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i nventi on. BACKGROUND [1] Continuous transverse stub (CTS) arrays are

di scl osed, for exanple, in U S. Patents 5,926,077; 5,995, 055; and

6, 075, 494. CTS arrays can be inplenented as true-tine-delay (TTDCTS)
apertures enploying parallel plate feeds. Typically there are a relatively
| arge nunber of rails of varying shapes that are fabricated and assenbl ed
together in order to realize the aperture/parallel plate feed assenbly. [2]
Most antenna applications require two directive (high-gain, narrow
bandw dt h) beans, each at a different frequency band. In comunication
applications, the two beans performthe transmt and receive functions.
Conventional dish antennas can performthese functions, but require
relatively | arge swept volunes, which is not desirable for an installation
that is adversely affected by it, such as an aircraft. Conventional phased
arrays al so can performthese functions, but include a fully popul at ed

| attice of discrete phase-shifters ortransmt/receive el enents each
requiring their own phase and/or power-control lines. The recurring
(conmponent, assenbfRUEANUE-OBLAYCEBER NEIWORKIOGR CTARRRAYI i ng

requi renents associated with such electronically controlled phased-arrays
can be prohibitive in many
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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



applications. In addition, such conventional arrays can suffer from
degraded ohm c efficiency (peak gain) , poor scan efficiency (gain roll-off
wi t h scamyo,200d/09519ed i nst ant aneous bandw dt h (dat a rat eeLT/USa00d/0022A St ream
di scontinuities (signal blanking between commanded scan positions) . These
cost and performance issues can be particularly pronounced for physically

| ar ge and/ or hi ghfrequency arrays where the overal
phase-shifter/transmtrecei ve nodul e count can exceed many tens of

t housands ekegRtst/ddtaad@di thlenennhesatherdquansmat tiedrr ewei peaseequency

bands are w dely spaced, t rrays can requjr on performthe
transmit fuﬁegf%ﬁ Eﬁﬂeﬁﬁﬁp¥£%o hg ?%%éivgﬁﬁuﬁ%%wg%gnguﬂﬁﬁﬁﬁocg_THE
DI SCLOSURE k8kefblyue-dridretdekay ¢@ets,nepwomk-poven, cotd n§ogsiifansver se

stub antenna array includes Lural ity f egdl evel 818261 c60Npri si ng one
or nore raiF??ufﬁ%m?%%% |é¥§%§H§$F§ngeﬁl?ﬂ a §géced, pé?aLIeF "
confi gur ati eentAnl bpén gersald-elrrpyat ecateglen PEOHERHHEE betWweBAEdj acent

ones of thef §§9c£€i’§$§: T _a{cchJi't%oQt then PLyrabitdomfl faedysevahs are
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arranged to fma power r networ k unencunbered w th septuns or wall
porti ons .pr sufddingromnt deghadepepnfiy Ot L BRNEY DPSER FRION’ OFTEHE DRAW NGS

[ 4] Feature%c%ﬁd %@%?81&9@@ Oggatihme dbsclesar ewvih | seadi,|y Memiapdr eci at ed
by persons skilled in the artfromthe follomjng det%llgdtge%&&g Rion when
read in conjidsceRbANGPEh PREIYEAW ndIRhdr &dfes/ . and aa

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. Tn 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

[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 ievels. 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



[5] FIG 1 is an isonetric view of an exenplary enbodi nent of a parallel

pl ate feed and antenna aperture assenbly, with a continuous transverse stub
(CTS) radwetnevgmegeerture surface. [6] FIG 2 is a sinpl pCrad2006/005222
cross-sectional view, taken along line 2-2 of FIG 1 . [7] FIG 3 is an
expl oded view of levels of the parallel plate feed and antenna aperture
assenbly of FIGS. 1-2. [8] FIG 4 is & bottomisonetric view of the
assenbly of FIGS. 1-3, showing a feed surface. [9] FIG 5 is an exenplary

virtual E- bepgh TedeSChemduingdi agtaimeDEIAsEER DESCRREhON G THE
DI SCLOSURE 10} In the f%:hlkgw ng detail ed description and in the several
figures of FRARIYPAWHY "HHkENEI ShatY 48X dentified with like reference

