wo 2013/180828 A1 |1 I} OO0 A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

5 December 2013 (05.12.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/180828 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
HO1Q 13/10 (2006.01) H01Q 21/10 (2006.01)
HO1Q 19/22 (2006.01)

International Application Number:
PCT/US2013/034269

International Filing Date:
28 March 2013 (28.03.2013)

Filing Language: English
Publication Language: English
Priority Data:

13/483,404 30 May 2012 (30.05.2012) US
Applicant: RAYTHEON COMPANY [US/US]; 870

Winter Street, Waltham, Massachusetts 02451 (US).

Inventors: CROCKETT, John A.; 228 N. Siesta St, Ana-
heim, California 92801 (US). CARR, James A.; 9201 El
Tango Circle, Fountain Valley, California 92708 (US).
SAUER, Rohn; 1271 Stoner Ave., #409, Los Angeles,
California 090025 (US).

(74

(8D

(84)

Agent: LEVY, Howard I.; Cantor Colburn LLP, 20
Church Street, 22nd Floor, Hartford, Virginia 06103 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
IM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

[Continued on next page]

(54) Title: ACTIVE ELECTRONICALLY SCANNED ARRAY ANTENNA

10

(57) Abstract: An antenna is provided and in-
cludes a radiator aperture assembly including
a plurality of radiator sticks, each radiator
stick including a row of radiating elements
configured to transmit and receive RF energy
and a body having opposite sides, conductive
elements coupled to the radiating elements
and a plate disposed proximate to the radiator
aperture assembly through which the conduct-
ive elements extend. Complementary opposite
sides of the respective bodies of adjacent radi-
ator sticks and a surface of the plate are con-
figured to form a slot radiator.

FIG. 1



WO 20137180828 A1 |IIIWAIL 00TV VAT A VA RO O

TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW, __
ML, MR, NE, SN, TD, TG).

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:
— as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))

Declarations under Rule 4.17:

with international search report (Art. 21(3))



WO 2013/180828 PCT/US2013/034269

ACTIVE ELECTRONICALLY SCANNED ARRAY ANTENNA

BACKGROUND

[0001] The subject matter disclosed herein relates to an active electronically scanned
array (AESA) antenna and, more particularly, to connector stick packaging for a long slot
aperture of a radiator of an AESA antenna.

[0002] An active electronically scanned array (AESA) antenna is an antenna
including multiple radiators. The relative amplitude and phase of each of the radiators can be
controlled so that transmit or receive beams can be electronically steered without the need for
physically or mechanically moving the antenna. Such an antenna includes an aperture for
transmitting or receiving waves traveling in free space and may include back-end circuitry
having electronics modules for generating signals to be transmitted and for processing

received signals.

SUMMARY

[0003] According to one aspect, an antenna is provided and includes a radiator
aperture assembly including a plurality of radiator sticks, each radiator stick including a row
of radiating elements configured to transmit and receive RF energy and a body having
opposite sides, conductive elements coupled to the radiating elements and a plate disposed
proximate to the radiator aperture assembly through which the conductive elements extend.
Complementary opposite sides of the respective bodies of adjacent radiator sticks and a
surface of the plate are configured to form a slot radiator.

[0004] According to another aspect, an antenna is provided and includes a radiator
aperture assembly including a plurality of radiator sticks, each radiator stick having
conductive elements electrically coupled to circulators and a plate through which the
conductive elements of each of the plurality of the radiator sticks are extendible. The radiator
aperture assembly and the plate are attachable to one another such that adjacent radiator
sticks define chamfered and notched radiator slots extending forwardly from the plate.

[0005] According to yet another aspect, an antenna is provided and includes a radiator
aperture assembly including a plurality of radiator sticks, each radiator stick having pairs of
conductive elements each respectively electrically coupled to one of a pair of mirrored
circulators, a plate through which the conductive elements of each of the plurality of the
radiator sticks are extendible and a coldwall into which the conductive elements of each of

the plurality of the radiator sticks are extendible and connectable with corresponding
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transmit/receive modules. The radiator aperture assembly and the plate are attachable to one
another such that adjacent radiator sticks define radiator slots extending forwardly from the
plate.

[0006] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The subject matter disclosed herein is particularly pointed out and distinctly
claimed in the claims at the conclusion of the specification. The foregoing and other features
and advantages are apparent from the following detailed description taken in conjunction
with the accompanying drawings in which:

[0008] FIG. 1 is a perspective view of an antenna;

[0009] FIG. 2 is a perspective exploded view of a radiator stick of the antenna of FIG.

L

[0010] FIG. 3 is a perspective exploded view of a radiator stick of the antenna of FIG.
L

[0011] FIG. 4 is a perspective view of a straight coax connector;

[0012] FIG. 5 is a plan view of a plurality of circulators in accordance with
embodiments;

[0013] FIG. 6 is a perspective view of a plurality of radiator sticks and a plate to
which the radiator sticks are coupled; and

[0014] FIG. 7 is a plan view of a radiator aperture assembly, a plate and a coldwall.

