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| NTERCONNECT FOR FLEXI BLE CONFORMAL ANTENNA BACKGROUND (0001) T§Mareti 2007
active array architectures include one or nore ferrite <circulators for

passi ve dupl exing and control of scattering in mcrowave antennae. These
CircuIéY%?@bQ?ﬁmgassive "di screte" mcrowave devi ces, POHUEHOHERAI Tl ude,
e.g., amcrostrip/stripline resondtor circuit on a ferrite substrate that

i s sandwi ched between a nagnet and nagnetic carrier plate. (0002) For a
conformal 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 nodules. There exists a need to be
able to bury these mcrowave devices, e.g., circulators and other nicrowave
devices, &e.g,, integrated circuits conprising switches, filters and MEMs,
while realizing the vertical transitions to interconnect the devices to the
ot her conponents within the antenna, e.g., Transmt/Receive nodules (T/R
nodul es) and radiators. Burying mcrowave circulators and other discrete

m crowave devi ces poses a challenge. 5 March 2007 WD 2005/ 025001

PCT/ US2004/ 023358 2 SUMMARY OF THE DI SCLOSURE (0003) An RF signal
transition conprises a channelized mcrostrirp transm ssion structure, and a
copl anar wave guide structure in electrical conmunication with the
channel i zed mcrostrip transm ssion structure. A caged troughline
transition structure is in electrical

EMBEDDED RF VERTICAL INTERCONNECT FOR
FLEXIBLE CONFORMAL ANTENNA

BACKGROUND

(0001) Typical active array architectures include one or more ferrite
circulators for passive duplexing and control of scattering in
microwave anfennae. 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 bé able fo bury these
microwave devices, e.g., circulators and other microwave devices,
e.g., integrated circuits comprising switches, filters and MEMs, while
realizing the verticdl transitions to inferconnect the devices to

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

Transmit/Receive modules (T/R modules) and radiafors. Burying
microwave circulators and other discrete microwave devices poses
a challenge.



comuni cation with the coplanar wave guide structure. A-caged coaxi al
transni ssion structure is In electrical comunication with the t6ddagbh 2@
transition structure. The signal transition nmay be enbedded in a flexible
printed wiring board structure with a circulator for a conformal antenna
st ruct UWE.20E2EIDESCRI PTI ON OF THE DRAW NGS (0004) FeBETUS004£42B35%vant ages
of the disclosure will readily be &ppreciated by persons skilled in the art
fromthe followi ng detailed description when read in conjunction with the
drawi ng wherein: (0005) FIG 1 is a functional block diagram of an

enbodi mrent of an active array which can be fabricated in accordance with
aspects of the invention. (0006) FIG 2 shows an expl oded perspective view

of a conformal antenna i i i -layered conformal RF
transition structure acﬁﬁ@W‘(ﬁgﬁm@Gi@ﬁl&%f the present invention.
(0007) FIG.2A is a sinplified schematic cutaway of a portion of the RF
transition portion of FIG 2. 5 March 2007 WD 2005/025-0()1

PCTI 0S20(B00%) 333 RF sidSaidifon 88rapass @ cHasheiasdirfiabsigy tially

expl oded schematic view of a first portion of an enbodi nent of the present

i nvent i otransimissipn §d0edyrefFidBd B-aiamiravswieeguide situgssresiect i onal view of a
second portion of the enbodi nent of the present invention;, (0010) FIG 3C
shows anCBGTest & XPRIHRICEICEY wib-tBechenar!ize dvinigrosirie IraREBUSSRMt  of t he

Cehomt | TVERIEEa EaRISH Bl s PPBRTGR SrucP deh PlPiBiRbet i ng e
g ir regg'mat ggvngﬁm%e&ibh%hhFfﬁetééaﬂr{dr%vécge{dg BRuERLRN RTERegbgent of the
, coaxial fransmission structure is In electrical communication with the (\
froughline transition structure. The signal fransition may be embedded
in a flexible printed wiring board structure with a circulator for a

conformal antenna structure.
BRIEF DESCRIPTION OF THE DRAWINGS

(0004) Features and advantages of the disclosure will readily be
opprecia’rerd 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-iayered conformal RF transition

structure according to an embodiment of the present invention.

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



(0012) FIGS. 5A and 5B show, respectively, a top view and a cross- sectional
view along lines 58, of a schematic representation of a portion 6Mach?2007
m crostrip connecting the circulator to a vertical RF transition according
to an avdawuswesewnt of the present invention. (0013) Fl GET/6R200um35B® show,
respectively, a top view and a cros$- sectional view along lines 5D, of a
schematic representation of another portion of the mcrostrip connecting
the circulator to a vertical RF transition according to an enbodi nent of
the present invention. (0014) FIGS. 6A and 6B show respectively a top view
and a cross- sectional view along the lines 66, of a caged troughline

EEE”SH ABp) | e romOw Qo SesRonabesoN A5 DE St IP ORI 02335 ZT
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wi thin tsagvgal un | ayer according to an enbodi nent of the present invention.
DETAI LED DESCRI PTI ON OF THE DI SCLOSURE (0016) In the follow ng detailed
description and in the several figures of the drawing, like elenents are
identified with like reference (r_ nunerals. (0017) FIG 1 is a schematic
bl ock di(§P¥m dHCasBshewss arsghamblici eress-section@Miow af edpagid em 200 whi ch

can be inplenented in accordance with aspects of this invention. In a
gener al é@'ﬂ@@,oﬁﬁ@ egPrb‘ag'mﬁﬁ‘?Q%g%eQrﬁéﬁpgirﬁ@"lﬁé@%r 200A, a circulator |ayer
200B, a T/R nodul e |layer 200C, and an RF feed | ayer 200D, with an RF

i nput/output 0/O port 200E. The T/R nodul e | ayer includes for each

(0010) FIG. 3C shows an exploded schematic cross-sectional view of

) the embodiment of the present invention shown in FIGS. 3A and 3B;

(0011) FIG. 4 shows a top schematic representation of a portion of a
microstrip connecting the circulator to a vertical RF transition

according to an embodiment of the present invention.

(0012) FIGS. 5A and 5B show, respectively, a fop 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
transition according o 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 fo a
vertical RF transition 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 troughline transition line
contained within the PWB 16 according to an embodiment of the

present invention.



circulator in the layer 200B a phase shifter and an attenuator, as well as
a receive anplifier and a transmt anplifier connected to ports of5 Makh 2007
circulator through a T/R switch. Structures of the array systemcan be

I.pl emeM@eost2imi ti ple |ayers to provide a conformal regdi@doa@asgrt ure.
(0018) Turning nowto FIG 2 there i$ shown an expl oded perspective view of
a conformal antenna assenbly including a nulti-layered conformal RF
transition structure 10 according to an enbodi mrent of the present

i nvention. The conformal antenna also includes an aperture structure 11 and
a backplate 13 between which the RF transition structure 10 may be

sandwi ched.. To co mto e, curved nature of the antenna aperture, the
struct ur &%@Icoﬁﬁé-gégnﬂjgﬁhgwwqu QNPR (IBNMOABE0I QBRTF US2004/ 023358 .
5 exe ' lexi .curved [ til, red.,. formal antenna °
RF traggig?#ﬁ%ﬁgfﬁ%&nﬁﬁng %%i@))éslbjrﬁimg] F%ﬁ&%@yﬁcﬁéw%ﬁgm nation of
{ransm sgiopiahicee it Heb ABNUREr bRcHTbind K305} BriBodRfbriase ARt i on
processes utilized in creating ? ree di mensi onal m crowave transm ssion

| i nes st predantdaventiobhe flexible sections, e.g., section 12. (0020) FIG 2A

shows a schematic, cutaway view of a |lower portion of the transition
structure 10. A mcrostrip circulator 44 is nounted into the flexible

mul ti-layered | ower [ e st r Q.in general ly

rect angul ar openi ngﬁ%hﬁﬁ]ﬁéd@?ﬁ@@fﬂg@b‘gﬁjﬁﬁé%ﬁa expl ained in nore
detail below. The cavity air pockets 46 may al so be machined into sel ected
| ayers of section 12 prior to a lamnation process, also as descri bed

bel ow. Crigh ey ' %S f6llRTY BRAdRed WA pHETPaNCPIrFUISs orAcRBENdI Ng
mcrostrip traces to and fromthe <circulator 44 to and fromthe mcrostifip
traces 42f ti88 drawtihg, lilapelements are identified with like reference

numerals.

