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stub (CTS) arrays are disclosed, for exanple, in US. Patents 5,926, 077,
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(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
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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



suffer from degraded ohm c efficiency (peak gain), poor scan efficiency
(gain roll-off with scan), limted instantaneous bandwi dth (data rates),
and dat a WOr20061896280sconti nuities (signal bl anki ng bet weepCT/ORT006065d26Can
positions). These cost and performance issues can be particularly
pronounced for physically |arge and/or_high- frequency arrays where the
overal |l phase-shifter/transmt- recei V& nodul e count can exceed many tens of
t housands elenents. In addition, when the transmt and receive frequency
bands are witdahymbphostkiverelameays eashbeequifimdg ethe bneown piesiseor m t he

transmt function and one for .t cei function. SUYWARY OF THE
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transverse stub .
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 receive function.

SUMMARY OF THE DISCLOSURE

(31 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



radi ati ng aperture surface. (6] FIG 2 is a sinplified cross-sectional
view, taken along line 2-2 of FIG 1. (7] FIG 3 is an expl oded view of

| evel s ofWQR6/0 |lel plate feed and antenna aperturel’ég'ﬂéﬁmqﬂﬂWZFl GS.
1-2. (8) FIG 4 is a bottomisonetric view of the assenbly of FIGS. 1-3,
showing a feed surface. (9] FIG 5 isj,an exenplary virtual E-bend/ Tee
schemati c di agram DETAI LED DESCRI PTI &\I OF THE DI SCLOSURE [10] In the
followi ng detail ed description and in the several figures of the draw ng,
li ke el errenf.sorar @hei déqtldwiew wiletailade deseripiiomumwbenl sreqd| inF| GS. 1-5

illust rate ag, I asse ﬁtﬁnﬁggl H?Qchrﬁf e];‘g@gTS parall el plate feed and

ant enna apert in accor nce with the invention. The
assenbly 10 conpfrﬁlses a pIFLIGaI Ltis @m Ilév@iit;rxﬁ vigwl of amae¥end@dly hel d in a

spaced rel a&m&ﬁ idd 4 tleg_oalg?éé o%rﬁi Iasntéd}laccage; AsheM th prior

appr oaches, rarls at t vari o t he exenpl enbodl ment of
t he assenbl gssemRilvot Widhe phygpe’ainm a@fcaaévemen t9eub har KCPFdrts used in

a corporate, % f% ,P]é)r ure BubBhSe. enbodi ment, features on the rails at
any one | eve t assenbly are |dent| cal and peri odi c, which can reduce

tool i ng and manuf@kturing Fd@st 2( 13 Fhesigplisiedt creagsestionalassenbl y

1'Oare illusyratsded mit qrQes2sechs g, Miew of FIG 2. An WO
2006/ 096290 PCT1 US2006/ 005222 4 aperture | evel 20 conprises a plurality of

spaced rails 22KD21, whiEH¢-d8f Lhcan £¥PaPred BiawheL2davels of fher i or
parallel plate feed and antenna aperture assembly of FIGS.

1-2.

(8] FIG. 4 is a bottom isometric wview 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. In 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



rails 22B-22H are identical. End or exterior rails 22A and 221 are mrror
i mges of each other, and are truncated versions of the interior rails.

(13] The WO ReP6/0p@2P%| | el plate feed | evel 30 conprises PGIVUR2006/00§222f spaced
rails 32A-32E, spaced apart such that adjacent edges of the rails define
slots 34A-34D. Interior rails 32B-32[Q3 are identical. End or exterior rails
32A and 32E are truncated versions of the interior rails. The rails are
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(14] The sezpmreR2p)y athidh pleftimef eadibeyny 4GubsORPA+I4S. a Dhtemilort y of
spaced rail g_42A-42C aced . rt. such that adjacent edges of,the rails
define sl ofg_ﬁ A, él%ng h%reenldgé)ré J1°sasl42A,é‘1fgC9%r%xa’f?%t'g%ﬁs\/ ons of the
interior raahd425r abee mixirbs imagegafr eachf otkér s st aed theaneateds wel | .