[0015] The detailed description explains embodiments of the invention, together with

advantages and features, by way of example with reference to the drawings.

DETAILED DESCRIPTION

[0016] A new or retrofit radiator assembly is provided for use with new or existing
antenna arrays as well as other applications that may have relatively wide lattice
configurations. Where it is being used as a retrofit radiator assembly, the radiator assembly
can serve as a "drop in" replacement for old radiators and thus requires little to no
modifications to antenna hardware. Antenna gain, radio frequency (RF) polarization and
scanning performance are maintained or improved.

[0017] With reference to FIG. 1, an active electronically scanned array (AESA)

antenna 10 is provided and includes a radome 12, a radiator aperture assembly 13, a plate 14,
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which serves as a corporate feed or a power divider, a coldwall 15, transmit/receive (T/R)
modules 16, a motherboard 17 and an aft cover (not shown). The radome 12 forms a forward
end of the antenna 10 whereby electromagnetic radiation is transmitted or received. The aft
cover forms an aft end of the antenna 10 in which the T/R modules 16 and the motherboard
17 are disposed to perform certain electronic functions. In particular, the motherboard 17
provides a DC signal and power distribution network by which the T/R modules 16 can be
controlled. The radiator aperture assembly 13, the plate 14 and the coldwall 15 are operably
disposed between the forward and aft ends of the antenna 10.

[0018] As shown in FIG. 1, the antenna 10 as a whole can have a rectangular shape
with the radiator aperture assembly 13 having a similarly rectangular shape. This is not
required, however, and it is to be understood that the antenna 10 can have various overall
shapes with the radiator aperture assembly having similar or different shapes as well.

[0019] With reference to FIGS. 2, 3 and 4, the antenna 10 is assembled in various
stages including an initial stage during which a plurality of radiator “sticks” 20 of the radiator
aperture assembly 13 are assembled. In accordance with embodiments, each radiator stick 20
includes a body 200 that is formed of a radiator cover 21, a plurality of circulators 22, a
radiator base 23 and a plurality of pairs of coax connectors 24. In accordance with
embodiments, the pairs of coax connectors 24 may each have two offset coax connectors 241,
two straight coax connectors 242 (see FIG. 4) or an offset coax connector 241 and a straight
coax connector 242.

[0020] Still referring to FIGS. 2 and 3, the radiator cover 21 has a body 210 with a
forward section 211 and an aft section 212 (see FIG. 3). The forward section 211 is generally
rectangular in cross-section whereas the aft section 212 is frusto-conical in cross-section. The
forward section 210 is narrower than the narrow end of the aft section 213 while the wide end
of the aft section 213 has a substantially similar width as that of the radiator base 23.

[0021] A series of substantially circular holes 25 and elongate holes 26 are defined
through the radiator cover 21 along a longitudinal length thereof. The substantially circular
holes 25 align with corresponding fastener holes 27 of the radiator base 23 such that fastening
elements, such as screws, can be threadably inserted to attach the radiator cover 21 to the
radiator base 23. The elongate holes 26 permit the plurality of the circulators 22 to be
respectively fastened to the radiator cover 21 or the radiator base 23 in accordance with
known methods.

[0022] The radiator base 23 has a body 230 that is substantially rectangular in cross-

section and is formed to define the fastener holes 27 and recesses 231 between sequential
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fastener holes 27. The fastener holes 27 align with corresponding substantially circular holes
25 and the recesses 231 align with locations of the circulators 22. The body 230 is further
formed to define pairs of offset coax connector through holes 233, pairs of straight coax
connector through-holes or pairs of a straight coax connector through-hole and an offset coax
connector through-hole 233 within each one of the recesses 231. The straight coax connector
through-holes and the offset coax connector through holes 233 are located such that they
align with corresponding transmission and reception ports 224 and 225 of the circulators 22
(see FIG. 5). Each of the straight coax connector through holes is formed to extend in a
generally straight line through the body 230 in accordance with a shape of the straight coax
connectors 242. The offset coax connector through holes 233 are each elongated in
accordance with a shape of the offset coax connectors 241.

[0023] With reference to FIG. 5, each of the circulators 22 includes a substrate 220
and a permanent magnet 226. The substrate 220 has a probe portion 221 at which an antenna
port 222 is defined and a circulator portion 223 at which the transmission and reception ports
224 and 225 are respectively defined. For each circulator 22, the circulator portion 222
separates outbound waves from inbound waves and routs them from the transmission port
224 or to the reception port 225. The probe portion 221 couples waves traveling in a
microstrip transmission line at the antenna port 222 to waves propagating in free space.

