Lecture 33

Antenna Arrays and Phase Arrays

In this lecture you will learn:

* Antenna arrays
* Gain and radiation pattern for antenna arrays

* Antenna beam steering with phase array antennas
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Two Hertzian Dipoles — A Two Element Array
r4

Consider first an array of just two Hertzian dipoles: - -

- ) Joa . | .
Jo(F)=2 1y d 5%(F - o) %o | A

Jy(F)=21,d 83(F - ) y

Each antenna in the array is an “element” of the array

One can write the E-field in the far-field as a superposition of the E-fields produced
by all the elements in the array:

Eﬁ(i):é%sin(e)e—j’(r [IO ejkf.ﬁo+l1 ejkff).‘ ]
T

. jﬂoklodsin(a)e—jkr o gikihy N gjkihy
Arzr D) lo lo

~"
Element Factor Array Factor

=E(r,6,¢4) F(6.9)
* The “element factor” is just the E-field produced by the first element if it were
sitting at the origin

The “array factor” captures all the interference effects
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An N-Element Antenna Array - |
Consider an N-element antenna array where the elements are:

- all identical (all loops, or all Hertzian dipoles, or all Half-wave dipoles, etc)
- all oriented in the same way
- but with possibly different current phasors

Let the current phasor of the m-th antenna be I,

Let the position vector of the m-th antenna be hy,

One can write the E-field in the far-field as a superposition of the
E-fields produced by all the elements in the array: z

En(r)=E(r,0,9) s 'm oIkPhm
~E(n69) "":((;wﬁl; T‘ L
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An N-Element Antenna Array - I
_ _ N ok
E,(F)=E(F) > Ilﬂ ol K-Fim
m=0 To

= E(r’0’¢) F(0’¢)

(S(F,1)).7

Gain: G(6,¢)= m o [angular part of [E(r,6, ¢)\2] \F(0,¢]2
Pattern: p(g, ¢) = G(Ge(:’)‘é) z

/r‘“"

———
ECE 303 - Fall 2007 - Farhan Rana - Cornell University




An N-Element Hertzian Dipole Phase Array

z N-element Hertzian dipole array

a * Current magnitude is the same for all

MM the dipoles

* Current phase difference between

o el®
......... eit € y successive dipoles is a
-t
€ Im+1 —e ja
Element Factor: Im
= s jnoklpd . —j
E(r,0,4) =6 170 % 0% gin(g) eikr
dzr
Array Factor:
F(0,¢)= NZ_1 Im ejkf.fw,,, _ ejkf.'o NZ_1 elam ejkamsin(n9)cos(¢‘1)
m=0 I m=0

sinz[g (e+ka sin(0)cos(¢))]

sin? B (@ + ka sin(@)cos(g))

3 (ejk asin(9) cos(¢)+a i _

= Fo.gR="S
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An N-Element Hertzian Dipole Phase Array

W4
N-element Hertzian dipole phase array antenna
a
7,
P=Tl |k I,d?N
f eilza el 1 y 127
o = S(F,t)).F
e 604)= ST 3 o) o0y

Plazr? 2N

I

Coming from the  array factor

element factor
Pattern:

P(6.9)= 5 sin?(6) [F(6.4)

sin? N (e + ka sin(8)cos(g))
p(6.4)= 1y 5in’(6) : |

I sinz[% (z+ka Tsin(¢9)cos(¢))]

Coming from the array factor
element factor
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An N-Element Hertzian Dipole Phase Array: Maxima

" Lets look at radiation in the x-y plane:

Radiation going in the ¢ direction from
adjacent elements will add in-phase,
and one will have a big maximum in the
radiation pattern, provided:

kacos(g)+a=+2zn

{n=0123,.....
400
F(6 =r/2,8)
SeolFO=7/2.9) ﬂ\/ﬂ
300 big
maxima
220 N=20 (main lobes)
200 b4 small
a=-y maxima
150 al”® nulls (side lobes!
100 2
i \A /\} \/\ |
7980 -120 -60 0 60 120 180
¢ (degrees)

