WO 2005/ 025001 PCT/ U52004/ 023355 EMBEDDED RF VERTI CAL | NTERCONNECT FOR
FLEXI BLE CONFORVAL ANTENNA BACKGROUND (0001) Typical active array
architgectures include one or nore ferrite circulators for passive dupl exing
and control of scattering in mcrowave antennae. These circulators are
passi ve WARHSH02I08T i crowave devi ces, which may i ncl udeCT/ESYOH023358
mcrostrip/stripline resonator circdit on a ferrite substrate that is
sandwi ched between a magnet and magnetic carder 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

bet ween the radi ati ng apertures

EMBEDDED RF VERTICAL INTERCONNECT FOR
FLEXIBLE CONFORMAL ANTENNA

BACKGROUND

(0001} Typical acfive array architectures include one or more ferrite
circulators for passive duplexing and control of scattering in
microwave anfennae. These circulators are pdssive “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 1o bé able 1o bury these
microwave devices, e.g., circulators and other microwave devices,
e.g.. infegrated circuits comprising switches, filters and MEMs, while
realizing the vertical fransitions to interconnect the devices to

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

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



and T/R nodul es. There exists a need to be able to bury these m crowave
devices, e.g., circulators and other mcrowave devices, e.g., integrated
circuits conprising switches, filters and MEMs, while realizing the,
vertical transitions to interconnect the devices to the other conponents
wi t hi WA HE S P¥na, e.g., Transnit/Receive nodul es PETHRSIHHIRBSS and
radi ators. Burying mcrowave ci rcul ators and other discrete nicrowave
devi ces poses a challenge. WO 2005/ 025001 PCT/ US2004/ 023358 2 SUMVARY OF
THE DI SCLOSURE (0003) An RF signal transition conprises a channelized
mcrostrip transm ssion structure, and a copl anar wave gui de structure in

SUMMARY OF THE DISCLOSURE

(0003) An RF signal transition comprises a channelized microstrip
fransmission structure, and a coplanar wave guide structure in
electrical communication with the channelized microstrip fransmission
structure. A caged troughline fransition structure is in electrical
communication with the coplanar wave guide structure. A caged
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
opprecio’réd by persons skilled in the art from the following detailed

description when read in conjunction with the drawing wherein:

(0005) FIG. 1is afunctional 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 mulii-layered conformal RF fransition

structure according to an embodiment of the present invention.

(0007) FIG. 2Ais a simplified schematic cutaway of a porfion of the
RF transition portion of FIG. 2.



el ectrical communication with the channelized mcrostrip transm ssion
structure. A caged troughline transition structure is in electrical
comuni.cation with the coplanar wave guide structure. A caged coaxi al
transm se0 onssiswucture is In electrical communication vedmusdeyo28sssughl i ne
transition structure. The signal transition may be enbedded in a flexible
printed wiring board structure with a circulator for a conformal antenna
structure. BRI EF DESCRI PTI ON OF THE DRAW NGS (0004) Features and advant ages
of the disclosure will readily be appreciated by persons skilled in the art
fromthe foIIowi ng detailed description when read in conjunction with the
ram of an

drawi ng 0Q05 | G 1|safunct|onal bl ock di a ¢
enmbodi mem&%ﬁ ar!I: 'é 83\ 37@"&? FagraprseaTienal %W'@BW%'@Qeiﬁs%f&m%ce Wi th
aspects Qfa of afirst portion of an embodiment of the present invention

shown;

(0009) FIG. 3B shows a schematic cross-sectional view of a second

portion of the embodiment of the present invention;

(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 fo a vertical RF fransition

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

fransition according to 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 o 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 froughline transition iine
contained within the PWB 16 according to an embodiment of the
present invention,



the invention. (0006) FIG 2 shows an expl oded perspective view of a
conformal antenna assenbly including a nulti-Ilayered conformal RF
transition structure according to an enbodi mnent of the present invention.
.(0007) WO 2055 E a sinplified schematic cutaway of apgardsovmissihe RF
transition portion of FIG 2. WD 2005/ 125001 PCT/ US2004/ 023358 3 (0008) °
FIG 3A shows a cross-sectional partially exploded schematic view of a
first portion of an enbodi nent of the present invention shown; (0009) FIG
3B shows a schematic cross-sectional view of a second portion of the
enbodi mrent of the present invention;

(0015) FIGS. 7B and 7A show respectively a top view and a cross-
sectional view along the lines 7B, of a caged coaxial fransition line

contained within the balun layer according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE DISCLOSURE

(0016) In the following detailed description and in the several figures
of the drcwing,_ like elements are identified with like reference
numerals,

(0017) FIG. 1 is a schematic block diagram of an exemplary
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 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 shifter and an attenuator, as well
as a receive amplifier and a transmit amplifier connected to ports of
the circulator through a T/R switch. Structures of the array system can
be implemented in muitiple layers to provide a conformal

radiating aperture.