numalr ial Is I[ 11] meS 1;15 iFIbusl rad enan semetpl @rwt eenbbdamertemgfiaay TTDCTS
parallel plate feed and. antenna.aper i ith th
?ﬂlao%_zsr%eenrﬁjl%,f fopcara%le gig’Eg @é&f F%a/ Oa?h%eéx%a?%%%%gégge W e

i nvention. onprirses a plura ve rarls, each
| evel hel d Bmsemisppcedvirtdl aki onsiijnuwedush tespeverse® afjucent (E8Fls. In

contrast w %Ed%{%qaaggt%ggegurtﬁ%ﬁ%y ails at the various |levels of the

exenpl ary enbodi nMen € assenb need not have physical contact to form
the hard shorts U§kd in aFfd6érpot atie feedimyBAidéedr cigsivesténdadi nent,

features on,the rails, a1y 190 beyels ofrd.he.

(7] FIG. 3 is an exploded view of levels of the
parallel plate feed and antenna aperture assembly of FIGS.
1-2.

(8] 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. 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



assenbly are identical and periodic, which can reduce tooling and

manuf acturing cost. [12] The different |evels of the assenbly 10 are

i1l ustratwo 2006/ m6m0cr oss-sectional view of FIG 2 . Anapertuse@cloeszet 20
conprises a plurality of spaced rails 22A-221, which define radiating stubs
24A-24H. Interior rails 22B-22H are idgntical. End or exterior rails 22A
and 221 are mrror inmges of each other, and are truncated versions of the
interior rails. [13]_ The first parallel plate feed | evel 30 conprises a
plurality oRPSpREEY taVels 3DACHMTisgFaced @it tyudd tIwRCeAdjFadéft edges of

the rails debhness| ofisi dfAIRe IHal@BEORgT St hiss 32832 ar errtdenbi-cal . End
or exterior rails_32A and 32Ew§re truncat ed versions .of the in%&gior rails.

The rails aFéifdr el ofF haFeshee? 1 pai FDOT RITET0E Wers gr ooves,
e.g. groovegnd2®ri,adxizrbor peshdN ofakhcBZ2ethemhizoh are diwcizsedd nore
| ate feed | evel 40 conprises a

fully below_ [14] The_second parall el
plurality oﬁegﬁé%%ﬁ ?%Iﬁgaiiffiief §pactd apart such that adjacent edges of
the rails define(s8bt S44ATHABLidde eadalbel spdafe 42@dar evelndat ed
Cherein as erPrPa] STrn i dor o0 ettt ar it e arenel” sq eonar ses two
rails 52A, B2Brtspacedtparadiaasntt kdoecadpicene ewiges dFLiree sdaitss form a
slot 54A. Eagh_gah! hagea palr-0f1yeids 0y B LheLelBaaS Wehly: 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 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.

{1l6] 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



[16] The rails of each |evel can be fabricated as a single unit, or
assenbl ed together to forma single unit, reducing the nunber of parts. The
rai | s haweoeb@owsisoal | y conductive surfaces, and can bepCahisc@aes22from a
netal, e.g. alum num by machining, extrusion, or other processes.
Alternatively the rails can be fabricated froma plastic material, e.g. by
nol di ng or extrusion, and pl ated wi t h®a conductive | ayer. [17] The levels
20, 30, 50 and 50 are assenbl ed together in a spaced rel ationship, as

il lustratedrespéttive ,adjamceinng dpealpar al |'Ble plaes r egicdnss28ar88, 48

bet weenr esp J j t el.s....Th i . red by
har d shortsggéh%%ﬁ%?egfggr 8%’%5*%’5"&%%3‘???{&0% %%0%&%{“%;’)8{32%%%?% zed in
convent i onabfwavegni dévbdeparatilzeg dre dwogatiprgl FAvaJui@AsAtt node, RF