ECE 303 - Fall 2007 — Farhan Rana — Cornell University

An N-Element Hertzian Dipole Phase Array: Maxima

y
L <~ Condition for a big maximum in the x-y
acos(p) . 7 plane:
kacos(¢)+a=+2zn
{n=0123,......
< 4.
&0 —0—© x At a big maximum the value of the array
factor is:
oo sin?| N (@ + kacos(g))
solF€=7/2,9)" ﬂ 2 2
‘F(e = ”/2!¢)‘max = 2 1 T
300 big sin [E (e + kacos(g))
maxima -
e N=20 (main lobes) 2
200 ~ small =N
*="% maxima And the value of the antenna gain is:
150 (side lobes
ka=" nulls 3 )
1o 2 G(6,4) = -~ sin%(9) |F(6,9)
L lA 2N
50 /J ] 3
4
—?80 -120 -60 0 60 120 180 = G(B = E ’¢] = ?N
\ ¢ (degrees) max
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An N-Element Hertzian Dipole Phase Array: Nulls
Yy, . - - - - Radiation in the x-y plane:

The array factor will give a null in the
radiation pattern provided:

kacos(g)+a= L2zn
o—o N
x { n+0,N2N,3N,......
400, -
ssolF6=712.9) ﬂ\/ﬂ
300 big
. 2| N i
, sy e kacos@)] ly_sg || PR
‘F(e = ”/2!¢)‘ = o[ 1 000 _ 7 small
A =77 maxima
sin |:E (d +ka COS(¢))] 150 . 54 nulls (side lobes
100 2
I
R T T— 0 60 120 180
¢ (degrees)
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An N-Element Hertzian Dipole Phase Array: Width of Big Maxima

—?80 -120 -60 0 3 120 180

400
y _ 2 n
) F(6=7/2,0) Ak
300
250
N=20
. 200 o
X a=-— O
) % ) 2y \r\ ) %) 150 4 o
& & & NG & & & - ol
> X ka=" It
a 100 2 0ot
” /J L /J \/\
0 6
' '

Angular width of a lobe associated with a big maxima: _”M‘“_

For a big maxima: kacos(g)+a=2zrn= 2”% {n=0212243,.....

At the nulls nearest to the above maxima we must have:

ka cos(¢+A7¢]+a=27rnl~:\’i‘I

4z 1
N ka sin(g)

hich can be solved for Ag— and for N large (N >> 1)

e gets approximately: Ag~
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An N-Element Hertzian Dipole Phase Array: Examples
z

N-element Hertzian dipole array

ka== 7, Phase difference between
successive elements is

y

P(6:9) p(6:4)

ko=
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An N-Element Hertzian Dipole Phase Array: Examples
z

N-element Hertzian dipole array

a
/T/?T/ Phase difference between

successive elements is a

y

p(6,9) p(6:9)
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An (N+1)-Element Hertzian Dipole Binomial Array

¥ z (N+1)-element Hertzian dipole array

a * Current phase is the same for all the

' * Currents magnitudes in the dipoles
Y follow a binomial distribution

x Im_ N
[/ m (N-m
Element Factor: 0 ( )!
E(r,0,9)=6 0 klod sin(g) e~/ k"
4rr
Array Factor:
N jkF.h jkihy N N! j k amsin() cos(g)
F(6,4)= X " e/fiim=gl®0 5 2" e
( ) m=0 lo m=0 m!(N-m)

‘F(G, ¢)‘2 — ‘1 i ejk asin(g) cos(g) 2N - 22N COSZN[ga Sin(@) cos(¢)i|
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An (N+1)-Element Hertzian Dipole Binomial Array: Maxima and Nulls

a cos(¢) y p Lets look at radiation in the x-y plane:
Radiation going in the ¢ direction from
adjacent elements will add in-phase,

. and one will have a big maximum in the
@y AN radiation pattern, provided:
A A4 O
kacos(¢)=12zn
F(6 = m/2,4)* = 22N cos?N [ cos(¢)} {n=0123, ...
b4
= _cos(g)==xzn
p(6=r/2,4)=cos®N [ cos(¢) 2 (@) o
g p(6 =1/2,4) p(6 =r/2,4)
150, 30
038 N+1=40
06 Note: 180 0 ¢ (degrees
0.4
* No side lobes
02 * Two nulls = 30
at 9=0,7
9 -150 -100 0 50 100 150

¢ (degrees)
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Applications of Antenna Arrays - |

——
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Applications of Antenna Arrays - Il

Communication satellite
with two phase array
antenna panels

———
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