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This invention was made wi th Governnent support under Contract No.
F30602- 96- C- 0283 awarded by the Departnent of the Air Force. The Government
has cert ai WOr3006/¢9s290n t hi s i nventi on. BACKGROUND. (1] Caumws0esioesiansver se
stub (CTS) arrays are disclosed, for exanple, in US. Patents 5,926, 077,

5, 995, 055; and 6,075,494. CITS arrays can be inplenented as true-tine-delay
(TTDCTS) apertures enploying parallel plate feeds. Typically there are a
relatively large nunber of rails of varying shapes that are fabricated and
assenbl ed together in order to realize the aperture/parallel plate feed
assenbly. (2] Mst antenna applications require two directive (high-gain,
narrow bandw dt h) beans, each at a different frequency band. In

communi cation applications, the two beans performthe transmt and receive
functions. Conventional dish antennas can performthese functions, but
require relatively large swept volunes, which is not desirable for an
installation that is adversely affected by it, such as an aircraft.
Conventional phased arrays also can performthese functions, but include a
fully populated |attice of discrete phase-shifters or WO 2006/ 096290

PCT/ US2006/ 005222 2 transmt/ receive elenents each requiring their own
phase and/or power-control lines. The recurring (conponent, assenbly, and

test) costs, prine- RRUE.TIMEDELY FEED NETWORK FOR CTS ARRAY

This invention was made with Government support under Contract
No. F30602-96-C-0283 awarded by the Department of the Air Force.
The Government has certain rights in this invention.

BACKGROUND

[1] Continuous transverse stub (CTS) arrays are
disclosed, for example, in U.S. Patents 5,926,077;
©5,995,055; and 6,075,494, CTS arrays can be implemented
as true-time-delay (TTDCTS) apertures employing parallel
plate feeds. Typically there are a relatively large
number of rails of varying shapes that are fabricated and
assembled together in order to realize the
aperture/parallel plate feed assembly.

(2] Most antenna applications require two
directive (high-gain, narrow bandwidth) beams, each at a
different frequency band. In communication applications,
the two beams perform the transmit and receive functions.

Conventional dish antennas can perform these functions,
but require relatively large swept volumes, which is not
desirable for an installation that is adversely affected
by it, such as an aircraft. Conventional phased arrays
also can perform these functions, but include a fully

populated lattice of discrete phase-shifters or



requirenents associated with such electronically controlled phased-arrays
can be prohibitive in many applications. In addition, such conventional
arrays can__suffer from degraded ohm c efficiency (peak gain), poor scan

ef fi ci encyV@gM6(996289 | - of f with scan), linited instantanecumsaeusoszibh (data
rates), and data stream discontinuities (signal blanking between conmanded
scan positions). These cost and perfogmance i ssues can be particularly
pronounced for physically |arge and/or “hi gh- frequency arrays where the
overal | phase-shifter/transmt- receive nodule count can exceed many tens of
t housands etxanamid/regeivei elementheeadthaaquindnigt thedrr owei pbasér equency

bands are wi ghed 4 rSPEGEch - doMt A1 aYiheEaN. b@h?rggghgggngam&%oggﬁgor m t he

transmt function and one for the receive function. “THE
DI SCLOSURE [ 3jsembilyue- apde- BRSE) fcosdsmet RBiReTRAWEE, cand ngoadingansver se

stub ant ennar@qfidéementsudessdocPhtdd! i twittf feagfkn eveliectednicaeiyri sing one
or nore rails, the feed |evels arranged in a spaced, parallel

confi gur at i ofPR%Pldsen PRASLHEACFA%R e G3Bgi BR iRrRIbHEe pdtweBANYd] acent
ones of the &gedidadMeng. The kauicién, slh MdHwndivnal heedykerghs are
arranged to fogﬂ%s ower . divjder netmor?,unencunbered w th septuns or wall
portions - prot 'ré}qmuq?qqﬂ9Qixﬂ?qH%NQ§ 1CBRPEY HRSER BRLIBAr OROPEE DRAW NGS

(9] Featuressedrl ashmdiagey of(ghbs dieLl-asfif e wiwh | @i, | y 1hmiapar eci at ed

by persons skl S aneoll® Binawiaeh pastr 2 23edsT,) Vaaa 2408 %St rean
discontinuities (signal blanking between commanded scan
positions). These cost and performance issues can be
particularly pronounced for physically large and/or high-
frequency arrays where the overall phase-shifter/transmit-
receive module count can exceed many tens of thousands
elements. In addition, when the transmit and receive
frequency bands are widely spaced, two arrays can be
required, one to perform the transmit function and one for

the receiwve function.
SUMMARY OF THE DISCLOSURE

(3] A true-time-delay feed network for a
continuous transverse stub antenna array includes a
plurality of feed levels, each comprising one or more
rails, the feed levels arranged in a spaced, parallel
configuration. An open parallel plate region is defined
between adjacent ones of the feed levels. The rails of
the plurality of feed levels are arranged to form a power
divider network unencumbered with septums or wall portions

protruding into the open region.
BRIEF DESCRIPTION OF THE DRAWINGS

[4] Features and advantages of the disclosure
will readily be appreciated by persons skilled in the art



