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List of Experiments

1. Design of A/2, A/4 microstrip transmission line.

2. Design and characterization of Micro strip patch antenna.

3. Analyse of a Microstrip Transmission Line and standing wave pattern at various frequencies

4. Measure the S parameter of a Microstrip Transmission Line and plot the normalised
impedance on a smith chart.

5. Design of microstrip inductor and capacitor.

6. Design of impedance matching network.

7. Design and characterization of RF BJT Amplifier and LNA.

8. Design of low pass, high pass, band pass and band stop filter at RF.

9. Design and characterization of RF Mixer.

10. Design and characterization of VCO.
11. Design and simulate a Schottky Diode and RF Switch.
12. Analyse and measure the gain of a Power Amplifier and equalize its gain using an Equalizer.
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Introduction to HESS

RF SYSTEM DESIGN HFSS

HFSS is a high-performance full-wave electromagnetic (EM) field simulator for arbitrary
3D volumetric passive device modeling that takes advantage of the familiar Microsoft
Windows graphical user interface. It integrates simulation, visualization, solid modeling,
and automation in an easy-to-learn environment where solutions to your 3D EM
problems are quickly and accurately obtained. Ansoft HFSS employs the Finite Element
Method (FEM), adaptive meshing, and brilliant graphics to give you unparalleled
performance and insight to all of your 3D EM problems. Ansoft HFSS can be used to
calculate parameters such as S Parameters, Resonant Frequency, and Fields.

HFSS USES

Typical uses include:

Package Modeling BGA, QFP,
Flip-Chip.
PCB Board Modeling
Power/Ground planes, Mesh Grid Grounds, Backplanes.

Silicon/GaAs

Spiral Inductors, Transformers.
EMC/EMI

Shield Enclosures, Coupling, Near- or Far-Field Radiation
Antennas/Mobile Communications

Patches, Dipoles, Horns, Conformal Cell Phone Antennas, Quadrafilar Helix,
Specific Absorption Rate(SAR), Infinite Arrays, Radar Cross Section(RCS),
Frequency Selective Surfaces(FSS).

The Ansoft HFSS window has several optional panels:

i
ii.
iii.
iv.

V.

Project Manager
Message Manager
Property Window
Progress Window
3D Modeler Window
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These above managers and windows are shown in Fig (1) and their details are given in

coming sections.
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Project Manager

A Project Manager which contains a design tree which lists the structure of the
project is shown in Fig (2).

Project Manager Window
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Message Manager

A Message Manager that allows you to view any errors or warnings that occur before

you begin a simulation is shown in Fig (3).
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Property Window

A Property Window that displays and allows you to change model parameters or

attributes is shown in Fig (4).

Property Window ;
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A Progress Window that displays solution progress is shown in Fig (5).
Setupl: Solving Adaptive Pass #1 - Building Matrix on
- Progress
_— Window
Solving LumpPor2 4

Abort

Page




RF SYSTEM DESIGN 1ll B.Tech Il Sem

3D Modeler Window

A 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) and Fig (8)
respectively.

3D Modeler Window
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3D Modeler Design Tree.
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Design Windows

In the Ansoft HFSS Desktop, each project can have multiple designs and each design is
displayed in a separate window. You can have multiple projects and design windows
open at the same time. Also, you can have multiple views of the same design visible at
the same time.

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

To organize your Ansoft HFSS window, you can iconize open designs. Click the Iconize
** symbol in the upper right corner of the document border. An icon appears in the lower
part of the Ansoft HFSS window. If the icon is not visible, it may be behind another open
document. Resize any open documents as necessary. Select the menu item Window >
Arrange Icons to arrange them at the bottom of the Ansoft HFSS window. Select the
menu item Window > Close All to close all open design. You are prompted to Save
unsaved designs.
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The toolbar buttons are shortcuts for frequently used commands. Most of the
available toolbars are displayed in this illustration of the Ansoft HFSS initial
screen, but your Ansoft HFSS window probably will not be arranged this way.

You can customize your toolbar display in a way that is convenient for you.
Some toolbars are always displayed; other toolbars display automatically
when you select a document of the related type. For example, when you
select a 2D report from the project tree, the 2D report toolbar displays, as

shown in Fig (9)
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To display or hide individual toolbars

« Right-click the Ansoft HFSS window frame.

o Alist of all the toolbars is displayed. The toolbars with a check mark
beside them are visible; the toolbars without a check mark are
hidden. Click the toolbar name to turn its display on or off.

* To make changes to the toolbars, select the menu item Tools >

Customize.

Frofject Maaoer
Message Manaoer
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Toolbars<
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Qustomize..,

Ansoft HFSS Panels and Toolbars.
Customize and Arrange Toolbars

To customize toolbars:

Ansoft HFSS
panels

» Select the menu item Tools > Customize, or right-click the Ansoft
HFSS window frame and click Customize at the bottom of the toolbar

list.

* In the Customize dialog, you can do the following: o

View a Description of the toolbar commands.

i. Select an item from the Component pull-down list.
ii. Select an item from the Category list.
iii. Using the mouse click on the Buttons to display

the Description.

Iv. Click the Close button when you are finished.
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Toggle the visibility of toolbars

I. From the Toolbar list, toggle the check boxes to control
the visibility of the toolbars.
ii. Click the Close button when you are finished.

Customize...
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IDesktop :_] :

|
|
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File

Edit
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Tools
Window
Help

Description: Cutthe selection and put t on the Cliphboard

;Hint: Select group and category. Click & bution to see its description, or drag it to a toolbar.

Toolbars: Toolbar name:
v|Standard ﬁ.l Newr.. I

[Help 3 ‘

iProject | | SelectAll

WIHFSS

VIHFSS Optimetrics Reset |

WIHFSS FieldsReporter

V3D Modeler View Interan ¥ | ResetAll | Close

Ansoft HFSS customize.

Ansoft HFSS Desktop

The Ansoft HFSS Desktop provides an intuitive, easy-to-use interface for
developing passive RF device models. Creating designs, involves the
following:

i. Parametric Model Generation — creating the geometry, boundaries and

excitations.

ii. Analysis Setup — defining solution setup and frequency sweeps.
iii. Results — creating 2D reports and field plots.
iv. Solve Loop - the solution process is fully automated.

To understand how these processes co-exist, examine the illustration
shown In Fig(12).
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Ansoft HFSS Desktop.
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Opening a HFSS project _

This section describes how to open a new or existing project.
Opening a New project
To open a new project:
i. In an Ansoft HFSS window, select the menu item File > New.

ii. Select the menu Project > Insert HFSS Design.

Opening an Existing HFSS project
To open an existing project:

i. Inan Ansoft HFSS window, select the menu File > Open. Use the Open
dialog to select the project.
ii. Click Open to open the project

(‘Open Nx“

Look in: l@srrousse _:J P % EEv

(D hf_diffpair.hfssresults
A hi_diffpair.hfss

File name:% lhf_diffpair.hfss
Files of type: lAnsoft HFSS Project Files (*.hfss) Ll Cance |
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Opening a HFSS project.
Opening an Existing Project from Explorer

You can open a project directly from the Microsoft Windows Explorer. To
open a project from Windows Explorer, do one of the following:

i. Double-click on the name of the project in Windows Explorer.

ii. Right-click the name of the project in Windows Explorer and select Open
from the shortcut menu.

Set Solution Type

This section describes how to set the Solution Type. The Solution Type
defines the type of results, how the excitations are defined, and the
convergence. The following Solution Types are available:

i. Driven Modal - calculates the modal-based S-parameters. The S-matrix
solutions will be expressed in terms of the incident and reflected powers
of waveguide modes.

ii. Driven Terminal - calculates the terminal-based S-parameters of
multiconductor transmission line ports. The S-matrix solutions will be
expressed in terms of terminal voltages and currents.

iii. Eignemode — calculate the eigenmodes, or resonances, of a structure.
The Eigenmode solver finds the resonant frequencies of the structure
and the fields at those resonant frequencies.

