WO 2004/ 077607 PCT/ US2004/ 003905 1 W DEBAND 2-1) ELECTRONI CALLY SCANNED
ARRAY W TH COWVPACT CTS FEED AND MEMS PHASE SHI FTERS 5 TECHNI CAL FI ELD The
present invention relates generally to electronically scanned ant ennas and,
nore particuyl arl4y to an el ectronic scanned antenna with a

m croel ect r YPAMAHTVAI 10 system (MEMB) radio frequency RGEYSPYHAGPOE hj f t er .
BACKGROUND OF THE | NVENTI ON Advanced airborne and space based radar systens
her et of ore have used 15 el ectronically scanned antennas (ESA) including

t housands of radiating elenents. For exanple, large fire control radars
that engage nmultiple targets sinultaneously may use ESAs to provide the
requi red power aperture product. Space based |l ens architecture is one
approach to realizing ESA for airborne and 20 space based radar systens.
However, when the space based |l ens architecture is utilized at higher

frequenci es, for exarWIBEBAND XIhEhBCTRONIGARLYSCANNEDARRAX s such as
phase shifters are packagﬁgY A W Vv i 1 NCreased thernal
density, and power consu ﬁ#u 6&&&&%9@%& he cost and
applicability of such systens. 25 HajgépkeneTERRse shifter circuits for
el ectronically scanned | ens array antennas have included ferrites, PIN

di odes and FET switch devices. These phase shifters are heavy, consune a
consi derabl e anount of DC power, and are expensive. Al so, the

i mpl ement & i on of PIN di odes and FET switches into RF phase shifter
circuitry is conplicated by the nepepNIcL gfigh Hi onal DC biasing circuit
along the RF path. The DC WD 2004/ 077607 PCT/ US2004/ 003905 2

The present invention relates generally to electronically scanned antennas and,
more particularly, to an electronic scanned antenna with a microelectromechanical

10 system (MEMS) radio frequency (RF) phase shifter.
BACKGROUND OF THE INVENTION

Advanced airborne and space based radar systems heretofore have used
15  electronically scanned antennas (ESA) including thousands of radiating elements. For
example, large fire control radars that engage multiple targets simultaneously may use

ESAs to provide the required power aperture product.

Space based lens architecture is one approach to realizing ESA for airborne and

20  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 density, and

power consumption may deleteriously affect the cost and applicability of such systems.

25 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 di odes and FET switches limts the phase
shifter frequency performance and increases RF | osses. Popul ating the ESA
with presently available transmt/receive (T/R) nodul es is undesirabl e due
to high costs, Poor heat dissipation and inefficient power consunption. In
sum the wé‘f‘b?f?@ Y8t and performance of 5 availabl e phBSEUSHP4R08¥Scircuits
fall short of what is needed for spacé based radar and communication ESA s
where thousands of these devices are used. SUMVARY OF THE | NVENTI ON 10 The
present invention provides a mcroel ectronechani cal system (MEVMS) steerable
el ectronically scanned | ens array (ESA) antenna. According to an aspect of
the invention, the MEMS ESA antenna includes a w de band feedt hrough | ens
and a continuous transverse stub (CTS) feed array. The w de band

feedt hrough I ens includes first and second arrays of w de band radiating
el enent s andb'msingcircagiztmﬁdddﬁvy@mrrﬁs@sﬁﬁdEETBWMhesrﬁdﬁtbdmpiiasqthmquenesen t he

first and seco d arra a nt i n ous transverse
stub (CTS) f& ?W@%&éi?s?fg] § rs%eﬁ]‘gé‘fl&’msgyt Y#vailahlei at i ng
el ements for u&‘is%{/fébé‘i% @r/R) A0adle dé"g‘ﬁﬁdés{:ﬁ’d]& dhdtot d%@t%fpcfo‘rﬁlséi disi Qud}{E'VS phase

shifter nodules steer a beamradi ated fromthe Steed array |
di nensi ons. 2 ieffioied! pogver comsuotptien. hspe theateighteostrand peifomanthief e | S

provi ded a met uenc nln dlo fr ncy,en npr|5|ng
Phe st aps o Sraiaeieoha hildr grookts EUCBARY pheys Serdrb i Shich basea sHilr

transverse Stubm(filaHon iReds, arrre?eythorsa&dsarfrmeaéwcesa% WRegr gy through a
plurality of CIS radiating elenents in the formof a plane wave in the near
field, emtting the RF plane wave into an input aperture of a w de band 25
feedthrough | ens including a WY Hgﬁ hi fter nodul es,
converting the RF wave planéﬁ@ﬁ@gAg&ggﬁh@XF&EVE , using the MEMS phase
shifter nodules to process the RF signals, radiating the RF signals through
a radiating aperture of the wide band feedthrough | ens, thereby reconbining
the RF silgnal s anﬂhépmﬂmmgwankmnn@ﬁmaalmbankdandeamWﬂmgﬂmhémfhﬁﬁuency of

tp?;% 52236?1?8%@@6 létefectromc 1?' Sgal}l?le e%s far?a%'d(EgA g.%e chgr/dl%7g7tg %Z aspect of the

invention, the MEMS ESA antenna includes a wide band feedthrough lens and a

continuous transverse stub (CTS) feed array. The wide band feedthrough lens includes
first and second arrays of wide band radiating elements and an array of MEMS phase

15  shifter modules disposed between the first and second arrays of radiating elements. The
continuous transverse stub (CTS) feed array is disposed adjacent the first array of
radiating elements for providing a planar wave front in the near field. The MEMS phase

shifter modules steer a beam radiated from the CTS feed array in two dimensions.

