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4-2. Case study — Conformal Microstrip phased array for Aircraft test ;
i ) Microstrip array design
ii ) Phase shifter design
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Ml 4&. Further Array Topics

Advanced topics to be dealt with here.
— Scanning antennas.
i) phased array antenna.
ii) frequency scanning antenna.
— Orthogonal beams and multiple beam formers.

— What is adaptive array?

4-1. Scanning antennas

i) Phased array antennas

Large antenna systems are difficult to mechanically scan in a rapid fashion, and because of

this, electronically scanned arrays have been developed.

These arrays, which may have several thousand elements, are scanned by incorporating either

ferrite or diode phase shifter in each feed line.
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— Standard configuration for a linear array with a “corporate” or “parallel” amplitude distribution

network, and a phase shifter for each array element.

VY V VY YV V¥V

ﬂ input port

corporate (parallel) feed network.

Key ingredients
i) power divider circuit.
ii) phase shifter to vary the array phase distribution, for example, to steer the beam

electronically.
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4-2. Case study—Conformal Microstrip phased array for Aircraft Test with ATS—6.

(ref; G.G. Sanford, “Conformal microstrip phased array for aircraft tests with ATS-6". |IEEE Trans.
AP. vol. 26, no. 5, pp.642-646, Sept. 1978)

, One of the primary experiments planned for the ATS—6 satellite was an aircraft location and

communication experiment.

Design goal ;

A single phased array mounted on one side of the aircraft satisfying the required specifications.

Preamp &

. . antenna unit
antenna control unit receiver
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Requirements for the array;

— operation from 1543.5 to 1558.5 MHz ;

— VSWR < 2.1 referenced to 509 ;

— fan—shaped beam, narrow in elevation plane and wide in azimuth plane;

— 12 dBi right=hand circular gain;

— right—hand circular polarization with 3 dB maximum axial ratio;

— sidelobes minimized in ocean multipath direction;

— 3 bit digital phase shifter resolution ; and

— aircraft operation at temperatures between +50°C and -50°C, altitude to 50000 feet, humidity to

100 percent relative, and vibration levels characteristic of the mounting area.

In order to make the array practical for commercial application, it must conform to four qualitative
requirement

— producible in quantity at low cost;

— void of any significant effect on the aircraft structural or aerodynamic characteristics;

— easy to install and replace on the aircraft ; and

— inexpensive to operate and maintain.
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(1) Selection of the radiation element.
— conformal.
. Most suitable type.

— microstrip antenna.

90

180

c2l patch® E-plane radiation pattern. (y—z plane)

OOl Z2AEH CF

slots formed
with respect
to ground plane

feed line A

dielectric

radiating

electric field

({ BTT

element X configuration
eE))
X

cooper ground plane

Two slot model of the rectangular microstrip
patch antenna chosen as a radiating element.

cooper ground plane



Radio Education and Research Center

square patch resonant
at design frequency

< The two orthogonal modes must be
. excited equally, in phase quadruture.
(right handed circular polarization)

\

cooper ground plane

ielectric substrate.

Circularly polarized microstrip patch antenna.
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@ Array design

— Suppression of grating lobe

A
D= (1+sing) O12I0IA D=separation A =wavelength

patch element

substrate
(Teflon fiberglass)

50°

N

€ = max. beam steering angle

maximum steering angle (from broadside)

9
50

D A A A P A A A il

8—element yu—strip patch array.

max. beam
5 steering angle
5 0.5°
beam9, ¥+, g §° .
tbeam8’ ~ 9.5
:'bedm?/ ,’, 9.50
| beaimg,” g max. beam

steering angle

-
-
-

horizon

9-beam position.

