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1 Introduction

This | aboratory course builds on the AMicrow
experience with the proces$the microwaves in the microwave transmission lines. Experiments cover the
propagation of the electromagnetic waves in the waveguid@caowave frequency. The objectied this
laboratory is to enable the studetdsacknowledge with various waveguide Components. They can critically
analyze the behavioof their implementation.The Microwave Lab supports intermediate and advanced
coures in Electromagnetics and Microwave Engineering. Students experiment with transmission (line
propagation, antennas and microwave circuit components. The microwave laboratories provide the necéssa
hardware & software support for training the studentbénarea of RF and Microwave Engineering. It offers
design, analysis and simulation of various components and devices to understand the basics of RF ar

microwave engineering

1.1 Student Responsibilities

Studentsarerequired taattend allabs.
Studentsshould workindividually in thehardwareand softwardéaboratories.
Studentshaveto bring the lab manualcum observatiorbook, recordetc along with them
whenever thegomefor lab work.

1 Shouldtake only the lab manual,calculator(if needed)and a pen or pencil to thework
area.

1 Shouldlearnthe prelab Experiments Readthroughthe lab experimentto familiarize
themselvesvith the components and assemédguence.

1 Shouldutilize 3 hour®time properlyto performthe experimentandto recordthe
readingsDo the calculationsgrawthe graphsandtakesignaturgrom theinstructor.

1 If theexperimenis not completedn the stipulatedtime, the pendingwork hasto becarried
out in the leisuréours orextended hours.

1 Shouldsubmitthe completedrecordbook accordingto the deadlinessetup by the
coordinator

1 For practicalsubjectsthereshall be a continuousevaluationduring the semestefor 20
sessional marks and 50 end examination marks.

9 Out of 30 internal marks, 20 marksshall be awardedfor day-to-day work and 10 marksto
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beawarded byonductingan internal laboratortest.

Laboratory Teaching Assistant Responsibilities

TheLTA duties include prepare and facilitate a-fade tutorial

Introduce students to each experimamd maintairthelab time tables.

Actively provide advice and assistance to students as they canxghecimentsn the lab

Evaluating students' performance by observing them while they carry out experiments
Observeall safety regulations

Monitor midterm exams and the final exam

Keep records of student grades and update ttie@grade book for the students enrolled

Provide feedback and assistance to the course instructor as requested

Maintain a clean and orderly laboratory environment whichudes working with laboratory staff to

make sure thtlaboratory space is ready for the niat

Faculty Coordinator Responsibilities
Thefaculty coordinator ensure that the laboratoeguipmentaindhardwarecomponentsipgrades,
replacementiunctioningand repairs.

Responsible foisupervisingthe teachingassistantsand resolving any Experimentsor problemsthat
are identified by the teachingassistant®r the students.

Evaluate lab equipment as used on a daily/weekly basis.

Make sure that safety equipmeasfunctioning properly.

Lab equipment should be evaluated at least once each year.

Recordlab equipment at least once each year.

Recommend policies and proceduressimooth conduction of lab. Some of tsues include
o Safety procedures
0 Regular maintenance, calibration, and cleaning needs
0 Resolving broken equipment/repairs with the technician




1.4 Lab Policy and Grading

The studentshould understandhe following:

Attendance: Attendanceis mandatoryand any absencemust be for a valid excuse and mustbe

documentedif the instructor is more than 15 minutes late, students may consider lab for ttendaited.
Lab records: The student must:

1. Performthe PreLabassignmenbeforethe beginningof eachlab.
2. Keepall work in preparatiorof andobtainedduring lab.

3. Preparealab reporton experimentselectedoy the LTA.

Grading Policy:

The final grade of this course is determined using the criterion detailedsyllddeus.

Pre-Requisitesand co-Requisites:
The lab courseis to be taken during the sansemester aBECO011(MWE lab), but receives a separate
grade. If AECO15MWE), is dropped therPAECO11(AN& MWE LAB) must ke dropped as well.
Students are required to have completed B&EE011and AEM15with bettergrade in each.

1.5 Coursegoals andobjectives

Course overview:

The microwave laboratory delivers the necessary hardwasef@are support in the area of RF and

Microwave Engineering. It focuses on the principles and advanced applications of Microwaves by

measuring the characteristics of Microwave components using Microwave benchTdestupourse
provides practical hanesn experiments to analyze and simulate various microwave components

devices

CourseObjectives

I. Theexperiments omicrowave test equipment to make measurementsia@bwave parameters and
devices

II.  The measurement of -Barameters ofmicrowave components to gain the practical hands on




experiencen themicrowave test bench

lll.  The RF based realime applications in the fields of communication systeamsl homebased
automation systems

Use of Laboratory Instruments

One of the major goals of this lab is to familiarize the student with the proper equipmeecttamdues
for making electronic measurementsSome understandingof the lab instrumentsis necessaryto avoid
per sonal or equi pment damage. By understandin
costly mistakes can be avoided. Most of the instrumentation used in this laboratory is implemented th

breadboarg dual trace cathode ragalloscope, function generators, dual power supplytrainer kits.

In general, all devices have physical limitsThese limits are specified by the device manufacturer a
are referred to as the device ratimbe ratings are usually expressed in teofngoltage limits, curreniimits,
or power limits. It is up to the engineerto make sure that in device operation,these ratings(limit
values)are not exceededThe following rules provide a guidelinefor instrumentprotection.

1.6 Instrument Protection Rules

Disconnect a plug by pulling on the connector body not the cable.
Disconnect any device from the circuit before service.

Never bypass fuses or circuit breakers.

Keep electrical service and breaker panels accessible at all times.
Electricalequipment and connections should not be handled with wet.hands

Set multirange meters to highest range before connecting to an unknown source.

= =4 4 A4 A A -

Do not move equipment around the room except under theviiparof an instructor.
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2.Data Recording and Reports
1.7 The Laboratory Notebook

Studentsmust record their experimentalvalues in the provided tables in this laboratory
manual and reproduce them in the lab reports. Reports are integral to recording the
methodology and resultsof an experiment.In engineering practice, the laboratory notebook
servesas an invaluable referencéo the technique used in the lab and is essential when trying
duplicate a result or write a repoftherefore,it is importantto learnto keep accuratedata.Make
plots of data and sketcheswhen these are appropriate in the recording and analysis
observationsNote that the data collected will be awocurateand permanentrecord of the data
obtainedduring the experimentand the analysis of theresults. You will needthis record when

you arereadyto preparea lab report.
1.8 The Lab Report

Reports are the primary means of communicating your experiment and conclusions to ¢
profes sionals. In this course you will use the fajport to inform your LTA about what you did and

what you have learned from the experiment. Engineering results are meaningless unless they

communicated to others. You will be directed by your LTA to prepare a lab report on a few sele
lab expeime nt s during the semester. Your assign
assignment.

Your laboratory report should be clear and concise. The lab report shall be typed on a
processor. As a guide, use the format on the next page. Use thhtgams, sketches and plots as
necessary to show what you did, what was observed and what conclusions you can draw fron
Even though you will work with one or more lab partners, your report will be the result of yq

individual effort in ordera provide you with practice in technical communication.

1.9 Formatting and Style

The lab report shall be typed in a word format.

All page margins must be 1.25 inch@dl. content (including text, figures, tables, etmyst fit
within the margins.

Body text should be doublespaced.
Basic text shouldbe in 12-point sizein a commonlyusedtext font.
Setyour maintext justified (with evenleft/right margins).

Thefirst line of eachparagraptshouldhavea left indent.
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as Table 1, Table 2, etc.

1 Table captions appeabovethe table. The column headings shouldlddeeledwith the units
specified.

1 Graphs should be presented as figures. All the figures should Héese a@and should be
numbered. Figure captions appear below the figure. Graphs should have labeled axes and ¢
show the scales and units of the axes.

1 All the figures and tables must be centered on the page.

All the figures and tables in your report mbstreferenced in your discussion. References to figure
in the main body of the text are wusually

1 Use MSWord equation (under Insert Equation menu), Math Type, or a similar tool to ty
formulas.

1 If you need to copy a schematic or figure from the lab manual to your report, use Copy and R
1 function or take a screenshot by using Snipping Tool iRWiSdows.

1 Do not place screenshots of your lab notebook in the report! Diagrams, tables, calculations
must be generated using the existing tools in the word processor.

3.2.1 Order of Lab Report Components

clear

S
wr
pe

Paste

, etc

Cover page- Cover page must include lab naamed numberyour nameyourl ab part ner

andthe datethe lab was performed.
Objective i
Clearly statehe experiment objective in your own words.
Equipment usedi
Indicate which equipment was used in performing the experiment.
For each part of thelab:

T Write the | abds part number and title in

1 Firstly, describe the problem that you studiedhiis part, give an introduction of the theory, and

explain why you did this experiment. Do not lift the text from the lab manual; use your own

words.

i Secondly, describe the experimental setup and procedures. Do not follow the lab manu

al ir

listing out indvidual pieces of equipment and assembly instructions. That is not relevant

information in a lab report! Instead, describe the circuit as a whole (preferably with diagrg
and explain how it works. Your description should take the form of a narrativeinelnde

information not present in the manual, such as descriptions of what happened du

m),

ring

intermediate steps of the experiment.




1 Thirdly, explain your findings. This is the most important part of your report, because here,

show that you understantiet experiment beyond the simple level of completing it. Explai

you

=)

(compare expected results with those obtained). Analyze (analyze experimental error). Interpre

(explain your results in terms of theoretical issues and relate to your experimental objecti

This part includes tables, graphs, and sample calculations. When showing calculations, it is

ves)

USUe

to show the general equation, and one worked example. All the results should be presented eve

if there is any inconsistency with the theory. It shoulghbssible to understand what is going on

by just reading through the text paragraphs, without looking at the figures. Every figure/table

must be referenced and discussed somewhere in the text.
1 Finally, provide a summary of what was learned from this pathefaboratory experiment. If

the results seem unexpected or unreliable, discuss them and give possible explanations.

Conclusions- The conclusionsectionshouldprovide a takehomemessagsummingup what has

beenlearnedfrom the experiment:
1 Briefly restate the purpose of the experiment (the question it was seeking to answer)
1 Identify the main findings (answer to the research question)
1 Note the main limitations that are relevant to the interpretation of the results

1 Summarize what the experiment hastcibuted to your understanding of the problem.

Probing further Experiments - Experimentgertaining to this lab must be answered at the en

of laboratory report.
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Lab 1 - Orientation

Introduction
In the first lab period, the studentsshould becomefamiliar with the location of equipmentand

components in the lab, the course requirements, and the teaching insBuatients should also
makesurethat they haveall of the co-requisitesand pre-requisitesfor the courseat this time.

Objective

To familiarize the studentswith the lab facilities, equipmentstandardoperatingprocedureslab safety,
andthe courserequirements.

PreLab

Read the Introduction and Appendix A, of this manual.

Equipment Needed

AECO011 lab manual.

Procedure

1. During the first laboratory period, the instructor will provide the students with a general idea

of what is expected from them in this course. Each student will receive a copy of the syllab

stating the instructor 6s irstauctdr wilt review thd safetyna
concepts of the course.

2. During this period, the instructor will briefly review the equipment which will be use
throughout the semester. The location of instruments, equipment, and components
resistors, capacitorgpnnecting wiring) will be indicated. The guidelines for instrument us
will be reviewed.

DO ~C

11

us,
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LAB 2-STUDY OF MICROWAVE COMPLONENTS

Introduction

Different microwave components and microwave devices are studies all microwave components

are connectetb form a microwave bench set upthis laboratory all experiments are based on the

microwave bench set up only.

Objective

By the end of this lab, the student should able to know the specifications and operation of each

and every component and the numbérdevices that we can connect to every component and

operating frequency range.

PreLab

Read Appendix B and Appendix C of this manual, paying particular attention to the method
using measurement instruments. Prior to coming to lab class, comple@edP#re Procedure.

Equipment:
ALL microwave components

Background:

RECTANGULAR WAVE GUIDE :

Wave guides are manufactured to the highest mechanical and electrical standards and meg
tolerances.land S band wave guides are fabricated by precision brazing ofptetess and all other

wave guides are in extrusion quality.W.G. Sections of specified length can be supplied with fla

WR-90
painted outside and silver or gold plated in side.

Fig.Rectangular wave guide
SPECIFICATIONS:

X Band EIA No. : WR - 90

hani

nges

Frequency : 8.2-12.4GHZ

12



Width : 2.286cm Height: 1.1016cnWidth: 2.54cm
Height : 1.27cm+ Tol. (um). 7.6,Material: Brass/Copper

FIXED ATTENUATORS :

Series 5000 fixed Aénuators are meant for inserting a known attenuation in a wave guide systen
These consist of a lossy vane inserted in a section of wave guide, flanged on both ends. These
useful for isolation of wave guide circuits, padding and extending the ramgeasiring equipments.
Fixed Attenuators are available for 3,6 or 10 dB attenuation values, but any attenuation valve be
0 and 30dB can be provided.

Fig. Fixed attenuator

SPECIFICATIONS:
Model No: X-5000

Frequency8.12- 12.4 GHZ
Attenuation (dB: 3,6,10
CalibrationAccuracy:+ 0.2Db
Avg Power:2W/Max VSWR: 1.10
Max Insertion Loss (dB 0.2
W.G. Type: WG 90

Flange Type (UG/Y 39.

A precision built probe carriage has a centimeter seéle a vernier reading of 0.1mm least count

and a dial gauge can be mounted easily if precise readingsgaresd.

Model No. : X -6051
Freq (Ghz) : 8.2-124
Max Residual VSWR ; 1.01

WG type (WR) X 90

are

twee

13



Flange Type (UGU) : 39
TUNABLE PROBE:

Model 6055 Tunable probe is designed for use with model 6051 slotted sections. These are me
exploring the energy of the EF in a suitably fabricated sectiorawé guideThe depth of penetration

rant |

into a wave guide section is adjustable by the knob of the probe. The tip pick up the RF power from

the line and this power is rectified by crystal detector, which is then fed to the VSWR mets

indicating instrumen
Model No. : X6055
Freq (Ghz) :8.212.4
outputConnectorBNC(F)

Detector - IN23.

)L

It
N —

(T
\J
"‘n I_ E

X-6055

Fig. Tunable Probe

WAVE GUIDE DETECTOR MOUNT (TUNABLE) :

Model 4051 Tunable Detector Mount is simple and easy to use instrument for detecting micrg
power throbéa suitable detector. It consi st
and shorting plunger for matching purpose. The output tlercrystal may be fed to an indicating

instrument. In K and R bands detector mounts the plunger is driven by a micromet.

2 Or

wav




Fig. WaveGuide Detector Mount

KLYSTRON MOUNT:

X-2051

FI1g. KIystron iviount

Model 2051 Klystron mounts are meant for mounting corresponding Klystrons such as 2K25,
723A/B, 726A or RK- 5976 etc.These consists of a section of wave guide flanged on one end anc

terminated with a movable short on the other end. A bate with cable is provided for Klystron.
ModelNo.: X 7 2051/ Freq. Range (GHz) 8.22.4/ WG Type (WR: 90

Flange Type (UGU): 39

CIRCULATORS:

Model 6021 and 6022 are T and Y types of three port circulators respectively. These are precise
machinedand assembled to get the desired specifications. Circulators are matched three port devic
and these are meant for allowing Microwave energy to flow in clockwise direction with negligible

loss but almost no transmission in the -atdickwise direction.

Model No. : X -6021

FrequencyRange(Ghz) : 8.6-10.6 or 10.2 12.2
Min. Isolation(dB) : 20

Max. Insertion Loss (dB) 0.4 Max.VSWR X 1.20

15



Fig.Circulator
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X-6022
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SLIDE SCREW TUNERS:

Model 4041 slide screw tuners are used for matching purposes by changing the penetration al

position of a screw in the slot provided in the centre of the wgaide.These consists of a section 0
wave guide flanged on both ends and a thinislptovided in the broad wall of the Wave guide.
carriage carrying the screw, is provided otrexslot. A VSWR upto 20 can be tuned to a value les

than 1.02 at certaifrequency.
Model No. : Xi 4041/ Freq. Range (Ghz) : 8.22.4/WG Type (WR) : 90

Flange type (UG/U) : 39

Fig.Slide Screw Tuners

MULTIHOLE DIRECTIONAL COUPLERS

Model 6000 series Multiholdirectional couplers are useful for sampling a part of Microwave ene

f

gy

for monitoring purposes and for measuring reflections and impedance. These consists of a segtion

Wave guide with addition of a second parallel section of wave guide thus malantputr port

network. However the fourth port is terminated with a matched load. These two parallel sections ar

coupled to each other through many holes, almost to give uniform coupling; minimum frequency

=/ X-6000

sensitivity and high diréctivity. These are avaléaim 3, 6, 10, 20 and 40dB coupling.

Fig. Multi hole Directional Couplers




Model No. : X - 6003

FrequencyRange(Ghz) 8.2-12.4
Coupling (dB) : 3,10,20,40
Directivity (dB) : 35

Wave guideype (WR) : 90

E PLANE TEE:

Model 3061 E- planetee are series type -Tjunction and consists of three section of wave guide
joined together in order to divide or compare power levels. The signal entering the first port of this T

junction will be equally dividing at second and third ports of the saagnitude but in opgphase

Model No. ; X -3061
Frequency Range (Ghz) 8.2-12.4
WG Type (WR) : 90
Flange Type (UG/U) 39




H - PLANT TEE:

Model 3065 H- Plane Tee are shunt type-Tunction for use in conjunction with VSWR meters
frequency- meters and other detector devices. Like ipl&he tee, the signal fed through first port o
H - plane Tee will beequally divided in magnitude at selcand third ports but in sarpbase.

Model No.

Frequency Range (GHz) :

WG Type (WR)

Flange Type (UGU)

MAGIC TEE :

X -
3065

8.2 -
12.4

90

39

L4

X-3065

Fig.H- Plane Tee

=

Model 3045E - H Tee consists of a section of wave guide in both series and shunt wave guide arms

mounted at the exact midpoint of main arm. Both ends of the section of wave guide and both arms a

flanged on their ends. These Tees are employed in balanced mik&scikuits and impedance

measurement circuits etc. This becomes a four terminal device where one terminal is isolated from tl

input terminal.

X-3045

Fig. Magic TEE

8




Model No. : X - 3045

Frequency Range (Ghz) : 8.2-12.4
WG Type(WR-) : 90
Flange Type (URU) : 39

MOVABLE SHORT :
Model 4081 movable short®nsistof a section of waveguide, flanged on one end and
terminated with a movable shorting plunger on the other end. By means of this non contacting typ

plunger, a reflection cefficient of almost unity may bebtained.