(0017) FIG. 1is a schematic block diagram of an exempilary
embodiment of a active array system 200 which can be implemented
in accordance with aspects of this invention. In a general sense, the
array includes a radiator layer 200A, a circulator layer 2008, a T/R
module layer 200C, and an RF feed layer 200D, with an RF
input/output (1/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 areceive amplifier and a tfransmit amplifier connected to ports of
the circulator through a T/R switch. Structures of the array system can
be implemented in multiple layers to provide a conformail

radiating aperture.

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



surface of the section 12. (0021) FIG 2A shows a schematic representation
of the positioning of an RF vertical transition 90 through a | and Margu2007
mul tilayer flexible printed wiring board (PWB) 12 and the bal un and

radi at wopeapersoer e assenbly 60. The interconnect 90 iPUTAS200W1283I58 t he
mcrostrip conductor 80 connected 3o the circulator 44, to the upper |ayer
assenbly 60. The vertical RF transition 90 can include several m crowave
transm ssion |line structures 80, 150, 110, 120 to reshape the

el ectromagnetic field configuration of the RF signal fromthe mcrostrip 80
connected to circulator 44 to that of a "caged" coaxial transm ssion |line

he RFE,Ssi I he | nbl y, 60. .Th I I
i or ost KSR % AR Bt tBadle Gk mBRH e Sonrenebs - o o -
PCT/ Usz%éﬁdqlﬁF%o%sﬁioﬁﬁécﬂrénsm ssion structure 40 for connecting the
uleto e u a{or.

T/ R nod circ n this viewonly one structure 40 is

Il lustrated; however it will be understood that two structures 40 are
provi ded for each circulator to provide the transmt or receive connection
bet ween (66E2)T/ Rnnodaltionainicitiace ci mewl a@dobinstiomoahtramsmisgion lin€0022) 1t wil |
be appreciated that the exenplary enbodi ment of the antenna of FIG 1 is
adapt ed SFUEturasigad inlids frapsifipe. enet mbKEion RIOSesses wWiilizedhin under st ood

o bo dectinkntSe iAol itk PEve RRbiSiare inFE S s B4Rt r om the
circui tgug(ffl%ggpe fé&io%é@?‘@%c@ioﬂ??.s' sectional schematic view of a portion

of the conprising a-l'ower portion of the structure 10. An RF
transmt receive interface nodule 30 is connected to the PM\B 12, and nay
[ ncl-»)ude a flip chip assenbly or chip-scal e package including an I1Cflip
chi p 2090020) ng1&®. RA $haows d KEHematia)diutgveay déewbal odogr portion

of the fransition structure 10. A microstrip circulator 44 is mounted into
the flexible multi-layered lower section 12 of the structure 10in a
generally rectangular opening 70 that is formed in section 12 as
explained in more detail below. The cavity air pockets 46 may also
be machined into selected layers of section 12 prior to a lamination
process, also as described below. Gold wires or ribbon bonds 74 are
used to connect corresponding microstrip traces to and from the
circulator 44 to and from the microstrip fraces 42, 80 on the top

surface of the section 12.

(0021) FIG. 2A shows a schematic representation of the positioning
of an RF vertical fransition 90 through a laminated muttilayer flexible
printed wiring board (PWB) 12 and the balun and radiating aperture
assembly 60. The interconnect 90 interconnects the microstrip
conductor 80 connected to the circulator 44, to the upper layer
assembly 60. The vertical RF transition 90 can include several
microwave transmission line structures 80, 180, 110, 120 to reshape the
electromagnetic field configuration of the RF signal

from the microstrip 80 connected to circulator 44 to that of a “caged”
coaxial fransmission line structure as the RF signal enters the layer

assembly 60. There is also a microstrip to vertical caged coaxial



respectively aligned with many of the catchpads 16e in the lamnate 12. The
I C chip 203 integrates functions of a T/R nodule in this exenplarynarch 2007
enbodi ment. The nodule 30 is electrically connected to the structure %&

t hr oughwsplgien2dal | connections to the catchpads. The pgith6) 924 ows RF
and DC signals to be connected to thg PWB, (0024) FIG 3B shows in cross -

section the upper portion 60 of the structure 10 which is assenbled to the
portion 12. The upper portion 60 conprises a balun layer 62 and a radi ator
assenbly layer 64. The balun layer 62 may be forned of a | ower dielectric
bal un layer 66 and an upper dielectric balun | ayer 67 sandw ched between a
| ower netal |ayer 60b and an upper netal |ayer 60c, The |ower netal |ayer

60b f or nHCARSEYiEseR siuahde 4htorregnmecting thed/Bi madwlet lonthye 60f 5 March 2007 .
WD 2005/ 025001 P

/ US2004/ 023358 7 within i ¢ch may be forned cat chpad 60e
{or med « GEUIIEE 1 {TNG view Grikone et 8 s flusTobeEnawaxgr il « he
coaxi al rti 4t I ye ; so have a
Comxl o BB AGBIobEARRH AR D S0 USCRAUR ANetoRD pRYapl0 have, 2
| ower - batdl b AR 1HE gt SPrdtadite’ CONRECHBAMNSSRyBeH BRAT/R LT ansmi ssion
strip conductor pattern fornmed in a netalization layer 66g forned on the
upper sumedeleotinthiind oireuldiat aws shewar irbBG. The upper  bal un [ ayer 67 nay

have formed on its upper surface the netalization |ayer 60c which forns a
groundpl ane, and has cut in it a clearout 60f through which passes a

N o T
Fadi at or CHIOGRIGLAES 1ch BRI R T ol i oG SR ol B BT Gr

120a. Theo iagilabeurRSSIBDY thay 8enchdiNfse M HpEE dharaidtplas camwn in FIG
3B, a via 96 for connection
of various circuifs can also be used as “outputs” and “inputs” uniess

otherwise apparent from the circuits.

(0023) FIG. 3A shows a cross-sectional schematic view of a portion
of the PWB 12 comprising a lower portion of the strucfure 10. An RF
fransmit receive interface module 30 is connected to the PWB 12, and
may include a flip chip assembly or chip-scale package including an
IC flip chip 203 having a baill-grid 201 including solder balls 202
respectively aligned with many of the catchpads 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 to the catchpads.
The module 30 allows RF and DC signals to be connected to the PWB.

(0024) FIG. 3B shows in cross section the upper portion 60 of the
structure 10 which is assembled 1o 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



with the vertical coaxial transition 120a through a clearout 60f in the
upper netal |ayer 60c of the balun |layer 62. A dielectric radone 5IMyreh 2067
covers the top surface of |ayer 64a. (0026) The balun and radi ator | ayer
assenblwoemsmasoohe attached to an upper netal |ayer 2Bgr/(EiloesoBAss of an
upper dielectric lamnate 28 of theé PWB 12 by an adhesive | ayer 68. The

| ayer 68 nay contain a |ayer 68a of bondply adhesive having fornmed in it
vias 68b filled with conductive ink for electrical connection through the
adhesive |l ayer 68, e.g., between the catchpad 60e at the | ower end of the
signal transition line 120 and the catchpad 28e at the upper end of the

t rough Ii_ri}% 102, or between the groundpl ane 28g on the upper surface of the
| anmi nat VHINAWBIGHENQY BEIMeE g epiehed obe fomaed 1o aQriethyer 60b on the

P oo T3S ENRRNK oAl AR Bl B Bl ane /112 S
| Nt er CORRAEAN 1282 THEOBARG AR R/ AR BRY RA0CE videyRet t om surface of
un ayer t

t he bal 6 wth e groundpl ane c on the upper surface of the

bal un  |leytehidd forminy & pagipl of v grhedipierte irteecbaheet@perTre? is forned

of the two balun layers 66, 67 for ease of formng the netalization 66g° on
t he uppéewaiialce letyer Bé mewealspdiave fayeedehareort aisigmagl a hori zont al

signal transiti,on pattern, K 66g thereon 0027) The hesjve | ayer 68 in this
ool DRI ey hacis RS PR G 0. (e Ll 2oTIah IV A68 sonnect s

t he cat ' r t I r e I |l ayer 66) and
b8e (coniiRERhON e derkt SurER b oW Y Bl fafkr b5 B AP Le  ne)
respecti e HEcROMRS | a |l ayer of
oy SR O TR a08 ToRe B8 s Uisogr auacRe e ySiqiRdlion & i
60e,” 28dagedéQromnhithpfanesa@roumabiahfe, wind hos cuiuedt edcleagethéOf

through which passes a vertical coaxial signail fransition 120aq.