3 fromthe follow ng detailed description when read in conjunction with the
drawi ng wherein: (5] FIG 1 is an isonetric view of an exenplary enbodi nent
of a paraIIeI ate feed and antenna aperture assenbly, with a continuous
transver seW 86 radi ati ng aperture surface. (6] FIRGT/US2006/005222
sinplified cross sectlonal view, taken along line 2-2 of FIG 1. (7] FIG 3
is an exploded view of levels of the parallel plate feed and antenna
aperture assenbly of FIGS 1-2. (8] FIG 4 is a bottomisonetric view of
the assembly of FIGS 1-3, showing a feed surface. (9] FIG 5 is an

exenpl ary vi Freml Hhepeha} ewing cHeratied dhagrakpt DETAMBED DESERI BT ON OF THE

DI SCLOSURE ( £8hj4Rctién fvpiﬂrp\gﬁégdg_lg;,gﬁé afhddese i ption and in the several
figures of the drawing, like elenents are identified with |ike reference

nunerals. (11] FIBS 1-5 i 1HiGst fat® 3fh ISRBABFIE WieWnBEdAReRXLIaEYTTDCTS

paral l el pl abRbbefle b ANd a1 1RNCHLHES ASSE@MPAY dikdihaACadaiee W th the
I nvention. The assenbly, 10 conprises a plurality of Ievels of ralls each

| evel held i AS§e@pb¥ed Fettat ifon SRR ré%fﬁééf’eifﬁe aﬂ?%ent &GFSs. 1n
contr ast thiaaia@in@magﬁi}_@s,sutrhaceral |'s at the various |evels of the

the hard.shorts [8bd i n a ipofati® fBod iMi&detr Sraseestional™ 1© 101
view, taken along line 2-2 of FIG. 1.
(71 FIG. 3 is an exploded view of levels of the
parallel plate feed and antenna aperture assembly of FIGS.
1-2.
(81 FIG. 4 is a bottom isometric view of the
assembly of FIGS. 1-3, showing a feed surface.
(9] FIG. 5 is an exemplary virtual E-bend/Tee
schematic diagram.

DETAILED DESCRIPTION OF THE DISCLOSURE

{10] In the following detailed description and
in the several figures of the drawing, like elements are
identified with like reference numerals.

(11] FIGS. 1-5 illustrate an exemplary
embodiment of a TTDCTS parallel plate feed and antenna
aperture assembly 10 in accordance with the invention.
The assembly 10 comprises a plurality of levels of rails,
each level held in a spaced relationship with respect to
adjacent rails. 1In contrast with prior approaches, the
rails at the various levels of the exemplary embodiment of
the assembly need not have physical contact to form the
hard shorts used in a corporate feed. Moreover, in this
embodiment, features on the rails at any one level of the
assembly are identical and periodic, which can reduce
tooling and manufacturing cost.

(12] The different levels of the assembly 10 are
illustrated in the cross-sectional view of FIG. 2. An



enmbodi nent ,
i denti cal

features on the rails at any one |level of the assenbly are

and periodic, which can reduce tooling and manufacturing cost.
(12] The different levels of the assenbly TOare illustrated in the
cross- sec QO™ of FIG 2. An WD 2006/ 096290 PCTI USPEBESHE985222 4

aperture level 20 conprises a plurality of spaced rails 22A-221, which

define radi ati ng stubs 24A-24H Interiar rails 22B-22H are identical.
or exterior
truncat ed
feed | evel

versions of the interior rails. The rails are forned wth respective
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of- wells forned therein as well. [15] The 'third parallel plate feed
50 CORATS I pelasret cogged O he ALl € i Fine, sToth

pairs
| evel

34A-34D. Interior rails 32B-32D are identical. End or
exterior rails 32A and 32E are truncated versions of the
interior rails. The rails are formed with respective
pairs of inductive wells or grooves, e.g. grooves 32D-1,
32D-2 formed in rail 32-D, which are discussed more fully
below.