15] The '"third. lLlel pl, feed_| | 50 i t ils 52A, 52B,
gpal:ed :parYé%%%‘ggirﬁQaﬁ etrhegjlg‘%gﬁfggdﬁigfgf t he (r:girnglfsg?m \zgloslrg!t §4A. Each

rail has a pair[b3] wel | s Ther néiirsthepairalielwglate( 16¢edhdevaill 300f each
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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 1level 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



2, formng open parallel plate regions 28, 38, 48 between WO 2006/ 096290
PCTI US2006/ 005222 5 respective adjacent |evels. The open regions are
unencunmb¥@2006096220 d shorts or bends or protrudi ng sept BCI/US2606/805222
dividers utilized in conventional waveguide or parallel plate feeds. [18]
In a transmt node, RF energy is Iaunﬁhed into the slot 54A, e.g. by a line
source, and divides into two conponehts which propagate in opposite
directions in the parallel plate region 48, thus formng a 1:2 power

di vi der. Ereespectivpagadiagent t¥avelsgi on aheentopen slreigions4Aard4B in | evel
40, and di v'r%q.g: ' IV gx@p%@ 1.C ' e parallel
pl ate regi ol?] g@%ﬁﬁé%?ﬁfﬁgg?c\?\gel: povvers FVP gt‘é@%@fs’t gu%ngput ener gy
has been diof deaveamtdivigigrsc apidiacads inTigonyeatdonapr vpxgauidg Pr regi on 38
enters slcnﬁhgg@&é§4gﬁgg | p¥&hs 30, separating into respective pairs of

ener gy conponents |cﬁ propagate in region 28 adjacent the aperture |evel
20. The input erlddy has Beed Eransmid imade,eiRfhtenegzapdserdaginchedegi on 28,
one_componeffed Rhee3eb | $41 6268 Coy 4 UDAHA el INand SAPLdda/ 4028 0Y
conponents radiate fromthe réspective stubs. In tﬁlq exenpl ary enbodi nent,
t he path | ¥R HRomROseNtRewBieh BRPIGR LS cln copRaaitfe dmasdioaseinqual in
length, so ghatpdher tdimpOldayrdi iU, fOlius €86nDd ha 309 LRGersSi gnal
components radjiated fromeach slot w|l be in phase., O course, on receive,
the recei v&Videfnal ERBEPY RAAPFIALLIRG CHN Stheh BRIGILPNLHES comERFRFLOLE phase to
provide a sigg) e ggbijned 13vanal 460NPIRENGi Pldes! AntfA rdsbktilke 3 is an
expl oded view of an exenplary enbodinment of a TTDCTS aperture parallel

pl at e assenﬁ?@9°nents 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



showi ng the levels 20, 30, 40, 50, which when stacked in spaced relation
formthe assenbly 10 of FIG 4. Each |evel includes a peripheral frame to
hol d t he wo esopmeézbove rails of that level in place as a PCTEIS2006/05222 Thus,
frame 56 holds the rail 52A of level 50, frame 46 holds the rails 42A-42C
of level 40, frane 36 holds the WO 2006/ 096290 PCT/ QS2006/ 005222 6 rails
32A- 32E of level 30, and frane 26 hol 8s the rails 22A-221 of the aperture
| evel 20. The individual rails can be assenbled to the frame using various
t echni ques, railnc| 38A-32E asft deared, 301, aandg framédR2Bghodd8etheezadllseven by a

Phi okness VIARTEA: O S (RS A Vel 28 o e wBetvABFaleRt tBvel o when
the franmes eare bstassenbleaetdiethe Hixamel ussingn vaxdonsr itechindyuebow ng t he
ceoThlY, A0 d818hes3) BASTONRId 2 TIE BRI AD. Tekes vee
short wal | by d hereeetureoff ifr dp:atgambugtjzwg/eaa:émiafe thiee £rpawal | @hepl ate or
Lo diraot cig® 4 Rabecra iR ALK REPRTEE Bhe? RR1RER cacing
with a nextspasiglg BDeéweent uadjadentt Leveds chbenbythe ndicdnes aekl s or
< con i neds e (RGeRARE, hady s ShUHEMTIE LS SRR IR 0% pre
short wal | assensizeridentitbn thendeiels shatkeldetogpthati on di st ance bet ween
the valls. [21] Ty assenthy 10 al30 JBKES plUREsOly3CPL M 1§85 TRE E- pl ane
power divi ders, Hﬁ@t do not errp? oy &Tgtrug\lﬁng septuns in Front of the i nput
arm of the §iErts 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,



Instead, the protruding septumand its function (matching) can replaced by
one or nore inductive wells or grooves, e.g. a pair of wells forned in the
two co-| WRHP6/RR63Y of the TEE, if desirable for a part PERUHR00OBI22Z at i on.

