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generally to electronically scanned antennas and,
nore particularly, to an electronic scanned antenna
With a mcroel ectromechani cal system (MEMS) radio
frequency (RF) phase shifter. BACKGROUND OF THE
I NVENTI ON Advanced ai rborne and space based radar
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antennas (ESA) including thousands of radiating
el enents. For exanple, large fire control radars
whi ch engage nultiple targets simnultaneously may use
ESAs to provide the required power aperture product.
Space based lens architecture is one approach to
realizing ESA for airborne and space based radar
systens. However, when the space based | ens
architecture is wutilized at higher frequencies, for
exanpl e, the X-band, and nore active conmponents such
as phase shifters are packaged within a given area,
wei ght, increased tHEKﬁﬂNﬂ3 gL  and power
consunption may deleteriously affect the cost and
applicability of such systens. Heretofore, phase
shiTHe¥resant Bivetfonl related géﬁérﬁﬂﬁtcﬁélédtﬁbnﬁféﬂy ReMAnkE BStedids AMd,
antennas have included ferrites, PIN diodes and FET
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Al so, the inplenmentation of PIN di odes and FET
switches into RF phase shifter circuitry is

conpl i cat ed bBACOKGREENIDOFAFHEANVENIAOIN DC bi asi ng
circuit along the RF path. The DC biasing circuit
needed by PIN di odes and FET switches Iimts the phase
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use ESAs to provide the required power aperture product.

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
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



performance of avail abl e phase shifter circuits fal

short of what is needed for space based radar and
w@ormsmogsat i on ESA's, where thousands of thesePUPUSNE$003318

are used. 10 SUMVARY OF THE | NVENTI ON The present

I nvention provides a mcroel ectronmechani cal system

(MEMS) steerable electronically scanned | ens array

(ESA) antenna. According to an aspect of 15 the

invention, the MEMS ESA antenna is steerable in the

E- pl ane usi ng MEMS, phase shifter nodul es, and :
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for providing a planar wave front in the near field.
0The H pl ane phase shifter nodules shift RF signals

i nput into the CTS Q@%eﬁpgﬁl phase
settings of the H %@g%&%@% shifter f&;o%dljl es, and

t he E-pl ane phase shifter nodul es steer a beam
radiated fromthe CTS feed array in an E-pl ane based
on t he Phapreswibinventen piovideea mictpplgelzorperheaicghiystear (MEMS)
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e s HERD SRS P o) SRS AQoRBfeliipectof

152 B ERREtie, thd MEMSHRA SfaMIiNGesablen fHeSKIYRAS Yising MEMS phase
energy, conprising the steps of inputtin radi o
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H pl'ane phase adjusted RF signals
and second arrays of wide band radiating elements, and an array of MEMS E-plane

20 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

25  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.



through a plurality of CTS radiating elenents in the
formof a plane wave in the near field; emtting the
wok@bamd4phase adj usted RF pl ane wave into an PEPUS2004/003318
aperture of a MEM E-pl ane3 steerable | ens array
including an array of MEMS E-pl ane phase shifter
nmodul es; converting the RF plane wave into discrete RF
signals; adjusting the 1 o phase of the discrete RF
signal s based on the phase settings of the MEMS
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view of a pair of wide band radiating el enents and a
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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.



array and a one di nensi onal MEMS H- pl ane steerable

conti nuous transverse stub (CTS) electronically
wGaeasnes4d eed array. 10 Fig. 4 is a top plan vPeEmUsi004/003318

the Fig. 3 electronically scanned | ens array antenna,

except that the Fig. 4 I ens antenna has 16 MEMS phase

shifter nodules and CTS radiating elenents. Fig. 5is

a cross-sectional view of a segnent of the continuous

transverse stub 15 (CTS) el ectronically scanned feed
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Fig. 9 illustrates a printed circuit board (PCB) of
the Fi 7 MEMS steerable electronicall y scanned | ens
10 arr ay glﬁge‘hwal top plapyicwh gt s Fag. Baslechionisallis seaumed leas paayantenna,
r
rosrinhd 4 RE Rl RGN pINEV R BBARGITR, MdErs
| ne@iatih®@Blemdntsi 9. 10 is a side el evational view of the
Fig. 9 PCB and MEMS phase shifter nodules as viewed
fromthe Iine 10-10 in Fig. 9. Fig. 11 is a bottom

view OfF1g h? 1sa cgossgsegt%%a Vlewlv%lgssegm teoﬁﬁ]é (ton?mugﬁ)sdﬁ"zlngéerse stub
15 (CTS) electronically scanned feed array of Fig. 3.

o1

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.