2t

=) D<— 2

. O} [
" (1+ cosg) 28UNE 0=

maximum beam steering angle #=50°0|2 &
A

—F  =0.56621
(L+sin50%)

D<

.. D=05214 2 K&,

1 x 8 linear array& & & 6}t10 radiation patternO|
H.(OteH O &=X)

cCcC= AN
4 |/ 2

15° x110° beamO| &
- 8 -
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> H—plane pattern

z
Y7
110°4— //(y—z) plane pattern

—

15 —(x—z) plane pattern

VAV

principle plane (E—and H-plane) patterns

—

/// ///70000%)(

- N aLs

E-plane pattern

a. pattern of the element

b. pattern of the linear array

15° x110°beamO| &&= HEH,

dB HPBW

|‘ ‘l\/'\‘
'\m , beam center
[ B a ﬁ ,I 19.50
I
|
)

/ .
/Ibeﬁm6’/’9.50
I/ / bgam5 g g°

/ /

[HEN
ol

o
w

Horizon

[3dB HPBW]
O 0AM2E 201,
beam widthJl 15°21 beamO|

[e]

5% overlap & O ! C}.

41.5°

—L— Horizon
Array antenna
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3 phase shifter design

— Constant phase progression with 9% steering increments and (.52, spacing between elements.

— With eight—element array, it is possible to select three bits for each element that will provide the

desired phase progression.

— The phase shifter for each element has three of the following bits : 30°, 60°, 120°, and 180°.

— The arrangement of these bits and the resulting phase progression for each beam position are

shown in the table below.

-10 -
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Effective 30° phase resolution using 3—bit phase shifters

BEAM POSITIONS
Element | Phase Bits Required 1 2 3 4 5 6 7 8 9
Number
1 60 120 180 120 | 120 | 240 0 0| 240 0| 120 0
2 (30 60 120) +180*x | 240 | 210| 300| 30 0| 210| 300 | 30| 240
3 60 120 180 0| 300 0 60 O] 180 | 240 | 300 | 120
4 30 60 120 120 30| 60| 90 0| 150 | 180 | 210 0
5 60 120 180 240 | 120 | 120 | 120 0| 120 120 | 120 | 240
6 30 60 120 0| 210 | 180 | 150 0| 90| 60| 30| 120
7 60 120 180 120 | 300 | 240 | 180 0| 60 0| 300 0
8 (30 60 120) +180x | 240 | 30| 300 | 210 0| 30| 300 210 | 240

* Fixed 180° phased shifter

- 11 -
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— phase shifter circuit selection

i) 30° bit ~ a loaded line phase shifter

Sdn

effective
z z

. *|«— Effective R. F. ground
T ( D. C. Bias point)

The additional phase shift due to the
ﬁ/ /—_\
4

capacitance of the back biased diodes

l is compensated by adjusting the stub
[ | | | «—— open circuit

lengths empirically.

disadvantage) large 1°R loss for the diodes in the forward bias state of the pin diode.

-12 -
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i) 60°, 120°, and 180° bits ~ switched line phase shifters

— 4—>|

N A < short to 5 ]
ground ,\

/y D.C. bias point
4

short to

\/_ ground
7

| '—|<]—f__l—l>|—'

HL1—>

L

D.C. bias point

/

— The phase shift o« difference between
Ll and L2 )

— L; should be as short as possible for
60° and 120° bits.
(Length L; for the 180° bit is less critical)

Note) phase shifter circuit — 100 Ohm characteristic impedance
i ) reduction of insertion loss (C}0|QE MH& f 82 EA ALIEHA H L=).

ii ) power divider network design £0|.

i) 82 =& reasonabledtH SXI& &= JCes &.

- 18 -
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—»—; diode « ; short to GND X ; DC bias

{io [t tlio o e M e

[ | ] ]

photograph of the completed ~ gain 12dBi

array along side an unfinished — polarization axial ratio<2dB for most

antenna board showing the

S beam positions and frequencies.
entire circult.

- VSWR<1.8

_— \/*\, power dividing circuit with desired fixed phase progression.

- 14 -
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(@) Detailed view on the 8th element
DC

s e
- .

DC
ax— o
X—L—H;S—‘_ Loaded line phase shifter -
F \x¢ for the 30° bit
— —h open circuit
—H °
x—l_ PN - ]
_{;ﬂx— switched line phase shifter for the 60° bit
o ——————o
switched line phase shifter for the 120° bit
note) —Al2Z22tS =0|J| {6t open stub2
. FEZ9 bendingZA HEH,
X ; DC bias.

- 60°bit2t 120°bit AFOI 2| grounde= 2=
S

— pin diode 22 2HE N U= bits
30° phase shifter.

@® ; short to GND.