(0018) Turning now to FIG. 2 there is shown an exploded perspective
view of a conformal antenna assembly including a mulfi-layered
conformal RF transition 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
fransition structure 10 may be sandwiched. To conform to the curved
nature of the antfenna aperture, the structure 10 comprises, in an



(0010) FIG 3C shows an expl oded schematic cross-sectional view of the
enbodi nent of the present invention shown in FIGS. 3A and 313; (0011) FIG 4
shows a top schematic representation of a portion of a mcrostrip
connect wagdoky@2spor cul ator to a vertical RF transition POIUS204423358 an
enbodi ment of the present invention.5(0012) FIGS. 5A and 5B show,
respectively, a top view and a cross- sectional view along lines 513, of a
schematic representation of a portion of a mcrostrip connecting the
circulator to a vertical RF transition according to an enbodi ment of the
present invention. (0013) FIGS. 5C and 5D show, respectively, a top view and
a cross- sectional view,.al on,g I%ne@ 5D, of scgfamatic representati on of
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anot her PR TBIFYCTROH LY Pl e sred QP&fOErBOL\ verti cal
RF transidﬁfgp]répﬁprn@r{gﬁiérpsﬁgbﬂ(gpdi ment of the present

(0019) Innovations include a new combination of transmission line
structures used in this transition, and lamination processes utilized in
creating three dimensional microwave transmission lines structures in
the flexible sections, e.g., section 12.

(0020) FIG. 2A shows a schemdtic, cutaway view of a lower portion
of the transition structure 10. A microstrip circulator 44 is mounted into
the flexible multi-layered lower section 12 of the sfructure 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 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 fiexibie
printed wiring board (PWB) 12 and the balun and radiating apenrture
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, 150, 110, 120 to reshape the
electromagnetic field configuration of the RF signal

from the microstrip 80 connected to circulator 44 fo 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



I nvention. (0014) FIGS, 6A and 6B show respectively a top view and a cross-
sectional view along the lines 613, of a caged troughline transition |line
contained within the PWB 16 according to an enbodi nent of the present

i nvent WERZWHEZIN05/ 025001 PCT/ US2004/ 023358 4 (0015) PLCEIIS2MR/0253d8 7A show
respectively a top view and a cros$ sectional view along the lines 7B, of a
caged coaxial transition [ine contained within the balun |ayer according to

an enbodi rent of the present invention. DETAILED DESCRI PTI ON OF THE
DI SCLOSURE

transmission structure 40 for connecting the T/R module to the
circulator. In this view only one structure 40 is illustrated; however it will
be understood that two structures 40 are provided for each circulator
to provide the fransmit or receive connection between the T/R
module and the circulator as shown in FIG. 1.

(0022) It will be appreciated that the exemplary embodiment of the
antenna of FIG. 1 is adapted for transmit and receive operations, and
so it will be understood that generally the “input” and “output” ports
of various circuifs can also be used as “outputs” and “inputs” unless
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 structure 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 ball-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 fo 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

metdl layer 60b and an upper metal layer 60c. The lower metal layer

60b forms a ground plane, and has formed therein a cutaway 60f



(0016) In the follow ng detailed description and in the several figures of
the drawing, like elenents are identified with |ike reference nunerals.
(0017) .-FIG 1 is a schematic block diagram of an exenplary enbodi nent of a
active awoayssgstoem 200 which can be inplenented in aceorgsnegosid) aspects
of this invention. In a general sense, the array includes a radiator |ayer
200A, a circulator layer 200B, a T/R nodul e | ayer 2000, and an RF feed

| ayer 200D, with an RF input/output (I/0O port 200E. The T/R nodul e | ayer

i ncludes for each <circulator in the layer 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 arrayidyerwhictamanbs iggmed & egtchrad 609 fermagie aanngeli de a

confor rml1‘he vertical fransition line 102 (FIG. 3A) with the coaxial vertical
fransition 120. The lower balun layer 66 may also have a via and
catchpad forming a portion of a groundplane interconnect 122, The
lower balun layer 66 may also have formed thereon a signal
fransmission strip conductor pattern formed in a metalization layer 66g
formed on the upper surface of the lower balun layer 66. The upper
balun layer 67 may have formed on its upper surface the metalization
layer 60c which forms a groundplane, and has cut in it a clearout 60f

through which passes a vertical coaxial signal transition 120a.