Fig.Movable Short

Model No. : X -4081
Frequency Range (GHz) : 8.2-12.4
WG Type (WR) 90

Flange Type (UGU) : 39




MATCHED TERMINATION

Model 4000 are low power and noeflective type of terminations. It consists of a small and high
dissipative taper flap mounted inside the ceanfra section of wave guide. Matched Terminations &
useful for USWR measurement of various waveguide components. These are also emplo}
dummy and as a precise reference loads with Tee junctions, directional couplers and other

dividing devices

Fig.MatchedTlermination
Model No. : X- 4000,
Freq. Range (Ghz) :8:212.4
Max VSWR : 1.04
AV Power : 2W, WG Type (WR 90,
PYRAMIDAL WAVEGUIDE HORN ANTENNA

Model 5041 pyramidal Wave guide Horn antenna consists of waveguide joined to pyractidal s¢

1”4

ly
re
ved

simil.

fabricated from brass sheet. The pyramidal section shapes the energy to concentrate in a specif

beam. Wave guidehorns are used as feed horns as radiators for reflectors and lenses and as

antenna for receiving microwave power.

Model No. : X-5041
Frequency Range (Ghz) 8.2-12.4
Max VSWR : 1.20

WG Type (WR) : 90
Flange Type (UGU) : 39

10
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Fig: Pyramidal Waveguide Horn Antenna

GUNNOSCILLATORS:

Model 2151 Gunn Oscillators are solid state microwave energy generators. These consists
waveguide cavity flanged on one end and micrometer driven plunger fitted on the other end- A gunr
diode is mounted inside the Wave guide with BNC (F) connector @bias. Each Gunn osciallator

is supplied with calibration certificate giving frequency vs micrometer reading.
Model No. : X- 2152, Freq : 8.212.4 Ghz, Min output power : 10 MW

WG Type (WR) : 90 Flange Type (U&U) : 39

Fig. Gunnoscillators

11




PIN MODULATORS :

Model 451 pin modulators are designed to modulate the cw output of Gunn Oscillators. It is opé
by the square pulses derived from the UHF(F) connector @btima power supply. These consists 0
a pin diode mounted inside a section of Wa

is mounted inside at the input to protect the oscillator.

Model No. : X1451
FrequencyrRange(Ghz) : 8.3-12.4
Max RF Power : 1w

WG Type (WR) : 90
FlangeType (GHz) : 39

Fig. Pin Modulators

GUNN POWER SUPPLY:

Model X-110 Gunn Power supply comprises of an regulated DC power supply and a square

generator, designed to operate G@nueillator model 2151 or 2152, and pin modulators model 451

respectively. The DC voltage is variable from Q0V. The front panel meter monitors the gunp

erate
f

wav

voltage and the current drawn by the Gunn diode. The square wave of generator is variable from C

10V. in amplitude and 9001100 Hz in frequency. The power supply has been so designed to protect

Gunn diode from reverse voltage application over transient and low frequency oscillations b

negative resistance of the Gudiode.
SPECIFICATIONS :

Amplifier Type : High gain tuned at onfeequency

12
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Frequency 1000 Hz £2%

Sensitivity 0.1 microvolt at 200 for fulscale
Bandwidth : 25-30 cps

Range : 70dB min in 10 dBsteps

Scale selector Normal Expand

Gaincontrol : 60CoarGrion &6
Mainspower : 230V, 50Hz

Fig.Gunn Power Supply

ISOLATORS:

The three port circulators Model 6021 may be converted into isolators by terminating one of it$ por
into matched load. these will work avihe frequency range of circulators. These are well matched

devices offering low forward insertion loss and high reverse isolation.

Model No. : X - 6022

Frequency Rang@sHz) 8.6-10.6 or 10.2 12.2
Min Isolation (dB) X 20

Max InsertionLoss (dB) 0.4 Max

VSWR ) 1.20

RESULT: Thus all the microwave components were studied in detalil.
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1. What ismicrowave?
2. Mention the frequency band for a millimeteave.
3. List some of IEEE microwave frequenbgnds.

List some ofcharacteristic feature oficrowave.

4
5. List some of the application of microwatexhnology
6. What is the need of wave guide in microwaves?

7

. What is the function of slotted line in microwave bench set up?
8. Draw a simple microwave system.
9. What are waveguide "Tek<
10. List the basic type of waveguide tees.
11. What is an isolator?
12.What is a circulator?
13. What is a directional coupler?
14. What is velocity modulation?
15. Mention the Principle used in Klystron?
16. When the o/p power of reflex klystron maximum?

17.What is meant by attentea

14




LAB -3

MODE CHARACTERISTICS OF REFLEX KLYSTRON

E A reflex klystronis an obsolete type in which the electron beam was reflected back along its
path by a high potential electrode, used as an oscillator. reflex klystron, the repellasgtite
place of collector andsedto repel the electron beam. Theain purpose of Two
cavity klystronis to amplify the microwave signal. The main purpose ofdflex klystronis to

oscillate the microwave signal. reflex klystraare oscillators thus find applications in local
oscillators receivers, radar receivergdio receivers. Also utilized as signal sources (in

microwave generators and pump oscillators of parametric amplifiers.

E Learnthe operation of Reflex Klystron

* Learn themode characteristics of the reflex klystron

1 Measurehe characteristics of the reflex klystron tube
« Measure Electronic tuning range by using mode characteristics

Draw the graph of different mode characteristics with respect to Repeller voltage

F Studythe Backgraind sectionof this Laboratoryexercise.

Prior to coming to lab class, complete Part O of the Procedure.

15




EQUIPMENT REQUIRED:

Klystron power supply {SKPST 610}

Klystron tube 2k25 with klystron mount {XM -251}
Isolator{X ;-625}

Frequencymeter{XF -710}

Detector moun{XD -451}

Variable AttenuatofXA -520}

Wave guide stanfKU -535}

VSWR meter{SW-215}

Oscilloscope

10. BNC Cable

© 0 N o g b~ wNRF

Background : The reflex klystron is a single cavity variable frequency microwave genexftor
low power and low efficiency. This imostwidely used in applications where variable frequency

is desiredas

In radamreceivers
Local oscillator ine wreceivers
Signal source in micro wave generadbwariablefrequency

Portable micro wavknks.

o b w0 Dd P

Pumposcillator in parametriamplifier
Voltage Characteristics: Oscillations can be obtained only for specific combinations of anode

and repeller voltages that gives farable transit time.

Power Output Characteristics The mode curves and frequency characiesistThe frequency of
resonance of the cavity decides the frequency of oscillation. A variation in repeller voltages

slightly changes the frequency.

16




BLOCK DIAGRAM:

Klystron Power supply
SKP$10

Multi
1  meter
Detector
Variable mount VSWR
—»| XD451 =
Klvstron Mount Isolator Frequency meter attenuator Smeter
Y > XF455 —t W15
> X621
— CRO

EXPERIMENTAL PROCEDURE :

CARRIER WAVE OPERATION:

N o g bk

10.

11.

Fig. Block Diagram Of Reflex Klystron

Connect the equipments and components as shownfiguihe.
Set the variable attenuator at maximBasition.
Set the MOD switclof Klystron Power Supply at CW position, beam voltage control knob to fully

anti clock wise and repeller voltage control kriolb ul | 'y c¢cl ock wi se and meterfr

position.
Rotate the Knolof frequencymeterat one siddully.

Connect the DC microampere metedatector.

Switchfi O NtkdeKlystronpowersupply,CROandcoolingfanfor theKlystrontube..

Put themeterswitch to beam voltage position and rotate the beam voltage knob clockwise slowly up to
300 Volts and observe the beam current ormibierby changing meter switch to beam current

position. The beam current should not increase more tharA30
Change the repeller voltage slowly and watch the current nsetdre maximumnvoltage on CRO.

Tune the plunger of klystron mount for the maximum output.

Rotate the knob of frequency meter slowly and stop at that position, where there is less output current
on multimeter. Readirectly the frequency meter between two horizontal lineand vertical marker. If micrg
type frequency meter is used read the micrometer reading and find the frequency from its frequency cal

chart.
Change the repeller voltagedaread the current and frequency for each repalléage.

17
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B. SQUARE WAVEOPERATION:

1. Connect the equipments and components as shdiiguia
2. Set Micrometeof variable attenuator around soesition
3. Set the range switabf VSWR meterat 40db position, input selector switch to crystal impedance

position,meterswitch to narrowposition.

4. Set Modselector switcho AM-MOD position .beam voltage contriahobto fully anti clockwise

position.
.Switch AONO t he KkVSWR metes, CRpandwedif@Supopl vy
.Swi t c h A ONadtage. Bwitchardaotate the beam voltage knob clockwise up to 300V in meter.
. Keep theAM i MOD amplitude knob andM i FREQknobat the midposition.
. Rotate the reflector voltage knobgetdeflection in VSWRmeter orsquare wave o€RO.
. Rotate theAM i MOD amplitude knob tgetthe maximum output in VSWRieter orCRO.

© 00 N O O

10. Maximize the deflection with frequency knobgetthe maximum output in VSWReter orCRO.

11. If necessary, change the rangatsiwvof VSWR meter30dB to 50dB if the deflection in VSWR
meter is oubf scaleor less than normal scale respectively. Further the output can be also reduced by
variable attenuatdor setting the outpubr any particulamposition.

C. MODE STUDY ONOSCILLOSCOPE:

1. Set up the components and equipments as shokig.in

2. Keep positiorof variable attenuator ain attenuatiorposition.

3. Set mode selector switth FM-MOD position FM amplitude anBM frequency knob at mid position
keep beam voltage knob to fully anti clock wise and reflector vokagbto fully clockwise position and
beam swit pdsionno AOFF

4. Keep the time/division scalef oscilloscope around 100 HZ frequency measurementvatufliv. to
lower scale.

5.Swi t ch AON t he kI gssilloscop;m power supply and

6. Change the meter switadf klystron power supply to Beam voltage position and set beam voltage to
300V by beam voltage contrahob.

7. Keep amplitudé&knob of FM modulator to ma. Position and rotate the reflector voltage anti clock wise
to getthe modesas shown in figure on the oscilloscope. The horizontal axis represents reflector voltage

axis and vertical represents g@pwer.

8. By changing the reflector voltage and amplitedl&M modulation inany mode of klystron tube can be

seenonoscilloscope.

18




OBSERVATION TABLE:

BeamVoltage.....................V (Constant)
BeamCurrent...................... mA
Repeller Voltag¢ Current | Power Dip
V) Frequency
(MA) (mw)

(GHz)

EXPECTED GRAPH:
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| 1 1
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The characteristics of Reflex Klystron has been studied and modes have been found.

Probing Further Experiments:

1) Obtain the characteristics of Reflex Klystimynchanging the frequency of operation
and changing the anode voltage?

20




LAB -4 GUNN DIODE CHARACTERISTICS

Introduction

This laboratory explores the behavior Gunn diode and itk CYaracteristicghe application of
Gunn diodesre mainlyusedat microwave frequencies and above. They can produce some of th
highest output power of any semiconductor devices at these frequencies. Their most cegision

oscillators, but they are alssedin microwave amplifiers to amplify signals

ObjectiveEducational
* Learn to apply the voltage and current relations in Gunn diode
E Learn to draw the \ characteristics curve
E Gain experience in the construction and use of Gunn diode.

E Gain experience in theonstruction and use of Negative resistance characteristics.
Experimental

E ConfirmV-I relation in Gunn diode
Z Draw V-l Characteristic curve in Gunn diode.

Z Determine the Thershold voltage.

PreLab Reading

¥ Study the Background section of this Laboratory.

E Confirm V-l Characteristics in Gunn diode.
Written

E Prior to coming to lab class, complete Part O of this lab.
EQUIPMENT:
Gunn powesupply
Gunnoscillator
PIN Modulator
Isolator

FrequencyMeter

o a0k~ wbh e

Variableattenuator

21
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7. Slottedline

8. Detector mount an@RO.

Background

Gunn diode oscillator normally consista resonant cavity, an arrangement for coupling dtode

the cavity a circuit for biasinthe diodeanda mechanisnto couple the RF power from cavity to

external circuit load. A caxial cavityor a rectangular wave guide cavity is commonly used.

The circuit using ceaxial cavity has the Gunn diode at one end at one end of cavity along with the
central conductor of the eaxial line. The O/P is taken using a inductively or capacitively coupled
probe. The length of the cavity determines the frequency of oscillation. The location of the

coupling loop or probe within the resonator determines the load impedance presented to the Gunr,

diode. Heat sink conducts away the heat due to power dissipationdsice.

BLOCK DIAGRAM

Gunn
power
supply
A4
Gunn Isolator Pin Frequency Matched
oscillator X[-621 modulator meter termination
XG XF-710 XL -400

Fig.Blockdiagram of Gunn Diode

22
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EXPERIMENTAL PROCEDURE :
Voltage-Current Characteristics:

1. Setthe components and equipmeasshown inFigure.
2. Initially set the variable attenuatfr minimumattenuation.

3. Keep the control knobsf Gunn power supply as beldeter switchi i OF F 0

Gunn bias knold Fully anti clock wise PIN bias
knobi

Fully anti clock wise PIN mode frequentyany
position

4. Set the micrometasf Gunn oscillatoffor required frequencygf operation.

5. Switch AONO tsupgly. Gunn power

6. Measure the Gunn diode current to correspontiiige various Gunn bias voltage through the digital
panelmeterandmeterswitch. Do not exceed the bias voltage abovedit.

7. Plot the voltage and current readirmygthe graph.

8. Measure the threshold voltage which correspondimgaxcurrent.

Note: Do not keep Gunn bias knob position at threshold position for more thah 4€c.

readings should be obtained as fast as possible. Otherwise due to excessive heating Gunn diode
may bun

EXPECTED GRAPH:

[rna)

Y

23




OBSERVATION TABLE:

Gunn bias voltage (v) Gunn diode current (mA)

RESULT: The Gunn diode characteristics have been observed and are drawn.
Probing FurtheExperiments:

1. Observe the characteristics of gunn diode by varying the frequency of operation

24




LAB -5 DIRECTIONAL COUPLER

CHARACTERISTICS

Introduction

This laboratory explores the behavior milti hole directional coupler. It is a four port
waveguide junction consisting of primary main wavelength and a secondary auxiliary wavegui

They can Sample a small amount of microwave power for measurement périsectional

coupleris a device that samplessaall amount of Microwave power for measurement purposes.

The power measurements include incident power, reflected power, VSWR values, etc

Objective

Educational

« Learn to applymicrowave junction properties
E Learn to dravithe constructional diagraof directional coupler

F Gain experience in the construction and uséireictional coupler
E Gain experience in calculatiridhe Coupling factor, Insertion Loss and Directivity

Experimental

E Confirmdirectional coupler properties in microwave junction.
E Draw constructional diagram of directional coupler

E Determine thé'he Coupling factor, Insertion Loss and Directivity of the Directional coupler.

PreLab

Reading

E Study the Background section of this Laboratory

Written

# Prior to coming to lab class, corepd Part O of this lab

25
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EQUIPMENT REQUIRED:

Microwave Source (Klystroor GunnDiode)
Isolator, Frequencieter
VariableAttenuator

SlottedLine

TunableProbe

Detector Mount Matche@ermination

MHD Coupler

WaveguideStand

Cables and\ccessories

10. CRO.

© ©® N g~ wDd P

Background

A directional coupler is a device with which it is possible to measure the ineiddntflected wave

separately. It consigif two transmission lines the main arm and auxiliary arm, electromagnetic
coupled to eacbtherReferto the Fig.1. The power entering, in the mamm gets divided between
port 2 and 3, and almost no powEMmesout in port (4) Power entering at port 2 is divided betwee

port 1 and4.
The coupling factor is defined as

Coupling (db) = 10 log [P1/P3] where port 2 is terminated, Isolation (dB) = 1QJ§i§2/P3] where
P1 is
matched.

FORT 3
PORT 4 i

FORT 1 [ ] PORT 2

Fig.Directional coupler

With built-in termination and power entering at Port 1, the directivity of the coupler is a measu
separation between incident waaed the reflected wave. Directivity is measured indirectly :

follows:
Hence Directivity D (db) =-C = 10 logo [P2/P1]

Main line VSWR is SWR measured, looking into the rdaie input terminal when the matched
loads are placed at all other ports.

Auxiliary live VSWR is SWR measured in the auxiliary line looking into the output terminal when
26
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the matched loads are placed on other terminals.

Main line insertion loss is the attenuation introduced in the transmission line by insertion of coup

is defined as:

Insertion Loss (dB) = 10 lqg[P1/P2]

BLOCKDIAGRAM:
PMICROWAYE ISCLATOR AL FREQUEMCT
SOURCE wI-GZ1 METER ®F-710
®a-520
PROBE
SP-655 CRO
MATCHED
LoAD =L-<400
3
SLOTTED LIME MaTCHED
N MHD . COUPLER
Sk-651 1 mek-nzo =z LOA&D XL-<400
MATCHED
LoAD =L-<400
MHD . ZOUPLER MATCHED
ElG. MEASUREMERNT OF ¥SWR OF Hk-G2Z0 LOAD ®L-400

MHD.COUFLER

EXPERIMENTAL PROCEDURE:

Set up the equipments as shown inFigre.

Energize the microwave source for particular operaifdrequency .

Remove the multi hole directional coupéard connect the detector mount to the slctésdion.
Set maximum amplitude in CR@ith the help of variable attenuatdgt it be X.

o ~ w N

Insert the directional coupler between the slotted line and detmctant. Keeping port 1 to slottetine,
detector mounto the auxiliary port 3 and matched termination to port 2 without changing the pasitio

variableattenuator.

6. Note down the amplitude using CRICetit beY.

7. Calculate the Coupling factor-X in dB.

8. Now carefully disconnect the detector mount fromabgiliary port 3 and matched termination from port 2
, without disturbing the setup.

9. Connect the matched terminatitinthe auxiliary port 3 and detector mouaotport 2 and measure the
amplitude on CRO,etit beZ.

10. Compute Insertion Loss= XZ in dB.

11. Repeat the steps from 140

12. Connect the directional coupler in the reverse direction i.e., port 2 to slotted section, matched termi

to port 1 and detector mount to port 3, without disturbing the posifitire variable attenuator.
27
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13. Measure and notown the amplitude using CRQetit beY,.
14. Compute the Directivity as-Y,in dB.
RESULT: The characteristics of the directional coupler have observed and various parameters o

directional coupler are calculated.

PRECAUTIONS:
1. Avoid looseconnections.

2. Avoid Parallaxerrors.

Probing Further Experiments

1) Observe thette characteristics of the directional cougdgreplacing klystron with Gunn setup

28
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LAB-06 MEASUREMENT OF VSWR

Introduction

VSWR s the measure of how much signal getectedback in to the systenRReflection
Coefficientindicates how much of an electromagnetic wavefiectedby an impedance
discontinuity in the transmission medium. It is a ratio of the amplitude oéfileetedwave to
the wave incident at the junction.

