WD 2005/ 025001 PCT/ US2004/ 023358 1 EMBEDDED RF
VERTI CAL | NTERCONNECT FOR FLEXI BLE CONFORVAL ANTENNA
WEBAOKGEROUND (0001) Typical active array archit BCT/USE®4/023358
i nclude one or nore ferritel circulators for passive
dupl exi ng and control of scattering in mcrowave
antennae. These circul ators are passive "discrete"
m crowave devices, which may include, e.g., a
mcrostrip/stripline resonator circuit on a ferrite
substrate that is sandw ched between a nagnet and
magnetic carrier plate. (0002) For a conforml panel
architecture, the active devices conprising the T/R
nodul es can be nmounted on the back of the panel. The
circulators are situated between the radiating
apertures and T/R nodul es. There exists a need to be
able to bury these mcrowave devices, e.g.,
circulators and other mcrowave devices, e.g.,
integrated circuits conprising swtches, filters and
MEMs, while realizing the vertical transitions to
i nterconnect the devices to the other conponents

wi t hi n t he EMBEPRED RF. ERTICALANAROGRINEGEF@BRJUl es

(T/R nodul es) a I at ryi 1, Gronwave :
circulators andE&ﬁE{g& &@@F@H@”Mﬁqﬂxﬁ\ﬁ@%ew ces poses
a chal l enge. WD 2005/ 025001 PCT/ US2004/ 023358 2
SUMVARY OF THE DI SCLOSURE (0003) An RF signal

transition conprises aBAGKBROWD m crostrip
transm ssion structure, and a copl anar wave gui de

structure in electrical comunication with the

(688 r”wel fy%)efgap]oggi%térlr&y E}FC nl%eng:TSuSFIes? Pnclude one or more ferrite
circulators for passive duplexing and control of scattering in
microwave antennae., These circulators are passive “discrete”
microwave devices, which may include, e.g., a microstrip/stripline
resonator circuit on a ferrite substrate that is sandwiched between a

magnet and magnetic carrier plate.,

(0002) For a conformal panel architecture, the active devices
comprising the T/R modules can be mounted on the back of the
panel. The circulators are situated between the radiating apertures
and T/R modules. There exists a need to be able to bury these
microwave devices, e.g., circulators and other microwave devices,
e.g., integrated circuits comprising switches, filters and MEMs, while
redlizing the vertical transitions to inferconnect the devices to

the other components within the antenna, e.g.,

Transmit/Receive modules (T/R modules) and radiators. Burying
microwave circulators and other discrefe microwave devices poses

a challenge.



structure. A caged troughline transition structure is
in electrical communication with the copl anar wave
wa@eiod@2®br uct ure. A caged coaxial transm ssi OPCT/US2004/023358
structure is in electrical Tommunication with the
troughline transition structure. The signal transition
may be enbedded in a flexible printed wiring board
structure with a circulator for a confornmal antenna
structure. BRI EF DESCRI PTI ON OF THE DRAW NGS (0004)

Feat ures and advgnt o) L.sclo will readily
be appreciated @%@X@igﬁﬂéﬁm art fromthe
follow ng detailed description when read in
conjunction with the drawi ng wherein: (0005) FIG 1

(0603) f unaRFIghablrapktidh fwragjrrisés arctreahadiizanimietogip
active array which can be fabricated in accordance

TignsmissipacisIaitire, tared ichoeptarsw, wooBogYide sructuridis an
SRELRRC BREPDERS Wi < DeF SRl 5 i gph B dnsmision
ST, A oBEbRUGRIRS TR HOM RIS TPCBRNICAL

cotmenahicotinn auiytes cepimidi wavel gultke sitficturen A togred
portion of FIG 2. WD 2005/025001 PCT/ US2004/ 023358 3

¢oove) Trenemissiorn pisustuie ds ibsslesdiepbaammpanicalioy with the
expl oded, schemati,c view,of a first portion of an
iR HERSHAT s b e sbndlitian st idy GoBayoedded
e . _ : . :

FLETeRBiE beR IRt Srastiasath el for 8
confentmal mniedMid3triti@re 3C shows an expl oded schenatic
cross-sectional view of the enbodi nent of the present

i nvention shown in FIGS. 3A and 3B; (0011) FIG 4

shows a top sghpFRidRBRLR TR Ak BrAWMRGY 1 on of a

(0004) Features and advantages of the disclosure will readily be
appreciated by persons skilled in the art from the following detailed

description when read in conjunction with the drawing wherein:

(0005) FIG. 1is a functional block diagram of an embodiment of an
active array which can be fabricated in accordance with aspects of

the invention.

(0006) FIG. 2 shows an exploded perspective view of a conformal
antenna assembly including a multi-layered conformal RF fransition

structure according to an embodiment of the present invention.

(0007) FIG. 2Ais a simplified schematic cutaway of a portion of the
RF fransition portion of FIG, 2,



mcrostrip connecting the circulator to a vertical RF
transition according to an enbodi nent of the present
wo pwsorjoon. (0012) FIGS. 5A and 5B show, respertT/vust094/023358

a top view and a cross- sectional view along |lines 5B,

of a schematic representation of a portion of a
mcrostrip connecting the circulator to a vertical RF
transition according to an enbodi nent of the present
invention. (0013) FIGS. 5C and 5D show, respectively,

@08 Gl Db Paibst ettt peidb et Rsiad stngmotic
Vidw o & iR A roR WK &S driBobiR et b?%éﬁ%ﬁ%ﬁ’r fventio
vertical RF transition according to an enbodi nent o
shbevpr esent i nvention. (0014) FIGS. 6A and 6B show

respectively a top view and a cross- sectional view
along the lines 6B, of a caged troughline transition

QOB 5 35 RR0NY & BFDebing Hentydiel IBuk fo8ssono
BGOSR 8hisedimént 8P phdéent inPeanién/A show

respectively atop view and a cross- sectional view
along the lines 7B, of a caged coaxial transition line

contain within the balun | ayer accordi ng to an )
@R Hie St shatet Gy delintiadéehe i BEmkseaiional view of

et Theo e R RN an s 8 Sl

the drawing, like elenments are identified with Iike
reference nunerals. (0017) FIG 1 is a schematic
(80bhk diGgAahoels aropxafenolic repiveskmierionodf a Eettioneof a

array, system 200 ich can,be i npl epen in,.,
Byo R e P g e S SRS ONeTBae] Bh frarition
A0S g I855 erhBBdiment of the present invention.

