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Wideband Array for Monopulse Tracking Systems
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In the TSA du e to excitingmicrostrip tine, fi eld patterns are
wt symmetrical in both E ",d H_j1ane. To circumvert these
problem~ TSA consisting of two metallization layers was
proposed ",d de"gtl date. have been calcdated H ':s new
artenm is shown in Fig. 3

Dooble-"ded tapered slet ",tema (TSA) is an en d-fire
travelling wave artenm. Like microstrip antennas, this TSA
feataes low prefile, li@1t w ei@ll, easy fa lxicali m by
pmtoetching. ccmormal installation and compalibitity with
microwave integrated circuits (MIC) . The artenm is fonn ed
~ gradually flaring the strip coneilcte<' oc the balanced
microstrip on bcfu "des of the dielectric smstrate with respect
to the antenna axi~ thu , allowing the antema to be directly
fed by a microstrip feed (Fig. 3)

In general, the de"gtl ofTSA involves two maj e< te.sks: (I)
the de"gtl oc a broadband tran"tion and feed structure with
very wide fr equeuy r"'ge am low retum los~ and (2)
determining the dimen"ons am shap e oc the antenna in
acce<dance with the required beam width, "de lob~ am back
lob e etc. over the operating frequeuy range

In TSA the en ergy in the travetingwave i , lighUy bourrl to
the conductors wh en the separalion is very small compared to
the free space wavelength am bec omes progressively weaker
am was couj1ed to the radialion field as the separali m is
increased To radiate electromagnetic ener gy at lowest
fre cpency the aperta e wiclh of slot (s ee Fig. 2) must be

w,,,,,,, ~ A,,,,,,, 12 (I)

where )" "'" wavelength in dielectric with 0, at lowest

frecpencyf.. ..,:

A., ,,,,,, = A.onux I;;: (2)

where A-"..",-wavelength in free space at frequency f ......

For the f e<malion of only me maxim '-'" lob e array distaue
must be lass than mimmum operaling wavelength. For the
syst em witholt scanning

W ~ .'.oJ ..... (3)

where A.o..... wavelength in fr ee space at ma;{1mum

fr ecpencyf .. ",

As W?' W,,,,,,, from equalims (I), (2), and (3) it c'" be

clearly seen that wiclh oc artenm aperture shodd be

AJrnin ~ W ~ AJ""" 1(2 .,F:)
Feeding a TSA requires tran"lion betw een the sloUine and

other transmission media such as coplanar wave~de (CP\.V),
microstrip line, am coaxial lines. Microstrip tine is in widely
use in power combi nng circuit Siue microstrip line is an
umalaued tine am slc<line is . balanced lin e, feeding a TSA
with a microstrip tine require, a balanced-to_'-'lbalanced
tran"tion (balun) to avoid compromising the broadband
antenna perfonn au e

The transili m am the corresponding transmis"on line
model are shown in Fig. 2. The balun con"sls offcm quarter_
wave secli ms with the en d open-circuited section extended
past the centre oc the slotline ~ about one quarter oc a g'-'ded
wavelen@h

The proper selection of the striptinelslotline tr",,,lion i,
crucial to the wide_band perfe<mance oc the array F e< ~od

matching in wideb ",d, length oc micro strip L.. shculd b e one
quarter of a guided wavel en@ht..14 and length of slet line
tran"tion L, should b e approximately tJ4

Th ere ~ -~ , .t, --f:l=.
"~"m 'i<,."

:\". _ effective wavel en@hinmicrostripline;
t , _ effective wavelength in ,lot lin e;
"" _ effeclive dielectric constart of substr 1te
For microstrip line

~"m - 0 . 5 [o,+I+(o,-I)F]
where

F=~+I2 t l wmJ" ' + 0 04 ~-wmltf when W.. ILI

F=~+12 t lwmr o., when W.. ILI

Forslottine ,,,, -0.5 [0,+1] (6)

where

A, - :{, IF:: - :{, 121(" + l)r' ---+ (:{, IA,)' • 'm
D e" @led p arameters oc domle "ded (thr ee-Iayerec!J tapered

slot antenna, ottained in the process of parametric
optimization [61 are shown in Tabl e 1

TABLE I
OI'fIMIllll DE;IOII PARAMiIiRZ~D CUBLE-SIDillTSA

PU>Jner.. " r. 4 c. c, 4 H

(-) ,
" 3.75 a 3.75 C 22.5

PU>Jner.. , W. W, W'M" W , 4
(-) n u C~ 18.6 ~ a ru



• nearly the sam e beamwidth throu@lo lt the entire fre cpency
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III. WID!BANDHYBRID Fa? M ONmJl.IE COMPARA1DR

