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(bstract— \’\Ta\'eguirciie slot arrays are useful in different; radar applications due to their compactness several
vorks are reported in the open literature on such structures. Howevg:r,'m()st of the works are confined using
he conventional techniqﬁes and hence computationally expensive and they are not ¢xact. [n view of these.
ntensive and investigation are carried out to bring out the. results of effective analysis in the present work.
Che arrays of present interest are 4 slotted arrays. These slots are cut in the broad-wall of rectangular
vaveguide and they are displaced for its central line. The slots are separated by a resonant spacing and the
Jlots have a finite width. The present analysis is based on CST Microwave studio which is basically a 3D
zlectromagnetic simulator. ' " '
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I. - INTRODUCTION

Metallic rectangular waveguides are popular as transmission lines, radiators, and filter circuits In
microwave range of frequencies. They can be designed for required polarizations |1]. Depending on the
frequency of ‘operation S-band are X-band waveguides are used. As single waveguide does not provide
required directivity, arrays of waveguide are used. For high directivity of radiated gain such arrays. become
heavy and bulky while occupying more space [2]. Hence slot arrays in the waveguide structures become
viable and compact per such requirements [3].- _ :
.~/ The slots can be fabricated either the narrow wall or broad wall of a rectangular waveguide. It all depends
“on polarization requirements. The slots can.be uniforming space or non-uniformly space. the second port of o
waveguide is usually matched terminator in order (o obtain required VSWR 4]
The design of a resonant SWA is generally based on the procedure described by Stevenson and Lot 3-6]
) For several military applications, the slotted wavegiiide array (SWA) are prct‘-errcd due to thewr nb\'ioug
advantages. They are known for their large power handling capability and hence can provide large v‘linlu;»
) [7]. Due to this, they are more efficient and robust to work.Moreover, they are even capable uFr:‘ﬁundmf
pattern features essentially required for higher spectrum. These upplicuti\-ms vequire high directivity '-\Lnd
preferably rieed to maintain a very low profile.Single element radiation systems iwe not cu;uhlc ol pyudugmu
'[\)Stterns .\gnthvrchmred level directivity[8]: Ience array of radiating dlements is used. Slots produced on rhz
.ap?,\{iiﬁlorfs([g]?) serve as ra(%nqtmg elements an(‘i hcnc.c zfrruy of slots are obvious choice of high directive
Slots are etched or removed portions on the walls of the JoAS 4 res JRRRR, . - )
D discontinuity on the surface of th[; WG. This certainly ltfltilsliovz/lilllarlll ~lt?b-l'lh’ lhjy.‘“c tesponsible for he
the conductivity. This in turn im ' i i
D rom the WG walls. [10-11] _
3 Yith referencre‘ to the pi‘(")pagatio'n characteristics these SWAs can be cl
travelling wave (TW) type. ‘lhe. resonant wave type is alsé known as st
) produce the SW patterns, the respective’ WG '

o A ance variations as well as
pacts the magnitude of the current and hence results in reasonuble radiation

assiliéd as resonunt. type or
: 1 anding wave (SW) type. In order (o
1as t0 be shorted thereby providing a zero-impedance
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 termination[12]. As a result, the forward travelling. wave is complelcly reflected back and overlaps with the
forward wave to generate the so-called SW pattern. On the other hand, in TW WGs the termination should be
@ matching load such that no wave is. reflected back and completely absorbed at the terminal end. There is a
considerable difference in the power-efficiency by which, .the SW are termed as more efficient as ‘the WG
 [oses no power. Hence, the SW-WGs are generally preferred.[13-14] '

The physical, properties of the. WG have a significant |mpdet on its radiation characteristics. Some of the
PhySICal properties are its- width and length| 15]. Lspeemlly, the resonant [eatures can be dlreuly mitigated |
using the slot properties like, its dlmensm'ns and pmlllon For example, the slot placed on the axis of the WG
cannot radiate as there is no significant conespondmg clenblty of current along the axis| 16]. The radiation

) Initiates as the slot position is moved: from’ the axis to one of the edges. lhlS is due to the corresponding
variation in the field along the circumference of the slot[17].

) Using SW patterns, it is possible to provrde unblased excitation lo the slots. Hence, the SW excitation is
preferred :

’ 1. ANALYSIS

Consider 4 element slotted waveguide of figure 1. These slot and array parameters listed in table 1 are
 considered for the analysis.- '
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Fig. 1 Sl‘rueture'of4 element SWG

, Table 1: Dimensions of slot array parameters

S.No Parameter Value in mm‘.'
’ I L (Waveguide Lenélh) - 280
| 2 W (Waveguide Width) — 7"’ -
'3 | Ws(slot width)" ‘ 08 -
, 4 -Ls (slot length) 493
15 | d(slotted displacement) 12
l 6 a (size of the broad wall wave gtlrcie) 72.136
| |7 . | b(size ofthe > harrow wall waveéﬁfde) 34 036 7
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Using the above parameters CST Microwave studio is used fo obtain different parameters for 4 slot
Wwaveguide structure. ' '

The design of WG is guided by a set of rules whlc,h duummc (hg radiation features of lhc WG and its
other electrical characteristics. The guidelines followed for the 4 slot WclV(,glel(l(, structure dre Jisted as
follows: :

1. The position of the Slot:1 is mul(lplcs of Ag/4 distance from the feed point
2. The poqxtmn of the last slat also is placed at distance of mulllplu of /4 from the load.
3. The spacing between the (wo slots 1s Ag/2. '
]
Here A and Ag refers to wavglcnglh and guxdu wcwclcnblh Whereas the 4, relers Lo the spacing between
) the peaks of similar phase planes..The operating hcqucncy is determined using lhg %e. The 2. refers to the cut-
of wavelength and is.determined usmg '

. A - :
\ \ Lufoff ().