Objective
Educational

F LearnVSWR and Reflection Coefficient

e Learnto calculate Reflection Coefficienand

Experimental

Z MeasureReflection Coefficient and VSWR

e Measre low and High VSWR
PreLab

Reading

E Studythe Backgroundsectionof this Laboratoryexercise.

Written

E Prior to coming to lab class, complete Part O of the Procedure.

EQUIPMENT REQUIRED:

. Klystron tube(2k25)

. Klystron power supply (skps610)
. VSWR meter(SW 115)

. Klystron mount(XM i 251)

. Isolator (XF621)

. Frequency meter (XF10)

D 01 A WN P
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7. Variable attenuator (XA 520)

8. Slotted line (X565)

9. Wave guide stand (XB35)

10. Movable short/termination XB00
11. BNC CableSS Tuner (XTi 441)

BACKGROUND

Any mismatched load leads reflected waves resulting in standing waves along the lesfdtie

line. The ratioof maximum to minimum voltage gives the VSWR. Hence minimum vafu is
unity. If S<10 then VSWR is called low VSWR. If S>10 then VSWR is called high VSWR. The

VSWR values more than 10 are very easily measured with this setup. It can baffrefickctly on

the VSWRmetercalibrated. The measurement involves simply adjusting the attenuator t@angive

adequate reading on the meter which is a Ii€.volt meter.

VEWR Mater

Tunable Probe SW - 115

3

Microwave
Source

Frequency Wariable Slotted Detect
Isolator Mater attenuator Line Muun:lr CRO
®l - 621 ®F = 710 ¥A - 520 wD - 451 WE - 451

FIG: SET UP FOR LOW ¥SWR MEASUREMENT

= CRO

VSWR Meter
Tunable Probe SW - 115

Microwave
Sourca

Frequency Variable Slotted
Isalator Meter attenuator Line 55 Tuner
¥l - 621 ®F - 710 XA - 520 WD - 451 KT 44l

The probe on the slotted wave guide is moved t get maximum reading on the meter. The attenuatid

Fig.Set up for high V.S.W.R Measurement

adjusted tayetfull scale readingNextthe probe on the slotted line is adjustedetminimum, readingn

the meter. The ratiof first reading to the second givdse VSWR. The meter itself can be calibrated|i
termsof VSWR. Double minimum method is used to measure VSWR greater than 10. In this meth

30
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probe is insertetb a depth where the minimuoan be read without difficulty. The probe is then movec

a point where the power is twice tmnimum

PROCEDURE:

1. Set up equipment a&hownin figure.

2. Keep variable attenuator in minimum attenuaposition.
3. Keep control knobs of VSWR meter bslow

Range dB = 40db / 50db Input switch = low

impedance Meter switch = Normal

Gain (coarse fine) = Mid position approximately

4. Keep control knobs of klystron power supplybetow.Beam
Voltage =OFF

Mod-Switch = AM
Beam Voltage Knob = fully anti clock wiseeRection voltage
knob = fully clock wise

AM-Amplitude knob = around fully clock wise
AM frequency and amplitude knob = mid position

5.Swi t ch AON t he kIl y smeterand copliogaer supply, VSWR
6. SwitchA O Ntlde beamvoltageswitch positionandset(down)beamvoltageat 300V.

7. Rotate the reflector voltage kntdgetdeflection in VSWRmeter.

8. Tune the O/P by turning the reflector voltage, amplitude and frequédy modulation.

9. Tune plungesf klystron mount and probe for maximum deflection in VSWiBter.

10. If required, change the range-dglvitch variable attenuator position and (given) gain control knob to
getdeflection in the scalef VSWR meter.

11. Asyour move probe along the slotted line, the deflectionohidinge.

A. MEASUREMENT OF LOW AND MEDIUMSWR:

1. Move the probe along the slotted lirmegetmaximum deflection in VSWReter.

2. Adjust the VSWRmetergain control knolor variable attenuator until theeterindicates 1.0 on normal
VSWR scale.

3. Keep all the control knob as it is move the probe td nénimum position. Read the VSWR on scale.

4. Repeat the above stégy change of S5 tuner probe depth and record the corresporg@8hiidg.
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5. If the VSWR is between 3.2 and 10, change the range0OdB dwitext higher position and read the
VSWRonsecond VSWHRscaleof 3 to 10.
B. MEASUREMENT OF HIGH VSWR: (DOUBLE MINIMUNETHOD)

1. Set the deptbf S-S tunerslightly morefor maximumVSWR.

2. Move the probe along with slotted line until a minimunmdicated.

3. Adjust the VSWR meter gain control knob and variable attenuator to obtain
n a readingf 3db in the normallB scale (0 to 10db)f VSWR meter.

4. Move the probeo theleft on slotted line until full scale deflection is obtair@d)-10 db scale. Note
and record the probe position on slotiied. Letit bed1.

5. Repeat the step 3 and then move the probe right along the slotted line until full scale deflection is
obtained on @.0db normatib scale.Letit be d2.

6. Replace SS tuner and termination by movalsleort.

7. Measure distance between 2 successivemapositionsof probe. Twice this distance is guide wave
lengtha-g .

8. Compute SWR from followingquation

g S WR--=-—--

[ (d1 - d2)

OBSERVATION TABLE:

LOW VSWR
VSWR =
HIGH VSWR
Beam
xi(cm) | Xo(cm) | X4(cm) Xo(cm) | Avg (X1-X2) = X(cm) ag=2Xx
Voltage(v)
g = 6cm

32




di(cm)

d2(cm)

d1-d2 (cm)

VSWR = Ag/ (d1-02)

RESULT: The standing wave ratio and reflection coefficient of the wave guide hasdetermined

and observed.

Probing Further Experiments

1) Calculatevoltagestanding wave ratiand reflection coefficient of the wave guibe replacing klystron with

Gunn setup
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LAB - 07 CIRCULATOR CHARACTERISTICS

Introduction

Circulatoris used to transmit the incident wave which entry from any gioits body to the nexi
port, according to a certain direction confirmed by Static bias magnetic fietculatoris a device that
transports radio frequency microwavesignals from one port to another. They typically have three p
They are made fomagnets and ferrite materials with magnetic proper@Gesulatorscan be made tg

circulate clockwise or counterclockwise

Objective
Educational

E Learnthe definition of Circulator

e Learnto operation of circulator.
E Learnto measurénsertion Lossand Isolation

Experimental

Z Measure thénsertion Loss and Isolation of circulator
E Measure gparameters

PreLab

Reading

E Studythe Backgroundsectionof this Laboratoryexercise.

Written

E Prior to coming to lab class, complete Part O of the Procedure.

EQUIPMENT REQUIRED:

1. Microwave Source (Klystroor GunnDiode)
2. lIsolator, Frequencieter

3. VariableAttenuator

4. SlottedLine

34
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. TunableProbe

Detector Mount Matched@ermination

5
6
7. Circulator
8. WaveguideStand
9

Cables and\ccessories

10. VSWR Meter.

CIRCULATOR:
Circulator is defined as device with ports arranged such that energy entering a port is coupled to
an adjacent port but not coupled to the other ports. This is depicted in figure circulator can have

any number of ports.

FORT 2

PORT1 -~ PORT 3

ISOLATOR:

An Isolator is awo-port device that transfers energy from input to output with little attenuation
and from output to input with very high attenuation.

input
\_/ output

The isolator, shown in Fig. can be derived from a Hp@e circulator by simply placing a

v

matched load (rediction less termination) on one port.

The important circulator and isolator parameters are:

A. InsertionLoss

Insertion Loss is the ratio of power detected at the output port to the power supplied by source to
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the input port, measured with other orts terminated in the matched Load. It is expressed in dB.

B. Isolation
Isolation is the ratio of power applied to the output to that measured at the input. This ratio is
expressed in db. The isolation of a circulator isasured with the third port terminated in a

matched load.

BLOCK DIAGRAM:

CRO

Dretector
Mount

=“D-451
2

) Frequency “ariable Slotted Detectar Circulator
Microwawe o Isolator . Meter o attenuator |___ | Line Mount w621

Source wl-621 WF - 710 who- 520 S - 655 WD - 451
1
Matched Load
WL - 400

Fig. block diagram for circulator characteristics

EXPERIMENTAL PROCEDURE:

Measurement of insertion

1. Remove the isolatar circulator from slotted line and connect the detector mount to the slotted section.
The outpubf the detectomountshould be connected witbRO.

2. Energize the microwave source for maximum output for a particular freqoéopgration. Tune the
detector muntfor maximum output in th€RO.

3. Set any reference levetf output in CROwith the helpof variable attenuatot,et it be V.

4. Carefully remove the detectonountfrom slotted line without disturbing the positiar the set up.
Insert the isolator/circator between slotted line and detector mount. Keep inputtpatbtted line and
detector its output port. A matched termination should be placed at third port iof Gismulator.

5. Record the output in CRO,Let it b&.

6. Compute Insertiotossgiven as -V, in db.

Measurement of Isolation:

7. For measuremerdf isolation, the isolatoor circulator has to be connected in revarseoutput port to
slotted line and detector to input port wittherport terminated by matched terminatidor circulator).
8. Record the outpusf CRO andetit be V.
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9. Compute Isolation as W3 in db.
10. The same experiment can be done for other jpbdiculator.

11. Repeat the above experiment &nerfrequency ifneeded.

PRECAUTIONS:

1. Avoid looseconnections.

2. Avoid Parallaxerrors.

RESULT: The characteristics of Circulator has been observed by applying input power at one of

the ports and observing powers in other ports

Probing Further Experiments

1) Observe the characteristics of Circulatgrreplacing klystron with Gunn setup
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LAB -08
MEASURMENT OF SCATTERING
PARAMETERS OF MAGIC TEE

Introduction

This laboratory explores the behavior of Magic tee and the applicationcodwave T junction An EH
PlaneTeejunction is formed by attaching two simple waveguides one parallel and the other serig
rectangular waveguide which already has two ports. This iscalmlasMagic Tee, or Hybrid or 3dB
couplet

Objective
Educational

« Learn microwave junction
Z Learn to calculate-matrix

E Learn eplane and Fplane tee junction

Experimental

Measure parameters for Magic tee junction
Measure snatrix

determine isolations, coupling coefficients Magic Tee junctions

PreLab

Reading

E Study the Background section of this Laboratory
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Written
 Prior to coming to lab class, complete Part 0 of this lab.

EQUIPMENT REQUIRED: Microwave source : Klystron tube (2k25)

. Isolator(XI-621)

. Frequency metgiXF-710)

. VariableAttenuator(XA-520)
. Slotted ling(SX-651)

. Tunable probg¢XP-655)

. Detector Moun{XD-451)

. Matched Terminatio(®XL-400)
. Magic Teg(XE-345/350)

© 00 N o O A~ w N PP

. Klystron Power Supply + Klystromount

10. Wave guide stands aadcessories
background:

The device Magic Tee is a combination of E and H plane Tee. Arm 3 i4-#ien and arm 4 is
the Earm. If the power is fed, into arm 3 {&m) the electric field divides equally between arml
and 2 with the same phase and no electric field exists in thd.alfinpower is fed in arm 4 (E
arm) it divides equally intarm 1 and 2 but out of phase with no powerarm 3, further, if the
power is fed in arm 1 and 2 simultaneously it is added in arm&1fh and it is subtracted inE

armi.e., arrd.

Fig: Magic Tee
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A. Isolation:

The Isolation between E and H arm is defined as the oatiee power supplied by the generator
connectedo the Earm (port 4) to the power detected atakin (port 3) wherside arm 1 and 2

terminated in matcheldad.

Isolation (dB) = 10 log, [P4/P3]

Similarly, Isolation between other ports may be defined.

B. CouplingFactor:

It is defined as Cij = 10 [1/20

Where, [ is attenuatior isolationin dB whenA iis InputarmandA jis outputarm. Thus, [J
= 10 logo [P4/P3]

Where P3 is the power delivered to arm Ai

BLOCK DIAGRAM:

Matched Load
sl - 400
2

Micranave Isolator Fr'la\ﬂqeutz:w a:tzgaglt'; Smtsd Dr:?lzeucrfltjr Tee D;EBUCr’fltlr
Source W-621 | | wF-710 | | wh-520 | | Sx-85 || ND-as ||| SE=#650 7 ppaey [ RO
1
Matched Load
KL - 400

Fig. Block diagram for magic TEE
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EXPERIMENTAL PROCEDURE:

1. Setup the components and equipmestshown infigure.

2. Energize the microwave source for particular frequenicgperation and tune the detector
mountfor maximumoutput.

3. With the helpof variable frequencyf operation and tune the detector mofortmaximum
output attenuatosetany reference in the CRIétit be V.

4. Without disturbing the positioaf the variable attenuator, carefully place the Makge after
the slotted line, keeping-HArmto slottedline, detector mount to rm and matched termination
to Port1 andPort2.

5. Note down the amplitude using CRIGetit beV ..

6. Determine the Isolation between R8rand Pord asV;-V,,

7. Determine the coupling eefficient from the equation given in theqrart.

8. The same experiment may be repeatedtioerPortsalso.

OBSERVATIONS:

Ports Power(W)

Calculations:

Coupling Ceefficient:

U = 16 1 og

Therefore C = 16°/ 2°

RESULT:

Magic Tee Characteristics are observed by giving input to diffeté and by seeing
outputs at other ports. By using those values Scattering Matrix has been formed.

Probing Further Experiments

1. Observemagic tee characteristidsy replacing klystron witksunn setup
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LAB 09

INTRODUCTION TO HFSS

Introduction

The nameHFSSstandsfor High FrequencyStructureSimulator.HFSSis a high- performanceull -
wave electromagneti¢EM) field simulatorfor arbitrary3D volumetric passive device modeling that
takes advantage of the familiar Micros@findows graphicaluserinterface.lt integratessimulation,
visualization, solid modeling, and automation in an edsylearn environment where solutions to
your 3D EM problemsare quickly and accuratelyobtained. Ansoft HFSS employs the Finite
Element Method (FEM), adaptive nisg, and brilliant graphics to give younparalleled
performance and insight to all of yolD EM problems. Ansoft HFS§an be used to calculate

parameters such as S Parameters, Resonant FrequenEigldad

Objective

Educational

¥ LearnHFSSsoftware
F Learn thedifferent mehods to generate radiation patterns
E Learnhow to calculate radiation pattern

Experimental

Z Measure theharacteristicef antenna

E Measurgadiation pattern of antensia
PreLab
Reading

E Studythe Backgroundsectionof this Laboratoryexercise.
Written

E Prior to coming to lab class, complete Part O ofRhecedure
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EQUIPMENT REQUIRED:

1. Computer

2. FSS Software

THEORY:

Ansoft HFSS Online Help provides assistance while you are working.

To get help about a specific, active dialmgx, click the Help button in the dialog box or press the

F1 key.

Select the menu item Help > Contents to access the online help system.

Tooltips are available to provide information about tools on the toolbars or dialog boxes. When yo
hold the pointer wer a tool for a brief time, a tooltip appears to display the name of the tool.

As you move the pointer over a tool or click a menu item, the Status Bar at the bottom of the Ansoft
HFSS window provides a brief description of the function of the tool ouritem.

The Ansoft HFSS Getting Started guide provides detailed information about using HFSS to create

and solve 3D EM projects.

PROCEDURE:

Ansoft Terms

The Ansoft HFSSwindow hasseveralboptionalpanels:

i. ProjectManager
ii. Message Manager
PropertyWindow
ProgressVindow

Theseabovemanagerandwindowsare shownin Fig (1) andtheir detailsaregivenin

coming sections.

3D ModelerWindow

Menu
bar ——»

A% Ansoft HFSS Internal Beta - via_testé - Main - 3D Modeler
Fe Edit View Propct Oraw 3DModeler HFSS Tock Window Hep
DEW |3 MR 3B CocvBBs AN

@ B# £OXin% Blatadidds ThaNMdLihsds

=1
T Toolbars

o O lin'% |14 R

Project
Manager
with project
tree

1

i
£

Project Manager () -

Main - 3D Modeler

rx
32
1§

?'Os"iﬂﬁ!;'ﬁél;

3D Modeler
Window

Message

Manager —i

Status
bar

&

Satup!: Sobving Adeptivs Pass #1 - Building Mayix on

Sohing LumpFan?

Progress
Window

Coordinate Entry Fields =N

]En_ter the box pasiton. X

350.00 [¥:

Property Window

0.0000 ‘A}:-deV,‘Cartesia viml

-100.0Z:




Fig (1): Ansoft HFSSvindow.

ProjectManager
A ProjectManagerwhich containsa designtree which lists the structureof the
projectis shownin Fig (2).

Project Manager Window \

Project Manager X

Project = [ hiss_coax_training
= ¢ HFSSMadel! < Design
2 Model

¥ Boundaries
+ 8§ Excitations

P Mesh Operations
+ S Analysis

Design Setup

Design Automation » @ Optimetrics
*Parametric ¥ E Results
*Optimization . .
“Sensitivity + [T Port Field Display
~Statistical o rm Field Overlays Design Resuilts
¥ Radiation
= [ Definitions
+ (] Materials
Project

Fig (2): Ansoft HFS®rojectManager.

Messagévlanager
A MessageManagerthat allows you to view any errorsor warningsthat occur
before youbegin a simulatiois shownin Fig (3).

Message Manager %
- via_test (F:/tmp/hiss9/)
- &8 Main
1 Solution Setup 'Setup1": When using |
Message > 1, Solution Setup 'Setup1': When using |
Manager
3 - E

Fig (3): Ansoft HFS3/essageManager.

PropertyWindow
A PropertyWindow that displaysandallows you to changemodelparametersr
attributesis shown inFig (4).

44



Property Window

Name I ‘alue l Unit |
Al IName Box1

Material | vacuum ,J\
Solve Inside v

Property Orientation Global / Etr:l)tzi:y
table ‘< Model v
Display Wireframe v
Color , Edit 4
| | Transparent 0.4

Attribute | Command |

Property tabs
Fig (4): Ansoft HFS®roperty Window.
Progres®Vindow
A ProgressVindow that displaysolutionprogresss shownin Fig (5).

Setupl: Solving Adaptive Pass #1 - Building Matrix on

Progress
— _— Window
Solving LumpPort2 4

Abort

Fig (5): Ansoft HFS®rogresswindow.

3D ModelerWindow

3D Modeler Window which contains the model and model tree for the active
design is shown in Fig (6); model and model tree are shown in Fig (7&)iguidb)

3D Modeler Window

CProjectt - HFSSModel! - 3D Modeler
=@ Model
=67 Box1 Graphics
& CreateBox area
=1z, Coordinate Systems
@ cobA
-t RelativeCS1
=+ & Planes
2% POINTS
€2 Lists

3D Modeler
design tree

A5S01 Baundafy
Context menu —— 1  xepesctnn +
Aszig) Madh Operaton
Fict Pekcls

ot Meah

Copy T Cpbard




respectively.
Fig (6): Ansoft HFSSD Modeler Window.