Convergence

i. Driven Modal — Delta S for modal S-Parameters. This was the only
convergence method available for Driven Solutions in previous versions.
ii. Driven Terminal New — Delta S for the single-ended or differential nodal
S-Parameters.
iii. Eigenmode - Delta F

To set the solution type: Solution Type

Select the menu item HFSS > Solution ¢~ Driven Modsal
Type Solution Type Window:

(@ Driven Terminal

* Choose one of the following: (" Eigenmode
o Driven Modal

o Driven Terminal oK | Cancel

o Eigenmode

* Click the OK button
Solution Type.
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Parametric Model Creation

The Ansoft HFSS 3D Modeler is designed for ease of use and flexibility.
The power of the 3D Modeler is in its unique ability to create fully parametric
designs without editing complex macros/model history.

The purpose of this section is to provide an overview of the 3D Modeling
capabilities. By understanding the basic concepts outlined here you will be
able to quickly take advantage of the full feature set offered by the 3D
Parametric Modeler.

Radiation Pattern 2
]

| Mame | Theta | Ang | Mag | Curve Info

—— GainTotal
Setup1 : LastAdaptive
Freq="1GHz" Phi=0deg"

| m1 |272.0000|-88.0000| 338563 | -30 30
320

90

-150 150
-180

e
o

|-

[ |
i} 200 400 (mm)

VEMU INSTITUTE OF TECHNOLOGY, DEPT OF E.C.E Igage



RF SYSTEM DESIGN [l B.Tech II

Exp.No: 01 Date:
MICROSRIP TRANSMISSION LINE

a). Aim: Design of A/2, microstrip transmission line.

Apparatus Required:

1. Computer
2. Hfss software.

Procedure:

1. Open HFSS software and Insert new HFSS design.
Adjust the co-ordinates.
Create a ground plane(Rectangular ).

Create a dielectric substrate with FR4_Epoxy material with same size of ground
plane with z-height 1.6mm.

Creating the TL the ground plane & substance.
Create two ports (portl&port2).

Now give the perfect E to ground .

Create assign excitation-lampudport.

Then create radiation boundary on the designed ground and assign boundary b. The
radiation should be given to all the faces except at ground.

10. Assign frequency and no. of passes.
11. Now add freq sweep — fast — linear count.
12. Now check validation and analyze all.

13. Then go to results — Create model solution — rectangular plot — new report. Plot both

14. Then click HFSS — click radiation — click far field — infinite sphere and give values
to phi and theta.

15. Then click on results and create far field.

16. Click plot of 3D — gain-dB — new report.

> wn

© oo N oG

Tabular Column:

DESIGN CONSIDERATIONS | Width Length Height | Position
Parameters

Ground plane

substance

TL

Portl

Port2

radiation boundary
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Design: MICROSTRIP TRANSMISSION LINE A/2 USING HFSS (5 GHZ)
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Double click create rectangle:

Position : 0,0,0

Properties: Projectl - HFS55Designl - Modeler @
Command I
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Double click create box

Position Properties: mstrip new ok - HFSSDesignl - Modeler
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Double click create rectangle:

"
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Design ports : (1&2)

Change

Select draw rectangle design transmission line portl

Y File Edit View Project Draw Modeler  HFSS  Tools

[ = | & = 1I[=]

Window  Help

Hwe lezsenm| o

HEL R IR A =] m o e a2 [[x =] =1 | H

le @ | o 2w

[vacuum = |[Model =1 | &

[=[=]=]

vt loooowm

Project Manager < x| [5r & Seiar
= EF Project 15 | B4 FRA_epoxy
£ #% HFSSDesign 1 (DrivenModal )™ | =P substance
[l Model | £ CreateBox
2% Boundaries £ Sheets
IR PedEl | E-E3 Lumped Port
| PedEZ | EET Perfect B
| 1@ Excravons @ Lo, Coordinate Systems
[ - (¥ 48 Planes
..... ER Wesh Operstions -€P Lists
5P Analy
| Ll Optimetrie:
| [ Resuts
| 1-[H Port Field Display
Mgy Field Ovedays
|5 Radiation
-2 Definitions
Project
Properties 1]

Name [Value| Unit | Evalusted Vaiue | « |

HFSS 5 10 (mm)

=/ = [[}7] Project1 (C:/Users/ECE LAB/Documents/Anaaft.} =

é = g HFSSDesign1 (DrivenModal) N

2 . Invalid part name: Valid characters are letters, numbers, underscores. (11:13:01
Double click rectanglel
Rename pOFtl Properties: Projectl - HFSSDesignl - Modeler @
Ok Command |

i Name Walue | Lnit | Evaluated Value Diescription I |

Double click Command CreateRectangle

Create

rectangle —

Position- ==

(6,0,1.6)
AXis-Y

X size-3mm

Z size-

Coordinate Sys... Global

| [Postion 60,16

HFods Y
XSize 3
ZSize -16

mm Gmm , Omm , 1....

mm 3mm
mm -1.6mm

™ Show Hidden

(-1.6mm) ok

ok |

Cancel

Select portl-right click assign excitation-lumped port-click-namel-resistance 50 ohms-next select none new

line —draw a line-defined-next-full port impedance 50 ohms finish

Design port2

Take rectangle - Select draw rectangle design transmission line port2

1 File Edit View Project Draw Modeler HFSS Tools Window Help

DR B @& X o Sl oiezsn|o imocaca|lke | ca i @88 I~v3>¢vticooc=H
B@os 0=k in| .- |z =0 =] i oa % oo o2 ab i H B =1 |[¥oaa =] B
gF g% &fF
ProjectManager = =] [E-& Solids
= Project 1= =1-40F FR4_epoxy
=& HFSSDesign1 (DrivenModal)™ E1-&P substance
. &P Model @ CreateBox
£ Boundaries £1E3 Sheets
P PedE1 £33 Lumped Port
H EF PerfE2 £ PerfectE
£ /8B Bxctations £1-E3 Unassigned
21 =3 PORT2
iE8 Mesh Operations L CreateRectangle
S Analysis IET Coverlines
[Z Optimetrics L. Coordinate Systems
5] Resuis 4B Planes
' Port Field Display &2 Lists
Mgy Ficld Overiays
< Radiation
(£ Definitions
Project
Properties ==
[ Neme [Valus| Unit [ Evalusted Velue | =
Atribute - - s
== Project 1 (C./Users/ECE LAB/Documents/Ansoft/) =
2 =68 HFSSDesign (DrivenModal) N
] Invalid part name: Valid characters are lefters, numbers. underscores. (11:12:01
= i AM Feb 24. 2023) s
2 £
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Rename
rectangle2

double click
port2 ok

Crate rectangle
double click
Position -
(9,30,1.6)
Axis - Y

X size (3mm)
Z size (1.6mm)
ok

) File Edit View Project Draw Modeler

o S CDA
i

Properties: Projectl - HF55Designl - Modeler

(=]

HFSS  Tools

Window  Help

Command
MName I Value I Lnit I Evaluated Valuel Description | |
Command CreateRectangle
Coordinate Sys...|Global
Position 33016 mm Gmm , 30mm , 1...
Pais Y
*Size -3 mm -3mm
Z5ize -18 mm -1.6mm
™ Show Hidden
ok | Cancel

Select port2-right click assign excitation-lumped port-click-name 2-resistance - 50 ohms-next select none
new line —draw a line-defined-next-full port impedance - 50 ohms — finish

= EIECERN G I = ®m | o imocscaolaw| ca s/ [~ 3 2¢icocc=w
@ o = | > = | & |[acwm =1 | [Woaer =1 i =
= =| [=°&7 solids
= Project 1% =4 FRA_epoxy r—"—_{——/Af
£1-5§8 HFSSDesign1 (DrivenModal)” &P substance
&2 Model L CreoleBux
=-£9 Boundaries
= ion
(2 Definitions.
—
NiPropertes =1
[ Neme [Velue| Uni | Evaluated Valus | ~
| 9
s S 2 N
== Project 1 (C:/Users/ECE LAB/Documents/Ansoft./) x
i =g HFSSDesign1 (DrvenModal) E
Select
Design radiation boundary
Draw box
W) File Edit View Project Draw Medeler HFSS Tools Window Help [==]=]
DS ¢ B8 xo i n ie2sn|o IMSSSe eid Q0 IS BF S I Hi= e e
xR ivABDoCe C R e | B 0@ PpgoB ok f a2 i | B [fraoum