(0025) The radiator layer 64 includes a dielectric layer 64a which has
embedded therein a radiator conductor patiern defining a plurality
of radiators, including exemplary radiator 94, which is electrically
connected to the vertical transition 120a. The radiator assembly layer
64 has formed therein, as shown in FIG. 3B, a via 96 for connection
with the vertical coaxial tfransition 120a through a clearout 60f in the
upper metal layer 60c of the balun iayer 62. A dielectric radome
layer 76 covers the top surface of layer 64a.

(0026) The balun and radiator layer assembly 60 may be attached
fo an upper metal layer 28g (FIG. 3A) of an upper dielectric laminate
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 at the lower end of the signal
fransition line 120 and the caftchpad 28e at the upper end of the
trough 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



radi ati ng aperture. (0018) Turning nowto FIG 2 there is shown an expl oded
perspective view of a conformal antenna assenbly including a nmulti-I|ayered
conformal RF transition structure 10 according to an enbodi nent of the

pr esenwO vRerso@n. The confornmal antenna al so i ncl udepcanus2@R@bizug € ,
structure 11 and a backplate 13 betsseen which the RF transition structure
10 may be sandw ched. To conformto the curved nature of the antenna
aperture, the structure 10 conprises, in an WO 2005/ 025001 PCT/ US2004/ 023358
exenpl ary enbodi nent, a flexible, curved nmultilayered conformal antenna RF
transition structure. (0019) Innovations include a new conbination of
transm ssion line structures used in this transition, and | am nation

pr ocess@8NRMViGe @ cennection fo a ground plane interconnection 122

connecting the groundplane 60b on the bottom surface of the balun
layer 66 with the groundplane 60c on the upper surface of the balun
layer 67. In this exemplary embodiment, the balun layer 62 is formed
of the fwo balun layers 66, 67 for ease of forming the metalization 66g’
on the upper surface of the lower balun layer 66 for forming a
horizontal signal fransition patfern 66g thereon.

(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
o the upper end of the trough line 102), and also the respective
ground planes 60b and 28g. The Z axis adhesive, e.g., alayer 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 fiexible DC/RF manifold
assembly 12 to be electrically atfached 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 structure.



creating three dinensional mcrowave transm ssion lines structures in the
fl exi ble sections, e.g., section 12. (0020) FIG 2A shows a schenmati c,
cutaway view of a |ower portion of the transition structure 10. A

m cr ost Wp2u9spz¥at or 44 is mounted into the flexiblerallts2e0anzassd | ower
section 12 of the structure 10 in a 9generally rectangul ar opening 70 that
Is fornmed in section 12 as explained in nore detail below The cavity air
pockets 46 may al so be machined into selected | ayers of section 12 prior to
a lamnation process, also as described below. Gold wires or ribbon bonds
74 are wused to connect corresponding mcrostrip traces to and fromthe

of "the s 8978, TR s SRP B ES SR SR e Rl Rriubivat 88, oF the'
posi ti onphghe other adhesive layers 18, 22 and 26, e.g. o accommodate
further flexibility of the section 12.

(0029} Turning now to FIG. 3C, there is shown an exploded cross-
sectional view of the exemplary mulfilayered conformal PWB
assembly 12 which serves as an RF/DC feed section in this
embodiment, In an exemplary embodiment, the PWB 12 includes
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 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 1ée 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.



of an RF vertical transition 90 through a lam nated nmultilayer flexible
printed wiring board (PWB) 12 and the balun and radi ating aperture assenbly
60. The interconnect 90 interconnects the mcrostrip conductor 80 connected
to theWAPEHPEIYr 44, to the upper layer assembly 60PCTHS208MR33s8] RF
transition 90 can include several !¥icrowave transmission |ine structures
80, 150, 110, 120 to reshape the electromagnetic field configuration of the
RF signal fromthe mcrostrip 80 connected to circulator 44 to that of a
"caged" coaxial transm ssion line structure as the RF signal enters the
| ayer assenbly 60. There Is also a mcrostrip to vertical caged coaxial WO

20051 035001 PCTL 0001225018 AT S bAoA ToF commeet e

opening 70 that will be formed when the layers 16, 18, 20, 22 and 24
are laminated fogether.