(0012) FIGS. 5A and 5B show, respectively, a top view and a cross-
sectional view along lines 5B, of a schematic representation of a
portion of a microstrip connecting the circulator to a vertical RF

fransition according fo an embodiment of the present invention.

(0013) FIGS. 5C and 5D show, respectively, a top view and a cross-
sectional view along lines 5D, of a schematic representation of
another portion of the microstrip connecting the circulator to a
vertical RF fransition according to an embodiment of the present

invention.

(0014) FIGS. 6A and 6B show respectively a top view and a cross-
sectional view along the lines 6B, of a caged froughline fransition line
contained within the PWB 16 according to an embodiment of the

present invention.



array includes a radiator |ayer 200A, a circulator
| ayer 200B, a T/R nodul e |ayer 2000, and an RF feed
wo 2008/023200D, with an RF input/output (1/O porPCT/RSDES/023358
The T/R nodul e | ayer includes for each circulator in
the |l ayer 200B a phase shifter and an attenuator, as
well as a receive anplifier and a transmt anplifier
connected to ports of the circulator through a T/R
switch. Structures of the array system can

851 PR gt BBl 7A SPobe sEHWE B ?‘S%@.O&%" R
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antenna asse including a i -layered conformnal
cRinttiress intifthim fisé haltunreyéboecoodiightp 0o emieediooeneat the
of the present invention. The confornmal antenna al so
pragenide¥eRtoNaperture structure 11 and a backpl ate 13
bet ween which the RF transition structure 10 nmay be
sandwi ched. To conformto the curved nature of the

ant enna_apesgialieD DISGRIPHONGE THE OISOLOSBRE | n an WO
2005/ 025001 PCT/ US2004/ 023358 5 exenpl ary enbodi nent,

a flexible, curved multilayered confornal antenna RF
(@585 nin fon TelowimelatobrdeschpTR: FOEr0rBs udl fistres
ol Phsd Gk LB sIERRaS S R SR DERT RS eehess ' "

rurAgfalst ructures in the flexible sections, e.g.,

section 12. (0020) FIG 2A shows a schermtl c, cutaway

view of a |lower portion of the transition structure
or 44 is nmoupted into

@03 b ¢ sPapenatiotyaer Heblaghohan g dhpioh®
B MBSO Al S 00UHH caRRsE Hpigmentec
il efcd drdeglcamviffhassartstof thiiginpepkens IA&@ geneatissense, the
array includes a radiator layer 200A, a circulator layer 200B, a T/R
module layer 200C, and an RF feed layer 200D, with an RF
input/output (/O) port 200E. The T/R module layer includes for each
circulator in the layer 200B a phase shiffer and an attenuator, as well
as a receive amplifier and a fransmit amplifier connected to ports of
the circulator through a T/R swifch. Structures of the array sysfem can
be implemented in multiple layers to provide a conformal

radiating aperfure.

(0018) Tuming now fo FIG, 2 there is shown an exploded perspective
view of a conformal antenna assembly including a multi-layered
conformal RF fransition structure 10 according to an embodiment of
the present invention. The conformal antenna also includes an
aperture structure 11 and a backplate 13 between which the RF
transition structure 10 may be sandwiched. To conform to the curved

nature of the antenna aperture, the structure 10 comprises, in an



be machined into selected |ayers of section 12 prior

to a lamnation process, also as described bel ow
w@dod/oggopes or ribbon bonds 74 are wused to coPCEUB2004/023358

corresponding microstrip traces to and fromthe

circulator 44 to and fromthe mcrostrip traces 42, 80

on the top surface of the section 12. (0021) FIG 2A

shows a schematic representation of the positioning

of an RF vertical transition 90 through a | am nated

PP ERe T, HehE kotdubifoisrd ot
dmiepirePRP &einsAidn $itekicpanect s the mcrostri p conduct or
80 connected to the circulator 44, to the upper |ayer

assenbly 60. The vertical RF transition 90 can include
ral__mcrowaye transm ssion |ine, stryctures 80, |
©B4 1 Jencysors YRS e C@nbmfm dignsnpisgeq line
QU atd £ : S} : ' 1
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areaing threeiimearsiomal initeros e thidirdnaissibR 8nBE sflLgRdres in
enters the | ayer assenbly 60. There is also a
thedtaxdple seationseetd.c sbcti@agd@. coaxi al WO 2005/ 025001
PCT/ US2004/ 023358 6 transmi ssion structure 40 for
connecting the T/R nodule to the <circulator. In this

o Dl oSl AR oL iy AU o

gfrtbei teerasifion skacturel TG:UAathrostr'ﬁ) oirovlioder 1h e tcurssd into
or receive, connection between the T/R npdule and the

Toerflaxitlegnudisiciaiaal Iowen section {ed Zpeisirumiule b in @
reciated that the exe ry, .epbodi nent of. th
SRRy T endlor P HEp RS FomanaT sogtion T esve
. | . O
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e machipechintalsefediediksedrasf Seatipntl?' phmdic’ anautisdtion
unl ess otherw se apparent fromthe circuits.
process, also as described below. Gold wires or riblbbon bonds 74 are
used to connect corresponding microstrip fraces to and from the
circulator 44 to and from the microstrip traces 42, 80 on the top

surface of the section 12.

(0021) FIG. 2A shows a schematic representation of the positioning
of an RF vertical transition 90 through a laminated multilayer flexible
prinfed wiring board (PWB) 12 and the balun and radiating aperture
assembly 60. The interconnect 90 intferconnects the microstrip
conductor 80 connected 1o the circulator 44, to the upper layer
assembly 60. The vertical RF transition 90 can include several
microwave fransmission line structures 80, 150, 110, 120 fo reshape the
electromagnetic field configuration of the RF signall

from the microstrip 80 connected to circulator 44 to that of a “caged”
coaxial transmission line structure as the RF signal enters the layer
assembly 60. There is also a microstrip to vertical caged coaxial