@B P e o BE G O

=] [Model

| MName [Value| Unit [ Evalusted Value [ ~

Attrbute | Command |

2roject Manager - xl O Solids
[=] Project T o 4 FRA_epoxy
2@ HFSSDesign1 (DrivenModal)* { E-&? substance
& Model : B CresteBox
[=-EF Boundaries -4 vacuum
¥ PedEl B &7 Bod
£F PefE2 P CreateBox
=B Excitations £ Sheets
R B3 Lumped Port
=2 @3 Perfect E
BB Mesh Operations @l-l2, Coordinate Systems
SF Analysis 4B Planes
I Optimetrics € Lists
[ Resuts
Port Field Display
Ty Field Overays
< Radiation
(2 Definitions
Projsct
2roperties x|

1essage Mana & ¥

0 10 20 (mm)
= [ Project1 {C:/Users/ECE LAB/Documents/Ansoft/) x
=888 HF5SDesign1 (DrivenModal) N
4. Invalid part name: Vaiid characters are efters. numbers. underscores. (11:13.01
AM Feb 24, 2023) =
&
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double Cl |Ck boxl Properties: RANI - HF55Designl - Modeler

[=]

Lo Attribute |
rename radiation
MName I Value I Unit I Evaluated Valuel Description I Read-only I |
boundary | [riame Box1 ]
|| material “air" “air" —
Material - edit alr | |Solve Inside M r
| Orientation Global I_
Model Ir2 ]
ok : Display Wirsfra _ (il ]
- Calor Edit | I_
Colour edit [ Tarspaer 5 i =
ok
I~ Show Hidden
Double click
create box ok | Cancel
POSItlon- Properties: RANI - HFSSDesignl - Modeler @
Command
(-7.5,-7.5,-15)
MName I Value | Unit I Evaluated Value Description | |
X Slze_30mm = Command Create Box
= Coordinate Sys... Global
A Position 757515 mm -7.5mm , -7.5m...
Y SIZE-SOmm B XSize a0 mm 30mm
: Size 50 mm S0mm
Z Slze_30mm = ZSize a0 mm 30mm
ok
™ Show Hidden
QK Cancel

Fit all
X File Edit View Project Draw Modeler HFSS Tools Window Help

DEE & BRa8|[x o 2 23 A miggdm/or

B P oE aem R

%o 00 i B B!

[

ERieDACEeE=0R 0 o & [ <[ JinEEEE imidh 00 el iS |aum =] Moo

5 3 8y Al His) O e 2

Project Manager a x‘ 52 Solids
= Project1* £ 4 air
E-@ HF55Design1 (DrivenModal)* E-£&7 Boxl
[l CreateBox
-4 FRY_epoxy
&7 substance
B3 Sheets
= EI O3 Lumped Port
E-E PORT2
-~ CreateRectangle
----- BB Mesh Operations -E Coverlines
----- S5 Analysis (-3 Rectanglel
@ Optimetrics -~ CreateRectangle
Resuits ~E Coverlines
(I Port Field Display [ Perfect E
T Field Overlays -3 groundplan
----- Radiation -~ CreateRectangle
-0 Definttions E Coverlines
BTl
M 1 CreateRectangle
1 Coverlines
Properfes o6 [ ]4 Coordinate Systems
Name |Va|ue| Unit | Evaluated Va\uel » | |E-42B Planes
< | (e st
0
Command &

20 40 (mm)

=[] Project1 (C/Users/ECE LAB/Documents/Ansoft/)
£l @ HFSSDesign (DrivenModal)

H i Invalid part name: Valid characters are |etters, numbers, underscores. (11:13:01
AM Feb 24, 2023)

i Invalid part name: Valid characters are |etters, numbers, underscores. (12:13:55
PM Feb 24, 2023)

Message Mana « %

| Progress
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Click radiation boundary-right click-assign boundary —radiation click name radl ok

®3 File Edit View Project Draw Modeler HFSS Tools Window Help

[=1=1]
Hn = =] B S = 2 e SlmlE lezen| o fmocsce sl ee s @aEsg®l~vw2rr2x0lcaco=0
fzwlesa@mace L N S o= N - [vacuum =1 | [Moast = §er

HE R

|ProjectMansger  ax

[ProjectManager - %] [P Solids
= Project 1= =4 a

=] 65 HFSSDesign1 (DrivenModal)* | | = 9 Boxl
&7 Model @ CreateBox
E-£F Boundares & g FR4_eposxy
EF PerfE1 &P substance
P PerfE2 =-E3 Sheets
=-le, Coordinate Systems

=¥ Radl =3 Lumped Port
B 82 Excitations. 3 PerfectE
-4 Planes
G1-@2 Lists

Results
B Port Field Display
l} Field Ovedays

t;- Radiation

Project

[Propertes

HFSS
= Project 1 (C:/Users/ECE LAB/Documents/Ansoft/)

(=1-g8 HFSSDesign1 (DrivenModal)

Invalid part name: Valid characters are letters, numbers. underscores. (11:13:01
A AM Feb 24, 2023)

g Invalid part name: Valid characters are letters, numbers. underscores. (12:13:55
PM Feb 24. 2023)

Analysis —right click add solution setup click name setup1 solution frequency-5GHz

Mame |Value[ Unit | Evalusted Value [ ~ |

40 (mm)

Viessage Mana = % |

Sragress

Maximum number of passes -12

Maximum Delta S-0.02 ok

Analysis right click- setupl right click - add frequency sweep
Sweep type : fast

Type : linear count

Start freq:1GHZ

Stop freq:10GHZ

Count:101GHZ

Click display-see all frequencies ok

Result analysis(error checking)

Click double click validity ¢ : s = * =
Validation Check: Project! - HF3SDesignl K
HFSS Design- design setting
3D model ) . o Desion Settings
N @) HF33Design 7 T odk
oundaries an o Boundaries and Exchations
excitations .
_ Waldation Check completed. Errors: 1 Warmings: 0 " Mesh Operatons
Mesh operation b Andsis Setup
Analysis setup ‘ o Opimetics
o o Radalion
Optimetrics e Message Window for detal.
Radiation
Abot | Close |
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Next analysis all-any error rectify-ok

Validation Check: Projectl - HFSSDesignl ==

«* Design Settings
@’ HFSSDesignl 7 2D Model
¥ Boundaries and Excitations
¥ Mesh Operations
¥ Analpziz Setup
| o« Optimetrics
' Radiation

“Walidation Check completed.

Abork I Cloze I

T w T
] File Edit View Project Report2D  HFSS Tools Window Help |= |l %
iDEd| 2@ & x 9o 2 22 e |@ fammwmw v faarn
2R i s 88
iBd e el e ad
[Project Manager =) [Trame [ x | v | XY Plot 1 HFSSDesign1 ..
&P PedEl - m1 |5.0000|-25.3025 Curve Info
P PefE2 =] 1 — dB(S(1,1))
£ Radl - Setup1 : Sweep
= S 10} 1,2]
= E;ﬂfmans [ -10.00 —{ Setup1 %i(eap))
A — dB(S(2,1))
2 - Setup1 : Sweep
B8 Mesh Operations 7 — dB(S(2.2))
&P Analysis 20,00 —] Setup1 : Sweep
E-fP Setupl = 5 m1
“J~ Sweep & g2
{7 Optimetrics -
- [F) Resutts +-30.00 —|
=-E) XY Plot 1 ]
3 dB(S(1.1) Ld —
7 dB(S(1.2) 7]
i dB(SE.1) 4000
7 dBISR.2) - =]
_Project | &
-50.00 —
|Properties - x| —
[_Name [Value [ Unt [ Evaluated Value 2 7]
[« == -0 d v -60.00 T ) y ;| T T T T
e [Caiteamn [ Ganec 1.00 2.00 3.00 4.00 5.00 Freq(GHz] 6.00 7.00 8.00 9.00 10.00
x @ Solution Setup: No solution setups have been created. (9:44:23 AM Feb 23, 4] |[*
) 2023) e ||1°
5 Wanming - Boundary PerfE1" and Boundary PefE3 overlap. (9:44:49 AM
= B Feb 23.2023) 2
2 i Invalid patt name: Valid characters are letters. numbers, underscores — (2!
i (10:01:40 AM Feb 23, 2023) - |[&
1 items selected. X [14887  |vi  [-22.2222
EJ File Edit View Project Report2D HFSS Tools Window Help |=]=]x

