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'COMPUTER STUDY OF A PHASE SCANNED 256 ELEVENT SBP ARRAY

Ramesh Sharma, P. Muralikrishna, S.K. Shah and P. Venat

A

Abstract

As part of ﬁne design study of a high power MST Radar,
the theoretical radiation pattern of a 256 element phase
scanned Short Back Fire (SBF) antenna array was studied in
detail using computer software and the results are reported
here. The array consists :of identical SBF elements arranged
in a planar doubly periodic array in a 16 x 16 geometry.
The 1ntereleamnt dlstanoe 1s chosen as 1'\ , so that the
mutusl coupling between the 1nd1v1duul SBF elements can be
neglected. The effect oi 1ntrodu01né differential phase
gradlents between the SBP elements is also studled in
detall w1th an ultlmate obgeotlve of arriving at an upper
llmlt for the antenna beam steerability by the differential

phase gradient technique.
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. FIntroduction:

‘The Short Back Pire antenna belongs to a oomparatlvely
new clagss of- antennas ‘This was 1nvented by Hermann B
Fhrenspeck of Air Force Cambridge Research Taboratories. 4
typical Short Back-Fire an tenna is shown schematically in
Figure (1). It essentlally consists of two plane reflectors
(R and M) of unequal apertureé arranged Parallel to each
other. A hélf wave dipole feed ig-ﬁiaced midway béfween
the two reflectors and transverse to the axis of the reflec-
tors : A perlpheral clrcular rim of diameter \ is also
prov1ded Thls rim, serves mainly two purposes (a) it
reduces backward and side lobes (b) 1% increases- directivity
of the antenna by addltlonal contribution. from the edge of

the rim,

Such g system is dharacterised'b* multlple reflectlons
of electromagnetlc waves and radigtior Ooccurs beyond the .
smallerhof the two reflectors. T+t can be thought of as g
back fire antenna of 0.5 )yilength surrounded by g periphefal

circular rim, of diameter%

The radiation battern of an SBP antenna array cons1st—
ing of 256 eclements arranged in 16 rows of 16 elements each
in a plane is studied in detail using computer s of'tware.

Consecutive elements in a row are Separated by a distance )\ .



~ Adjacent rows are also:separated by dis tance of )\':"Thebu

beam steerability of such an°array by introducing différentialgu
phase gradients between ,the adjacent radiating elements is’
studied in detail with an aim to electronically scan the -
radiation pattern of the arfay in free space. Beam steer-
ability is 1limited by tne appearange . of what are known as-
gratlng lobes and beanlsteerlng beyond a particular angle.

- becomes 1mp0831ble.

Theoretical Formulationg

The radiation pattern of a finite sized phased array
is expressed as the product of the array of factor and the

radiation pattern of the single radistion element.

A reotangular co-ordinate system bnOWn in Figure’kZ)
is used here to represent the array sad the far field
radlatlon pattern P 'is an observation p01nt in the far
field of the array r 1s the distance of P from the
origin of the co—ordlnate system. The far~field reglon of
an array begins Where the angular Tield distribution is
practically 1ndependent of the dlstance of ‘the point from
the antenna- For an antenna array Whlch is located near
the-origin'and whose largest dlmen510n D ds much larger
than the Wavelength of the radiation figld,_the far field

2D

is usually assumed to exist at :,———

)\



/
Consider a linear array of M isotropic radiators

with_an inter-element spaCing of d Wavelengths*éiong the

X axis. The first elemenf ismassumed to be 4t the origin.

The magnitude bf.the tofal_traqsverse electfic”field.strength

at the far field point P . 1s given by

B = j{:_ B egmkdcoseX e (1)

Ey is the complex value of fhe field prdduced by
the mth elementvand is»therefOré proportional to
the current inj’tﬁat element. The complex nature
of E accounts forvthé phase shifts between the

currents in the elements.

and k is the free space phase corstant (wave number
equal to 577/)\). Differeices in the path
" length from each glément to P are equal to
mkd cos SX. N

The absolute value of 'E normalised to & and the

0
number of elements is called the array space factor and

is given by

M -1 | |

SR

S, = 3| o Ay e ™0008 | el (2)
' i m=0

where A, = Em/Eo



similarly ﬁhe ¢Orresponding spaée‘factor for N isotrop10=ﬁ

‘radiators'along the y axis is given by

| N -1 . |
, Sy :‘1%_ ‘ Z:_ A-n e;]}:lkélcosgy | \ | ... (3)
. :: n =0

Plotting the space factor as a function of polag'angles
By and éy yields a normalised field strength pattern for

the array (Schelkunoff and Friss, 1955).