10 Fig. 12 is an enlarged view of a MEMS phase shifter
nmodul e in accordance wth the present invention. Fig.

wa 059188 expl oded view of the Fig. 7 MEMS st eRCHDEM04/003318

electronically 15 scanned §ens 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 | ens array
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antenna in accordance with the present invention. 20

Fig. 1 ,is_er ectlve i.ew. of t H pl a
st eera Wn? gm@@gp é’&%w%éﬂfsﬁ WSIEMS steerable

6&%51%& v RRnaihaudak 312 gf?ﬁﬂ‘ted wide band

|nC| ent  ‘wave ront erng shown via nes
Hradiaiives eslemamts,rvgd\anarmy pOMEMS phédeghiftet ﬁmdilﬁas oaahehPCB in
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( @pesyrdace syt FEQSFW%WH%d feed array of Fig. 15,
showi ng a phase constant thereof. Fig. 17 is a block
di agram of a packagi ng concept of the MEMS H pl ane

st eer alitig 10dBkisite@lesatiorah sicsr sfths Figh 9(FCESHnd MEMS phase shifter
el ectronically scanned feed array of Fig. 3. WO
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OF THE INVENTION I n the detail ed description which
follows, identical conponents have been given the
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are shown in different 5 enbodinents of the present
invention. To illustrate the present invention in a
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H pl ane steerabl e conti nuous transverse stub (CTS)
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.

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.

Figs. 16a-16¢ 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.



el ectronically scanned feed array 12. The MEMS

steerable Iens array 11 includes a rear array of wde
whawdorsads ati ng el enents 14a, a front array of P@u/ug2004/003318

band radi ati ng 15 el enents 6l4b, and an array of MEMS

phase shifter nodules 18 (Fig. 2) sandw ched between

the rear and front arrays of radiating el enents 14a

and 14b. The MEMS steerable CTS 12 includes a CTS

feed array 16 and a row of MEMS phase shifter nodul es
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the antenna beamto a different angul ar position al ong
t he E- pRefieeringAsitiaillylto Bipsalppythe pakead intdndopisstnt dimensional
i nvention obvi ates the need for %r ansm ssi ﬁn i ne
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f
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20 mﬁlg/%sgt%gﬁg d”[%df ZC 1'2 %hgﬂoﬁéﬁ%ﬂceﬁ%ﬁé reerra§ arzrgy ot];ggf’agng 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



substanti al nunber of antennas, and the antenna 10 of
the present invention by neans of the MEMS phase
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| oner cost, wuse relatively’less power, and be lighter
in weight than prior art antennas using PIN 15 di ode
and FET switch phase shifters or transmt/receive
(T/R) nodules. As is shown in Fig. 2, each MEMS phase
shifter nodul es 17 and 18 is sandw ched between a

oppasite faci wi.de band. ralatl el enment s
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phase shifter nodule 18 at opposite ends of the phase
shifter nodule 18 in the direction of the

feed/r i k. . t he base

have a%\%\n d% %ﬁtg fi 11019%1’ aasﬁéhlg g&%sg'g iilg

t bﬁldm&dﬂﬁ&ﬁ@n St 6iﬁfppﬂﬁtélihﬁn§SzldeTMd&bcﬁmuﬁ)gJélbm@ﬁ@ 14. In the
38 are narrower than the respective base portions 34
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o gl RSB BT P P AR R e 1

abgd@bdut 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
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



di stal portions 42 project fromthe respective stem
portions 38 in the direction of the feed/radiating

w@zios/0r80ad branch laterally away fromthe PCT/US2004/003318
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feed/radiating axis A and #away from one another. The
arcuate distal portions 42 together forma flared or
arcuate V-shaped opening that flares outward fromthe
phase shifter nodule 18 in the 15 direction of the
feed/radiating axis A The flared opening of a w de