20 According to another aspect of the invention, there is provided a method of
frequency scanning radio frequency energy, comprising the steps of inputting radio
frequency (RF) energy into a continuous transverse stub (CTS) feed array, radiating the
RF energy through a plurality of CTS radiating elements in the form of a plane wave in
the near field, emitting the RF plane wave into an input aperture of a wide band

25  feedthrough lens including a plurality of MEMS phase shifter modules, converting the
RF wave plane into discreet RF signals, using the MEMS phase shifter modules to
process the RF signals, radiating the RF signals through a radiating aperture of the wide
band feedthrough lens, thereby recombining the RF signals and forming an antenna

beam, and varying the frequency of the RF signal inputted into the CTS feed array



3 thereby to change the angul ar position of the antenna beamin the E-plane
of the wide band feedthrough Iens and to effect frequency scanning by the
antenna beam To the acconplishnment of the foregoing and rel ated ends, the
invention, then, 5 conprises the features hereinafter fully described and
particul ar WO PBHATEY out in the clains. The fol |l owing HE%#OB‘E/P%?P%M t he
annexed drawi ngs set forth in detail certain illustrative embodinents of

t he invention. These enbodi nents are indicative, however, of but a few of
the various ways in which the principles of the invention maybe enpl oyed.
O her objects, advantages and novel features of the invention will becone |0
apparent fromthe followi ng detail ed description of the invention when
considered in conjunction with the drawi ngs. BRI EF DESCRI PTI ON OF THE
DRAWNGS 15 Fig. 1 is a schematic environnental view of several radar

appl i cat i ons thenghydy clegpge the aagwlan position af thy astcomatedml iv tlee Brplaay of iSMideant enna

wi th mcroel ectyornechanj cal S MVENS has hifters,in accordance
with the preg’@ﬁ‘{fé r\}ré’Hg}fiSﬂ? mﬁté_e%@éﬂqeﬁbwyg%ag@ng%y% ﬁ?ﬁe&ﬁab?% of a pair of
wi de band radiating elenments and a 20 MEMS phase shifter nodule in

accordance with the present invention. Fig. 3 illustrates an electronically
scanned | ens ar r ayo & asperaplishmgaicastiioragoingand reldied gndsstheinverficanttemn, t he

| ens ant enna i ncl.udi.n i, de _band edt hr.oygh.lens with. ven M5 phase
shi Tter moqucRBRaia it AfeRaRd ARE GRS pEREnl puunBR SR 5 hav  ng
seven CTS r a@lanthé. MtheSoREWIRE YeschipBon hd the MneRddl d@hwingy ke Yor@ intdeRil fk@ain 3

el ectronically scanned | ens array antenna, except that the Fig. 4 |lens

ant enna has ibusivEins epthedianenty dfitks inverdighe Thess ¢mbrdmentsdireindivative, borweyes. WO
2004/ 077607 Pg.‘br/tu 00 /0Q/3905 4 Fig E is a cios§ﬁ;5ecti nal vibew of a
segnent of t K& ESHETT B5abP L veqys 1 whieh e principles of the inivention may be

employed. Other objects, advantages and novel features of the invention will become

10  apparent from the following detailed description of the invention when considered in

conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

15 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. 2 illustrates a top plan view of a pair of wide band radiating elements and a

20 MEMS phase shifter module in accordance with the present invention.

Fig. 3 illustrates an electronically scanned lens array antenna in accordance with
the present invention, the lens antenna including a wide band feedthrough lens with
seven MEMS phase shifter modules and a continuous transverse stub (CTS) feed array

25 having seven CTS radiating elements.

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.



(CTS) array of Fig. 3. Fig. 6 illustrates a printed circuit board (PCB)
including an array of printed wwde 5 band radiating elenents, and an array
of MEMS phase shifter nodules on the PCB in accordance with the present
i nvention. Fig. is a side elevational view of the Fig VENVS
phase shi ftwe(#%mf‘@&fﬂ%es as viewed fromgthe line 7-7 in FFEEUEZ.%@@Q rg. 8is a
bottomview of the Fig. 6 PCB and I\/EIVé phase shifter nodules. Fig. 9 is an
enl arged view of a MEMS phase shifter nodule in accordance with the present

invention. 15 Fig. 10 illustrates a MEMS steerable el ectronically scanned
|l ens array antenna in accordance with the present invention, show ng the
nmounti ng structure and connecting lines thereof in greater detail. 20

DETAI LED DESCRI PTION OF THE I NVENTION In the detail ed description that

foll ows, identical. conponents have ,beeg g(j[ven the sane reference nunerals,
regardl ess of wheFie? Ihdgsscetionabyip™ oha Siemeat eiihe ernbBEpURNSerSbn e

pr esent inVﬁgér'rﬁnma?gfﬁg{ gstrate the present invention in a clear and
conci se 25 nner, the drawi ngs may not necessarily be to scale and certain

features maybe shown in somewhat schematic form Referring initially to
Figs. 1-3, the prese inventiqQn is

m cr oel ect r omechani& tFu‘§§7§;tF%‘?'rP .)'C%étt gngﬂigggyékg‘gg%‘ha@ﬂﬁ/p%@%m | ens
array WO 300‘8%:%!17]%@19%5 &%&%&é@%%mgigg&%é&n{oﬁhﬁs onthel BYER fdi ng a

wi de band fee rou ens 11 and a “continu transverse stub (CIS) feed
array 12. Thecosrdiecdraithl tegectehiriovakioh.ens 11 i ncludes a rear array of w de
band radiating elenents 14a, a front array of w de band radiating el enents
Fig. 7 is a side elevational view of the Fig. 6 PCB and MEMS phase shifter
modules as viewed from the line 7-7 in Fig. 6.
10

Fig. 8 is a bottom view of the Fig. 6 PCB and MEMS phase shifter modules.

Fig. 9 is an enlarged view of a MEMS phase shifter module in accordance with
the present invention.
15
Fig. 10 illustrates a MEMS steerable electronically scanned lens array antenna in
accordance with the present invention, showing the mounting structure and connecting

lines thereof in greater detail.

20 DETAILED DESCRIPTION OF THE INVENTION

+  In the detailed description that follows, identical components have been given the
same reference numerals, regardless of whether they are shown in different embodiments
of the present invention. To illustrate the present invention in a clear and concise

25 manner, the drawings may not necessarily be to scale and certain features may be shown

in somewhat schematic form.