(0032) Above the lower adhesive layer 18 may be an upper
dielectric laminate 20, which may be of about 6 mils in thickness and
may include an upper dielectric layer 20a of about 2 mils in thickness,
which may be made of Kapton (TM), which may be sandwiched
between a lower metal layer 20b and an upper metal layer 20c,
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 20n

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 a
ground/signal plane 20g in the upper metal layer 20c. The upper
dielectric layer 20a may also have cut info it a porfion 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.qg.. catchpads 20e
and/or ground/signal planes 20g in the upper metal layer 20c of the
upper dielectric laminate 20 through the middle adhesive layer 22,
The adhesive layer 20 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.



circulator. In this view only one structure 40 is illustrated; however it
w Il be understood that two structures 40 are provided for each circul ator
to provide the transmt or receive connection between the T/R nodul e and

t he cir epdh adodfo2&sshown in FIG 1. (0022) It wll be awﬁ?gﬁbg@_ﬁggat t he
exenpl ary enbodi nrent of the antennajof FIG 1 is adapted for transmt and
recei ve operations, and so it will be understood that generally the "input"
and "output” ports of various circuits can al so be used as "outputs” and
"inputs" unless otherw se apparent fromthe circuits. (0023) FIG 3A shows
a cross-sectional schematic view of a portion of the PWB 12 conprising a

| ower portion of the structure 10. An RF transmt receive interface nodul e
30 i s corfd@dd)ed Albovedhevididd|e aathesiveyldyer22dmay Did ihebippatssenbl y or

chi p- Scalsgc%g%k% ceaf i’rl’r\]glnﬂgilﬁrl]gygrned laminate section 12. The upper section
15 may include a lower dielectric laminate 24, which may be on the
order of about 10 mils thick. The lower dielectric laminate 24 may be
fdbricc’red of a dielectric layer 24aq, such as Duroid (TM), sandwiched
between a lower metai layer 24b and an upper metal layer 24c,
each of which may be etched to form, e.g., catchpads 24e,
clearouts 24f, and ground/signal planes 24g. The lower dielectric
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 catchpad 24e in the lower metatl iayer 24b to a
ground/signal plane 24g in the upper metal layer 24c. The lower
dielectric laminate 24 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.

(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 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 dielectic



IC flip chip 203 having a ball-grid 201 including solder balls 202
respectively aligned with many of the catchpads 16e in the lamnate 12. The
|C chip 203 integrates functions of a T/R nodule in this exenplary .

enbodi NEAROOSPR®Ohodul e 30 is electrically connected tecTitRosdszgure 10

t hrough sol der ball connections toizhe catchpads. The nodule 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 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

Cover 220" 60040 DBuiier stptuenasbbee vy netal |ayer
60b T or frefdy] S RNIBE AP andidpBRfnd 1 T 26E S8R SHVAIRY Rl be

etched to form, e.g.. catchpads 28e, clearouts 28f, and ground/signal

planes 28g. The upper dielectric layer 28a may be formed with pre-

cut or pre-drilled via openings 28h that may be filled with conductive

ink fo connect, e.g., a cafchpad 28e in the lower metal layer 28b to a

catchpad 28e in the upper metal layer 28c, e.g., as part of transition

102. The upper dielectric laminate 28 may aiso have cutinto it

opening 46.

(0037) When laminated 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 laminate 16
by a layer 68 of conductive epoxy. The permanent magnet 80 is
separated from the circulator layer 54 by a dielectric spacer §2. 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, conformal
sfructure, as illustrated in FIG. 2.



WO 2005/ 025001 PCT/ US2004/ 023358 7 within which may be forned a catchpad
60e forned to connect the vertical transition line 102 (FIG 3A) wth the
coaxial- vertical transition 120. The | ower balun |layer 66 may al so have a
vi a andwazoyhisael f orming a portion of a groundpl ane i PCAYEAMRERSE35822. The
| ower balun |layer 66 may al so have ftdrnmed thereon a signal transm ssion
strip conductor pattern fornmed in a netalization |ayer 66g fornmed on the
upper surface of the |lower balun |ayer 66. The upper balun |ayer 67 nmay
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

Vet cal OB, oy A A RSB Srh B hohaye ©f
the microstrip conductor 80. The microstrip conductor 80 has @
contact pad 82 at one end thereof, and is fabricated on a top
surface of the lower laminate 24. Conductor filled plated vias 85 (FIG.
3A) are formed along the periphery of each air pocket cavity 46 and
surrounding transition 102 as explained in more detail below. The
plated vias 85 also serve to form groundplane interconnects 96 (FIG.
4) to create a virtual sidewall for the cavities 46, sufficient for creating
an RF shielded cavity 46necessory for RF fransmission fine structures.

