3 July 2006

WO 03/036756 PCT/GB02/04166

1 / 13

First
null

Adjustable
electrical tilt

)
/

Boresight

1 | [ |
I -15dB! -10dB! -5dB! 0dB

First lower
side lobe 2

rrj
]
)
i




WO 03/036756

| 2/ 13
12
18 Delay <
A
KL P a5 | g
RF port DEGREES N
A <
N
14 A
N
/
Delay AN
———3» B |} e
, fixed AN
16
P
N
/
N
Delay <
C
> 145 [ e
20 degrees AN
Direction e
reverser \
/
N
Pre-set
mechanical 22
adjustment

FIG 2
(PRIOR ART)

3 July 2006

PCT/GB02/04166

El

E2
Sub - array A
E3

E4

E5

E6
Sub - array B
E7

E8

E9

10
E10

Sub - array C
El1

E12



3 July 2006

WO 03/036756 PCT/GB02/04166
151IN1 3B
. I50E1
Antenna N Tﬁ - 100A
radome delsf —<] El /
120 e
Distribution | | |as}—<] E2
net;v?rk :( — Sub - group
; de-m‘_é E3 #1
| [Time 4
<B4
151N2 = 100B
™ Lo T E5
122 e
. e . | | Thoe
Distribution | 1| s <] E6
network L Tﬁ;e > Sub - group
N2 i dc_m —Q E7 #2
| { Time
1 de IZQ ES
112 A
14— N__150E8
ervo motor
B f 101
un) T A
RF RF 206
signal signal f 102
A (Sa)j R(Sb) 104
136 | FIG 3
1 Feeder A |Feeder B
N 138 Antenna controller
Tim Tim: Servo
del del controller f~—"103
A
| | - 134 E
| p— ———e e A A e e e e ——— N
S L\mo
132 Splitter /
128 combiner
"\ s

125 RF port\ 126 Tilt clontrol

\—»100



3 July 2006

PCT/GB02/04166

WO 03/036756

4 / 13

1168

112

4
<
oy
0
43
(]
— wn
L s |
pm————— e
t
[
|
|
“
— Yy =
| 89 CF
I =2
— 2278
t .
i o8 8 &
_“Wme%
p—
| AC
| !
__
__
__
|
|
)|
P!
a_
*” [
H o
..m:...t
Il |E %
nel
_ O =
_ Cm_c.c
i = 8 E
Lo 8
ESg
Q
_ ]
m




3 July 2006

WO 03/036756 PCT/GB02/04166
5/ 13 |
150E1 102
tenna radome - 100A
\~ Time 4 ‘
151N1 deldy e B
' 4
| T'
. E dnn; d ) Sub - group
Distribution | ! L4p3 | N #1
network f/ 4
—
120 ™ ! glm; < g3
;, 3 N _
TTme Y 100B
|
|
| deldy | B4) «—
Irg[‘;/ Sub - group
i | Time
4 > T 100C
122 ) i  — 160
i1 Time /
H deldy E6
Distribution | ! LDg | N
network r
i T 7
} dlme / E7 Sub - group
1}( %[1574 N #3
'l Time 7’/
eIl
RF RF I 8 /\
signal | signal S ' 150E8
A B eirvo motor ’\_1-01

r—————"
!
!
1
!
|
[
|
|
I
!
|
|
L/
—_}

Mechanical

tilt adjustment

104

FIG

L




WO 03/036756

3 July 2006

PCT/GB02/04166

- 6 / 13
102 :
S~ 150E1
Antenna radome e’ —
106 15IN1 d El /IOOA
Distibution | e
istribution | ds E2 | Sub-
1404 network | &= E150}33 group
Time
A
) \ : 150E4
Splitter/ R £4
combiner }( gﬁﬁ ~
= 1081511‘52’\ 1ps ZQ ES |
| 'Eg;lSOEg ijB
124 ] . { [Tiwe
\ Combining Dlstnbut;:)n : s¥ \'—‘1?052 Sub -
Splitter/ | network [ TN e group
p N N2 - de ,-—Q E7 #2
combiner | 8- B\
] 150E7
SC3 | ey, ~150E8
| _/-140B 1w =] ER
e - BE
151N3
AN ! Time zég
/“ 120 | delaf .
— G }150139  f1ooe
122 Distribution |— m&ﬁ E10 [ Sub -
network ‘ _y 150E10| group
Sa |Sb N3 H ot #3
+ dgay 1—<] E11
Psil Ny
150E11
110 ; -
i
112 v
! 150E1
114 Servo motor 2
f X [\_101
In 1
Feeder A | Feeder B 206 104
100 _\1}6 | —138 | Antenna controller
Tim Tim '\134 Servo
del del controller [~—""103
- :
! . 130
SL-A——__J_M ________ Jl
132 Splitter /
128) . combiner
12? /\S’CI
126
RF port Tilt clontrol FIG 6




