%ngver slc\al{s;pspaged apart
subst ant i al layd silxtees anpeit dnddwpaewhie bahérddining\eddrsents pécampl4et ween t he i nput
radi ati ng el ements 14a and the transverse spaci ng between the out put
radiating elenents 14b. It will be appreciated that the spaci ng between the

CTS radi ating 20 &l 68 .need not .the s SE%HES n o the
spaci ng between t@&iﬁ@ﬁmﬁ‘ﬂ? ge(nis ﬁﬁa?éfﬁﬁe%?%e %g}yatﬁ)g . rs,teelrfoq%gl'l‘ be
appr eci at ed 1ohghe EMS TSRk AiE TSNS (1IRIEIBMSERS. { bRk, ihSludbdBe PAIrIBDY
and/ or the MEMS phase shifter nodules 17 and/or the RF inputs 62 (that is,

t he rowsjo ofMEMES pak&Estifteranadiiles ITEourdn tiseFign®d embedinhent), aapleragoORF al i gn

with or correspond to the colums and rows of the input and_output 23
radi ating el@HH% (fousinghetigs embasdigrent), an Tnfesd %Vflﬁerli"ﬁﬂgﬁﬁ feed 18 of

the 'MENS stgerablelels St bun HdSa GRS CLERIAN G GhRaecgay have

nor e O!’ fewer”’ rows an umms t_an the ee ! e _ens array
dependi ng oRrojbsiing AR GntihfisusRAiY 64 1Whwakd Bt R ApaRRel TR fitREMEMS

steerable lens array 11. In the illustrated embodiment, the CTS radiating elements 68

15 correspond in quantity to the input and output radiating elements 14a and 14b. Also,
in the illustrated embodiment, the CTS radiating elements 68 are transversely spaced
apart substantially the same distance as the transverse spacing between the input
radiating elements 14a and the transverse spacing between the output radiating
elements 14b. It will be appreciated that the spacing between the CTS radiating

20 elements 68 need not be the same as or correspond to the spacing between the input
radiating elements 14a. Moreover, it will be appreciated that the CTS radiating
elements 68 (that is, the columns) and/or the MEMS phase shifter modules 17 and/or
the RF inputs 62 (that is, the rows) of the MEMS steerable CTS 12 need not be the
same and/or align with or correspond to the columns and rows of the input and output

25 radiating elements 14a and 14b and/or the MEMS phase shifter modules 18 of the
MEMS steerable lens array 11. Thus, the MEMS steerable CTS 12 may have more or
fewer rows and/or columns than the MEMS steerable lens array 11 depending on, for

example, the particular antenna application.



WD 2005/ 018048 PCT/ US2004/003318 10 Fig. 5 is a cross-sectional view of a
segnent of the MEMS steerable CTS 12 of Fig. 3. The MEMS steerable CTS 12
i ncl udesw® 200¥018648ri ¢ 70 that is nmade of plastic such BET/U82004/a3a18r

pol ypropyl ene, and is machi ned or exi#®uded to the shape shown in Fig. 5.
The dielectric 70 is then netallized wwth a netal layer 74 to formthe 5.
continuous stub 64 and CTS radiating el enents 68. The MEMS steerable CTS 12
| ends itself to high volunme plastic extrusion and netal plating processes
that are comon in autonotive manufacturing operations and, accordi ngly,
facilitates | ow _production cgosts. /10 The MEMS steerable CTS 12 is

m crowave coupl i B P AXR SopiRpcHenalyiewmef 2 §egf%€f%\ﬂ/ﬁther1\4ﬁ%s Stserablﬁ&%h% of

Conti gur at | P habe YEOES AQURTCTS Tondulis A lbaticald GRSt mede oZhible

conponent s &jth@k Eéml&doﬁﬁbl}ﬁﬂ? WeérdeS SR rﬂichﬁﬁk% dr QRErL BB Thé SHiBe §Howﬁ ker eby

exciting a |ongitudinal, ﬁl’rec fed di spl acement current acfoss the
st ub/ par al | Big. pl i’hedlelﬁctrw'é(bm theibmatallized ndthcenhetil Hykndetoeformdhe rent in turn

excites equival ent ele eti.c waves traveling in the continuous stub
64 in thé xccH}t‘PEE’t“I%\‘MC’% ‘{:E%%T@l?%&ﬁ ﬂ?@ﬁ@tséﬁe@ﬁt@@& stegralje frldel Space. 1t
has been fop gPp!

frequenci es as %&ﬁ}to%@:&oﬁ@zﬂﬁgtg? #‘%lefﬁmdﬁgﬂ?ﬁlagﬁgpébt%?%gg gﬁé{ﬁ exenpl ary
CTS feed aédl:ﬁtﬂoﬁ@iﬁ @lit@ﬂﬁ@ﬁvé'ﬁlﬁnﬂ%thﬁﬂ%b PerakiSns At 8dtordingly, faciitateOIdH;

5,361, 076; 5,349,363, and 20 5, 266, 961, all of which are her eby i ncorporat ed
herein by rpfodaeftaecosts. t heir entireties. |In operation, RF energy is series

fed fromthe RF input 62 into the MEMS H pl ane phase shifter modul es 17 and
then to the CTS radiating elenents 68 via the parallel plate wavegui de of

the MEMS st eerab @$ I I aksisare then
radi at 23/(? out thr g&a é%E‘F@ g‘rgtl?gga %@ﬁ?ghwlﬁ%%ﬁgﬁsﬁﬁ%fl&§a pl ane
wave in theshosarinfiigl3] indident paralléledaviegaide tniwies lainalnaiwa alpaimdrin indFeedner gy

travels fromthe RF input 62 to the CIS radiating el ements 68 are not
equal . The f¥arpiteageconfiguration have associated with them longitudinal electric current

components interrupted by the presence of the continuous stub 64, thereby exciting a
longitudinal, z-directed displacement current across the stub/parallel plate interface.

