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Abstract

Slotted waveguide antenna (SWA) arrays offer clear advantages in terms of their design,

weight, volume, power handling, directivity, and efficiency. Slotted waveguide antennas

(SWA) are often employed in radar applications where design specifications commonly

require high gains and mechanical robustness. Since the peak power transmitted by radar

antennas is usually very high, waveguide antennas present a practical alternative to planar

arrays. While numerous design references and guidelines exist for planar arrays, they are

far fewer for slotted waveguide antennas. In this report there is a complete workflow for

the analysis and design of a slotted waveguide antenna with slots placed on the narrow

wall of the waveguide. The platform use for design the model and simulate is HFSS

Software
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Chapter 1

Introduction

1.1 Introduction

A slotted waveguide is waveguide that used as an antenna in microwave radar applications.

Prior to its use in surface search radar, such systems used a parabolic segment reflector.

The slotted waveguide antenna was the result of collaborative radar research carried on

by McGill University and the National Research Council of Canada during World War

II. The co-inventors, W.H. Watson and E.W. Guptill of McGill, were granted a United

States patent for the device, described as a ”directive antenna for microwaves”, in 1951.

For comparison, in the parabolic type of antenna a feedhorn at the end of a waveguide

directs a conical beam of output energy toward the reflector, whence it is focused into a

narrow collimated beam. Reflected energy from the environment follows the reverse path

and is focused by the reflector onto the feed horn where it travels back to the receiver.

The reflector must be built to a precision determined by the wavelength used. For a one

centimeter wavelength, a reflector precision of one or two millimeters would be adequate.

1.2 Basics of waveguide

• A waveguide is a structure that guides waves, such as electromagnetic waves

• Most efficient way to transfer electromagnetic energy.

• Essentially coaxial lines without the centre conductors

• Constructed from conductive material and may be rectangular, circular, or elliptical

in shape.
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• According to waveguide theory there are a number of different types of electromag-

netic wave that can propagate within the waveguide.

• Since energy is transferred through waveguides by electromagnetic fields, you need

a basic understanding of field theory.

• Both electric (E FIELD) and magnetic fields (H FIELD) are present in waveguides,

and the interaction of these fields causes energy to travel through the waveguide

. In general, a waveguide is one type of transmission line(Tx), capable of guiding Electro

Magnetic (EM) Waves at high frequency with minimum amount of power loss. So if di-

mension (side) of waveguide is greater than half wavelength, the waves propagate through

it with extremely low loss.

Figure 1.1: Waveguide

At the same time, if the end of the waveguide is simply left open, the wave will

radiate out from the open end. It also offers radiation into open space if it is fed at

one end and the other end is kept open like an opened Tx line. In this process a small

portion of the incident wave is radiated and the remaining portion is reflected back by

open circuit. This is due to discontinuities at the edges, which matches the waveguide

to free space very poorly. These discontinuities could be reduced by flaring of waveguide

and the entire energy incident in forward direction radiated subject to proper impedance

matching.

2
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1.3 Modes of operation

• When the waveguide yields an electric field configuration known as the half-sine

electric distribution, the configuration is called as the mode of operation.

Figure 1.2: Half Sin E field and Full Sin E field

Figure 1.3: Magnetic Field cause by Half Sinn

• TEM waves: waves with no electric or magnetic field in the direction of propaga-

tion (Hz = Ez= 0). Plane waves and transmission-line waves are common examples.

• TM waves: waves with an electric field but no magnetic field in the direction of

propagation (Hz =0, Ezis not 0 ). These are sometimes referred to as E waves.

• TE waves: waves with a magnetic field but no electric field in the direction of

propagation (Hz is not 0, Ez= 0). These are sometimes referred to as H waves.

• Hybrid waves: Sometimes the boundary conditions require all field components.

These waves can be considered as a coupling of TE and TM modes by the boundary.

3
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Figure 1.4: Transverse Electric(TE) Modes

1.4 Cutoff Frequency

Cutoff frequency : lowest frequency for which a mode will propagate in it.

• The cutoff frequency is found with the characteristic equation of the Helmholtz

equation for electromagnetic waves.

