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I. INTRODUCTION

Salellite tracking and other tracking methods for radio-
asironomy, radio direclionfindng wirsless commumcation
syslems, wireless compuler neiworks and other modern
communicalion systems have often induded monopulse
capabibity for seerching and traching purposes

In these fidds of tracking system s, the need for antennas of
increased snguler accowracy has changed from sequential
lobing and comcal scan to smultaneous lobing or monopulse.
The most common tracking techmiques are lobe swiiching
comcal scan and monopulse [l1]. Among these techmgues
monopulse tracking is the most acourate electromc direction
findng techmque [2]. Monopulse has been developed as &
solobion to overcome the erroneous angle indicabion and dow
searching speed of the lobe switching and comcal scan
techniques used in tracking systems

Monopulse 15 a techniqus in which inform stion concerning
the engular locstion of a source or targel is obtained by
com parison of signals received simultaneousy in two or more
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Fig. 1 Block disgram of memeopalse anterma system

A typical monopulse antenna system consists of four
antenna elements, from which a sum mnd two difference field
patterns can be obtained. This recquires uge of cerfain passive

P4

microwave devices known as hybmds or hybnd junctions of
which there are seversl different types. Figl shows the basic
structure of the moncopul se antenna system.

The angular errors of the desired pointing sngle are denoted
as AH for the smmuth error, AE for the elevation emor and the
total received signal is usually denoted as the sum signd, T
The sum signal (X) of the antenna system in the figare is used
on transmit and for renge measwement on receive. The
difference patlerns (AH end AE) are produced on receive
usng a microwave hybrd crcuit called a monopulse
comparator

Many different types of antennas can be used in monopulse
gystem. The three mein calegonies of antermes used are lenses
reflectors and smays, each of which can be subdivided mio
vanous types In iradiionsl monopulse systems, Cassegrain
parsbalic aniennas or lens antenmas are commonly applied
The momopulse comparsior m such sysiems is usually very
complicated and heavy.

Lighiweight and low cost microging siructures have been
developed for the monopulse apphcstion Waveed Ahsan
designed an X hand microsinpg monopulse anienna for
monopulse tracking radar [3] and Wang developed & angle-
layer monnpulee microstrip paich antenns sy working in
Kuband [4] In thic paper, & widehand monopulse antenna
array with douohle sded tepered dot antenna elements is
presented Despgn procedme of Monopulse anterma system
consists of two parts design of radiating parts and design of
monopulse com parator.

[I. DESKGH OF TSA FOR MONOPULSE ARRAY

In this section TSA consising of two melallization layers

was proposed and the design procedure was presented. In

1974 Lewis [5] has proposed the TSA a5 a new member of the

class of frequency independerd anternmas The schematic of the
tapered ot antenna TSA anlernais shownmFig 2.

H -
- L p——L -

e W

Fiz. 2 Tapered slot anterma



Inthe TEA due to exciting microstrip line, field patterns ate
not syminetrical in both E and H-plane. T o circwmvert thess
problems, THA consisting of two metallization layers was
proposed and design data hawve been calowated This few
antenna is shown inFig 3.
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Fig. 3 Doable-sided tapered slot anterma

Diogble-sided tapered slot anterma (TEA) is an end fire
travelling wave antenna Like microstrip antennas, this TEA
featuwes low profile, light weight, easy fabrication by
photoetching, conformal installation and compatibility with
microw ave integrated circuits (RIICY. The ardering is formed
by graduslly flaring the strip conductors of the balanced
mictostrip on both sides of the dielectric substrate with respect
to the atterna axis, thus allowing the antermia to be directly
fed by amicrostrip feed (Fig 37,

Ith general the design of TEA itvrolves two thajor tasks: (10
the design of a broadband transition and feed structure with
very wide frequency tange and low tetorn loss and (2)
determining the dimensions and shape of the antenna in
accor datice with the required beam width, side lobe, and back
lobe ete. over the operating frequency range.