15 This induced displacement current in turn excites equivalent electromagnetic waves
traveling in the continuous stub 64 in the x direction to the CTS radiating elements 68
into free space. It has been found that such CTS nonscanning antennas may operate at
frequencies as high as 94 GHz. For further details relating to an exemplary CTS feed
array reference may be had to U.S. Patent Nos. 6,421,021; 5,361,076; 5,349,363; and

20 5,266,961, all of which are hereby incorporated herein by reference in their entireties.

In operation, RF energy is series fed from the RF input 62 into the MEMS H-
plane phase shifter modules 17 and then to the CTS radiating elements 68 via the
parallel plate waveguide of the MEMS steerable CTS 12. The H-plane phase adjusted

25 RF signals are then radiated out through the CTS radiating elements 68 in the form of
a plane wave in the near field. It is noted that the distances that the RF energy travels
from the RF input 62 to the CTS radiating elements 68 are not equal. The RF plane
wave is emitted into the input aperture 54 of the MEMS steerable lens array 11 by the
CTS radiating elements 68 and then converted into discrete‘RF signals. The RF



wave.is emtted into the input aperture 54 of the MEMS steerable | ens array

11 by t iating elenents 68 and then converted,A j te RF
si gnal S%Qﬁ@;&ig% 2005/ 018048 PCT/ U52004/ 003318 11 S?Pgdr?z#’%ogl/@g'gﬁen

processed by the MEMS E-pl ane phase shifter nodules 18 to effect E- pl ane
scanning in a manner nore fully described below For further details
relating to an MEMS phase shifter reference nay be had to U S. Patent Nos.
6, 281, 838; 5, 757,379; and 5,379,007, all of which are hereby i ncorporated
herein by reference in s their entireties. The MEMS processed signals are

then re-radig{a@he ‘tﬁentfﬂﬁ&’é% Hy'tRe MENISIE- egﬂgsretsﬂff?er ddlest1BGo VEMR E-
1, Ines the RF I

steerable I ens array whi ch then reco signals and forns the

st eeri ng anflareszatgagin Foansaralora fisldy dessribeiibdieVs Fot dethebleafiorelalingt@, t he
ant enna beam noves at djfferent angul ar positions alqong the E-plane 78
(Fig. 3) asnMEMRphass shifter referaraeanay beshadto UiSy Beteat Mes. 06481838iml e at

ref erence . 80 ciRcFing. 4. he .f requency vard.es,. the_ out put phase
of each. TS Taln g S i Al o e A B e Bk B b o PR I
frequency sgenehti@tiby) the E-plane. Thus, the antenna is E-plane steerable
by neans of frequency variation and phase shifting. 15 In an alternative

enbodi nent, a wi de band frequency is achieved by feeding the CTS radiating
el enents 68 in parallel using a corporate parallel plate waveguide feed

<(:| not shown). By pagMEMS p@éﬁ&ﬁ@lgphllé arertien a%rﬁaalﬂat%owbwsb thegadiatipg
i . i CTS
Ol ances. fbrd 0600 SANPU AR LA\ el Pyl B8 CTS

phase of eagfnsland R tHeteetihg BRRhnLDEeant NBHIRSh alsefetred MEMS|steerdble same

rate, and thus the antenna beamradi ated out through the radiating aperture
58 remaitns CHS d2f ihgedtepozsbeanomoved aj. differiest angulanpositions alorgthei-plaoew'8g a one

SIOHF P 3: © 2? | Q%I\é? ﬁ% ég@%ﬁgp ]o% gpgﬁe;g}rf,aats) Iise iliu%t?gteg rf(gra%(agl%lei a@%le exqegngg nl(;nqlel%
80 in Fig. 4. As the frequency varies, the output phase of each CTS radiating element
68 changes at different rates resulting in frequency scanning in the E-plane. Thus, the
antenna is E-plane steerable by means of frequency variation and phase shifting.
15
In an alternative embodiment, a wide band frequency is achieved by feeding
the CTS radiating elements 68 in parallel using a corporate parallel plate waveguide
feed (not shown). By parallel feeding the CTS radiating elements 68, the distances
that the RF energy travels from the RF input 62 to the CTS radiating elements 68 are
20 equal. As the frequency varies, the output phase of each CTS radiating element 68
changes at substantially the same rate, and thus the antenna beam radiated out through

the radiating aperture 58 remains in a fixed position.

Fig. 6 is a schematic diagram showing a one dimensional MEMS E-plane
25 steerable lens array 90 including column control of MEMS phase shifters to
accomplish E-plane scanning in accordance with the present invention. In Fig. 6, the
arrow 94 represents E-plane scanning. A CTS feed array 98 for H-plane steering is
shown in the background of Fig. 6 behind the MEMS steerable lens array 90. The
MEMS steerable lens array 90 includes three rows of phase shifter modules 18 and



acconplish E-plane scanning in accordance with the present invention. In
Fig. 6, the arrow 94 represents E-plane scanning. A CIS feed array 98 for
H pl ane W@ ae5{048048s  shown in the background of Fig. GWHVSr?HQY‘Wé"%/ENB
steerable lens array 90. The MEMS skeerable |ens array 90 includes three
rows of phase shifter nodul es 18 and WD 2005/018048 PCT/1JS2004/ 003318 12
radi ati ng el enents 14a and 14b nounted on respective printed circuit boards
(PCBs) 102, and five lens colum supports 106 each including a phase
shifter biasing line and each maintaining the lattice arrangenment of the