The dinmensions of the wells and their distances to the input armdeterm ne
t he bandwi dth and matching properties7of the tee. (22] FIG 5is a
sinplified schematic illustrating a septum|ess E-plane TEE power divider
and virtual hort n RF, ener i ndi cat ed .b row, 110 enters the TEE
pover di Vi < 140 ‘i‘hY’o%‘z’g‘% %%t‘f"r%h% e 3@%@%/%9@‘%% 2006/ 005222
7 and is diléed MRteveddvitedt \emecgyl |<maqmrmmte aans liddlicate@l. bkne di vi ded
ener gy conponents r i cated L arr Q prov:de t chi ng
functi ons, %’%ﬁ? o@'ze X glctl 3§ Rg%/‘fls&%r e\&g##édfgjﬁé%: §“Bar%?’r [)Eate
structure Dpfosiive Meélsnpue fomed02n mspamlfiealr—pd.fatwelstsudmi):e 122 are

formed int J i rH2104, kﬁ#ﬂ 126 are
formed in t%av%l%e i%g% %ép@% ﬁmﬁa;ﬁn%llog p}am]{]g&%f Jheépfazl?ofs of wells
fromthe i np22 axe nfoamddt he wbel walhehOABnof sdideselnsctldt,f @nda agi ven

i mpl ement at i'lrld’k |s not éd??%b‘?éd\f?g%g REIT, g&er@lc g ogr%) CFeI‘tI es for

t hat appllc ron. IS N0 pro ing Septum structure
into the spaoe EDGa-t (The SPEEipgned ithe. PRbrstof weilrlee-from theEmmut uct ures,

the 1ncorpopgli oRqOkndeRid] 133l nediBngdl Ustedetlorndlredd Udliyed N the

co-linear s arns create tchi ng suSceptances ning ports
of the saneimplemantattigne in| deperfifindeoen handwidih rapdathenmageking

hal f - wavel eaggge |tyé "gor baw@eabptﬁea%@bhs aﬁé iEpHEté‘&”H?éQV&ﬂ’&% dual - band

frequency cap For exanpl'e, a centerline
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.



wel s 120, 122 is spaced a distance fromthe center of the input arm 102
approximately equal to an integral nultiple of one half wavelength at a
center W@QeMe6290f each operating band. An exenpl ar y PERAIS20606522bodi nent
supports operation at a first band centered at 20.7 Ghz, and at a second
band centered at 44.5 Gz, by way of , exanple, i.e. where the center
frequency of the second band is appPoxi mat el y doubl e that of the first
band. [23] in sone applications, the septuml|ess TEE power divider as

enpl oyed in thelZ4ed net Aovkrofal ishortTD30Siar abyo nkhllumitrategdd dy mat chi ng

well's for i Ng ea e rt %%ﬂp r FIG 2, for
exanpl e i SPI I lr]%t r;{h cﬁhgt hgjagbglgdet%%mh&nat !hlg %/A%(ﬁn%q?‘lo%t%e sept uml ess
TEE power 04i tier so be dhrecterhdditeerghannelt ity aselindisaged biyoned at a

\Iglacl'l'} Ugggggégg%érg“ npﬁ'ﬂﬁl&%& Yrt tgﬁ \Qﬁggfigog\?gga?‘géo%% r al[ ed in FIG

5. In thisisxbepre divestedeighoichasingd 3142, chanhadicated iby taxdew direct ed
into channr@h6140,C&§,ehggbﬁ§Ijsgrba/ PREM 41344t Sénaéard ekhgy eér gy in side

arm channel 106 1s ted 1 nto channel I nd| ed by arrow
146. ConveWenbdabeyemplayred \af 12 Ahorty5iny dehe es gyl arm \Mhﬂlmeﬂe tenpl oyed as a
short in tB?vékE'eeﬁE%W&HES' ch@nndl Ve ene&axtaaao gha%eéuﬂaﬁ% Instead, a
"virtual" “short is enployed. For exanple, circuit is a matching

networ k fophere i$ ﬁ“lP&PYgﬁortFOraﬁéa@E#%r|%b%c%tplh§|0allﬁt§r mafchvimac ed

i nductive weklSrRr f&Ff WHe S ik3A1 13R6rt or 4RE bamﬁny@é la Frdha igiyde arm

channel 104. Circuit 136 is a _matching network a second virtual short
to divert C&n8P3ERY NGUSKAWAHG4AS, °§n€rE6W|J§’€@‘d-3BFuﬁﬁF’F‘F‘§/ i 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 virtual 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 1level 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.