• Any exciting frequency lower than the cutoff frequency will attenuate, rather than

propagate

• The modes that can exist inside a waveguide depends on the

1. Dimensions of the waveguide.

2. Medium inside it.

3. Excitation.

4. Coupling of energy from the source.

Figure 1.5: Reflection angle at various frequency

4
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1.4.1 Dimension Required For Waveguide

Figure 1.6: Dimension Table for Required Waveguide

1.5 Dominant mode

• Dominant mode: The mode with the lowest cutoff frequency

• The dominant mode is the most efficient mode.

• Waveguides are normally designed so that only the dominant mode will be used.

• To operate in the dominant mode, a waveguide must have an a (wide) dimension of

at least one half-wave length of the frequency to be propagated.

• The a dimension of the waveguide must be kept near the minimum allow able value

to ensure that only the dominant mode will exist.

• Of the possible modes of operation available for a given waveguide, the dominant

mode has the lowest cutoff frequency

5
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1.6 Types of waveguide

Rectangular Waveguide:

The lower cutoff frequency (or wavelength )for a particular mode in rectangular waveguide

is determined by the following equations (note that the length, x, has no bearing on the

cutoff frequency)

Figure 1.7: Rectangular Waveguide

• The TE10mode has the lowest cutoff frequency and is called the dominant mode.

• All other modes have higher cutoff frequencies

• Guides are usually designed so that at the frequency of operation only the dominant

mode is propagating, while all higher-order modes are ”cutoff.

Figure 1.8: Different Field patterns for Rectangular Waveguide

6
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Circular Waveguide:

Figure 1.9: Circular waveguide

• Attractive because of its ease of manufacturing and low attenuation of TE0N Modes

used in specific areas of radar and communications systems, such as rotating joints

used at the mechanical point where the antennas rotate.

• Drawback is its fixed bandwidth between modes.

• The cutoff wavelength is 1.71 times the diameter of the waveguide.

7
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1.7 Rectangular Slotted Waveguide Antenna

Rectangular Slotted Waveguide Antennas (SWAs) [1] radiate energy through slots cut

from the broad or narrow wall of a rectangular waveguide. This means the radiating

elements are an integral part of the feed system, which is the waveguide itself, leading to

a simple design not requiring baluns or matching networks. The other main advantages

of SWAs include relatively low weight and small volume, their high power handling, high

efficiency, and good reflection coefficient [2]. For this, they have been ideal solutions for

many radar, communications, navigation, and high power microwave applications [3].

Figure 1.10: Rectangular Slotted Waveguide Antenna

SWAs can be resonant or non-resonant depending on the way the wave propagates

inside the waveguide, which is a standing wave in the former case and a traveling-wave

in the latter [4, 5]. The traveling-wave SWA has a larger bandwidth, but it requires a

matched terminating load to absorb the wave and prevent it from being reflected, which

reduces its efficiency. It also has the shortcoming of the dependency of the main beam

direction on the operating frequency. Resonant SWAs, on the other hand, have the end

of the waveguide terminated with a short circuit, which results in a higher efficiency due

8
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to no power loss at the waveguide end. In addition, the main beam is normal to the array

independently of the frequency, but these advantages come at the cost of a narrower

operation band. The design of a resonant SWA is generally based on the procedure

described by Stevenson and Elliot [4, 69], by which the waveguide end is short-circuited

at a distance of a quarter-guide wavelength from the center of the last slot, and the inter-

slot distance is one-half the guide wavelength. For rectangular slots, the slot length should

be about half the free-space wavelength.

9
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Chapter 2

Literature Survey

• A Survey on Accurate synthesis of linear non-resonant narrow wall in-

clined slotted waveguide arrays:

In this paper M. Lkke1 A. stergaard2 1TERMA, Radar Systems, Hovmarken 4,

DK-8520 Lystrup, Denmark 2ESA, ESTEC, Keplerlaan 1, 2200 AG Noordwijk, The

Netherlands designed an efficient and highly accurate network model for analysing

and synthesising large but finite slotted waveguides (SWGs) is presented. The net-

work model is tailored for arrays of linear end-fed narrow wall inclined slots. The

network model accurately predicts, as function of frequency, the key electrical an-

tenna parameters such as antenna-radiation pattern (beamwidth, inner and spurious

side lobes down to the 240 dB level, main beam squint), waveguide loss, power dis-

sipated in the load and return loss. The network model explicitly takes mechanical

tolerances into account.