s 8 A SO B AN T T
printed W 0o 8y 1 Yelimh Wopdf¥ 108" AER it udile b Bflaseshftief bidsind 1ink andh! €N 11
turn is conneCted to a beam Stg%l‘l ng conputer ah power suppFnFes (mr-llot

shown) . Thesaclhntfaithiniigl thellditios dfangefiert € theCRwdoT pBhscibhefie nidtuldsels andodul es
18 to effect the aforenenti oned E-pl ane scanni ng. More specifically, each

col um of prdigtng plemeats Itp@nd d4b.18h¢ biasinalines sleug ovyéhinesachsolmyr oup so t hat
et ting FrouPRa 106 Ste RO GraiRg e oot WhG | bo e et AR Co um
support 1065, WoE|L 6t BRich ] i o i4f modul es 18
are subj ect et 10 gg di Ce%h@%%%@gbggfﬁ%g%%?ﬂ&a%i e?ls%yﬁg%{)e ase

progr essi orguppligs (nbeshoswti). The ashtad eivtuitre biaseotashtoRmppof phasd Bidfterl5 Fi gs.
7-14 show an exenpl ary_enbodi nent of a_MEMS steerable electronically
scanned | erfBodiflesaiB toftashthe rigementiqned Fgplene sorrningnMene specifigalls, egshase
shifters 18 kn ac dan Wi t h resent, inveption. The st.eer abl e
antenna 110eR §EREEE Retibbplen T8 B RERhe) RSt R siB s 11,
plurality Cﬁha@@stﬁhé‘ﬁxﬁoéﬁlbflk%Iongrﬂlé‘écﬁﬁ}nﬁ'ré&&ws oSt fHacB etAnS BORI thes 118,

and a plurality of spacers 122 for providing structural support to the MEMS
st eer abl e amspective bibSingtide hlong the respective lens column support 106, while the next or

adjacent column of phase shifter modules 18 are subjected to a different phase setting
(for example, by a phase progression), by the next or adjacent lens column support
106.
15
Figs. 7-14 show an exemplary embodiment of a MEMS steerable
electronically scanned lens array antenna 110 realizing column control of MEMS
phase shifters 18 in accordance with the present invention. The MEMS steerable
antenna 110 includes a DC distribution printed wiring board (PWB) 114, a plurality of
20 phase shifter printed circuit board (PCB) assemblies 118, and a plurality of spacers
122 for providing structural support to the MEMS steerable antenna 110 and for

routing DC column interconnects and biasing lines.

Each PCB assembly 118 includes a printed circuit board (PCB) 126 and an
25 array of wide band radiating elements 14a and 14b-and MEMS phase shifter modules
18. Asis shown in Fig. 9, the wide band radiating elements 14a and 14b are
fabricated onto the PCB 126, and the MEMS phase shifter modules 18 are mounted to
the PCB 126 between the input and output radiating elements 14a and 14b. Each
MEMS phase shifter module 18 includes a housing 130 (Fig. 12) made of kovar, for



routing DC colum interconnects and biasing |ines. Each PCB assenbly 118
includes a printed circuit board (PCB) 126 and an 25 array of w de band

radi ati rgoebésmeswss 14a and 14b and MEMS phase shifter PSAWB80H/0PFBISAS | s
shown in Fig. 9, the wide band radi ai ng el ements 14a and 14b are
fabricated onto the PCB 126, and the MEMS phase shifter nodules 18 are
nmounted to the PCB 126 between the input and output radiating elenents l4a
and 14b. Each MEMS phase shifter nodule 18 includes a housing 130 (Fig. 12)
made of kovar, for WO 2005/018048 PCT/ US2004/003318 13 exanple, and a

sui tabl e number of MEMS phase shifter switches (not, shown), for _exanple
two, nount é&aﬁﬂﬁ%aﬁ%és‘ﬁﬁéﬁﬁ@lﬁg@ %Hh\as%@lﬁ?fpﬁ"@tﬁhﬁ@@tﬁmntf% nunber of

MEMS phase ghi articul

et of - R Speletys My RISl nERENS 0T LS PSR AR AR 8 o1 o
of the houqvmmslﬁ&sb@mﬁeﬁgw&ﬁeb Q11 St dRitheparicARE BRdlicaBod.he pl ane of the
housing 130 (Fig. 10). The RF pins 134 correspond to the respective input

and output radiating el errents 14a and 14b. The RF pins 134 extend through
the thickness of the PCB 126 _in a d|r ction normal to the plane of the PCB

126, andSare el edPRIEEREPIEY Mfbmdapliglitnol 126 rans | 3friefrade &om the BN ssi on

lines 142 ( o si de
opposite to t ?6%@%%%%%@@%%%?& A fb {hgg’uarnegf%ezﬁoéfrggl nfégnt ed
(Figs. 10 10).. THORF NS B e Hitd 8% rédcavSinduesid | dig led to
the respecti \(/ke |)n ut angﬁ@ut put rgﬁo?lnatl ng ref%frentg@Ma anlgﬁ?é{b 1ttt?)ﬁgéarry RF

signal s to clements Mmmd@h n'BmREpdeaﬂ pxfend tuegh thy thickness 0§ theRCBIAZ6 14b. | n
the illustrated 1 I di t I 42

L shaped. - did SGROTATTIRLGD e TR T LAch 028 SHEHF BlepRee Iy EORRTE (36 | 1 t he
rect angq&arreg%éﬁvé)ﬁ’ﬁ&b&ﬂg l%rgafléngisgion fiheP142 (ttlgaj id ?So‘%ﬂﬁlt) iR af AbRited 8n g{eerrent S

