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EXPERIMENT NO. 02

Objective: Design and analysis of Dipole antenna.
Software used: HFSS or CST software
Theory:

The dipole antenna or dipole aerial is one of the most important and commonly used types of RF
antenna. It is made up of two radiators oriented in the same direction, sharing a common axis, and
separated by an air gap. The two radiators are excited by a feed line in the center of the antenna as
shown in figl.1.
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Figl.1. A basic Dipole antenna.

There are three main parameters that govern the operation of this antenna, they are dipole length,
air gap, and dipole radius. The air gap and the dipole radius have only minor effects on the
performance of the dipole. Because of this, their size is typically determined based on the antenna
manufacturer’s requirements, within a reasonable range. That leaves the dipole length as the
primary concern when designing antennas of this type. Although the dipole has a physical length,
when designing antennas it is often much more convenient to refer to the electrical length of the
antenna rather than the nominal value. Electrical length is the distance from one end of the antenna
to the other measured in wavelengths of the signal at a specified frequency. Thus, at differing
frequencies the same electrical length refers to different nominal lengths. Electrical length is
usually stated in terms of wavelengths, denoted by the greek letter lambda, A.



The most common dipoles for practical use are half-wavelength dipole antennas. One of the
primary advantages of half-wavelength dipoles is that their characteristic impedance is 73 Q,
which is very close to the characteristic impedance of commercially available 75 Q transmission
lines. In addition, longer dipoles (L > X) have radiation patterns with multiple lobes, whereas half-
wavelength dipoles only have one lobe. A single lobe pattern is usually preferred because multiple
lobe patterns can have significant nulls between the lobes, which can be extremely detrimental to
antenna performance. Finally, half-wavelength dipoles provide an excellent balance by providing
a more compact, material saving design than longer antennas without realizing the sharp
performance reduction seen in shorter antennas. These factors have all combined to make half-
wavelength dipoles an attractive and popular choice for antenna designers for many years

In order to design the half-wavelength dipole depicted in Figure 1.1, the electrical length of A/2
must be converted to a nominal value. This can be accomplished through equation (1).

Lp=A/2 (1)

The electric and magnetic field components of a half-wavelength dipole can be obtained from (2)
by letting 1 = A/2.
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The directivity of the half-wavelength dipole antenna is given by:

Umax ~ 1.643(dimensionless) =2.1dB (3)

Dy=4m
0 Prad

And the radiation resistance, for a free-space medium (n = 120m) is given by

R,=2fred ~73 (4)
o]

Another advantages of dipole antenna is its radiation pattern. Due their shape and design, dipole

antennas can be excited by incident electromagnetic waves from a wide range of angles. In the

azimuth, a dipole is a perfectly symmetrical cylinder. This results in a completely Omni-directional

(toroidal) radiation pattern.

3-D and 2-d radiation pattern of dipole antenna are shown below:
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Fig2.1 (a) 3-D pattern, and (b) 2-D pattern of A/2 dipole antenna.

Design Problem

Design and analysis of Dipole antenna at 900 MHz with 10% IBW (Gain = 2 dB).

Design Procedure using HFSS software:

1. Start ANSYS Electronics Desktop. Check (and change if necessary) that the working
mode is Driven Modal, HFSS > Solution Type > Modal.

2. Set Modeler length units to mm, Modeler > Units > mm.

3. Todraw adipole element, select Draw > Cylinder and enter calculated values at radius and
height position.
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4. After drawing the first element of the dipole we will create the second one by symmetry.
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Select the first cylinder and then select Edit > Duplicate > Around Axis, choose the axis X

or Y and enter the angle of 180°, Total number 2.

To provide an input source to perform the simulation. Select Draw > Rectangle and draw

arectangle (! it’s a surface model not a volume one) between the two wires, as in the figures

below.
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Select the drawn rectangle and define it as the input signal area/port HFSS > Excitations >
Assign > Lumped Port.
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10.

11.
12.

13.

14.

Select HFSS > Model > Create Open Region. Choose the frequency of interest (around 900
MHz) and Radiation boundary.

Add a solution. Select HFSS > Analysis Setup > Add Solution Setup

After meshing, we define a broadband analysis. Select the previously defined solution
(Project Manager > Analysis > Setupl) and add a broadband solution around the frequency
corresponding to the single frequency solution HFSS > Analysis Setup > Add Frequency
Sweep.

Select HFSS > Validation Check to verify that all required steps have been completed.
Select HFSS > Analyze All to start the simulation. Click the Show Progress button to view
the progress of the solver.

Select HFSS > Results > Create Modal Solution Data Report > Rectangular Plot to display
the S parameter corresponding to input port P1 (in dB).

Similarly plot far-fields parameters of the antenna.

Simulated Results:

Add various plots for the designed antenna performances:

1. -10 dB impedance bandwidth (in GHz)

Gain variations over whole operating BW (in dB)
2-D radiation patterns at resonating frequency.
3-D radiation patterns at resonating frequency.
Efficiency over the operating bandwidth.

a bk~ own

Observation Table:

1.

Frequency Impedance Gain (dB) Efficiency (%0) Size (A%)
(GH2) Bandwidth
(GH2z)
Conclusion:

Various parameters of the dipole antenna are studied using HFSS /CST software.

