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Abstract— This paper presents Design and Analysis obroad-wall 7-element longitudinal Conventional Shisiot
Waveguide-Fed Broad-Wall Longitudinal Log Periodic Array Antenna (CSSAA) have been designed and aedlyz
Slotted Array Antenna for X-Band. Initially, sev&@parate 7- while corresponding reflection coefficient;(5data has been
element Conventional Shunt Slot Array Antennas f&$S obtained for different slot lengths. After thatethseven
have been designed for X-band in accordance wifferdnt different slot lengths from separate CSSAA are adilbn a
slot lengths like 13.5mm, 14.5mm, 15.5mm, 16.5kBmm, waveguide, resulting in a 7-element LPSAA.

18.5mm and 19.5mm and an analysis of correlateléatidn

coefficient data have been obtained respectivefter these

have been taken CSSAA seven different slot leagthsiilled II. DESIGN THEORY

on a Standard WR-90 waveguide producing Log PeriGt A sjot is generally characterized by its electritaigth and
Array Antenna (LPSAA.)’ and correla}ted reflectioreitisient offset from the center. The electrical length ok tklot
data have been obtained. The simulated data has be . .
compared with 7 different CSSAA data, with simudlate generally det_ermmes It resongnt frequem_:y,. wisetfez
proposed LPSAA, theoretical data and propose<°ﬁset determines the power radiated from it int@ thalf

manufactured LPSAA measured data to validate thegsed
design. The outstanding agreement obtained amangegults
validates the investigation. After validating thethodology, a
7-element waveguide fed LPSAA antenna has be@mdds
manufactured and tested for resonance frequen@e® {

11.11 GHz). The manufactured antenna works effigiesn

8.2 ~ 11.11 GHz, providing a high peak gain of 38R at
9.4GHz.

Keywords— Array, Method of Moments, Multiple Cavity
Modeling Technique, Slot and WR-90 Waveguide

I.  INTRODUCTION

Studies on waveguide broad wall longitudinal sloteanas
date back before World War Il [1]. Due to this factot of
literature is available in this area. In the lasefdecades,
considerable research work on the resonance,
impedance and admittance properties of structusgdiemg
has been produced [2-17]. Although, most of thesayais
were run on slot array in which each slot lengtth Breadth is
fixed in dimension, more recently in 2013, Gyan &b [18]
have introduced a Method of Moments based anabfdiggh-
gain broadband waveguide broad-wall longitudinat sirray
antenna. In this paper the author has arbitrardyied the
length of slot on a waveguide that antenna proviadsigh
peak gain as 15dB.

mutL

space. Let us look at the slot array, shown inffig.

The array consists of radiating slot of differetgctrical
lengths (corresponding to different resonance feegies).
Due to inherent property, each of them will reseratt their
own individual resonance frequency. If the slotglnand
positions are chosen in such a way that the lowsoff
frequency and higher cut-off frequency of thesiot overlaps
with the higher and cut-off frequency of the (f!1)and
(n+1)" slot respectively, then the complete array iseexpd
to give a wide band response resulting in log-qaici dipole
array. The concept is similar to the log-periodigote array.
Mathematically the condition can be written as:

Df Df

fg+—ti=f -0 1
mt = @)
. Df,_ . D, (2)

n 2 n+l 2

Where,f; and Df; are the center frequency and bandwidth
of the {"slot, respectively.

I1l. DESIGN OF THE LOG PERIODIC ANTENNA
Figure 1 shows the front view of conventional shslat array

This paper presents Ansoft High Frequency Structur@nd proposed broad-wall 7-element longitudinal pegiodic