14a and he rectang ase portion unctr’ons as a ground pl ane

for the trapGBilg6ioanhd sideoppoiite A thahwhish die BB MENES ghdss skiftebinedileat8 oss the
ground plane (that is, the rectangular portion 34) which causes a
are mounted (Figs. 10 and 11). The transmission lines 142 are electrically coupled to

the respective input and output radiating elements 14a and 14b to carry RF signals to
and from the input and output radiating elements 14a and 14b. In the illustrated

15 exemplary embodiment, the transmission lines 142 are L-shaped, and have one leg
extending across the respective slots 36 in the rectangular base portion 34 (Fig. 2) of
the respective radiating elements 14a and 14b. The rectangular base portion 34
functions as a ground plane for the transmission line 142. At the slot 36, there is a
break across the ground plane (that is, the rectangular portion 34) which causes a

20 voltage potential, thereby to force RF energy to propagate along the slot 36 of the

respective radiating elements 14a and 14b.

The DC pins 138 also extend through the thickness of the PCB 126 and are
electrically connected to DC control signal and bias lines 144. As is shown in Fig. 11,
25 the DC control signal and bias lines 144 branch outward from the middle of the PCB
126 to beyond the footprint of the respective MEMS phase shifter module 18. The
DC control signal and bias lines 144 are routed to the other side of the PCB 126 via
plated through holes 148 in the PCB 126. The plated through holes 148 form two
rows of longitudinally aligned DC column interconnects, the function of which are



20 voltage potential, thereby to force RF energy to propagate along the sl ot
36 of the respective radiating elenents 14a and 14b. The DC pins 138 al so
ext end t Wm2YH0180¢8 t hi ckness of the PCB 126 and are el BETUSR@HIO33tHnnect ed
to DC control signal and bias lines 144. As is shown in Fig. 11, 25 the DC
control signal and bias |lines 144 branch outward fromthe m ddl e of the PCB
126 to beyond the footprint of the respective MEMS phase shifter nodul e 18.
The DC control signal and bias |ines 144 are routed to the other side of
the PCB 126 via plated through holes 148 in the PCB 126. The plated through

hol es 148 formtwo, rows of |ongitudinally aligned DC colum interconnects,
the funct i ofessribahincgreateedainl below mmlsomprm@@zth@wmg and Ipcgéeref bed in

greater det el ow. appr ero Iocat n of
Phe De cont MADERgAR! denal Brd.bref FABH Gl bastdop st S REERIF L o
the size an St t

spaci ng bet &/ggﬁisﬁg%!rfadl aﬁsrrl]%gﬁe lgﬁg?iﬂ 421@;%1(}65%&% WS\AIWE‘ tﬂl&hﬁe
appr eci at edelehmhtst Ida andildbt ati on of the RF pins 134 and the DC pins 138

relative to the plane of the housing 130 of the MEMS phase shifter nodul es
18 enabl%s the RF pins 134 and DC pins 138 to be installed vertically. Such

ical i f f hi f
hodul e 18 o r enapiis sPensar BRERE shder-fon 8f R Rifhin 134 MARAICERE! Wi s
with coaxi al3g Félﬁ'tﬁl%ctb@l'i§pl‘aﬁe 6Xth8 hBadingM 3o LR ASEMY piEO S fieCRY&MEL Poal

packages having end-to-end type connections reqU|r|ng NUMEr OUS process
oper at i ons. eiidbdesvtbe RiFqzhs i34 andclDGrpénst 88 tpibevmsialled vextidalllyi Sych wertinalt al | at i on,

enabl i ng, for exanple, a surface unt, pin qrid_ array, GA type of
package. 151GREORESSt FrBlaKesnstala féﬁ% S @éﬂ?‘fn sskfaced apart

by the s Rec %lﬁtlvely s1mple compared to, for example, conventional MMICS with coaxial

connectors or external wire bonds, or other conventional packages having end-to-end
type connections requiring numerous process operations. The vertical interconnects
provide flexibility in installation, enabling, for example, a surface mount, pin grid
array, or BGA type of package.

15

The PCB assemblies 118 are stacked vertically and spaced apart by the spacers

122, as is illustrated in Figs. 13 and 14. More specifically, the PCB assemblies 118
and spacers 122 are stacked in alternating fashion to provide lattice spacing between
the radiating elements 14a and 14b of the PCB assemblies 118. The lattice spacing is

20 based on, for example, the frequency and scanning requirements of the MEMS

steerable antenna 110.

The spacers 122 have an elongated rectaﬁgular shape and are made of a
suitable insulator material such as molded plastic or liquid crystal polymer (LCP).
25 Each spacer 122 includes a front wall 150, a rear wall 152, and a pair of side walls
156. The front and rear walls 150 and 152 each include a plurality of through holes
158 that correspond to the plated through holes 148 in the PCB 126. An intermediate
wall 160 is disposed about midway between the top and bottom surfaces 170 and 172
of the front, rear and side walls 150, 152 and 156. On opposite sides of the



122, as is illustrated in Figs. 13 and 14. Mre specifically, the PCB
assenblies 118 and spacers 122 are stacked in alternating fashion to

provi de War200¢E8&Baci ng between the radiating el enent SPAUHSHAHOIIS of t he
PCB assenblies 118. The lattice spaclhg is 20 based on, for exanple, the
frequency and scanning requirenents of the MEMS steerable antenna 110. The
spacers 122 have an el ongated rectangul ar shape and are made of a suitable
i nsul ator material such as nolded plastic or liquid crystal polyner (LCP).
25 Each spacer 122 includes a front wall 150, a rear wall 152, and a pair of
side walls 156. The front and rear walls 150 and 152 each include a
plurality oftemediatawalbleQ theresme ep appes 6aYiES bifhand dlovyes cayisy b2, athdbgh hol es