= @ Model
+ % My_Ring «——— Material
+ 4% My_Teflon = & Model
+ @B Not Assigned Chllt grg‘“c?(':lr P
- gpec - eae winaer
i & SectionTo
= € Conductorl <——— Object ® T Unite
& CreateCylinder of ConeTo
& SectioriTo 1 ConeTo
+ 4 Unite Gonety
Obiect G d Hist #-&? Female
@ CloneTo jekuaminary Istory & @ FemaleTeflon
P CloneTo &2 MaleTeflon
H CloneTo %@ Ring
+ 4B vacuum e pl
w & p2
= le. Coordinate Systems = o, Coordinate Systems
@, Global @, Global
i e RelativeCs1
1% RelativeCS1
< lativeCS2
1 RelativeCs2 uRe
1% RelativeCS3
14 RelativeCS3 4 & Planes
+ & Planes o0 PONES
2% Points =@ Lists
= €9 Lists
Object View
Grouped by Material

Fig (7a, 7b):3D ModelerDesignTree.
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In the AnsoftHFSS Desktop, each project can have multiple designs and eachidessgphayedn a
separatevindow. You canhavemultiple projectsand designwindows open at the same time. Also,
you can have multiple views of the sadesignvisible at the same time.

To arrange the windows, you can drag them by the title bar, and resize ttdraQgONg a corner or
border. Also, you can select one of the following menu optidfiadow >Cascade, WindowTile
Vertically or Window> Tile Horizontally.

To organizeyour Ansoft HFSSwindow, you caniconize opendesignsClick the Iconize ** symbol

in the upper right corner of the document border. An icon apped#ne lower part of the Ansoft
HFSS window. If the icon is not visible, it may behind anotheopen documenResize any open
documents as necessary. Selie menu item Window > Arrange Icons to arrange them at the
bottom of the AnsoftiFSS window. Select the menu item Window > Close All to close all open
design. Yoarepromptedo saveunsavediesigns.

A Ansoft HFSS internal Beta - Project! - HFSSModel1 - 30 Modeler ’L@
Ale Edt vew Froject Draw 3DMcdder HFSS Tock Widow Hep
OFE RS>0 o MAITVNOO0Oo0BEBE G vxy « sl s Blhvaoaum  w

B EE SO E P keSS St S s
SO Elin% 2N

—
"R T Project! - HFSSModelt - 3D Modeler _-g‘gj
=-{7 Projeci* = & Model
+ @ HFSSMadali* = P eoxl sl e \ N lconize
+ 1 DeAnpons & CrasheRox ¥ RN
o 6 va_tasts = Lz, Cocrdnats Syitame r"‘*--.._x 1 z e Sy mbol
8, coba . A )
W Redatlecs | | T“"-—-hru—"‘w ‘
v & Plres ‘

#se Points
o @ L

r -
T — T

x
j Nama Valua | unit [~
3 lerd_size 20 mm

l= =

| Verinblos |

Rexdy 2l
T

Design icons
Fig (8): Design Window.
Toolbars
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The toolbarbuttonsareshortcutsfor frequentlyusedcommandsMost of the available toolbars are
displayed in this illustration of the Ansoft HFSS initial screbat your Ansoft HFSS window
probablywill notbe arrangethis way.

You can customize your toolbar display in a way that is convenient for you. tatbars are
always displayed; othetoolbars display automatically when you selaaocument of the related
type. Forexample, when you select a 2D report fromphgecttree,the 2Dreport toolbadisplays,
asshownin Fig (9)

A% Ansoft HFSS Internal Beta - Project! - HFSSModel - 3D Modeler g@
Fle Edit View Project Draw 3D Modeler HFSS Tools Window Help

DM bR x2 . m% 3200068882 Oy v+ % & ] afaun -
8 Ed /0 zm%| B hMPrEss TP hlndds
SOLim% |2

“18%! | project1 - HFSSModelt - 3D Modeler =JOES
= Project1* =-€2 Model
+ @3 HFSSModel1* =2 Box1
+- (1 Definiions & CreateBox
+-[F via_tests - e, Coordinate Systems 2
8, Global *

Fig (9): Ansoft HFSS oolbars.

To displayor hideindividualtoolbars

[0 Right-click the Ansoft HFSSwindow frame.
A list of all the toolbarsis displayed.The toolbarswith a check mark
beside them are visible; the toolbars without a check mark are hidden.
Click thetoolbarnameto turn itsdisplayon or off.

[1 Tomake change® thetoolbars, seledhe menu item Tools Customize.

Profect Manager

Message Menager jL Ansoft HESS

BEEEE

Froperbzs panel S

Frocoress

Stancard

30 Modder View Intracoon
30 Madder Draw

30 Madder Bookkan

I Modser ATange

3D Modder Duplcate

30 Madder Material

A0 Moddler S2echon Mods

3D Madder Srap Mada

o Modeer ard

30 Modder Coordnate System

Toolbars<

EEEEEEEEEEEEEBEE

Fig (10): AnsoftHFSSPanels androolbars.
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Ansoft HFSS Desktop

The Ansoft HFSSDesktopprovidesan intuitive, easyto-useinterfacefor developing
passive RFevice modelsCreatingdesigns, involves the following:

i. ParametricModel Generationi creatingthe geometry,boundariesand
excitations.

i. AnalysisSetupi definingsolutionsetupand frequencgweeps.

i. Resultsi creating 2D reportandfield plots.

iv. SolveLoop - the solutiorprocess igully automated.

To understandhowthese processes-exist,examinetheillustrationshownin Fig (11).

(éolution Ty@

- =R
l f“ Bound rjey

/ 1. Parametric Moda

\Geometry/MatenaIs /
B "/‘\/12 Excmatso?s\ S
v - gwg o
5 . o, PR 4

Solution Setup e e | B e T T T P R T R e
\ I'requency Sweep / v

\\
| \\_ Anatyze //)

P 3.Rusubs \
2D Reports

( ) Converged
Field
\4\__-___"6 f_// 4. Solve Loop ‘
\ s / ' YES
. _§ ~ e
\Ui)da_t?/‘—"/ < _‘Finlshed«/\'

Fig (11): Ansoft HFS®esktop.

Opening a HFSS project
This sectiondescribes howo openanewor existingproject.

Openinga New project

To openanewproject:

i. In anAnsoft HFSSwindow, select thenenu item File >New.
i.  SelecthemenuProject> InsertHFSSDesign.
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OpeninganExistingHFSSproject
To openanexisting project:

iv.

In an Ansoft HFSS window, select the menu File > Open. Use the Open disdbecto
theproject.
Click Opento openthe project

Open @

Lookin: I_) srrousse L] & ek Ev

ahf_diffpair.hfssresults
A hf_diffpair.hfss

File name:[k |hf_diffpairhfss
Files of type: !Ansoﬂ HFSS Project Files (* hfss) L] Cance

Fig (12): Openinga HFSSproject.

Set Solution Type
This sectiondescribes how to sdhe SolutionType. The SolutionType definesthe type of

results,how the excitationsare defined, and the convergenceThefollowing Solution
Typesare available:

Driven Modal - calculategshe modatbasedS-parametersThe S-matrix solutions will be
expressed in terms of the incident and reflected powerseéguide modes.

Driven Terminal - calculatesthe terminatbased S-parametersof multi conductor
transmission line pts. The Smatrix solutions will be expressed tarmsof terminal
voltages andurrents.

Eignemodei calculate the eigenmodes, m@msonances, dd structure. TheEigen mode
solver finds the resonanfrequenciesof the structure andthe fields at thoseresonant
frequencies.

Convergence

Driven Modali Delta S for modal $arameters. This was the only convergemethod
availablefor Driven Solutionsin previousversions.

Driven Terminal New i Delta S for the singleendedor differential nodal S-
Parameters.

Eigen mode DeltaF

To setthesolutiontype:

Select the menu item HFSS > Solution TgpkutionType
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A4 O O OO

Window:
Chooseoneof thefollowing:

=& Mocel
= €2 Box1 Graphics T Model
& Create2ox area X \\/

- L. Coordinate Systems T R >

@, Global —

1% RelativeCs1 |
+ 48 Planes

2 POints ‘ |
= P Lists
< CapctibRct o
— r [\\.S .
3D Modeler ok
design tree =
/

Context menu ——p|

Driven Modal
Driven Terminal
Eigenmode

Click the OK button

Solution Type

(" Driven Modal
(® Driven Terminal

" Eigenmode

oK I Cancel |

Fig (13): SolutionType.

Overviewof the 3D ModelerUserlInterface
Thefollowing Fig (14) showsthe 3D Modeler window.

3D Modeler Design Treé The 3D Modeler Design Tree is an essential patthefuser
interface. From here you may accessthe structural elementsin addition to any object
dependencieandattributes.

Context Menusi Context menus are a flexible way of accessing frequarggd menu
commands for the current context. The contents of these mbaonge dynamically and are
available throughout the interface by clickimg tight mousebutton.
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iii. GraphicsAreal Thegraphicsareais usedto interactwith the structuralelements.
When using the 3D Modeler interface you will also interact with two additional
Interfaces:

i. PropertyWindow i The PropertyWindow is usedto view or modify the attributes and
dimensionof structuralobjectsis shownin Fig (15).

Properties Y
Name | Value l Unit I
1 [Name Box1
Material vacuum -l
Solve Inside [v 1l
Property Orientation Global / E‘mi:y
table. — Model v l
Display Wireframe [v /
Color Edit |
\dl | Transparent 04 |
Attribute | Command | «—— Property tabs

Fig (15): HFSSPropertywindow.

ii. Status Bar/Coordinate Entiiy The Status Bar on the Ansoft HFSS DeskWmdow
displays the Coordinate Entry fields that can be useldfioe pointsor offsetsduringthe
creationof structuralobjectsis shownin Fig (16).

x: [0 ¢ Jv: [0 Z: [-.35

Fig (16): StatusBar/CoordinateEntry.

Grid Plane

To simplify the creation of structural primitives, a grid or drawing plane is UBeel.
drawing plane doesnot in any way limit the userto two dimensionalcoordinates but
instead is used as a guide to simplify the creation of strugburaitives. The drawing
plane is represented by the active grid plane (The grid Woiebave to be visible). To
demonstrate how dwing planes are used, review tfidlowing section:Creating and
Viewing Simple Structures.

1. Creatingand Viewing a Simple Structure
Creating3D structuralobjectsis accomplished bperformingthefollowing steps:

1. Setthegrid plane
2. Createthe baseshapeof the object
3. SettheHeight
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12.1 Createa Box

We will investigatecreatinga box to demonstrateghesesteps.Thesestepsassume that
project and a HFSS design have already been created. Three porstguaned to create
the box. The first two form thiease rectangle and the third dbisheight.

Point1: Definesthe startpoint of thebase rectangle

Point2: Definesthe sizeof thebaserectangle
Point3: Definesthe heightof the Box

<+—Grid Plane

Point 3

: : g
Base Rectangle Point 2

Fig (17): Creatinga BoxusingStatus Bar/Coordinate Entry.

l. Selectthemenuitem 3D Modeler> Grid Plane> XY

Il. Usethe mouséo createhebaseshape

i Set the start point by positioning the active cursor and click the
leftmousebutton.

L]

il Position the active cursor and click the left mouse button to set
thesecondpointthat formsthebaserectangle.
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iii.
button.

\/J\

2. SpecifyingPoints

13.1 Grid

From the example, we saw that the simplest way to set a point is by clickpugiti®n on
the gridplane. To set the precision of the grid plane, select the memuView > Grid
Settings. From here you may specify the Grid Type, Style, Visibdyl Precision.By

pressingthe Saveas Default button, you can set the default behavior forfuture HFSS
Designs.

i ¥
Grid Spa'\clng
W
Grid type (o Cartesian " Paolar
Grid style (" Dot (@ Line

V' Auto adjustdensityto: |30 pixels

Cartesian Polar

i

v Grid Visible

-

—
—

Save As Default

Cance |

Fig (18): Grid.

17.1UserDefinedProjectMaterial

To define custom materialglick the Add Materialbutton from the materialdefinition
window. The following dialog will appear. Enter the material definitiandclick the OK
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button.

View / Edit Material Eﬁ

Maverial Nama
{Msterial

Properies of the hMaterisls Materiali R YA e

: f flies by
Ansoft Praducts
CIAN products
“IHFSS

Defta H Simpl ] Oe

Select Ansoft Product
AN products
IHFSS

Walicate Now. |

SetFrecuency Dependency .. ‘

| Caneel

Fig (26): UserDefinedProject Material.

3. Changingthe View

You can changethe view at any time (evenduring shapegeneration)y using thefollowing
commands:

18.1 Toolbar

1 Rotatei The structuravill berotatedaroundthe coordinatesystem.

1 Pani Thestructurewill betranslated irthe graphicahrea.

1 DynamicZoomi Moving themouse upwardwill increaseéhe zoonfactor
whilemovingthemouse downwards will decrease #temfactor.

1 Zoom In/Outi In this mode a rubber band rectangle will be defined by
dragginghe mouse After releasinghe mouséduttonthezoom factomwill beapplied.

Pan »{"T? S @ @ @ l¢— Zoom (n/Cut
= > o ™

Rotate Dynamic Zoom

18.2 ContextMenu

Right click in the graphics area and select the menu item View and choosdghigom
optionsoutlinedin the Toolbarsection.The contextmenualsooffersthe following:

Fit All T This will zoom the defined structure to a pawttereit fits in thedrawing area.
Fit Selectioni This fits only the selected objects inteedrawingarea.

Spini Drag the mouse and release the mouse button

tostartthe objectspinning.Thespeedf thedraggingprior to releasing the mouse
controls the speed of tlspin.

E R E
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| Animatei Createor displaytheanimation of parametriggeometry.

18.3 Shortcuts

Since changing the view is a frequently used operation, some useful shortcutkeys
exist. Press the appropriate keys and drag the mouse with the leftfrettead:

i ALT + Dragi Rotate
| Shift + Dragi Pan
1 ALT + Shift + Dragi Dynamic Zoom

Shortcuts PredefinedViews
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18.4 Visibility
The visibility of objects,BoundariesExcitations,and Field Reportscan becontrolledfrom
themenuitem View > Visibility.

18.5 Hide Selection

Thevisibility of selectecbbjectscanbe sethiddenby selectingthe object(s)andchoosinghe
menu View> Hide Selection> All Views.

18.6 BackgroundColor

To setthe backgroundcolor, selectthe menuitem View > Modify Attributes >Background
Color.

18.7 Addition View Settings

Additional attributesof the view suchasthe projection,orientation,andlightingcanbe set
from themenuitem View >Modify Attributes.

4, Applying Structural Transformations

So far we have investigated hot to model simple shapes and how to change tbietheew
model. To create more complicated models or reduce the number of dbgctsedto
be createdmanually we can apply various transformations.The following examples
assume that you have already selected the object(s) thatwigiu to apply a
transformation. You can select the transformation options frormémeitem Edit >

1 Arrange>

o] Move ¢ Translateshe structure along avector.

0 Rotate ¢ Rotatesthe shape around aoordinateaxisby anangle.

o] Mirror ¢ Mirrors the shapearounda specifiedplane.

o] Offset ¢ Performsa uniform scale irx, y,andz.

1 Duplicate>

o] AlongLinesg Createmultiple copiesof anobjectalong avector.

o] Around Axisc Create multiple copies of an object rotated by a fixed
anglearoundthe x, y, or zaxis.

o] Mirror - Mirrors the shape around a specified plane and creates
aDuplicate.

1 Scaleg Allowsnon-uniform scalingn the x, y, or zdirection

The faces of an object can also be moved to alter the shape of an existing objeateTo
the faces of an object select the menu item 3D Modeler > Surfaces >HMAoes and
select Along Normabr Along Vector.

5. Combine Objects bysing Boolean Operations

Most complex structures can be reduced to combinations of simple primitivestHeven

solid primitives can be reduced to simple 2D primitives that are swept aloect@ or

around an axis (Box is a square that is swept aloreg®@r to give ithickness).The solid
57



modelersupportghefollowing Booleanoperations:

1 Unite ¢ combinemultiple primitives,Unite disjointobjects.

1 Subtract¢ removepart of a primitive from another.

1 Split¢ breakprimitivesinto multiple parts.

1 Intersectg keeponlythe parts ofprimitivesthat overlap.

1 Sweepq turn a 2D primitive into a solid by sweeping: Along a Vector,
Aroundan Axis, alon@ Path.

i Connectg connect 2D primitives. Use Cover Surfaces to turn the
connectedbjectinto asolid.

1 Section ¢ generate2D crosssectionsof a3Dobject.

LB E

Fig (28): Unit, Subtract,Intersect,Split.
RESULT:

Thus the directional pattern of thay antennacan be obtained argraphcan also be drawn
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Lab- 10

MONOPOLE ANTENNA DESIGN

Introduction

A monopole antennas a class ofadio antenn&onsisting of a straight reshaped conductor,
often mounted perpendicularly over some typecasfductivesurface, called ground
plane™?E The driving signal from thtransmitteris applied, or for receiving antennas the
output signal to theeceiveris taken, betwen the lower end of the monopole and the ground
plane. One side of the anterfeadlineis attached to the lower end of the monopole, and the other

side is attached to the ground plaméhich is often the Earth. This contrasts witlligole
antennawhich consists of two identical rod conductors, with the signal from the transmitter

applied between the two hals of the antenna
Objective

Educational

¥ LearnHFSSsoftware
¥ Learn the different methods to generate radiation patterns
¥ Learnhow to calculate radiation pattern fmple monopole

Experimental

F Measuretheradiation pattern fosimple monopole
E Analyzetheradiation pattern and simulate ugiiFSS modeling tool
PreLab

Reading
E Studythe Backgroundsectionof this Laboratoryexercise.
Written

E Prior to coming to lab class, complete Part O of the Procedure.

Junction.
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EQUIPMENT REQUIRED :
1. Computer

2. HFSSsoftware

THEOREY:

The monopole is often used aseaonanantenna; the rod functions as an opssonatofor

radio waves, oscillating witetanding wavesf voltage and current along its length. Therefore the
length of the antenna is determined by waelengthof the radio waves it is used with. The
most common form is thguarterwave monopolgin which the antenna is approximately one
guarter of the wavelength of the radio waves. However in baséidg monopole antennas 5/8 =
0.625 wavelength long are also popular, because at this length a monopole radiates a maximum
amount of its power in horizontal directions. The monopole antenna was invented in 1895 by
radio pioneeGuglielmo Marcori for this reason it is sometimes called Marconi
antennd™® Common types of monopole antenna arewh@, rubber duckyhelical random

wire, umbrellg invertedL andT-antennainvertedF, folded unipole antemg mast radiatqr
andground plane antennd$e load impedance of the quartesive monopole is half that of the

dipole antenna or 37.5+j21.25 ohms.