(0023) FIG 3A shows a cross-sectional schematic view
of a portion of the PAB 12 conprising a |ower portion
wo@toosiesost ructure 10. An RF transmt recei ve POI/ERita¢e23358

nodul e 30 is connected to the PWB 12, and may include

a flip chip assenbly or chip-scal e package incl uding

an ICflip chip 203 having a ball-grid 201 including

sol der balls 202 respectively aligned with many of

the catchpads 16e in the lam nate 12. The IC chip 203
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connections to the catchpads. he modul e 30 al
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FIG 3B shows in cross section the upper 0 of
terrovide {he toosMyt Rhieeeive %@@@%F@B% 66?& i/ g

gl Bk R PPEL s oGNS e "Bai'tin | ayer o2
may be fornmed of a | ower d| el ectric balun | ayer 66

and an upper dielectric balun layer 67 sandw ched
(mmeerh’r will besppresiated fyet trenbXxamplay @fﬂbl@@ohmw’r of the

er 60 | o I 60b f
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OB PR BRI e e By e
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vertical transition 120. The | ovver bal un | ayer 66 nay
aiheovisevapporent faorn theactapdsl forning a portion of a

groundpl ane i nterconnect 122. The |ower balun | ayer
66 may al so have forned thereon a signal transm ssion

(@%ﬁi}p Ghed /@\ts‘l’{ovﬁs"‘&tc?rbgs gééﬂc?tqci &r?erﬁ;grﬁ% Ve b?g:l E?H?dn

fornme the upper surface o ower b

df&M@fPWB 12Tb©rrwm% chlahvier petiin 67 tegtrbeiiaef 0. nad R
its upper surface the netalization |ayer 60c which

tranareit segeenaisriaes m@@iuﬁéod&mnﬁ\aq’feéi ts1 the BUWB 85 and
may include a flip chip assembly or chip-scale package including an
IC flip chip 203 having a ball-grid 201 including solder balls 202
respectively aligned with many of the cafchpads 16e in the laminate
12. The IC chip 203 integrates functions of a T/R module in this
exemplary embodiment, The module 30 is electrically connected to
the structure 10 through solder ball connections fo the catchpads.
The module 30 allows RF and DC signals to be connected o the PWB.

(0024) FIG. 3B shows in cross section the upper portion 60 of the
structure 10 which is assembled to the portion 12. The upper portion
60 comprises a balun layer 62 and a radiator assembly layer 64. The
balun layer 62 may be formed of a lower dielectric balun layer 66
and an upper dielectric balun layer 67 sandwiched between a lower
metal layer 60b and an upper metal layer 60c. The lower metal layer
60b forms a ground plane, and has formed therein a cutaway 60f



t hrough whi ch passes a vertical coaxial signal

transition 120a. (0025) The radi ator |ayer 64 includes
w@2@smkmwetri c | ayer 64a which has enbedded theePUS2084/023358

radi ator conductor pattern "efining a plurality of

radi ators, including exenplary radiator 94, which is

electrically connected to the vertical transition

120a. The radi ator assenbly |layer 64 has fornmed

therein, as shown in FIG 3B, a via 96 for connect| on

t.h the vertical, coa rans 20 h
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upper netal |ayer 28g (FIG 3A) of an upper dielectric
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eslive layer 68, e.g., between the catchpad 60e at
fomaetoore the ubér surfacs g)ﬁélhe Iemsk)cnlundoi,/enéélibeamper
the catchgad 28e at the per end of trt%
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358 8 can provide a connection to a
ground pl ane interconnection 122 connecting the

ndp| ane n th bott om surface,of the
F624) BbAciotardGypb i Hebsaoel ecme'%ﬁ;ﬁ%w%%éws
r
FhERHAR sih S ablor cRnh Ut R ARG R G B
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t he upper surface of the [ower balun |ayer 66 for
danmeakpchio Hue ivesitall frangtian 120ansing wdipéet @ssersbly layer
gﬂ%? %‘r'med therein, as shown in FIG. 3B, a via 96 for connection
with the vertical coaxial transition 120a through a clearout 60f in the
upper metal layer 60c of the balun layer 62. A dielectric radome

layer 76 covers the top surface of layer 64a.

(0026) The balun and radiator layer assembly 60 may be aftached
to an upper metal layer 28g (FIG. 3A) of an upper dielectric laminatfe
28 of the PWB 12 by an adhesive layer 68. The layer 68 may contfain a
layer 68a of bondply adhesive having formed in it vias 68b filled with
conductive ink for electrical connection through the adhesive layer
68, e.g., between the catchpad 60e atf the lower end of the signal
fransition line 120 and the catchpad 28e at the upper end of the
frough line 102, or between the groundplane 289 on the upper
surface of the laminate 28 and the groundplane formed by the
metalization layer 60b on the bottom of the laminated layer 60. This



(0027) The adhesive layer 68 in this exenplary
enbodi nrent may be a Z-axis adhesive which
web@sieioenl | y connects the catchpads 60e (in POEUSZINWH23358
netal |ayer 60b of the bal uh | ayer 66) and 28e
(connected to the upper end of the trough line 102),
and al so the respective ground planes 60b and 28g. The
Z axis adhesive, e.g., a layer of 3M 7373 or 3M 9703
manuf act ured by 3M in the regions of the catchpads
60e, 28e and grou anes 60b and 28
C'th@é‘%\é@et% SHorbka T Haad! fgf@f?ﬁ@ﬂ@ﬁé'é?(bl@%
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t he 102
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hatrizenteididral thensibore pdidmnsénthereahi.at i ng | ayers 60,

62 as that assenbly is fornmed of increasing
curvature. Such connections are suitable for DC and
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|ator secti on The bal un/radi at or

fisedowan rﬁéTmIHmyebéO}a qsfethe mdnlumlqysr bb@t:m‘rda%é (cbenected
aperture structure 11 an enbedded ol e
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6PE288@Nd igroandsp kinasHGim cmcblZ&g evdiill d:re)squeezed together,
and in the areas of the clearouts 60f and 28f. Therefore, the randomly
distributed conductive particles contained in the Z-axis adhesive will
form an anisotropic vertical electric connection between the
catchpad 60e and the catchpad 28e and between the ground
planes 60b and 28g, while not shorting the vertical transitions 102, 120
o the respective ground planes 60b and 28g in the region of the
clearouts 60f and 28f. This allows the flexible DC/RF manifold
assembly 12 fo be electrically attached to the upper balun and
radiating layers 60, 62 as that assembly is formed of increasing
curvature. Such connections are suitable for DC and microwave
frequencies, e.g., across a planar and curved surface interface,
assuming that the section 12 is more relatively planar, i.e., less curved,
than the balun/radiator section 6. The balun/radiator section 60 may
be a part of the structure of the aperture structure 11, e.g. an

embedded dipole aperture struciure.