A special case of the linear array is the uniform lineéf
"array where each element has the sam current magnitude and
therefore produces thefsaMé‘fiéld‘in;énsity. Phase shifts
are uniform‘from one elemént %o the n3:xt. The current in

~ the mth element along x axis leads “he current in- the"

Case (1) é;x{: O: This ié the case wheﬂ all currents are

in phése. Tn this case the”méximum i. the radigtion pattern
or the main lobe is pefpendiéular to the x-axis. This can

be denoted by writing 76, = 1//2.

cése (11) §

lobe to be located at some other positibﬁa< In this case

“H~

O: A nonzero value cf d;x causes the main

eXm is given by

kd Gos em:-&c eee (4)
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Applying equation (2) to a wniform array along the
X-axis with A, = 1, and replacing the term mkd Cos GX by
m‘w%x one can get (Weeks, 1968) an expression for the

space factor SX as,

-1
SR D ST LN | e (5)
M=0
where \+{£-é'kd Cos GX'4 (SX | veo (6)

The assummation in equation () is recognized as g

geometric series and can be simplified as

e
_ 1 {‘ea (M—-1)\§/X Sn(M%/ 4 (7)
S = 3 I v
i X

Equation (7) is obtained under -he assumption that the

origin coincides with the first ante ina element. Alternately
the origin may be Placed at the cent -~ of the array. If

the number of elemeﬁfs in the array 3 odd, then the central
element may Be called the ch elemen. and the array factor

written in the form

[~

9

M- 1

a—

SX =

M

} ELIeA
_ {M-1)
-



Here also the Summatlon 10 a geometrlc series wlth the
_ , _. MFT
first term equal to \VX The summation in this

case gives,

S — .(8)

1 Sin -Z—M\jfx [
=T _

| ST Yy |

This equation, which physiéélly'répresents the same
array as equation (7) shows that the phasé factor .j(ytl)\y&
in equation (7) arlseo becadse of t‘“ 1n1t1al choice: of “the
origin at the end of the array. Thus phdse factor disappears
when the Origin'is.taken at the cen?er and hence is not

usually of fundamental concern,. -

If thé?gﬁmber of elements’ in the arfé}ais even, the.
placement 6f the origin at the center of the array'réquirés
some additional manipulation since the distance frq@btheﬁgg'
origin %o the nearest elements is then d/2. But it can ‘be -
easily shown thqt the summatlon in t'is case also is- effe—-.p

ctively same as that glven by egquatin (8).

2 ‘ | iif;;‘¥‘ ¥V.:.(9)



y \\‘-'/ = S "'C a0 10
where 'ty kd Co ey 0 (10)

i1

—kd Cos 6 '- o (11)

and é;y. v

Whén the radiatingwelé@éitS‘in array are non isotropic,
the pattern of each radiator must be included in the total
antenna pattern. The principle ¢ pattern multiplication
states that the total antenna pail ‘ern equals the product
'Aofvthe element pattern and the ar'ﬁylpéttern. For example,

the space factor for g uniform Mz V planar array is

I, Sin —%== | = :{ S _?;tl ...(12)
ot 1 .
S =93, 8, = | — | 7 I
*y %;fy' Sin\%%/g-' : Sink%x/z

The total radiation pattem is :btained by multiplying
the pattern derived from }'(12) 'by ‘he element pattern
(Kraus, 1950).

16 x 16 SBF Array:

If the present case of 16.X 16 BF array, using equat-

ions (8) and (9) we éét

Sin 8\*&
1 :
S = e e ——————— "‘(13)
X 16 . .
Sin \VX/Q_



'and ‘>Sn'= 1 \.éii.?l% R ' o o ¢9(14j E
. SX gnd Sy are identical periodic functlons of\4jxf
,and\*/ya respectively. A re?tangularvplot of S, v§rsgs &VX

is;hmm:Mﬁﬁ@me(B%

| To‘obtain the total antemna béam pattern, the space
facfor SXy has to be multlplled by the radistion pattern of
thé SBPF element. The SBF antenna pattern used in the present
case is the theoretical pattern reported by Patel (1971)
shown in Fig. (4). The H-plane (84 =1?72 plane) pattern

for the 16 x 16 SBP array is givén Wy

1

P = 8y —
( y) Sin k‘VX/Z 1 6

aH ,H

m By, J’“
...(15)

Where P (9 ) is the field intensity pattem of a single SBF‘
element shown in. ngure (4). The E plane TJ/Z plane
pattern for the array is obtained by multlplylng the H plane
array pattern by the dipole radlatlon factOr D(9,) |

Cos (Ti/Z Cos 9 ) ‘ _
D(ex) = : Sln e - vea (16)
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4, Phase Scanning:
To scan’ the antenna array beanm electronic'ally, brogressi
phase shifts are introduced in adjacent elements as shown in

‘Figure (5). The incrementagl progressive phase shift is

related to the beam 411t angle through the relation given

below: .
- 27vda . ' _
dum =X Fm s, e

where ng is the incremental thas: shift introduced in the

elémeﬁts'along the x axis.

