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(57) Abstract

An array antenna system for
forming a plurality (e.g. 64) inde-
pendently steered beams comprising
an array of antenna elements (12), a
first and a second plurality of series
feed signal paths (20, 26), a plural-
ity of phase shifters (24), a first and
a second plurality of couplers (22, 26)
and a signal combiner (40) for form-
ing the respective beams, e.g. pen-
cil beams. The array antenna system
may be formed as a two—dimensional
electronically controlled phased array
antenna system (10) providing a pla-
nar array antenna (13) with Nc array
columns (14) and Ng array rows (16)
comprising patch, waveguide, dipole
or slot elements. Each of the first plu-
rality of series feed signal paths (20)

is coupled to one of the antenna el-
ements (12) and each of the plural-
ity of phase shifters (24) has a first
and a second phase shifter port. Each
first phase shifter port couples a sig-
nal from a corresponding antenna ele-
ment (12) via a corresponding one of

the first plurality of series feed signal paths (20) to a corresponding one of the first plurality (22) of couplers. Each second phase shifter
port couples a signal via a corresponding one of the second plurality of series feed signal paths (30) to a corresponding one of the second
plurality (26) of couplers. A signal combiner (40) combines the signals to provide one or more antenna beams. Moreover, a first plurality of
parallel feed signal paths may be used as well which may be provided as corporate power dividers or series feed lines and signal combiners
to provide both receive and transmit array antenna systems. In a particular embodiment a beam/element grid junction is proposed for use

in a phased array antenna.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH

CcM
CN
Cu
Cz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Italy

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
Sb
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
™D
TG
TJ
™
TR
TT
UA
UG
Us
Uz
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




INTERNATIONAL SEARCH REPORT

Intern.  .nal Application No

PCT/US 99/00141

A. CLASSIFICATION OF SUBJECT MATTER

IPC 6 HO1Q25/00 HB1Q21/06
HO1Q3/40

HO1Q21/00 HO1Q21/22 HO1Q3/26

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 6 HO1Q

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fieids searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

8 April 1998
figures 1-5

claims 1-5; figures 1-6

figures 1-12

figures 13,14
see abstract

E EP 0 834 955 A (HAZELTINE CORP)

see column 1, line 11 - column 2, line 57;

1-6

P,X see page 2, line 3-58; claims 1-14; 1,6

X EP 0 727 839 A (SPACE ENGINEERING SPA 1-10
JALENIA SPAZIO SPA (IT)) 21 August 1996
see column 2, line 10 - column 3, line 21;

A EP O 801 437 A (TRW INC) 15 October 1997 1-10
see column 4, line 34 - column 8, line 44;

D Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Speciai categories of cited doouments :

A" document defining the general state of the art which is not
considered to be of particular relevance

°E" earlier document but published on or afterthe intemational
filing date

‘L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of ancther
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

*P* document pubiished prior to the international filing date but
later than the priority date claimed

"T* later document published after the international filing date
or priority date and not in conflict with the application but
ocited to understand the principle or theory underlying the
invention

*X* doocument of partioular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular reievance; the claimed invention
cannot be considered to invoive an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

28 April 1999

Date of mailing of the intemational search report

26.07.99

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

Fax: (+31-70) 340-3016

Authorized officer

Felgel-Farnholz, W-D

Form PCT/ISA/210 (second sheet) {July 1992)




International application No.

INTERNATIONAL SEARCH REPORT PCT/US 99/06141

Boxi Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2, I:‘ Claims Nos.:

because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful intemational Search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found muttipie inventions in this international application, as foliows:

see additional sheet

1. D As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this international Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. l;] No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-10

Remark on Protest D The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.

Form PCTAISA/210 (continuation of first sheet (1)) (July 1998)




International Application No. PCT/US 99 /00141

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

1. Claims: 1-10

The first independent Claim 1 defines an array antenna
system for forming multiple independently steered beams,
comprising an array of antenna elements, two pluralities of
series feed signal paths, a plurality of phase shifters, two
pluralities of couplers and a signal combiner.

2. Claims: 11-13

The second independent Claim 11 defines an array antenna for
providing multiple independently steered beams, comprising a
plurality of antenna elements, a plurality of phase
shifters, a plurality of coporate power dividers and a
corporate combiner.

3. Claims: 14-18

The third independent Claim 14 defines an RF circuit
comprising two directional couplers and a phase shifter.
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