Simulator (HFSS) software based design and analgtis
proposed waveguide-fed broad-wall 7-element lomniital
Log Periodic Slot Array Antenna (LPSAA) that wonk&thin
the range of X-band. Initially, seven separate waiae-fed

slot array antenna. In the simulated computatibnis
assumed thatthe material of the waveguide is degqter
conductor with 1.27mm thickness. The waveguideesighed
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to operate at 8.2 GHz t012.4GHz with (fEnode. The slot offset
lengths are designed to achieve resonance at 180 &d | suwtwl
the distance between adjacent slots is set equsaitiy /2 at
this frequency [12]. Placing the solution frequerngat 10.0 slot6 —— i
GHz the standard WR-90 wave guide dimension being
[Wide Sidewall: 22.86 mm (Inside Measurement), 25dm ot 5
(Outer Side Measurement) Short side wall: 10.16 (imside Wi;ﬁg.”;“ ot
Measurement), 12.70 mm (Outer Side Measuremerit).t& ol
top and bottom length set a/4 and 4,/4 respectively, slot 3 [Slotlength
where, 4, = guided wavelength. Calculation af for TEy
mode X-band by guided wavelength standard formstda a

lot 7

F- =

Center

Slot 2 > v

1y
———————— 1+
Bottom to sIuII ::!

(3 T 'W‘:

slot1

a)(

Where, .= cut-off wavelength= R ‘2a’ and ‘2a’= 22.86 offset
mm for standard WR-90. Assigning the valué.@indA, gets *‘**S*!O*l;c*T*D;[***'
the result ofi,= 39.7553794 mm. Hencg,/2=19.8mmand | ]
A4/4=9.9 mm. Waveguide length is calculated after 7- sloté —|
element slot is milled on the broad wall face of tWR-90.
Here, Waveguide length= 138.9 mm (Top to bottontaken
into account. W sm_{

Practically, slot length is usually between’0t® 0.65,
where, A is the free space wavelength. When calculated the
A=30mm by standard formula, i.&.= c/f where, c=%

| slot?

-
e

Slot spacing

slotS

e

. Center

I

slot3

Eoma

= —— Y

108 m/sec and = 10 GHz. Thus the range of slot length is 5’0‘2—+[ IS'oﬂeﬂeth

9 mmto 19.5 mm. Hence, choose the slot lengthtsatttageve | i ' ';I;ﬂ X
resonance at 10.0 GHz. For CSSAA slot 1 to sldh&te is Bottom to slot i

neither increment nor decrement of slot length. iRstance, W

if we take slot-1 length as 19.5mm then it will bae accept
the same slot length respectively, for slot-2, -8loslot-4,
slot-5, slot-6 and slot-7.Designed specification s#ven (b)
different cases of CSSAA is shown in table-l. TH&SBA 7"
case structure is designed by HFSS tool as prabémtég.
1(a).

Fig. 1. Front View of HFSS based design broad-wall 7-
element longitudinal (a) Conventional Shunt Slotragr

Antenna (CSSAA) and (b) proposed Log Periodic Stody
For LPSAA, slot-1 length is set on 19.5mm whiclthie  Antenna (LPSAA) without flange.

utmost limit of slot length for 10.0 GHz frequencigr
creating a log periodic consistently decrement mfrilin the
subsequent slot up to slot-7. The specificationshut is
presented in table- Il. The proposed LPSAA is desibby
HFSS tool is shown in fig. 1(b).

Fig. 2. Top view of fabricated 7-element longitwdirog
periodic slot array antenna with flange.

IV. ANALYSIS OF THE LOG PERIODIC ANTENNA
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After designing the CSSAA and PLSAA by HFSS softvar In fig. 3 only proposed LPSAA reflection coeffiatevalue

tool waveguide is excited for analyzing the magiétuof s greater than zero for entire range of X-ban8~<82.4GHz),

reflection coefficient (§) and then simulating the result with 5t means antenna will work for larger frequenayet.
entire frequency range of X-band. After simulatiotie

comparison graphs of reflection coefficient in miagghe
versus frequency are presented in fig 3.