PROCEDURE:
1. Starting HFSS

Follow instructions from the HFSS Stripline laboratory/tutorial for any pop ups
that mayccur.

2. Basic understanding of the Antenna

We will model one of the mostasic antennas so that we can simulate a load, and
design anatchingnetwork.

a. A quarter wavelength monopole is one of the easiest antennas to model.
Essentially, it is thin conductor standing up vertically at a quarter wavelength
of the operationafrequency. At the base, is a ground plane that theoretically
extends to infinity, but ipracticejust needs to be moderatdbrge.
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t1

- s |

1 ground

b. We will first build the antenna, and then you will design the matching network. For 2.4
GHz,the quarter wavelength is 31.3 mm.

3. Setting up the Antenna

a. We wi l |l edit our previous model of a stri
our previousproject. SelectFile-> SaveA s éandsaveit asMonopoleAntenna.hfss.

b. Now, as describegreviously, the antenna theoretically should have an infinite ground

pl ane. Edit the AW0O and ALO vari abl ecopper t ha
ground and FR4 layer of a 30cm square. The length of the micro stripline bawaldiso
inceased due to its reliance on fALO.

c. The antenna should be in the center of this ground plane, so we will remove letigtine
of thestripline. A quick wayto do thisis to changehe X sizefromi LtoA L/ 2 0O .
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d. Verify which Waveporttouchesthe edgeof the stripline remaining.Delete the other port. The model
should look as follows:

;
0 100 200 (mm)

e.Now we will add a cylinder for the radiating element. Use the Draw Cylinder funetrahalign it by
typingin the X,Y,Z coordinateslt shouldbein the center(x=0,y=0),andstart at the height of the FR4 +
the copper sheet thickness of the bottonUse aength of 31.3mm, and a radius of .5mm. The two objects
(microstrip and cylinder) should intersect. Make sure that the cylinder is copper. If you see anetatedt

to FR4beingintersectedyou probably dichot setupyour heightcorrectly.

f. Select both the newly created cylinder and the microstrip layer, right click @eldation and select Edit

> Boolean-> Unite. This combines the microstiamd radiatinglementnto one part.

g-Now that we have our antenna design, and we have removed one of the wave Ehtg)ldibe ready to
simulate. We almost are. Edit the radiating boundary. In generalyrther away it is from the radiating
elemens, the more accurate it is. A good ruletlwimbis half the wavelengthof the operationafrequency.

Edit it sotheZ Sizeof theaxiss 120mm, but centered aroufid

h.Goto HFSS>Radiation> InsertFarField Setup-> Infinite SphereHit OK.

i. Right clickon the sweep, and select disable sweep. Double click on Setupl and adjust the

maxpasses to 20.
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Let us setup the results. Right click on results and add a Far Fields report, and select 3D
polar plot. Select Gain, gain total, and dB. Do another 3D ptdamith Realized Gaim
dB.

Create a smith chart with the S11, as done in the previous lab. If you have only S22 edit

theexcitation on the lefside so that thg is renamedo 1.

Create a Modal data solution report (similar to s11), and a rectarpjotaof Port ZO,
with both re and img selected (control click both of them, hit new report, and it will

createone graph with botkets of data.)

. Rightclick on SetuplandselectAnalyze.Giveit some time.

Double click the 3d polar plot labeled Galou should get the following result. The

areas in red correspond where you would get the most signal with this antenna, but

overallit seems omnidirectional.

dB{GainTotal)

3. 3602e+000
. 1.1457e+000
| -1.0629e+000

-3.2744e+000
-5.4859e+000
~7.6974e+008
-9, 9990 +208
-1.2120e+001
-1.4332e+001
-1.6544e+8@1
-1.8755e+881
-2.0967e+001
-2.3178e+001

— ]~2.53‘305+081
-2.76@1e+881
-2.9813e+001
-3.202%e+001

Now look at the square plot of P&4. The real and imaginary parts represent yqurAs
we had the microstrip line matched to 50 ohms, this represents the load. Yowooticey
some of your graphs are not showing up. Double click on the function thappesed to
be on the graph (such as dBJsand it will bring up the menu for the graphlit the box in
thetop leftso thatt saysii Sol uti on: Last Adapti veo
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p. Now that you know the load, we can design a matching netwésk. the same width
transmission lines (MS_W) and use the distance and length of transmission lines to matct
the load betterlf you need to make a short stub, you will have to Boolean subtfaainit
the FR4. Use the short as a tool, and tell it to duplicate the item within the Bealsaact.

RESULT: Calculate the gainmpedance, antialf-power beam width omonopoledesign

PROBING FURTHER EXPERIMENTS:

1. Measure th@ain,impedance, andalf-power beam width of quarter wave monopole

design
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LAB-11
DIPOLE ANTENNA DESIGN

Introduction
A dipole antenna is theimplest type of radio antenna, consisting of a conductive wire rod

that is half the length of the maximum wavelength the antenna is to generate. This wire rod
is split in the middle, and the two sections are separated by an insulator. ... Dipole

means'two poles.”

Objective

Educational

¥ LearnHFSSsoftware
E Learn the different methods to generate radiation patterns

E Learnhow to calculate radiation pattern fimpledipole

Experimental

¥ Measureheradiation pattern fosimpledipole

¥ Analyzetheradiation pattern and simulate ugiiFSS modeling tool

72

PreLab

Reading

¥ Studythe Backgroundsectionof this Laboratoryexercise.

Written

E Prior to coming to lab class, complete Part O of the Procedure.

EQUIPMENT REQUIRED:

1. Computer

2. HFSS software
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THEOREY:

The fundamental resonance of a thin linear conductor occurs at a frequency whesgadeee
wavelength idwicethe wire's length, i.e. where the conductor is 1/2 wavelength long. Dipole antenna
are frequently used at around that frequencythod termedhalf-wave dipoleantennas. This important

case is dealt with in the next section.
Thin linear conductors of lengttare in fact resonant at any integer multiple of a-ha¥elength:

wherea= c/fis the wavelength andis an integer. For a centdrd dipole, however, there is a great dissimilarity
betweem being odd or being even. Dipoles which areoddnumber of halwavelengths in length have
reasonably low driving point impedances (which are lguresistive at that resonant frequency). However ones
which are arevennumber of halwavelengths in length, that is, an integer number of wavelengths in length, have
a highdriving point impedance (albeit purely resistive at that resonant frequency).

For instance, a fullvave dipole antenna can be made with two-ha¥elength conductors placed end

to end for a total length of approximatély o . This results in awaveadd
dipole of about 2IB. Full wave dipoles can be used imog wave broadcasting only by making the
effective diameter very large and feeding from a high impedance balanced line. Cage dipoles are of
used to get the large diameter.

A 5/4-wave dipole antenna has a much lower but not purely resistive feedippeatiance, which

requires anatching networko the impedance of the transmission line. Its gain is abdi §reater

than a haHlwave dipole, the highest gain of anyadlie of any similar length

EXPERIMENTAL PROCEDURE:

In this Lab, a dipole antenna will be constructed and analyzed using the HFSS simulation software
Ansoft. The example will illustrate both the simplicity and power of HFSS through construction anc

simulation of this antenna structure. The following notes will provide a brief summary of goals.
"HGeneral navigation of software menus, toolbars, and quick keys.

"HVariable assignment.

"HOverview of commands used to create structures.

"HProper design andhplementation of boundaries.

"HAnalysis Setup.
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1- Using the following equation, calculate the length bfadipole at 1 GHz.

/:E
f

Choose the apppoiate pair of wires to set up theé2 dipole. Adjust the dipole length in accordance
with your result. Note that the antenna length must be shortened. In the present case, a lendth of 0.

rather then 0.9Q is a good approximation.

Measure the real dimension of @&/ 2 dipole ante

N

| =éeeeé

2. Starting HFSS
Double click on the HFSS icon on the Windows Desktop.
3. Creating the Project

From the Project Manager window. Rigblick the project file and select Save As from the sub menu.

Name the file Adipoleo and Click Save.

67



Dtk s e —. "\
Fle Edt View Proect Took Window Help

jos@|r 208 |xax |22 Ama

fewe
ien
(Propectsnager - x]
EELT
ST
Tame [Vae] Uit [ Evotn

4. Working with geometries

To begin working with geometries, you must insert an HFSS design. Find the Project item in the Mer

file and select Insert HFSS Design from the menu.

Name [Vawe| Unt [Evalua

H! 0

oMl

The units are chosen as mm by choosing the heading 3D modeler and Units from the menu.
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[LSEEl HFSS  Tools  Window

Import... B

Eaport... I
v Group Objects By Material Set Model Units El
-

Movement Mode 4

Grid Blane *

Hew Object Type F

Coordinste System ’ /

List L

Sunface ¥

Book=an L

5. Drawingthe Dipole

We will start to by creating the dipole element using the Draw Cylinder button from the toolbar. Give

the name dip1 and it is oriented along the z axis,

) Ansoft HFSS - Project] - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesign] - Modeler] o | Lo )
A File Edit View Project Draw Modeler HFSS Tools Window Help [-[=]x]

IDeE|'2B & xoo [=]2 2 dr o iggsB|ior B ioCsce|les|ee iB|ss /8 ivv22¢ic00od
iR ieppoace®=oR | o & v <[ im R EoE jgggda i00 itaid i § 8 |[eoum ~| |[Moger Sl s

2

& HFSSDesign1 (DrivenModaly =& dipl
) Defitons LB Create
1. Coordinate Syste

] 4B Planes
€ Lists

I F— ’
e
Name [Vaiue[ Unt [Eve »

Attibute P P I 0 4 &(mm)

The next step is to build the symmetricdgh2
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(a3 "] B 0 - I D BEIR P <OZid% BT iadds TV O USD
A3 NO00oeBRAO®E SR o &y o I T T e T =R e A v} Imoses v | S re  ~l
H B e @ ¢ B % et
& Mol
=8 .;{
B0 SOt
= ) CroateCyinder
¢ @ HFSSMode &) Cupkestenrcundans
+ - Detrdwors = @ Cyinder1 1
» @) Cuphcstetiodyaroundan
# Lo, Cowdnate Systems
© @ Pores
" Ports
« @ ums
-
Propct < >
u
o
4
Nothing s seiected %

The dipole structure idlustrated below:

6. Assign the material
Right-Click thedip1 anddip2 and select Assign Materia aAdsign the material PEC and click
OK. PEC (Perfect Electric Conductor) will create ideal conditionslifmt anddip?2.
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D Ansoft HFSS - Projectl - HFSSDesign1 - 30 Modeler - [Prajectl - HFSSDesignl - Modeler] = | G
5] File Edit View Project Draw Modeler HFSS Tools Window Help NER
D& BB & X0

B o fnClsze eelea (s 88 ivuideioocon
IR ieBRLOS w5 fpooddh i Ptno i | @ [ecum  =]|Wose =] P&r

S The o s R

Project Manager

Project1-
5 HFSSDesign1 (DrivenModal)
[ Defnitions

Name [ Vale| Eve ~

Mame | dipl
Vateid | "va "val
Sove Insde | [@° =

Orentation | Giobal

Model 2

Dipiay Wi, [~

Color _Edt|

< i ] v
Attibute D ——

&§(mm)

7. Creating the port

In the section you will createlaimped Gap Source This will provide an excitation to the dipole
structure. Begin by selecting the YZ plane from the toolbar. Using the 3D toolbar, click Draw
Rectangle and place two arbitrary points within the model area.

Select YZ plane
1 O ,-Afo/’ Draw rectangle
@n Plane
i O«
| SEP=alllF::

Please note that the rectanglar to assign the Wastchosen relatively small in comparison to the

dipole structure. This was done to minimize effects due to the source and place emphasis upon the
structure. The source is depicted below.

A lumped port will be used for the dipole model. In the project explorer-clgiit Excitation ->
Assign-> Lumped Port.
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-7 Model

+-|z, Coordinate Systems
+ 4 Flanes
222 Points

+ @2 Lists

<54 Poinks

+ €2 Lists

Plok Fields
Plok Mesh

=1 &7 Model
- 4P rot Assigned
1] &P
—| 459 pec Expand all
=& Collapse all
i
" Edit
+ &
+ -1z, Coording
+ 4% Planes Assign Boundary

Assign Excitation

Assign Mesh Operation

h 4

|

Wight Click

Wawe Port. ..

Lurmnped Pork...

Incident wWavwve. ..

Yoltage. ..
Current, ..

Magnetic Bias. ..

Name the port source and leave the default values for impedance.

Lumped Port : General

MName: | LurnpFort1]

Resistance: | 50

|Ohm

=

Reactance: | a]

Click Next and enter the following:

|Ohm

Use Defaults
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Lumped Port : Modes

Number of Modes: | 1

Mode Integration Line Characteristic Imp. (Za)

Mone j

MNone
MNewline.. ...

Usze Defaults |

Using themouse, position the cursor to the bottoanter of the port. Ansoft's snap feature

should place the pointer when the user approaches the center of any objeciich edt
define the origin of the feld vector. Move the cursor to the topnter of the prt. Left
click to terminate the Hield vector. Click finish to complete the port excitation.

Note: In case you find some difficulties for drawing the lumped port, you can redraw the

rectangular plane, affect the lumped port, then resize the rectaptaular

o 3 6 (mm)

8. Radiation Boundary

In this section, a radiation boundary is created so that far field information may be extracted from the
structur e. To obtain the best resul t, a cylindr
the toolbar, select Draw Cylinder.

With all faces selected, riglatick the Boundary icon in the object explorer and sdédectndary ->

Assign-> Radiation.
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Ansoff HFSS - [Dipole - HFSSMadel] - 30 Modeler]

arEmueemn  [C[E K|

T Rl Edt Wew Froject Draw 30 Modeer HESS Tods Window Help - A x
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FHL Setup wizand. .. Iy
F"\:EI

Use default namBad1l and click OK.

9. Solution Setup

In this section a solution must be defined to display the desired data. We raagilpri
interested in the frequency response of the structure. We will also explore HFSS's ability to
calculate general antenna parameters such as directivity, radiation resistance, radiation
efficiency, etc... .

From the project explorer, select AnalystsAdd Solution Setup.

+- &7 source

= Dipole”
" - @ sir
— & HFSSModell -
e - &7 radiation
—— [ Create
+ E¥ Boundaries + 4P pec

+ B2 Excitations
BER hesh Operations

+-l2, Coordinate Syster
+ 4= Planes

200 Painks

&l 2dd Solution Setup. ..
= Res List...

+-1T1] Part
[y Fiel] @ Analvze
Fewvert to Initial Mesh

> Rad
(1

b

+1- [ Definitio

Perform the following:
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D Ansoft HFSS - Projectl - HFSSDesign1 - 3D
B File Edit View Project Draw Modeler HFSS Tools Window Help
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Use Defauits

To view the frequency response of the structure, a frequency sweep must be defined. From the
project explorer sele@etupl-> Add Frequency Sweep

D) Ansoft HFSS - Project - HFSSDesignl - 3D Modeler - [Project] - HFSSDesignl - Modaler]
% File Edit View Project Draw Modeler HFSS Tools Window Help

D@d|iE2d &8 Xac a2 e Z24B or B
N:ieBDLHO®@=OR e & P |3 Sl ER BB G ipood

@
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(5] Optm BB Copy e
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Be careful: You should select the Fast in $veeep Typeoptionas follow

) Ansoft HFSS - Project] - HFSSDesignl - 3D Modeler - [Projectl - HFSSDesign1 - Modeler]
I File Edit View Project Draw Modeler HFSS Tools Window Help
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10. Structure Analysis
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At this point, the user should be ready to analyze the structure. Before running the analysis, always

verify the project by selecting from the 3D toalbih everything is correct the user should see:

Validation Check: dipole - HFSSModel1 x|

7 3D Model
o HFSSModel

o Boundaries and Excitations
«# Mesh Operations

7 Analysis Setup

o Optimetrics

o Radiation

Walidation Check completed.

[

Analyze the structure by clickir. s

11. Create Reports

After completion of the analysis, we will create a report to display both the resonant frequency

and also the radiation pattern. Click on the he@#iFSS and sele®esults-> Create Model
Solution Data Report-> Rectangular Plot.

D Ansoft HFSS - dipole - HFSSDesign - 30 MSHSISr= SOLVED -
) Fle Edt View Project Draw Modeler HFSS Tools Window Help

oz ala M drluleserior/Bioliscoles/an |85 |88 [~v23¢ |00l
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- B 5@ dip2
5B X @ Raste Crrlev ylinder
7 Create Modal Solution Data Report Rectangular Plot
@B Port B e Felds Report | Rectangular Stacked Plot
« " Create Report From File. Data Table
_Propect | Delete All Reports Senith Chart
R TEpRE L 30 Rectangular ot
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Qutput Variables,

Update All Reports
Qpen Al Reports
Creste Quick Report.
Peform FFT on Report
Pesform TOR on Report

B Solution Data.

Browse Solutions

vy 50 1] 100 (mm)

© Nomal completon of smulation on server. Local Machine. (62823 PM Oct 06, 2013)
i HFSSDesin1: Soiusons have been invaidated. Undo to recover. (62852 PM Oct 06, 2013)
© Nomal completion of smulabon on server: Local Machine. (62927 PM 0ct 06, 2013
A\ HFSSDesign’: Soluons have been ivaidated. Undo 1o ecover. (5.47.33 PM Oct 06, 2013)
@ Nomal completion of smuiabon on server: Local Machine. (6475 PM Oct 06, 2013) =l

Thasnage tan = X

Select the following highlighted parameters and dhielv Plot
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Nommal completon of simuiaton on server: Local Machie. (5.47.55 PM Oct 06. 2013)

12.Plot the Radiation Pattern

In order to plot théRadiation Pattern, the user must define @nfinite sphere for far field

calculations. Rightlick theRadiation icon in the project manager window aselectinsert Far
Field Setup-> Infinite Sphere.
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RESULT: Calculate the gainmpedance, antalf-power beam width adlipole design

Probing Further Experiments

1. Calculate the gainmpedance, anbalf-power beam width ahort dipoledesign
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Lab- 12
MICROSTRIP FEED ANTENNA DESIGN

Introduction

In this feeding methodnner conductor of coaxial cableis connected to the microstrip
patch of an antenna and outer one is connected with ground plane .Mostly, the feed
networks are isolated from the microstrip patch, but in this mechanism, it is edhék

Objective
Educational

¥ LearnHFSSsoftware
¥ Learn the different methods to generate radiation patterns

¥ Learnhow to calculate radiation pattern faicrostrip feed antenna

Experimental

¥ Measure the radiation pattern foicrostripfeed antenna

¥ Analyze the radiation pattern and simulate using HFSS modeling tool

PreLab

Reading

¥ Studythe Backgroundsectionof this Laboratoryexercise.

Written
E Prior to coming to lab class, complete Part O of the Procedure.