(14] The second parallel plate feed level 40
comprises a plurality of spaced rails 42A-42C, spaced
apart such that adjacent edges of the rails define
slots44A, 44B. The end rails 42A, 42C are truncated
versions of the interior rail 42B. The rails have pairs
of wells formed therein as well.

[15] The third parallel plate feed level 50
comprises two rails 52A, 52B, spaced apart such that
adjacent edges of the rails form a slot 54A. Each rail
has a pair of wells formed therein as well.

(16] The rails of each level can be fabricated
as a single unit, or assembled together to form a single
unit, reducing the number of parts. . The rails have
electrically conductive surfaces, and can be fabricated
from a metal, e.g. aluminum, by machining, extrusion, or
other processes. Alternatively the rails can be
fabricated from a plastic material, e.g. by molding or
extrusion, and plated with a conductive layer.

[17] The levels 20, 30, 50 and 50 are assembled
together in a spaced relationship, as illustrated in FIG.

2, forming open parallel plate regions 28, 38, 48 between



adj acent edges of the rails forma slot 54A. Each rail has a pair of wells
formed therein as well. [16] The rails of each |evel can be fabricated as a
single unit, or assenbled together to forma single wunit, reducing the
nurmber of Wih200609629Phe rail s have electrically conducti vVRCHUSI086/@85222and can
be fabricated froma netal, e.g. alum num by machining, extrusion, or

ot her processes. Alternatively the rai%s can be fabricated froma plastic
material, e.g. by nolding or extrusio and plated with a conductive | ayer.
[17] The levels 20, 30, 50 and 50 are assenbled together in a spaced

rel ati onshi p:esmcmtvasta@l@zanm Hiegels2, fofhengoppan pagibhsl Ppieate regi ons
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paral | el }H&a&qggsplggéﬂfééagitransn1t node, RF energy is |aunched into
the slot 54 | ine source, .and divides into two conponents which
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44A, 44B in level 40, and divides into respective
components which propagate in the parallel plate region
38, thus forming two 1:2 power dividers. Now the input
energy has been divided into four components. The energy
.propagating in region 38 enters slots 34A-34D in level 30,
separating into respective pairs of energy components
which propagate in region 28 adjacent the aperture level
20. The input energy has been divided into eight
components in region 28, one component for each transverse
stub24A-24H. The respective energy components radiate
from the-respective stubs. In this exemplary embodiment,
the path lengths from the slot 54A to the respective stubs
are equal in length, so that the time delay is equal for
each path, and the signal components radiated from each
slot will be in phase. Of course, on receive, the
received signal components at each stub will be combined
in phase to provide a single combined signal component at
slot 54A.

[19] FIG. 3 is an exploded view of an exemplary
embodiment of a TTDCTS aperture parallel plate assembly,
showing the levels 20, 30, 40, 50, which when stacked in
spaced relation form the assembly 10 of FIG. 4.
Each level includes a peripheral frame to hold the
respective rails of that level in place as a single unit.

Thus, frame 56 holds the rail 52A of level 50, frame 46
. holds the rails 42A-42C of level 40, frame 36 holds the



separating into respective pairs of energy conponents which propagate in
regi on 28 adj acent the aperture level 20. The input energy has been divided
into eight conponents in region 28, one conponent for each transverse

st ub24A- 2wi0.2006i@628spect i ve ener gy conponents radi ate fRCRUS2086/005322Ct i ve
stubs. In this exenplary enbodinent, the path lengths fromthe slot 54A to
the respective stubs are equal in length, so that the tinme delay is equal
for each path, and the signal conponents radiated fromeach slot will be
in phase. O course, on receive, the received signal conponents at each
stub will beatdsbiBaad32E nophéseel 03¢r candief zams MR ehaleisbitted 156 idrsal
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and frame 26 holds the rails 22A-221 of the aperture |evel 20. f%
i ndi vi dua] BRPE4Ngcheearssa@dipreant o avelsr awkensithe vEraBes tashni ques,
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i nto nmounting areas the frame. The franes can have a thickness which
provi des th&S§esplgqlo with the levels stacked together.

[20] The assembly 10 makes use of “virtual”
shorts that replace a perfect electrical conductor (“PEC”)
short wall in the path of propagating waves inside the
parallel-plate or rectangular waveguide structures,
typically arranged at a 45 degree angle to direct energy
from a parallel plate region into a slot communicating
with a next level. The virtual short is matched by
inductive wells or grooves formed in the parallel plate
structure where the propagating wave is confined. The
depth, width and the number of wells replacing the PEC
short wall are dependent on bandwidth and the separation
distance between the walls.