spaced inductive wells or grooves 138A-138C forned in a wall of the side

arm chan r parallel plate term nation, the matching network for
the virt E?Péﬂ@@fﬁgl ntroduces a very hi gh susceptance t hRET/ES2066/M0522% t he

need for a physical short, i.e. an electrically conductive wall. The nunber
of wells and the well depth and wi dth® are paraneters which can be varied to
optimze the matching for the virtual shorts, taking into account all of

the feed | evel s @igjonce. E28LsRefaqy,r i 448 agomprise Fligpu?, dimsafobe seen
that septum| ess TEE r dividers, and vi.rtu shorts are npl.ogyed in the
assenbl y 10?6%%‘.1693 %\Ig%eRBV% ‘g’n‘f’éfﬁﬁ?g“%\hegé’gse%l‘in‘iﬁ‘ﬁeoﬁ BBrt s4A.
Thi s i nput enerqy entetingdethdye apsept untiwsterEEF o daF nedekygyf aci ng -
surfaces of the rails 52 §%ﬁgan 42A%§?C and gp ch@ﬂnel 48, and is
di rected i n°SRYERES NS i e P Al - 481080 *BE™ ¥ ect ed i nt o
open sl ots édrpornkifts ifirarhelisvddend4bBvehtehd.sMitrst (BdlA,s3dBt 4n5&Aed58B
conpri sing inductjve I are fo i he to urfaces f the rails. RF
ener gy doesi?l‘ﬁl{L grodpg\égt gﬁgl %‘ﬁ%’;‘@{)gggphﬁeﬁ%sasfiroﬁhén\’/fs?ﬁaﬂGés)ﬁ&rttfeg 58A- 58B.
WO 2006/ 096896t PCGAQ)SAAD6A00F2E 1€ve¢REd0.Sl ot s 44A, 44B conprise input arns
for septumless E power, divide 4 4 0;.di.Vj RE ..ener gy

g&ér %h&rg gaﬁﬁfpbf ég%eé leldé%% %Cohdggp

entering these p di vi dersint ener comnponent’s éd into open
channel 38. 580e ®6izrigy twonpbnedes thenpawer dbromlGhecrsemongl deve34A, 34B in

L e ofunf A GAPRIGHEof G LB £y 3l ot 3 1
56D i n turnade vibesctdte indee ther sadiseing cowds| 8¢ar24H.

[28] Each of these power dividers of the first,
second and third levels 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 474,
47B. TEEs 56A-56D include wells 57A-57D, respectively.
Virtual shorts are employed instead of hard shorts
extending into the open channels. Thus, fqr 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



of dividers 46A, 46B into eight RF energy conponents which are directed
into the radiating stubs 24A-24H. [ 28] Each of these power dividers of the
first, WO00m9a2%8 third | evel s of power dividers in thPET/USHMIEINRRNt are
septum | ess power dividers, i.e. without a septumelenent protruding into
t he open channel between |evels. Thege power dividers further include
tuning wells forned on the wall opposite the input armor channel to

i nprove i npedance matching. Thus, TEE divider 56 includes a well 57. TEEs
4B6A, 46B r &SgedvEvASy Welkl ude hespnsmigy.s Thep, TEdeselBBBiMciade wel |l s

57A-57D, T erResib¥al Yabovh I tidal taPREt oAl anenPhyed poist eaghof thard shorts
extending into the open channels. Thus, for open channel 48, virtual shorts

58A, 58B e@&FeEBAYri SNy Sdofaifungtions Rt 2YOWEPLE PBFRedhRR the surface of

respective dsalemply524. opdBatéd i HecRli@egY entering frominput port 57A from
passi ng beyond ttéalshorts. For qpen channel virtual shorts 48A, 48B are

38,
positioned for TBRla6A, afltRPUIal thenofirepsdnausphafe RAS™ | ofed for TEE

46B. For oprizcrapanngl add MilustabtsbRrbf 3BAci28B anBonemehtsned for TEE
56A, virtual shorts 38C, 38D.,are ‘88,31 ioned for TEE 56B, virtual shorts
38E, 38F ard'SpddVendded  §RTFRRS 5 ,léﬂrﬁ? 1ons; fnd Shangessdherssn are
posi tioned dair BHEE m&dk [MAP] peirsbfist iIA leddeiat obet Nkt t R taghenna

aperture an aral lel_plate feed assenbly,describ ahove . i;s capabl e of
reci procal AE0Gn From, the, Scops, éf‘agﬁgbﬁl%%ggﬁo%’é’@@tlb@l 882006/ 005222

10 recei ve defiteld bgstheafisliléwiddhudaiwii.l e sl ot 54A is described above in
terms of an input port for the assenbly, the slot functions as an out put
port when the assenbly is operated on receive.



