
WO 2005/025001 PCT/U52004/023355  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 antennae. These circulators are
passive "discrete"  microwave devices, which may include, e.g., a
microstrip/stripline  resonator circuit on a ferrite substrate that is
sandwiched between a  magnet and magnetic carder plate. (0002) For a
conformal panel architecture, the active devices  comprising the T/R modules
can be mounted on the back of the  panel. The circulators are situated
between the radiating apertures  



and T/R modules. There exists a need to be able to bury these  microwave
devices, e.g., circulators and other microwave devices,  e.g., integrated
circuits comprising switches, filters and MEMs, while  realizing the
vertical transitions to interconnect the devices to the other components
within the antenna, e.g.,  Transmit/Receive modules (T/R modules) and
radiators. Burying  microwave circulators and other discrete microwave
devices poses  a challenge. WO 2005/025001 PCT/US2004/023358  2 SUMMARY OF
THE DISCLOSURE (0003) An RF signal transition comprises a channelized
microstrip  transmission structure, and a coplanar wave guide structure in  



electrical communication with the channelized microstrip transmission
structure. A caged troughline transition structure is in electrical
communication with the coplanar wave guide structure. A caged  coaxial
transmission structure is In electrical communication with the  troughline
transition structure. The signal transition 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  appreciated by persons skilled in the art
from the following detailed  description when read in conjunction with the
drawing wherein: (0005) FIG. 1 is a functional block diagram of an
embodiment of an  active array which can be fabricated in accordance with
aspects of  



the invention. (0006) FIG. 2 shows an exploded perspective view of a
conformal  antenna assembly including a multi-layered conformal RF
transition  structure according to an embodiment of the present invention.
(0007) FIG. 2A is a simplified schematic cutaway of a portion of the  RF
transition portion of FIG. 2. WO 2005/125001 PCT/US2004/023358   3 (0008)
FIG. 3A shows a cross-sectional partially exploded schematic  view of a
first 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 313; (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 top view and a cross- sectional view along lines 513, of a
schematic representation of a  portion of a microstrip connecting the
circulator to a vertical RF  transition 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 to 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 613, of a caged troughline transition line
contained within the PWB 16 according to an embodiment of the  present
invention. WO 2005/025001 PCT/US2004/023358 4 (0015) FIGS. 7B and 7A show
respectively a top view and a cross- sectional view along the lines 7B, of a
caged coaxial transition 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 drawing, 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 2000, and an RF feed
layer 200D, with an RF  input/output (I/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 multiple 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 multi-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  transition structure
10 may be sandwiched. To conform to the curved  nature of the antenna
aperture, the structure 10 comprises, in an WO 2005/025001 PCT/US2004/023358
exemplary embodiment, a flexible, curved multilayered conformal  antenna RF
transition structure. (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 schematic,
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 structure 10 in 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 traces 42, 80 on the top  surface
of the section 12. (0021) FIG. 2A shows a schematic representation of the
positioning  



of an RF vertical transition 90 through a laminated multilayer flexible
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, 150, 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 transmission line structure as the RF signal enters the
layer  assembly 60. There Is also a microstrip to vertical caged coaxial WO
2005/025001 PCT/US2004/023358  6 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 transmit 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 circuits 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  transmit 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 to the
portion 12. The upper portion  60 comprises a balun layer 62 and a radiator
assembly layer 64. The  balun layer 62 may be formed of a lower dielectric
balun layer 66  and an upper dielectric balun layer 67 sandwiched between a
lower  metal layer 60b and an upper metal layer 60c. The lower metal layer
60b forms a ground plane, and has formed therein a cutaway 60f 



WO 2005/025001 PCT/US2004/023358  7 within which may be formed a catchpad
60e formed to connect  the vertical transition line 102 (FIG. 3A) with the
coaxial vertical  transition 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  transmission
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 pattern 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 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
laminate  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  



transition 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 WO 2005/125001 PCT/US2004/023358  8
can provide a connection to 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 two 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 transition pattern
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  to 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 transitions 102, 120  to
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 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. WO 2005/025001
PCT/US2004/023358  9 (0028) This use of Z-axis adhesive may be substituted
for some or all  of the other adhesive layers 18, 22 and 26, e.g. to
accommodate  



further flexibility of the section 12. (0029) Turning now to FIG. 3C, there
is shown an exploded cross- sectional view of the exemplary multilayered
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  dielectric 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  be, 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. WO 2005/025001 



10 PCT/US2004/023353 The adhesive layer 18 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. (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 to 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 a  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 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. WO 2005/025001 PCT/US2001/023358 (0034) Above the middle adhesive
layer 22 may be the upper  section 15 of the multilayered 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  fabricated of a dielectric layer 24a, such as Duroid (TM),
sandwiched  between a lower metal 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 metal layer 24b to a
ground/signal plane 24g in the upper metal layer 24c. The lower  dielectric
laminate 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 adhesive layer 26 may also have cut into it a portion of the  opening
70 that will be formed when the layers 16, 18, 20, 22 and 24  are laminated
together. (0036) Above the upper adhesive layer 26 may be formed an upper
dielectric laminate 28, which may be on the order of about 60 mils  thick.
The upper dielectric layer 28 may be formed of a dielectric 