(0025) The radiator layer 64 includes a dielectric layer 64a which has
embedded therein a radiator conductor pattern defining a plurality
of radiators, including exemplary radiator 94, which is electrically
connected to the vertical fransition 120a. The radiator assembly layer
64 has formed 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 attached
to an upper metal layer 28g (FIG. 3A) of an upper dielectric iaminate
28 of the PWB 12 by an adhesive layer 68. The layer 68 may contain 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 at the lower end of the signal
fransition line 120 and the catchpad 28e at the upper end of the
trough line 102, or between the groundplane 28g 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



and in the areas of the clearouts 60f and 28f. Therefore, the randomy

di stributed conductive particles contained in the Z-axis adhesi ve SWihich 2007 m
an ani sotropic vertical electric connection between the catchpad 60e and

t he catwiopmds/@Ber@and between the ground planes 60b angc3RgsniMnhilg not ,
shorting the vertical transitions 1G2, 120 to the respective ground pl anes
60b and 28g in the region of the <clearouts 60f and 28f. This allows the
flexible DU RF mani fold assenbly 12 to be electrically attached to the
upper balun and radiating |ayers 60, 62 as that assenbly is forned of

I ncreasing curvature. Such connections are suitable for DC and m crowave
frequencies, e.g., across a planar and curved surface interface, assum ng

t hat t hecanqiriomidé 2n conmeddioretati gelung péore infereannestiond2ed, than the
bal un/radi ator ;section 6. The bal un/radi ator section 60 may be a part of

the strUePOPECHNG the gprndpianre SLBromn éhe Holom sufacenpttir Dol e
t t ) h, 2007 2005/ 025001 PCT/ US2004/,023358 9 0028) -
Th s usdohE" SELIG thh Rl B e c0S ot DRRP It Ae ST epeiihs ¢ he. of ol
dhesi ; i ybilit f
The: sect YRV 87E INGNISESRPIER: efidbdieff HREBARKFIoy e ARIoNEH 0L 1 Yed
cross- seftHeohab vtk klydrdies es2 i eaye Bifbirnaygtied rhenbn/dafdn BY§ assenbly
12 which serves as an RF/ DC feed section in this enbodinent. In an

exenpl argnéheagopensyfaae shiBellpwerchabioslayardié torsfotrhingda 15. The section

14 may be nade up, of | oyer dielectric lamnate 16 and an upper dielectric
| ani nat é\@@%oref@gégnq*?{m R PETEBBA4T her@amat e 16 may be of about 6 mils

in thickness and may include a | ower dielectric layer 16a of about 2 mls
in thickness, which may be made of Kapton (TM, which may be g

(0027) The adhesive layer 68 in this exemplary embodiment may be

" a Z-axis adhesive which electrically connects the catchpads 60e (in
the lower metal layer 60b of the balun layer 66) and 28e (connected
fo the upper end of the trough line 102), and also the respective
ground planes 60b and 28g. The Z axis adhesive, e.g., a layer of 3M
7373 or 3M 9703 manufactured by 3M, in the regions of the catchpads
60e, 28e and ground-planes 60b and 28g will be 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 fransitions 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 to be electrically attached o 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 structure.



sandwi ched between a |lower netal |ayer 16b and an upper netal |ayer 16c,
each of which may be etched to form e.g., catchpads 16e, cl ear o§tMarth£007
and ground/ signal plane 16g, These dinmensions are for an exenplary

enbodi EARVSTRIN0HI el ectric | ayer 16a may itself be foreusmwioyh23psse-cut or
pre-drilled via openings 16h that mdy be filled with conductive ink as is
known in the art to connect, e.g., a catchpad 16e in the |lower netal |ayer
16b to a ground/signal plane 16g in the upper netal |ayer 16c. (0031) Above
the lower dielectric lamnate 16 may be a | ower adhesive |ayer 18, which
may be on the order of about 3 mls thick. The |ower adhesive |ayer 18 may

' .of b | v hesi 18a, ' b drilled t

to Tor migp28Enclis ges St atels cREaNe @b hinidpdlula PesSmmEsing. o g, .
tch ' ' tal | 16

of the Tansro R adhe BB e B S S e R ol ayer 1.
Mar ch 2G0rheV\Rexifn/ 3HMlsdelon$2004/ 023358 10 The adhesive |ayer 18 may

al so have cut into it a portion of the opening 70 that will be forned when
the layers 16, 18, 20, 22 and 24 are |am nated together. (0032) Above the

| ower adhesive |ayer 18 be an upper, dielectric |amnate 20, which may
be of at{Qﬁig’B riqu\lﬂ@nph\(n’%ﬁ&sggnﬂ‘ﬁ)g@ﬁ shewnge axPlased Gossect ric | ayer

may be Aol e e oy Y TR FosR ael PR por et al 'l ayer
20¢. - casisepfohi K LSl et Re/SeBed sdcriofghdfpads 20e. cl earouts

20f, and ground/signal planes ric layer 20a nmay itself be

formed vétibguiensat. on i exdmploed evhiboeireRintgth@PvB hatinaskydés filled with
conductive ink as is known in the art to
sections 14 and 15. The section 14 may be made up of a lower

dieléc‘rric laminate 16 and an upper dielectric laminate 20.

(0030) The lower dielectric laminate 16 may be of about 6 mils in
thickness and may include a lower dielectric layer 16a of about 2 mils
in thickness, which may be made of Kapton (TM), which may be
sandwiched between a lower metal layer 16b and an upper metal
layer 16c, each of which may be etched to 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 about 3 mils thick.
The lower adhesive layer 18 may comprise a layer of bondply
adhesive 18a, 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.



connect, e.g., a catchpad 20e in the lower netal |ayer 20b to a
ground/signal plane 20g in the upper netal |ayer 20c. The upper & gl.84t17d0S
|1

| ayer 20a may al so have cut into it a portion of the opening 70 that w
be for mad nbem2sohe | ayers 16, 18, 20, 22 and 24 are |3Qﬁﬂ§hﬁﬁﬂk get her’.
(0033) Above the upper dielectric |lapinate 20 may be a mddl e adhesive

| ayer 22, which may be on the order of about 3 mls thick. The mddle
adhesive | ayer 22 may conprise a |layer of bondply adhesive 22a, which may
be predrilled or precut to formvia openings 22b filled with conductive ink
for connecting, e.g., catchpads 20e and/or ground/signal planes 20g in the
upper netal |ayer 20c of the wupper dielectric |amnate 20 through the

m ddl e dieegdesiveylerye?d 8 mitheasdiresve eUtayts it20 paationlafdhiave cut into it a .

ortion of the ening 70 that will be fornmed when the | ayers 16, 18, 20,

Do and £Perre 78Tk il ediainied Whenihenaery] ovis. b 82 ana s

PCT/ US2 / Ab th 1 ddlI dhesi I 22 be th
@%tlﬁomnﬁﬁégflpqi%) ove em e adhesive | ayer may be e

upper 1tilayered | am nate section 12. The upper section
15 may include a lower dielectric |lamnate 24, which may be on the order of
about 10 mls thick. The lower dielectric lamnate 24 nmay be fabricated of

a di el eq0082) | akeovaitne Rwdr asihBsivel ldiyef N8 mranBe ahegbpdet ween a | ower
metal |ayer 24b and an gé)(ger netal |ayer 24c, each of which may be etched
to for mdiglegtricdanaingaes2@aghichoineyr bataf arput nchilginthidkeesnandpl anes 24g.

e e R0 o R ok B Sk B b ShaERes o s 1
Ko B Bidy R RIS o A SR EBERT AR MR ToLe L2
between a lower metal layer 20b and an upper metal layer 20c, L
each of which may be etched fo form, e.g., catchpads 20e,
clearouts 20f, and ground/signal planes 20g. The dielectric layer 20a
may itself be formed with pre-cut or pre-drilled via openings 20h
that may be filled with conductive ink as is known in the art to
connect, e.g., a catchpad 20e in the lower metal layer 20b to @
ground/signal plane 20g in the upper metal layer 20c. The upper
dielectric layer 20a 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.

(0033) Above the upper dielectric laminate 20 may be a middle
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 to 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.