EQUIPMENT REQUIRED :

1.Computer
2. HFSSsoftware

THEOREY:

In high-performance spacecraft, satellite and aircraft, where low sizewkght, moderatecost,

ease of installation are constraints, low profile antenna may be required. To meet these
80



requirements, micrgtrip antennas can be used. Miesirip antenna technology has been the most
rapidly developing topic in the antenna
field in the last fifteen years, receiving the creative attentionsof academic,industrial, and

governmenengineers andesearchethroughoutheworld.

Micro-strip antennahasquickly evolved from academicnovelty to commercial reality with
applications in a wide variety of microwave systems. In fact rapillyeloping markets in a
per sonal communicati ons s yamnmeannasions,(dife€t doagdgast mo
televisions(DBT)wirelesslocal areanetwork( WL AN O s ) and intelligence

suggest that the demand farcro-strip antennaandarrayswill increasefurther.

Patch b

Dielectric Substrate

— Ground Plane

Fig.no.12.1: Basicstructureof micro-strip patch antenna

JE'A

e Rectngular Dipol (ol fangular Circular Ring Ellptial

Fig.no.12.2Commonshapeof micro-strip patchantenna

81



Fig.no.12.3E-field distributionsfor first dominantmode inMSP antenna

DesignCalculation:

1. Calculatiorof the Width (W)-
c
e, +1
2o\
N 6ééé6écééééé. (12.1)

2. Calculationof the EffectiveDielectricConstant.Thisis basedon the height,
dielectricconstant ofthe dielectricandthe calculated widthof the patch antenna.

S | A
St [1—|—12;] eéeéeeée. . (12.2)

E:v'aff =

-
r

3. Calculatiorof the Effectivelength
[

L a =  ————
fr —
2foy/Zerr
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4. Calculatiorof the lengthextensionn [

B.XXXXXXXXXOMH Do
° ey £03) (7 +0.264)

AL =0.412h

W
(055 —0258) (¥ + n.sjé 666 (12.4)

6. Calculatiorof actual lengthof the patch

L= Ly—20Lgel12.5

Where:
fO is the Resonance Frequency
W is the Width of the Patch
L is the Length of the Patch
h is the thickness
Ur is the relative Permittivity of the diel
c is the Speed of light: 3 x 10
from these equations: at f=4GHz Design parameter
Patch width: 23mm
Patch length: 18mm
Substrate height: 1.6mm
Material FR4 epoxy
Dielectric constant: 4.4
Inset length (z): 6mnStrip length (y): 15 mm Strip width (x): 3mm

Procedure:
1. Designa rectangular patciior dimension ofx=23mm, y=18mnand z=1.6mm.

Designandarectangular stridine forthe x=3mmandy=21mm.
Insetthis strip line inarectangulamatch.

Subtractthat part fromthe patch andcombinewith insectstrip line.

a > wDn

Applyafeedline at the cornerof strip line.

6. Createaair boxacrosghe patchantennato checkthe radiation pattern.
Simulatethis design anahecktheradiationpatternand eturnlossfor the design

DesigrPatch:




Fig: Designof MicroStrip PatchAntenna

Observation:

Ansoft Corporation XY Plot 1 HFSSDesignl
0.00— Curve Info min
_ — d_B(S(VVavePortl,WavePonl)) 31,2917
B Setup1: Sweep1

dB(S(WavePortl,WavePort1))

Freq [GHz]

Fig.no.12.5ReturnLossvs

Radiation pattern
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RESULT: designedhe Micro strip patch antenna for 4 GHz. the minimum réoss
parameter (§) is-31.29 dB for this antenna is at 3.9 GHz. Error in return loss is
2.5%

PROBING FURTHER EXPERIMENTS:

Measure th@ain,impedance, anbalf-power beamwvidth of quarter wavenonopole
design



Lab- 13
PROBE FEED PATCH ANTENNA
DESIGN

Introduction

A patch antenna is a type of antenna with a low profile, which can be mounted on a
surface. It consists of a planar rectangular, circular, triangular, ogemyetrical

sheet of'patch” of metal, mounted over a larger sheet of metal called a ground
plane

Objective
Educational
E LearnHFSSsoftware

¥ Learn the different methods to generate radiation patterns

¥ Learn how to calculate radiation pattern Roobefeed patch antenna
Experimental

¥ Measuretheradiation pattern foProbe feed patch antenna

¥ Analyzetheradiation pattern and simulate ugiHFSS modeling tool

PreLab

Reading

E Studythe Backgroundsectionof this Laboratoryexercise.
Written

E Prior tocoming to lab class, complete Part 0 of the Procedure.

Junction.



EQUIPMENT REQUIRED :
1.Computer

2. HFSSsoftware

THEOREY:

Fig.ProbeFeedPatchAntenna

A patch antenna is a narrowband, witkam antenna fabricated biching the
antenna elemenpattern in metal trace bonded to an insulating dielectric
substrate, such as a printed circuit board, with a continuous metal layer bonded to
the opposite side of the substrate which forms a ground plane. Prob&heed
coaxial feed or probe feedasverycommon contacting scheme of feeding patch
antennas. ... The inner conductor of the coaxial connector extends through the
dielectric and is soldered to the radiating patch, while the outer conductor is
connected to the ground plane



PROCEDURE:

LaunchtHFSS

1 Go to WindowsStart > All Programs > ANSYS Elecromag netics > ANSYS
Electronics Desktopto launch the appltation.

@ANSVS Electronics Desktop - Projectd o 50 S|
File Edit View Project Tools Window Help
DEE| |& | % BTN
L

Y IIT R
Project Manager

=-[] Projectd
&-/Z1] Definitions

4z

Properties B X Message Manager B X Progress

Name |\c’alue| Unit |E\falua

4| [} 3

Variables

Figure 1. ANSYS ElectronicsDesktopappears

Note: If theapplicationdoesnotlist thefolder,goto Fileand clickNew. If the
Project Manager window does noappeargoto View andenablet.

SetToolOptions

Verify theoptionsunderthe Tools menuasfollows:
1 Click Tools>Options>HFS®ptions.

TheHFSSOptions dialogboxappears.

Assignment Options
V¥ Use Wizards for data input when creating new boundaries.
v Duplicate boundaries/mesh operations with geometry.
v Visualize boundaries on geometry.

v Auto-assign temminals on ports.

Figure 2. AssignmenOptions

1.0nthe Generaltab ensureall AssignmentOptionsarecheckedand clickOKto
closethe dialogbox.

2 ClickTools>Options>Modeler Optiong he



Modeler Optionsdialogboxappears.

3 Onthe Operationtab checkAutomaticallycoverclosed
polylines

4 Onthe Drawingtab checkEdit properties of new primi-tives
andclickOK.

Note Thisoptioncauses Properties dialogboxtoappeamwheneveryou
createanewobiject.

InsertHFSdesign
Theiconbelowrepresentthelnsert HFSSdesign(IHd )option.

Figure 3. 1Hd
1 Expandhe projecttree.
2 ClickinsertHFS®esignonthe toolbarto includeit in theproject

or gotto the Projectmenuandselectinsert HFSBesign

Note Inclusion ofIHd modifies the project and hence #steriskappearson
ProjectN.



[ Project | Tools Window Help

s

Insert HFS5 Design
@ Insert HFS53D Layout Design
@l Insert HFSS-IE Design

@ Insert Q30 Extractor Design
B Insert 20 Extractor Design
BDDB -

Project Manager o = |

Insert Circuit Design
Insert Circuit Metlist

& 3o

Insert Filter Design ...

Insert Documentation File...
Analyze All

Project Variables...
Datasets...

Figure 4. IncludeHFSSDesigntype

3 ClickProjectN*, hit F2 renamethe projectandsaveit.

SetModel Units(cm)

Definethemodelunitsasfollows:
1 On the toolbar, clickModeler>Units TheSet

Model Units dialogboxappears.

2 Selectm (centimeters)from the Selectunits drop-down
menu,andclick OK.

Select units: I -

| Rescale to new units

Ok | Caticel |

Figure 5. SetModel Units dialogbox



SetSolutionType(Terminal)

Specifythed e s i sglutiéngypeasfollows:
1. RightclickHFSSDesign1(DrivenModaldselectSolutionTypefrom the
shortcutmenu.

TheSolution Type dialogbox appears.

Drriven
i+ Modal
. (" Compasite Excitation
" Terminal
(* Mebwork Analysiz
" Transient
" Figenmode
ak. Cancel

Figure 6. SolutionTypedialogbox
2.SelecDrivenTerminalandclickOK

Note Driven Terminal calculates the termiftzsed Sparameterof multi-
conductortransmissiorline ports. TheS-matrix solutions will be expressed in
terms of terminaVoltagesandcurrents.

CreateSubstrate

To createthesubstrateyouwill drawabox freehandasfol-lows.
1 ClickDraw>Box
Thecursoris accompaniedby a blacksquaredox.

2 Clickinside the Modeler window to establishthe x,y axe-and
dragthe mouseto drawthe rectangle.

3 Clickthe mouseto establishthe z axisanddragthe mousealong
the z-axisto drawthe height,andclickthe mousetocompletethe box.

ThePropertiesdialogboxappears.

| | Mame | Value | Unit | Evaluated Value |
Command CreateBox
Coordinate Sys... Global
Position 5450 cm -Bem | -4.5cm | Ocm
*Size 10 cm 10cm
¥ Size ] cm Scm
ZSize 0.3z cm 0.32cm

Figure 7. Commandiialogbox



4 Onthe Commandab edit the fieldsasshownin Figure7and
on theAttribute tab rename the box t&ublandselectEditfrom the Materials
drop downmenu.

TheSelectDefinition dialogbox appearseeFigure8.

5 TypeRogerRT/duroidb880(tm) in the SearchBy Namefield
andselectthe option whenit appearsn the list.

6 ClickOKto closethe View/Edit Material dialogboxandrepeat
the sameon the other dialogboxesto exit.

7 ClickView>Fit All>Active View.

Note As you continueto build themodel,wheneverouwantto fit theview do
Ctrl+D .

Materials | Matenial Fitters |

— Search Parameters

Search by Mame Search Criteria Libraries
[Rogers RT/ durcid o= o e .
[—— | IHeIati'-.-'e Pemittivity ;I
Relative
J,.-"' MName Location Origin Permittivity
Hogers RO4350 ftm) SysLibrary Materials 366
Hogers RT/durcid 5870 ftm} S'_.rsIJblar'_.r Materials
m
Hogers RT/durcid 6002 ﬁm} Syslibrany Materals
Hogers RT//durcid &006 {m) SysLibrany Materials 6515
: Rogers RT./duroid 6010/'6070LM fm) SysLibrany Materials 10.2

Figure 8. SelectDefinition window



Createlnfinite Ground

To createtheinfinite ground,youwill drawarectangleasfol-lows.

1 ClickDraw>Rectangle

N

Clickinsidethe modelerwindowto establishthe x,yaxes.

3 Dragalongthe X,y axesto drawthe rectangleThePropertiesdialogbox

appears.

g b

Commanddialogboxasin FigurelO.

ClickOKto acceptthe valuesin the Propertiesdialogbox.
DoubleclickCreateRectanglérom the history tree anadit the fieldsonthe

6 DoubleclickRectanglegfrom the historytree andenter

Inf_GNDin the Namefield andclick OK.

Name | Value | Unit | Evaluated Value
Command CreateRectanale
| |Coordinate Sys... Giobal
| Position 5450 cm |-Bem , -4.5cm |, Dem
s z
I X5ize 10 cm  |[10cm
| YSize 9 cm | Scm

Figure 10. Infinite GroundCommandlialog

Figure 11. Infinite Groundplane

AssigrPerfectEboundaryto the Ground
1 ClickEdit>Select>Biame



TheSelectObject dialogbox appears.
2 Selecthe objectinf_GNDandclickOK.

Mame:

Int GHD

Subl

|
ok Close |
Figure 12. SelectObjectdialogbox
3 RightclickAssigrBoundary>PerfeckE
ThePerfectE Boundary dialogboxappears.

4 Editthe fieldsasshownin Figurel3 andclickOK

General | Defaults |

Name: [PedE1_Inf_GND

v Irfinite Ground Plzne

Use Defaults

ok | Cancel
Figure 13. PerfectE Boundarydialogbox
Createlnfinite GroundCutOut

To createghecutout performthefollowing steps.
1 ClickDraw>Circle

2 Clickin the modelerwindowto establishthe x,yaxesanddrag
the cursor to draw the circle and cli€&on the Properties
dialogboxwhenit appears.

3 DoubleclickCreateCircldéo open theCommanddialogboxand
edit the fieldsasshownin Figurel4 andclickOK

4 DoubleclickCirclefrom the historytree andenter



Cut_Outin the Namefield andclick OK.

Name Value | Urit | Evaluated Value
Command CreateCircle
Coordinate Sys... Global
Cernter Posttion |-0.5.0.0 cm 0.5cm |, Ocm |, Ocm

Pz il
Radius 0.6 cm 0.16cm
Mumber of Seg... 0 0

Figure 14.GroundCut Out Commandlialog

Completethe Infinite Ground
To selecttheobjectsinf_GND andCut_Out:
1 ClickEdit>Select>ByName
TheSelectObject dialogbox appears.
2 Selectinf_ GNDandCut_OutandclickOK.

Mame:

Subl

|
OE. | Cloze |

Figure 15. SelectObjectdialogbox

Tocompletethe ring
1 Click Modeler>Boolean>Subtract

TheSubtract dialogboxappears.
2 Setthe fieldsasin Figurel6andclickOK



@ Subtract 23

Blark Parts - Tool Parts

Inf_GHD |:| Cut_Out

El
|

[ Clone tool objects before aperation

0K | Cancel |

Figure 16. Subtractdialogbox

CreatePatch
Wewill describeanothemethodto drawarectanglehere.
1 ClickDraw>Rectangle
2 Usethe fieldson the statusbar, andenter the co-ordi-nates

of the centerasfollows:
X:-2.0,Y: -1.5 Z: 0.32andpressEnter.

3 Usethe fieldsandenterthe oppositecornerof the rectangleas
follows:

dX: 4.0,dY: 3.0,dZ: 0.0andpressEnter.TheProperties
dialogbox appears.

4 ClickAttribute andenter Patchin the Namefield and
click OK.

Figure 17.ThePatchdrawn

Assigra PerfectEboundaryto the Patch
1 Clickedit>Select>BiName



TheSelectObject dialogbox appears.
2 Selecthe PatchandclickOK

Marne:
Inf_GHD

Subl

| »

ok | Close |
Figure 18. SelectObjectsdialogbox

3 Click HFSS>Boundaries&kssign>PerfectE
ThePerfectE Boundary dialogbox appears.

4 EnterPerfE_Patcim the Namefield andclickOK

2

Figure 19.PerfE_Patclapplied
Createthe Coax

In this section you will create the Coax. You can follow the
conventionamethodof settingthe materialfor the Coax.orset
thematerialbeforedrawingthe coax.

1 Usingthe 3DModelerMaterialstoolbar,choosevacuum.

| Rogers Hdeurcﬂ

Rogers RT/duroid 5
Select...

Figure 20. Materialdropdown

2 ClickDraw>Cylinder
3 Drawacylinderfreehandandonthe Commandab editthe



fieldsas shownin Figure21

Figure 21. Commandlialogfor Coax

Figure 22. Coaxdrawn
Createthe CoaxPin

To createthecoaxpin:

1 Drawacylinderfree handandonthe the Commandabedit
the fieldsasshownin Figure23.

2 Onthe Attribute tab, renamethe cylinderto coaxpinandselect
Editfrom the Materials drop-down menu.
TheSelectDefinition dialogboxappears.

Mame | Value | Lt | Evaluated Value
Command CreateCylinder
Coordinate Sys... Global
Certer Postion |-0.5.0.0 cm  |0.5cm , Ocm, Ocm

Pz al
| Radius 0.07 em  0.07cm
- |Height 05 em  05cm
N Mumber of Seg... 0 0

Figure 23. Commandlialogfor CoaxPin



Materials | Material Fiters

— Search Parameters

Search by Name Search Criteria Lbraries ™ Show Proje
Ipec & by MName £~ by Property
Search | IF!eIatiue Permittivity ;I
Relative Re
,,.-" Mame Location Origir Pemittivity Penr
palladium SysLibrary Materials
__m—
perfect conductaor Syslibrary Materials 1 1
platlnum SysLibrary Materials 1 1
| |plexglass SysLibrary Materials 34 1

Figure 24. SelectDefinition window

3 Enterpecin the Search By Naméeld.The

option pecis highlightedin the list.

ClickOKto closethe SelectDefinition dialogboxandrepeat
the sameon the other dialogboxto exit.

Note TheMessageManager showsthis messageSolvenside for
object coax pin is unset, due to matedakignment chang&ou
do not solve inside a perfembnductorsincethefield is zero.

4

£

Figure 25. coaxpin



AssigrExcitation

We cancreateacircleto accesshefacewherewe assigrthewaveport.

1
2

8

ClickDraw>Circle

Usingthe coordinateentry fields,enter the centerposttion:

X:-0.5,Y: 0.0,Z: -0.5andpressheEnter key.

Usingthe coordinateentry fields,enter the radiusof thecircle:

dX:0.16,dY: 0.0,dZ: 0.0andpressheEnter key.ThePropertieslialogbox appears.

Onthe Attribute tab renameCirclelto PortlandclickOK
to closethe Properties dialogbox.

ClickEdit>Select>Bame

This SelectObject dialogbox appears.

SelectPortl andclickOK

Rightclickand selectAssignExcitation>WavePort.
TheReferenceConductorsfor Terminals dialogbox

appears.

M amne:

Coaw
Coax_Fin
Inf_GHD
Patch
Subl

4

oK, Close |

Figure 26. SelectObjectdialogbox
Editthe fieldsasshownin Figure27 andclickOK

© Use conductar name

% Use port object name

MNOTE: Multiple reference conductars touching &
port must all be connected in the plane of the port

| Conductor Use as Reference

| |cean Fin —

% Highlight selected conductars
oK | Cameel |

Figure 27.Reference&Conductordor Terminals

Theterminalis createdinderExcitations for p1 underthethe Projecttree.
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—- B3 Excitations
- B pl
@ Portl_T1

Figure 28.ProjectTree
Createthe Probe

To createheprobe:
1 Drawacylinderfreehandandedit the fieldson the Commandtab asshownin Figure29.