The model is based upon S parameter measurements of a number of test-SWGs. The

network model has been proven to be scalable from X-band to S band waveguides

and can be extrapolated to slot parameters far beyond the range of the slots of the

test SWGs. The comparison between predicted and measured results has shown that

the network model is highly accurate, providing a significant improvement over full

wave commercial tools in terms of prediction of the antenna parameters of interest

as well as in computational speed. A network model for designing SWGs has been

presented. This model can be used to predict a number of antenna parameters such

as radiation pattern, power dissipated into the load, return loss etc., as function of

10
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frequency. Furthermore, a fundamental behaviour across waveguide bands relating

to the slot inclination angle and the slot shunt conductance of narrow wall inclined

slots has been presented. Hence, the network model can be scaled to other waveguide

sizes without having to manufacture new sets of test-SWGs.

Review in this paper he worked on the beamwidth inner and suprious side lobe

down to 240 dB level main beam squint.The model is based upon S parameter

measurements of a number of test-SWGs.The antenna have high side lobe and it is

not sufficient to transmit the signal.

• A Survey on Slotted Waveguide Antenna Design Using 3D EM Simula-

tion:

In this paper Rodrigo Kenji Enjiu CST AG, Darmstadt, Germany Marcelo Bender

Perotoni UFABC, Santo Andr, Brazil designed a slotted wave guide antenna are of

ten employed in radar applications where design specifications commonly require

high gains and mechanical robustness. Since the peak power transmitted by radar

antennas is usually very high, waveguide antennas present a practical alternative

to planar arrays. While numerous design references and guidelines exist for planar

arrays, there are far fewer for slotted waveguide antennas. This article presents a

comprehensive workflow for the analysis and design of a slotted waveguide antenna

with slots placed on the narrow wall of the waveguide. The virtual design is modelled

and simulated using two different numerical methods and different mesh types.

This simulation is compared to the analytical solution for array antennas and to the

performance of a physical prototype. Edge-slotted waveguide antennas are widely

used in radar applications where they outperform other types of antennas such as

printed arrays. Despite the ubiquity of SWAs, we were unable to find any previ-

ous literature describing comprehensive analytical formulations or computer-aided

design programs for SWA synthesis. In the absence of design curves or suitable

measurement data, the designer usually resorts to empirical methods to optimize

the design.

The use of modern computer simulation software offers an alternative approach to

SWA design. The workflow proposed in this paper covers the entire antenna project,

from slot characterization to physical prototyping of the antenna, and shows how

11
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simulation can be used at every step to improve antenna performance. The antenna

described in this article has 12 slots. It achieved optimum performance, verified

numerically, without any changes needed to further improve the final design. The

measurement of a prototype validates the accuracy of the simulation.

• Parallel Higher-Order MoM Simulation for Narrow-Wall Slotted Waveg-

uide Array:

Sio-Weng Ting, Xun-Wang Zhao, Hui Zhao(4), Yu Zhang ,Tapan K. Sarkar designed

a A traveling waveguide array with 108 narrow-wall slots is analysed using the paral-

lel method of moments with higher-order polynomial basis functions on a distributed

memory cluster. The concept of the perfectly matched layer in differential-equation

methods is introduced to design the matched load terminating the waveguide. The

simulated data is compared with the commercial softwareANSYS HFSSs result to

validate the proposed method. The results demonstrate that the parallel method of

moments is able to accurately and efficiently solve complex electromagnetic radiation

problems. A 108-slot traveling waveguide array is analysed by using a new paral-

lel computational electromagnetics (CEM) codeHigher-Order Basis based Integral

Equation Solver (HOBIES). The matched load designed according to the principle

of perfectly matched layer works very well for terminating the waveguide. The com-

parison with ANSYS HFSS commercial software demonstrates that HOBIES is a

more efficient method.

12
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Chapter 3

Technical Detalis

3.1 Methodology

Depending upon the desired field polarization, the slots can be placed on either the

narrow or broad wall of the waveguide, as shown in Figure 3.1. At the fundamental

TE10 mode, longitudinal slots on the broad wall will produce a field with vertical

polarization, while transverse slots on the narrow wall result in a horizontal field

polarization. For each design, the polarization depends on the specific antenna use.

Figure 3.1: The choice of slot position.