[21] The assembly 10 also makes use of septum-
less TEE E-plane power dividers, that do not employ
protruding septums in front of the input arm of the TEE.
Instead, the protruding septum and its function (matching)
can replaced by one or more inductive wells or grooves,

e.g. a pair of wells formed in the two co-linear arms of

the TEE, if desirable for a particular application. The
dimensions of the wells and their distances to the input ”
arm determine the bandwidth and matching properties of the

tee.

[22] FIG. 5 is a simplified schematic
illustrating a septum-less E-plane TEE power divider and
virtual short. Input RF energy indicated by arrow 110
enters the TEE power divider 100 through an input arm 102,
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implementation in dependence on bandwidth and the matching

properties for that application. It is noted that there
is no protruding septum structure into the space S at the
TEE junction. For the three-port, TEE structures, the
incorporation of depth and width adjusted wells or troughs
in the co-linear side arms creates matching susceptances
for the remaining ports of the same TEE structure. In
addition, maintaining an integral half-wavelength spacing
between the wells and input arm provides dual-band
frequency capability. For example, a centerline between
wells 120, 122 is spaced a distance from the center of the
input arm 102 approximately equal to an‘integral multiple
of one half wavelength at a center frequency of each
operating band. An exemplary dual band embodiment
supports operation at a first band centered at 20.7 Ghz,
and at a second band centered at 44.5 Ghz, by way of
example, i.e. where the center frequency of the second
band is approximately double that of the first band.

(23] In some applications, the septum-less TEE
power divider as employed in the feed network of the
TTDCTS array may not employ matching wells formed in each
side arm port. The exemplary embodiment of FIG. 2, for
example is illustrated without side arm matching wells for
the septum-less TEE power dividers. In this embodiment, a
tuning well is positioned at a wall opposite the input
port, e.g. well 57.



WD 2006/ 096290 PCT/ US2006/ 005222 7 and is divided between the two co-linear
side arns 104, 106. The divided energy conponents are indicated by arrows
112, 114. To provide matching functions, pairs of inductive wells are

f or med i NWO906/686290 el - pl ate structure opposite the i nRAT/BS20061@3222Thus, a
pair of wells 120, 122 are fornmed in the wall 104A of side arm 104, and a
pair of wells 124, 126 are fornmed in the wall 106A of side arm 106. The
spacing of the pairs of wells fromthe input arm and the well dinensions,
are selected for a given inplenmentation in dependence on bandw dth and the
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band. network for one virtual short, and comprises a plurality

of spaced inductive wells or grooves 132A-132C formed in a
wall of the side arm channel 104. Circuit 136 is a
matching network for a second virtual short to divert
energy into channell42, and comprises a plurality of
spaced inductive wells or grooves 138A-138C formed in a
wall of the side arm channel 106. For parallel plate
termination, the matching network for the wvirtual short
introduces a very high susceptance that eliminates the
need for a physical short, i.e. an electrically conductive
wall. The number of wells and the well depth and width
are parameters which can be varied to optimize the
matching for the wvirtual shorts, taking into account all
of the feed levels at once.

[25] Referring again to FIG. 2, it can be seen
that septum-less TEE power dividers and virtual shorts are
employed in the assembly 10. Consider RF energy entering
the assembly through port 54A. This input energy is
divided by a septum-less TEE 56 defined by facing
surfaces of the rails 52A, 52B and 42A-42C and open
channel 48, and is directed in opposite directions within
open channel 48, to be directed into open slots 44A, 44B
in the second level 40. Virtual shorts 58A, 58B
comprising inductive wells are formed in the top surfaces
of the rails. RF energy does not propagate along space 48
past the virtual shorts 58A-58B.



[23] In sonme applications, the septuml|ess TEE power divider as enployed in
the feed network of the TTDCTS array nmay not enploy matching wells forned
in each side armport. The exenplary enbodi nent of FIG 2, for exanple is
i |l ustratW® 2009629 si de arm matching wells for the sepigimysRecosRE power
dividers. In this enbodinent, a tuning well is positioned at a wall
opposite the input port, e.g. well 58 WD 2006/ 096290 PCTI US20061005222 8
[24] A virtual short 130 is also illustrated in FIG 5. In this exanple,
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electrica Xf‘éﬁé¥ﬁ§is QGA, 46B into eight RF energy components which

are directed into the radiating stubs 24A-24H.