AV A »

iDER |+ BBR|& X oo (g2 2 "o ieseR|(or | B
Bl |es

iGd Mme @il @a i
Project Harager = Radiation Pattern 6 HFSSDesign! 4.
XY Plot 2 A 0 Curve Info

—— rETotal

#* 3D Rectangular Plot 1
#* 3D Rectangular Plot 2
6] Radiation Pattem 1
3D Polar Plot 1

$ 3D Polar Plot 2

$ 3D Polar Plot 3

& Polar Plot 1 1M
&% Radiation Pattem 2
&9 Radiation Pattem 3
$ 3D Polar Plot 4
€3 Smith Chart 1

- Radiation Pattem 4
= @ Radiation Pattem 5

# rETotal fi"
=% Radiation Pattem 6
L. rETotal 13
Project
Properties - x|
[ Name | Value [~

Trace

-180

Setup1 : LastAdaptive
Freq="5GHZ Phi=0deg"
—— rETotal

Setup1 : LastAdaptive
Freq="5GHz Phi="90deg"
—— rETotal

Setup1 : LastAdaptive
Freq="6GHz Phi="180deg"
= rETotal

Setup1 : LastAdaptive
Freq=5GHz Phi=270deg"
—— rETotal

Setup1 : LastAdaptive
Freq="5GHZ Phi="360deg"

x| 9 Solution Setup: No solution setups have been created. (9:44:23 AM Feb 23, 4| |IX
,‘J 2023) ‘
g A ‘Waming - Boundary ‘PerfE1" and Boundary ‘PerfE3’ overlap. (9:44:49 AM

H Feb 23,2023) m
ﬁ A Invalid part name: Valid characters are letters, numbers, underscores. %
éi (10:01:40 AM Feb 23, 2023) < [1g

) items selected.

[Ana (1736585 |Mag [17558
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3d graphs

T3] File Edit View Project Repor3D HFSS Tools Window Help [=[=]=
D £ B2B@ & X oo EZ4B or | B
2 K2

— = dB(GainTotal)
i -5.3867+000
= 2 ) ~7.1789¢+000
B8 Mesh Operations -8.9711+000
-4 Analysis -1.0763e+001
=S Setupl . 2556e+001
¥~ Sweep . 4348e+001
(@) Optimetrics . B14Be+BB1
& 3] Resutts . 7932e+001
5 B XY Pt 1 L . 9724%e+001
aB(s(1.1) b
: ; e
::‘? -12» -2.5101e+001
(SR.1) -2.6893e+001
i ¥~ dB(S(2.2)) B -2.8685e+001
B X Plot 2 -3.8478e+001
& 3D Rectangular Plot 1 -3.2270e+001
-4 3D Rectangular Plot 2 -3. 4D62e+001
1€ Radiation Pattem 1 i —

_Project |
Properties =
[ Neme | Value [

Trace

= €3 Solution Setup: No solution setups have been created. (3:44:23 AM Feb 23. o] [

2 2023) o
= i Waming - Boundary PerfE1" and Boundary PerE3 ovedap. (9:44:49 AM
2 Feb 23, 2023) Ll |te
2 i Invalid part name: Valid characters are letters, numbers, underscores. =
3 (10:01:40 AM Feb 23, 2023) -1 |18
teady [ INUM

[==10=]

&) File Edit View Project Report2D HFSS Tools Window Help

DEME|% 2@ &| X o 3 Sl e lezéen | or

2R I B
e ime s eay
Project Manager x| XY Plot 2 HFSSDesign1 &
& PedEl = 114 — Curve Info
= rore: g ]
& Rad1 = L e
o] —— VSWR(2
= Ezmons 142 — Setup1 :Swe(ep)
2
B8 Mesh Operations
=1 4P Analysis
= Setupl .

iry
3
Il\ll

- Port Field Display - 1.04

_Project |
Properties ~ x| 3025

[ Name | Value e m

| sz 1.00 ; : ; : ; T

T 1.00 2.00 3.00 4.00 5.00 7.00 8.00 9.00 10.00
race Freq [GHz]

x £ Solution Setup: No solution setups have been created. (5:44:23 AM Feb 23, | |
. 2023) <
g i Waming - Boundary ‘PerE1"and Boundary PerfE overlap. (9:44:49 AM
= Feb 23, 2023)

g i Invalid part name: Valid characters are letters, numbers, underscores. £
H (10:01:40 AM Feb 23, 2023) <1 |2
teady 3 13000 Vi [10283
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b). Aim: Design of A/4 micro strip transmission line.

Design: MICROSTRIP TRANSMISSION LINE A/4 USING HFSS (5 GHZ)

Open HFSS project-click project , open - project insert HFSS design.

O iEZd R or imocscTaoles o is @x (a5 §-
sl i e oo @ jppoPa 100 O ftaad ik ]S |[recom =] |[model

lr. Coordinate

=1-EF] Project 1° : !
& HFSSDesign 1 (DrivenModal) P Lists
(2 Definttions

Project

>roperties ==

| Name [value| unt [ Evalusted Value |
< m »

Varisbles 5

n > o 15 3 (mm)

DESIGN GROUN PLAN:

Select click rectangular draw

& File Edit View Project Draw Modeler HFSS Tools Window Help [ =]
iR ym@a/ g/ xoc (o=  luwloiszén oo iMCcaZe we e iB 1 icocoe
wieg@aocesen fal. ==l iv e o iRk (00 [5eid i {5 e
B % P s P
|Project Manager < x| [B = sheets
=-{EE Project1* £ Unassigned
=& HFSSDesign1 (DrivenModal)y” 3 Rectanglel
&P Model L2, Coordinate Systems
F Boundaries & Planes
/D Excitations &P Lists
BB Mesh Operations
P Analysis
1B Optimetrics
[F] Resuts

Port Field Display
i Field Overays
-5 Radiation

[Z0 Definitions

Project

[Properties ~x|

[ Name [value| Unit [Evaluated Value [ ~

e | 0 5 10 (mm)
EE! Project1 (C:/Users/ECE LAB/Documents/Ansoft/)
5 =g HFSSDesign1 (DrivenModal)
= I 'nvalid part name: Vaiid characters are letters, numbers, underscores. (11:13:01
z AM Feb 24, 2023)
Double click rectanglel
Name : [ground plan] , Colour : edit [as your wish]
—_w " . N Properties: mstrip new ok - HFSSDesignl - Modeler @
Properties: Projectl - HFSSDesignl - Modeler =] Atrbute
Agtribute:
Name Vaue | nit [Evaliated Ve[ Deseipion | Readany | |
Name: Value | Unt [ Evaluated Value Description | Readenty | | Name ground [}
| [Neme Rectangle! r | |oveteton o r
| |Orentation Global [m] Mode! v r
| {Modd ¥ r || Display Weef
[ [Disolay Wirefr... r [T | ey e r r
| Color Edit | l_ || Color +‘ I—
| [Trensparent [] I Bl | fronspaes 0 | r
™ Show Hidd
e I Show Hidden
oK Cancel
0K | Cancel

before name change after name change
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DOUbIe Properties: mstlambdabydnms - HFSSDesignl - Modeler @
click Command |
Name | Value | Unit I Evaluated Value Description I |
Create Command CreateRectangle
rectanale: Coordinate Sys...| Global
g ' Position 000 mm Omm , Omm , Omm
Fods z
Position : *Size 75 mm 7.5mm
0.0.0 YSize 15 mm 15mm
AXis : z
Xsize: 7.5
mm
I™ Show Hidden
Y size : 15
mm 0k | Cancel
Ok Select fit all the contents in the view

CREATE SUBSTANCE : Select draw the BOX and design

DEH i ae 8 xonlszy I BiRgdRpr BI0C350 G ee BB BEINY
aelppgecezinincadf Jieo ot lfa 00 ol g Al dlgs
B s paaFEE

ety x5
30 Prject’ @ vecum
145 HFSSDesign] Divenbocal)” B bl
4 ot 0 Ceatdor
o s 22 s
18 Bctsions 230 Unassigred
48 Meh Cperons 200 Rectenglel
7 o I CreateRectanglz
Dounets 0 Coverres
T P 12, CovdirteSystems
T ot ¥4 Doy 28 fins
G FedOvefns 24 lits
’;' Radaion
[ Defnters
Pt
[ e [fd] b [Eceee] -
Canand
Ao E:; -
0 10 20(mm)