13
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Table 3.1: Parameters of the SWGs antenna

Parameters Specifications

Gain 15 dB

Polarization Horizontal

Frequency 9.375 GHz

Side lobe level (SLL) 30 dB

To demonstrate the applicability of 3D simulation to SWAs, this article describes the

design of a naval radar antenna. The specification requires that the antenna operate

in X-Band (8 to 12 GHz). The scanning beam must have a narrow beamwidth in

the azimuth plane and a wider beamwidth in the elevation plane to compensate for

the roll of the ship. Other parameters are specified in Table 3.1

These requirements can be fulfilled by the arrays in Figure 3.1, with the horizontal

polarization requirement determining the use of the narrow wall slots. In order to

achieve a resonant length, narrow wall slots must penetrate into the upper and bot-

tom broad walls. These slots are known as edge-slots. Figure 3.1 shows these slots

running diagonally between the broad walls. If they were perfectly perpendicular,

they would not radiate, since the slots would run parallel to the current lines and

therefore would not interrupt the current flow. By tilting the slots, a fraction of the

current lines are interrupted, causing the slots to radiate.

The slots are distributed along the waveguide so that they form an array; the choice

of array type and its setup allow the engineer to specify the gain, side lobe level

(SLL) and beam steering. The discrete Taylor distribution was chosen for the ar-

ray, since it produces a good theoretical match to the SLL requirement as well as

providing a smooth variation between the excitations of adjacent elements a use-

ful characteristic when mutual coupling is a concern. Because this is an SWA, the

waveguide hosts a standing wave, in which slots are placed at the antinodes loca-

tions where the electric field reaches its maximum. They are therefore separated by

half of the guided wavelength ( g/2). Since a half wavelength on the Smith chart

corresponds to a complete rotation, the individual slot admittances are summed

at the waveguide input as if they were at the same position. SWA designs do not

usually take into account mutual coupling between slots. Since mutual coupling and

14
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waveguide thickness have a significant influence on the admittances of the edge-slots,

an accurate analysis of the antenna should take their effects into account. Electro-

magnetic (EM) simulation can model both these effects, as well as the effects due to

coaxial transitions and flanges. With EM simulation, the traditional empirical trial-

and-error method is replaced by a computational evaluation. The procedure assigns

a theoretical excitation distribution to the array, where each element coefficient cor-

responds to a slot conductance (at the central frequency where the susceptance is

zero) ensuring the length of each slot corresponds to a resonance at the operational

frequency. The first step characterizes the individual slots. Figure 3.2 shows the

important parameters. The choice of waveguide (WR-90) and milling equipment

Figure 3.2: Geometric parameters for the edge slots.

determines the parameters a = 22.86 mm, b =10.16 mm, w = 1.59 mm and t =

1.27 mm. This leaves only two independent parameters to optimize: (slot inclina-

tion angle) and d (depth of the slot). The complete slot length is assumed to be the

one measured on the internal face of the waveguide, parameter Lr, with a resonant

length Lr = 0.4625 g.

15
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3.2 Problem Statement

It is seen that due to the increase in the main lobe, the side lobe and cross po-

larization are also getting increased and there are so many losses occurring due to

this.

3.3 Software Requirement

High Frequency Structural Simulation (HFSS) Version 13.0.

16
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Chapter 4

Antenna Design

4.1 Introduction to HFSS

HFSS is an interactive software package for calculating the electromagnetic behavior of a

structure.The software includes post-processing commands for analyzing this behavior in

detail. The work window of HFSS software is shown.

Using HFSS, we can compute:

• Basic electromagnetic field quantities and,for open boundary problems,radiated near

and far fields.

• Characteristic port impedance and propagation constants.

• Generalized S-parameters and S-parameters re-normalized to specific port impedance.

• The eigen modes, or resonances, of a structure.

We are expected to draw the structure, specify material characteristics for each

object, and identify ports and special surface characteristics. HFSS then generates

the necessary field solutions and associated port characteristics and S-parameters.

HFSS uses a numerical technique called the Finite Element Method (FEM). This is

a procedure where a structure is subdivided in to many smaller subsections called

finite elements. The finite elements used by HFSS are tetrahedra,and the entire

collection of tetrahedra is called a mesh. A solution is found for the fields within

the finite elements, and these fields are interrelated so that Maxwells equations

are satisfied across inter-element boundaries.Yielding a field solution for the entire,

17
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original, structure. Once the field solution has been found, the generalized S-matrix

solution is determined.