R
USG5 s 05 B T eionr

sltint fe8'radiatingenxisohdy depnaperaiohVolhepintenaa 40i Thebase portions 34,
nodul e_18. gﬁe flared agpening of .a wide band radi ating
el

Rierred to,hereinas spymdinlanes aroedisgeghoncangthsr abow thasns

IS I . i . f :

c PR Mling 209 (R ek nl P BloE Siifler ARRHOY o i BFhOAE ends of he
¢ @hnsesshofted ingludd 8 in3he dinebtion pIf thef fe@Pradpting axiUX.NTogether the
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14b as maybe desirable for a particular application,
Fotenzonh i Ricthe Bear gndtpfthe MEMbestogEab: bne arrap ! brdceryss and channels

arr 11 incluydes sixtee hase i s 18 and
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fed by the MEMB st eer abl g CTS 12. Trﬁ_epE)/El\/lélést cerapl e _ .

Cr®du, 1§.| Thesflared epeniing ¢4 ywide Dandtadigtingreddnuie § 4 ahthe opposite or

plfrl“cl)rn lGIIIC{ 3 tﬁg 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
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



lo MEMS phase shifter nodules 17 (four in the Fig. 3
enbodinent), a plurality of RF inputs 62 (four in the

wo-r@s/omoesbodi nent), and the CTS feed array 16PCTO820CT®3318

10 o d¥EMk

feed array 16 includes a continuous stub 64 and a
plurality of CTS radiating elenents 68 projecting
fromthe continuous stub 64 toward the input aperture
54 of the MEMS steerable lens array 11. In the
illustrated enbodi nent, the CTS radiating el enents 68

136&&@1%'5@% d I n uang lgl{é)t r%g%g%%sg\%%tﬂf%%xﬂgs QP iput and output
| lrbﬂﬁﬁﬂ@él&ﬁeﬁ@@ﬂﬂ@ﬁh It fal g&gf%g%t%%@g}hﬁ'aﬁ@g =S c@ﬁlpnse

are transversely spaced apart e sSane
d iasy anitzbleaguanhty afiMBEMSeplwese siifieisi§ ané umzele and betputyadiating

DAY TisGE T 68 nX G PTDIS BF & RBriaan aRRICROR For ayammple
ggﬂ FEL e AENR! stddifh1S RAS hﬁi%&??fdé'ﬁﬁ@s LR TR h%Eé {ififters 18

el'enents 68 need not e same as or correspond
t and kxtepagput gnd ettpecwidelband relidting rebahetts hp aldelbnt s
l4a. Moreover, it will be appreciated that the CTS
radiating elenents 68 (that is, the colums) and/or

R

Cl3. TheEBSxdderdide CTS 125 Hhmtratad iroFigal3 gl 4yiitdudes the plurality of
correffond to the colums and rows of the in

ut and
pigse ghiftermedples bhddirdn th‘aFlgn%ielllthlﬁ’f?HBo? Al¥fality of R

| eneg PP aguil i e SURLTE B LPT TRt SR SPAFCTS foea

havray 16 Iim:hﬂfes afcontiiuoi® b &4 chak phabkiiyeg (l'ml’adiahﬁg MEMEnts 68
steerable lens array 11 depending on, for exanple
t PEOIBEES fEqim Hhe contiavats SEIRHA tewerdothe iyt m@iéeﬁéle MEMS

PSRN BP0 1 o U  y s

15 Tmerrb@tdﬁd %t @emebl 1© thd TaphParddipid e&h@m@l @EBEALE T IllFa Z&i 14b. Also,

that is nmade of plastic such as rexolite or

pan {hsribpsfratadeembadimens, the SHiSadiating elementses are tranﬁe/ersely spaced

- SPRF DU Py el L5 SR oAb B SR o
C QidihtiipOs)em &itsl P4 Hdn PR treadsvefsad @p Aindetwb &b stfBradidtig

MEMS steerable CTS 12 lends itself to high vol une
pletesangs kb dtiwilbbe anpaeqiatedithapthgsparingbaveesibs GTaraditiag

20 g%ﬂ%&%ﬁw@ @e%h?lg}glit)éf E\ﬁ? 5?1121% lé{% %{?\(}ol%{elsg&dqg %leagpagi?l% beRVéen the input