Referring initially to Figs. 1-3, the present invention is a two dimensional

microelectromechanical system (MEMS) steerable electronically scanned lens array



14b, and an array of MEMS phase shifter nodules 18 (Fig. 2) sandw ched
between the 5 rear and front arrays of radiating elenents 14a and 14b. The
CTS feed array 12, which is positioned adjacent the rear array of radiating
el enents 14a rovides a planar wave front in the near field. The HEMS
phase shi f %0 2004AT16%s 18 steer a beam radi ated from t he PCEPS200&839%r r ay 12
in two dinensions, that is in the E-plsane and H plane, and, accordingly,
the CTS feed array 12 need only generate a fixed beam As will be 10

appreci ated, the present invention obviates the need for transm ssion |ines,
power dividers, and interconnects that are custonmarily associated with
corporate fed antennas. The antenna 10 is suitable in both commercial and
mlitary applications, including for exanple, aerostats, ships, surveillance
aircraft, and spacecraft. Fig. 1 15 shows an environnmental view of several
advanced ai r batems 18n(#Higs prinelulliag @dvidablznd fesltgowghdensnl lvdnidatvontimonnt enna 10

T htwet ghe Seoneifige SBBKCTE ent s s Pide, i, e torepsb e W Thoies 2resar
systenms 22, %W%Fiviﬁ@%ﬂ&}a?i%\%leﬂl&ﬂé £4l b @Oni( &MY bf widHR8%a R Ring dshedist Or ne

noving target 1 ndication systens 28. These systens use a substanti al
nunber of 20 léntandamsrraypefdMEMS piasecshifter t®dules 18 &igpr) samiwiched batweentsy nmeans

f the MEMS ph i ft les. 18 b f h Lati.vel
Power cost. TRLRRLR SR pfFatatiE R s 450 Lt IR CH ret RS SR e Y or
art ant ennas pysiisizd BifNcsht BtGes Ak Efrra&%ﬁg:ﬂemsm@m phivide§ b DlaBhr wave front

transmt/receive (T/ nodul es. 25 As is shown in Fig. 2, each MEMS phase
shi fter nodulithe 8edrdiefh e MEMS phiaest shiften modples i 8 siferahsemi radiated &lomgthev de band

di ati | 14. he.illustrated. ' tirg b iati
Clement o 14 ASE-SUEEYdRcs BT gmentions Rl in RECRY e a oo S
Syt 11 cal | yo gkl ECHEWB ARG €2 0oy ol 5,8 vaal Al pan axi s A

representing the feed/radiating direction through the antenna 10 and nore

particul Pl y apureci@ed, te7messnt PEmtiog2bviates RG] fop traksmyssion kines, pdRIVE phase

shifter modu Idiavi e?s, taltl] {n?e%dnnec S %ﬁ'a* allre l@gst&gag{l)? gslsgéigtgd with corporate fed antennas.

The antenna 10 is suitable in both commercial and military applications,

including for example, aerostats, ships, surveillance aircraft, and spacecraft. Fig. 1

15  shows an environmental view of several advanced airborne and space based radar
systems i which the antenna 10 may be suitably incorporated. These systems include,
for example, lightweight X-band space-based radar for synthetic aperture radar (SAR)
systems 22, ground moving target indication (GMTI) systems 26, and airborne moving
target indication (AMTI) systems 28. These systems use a substantial number of

20  antennas, and the antenna 10 of the present invention 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 diode and FET switch

phase shifters or transmit/receive (T/R) modules.

25 As is shown in Fig. 2, each MEMS phase shifter module 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 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



alternatively the radiating elenments 14 may have a different geonetry and/or
be di sposed asymmetrically about the MEMS phase shifter nodul e 18 and/ or
the feed/radiating axis A. In other words, the front or output radiating

el enent 14 have a different 5 geonetry than the rear_or_input radiating
el enent 143‘.’@”\7&}9&7% band radi ati ng 6e| enment 14 i ncl udggT/gSﬁ’g‘f/&’%W
clawlike projections 32 having a rectangul ar base portion 34, a relatively
narrower stem portion 38, and an arcuate distal portion 42. The clawlike
projections 32 formslots 36 therebetween that 10 provide a path al ong which
RF energy propagates (for exanple, in the direction of the feed/radiating
axis A) during operation of the antenna 10. The base portions 34, also
referred to herein as ground pl anes, are adjacent one anot her about the
feed/radiating axis . A and adj acent thethase shifter nodul e 18 at opposite

ends of the PREYES BHMEMS phasgshiller medule,1§ thereof. rAcWillhe apprecisieds eed/ r adi at i ng

axis A Toge : I : 1 1.4 he sane
25 the wi dtn a8 TRRIANE HeaRR, PAPKR. digthtucntif AR dlipbedl? 200
narrower t hassytrigetticdly@boutviee MEMS phasd shiffs ndllubei® 4ader €et feédnadiatibeaxibase
portions 34 in_the direction of the feed/radiati axis A and are al so

adj acent one’- dhetEEWORIBJIhE fropor PREH) rRdialing ?lﬁger&ﬁgé ey hayrea aifiEtFt e di st al
portions 42 g%ogixegxﬁﬁhﬂtﬂg}éapﬁ'ig ggﬁﬁgﬁfg\ﬁ%ﬁ%&fmaportl ons 38 in the direction

of the feed/ ing axis aterally away fromthe
feed/radiating axis A and away from one another. The arcuate di stal
portions 42 together far fl.ared or arcuate V-sha openi ng that_flares
outward fromt heg?ﬂﬁi‘ o Bhtirpdlinisicent 1§ mcidenapal gﬁé{w%ie grolaefians 32

feed/ radi ati BgigKd fecfinglibabd A:Ath 30 RSAAGIParfowtk SembRRtbe ARkt &g el ement
14 at the rear end of ﬁ-lwﬁe v?ngd rEand ’?eedt hr}g%g Iensqilal recé?l\flges and
channel s r adamudte dgtad paryiof RE) Thadawntiké pojectibis 32TH6rh slats 36 thergbet®eenXhatand

Cor T eeporili nEORERBHAE ChPR RETHBABIBSEES UPRExeREldR DEsBRPH 0% wi de
o, o PSRyl gk b ARl 0Ol leEsHl D200,
shi ft er noduteferidd taharn dstproundpiansy eredidiagers lon¢ arRther abalitithnt foed/radmtispace.
A and adjacent the phase shifter module 18 at opposite ends of the phase shifter module
18 in the direction of the feed/radiating axis A. Together the base portions 34 have a
15  width substantially the same as the width of the MEMS phase shifter module 18. The
stem portions 38 are narrower than the respective base portions 34 and project from the
base portions 34 in the direction of the feed/radiating axis A and are also adjacent one
another about the feed/radiating axis A. The arcuate distal portions 42 project from the
respective stem portions 38 in the direction of the feed/radiating axis A and branch
20 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 direction of the feed/radiating axis A. The flared
opening of a wide band radiating element 14 at the rear end of the wide band feedthrough
lens 11 receives and channels radio frequency (RF) energy from the CTS feed array 12,
25  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 front end of the wide band feedthrough lens 11 radiates RF energy
from the corresponding MEMS phase shifter module 18 along the corresponding slot 36

and into free space.



