WO 2019/190412 PCT/SG2019/050188

Broadside Beamwidth (degree)

27.5

25.0
225

20.0

17.5 .
15.0 !
s
10.0 [ 18

7.5

5.0

0.0

1/14

100

2.5

0 16 32 48 84 80 86 112 128

Number of elements

FIG. 1



PCT/SG2019/050188

WO 2019/190412

2/14

¢ °O1d
dsa |03U0H
a=v
13PINQ/IBUIGUIOD
SHd | SHd| SHd| | SHd| | SHd| | SHd| | SHd™\
0T
BXIN| [ ISXIN | JOXIN . JOXIN ISXIN|  JOXIN| | JOXIN _ox_z./
o 90¢C
| |
§L &L &L, 4L TR TR TR T}




PCT/SG2019/050188

WO 2019/190412

3/14

€ "OId
dsa [CICD
JOXIN JaXIN
Femmmmmmmm————— BT ettt bt oo oo h
na.t naL
_ _
JapIAIg/iauIquIoD Japiaig/isuiquio)
¥l ol

>

o

AAX

L X




PCT/SG2019/050188

WO 2019/190412

4/14

00¥

v "OId

|

| JaXIN T\ 80P
]

J8pINJABUIqUoD

|onuoD

dl

dl

N




PCT/SG2019/050188

WO 2019/190412

5/14

S *Old

JOXIN |

|

|oU0D

mx_s_/ 805
i

J9pIAIJ/IBuIquog

JepIAlg/Isulquio]

dl

Al Al dl

/N

00¢




WO 2019/190412 PCT/SG2019/050188

6/14

600

Y.y -

610
First Phase Control Section /

616
First Combiner /

620
First Frequency Converter /

630
Second Phase Control Section /

FIG. 6



WO 2019/190412 PCT/SG2019/050188
7/14
700
702 704 K/
A A
[ 1 f \
604 706
602 / \ 7 \ 602
First Phase Third Phase
610/ Control Section Control Section X 710
o1 f First Combiner Second Combiner [ “— 76
First Frequency Second
: Converter Frequency
620 “‘/ Converter - 720
! Second Phase Fourth Phase —~_
630 E/ Control fec’uon ControI'SIectlon 730
P Third Combiner
b | | 740
Third Frequency
P Converter N\ a4
L I
Analog/Digital
Controller Converter - 750
N~ 754

FIG.7



WO 2019/190412 PCT/SG2019/050188

8/14

800

/

forming an antenna array comprising a plurality of first f802
radiating elements

coupling a first phase control section to the plurality of first
radiating elements, the first phase control section being /804
configured to control a phase of signals from the plurality
of first radiating elements to ocutput first phase controlled
signals

coupling a first combiner to the first phase control section, /806
the first combiner being configured to combine the first
phase controlled signals to output a first combined signal

coupling a first frequency converter to the first combiner, /808
the first frequency converter being configured to
downconvert a frequency of the first combined signal to
output a first downconverted signal

coupling a second phase control section to the first 810
frequency converter, the second phase control section /
being configured to control a phase of the first
downconverted signal to output a second phase controlled
signal

FIG. 8
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900

',/

controlling, at a first phase control section coupled to the 902
plurality of first radiating elements, a phase of signals from f
the plurality of first radiating elements to output first phase

controlled signals

combining, at a first combiner coupled to the first phase /904
control section, the first phase controlled signals to output
a first combined signal

downconverting, at a first frequency converter coupled to /906
the first combiner, a frequency of the first combined signal
to output a first downconverted signal

controlling, at a second phase control section coupled to 908
the first frequency converter, a phase of the first f
downconverted signal to output a second phase controlled
signal

FIG. 9
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