25

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
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.



production costs. 10 The MEMS steerable CIS 12 is a
m crowave coupling/radiating array. As is shown in
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a primary line feed of arWdtrary configuration have
associated with them | ongitudinal electric current
conponents interrupted by the presence of the

conti nuous stub 64, thereby exciting a |[|ongitudinal,
z-directed displacenent current across the

st ub/ par al l.el ate interfac 15 Th| i nd
di spl a?éaéﬁfae S-aRtions] e AF BRI 0 %.Mﬁw\ﬁﬁﬂjﬁteerable CTS 12 of

Stﬁ‘%t 3! ARAAENS st AMES CTSrlelﬁél'u@ % %étrié’ﬁiéﬁe of plastic

64 1nthe x direction to a I ng
e sedteastrsxdBe ot pulgprbpyencs pad &. m:ltdlnﬂ?ﬁSar kegﬁ’mde‘dctu m]de gHapé shown in

7 8 forhie LS 0y aeh wataliasd vt el v tetodpra the

r I a
%ﬂ‘ Bt M B B PTR AN G5 g HE MBS RARe T8 12

5 lﬁld@ 1t368to lagldvalmb pEE6¢ 8kitysiad indohetahplatingip@cesseeibyt are

i ncorpor.ated herein by reference in their entireties.

| ROBBIORAR PRSMORKS BHBPGFIUrEE opsRiensand. qcarAingly frilitates low
R%&Cé&h {0 the MEM5S H plane phase shifter nodul es

and t hen to the CTS radiating elenents 68 via the

par all el plate wavegui de of the MEMS steerable CTS 12.

The H pl ane ase adjusted 25 RF signals are then

radi at d4¢ MEIB&S tRpie Che 1ETse preroweY nepwliagssdiatineprray. As is

ol P P i 411@?%%*2@;"9 B Rl R lahlifelie eyt foed

f poambithey Rﬁqﬂgmmionﬁlavé gssbeiete@hSth thekhdbndigidalabelRekis cBent
are not equal. The RF plane wave is emtted into the

i ApPoRgET INierapsd byfthe presques/Bf Siesentamions s@hé%ﬂneea}ayfzcitmg a

byt L] elenents .68 and th
it 2O bR e S G AR Pl Efheertuce
Pﬁism&/dﬂ?%éﬁentkﬁﬂéﬁtgﬁ%ﬁ eRbitestdaBivaRnPSIeSERRadibtic waves
the MEMS E-pl ane phase shifter nodules 18 to effect E-

p tram:lmgoaﬁm qegtipypug Smlvrﬁﬁlelrl thepx élrfsqnqnyo d@s@TS pestiatingl edements 68

r Bl 05 S hec B Eroal R S i Sagdmal Sperate a
S fréquendie as BIpH a8 94 GHA Ofor fddther Abtafth keﬂﬁh 18 al ¥k E8RYlary CTS feed

i ncor porated herein by reference in eir
e ATy refgrerce mMaycbeNENRO br.Ddsdend Nosi @A, @21ar5e36tll;ﬁ$|6- 5,349,363; and

' ?,2%8‘,‘3'6 ?,t a?fjofo thlc}tl Ia]r% ge%ytulgc%r}go%gteg 1'here% 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
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



aperture 58 of the MEMS steerable lens array 11, which
then reconbines the RF signals and forns the steering
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CTS 12, the antenna beam ndves at different angul ar
positions along the E-plane 78 (Fig. 3) as a function
of frequency, as is illustrated for exanple at
reference nuneral 80 in Fig. 4. As the frequency

vari es, the output phase of each CTS radiating el enent

S BelE A e piogesaed i NINGSE oFig phatmbiies Tt SR 6ffect E-
EF&%E 30rBirYin TRRNReChofd fﬁﬁ%’ ﬁ@&;ﬁbﬁ%ﬁ%@w ¥or AfttheP gé’é@% re datlng to

i fting. I'n anaternalvee ment, a w
f pe iV phiase shiftreefertnby mbg ddhnadto Ulte Pﬁféﬁt Nadi6a81(838;

el 68 J ralle i ng a corporate parallel

p%?i g&é@&d i 0t aalyo l(’ g{Ch%lm? by ingorparaid herein by aefsgpnoe in

tﬂférgﬁﬁ iating elements 68, the distances that the
claneré{}f%tgravels fromthe RF input 62 to the CTS

radl ating elenents 68 are 20 equal. As the frequency
varies, the o t put phase of each CTS radi ating el ene