Here, Auis the free- -space wavelength corresponding to-principle wave calculated at )

3 GHz. and ¢ refers to the velocity of light.N= number of slots.Also, Zg= 138.5 mm. Similarly. the slot
dlsplacement refers to the distance between the centre of a slot and the axis of the WG bread face. as
;1llustrated in Fig. 1.The value of the uniform slot displacement that leads to a good reflection coeffictent 1s

given by

’ v - o R _. ‘ ' |
du=i\/;c'sin{ 71 } o . : :
. T NxG. ‘ . . 2)
S 5
a Zg' /10 o
G:2.09><E><7—>< cos 0.4647r></1— —cos(0.464r) |

0- o . . ] .
y  For rectangular slots, the length is usually 0.98 xA0/2 = 10/2. [5-6] .

S

) The 4-element slotted WG(4SWG) as shown in figure 1. Followmg the rules mentioned above, the design
of the 4SWG has been carried. The slots are arranged on either side of the axis line. A set of two slots are
asible on Clthel side of the axis. The two slots are-on a straight oriented one after the other. This pattem 1S
rollowed with the both the sets of slots. However, the slots on the left side of the axis are much closer to the
.WG edge than the other set of slots on right snde

The dimensions of the four blOtb are uniform and same. The width (W) and the length (L) are the
Ddimensions of the slot and gap-between the set of slots on either side ot the axis'is 2*d. This means d is the
.dlstance between the axis line and the slot. :

b ' . RESULTS

P For the slot and array paramelters presented above, the variation of S-parameters, VSWR are numerically
obtained as_ a function. of [requency over the S-band luquuuy range and presented in the ligures. The
ariation of slot length (Ls) and slot width (W$) and (llS])ldLmenl (d) are consider as variables for the above
.results The exact values-of these paramelers as' shown in the respective ligures. The simulafion studies are
also made to obtain 3D patterns gain and directivity are als() obtained and they are presented in the figures 2
Pro figure 12. '
The design of the 4-SWG is carried out on CS/] F and thc slmulaled designs are presented and analysed here.
’Moreover the simulated design has been thoroughly . analysed using parametric analysis. The- physical
dimensions and the positions of the slots can be varied with dlﬂelcnl llll@lleb and several values. The




Solid State Technology
Volume: 63 Issue: 1s
Publication Year: 2020

radiation characteristics of the SWG varies with the dimensions and preatly (Icpcnbdcnl on ‘lhc them.[17]
Hence, the parametric analysis 1s necessary to understand the dependency of its working and features on the
location and dimensions of the slot. :

|
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g 20 Return loss parameter by, varying length of the slot (1s) .

The simulation of the SWG is carried out with 4 slots. The 4SW( designs and analysts arc presented and

discussed in this Section as two cases. Further, the results in terms of. ST and VSWER plots are initially used
for parametric analysis 0 arrive at the optimized parameters. Further gain, dircctivity and 30 radiation
Rattern plots are generated for analysis. , '
" The parametric analysis of the 4SWG is performed initially in terms of length(l.,. width(w spacing (d),
and material properties. Initially, the length is varied from 49.kmm to 49.5mm a4t 0. 2mm interval. The
corresponding S11 and VSWR plots are presented in figire 2.and figure 3 respectively. It is possible to notice
that the resonant frequency diminishes with the increase in the length.
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Fig.3: VSWR parameter by varying length, ot the slot (Ls)
. Similarly. in figure 4 and figure 5, the results pertaining to the parametric anulysis of width ot the slot
( Ws): are presented. It is possible to mention that the effect of the width in such w small interval of 0 lmm
within the range of 0.7mm to Imm is ignorable. . The S11 parameter of by varying width of the slot is
represented in figure 4 and the figure 5 represents the VSWR parameter of the ~i—cl:‘lncnl slot antenna by
varying the width of the slot (Ws). ' ' h
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Fig.5: VSWR parameter by varymg width of the slot (Ws)
Similarly. the spacing between the axis and slot fines is optimized. The parametric analysis is carried out
tfor d=10mm to T4mm in 2mm inierval. The shift of resonant frequency: is noticed using the plots of S11 and
VSWR presented in figure 6 and figure 7 respectively. -
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Fig. 6 Retum loss parameter by varying slot displacement (d)
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Fig. 7 VSWR ‘parameter by varying slot displacement(d)
On the other hand, the material of the aluminium, brass and copper are suggested tor parametric analysis
based on materials. However, there no change in the resonant features of the 4SWG with ulmnac in the
material llsted above. Th]b is evident from the plots mentioned in figure 8 and figure™.
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Fig.8 Ruum loss parameter by varying waveguide maluml
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