Problems:

Design and Analysis of Dipole antenna at 1800 GHz with 10% IBW (Gain = 3dB)



EXPERIMENT - 2

OBJECTIVE:

1. To become familiar with the microstrip antenna.
2. To design microstrip patch antenna and study the different antenna parameters.

SOFTWARE USED:
ANSYS HFSS Software

THEORY:

1. Familiarization with the microstrip antenna:

Microstrip antennas are low profile, comfortable to planar and non-planar surfaces and
mechanically robust when mounted on rigid surface. It is also known as “patch antenna”,
“internal antenna” or “printed antenna”, which is a narrowband wide beam antenna. Mostly used
at microwave frequencies. Fig.1 shows a few possible geometries of single radiating patch
antenna. The patch is usually fed along the centreline to symmetry and thus minimizes the
excitation of undesirable modes. It is preferred in aircraft, spacecraft, satellite and missile
applications, where size, weight, cost, ease of installation and aerodynamic profile are constraints
and low profile antennas may be required.
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Fig. 1 Geometry of single radiating patch antenna



Substrates:

There are a numerous number of substrates that can be used for the design of microstrip antennas
whose dielectric constants are usually in the range of 2.2 < &r < 12. Thick substrates are desirable
with lower dielectric constants where because they provide better efficiency, larger bandwidth,
loosely bound fields for radiation into space, but at the expense of large element size. Similarly,
thin substrates with higher dielectric constants are desirable for microwave circuitry because they
require tightly bound fields to minimize undesired radiation and coupling and lead to smaller
element sizes. However, because of their greater losses, they are less efficient and have relatively
smaller bandwidths. Fig. 2 shows a few examples of substrates with their specification which is
used for selection of particular substrates by the antenna designers.

Thickness Frequency
Company Substrate {mm} iGHz) £, tanéd
Rogers Corporation Duroid® 5880 0.127 0-40 220 0.0009
RO 3003 1.575 0—40 3.00 0.0010
RO 3010 3.175 0-10 10.2 0.0022
RO 4350 0.168 0—10 348 0.0037
0.508
1.524
— FR4 0.05- 100 0.001 4.70 -
DuPont HEK 04] 0.025 0.001 3.50 0.005
Isola IS 410 0.05-32 0.1 540 0.035
Arlon DiClad 870 0.091 0-10 2.33 0.0013
Polyflon Polyguide 0.102 0-10 232 0.0005
Neltec NH 9320 3.175 0-10 3.20 0.0024
Taconic RE-60A 0.102 0—10 6.15 0.0038

Fig. 2 Examples of different substrates

Feeding Techniques:

Fig. 3 shows the feeding techniques for the microstrip antennas.
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Fig. 3 Feeding methods of microstrip antennas.
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Antenna Parameters:
The antenna parameters are represented graphically to characterize the antenna by using the
simulated and measured data. Some of the typical antenna parameters are:

e S-parameters: For one port antenna only reflection coefficient i.e. S11 will be defined. In
the context of antennas and feeders, the reflection coefficient is defined as the figure that
quantifies how much of an electromagnetic wave is reflected by an impedance
discontinuity in the transmission medium.

e VSWR: It is the ratio between transmitted and reflected voltage standing waves in a radio
frequency (RF) electrical transmission system. It is a measure of how efficiently RF
power is transmitted from the power source, through a transmission line, and into the load
(antenna).

e Radiation Pattern: It is graphical representation of radiation properties of the antenna as a
function of space. It describes how the antenna radiates energy out into free space (or
how it receives energy). It is 3D — pattern, which can be visualized in simulation software
like HFSS. It can be also represented in 2D — polar plot from two planes i.e., E-plane and
H-plane.

e Gain: Antenna Gain is the ratio of power transmitted in a certain direction with a specific
reference point. Relation between gain and efficiency is G = e * D where ‘D’ is the
directivity and ‘e’ if the efficiency

e Efficiency: Antenna efficiency is how much RF power delivered to the antenna (from
radio) is actually transmitted into the air.

e Axial ratio: It states about the polarization of the designed antenna.

2. Design of a microstrip patch antenna and study the different antenna parameters

The rectangular patch is by far the most widely used configuration. It is very easy to analyse
using both the transmission line and cavity models.

The diagram of a basic half-wave patch antenna is shown in Figure 4. It consists of a large
patch of metal into which energy is coupled from a microstrip feed. The physical patch
dimensions are width W and length L. It is fed by a microstrip feed line with width which is
usually chosen so that the characteristic impedance of the feed line is 50 ohms. Like any
other device, an antenna has an input impedance. If the feed line shown in the diagram were
connected directly to the edge of the antenna, the input impedance at that point would be in
the hundreds of ohms, which would be a poor match to the 50 ohm line being connected
there. To match the input line (which is 50 ohms) to the high impedance of the patch, a
simple quarter-wave transformer is used. Such a transformer is visible on the microstrip
patch board.

A single-feed patch antenna like the one shown in Figure 4 resonates at a frequency
determined by the length of the antenna L, which is approximately half a wavelength (taking
into effect wavelength shortening by the substrate). The radiated polarization is parallel to
edges of the patch in the resonant direction. Because the patch is backed by a ground plane,
we expect most of the radiation to be on the patch side of the substrate, and very little
radiation behind the ground plane.