energy is 'BHP&PF@Ei%§] d heegkot 54A, e.g. by a line source, and divides

into two cohponents I ch propagate in opposite directions in the parall el

pl ate region 48, [}hus forditng &raronpovierdsy Bidememverlgy LpL8pR8At i ng in
the region 48:6ntd S19t063n44é\, g 448 hn1lLyelodle, aBHd diwW RS AL
(espect i ve tomponcrts Wl <hprobagate L1 Lhe pardll el plote teoion 8. (hus
four conmponenéspardbeeEnplgye PEOPaGat48g thus egoomidP entepspshors 34A- 34D
L evel S0 FERRLal K0, L0\ O, LeSReCLl Ve, PALL . ENGEON, OTpAgEnL s which
been divi ded4hpt o4eBghin 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



conponents in region 28, one conponent for each transverse s'tub24A-24H.
The respective energy conponents radiate fromthe respective stubs. In this
exenpl ar ywenbadioo®nt , the path |lengths fromthe sl ot 54&ctrarstéve/onepecti ve
stubs are equal in length, so that the tine delay is equal for each path,
and the signal conponents radiated frgmeach slot will be in phase. O
course, on receive, the received signal conponents at each stub wll be
conbi ned in phase to provide a single conbined signal conponent at sl ot

54A. [19] Fr&ilsS 33A-aiRExyf odecklvidéw @hdaﬁremenﬁﬁahyléabodéneail@f a TTDCTS

D ot SchabPhi fhr hE En 556 Yoo SROMNNG o1 iV B 80 B0 24010 D0, W O

when stacked 1 n Spaced relation formthe asse Each | evel
incl udes a perni phepabefirlark to® Hod diname russpectiardéonai lkecbhighas, | evel in

pl ace as a s . yni f e il
frame 46 ho %gﬂéékéqzﬁﬁiégg%§?42%?g?lﬁgvgﬁkgglkp dﬁe§é§%é gé %ﬁeralls
32A- 32E of PEV@IPEﬁﬁSQﬁﬁjﬁﬂﬁa#@tQGmﬁ%m%&PQtﬁ¥Q%ﬁIQ? xbp- Fzpmef tHes aperture

level 20. Theahdwli vbdughvEakl $n¢arnbes agaes! gdot pad hechi anesysidng various
techni ques, including fasteners, brazing, welding, adhesives or even by a

pressure fi FPRAFARS MOFHIERE ATHCEE t M2V eI am¥Detheth? arfdd™esn #5%e a

thi ckness whtgdkdd addesethe resi nedsspaci stghhet veelerdiateny teyel s when

the frames are stacé_d t, eEEer FI G % |sonetr|c vi ew showi ng the

asserbly 10SHPPIF Lhel ] dUghs “SOabRERLY JUSEHER, CPIBT The assembiy 10 Makes

use of "virtual "[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 wvirtual 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,



shorts that replace a perfect electrical conductor ("PEC') short wall in
the path of propagating waves inside the parallel-plate or rectangul ar
wavegui dewetzeserves, typically arranged at a 45 degr eepramgiseotisoosz ect
energy froma parallel plate region into a slot comunicating with a next

| evel . The virtual short is matched by;inductive wells or grooves forned in
the parallel plate structure where the propagating wave is confined. The
depth, width and the nunber of wells replacing the PEC short wall are
dependent omnFaridwidithdafdPeREesepiiat Foh epstidfee bekdteatmshd Ofal |s. [ 21]

The assenbl yok0 al ggMakas duse &eBgPtsbimsentEE £-o| angipaves ¢iywi ders,
that do not enpl oyagrotrudl ng septuns in front of the input armaof the TEE

| nst ead, t héTBPYEr bdf ngt Sept A BEAVEES TGN LEREELANPG)PET Pépl aced by
one or nore inaduel vy evamld airer fermay ds, tlegpataPail-pobteekt sudnrmeed in the

two co-linear arms oghthe TEE, Lf gﬁ_ir_ |e for a particular lication.
The di nensi GRECSE *Eh& et TR and T h di St4ices ROt %%315 g&ﬁ)\’det ernm ne
the bandwi dti22anderetochiedg ijpr aper wiagéd dD4Rheft edde[ 22n RI0G, Bndsaa
and vi 1t ual SRGr B it e eRePoy nriared by L on 1167 oht 2% he TEE
power divi derml006t hrbwgsracingpof tHrempid2santl vweslldi Virdadthetisaert t he two
co-linear sigdg anmhy 104 06 Jfedivhded.caeray 6oEROBER! S digdindi cat ed
y arrows 112, "114." To provide matching functions, pairs o