(-

and 8, is the beam tilt angle is x-z plane measured from

the_ Vertical,

: 'Sir‘nilar‘ :géiafibnship is used to .obtain the incremen tal
Phase shifts for tilting the beam in ‘the y-z blane. For g
vertically directed beam CSX and vé—;; are zero és can be
Seen from the gbove relationship. T}'iz; beam tilt angle
VeTx and the corresporiding values of ,jAX for selected | Oy

values are given in Table 1.

5. Grating lobe:

In the rectgngular plot of S, versus \\VX (shown in
Figure (3)) it can be seen that S, exists for all values .

of \J(/X. However the only values of S, which contribute



to the poiarfplot of the array:radiaﬁiOnfpattern‘aré’thoée. 
V_ﬁhichoofrespond_to \va Vélgés between - (kd +-é;): and

(kd + ). This renge of \y, is gencrally kmowm as the
"visible" range. .If the'viéible range indicates the principal
maximum of the antenns bea@; ana a‘few’secondary maximg, the
main lobe of the radiation pa.tiA:ern‘ will be rather broad with
a few broad side lobes. When the visible range is enlarged
by increasing the vaiue of d, (the interelement Separgtion)
more side lobes start appearing, and the individual_lobes
start'harrowing down somewhat. But when d 1is incrgésed»
further another principal @axi@g‘ap\+% Qalues + 27T,

+ 477 etc. appear within the visibl: range. These are
generslly known as%gfating lobes. The maximum beam tilt;

angle achievable in an array by the incremental phase shift

method is limited by the appearance of grating lobes 1I'l'the

- visible range..

Results and Discussion:

Thé'radiation pattern fdr thg 256 element SBF array 
arranged in 16 x 16 ééometry is.optained using equation (15)
in the B planec. This is shown in.Figure (6). ﬁsing the
incremental phase shift Cg% values correspondmﬁg tb selected
eTX values given in Table (1), the radiation field pattern
were again‘obﬁainéd for various beam tilts. These'are |

shown in PFigures (7) to (13).



- 12 -

As can be seen from Figure (6), the broad side beam
has & half power beam width of about 3 , in the ® plane.
The maximum side lobe level is -14 db below the principal

maximum.

A close eiamination'of wigures (6) to (11) shows that
the maximum sidé lobe level though remains unaltered in |
its absolute Value, it increases in-relation to the principal
maximum from a value of about .~14 db for 0° beam $ilt to
~12 ab for 22° beam tilt. For bern tilts greater than 20°
the grating lobe starts appearing in the vigible range,
and starts dominating over the sid z lobes. TFor a beam tilt
of 25° the grating lobe level is only -7 db below the
principal maximﬁm and 1%t continuously increases further and
for a beam tlt of 30°, what one obtains is two lobes of

equal power level..

Conclusion:

In conclusion one could say th: f, tﬁémiéhé.16 SBF array
can give a half power beamwidth of roout 3  in both B and H
planes, with a maximum side lobe level of about -14 db below
the principél maximum. The maximuw advisable tilt angle,
by phasefscanning meﬁbod is about ?20, at which the grating
lobes level beéomes equal to the m ximum side lobe level.

It should be noted here that in th. present estimates, only
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' the’main‘lobe of the single SBF element is considered and
the effect of sidevlobes'are neglected. HoweVef, in an
array the main paramefersvéuch as the half power beam width
and the’side ldbe level are méinly decided by the space

factor and not by the radiation pattern of the elements in

the array.
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Table- 1: - Beam tilt:angle~and corresponding
' - differential phase- shift =~ .
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Sr. Beam tilt angle - differential
No. (eTx deg.) phase shift
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2
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5. s - 22 coEn . 2.354
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Fig. 12 : Normalised radiation pattern of a 16 x 16 SBF
array in the E-plane for beam tilt angle = 25°. .
Fig. 1% : Normalised radiation pattern of a 16 x 16 SBF

array in the E-plane for beam ti\lt' angle = 300.
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