_15_
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MRFHDE ;

antenna control unit

Preamp &  antenna unit
receiver

phaged array

/ location

-16 -
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Radiation pattern (electronically steerable in elevation).

OO
230" 28 .

300; 60°

270°

o

90

I

210° - 210

180° 180°

measured radiation patterns in elevation for two representative beam positions.

Antenna test

; performance in terms of bit—error rate(BER), multipath rejection, ranging, and voice intelligibillity.

_17_



Radio Education and Research Center

4-3. frequency scanning antenna.

antenna elements

YV VYV V VYV VY

{

input port

“series” distribution network

FS(frequency scanning) antenna
—ZF0t=0 2k main beam 20|

antenna.

H ot &

rlr

<« powerJ} feed line=S

elementWl coupling&l

distribution=2 8t=0 =C}.

Ol =8t & Xt2t r.f path lengthe HHE SEE 1t
fo OIA 1 THE 4y 242 3194, =12 fo Off A 2

ATEES S4H(co-phased)0| T 0| broadside

-18 -
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RS
5

\06
Q
radiating
) > %m i )
WEOl 2011 =U=Jt f(= fp)e! &
2ol p

couplers S
hase difference ¢

feed input U N
N\ terminating ¢ = 27[(%—1} :

S sinuous feed load

o

L)
—
-

General schematic diagram of a series fed

frequency—scan antenna. G4J|0lAl f=1fy O|H
s=AyJt &I 01 broadside beam & 4.

d 0l KA ¢ (>0 M, DAL 20| broadside 2

oW
re
0!

S0l 6 2t

o

AXI2E 242 0]
(deflected) T ACtD &+H

Note) ¢>00]2{04 A< = f>fJ 9D JWA 0<0I} ECH

Ao ,

ol

~(pd)_~(¢d) g § 1)”;@—10)_
d

sing = =
Ko 27/ A 27d 27d
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=2
=

F

(=)
[

]

Ol et maximum beam direction0| B 3

|_

=)
o)

)OI &

HEAE g M 2t

H X frequency scanning antennaZ AIES & &S, phase shifters 210 =

w

<
Hr
i

A
N

[0
=]

10

0J

Space for circuitry

|.

g
o

Otz (fo) A B LEHE QG = 2 A

KF

g
o

LALE=E SA
T 3dB €@ XIE 2, system bandwidth0fl =H

StOll A S O LY

Bl
=

A0l =l L.

5t
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array antennall

0t= ™ Sk(deflection) = CHD

_f=fol fo‘-%(-: fo =AM, f=1p)

QLD otd, f=f +%0ﬂ beamO| broadside

ot™

-21 -
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oty d:%m beamwidthdt 2°21 D 5101, g =11 0, A5 =22 3d8 2ASIC},
0l 22 |o|=fr|sAl 07
fo 2d 180
\_Y_}
i ﬂ;—;1.8%
fo 1

-8Z0| 0 & D OIS (high gain)0l 7 &= AL, 0l 2 phased array)t 72 & £ UL,

1) 01=2 &2 reflector antennagE AIE0tH Z0|6HH €2 &= UA=0 Ol H EH mechanical

scanning= AFZ0HO0F StCH. 0l B2, Hl&E H2 HP 2| scan angle= XYl A& phased array et

CHE reflector &HHILIE Z2 &6t high gains SXIotHA HetE 2tE H2 0 A2 scanning(limited

sector scanning)0l JI=&t compromise arrangementE A& 4= QULC}.

- 22 -
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main-reflector aperture region

i, system focal plane 6
i'/ Ohoi = R/kl)a
fm i fs
i)
i /sub-reflector
array
feed

Limited sector scanning

Note) feeding array St & 2 ALE [H 2] aperturelil HISHX imaging arrangement (sub-reflector +

main reflector)& AI23dl= B9 effective aperture JF & » AL},

= s A=

1 1
— Ot M2 HECHH beam width & WE =) scan angle® M
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4-4. Orthogonal beam and multiple beam formers(MBF)

OfeH &2 multiple beam former(MBF) 2t 2t T AF2 &= linear arrayS LIEFHHCY.