WO 2004/ 077607 PCT/ US2004/ 003905 7 Turning to Fig. 3, the MEMS phase
shifters 18 are configured as an array in the w de band feedthrough |Iens
11. Thus, the wi de band feedthrough lens 11 includes an input aperture 54
conprising_an_array of input radiating elements 14a behind the MEMS phase
shifters 18VO&ME AN 0ut put or radiating aperture 58 conpfFreFHY¥aH"Grray of
output 5 radiating elenents 14b in front of the MEMS phase shifters 18. The
feedthrough lens 11 of Fig. 3 has an array of four (4) rows and seven (7)
colums of MEMS phase shifters 18 and four (4) rows and seven (7) col umms
of input and output radiating elenments 14a and 14b. It will be appreciated
that the array may conprise any suitable quantity of MEMS phase shifters 18
and i nput and out put radiating el enents 14a and 14b as may be t0O desirable
for a particular application. For exanple, in Fig. 4, the w de band

f eedt hr ough | ensTurningie Figidsthe 81BN/ Bhish skilers B faregonfigared asjan @rdyripthe and

out put’ wi de ba | ahin el S . alhe W de. ba eedt hr ough
lens 11 is Sgé%gbabggéegé}u@%g I?fgr{?g{em ’éléﬁgggﬁywﬁdémoﬁ@%lf%@%désr@ay 12,

i1l ustrated mua;gmue?a@aﬂlpﬁsm'gaﬁbm@aﬁh@umadia@hgbwn@htsﬁﬁabm the@ZBNBOUr i n
the Fig. 3 enbodinent), a contrnuous stub 64 and a plurality of CTS

radi ati ng epkasephifersd 8pandj ancutputorradiptingrperiens S8 samEsing abamsay af oWt t he

i nput ture. th i d f : : the .illustrated
embod mont. s Sepiet APt Fon R e EMS B HAST Ry e i et e ©
i nput and oubPFig. 3 Bab aatdriag o EIRAEN) rdwslahd saved (2 coldtins AHMBMS phadédWhifterd 165t r at ed

enbodi nent, the CTS radiating elenents 68 are transversely spaced apart

subst ant i al | gud fear & rewsanstsavrad 7 heolumyes of inmys ord eripy pedisting aamentsclda i nput
diati I . . i b
;gd: gt : 28 2I zﬁr?%%2’1&?%%&9??&%&'%{@%%a%ﬁgccﬁﬁ%éégﬁaﬁtﬁg Ialsl%lgl | Ng between the

CTS radi at i ngh#¢t elifeeisd §G8d ipatandwitpubradiaieg skiRent849inc I BeRPHE t 0 the

spaci ng between the input radiating elenents 14a. 25 Moreover, it wll be
appr eci atléd defirablefier aprgiqulatiappliogtions | Eorexamapledn Figh 4+ thp svide head &esdthiugh and/ or

the RF input fengﬁ fntcﬂlad%s ié M]itl\ﬁg pﬁa%mﬁgljs 1% di g%p[l?a%q O%Hu?%ld]e%)aﬂg Fa(aia@jgé be

elements 14a and 14b.

The wide band feedthrough lens 11 is space fed by the CTS feed array 12. The

15 CTS feed array 12, illustrated in Figs. 3 and 4, includes a plurality of RF inputs 62 (four
in the Fig. 3 embodiment), a continuous stub 64 and a plurality of CTS radiating
elements 68 projecting from the continuous stub 64 toward the input aperture 54 of the
wide band feedthrough lens 11. In the illustrated embodiment, the CTS radiating
elements 68 correspond in quantity to the input and output radiating elements 14a and

20  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 elements 68 need
not be the same as or correspond to the spacing between the input radiating elements 14a.

25 Moreover, it will be appreciated that the CTS radiating elements 68 (that is, the
columns) and/or the RF inputs 62 (that is, the rows) of the CTS feed array 12 need not be
the same and/or align with or correspond to the columns and rows of input and output
radiating elements 14a and 14b and/or the MEMS phase shifter modules 18 of the wide
band feedthrough lens 11. Thus, the CTS feed array 12 may have more or fewer rows



the sane and/or align with or correspond to the colums and rows of input
and output radiating elenents 14a and 14b and/or the MEMS phase shifter
nodul es 18 of the wide band feedthrough Iens 11. Thus, the CTS feed array
12 may have nore or fewer rows WO 2004/ 077607 PCT/ US2004/ 003905 8 and
or / col ums hHAATR®7wi de band f eedt hrough | ens 11 depenBEHYSHAO00BYS exanpl e,
the particular antenna application. Big. 5 is a cross-sectional view of a
segnent of the CTS feed array 12 of Fig. 3. 5 The CTS feed array 12 incl udes
a dielectric 70 that is made of plastic such as rexolite or polypropyl ene,
and is machi ned or extruded to the shape shown in Fig. 5. The dielectric 70
is then netallized with a netal layer 74 to formthe continuous stub 64 and
CTS radiating elenents 68. The CTS feed array 12 lends itself to high

vol une plastic extrusion and netal plating processes that are conmon in

AUt oMot | ve  mandierksiumnathart e s b Gredthzaugh 1eusdd depening ont foe pxanumle,che | ow
producti on cogrﬁs. T%ﬁ CTS fhee array 12 is a mcrowave couplingiradiating
array. As isP&HE PIgARPUCEOL. i dent paral | el wavegui de nodes | aunched
via a primary line feed of arbitrary configuration have associated with
them |l ongitudinal electric current conponents 15 interrupted by the presence
of the conti nuousFig biis Berosstieetianal view of 2 peggnent ofthe CTS deadedrray 22 ofFigedt ed

di spl acenent ~cu cross .t he, stub rallel .plate interface. Thi.s induced
i 3pl acement 186 F IS ee ey inediies p SCIBRIGT R P m B ol PiRE B et

travel i ng i npbRprop§len, iafdRuBachindd obéktiubed ldhsidpé Siwnda Fig 5t Mae GikRcfrirdi at i ng
el ements 68 into Free space. It has been found that such CTS nonscanni ng

ant ennas may 76 pethen metatlized wdth amestadayss 7hiodfhrme thepontiapogsstub fb and GTS her

details rel ating. to,an ar fee rr rLeference mu e had to
Us. Patent  Riiing Y sE MR ARG I U POTSN iRl [T
which are hekghyon saMdapidtiag phRegtdthitard ednehen ffautdindthRinianefikiufiggi €s. 1 n
operation, RF energy is series fed fromthe RF input 62 into the CIS

radi ati ng0 29pehiéenspnd aseprdingly; feilitdesdow prodyptignecofiivegui de of the CTS feed
array 12 and is radi ated out :