Double click box 1 (rename substance)

Select— Properties: mstrip new ok - HFS5Designl - Modeler @
Attribute |
CO|0ur| Mame I Walus I Linit I Ewvaluated Valuel Description I Read-onhy I |
MName substance |_
Ok : Material "FR4_epoxy™ "FR4_epoxy™ —
Solve Inside Iv —
Orientation Global I_
N I —
Display Wirefra. .. I_ I_
" |Color Edit | ]
| Transparent 0 | I_

I~ Show Hidden

ok |  cancel
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Double CIle Properties: mstlambdaby4nms - HFSS5Designl - Modeler @ |
create box Command
- Name Walue Unit | Evaluated Value Description
:c\/ljteaall) edit
ra - . Command Create Box
Position- || Coordinate Sys... Global
O 0 O = Position o0.0.0 mm Omm , Omm , Omm
U KSize 75 mm 7.5mm
X size- | |vsee 15 mm | 15mm
75mm | ZSize 16 mm 1.6mm
Y size-
15mm
Z size-
1.6mm [~ Show Hidden
Ok
CK Cancel
DESIGN
TRANSMISSION LINE
Select rectangle design center draw
& 10 20 (mm)
Double click reactanglel
rename — TL Colour edit Ok
Propertiess RAMNI - HFS5Designl - Modeler @
Atribute |
Name | Walue Unit | Evaluated Value | Description | Readonn [ |
| |Mame TL (]
| |orentation Global [l
| |Moda = (]
Display WWirefra. .. — (]
[ |coter Edit —
| | Trensparent [1] [l
I Show Hidden
oK | Cancel
Double CI iCk Properties: mstlambdabyd4nms - HFS5Designl - Modeler @
Command
Create
Mame Walue Ui Evaluated Value Description
reCtangIe: Command ICrEEﬂeHectangle I . I = I = I |
Position: : Coordinate Sys...| Global
- Puosition 2250.16 mm 2.25mm . Omm ...
Pods z
225' 0’ 16 _XSize 3 mm 3mm
Axi " |rsize 15 mm 15mm
ISz B
X axis: 3mm
Y size :
k I~ Show Hidden
15mm O
oK Cancel
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DESIGN PERFECT ELECTRIC BOUNDARY -click TL

Right click — assign boundary-perfect E-CLICK-name: perfE1l - ok

E File Edit Wiew Project Draw Modeler
iD=l B S =
wiegoos oo N

SS  Tools Window Help
=lre @ EERp= imocscalew aa i B B35 |
o 2 v =]|[30 -] [vacuum =1 |[Modet

5]

HE - e
[Project Manager < x| [65°5 soie
= Project 1° | B S FR4_epoxy
=1-#f% HFSSDesign1 (DrivenModal)y" i 2-€7 substance
P Model | i@ CreateBox
£ EF Boundaries -3 Sheets
| P PefEl 3 Perfect E
IF PerfE2 1. Coordinate Systems
D Excitations 5.4 Planes
B8 Mesh Operations €2 Lists
L P Analysis
- Optimetrics
i Results
Port Field Display
+.. Mgy Field Overlays
L.y Radiation
-2 Definitions

Project

[Properties —=

[ Name [value| Unt [ Evaluated Value| ~

HFSS 0 5 10 (mm)
| = Project1 {C-/Users/ECE LAB/Documents/Ansoft/) =
A =g HFSS5Design1 (DrivenModal) N
5 Invalid part name: Valid characters are letters, numbers, underscores. (11:13:01
) A AW Feb 24, 2023) F
2 £

Click ground plan - right click-assign boundary-perfect E — click - name: perfE2 ok

K File Edit View Project Draw Modeler HFSS Tools Window Help
D B & 5o Nl iesdn|o IMSSSR o0 i & 3
wiegmoe oo R o 4 [ ]| =i f v ([vecum =] |[Wod=

L]

-
Project Manager =[5 & seids
=3 Project 1 | O FR_epoxy
=& HFSSDesign1 (DrivenModal)™ : E-€7 substance
i &P Model : @ CreateBox
EF Boundaries E1-E3 Shests
¥ PerfEl : 3 Perfect B
P PefE2 @-le, Coordinate Systems
D Excitations & Planes
BP Mesh Operations @R Lists

ST Bnalysis

@ Optimetrics
Results

Port Field Display
T Field Overays
< Radition
1-[Z3 Definttions

Pmedl

Properties x|

[ Name [Value| Unit [ Evaluated Value | ~

:
LEE 0 5 10 (mm)

LI Project 1 (C:/Users/ECE LAB/Documents/Ansoft/) x
5 =-g8 HFSSDesign1 (DrivenModal) 9
5 . Invalid part name: Valid characters are letters, numbers, underscores. {11:12:01
3 A AWM Feb 24, 2023) 5
] 2
= £
59 File Edit View Project Drsw Modeler HFSS Tools Window Help ==
iD= | & & I[=] M =lmw e ipzssen o i @0 [ s e | Ilmoco<=
et oo oo [ R == e ] ] 1 & [[vmomm =] | [Modei =1 | &
P | o o o
Project Manager =~ x| [E1-eP Solids
= [ Project 1= | M FRA_eposxy
- HFS5Desian 1 (DrivenModal)™ | &P substance
&P Model 0 CreateBox
EF Boundaries (=161 Sheets
| P PefE1 | E-82 Lumped Port
| PedE2 | ) Perfect B
B Excrations @l Coordinate Systems
-1 ¥ 4 Planes
[ Wesh Operations 1@ Lists
|- S Anslysis
1@ Optimetrics
| [F] Resuts
@[ Port Field Display
| Vi Field Overays
| %% Radiation
(I Dedfinitions
Project
Properties = =]
[ Mame [Value| Unit [ Evaluated Value | =
HFSS [+] 5 10 (mm)
x|l = [ Project1 (C:/Users/ECE LAB/Documents./Anacft.) =
g =g HFSSDesign1 (DrivenModaly N
E A 'nvalid part name: Valid characters are letters. numbers. underscores. (11:13:07
5 AM Feb 24, 2023) "
£ B
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Double click rectanglel
Rename portl ok

Double click create rectangle
Position-

Properties: mstlambdaby4nms - HF55Designl - Modeler @

(225, O, 16) Command I

AX |S-Y MName I Value I Unit I Evaluated Value I Description I |
Command Create Rectangle
X size- : Coordinate Sys...|Global
Position 225016 mm 2.25mm , Omm ...
[ asis ¥
3 mm | |%size 3 mm 3mm
R | ZSize -1.6 mm -1.6mm
Z size- —
(-1.6mm)
ok

I~ Show Hidden

Select port1-
right click ok || cumed
assign excitation-lumped port-click-namel-resistance 50 ohms-next, select none new line —draw a line-
defined-next-full port impedance 50 ohms finish

Design port2 Take rectangle - Select draw rectangle design transmission line port2

® File Edit View Project Draw Modeler HFSS  Tools  Window Help

=2y = | B2 & X o -lElE e pE e fmoc oo a | ae o 8 &8 & I~
2 ieBDosoCe=9R | 2| =0 -] § oa fpoo A fho a2 e f [vacuum = |[Mocer

@B | W g BT GRQE

Project Manager ~ | [Grc sotds
= Projiect 1= | 1B FR4_epoxy
- HFSSDesign 1 (DrivenModal)" : E-£7 substance
&2 Model i i@ CreateBox
£ EF Boundanes 213 Sheets
¥ PerfEl i 3 Lumped Port Ll
EF PerfE2 : 3 Perfect E
£} BB Excitations ! .03 Unassigned
H 1 H =3 PORT2
@@ Mesh Operations H . CreateRectangle
L slysis i L. Coverlines
fg 3‘;‘::.1:5 L, Coordinate Systems
[ Results 4} Planes
Fort Field Display @2 Lists
- Mgy Field Overays
i.5 Radiation
-3 Definttions
Project
Properties “x|
[ Name [Value| Unit [ Evaluated Value | -
| o
Attribute 5 > "
>\ =13 Project (C:/Users/ECE LAB/Documerts/Ansoft/) x
Y =g HFS5Design1 (DrivenModal) «
é‘ A g‘hv“alggag”;@)wnd characters are letters, numbers, underscores. (11:12:01 J
Properties: mstlambdabydnms - HF35Designl - Modeler @
Rename
Command |
rectangle2
. Name | Value | Unit | Evaluated Value Description | |
Double click Command Create Rectangle
portz Ok Coordinate Sys... Global
Posttion 5251516 mm 5.25mm , 15mm. .
Crate rectangle hods Y
. XSize 3 mm -3mm
double click . 16 o
Position - (5.25,
15, -1.6)
Axis - Y
X size (-3mm
( : I™ Show Hidden
Y size (-1.6mm)
ok 0K | Cancel
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Select port2-right click assign excitation-lumped port-click-namel-resistance - 50 ohms-next select none
new line —draw a line-defined-next-full port impedance - 50 ohms - finish