Patch Y L _i_
slot #1 slot #2 .
[ Substrate Ground pl'dnC _{
Ground plane
(a) Top view (b) Side view

Fig. 4 Top view and side view of conventional microstrip patch antenna

DESIGN PROCEDURE:

Based on the simplified formulation, a design procedure is outlined which leads to practical
designs of rectangular microstrip antennas. The procedure assumes that the specified information
includes the dielectric constant of the substrate (‘e,’), the resonant frequency ('f,.'), and the
height of the substrate ('h"). The procedure is as follows:

1.
2.

Specify: 'e,’, 'f,’ and 'k’ .
Determine ‘W’ and L.

_ Vo | 2
2f. \e +1

W
, Where, 'v," is the free space velocity of light.

Determine the effective dielectric constant ('e,.s")of the microstrip antenna using.

g+l ¢
greﬁ: 2 +

‘1[1+1zﬂ]*1’2
2 W

Once W is found, determine the extension of the length ('AL")using:

AL

(e +03) (V1 0.264)
- =0412 h

(G —0.258)(WF+0.8)
Now, the actual length of the patch can now be determined for ‘L’,

—2AL

1
=0 =
2fr\/§\/ﬂo‘5‘o

Typical lengths of microstrip patches vary between,



L ~ (0.47—0.49) 2 — (0.47-0.49) ,
Jee , where 'A;" is the guided wavelength in the dielectric.

The smaller the dielectric constant of the substrate, the larger is the fringing. Thus, the length of
the microstrip patch is smaller.

In contrast, the larger the dielectric constant, the more tightly the field are held within the
substrate. Thus the fringing is smaller and the length is longer and closer to half wavelength in
the dielectric

After calculating the length and width of the patch, design and simulation of rectangular
microstrip patch antenna in the ANSY'S HFSS software should be done to study the antenna
parameters.

HFESS DESIGN STEPS AND OBSERVATIONS:

This example has been shown for rectangular patch antenna resonating at 2.4 GHz on an FR-4
epoxy substrate of dielectric constant 4.4 and thickness 1.6 mm.

STEP1: Create a substrate by selecting a Box from upper palate of 60x60x1.6 mm?, substrate
is FR4 epoxy.
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STEP 2: Create a ground by selecting a Box from upper palate of 60x60x0.035 mm?,

material is copper.

T Solids Properties: microstrip_patch_antenna_{ - HFSSDesignt - Modeler
& 88 copper
=& ground Conmard |
L ﬂ[remﬁu:
o & Patch None | Vake | bt |ErokatedVle|  Descpion |
D CresteBox Conmand ~ CreateBox
E [ Subtract _mgﬁm Gt
Bt oo .00 m i .
| ﬁ Creat — . 0 m Sm
e E‘f;“; y IE m  fm
0 Ceat _23?.8 10% m  0%m
o 8 PR gpory
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STEP-3: For modelling of patch ,create a box by selecting a Box from upper palate of
29x38x0.035 mm? , material is copper.

Properties: microstrip_patch_antenna_1 - HFSSDesign1 - Modeler

Command |
Name | Vaue
Command  CreateBox

[ |Coordinate Sys... Global

[ |Postion 28238216

[ [xSize 2]

[ |sie 1

: 7Sie 0.035

[~ Show Hidden

o]

STEP-4: For Inset_cut, Create a box by selecting a Box from upper palate of 9.5x5x0.035
mm? of copper material.
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STEP-5: At last, Subtract Inset cut box from Patch by selecting both the box.
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STEP-6: For giving feed to patch we have to create a feedline by selecting a Box of

30x3x0.035 mm? at the feed point, of copper material. And unite it with the existing patch.
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Properties: microstrip_patch_antenna_1 - HF55Design1 - Modeler X
Command
Name | Vaue | Une | Evaluated vab
Command CreateBox
Coordinate Sys... Global
Posttion 01516 mm  Omm ., -1.5mm,
XSize 30 mm  30mm
YSize 3 mm  Imm
Z5ize 0.035 mm  0.035mm
< »
[~ Show Hidden
OK | Cancel

STEP-7: For assigning the radiation boundary. Change the drawing plane to XY, Create a
Radiation box by selecting a box of 80x80x50 mm? , and assign boundary radiation.

Sroperties: microstrip_patch_antenna_1 - HFSSDesign1 - Modeler X
Command
Name Value | Unt |EvakatedVae|  Descipton |

Command CreateBox

Coordinate Sys... Global

Posttion 40 40 -25 mm 40mm , 40mm ..

ASize 80 mm  80mm

YSize 80 mm 80mm

Z5ize 50 mm 50mm

STEP-8: For assigning Excitation. Change the drawing plane to YZ. A rectangular sheet has
been created at the feed end, and assign the lumped excitation properly.



Properties: microstrip_patch_antenna_1 - HFSSDesign1 - Modeler

Command
Name | Value | Unt |Evakiated Vae|  Descriptior
(Command CreateRectange
Coordinate Sys... Global
Posttion 30 15,163 mm 0mm , -1.5mm ...
Mg X
YSize 3 mm 3mm
ZSize -1635 mm -1.635mm
< »
[~ Show Hidden
I 0K Cancel

STEP-9: Complete the solution setup by assigning solution setup and solution frequency as

2.4 GHz.
Solution Setup
General |0pﬂor|s| Ad\rancedl Expression Cache] Duivaﬁves| Defal.lls]

Setup Name: Setup1

IV Enabled [~ Solve Potts Only

Solution Frequency: [2.4 [GHz |
r~ Adaptive Solutions
Maximum Number of Passes: |12
* Maxdimum Delta S 0.02
€ Use Matix Convergence 5t Magritudz and Phase. . |

Use Defaults |

MK I Cancel




STEP-10: Add frequency sweep.