Beam 1 Beam

beam port0l receiverdt HZ & Y2 H
AlO O] Bt 2 B QLE NS ES

C)
Zplg 2 QUL

Beam forming
network

A

multiple beam former(MBF)

- 24 -
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MBF2l 24 :

— power divider/combiners at each array element.
— separate networks for each independent beam.
— multiple beamsO|l A Z orthogonal &tAH simultaneous MBF &It s.

— zero mutual coupling between beam ports.

~ port A0 & & CIJFA|

, & H pattern EA(6).

Beam 1 Beam

. ~ port BOl & &M QIJIA|
Beam forming

network ; &H pattern Eg(0).

]
A B
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P E 2l &H S| radiation pattern, Ex(6)+Eg(9):

ol

- port A, BE SAl0 *=

A, B port2t0il coupling0l Sie= &%,

[[EA(®)+Eg(0)][E(0) +Eg(0)] dO
= [[E(0)+ E5 (0)]-| EA(6)+E5(0) | do
=[EA(0)-E"A(0) d9+js Eg(0)-Eg(0) dO+[EA(0)-E 5(0) dO+[E A(0)-Eg(0) O .

([En0)-E'5(0) 06

2. 5 [Ea0)-E5(0) d0+{[EA(0)-E'5(0) 06} =0

4 710l Al beamO| A& orthogonal otJ| flgt =4

Ol &l AH

[EA(©)-ET5(0) do=0 .

- 26 -
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ex) aperture2 210/Jt L Ol 2 aperture distribution0| f(x)Ql Z <,
&M H Q| radiation pattern ;

E(S =sin0) :j_ﬁ f (x)exp(jkxS) dx

beam?®| peakIdt 2+2t S=—sing , s=sina Q! pattern2 F== S aperture distribution2

ga(x) = f(x)exp(jk xsine)
g (x) = f(X)exp(—-jk xsine) .

ga(x) 2 gg(X) 0l & & beamOl orthogonal &tcd ™

IEA(S)'EE(S) dS . e (A)

GIOIIA E,(S)= j_fz £ (x) exp{ jkx(S +sin &)} dx

E(S) =], f (Dexp{ikx(s —sina)} dy

(B)—(A) CHE;
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j[ LL/2 f (x) exp{jkx(S +sin )} dx} [ _L52 £ (y) exp{- jky(S —sin )} dy} dS

En(s) Eg (s)

=1 IR, OO (Dexp{iks (x - )} expksina(x+ y)dxey} oS

HNEB= SOl Ulot d&ots ZdHAAC

j exp(jsz) ds =0(z)
£ 0|E2otd BN H== dotH

|7 exp{iks (x—y) dS = & (kx—ky) = 5¢k(x— y)} .
L/2 ¢L/2 * _ o
j jL/ZI_L/Zf(x)f (y) exp{jkS(x—y)}-exp{jksin x(x + y)}dxdy dS

=2 12 f00 1 () expliksina(x+ )} [ expgiks(x- y)} dS -dxdy.
S{k(x-Y)}

- 28 -
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-t 52 f(x) [ Y fz £ (y)exp{jk sin ar(x + y)35{k (x - y)}dy}dx

f*(x)exp{jksina-2x) = f (x)exp{j2kxsin )

L/2

= _L/Zf(x)-f (x)-exp(j2k xsin) dx=0

\

regarded as the radiation pattern corresponding to an aperture distribution equal to the

square of the modulus of the basic aperture distribution f(x), with 2sina, the beam spacing,

replacing S

"~ |If the spacing of the two beams corresponds to a zero of this radiation pattern, then the two

beams are orthogonal.

- 29 -
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ex) The case of a uniform distribution [ f(X)

= 2 & =1 ] over an aperture of length L .

f (X) /\(Z) ~ sin(7rsL//1)
(msL/A)
’ —i i SLL 13dB
L L T
) A
2 A f \/ \/'\
_~ d 22
2 2 —
L
fe)=1 0l B2 aperture source distribution0il
uniform distribution _ . - sin(zSL/ A
O| et basic radiation pattern ; I(;ZL//I))'
sin(zSL/ A) _ L — o -
(zSL/2) Ol A first zero= & Al 2F 20|
5 :sinH:i%DP oD SLLS S OF fe iﬂ% o =2t X Hol szg%mw