HFSS  Tools  Window Help

B EIES|

DL oo O oM

K9 File Edit View Project Draw Modele
iD= B & L=l

R B Do oe [
HE I S

[Project Manager -~ =| [E-Z7 solids

= Project 1% =148 FR4_epoxy
=-#3 HFSSDesign1 (DrivenModal)” E-£P substance
&2 Model P CreateBox
5 ¥ Boundaries -3 Sheets

- EF PerfE1 =2 Lumped Port Lot
g PerfE2 =103 Perfect E
52 Excitations 12. Coordinate Systems
Lo 4B Planes
D2 =P Lists
B8 Mesh Operations
S Analysis
1F Ontimetrics
[ Resuits
Port Field Display
Wi Field Ovedays
< Radiation

1-(20 Definitions

B o fmCsce|ad e i &8 85 [
[vacuum =1 |[Model

Project

[Properties ~x|

[ Mame [value| unt [ Evaluated Value |~

HFSS o 5 10 (mm)
=13 Project1 {C:/Users/ECE LAB/Documents,/Ansoft /)

=g HFSSDesign1 (DrivenModal)

iy, Invalid part name: Valid characters are letters. numbers. underscorss. (11:13:01
AM Feb 24, 2023)

Select

Design radiation boundary

Draw box
El File Edit View Project Draw Modeler HFSS Tools Window Help
DEE Rl & %o [ Crleiessn g imc3caoleelaq B B8 BB
2R IeBRA0D® m gl e x| =0 - oa fonod ah i ftg 3 i (S [vacuum =] |[Modet
B Pl B RO

roject Manager < x| [5°5 solids
= Project 1 =8 FRA_epoxy
g HFSSDesign1 (DrivenModal)™ 5-&P substance
&P Model L) CreateBox
EF Boundaries =] s vacuum
L@ PerEl 247 Boxd
P PedE2 i@ CreateBox
=R Excitations -3 Sheets
LA 3 Lumped Port
L2 1 PerfectE
. B Mesh Operations @1z, Coordinate Systems
- fP Analysis (-4 Planes
([ Optimetrics - Lists
=) Resuts
[3-[F Port Field Display
..My Field Overlays
% Radiation
(-0 Definitions

Project

Sroperties =

[ Name [Value| Unit [ Evalusted Value | |

i Co d f
_Asrbute [Command | 0 0 20 (mm)

- Project1 (C:/Users/ECE LAB/Documents/Anscft/)
5 g HFSSDesign1 (DrvenModal)
’ Invalid part name: Valid characters are letiers, numbers, underscores. {11:13:01
A pM Feb 24, 2023)

. x

vessage mana « X ||

Progress

dOUble CI |Ck bOX1 Properties: RANI - HFS5Designl - Modeler @

Attribute

rename radlatlon Name Value | Unit |E\ra|uated Value Description | Read-only | |
boundary e o -

Material air' 3ir’

. R . | Salve Inside v
Material - edit - air orertaton  Giobal

Model [
Ok : Display Wirefra... I_

. Col Edit
Colour edit — Tm:;pm 0 :

ok

e

[~ Show Hidden

oK Cancel
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DOUble CI ICk Properties: mstlambdaby4nms - HF55Designl - Modeler @
Command
create box
.. MName I Value I Unit I Evaluated Value Description I |
POSItIOﬂ- ('3,'3,'3) _Command CreateBox
. | Coordinate Sys...|Global
X Slze-15mm | |Posttion 333 mm -3mm , -3mm | -...
| XSize 15 mm 15mm
Y Slze_25mm _YSize 25 mm 25mm
- Z5ize 15 mm 15mm

Z size-15mm
ok
Fit all

™ Show Hidden
OK Cancel
Click radiation boundary-right click-assign boundary —radiation click name radl ok
L T
0 15 30 (mm)
W) File Edit View Project Draw Modeler HFSS Tools Window Help CEE
iD= B g X Clw o jeedn|o imcssekklea (s BsE/88ivviIIa¢icoood
ER iDL 0o & i@ e & |k ] - £ 18 [ =] i )
HE R R
Project Manager « x| [3-2 Solids
=+ Project 1* - 4 air
£ & HFSSDesign1 (DrivenModal)” | | =] 9 Bod
& Model L) CreateBox
-EF Boundsries (- ¥ FRA_epoxy
L PerfEl €7 substance
ﬁ! PerfE2 B3 Sheets
&P Radl = Lumped Port
(-2 Excitations 3 Perfect
LR 5 @12, Coordinate Systems
L2 -4 Planes
#8 Mesh Operations [P Lists
ST Aralysis
{E Optimetrics
[F] Resutts
5[ Port Field Display
T Field Overlays L4
5 Radiation i
Project
[Properties .
[ Mame [Value| Unit | Evalusted Value [ -
Hess | c - o=

E-EF] Project 1 (C:/Users/ECE LAB/ Documents./Ansoft/)
=@ HFSSDesign1 (Drivenblodal)
iy Invalid part name: Vald characters areleters. numbers, underscores. (111301
Al Feb 24, 2023)
Invalid part n;rggeﬂ)\t’ahd characters are letters, numbers, underscores. (12:13:55

A Pl Feb 24,

. x

Viassage Mana =

Srogress
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RF SYSTEM DESIGN 1l B.Tech II
Analysis —right click add solution setup click name setupl solution frequency-5GHz

Maximum number of passes -12

Maximum Delta S - 0.02 ok

Analysis right click- setupl right click - add frequency sweep

Sweep type : fast Validation Check: Projectl - HFSSDesignl = @

Type : linear count

Start freq:1GHZ

o Desigr Gettings
o 30 Model
o Boundanies and Excitations

Stop freq:10GHZ Ylidation Check completed. Emors: 1 Wamings: 0 " Mesh Operations
@ Analysis Setup
Count:101GHZz o Optimetrics
o Radiation

Click display-see all frequencies ok See Message Window for detals.

Result analysis(error checking)

Close

Click double click validity

HFSS Design- design setting
3D model
Boundaries and excitations
Mesh operation
Analysis setup
Optimetrics
Radiation

Next analysis all-any error rectify-ok

Validation Check: Projectl - HF55Designl

J HFSSDesign

W alidation Check completed.

Close

(=]

" Design Settings

" 30 Model

2 Boundaries and E=citations
4 Mesh Operations

= Analysiz Setup

«* Optimetrics

¥ Radiation

™
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Model Waveforms: 5 GHZ ( S Parameter)

=] File Edit View Project Report2D HFSS Tools Window Help

DEed| &H 2B &S| X D = I E iEZ2eR S| B

A A W AR WA N

[=]=]x

B X =P
A A |lele @A
[Project Manager - x| XY Plot 1 HFSSDesign1
V™ Sweep - 0.00 ] Curve Info
..... B Optimetrics ] —— dB(S(1,13)
&[] Resutts ] Se'up‘d B?;‘:e;n
=-E3 XY Plot 1 -10.00 —| Setup1 : Sweep
i dB(S(11) - e
o dB(SO1.2) n Setup1 : Sweep
4 dB(SEZ. 1) = 7 — dB(S(2,2))
) dB(S2.2) _20.00 —] Setup1 : Sweep
H # dBVSWR(Z) ]
B Dt Gt Pt £-30.00 —|
Project =1
|Froperties = x 7
Name | Value B -40.00 —
Name XV Plot 1 -
Report Type Modal Sclution Data = 7
Display Ty... Rectangular Plot -50.00 —
dB(S(1.1))  Freq dB(S(1.1)) n
dB(S(1.2) |Freq dB(S(1.2)) —
< it v -60.00 . N . N r
" 1.00 2.00 3.00 4.00 5.00 9.00 10.00
Repo Freq [GHz]
x %3 Objects "substance” and "radiation” irtersect. (3:26:18 AM Feb 27.2023) | ||>
- i3 Solution Setup: No soluion setups have been created. (3:26:18 AM Feb 27. *
B H 2023)
i - JE# Objects "substance" and “radiation" interssct. (3:33:31 AM Feb 27, 2023) =
] 4 [Nomal compietion of simulation on server: Local Machine. (10:50.03 AM Feb 5|
L] 27.2023) =1 |2

vswr graph

] File Edit View Project Report2D HFSS Tools Window Help

BN = R A=

@&d e ae @A P

B AR iR 2SR S| BiamMm W MW AW FWar

[1=]x]