(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
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-B in FIG. 8A, of a schematic
representation of a portion of the microstrip frace 80, comprising a
channelized microstrip tfransmission structure 81 at area 5A (FIG. 2A),
interconnecting the gold wire or ribbon bond 74 from the circulator 44
o the contact pad 82 (FIG. 4), at area 5B (FIG. 2A). Side wadiis of the
opening 46 have formed therein conductive vias 96 to define a
metaliized channel. Field lines 86 depict the shape of the electric
field for the channelized transmission structure.



enbedded therein a radi ator conductor pattern defining a plurality of

radi ators, including exenplary radiator 94, which is electrically connected
to the vertical transition 120a. The radi ator assenbly |ayer 64 has forned
therei WO M85/4%3in in FIG 3B, a via 96 for connecti onPCWuStnowhzs3serti cal
coaxial transition 120a through a ttearout 60f in the wupper netal |ayer 60c
of the balun layer 62. A dielectric radone | ayer 76 covers the top surface
of layer 64a. (0026) The balun and radiator |ayer assenbly 60 may be
attached to an upper netal |ayer 28g (FIG 3A) of an upper dielectric
laminate 28 of the PWB 12 by an adhesive layer 68. The |ayer 68 may contain
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representation of another transmission structure 150 interconnecting
the gold wire or ribbon bond 74 from the circulator 44 to the contact
pad 82. The location of 8D is shown also in FIG. 2A. The channelized
microstrip 81 transitions to the channelized, conductor backed,
dielectric filled, coplanar waveguide (CPW) transmission structure 150,
since the ground planes 24G close in on the conductor strip 80,
resulting in reshaping of the electromagnetic fields. Thus, the gap 84
between the microstrip conductor 80 and the ground conductors 24g
is tapered from the spacing at the junction between the structures 81
and 180 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 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-78, of a caged coaxial transition line 120
contained within the lower balun layer 66 and upper balun layer 64 of
the balun layer 60.

(0046) Asshown in FIGS. 5A, 8B, 5C and 8D, the channelized
microstrip 81 field configuration within the area of cavity 46 fransitions
fo a channelized conductor backed CPW transmission structure 150.
The channelized conductor-backed coplanar waveguide 150 may
be formed of the channel or gap 84 tapering from the input of the
CPW 180 to the output. The gap dimensions of the channelized



transition line 120 and the catchpad 28e at the upper end of the trough
line 102, or between the groundpl ane 289 on the upper surface of the

| ami nate 28 and the groundpl ane fornmed by the netalization |ayer 60b on the
bottom Wo&cnﬁmk%m nated | ayer 60. This WD 2005/ 125001 P!g:T/ Us2004/ 023358 8
can providé & connection to a ground,plane interconnect}oH 128" PMhect i ng

t he groundpl ane 60b on the bottom surface of the balun |ayer 66 with the
groundpl ane 60c on the upper surface of the balun layer 67. In this

exenpl ary enbodi mrent, the balun layer 62 is fornmed of the two balun | ayers
66, 67 for ease of formng the netalization 669" on the upper surface of
the I ower balun layer 66 for forming a horizontal signal transition pattern
669 t her emigrostrip structure 81, as indicated in FIG. 5A remain essentially

constant as gaps 84 between the ground planes 24g formed in the
upper metalization layer 24¢ of the lower laminate 24 and the
microstrip conductor 80. As shown in FIG. 5B the field lines 86 in this
region of the air cavity 46 are generally between the microstrip 80
and the groundplane 24g formed in the lower metalization layer 24b
of the lower laminate 24. These field lines pass through the dielectric
24a of the lower laminate 24. As shown in FIG. 5C, the channels 84
are narrowed foward vertical fransition 102, while maintaining a
suitable resistance, e.g., 50 ohm impedance. At the same time the E-
field 86 concentrates more across the gaps 84 and less along a
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
parallel to the plane of the microstrip conductor 80 in order 1o dllow
the RF signal to transition fo the caged froughline 102 (FIG. 6B) fo
redlize a matched verical fransition with minimal discontinuity. The
caged froughline 102 then transitions to a caged coaxial 120 as the RF
signal enters the balun layer 60 as described in more detail below.