68 chdhgdEMS rsofssied signalsiape then remdiateciout thigiah iheediating
Serftil S88 hQ RS LR eﬁyagaymgnch {hggréc%ﬁg)%és@@e RF
rture rermlns N a xe Si

s elgﬁmtmd: fmgteem@eing\anmgnabmg E@mels h@éli?és SMEMEMS steerable
ﬁ'l ane 25 steerable lens array 90 i ncl Udlssq% col umm

> theranfaenesberia s vehtidi Eptent agulse pesiiprssHons e &nplane 78
S &ﬂg.@g% al ﬂ}n&ﬁﬁ%&’%gﬁ&c | 45 flﬁ?trﬁﬁ %(ferr&afngfé 4l E‘éfgrence numeral

the “arrow r esen
CE@uf Bigdl4.ansaye D&ukady x'dﬂéls A€ osthBEFHaBYof &ach UI(SM&diaﬁng element
t he background of Fig. 6 behind the MEMS steerable
| 6% shangesyt dfferetates KENibingtie Sieauiney iseansingrin dye Belane. Thus, the

D8 G B e Bl B ST s SR Ph s e 00

1l4a and 14b nounted on respective printed circuit
boards (PCBs) 102, and five |l ens colum supports 106
each i Heiuaifemeptiye pmbgémmt fatveide hard frnrgielnpm aghigvedbic feeding

o e ook el R AR SRR ho Pt PRl Pty omuide

afHéd d shdhe). kB}aﬁdrﬂgal e the 0S 1Qfiakhs BleReBRGR, ﬂl@ld!rhﬁrﬂlces
5 support 106 are connected to a printed wiring board

( athe RiBener gy travebsrfpdne theaRF irpast 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 aperture 58 remains in a fixed position.

Fig. 6 is a schematic diagram showing a one dimensional MEMS E-plane
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



top of Fig. 6, which in turn is connected to a beam
steering conputer and power supplies (not shown). The
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nodul es 18 to effect the afidrenenti oned E-pl ane
scanni ng. Mre specifically, each colum of phase
shifter nodules 18 is controlled together as a group
so that each 1 o phase shifter nodule 18 al ong the
col umm recei ves the sane phase setting fromthe

[ bi ' I th tive lens
c o iadmpens 14o8d (b Srirtonmipecore pagjed iati sowdnPCBo
f i . fy - 0 ..
G PP LSS s 1 B U 86l iin e

pradrmsisiamhg theyiatice anangement atha e of ghase gkt Modules 18 and
106.

Figs. 7-14 sh I
o Ebnesiemgits Lt o, Jue hisee lncs @x%éz%rp@z{ﬁrye@afgm
| : LZ]: I rol o
RO 19 i\ AP SRR B Pl e
i inpeoftHigre, wiieh MEMR is ceteateli€o a B4R RRBriAd SorhPRbdRD Aver
a

DC distribution printed wiring board (PVWB) 114, _
pFERRAes {8t shown). JHhgcentel Gﬂltcéxtrymias:q_s eaF %Ohmuuil of plwae ihlfter

j Ity o acers .
g gﬁ)ﬁlreg\s} ?Z?ngécgtﬁ} et aﬂg%%g Sédﬁ[a%? Sc%ﬂjé“ °p Scéﬁ?fﬁ%’e each

antlemnaofbhaseashiftdr aioduled UBiifgorAol1e@ kd¥thek B £EFRAPREFAE each
and biasing lines. Each PCB assenbly 118 includes a

pPPase shifier modile 1sdene thecgymnaeceivrs theisa@ plasagetisfig from the

i . It epents. l4a and 14b an .
oSBT R B Sl R Wt et o
Wadjecdne belumdbifphheGhifiee wRALRs 14 Arddithjcbf 18 ifferent phase setting
fabricated onto the PCB 126, and the MEMS phase

ster exmple dyl aphasgprageessionnbe thetnsxt orhesljdert le@6cdennsapport
t b i nput and output radiating el ements 1l4a and 14b.
Eaéh MEMS phase shifter nodule 18 includes a housing
130 (Fig. 12) made of kovar, for WO 2005/018048