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, 1.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.



i nductive wells are fornmed in the parallel-plate structure opposite the

i nput arm 102. Thus, a pair of wells 120, 122 are forned in the wall 104A
of side awvond@avemnd a pair of wells 124, 126 are forne#cirrustévs/ovizk? 106A
of side arm 106. The spacing of the pairs of wells fromthe input arm and
the well dinensions, are selected for a given inplenentation in dependence

on bandw dth and t he matchi ng propertﬁ%s for that application. It is noted

that there is no protruding septumstructure into the space S at the TEE
junction. For thé24hree- p@rwirTEE13$hqnn|MB@sistheS®ntrmqnnnﬂﬂedniof dept h

and wi dth adjpusted | 5,0 S t earysSide eat es
mat chi ng sugggptgncggkfg? %he Sgﬁglnkﬁa %@?ti? A]%?de {im %Egﬁsgéucture I n
addi tion, nmaPAt abnitrgbandimeegedl 1t fclhaveslendith §ﬁaemd90beedeém the wells

and i nput a%meaoywes Sthﬁlla%? freauency, carabili iy Lg%rnn%&a%%e a

centerline between 5270s spaced a di stance om the center of
the input aif tO2oapprnd hast élnyoeawneclo 14r /i pseyndd cafind N @rgpPwone hal f

wavel ength agga ced¥fienfhioddensy af reachagperatifgsbandg-A8 gxgirl ary dual
band enbodi nent supports operation at a first band centered at "20.7 Chz,

and at a. seHBHHdb%ﬁdeEE%?%ﬁ%da%Ia4ﬂh%?qlﬁ? e o rax shsneeli te. where
the center HLiegueneyedhyt Hatsecmnrenband s apphoxédmt eky vdaukl,g1that of the

first band. 23 In so plications, . the se m | ess TEE r divider as
crpi oyed | noEREE FHRETRAEHBER. of o HERTREETS SV ) RO SHI "at ohi ng
wel | s fornEdetmoEEChor 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 virtual 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 1is
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.



side armport. The exenplary enbodiment of FIG 2 , for exanple is
illustrated without side armmatching wells for the septuml|ess TEE power

di vi der s.wonoddnigs29enbodi ment, a tuning well is positionedTats2@emwed2b2
opposite the input port, e.g. well 57.[24] A virtual short 130 is also
illustrated in FIG 5 . In this exanpbe, the energy in side arm channel 104

is to be directed into channel 140, as indicated by arrow 144. Simlarly,

the energy in si & arm chg nel 106 igMFBo’(pcgnI%lgé%\rAl;ﬁglp&@t Q.ghamel 142, as

i ndi cated by arr 14 6 . nvent i onal at a 45 degree angl
. oo al e
woul d be enpdmyed lassaTshopowéen divédsirded @m4<dranitel ivide vVEr® Rner gy ignto

channel 142. |nst eagl Ui " i ; :
! ref didak” shedd isgverployeditdorre . circuit
130 is a na?rclzeh]fgr?/g et \?vo%rl}cyfor one 1\§/i rtual ghort and co Fr?%?éﬂgg[ plurality

of spaced i cotumiierd sneddnsiveitegr 6a¢es oPBACIEEet offfed i TR W 19%f the side

arm channel (104, G CUy n130vigeA 18 ciitRg Rebwer B4Apr34B secafukd/i rt ual

short to diVer energy into channell 42, and conprises. a |0t
i nducti ve wetvesl G0 gPaevERE 1SBAIY ISR YITred %ﬁg‘g ‘%@a%degf %ﬁréanée o paced

e side arm
channel 106471 50f Paralilsel ipl ated tieywdingoi.on, the matching network for the

for & physi cal SHrc. 1 eh SR-UelFToa J oRd0s Lo el [ The nunber of
\Qﬁlt s and t becyebin dRpliuandivideh Gie parEEORS A ehceas krvedaried to
optimze thee Yonldd L8k, 1hGs WntbU8l N At Bnctal! dnddiaracendt all of
are directed into the radiating stubs 24A-24H.
[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 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, wvirtual 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 568,
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