[0024] When the circulators 22 are fastened to the radiator cover 21, each of the
transmission ports 224, the reception ports 225 and the permanent magnets 226 face toward a
corresponding one of the recesses 231. Thus, when the radiator base 23 is attached to the
radiator cover 21 with the straight coax connectors 242 received in the straight coax
connector through-holes and/or the offset coax connectors 241 received in the offset coax
connector through-holes 233, the circulators 22 sit within the recesses 231, the coax
connectors (straight or offset) electrically couple with the transmission ports 224 and/or the
reception portions 225.

[0025] In accordance with alternative embodiments, it is to be understood that the
circulators 22 may be fastened to the radiator cover 21 as noted above or to the radiator base
23.

[0026] With reference to FIG. 6, a plurality of radiator sticks 20 may be formed as
described above and subsequently installed onto the plate 14 during a second stage of the
antenna 10 assembly process. As shown in FIG. 4, the plate 14 has a generally planar body
140 with at least one planar surface 143 in which pairs of transmission and reception holes

141 and additional fastener holes 142 are formed. When the plurality of the radiator sticks 20
4
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are installed onto the plate 14, the straight coax connectors 242 and the offset coax
connectors 241 are extendible through the transmission and reception holes 141 while the
additional fastener holes 142 align with the corresponding fastener holes 27 and the
corresponding circular holes 25 such that the fastening elements that attach the radiator cover
21 to the radiator base 23 can also attach the radiator sticks 20 to the plate 14. The radiator
sticks 20 are installed with an orthogonal orientation relative to the E-plane of the plate 14,
which provides for advantages that will be discussed in detail below.

[0027] A first advantage is that the radiator sticks 20 permit attachment of a number
of coax connectors with the plate 14 that is small enough (i.e., less than 1000s of
simultaneous connections) to be achievable and large enough (i.e., more than 1 connection at
a time) to be efficient. A second advantage is that the radiator sticks 20 extend along a long
direction of the plate 14, which allows for an increased number of coax connections per
radiator stick 20. A third advantage is that the arrangement of the transmission and reception
holes 141 around the additional fastener holes 142 permits a mirrored arrangement of the
circulators 22.

[0028] That is, with reference to FIG. 5, it is seen that a pair of circulators 22 may be
provided on either side of a circular hole 25 (such that the circulators 22 would also be
provided on either side of a fastener hole 27 and an additional fastener hole 142). The
circulator 22 on the left side of the circular hole 25 in FIG. 5 has a permanent magnet 226 of
a first polarity with a transmission port 224 and a reception port 225 proximate to the circular
hole 25. By contrast, the circulator 22 on the right side of the circular hole 25 in FIG. 5 has a
permanent magnet 226 of a second polarity, which is opposite the first polarity, with a
transmission port 224 and a reception port 225 similarly proximate to the circular hole 25.

[0029] With reference to FIG. 7, once the radiator sticks 20 are installed onto the
plate 14, the plate 14 may be connected with the coldwall 15. The coldwall 15 includes
circuitry for connection to each of the straight coax connectors 242 and each of the offset
coax connectors 241. This circuitry is itself configured for electrical coupling with
corresponding circuitry of the T/R modules 16.

[0030] As shown in FIG. 7, the planar surface 143 of the plate 14 and complementary
opposite sides of the radiator cover 21 and the radiator base 23 of each pair of adjacent
radiator sticks 20 cooperatively form a long radiator slot 30 that extends forwardly away from
the surface 143 of the plate 14. The respective probe portion 221 of each circulator 22
extends into the radiator slot 30 formed adjacent to its corresponding radiator stick 20 such

that the corresponding antenna port 222 (see FIG. 5) can interact with waves propagating in
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the free space. Due to the shape of the radiator cover 21 and the radiator base 23, as described
above, each radiator slot 30 has a straight, relatively narrow aft portion 31 through which the
probe portions 221 partially extend, a chamfered and notched portion 32 just forward from
the probe portions 221 and a straight, relatively wide forward portion 33.

[0031] The straight, relatively narrow aft portion 31 has a substantially uniform width
with increasing distance forward from the surface 143. The probe portions 221 partially
extend through a forward end of the straight, relatively narrow aft portion 31 such that distal
ends of the probe portions 221 are slightly displaced from a side of the adjacent radiator base
23. The chamfered and notched portion 32 is formed just forward from the probe portions
221 and is defined by the effective chamfering and notching of the aft section 213 of the
radiator cover 21, which has the frusto-conical cross-section. The straight, relatively wide
forward portion 33 is wider than the straight, relatively narrow aft portion 31 and has a
substantially uniform width with increasing distance forward from the surface 143.

[0032] The shape of the slots 30 leads to reduced RF losses and improves antenna
gain. These reduced RF losses and improved antenna gain represent another advantage of the
configuration described herein.