Hylx i d As sembly is u sed to obtain monopul se sum and
difference si ~a1s from individual ant e,.., ,,. U "'-'ally passive
microw ave devices life used for this purpose for example
hybrid j=ti rns am (h ectiona! coupl ers . In this paper n ew
typ e ochylxid junctions to f c<m a monopul se hybrid assembly
i , proposed . Fig. 8 shows . sin<J.e microstrip- slet hybrid

T he microstrip_ slot hybri d is a fom po rt device consisting
of a microstrip transmission line with its 3 p octs sp llC ed and
one slot line p oct as shown in Fig . 8 The micro strip_slot
hybrid has the pr operty that incident pow er at one p oct divide ,
equally to the two a~a"nt ports inphase but no pow er
emer ges at the fourth T he p ower at the slet por t will be
divided equally to the two adja cent micr ostrip p octs wi th 1800

ott-of_phase

.,., .
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• · · · · ·•, · · · ·
· · · · ·•'. · · · . · · · ·, · . .· · . · · ·,
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Fig. 4 shows the v oltage staMing wave ratio of anteln' ~

within the fr equency ' ''''ge of 4GH ~ to 180Hz. Th e g1in of
artenno. vs. frequency i s pl ctt ed in Fi g. 5 Fi eld p attern' at
vari oos fr ecpeu; es in E_ andH_pl ane are shown in Fi g 6 am
7 respec tiv ely

Des1@led parameter' of microstrip_ slot hybri d with
diel ectric sub strat e (0 - 4 (glass-bonded), h - 1 mm) are
[Wml - 1.0 mm, Wm2-3 .6 mm, L"..3 mm, W "..1.9 mm,

h-l .0 mm, 1-0 .2 mm, s- 4]
Fig 9 smw , caves " reflection coefficierts and transfer

constant, at f em p octs vs. fr equency Microwav e model " this
hybri d shows _140dB is olation betw een sum and differe,." e
ch llUlel, across a 100% b anwiclh

f i{.8 Co"igur.non " _ wid.burl !,;boo

~ a _ • '. . '. '.- -,-".

•
,
,

•........
• • • .. ..

It can be seen fr om the Fig. 6 and 7 that radiation patterns
in b eth E and H_plane are symm etric ol. and they both have

,.....~-. . , . . "' '' '' '' '' ''~''''..

Phase char act eristics of lijbrid' s port s are shown in Fig. 10
Fi g. 11 depicts the voltage standing wave rati o (VSWR) of
hybrid within the fr equency range of20 Hz to 200Hz. 11 can
b e seen fr om thi , figure thit VSWR < 2 within the fr equency
range betw een 50 Hz and 150 Hz
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Fig . II VSWR vs. frequency curves
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IV WIDEB AND M ONOPULSE ARRAY

Radiating part of monopulse antenna system from four
double-sided tapered slot antennas is shown in Fig.12. Array
distance between elements in z-axis is 20mrn and that of y­
axis is also 20mrn.

TABLE 11
CHARACIERISTIC S OF SUM PATIERN

E-plane H-p lane
Gai n

f(GHz)
20 0 .7

SLL
2<1>0.7

SLL (dB)
(dB) (dB)

4 129.3 -6.5 112.7 -6.5 4.5

6 67.9 - 18A 67.8 -18A 8A

8 54 - 19.0 51A -22.9 11

10 36.5 -10.2 40.5 -11.1 12.3

12 30 -8A 32.7 -9.2 13

14 29A - 12.3 28A -7.6 14

16 23.2 -7.0 24.2 -7.5 13.5

Fig. 14 and Fig. 15 show the sum radiation patterns in E and
H-plane respectively through the frequency band from 6-16
GHz.
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Fig _15 Field pattern of monopuise array in H-plane (L channel)
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Fig . 14 Field pattern of monopulse array in E-plane (L channel )
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Fig.12 Radiating part of monopulse array structure

Fig. 13 shows the voltage standing wave ratio of array
through the wide frequency band . VSWR<2 within the
frequenc y range 6-16 GHz.

Characteristics of the sum pattern of the wideband
monopu lse array are shown in Table 2. Maximum gain of
array is 14 dB at 14 GHz and minimum side lobe level is -19
dB.
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_ t_"rr ~ _ f _ 8 rT~ _ _ 10 rr~ _ _ 1 2 r r~ _ t_14 r r~ _ t_ '" r r~ Fig . 17 shows the complete monopulse hybrid assembly to
produce sum and difference channel signals at the operating
frequency. Four microstrip-slot hybrids can be combined to
form a monopulse sum, delta azimuth and delta elevation
signals .