The CTS feed array 12 is a microwave coupling/radiating array. As is shown in

Fig. 5, incident parallel waveguide modes launched via a primary line feed of arbitrary
configuration have aésociated with them longitudinal electric current components

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

20 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 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 CTS radiating
25  elements 68 via the parallel plate waveguide of the CTS feed array 12 and is radiated out
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 wide band feedthrough lens 11
by the CTS radiating elements 68 and then converted into discreet RF signals. The RF



in the formof a plane wave in the near field. It is noted that the

di stances that the RF energy travels fromthe RF input 62 to the CTS

radi ati ng el enents 68 are not equal. The RF plane wave is emtted into the
i nput aper 4 the wi de band feedthrough lens 11 he CTS radiating
el enent s GEH%ﬁﬁé?ﬁgﬁ converted into discreet RF 5|gnalspg¥%%ﬂ§#mWBs

2004/ 077607 PCT/ US2004/ 003905 9 signals are then processed by the MEMS
phase shifter nodules 18. For further details relating to an MEMS phase
shifter reference may be had to U S. Patent Nos. 6,281,838; 5,757,379; and
5,379,007, all of which are hereby incorporated herein by reference in
their entireties. 5 The MEMS processed signals are then re-radi ated out
through the radiating aperture 58 of the mﬁde band feedthrough lens 11,

whi ch then reco |ne the RF Si t he steerin nna beam
For such a s&Ef&s ”CPFS"‘F%@Q ygﬂf?@h’&g é“ﬁr% lg % ﬁ%@@s‘f
di fferent angaatﬁ{gtsgﬁ bR Dhae ﬁﬂtem?er&mekﬁ%eﬁﬁdfo%@ Patbnt3¥os26, éﬁh g3gaction

of frequency, as is Il]lust ate exanpl e”at reference nuneral 80 in Fig.
4. As the f|5§dﬁi,éﬁ%;)ﬁndé;37§;0,07,tdhbofmlnq¢mrehmds}encmpmatyﬂheTESlb}adfemnccngl el enent
68 changes at, .di ,[.;ng%ent rates resulting in frequency scanning. In an
alternative 1 a w de band frequency is achieved by feeding the 15
CTS radi ating elements 68 in parallel using a corporate parallel plate
wavegui de feed (not shown). By parallel feeding the CTS radiating el enents
68, the di stancesThhMEMﬁ@rocﬂ?;e@sigm@arbtmneet-mdiart@mwﬂeomthmpdiatiﬁg to the

CTS radiating el e ts,68.are ual . t r.egyenc tie eotput
phase of eac ?.’#éenggﬁftg ﬁ%%’flg %@S’&?ﬁﬁg hlglfkﬁegﬁ%gf“i 5 Ssarre
rate, and thusd fd@ﬁs@ﬁts@éaﬁagmamarbaﬂham%uewaséﬁe@%ms %%dra?fdy Itﬁw 20
aperture 58 remains in a fixed position. Figs. 6-10 show an exerrpl ary

enbodi nent ofnigmadreamymaoyesat diéfemamguladm&momg aloeg thedhplend 28(fag3) agd and MEMS

phase shi f ter %gglllj loF ﬁ'equency, as1s 11(fustrate§ for examﬁe at reference numeral 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 an alternative embodiment, a wide band frequency is achieved by feeding the
15 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 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

20  aperture 58 remains in a fixed position.

Figs. 6-10 show an exemplary embodiment of an array of wide band radiating
elements 14a and 14b and MEMS phase shifter modules 18 in which the wide band
radiating elements 14a and 14b are fabricated onto a printed circuit board (PCB) 84, and

25  the MEMS phase shifter modules 18 are mounted to the PCB 84 between the input and
output radiating elements 14a and 14b. Each MEMS phase shifter module 18 includes a
housing 86 (Fig. 9) made of kovar, for example, and a suitable number of MEMS phase

shifter switches (not shown), for example two, mounted to the housing 86. It will be



radi ati ng el ements 14a and 14b are fabricated onto a printed circuit board
(PCB) 84, and 25 the MEMS phase shifter nodules 18 are nounted to the PCB 84
between the input and output radiating elenments 14a and 14b. Each MEMS
phase shifter npdule 18 includes a housing 86 (Fig. 9) koyar, for
exanpl e, an® B0417%bl e nunber of MEMR, phase shifter Smﬁz‘ggﬂm@g shown) ,
for exanple two, nounted to the housing 86. It will be WD 2004/ 077607

PCT/ US2004/ 003905 10 appreci ated that the nunber of MEMS phase shifter
switches will depend on the particular application. A pair of RF pins 88
and a plurality of DC pins 92 protrude fromthe bottomof 5 the housing 86
in a direction substantially normal to the plane of the housing 86 (Fig. 7).
The RF pins 88 correspond to the respective input and output radiating

| ements 14a_and. 14h. Th i tend through the thick f th
PCE 64 in a BPEHPLRELB REROTG! MRE phananiet T pCutiblepent o g © 1

el ectrical | ypsafipn@Cdppflcdtionr espective mcrostrip transm ssion |lines 104 (that
is, a balun) that are nounted on the side of the PCB 84 10 opposite to that
whi ch the RF MEMS phase shifter nodules 18 are nounted (Figs. 7 and 8). The

t i SSi | i 104 electricall d t £ i nput and
butput radi at | noRd a8 s Flirmy ST DE s ol FRREE nalfimido « ho
i nput ands outiRHousih@8é ald dl%cﬁb@m?)%ﬁtialﬁ%loﬁﬂﬂ td e -Elzin@ of iR H‘ohéiﬂ% B6 atig

o).
exenpl ary enmbodi nent, the transm ssion |ines 104 are L-shaped, and %ave one

| eg ext endi ngthgditopins 8heorrespondde thegespsetivieduput 3@l ouiputivediating chengantsldalsnd e

ortion 34 [0 P f.t respgcti radiating,e t.s 4a.and 14h. The
Pect angul ar \ BAZSTIRRE pish 6 sKEHH Eivigh S Byt BGPTSR o e Hommi
transm ssi oneipihebd the PEB BHang bRteledficallySdrRedtad @ redpRatvearicRsipt e ground
pl ane (that is, the rect an?tul ar portion 34) which causes a voltage

potential , tHarsbssiorpliesrl e (the inadekiy) thet arpmopaigdoe thel sidepfihedP @B 84 36 of the
respecti radi at.i el nt s 14b. .20 The pins 9 0 extend
t hr ough ;{E e Pﬁéogﬁ%{gxgtgat O@”ﬁ@e%@@@? seaﬁj%hz.er mo}&uleP(IjS are moun%edaeFlsgs. TR’

8). The transmission lines 104 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 exemplary embodiment, the
transmission lines 104 are L-shaped, and have one leg extending across the respective

15  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 104. At the slot 36, there is a break across the ground plane (that is, the
rectangular portion 34) which causes a voltage potential, thereby to force RF energy to
propagate along the slot 36 of the respective radiating elements 14a and 14b.