Edit Frequency Sweep

General IDC Extrapolation | Defaus |

Sweep Name:

Sweep Type: Fast

- Frequency Setup
Type: LinearStep

Start 1 GHe ]
Stop 3 GHz 'I

-

Step Size 0.01 GHz 'l
Time Domain Calcuaton... |

3D Fields Save Options

[V Save Fields

[” Save radiated fields only

r Generate fields at solve time
(Al Frequencies)

V' Enabled

Frequency

Display »>

ok | Cancel |

STEP-11: Validate the structure and analyse all. For results, go to results section and choose

rectangular plot .

Report: microstrip_patch_antenna_1 - HFSSDesign1 - XY Plot 1 - dB{S(1,1)) =
[roetek Trace | Families | Families Display I
Solution: . I
|5et|.p1 : Sweep s Primary Sweep: |Freq 3 |Al |
Domain:
|Sweep EI Xz ¥ Default |Freq |
TDR Options 4 Range
Y I B(S(1,1)) Function...
Category: Quantitv:l filter-text Function:
Variables <none>
QOutput Variables ang_deg
ang_rad

Y Parameter arg
Z Parameter cang_deg
VSWR rad
Gamma
Port Zo dB 10normalize
Lambda dB20normalize
Epsilon dBc
Group Delay im
Active S Parameter mag
Active Y Parameter normalize
Active Z Parameter re
Active VSWR
Pasg'vl't\-’

Update Report Design

[V Real time  Update 'l

Output Variables... I Options... I New Report Apply Trace I Add Trace I Close |
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RESULTS & DISCUSSION:

4 S- Parameter:

XY Plot 1 HFSSDesign! b,
000 ——— Curve Info
] =6 dB(S(1,1)
: Sefup1: Sweep
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-30.00
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1.00 1.25 1.50 1.75 2.00 225 2.50 2.75 3.00

T T ~ Freq[GHz T T T T

STEP-12: Validate the structure and analyse all. For VSWR result, go to result section and
choose rectangular plot.

Bl Report: microstrip_patch_antenna_1 - HFSSDesign1 - XY Plot 2 - dB(VSWR(1 =
[ Context Trace | Families | Families Display ]
Solution: Se 1:5 |
I tup weep s Primary Sweep: IFreq EI IAI I
Domain: 5
I weep EI X: V¥ Default |Freq |
- ) i =
- "
Y- |dB(vsSWR(1) Fm“"g"_ o
Category: Quantitv:l filter -text Function:
Variables VSWR(1 acosh ~
Output Variables ang_deg
S Parameter ang_rad
Y Parameter asin
Z Parameter asinh
atan
Gamma atanh
Port Zo cos
Lambda cosh
Epsilon
Group Delay dE 10normalize
Active S Parameter dB20normalize
Active Y Parameter dBc
Active Z Parameter degel
Active VSWR deriv
| ] Passivity even
 Update Report Design —g
¥ Real time 'l j0 v
Output Variables... | Options... | MNew Report Apply Trace Add Trace Close |
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Ud VSWR- Parameter:
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Q4 2D- Radiation Pattern:

STEP-13 1: Define the infinite sphere. Assign proper trace. From the results section in
the create farfield report. Rectangular plot

@ Report: microstrip_patch_antenna_1 - HFSSDesign1 - Radiation Pattern 1 - dB(rEPhI) e

[romtext Trace | Families | Families Display I
Solution: .
|Setup1: Sweep 2 Primary Sweep: IThefa E‘ IM l
Geometry: |Infinite Spherel -
v: | eh = Ang: ¥ Default | Theta |
Mag: [dB(EPhi); dB(ETheta) l'};"ge
Category: Quantl'tv:l filter-text Function:
Variables rETotal ang_deg
Oua it Variables ang_rad
arg
Gain rEx cang_deg
Directivity rEY cang_rad
Realized Gain rEZ
Polarization Ratio rELHCP dB 10normalize
Axial Ratio rERHCP dB20normalize
Antenna Params rEL3X dBc
Design rEL3Y im
mag
normalize
re
Update Report
v Real time Update v|
QOutput Variables. .. | Options... | MNew Report Apply Trace Add Trace Close |
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STEP-13 2: Change in Families

@ Report: microstrip_patch_antenna_1 - HFSSDesign1 - Radiation Pattern 1 - dB(rEPhi) >
e Trace Families | Famiies Display |
Solution:  [setup1 : Sweep =1 | Famites: 1avatable
Geometry: |Inﬁnite Spherel ;I & Sweeps ( Available variations
|Variable| Value | Edit |
Phi Odeg u.|
Freq 2.4GHz |
Update Report
Nominals: | i
¥ Real time Lodate v|
OQutput Variables... I Options... | New Report I Apply Trace Add Trace Close

Radiationo Pattern 1

-180

STEP-14: 3D- Polar plot setting. From the results section in the create far field report. 3D
polar plot.