S

dielectric am nate 24 may al so have cut into it a portion of the opening
70 that will be forned when the |layers 16, 18, 20, 22 and 24 are %ggﬁagﬂﬁg
t oget her. (0035) Above the |l ower dielectric lam nate 24 nay be forne

an
upper 65865 ,do:flyer 26, which may be on the order of p@gp%zoﬁg%é% Vthi ck.

he upper adhési ve | ayer 26 may conprise a |ayer of bo e 26a,
mhlch may be predrilled or precut to formvia openings 26b filled with
conductive ink for connecting, e.g., catchpads 24e and/or ground/si gnal
pl anes 24g in the upper netal |ayer 24c of the |lower dielectric | amnate 24
t hrough the upper adhesive |ayer 26. The upper adhesive |ayer 26 may al so
have cut into it a portion of the opening 70 that will be formed when the

| ayers %6034), ﬂ@ov’é&h@ﬁﬂu@éie athdshiE Rl D2 gy BRY thd Oppsar Above the upper

adhesive | ayer 26 may be fornmed an upper dielectric |amnate 28, which may
be on t seddiodeld of faeaaultayeied laminale sadwondRerTro elp@ﬂrrse@ﬂoayer 28 may
be fornmed of a dielectric 5 March 2007, WO 2005/ 1125001 PCT/U820(14/ 123358
12 | ayeld T8y, inclygde0 tower dietegiric igeinate gduwndtied meeernitewer  net al

form oqic! GlRasaRI0sHE: Mickalfeidnes FEERRG P RATaY %‘;ES"ZES_ The
upper B REiibe bRUSIIEREBHERGRS: 105 TRRHEE ByBERS (AU, Rindiferisyl | ed Vi a

openi ngs at ~may ‘conductive o connect, e.g., a

cat chpadbgigeen d fewkbpnestdmaaer Day eind 8 Lppar rﬂ@&@ht@g@rm@ in the upper

netal |ayer 28c, e.g., as part of transition 102. The upper dielectric
| ami nat e2@8h rﬁwhlmmwba:efcl’hemmlformoee@ atehp@d924e, Wien | ani nat ed

o e oo 6] Uyl e 2Ag T gRidehc 200 20 and
layer 24a may itself be formed with pre-cut or pre-drilled via openings
24h that may be filled with conductive ink as is known in the art to
connect, e.g.. a cafchpad 24e in the lower metal layer 24b to a
ground/signal plane 24g in the upper metal layer 24c. The lower
dielectric iaminate 24 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.

(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 26a, 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 adnesive 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



pl anes 16g, 20g, 24g and 28g may form e.g., ground plane interconnection
path 32 or an RF vertical signal transition 40, e.g., between thé Markh?2007
nodul e 30 and the buried RF feed microstrip 42 fornmed by a portion of .the

upper mpigbook@yRn: 28c of the upper dielectric |am nat in FIG

4. (0038) The buried mcrostrip cirgglator 44 (FIG SA%C%S%@B(@E%E a '
per manent nmagnet 50 which is atop the buried mcrostrip circul ator

circuitry formed in a layer of metalization 54 fornmed on top of a ferrite

| ayer 56, which in turn is on a steel carrier 57 connected to a portion of

a ground plane 16g formed in the nmetal |ayer 16¢c of the lam nate 16 by a

| ayer 58 of conductive epoxy. The permanent magnet 50 is separated fromthe

ci rcul at siyaraer eg. eyDuraiddIebilayer, spachvichad tpedwasn eulcaver 44 may be
connected to {he ied RE feed microstrip 42 by wr r gold ribbon 74.
(0039) Tﬂpfgh»@lr%@z@@ 9 %@pe&mﬁt@?ky r%@@,v%éfswc%fﬁw&mﬂlmogﬁ%gg ure. s
illustra

(0040) PGS0 RdRS o gy S RORR 20ar BB A S B aTRe he

M Cr oStr heIR§! ThelibpenelidleetRS Idydt IRAANGY Mo RYrha8 Withgdretact pad 82
at one end thereof, and is fabricated on a top” surface of the |ower

| anmi nat ec#tor Coediriieat vid Openimgs2énl thaben@p beHilled 3#th arandieciiesl al ong t he

peri phery of each air pocket cavity 46 and surroundi ngb}ransition 102 as
expl ai nethki 1@ GBNECEstRD. BaPRHOHE 2861 iAtthe IPwer Betal Kiyeed8et® & f or m

dpl | nt negts 96 (FIG, 4) t t irt I I f th
Javi 11 0 RGP F87 3hG HPRe oRE Tkt 288 & el B OB oSO ecessary f or
RF t hS St ' ; ' : th ' f
the cavi 1920 PoRe SIEEHE RS A indy SERPERVETERL I osc i b Conaugtor
80 with aperimgdicel ectric '

(0037) When iaminated together, as shown in FIG. 3A, the respective
catchpads 16e, 20e, 26e and 28e along with respective ground/signal
planes 16g, 20g, 24g and 28g may form, e.g., ground plane
inferconnection path 32 or an RF vertical signal transition 40, e.g.,
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 a
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 iaminate 16
by alayer 58 of conductive epoxy. The permanent magnet 50 is
separated from the circulator layer 54 by a dielectric spacer 82. The
circulator 44 may be connected to the buried RF feed microstrip 42

by wire or gold ribbon 74.

(0039) The structure 10 can be formed as a curved, conformail

structure, as illustrated in FIG. 2.



over the mcrostrip conductor. In the region of the cavity 46 in the
direction of arrow B the mcrostrip contact pad 82 passes through5 MheaR00T
28f extending toward the catchpad 28e on the |lower end of the vertical
transi WQH0I0Z08hd t he contact pad 82 is contacted by RATEUS20eW@RHE&d 28e. I n
this region the conductor trace mayl3be covered with a dielectric, e.qg.
conprising lam nate 28. The location of the transition marked by arrows A
and Bis 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 5A, of
a schematic representation of a portion of the mcrostrip trace 80,

conpri si H t 1 at area 5A
(Pl 2AP848)  FICTARhREr ool ety RSEsSHaRoR SAPScireR « ne

ci rcul atipe icrdsfig bgn@mﬁ@etaopaﬂe&%léﬁsﬁ: Hondlchirgd BBs ! G 2A) . Side
wal | s of the opening 46 have forned thereln conductive vias 96 to define a
net al | i zeohideed.8Fotbdel énashefedtmrd ist fudbridhated ain atepel ectric field
for the channelized transm ssion structure. 5 March 2007 WD 2015/0251101
PCT/ uszmmgéy\@tow@mt@mw@%cQ@ldsot@hﬁwedrmgﬂs@dt\méﬂﬁ (Fi&Stop view

Chenat 199 PisFAERRBATPHR T BRABKGHY OF sk &t BRAe saninagsnd ©

T oS ol 0 Bl AP, B ORI, o1 4 10

hown 2A. The

channel I@l@dedrmes 851dilsd s8Avd T RGNk lg?@@n%lbh@ ipfershhaets o gmduct or backed,
dielectric filled, coplanar waveguid W transm ssion structure 150,

since th& Tgr@ns&mfepdlammwlmwmbf@rlthemt/lhes didndufficient for ore’tting r esul ti ng
in r sha of the el ectromagnetic fields. Thus, the g Ef 84 between the
m cr ost r glast cayity 't‘ﬁ@eMrf@r%ﬁEﬁﬁftrBtS@%@e SHUCEFSSed from t he

spaci ng at the junction between the structures 81

(0041) Asshownin FIG. 4, the region of the cavity 46 in the direction
of arrow A contains the microstrip conductor 80 with an air dielectric
over the microstrip conductor. In the region of the cavity 46 in the
direction of arrow B the microstrip contact pad 82 passes through
clearout 28f extending toward the catchpad 28e on the lower end of
the vertical transition 102 and the contact pad 82 is contacted by the
catchpad 28e. In this region the conductor frace may be covered
with a dielectric, e.g. comprising laminate 28. The location of the

) transition marked by arrows A and B is also shown in FIG. 2A.