[25] Referring again to FIG 2 , it can be seen that septum|ess TEE power
dividers and virtual shorts are enployed in the assenbly 10. Consider RF
ener gy enwennegtive assenbly through port 54A. Thi s i npecTasesgywos2e2 di vi ded
by a septum|ess TEE 56 defined by facing surfaces of the rails 52A, 52B
and 42A-42C and open channel 48, and i@ directed in opposite directions
w thin open channel 48, to be direct ed’into open slots 44A, 44B in the
second | evel 40. Virtual shorts 58A, 58B conprising inductive wells are
formed in thecebyesarfacdsd efs thmnsaiks. Rhuenerygyl doeslowt 54% opagat e al ong
space 48 pa Ert shey t 5512}%-5 . [26] s 44 C ri se input
arns for se%%ﬁ%??%és% 'I%%Ivgomglﬁ chvi er§§46%f5 iggattt oé%ﬁ/i %thg ener gy
entering théseepoher i« deds FUEiRmsenér g cvpoterpstcohductee i nto open
channel 38. aIbemeneroy meerents f&amydi vi der 46A enter slots 34A, 34B in
feed level 30, and the ener% components fromdi vider 46B enter slots 34C,
34D in feed |evel33d. [27PLANPHPRA Ito¢el BITSHREIY di PRBer PSEA, 86B, 56C,
56D in turnddiytdesidheapover 1dgamitiba secepddievel abodimbdes So46A, 4bB
into eight ener g conponent s whi ﬁh are directed into the radiating stubs
24A- 24H. [ 28]"° EARh %‘fl?rhesvéard&’lérm vEHe? St 1A fqhedigess ERBRETANd ¢ hi rd
| evel s of power kb virdeles by thdrsocesboskiEdd ane septéumdtessipavet di vi ders,
i.e. withou ement protrudi.ng i.nto the open _channel between
| evel s. Theégg%%ﬁﬁﬁ&g% rsél%g@}se fSECer eeranidn%Pﬁéé%t ﬁﬁi ﬁg‘%\/\éﬂ"?nglon as

defined by the following claims.



formed on the wall opposite the input armor channel to inprove inpedance
mat chi ng. Thus, TEE divider 56 includes a well 57. TEEs 46A, 46B
respect i webyoosnobasde wel | s 47A, 47B. TEEsS 56A-56D i ncl useTwsbkéos/0bspse 57D,
respectively. Virtual shorts are enployed instead of hard shorts extending
into the open channels. Thus, for open channel 48, virtual shorts 58A, 58B
each conprising a pair of inductive wells fornmed in the surface of
respective rails 52A, 52B, prevent weAMB entering frominput port 57A from
passi ng beyond the shorts. For open channel 38, virtual shorts 48A, 48B are
posi tioned for TEE 46A, and virtual shorts 48C, 48D are positioned for TEE
46B. For open chaMwilis dlgimedist ual 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 THE 58Dirug¢-ifie-ti¢lay sfeed betwuﬂldeaﬁbﬁﬂigytfﬁatat&ﬁ\tiﬂﬂbé@”a

be

aperture an e l.ate feed enbl y .descri above i s capabl e of
rgci procal gba&rgg%s%n%tul?gﬁf_enpararr(%gﬁg)f FB’H‘%B?I'P@cei ve as wel|l as transnit.