TABLE |
DESIGN SPECIFICATION OFCONVENTIONAL SHUNT SLOT ARRAY ANTENNA

CSSAA-# CSSAA-1| CSSAA-2| CSSAA-3 CSSAA-4 CSSAA-b C8S86 | CSSAA-7

Width | Offset | Length | Length | Length | Length | Length | Length | Length
Slot #

(mm) | (mm) | (mm) (mm) (mm) (mm) (mm) (mm) (mm)
Slot-1 | 2 +4 13.5 14.5 15.5 16.5 17.5 19.5 19.5
Slot-2 | 2 -4 13.5 14.5 15.5 16.5 17.5 19.5 19.5
Slot-3 | 2 +4 13.5 14.5 15.5 16.5 17.5 19.5 19.5
Slot-4 | 2 -4 13.5 14.5 15.5 16.5 17.5 19.5 19.5
Slot-5 | 2 +4 13.5 14.5 15.5 16.5 17.5 19.5 19.5
Slot-6 | 2 -4 13.5 14.5 15.5 16.5 17.5 19.5 19.5
Slot-7 | 2 +4 13.5 14.5 15.5 16.5 17.5 19.5 19.5

TABLE Il

DESIGN SPECIFICATION OFLOG PERIODIC SLOT ARRAY ANTENNA
Slot # Length (mm)| Width (mm)| Offset (mm
Slot-1 19.5 2 +4
Slot-2 18.5 2 -4
Slot-3 17.5 2 +4
Slot-4 16.5 2 -4
Slot-5 155 2 +4
Slot-6 14.5 2 -4
Slot-7 13.5 2 +4
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Fig. 3. Comparison of simulated data of reflectiowefficient in magnitude versus frequency in X-b#orddifferent cases of
CSSAA and proposed LPSAA

Theoretical analysis using multiple cavitiesoduling parameters that will be used in the analysis. The
technique (MCMT): corresponding cavity modeling and details of maignairrent
The Top view of the two- element log periodlot array at the apertures are shown in fig.5.
antenna is shown in fig.4 along with details offeliént
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Fig. 4. Top view and detail of different parametasgd in the analysis of the 2-element log peristticarray antenna.

Page | 18



International Journal of Advanced Engineering Research and Science (IJAERS)

[Vol-1, Issue-6, Nov.- 2014]
ISSN: 2349-6495

Slot 1 Slot 2
- - /
R2 R4
-M2 -Ma
M1 M3
M1 -M3

Waveguide

Fig. 5. Details of different regions and magnetierents at the apertures of the 2-element log Hdslot array antenna.

The electric field at any poirf’,y, z') at the slot may be

assumed to be x-directed and expressed in teramsoh “M”
weighted sinusoidal basis functi¢e),,) defined over the
entire length of the slot as follows [16]:

s 2(-2,1,)y 5] Onaperurer

0 Elsewhere
(4)

Where E‘ is the basis coefficient, “ZLthe length of the

" slot, “2b” the guide height, and, the offset of the"l slot
anng the z-direction of propagation distance.

Using equivalence principle, electric fieldstribution the
fictitious magnetic currents existing at aperturesn be
obtained.

For the proposed structure, the tangential pmomants of
magnetic field existing at different regions can éxgpanded
[16] as:

E uXZEpz

Region 1 (R;):

Hy"0 (=M7) + H;™ (=M}) + H**  (5)
Region 2 (R,):

HE® L (MY) + HE® ' (~M2) (6)
Region 3 (R3):

HE* (M) + H* (Mg) (7)

Region 4 (R,):
HE™ 2(M3) + HE™ 2 (— M) ®)
At the region of slot, the tangential compasenf the
magnetic field should be continuous, which resuttsthe
following boundary conditions:

Aperture 1 (Region 1 = Region 2):

H;Y (M3) + H™ *(M}) — HS®™ *(M2) + H,™ (M3) = H™ (9)
Aperture 2 (Region 2 = Region 3):
—HEW (M) + HEW 1 (M) + HEX (M2) + HE™ (M) =0 (10)

Aperture 3 (Region 1 = Region 4):
HEW2(M2) — HE® 2 (MB) + ™0 (M2) + Hy™ (M3) = Hie (11)
Aperture 4 (Region 3 = Region 4):

HE™ (M) = HE2(M3) + HEV2(M2) + HE™ (M) = 0 (12)