20
The DC pins 92 also extend through the thickness of the PCB 84 and are
electrically connected to DC control signal and bias lines 108. The DC control signal
and bias lines 108 are routed along the center of the PCB 84 and extend to an edge 110 of
the PCB 84.
25

1t will be appreciated that the orientation of the RF pins 88 and the DC pins 92
relative to the plane of the housing 86 of the MEMS phase shifter modules 18 enables the
RF pins 88 and DC pins 92 to be installed vertically. Such vertical interconnect feature
makes installation of the MEMS phase shifter modules 18 relatively simple compared to,



electrically connected to DC control signal and bias |ines 108. The DC
control signal and bias lines 108 are routed along the center of the PCB 84
and extend to an edge 110 of the PCB 84. 25 It will be appreciated that the
orientation of the RF pins 88 and the DC pins 92 relatjive to the plane of
t he housi %8 ¢%e MEMS phase shi fiier modul es 18 enabt EESPHEOOHE ins 88
and DC pins 92 to be installed vertic i1 y. Such vertical interconnect
feature nmakes installation of the MEMS phase shifter nodules 18 relatively
si npl e conmpared to, WD 2004/ 077607 PCTI US2004/ 003905 11 for exanpl e,
conventional MM CS wth coaxial connectors or external wire bonds, or other
conventi onal packages having end-to-end type connections requiring numerous
process operations. The vertical interconnects provide flexibility in

instal lation enabl i ng, for le.. a surface nmount, pin grid array, or
BGA type of PACKHBRIS, aojentional SRAIRS wifhepgiial pannegiors ersxts ed n?sepb ht in
the illustra 'Vﬁ:fgrgn L . he w de
band f eedt hrgﬁg &F{Sﬁi@kﬁxﬁ%ﬁ&%@%ﬂl@d S acééggg(;]%g%llﬁlggtﬁ%?%u%ﬁgl\ggﬁ§o#%

col um-1i ke pmséssopcratiord. Sheeeatica patetcoimects panidesflekibility ih instaliationpay, t he

i nput and out % ra%di ating el egents 14a, an% 14b ob(g he re?ge tive input 10
and radi at i n@‘? Llﬁ& o xample, a Fitags mount, RN IR 4 BGA BRER A% ens 11 are
configure? in two dinmensions, that is a lattice structure of rows and
colums of input and output radiating elements 14a and 14b is formed. The
| atti ce spaci ng nAyisshowelieRigetD, hadiisle BOBs 84 (right xatiplildystrated ekenggleryncy and

scanni ng capabjlities desired for a p i cul ar pl.icatjon. 15 The DC
control sign&® %4%@6 'S%C%IrFH{E'?mi’EﬁBaW%rééﬁwlf)@%a@‘g%éﬁ@%ﬁ‘éhgmé%ﬁ@&bﬁr 124. In
the illustra i r; ai n ectors
124 in turn aret e SaP b ALl el R ot by B I 152
whi ch in turnths waypthedqiug dnd autput Didiatingtetanientsi lda apd il 41 efthevespevgvédmantd ( PVB)

138. . .. : .
10  and radiating apertures 54 and 58 of the wide band feedthrough lens 11 are configured in

two dimensions, that is a lattice structure of rows and columns of input and output
radiating elements 14a and 14b is formed. The lattice spacing may be selected based on,

for example, the frequency and scanning capabilities desired for a particular application.

15 The DC control signal and bias lines 108 of each PCB 84 engage a connector 124.
In the illustrated embodiment, there are eight connectors 124. The connectors 124 in
turn are electrically coupled together via a connecting cable 132, which in turn is
connected to a DC distribution printed wiring board (PWB) 138.

20 Referring again to Fig. 9, an application specific integrated circuit (ASIC)
control/driver circuit 144, which provides the E-plane and H-plane two dimensional
scanning, is mounted in or to the housing 86 of each phase shifter module 18. The ASIC
circuit 144 enables the DC inputs/outputs of adjacent MEMS phase shifter modules 18 to
be connected together serially. The ASIC circuit 144 controls the individual MEMS

25  phase shifter phase settings of the MEMS phase shifter module 18 in which it is installed,
and allows serial command and biasing of the MEMS phase shifter switches. As will be
appreciated, the design of the ASIC circuit 144 may be according to current CMOS IC

manufacturing processes, for example.



20 Referring again to Fig. 9, an application specific integrated circuit
(ASIC) control/driver circuit 144, which provides the E-plane and H pl ane
two di nensional scanning, is nounted in or to the housing 86 of each phase
shifter nodule 18. The ASIC circuit 144 enabl es the DC inputs/outputs of
adj acent MYOROMYIWT shifter nodul es 1? be connect edPQTdﬁ AOHAPR i al 1 y.
The ASIC circuit 144 controls the indf%idual MEMS 25 phase shifter phase
settings of the MEMS phase shifter nodule 18 in which it is installed, and
all ows serial command and biasing of the MEMS phase shifter switches. As
will be appreciated, the design of the ASIC circuit 144 may be according to
current CMOS I C nmanufacturing processes, for exanple. WD 2004/ 077607