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

field for the channelized transmission structure.




and 150 to a smaller gap size at the vertical transm ssion structure 100
(FIG 6A). (0044) FIGS. 6A and 6B show respectively a top view ands g fdhO8%)7
sectional view along lines 613-613 of a caged troughline transition Iine
struct usmeo i@8ntanied in |am nate | ayer 28. The |ocati onp@iySRde:akso shown
in FIG 2A. (0045) FIGS. 7B and 7A, igespectively, show a top view and a ’
cross- sectional view along lines 713-76, of a caged coaxial transition |line
120 contained within the | ower balun |layer 66 and upper balun | ayer 64 of

t he balun | ayer 60. (0046) As shown in FIGS. 5A, 513, 5C and 5D, the
channelized mcrostrip 81 field configuration within the area of cavity 46
transitions _to a channelized conductor backed CPWtransm ssion structure
150. Thdé0@43nn&lFs & enshiblPtshowderegctivpharraioraiewutne asgosy be formed .
of the channel or.gap 84 tapering f he_jQp of, the, CPW 150 to the

out put . f%gf'aag?meﬁféﬁg%ﬂﬁﬁpgt'H%SC‘#@-EE%P?EES- BEVBY G 5508T D 200510250111

vent afPOREEIRBiOR &F GRARIEr By rhkebH s hurd S sl cRIhadyig S oA 1o

essenti al constant as gaps Ween the groun anes ormed in the
upper netiadigeit wiel@tisodd ©arid Vhgrdravitie CraLRece 24 RHE Eopitast crostrip
conductor 80. As shown in FIG 5B the field lines 86 in this region of the
ai r cavi ppod82arfbegoastian ¢f bbtisskowrhalsoiiofiGt 24 Boe chahmhékzegt oundpl ane
24g forned in the | ower et ?I i%at ion | a%?g 24b of the lower | am nate 24.
These fi ENETPSIHRS HESBSHiIRPS igRherdh enreEad.icoNduster bakkadwer | ani nate 24.

rans ¢ ST HER, RRGHEP Hoded st celp BES e RR uSREE 8 on
| mpedancaincAl 1HAIBreGHE SIiesiiG Eiodd 7 8ndhc EBRERICIat sfigiBne across the

gaps 84 an ess-along a
resulting in reshaping of the electromagnetic fields. Thus, the gap 84 L

between the microstrip conductor 80 and the ground conductors 249
is fapered from the spacing at the junction between the structures 81
and 150 to a smaller gap size at the vertical fransmission structure 100
FIG. 6A).

(0044) FIGS. 6A and 6B show respectively a top view and a cross-
sectional view along lines 6B-6B of a caged troughline transition line
structure 100 formed in laminate layer 28. The location of 68 is also
shown in FIG. 2A.

(0045) FIGS. 7B and 7A, respectively, show a tfop view and a cross-
sectional view along lines 7B-7B, of a caged coaxial tfransition line 120
contained within the lower balun layer 66 and upper balun layer 64 of
the balun layer 60.

(0046) Asshownin FIGS. 5A, 5B, 5C and 8D, 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



bott om groundpl ane 24g through the dielectric 24a on which-the: mcrostrip.... .
80 is fornmed. This redistribution of the E-fields 86 across the gaps 84
continues, so that the E-fields are shaped to be essentially paralgghﬂéﬁb 07
the plane of the mcrostrip conductor 80 in order to allow the RF signa (%o
transit mam2dod0bdn@ caged troughline 102 (FIG 6B) to regat,g60myhBs&ned
vertical transition with mninmal disgontinuity. The caged troughline 102
then transitions to a caged coaxial 120 as the RF signal enters the balun

| ayer 60 as described in nore detail below, (0047) As shown in FIG 6A a
caged troughline transition 100 is fornmed by a vertical signal transition
post 102 extending vertically through the upper |amnate 28 fromthe

contact pad 82 of the mcrostrip 80 at the term nus of the tapered regions
of the gApCEAstTREUCTUIRSE- @5 IQicahaddn Fen SAaieraniy esssrii@ial | y hori zontal .

S U B8 s BSSlork e BB M i o R A Yot D, 2part
pat ter n S AUAAGLH RARS: B2 RS MR dnfihGite 98 dhbinl  opening 106 in

t he patt I 'nt erconnection tot nost " tapered end of the CPW

st ruct ur enithOstap shrdctsr 80.CAs ShoandlirFFIG, 5B Wee gleldGRiés 880n2RlsL 5/ 025001
PCT/ US2004/ 023358 16 5D. The upper ends of the posts 104a-g are in

el ect ri cagonohthe win@aviandéd mrergenergybeiwean tre neidrosirip: 8@
bal un/ radi at or | am nat ost.s . 104a-104g surrounding the pin in the

0-060" ' ; Frck M ipURBRICRE PASH TERaEd TR Pt e F PRl Oy aretat e 28, The
v | T offg Tawsrdaaa% Rl BRI B fBoDoibBle HREIRN i zee”
2 meane. FocRbh RAVEpaRInGte R Ry M PO T AR So iR, i he
verti cal lgrealamgwists ipesrd L@tigantaakitipnhtd2, aehilieimaintaining
suitable resistance, e.g., 50 ohm impedance. At the same fime the E-
field 86 concenirates more across the gaps 84 and less along @
bottom groundplane 24g through the dielectric 24a on which the:
microstrip 80 is formed. This redistribution of the E-fields 86 across the
gaps 84 continues, so that the E-fields are shaped to be essentially
paraliel to the plane of the microstrip conductor 80 in order fo allow
the RF signal to transition fo the caged froughline 102 (FIG. 6B) to
redlize a matched vertical fransition with minimal discontinuity. The
) caged troughline 102 then transitions 1o 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 transition post 102 extending vertically
through the upper laminate 28 from the contact pad 82 of the
microstrip 80 at the ferminus of the tapered regions of the gap 84
where the E-fields have been rendered essentially horizontal.
Surrounding the post 102 are @ 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 interconnection to the most
tapered end of the CPW structure 150 as shown in FIG. 5C and FIG.



shown in FIG 6B. (0048) FIGS. 7A and 7B illustrate a caged coaxial vertical
transition 119 which includes a vertical post 120, which is connecMaecht2D07
post 102 across an adhesive |ayer 68 by via 68b connecting catchpads 28e
and 60. wobhe/okada- 122h formgenerally a cl osed equal ly éﬂ@@ﬁﬂwo£&%$“'ar
pattern around the post 120, providifg an outer shield ?or the center
conductor post 102. The E-fields 86 transition vertically along the posts
122a-h generally as was the case for posts 102a-102g, nmintaining a

hori zontal orientation fromthe post 120 to the posts 122a-h, the posts
122a-102h al so serving to shield the post 120 and prevent signal | eakage
into the surrounding |ayer. (0049) At high frequencies (5 - 15 GHz), there
may be aSH sthe uppdeneeaf the posieil4aaigre imeleckieaicenactiwile 100 and

' trip li 8l. T t f this, ' t of the | ti

ool onenCh BISHEN BB G P HLBLHIA 606 otthe bRl RReS A BarrandtRgtiance
tchi Mo . by ¢ ti

mat chi ng PR REH pafounQicREie Bift i o 1000 G RS ZRT Ch' Can be

representcesh B fimed s Vidsanane dogepPreminde 28 STRBIgrA@dawbdty FIG 4, a

narrowed di scontinuity 83 in the mcrostrip conductor 80 5 March 2007 WO

2115/ 0 216da-10RTTr&sRd api@2RBeaTIdR toen centimudus coauctihg wale el erent and
the discontinuity fromthe air dielectric in the cavity 46 and the ‘.
di el ect r fRMEY @ GIanded shiglador Fanstigruepsi 12 avBIgmMIN@ss) | nportant to

1T i he . o=t Vi truct - 0 bur | ed
i t1 -1 agRoRaog Rl B S POMRRS Fafs. AR ar et masEn i g Vi as

i nt t lian & : the RF feed
40 Lo tnee o LIRS O LCREA a8 of 8 SahaF e feldh ined 8001, Le® Ayere”
18 and 2Zrcawtidriiaghamticaligsildhg the post 102 generally horizontal as C

shown in FIG. 6B.