sectional view of the exenplary nultilayered conformal

PWB assenbly 12 which serves as an RF/ DC feed section
WO 005102801 enbodi nent. I n an exenpl ary enbodi nePCT/Us1064/023358

PWB 12 includes sections 1M and 15. The section 14

may be made up of a lower dielectric |lamnate 16 and

an upper dielectric |lamnate 20. (0030) The | ower

dielectric lam nate 16 nay be of about 6 mls in

t hi ckness and may include a |l ower dielectric |ayer 16a

Gazfon hiie® GizaaghBaveinie RleS Bl P Sy o1
dT%é' oty IdHEN a8 18ppeiorFeba) o, d apedicd6mmerfdteof
whi ch may be etched to form e.g., catchpads 16e€,

fattear flexibiligfof taedegtionnkl. si gnal pl ane 16g. These
di nensions are for an exenplary enbodi nent. The
dielectric layer 16a may itself be formed with
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| ayer 16b to a ground/signal plane 16g in the upper

aseemblyd;?evghm s%r(\@eznis)om&w@(} teed eeehom iBIfbist ri c
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d@rd@mcaoﬁmﬂ@rr@% oric&bm‘ upbed dieleetio ndiihdiee20nk for
connecting, e.g., catchpads 16e and/or ground/signal

pl anes 16g in the upper netal |ayer 16¢c of the |ower
RS o B BB S BB 5 LB BB K
BEAFERYgARe, FEATBK dlaholBiaoEtic 19 1o Breridiiyis
il fhickBesg Avhidh mies) Bé maitie baRopadadTHgehie may be
sandwiched between a lower metal layer 16b and an upper metal
layer 16c, each of which may be efched 1o form, e.g., catchpads
16e, clearouts 16f, and ground/signal plane 16g. These dimensions
are for an exemplary embodiment. The dielectric layer 16a may itself
be formed with pre-cut or pre-drilled via openings 16h that may be
filled with conductive ink as is known in the art to connect, e.g., a
catchpad 16e in the lower metal layer 16b to a ground/signal plane

16g in the upper metal layer 16c¢.

(0031) Above the lower dielectric laminate 16 may be a lower
adhesive layer 18, which may be on the order of albout 3 mils thick.
The lower adhesive layer 18 may comprise a layer of bondply
adhesive 180, which may be predrilled or precut to form via openings
18b filled with conductive ink for connecting, e.g., catchpads 16e
and/or ground/signal planes 16g in the upper metal layer 16c of the
lower dielectric laminate 16 through the lower adhesive layer 18.



(0032) Above the | ower adhesive |ayer 18 may be an

upper dielectric |amnate 20, which may be of about 6
wored0s/02300t hi ckness and may i nclude an upper dPEI/881004/623358

| ayer 20a of about 2 mils il thickness, which may be

made of Kapton GV), which nmay be sandwi ched between a

| oner netal |ayer 20b and an upper netal |ayer 20c,

each of which nmay be etched to form e.g., catchpads

20e, clearouts 20f, and ground/5|gnal pl anes 20g. The
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| 'ower et al I ayer

af® forhihdte Itae Nt gnal pl ane 20g in the upper netal
| ayer 20c. The upper dielectric |ayer 20a may al so
have cut into it a portlon of the opening 70 that will
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formed when the | aye 16, 18 2 d 24
maiTrsl B fspRah P 2oss T arsodi es%wc%gmné‘é%@as

dTipper Mt EoBu e FrdRER s oY oh e fipe”
HRHdANSIR, oThEIAHRRSH BRENI1B. lower metal layer 20b to a
ground/signal plane 20g in the upper metal layer 20c. The upper
dielectric layer 20a may also have cut info it a portion of the opening
70 that will be formed when the layers 16, 18, 20, 22 and 24 are

laminated together.

(0033) Above the upper dielectric laminate 20 may be a middie
adhesive layer 22, which may be on the order of about 3 mils thick.
The middle adhesive layer 22 may comprise a layer of bondply
adhesive 22a, which may be predrilled or precut fo form via openings
22b filled with conductive ink for connecting, e.g.. catchpads 20e
and/or ground/signal planes 20g in the upper metal layer 20c of the
upper dielectric laminate 20 through the middie adhesive layer 22
The adhesive layer 20 may also have cut info it a portion of the
opening 70 that will be formed when the layers 16, 18, 20, 22 and 24

are laminated together.



15 may include a | ower dielectric |amnate 24, which

may be on the order of about 10 mls thick. The | ower
wale@bseeioni ¢ | ami nate 24 nay be fabricated of BCT/US2004/023358

di el ectric |l ayer 24a, suchlas Duroid (TM, sandw ched

between a | ower netal |ayer 24b and an upper net al

| ayer 24c, each of which may be etched to form e.g.,

cat chpads 24e, clearouts 24f, and ground/signha

pl anes 24g. The lower dielectric layer 24a may itself
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are laminated fogether.

(0035) Above the lower dielectric laminate 24 may be formed an
upper adhesive layer 26, which may be on the order of about 3 mils
thick. The upper adhesive layer 26 may comprise a layer of bondply
adhesive 260, which may be predrilled or precut to form via openings
26b filled with conductive ink for connecting, e.g., catchpads 24e
and/or ground/signal planes 24g in the upper metal layer 24c of the
lower dielectric laminate 24 through the upper adhesive layer 26. The
upper adhesive layer 26 may also have cut into it a portion of the
opening 70 that will be formed when the layers 16, 18, 20, 22 and 24

are laminated together.