[28] Each of these power dividers of the first,
second and third 1levels of power dividers in this
embodiment are septum-less power dividers, i.e. without a
septum element protruding into the open channel between
levels. These power dividers further include tuning wells
formed on the wall opposite the input arm or channel to
improve impedance matching. Thus, TEE divider 56 includes
a well 57. TEEs 46A, 46B respectively include wells 47A,
47B. TEEs 56A-56D include wells 57A-57D, respectively.
Virtual 'shorts are employed instead of hard shorts
extending into the open channels. Thus, for open channel
48, virtual shorts 58A, 58B each comprising a pair of
inductive wells formed in the surface of respective rails
527, 52B, prevent energy entering from input port 57A from
passing beyond the shorts. For open channel 38, virtual
shorts 48A, 48B are positioned for TEE 46A, and virtual

~shorts 48C, 48D are positioned for TEE 46B. For open

channel 28, virtual shorts 38A, 38B are positioned for TEE
56A, virtual shorts 38C, 38D are positioned for TEE 56B,
virtual shorts 38E, 38F are positioned for TEE 56C, and
virtual shorts 38G, 38H are positioned for TEE 56D.

[29] It is to be understood that the antenna
aperture and parallel plate feed assembly described above

is capable of reciprocal operation, i.e. for operation on



wal | . The nunmber of wells and the well depth and wdth are paraneters which
can be varied to optimze the matching for the virtual shorts, taking into
account all of the feed | evels at once. [25] Referring agajn.t 2, it
can be seW0 2006/0862%ept um | ess TEE power dividers and vi r%’ﬁﬂ‘ﬁé‘w@?@%re
enployed in the assenbly 10. Consider RF energy entering the assenbly

t hrough port 54A. This input energy isqg divided by a septum | ess TEE 56
defined by facing surfaces of the rails 52A, 52B and 42A-42C and open
channel 48, and.i s direct Ln osite dipectionsg . wthi o] channel 48,
to be direct®FSo adspe'?’\elgfoﬁg %%%f‘s‘ﬂh% iﬁi‘?‘f"ﬁe X \é{lﬁd ?j;?/‘él gizg.l?ﬁ rtual
shorts 58A, dgribedprabowg iirducerms vefl | &nar énpotnepgort tfieer t bhesurfaces
of the rails,_RE ener d n a on c t e virtual
Shorts SoA. SHES YZO%FO%SI%&O%&%%%%O%?O%ZQgtsgg[ §8]L‘1§8|"§§§ 5 . 44B
conpri se i nmagsembly fisr opseptedt dresecEEFepower divi ders 46A, 46B, to divide
the RF energy e Ling th r diyid Nt rg onpgnent s
conducted into ogé?]channeﬁiggw%e ghérg?&cdg%’%#jﬁt ggsroynt]’e |%vi dgr 46A
enter slots desgriprBonn ansediluskertlon afidspheifher gpboddpentst off r om

di vi der 46B I 34C . i : i evel of
power di vi de‘?‘gEI ?é‘/&’élst%%%" g’%él gégDh?%ﬂfeﬁ%r# l&%ff‘\% c?g‘gi t%%agg\%e%%%gﬁqgt he second
| evel of dicatlebe 4Bade Y | megFsenghtsiiRleser 4p cbhporrrt s withent are

directed i nt@dd® inddi o & hY WHpe4And4bpirit of the invention as
defined by the following claims.



[ 28] Each of these power dividers of the first, second and third |evels of
power dividers in this enbodinment are septum| ess power dividers, i.e.

wi thout a septumelenment protruding into the open chan | evel s.
These powdiO 290&/0%2M0s f urther include tuning wells for rrer@Ttgﬁﬁpwem\s\z/azlzl

opposite the input armor channel to #tmprove inpedance matching. Thus, TEE
divider 56 includes a well 57. TEEs 46A, 46B respectively include wells

47A, 47B. TEEs 56A-56D incl ude wel lé%&K@%‘r’?D’ respectively. Virtual shorts
are enpl oyed instead of hard shorts x{ ding into the open channels. Thus,
for open channel 48, virtual shorts 58A, 58B each conprising a pair of

I nductive wells f din the surface of respective rails 52A, 52B, prevent
energy entering f%ﬁﬁ%&!‘?‘%&%t 57A from passing beyond the shorts. For
open channel 38, virtual shorts 48A, 48B are positioned for TEE 46A, and
virtual shorts 48C, 48D ajpe positioned for TEE 46 For open  channel 28,
virtual shorts 38k S5 irug-timegielay MWO*EESS%E!Y JOF 13, ontipuuss 38C, 38D

are positi ongdnbirsd B ARennd hfrhy #10) ScomgrisingsE.  38F are positioned for TEE
56C, and virtual s%orts 38G 38I—Ylgrg posétiﬁ(?ﬁed for TEE 56D. [29] It is to

be understood thaa plunality.oft feed levels{(30,1440; 50k wach somprisingminetar niaredaitss senbl y
VO 2006/ 096203 ee4 BGRB8 570 R Fepd LGS, Bftanged in, & abfcEdr o "
whi |l e sl ot Séénfiguratibnscri bed above in ternms of an input port for the
assenbly, the sl Ogn fo%gﬁtpia?arl]FéI %Fatea Peg?cl)JrE ?ﬁ& ﬁ?rgetv\cgeer? atdi]a%ent ones of the
feed levels; '
the rails of the plurality of feed levels arranged to form with said open
region a power divider network unencumbered with septums or shorting wall

portions protruding into the open region.