) ( L Sﬁj ) (37[)
sih|7r-—-—— SIn| —
A2L) 2 )| -
L3 | [ e T3 V==
A 2L 2

- 30 -
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sin(zsL/2)| .
(zsL/A) |

7

SLL (sidelobe level)yg =20 Iog(3£) ~ —13[dB]
T

ot f(X)=10f elksina of HE T = AAHSIE ZCHH, 0| [ aperture source distribution2
f(X)ejkxsina — fA ,
——

1

DIRIDIX 2 e Ikxsine g gt = QAtBIgHE

[
m)
2

f(X) e—jkxsina — fB .
—

=1

Ol M, fa 2t fgOll CHE field radiation pattern2 2

— T/

_]U

-31 -
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EA(S) = j L/Zf(x) e”‘x*"'”j‘eJkXS dx
fA
L/2 jkx(S+sin &)
= LT f(X)-e dx ,
e
Eq(S) = J-L/fzi(x) e ijSInaeijS dx
fg
L/2 jkx(S—=sin )
=[ o1 f(x)-e dx ,

—1
O D10l Al two beams EA(S) @ Eg(S)It A2 orthogonal o)l fail M=

_[EA(S) E5(S)dS=0 £ BH=5({0F 8L

- 32 -
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i — s=sind

flEA(S)-Eg(S) ds =0 .

A= =10 A= LN B0 Uotte

JEA®)E3S) 85 =],

IEA(S)-EE(S) dS=0 0| &7 Y5t0=

L/2

_L/Zf(x)f*(x)~ejk"25i”“ dx=0 Ol T 0{0F 3t=dl

f(x)=1 0 &<,

f(x)f*(x)-ejkxzsma dx 22 2H

- 33 -
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sin(-Zsinaj
J"—/Z pl2kxsina g _ A 2 =[

L . T
/2 ”—-Zsma
A
Zsina:ini% M, = Zsinazii,iz—]‘, ----- 2 ([,
— L L L
angular
spacing

[EA(S)-ER(S)ds=0 Dt 22 = 4+ ULk

—4dB corssover SO T1& 2 angular spacing S Jt
S :i%,i%ﬁ, ..... o 0, [Ea(S)Es(S)ds
= OtE0t= A 2 orthogonalst 22 T Al
ﬁ \ s— 5t QUCH.

_ —13dB first sidelobe
Orthogonal % beams

note) 8t beam? peak= CHZ orthogonal beam?@l zeroOl ol & .

X
Caution) 0l= 8822 HEGHX Ct.  ex) f(x)=cos(%)

rr
6O
rr

ol

- 34 -
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Note) & °

o —

©| aperture source distribution0l CHat0d orthogonal beam setJt A MILF =T o=

OFLICF. Ofel &2l ol 2F 20| triangular aperture source distribution®l
orthogonal beam 2 HE & %=

[e>)
A2
o O

O T,
o| =
T A

beam?2t2| angular spacing0| ZXHst Xl & =C}.
Radiation Angle Radiation Spacings and
lllumination pattern and to pattern for crossover level
f(x) sidelobe level first ‘ f(x)‘2 for orthogonal
due to f(x) zero beams
—26dB (No zeros)
22
L o0
Physical explanation :

1o KIUlA2E 20, triangular aperture source distribution2l &<, Field radiation pattern f(x)o
sidelobeE 0| 2% S4f(same phase)0|E 2, 1128t sidelobe
= [Ea(s)-Ep(s)ds= B8R

= D= C 4l
[=]
C od /=

=2 X 1

IHE ©] cross product,
200l 2 % 20k .. [Ex(s)-Ep(s)dS =0

_85_
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Multiple beam formers for linear arrays — 3 well-established types

i ) Butler matrix
Ref : J.Butler and R. Lowe, “Beamforming matrix simplifies design of
electronically scanned antennas”, Electronics Design, 9, P.170, 1961.
ii) Maxon matrix.
Ref : R. Hansen (Ed), Microwave scanning antennas, vol. lll, Academic press, London,
chapter 3. 1966
iii) Rotman lens.