PCT/ US2004/ 003318 13 exanpl e, and a suitabl e nunber

of MEMBigghadé skaw fn exensplatycimdwdimett of A OGRS dterrable

exanpl e two, mounted into the housing 130. It will be

BB Enfe GopRl Kok el et Tomivs e FolSen shmbelat MEMS

Sphds6 Bigfem 118l in A8RROCO WithtRe PREL FWeRfiofPPhE RBINIS Stecrable
antenna 110 includes a DC distribution printed wiring board (PWB) 114, a plurality of
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
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



5 Apair of RF pins 134 and a plurality of DC pins 138
protrude fromthe bottom of the housing 130 in a
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housing 130 (Fig. 10). Thda3RF pins 134 correspond to
the respective input and output radiating elenents
1l4a and 14b. The RF pins 134 extend through the

t hi ckness of the PCB 126 in a direction normal to the
plane of the PCB 126, and are electrically connect ed

( Erat e SRET i e Pufhar BN e ah B Prchentas! £ for
t BRarsp1d @W@Hﬁ@lﬁi’t&@lﬂt@ﬂfehﬁﬁsﬂé"@@ {t%ﬁll BE a Wﬁ%la?ﬁ?_theﬁ%uénber of

shifter nodul es are nount ed

t W&Ms%ﬂwrmtchmdk@pahém theq:ai-tic;alar applicadon.o

the respective input and output radiating el enents 14a
and 14b to carry RF sighals to and fromthe input and

out put Aragi R 1&'1@@%5!& 8 Bﬂr?éﬁl OLDC }QP% eﬁ‘{% #)Itb?rude from the bottom

|IIustra ed 15 xen‘p ary ansm ssi on
I bfithe hodding 80 in 5 tiagetidn sabwtbolialle nomeal k@the pradersTdhdgousing 130

os t |ve slots 36 in the rectangul ar base
151 gﬁ‘ 22% ISHS 4 esprespond tp é'%ep’@éﬁche eyt aid ogput radiating

eEl%HEﬁ{s%&%ﬁd a6l %ﬂ@}éFEF&% 1f32%&?e%8%1%p%12ﬁ1%%ﬁ%éss 8ﬁh§‘e’9013 126

functions as a groun ane for the ASM SSI on

14pa disgctih@omhaitto 3 pladeesfahé BCB 126f fikara ele0allyi €onnected to
ground. pl ane (that is,. the rect angula rtion 34)
vdﬁSE?FtIES %%S@P’&‘W@l%@éﬂﬁ%i%ﬁh lis athﬁgwé @gﬂt £ melmt@d on the

FECENS) 03B SRS, BLERA i RO M Mg o 1
128 radsvedefligsn d0 thd DLD! gIThehenirhissisneisss 042 drbeldeteRally Boupled to
and are _electrically connected to DC control signal

aﬂi’a rgipgetive 1ﬁB’ét and HUtpNS rqdiptigg @hmqnﬁs Magandllﬂb to pgry RE sipmals to

R £ i SRR oSl B ot AT 10 B
t Eb&amlﬂsrpeﬁﬂiodﬁnéﬂﬁl\ﬁe phasdsson ﬁﬁ@rlmmha&d dktEhavP¥ene leg

control signal and bias |lines 144 are routed to the
ofHendiag gaowrthe Frspetime slots 36 ia theregtangulahbase ghrtiosl 3g(Fig. 2) of