13



’_ Report: microstrip_patch_antenna_1 - HFSSDesign1 - 3D Polar Plot 1 - dB(rETotal)

— Context

Solution: I&m 1: Sweep

=]

Geometry: |Infinite Spherel

=

Update Report

Iv Real time Update 'l

Output Variables... I Opbonsl

Trace | Families |

Primary Sweep: ~ | [an 0 |
Secondary Sweep: ITheta ;I IAI _l
Phiz ¥ Default | Phi |
Theta: W Default | Theta |
Mag: [|dB(ETotal) :E:ﬂe
Category: Quantity:| filter-text Function
Variables <none> ~
Output Variables rEPhi abs
rETheta acos
Gain rEx acosh
Directivity rEY ang_deg
Realized Gain rEZ ang_rad
Polarization Ratio rELHCP asin
Axial Ratio rERHCP asinh
Antenna Params rEL3X atan
Design rEL3Y atanh
cos
cosh
|c.510n0rmal_ize ~
New Report I Apply Trace Add Trace I Close

4 3D Polar Plot:

100 (mm)

STEP-15 1: Gain plot setting. Assign in Trace. From the results section in the create farfield

report. Rectangular plot

14



Report: microstrip_patch_antenna_1 - HFSS5Design1 - XY Plot 3 - dB(GainTotal) ey
[~Covtmt Trace | Famiies | Families Display |
Solution: Se 1: Sweep -
I we =l Primary Sweep: |Freq | | Al =
Geometry: |Infinite 1 b
¥: [infinite Sphere = X W Default |Freq i |
- Range
¥: |dB(GainTotal) R
Category: Quantity:| filter-text Function:
Variables GainTotal ~
Output Variables
rE GainTheta ang_rad
GainX asin
Directivity GainY asinh
Realized Gain GainZ atan
Polarization Ratio GainLHCP atanh
Axial Ratio GainRHCP cos
Antenna Params GainL 3X cosh
Design Gainl 3
dB 10normalize
dB20normalize
dBc
dBm
dBwW
deriv
—Update Report even
¥ Realtime Update ™ exp e
QOutput Variables... | Optlonsl NewReportI Apply Trace AddTraneI Close |
STEP-15 2: Assign in Families
Report: microstrip_patch_antenna_1 - HFSSDesign1 - XY Plot 3 - dB(GainTotal) =
[ Context Trace Families I Families Display l
Soluion:  |setup1 : Sweep =l —Families : 1 available
Geometry: |Inﬁr|'h: Sphere1 3 ¢ Sweeps (" Available variations
\r'anabl-el value | Edit |
|Theh Odeg |
—Update Report
IV Real time Update ™
Output Variables... | Optnonsl NewReportI Apply Trace AddTraneI Close |



4 Gain Plot & Reflection coefficient

5.00

XY Plot1

HFSSDesignt A,

s

500

-10.00 -

- -

> ]
45,00

168118

0.00 78

Name

Delta(¥) Slope(Y) | InvSlope(Y) |l

d(mim2)

NA 00000

Name | X

m 24100

m 2410

357 |

v

Curve Info

— d8§(11)
Setup! : Sweep
— dB(GainTotal)
Imported

Phi=0deg Thets<0deg'|

1.76

200

Freq [GHz|

STEP-16 1: Assign in Traces. From the results section in the create farfield report.

Rectangular plot.

E Report: microstrip_patch_antenna_1 - HFSS5Design1 - XY Plot 4 - dB{AxialRatioValue) >
[t Trace | Families I Families Display I
Solution: .
Se 1: Swe - .
I e =P —I Primary Sweep: |Freq vl |AI =
Geometry: |Infinite Spherel -
I ch =l = ¥ Default |Freq |
Y: IdB(AxiaIRaﬁoValue) 'IZ.::ge ”
Category: Quantitv:l filter-text Function:
Variables AxialRatioValue <none >
Output Variables ang_deg
rE ang_rad
Gain arg
Directivity _deg
Realized Gain cang_rad
Polarization Ratio
Axial Ratio dB 10normalize
Antenna Params dB20normalize
Design dBc
im
mag
normalize
re

Update Report

v Real time Update ™ |

Output Variables. .. I Opuonsl

MNew Report I Apply Trace I AddTraneI
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Step-16 2: Assign in Families.

Q Report: microstrip_patch_antenna_1 - HFSSDesign1 - XY Plot 4 - dB(AxialRatioValue)
—Context Trace Families IFa-riies I:isplayl
s |S'Et"':’1 : Sweep LI —Families : 1 available
Geometry: |Inﬁr|'te Sphere 1 ;l s Sweeps ( Available variations
| variable | Value | Edit |
Phi Odeg |
Theta Odeg |
Update Report
Nominals: »
¥ Real time Updale ™ | I i
Output Variables... I Ophoml MNew Report I Apply Trace Add Trace Close |
O Axial Ratio
XY Plot 4 HFSSDesignt 4,
10000 i Curve Info
— dB(AxialRatioValue)
7] p1 : Sweep
: Phi=0deg' Theta=0deg'
87.50 7
° i
3| 75.00
R
g
E 62.50
o ]
< 50,00
Jui]
o N
37,50~
25,00 — : : . : : :
— 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
Freq [GHz]
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PRECAUTIONS:

1. Save the HFSS file before designing the antenna.

2. Define infinite sphere and simulate again for far-field results.

3. Choose the radiation box at least quarter wavelength from each side of the antenna
geometry.

DESIGN TASKS:

1. Microstrip patch antenna design at 400 MHz with 20% IBW.
2. Microstrip patch antenna design at 900 MHz with 20% IBW.
3. Microstrip patch antenna design at 1800 MHz with 20% IBW.