(0047) Asshownin FIG. 6A, a caged troughline fransition 100 is
formed by a vertical signal fransition post 102 extending vertically
through the upper laminate 28 from the contact pad 82 of the
microstrip 80 atf the terminus of the fapered regions of the gap 84
where the E-fields have been rendered essentially horizontal.
Surrounding the post 102 are @ pluradlity 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 100 in the pattern fo allow for inferconnection to the most
tapered end of the CPW structure 150 as shown in FIG. 5C and FIG.



(0027) The adhesive layer 68 in this exenplary enbodi nrent nay be a Z-axis
adhesi ve which electrically connects the catchpads 60e (in the | ower netal

| ayer 60b of the balun |layer 66) and 28e (connected to the upper end.of the
trough wo p@s0032)) and al so the respective ground pl angsy6§egid;®89. The Z
axi s adhesive, e.g., a layer of 3M167373 or 3M 9703 manufactured by 3M in
the regions of the catchpads 60e, 28e and ground-pl anes 60b and 28g wi |l be
squeezed together, and in the areas of the clearouts 60f and 28f.
Therefore, the randomy distributed conductive particles contained in the
Z-axis adhesive will forman anisotropic vertical electric connection

bet ween éher cat chpad 60e &gﬂ t he catchpad 28e and between the ground
pl anes 88b HRIUPRET 3 @f R Perls ey ot e NeplaIacA caNRGT vt 102, 120 to

the respRGhidg My YolhdERre 808 Yt tRED AR/ SIS Parmthatd 8o.
The posts 104a-104g surrounding the pin in the 0.060" thick layer 28a

can be formed in vias in the upper laminate 28. The grounded posts
104a-104g are an approximation o a continuous conducting wall
forming a grounded shield for transition post 102, which minimizes
leakage into the surrounding layers. The grounded posts 104a-104g
are also a means o keep the shape of the signal e-field lines 86

transitioning vertically along the post 102 generaily horizontal as
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 generally 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 aiso 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 tfransmission 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 fransition. 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 -



clearouts 60f and 28f. This allows the flexible DC/RF manifold assenbly 12
to be electrically attached to the upper balun and radiating |ayers 60, 62
as that. assenbly is forned of increasing curvature. Such connections are
sui.t abl ewPD@OODR3eNd i crowave frequencies, e.g., acrosgcayskanassaad curved
surface interface, assumng that theé?section 12 is nore relatively planar,
I.e., less curved, than the balun/radiator section 6. The bal un/radi at or
section 60 may be a part of the structure of the aperture structure 11,

e.g. an enbedded di pole aperture structure. WO 2005/ 025001

PCT/ US2004/ 023358 9 (0028) This use of Z-axis adhesive may be substituted
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dielectric in the cavity 46 and the dielectric 28a dielectric forms the
capacitive element.

(0050) Important fo redlizing the microwave transmission line
structures within a buried multi-layer flexible PWB is the fabrication of
blind and buried vias interconnects between the layer of the
laminates. FIG. 3A shows the RF feed 40 to the circulator 44, by way of
vias structures 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, cafch pads are required to
facilitate the plating info the via holes. Offen complex sequential
plating and lamination processes have been used to creatfe blind
and buried vias and catchpads. Also the introduction of openings 70
and air cavity pockets 46 add a factor that prohibits using
conventional iamination 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 ora
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 to
embodiments of the present invention. The first method is a
‘colamination process and the second method utilizes anisofropicaily
conductive Z-axis adhesives.

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



further flexibility of the section 12. (0029) Turning nowto FIG 3C, there
I s shown an expl oded cross- sectional view of the exenplary nultil ayered
conformal PWB assenbly 12 which serves as an RF/DC feed section in this
enbodi MEREWHR5L exenpl ary enbodi nent, the PWB 12 i ndamesegegissons 14 and
15. The section 14 may be nmade up o8 a lower dielectric lamnate 16 and an
upper dielectric lamnate 20. (0030) The lower dielectric |amnate 16 nay be
of about 6 mls in thickness and nay include a |lower dielectric |ayer 16a
of about 2 mls in thickness, which may be nmade of Kapton (TM, which may
be sandw ched between a |ower netal |ayer 16b and an upper netal |ayer