(0048) FIGS. 7A and 7B illustrate a caged coaxial vertical fransition
119 which includes a vertical post 120, which is connected to post 102
across an adhesive layer 68 by via 68b connecting catchpads 28e
and 60. Posts 122a-122h form generdally a closed equally spaced
circular pattern around the post 120, providing an outer shield for the
center conductor post 102. The E-fields 86 transition 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 o obtain better impedance matching for

the transition. To obtain a better match, a two-section matching

tfopology 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 -



and 20, along with the catchpads 16e and 20e wth |lamnates 16 and 20.
(0051) In conventional PWB fabrication, catch pads are required to h 2007
facilitate the plating into the via holes. Often conpl ex sequentia ? p(f I ng
and | amwaardosmzpnpcesses have been used to create blingcpgshohpisiegd vias and
cat chpads. Al'so the introduction of j9penings 70 and air cavity pockets 46
add a factor that prohibits using conventional |am nation processes. Two
novel and sinplified |am nation processes may be utilized for making buried
m crowave signal and ground interconnects as enployed in enbodi nents of the
present invention. Depending on the application, either one or a

conbi nati on o%?l%oth of these two novel nethods, can,k be used for the novel

const r ucEN¥8S & TaEnh G Hdvaiee @gmendiand e Pisrentiaully i the oy ge area of

rrultilayr X1 bl tes o 0 di mrents of the
present C?ﬁ\é&ﬁﬁgoﬁ ﬂa‘%gg}/ﬁ?@ ﬂﬁ{jﬁﬁg Cﬁ'??é-jlc;ﬁ'g;oﬁg%cﬁg é]%mcpfrocgﬁ'gi) Snd the
second r@(lt] Begifijé blg®ferani sotropi cal Iy conductive Z-axi s adhesives. (0052)
In the colam nation process, the pattern of vias 16h, 20h, 24h, 28h, 18b,
22b and 26b can be predrilled into each of the | am nate Iayers 16, 20 and
24 and each of the bondply layers 18, 22 and 26. 5 March 2007 WO

2005/ 112(8080) PO“ITWDQZWITOZSQEHBIngs‘hﬁmlOECaNﬁuBet{Gmsrmlssmllne4h 28h, 18h, 22h

and 26h anthenb filled w tabecnductlve
metal i MEHGHIEHYL C’ ruged m&ﬁb%ﬁéﬁ@%’&%@ ?é T§§' f?f-’ R&@ntering
("TLPS") - er paste called
ALI' VH (" %’ﬁ@%@ﬁm %?\e/tasétlp rgF) qgéfﬁ(ﬁé@%%ﬁqg?é@pgﬁomﬁgush| ta. The via
hol es 16@miRites. 2&'9, 3REoWSthe Q?beé@%@ﬁ?fﬁé@ﬁd@i@%ﬂml Bysv@f grairs are
filled with material (s) prior to lam nation, and the adhesive bondply
| ayer s 1@asafuctures in the adhesive layers 18 and 22 and the laminates 16

and 20, along with the catchpads 16e and 20e with laminates 16 and

20.

(0051) In conventional PWB fabrication, catch pads are required to
facilitate the plating info the via holes. Often complex sequential
plating and lamination processes have been used fo create blind
and buried vias and catchpads. Also the introduction 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 interconnects 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 interconnects across a
large area of multilayer flexible laminafes of section 12 according to
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, 18b, 22b and 26b can be predrilled into each of the laminate
layers 16, 20 and 24 and each of the bondply layers 18, 22 and 26.



26 are then assenbled and | am nated together. The conductive inks create an
I nt erconnect between the catchpads, e.g., 16e on l|lamnate 16 and n

| am nate 20 thus realizing the mcrowave via structures for the e%@%ﬁ%ﬁgﬁ7
of the pwes@mnishmention. This process is known in the art but has not been
used for formng ?ignal transitions [ fhrough a flexiblepgTéﬁFQdNQP?ﬂng board
| am nate, e.g., for mxed signal or mcrowave applications. Test results
have shown functionality of the RF interconnect up to 13 GHz for a

mul tilayer assenbly in one exenplary enbodi nent. (0053) The second net hod
uses ani sotropically conductive Z-axis adhesive filnms ("ZAF') such as those
not ed above, as an adhesive to realize the interconnections between the

| am nat ethe @iqQ holé$ ] 68020224 28han8h592h Hid 2haoaadhesi ve fllekdn filled with
conductive particles that allow interconnections between |ayered pairs

t hr ough WiE @avi&di@ yariefy ok Adiiabla aendeciiviesmetar inkscoreinoxieseei@rticl es are

df h f, he ZAF be.glegtrically i | at i ' h
ol ane. of UEhESIRBN T Yayich Pasive Fatedadi e momuraaiia e dsed i n a
_ e _ _ f
1 pl ey S B BTt Eo SRR IS A0V Y B nat on, ¢ e

i nt er conipgsfshitioeeid ﬁ@%&%gﬂ@e@ Byt SR, WVWHOL@%&%W ayered pairs
e.g. 14 may require additional patterned features suc as cat chpads and/ or

ground pR4ine2StantBio,| 22p amcs265 eordfifutind/bapdrezd Odirs \Wbe2filiesd 045001
PCT/ US200-1/ 023358 19 i nternedi ate paired catchpads and ground pl anes, are
conpr essEWTEGHS) REOr da daginelons eafdhg eehgsie bensiily I@eeiteldh 42

ar £ ol €28 R SR g R L et O SO0 N B ot occur
and the s pARRSIAEhHSBbERvEERIRE! Ebfehd&els, £851U1b& on (-

laminate 16 and 20e on laminate 20 thus realizing the microwave via
structures for the embodiment of the present invention. This process is
known in the art but has not been used for forming signal tfransitions
through a flexible printed wiring board laminate, e.g., for mixed signal
or microwave applications. Test results have shown functionality of
the RF interconnect up to 13 GHz for a multilayer assembly in one
exemplary embodiment,

(0053) The second method uses anisotropically conductive Z-axis
adhesive films ("ZAF") such as those noted above, as an adhesive o
redlize 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 particles are spaced far
enough apart for the ZAF to be electrically insulating in the plane of
the adhesive film. Similar o colamination, ZAF can be used in a
conventional lamination process to redlize RF and DC interconnects
of mulfiple layers with only one or two operations. Unlike colamination,
the 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 clearouts. The ZAF



have shown the functionality of the RF interconnect up to 16 GHz for a
mul tilayer assenbly. (0054) Although the foregoing has been a descqipldoho7
and illustration of specific enbodinents of the invention, various

nodi f i seoRaEs2smd changes thereto can be made by per sopst/gkiobl/@ssisn the art
wi t hout departing fromthe scope anth spirit of the invention as defined by
the following clains. 1 5 March 2007 20 What is clained is: 1. An RF signal
transition, conprising: a channelized mcrostrip transm ssion structure
having an i nput and an output; a coplanar wave gui de structure having an

i nput and an output, the input of the coplanar waveguide in electrical
comuni cation with the qutput of .the channeliized mcrostrip transm ssion
struct urder IR RAGRgRTRRASHSTE rp Wi Hches Fie SasBPTess

communt G3LEMeEhb 1o B LohBRCIOR AR nimyRaide: and o caged

coaxi al ansn sSsi o ructure having an-i an ou t, with the

i nput  ofre§hecheasddiomd rolHRARRE FRIreHShidIgicbdras@d@ct ri cal

comuni cation with the troughline transition structure, wherein at |east

t he chammanhdretiveipodies. pin henegiosi oo stleacout(s) tHiheocupiessian, wave gui de

structure and the troughline transition structure are buried in a portion of

a conf (ioRs NehOSHA did doedrexis Sahedve repraiesfielaciig. dashresiise of

fl exi bl ayers. 2. The transjtion,of ~clkaiml| wherein.t Lcrostrip

tr ansm Q908 SaBriE g AN B RE I opr U B HEBE s e at o

havi ng ' ' ﬁﬁp@uctor di sposed on a surface of the substrate, and

t he troﬁgﬁpﬁézétégﬁzitﬂdn conprises: a conductive troughline signal post in

el ectrical comunication with the output of the coplanar wavegui de

structure, said post nounted in a direction transverse to said surface;
(0054) Although the foregoing has been a descripfion and

ilustration of specific embodiments of the invention, various
modifications and changes thereto can be made by persons skilled in
the arf without departing from the scope and spirit of the invention as

defined by the following claims.



a plurality of conductive troughline grounded posts extendi ng substanti al I_)/
parallel to the troughline signal post and positioned substantial ByMarch200
surrounding the troughline signal post. 353 The transition of claiml,
further conprising a circulator structure, and wherein said input of said
channelized mcrostrip transm ssion structure is electrically connected to
a circul atW devi ce gf the circulator structure which is buried in said

| ami nate otV AMedfSiyers. 4. The transition of claim1, wherein: the

copl anar waveguidR Sk tdhQtisREBmpsiSinga conduct or - backed dielectric filled
channel. 5 March 2007 21 5. The transition of claim4, wherein the copl anar
wavegui de st r uct araanghizsdunissostrip singmassianotdoarohavingaelngiand anstutpiid second

ground traces spaced fromthe signal , conductor, tr i C ane, and
wherei n gaps begﬁ%‘ﬁ??afW€V8§H§ﬁc§]{rg&uferlgglélg %AHP‘FRB‘*?ﬁ?‘ﬁ@@%ﬁ%"'ﬁ@f@tﬁand
second gr opdlarat d26Sgli@PRIeldchadal thmunRbtiorohith iR Gepltaftie chamvaiged de
structure to the output of the coplanar wavegui de structure. 6. An RF signal

transi t i onmieresipp trehymgyissian siHaaiwiel i zed microstrip transm ssion structure