148 in the inter i,at e 160 iLs di.sp d about. .pi_dway

bet ween theg pgeélg%n{%fl%gﬁ'ﬁ%ﬁ(ge}gggnﬁ%é m% ev%afllsstoﬁzﬁ? ?aélﬁti.le,s 1§§‘§P&§nd si de
wal |'s 150, 1§92 Prdbind Rhr QPRS0 &ndi Steeachlindilie YOURDRG/PHERAK

PCT/ US2004/ 003318 15 internediate wall 160 there are ah upper cavity 180
and a | oweropeauigsyl 90&Pigsv8 tiid 14)eorrtsponding te tire radidting dlenveatd Blakhd, 14652 and
156 form ng_ the walﬁ%s of the cavities 180 and, 182. The front and rear walls
150 and #52thabelle™ RE|cngegydo Hiavielde pr fFowmithe rmdiating clampents Adaanoby dripg 8 and
14) corresp i h diating elenents 14a and 14b 5 that allow RF
energy to té)é}géetquﬁéoﬁ}on% F%I%'the radi ating el ements 14a and 14b during
operation of the antenna. As is shown in Fig. 14, the spacer 122 is
positioned | engthw se substantially along the mddle of the PCB assenbly
118 such that thésphstewnsiniHig.drd, thedphees 12Bisgositioned dengthwise substanhially ower

cavity 182 of the s er. 12 and the ro hol es 158.in the, front and
rear \>//val | s i@@gg’r?d“%g ?ﬁ‘ﬂll? ﬁg%%%élyiigs %19‘8# t&ppﬁaqe %aimod&ies 18'2re

| ongi t udj,na - i i s Bl asin

| Onds" { nlon “legkivedid R0wE ALRT1SDOANO LA €52, 18 A \pb i TioRs B in BIES! "9
via the thr augiandataswdlSl5oand 132 of Heaphder 122 hligh Hifhl the pa® of hdgitudinally

af orementi oned DC
aligned plated through holes 148 in the PCB 126.

Biasing lines (not shown) are routed through and contained by the spacers 122
15  via the through holes 158, and are electrically coupled to the aforementioned DC
control signal and bias lines 142 via the plated through holes 148 of the PCB
assemblies 118. In an embodiment, the biasing lines include compressible contacts
such as fuzz buttons and pogo pins. The biasing lines are routed to the printed wiring
board (PWB) 114, which includes the control circuitry that biases each column of
20 MEMS phase shifter modules 18 thereby to effect scanning in the E-plane.

When sandwiched together, the spacers 122 provide a column support
structure for the PCB assemblies 118 and enable column control of the MEMS phase
shifter modules 18 thereof. It is noted that each spacer 122, and more particularly the

25 intermediate wall 160 thereof, may be used to clamp the housings 130 of the
respective MEMS phase shifter modules 18 to the PCBs 126. Also, as is shown in the
illustrated embodiment, the spacers 122 and PCB assemblies 118 may include
alignment holes 200 for receiving alignment fasteners such as dowel pins, screws

and/or tie rods to facilitate aligning together and clamping in place the stacked spacers



control signal and bias lines 142 via the plated through holes 148 of the
PCB assenblies 118. In an enbodinent, the biasing |ines include

conpr esswgl _@cts such as fuzz buttons and pogo pipSruddeeyévzasi ng | i nes
are routed 10 t e printed wiring bogsd (PWB) 114, which includes the
control circuitry that biases each colum of 20 VENS phase shifter nodul es
18 thereby to effect scanning in the E-plane. Wen sandw ched together, the
spacers 122 provide a colum support structure. for the PCB assenblies 118
and enabl e colum control of the MEMS phase shifter nodules 18 thereof. It
is noted that each spacer 122, and nore particularly the 25 internediate

wal | 160 t hepestl POByssBRbUSET S, OnGh 2B olieerf e edgs of 3k §acé@2 arespective
MEMS phase shifter nodules 18 to the PCBs 126. Al'so, as is shown in the

i |l ust r at ednetahizadi topnevide dectgpmglesc diieldingd IP@EQiémMﬁﬂeﬁlem@nttaly, theicl ude

Scrova | andPEreit [ Fsion & Piatiacr BahsC TR OVENS FaGabRaIcR Bl GAORe | n

g!sggrerbr[ ihgsslﬁsg. n&gégﬁgrl & cr’r%@?,gthe eéLgeé:iB/ g'r%e spg{ge}ﬁfiéﬁarrbéz ?nrsl?arlczBed

to provisle méc&ﬁhicamgnﬁienﬁaﬁmﬁicdirﬂgoadlfbaﬁﬁgor dance with the invention, the
spacers 122 function as interface hubs for the MEMS steerable electronically
scanned |ens array antenna 110, pr ovi ding or facilitati ng DC bi as, RF
signal transm s chani cal nment .and struct ur oad earing.