There are six main steps to creating and solving a proper HFSS simulation. They

are:

1. Create model/geometry

2. Assign boundaries

3. Assign excitations

4. Set up the solution

5. Solve

6. Post-process the results

Simulation steps for slotted waveguide antenna

18
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Step 1 : Create Model/Geometry Before creating model we have to select insert

HFSS design, which opens the window in which model is to drawn:

19
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Now we have to select solution type for our project

i.e Driven Modal GotoHFSS → Solutiontype→ SelectDrivenModal→ OK

Placing Vacuum Box in the drawing window.

SelectDrawbox→ Placeinthedrawingwindow

20
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Setting box properties (Name,Material, Colour and transparency) RightclickonBox1→

Properties→Material→ V acuum→ Ok.

After setting Name, Color and transparency the size and position of the Vacuum

Box is edited.

RightclickonCreatebox → Properties → editx, y, zposition → editX, Y, Zsize →

Ok.

21
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Now we have to place walls of waveguide, in the window.

Fromtoolbar, SelectDrawRectangle→ Placeinthewindow.

22

IR@AIKTC aiktcdspace.org



Now edit properties of the rectangle drawn (Name, Color, and Transparency) and

then its size and position.

RightclickonRectangle1→ Properties→ EditName,ColorandTransparency.

RightclickonCreateRectangle→ Properties→ EditSize&Position

23
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Making Remaining walls of waveguide

24
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Unite All the wall of waveguide

Selectallthewallofwaveguide→ ClickonUnite
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Making of slots on waveguide

ClickonPolyline→MakeRandomsizeTriangle→ Doubleclickonlastpoint

26

IR@AIKTC aiktcdspace.org



Clickonunassigned→ CreatePolyline→ CreateLine→ editx, y, zpositionofEachCreateLine
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Making all Slots at an angle of 45 Degree opposite to each other

28
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Making slots on top and bottom side of inclined slots ClickonDrawRectangle →

Placeinthewindow
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Now edit properties of the rectangle drawn

RightclickonRectangle→ Properties→ EditSize&Position

30
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Make all required slots
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Drawing Radiation box by selecting Draw box and assigning it Material vacuum.

And editing its properties (Name, Color, and Transparency).

32
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Step 2 : Assign boundaries

We had to assign boundary condition to wall of waveguide
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Similarly we have to assign boundary condition to Radiation box
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Step 3 : Assign excitation

The Excitation is assign to the Hollow side of waveguide

35

IR@AIKTC aiktcdspace.org



36

IR@AIKTC aiktcdspace.org



Similarly assign excitation to another side of wave guide

Now excitation is assigned
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Step 4 : Setup the solution In this step a solution setup and sweep frequency is

added.

Inprojectmanagerwindow,Rightclickon→ AnalysisAddSolutionSetup→ Entersolutionfrequency(10GHz)&No.ofpasses6.
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Now include sweep frequency.

ExpandAnalysis→ RightclickonSetup1→ AddFrequencySweep→

EnterStart&EndFrequency, andStepsize
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Step 5 : Solve

After adding solution setup we will do validation & execute our model by clicking

on Analyze
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Analyzing model
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Step 6 : Post processing the Results

Far field Radiation sphere setup
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ForRadiationPattern

Rightclickonresult→ selectcreatefarfieldreport→ selectradiationpattern
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SelectGaininCategory → selectGainTotalinQuantity → selectdBinFunction →

Clickonthenewreport
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Rectangular plot
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Radiation Pattern
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Chapter 5

Conclusion

5.1 Conclusion

The workflow proposed in this report covers the entire antenna project, from slot charac-

terization and simulation of the antenna using HFSS software and show how simulation

can be used at every step to improve antenna performance.The antenna described in this

article has 4 slots on the narrow wall of the antenna and the slots are inclined at 45

degree. It achieved optimum performance, verified numerically. The measurement of a

prototype validates the accuracy of the simulation.The accuracy of the network model has

been demonstrated on a number of SWG designs. The network model predicts sidelobes

within the range of-4dB to +6 dB peak-to-peak at a 11.93 dB main lobe level(Gain)across

the operating frequency band of 8.2 to 12.4 GHz.

5.2 Future Scope

In future the slots can be increase for desire gain and for minimum side lobe to avoid false

detection in radar application. Through Waveguide IRIS Structure side lobe level can be

decrease to minimum. This antenna can be use with advance technology for precision

analysis.
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Chapter 6

Certificates
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