(0036) Above the upper adhesive layer 26 may be formed an upper
dielectric laminate 28, which may be on the order of about 60 mils
thick. The upper dielectric layer 28 may be formed of a dielectric



| ayer 28a, e.g. a Duroid (TM I|ayer, sandw ched
between a |l ower netal |ayer 28b and an upper netal
wo 2306102308, each of which nay be etched to forPor/US2004/023358
cat chpads 28e, clearouts 282, and ground/si gnal
pl anes 28g. The upper dielectric |ayer 28a may be
formed with pre- cut or pre-drilled via openings 28h
that may be filled with conductive ink to connect,
e.g., a catchpad 28e in the lower netal |ayer 28b to a

I8 S Bapdp T THBBG e h ol wiPERLPE Ry eBr oy,
NSty &Y S8b R cpUlipb B fétlal | RS8R Séic@dt\ g%ﬁi)ch%ﬁiy be

'am nat ed together, as shown in FIG ,
etelspedoi foem, eagc dlma‘dﬁ/ olfas 288 e lepbeutsriBf 2gadagmynavsignal
respective ground/sjgnal , plan 169, 20 24 28
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the upper dielectric llamnate 28 as shown in FIG 4.
qaioBppIdrEde inthe dipper mettel loyer 286 &:@s a5 qQiFIa frangition
may _conpri se a r Nt t 50 which i top.th
R e T LA

c#ﬁ%gﬁgg%>netalization 54 formed on top of a ferrite
ayer , Which in turnis on a steel carrier 57

connected to a portion of a ground plane 16g fornmed
in the netal layer 16¢c of the lamnate 16 by a |ayer

68311 Mdnendomipcipdiegether, gsshengnin Rtgntd. the fespective
S rated frogmthe circ tor layer 54 by .a diel [N
SRbbRd, e, Fecand 4 Sloidiinnslidfod dignal
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between the T/R module 30 and the buried RF feed microstrip 42

formed by a portion of the upper metal layer 28c of the upper

dielectric laminate 28 as shown in FIG. 4.

(0038) The buried microstrip circulator 44 (FIG. 3A) may comprise d
permanent magnet 50 which is atop the buried microstrip circulator
circuitry formed in a layer of metalization 54 formed on top of a ferrite
layer 56, which in turn is on a steel carrier 57 connected to a portion of
a ground plane 16g formed in the metal layer 16c of the laminate 16
by a layer 58 of conductive epoxy. The permanent magnet &0 is
separated from the circulator layer 54 by a dielectric spacer 52. The
circulator 44 may be connected to the buried RF feed microstrip 42
by wire or gold ribbon 74.

(0039) The siructure 10 can be formed as a curved, conformal

sfructure, as illustrated in FIG. 2.



13 (0040) FIG 4 shows a top schematic representation

of a portion of the mcrostrip conductor 80. The
wor@sosioni p conductor 80 has a contact pad 82PEr/USIVE4/023358

end thereof, and is fabricdsed on a top surface of

the |l ower lam nate 24. Conductor filled plated vias 85

(FIG 3A) are forned al ong the periphery of each air

pocket cavity 46 and surrounding transition 102 as

explained in nore detail below The plated vias 85

a0, 315 ASE B EERUHAERAR R EASRIES By AR Sfh o
1Bl inicrios o E6NdEicRaE BOY Thamidrostiiietdeduesyt 80 ek o
necessary for RF transm ssion |line structures. (0041)
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5A and 5B show, respectively, a top view and a cross-

sectional view, taken along Iines 5B-5B in FIG 5A of

(Q04¢hendy showndprrécedt the woien of therepuity 86 iprbe direction

G UA PR HR e Sl tidbtet B8R TSk qiglestri
cfxfér thel r'?‘ﬁc?rb%ﬂ e6hidi: PelrngL reibA Sne @Bngbl%ﬂg’rﬁé
omthe circu ator 4 e contact pad 8

difeciin af eardVB B(RleCmierystripsicdataest paich82 (dusses ﬂienmugh
46 have forned therein conductive vias 96 to define a

Glecspui 28 exrasiieg fomaddhe eetchisodesiecentthe I@Mé@reero@ of
hRR SHRRL fbhsitbn®] B Bl HE CBRRRIPLEE S | EORESEPBY the

catchpad 28e. In this region the conductor trace may be covered
with a dielectric, e.g. comprising laminate 28, The location of the
fransition marked by arrows A and B is also shown in FIG. 2A.

(0042) FIGS. 5A and 5B show, respectively, a top view and a cross-
sectional view, taken along lines 5B-5B in FIG. BA, of a schematic
representation of a portion of the microstrip frace 80, comprising a
channelized microstrip fransmission structure 81 at area 5A (FIG. 2A),
interconnecting the gold wire or ribbon bond 74 from the circulator 44
fo the contact pad 82 (FIG. 4), at area 8B (FIG. 2A). Side walls of the
opening 46 have formed therein conductive vias 96 1o define a
metallized channel. Field lines 86 depict the shape of the electric

field for the channelized transmission structure.



WO 2005/ 025001 PCT/ US2004/ 023358 14 (0043) FIGS 5C
and 5D show, respectively, a top view and a cross-
wa@ewsiozioal vi ew t aken al ong |ines 5D 5D of FI @CBHTS2004/023358
a schematic representation4of another transm ssion
structure 150 interconnecting the gold wre or ribbon
bond 74 fromthe circulator 44 to the contact pad 82.
The | ocation of 5D is shown also in FIG 2A. The
channelized mcrostrip 81 transitions to the

R Renss SRS By BB b S Vot e B gross
seichemdi Mg ralBH RbARRMYER SIPSEFID. B0, bhe sepishaeiier

strip 80, resulting in reshaping of the
repeesardatignedfi anbthetrdsansrhissiontsiveiaiare 840 infereeanectiag
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qod e Lot er 805% S0uhPaRpiTEIG oA MR Einfiblze
hRG A4 CranSifiors fo §RedrinnesRes; idoredivcortioackéeew
and a cross- sectional view along |ines 6B-6B of a
dietgtricriieghldamoncavedveguide (@S\A@t’rrcummis@om@d)ruaiurﬁsﬁa
emile oo BRNSE AR Plosd i on g fepiucTor S g
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view & ong I'in a caged coaxi al transi

béeedR dhe tarasiipdcohtibiciort $&dhaitre gabumd lcyredustors 249
and upper balun |ayer 64 of the balun | ayer

60.

i§ topeiechfoshdna spacanasit 1ha jusgliopdeaiiveesb ihersdructures 81
ch l,ized jcrostrip 81 field confiquration Wthin
G 13 Shmallar i B b e s tuRioR antibhde oo
@ﬁgqggjor backed CPWtransm ssion structure 150. The

annhel’i zed conduct or - backed copl anar wavegui de 150
may be forned of the channel or gap 84 tapering from
the input of the _ _
(0044) FIGS. 6A and 6B show respectively a fop view and a cross-
sectional view along lines 6B-6B of a caged froughline transition line
structure 100 formed in laminate layer 28. The location of 6B is also

shown in FIG. 2A.

(0045) FIGS. 7B and 7A, respectively, show a top view and a cross-
sectional view along lines 7B-7B, of a caged coaxial fransifion line 120
contained within the lower balun layer 66 and upper balun layer 64 of

the balun layer 60.