The field components of equation (9) - (12) green by
[17, 18] as:
. K
HE () = Z b f f sinc (w;)
J ) (emgmgp

{]SIH(KZ {)if p is even
o) (xx1+kz 1) cos(kzLj)if p is odd ](kzz +kxx)dkzdky

pzn{l (ZkaZ)}

(13)
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M © ©
. . Jj EmEn W; cos(nm)
(M) == ) B, ) : k
L ey, 148 ®

Cos {% (x; + a)} sinc {% Wi} cos {% (x +)} X

[{k2 ~(E)sin{(F) @+ Lo (2 +
(= sinh(y,,,Z) ifp even
lenn) S(p)e_Yanl{+ coshgyng) ifp Odd}] cos {% (y + b)} (14)
Whenz; =0
Hi"® = —j sin (%) e~Bz (15)

Where “2a” is the guide width, “2t” the slotlweguide
wall thickness, and

S(p) = pr/(2L;Ymn) (16)
Hanv(Mé')
. M ®
= —](:—ZEZ E}, Z {kz - (?—Z)Z} sin{(mT:T) (z+ LL-)}
]J=1 m=p=1

-1

nm
x cos o (x4 W2
o8 {zwi (x+ 1)} T (50 2D

(cos{an(y —t)}cos{lina (' + )}y > y’) form = p
Xy \cos{ln (v’ — )} cos{T(y + )}y > y'/ landn = 0
0 Otherwise

The method of moments is applied with Galéskin
specialization [19] to solve equation (9)-(12) aneince to
enable the determination of tb’g_z.

For the 7-element log periodic slot array, fibkls existing
at different regions can be expressed as:

Region 1: Waveguide
Hzim - 21‘:1,3,........,13 H;Wg (MZL) (18)
Region n: cavity n

HE™W(MZYY) + HE(=MZY)  n=12,....

N

(19)
Region 3: Half space

Zi:2,4,.....14 H§Xt (Mé)

Equating the tangential components of magnetid fier
different regions, as before 14 boundary conditifmnshe 14
apertures can be obtained. On solving these bowndar
conditions using Glarkins specialization methodmafments,
the electric field distribution at different apeds can be
obtained. Once the electric field apertures hawenbfeund,
different network parameters can be easily obtaif@a the
basis of the formulation Mat Lab codes have beeittemrto
compute Reflection Coefficient {§ and Transmission
Coefficient ($;) parameters of 7 elements longitudinal log
periodic slot arrays. For validating the result,opomsed
LPSAA design is manufactured as shown in fig. 2 srsted
using the Agilent Network Analyzer-5071C
(300MHz~20GHz).

The comparison graph among measured, theaketiing
MCMT and HFSS simulated of reflection coefficienhda
transmission coefficient in magnitude is shown ig.&.
Indicating that excellent agreement among simulated
theoretical and measured data results of sevemeesielog
periodic slot array antenna validates the analysis.
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Fig. 6. Comparison of HFSS simulated data of the magnitude
of Reflection & Transmission Coefficient versusqfirency
with theoretical and measured data for seven-elénieg
periodic slot array antenna.

Experimental setup of manufactured LPSAA for calting

(20) the gain in dB of seven-element LPSAA is showrign7.
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Distance of free
. space= 1865 mm
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ACn ::)t::itl\’;goi*gﬁgf —————————— (Anritsu MS20386 VNA Master)

W X

Transmitting 7- element Receving
log periodic slot arrays Horn antenna
antenna

Fig. 7. Block diagram of experimental set up foasw@ement of gain of the seven-element log per&dicarray antenna.