100 oo O MG HCH8H 1o, A L len o) BT oy ©f earouts
with any of a variety of suitable conductive metal inks or epoxies, e.g..
such as transcent liquid phase scintering ("TLPS”), manufactured by
Ormer Circuits, Inc., or a copper paste called ALIVH ("any layer
interstitial via hole) marketed by Matsushita. The via holes 16h, 20h,
24h, 28h, 18b, 22b and 26b constituting layered pairs are filled with
material(s) prior to lamination, and the adhesive bondply layers 18, 22,
26 are then assembled and laminated together. The conductive inks
create an intferconnect between the catchpads, e.g., 16e 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 transitions
through a flexible printed wiring board laminate, e.g., for mixed signal
or microwave agpplications. Test results have shown functionaility 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 to
realize the interconnections between the laminates, e.g.. 16, 20, 24, 28
and 60. ZAF is an adhesive fiim 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 1o be electrically insulating in the plane of
the adhesive film. Similar to colamination, ZAF can be used in a
conventional lamination process to realize RF and DC interconnects
of multiple layers with only one or fwo 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



are for an exenplary enbodi nent. The dielectric layer 16a may itself Dbe
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

t he | oWO 1983/835001gyer 16b to a ground/signal plane 16QCTAUS2MEHIPIF8r net al

| ayer 16c. (0031) Above the |ower dillectric |aminate 16 nay be a | ower
adhesi ve | ayer 18, which nay be on the order of about 3 mls thick. The

| ower adhesive |ayer 18 nay conprise a | ayer of bondply adhesive 18a, which
may be predrilled or precut to formvia openings 18b filled with conductive
ink for connecting, e.g., catchpads 16e and/or ground/signal planes 16g in

| ey oIS B BogEe B hREr RIS o BLALFBIASs B Eaidsdar ovan e
together enough to create a conductive path between the
respective features through the more densely compressed
conductive particles. In the region of a clearout(s) this compression,
does not occur and the Z-axis adhesive remains dielectric. Test resulfs
have shown the functionadlity of the RF interconnect up to 16 GHz for a

multilayer assembly.

(0054) Although the foregoing has been a description and
illustration of specific embodiments of the invention, various
modifications and changes thereto can be made by persons skilled in
the art without departing from the scope and spirit of the invention as
defined by the following claims.



10 PCT/ US2004/ 023353 The adhesive layer 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
may be V4R 205¢@f001di el ectric | ani nate 20, which may be edT/gbmuinBsmils in

t hi ckness and may include an upper2tdi el ectric |ayer 20a of about 2 mls in
t hi ckness, which may be made of Kapton (TM, which nmay be sandw ched
between a |lower netal |ayer 20b and an upper netal |ayer 20c, each of which
may be etched to form e.g., catchpads 20e, clearouts 20f, and

ground/ si gnal planes 20g. The dielectric layer 20a may itself be forned
with pre-cut or pre-drilled via openings 20h

CLAIMS

What is claimed is:

1. An RF signal transition system (90), comprising:

a channelized microstrip transmission structure (80) having an
input and an output;

a coplanar wave guide structure (150) having an input and
an output, the input of the coplanar waveguide in electricai
communication with the output of the channelized microstrip
fransmission sfructure;

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

a caged coaxial transmission 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 antenna 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 plurdlity 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 plurality of T/R module porfs connected to a respective one of
said T/R modules; and



that may be filled with conductive ink as is known in the art to 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 dielectric |layer 20a may al so
have cutwOnbesm2seoa portion of the opening 70 that w |l pegykanmmsswhen the
| ayers 16, 18, 20, 22 and 24 are |ami nated together. (0033) Above the upper
dielectric lamnate 20 may be a m ddle adhesive |ayer 22, which nmay be on
the order of about 3 mls thick. The m ddle adhesive |ayer 22 nay conprise
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 netal |ayer 20c of the
upper dielectric |lam nate 20 through the m ddl e adhesive |ayer 22.
wherein said radiator Idyer assembly and said circulator layer
are fabricated in an laminated multi-layer structure (10) including @
printed wiring board (PWB) structure (12), said plurdlity of circulators

embedded within spaces (46) defined in said PWB structure.

3. A system according to Claim 2, further comprising an RF
fransition (90) within said laminated multi-layer structure for providing
an electrical connecfion between each of said plurality of circulators
and the radiator layer assembily, said RF transition comprising for each
circulator:

a channelized microstrip fransmission structure (80) having an
input and an output, said input being electrically connected to said
circulator;

a coplanar wave guide structure (1580) having an input and
an output, the inpuf of the coplanar waveguide in electrical
communication with the output of the channelized microstrip
fransmission structure;

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

a caged coaxial transmission structure (120) having an input
and an output, with the input of the coax transifion in electrical
communication with the troughline transition structure, said coaxial
fransmission 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 tfransmission structure, the
coplanar waveguide structure and the troughline fransition are buried