2. A true-time-delay continuous transverse stub (TTDCTS) parallel
plate feed and antenna aperture assembly, comprising: '
a plurality of levels of rails, each level held in a spaced relationship with
respect to adjacent rails, said plurality of levels of rails comprising:
an aperture level (20) comprising a plurality of spaced rails
(22A-221) defining an array of radiating stubs (24A-24H); and
a plurality of feed levels (30, 40, 50), each comprising one or
more rails (32A-32E; 42A-42C; 52A-52B), the feed levels arranged in a
spaced configuration to define an open paralilel plate region (38, 48)
between adjacent ones of the feed levels, the rails of the plurality of
feed levels arranged to form a power divider network unencumbered
with septums or shorting wall portions protruding into the open region.

3. An assembly according to Claim 1 or Claim 2, wherein each feed
level is assembled as a single unit.



assenbly is operated on receive. (301 Al though the foregoing has been a
description and illustration of specific enbodinents of the invention,

various nodifications and changes thereto can be nade b jl1led in
the art wwom296/0963%parti ng fromthe scope and spirit of %ﬁ@%ﬁ'@@ﬁ@?@ as

defined by the follow ng clainms. WO 206/ 096290 PCT/ US2006/ 005222 11 CLAI M5
What is clainmed is: 1. Atrue-tine-delay feed network assenbly for a
continuous transverse stub antenna array (10), conprising: a plurality of
feed Il evels (30, 40, 50), each conprising one or nore rails (32A-32E;

42A-42C, 5S2AS52B) 5 t ¢ abdifibl %&&irﬁin?%%ﬁ?%eéé&irig aQﬁﬁ%eréiﬂrtﬁé?B%Fi on; an
38, 48) Db of the f

open parallel plate region {38, et ween adjacent ones eed

| evel s; t he divides netwarkeispf: tedyara fnedworke ok | septum-lesge TEE ppwem wi t h sai d
open regi ong; i vi der .networ k unencunbered with septunms or shorting
wal | porti %‘Zﬁdg'%\cl)\ﬁot?gi ng into the open region. 2. A true-tine-delay
continuous transverse stub (TTDCTS) parallel plate feed and antenna

aperture assenbly, onprising. a plural] | evel s of rail.g, each |evel
held in a spaced q‘e%&?ﬁ?ﬁm?‘gamﬂihgrtgsgéﬁq‘{'d"'%ﬁffgc@ﬁh ?Q?‘F'é,'e‘é‘g?d .
plurality ofintiodes at Wast ahe %IdtQMK-&DEIMAmB}WR)lféﬁné@b?|sa(d2_9he epnprising a
plurality-of spaced rails 22A—221¥|éﬁef| ni ngdan array of radiating stubs

(24A-24H); dRA% rails of-gaid FV(Gh and each d\kk poyvepdivider inghidesar: inpubagm i si ng one
or nore raijksyiddd by 3ot of 4ld 5A&or méfe sIS) and st AsFshdonttbingar fgged 1 n a

arms in said open region.

7. An assembly according to Claim 6, wherein each said TEE power
divider (100) includes inductive wells (120, 122, 124, 126) for each side arm
formed in a wall defined by one of said rails opposite said input arm.

8. An assembly according to Claim 7, wherein said inductive wells
are spaced from said input arm by a distance which is an integral multiple of
one half wavelength at a frequency in an operating frequency band.

9. An assembly according to Claim 7, wherein feed network is
configured for dual frequency band operation, and wherein said distance is an
integral multiple of one half wavelength at a frequency in said operating
frequency band and at a frequency in another operating band.

10. An assembly according to Claim 1 or Claim 2, wherein the feed
network comprises a plurality of virtual shorts.

11. An assembly according to Claim 10, wherein each virtual short is
matched by at least one inductive well formed in a rail.