Ref : W. Rotman and R.F. Turner, “ Wide angle lens for line source application” , IEEE

Trans., AP-11, PP. 623-632, 1963

o
[m

= Lo AM= CHEEC 0l 2 A Butler matrix0l CHold 4IHEJ| 2

- 36 -
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4-5. Butler matrix.
N JH2| input ports S0l 5tLIS] input portE 2™ (R =)ot, 0l ASol=s, EAF2ZI M2 CIE
N JHS| beam= SAt S == U= A8 feed system

CHE Al 0l JF Butler matrixO| Ct.

o

beam—-forming matriceset st=04l, JH&

Beam-forming matrices = hybrid junction + fixed phased shifter

Combination.
ex) two—element array with beam—-forming matrix.

0 @
> o o

180 J gO
Ao

22 @ @
180° .
@ S//;f 0 O°ﬁ ﬁoo

90° 00 @

Simple example of Butler
beam—-forming matrix

[ Hybrid junction J
+90°phase shifters

Magic tee hybrid junction.

_87_
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- Properties of the hybrid junction

@
180"2 KOO

Hybrid Magic T junction.

OF ZiE =,

i ) ports (1 and 4, 2 and 3) are uncoupled.

port 2

i) port{ ——

/\

port 3
| S —

In—phase transmission

port 2

iii) port 4 ——

/\

port 3
|

Out of phase transmission (180° XtO0l)

AN port 12 =8 B2, magic T2l port 22 322 =4t
OFHILF A XF AZ XSG JFH A —90°2 < &

HRAE A2 =2, OHHILE AKX AWM 2l SAHI= CHHILE A K¢

BOHI A2l S AT} HISH ?IA0] 90°=Ct.

- 38 -



Radio Education and Research Center

Port 4
beam

45" 90°

; path—length delay | for maximum beam direction for

port 1 beam.

&l port 42 *SSHH &S magic T2l port 2, 32 2 180°
ot 0°2 RIAXOIIN ANHAM, = port 22 2= It ? 40|
port 322 ZEE I fIAZCH 180° M=, port 2%
Ol —90°2 KAAMHRIII0N 215t CHHEILE AKX A2 2[4F0] BOl
HIGHH 90°LMA ZD| HE20W LEBLZ 450|2 a2
S AL 0|2 &L

ro

[ 2tA port 11 48 22 2=
T AIGHH CtS 1 &0,
Port 11} 4= uncoupled & /UI| =20 F &

T EE2 sAlG &MEtCt

2220 E§@A4% = beamsS

-39 -
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XN2Z2MK CHE 2-element array Ol
ULCE.

&= A
XNEgg 4

array Ol

I5E Q2

O

ex) Butler beam—-forming matrix for a four—element array.

ant. 3 4
45}45°
2 4 13
ant.
45}45°
| , driven
o o s input
24 A3

- 4 port 12 =gt &

O
phase distributionl CHotOd 24 2ol 2 A},

'outT

—90° p

-90°
1 [0°

2

Ant. element 1, 45° —90° =
Ant. element 2 ; —90° — 90° =
Ant. element 3 ; 45° =
Ant. element 4 ; —90° =

junction.

IS 2 array element® 2t 2N (N : integer)l 2=

Transmission phase relationships

for a 90° phase—lag hybrid

2t array element@l relative aperture

—45°| > 0°

~180°| > -135°

45| - 90° — —270°
—90° | > —45" —» —405°

Soport1 25 ; 0°, -135°, —270°, —405",

- 40 -
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ant.
45}45°
2 4 13
T
driven input
ant. 3
45}45°
2 4 13
f
driven input

Ant. element 1 ;

Ant. element 2 ;
Ant. element 3 ;

Ant. element 4 ;

0" >|0°| >0
—90° + 45" =|-45"| > -4%
-90° —» |-90°|—»> —90°

—90° + 45" -90° =|-13

5|—> -135°

Soport?2 = ; 07, —457, —90°, -135%°.

Ant. element 15 —90° + 45° —90Q° =

Ant. element 2 ;
Ant. element 3 ;

Ant. element 4 ;

-90°

—90° + 45” =

OO

-135°

o

— 0

45°

—45°

%

" port 3 1= ; 0°, 457, 90°, 135°.