4. Microstrip patch antenna design at 3 GHz with 20% IBW.

18



Experiment no: 4

Objective: Design and analysis of a 2x2 antenna array using HFSS simulation
software for 3.5 GHz

Software used: Ansys HFSS EM software

Theory:

In the present world of communication, an antenna is one of the critical parts. An antenna is a resonating
structure, radiating electromagnetic field waves in free space. Antenna shows a property known as reciprocity,
which implies that it can be transmitting or receiving. Antennas are utilized as a part of any communication
frameworks, Viz., wireless LAN, space investigation, and radar, etc. Antennas usually work in air or outer
space, but can also be operated underwater or even through soil and rock at specific frequencies for short
separations.

Military applications, Radar applications, Satellite applications, and Airborne applications need a high gain
antenna in the field. Antenna gain is the ability to focus radiation from an antenna. So, for high gain
application, we need an antenna with higher gain, higher directivity, relatively lesser half-power beamwidth
(HPBW). As we know, for a single antenna element, the radiation pattern is relatively broad, and each element
provides low values of directivity (gain). So, for high gain, either we have to enlarge the dimensions of the
single element, often leads to more directive characteristics with the drawback of higher fabrication cost,
impractical size, weight, and it requires more power to operate. Another way to enlarge the dimensions of the
antenna, without necessarily increasing the size of the individual element, is to form an assembly of radiating
elements in an electrical and geometrical configuration. This new antenna, formed by multi-elements, is
referred to as an array. The signals from the antennas are combined or processed in order to achieve improved
performance over that of a single antenna. Such as, Side lobe level, Beam width, Directivity & Gain etc.

Main Lobe

Main Lobe

Side
Lobe
Antenna Antenna Antenna

One Radiating Two Radiating Four Radiating
Element Elements

Elements

Fig. 1. Antenna array evolution from single element to array

Antenna Arrays Classification

Based on Geometrical configuration Based on Radiation Pattern
Linear Circular End-fire Broadside

Tomo oo - o

Fig. 2. Antenna array classification



NOTE:
e Radiation characteristics of antenna array is dependent on excitation coefficients and spacing of
individual elements in the array
e Uniformly spaced arrays with spacing Ag/2 give a SLL of -13.26 dB. Where, Ag is the guided
wavelength.

2D- Radiation Plot for Uniform Arrays

N
© o o

W
S

Amplitude(dB)
IS
o

\

-90 -70 -50 -30 A_r}gle(Dlgg) 30 50 70 90

Fig. 3. 2D radiation plot of uniform array

o
o

The electric field strength is given by
E(0) = E(element).AF(0)
where E(0)=Total radiated field, E (element)= Radiation pattern of antenna element, AF (6) = Array
Factor
Variation for spacing has exponential effect on the Array Factor, i.e.,
n

N
AF(B) = ) Anexpl] (k > dicos(®) + g,)]
n= =1
Where,

A is free space wavelength

6 is angle of incident wave with respect to x axis

d; is the inter element spacing between (i-1)™ and the i'
A,, is the amplitude of the n'" element

@n, 1s the phase of the nth element

h elements

Design of a simple T- Junction Power Divider at 3.5 GHz:
1. Selected an appropriate substrate of thickness (h) and dielectric constant (&, ) for the design of
the power divider.

2. Calculate the wavelength 4, from the given frequency specifications as follows: 4, = %

Where, c is the velocity of light in air.
f is the frequency of operation of the coupler.

&,is the dielectric constant of the substrate.



3. Synthesize the physical parameters (length & width) for the A/4 lines with impedances of Zg
and V2 Zo (Zo is the characteristic impedance of microstrip line which is = 50 Q).

4. Calculate the physical parameters of the T-Junction power divider from the electrical parameters
like Zo and electrical length using the above given design procedure.

o SIMULATION (ANSYS HFSS):

» Power Divider Simulation at 3.5 GHz
First of all, we have to calculate the dimensions of the 50 Ohm and 70.7 Ohm microstrip line width

lengths. Use online microstrip line calculator for the calculation.

Microstrip Line Calculator Microstrip Line Calculator

conductor

ground_# © emtalkcom

Substrate Parameters.

Dielectric Constant (g,): [4.4

T R
Substrate Parameters

Dielectric Constant (,): (4.4

J
Dielectric Height (h):  [1.6 [[mm v Dielectric Height (h):  [16 |[mm v]
Frequency: [3s | GHz Frequency: 35 | GHz
Electrical Parameters Physical Parameters Electrical Parameters Physical Parameters
2o0: (50 o s Width (w): [3.0589749829276 | (mm v 200 70 o Width (w): [1.6548814934282 | [mm v
Elec. Length: [90 deg Length (): [11.742417081736 | [mm v] Elec. Length: (90 |deg Length (L): [12.018659070154 | [mm v

Fig. 4. Microstrip Line calculator

i
[
I

fr——)

|
[t

- -

Fig. 5. 2-way Power divider HFSS structure, reflection coefficient and transmission parameter