Project Manager - x| XY Plot 2 HFSSDesignt
H = Sweep o 070 Curve Info
+.[F] Optimetrics B —— dB(VSWR(1))
- Resuts ] Setell-Sweep)
| B e 080 Soun! - Seep
L dB(S(1LT) ]
4 dB(S01.2) :
# dB(SE.1) £ 050 —
L dBISR.2) 7
& BJ XY Plot 2 -
L dBVSWR(T) 020 —]
4 dBVSWR(Z)
i 1 Dot Bl Mmoo - |
et ]
Froject
030
Properties - x|
Name | Value ]
Name XY Flot 2 020
Report Type Modal Solution Data
Display Ty... Rectangular Plot 010
dB(VSWR... Freq dBIVSWRIT])
dB(VSWR... Frea .dBIVSWR(Z))
0.00
1.00 2bo 300 200 2.00 10100
Report Freq [GHz]
= " J 63 Objects "substance” and “radiation” infersect. (3:26:18 AW Feb 27,2023)  a| |[*
2 g Solution Setup: No soltion setups have been created. (9:26:13 AM Feb 27, ‘
5 2023)
A - JE3 Obiects "substance” and "radiation” intersect, (3:33:31 AM Feb 27, 2023) =
5 @ Nlomal completion of smistion on server: Local Machine. (135003 AM Feb _| | &
= 27. 2023) = [&
EJ File Edit View Project Report?D HFSS Tools Window Help [==10e]

==

& | X 2

E -l e i EE2SR| oy | B

A A A Al W S

@d iMa @B laead

i ¥+ dBFETotal)
=@ Radiation Pattem 3
#+ dBiGainTotal)

Project
Properties ~ =]
Name | Value 1]
Shaw Cir. ... ~
Show Angl cal

Project Manager = x] Radiation Pattern 3 HFSSDesign1 &
7+ dB{GainTotal) - 0 Curve Info

-4 Radiation Pattem 2 —— dB(GainTotal)

| Epianle,
=-#* 3D Rectangular Plot 1 AB(GainTotal)

H il rETotal Setup1 : LastAdaptive
=8 30 Polar Plot 1 Freq=5GHZ Fhi=90deg"

T dBGanTota) D i a0l
=-§2_ 3D Polar Plot 2 Freq="5GHZ Phi="180deg"

—— dB(GainTotal)
Setup1 : LastAdaptive
Frea=5GHz Phi=270deg’
dB(GainTotal)
Setup1 : LastAdaptive
Freq=5GHz Phi=380deg’

#63 Objects "substance™ and "radiation” intersect. (3:26:18 AM Feb 27.2023) ||
3 Solution Satup: No solution sstups have been sreated (3:26:18 AM Feb 37

“x

2023)
43 Objects "substance” and "radiation” intersect. (3:33:31 AM Fsb 27. 2023}
&g Noma! completion of simulation on server: Local Machine. (1050:03 AM Feb
27.2023)

Wessage Mana « X

Progress

0 items selected.

[Ang [68.2762  |[Mag [18.7074
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3d graphs

% File Edit View Project Report3D HFSS  Tools Window Help [==]0]

2 32 -l E I EZ28B| o B

iad s B3 (&3

[Project Manager < x|
dB(GainTotal)

& E Pesults m -5, 4743 +B08
B3 v Plet 1 7. 2835 +000
B o piec 2 -9.@a38e 200
=168 Radiation Pattem 1 1,894 +@EL

#+ dB(GainTotal) -1, 2714s+2E1
=4 Radistion Pattem 2 -1, 4524emEl
#+ rETotal -1.E335e+@@1
=¥ 3D Rectangular Plot 1 -1.8143e+001
# rETotal -1. 995%e-0a1

=% 3D Polar Plot 1 -2, 1763e+@@1
_____ 75 dB(GainTotal) -2, 3573¢+00L

[ Don Cimid Minmimas = —2.5383e+801

Project -2, 7183e+m@1
-2. sE03e +0E1

|Properties = x| -3.@813e+@aL
-8, 26236 +BE1

Name | Value [ Unit | Evaluated Value ~ -3. 443ze+0E1

Name 3D P
Scale Min. |-34.4
Scale Max. |-5.47.
Spectrum | Rain..
Type Spec...

< i 3
Report3D

------ 63 Objects "substance” and "radiation” intersect {3:26:18 AM Feb 27, 2023) | |/*
f 3 Solution Setup: No solution setups have been created. (9:26:18 AM Feb 27, N
2023)

- JVE¥ Objects “"substance” and "radiation” intersect. (3:33:31 AM Feb 27, 2023)
@ N\ommel compietion of simulation on server: Local Machine. (10:50.03 AM Feb
27, 2023)

NUM

Tabular Column:

DESIGN CONSIDERATIONS Width Length Height | Position
Parameters

Ground plane
substance

TL

Portl

Port2

radiation boundary

Result:

Conclusion:
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Viva guestions:

1. Define microstrip antenna?

2. What are the types of microstrip antenna?

3. Give applications of microstrip antenna?

4. Write advantages of microstrip line?

5. Write the characteristics of microstrip transmission line?
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Exp: 02 MICRO STRIP PATCH ANTENNA Date:

Aim: Design and characterization of Micro strip patch antenna.
Apparatus Required:

1. Computer
2. Hfss software.

Procedure:

1. Open HFSS software and Insert new HFSS design.
2. Adjust the co-ordinates.
3. Create a ground plane(Rectangular 2D).

4. Create a dielectric substrate with FR4_Epoxy material with same size of ground
plane with z-height 1.6mm.

Create patch antenna

Creating the feedline on the ground plane
Create two ports (portl).

Now give the perfect E to ground .

Create assign excitation-lampud port.

10 Then create radiation boundary on the designed ground and assign boundary . The
radiation should be given to all the faces except at ground.

11. Assign frequency and no. of passes.
12. Now add freq sweep — fast — linear count.
13. Now check validation and analyze all.

14. Then go to results — Create model solution — rectangular plot — new report. Plot both

15. Then click HFSS — click radiation — click far field — infinite sphere and give values
to phi and theta.

16. Then click on results and create far field.

17. Click plot of 3D — gain-dB — new report.

© o N O

Tabular Column:

DESIGN CONSIDERATIONS Width | Length | Height | Position
Parameters

Ground plane

Substance

Patch

feed

Portl

Radiation
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DESIGN: MICROSTRIP MICROSTRIP PATCH ANTENNA USING HFSS (2.4 GHZ)

D= ® &

e ieEsdB|o imocase kBleais imwd 2% ico0od

EWiegnooe S e | o H ] P=Tr—— ] T
IR )
>roject Manager - x| 1z, Coordinate
=-IFF] Project 1* 4 Planes
-6 HFSSDesign1 (DrivenModal) & Lists
120 Definitions
Project
Sroperties - x|
| Neme [Value| Unt | Evaluated Value |
[l i ] »
c
Variables < [ » 0 15 3 (mm)

Open HFSS project-click project , open - project insert HFSS design.
CREATE SUBSTANCE  Select draw the BOX and design