3 July 2006

WO 03/036756 PCT/GB02/04166
- 7 1 13
151N1 -150E1 FIG 7
[ T T T T e — — — 1 : S
| 116A | Time
| { di
| | ZFQ :
{ S— |
. | (o 100A
| 116B Tms ¥ 7
|170A \ E d;me —Q - /
! 116C | | &KI22 ]
E i Time
| ._ L E3
i | =45 | Fixed phase ] N g
| deg. | shift A | | | Tme g7
| e 174A T E4
ey e Lyl p
A g == em———= T
Feeder A l Quadrature [C | | [Time —
| hYbﬁd 1 de E5
140A1~— . Qu 0 N\90]5 | )
15IN2_|~ AN i JIOOB
| . ! de E
172A/‘\i_, 17413\ D J; | LDs ¢
BTy | [
Feeder | | A B % =
B /J:\ 1908 0 -90 ; ;lr;m ” ER
120 i ( c _I ! L 2 —
Sb__|Quadraire Bybid QF2 " | rramey? | —
I 118A T de E9
Il -45 || [ £D9
| de. |Fixed phase K| |V jIOOC
! shift B ! Time, A
| mEAmskal
[ |
| 118B~——""] i
! 170B !
+/‘122 | 1
111 114 104 nse | |
I
;Z/_ ______________________________________ 150E12
f-—EE - . 7
! Electrical control of the 151N3 Mechanical contfol of the !
| angle of electrical tilt angle of electrical tilt !
S, M |



3 July 2006

WO 03/036756 PCT/GB02/04166

151N1
4
Distribution }
140A network }, :
N1 !
L
Splitter/ !
‘combiner |
s .
108 A L.
124 ' :(
] Combining )_ Dﬁggflfﬂ :
Splitter/ | network N2 tr i
combiner i t
/7| 1408 E
1SIN3, I}’
//“‘“ 120 L
|
122 Distribution }—1
network r
Sa |Sb N3 ;
| =
110 R e
L chlZ E_,l_z_'
Feeder A 1 150E12
Feeder B Servo motor r—\_‘
fnz fl 14 T 101
N Oy E OO SR
| | * “:
| Electrical control Mechanical control !
| of the angle of of the angle of L___V104
E electrical tilt elecrical tilt
| _
|
|
L

FIG 8




3 July 2006

WO 03/036756 PCT/GB02/04166

9 / 13
Moveable

diele(;m‘ic Trasmission line 606
Plan view wedge / /

N [ s

Base plate

604
N

Wedge
actuating

arm
1 Movement
A 601

Trasmission line

Dielectric
wedge

Side view

= IEEREOR

— Base plate )

o [

604




3 July 2006

WO 03/036756 PCT/GB02/04166

Transmission S
line S——e

-
—

Dielectric disk

Plan view
moving part

Rotation

Transmission ~—~

line 706

Rotating
U ! disk
_ : . 706
Fixed Rotating transmission Fixed
o l .
trans;;nsswn me transmission
ine . / line
|
+h
[
|
I —
T]
!
701

Rotating disk shaft
FIG 10 702



3 July 2006

WO 03/036756 PCT/GB02/04166

11 / 13
116A /T\L/f—\m
\ i b_ <]I ™
116 2 R {;'L}__.-__ El
[ ] Rotating
i ] >100
o (A
701
\P /I
] | NP
. ™
T e
116B / }1
118A >100
' 701 B
£ e
us |
Sa \ [ | -
: / / ™
T : B
' ]
o < 100
B ' 7| [ €
> f{ofa-fiig' alT '
120 disc | i <
U s
I E’ ™ |-/
\ 118B ‘ -
gp 122 200
112 | |Phase  |Phase Servo
\\ A B motor ~—""101
]
114f FIG 11 206
138
1367 .11 [l
Base station 140 Sel'Vﬁ
H e controller
equipment 103




3 July 2006

WO 03/036756 PCT/GB02/04166

116A™ <
116 | El

\ 601/

B

/

i =

116B <

| . PR
Combiner 601

) y -~

] /

120 | 118 SN
Sa_ B ]

/

| P
1

/

i =

E8

\

\ 118B Moveable
wedge

sb 122 /\_g

112" |Phase  |Phase Servo 200
A B motor ~——101

| priigedy | r . !
327 [i34] Servo |1
controller |1




3 July 2006

WO 03/036756 PCT/GB02/04166
13 / 13
TX /RX . TX/RX
+ 45 degree - 45 degree
polarisation polarisation

S

T X

C3\_ % 1116 Ele:iiil;ical

1114 C4/—\% I
E

S
tilt
angle | Splitters and Splitters and
~—> mechanical mechanical
110 phase shifters l—) phase shifters

Servo 102
motor _
1110

\ RF port 112 RF port
+ 45 degree - 45 degree

206 e it
/ polarisation polarisation
H

r [] Feeder [] Feeder
Servo F====n r-=-—-7
r controller L...l_32_ ' L_l:o’f___i
Set
tilt F/\lzﬁ
angle
103