L ransi ¢ onmiGospiishyssian ekeel | zed m crostrip tran st
ctructure i not ubeed ByBpR st SRLA G B kBt ARRFRMERET, 1

m crost ri pogpidifehOsopliraposaedgoidecandur f ace of the substrate; a coplanar wave
gui de structure having an input and an output, the input of the, ﬁ)gpl anar
wavegui de in el @6agedcapxialirnTAISSIN SYHCHre vingangnpwandgn ot ishigl i zed

m r OST 11 Dikh ARAAL 8100 Lih eI fusioR ROREL ih'RUEHNa) BSininliAREG4 QflnBd uCt ur
in electric Convit cati on W th The o out put of the coplanar wave gui de; and
a caged coawuglint tangtidssinaturst ructure having an input and an output, wth
the input of the caged coaxial transm ssion struycture in electrical

comuni cat i on whereiat least thg gh?ﬂifﬁé‘z?dr @Wé@sﬁqllbﬁawlﬁﬁé‘?rhﬁ'@,cu’trﬁéh% eplanar
transm ssi %Yé BiHE ST curk OHR Eﬁeﬁ,%ﬂ%%lﬁge SEU RN sHABEHELL YariELAXd ﬁtgrti‘c‘sﬁ BFgr post

in electrical cTonmunication w
conformal antenna structure, said portion comprising a laminate of flexible layers.

2. The transition of claim 1 wherein the microstrip transmission structure
includes a generally planar dielectric substrate having a microstrip conductor disposed
on a surface of the substrate, and the troughline transition comprises:

a conductive troughline signal post in electrical communication with the
output of the coplanar waveguide structure, said post mounted in a direction
transverse to said surface;

a plurality of conductive troughline grounded posts extending substantially
parallel to the troughline signal post and positioned substantially surrounding the

troughline signal post.

3. The transition of claim 1, further comprising a circulator structure, and
wherein said input of said channelized microstrip transmission structure is electrically
connected to a circulator device of the circulator structure which is buried in said

laminate of flexible layers.

4, The transition of claim 1, wherein:
the coplanar waveguide structure comprises a conductor-backed dielectric filled

channel.



output of the trough line transition, said center post oriented in a
substantially transverse direction relative to the planar diel ectyMerch2007
substrate; a plurality of grounded posbts extending substantially parallel to
t he coaxial center post and positioned substantially surrounding the
coaxial center post to provide a coaxial outer conductive shield structure.

7. An RF si I LLi i Sing: h i zed. I . id
means for dondudtt ARGt SRgh e CopRACy (it bt meRUEY re,
di recti on; s@ng28R8udsratB lah@ Eirdt hAM §cbh® Brolad kragesaPadedFEdm @irckiginl out put, with

the input o the troughline transition in electrical communication with the
out put of eoEduciondaecin Zeanmepplnarandaxhstin gepshstiveen thyeonsiyeiontraed t he caged

A

sai d caged Srton or na second

direction waivéeduideSstiucamns weths Suipt sBthe chplamdr wadtgiead stmetur. March 2007 22
wherei n the channel i zed copl anar wavegui de neans and the troughline
transition are buried in a portion of a flexible multi-layered | am nate

structure. ( 8. The@p lqﬁM§ﬁ8L”£%ﬁ%§Péz further conprising: a caged coaxia

transm ssi on structurgR%aV|ng an in electrical comunication with the
out put of said aabathetizaalgltrostép trammsisdiorosirucure Rinang amingput armharodutphtai m 7,
wherein the caged troughline transition conprises: a.substantjally vertical
first signatherimigimictstrpHTasBAsICHNCRERENE:R Rty plass B3UE of the
copl anar mgﬁ% i ; I i gﬁg&§ i.ng the RF
signal on t eg‘#ﬁe?%?ﬁ??ﬁﬁ%f&%@aﬁiﬂ%%dgl&%%a?’gtra Ss |eloiﬂr?1£gst grgﬂfei’rst si gnal
transition, saidcpplanalwavg goidefstrusturaiesais: sulbpttantiiaalduyput,she impundlf thg t he

first signal transitiqn. 1Q. The transiti.on of claim7, wherein.the
chaannel | 26A0EEE AIFEEY GRS amEnTIAPRIGE (G SHEHAr BoRBIRTEE:  ace and
first and ﬁﬁ&%@tﬁgg@ﬁﬁﬁﬁs%fl%ﬁ'ﬁ&m%?aced fromthe signal conductor trace in a

comon pl ane, an erel n gaps between the conduct or
a caged troughline transition structure in electrical communication with the

output of the coplanar wave guide; and

a caged coaxial transmission structure having an input and an output, with the
input of the caged coaxial transmission structure in electrical communication with the
troughline transition structure, the coaxial transmission structure comprising:

a center conductive coaxial center post in electrical communication with the
output of the trough line transition, said center post oriented in a substantially
transverse direction relative to the planar dielectric substrate;

a plurality of grounded posts extending substantially parallel to the coaxial
center post and positioned substantially surrounding the coaxial center post to provide

a coaxial outer conductive shield structure.

7. An RF signal transition comprising:

a channelized coplanar waveguide means for conducting an RF signal from an
input to an output in a first direction;

a caged troughline transition having an input and an output, with the input of
the troughline transition in electrical communication with the output of the
channelized coplanar waveguide means, the output of the caged troughline transition
in electrical communication with an antenna aperture, said caged troughline transition
for conducting the RF signal in a second direction which is transverse to said first

direction,



trace and the respective first and second ground traces taper fromthe input
of the coplanar wavegui de nmeans to the output of the coplanar wavedaicie2007
means to provide an E-field characterbstic of the RF signal which is
substantially between said signal conductor trace and the respective first
and second ground traces in general alignment wth the conmon plane. 11. An

ant enna, conpri sing. radi at.or. | ayer assenb]y conprisi a plurality of
radiators; a ci Wh?ﬁ‘I%H’ctg‘F Cﬁ%wléfﬂ%’a%ﬂp VP iqiﬁnggniﬁ?g&%bg?es each in
el ectri cal 1, GORIRE BatiePM MpdrloRoFLIEESRARE NGy LOFlaRfinsakRudlier al i ty of
radiators; a plurality of transmt/receive (T/'/R nodul es each having an

i nput port and an output port in electrical comrunication with a
correspondi,ng peﬁt of % rgi eCt?éfﬂ ne of. said circulators; an RF feed
| ayer havi ig an ' MHPRRYEH put2l /o @ PRAE8 plurality of T/R nodule ports

connected to a h@sRAGOLNEI @mmisiﬁtﬁcﬂ&WﬁpuﬁﬂQI&tMlCh 2007 23
wherein said radiator |ayer assenbly and said circul ator |ayer are

f abri cat edcommugisatiemivith tleeouipytiaf saigyageddrqughling Bansiidnudi ng a printed wiring
board (PWB) structure, said plurality of circulators enbedded w thin spaces
defined in said PWB structure. 12. The antenna of claim 11, further

conpri si ng9an RFhé transtidr Oftlavhd Tiwhesélh the daged ati@dindwahsitibayenhpsdesuct ure for
providing an el ectrical connection between each of said plurality_ of

circul ators andaswstangiallaverticaldyrat signad samsiyon 15 lestrmal eomamanicaen WEBnpri si ng
for each ciyrc ' ' ] strip transm ssion structure having
an i nput aﬂ%‘gﬁﬁ%ﬁfgﬁ??gﬁgéﬁg%kﬁgg?%k%?%g electrically connected to said
circulator; a caplailay ofifiye ngiahs tor Shapind the ® dgnah on alte finpsipnan@nsitioout put ,
the input of the  coplanar wave e.in electrjcal _.communication with the

i uid [ .
output of enbiosshislieng t?é@“r‘fi%‘?ﬁ%i‘qsi%’nt rahelvraddy ehfist meansyubstantiallyged
trothlinef&%ﬁﬂﬁk%ﬂﬁ@ﬁﬁﬁ%%ﬁ&%f sitfdp€l ectrical communication with the output

of the coplanar ve gul an

10.  The transition of claim 7, wherein the channelized coplanar waveguide means
includes a signal conductor trace and first and second ground traces spaced from the
signal conductor trace in a common plane, and wherein gaps between the conductor
trace and the respective first and second ground traces taper from the input of the
coplanar waveguide means to the output of the coplanar waveguide means to provide
an E-field characteristic of the RF signal which is substantially between said signal
conductor trace and the respective first and second ground traces in general alignment

with the common plane.