InTaEA the energy in the traveling wave 18 tighfly bound to
the conductors when the separation is very small compared to
the free space wavelength and becom es progressively weaker
and wasz coupled to the radiation field as the separation is
icreased. To radiate electromagnetic energy at lowest
frecquency the apertire width of slot (see Fig. 25 must be

Wmax Eﬂsma’E (13

]

whete A pee wavelength i dielectric with £, at lowest
frequency fp g

Ao =%me @

whete Aﬂma.x - wavelength in free space at frequency o

For the formation of only one maximwm lobe array distance
must be lass than minimum operating wavelength. For the
systetn without scatning:

where A - wavelength in free space at maximum
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Ae W2 W o from equations (19, (2), and (3 it can he
cleatly seen that width of artenna aperbare shodd be

%MEWE%MJ’(E-E) o

Feeding a TEA requires transition between the slofline and
other transmission media such as coplanar waveguide (ST,
tnicrostrip line, and coaxial lines. Llicrosteip line is in widely
uge it power combining circuit Bince microstrip line is an
utthalatwed line atd dlotline iz 2 balanced line, feeding a T3A
with a mictostiip lne requires a balanced to-unbalanced
transiion (halum to avoid compromising the broadband
attenina perform ance.

The transition and the corresponding transmission line
todel are shown in Fig 2. The balun consists of four quarter-
wave sections with the end opencircuited secton extended
past the centre of the slotline by about one gquarter of 2 guded
wavelength.

The proper selection of the striplinefslotline transition is
criacial to the wide-band performance of the array. For good
matchitg in wideband, length of microstrip Ly should be one
guatter of a gwided wavelength Ag/d and lensth of slot line
tratisition L. should be approximately 3.4,

A Ay

,15 =ﬁ

Ap - effective wavelenigth in microstrip line;
A; - effective wavelength in slot line;

o - effective dielectric constant of substrate.
For microstrip line:

Erem =0.5-[5, +1 4[5, —1)- F] (53
where

F=l+1z-t/w, " +004 5, /tF when Wot<t,

F=1+12 /8" when Wat2t,
By = 15 [5, +1] (&)

There 4 =

]

Erem

For slot line:
whete

05 2
A= Ao i oftres = A 206+ D7 5 (A 1A = s .
Designed parameters of double sided (three-layered) tapered
glot antenna  obtained in  the process of param etric
optimmization [6], are shown in Takle 1.

TAELEI
OFTTMIZED DESIGH PAFaMETERS OF D OUELE-SILED TS 4

Paramekers | . | L L, L., L, |L:]|] H
(mmn) 4115 [ 375 3 3753|0225

Parameiers W, | W, | W | W | R | t,
{mmn) 1712 |05 | 128 03|01
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Fiz. 5 Gam vs . frequency curve

Fig 4 shows the woltage standing wawe ratio of antenna
within the frequency range of 4GHz to 18GHz. The gan of
antenna vs. frequency is plotted in Fig 5. Field patterns at
various frecuencies in E- and H-plane are shown in Fig 6 and
T respectively,
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Fiz. 7 Field pattern of arterma in H-plare

It can be seen from the Fig 6 and 7 that radiation patterns
in hoth E and H-plane are symmetrical and they both hawe

]

nieatly the same beamwidth throughos the entire frequency
hand.

[II. WIDEEAND H YERID FOR LONCFULSE COMPARATOR

Hyteid Assembly is used to obtain monopalse sum and
difference signals from individual antermas. Usually passive
tnicrowave devices are used for this purpose for example
hybrid junctions and directional couplers. In this paper new
type of hybrid junctions to form a monopulze hybrid assembly
isproposed. Fig B shows a single microstrip-slot hybeid.

The microstrip-slot hybrid iz a four port device consising
of a microstrip transmission line with its 3 ports spaced and
ote slot line port as shown in Fig 8, The microstrip-slot
hybtid has the property that incident power at one port divides
equally to the two adjacent ports inphase but no power
emerges at the fourth The power at the slot port will be
divided ecuially to the two adjacent microstrip ports with 130°
out-of-phase.
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Fiz. 8 Configuration of newr wideband kybaid

Designed parameters of microstrip-slot hybeid  with
dielectric substrate (= = 4 (glass-bonded), h = 1 mm) are:
[(Aml=1.0 mm, Wm2=364 mm L&=3 mm, WelD mm,
h=10mm, +0.2 mm, =4].