F e 1537 shodEh SRUNTON 1 Fimiiy HeRRR Of BETRETAIEAE IMFEED na

scanni ng i negndif u&mefcﬁﬁsi bith:R of Ih MIEMENS EhPLiBaEp R L8RS eHe conti nuous
transverse stub %CTS) ctro(re#) Hﬁ&%y sceanne Eharra 12 o Flug. 3. As
mentioned itamdbersestub (ETHhelsersticaly scanmod fed arrky laldf@w\g t3heAGhentieed array 16
to electronically scan _in one dinension in the H plane. Electronic scanning

in the PP plahede; eH@@Sﬁb‘lﬁeﬁﬁ@d‘ﬂml?Iﬂll@‘ﬁéh%gﬁﬁlfé%iw kﬁftocﬂhquiﬁ’% Yi&%a8ence of
e e Fegt ooty ool B, Sl ol B R 1 5

with the application of oblique incidence of the line feed excitation. In Fig. 15, an

incident wave front is illustrated via dashed lines 204, and H-plane scanning is
illustrated via arrows 208. As is shown in Figure 16, an oblique incidence of

15  propagating waveguide modes can be used to achieve a variation of incoming phase
front relative to the CTS radiator element axis for scanning the beam in the transverse
H-plane. In an electronically scanned lens array (ESA), this variation is imposed
through electrical variation of the primary line feed exciting the parallel plate region.
The particular scan angle 0s of the scanned beam will be related to the angle of

20 incidence 6i of the waveguide mode phase front via Snell's Law.

Fig. 17 shows a block diagram of a packaging concept of an exemplary MEMS
steerable CTS 12. A microstrip RF feed 220 with Wilkinson power dividers for
example may be used to feed RF signals into the MEMS phase shifter modules 17.

25 The MEMS phase shifter modules 17, in turn, receive DC power from a DC manifold
power wiring board (PWB) 224 and are controlled by a controller 228. The CTS feed
array 16 receives the RF signals from the MEMS phase shifter modules 17 through a
microstrip/coax RF probe transition 232. In an exemplary embodiment of the

invention, the phase shifter modules 17 shown in Fig. 12 are mounted onto a metal



illustrated via arrows 208. As is shown in Figure 16, an oblique incidence
of 15 propagati ng wavegui de nodes can be used to achieve a variation of

i ncom ng phase front relative to the CIS radi ator elenent axis for scanning
the beamin the transverse Hplane. In an electronically scanned | ens array
(ESA), this variation is inposed throtigh electrical variation of the
primary line feed exciting the parallel plate region. The particular scan
angl e As of the scanned beamw || be related to the angle of 20 incidence 9i
of the wavegui de node phase front via Snell's Law. Fig. 17 shows a bl ock

di agram of a packagi ng concept of an exenplary MEMS steerable CTS 12. A

mcrostrip RF feed 220 w th, W] ki nson . i \vider r e be
Used To foed RIEPERAPY TR e MBS Serh et VIR . Nene
phase shifter HREUH @holiment &héweinsrﬁ&mmtﬂ@%me §HiAE AodAesBNY:E 0! d

power wiring board (PWB) 2724 and are controlled by a controller 228. The CTS

feed array 16ontedd theRFtand DiGFvestieph initerfacesoofithemickesiviy REderd 220iand &re DS dul es

17 through a mg¢ i o] . tr.ansi.ti.on 232. ln.an exe ry
onbodi mont o THESTLEEEISD The R SHEREGHH FbRl ileoninlominRbR Y 1
ar e mount eds onh&alkcolRER) sudll as PkAbEtoAs IBATRIsutroshded by dididveriahaadast Th¢ RF feed
220 and the DC mani fold PWB 224. |In such enbodi nent, the RF pins and DC

pins of the piigectinhsader arprbapedgo printpia 50 obws &1 Rivandiie prevealoC verti cal
paverfaces of &l Bedfbfdofndds b BT aa APty RiGdipeman fol d PVB 224. The
RF and DC vertica nterfaces may conpri‘se conpressible 5 netal contacts,

such as fuzz buttons, that are surrounded by dielectric headers. The

di el ectric headers are shaped to maintain 50 ohns for RF and to prevent
short circuiting tHehopgh teinicrtion kasbgen fhewmapd dessribedswith Fespget feperipin

Al though the hiﬂﬂ%&ég%b%&&éﬁf‘seé‘?ﬁ@%@ aﬁ&?ﬁéﬁ@%ﬁ& hB&HCH I Wil SRGH o bResEr tal n
is illustrated enbodi nents, eduivalent alterations and nodifications wll
occur to ot herskilledkn tHeet vpon tdadingrahd updenstanding thig spevifidaticke asd the dhimeged hi s
specification and, the annexed drawi ngs.. In_ particular r%gard to the various
functions per fcgpms.bly papticulan ergard to the various functions performed by the above

described integers (components, assemblies, devices, compositions, etc.), the terms
(including a reference to a "means") used to describe such integers are intended to

15  correspond, unless otherwise indicated, to any integer which performs the specified
function of the described integer (i.e., that is functionally equivalent), even though not
structurally equivalent to the disclosed structure which performs the function in the
herein illustrated exemplary embodiment or embodiments of the invention. In
addition, while a particular feature of the invention may have been described above

20  with respect to only one of several illustrated embodiments, such feature may be
combined with one or more other features of the other embodiments, as may be

desired and advantageous for any given or particular application.



described integers (conmponents, assenblies, devices, conpositions, etc.),
the terms (including a reference to a "neans") used to describe such
integers are intended to 15 correspond, unless otherw se indicated, to any
i nteger which perfornms the specified function of the described integer
(i.e., that is functionally equival enl§, even though not structurally
equi val ent to the disclosed structure which perforns the function in the

herein illustrated exenplary enbodi nent or enbodi ments of the invention. In
addition, while a particular feature of the invention nmay have been
descri bed above 20 with respect to only one of several illustrated

enbodi nents, such feature may be conbined with one or nore other features
of the other enbodinents, as nmay be desired and advantageous for any given
or particular application. 18 CLAI MScdLamisni croel ectromechani cal system
(MEMS) steerable electronically scanned |lens array (ESA) antenna (10),
conprising: a MEMS H pl ane steerable |inear array (12) i ncluding a

continuous trangversq i elééﬁroﬂsciﬁﬁgalgahﬁéniggt O@?hst ﬁlér@ilécé}PJnié\é'ﬁ

H pl ane phase shifter nodul es S feed array (16);
and wher ei rscatreedeps amay (HSA3 anteans (KD, samerrising: (17) shift RF signals input

into the CTS feaeaqaﬁ/rsrmpm&@teaaﬁﬁ%% mﬁ @Bﬁﬁﬁuﬁf/ﬁsﬁw&%ﬁo& hfanfbepleane

phase shifter nodules (17), characteri | ane st eerable | ens

array (11) stHe(GE deed amray (%éneé\@(ﬂmmméw &rplang abassefhéter Zadaiesly)

el enents ( lfau ik @f@ﬁﬂjﬁnk@dﬁﬁﬁ,@%)uﬁws E- pl ane phase shifter nodul es
(18) disposed between the first and second arr és of radiating elenents