(0046) Asshown in FIGS. 5A, 5B, 5C and 5D, the channelized
microstrip 81 field configuration within the area of cavity 46 transitions
to a channelized conductor backed CPW transmission structure 180.
The channelized conductor-backed coplanar waveguide 150 may
be formed of the channel or gap 84 tapering from the input of the
CPW 150 to the output. The gap dimensions of the channelized



CPW 150 to the output. The gap di nensions of the

channel i zed WD 2005/ 025001 PCT/ US2004/ 023358 15
wWOoR@sosini p structure 81, as indicated in Fl G PGEUS2004/023358

remain essentially constanf as gaps 84 between the

ground planes 24g formed in the upper netalization

| ayer 24c of the lower lamnate 24 and the mcrostrip

conductor 80. As shown in FIG 5B the field Iines 86

inthis region of the air cavity 46 are generally
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upper Tam nate 28 fromthe contact pad

guios 84 oaring@saso tiet ther Bifields afe Blhepe@’m beb e&sgndmély
of the gap 84 where the E-fields have been rgndereﬁ
rayelat Tcathre/ P 2BibaIMICresiifueRBrkgTehe0 ﬁb@f Q0 gfew

ReMr8ha 6 RERERBR" RS SYERY+3RARTHe 102 (FIG. 6B) o

redlize a matched vertical transition with minimal discontinuity. The
caged troughline 102 then fransitions to a caged coaxial 120 as the RF
signal enters the balun layer 60 as described in more detail below.

(0047) Asshown in FIG. 6A, a caged troughline transition 100 is
formed by a vertical signal fransition post 102 extending vertically
through the upper laminate 28 from the contfact pad 82 of the
microstrip 80 af the terminus of the tapered regions of the gap 84
where the E-fields have been rendered essentially horizontal.
Surrounding the post 102 are a plurality of generally evenly spaced
apart posts 104a-104g. The posts 104a-104g are arranged in generally
a circular pattern surrounding the post 102 as shown in FIG. 6B with an
opening 106 in the pattern to allow for inferconnection to the most
tapered end of the CPW sfructure 150 as shown in FIG. 56C and FIG.



apart posts 104a-104g. The posts 104a-104g are
arranged in generally a circular pattern surrounding
Wo b@spznl 102 as shown in FIG 6B with an  opeP€Tys06023358
in the pattern to allow fonéinterconnection to the
nost tapered end of the CPWstructure 150 as shown in
FIG 5C and FIG WD 2005/025001 PCT/ US2004/ 023358 16
5D. The upper ends of the posts 104a-g are in
el ectrical contact wwth an intervening ground pl ane
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vertica t 1 whi ch d
oa@aig% CheaiiingG ke Byerheb T 1 b SsfchIneges
I
osed equa??@psgigﬁgycﬁjlégr patte ”&g{cg]rzg)ﬁﬂ%rtéﬁey

S}ﬁ@wn B2EG. BBovi di ng an outer shield for the center
conduct or post 102. The E-fields 86 transition

vertically along the posts 122a-h generally as was
O oxfab (RN 28TBATERSf prdtRe Sty VerfenL ramstion
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prevent s gna eakage into the

cﬁﬁb&@@ﬁdﬂd@e@% ttrye EBBY)viatoH8in gbnheenmxgwcabshroads 288
there nay be a m smatch between the caged

GHz) ,
ana6ghiRasts 12203 A6 306N IERErAlbC AiasaR GBI IR
circular pattern around the post 120, providing an outer shield for the

center conductor post 102. The E-fields 86 fransition vertically along
the posts 122a-h generally as was the case for posts 102a-102g,
maintaining a horizontal orientation from the post 120 to the posts
122a-h, the posts 122a-102h also serving to shield the post 120 and

prevent signal leakage into the surrounding layer.

(0049) At high frequencies (5 - 15 GHz), there may be a mismatch
between the caged troughline fransmission line 100 and microstrip line
81. To account for this, an embodiment of the invention implements a
microstrip matching circuit fo obtain better impedance matching for
the transition. To obtain a better match, a two-section matching
topology is implemented on the microstrip line 80, which can be
represented by an inductive and a capacitive element, As shown in

FIG. 4, a narrowed discontinuity 83 in the microstrip conductor 80



81. To account for this, an enbodinment of the

invention inplenents a mcrostrip matching circuit to
W@ baoaiozsobet t er i npedance matching for the traPGT/UBIN4/023358

To obtain a better match, a7two-section matching

topology is inplenented on the mcrostrip |line 80,

whi ch can be represented by an inductive and a

capacitive elenent, As shown in FIG 4, a narrowed

di scontinuity 83 in the mcrostrip conductor 80 WO
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dielectric forns the capacitive elenent. (0050)

copuitiaateleémerdal i zi ng the nmicrowave transnission |line
structures within a buried nmulti-layer flexible PAB is
the fabrication of blind and buried vias
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I'on processes have een use o create blind
criti2buaiordy witksthendatetiphpadée dhd@Oehwithriomidades 66 and
of openings 70 and air cavity pockets 46 add a factor
20hat prohibits using conventional |am nation
processes. Two novel and sinplified |amnation
processes may be utilized for making buried mcrowave
(ﬁﬂrgga' Iﬁ%rﬂfé?ﬁl%ﬂ\dl HGB ¢apRestisnaefeR! @S ard required fo
e di ment's of t present invention. Depending on
fhBeit@iepiHe pldtng irdottherviarmles. Oftencumatéoseqiiebtidh

of these two novel nethods can be used far the
plating and lamination processes have been used%o create blind

and buried vias and catchpads. Also the infroduction of openings 70
and air cavity pockets 46 add a factor that prohibits using
conventional lamination processes. Two novel and simplified
lamination processes may be utilized for making buried microwave
signal and ground inferconnects as employed in embodiments of the
present invention. Depending on the application, either one or a
combination of both of these two novel methods can be used for the
novel construction of new microwave vertical inferconnects across a
large area of multilayer flexible laminates of section 12 according fo
embodiments of the present invention. The first method is a
colamination process and the second method utilizes anisotropically
conductive Z-axis adhesives.