» 1x2 Antenna Array Simulation at 3.5 GHz




» Results for 1x2 Antenna Array

e S-Parameter:

S Parameter Plot 1 HFSSDesign1 ANSYS
0.00 Curve Info
i — dB(S(11
] Setup1: Sweep
5.00 |
i Name | X v 1
4 m1 3.4242| 86796
- 2 |35758|-10.2062|
-10.00 m: 3
— m3 34545114270
& i
E
g i
-15.00
-20.00
-25.00 T T T T T
1.00 1.50 2.00 250 3.00 350 4.00
Freq [GHZ]
e Realized Gain:
Realized Gain Plot 1 HFSSDesign1 ANSY
10.00°7 Curve Info
mi —— dB(RealizedGainTotal)
] Setup? : Sweep
5.00 - Phi="0deg’ Theta="0deg
0.00 -
Name X Y
T ] m1 3.5152)6.4233
s
E -5.00 4
g
o
3 i
g ]
5’1“'00 ]
F
E
-15.00
-20.00
7”_—————"
2500 | : ! | /
1.00 150 200 250 3.00 350 40
Freq [GHZ]
e 3D-Polar Plot:
Gain Plot 1

dB(GainTotal)
Ttveta (deg)

0.0 4B(GainTotal)

R

N gl W
, N Phi (deg)

25 \)\

Min: -23.38 \\\;///

-20




» Final 2x2 Antenna Array Simulation at 3.5 GHz

> Results for 2x2 Antenna Array

e S-Parameter:
S Parameter Plot 1 HFSSDesign1 ANSYS
0.00 i Curve Info

— dB(sLY)
Setupt : Sweep

250

-5.00

] i |34242) 96939
7507 m2 | 3.5455) 10,4004

-10.00

dB(S(1,1))

-12507
-15.00

1750 7

2000 ! ! ! ! T ! ! ! ! T ! ! ! ! T ! T T . . . . T
1.00 150 200 250 3.00 350 400

Freq [GHz]



e Realized Gain:

Realized Gain Plot 1 HFSSDesign1 ANSYS
10.00 T |
7] 5

Curve Info
—  dB(RealizedGainTotal)
Setup1 - Sweep

Phi="0deg’ Theta="0deg"

500~

0.00 7

-5.00 4

dB(RealizedGainTotal)

-10.00

-15.00 5 /—/

-20.00 T T T
1.00 150 200 250 3.00 350 4.00

Freq [GHz]

e 3D-Polar Plot:
Gain Plot 1

dB(GainTotal)
TqFta (deg)

100

-10

-15
I _20

-25
Min: -23.4

An advantage of antenna arrays is that since they have directive beams with high gain properties, they can
operate over a radar, military applications, etc. The primary benefits of antenna array are given below:
» The signal strength increases.
High directivity is obtained.
Minor lobes are reduced much.
High Signal-to-noise ratio is achieved.
High gain is obtained.
Power wastage is reduced.
Better performance is obtained.

YV VVVVYY

Simulated results:

Add various plots for the proposed antenna performance:

1. -10 dB impedance bandwidth (BW in GHz)



VSWR plot

o gk wnN

Observation Table:

Gain variations over whole operating BW (in dB)
2-D radiation patterns at different resonating frequencies

3-D radiation patterns at different resonating frequencies
Efficiency over the operating band

Frequency range of the
antenna array (-10dB BW)

Gain variations over
the band

VSWR

Efficiency

Conclusions:

Please add some comments on these particular experiments related to the difficulties you have

faced during simulation and also related to observation from variations of results with respect to

different design parameters. Also mention some points related to necessary precaution that

need to consider during simulation for getting desired results.




Experiment no: 3

Objective: Design and analysis of conventional antennas like Waveguide
based horn antenna.

Software used: HFSS software.

Theory:

A horn antenna is an antenna that consists of a flaring metal waveguide shaped like a horn to direct radio
waves in a beam. Horns are widely used as antennas at UHF and microwave frequencies, above 300
MHz. They are used as feed antennas (called feed horns) for larger antenna structures such as parabolic
antennas, and as directive antennas for devices like radar guns, automatic door openers, and microwave
radiometers. Their advantages are moderate directivity, broad bandwidth, and simple construction and
adjustment.

The horn antenna is a simple development of the waveguide transmission line. Using some simple theory,
it is easy to learn the operation of horn antenna. It is quite possible to leave a waveguide open and let
signal radiate from this. However this is not particularly efficient. Signals passing along the waveguide
see a sudden transition from the waveguide to free space which has an impedance of around 377Q. The
result of this sudden transition is to cause signals to be reflected back long the waveguide as standing waves
as this is exactly the same as for poor matches at the end of coaxial or other forms of wire based transmission
lines. To overcome this issue, the waveguide can be tapered out or flared. This has the effect of providing
a gradual transition from the impedance of the waveguide to that of free space. In effect it acts like a
progressive matching transformer. The flare functions similarly to a tapered transmission line, or an optical
medium with a smoothly varying refractive index. In addition, the wide aperture of the horn projects the
waves in a narrow beam. The waves of the signal will propagate down the horn antenna towards the aperture.
As they travel along the flared opening, the waves travel as spherical wave fronts. As the phase front
progressing along the horn antenna is spherical, the phase increases smoothly from the edges of the aperture
plane to the centre. The difference in phase between the centre point and the edges is called the phase error.
This increases with the flare angle reducing the gain, but increasing the beam width. As a result horn
antennas have wider beam widths when compared to similar-sized plane-wave antennas like parabolic
reflectors. In order to provide a narrow beam width a longer horn is required, i.e. having a smaller angle of
flare. This enables the phase angle to be kept more constant.