1 P The .pl at ugh hol.es 148 f.or

(8 reBenl speRRE emit s SAEPte, B BRtofhyse poruon B

I AinehiGRNY %Cgrﬁundﬁlﬁnd‘ féﬂﬁie't%sﬁfssi&ﬂ'lﬁqe 1a¢QeA\f@e slot 36, there is a
2005/ 018048 PCT/ US2004/ 003318 14 described in gréater

dleeal; forpes| thovgronsd miang (thet la,npe eactaangelax pottien Bd)vihrd) cangbs a
nal and bi.as

ol i s oy e PSR sp R Bt he 5ot 36 of e

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,
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



di mensions of the transm ssion [ines 142 and the
| attice spaci ng between the radiating elenents l1l4a
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of the RF pins 134 and thelbC pins 138 relative to
the plane of the housing 130 of the MEMS phase shifter
nodul es 18 enables the RF pins 134 and DC pins 138 to
be installed vertically. Such vertical interconnect
feature makes installation of the MEMS phase shifter

modul es 18 1o relatively sinple conpared to, for )
eﬁﬁ%ﬁ'ﬁ%@ 1%%{%%@%@?‘[%@15?10%%@3% herppprsgiatest, thegnies fust lgcation of
0 i S 1:..Qr I vent | ackage
M i e R T 2
pdanasione pe it traaesissibhdinée 143 &a the MteECHARRE bStween the radiating
provide flexibility in installation, enabling, for
eslemsnts 143 agddface nount, pin grid array, or BGA type

of package. 15 The PCB assenblies 118 are stacked
vertically and spaced apart by the spacers 122, as is

i |1 ust ftavitkhd apprdciied that @8 SridtatidDéthe REGI A T3 dnd thé D pins

PCB assenblies 118 and spacers 122 are stacked in

all 3 &ralaitvierig therlAncof the hpwsong O dfdhe MEBMS pheterslyiftrsmwslutes 18
i Al b he :
| BB SRR 3RS R V5B pyerica

f @iteres@ivpl Ratukd@rakésSAEMAN I cheSIARME PBask 8HMieF BIFRGLS 18
of the MEMS steerable antenna 110. The spacers 122

hasleively smpkpenertredsior fon gxdrple stoapentiond]l MMIGHagh obaxial

suitahl e insul at.or. materi al .such as .nol.de | asti.c or
PRt SR iRty oy SR 2h e i Sid-to-end
| Bl eaffectond RGbiriRnumbRfls pfode@idpe¥iions. 1 PRe vafigaldniAiohnects
of "'side walls 156. The front and rear walls 150 and

1 s vedecitexibibityuid énsialpition anabng, fortexpmplyh a lvaitfas mass, pin grid

t hat cob@'@%nd to.the plated through holes 148 in the

PEE 96! SOLPAYEESt e wall 160 is di sposed about

m dway between the top and bottom surfaces 170 and 172

of the front, rear and side walls 150, 152 and 156. On
opposi The ECBeassanblidsel 19@r20a%e0 ¥80i¢ B PET P32 M033A8spacers

1 . . - . .
?22, 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
based on, for example, the frequency and scanning requirements of the MEMS

steerable antenna 110.

The spacers 122 have an elongated rectangular shape and are made of a
suitable insulator material such as molded plastic or liquid crystal polymer (LCP).
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



internediate wall 160 there are an upper cavity 180
and a lower cavity 182, wth the front, rear and side

wowR05918089), 152 and 156 forming the walls of tPEr/US2004/003318
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cavities 180 and 182. Thelfront and rear walls 150
and 152 each include a plurality of notched openi ngs
190 (Figs. 8 and 14) corresponding to the radiating
el enents 14a and 14b 5 that allow RF energy to travel
to or fromthe radiating el ements 14a and 14b during

operation of the antenna. As is_shown in Fig. 14, the
s paieanedisio wall 1684hare areeit Upppianiiy 4 80 swbalawaricayity 182, with the

al i.0d! f; ch b AP u t hat.. t
oS bl vl 1500 138 TR it g Bl B0 ana
cdgt Yhd &dnoindirear WHRCKE0 ahd 252 aavh ihbladé b ?nﬂa REhe®hed

158 in the front and rear wal|ls 150 and 152 of the
seReEps 9 Fligsgh andl {h) eomsspsaidingd thevagiating ieleaenis 14a and 14b
al,i e r hol.es 148 j.n.the P 6. .
ARG Rl PR o8 b Bl i oot Hpapa 140 during
coptraiinedf iy ahfeengpacers 122 15 via the through hol es
158, and are electrically coupled to the

af orementioned DC control signal and bias |ines 142

ia th t ht. hol es .of the P . .
s senprias i LA sReird A7 i HostiBed Whagorinn astantaly
| ARngdiee SEQTIN 65iHE PIOB £eAhAGHSS ssdhciatifie b shifter tdbRlules 18 are
and pogo pins. The bIaSb&% lines are routed to the
¥

pigagtved iniheilpger daydy d 82 spacer 12 iand thertbrangb dotdsd 58 in the

| .clreul bi | 20 MEMS . .
Rt S et Gt 0 Al 523 BRGPas 82 St Bih Y B HynEpdinally
t BBoled1ABE throddherb]Sedvh elaeCk @96t her, the spacers