(0052) In the colamination process, the pattern of vias 16h, 20h, 24h,
28h, 18, 22b and 26b can be predrilled info each of the laminatfe
layers 16, 20 and 24 and each of the bondply layers 18, 22 and 26.



novel construction of new mcrowave vertical
i nterconnects across a large area of nultilayer
W0 b@xgiokdoel | am nates of section 12 accordi ng toPCT/US2004/023358
enbodi ments of the present 1Bnvention, The first nethod
is a colamnation process and the second nethod
utilizes anisotropically conductive Z-axis adhesives.
(0052) In the colanination process, the pattern of
vias 16h, 20h, 24h, 28h, 18b, 22b and 26b can be
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exemplary embodiment.

(0053) The second method uses anisotropically conductive Z-axis
adhesive films (*ZAF*) such as those noted above, as an adhesive fo
reqalize the interconnections between the laminates, e.g., 16, 20, 24, 28
and 60. ZAF is an adhesive film filled with conductive particles that
allow interconnections between layered pairs through the adhesive
thickness (the “Z-axis”). The conductive parficles are spaced far
enough apart for the ZAF 1o be electrically insulating in the plane of
the adhesive film. Similar o colamination, ZAF can e used in a
conventional lamination process fo realize RF and DC interconnects
of multiple layers with only one or two operations. Unlike colamination,
ihe interconnects realized by ZAF are indiscriminate and thus the
layered pairs e.g. 14 may require additional patterned features such
as catchpads and/or ground planes and clearoufs. The ZAF



realize the interconnections between the |am nates,
e.g., 16, 20, 24, 28 and 60. ZAF is an adhesive film
wo Rooseeson t h conductive particles that all ow PCT/US2004/023358

i nt erconnections between | d9ered pairs through the
adhesive thickness (the "Z-axis"). The conductive
particles are spaced far enough apart for the ZAF to

be electrically insulating in the plane of the

adhesive film Simlar to colam nation, ZAF can be
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adhesive remains dielectric. Test results have shown
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What is clainmed is: 1. An RF signal transition system
(90), conprising: a channelized mcrostrip
WO e@sse§08si on structure (80) having an input PETUSI004/023358
out put; a copl anar wave gui2lle structure (150) having
an input and an output, the input of the copl anar
wavegui de in electrical comunication with the out put
of the channelized mcrostrip transm ssion structure;
a caged troughline transition structure (100) in
el ectrical conmunication with the output of the
copl anar wave gui de; andr@r@ d coaxial transm ssion
structure (120) havi ng ani 3&? and an output, with
the input of the coax transition in electrical
conmuni cation with the troughline transition
st ruct yyleat B.clémaedotignna system (200), conprising: a
radi ator | ayer assenbly (200A) conprising a plurality
of radiators; a circulator |ayer (200B) having a
pl ural ity,of,Ci : I G :
Communilc AR Ioi BoBuToi3ism (S SerbPRehe:
plurali indligg stri ralssiby $fucture (80) having an
transmqéfpgggé\]/lgé?ﬁ%réﬂoguﬁrgg(30) each havi(ng) an 0
inmputinplanh cafgugn out put port in electrical

communi cation with a correspondin ot of one of
sai d ciG EPRIPOPEWHP QF"C*%%U@EV@(??Qb%@)"%@ﬁd@p% and

i nput / t. i A dul e
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ereln said radiator [ayer assenbly and said
famscokgonrstiuayere;
a caged troughline fransition structure (100) in electrical
communication with the output of the coplanar wave guide; and
a caged coaxial fransmission structure (120) having an input
and an output, with the input of the coax transition in electrical

communication with the troughline fransition structure.

2. An anfenna system (200), comprising:

a radiator layer assembly (200A) comprising a plurality of
radiators;

a circulator layer (200B) having a plurality of circulators each
in electrical communication with a corresponding one of said plurality
of radiators;

a plurality of fransmit/receive (T/R) modules (30) each having
an input port and an output port in electrical communication with a
corresponding port of one of said circulators;

an RF feed layer (200C) having an input/output (/O) port
and a pluradlity of T/R module ports connected fo a respective one of

said T/R modules; and



are fabricated in an lamnated nulti-layer structure

(10) including a printed wiring board (PWB) structure
w@ 2@5/02%0i d plurality of circulators enbeddedP@i/Ukion4/023358

spaces (46) defined in sai @1PWB structure. 3. A system

according to Claim2, further conprising an RF

transition (90) within said lamnated nulti-|ayer

structure for providing an electrical connection

bet ween each of said plurality of circulators and the

radi ator | ayer assenbly, said RF transition conprising

for each circul ator: ' ' i

tr ansmi B Sl (95T AL ANE 3G Rejotor laver
o%'?cgﬂﬂﬁco?@d th RPRimipeied raleridyeratlistgena@tissiuding a

sai circulator; a coplanar wave guide structure
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copl anar wavegui de in electrical i cat i i th
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structure; a caged troughline transition structure

(100) in electrical comrunication with the output of

the copl aNaystupy ecidrdrig R8s 2y adritsepsbahprising an RF
transm ssion structure (120) having an input and an

Tr@tmsﬁiiam_, (le) withihecich ppmirdtechenwtdayer srgeitre fiof providing
t I | . .
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structure, ' Ve ' At '

olid &t Fid R B 38 hEP bl b ing foridch
S usigr e, 4. A systemaccording to Claiml, wherein:

at | east the channelized microstrip transm ssign

st r uct @ ehonhelizedphimrastripevegmisslost siugiure (G @yeg an
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c%h‘f&l‘?)ar structure (10), said portion
’ a coplanar wave guide structure (150) having an input and

an output, the input of the coplanar waveguide in electrical
communication with the output of the channelized microstrip
fransmission structure;

a caged troughline transition structure (100) in electrical
communication with the output of the coplanar wave guide; and

a caged coaxial ransmission structure (120) having an input
and an output, with the input of the coax iransition in electrical
communication with the troughline fransition structure, said coaxial
transmission structure having a fransverse orientation relative to an

orientation of the microstrip fransmission structure,

4, A system according fo Claim 1, wherein:
at least the channelized microstrip transmission struciure, the

coplanar waveguide structure and the froughline fransition are buried



conprising a lamnate of flexible layers. 5. A system

according to Caim4, wherein said input of said
w@b@snedodrzed mcrostrip transm ssion struct ur ePCBUS2004/023358

el ectrically connected to2a circulator device (44)