1---- - - - - - - - - I 0.. ..--------~

Fig 15 Field patt ern of monopulse array in E -plane (A cha nnel)
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•• r,

=i ::= b
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Sum and difference patterns of monopulse array present
identically same beam width through the entire frequency [6]
band. Moreover difference patterns possess very good null
depth (better than -30 dB).

REFERENCES

Fig 17 M onopu lse comparator for wid eband array

V . C ON CLU SIO N

In this paper a wideband monopulse array that can be used
for rnonopulse systems in X-band is proposed. The structure is
simple, light weight, low cost and easy to fabricate by
photoetching, conformal installation and possess compat ibility
with microwave integrated circuits (We). The feeding
comparator circuit with new type of microstrip-slot hybrid has
been proposed and designed . After designing available
elements of array and beam form ing network, complete
structure of monopulse array has been designed. Although I
tried to simplify construction of the monopulse array, it w ill
be a real chal lenge to rea lize on practice, since complete
structural design of this kind involves a lot of details to be
taken care of. All design procedure and choices where made
after thoroughly studies of different alternatives and theory
behind the problem of this paper.

Cxaaapyio iua e anremrs re <ECTeMbl CBl:J: If epeaon c anrajt ocoro non
p e.llaKl..\I1 eH I'. T . M apxos a H A. <1> . q arrmra a. - M : Hsnare nscreo
« COBeTCXOe PaWlO» , 196 6. ~ 536 c.: HJI.

S , M Sherman. M onapulse Principles and Teohmques. D edham, MA
Arte ch House, 1984.
N ave ed Ah san and Jahang ir Kha n K aya ni. Design of an X-band
m icrostrip m onopuls e antenna for monopulse tr ackin g radar, - r
Intern ation al Bhurban Con feren ce 00 App lied Scien ces and
T echnobgy, Bhurb an, Paki stan , 16 ~ 21 June, 2003
Hao W:cng, Da-Gan g Fan g and X. G, Chen. A compact single layer
m oc opulse microstrip antenna arr ay, - IEEE Trans act ions on ant enna s
and propagaticn, 2006, vel . 54, no , 2, pp. 503 -509.
Lewis, :'., R., Fasset, M " Hun t, J., "A Broadband Strtpune Array
Element', IEEE Sym p. Antenn as and Prop agation , At lanta , U SA, 1'774 ,
Pp .33 5-337.
B oocp ec ea cxail ~H" K p €MeHeI.\KHH C11" Fpa a ea A. IO ., K OTOB IO ,B"
" A 6m oJ.Wl1lUJu! )()fKlHHO€ npoexmupooonue anmenn U y cmp ccc me

CB'J" , MOCKB a, Pa,[Ul OIJ CIDI3b, 1988, Fnaa a 2

[5]

[.[

[2[

[3]

[1[

TABLE III
CH ARACIERISTlCS OF D IFFERENCE P A ! TERNS

Fig 16 Field patt ern of mcnopulse array in H -plane (A channe l)

" " " " H ,. H H H H H H

•
• c c cc c c CC H n H H H n n n

• • • • • • 00 ,. ,. '" ~ '"P h; , ....

E-plane H-plane

f(GHz) 280.7 Gam
NuB

21Do.7 Gam
Null

depth depth
(deg) (dB)

'dOl
(deg) (dB)

'dOl
6 79 5.7 46 63 6 -32

7 93 6.4 -39 56 7.3 -29

8 44 8 4 5 49 8.3 -36

9 42 9 4 3 47 8.5 -35

10 45 9.3 -37 4 1 9.4 -31

11 41 10 -37 37 10.6 -37

12 36 10.3 -37 34 11 -3'

13 31 11 4 4 31 12 -35

14 2. 11 -36 30 12.3 4 3

15 24 11 -37 29 12.3 4 5

16 23 11 -37 27 12 -37

Difference field patterns will be formed wi th 1800 out-of­
phase excitation in E-plane (see Fig . 15) and H-plane (see Fig.
16) : F!::.E(8 ,¢) = [Fj (8,¢) + F3(8,¢)]- [F2 (8 ,¢) + F4(8 ,¢)] and

FM/ (8 ,¢) = [Jii. (8, ¢) + F2 (8 ,¢)] ~ [F3(8,¢) + F4(8,¢) ] respectively .

Characteristics of difference patterns are shown in Table 3.
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