2 Onthe Attribute tab, renamethe cylinderto probe andset Material aspec

Name | Walue |L|n'rt | Evaluated Value |
Command CreateCylinder
Coordinate Sys... Global
Center Postion -0.5.0.0 cm |-0.5cm |, Ocm , Ocm
Pois Z
Radius 0.07 cm |0.07cm
Height 032 cm | 0.32cm
Mumber of Seg...|0 0

Figure 29. Commandlialogbox

Figure 30.Probedrawn
CreateAir

1 Drawaboxfreehandandedit the fieldson the Commandab asshownin Figure31.

MName Value |L|n'rt | Evaluated Value
Command CreateBox
N Coordinate Sys... Global
" |Position 5450 |em -bem , -4.5cm | Dom
| |xsize 10 cm | 10cm
- |¥Size 5 cm  |[Scm
- |zsize 3.32 cm |3.32cm
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Figure 31. Commandialogbox
2 ClickAttribute andrenamethe boxto Air andclickOK

Figure 32.Air Bodydrawn

AssigrRadiatiorBoundary
In this sectionyou will assigntheradiationboundaryon allthefacesof theair bodyexcept
thebottomface.
1 HitFto enter FaceSelectiormodeandclickEdit>SelecBy Name

The SelectFacedialogboxappears.
2 ClickAir, holddownthe Ctrikeyandthen selectall theFacelDsexceptthe one for the bottom
facei.e z=0.

Ohbject name: Face ID:

2 [ Facel10
Coax
Coas_Fin
Inf_GHD
Patch
Port1
Probe
Subl

Figure 33. SelectFacedialogbox

3 Click HFSS>Boundaries>Assign>Radiation
TheRadiationBoundarydialogbox appears.
4 Editthe fieldsasshownin Figure34 andclickOK
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Marme: IFlacH

' Radiating Only
" Incident Field
" Enforced Figld

I~ Model exterior as HFSS-E domain
I Reference for FSS

¥ Include for near/far field calculation

[Mat appropriate when source iz on an internal suface]

ak I Cancel I

Figure 34.RadiationBoundarydialogbox

2

Figure 35. RadiationBoundaryapplied

Infinite Sphere |Ccordinate System | Radiation Suface |

Name IH'_Zd

r—Phi
Start Jo loeas |
Stop IBD Ideg LI
Step Size IBD Ideg ;I

~ Theta
Stat  [180 I
sp [180 Joeg x|
Step Size |2 Ideg LI
Save As Defaults | View Sweep Points... |

0K | Cancad |  Hep |

Figure 36.FarField RadiationSphereSetupdialogbox

CreateRadiatiorSetup
1 Click HFSS>Radiation>Inserfar Field Setup>InfiniteSphere
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TheFar Field Radiation SphereSetupdialogboxappears.
2 Editthe fieldsasshownin Figure36 andclickOK
An optionff_2d appearsinderRadaition in the ProjectManager window.

0.ou

5.00-

-10.00]

Curve Info

—— dBiSt(Port1 T1.Port1 T1 =

-15.00]
1 | Name| X | A

| m1 [23625]-32.4489|

-20.00 -]

dB(St(Port1_T1,Port1_T1))

-25.00

30,00
1 1l
b

bo 150

-35.00
4

00 250 300 350
Freq [GHZz]

Figure 13. S parameteversusFrequency
FarFieldOverlays

We will now plot far-field quantitiessuchasantennaain.
CreateFarFieldOverlay

To createa 2D polarfar field plot :
1 RightclickResultson the ProjectManagerwindow andselectCreate Far Fields

Report>Radiation PatternTheReportsdialogboxappears.

Editthe fieldsasshownin Figure50:
3 ClickNew Reportandthen, clickClose

N

Mo

A0 e e 150

180

Figure 15.RadiationPattern

RESULT: Calculate the gainmpedance, anbalf-power beam width aihonopoledesign
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PROBING FURTHER EXPERIMENTS:

Measure the gaimpedanceandhalf-power beam width of quarter wave monopadésign
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Lab- 14
SLOT COUPLED PATCH ANTENNA

Introduction

A slot coupled patch antenmath two slotson the ground plane and a non symmelthshaped feed line is
reported at the frequency range ofi 2B0GHz (75%) [38]. In this paper a similar idea is used for C and

bands presenting antennastructure with a rectangulpatch

Objective
Educational
E LearnHFSSsoftware

E Learn the different methods to generate radiation patterns

E Learnhow to calculate radiation pattern fdot coupled patch antenna

Experimental

E Measure the radiation pattern ot coupled patch antenna
E Analyze the radiation pattern and simulasing HFSS modeling tool
PreLab

Reading

E Studythe Backgroundsectionof this Laboratoryexercise.

Written
E Prior to coming to lab class, complete Part O of the Procedure.

Junction.

EQUIPMENT REQUIRED :
1.Computer

2. HFSSsoftware

THEOREY:

A patchantenna is a narrowband, widleam antenna fabricated biching the antenna element pattern in meta
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trace bonded to an insulating dielectric substrateh as a printed circuit board, with a continuous metal laye
bonded to the opposite side of the dtdie which forms a ground planBlicrostrip antennas have several
advantages like: low cost, easy fabrication and light weight. But they suffer from disadvantages like low gair
narrow impedance bandwidth. Materials with low dielectric constants,layeitistructures and utilizing air gaps
between layers can increase impedance bandwidth and gain of microstrip antennas .It has been reported th
Ushaped feed line can increase impedance bandwidth in aperture coupled microstrip antennas. Aleslot c
patch antenna with two slots on the ground plane and a non symmethapdd feed line is reported at the
frequency range of 1@2 GHz (75%). In this paper a similar idea is used for C and X bands presenting an ant
structure with a rectangular pat By using a numerical investigation on the effects of the dimensions a
positions of the feed line the impedance bandwidth (VSWR < 2) of the structure is increased to 8%32(5.3
GHz). The antenna has 48% (5848 GHz) gain bandwidth (above 7dB)a&d 15& t hi ckness
many previous works

PROCEDURE:

| Patch (Signal) |

| Sub1 (Dielectric) ] I 0.16cm
[ Slot (Plane) |

| Sub2 (Dislectric) ] § 0.16em
I Feed (Signal) |

Setting Tool Options

To set the tool options:

Note: In order to follow the steps outlined in this example, verify that the following tool options are set :
1. Select the menu itefools > Options > HFSS Options
2. HFSS Options Window:
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1. Click the General tab
Use Wizards for data entry when creating new boundaries: _Checked Duplicate boundaries with geometry: _ Checked
2. Click the OK button
3. Select the menu item Tools > Options > 3D Mod€lptions.
4. 3D Modeler Options Window:
1. Click the Operation tab
Automatically cover closed polylines: _ Checked
2. Click the Drawing tab
Edit property of new primitives: _ Checked
3. Click the OK button
Opening a New Project

To open a new project:
1. In an Ansoft HFSSvindow, click the _ On the Standard toolbar, or select the menu item File > New.
2. From the Project menu, select Insert HFSS Design.

Set Solution Type

To set the solution type:
1. Select the menu item HFSS > Solution Type
2. Solution Type Window:
1. Choose Drivemerminal
2. Click the OK button
Set Model Units

To set the units:
1. Select the menu item 3D Modeler > Units
2.Set Model Units:
1. Select Units: cm
2. Click the OK button

Set Default Material

To set the default material:
1. Using the 3D Modeler Materials toolbar, cho@ssect
2. Select Definition Window:
1. Type Rogers RT/duroid 5880 (tm) in the Search by Name field
2. Click the OK button

Create Substrate
To create the substrate:

1. Select the menu item Draw > Box

2. Using the coordinate entry fields, enter the box positiof?X,Y: -4.5, Z: 0.0, Press the Enter key
2. Using the coordinate entry fields, enter the opposite corner of the box dX: 12.0, dY: 9.0, dZ: 0.32, Press the Enter key
To set the name:

1. Select the Attribute tab from the Properties window.

2. For the Value of Namgype: Subl

3. Click the OK button
To fit the view:
1. Select the menu item View > Fit All > Active View. Or press the CTRL+D key
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Create the Feed

To create the feed:
1. Select the menu item Draw > Rectang|
2. Using the coordinate entry fields, enter the rectangle positieh.X;: Y:-0.2475, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle: dX: 7.0, dY: 0.495, dZ: 0.0, Press the El
key

To set thename:

1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Feed
3. Click the OK button

To fit the view:
1. Select the menu item View > Fit All > Active View. Assign a Perfect E boundary to the Feed

To select the feed:
1. Select thanenu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Feed
2. Click the OK button

To assign the Perfect E boundary
1. Select the menu item HFSS > Boundaries > Assign > Perfect E
2. Perfect E Boundary window
1. Name: PerfE_Feed
2. Infinite Ground Plane: _ Unchecked
3. Click the OK button
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Create Ground
To create the ground:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the rectangle positien.&;: Y:-4.5, Z: 0.16, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle: dX: 12.0, dY: 9.0, dZ: 0.0, Press tlye Ent

To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Ground
3. Click the OK button

To fit the view:;
1. Select the menu item View > Fit All > Active View.

Assign a Perfect E boundary to the Ground
To select the ground:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Ground
2. Click the OK button
To assign the Perfect E boundary
1. Select the menu item HFSS > Boundaries > Assign > Perfect E
2. Perfect E Boundary window
1. Name: PerfE_Ground
2. Infinite Ground Plane: _ Unchecked
3. Click the OK button
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Create Slot Cut Out
To create the cut out:
1. Selectthe menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the rectangle positie@.8775, Y:-0.7, Z: 0.16, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle: dX: 0.155, dY: 1.4, d&s9 iheMAEnter
key

To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Slot
3. Click the OK button

To fit the view:
1. Select the menu item View > Fit All > Active View

Complete the Ground
To select the objecground & slot

1. Select the menu item Edit > Select > By Name

2. Select Object Dialog, / \
1. Select the objects named: Ground, Slot
2. Click the OK button

To complete the ring:
1. Select the menu item 3D Modeler > Boolean > Subtract
2. Subtract Window

Blank Parts: Groundool Parts: Slot

Clone tool objects before subtract: _ Unchecked Click the OK |

Create Patch \ /

To create the patch:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the rectangle positie®.%; Y:-1.5, Z: 0.32, Presfi¢ Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle: dX: 4.0, dY: 3.0, dZ: 0.0, Press the Ente

To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Patch
3. Click the OKbutton

To fit the view:
1. Select the menu item View > Fit All > Active View.
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Assign a Perfect E boundary to the Trace
To select the trace:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Patch
2. Click the OK button

To assign the Perfect E boundary
1. Select the menu item HFSS > Boundaries > Assign > Perfect E
2. Perfect E Boundary window
1. Name: PerfE_Patch
2. Click the OK button

Set Default Material

To set the default material:
1. Using the 3D Modeldviaterials toolbar, choose vacuum

Create Air
To create the air:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box positiofv X, Y:-4.5, Z:-2.0, Press the Enter key
2. Using the coordinate entry fields, enter the oppatner of the box dX: 12.0, dY: 9.0, dZ: 4.32, Press the Enter key

To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Air
3. Click the OK button

To fit the view:
1. Select the menu item View > Fit AllActive View

112



Create Radiation Boundary
Picking the faces:

1. Select the menu item Edit > Select > Faces
2. Graphically select all of the faces of the Air object except the face at Z=0.0cm

To create a radiation boundary
1. Select the menu item HFSSBoundaries > Radiation
2. Radiation Boundary window
1. Name: Radl
2. Click the OK buttorCreate a Radiation Setuprlo define the radiation setup
1. Select the menu item HFSS > Radiation > Insert Far Field Setup > Infinite Sphere
2. Far Field Radiation Sphere Setup dgalo
1. Select the Infinite Sphere Tab
1. Name: ff_2d
2. Phi: (Start: 0, Stop: 90, Step Size: 90)
3. Theta: (Start:180, Stop: 180, Step Size: 2)
2. Click the OK button
Set Grid Plane
To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > YZ
Create Source
To create source:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the box positiofbX, Y:-0.2475, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the base rectangle: dX: 0.095, dZ: 0.16, Press the
Enter key
To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Source
3. Click the OK button
To fit the view:
1. Select the menu item View > Fit All > Active View.
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Assign Excitation
To select the object Source:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Source
2. Click the OK button
Note: You can also select the object from the Model Tree

To assign lumped port excitation

1. Select the menu item HFSS > Excitations > Assign > Lumped Port

2. Lumped Port : General
1. Name: p1,
2. Resistance: 50
3. Reactance: 0
4. Click the Next button

3. Lumped Port : Terminals
1. Number of Terminals: 1,
2.For T1, click the Undefined column and select New Line
3. Using the coordinate entry fields, enter the vector positior20, Y: 0.0, Z: 0.16, Press the Enter key
4. Using the coordinate entry fields, enter the vertex dX: 0.0, dY: 0.00dIB, Press the Enter key
5. Click the Next button
6. Click the Finish button
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Analysis Setup
Creating an Analysis Setup To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
Solution Frequency: 2.25 GHz Maximum Number of Passes&0mum Delta S: 0.02
2. Click the OK buttorAdding a Frequency Sweed o add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setupl
2. Click the OK button
2. Edit Sweep Window:
1. Sweep Type: Fast
2. Frequency Setup Typkinear Count Start: 1.0GHz
Stop: 3.5GHz Count: 201
Save Fields: _ Checked
3. Click the OK button

Model Validation

To validate the model:

1. Select the menu item HFSS > Validation Check
Analyze

To start the solution process:

1. Select the menu item HFSS >alyre All

Results
Submit all the required ReportsgiConvergence,-Sarameters, Radiation Plot and ®olar Plot.)

RESULT: Calculate the gaingpedance, andalf-power beam width oflot coupled patch antenna

PROBING FURTHER EXPERIMENTS:

Z Measure the gain, impedance, and4paliver beam width aflot coupled patch antenna
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Lab- 15
MICROSTRIP LINE DESIN

Introduction

A microstrip is a type of transmission line tlcansists of a conductor fabricated on dielectric substrateawitl
grounded plandt is easily miniaturized and integrated with microwave devices making it a popular choic

transmission line

Objective
Educational

¥ LearnHFSSsoftware
¥ Learn the different methods to generate radiation patterns

¥ Learnhow to calculate radiation pattern fdicrostrip line

Experimental

F Measure the radiation pattern fdicrostrip line

E Analyze the radiation pattern and simulate using HFSS modeling tool
PreLab

Reading

¥ Studythe Backgroundsectionof this Laboratoryexercise.

Written
E Prior to coming to lab class, complete Part O of the Procedure.

Junction.

EQUIPMENT REQUIRED :
1.Computer

2. HFSSsoftware

THEOREY:
Microstripis a type of electricaransmission linevhich can be fabricated with any technology where a
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conductor is separated frongeound plandy adielectriclayer known as the substrate. Microstriplines

are used to convayicrowavefrequency signals.

Typical realisation technologies gvanted circuit board alumina coated with a dielectric layer or
sometimes silicon or some other similar cheologies. Microwave components such
asantennascouplersfilters, power dividersetc. can be formed from microstrip, with the entire device
existing as the pattern of metallization on the substrate. Microstrip is thus much less expensive tl
traditionalwaveguideiechnology, as well as being far lighter and more compact. Microstrip was
developed by ITT laboratories as a competitasttgpline (first published by Grieg and Engelmann in the
December 1952 IRE proceedifys

The disadvantages of microstrip compared with waveguide are the generally lower power handli
capady, and higher losses. Also, unlike waveguide, microstrip is typically not enclosed, and is therefo

susceptible to crogmlk and unintentional radiation

PROCEDURE:

[ [ —
U
| Patch (Signal) |
| Sub1 (Diclectric) ] § o.160m
[ Slot (Plane) |
| Sub2 (Dislectric) | § 0.16em

| Feed (Signal) |

f We know the standarccharacteristicémpedanceof microstripline to be of 5 0 YAnd we planto

usethe RO4003(Rogerscorporation)materialasthe substratewhoserelativepermeability( ;) is

3.55andsubstratdeightis 0.813mm.Basedn this information,we arerequiredto find the width
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of thesubstrate.

Microstrip Line Calculator

conductor

grounU © emtalk.com

Substrate Parameters

Dielectric Constant (&/): |3.55

Dielectric Height (h):  [0.813 |[mm v
Electrical Parameters Physical Parameters
Synthesi
Zo: 50 fo) Width (W): [1.81865328635  |[mm v |
Elec. Length: 200  |deg Length (L): 9.99529189925 |[mm v |
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1 There,all the values are put up. Frequency was taken as 10GHz, and the electrical length is of not
much importance,as its contribution to the width calculationis minimal. Then we get the
synthesizedralue of the width to be 1.81865mmThe secondsynthesizegarameterthe Lengths
againof lessimportanceo us,so weignored it.

1 To startourdesignwe areneededo openupthe HFSSoftware whichlooks like:

[EANS S HESS - Projectl S HFSSDesiqn - 30 Modele - [Project - HFSSDesign1. - Modelr] e T
&8 x

A File Edit View Project Draw Modeler HFSS Tools Window Help
iD=sH al&)> Mmoo iegsen imcsselai|e i $ | B i~va e
igwicococdieBBoce (NI R P e I - [omam v =l i

Project Manager + x| [@-1z, (Coordinate
(&0 microstip™ B microstrio® 42 Planes
4 B Project1* m- €8 Lists
& HFSSDesig
-0 Definitions
(23 Materials

d
2

< »
Project
Properties x|

Name - Un

< [ig] »

:
Variables P T T i 5

3 (mm)

1 At first we designed the substrate, and for that we are needed to plot an arbitrary 3d box . The
reference grids XY plane.To designthe3d box, twoapproachesanbetaken:
o Drawingthroughthe shortcutbutton: If we look carefully at thetop, we will seea 3d
boxiconwhich lookslike:

i

Clicking it, will let us drawthe 3dbox.
o Alternatively, we cantake up the original procedureof going throughDraw > box. It
canbe seen below:

5 File Edit View Projecti Draw || Modeler HFSS Tools Window Help

D&M f 2@ & Lne Zwloigednr o
Pl | “\; Spline =
2R icocood 5 R~ o & |xr ~|/[3D |
@ N & P Bl ) Equation Based Curve
Project Manager - x| O Rectangle
-- microstrip® == Ellipse
= Project1* B4 O Circle
@3 HFSSDesig {_+ Regular Polygon
=23 Definttions ﬁ Equation Based Surface
@0 Materials [ © Box ”']
| B Cylinder
fl Regular Polyhedron
R T ’ 4 Cone
Project | {0 Sphere
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1 Oncewe do that, themwe getthe markingsonthegrid that assists idrawingup the 3d box:

1 Once, we are satisfied with the arbitrary box, we finalizetid the selected structure built
up:

1 Next, weare required to chandbe box dimensions, so that wan maket up as thesubstrate
and it was suggested that we keep the origin of the space at the centeboftdhe of the
substrate. We assumedetimensions of the substrate to be the variablearajth such that
a=20mm, b=40mm and h=0.813mm(h was known earlier as the prop&@4&f03c material).
Variables assignment is deemed advantageous over direct valuegjvas ithe flexibility to
charge the model dimensions without changing the physical strualiogether.