Fig 9 shows cwwes of reflection coefficients and transfer
constants at four ports ws. frequency. Microwave model of this
hybrid shows -140dE isolation between sum and difference
chatmels across a 100% bandaidth,
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Fiz . 9 Graphs of reflection aoefficernt and transfer comstant ot four ports

Phase characteristics of byybeid’s ports are shown in Fig. 10,
Fig. 11 depicts the voltage standing wave ratio (V3IWE) of
hybrid within the frequency range of 2GHz to 20GHz, It can
be seen from this figure that VIWE < 2 within the frequency
ranige between S0Hz and 15GHz,
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Fig. 10 Phase characteristics of hybrid Fig. 13 VSWR vs. frequency curves
e [—o—"¥SWR-1 —8—\EWRZ —a—VEWRS e VEWR4] TABLE I
S il s i i i A G S B CHARACTERISTICS OF SUM PATTERN
: —\[———————— e = W R f(GHz) E—planeSLL H—planeSLL Gain
=}
e [ S VS e ] S o o [ ) o dB
34 3\} . 26, dB) 2®o; (dB) )
SR o A L i 4 129.3 -6.5 112.7 -6.5 4.5
1 ™ Wi e — | heeg 6 679 -18.4 67.8 -18.4 84
: 2 3 4 & B 7 8 L: | 10 % 12 13 14 15 18 17 18 8 54 '190 514 '229 ]1
Frequency, GHz
10 36.5 -10.2 40.5 -11.1 12.3
Fig. 11 VSWR vs. frequency curves 12 30 84 337 95 13
14 29.4 -12.3 28.4 -76 14
IV. WIDEBAND MONOPULSE ARRAY 16 23.2 7.0 24.2 =75 | 135

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 20mm and that of y-

Fig. 14 and Fig. 15 show the sum radiation patterns in E and
H-plane respectively through the frequency band from 6-16

s GHz.
axis is also 20mm.
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Fig. 14 Field pattern of monopulse array in E-plane (£ channel)
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array is 14 dB at 14 GHz and minimum side lobe level is -19 i
dB. Fig. 15 Field pattern of monopulse array in H-plane (£ chamnel)
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Fig. 15 Field pattern of monopulse array in E-plane (A channel)

‘—f=31’|’u—f=8rfu—f=1m‘|’u—f=12l’l’u—f=14rru—¢=1ﬁﬁu|
1) 1-3 L ] |IJ
L ‘_ LI I TTTTT
(. §F TEERAX T
LT L LN L T
{X!‘I’f + *rf*r*r\'\#\f E
T T T U T LT T INT =T Ah ]
T T T T T PN
_M_J_J__LL i S L_WL_\J.
el o T il Al 91
S o L L L TT'T}"{TT"\*
A 0 . O N N 5 O N O M O P, 1 LRI
T 5 5 T D B O I
I T R R R U S A S R O
— —
L 5 O L 1
@ e0 0 0 3 60 0 W 150 10 M0 Mo 2@
Phi, paa

Fig. 16 Field pattern of monopulse array in H-plane (A channel)

Difference field patterns will be formed with 180° out-of-
phase excitation in E-plane (see Fig. 15) and H-plane (see Fig.
16): Fap®.8)=[F(8.0)+ B@&.0)-[F@.0)+ F,6.9) and
Fapr(6,6)=[R(6,8)+ F2(8,8)|-[F3(6,¢)+ Fa(5,6)] respectively.

Characteristics of difference patterns are shown in Table 3.

TABLEII

CHARACTERISTICS OF DIFFERENCE PATTERNS

E-plane H-plane
{GHz) | 20,; | Gain df;“m 2@y | Gain ﬂ:‘t}l
@eg) | @B) | “gp" | @ew) | @B) | "o
6 79 5.7 46 63 6 =32
7 93 6.4 -39 56 13 -29
8 44 8 43 49 83 -36
9 42 43 47 8.5 -35
10 45 9.3 -37 41 9.4 31
11 41 10 -37 37 10.6 -37
12 36 10.3 -37 34 11 -38
13 31 11 44 31 12 =35
14 28 11 -36 30 12.3 43
15 24 11 -37 29 12.3 45
16 23 11 -37 27 12 =37

Sum and difference patterns of monopulse array present
identically same beam width through the entire frequency
band. Moreover difference patterns possess very good null
depth (better than -30 dB).
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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
gignals.
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Fig. 17 Monopulse comparator for wideband atray

V. CoNcLusIoN

In this paper a wideband monopulse array that can be used
for monopulse systems in X-band is proposed. The structure is
gimple, light weight, low cost and easy to fabricate by
photoetching, conformal installation and possess compatibility
with microwave integrated circuits (MIC). The feeding
comparator circuit with new type of microstrip-slot hybrid has
been propesed and designed. After designing available
elements of array and beam forming network, complete
structure of monopulse array has been designed. Although I
tried to simplify construction of the monopulse array, it will
be a real challenge to realize on practice, since complete
structural design of this kind invelves 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.
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