12. An assembly accdrding to Claim 1 or Claim 2, wherein each of
said feed levels defines at least one slot in said one or more rails. '



spaced configuration to define an open parallel plate region (38, 48)

bet ween adj acent ones of the feed levels, the rails of the plurality of
feed | ev r d to forma power divider network unencunbered with
sept uns g‘ﬁé%f"?%g wal | portions protruding into the of&T/¥¥40eMes2223  An
assenbly according to Caiml or Claim2, wherein each feed. Ilevel is
assenbled as a single unit. WD 2006/ 096290 PCTI US2006/ 005222 12 5. An

assenbly accordi t 0 an recedi.ng, cl.aj erein, the power . divider
network is fabri@mﬁgwﬁﬁmﬁhﬂgﬁé@@ﬁ a&?&e?-@éﬁeb&mpﬂsmmmers (100) .
6. An assengich leveld periphersl fidnte 1 Hold theone ormas Fails bf it fovekPidce | NCl udes
at | east one slot (34A-34D, 44A-44B; 54A) fornmed by said one or nore rails
of said | ev@$asiglewnikth TEE power divider includes an input arm provided by
a slot of said one or nore slots, and first and second co-linear side arns

In said open region. 7. An assenbly according to Caim®6, wherein each said
TEE power divi dek. An@ssembly aceording tuClaimd orClaim 2\ Mherainzsaid fed 126) for

each side a f g&gﬁ i y one of said rails opposite said
i nput arm @%‘iﬁpélsse &ﬂx%ﬁ'@?ﬁ&@%‘%&ba. m 7, wherein said inductive wells

are spaced fromsaid input armby a distance which is an integral multiple
of one half wavelength at a frequency in an operating frequency band. 9. An
assenbly according to Claim?7, wherein feed network is configured for dual
frequency band operation, and wherein said distance is an integral multiple
of one half wavelength at a frequency in said operating frequency band and
at a frequency in another operating band. 10. An assenbly according to Claim
1 or daim2, wherein the feed network conprises a plurality of virtual
shorts. 11. An assenbly according to Caim 10, wherein each virtual short is



mat ched by at | east one inductive well forned in a rail. 12. An assenbly
according to Caiml or Claim2, wherein each of said feed |evels defines
at least one slot in said one or nore rails. WO 20061096290

PCT/ US20080086#9629013 13. An assenbly according to C ai rdI/g$200/e52e22,
further conprising, for each level, ® peripheral frame to hold the one or
nore rails of that level in place as a single unit. 14. An assenbly
according to Claiml or Claim?2, wherein said feed |evels are substantially
parallel feed |levels. WD 2006/ 096290 PCT/ US2006/ 005222 14 AVENDED CLAI M5
received by the International Bureau on 6 June 2006 (06.06.06) Wat is
clainmed is; 1. A true-tine-del AMENDED-CLAIMSssenbly for a continuous

transverse Lsi 0g: ' f | evel s

(30, 40. 50y . TSN BY¥he IftemiatitinaCBIReRD 61'q Juitie;2006, 106106 66F .00
the feed levels arranged In a spaced configuration; an open parallel plate
regi on (38, 48) | nt ones of the feed levels; the rails of the

plurality of fe%#@ggﬁﬂgﬁzsnged to formwith said open region a power

di vi der network unencunbered with septuns or shorting wall portions

protruding Into the open region. 2. A true-tine-delay continuous transverse
stub (TTDCTS) phr afl Bue-tishatadelnyecteaa thetwarknassembiy fer as eonlinuous

el a1 onsnranse Sk hedennd Sudud Lok Soipainga; o pi ural ity of 1 evels of
rails conprisingplurailty of feed levels (30, 40, 50). each comprising one or more
rails (32A-32E; 42A-42C; 52A-528B), the feed levels arranged In a spaced
configuration;
an open pardllel plate reglon {38, 48] between adjacent ones of
the feed levels; , _
the rails of the plurality of feed levels arranged to form with said
open region g power divider network unencumbered with septums or
shorling wall portions protruding Into the open region.

2. A true-time-~delay conlinuous fransverse stub (TTDCTS) parallel
plate feed and antenna aperture assembily, cdmpﬂsing:
a plurality of levels of rails, each level held in a spaced relationship
with respect to adjacent rails, said plurality of levels of ralls comprising:
on aperture level (20} comprising a plurality of spaced rails
{22A-221) defining an array of radiating stubs (24A-24H); and
a plurdiity of feed levels (30, 40, 50}, each comprising one or
more rails (32A-32E; 42A-42C; 52A-52B), the feed levels arranged in
a spaced configuration to define an open parallet plate region
(38, 48) between adjacent ones of the feed levels, the rdils of the
plurdlity of feed levels aranged to form a power divider network
unencumbered with septums or shorting wall portions protruding
into the open region.