Das [18] high-gain broadband waveguide broad-wall
V. RESULTSAND DISCUSSION longitudinal slot array antenna. The gain radiafpattern of
The connection is established in the laboratoryoating to ~ YZ- plane (E-plane) and XZ-plane (H-plane) of prepd
fig. 7 and input power is set 5dbi on signal getwravhen LPSAA at frequencies 8.2GHz, 8.5GHz, 9.0GHz, 9.5GHz
solution frequency is 10 GHz with the help of siggenerator 10.0GHz, 10.5GHz, 11.0GHz, 11.5GHz, 12.0GHz and
corresponding radiated power is received with &g bf horn  12.4GHz are shown in fig. 9. The E-plane as welHaplane
antenna and resultant radiated power is displayedhe at different frequencies (8.2, 8.5, 9.0, 9.5, 12.0,5, 11.0,
spectrum analyzer according to different frequefikg us 11.5, 12.0 and 12.4 GHz) has been studied. TheaHepl
(8.2~12.4GHz) when theta and Phi [20] both are fh oradiation patterns are almost omnidirectional, wherthe E-
direction. The simulated data and measured datgphgra plane radiation patterns are almost in the broaddicection
between frequencies versus gain of proposed LPSAtA w for high frequencies. The proposed LPSAA gain isertban
simulated different case of CSSAA for X-band iswhoin 0 dB in the entire range of X-band (8.2~12.4GHznee we
fig. 8. can say that proposed LPSAA bandwidth has increased
Fig. 8 shows that the peak gain of propose@A® is  respect of CSSAA and high gain with respect to Gyaah Das
reaching up to 23.18dB that falls down t020.80%eispect of  [18] design antenna.
CSSAA-2 and increases up to 54.53% in respect ainGynd

—— CSSAA-1 Simulated
——————— CSSAA-2 Simulated
CSSAA-3 Simulated
—— CSSAA-4 Simulated
CSSAA-5 Simulated
-+ CSSAA-6 Simulated
CSSAA-7 Simulated
== | PSAA Measured
LPSAA Simulated

30

25

| /2 al
/ Fa
15 / i

10

Gain Total [dB]

Frequency [GHz]

Fig. 8. Comparison of the simulated data Gain with resgecfrequencies (8.2~ 12.4 GHz) at Theta Lahd Phi= @
directions for the proposed LPSAA with differerdecaf CSSAA and measured data gain of proposedAPSA
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Fig. 9.Gain radiation patterns of the proposed LPSAA (2GHz. (b) 8.5 GHz. (c) 9.0 GHz. (d) 9.5. (e) 10:4aG(f) 10.5GHz.
(9) 11.0GHz. (h) 11.5GHz. (i) 12.0GHz. (j) 12.4 GHz

VI. CONCLUSION It may be noted that the geometrical offsegifion of the
The proposed LPSAA has been manufactured as well @designed slot array antenna are not optimized. Hene
measured. The S-parameter, gains and radiatioarpathave Objective was only to show that a log periodic sloy with
been reported. The antenna provides a gain asakig3.18dB  varying length can have high gain at8.2~11.11GHz
at 9.4GHz and as low as 0.61dB at 11.79 GHz anchgee8- frequencies. To design a high-gain slot array arewith a
20dB, 6-7dB, 1-5dB across 8.2GHz to 10.97GHz, 1@Ge&  desired radiation pattern, we can use the samenate
to 11.11GHz, 11.12GHz to 12.4GHz respectively ams in  synthesis procedure that is used to design a sthrataint
fig. 8. The frequency range 11.12~12.4GHz averagje ¢  Slot array antenna. This is an additional advantagethe
poor that is 1-5dB ,therefore this frequency regiotenna do Proposed structure.
not work efficiently, That's why this frequency feg cannot
be considered for broadband application of theppsed
antenna. The obtained radiation characteristicgliffiérent VIl. - ACKNOWLEDGEMENT
frequencies are in the broadside direction with @ody The support provided by the Department of Electtong
omnidirectional radiation in the H-plane of theemmia. There Communication Engineering, NIT Jamshedpur, Depantroé
is excellent agreement between the simulated anHlectronics Engineering, ISM Dhanbad HFSS simutatio
experimental results. Therefore, we can say thafptioposed software support for designing and analysis purpo$e
LPSAA works or radiates on 8.2~11.11GHz in desirecantenna and Department of Electronics and Elettrica
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