(301 Although the foregoing has been a description and illustration of
speci fic enbodi nents of the invention, various nodifications 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 foll ow ng clains.
11 dainms Wuat is clainmed is: 1. Athye-tinme-delay feed network assenbly
for a continuous transverse stub antenna array (10), conprising:. a
plurality of feed l|evels (30, 40, 50), each conprising two or nore rails
(32A- 32E; 42A-42C; 52A-52B), the feed |evels arranged in a spaced
configuration; an open parallel platénaég$on (38, 48) between adjacent ones
of the feed |eqxfLpis ERSMbdliss of the plurality of feed Ievels arranged to
formw th said opén region a power divider network free off septuns, bends
and or shorting wall portions protruding into the open regi on wherein each

rail is provided wth trgéqm?/e%;éﬂﬁgﬁéﬂdqﬂem%ﬂ@agen{w for'4 EW\%UOEQ%P‘?@% Lhe

rails of each level are no di rect physical contact th rail any
ot her | evestub antenna array (1MecerdprigingGont i nuous transverse stub (TTDCTS)

paral l el plate - pgk t e i.S1.0Q.: urality
of levels of rai él@fﬁu&é@ﬂe?&éi@{%&ﬁg?dﬁqn ’%aggc%g d %éingffl% gﬁ)g r??dprg\?\nal{sﬁ(s%es pect
t o adj acend2H;eél42C; SRiAd5 7B )uthel feed levEls|aeranbsd of a spadesl coofiguraiomg: an

aperture level (20) cq | Si a plurali f. spaced rails (22A-221
defining an ar %392)%'? prrég%”egtpﬁ% rgﬁﬁﬁs@ 2%.%2 ggltﬁ)egnaq,%@acgn% ro{fgg ﬁ%%@ c%%%day feed
network acleeeldi ng to claim1l. 3. An assenbly according to Caiml or Claim
zccording to e R B eguEr Ey B SR BYER A e SEr WAL PR RNG [ o
f abri cat edp@geradiviienonidiwork $ept offt b&stomd Ebepdyveinddior | ghertthg( welOportiofs AN
assenbly accordi ngf to Claim4, wherein ea%h g?f_ said | evels _

protruding into the open region wherein each rail is provided with grooves forming

one or more virtual shorts and the rails of each level are not in direct physical contact

with rails of any other level.

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 levels, 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 true-time-delay feed network according to claim 1.

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

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

5. An assembly according to Claim 4, wherein each of said levels
includes at least one slot (34A-34D; 44A-44B; 54A) formed by said one or more rails
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.



includes at |east one slot (34A-34D; 44A-44B; 54A) formed by said one or
nore rails of said |level, and each TEE power divider includes an input arm
provi ded by a slot of said one or nore slots, and first and second co-

| inear side arnms in said open region. 12 6. An assenbly according to Claim
5, wherein each said TEE power divider4$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 7. An assenbly according to Claim1, wherein
said inductive wells are spaced fromsaid input armby a distance which is
an integral nul&ipl e“fbﬁsﬁﬁf@b'haﬁqcordméq ERYhSawhgrein @?ﬁhnﬁﬂd iTEEaRowpkr at i ng
frequency hager (18o) (r\elu@%mwvf%wg(:huami? 242458 ror BREY &4 BGemRS Wor k1 S
configured frequenc eration, mLereln sal Istance is
an integrah armaltdqﬂn@d bufon@rcésawrfalls/\mmse;ﬁgalh Imutarmr equency in said
operating frequency band and at a frequency in another operating band. 9.
An assenbly according to Caiml1l or aim2, wherein the feed network
conpri ses a pl ut.al i tAn essembly watorslingr tosClairf. 1 A(vheasisesrdiﬂ yndacter dietigyateo Cl ai m

2 e ! SR 06 B0k b7 » QBERRE A o ERECBRRERIHER RS, L

each of sawaveléregilat @¥rebserttyfih apopatatihgfretiuey ihat in said one or nore
rails. 12. An assenbly according to Claiml or Claim?2, further conprising,
for each level, a peripheral frame to hold the one or nore rails of that

level in place @is a Arshsi@ingolyBedordihg to OmiASS WMkl Asioiehivolk it @offigiiréd 1 or
Claim2, wherein said feed | evels are substantiall y parallel feed |evels.
for dual frequency band operation, and wherein said distarice is an integral multiple
of one half wavelength at a frequency in said operating frequency band and at a

frequency in another operating band.

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

10.  An assembly according to Claim 9, wherein each virtual short is
matched by at least one inductive well formed in a rail.

11.  An assembly according to Claim 1 or Claim 2, wherein each of said

feed levels defines at least one slot in said one or more rails.

12.  An assembly according to Claim 1 or Claim 2, further comprising, for
each level, a peripheral frame to hold the one or more rails of that level in place as a

single unit.

13.  An assembly according to Claim 1 or Claim 2, wherein said feed levels

are substantially parallel feed levels.