The adhesive layer 20 may al so have cut into it a portion of the opening 70
that will be formed when the |ayers 16, 18, 20, 22 and 24 are |am nated

t oget her. WD 2005/ 025001 PCT/ US2001/ 023358 (0034) Above the m ddl e adhesive
| ayer XY0pi§/0R®w0t he upper section 15 of the nultil aye@adydaairaig section
12. The upper section 15 may include a |ower dielectric |am nate 24, which
may be on the order of about 10 mls thick. The |lower dielectric | amnate
24 may be fabricated of a dielectric |ayer 24a, such as Duroid (TM,

sandwi ched between a |ower netal |ayer 24b and an upper netal |ayer 24c,
each of which may be etched to form e.g., catchpads 24e, clearouts 24f,
and ground/signal planes 24g. The |lower dielectric |ayer 24a may itself be
Formed n ct:hpcgrrﬁ%ncg coéor‘\){oerm(gllclxrlﬁggm\s S rt?g’?ur}len(gf 6), said portion

comprising a laminate of flexible layers.

5. A system according to Claim 4, wherein said input of said
channelized microstrip fransmission structure is electrically connected
fo a circulator device (44) buried in said laminate of flexible layers.

6. A system according to Claim 1 or Claim 2, wherein:
the coplanar waveguide structure comprises a conductor-
backed dielectric filed channel.

7. A system according fo Claim 4, wherein the coplanar
waveguide structure includes a signal conductor tfrace and first and
second ground fraces spaced from the signal conductor frace, and
wherein gaps (84) between the conductor frace and the respective
first and second ground fraces (24g) taper from the input of the
coplanar waveguide structure to the output of the
coplanar waveguide structure.

8. A system according to 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 fransition comprises:

a conductive troughline signal post (102) in electrical
communication with the output of the coplanar waveguide structure,
said post mounted in a direction transverse to said surface;

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



24h that may be filled with conductive ink as is known in the art to
connect, e,g., a catchpad 24e in the lower netal |ayer 24b to a
ground/.si gnal plane 24g in the upper netal |ayer 24c. The lower dielectric

| am nat gy 24EMYso SO have cut into it a portion of the | 78; that will
be forned mhen'}he layers 16, 18, 20,3 22 and 24 are Idﬁﬁﬁﬁ?%@g?% 3t her
(0035) Above the lower dielectric |amnate 24 may be fornmed an upper

adhesive |l ayer 26, which nay be on the order of about 3 mils thick, The
upper adhesive |layer 26 may conprise a |layer of bondply adhesive 26a, which
may be predrilled or precut to formvia openings 26b filled with conductive
I nk for connecting, e.g., catchpads 24e and/or ground/signal planes 24g in
t he upper netal |ayer 24c of the I|ower dielectric |amnate 24 through the
upper adhesive RayAry@mtecording to Claim 1 or Claim 2, wherein the

microstrip transmission structure includes a generally planar dielectric
substrate having a microstrip conductor fabricated on a surface of
the substrate, and the coaxial fransition comprises:

a center conductive coaxial center post (120) in electrical
communication with the output of the froughline fransition, said
center post oriented in a generally transverse direction relative to the
planar dielectric substratfe;

a plurality of grounded posts (122a - 122h) extending
generally parallel to the coaxial center post and positioned generally
surrounding the coaxial center post o provide a coaxial outer
conductive shield structure.

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 system according to Ciaim 10, further including a
pluralify of ground vias (96) substantially surrounding the air pocket to
provide RF shielding of said pocket.

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

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



upper adhesive layer 26 nmay 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
toget her. (0036) Above the upper adhesive |ayer 26 may be forned an upper

di el ectyyd Sodsanijapt € 28, which nmay be on the order of a]tz}q:?l{j ' t hi ck.
The upper dise?tactri c layer 28 may bg formed of a dielec |S'CZ%)4/J£‘3L$t )

14. A system according to Claim 2 or Claim 4, wherein said
laminated multi-layer structure is a curved structure.

16. A method of making an RF signal transition in a printed
wiring board structure including a plurality of printed wiring board
layers forming a multi-layer flexible laminate, comprising:

forming a plurality of interconnected buried vias by:

precutting via holes in an adhesive layer
infervening each printed wiring board prior to the lamination
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 @
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 at least one side of the respective
adhesive layer.

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

forming a plurdlity of interconnected buried vias by the steps
of:
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precutting via holes in each of the respective printed 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 intermediate each of the

printed wiring boards being laminated.