As the frequency used by a horn antenna increases, so does the gain and directivity (beam width
decreases). The reason for this is that the aperture of the horn remains constant in terms of physical
dimensions (obviously), but increases in terms of the number of wavelengths, i.e. it is electrically larger.
As the flare angle is increased, the reflection at the mouth decreases rapidly and as a result the gain of the
horn antenna increases. The horn antenna can operate very effectively. The flare of the horn antenna
provides a smooth match between the waveguide and free space and its angle affects many properties
including the gain and directivity.

An advantage of horn antennas is that since they have no resonant elements, they can operate over a wide
range of frequencies, a wide bandwidth. The uses of horn antenna are given below:



1. The horn is widely used as a feed element for large radio astronomy, satellite tracking, and
communication dishes found installed throughout the world.

2. In addition to its utility as a feed for reflectors and lenses, it is a common element of phased
arrays.

3. It serves as a universal standard for calibration and gain measurements of other high-gain
antennas.

4. Its widespread applicability stems from its simplicity in construction, ease of excitation,

versatility, large gain, and preferred overall performance.

Different types of horn antennas are shown in below figure.

2 ) -
/ : :
Ha T
Pyramidal hom A
H-plane sectoral hom

o

Conical Horn Antenna

E-plane sectoral hom

The cross-sectional view (E-plane and H-plane) of a pyramidal horn antenna is shown below.
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(a) Pyramidal horn
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Design Procedure of Pyramidal horn antenna:

To design a pyramidal horn, one usually knows the desired gain GO and the dimensions a, b of the
rectangular feed waveguide.

The objective of the design is to determine the remaining dimensions (al, b1, pe, ph, Pe , and Ph) that
will lead to an optimum gain.

The design equations are derived by firsts electing values of al and blthat lead to optimum directivities
for the E and H plane sectoral horns.

ay =~ £/3rp by = /2201

Since the overall efficiency (including both the antenna and aperture efficiencies) of a horn antenna is
about 50%. The gain of the antenna can be related to its physical area. Thus it can be written by

1 4 21 T - -
Go = 3 3 (a1h)) = 2 v 3Ap2v/2Ap01 2 5 Vv 3APh/ 2APe
/ e \4- o

-
s v A

2




Since for long horns p2 = ph and pl = pe. For a pyramidal horn to be physically realizable, Pe and Ph
must be equal. Using this equality, it can be shown that gain reduces to

2 . 2 o)
3 v G 3 1 G 1
AT} - D= | e - ] [ 22
A 2N 2w A 61

Where,

This Equation is the horn design equation.

1. As a first step of the design, find the value of y which satisfies eqn. (1) for a desired gain
Gy (Dimensionless). Use an iterative technigue and begin with a trial value of

bolal] sy e
XHM)_XI_BN 27

2. Once the correct x has been found, determine pe and ph using eqn. (1).
3. Find the corresponding values of al and b1.

ay = /3 oy 2= /3App = Go

27

by = /2Ap1 = /2006 = /2XA

4. Then find the value of pe and ph using following equations.
B pe\> 1
pe= -0 () -3

Ph)z 1

pr = (a; — b) (a1



Design Problem:

Design an X-band Horn antenna with the specifications as given below: Given: X-band (8.2 — 12.4 GHz), f =
11 GHz Horn and Gain = 22.6 dB. Here, a = 0.9 inch, b = 0.4 inch. Find the dimensions of Pyramidal Horn
antenna and then simulate that structure using HFSS software.

Design procedure using HFSS software:

1. After opening of the HFSS software, design the wave guide feeding section as shown below.
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2. Then, select the face and then “Modeler” — “Surface” — “Create object from face”.
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3. Then right click on the surface and “Edit” — “Sweep” — “Along Vector”.
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4. Choose “Draft angle” and “Draft type”.
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5. Choose the length and angle from “Sweep along Vector”.
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6. Then select the surface and “Edit” —
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“Surface” — “Uncover Faces”.
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7. Then unite the structure and select it. After that “Edit” — “Surface” — “Thicken Sheet”.
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8. An alternate approach to design:
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9. Go to “Modeler” — “Surface” — “Connect” to create the horn antenna geometry and then follow
the same steps as shown before.
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Simulated results:
Add various plots for the proposed antenna performance:

-10 dB impedance bandwidth (BW in GHz)

Gain variations over whole operating BW (in dB)

2-D radiation patterns at different resonating frequencies
VSWR plot

3-D radiation patterns at different resonating frequencies
Efficiency over the operating band

oakrwbdPE

Observation Table:

Frequency Gain VSWR | Cross- polarization Efficiency
range of the | variations suppression at
Horn antenna | over the different frequencies

(-10dB BW) band

Conclusions:

Please add some comments on this particular experiments related to the difficulties you have
faced during simulation and also related to observation from variations of results with respect to
different design parameters. Also mentioned some points related to necessary precaution that

need to consider during simulation for getting desired results.
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