122 provide a colum support structure. for the PCB
assenblies 118 and enabl e col umm control of the MENMS

D BEBble s TSl S B BAPES Bl lph b8 3 1 spacers 122
i maem@ﬁﬁlbu%t%mgg 158164 4 eleeRfcallyBY RSB eFe AR rGhaMBntdBC

housi ngs the respective MEMS phase shifter
moolttad sigh8l 4nd Hidsclie€B42 Yiadhe Plased, thmwagh Sokk a8 of thetRGB

i1 1ustr.at odi t, th acers 122 and PCB |

esnblire % T8 Sy tophedie BPgaNan nrBHs comprssHble contact

r 8l A4 Rto9l ﬁﬁ&]f)oéogﬁh§ ShigHedMiRS HOVhedloMe printed wiring
screws and/or tie rods to facilitate aligning

t boetl (BWEid 4cthivhiindudes tind @merot biecustrathaebiasqanel solBn of

ZW/IQ :%)%gsdreSShin?e-I;/nygcﬁl 6241/8921931%%}78 to e]ft%ct 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
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



122 and PCB assenblies 118. In an enbodi nent, the
edges of the spacer 122 are netalized to provide
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i nvention, the spacers 1226function as interface hubs
for the MEMS steerable electronically scanned |ens
array antenna 110, providing or facilitating DC bi as,
RF signal transm ssion, 5 nechanical alignnent and
structural |oad bearing. Figs. 15-17 show an exenpl ary

S pncor poratjng one di mensional . scanning into
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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.
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



17 plate assenbly including the mcrostrip RF feed 220
and the DC mani fold PWB 224. |In such enbodi nent, the
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are routed to the RF and DT vertical interfaces of
the mcrostrip RF feed 220 and the DC manifold PVB
224. The RF and DC vertical interfaces may conprise
conpressi ble 5 metal contacts, such as fuzz buttons,
that are surrounded by dielectric headers. The
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addition, while a particular feature of 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.

The present invention includes all such equivalents and modifications, and is

limited only by the scope of the following claims.
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(14a, 14b), and an array oft8 MEM5S E- pl ane phase shifter
nodul es (18) di sposed between the first and second
arrays of radiating elenents (14a, 14b); and, a MEMS
H pl ane steerable linear array (12) including a

conti nuous transverse 10 stub (CTS) feed array (16)
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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)
are mounted to the PCB (102, 126) between the first and second wide band radiating
elements (14a, 14b).

3. The MEMS ESA antenna (10) of any preceding claim, wherein each
MEMS E-plane phase shifter module (18) includes a pair of RF 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).
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to 5 respective DC control 18ignal and bias |ines
(144), and wherein the two or nore rows of MEMS
E- pl ane phase shifter nodules (18) are controlled
together as a group in columm-1like fashion via the DC
control signal and bias lines (144) so that the two or
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The MEMS ESA antenna of any preceding claim wherein
the wide band radiating elenents (14a, 14b) of the
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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

oriented such that E-plane scanning occurs parallel to the rows of radiating elements.

7. A method of frequency scanning radio frequency energy, comprising
the steps of:

inputting radio frequency (RF) energy into an array of MEMS H-plane phase
shifter modules (17);
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of a plane wave in the near0field; emtting the
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RF signals and forming an antenna beam.

8. The method of claim 7, further including varying the frequency of the
RF signal inputted into the 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.

9. The method of any preceding claim, wherein the step of inputting RF

energy includes feeding the CTS radiating elements (68) in series.

10.  The method of any preceding claim, further including the step of
adjusting the phase shifter output for the respective MEMS E-plane phase shifter
modules (18) by adjusting the bias of one or more MEMS phase shifter switches in

the respective MEMS E-plane phase shifter modules (18).