buried in said |lam nate of flexible layers. 6. A

systemaccording to Claiml or Caim2, wherein: the

copl anar wavegui de structure conprises a conduct or -

backed dielectric filled channel. 7. A system

according to Caim4, wherein the coplanar waveguide

I
A C R i ﬁvmaqliéa%%ﬂba ARSI 0h 36Ey BRgon ="
@Héﬁh ra {&RfiSatcBefloXbrs Riyergaps (84) between the
con uct r trace and the respective first and second

ground traces (24g) taper fromthe input of the

copl ana d t t t f
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a surface of substrate, and the troughline

transition conprlses a conductive troughllne S|gna
post (102) in electrlzﬁ

out put ébf tSngeéBﬂ%Fﬁ%r %J@% ﬁat :Sﬁalﬂw Wg%rednpost
mount 84 Conc?f\k{:t c?é‘%ff ﬁf‘reté’oirgirgeglﬁééﬁ@u&or—

pIuraI| roug |ne gr posts

dé&é@ddnéﬁé@hoq‘mmh@gneener ally parallel to the
troughline signal post and positioned generally

;é;;&gndbz?oghesgrogghl|ni S|g?al post. WO 2005/ 025001
or O ai‘m 2, % @%C@liﬁﬁhg r?r)sq)’( 7 acf‘%g%bﬁﬁ?tsﬁggﬁ&&? '
WEVEGLE stlBHEER cRUGENE R cl%r%lé&]‘&* #hes.tding first and
second ground traces spaced from the signal conductor trace, and
wherein gaps (84) between the conductor tfrace and the respective
first and second ground fraces (24g) taper from the input of the
coplanar waveguide structure o the output of the

coplanar waveguide sfructure.

8. A system according fo Claim 2, wherein the microstrip
fransmission structure includes a generally planar dielectric substrate
having a microstrip conductor fabricated on a surface of the
substrate, and the troughline transition comprises:

a conductive froughline signal post (102) in electrical
communication with the output of the coplanar waveguide structure,
said post mounted in a direction fransverse fo said surface;

a plurality of conductive froughline grounded pos’rs (104a -
104g) extending generally parallel fo the froughline signal post and
positioned generally surrounding the froughline signal post.



substrate having a mcrostrip conductor fabricated on
a surface of the substrate, and the coaxi al

WO e@ss2300bN conpri ses: a center conductive cOaRCEIUS2004/023358
center post (120) in elect2Bcal comunication with
the output of the troughline transition, said center
post oriented in a generally transverse direction
relative to the planar dielectric substrate; a
plurality of grounded posts (1 22a - 122h) extending
generally parallel to the coaxial center post and

Post 1 o phovrah a1, BRIGRR . ity e
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each or sal plurality of circulafors is nounted
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structure. 11. S steg@?ccothgg to Claim 10, further
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transm ssion structure is mounted within said air
qanieosiatierded e asgepenalviropaversgl diregiien relatyedgine

vias defjne sid |ls of the mcrostrip transm ssion
gﬂ%ﬂj@{@d!ﬂ@sugesggg'em according to Caim?2, wherein

th di ol ' |
(62" and Bty & fodAa8eidsis (IR G20 Biioihgy er
JOREIARBO8aIRTT6 Wad A2 BEAterddodiand systiiemed generally

according to Caim2 or daim4, wherein said
Jumaurading tingl cooKigy eender pesluicePieyVide crsiah W@ ur e.

%q?hﬁﬁgg\e}tehs%?el?jfsﬁ%%rneg an RF signal transition in a
; .

10. A system according to Claim 2, wherein each of said
plurality of circulators is mounted within an air pocket (46) defined in
said PWB structure.

11. A sysfem according to Claim 10, further including a
plurality of ground vias (96) substantially surrounding the air pocket to
provide RF shielding of said pocket.

12. A system according fo Claim 1, wherein said channelized
microstrip fransmission structure is mounted within said air pocket, and
at least some of said plurality of ground vias define side walls of the

microstrip transmission structure.

13. A system according to Claim 2, wherein the radiator
layer assembly comprises a balun layer (62) and a radiator assembly
layer (64).



Wi ring board structure including a plurality of
printed wiring board layers formng a nulti-I|ayer

wo b@giokdoel | am nate, conprising: form ng a pl uretT/U§2004/023358
i nterconnected buried vias2y: precutting via hol es
in an adhesive layer intervening each printed wring
board prior to the lam nation process and filling the
precut via holes in the adhesive layer wth a
conducting material that will set during the
| am nating process; precutting via holes in each of

the respech S@e&rﬂ[&i c?r‘gj'?ﬁ%rfbr@lot?&aﬁ%r@&%sél Pilerein said

filling, 'es”in ‘each respé

lamﬂbe?édwmum@: afrdchaeas ottved sipgorlet i ng mat eri al
that will set during the |am nating process; formng

on each S|de of the.respectlve printed wring boards
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structure having a plurality of individual printed

wi ri ng fosenidg d phuidily of intefacnnecieshibrrierngos R ni ng
a plurality of |nte onnected buried ééas b st eps

of : WD 2005/ 0258®C 90@‘2 PRI @S'B?ﬁ%? i ng
via holiggsh ‘f]ri?gg*éd%fh bh Té&%ﬁﬁ{gﬂa Pﬂb?f—b Yheé ickhination

boar ds cont al g a con ucting

process and filling the precut via holes in the adhesive layer
with a conducting material that will set during the laminating
process;

precutting via holes in each of the respective
printed wiring board layers and filling the precut via holes in
each respective printed wiring board layer with a
conducting material that will set during the laminating
process;

forming on each side of the respective printed
wiring boards catch pads surrounding the respective via
holes; and

aligning the via holes in the adhesive layers with
respective catch pad on af least one side of the respective

adhesive layer.

16. A method of making an RF signal transition in a
printed wiring board structure having a plurality of individual printed
wiring boards forming a laminate, comprising:

forming a plurality of interconnected buried vias by the steps

of:



form ng on each side of the respective printed wring

over the respective via holes a catch pad surrounded
wahygoos/oedoenr outs;  utilizing a z-axis adhesive PeEp©2004/023358

intermedi ate each of the p8inted wiring boards being

| am nat ed.

precutting via holes in each of the respective prinfed wiring
boards containing a conducting material;

forming on each side of the respective printed wiring over
the respective via holes a catch pad surrounded by a clearouts;

utilizing a z-axis adhesive layer intfermediate each of the

printed wiring boards being laminated.