(14a, 14b); the"NERB ‘ih—erﬁ'é’}?é‘es&k@é"r %\Bﬁ%‘ mpsides (14} shift RFsignalsdppyt igtesRissed
adj acent t heT§ feedtarrad (1 e%/ba@éd bAdhephid seitngest the(HHihe Phatd it Bodual ane

steerable lens array (11
(17),

characterized by

a MEMS E-plane steerable lens array (11) including first and second arrays of
wide band radiating elements (14a, 14b), and an array of MEMS E-plane phase shifter
modules (18) disposed between the first and second arrays of radiating elements (14a,
14b);

the MEMS H-plane steerable linear array (12) being disposed adjacent the first
array of radiating elements (14a) of the MEMS E-plane steerable lens array (11) for
providing a planar wave front in the near field;

the E-plane phase shifter modules (18) steer a beam radiated from the CTS
feed array (16) in an E-plane based on the phase settings of the E-plane phase shifter
modules (18);

a plurality of phase shifter printed circuit board (PCB) assemblies (118), which
include the first and second arrays of wide band radiating elements (14a, 14b), and a
plurality of spacers (122) for providing structural support to the antenna (10),

wherein the PCB assemblies (118) and spacers (122) are stacked in alternating
fashion to provide lattice spacing between the radiating elements (14a, 14b).

2. The MEMS ESA antenna (10) of claim 1, wherein the first and second
arrays of wide band radiating elements (14a, 14b) are fabricated onto a printed circuit
board (PCB) (102, 126), and the array of MEMS E-plane phase shifter modules (18)



providing a planar wave front in the near field; the E-plane phase shifter
nodul es (18) steer a beamradiated fromthe CTS feed array (16) in an

E- pl ane based on the phase settings of the E-plane phase shifter nodul es
(18); a plurality of phase shifter printed circuit board (PCB) assenblies
(118), which include the first and second arrays of w de band radiating

el ements (14a, 14b), and a plurality ofgspacers (122) for providing
structural support to the antenna (10), wherein the PCB assenblies (118) and
spacers (122) are stacked in alternating fashion to provide lattice spacing
between the radiating el enents (14a, 14b). 2. The MEMS ESA antenna (10) of
claim1, whereidwe tdﬁﬁmtddr st tharlECqumdlzéarbemn ahe \fird eandagedoridadidt bang

el enents (14a, 1 lnang (EF } ﬁ onto a printed circuit board (PCB) (102,
126), and the artay of WE%% e phase shifter nodules (18) 19 are
nounted to the PCB (102, 126) betmeen the first and second w de band

radi ati ng el enents (314a l@b) E§/IS Eﬁase Sl\r/\ﬁ Eﬁﬁo Jnglrhr}gce%j%%ckg;n ANy rlrecedl ng

claim wherein each NMENMS ane i'nel'udes a pair
of RF pins (1349ach MEMéslﬁr@hdﬁ rwbaaecshrf@spwcivlev(é?%)‘ inckidesam gais of Bidpinatlidd) i ng

el ements of t hechéeEﬁ&ndﬁf&dto r%?&:@t”% Hfs’i %M& s&fon& fi‘&lhﬁ?dgn&enﬁbnﬁg‘%@ttl% fikfand 14b) of

the MEMS E-pl ane steerable |ens arr A ant enna of any
precedi ng cl ai njCCHHEREDS thrrédla%& 8'§m6‘f“5r(/t‘k?s léb)pp%wé ME%%E%?TT% Brersdtiul es

(18) include twenosrrayqne).rows and at | east one colum of MEMS E-pl ane phase
shifter nodul es (18) and each MEMS E-pl ane phase shifter nodule (18)
includes a plurality of DC pins (138) that electrically connect to
respective DC controf. si grﬂa.J: MPHMISOESA dnitem@s of lthd)precedihg vibigd, evieréihehd wo or

R A e
at least one column of MEMS E- plane phase shifter modules (18) and each
MEMS E-plane phase shifter module (18) includes a plurality of DC pins (138)
that electrically connect to respective DC control signal and bias lines (144), and
wherein the two or more rows of MEMS E-plane phase shifter modules (18) are
controlled together as a group in column-like fashion via the DC control signal
and bias lines (144) so that the two or more MEMS E-plane phase shifter modules

(18) along the column receive the same phase setting.

5. The MEMS ESA antenna of claim 2, wherein each MEMS E.
plane phase shifter module (18) includes a pair of RP pins (134) corresponding to
respective first and second radiating elements of the first and second arrays of
radiating elements (14a, 14b) of the MEMS E-plane steerable lens array (11), and
a plurality ot DC pins (138) for receiving control commands to operate the
respective MEMS Eplane phase shifter module (18), and wherein the RF pins
(134) and DC pins (138) are oriented perpendicularly with respect to a housing of
the respective MEMS phase shifter module (18) to enable interconnection of same
to the PCB (102, 126) in a relatively vertical manner.