[0033] With reference to FIG. 5, it is to be understood that each coax connector may
be provided as an offset coax connector 241 or a straight coax connector 242 in offset pairs,
straight pairs or mixed pairs. In each case, the radiator base 23 is formed to define offset
connector through-holes 233 or straight coax connector through-holes as required and the
configurations of the transmission and reception ports 224, 225 of the circulators 22 are
correspondingly modified. The determination of which configuration is to be used may be
made in accordance with various factors, such as costs and the type of antenna array being
employed (i.e., the HTM-4, F-15, RACR and APG-79 International module configurations
and ISR platforms).

[0034] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments have been described, it is to be understood that
aspects may include only some of the described embodiments. Accordingly, the invention is
not to be seen as limited by the foregoing description, but is only limited by the scope of the

appended claims.
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CLAIMS:

1. An antenna, comprising:

a radiator aperture assembly including a plurality of radiator sticks, each radiator stick
including a row of radiating elements configured to transmit and receive RF energy and a
body having opposite sides;

conductive elements coupled to the radiating elements; and

a plate disposed proximate to the radiator aperture assembly through which the
conductive elements extend,

complementary opposite sides of the respective bodies of adjacent radiator sticks and
a surface of the plate being configured to form a slot radiator.

2. The antenna according to claim 1, wherein the slot radiator comprises:

a planar surface at the surface of the plate;

a narrow aft portion proximate to the surface of the plate;

a wide forward portion remote from the surface of the plate; and

a chamfered and notched portion defined between the narrow aft and wide forward
portions.

3. The antenna according to claim 2, wherein each of the narrow aft portion and
the wide forward portion has a substantially uniform thickness between the complementary
opposite sides of the respective bodies of the adjacent radiator sticks.

4. The antenna according to claim 3, wherein the chamfered and notched portion
has a narrow aft end, which has a substantially similar thickness as the narrow aft portion,
and a wide end that widens laterally.

5. The antenna according to claim 1, wherein the radiating elements comprise
circulators that are extendible into the slot radiators.

6. The antenna according to claim 5, wherein adjacent circulators are mirrored.

7. The antenna according to claim 1, wherein the radiator sticks have an
orthogonal orientation with respect to an E-plane of the plate.

8. The antenna according to claim 1, wherein the conductive elements comprise
pairs of offset conductive elements.

9. The antenna according to claim 1, wherein the conductive elements comprise
pairs of offset conductive elements, pairs of straight conductive elements or mixed pairs of

offset and straight conductive elements.
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10. The antenna according to claim 1, wherein the plate is formed to define
fastener holes and opposite pairs of transmission holes on either side of each of the fastener
holes.

11. An antenna, comprising:

a radiator aperture assembly including a plurality of radiator sticks, each radiator stick
having conductive elements electrically coupled to circulators; and

a plate through which the conductive elements of each of the plurality of the radiator
sticks are extendible,

the radiator aperture assembly and the plate being attachable to one another such that
adjacent radiator sticks define chamfered and notched radiator slots extending forwardly from
the plate.

12. The antenna according to claim 11, wherein each of the radiator sticks
comprises:

a radiator cover having an aft portion with a frusto-conical cross-section and a
forward portion with a rectangular cross-section; and

a radiator base having a rectangular cross-section.

13. The antenna according to claim 11, wherein each radiator slot includes:

a straight, relatively narrow aft portion;

a chamfered and notched portion just forward from the straight, relatively narrow aft
portion; and

a straight, relatively wide forward portion.

14. The antenna according to claim 11, wherein each radiator stick comprises
pairs of offset conductive elements.

15. The antenna according to claim 11, wherein each radiator stick comprises
pairs of offset conductive elements, pairs of straight conductive elements or mixed pairs of
straight and offset conductive elements.

16. The antenna according to claim 11, wherein adjacent circulators are mirrored.

17. The antenna according to claim 11, wherein the plate is formed to define
fastener holes and opposite pairs of transmission holes on either side of each of the fastener
holes.

18. An antenna, comprising:

a radiator aperture assembly including a plurality of radiator sticks, each radiator stick
having pairs of conductive elements each respectively electrically coupled to one of a pair of

mirrored circulators;
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a plate through which the conductive elements of each of the plurality of the radiator
sticks are extendible; and

a coldwall into which the conductive elements of each of the plurality of the radiator
sticks are extendible and connectable with corresponding transmit/receive modules;

the radiator aperture assembly and the plate being attachable to one another such that
adjacent radiator sticks define radiator slots extending forwardly from the plate.

19. The antenna according to claim 18, wherein the pairs of conductive elements
comprise for each circulator pairs of offset conductive elements, pairs of straight conductive
elements, or mixed pairs of straight and offset conductive elements.

20. The antenna according to claim 18, wherein the radiator slots are chamfered

and notched.
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