Thus, while s| ot ahfality offfesanéVaas 3R S0) ed A s odd WthoAkls f OF the
ns._as_an output port when tthe assenbly 1s

assenbly, t I f ynct j

oper at ed onqs%@éggé.‘t%%s&gquﬁbﬁ%ﬁ‘%ttﬁé feste pyelsg aangbdein @ dpaced pti on and
i1l ustratioroffigurgs;fi ¢ enbodi nents of the invention, various

nodi fications and changes thereto can be made by persons skilled in the art
wi t hout departi ng"faP§m RIS Phgie regian {38.r48) hetwesr sdjacent boes a$ 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 parallel 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.



defined by the followng clainms. CLAIMS What is clainmed is: 1. A
true-tinme-delay feed network assenbly for a continuous transverse stub
ant enna awvoayoq(@d9p conprising: a plurality of feed | evelcs/us3@s/od222 50),
each conprising one or nore rails (32A;32E;, 42A-42C, 52A-52B), the feed
| evel s arranged in a spaced configuraf on; an open parallel plate region
(38, 48) between adjacent ones of the feed levels; the rails of the
plurality of feed |levels arranged to formw th said open region a power

di vi der network an Lth septuns or,.shorting wall portions
protruding into %hgﬂ%gg%ﬁgﬁgﬂ%ﬁdmﬁ o2y Rigcqding.Claum, ‘@h%rSWtq“ﬁlP@M@rt ransver se
stub ( TTDCTdyidparretvedk [ firichedasns meatwenaf aRStiHEsA Wer

conpri si ng: & gl urality of levels of rails, each |l evel held in a spaced

rel ati onshi% \%l fsn( pect to adjacent rails, said plurality of |evels of
rails conprising: an aperture level (20) conprising a plurality of spaced
rails (22A-221) defining an array of radiating stubs (24A-24H); and a
plurality of fedd ABvassembly acagidingalp, ClaiieI$, svheseinseéant ohsaidrievas e rai | s

(32p- 325 RGudeCat Ak BRIt e baRM dhRuBlES N 008 b BisRAC B

configuration to define an open parallel plate ¥egion , © BBt ween
adj acent onBSreofailshef saiclevek wat ach HER power difidehmmchidesaln inpuoérnd eed | evel s

arranged t v k unencunbered with septuns or
hor t g el PE By BRI br S A b Bl 8 B St R EsR6Re oy S el
accor di ng taynm@linisaidiopen régianm 2, wherein each feed level is assenbled as a

single unit.5. An assenbly according to any preceding claim wherein the
power divider network is fabricated as a network of septumless TEE power

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 muitiple 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 according to Claim 1 or Claim 2, wherein each of
said feed levels defines at least one slot in said one or more rails. ’



di viders (100). 6. An assenbly according to Claimb5, wherein each of said

| evel s includes at |east one slot (34A-34D; 44A-44B; 54A) forned by said
one or nowe 2a@idseef said | evel, and each TEE power di vipderustovcloostes an

i nput arm provided by a slot of said 2 e or nore slots, and first and
second co-linear side arnms in said op region. 7. An assenbly according to
Claim®6, wherein each said TEE power divider (100) includes inductive wells
(120, 122, 124, {R63n isentagicsordiag arCaiot oeClainm 2 Furthed cotedrisimggifdoy one of

said rails opposite said input a An assenbly agcordi t aim7,
wher ei n sai 8%”’:‘8\’1@@9@'%@&%’%&%&%@8 °P¢ OhNOLT @Ylis ﬁ’ﬁﬁi‘?{ %?’Eﬁ'ﬂ)?%&%i st ance
which is anggtsgfialiniful tiple of one half wavel ength at a frequency in an
operating frequency band. 9. An assenbly according to daim7, wherein feed
network is configured for dual frequency band operation, and wherein said
di stance is an i} e@halssBibly MBrdifhg Beidialf ometh engiierah said feeguency in
sai d operating frequency band and a% a frequency in another operating band.
10. An asselevbls aie substpniiplydachiigl faed lenelsl ai m 2, wherein the feed network
conprises a plurality of virtual shorts. 11. An assenbly according to Caim
10, wherein each virtual short is matched by at |east one inductive well
formed in arail. 12. An assenbly according to Caiml or Claim2, wherein
each of said feed |evels defines at |east one slot in said one or nore
rails.13. An assenbly according to Claiml or Claim2, further conprising,
for each level, a peripheral frame to hold the one or nore rails of that

| evel in place as a single unit. 14. An assenbly according to Claim1l or
Claim 2, wherein said feed | evels are substantially parallel feed |evels.