PCTI US2004/ 003905 12 Toget her, the MEMS phase shifter nodules 80 and the

wi de band r adi atl e 4a a 14b that neke up. the jnput aperture 54
and radi ating ape é&?@fﬁﬂiﬁhmw gerﬂ’é eSO od thsayide b g‘f %S ori ent ed

n the i1 1 UStipbad) eXanPlBaeRodh bt érﬂ]?é:54§idgja&£ﬁnog7%e§tﬁ%%'d? ¢ hat

occurs parallel to't ating el enents a an H pl ane
scanni ng thamdnachaudﬁeeﬂ'é:rqaghdﬁmt]ﬂaas orientethan thelkistrited ectngiarpgmbbdiment, s  14a

d 14b. T t h ft tii f h ME h hi ft
modul e 18, B Bralinestanine bespcarnasrle FlBe s Conetes rRoRe e Bila. ¢ he
DC di stri but i a.mﬂ‘ﬁﬁﬂmc&ﬁu B MENSpaBaREcuSR IS h%rrowquﬁ' iafif ALABEs L he row,

where it is receive erentlal ['i ne receiver t vvlthlnthe ASI C
circuit 144. 14hand idyi &“ocadjrustrthd: pluise shufterrsgttings fouedch MEMS phaseshifteb&lo@ulei r cui t

144 maybe us st the hias of each. MENMS hase ch to realize
a desired phig’ Jr'\%jfcp %i‘) %‘&W%@“&g@m PRFR 1S qﬁv;caﬁ.{igﬁgﬁggﬁgnon'; pl ane
and H-plane ?WBS‘IQ’eaQ{MfE&WS ﬁlﬁéggﬁlﬁﬁ&riﬁédui’ec?&‘ﬂbﬂg&hewa,%ﬁf‘er@ﬁ?s@eéé?@ﬂ%&ed from

the antenna 10. 15 Although t I nvention has been shown and describéd with
respect to cediféirential lineurs¢eneer buliltemition theeARIE cirewjtil 44al Betlogit tenta cipewstriand
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shifter switch to realize a desired phase shift output. Each ASIC circuit 144 thus effects

E-plane and H-plane steering, or two dimensional scanning, of the beam radiated from

the antenna 10.

15 Although the invention has been shown and described with respect to certain
illustrated embodiments, equivalent alterations and modifications will occur to others
skilled in the art upon reading and understanding this specification and the annexed
drawings. In particular regard to the various functions performed by the above described
integers (components, assemblies, devices, compositions, etc.), the terms (including a

20 reference to a "means") used to describe such integers are intended to 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

25  the invention may have been described above 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.



drawings. In particular regard to the various functions perfornmed by the
above described integers (conponents, assenblies, devices, conpositions,
etc.), the terns (including a 20 reference to a "neans") used to describe
such integers are intended to correspond, unless otherw se indicated, to
any i nt egeWOMM799%r forms the specified function of t ECTHEREMBEES i nt eger
(i.e., that is functionally equivalenFﬁ, even though not structurally

equi valent to the disclosed structure which perforns the function in the

herein illustrated exenplary enbodinment or enbodi ments of the invention. In
addition, while a particular feature of 25 the invention may have been
descri bed above with respect to only one of several illustrated

enbodi ments, such feature may be conbined with one or nore other features
of the other enbodinents, as may be desired and advantageous for any given
or particul ar apphdriatenoinyeniion xebules 7y 9ok epayalegs eodimodEisaions1@dThe pr esent
invention in equl Vv, nodi fications, and is limted
only by the @‘lé’%{%gg%?lbﬁ’ﬁhze%?gﬁ°menf§11§‘10%’§ﬁ§ﬁgi4 CLAIMS 1. A steerable

el ectronically scanned | ens array (ESA) antenna (10), conprising: a w de
band feedthrough lens (11) including first and second arrays of w de band
radi ating elenents (14), and an array of phase shifter nodules (18)

di sposed between the first and second arrays of radiating elenents (14);
and, a continuous transverse stub (CTS) feed array (12) disposed adjacent
the first array of radiating elenments (14) for providing a planar wave
front in the near field; wherein the phase shifter nodul es (18) are MEMS
phase shifter nodules (18) which steer a beamradiated fromthe CTS feed
array (12) in two



di rensions, and the first and second arrays of w de band radiating el enents
(14) are fabricated onto a printed circuit board (PCB) (84), and the MEMS
phase shifter npdules (18) are nountegy to the PCB (84) between the input
and output wde band radiating elenents (14), and each MEMS phase shifter
nodul e (18) includes a plurality of DC pins (92) that extend through the

t hi ckness of the PCB (84) and electrically connect to respective DC control
signal and bias lines (108) that are nounted on the side of the PCB (84)
opposite to that which the RF MEMS phase shifter nodules (18) are nounted,
and are r &HAIMSal ong the center of the PCB (84) and extend to an edge of
the PCB (84), where the DC control signal and bias lines (108) are
connected to a DC distribution Iine (138). 2. The ESA antenna of claiml1,

wherein edach MENte@hbkreelsbirdriedllyrsrdnhed IdnkBrrayn@Sdemtenmp(10)of RF pins (88)
corresponding to respective first and second radiating elenents (14) of the
first andC8BWHENIdarrays of radiating elenents (14) of the w de band

f eedt hr ough | egs,; 1 i aim

wherei n each é%é%%g%*%%ﬁ?otuéﬁq%ﬁ@@ﬂ@ggﬁq ﬂ%ltégégggggglgtrgg?s F pins (88)
cor r esponaigeybaind rassaecy elements (1<), andars ecendf pbakeashifigr mloduiest($8) 14) of t he
first and second arrays, of,. radiatin el ements. . (14) of the w de pand

f eedt hr ou&h"ploéﬁg b?é"ﬁ n tgﬁ(jfr%lt %%%goggfr@fysggr?ﬁlégng}%lgg)en!t%fn\%r);e 'ving seri al

conmands from acléﬂﬁ%&]se@éﬂld%ré“é)ﬂnldg@ml) fof ak HPE2) diposbdlabjacehepe the beam
radi ated fromthe CTS feed array (12), and wherein the RF pins (88) and DC

pi ns (92) fisst@rmayiod madigting:elemmiite (14 fonpraviding @ pleser wayge dronhoutbenga( 86) of
t he respe(f%i ve MEMS phase shifter nodule (18) to enable interconnection of
sanme to th dF’CB (84) in a relatively vertical manner. 4. The ESA antenna of

any precedi ng ehatrdin thalphéss shifiel mddoies an8)earpIMERIS piase shifter modules

(18) which steer a beam radiated from the CTS feed array (12) in two
dimensions, and

the first and second arrays of wide band radiating elements (14) are
fabricated onto a printed circuit board (PCB) (84), and the MEMS phase shifter
modules (18) are mounted to the PCB (84) between the input and output wide
band radiating elements (14), and

each MEMS phase shifter module (18) includes a plurality of DC pins (92)
that extend through the thickness of the PCB (84) and electrically connect to
respective DC control signal and bias lines (108) that are mounted on the side of
the PCB (84) opposite to that which the RF MEMS phase shifter modules (18)
are mounted, and are routed along the center of the PCB (84) and extend to an
edge of the PCB (84), where the DC control signal and bias lines (108) are

connected to a DC distribution line (138).