6. The MEMS ESA antenna of any preceding claim, wherein the
wide band radiating elements (14a, 14b) of the MEMS E-plane steerable lens array
(11) are coplanar.



and bias lines (144) so that the two or nore MEMS E-pl ane phase shifter
nodul es (18) along the colum receive the sane phase setting. 5. The MEMS
ESA antenna of claim 2, wherein each MEMS E. plane phase shifter nodul e
(18) includes a pair of RP pins (134) corresponding to respective first and
second radi ating elenents of the first and second arrays of radiating

el enents (14a, 14b) of the MEMS E-pl anezgteerable lens array (11), and a
plurality of DC pins (138) for receiving control conmands to operate the
respective MEMS Epl ane phase shifter nodule (18), and wherein the RF pins
(134) and DC pins (138) are oriented perpendicularly with respect to a
housi ng of the respective ielbd phiasquenby tdadninguadib dreqidicy teaergnabing a

i nt erconnecti on_of ( i | atjvel nti.cal
manner. 6. The wﬁﬁgﬁﬁﬁﬁngn@gﬁﬁgSggggA§ﬂ§%§%é%%ﬁbﬁcﬁgﬁﬁwﬂ%ﬂiﬁﬁ¥ﬁ¥?Héﬁ wi de
band radi ati ng @F@ﬁﬁﬁﬁéaQ@ﬂmzUQME?mDﬂﬁn$éWNENED&-pIane steerable | ens array

(11) are coplanar. %QowﬁmgAa”BhP£§y0$f&%ﬁﬁuﬂﬂﬁ&-%ﬁﬁ&ﬂ'@Qcﬁ@qkﬁnfRPGB?nPy
energy using a nlcr%,lectroneqhanl al ysten1(N%x§) st enabge el ectronically
scanned | ens arfP%y f'Eszol)l%nw*@HhM@s) ISteper g rayn O sYids sangk radigtipgi di ng a
plurality of phaseeabi(fiter printed circuit board (PCB) assenblies (118),

whi ch include first and second arrays of wi de band radiating elenents (14a,
14b); providing a plurality of spacers (122) for providing structural

support to the ant epmuid{nk0) plustlayg ki sppcet e | POBoagsembhg ssudtiraBjupaod tspacer s
(122) in alterngti, ﬁf@b%on to provide lattice spacing between the

radi ati ng elenentsH%& a, ’4b%; inputtjn? radi o frequency SRF enerqgy into an
array of MEMS H- pl angacking the PCB assemblies (11

to provide lattice spacing between the radiating elements (14a, 14b);

8) and spacers (122) in a tern)ating fashion

inputting radio frequency (RF) energy into an array of MEMS H-plane
phase shifter modules (17);
adjusting the phase of the RF energy based on the phase settings of the
MEMS H-plane phase shifter modules (17);
radiating the H-plane phase adjusted RF signals through a plurality of CTS
radiating elements (68) in the form of a plane wave in the near field;
emitting the H-plane phase adjusted RF plane wave into an input aperture
(54) of a MEMS E-plane steerable lens array (11) including an array of MEMS E-
plane
phase shifter modules (18);
converting the RF plane wave into discrete RF signals;
adjusting the phase of the discrete RF signals based on the phase settings of
the MEMS E-plane phase shifter modules (18); and
radiating the H-plane and E-plane adjusted RF signals through a radiating
aperture (58) of the MEMS E-plane steerable lens array (11), thereby recombining
the RF signals and forming an antenna beam.

8. The method of claim 7, further including varying the frequency of
the RF signal inputted into a CTS feed array (16) thereby to change the angular
position of the antenna beam in the E-plane of the MEMS E-plane steerable lens
array (11) and to effect frequency scanning by the antenna beam.



phase shifter nodules (17); adjusting the phase of the RF energy based on
the phase settings of the MEMS H plane phase shifter nodules (17);

radi ati ng the H pl ane phase adjusted RF signals through a plurality of CTS
radiating elements (68) in the formof a plane wave in the near field;
emtting the H plane phase adjusted RF plane wave into an input aperture
(54) of a MEMS E-plane steerable I ens apnay (11) including an array of MEMS
E- plane phase shifter nodules (18); converting the RF plane wave into

di screte RF signals; adjusting the phase of the discrete RF signals based on
t he phase settings of the MEMS E-pl ane phase shifter nodules (18); and
radi ati ng the H pl afe and Thephahal afdanysirectdig daignalhsreihthewgdp & inadiiag | ng
aperture (58) - t Iy ). L hereby
recombi ni ng tﬁ%F %@%@Fé& %nﬁﬂga@%ég%ﬁg tagrr?fﬁa lg@rlr'\( ;%?es“l'he met hod of
claim7, further including varying the frequency of the RF signal inputted
into a CIS feed array (16) thereby to change the angular position of the
antenna beamin the [ pl an I}/l;h@ - pl: : (11)
and to effect frequelrl?éy scg}rﬁ&ﬁ%%gf t epgﬁ?(ielﬁ%glaﬁ%’gi?ﬁmgjlﬁdg&mgﬁ%@%é@ﬁ%d of
any precedi ng cddaisimg wieepleisa shifier sitpy fof thempsgetiivegMRIM@ keplgye phnst whidsr

pr eceding. ol ai TS FL S oY FUFEENEE EREOLEST Srore BNIS EhAY G SHALE™ 4hi 1t er
output for the thesRp&ivy®IBENE-Faid ARG MRSt €g). modul es (18) by
adjusting the bias of one or nore M5 phase shifter switches in the

respective MEMS E-pl ane phase shifter nodules (18).