Thebox thatwe createdvas arbitrarilynamed boxlndwe canseeit in theleft sidetab:

D@ P e PP ORI

ProjectManager  + x| [5:4 Solids
strip™ E]g vacuum
ject1* : El@ RO
HFSSDesign1 (DrivenMod | |
Definitions -1z, Coordinate Systems
(L) Materials --@ Planes

&€ Lists

< [ 1 )
Project |

Properties =
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1 Thenthe followingoperations arperformed:
Right click onfi Cr e a t eFBopetti@s

® ANSYS HFSS - Projectl - HFSSDesign1 - 3D Modeler - [Project1 - HFSSDesign1 - Modeler]
% File Edit View Project Draw Modeler HFSS Tools Window Help

iDesHd|éB2a|8|xX o j[g]2 = e ieesn ov
iR icoocdioBBo0e=9n i9|- 4|k -] in
IS ® [5 ¢ s &

[ProjectManager < x| [-¢p Solids
. =4 vacuum
j : E]g Boxd
HESSDesignt(Oviveniod || -8 Expand All
Definitions Jg. Coordinate §
i Collapse All
(1 Materials & Planes |

A r—

< [ m | »
Project
| Properties a x|

Name Valuel Unit |1

1 In HESS, while defining theposition, we need to refer to the starting position. So, for our
model of the substrate of dimension (a,b,h), the starting position would/Beb(2 and 0xand
the size would be X axisa, Y axisi b and Zaxisi h. These valued have to be enterethat
following popup window. Itcanbeseen below:

Properties: Projectl - HFSSDesignl - Modeler T u
Command |
Name Value I Unit I Evaluated ‘u’aluel Description | |

Command CreateBox

Coordinate Sys... Global

Paosition a/2 b2 Omm -10mm , -20mm ...

XSize a 20mm

YSize b 40mm

ZSize h 0.813mm |
[ Show Hidden
Carce |

Add Variable — E " Add Variable i

— Add Variable — )

Name Ia e Ib Narme |h
Uit Type |Lerngth - Unit T - .

| =l I Uk Tore | Length =l | it Type [Length |
Lt Imm ;I Unit Imm LI Unit Imm j
Walue (] Walue (] | valus TR |

1|

D efine variable value with urits: "1 mm"* Defing variable value with units: "1 mm' Dt vertell wels it untle )

Type I Local Yariable j Type I Lacal Yariable LI Type I Local ariable ;I
] 4 I Cancel | 0K I Cancel | oK I Cancel |
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Following the variables declaration and position assignment, there opens successive popup for
variablesdefinition, as seembove.

1 Followingthat,we couldsee thdinal substratelimensionshapedip:
2

0 10 20 (mm)

1 Next, we changed the property of the substrate from vacuum to RO4003C and also changed
thenameof thematerial forconvenienceThe procedure for is:
Right click onfi B o x>Properties

B P B PR E
|Project Manager « x| [3-4P solids
ostrip” -4 vacuum
prect1” =& &= Expand All
HFSSDesign1 (DrivenMod L
Defintions w-lz, Coordina Collapse All
£ Materials [+-&F Planes Edit r
H-# Lists
=& &3 Assign Material...
View »
{ [T E Properties... :]
Project Create Array ...
Troperics = Assign Boundary »
IE Regions L4
Name I‘M'EI|IJE| Unit = Assign Excitation *
MName Baox1 Assign Mesh Operation ¥
Material _|"va... = Plot Fields b
Solve Inside |7 b
Orientation  Global i
Model [v
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1 In the popup window, we changed the name, and from the materials tab, we get the edit
options, where we searched for the desired material (RO4003C). The color of the sulastrate
alsochangedo brown.

r .
Select Definition [

Materials | Material Fiters |

-~ Search Parameters

Search by Name Search Criteria libraies ¥ Show Project definions |~ Show all libraries
[ro400d] & by Name " by Property
Search | IF-!eIative Pemittivity LI

Relative Bulk =
Pemeability
quartz_glass 1
rhodium SysLibrany Materials 1 1 22200000sieme
| Rogers RO30032 ém) SysLibrary Materials 3 1 0
| Rogers RO2006 {¢m) SysLibrany Materials £.15 1 0
| Rogers RO3010 ém) SysLibrary Materials 10.2 1 0
| Rogers RO3203 {m) SysLibrany Materials 02 1 0
| Rogers RO3210 ém) SysLibrary Materials 10.2 1 0
:I@ars RO40032 {m) :] SysLibrany Materials 355 1 0 I:I
Rogers RO4232 ém) SysLibrary Materials 32 1 0
| Rogers RO4350 {m) SysLibrany Materials 366 1 0
: Rogers RT/durcid 5870 {tm) SysLibrary Materials 233 1 0 il
] [ | 3
Il View/Edit Materials _ Add Material .. | Clone Material(s) Remove Materialfs) | Export to Library... | |

' ok || conel | Heb |

p————— o -

Properties: Project] - HFS5Designl - Modeler T u
Attribute
Name Value I Unit I Evaluated ‘u"aluel Description I Read-only I |
Name substrate |
Material "Rogers RO4003 ¢m)" "Rogers RO40... I_
Solve Inside |7 I_
Orientation Global |
Model |7 I_
Display Wirefra... - |
Color S r
Transparent 0 | |
[ Show Hidden
ok | caea |
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1 The ground plane isf same dimension as that of the substrate in x and y axis. The only
difference arises in the material type (copper) and thickness. So, the substrate wasasalected
copied (selecting the substrate then ctrl + ¢ and ctrl +v). A new material under RO7H08¢

substratelvasmade.
=R substrate
b a CreateBox
=-£7 substratel

9 Following proceduréds undertaken:
Right click on substrate1 > Properties

1 Thematerialwasedited fromthetabandcoppemwasselectedAlso namewaschanged and
the colorwaschanged taaffron.
Properties: Projectl - HFSSDesignl - Modeler N l&]

Attribute ]

Name Value | Unit |E\raluated Walue Description | Read-only |

Mame ground

Material "copper” "copper”
| | Solve Inside

Orientation Global
Maodel

] Display Wirefra...

Color

<]

{0 {1

-‘_l?l

Transparent

[ Show Hidden

I 0K I Cancel

1 Thento changehe physicallocationof thegroundplane:
Right click on CreateBox> properties

- R S TR S
Project Manager + % | [3-&P Solids
nostrip™ E! copper
iect 1* . =47 ground
"HFSSDeﬁmI (Drivenilod L
Definitions -4 Rogers RO4003 (f Expand All
£ Materials E“g’ substrate Collapse All
. a CreateBo: .
-1, Coordinate Systems EEr-:upertles... J
-4 Planes el Sl
1 | m | -4 Lists
Project
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1 The starting location of the ground plane is same as that of the substf2tb/2,0), and the
size of the ground plane afbthe thickness t is taken asgative {t) because the thickness of
the ground plane will exist from Z=0 to z#. The thickness of the ground sheet was selected
asl7 a (0.017mm).

- -
Properties: Projectl - HFSSDesignl - Modeler &
Command l
Name Value | Unit | Evaluated Value Description |

Command CreateBox

Coordinate Sys... Global

Paosition a2 b/2 0mm -10mm , -20mm ...

XSize a 20mm

YSize b 40mm

ZSize 4 -0.017mm

[~ Show Hidden

QK | Cancel

Add Variable =

Marme |t

Urit Type |Length =l

Uit |mm j

W alue jp.oi7 I

Drefire warisble value with unitz "1 mm"
Type | Local Yanable J
[].4 | Cancel |

1 Thenwe visuallyverifiedthe formatiorof groundplanebelowthesubstrate.

Z
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Next task was designing the microstrip. As its width was different from that of the substlate
ground sheet, it was simpler to design the microstrip from beginning. For that we @eated
arbitrary 3d box as before and then edited the physical dioreriBhe starting location dhe
microstrip wasi w/2,-b/2,h and the region wasw/2<X<w/2, -b/2<Y<b/2 and h<Z<h+tThen

the size was X =w, Y = b and z = t. It was observed that the t is taken positive aggienz
starts from h and grows upward towéret. The width was earlier calculated toh81865mm.

Properties: Projectl - HFS5Designl - Modeler b 4 @
Command
Name Value | LUnit | Evaluated Value Description |
Command CreateBox
Coordinate Sys... Global
| Postion w/2 572 h -0.309325mm . ...
XSize W 1.81865mm
YSize b A0mm
Z5ize t 0.077mm
I Show Hidden
oK | Cancel |
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Add Variable 5

Mame |w
Unit Type |Length j
Uit | T j

Value  |.81865

Defing variable walug with unitz: "1 mm"'

Type |Local Yariable J

QK | Cancel |

1 Thenameof themicrostripwaschangedrom Box1tofi mi c r onsaterialchangedo
copperandcolor changedo saffron.

Properties: Projectl - HFSSDesignl - Modeler Y Iﬁ
—
Attribute
Name Walue | Unit | Evaluated Value Description | Read-only |

Name microstrip [

| Materal "copper” "copper” B

| |[Solve Inside v [

| |oriertation Global [

[ Mode! [ r

|| Display Wirefra... ™ B

" |color [ I [

| | Transparert 0 | [

[~ Show Hidden

oK | Cancel

1 Thefinalizedmodelwasvisible:

0 10 20 (mm)
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1 Nexttask was assigning of wave ports. For that we first changed the grid reference plane from
XY to XZ plane. Firsive searched foan iconresemblinghefollowing figure:

R ]

Thenwe getthe dropdownmenuandwe selectthe desired plane.

|}{Y -
XY
YL
ZX

1 The changef grid planewasvisible

1 The ports are drawn as rectangular figures. For this again two approaches could have been

followed:
0 Searchindor therectangulafigure icon andselectingt. It lookedlike below:

(|
o Draw > Rectangle
PAaraa - I"IUJ,ELIJ = I'IFQOIJBIHIIJ. = JU wioueer - [I"IUJELL]. = nard.
Edit Wiew Project | Draw | Modeler HFSS Tools Wi
B | & ™ Line |
5 “\; Spline
o OO o Arc R
.&;}. e -~ Equation Based Curve
inager . x @ Rectangle :] i
< Ellipse
3 Circle
esign1 (DrivenMod | | Regular Polygon
1= ™ Equation Based Surface
rials @ Box
= Cylinder

1 lts physical startinglimensions are3*w,-b/2-t. It is known that the optimized value of the
wave port is six times the width of microstrip and 6 times the height of the substrate. It is
definedas below:
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T

1

—
Properties: Projectl - HFSSDesianl. - Modeler b 4 @

Command l
Name | Walue | Lnit | Evaluated Value Description
Command CreateRectangle
_Coor\:linate Sys... Global
| | Postion 3w b/2 4 -5.45535mm -
| s Y
: | [xsize Bw 10.9119mm
I ZSize &h 4.878mm

™ Show Hidden

oK | Cancel

This was copied to form the next wave port phgisical starting location was altered by
changingstartingy locationfrom i b/2to b/2:

Properties: Projectl - HFSSDesignl - Modeler Y @
Command l
Name Value | Unit | Evaluated Value Description |
Command CreateRectangle
Coordinate Sys... Global
Position -Fw b2 4 -5.45585mm , 2...
| Fods Y
| XSize 6w 10.9115mm
| Z5ize &h 4.878mm
|
|
[ Show Hidden
0K | Cancel |

Thewaveportsarevisualized.

& Solids.
-4 copper
E-€7 ground
@ CreateBox
B microstrip
@ CreateBox
=14 Rogers RO4003 (tm)
€7 substrate
@ CreateBox
3 Sheets
-3 Unassigned
13 Rectanglel
[ CreateRectangle
- CoverLines
E}-E3 Rectangle2
o
[ CoverLines
1, Coordinate Systems
B Planes
&P Lists

0 10 20 (mm)

Nextwe assignhedvaveport to therectangulaboxthat wagustdrawn.For that:
Right click on Rectangle1> AssignExcitation > Wave port
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- [ \MEATEL0X
5~ Sheets

E|I:I Unassigned
E||:| q

I:I Create

i E Coverl

E|I:I Rectangle

I:I Create

E Coverl

i1, Coordinate Syste
r-4= Planes

B

f-4 Lists

Expand All
Collapse All

Edit

Assign Material...
View
Broperties...
Create Array ...

Assign Boundary

IE Regions

Assign Excitation Wave Port...
sion of simulation on senver: Assign Mesh Operation Lumped Port...
cuments./ Ansoft/) Plot Fields Floguet Port...

T Namewaskepta

s 1:

Wave Port : General

Name: I

Next > Cancel

130



1 Thenanintegrationline wasdrawn:

-~
Wave Port : Modes

Number of Modes: |1

Mode Alignment and Polarity:
% Set mode polarity using integration lines
" Align modes using integration lines
" Align modes analytically using coordinate system

Uds  [Undefined =] [ Reve
™ Fitter modes for reporter
Use Defaults

rse ¥ Direction

20 (mm)

Cancel

19)

1 While drawingtheline, we would get trianglesymbolswhen cursois atthe exactcenter:
~S s N

change reference position,

or 'Z! key to constrain relative movement.

1 If thepreviousprocedurevasdone correctlythenit would showthattheline was

Mumber of Modes: I

Mode

oores

Integration Line

Characteristic Impedance (Zo)

Mode Alignment and Polarity:
* Set mode polarity using integration lines
¢~ Align modes using integration lines
" Align modes anahytically using coordinate system

U Auis

[~ Fitter modes for reparter

| Undefined

LI I Reverse Y Direction

Use Defaults |

J

e

defiﬁed:

< Back Meat =

Cancel
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r~ Port Renomalization

' Do Not Renomalize
" Renomalize Al Modes

Full Port Impedance: 50 Iohm LI

" Renormalize Specific Modes Edit Mode Impedances... |

— Deembed Settings

[~ Deembed Distance: |0 Imm LI

Poszitive distance will deembed the port into the

Get Distance Graphically... |

Use Defaults |

< Back I Finish I Cancel

1 We canseethatoneof thesheetsireclassifiedaswaveport:
E|IZI Unassigned
: E|I:I Rectangle2
----- [ CreateRectangle
R E Coverlines
E|I:I Wave Port

E|I:I Rectanglel
----- O CreateRectangle
----- & Coverlines

1 Then, similarly we will define the other sheet as wave port. After that, we can see that both

el EOLELFLEA

-0 Wave Port

E|IZI Rectanglel

I CreateRectangle
¢ L[E Coverlines
E|IZI Rectangle?

----- [ CreateRectangle

...[E Coverlines
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1 Thenexttaskwasto verify theexcitationof the waveport. Forthat,under theproject
managetab, weneedto click onthe excitationandthenthe respectivgort.

| Project Manager - x

EI microstrip™ &
) £ Project 1°

B8 Mesh Operations ~
1| 1 | 3

Project

1 Thenwe canseesomeregulargeometryoverthewaveport, confirmingthe excitation
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1 Next we were tasked with the design of a radiation box cover the microstrip transmission line.
For that, again, arbitrarily a 3d box was designed and, its material was selected as vacuum and
given the name dRad_Box, also, color was set to light blue and transparency value was set to
0.9,allowing usto seethecontentdnsidethe radiatiorbox.

Properties: Projectl - HFSSDesignl - Modeler I&
Atrbute |
Mame Value | Unit | Evaluated Value Description | Read-only |
Name Rad_Box [
Material "vacuum” "vacuum” [
Solve Inside [v [
{ Crientation Global [
Model [v [
Display Wirsfra... [ [
Color I 1 =
Transparent 09 | [
|
|
[~ Show Hidden
|
OK | Cancel

1 Then the physical dimensions were to be set. Generally the dimensions are such that, the
radiation box exceeds the substrate by the length/4f In our case, it was a simple modss,
for convenience, we took the radiation box dimension as (a+20mm,b,h+20mm), atattihg
positionwas((-a/2)-10mm;b/2,0mm10mm).

Properties: Projectl - HFSSDesignl - Modeler @
Command l
Mame | Value | Unit | Evaluated Value Description |

Command CreateBox
Coordinate Sys... Global
Position (-a/2}10mm /2 ,0mm-10mm -20mm , -20mm ...

| KSize a+20mm 40mm
Y5ize b A0mm
Z5ize h+20mm 20.813mm

[~ Show Hidden

oK | Cancel
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1 We could visualizetheradiationbox, andalsothe contentsnsidedueto the assigned
transparency.

0 25 50 (mm)

1 Then,we have to assigiie propertyf theradiationboundaryto the radiatiorbox. Forthat
Right click on Rad_Box> AssignBoundary > Radiation

|} SUBSTrate
: - a CreateBox
-4 vacuum

& [
Expand All

LCollapse All
Edit *

Assign Material...

View 3
Properties...
) Assign Boundary Perfect E...
2, Coordinat: IE Regicns 4 Perfect H...
B Planes JE— , I
B Lists ssign Excitation Einite Conductivity...
Assign Mesh Operation L4 Impedance...
tior on server | Plot Fields » Anisotropic Impedance...
oft) —— Layered Impedance...
R Radiation...
or paste (3:32:09 PM Jan 05, 2019) Symmetry...
or paste (3:32:13 PM Jan 05, 2015) Mast
ind"is nnset doe ta matenal assionment channe (3-38 HAastEr.
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I Thenamewas left afkadl

Mame: |FEs)

* Radiating Orly
" Inzident Field

" Enforced Field
[ Model exterior a5 HFSS-E domain
[T Reference for F55

¥ Include for near/far field calculation

[Maot appropriate when source i on an internal surface]

Cancel | |

1 Then,to checkfor the boundaryassignmentve canclick on the boundaryoption on the left
handpaneandthen selecRad1.

EI microstrip™
-] Project 1*

»

— L
oz
c
2[5
= E-
m

----- B8 Mesh Operations
..... ﬁ Analysis
{8 Optimetrics
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1 Thenwe canview the regular geometryover the radiation box and be satisfiedwith the
boundaryapplication.

0 25 50 (mm)

1 Theradiationbox wasmadeinvisible. For that,we openthe activeview visibility, andfor that
we look for theiconwith eye shapas given below:

=

&

Then,clicking it will openup thecheckboxist for all the objects We uncheckhe Rad_Box.

@ Active View Visibility: Projectl - HFSSDesignl - Modeler | 2 |
3D Modeler | Color Keys I Amay Setup I Boundaries | Bxcitations I FieldsReporter |
/ Name | Visibiity
1 |substrate |7
2 lground |7
3 | microstrip v
¢ | Rectangle1 v
5 | Rectangle2 v
5 |Rad_Box r
Name Show |  Hde |

Done |
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1 Thenextstepcamefor the simulationof the arrangementt-or thatwe wereneededo adda

solutionsetup.
Right click on Analysis> Add Solution Setup

1 In the following popup window, the solution setuas set to 10GHz, as it is an broadband
structure, so center frequency was selectedas the Solution Frequency(In narrowband
structures, the upper frequency is generally set as the solution frequency). The numbers of
passes (number of iterations) are selécas 20 (this parameter depends upon the processing
capabilityof thedevice).
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