2. The ESA antenna of claim 1, wherein each MEMS phase shifter module
(18) includes a pair of RF pins (88) corresponding to respective first and second
radiating elements (14) of the first and second arrays of radiating elements (14)

of the wide band feedthrough lens (11).



specific integrated circuit (ASIC) control/driver circuit (144) nmounted with
respect to each phase shifter nodule (18) to connect electrically serially
t oget her adjacent MEMS phase shifter rgodul es (18) and to control individual
phase settings of the respective I\/EI\/B1 phase shifter nodule (18). 5. The ESA
antenna of any preceding claim wherein the wide band radiating elenents
(14) of the wi de band feedthrough lens (11) are oriented such that E- pl ane
scanni ng occurs parallel to the rows of radiating elenments (14). 6. A nethod
of frequency scanning radi o frequency energy, conprising in conbination,

t he steps3of: ThepESA agtenadiooahy(pqermdm ¢18R), vereremyedont MEMS phasenuous

t t b fe t t he RF th h
ol ur a1ty SortetedhEictey inriistenane o REine (4 soMGrpIBHnG [ eshEciR e 1 v 8
near fi el ﬂrst%mﬂtsbb&gd H*tﬁatFFFg é’lbﬁié%té"@l\ll? of meoﬂr@f‘arﬂd“@évﬁon%pﬂféyér(ﬁ rééﬂ)m@f a wde

band feedthrough lens (11)" including a plurality of phase shifter Todul es
(18); coelamentad!4)nd tRF-wide/band teedthiraugh insdi éetanpra plugality ef DCing adi at i ng

the RF si l.s rough a.radiating .aperture 8). of the. wde

t eedt hr oudit Bh e MY Selid BB SABR A e SRS colit! G M i g an

ant enna bgamau Rebev Aiey bgmaaliiatstiRoRthe ICTId Rebarfdyon2), dritpwhésh fhat o t he CTS

feed arra#é thereb& to change an angul ar posi t| on of the antenna beam
n

in two di MENRINBAES) APt ey (%0 @re Péﬁ@@ﬁ@ef lardy with regpeghi®eAna beam
wherein Mﬁngg 86 CorhL fe ecﬂ‘v"é’mﬁg@s\(ﬂ%g %Bﬁtgvﬁ?ogil aét) 1%3?8?@?@%“6 RF signals;

afirst arra d 'a second arra ban nts (14) are
fabri cat emtem)onectmnl wftsame:iormmFtCB(()&ct dn @RERYtivER4ertical manner.

4. The ESA antenna of any preceding claim, further including an application
specific integrated circuit (ASIC) control/driver circuit (144) mounted with respect
to each phase shifter module (18) to connect electrically serially together
adjacent MEMS phase shifter modules (18) and to control individual phase
settings of the respective MEMS phase shifter module (18).

5. The ESA antenna of any preceding claim, wherein the wide band radiating
elements (14) of the wide band feedthrough lens (11) are oriented such that E-

plane scanning occurs parallel to the rows of radiating elements (14).

6. A method of frequency scanning radio frequency energy, comprising in
combination, the steps of:

inputting radio frequency (RF) energy into a continuous transverse stub
(CTS) feed array (12);

radiating the RF energy through a plurality of CTS radiating elements (68)
in a form of a plane wave in a near field;

emitting the RF plane wave into an input aperture (54) of a wide band
feedthrough lens (11) including a plurality of phase shifter modules (18);

converting the RF wave plane into discreet RF signals;



the MEMS phase shifter nodules (18) are nounted to the PCB (84) between the
I nput Wi de band radiating el enents (14a) and the output w de band radiating
el enents (14b); DC control signal and fgas |ines (108) are nmounted on the
side of the PCB (84) opposite to that which the RF MEMS phase shifter

nodul es (18) are nounted; the DC control signal and bias lines (108) are
routed along the center of the PCB (84) and extend to an edge of the PCB
(84), where the DC control signal and bias lines (108) are connected to a
DC distribution line (138); and each MEMS phase shifter nodule (18) is

provi ded with #adiatingthetRF efgnBE thpiugh 4 BR)atingaapesture (oB)tdirtbe glide bandPCB ( 84)

and el ectricall nnegct, . t,0 respective. trol  si | and_bias |ines
(108 7. "asilheole dERE 1 Betey e iamPEing Tirde blapalsra T BemMera e ener oy
i ncl udes ghesWiangedneadrS radi ating elements (68) in series. 8. The nethod
of claim6 or claim?7, further including the step of ad'éusti ng the phase

shifter output VRYING dEeabepacefthe RiENENpHAR eshinta Be Gbadeed aprag)12)py
o B\ Bloi p R PG D, SR8 Y A 7S i e
and to effect frequency scanning by the antenna beam;
wherein
MEMS phase shifter modules (18) are used to process the RF signals;
a first array and a second array of wide band radiating elements (14) are
fabricated onto a printed circuit board (PCB) (84),
the MEMS phase shifter modules (18) are mounted to the PCB (84)
between the input wide band radiating elements (14a) and the output wide band
radiating elements (14b);
DC control signal and bias lines (108) are mounted on the side of the PCB
(84) opposite to that which the RF MEMS phase shifter modules (18) are
mounted,
the DC control signal and bias lines (108) are routed along the center of
the PCB (84) and extend to an edge of the PCB (84), where the DC control
signal and bias lines (108) are connected to a DC distribution line (138); and
each MEMS phase shifter module (18) is provided with a plurality of DC
pins (92) that extend through the PCB (84) and electrically connect to respective

DC control signal and bias lines (108).

7. The method of claim 6, wherein the step of inputting RF energy includes

feeding the CTS radiating elements (68) in series.

8. The method of claim 6 or claim 7, further including the step of adjusting
the phase shifter output for the respective MEMS phase shifter modules (18)
by adjusting the bias of one or more MEMS phase shifter switches in the

respective MEMS phase shifter module (18).