11.  An antenna, comprising:

a radiator layer assembly comprising a plurality of radiators;

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

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

an RF feed layer having an input/output (I/O) port and a plurality of T/R

module ports connected to a respective one of said T/R modules; and



a caged coaxial transm ssion structure having an input and an output, wth
the input of the caged coaxial transm ssion structure in electrléQMMCh2007
communi cation with the troughline trapsition structure, said coaxi al
transm ssion structure having a transverse orientation relative to an
orientation of the mcrostrip transnission structure. 13. The antenna of

an‘air pocker abPrRBeegRR e fphl e R e s BBHRRF m 13, "

further ingludiiM@e®mBltilagbd dtdchire GicRidiveh &praxfied Sitdst Boakd AYWEB) Sthidtarendi ng the
air pocket to provide RF shielding of said pocket. 15. The antenna of claim

14, wher ei #idpiuglicnaheitqulaiery cpbeddssh within spacks fefingddn said PWBsHEeUrS nount ed
within said air pocket, and at |east sone of said plurality of ground vias
define side walls of the microstrip transm ssion structure. 16. The antenna
of claim 1. whEheamenrdahd ctainpl a0 Atrtheny@gprisiey &t RE clatisidon ovihin séd a
conduct or - backed dielectric filled channel, 5 March 2007 24 17. The

ant enna of lagiiagted mglti-laper Susture ©r papyiding an Glegisal cpangstiandietiveen s3eh Qlles a

S! gnal con E&&lﬁﬁé&}lﬁ% Q‘F@irc%MOJs aﬁékh%&aﬁgﬁﬁgpgﬁ%ﬂmﬁgsefl& Wan%ﬁ ged fromthe

signal condu race rn a conmmon p rern gaps etmeen t he
conduct or tommesingfod esdheciroabyp@ct i ve first and second ground traces taper

fromthe input of the_ caoplanar. wavequide structure to, the output of t he
copl anar wavegud BRANSEHAFE(TCEOSripRtransRdssigR AR Gha VARG THANPYL angAS Rt he

m crostripgfid §%§§é %@cﬁkél‘f&%d&@cw& {bcéaﬂﬂ&ifcu?at&ll el ectric substrate having a

mcrostrip conductor- di sposed on a surface of fthe substrate, and the
troughl i ne tran&cmﬂmmrmmnpgudesﬁu@umdmdmg&mvmnnmodgmbhmmish@hmhuﬁbh¢ in

el ectrical conmunicati th.t out put of r

Struct ur o, S Bateeimestion Sommunbrsunvich e momn S8 He tBERAEEr  ace.
plurality gfic:69RFUShINSsibh Seitlidene grounded posts extendi ng substantlally
parallel to the troughline S|gnai post and positioned substantially

surroundi ng t hea cagedurpighlie tsingitmin spoettire in electrical communication with the
output of the coplanar wave guide; and
a caged coaxial transmission structure having an input and an output, with the
input of the caged coaxial transmission structure in electrical communication with the
troughline transition structure, said coaxial transmission structure having a transverse

orientation relative to an orientation of the microstrip transmission structure.

13.  The antenna of claim 12, wherein each of said plurality of circulators is

mounted within an air pocket defined in said PWB structure.

14.  The antenna of claim 13, further including a plurality of ground vias

substantially surrounding the air pocket to provide RF shielding of said pocket.

15.  The antenna of claim 14, wherein said channelized microstrip transmission
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.

16. The antenna of claim 12, wherein:
the coplanar waveguide structure comprises a conductor-backed dielectric filled

channel.



19. The antenna of claim 12 wherein the mcrostrip transm ssion structure
includes a dielectric substrate having a mcrostrip conductor di spddadh@f0oa
surface of the substrate, and the cagefl coaxial transm ssion structure
conprises: a center conductive coaxial center post in electrical

comuni cation with an output of the troughline transition structure, said
center post.oriented in a.substantial.l transverse direction relative to
Che. ol anar i el dB¢ Arien@BETHE L Whepinghe copBRgT kgt S pHE 2o BYREhd) ng
substant i a&iFﬂm Refdlctd?lirab @ atBrst dKieBbnd EBUAETTaR9ShacRBGroRPHetsiggnpd
substantiall'y surroundi ng the coaxial center post to provide " a coaxial

out er condemdiigter gidedhd commyuen plake, apd whatigen gaps datveeen thecgamidpston tracggher ei n sai d

| am nated mu ti-|ayer ruct.ure i.s urved stt uct.ur. ) enna of
it m 20, MHEPsTSBYTre T dhac oo Tndng T ot Frucah o RpRA 507 0
ant enna of walepulbe biruvdiey ©ithe biltput sfdh@tdplaradwavesdeastidlesur€onpri ses a  bal un
| ayer and a radiator layer. 5 March 2007 25 23. An RF signal transition

met hod conprising: utilizing a channelized copl anar wavegui de, receiving,

and hori zopg al | met t . ngHa . Sj . | vegui de i nput
to a copl agéair wﬁ}\}ee;gl{t}%é OfgLatHBgitz,’ %’%’g}’} tl?lg nﬂlg&ggtg ‘??}sa? Sr\g}fegglto?lg E’Pa\({:i%ged coaxi al

t roughl i neirkclhidesa Hietwdtricvibstr@hdwing & BrAGSSib tcondlcsdi dis pobedSorgm slirfdce ofl
troughline output; utilizing a caged coaxial transition, vertically
transnit t i Wg subgtigteradsthg fepughlingrrangition spwPrises: el ectri cal communication with

the troughline ous ikl Oy RAX b l%tsﬂﬁtelectr?cgpccﬂﬁmhﬁi% iorf (W GRannel i zed
roughf roug f f

copl anar wavegui de, an i'ne transition are uried 1n a portion
of a fl exi bhtputraflthd edplanar edvéguidensatuetusd, said tpostamowded ihheedingetibnd of cl ai m 23,
wherein the flexiblekrul%i-layered | am nate structure has a curved shape.
transverse to said surface;
a plurality of conductive troughline grounded posts extending substantially
parallel to the troughline signal post and positioned substantially surrounding the

troughline signal post.

19. The antenna of claim 12 wherein the microstrip transmission structure
includes a dielectric substrate having a microstrip conductor disposed on a surface of
the substrate, and the caged coaxial transmission structure comprises:

a center conductive coaxial center post in electrical communication with an
output of the troughline transition structure, said center post oriented in a substantially
transverse direction relative to the planar dielectric substrate;

a plurality of grounded posts extending substantially parallel to the coaxial
center post and positioned substantially surrounding the coaxial center post to provide

a coaxial outer conductive shield structure.

20. The antenna of claim 11, wherein said laminated multi-layer structure is a

curved structure.

21. The antenna of claim 20, wherein the antenna is conformal to a non-planar
shape.
22. The antenna of claim 11 wherein the radiator layer assembly comprises a

balun layer and a radiator layer.



25. The nethod of claim 23 wherein: the coplanar wavegui de includes a si gnal
conductor trace and first and second ground traces spaced fron1tﬁéﬂ@$bﬁgp7
conductor trace in a common pl ane, andygherein gaps between the conductor
trace and the respective first and second ground traces taper fromthe

I nput of the coplanar waveguide to the output of the coplanar waveguide.

conduct or - Backeddiene FraiE FsthodsdmeRE a0e, g over a portion of the
copl anar waveguifilézihiga timnelitedwophhart Wevegoidk avedivinppardidridentally
transmitting an RF signal from a coplanar waveguide input to a coplanar waveguide
output;
utilizing a first vertical caged coaxial troughline transition, vertically
transmitting said RF signal to a troughline output;
utilizing a caged coaxial transition, vertically transmitting said RF signal from
an input in electrical communication with the troughline output to a coaxial output,
and
at least the channelized coplanar waveguide, and the troughline transition are

buried in a portion of a flexible multi-layered laminate structure.

24.  The method of claim 23, wherein the flexible multi-layered laminate structure

has a curved shape.

25.  The method of claim 23 wherein:

the coplanar waveguide includes a signal conductor trace and first and second
ground traces spaced from the signal conductor trace in a common plane, and wherein
gaps between the conductor trace and the respective first and second ground traces
taper from the input of the coplanar waveguide to the output of the coplanar

waveguide.

26. The method of claim 23 wherein:
the coplanar waveguide comprises a conductor backed dielectric filled channel
tapering over a portion of the coplanar waveguide to the output of the coplanar

waveguide.