— 90
135°
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ant. 4
Ant.
Ant.
A5’ Ant.
Ant.
2 4 13
T
driven input

Relative aperture phase distribution.

port 1;

port 2 ;

port 3 ;

port 4 ;

0, -135°, —270° , —405°
0°, —-45°, —-90° , —135%°
0°, 45°, 90", 135°

0°, 135", 270°, 405

element 1 ; -90°

- 0 - 0

element 2 ; 45°

—135° -5 135°

element 3 ; -90° — 90° =|-180°

— —-90° —» 270°

element 4 ; 45° —90° =|-45°| » 45° —» 40%°

Soport4 1= 0%, 135°, 270°, 405°

AN

Ty

four separate beams produced.
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4-6. What is adaptive array?

— Adaptive array antenna systems are still currently the subject of intense interest and
investigation/development for radar and communications applications.

— The principal reason for the interest is their ability to automatically steer nulls onto undesired
source of interference, thereby reducing output noise and enhancing the detection of desired
signals.

— These systems usually consist of an array of antenna elements and a real—-time adaptive
receiver—processor which has feedback control over the elements weights.

Oteh 18 S adaptive arrayl] JWEE=E T AlotD ULE 2 antenna element2FH 2| =AM S =SS
Phase shifter@t attenuatorE AFE6H weighting 282 H& = summationdtHl &l CF.
N By B
. IB3S\\I % pi . 2 o
1 2 S N } Array 1
\2 \2 ~L§7 B; 0,

] A 2 A é
W = Aexp(mn){ ' %g " AN
P1 N 2 s PN «~ Processor
|

N .
S — ZS W | Optimization Adapt.lve array and
1 o criterion resulting pattern
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Simple example : two—element array
g B (jamming)

0

Ant\ / Ant.
Sq a . Ss
oz -

_|_

l e
S Phase Attenuator
shifter

W = Aexp( jo)
Two—element adaptive array and jammer B.

4 J1 0l Al Ant.: omnidirectional antenna.

S1: signal received by the first antenna element.
S,: signal received by the second antenna element.
o Sy =Syexp| j(27/2)asinbg |
K
Ol A& SpIF AA0l @ 011D 220l A 26t HEAZA HOEE Ha W = Ael? of 25104

weighting0| EICt®d, Sg =S +WS,
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Jammer2 £E 2| signal Sg £ &AM Al HH

Sg =S +WS, =S; + Aexp(jp)-Siexp| j(27a/A)sinbg |
— O & o
W S,
=S| 1+ Aexp( jp)-exp( j(27a/A)singg)] =0

0|22 H
p =|m—(27a/A)sinbg |

W = Aexp(j@) = ej”-exp[—j(Zna//I)sin Og | = —exp|—j(27a/1)sin b |
Olefst weighting HE 0l CHGHK, 22l 25 9 2 A L AtSt= M IHOI CHSE =418 S(receiving

antenna pattern = radiation pattern)

S(0)=5, [1+V\7 exp(j(27a/A)sin 49)]

F(0)
=2 A 2 received signal2 Lt &2 characteristic function F( )01| H &l

Doll

S 09
F(0)=1+Wexp[ j(27a/4)sind] _1+[ exp(—j(27a/2)sinGg )-exp( j(27a/2)sin o) |

——

~

W

=1-exp| j(27a/A)(sind-sinby)]
0) & P2

OteH D&t 20| Jammer &&F2 2 zeroJt =L},

[[t2t Al radiation pattern \F(
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B
\J
/
7 — >
-1 0 T il 7 7 =sing
sin g

Optimized pattern.
Note) F(#)=1-el*, a=?(sin9—sin95)
F(6) = ol(@/2) ,(e—J(a/Z) _ej(a/Z)) _ ol@/2) .(_1).(ej(a/2) _e—J(a/Z))
= el(@2).(21).(j2)sin(«/2)
sin{%a(sine—sineB)H.

o |F(0) =2fsin(a/2) =2
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Bl Concluding remarks

— Let’s review what we have discussed in Chapter. 4

Nl 4 &. Further Array Topics
4—-1. Scanning antennas.
4-2. Case study — Conformal Microstrip phased array for Aircraft test ;
i ) Microstrip array design
ii) Phase shifter design
4-3. Frequency scanning antenna.
4-4. Orthogonal beams and multiple beam former (MBF).

4-5. Butler Matrix.

4-6. What is adaptive array?
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