AMENDED SHEET (ARTICLE 19)



on aperture |level (20) conprising a plurality of spaced rails (22A-22t)
defining an array of radiating stubs (24A-24H); and a plurality of feed

| evel s (30 each conprising one or nore rails ( < . 5 42C,
52A-52B), Pr?&'%&éﬁ”l evel s arranged in,. a spaced configumﬁéﬁ?ﬁl)ﬁ%ﬁ ne an
open parallel plots region (38, 48) between adj acent ones of the feed

|l evels, the rolls of the plurality, of feed |evels arranged to forma power
di vi der network unencunbered with septunms or shorting wall portions
protruding into the open region. AMENDED SHEET (ARTI CLE 19) WD 2006/ 096290

PCT/ US2006/ 005222 15 3. An assenbly according to Claim1 or Caim2,
wher ei n each (;;ad | evel is assenbled as a single unit. 4. An assenbly

according to d & M Qisetplly AecordingdorClaimn daot Elaion 2 ahereivelaciy e not | n
di rect phy Iy other level. 5. An assenbly
accordi ng oégﬁ re?:%g?m?l%g ﬂ#iméé?w *the power divider network is

fabricated as a network of septumless TEE power dividers (100). 6. An
assenbly accordi ng to Claimb5, wherein each of said |levels includes at

| east one slot @34 esssmblyazarrd gdo Chained dr;Clmmﬁonlaeceln therreils ai | s of

ot of sl B Vel BB ot Wit ciartadDmafliits ot @y offer “ar e | n

sai d open fega@lon. 7. An assenbly according to Claim6, wherein each said TEE
power divider (100) includes inductive wells (120,122,124,126) for each
side armforned in a wall defined by one of said rails opposite said Input

arm 5. An assembly according to any preceding claim, wherein the
power divider network is fabricated as a network of septum-less TEE
power dividers {100).

6. An assembly according to Cldim 5§, wherein each of said levels
includes at least one slot (34A-34D; 44A-44B; 54A) formead by sqid one or
more ralls of said level, and each TEE power divider includes an input
arm provided by a slot of said one or more slots, and first and second co-
linear side arms in said open region.

7. An assembly according to Claim 4, wherein each soid TEE
power divider (100} includes inductive wells (120, 122, 124, 124) for each
side arm formed in a wall defined by one of said ralls opposite said Input
arm,

8. An assembly according to Claim 7, wherein said induciive wells
are spaced from said input am by a distance which is an integral
multiple of one half wavelength ot a frequency in an operating
frequency band.

9. An assembly according fo Claim 7, wherein feed network Is
configured for dual frequency band operation, and whereln sald

AMENDED SHEET (ARTICLE 19)



8. An assenbly according to Claim7, wherein said inductive wells are
spaced fromsold input armby a distance which is an integral nultiple of
one half wavel ength at a frequency in an operating fre uenc band. 9. An
assenbl y WOt o Caim 7, wherein feed network Is 2006/W082%0r dual
frequency band operation, and wherei faid AVENDED SHEET (ARTICLE 19) WD
2006/ 096290 PCT1US2006/ 005222 16 distance is an Integral nultiple of one
hal f wavel ength at a frequency in said operating frequency band and at a
frequency in another operating bond. 10. An assenbly according to Claim1l
or Claim 2. mherein the feed netmork conprises a plurality of virtual
shorts enbl accordj to Caim10, wherein each virtual short
is matcheddﬁﬁ @G@llfﬂ'd $¢§QV\)§ Inqtfwamlengfa atai freqlmna&ﬂnassenbl y

at Teast o 33%'@“?‘9?5?% Y Bkl bl &) B8 aueheyif anaiBRepaaiRI no 1o

Claim1 orb@helim 2, further conprising, for each | evel , d peripheral frane
to hold the one or nore rails of that level in place as a single unit. 14.
An assenbly according to Claiml or Claim?2, wherein said feed |levels are

substantially pgj aldrPhsdgiRly SEectaind FOERIM T or Cldim 2 Wherein the

feed network comprises a plurality of virtual shorts,

11. An assembly according to Claim 10, wherein each virtual short
is matched by af least one Inductive well formed in a rail.

12. An assembly according to Claim 1 or Claim 2, wherein each
of sald feed levels defines at least one siot in said one or more rails.

13. An assembly according to Claim 1 or Claim 2, further
comptising, for each level, a peripheral frame fo hold the one or more

ralls of that level in place as a single unit.

14. An assembly according fo Claim 1 or Claim 2, wherein said
feed levels are substantially parallel feed levels.

AMENDED SHEET (ARTICLE 19)