Bl el s ] Zw|w jeednlo ("t Scaled 0o B X BB~ 2]
EWRieBDoCE N R AP e EC @2 fonodd itk | B [[eam =l e = i
N R
'roject Manager « 2| [P Solids
=] Project 1* & 4 vacuum
-8 HFSSDesign1 (DrivenModal)™ -7 Bod
& Mgl | £ CreateBox
£ Boundaries £ Sheets
2 Excitations =~ Unassigned
B8 Mesh Operations £ B3 Rectanglel
P Analysis L. CreateRectangle
metrics [ Coverlines
g g:su:: i1z, Coordinate Systems
Port Field Display (-4 Planes
Wiy Field Overays B Lists
< Radition
(-2 Definitions
Project
'roperties x|
| Name |Va|ue| Unit |Eva\uatedVaIue|o
Attribute | Command ['] L .
Select fit all the contents in the view Double click create box
Double click box 1 (rename substance) Position 0,0,0

Material — edit fr4 - (4.4) X size-7.5mm

Select colour, Y size-15mm
ok Zsize-1.6mm Ok
Properties: mstrip new ok - HFSSDesignl - Modeler @ Properties: mstpa nms - HFSSDesignl - Modeler
Atrbute | Command |
| ane Vae | it [EvcuatedVaie|  Descipin [ Readony | | Name | Value | nt | Braated Ve | Desorpion
Name substance |_ | Command CreateBox
Waterial "FR4.epaxy" "FR4._epoy’ r _Coordinale Sys...|Global
Solve Inside v r Postion 00.0 mm | Omm , Omm , Omm
Orentation |Global r _XS\IE 17 mm | 1fmm
Madel v r YSize % mm o 2mm
Display Wirfra... I r ZSize 18 mm | 16mm
Color Edt | r
Transparent 0 | r
™ Show Hidden " Show Hidden
ok | Cancd ok | Conce
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DESIGN GROUN PLAN:

Select click rectangular draw

=

o = 10 (e

Double click rectanglel

Name: [ground plan] , Colour : edit [as your wish]

Properties: mstrip new ok - HFSSDesignl - Modeler

=]
Attribute |
Mame | Walue | unit | Evaluated value | Description | Readorky [ |
MName ground [
Orientation Global —
Model ~ —
Display Wirsfra... — —
Color Edit | —
Transparent o | —
I~ Show Hidden
oK | Cancel
Double click create rectangle:
Propertics: Project - HFSSDesignl - Modeler =]
L. i Co d
Position : 0,0,0 e |
Name | Value | unit [ Evaluated Value | Description |
. | |Command CreateRectangle
AXIS .z Coordinate Sys...| Global
I |Posttion 0.0.0 mm Omm . Omm . Ormm
. [ |as z
Xsize: 17mm | |xsize 17 mm 17mm
| |rsize 24 mm 24mm

Y size : 24 mm

Ok

I Show Hidden

oK | Cancsl

DESIGN PATCH ANTENNA

Z

0 5 10(mm) 0 5 10 (mm)
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Select rectangle design center draw

. Properties: Project3 - HFSSDesignl - Modeler =]
Double click it |
reactanglel, Name [ wvalue [ Unit [ Ewvaluated Value | Description | Readonly |
| |nName PATCH (]
rename — | i)"r;zr:‘atmn Glob?l7 '|:
|| Display Wirsfra... — —
Calor Edi —
PATCH, e = =
Colour - edit
Ok
Double click I~ Show Hidden
oK | cancel
Create | Properties: Project3 - HFSSDesignl - Modeler =] |
rectangle: Command |
. Name | Value | unit | Evaluated walue | Description | |
Position: 4,6, | [Command CreateRectangle
| |ceordinate Sys...| Global
1_6 _;—‘:d:tlon ;.G,‘IG mm 4mm , 6mm , 1.
; : XSize 10 mm 10mm
AXis: z s B T R
X axis: 10mm
Y size: 12mm
I~ Show Hidden
Ok
oK | Cancsl
DESIGN FEED: Select click rectangular draw
[; A0 )
Double click reactanglel, Double click Create rectangle:
rename — FEED, Position: 7.5,8, 1.6
Colour - edit AXis: z
Ok X axis: 2 mm
, Y size: -8 mm
Properties: Project3 - HFSSDesignl - Modeler @
Atribute: Properties: Project3 - HFSSDesignl - Modeler @
Name | Value | Unit |Eva\uatedVa\ue Description | Read-only | ‘ Cﬂmmandl
|_|tame FEED r Name Value [ Ut [ Evalted Valoe Description |
[ Onentaton Gobal I— Command CreateRectangle
_Mndal |7 I_ _Cnord\nateSys Global
| |Dimley Wik, [~ r | [postion 75816 e T
| |color it [m] s 7
— Transparent —DI I— B XSize 2 mm 2mm
e n g
[ Show Hdden
I Show Haden
0K | Conce
K | G
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click PATCH and FEED both unite

L
0 5 10 {mm}

DESIGN PERFECT ELECTRIC BOUNDARY - click feed & patch
Right click — assign boundary-perfect E-CLICK-name: perfELl - ok

E File Edit View Project Draw Modeler HFSS Tools Window Help ==
[DEWE| % BB &|>x o= [[w]s s v | ezsem|os @ lvflescalees ca [ @& @® [~ |lcoo=x
il Ces o [0 « b |0 I i oo fooo2an P00 & f e &P dn |2 |[ecum =1 | [Madal = | e e

Ped b | e 2o ° g% @

[Project Manager = *| [F-&? solids

I g HFSSDesion1 DrivenModaly® - | | | 28 FRi_cpoxy
| &P Model | 1€ substance
| F R Boundares =1 B3 Sheets
L e PedE1 | E1.E3 Perfect E
| |3 Excitations || 1-E3 Rectangles
| -HE Mesh Operations L1 CreateRectangle
| s Anaiyeis r | L "
IR optimetrics | 1
| [ Resuta | n
| R Pon Field Display | =1 Rec
| Mgy Field Overays { + ateRectangle
I i = | = s
w Lz Coordinate Systems
41 4% Planes
= = x| | Lists
R T I e
Name Rec..
Oremtation  Glabal
Model ~

Color Edt

Transpar rent o

Adtribute [ (] 10 20 (mm)
I FiteEdit— View —Project — Draw—Modeler — HFSS— Tools— Window —Help [= =]
Doe|*tam &> o |[=ws e =l o jeasm| o (@ jvSssa e aa |8 & &8&F |~wd ¢ |jococam
e e e o= om | ok = Sl ® @@ JeoePa |0 @D | 6ea? ik | oo =1 |[Modei =1 )& e
L e
Sroject Manager - =1 [E & soligs

= & 4 FRA_epoxy

| | 1€ substance

i = = 3 Sheets

| ] - [ 02 perfect E

i | = #-le, Coordinate Systems

i dations | 1+ 4B Planes

o € Lists
S Analyaa
s
Ree
L. 1 Disy

roperties - =]

Name | Valus |_Unt | Evaiusted vaus]_|
Name PedE2
Type Perfe
Inf Ground...| [
HFSS a 10 20 (mm)

Click ground plan - right click-assign boundary-perfect E — click - name: perfE2 ok

Design ports : (1) Change
Select draw rectangle design portl

e

o 10 20 (mm)
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Double click
rectanglel

Rename portl
ok

Double click
create rectangle
Position-

(7.5,0, 1.6)
Axis-Y

X size- 2mm

Z size-(-4mm)

Properties: nmspatcha - HF55Designl - Modeler

=

Command
MName I Walue I Unit I Ewaluated Valuel Description I |
Command CreateRectangle
™ |Coordinate Sys...|Global
| |Postion 750,16 mm | 7.5mm, Omm , ..
| Awis z
| |xsize 2 mm 2mm
: Y Size -4 mm ~4mm

I~ Show Hidden

OK

Cancel

Select portl-right click assign excitation-lumped port-click-namel-resistance 50 ohms-next, select none
new line —draw a line-defined-next-full port impedance 50 ohms finish

-
[
o 10 20 (mm)
Select
Design radiation boundary
51 File Edit View Project Draw  Modeler HFSS  Tools Window Help [ =10e]
[ =] B @& X o -l m iR R o iMoo TS aled e is BEF ST iDL IocOo oM
2R ieo@Eos oS fo| - = | =R -1 f oo fooc? ah § P tn 82 3 | & |[vacum =1 |[Model S =
@Ay b @ e e gt e
Sroject Manager - =] [E-&7 solids

= Project 1
£ &5 HFSSDesign1 (DrivenModal)”

& Model

= £ Boundaries
P PedE1

AP PedEZ
=8B Excitations

B 2
B Mesh Operations

Port Field Display
T Fisld Ovedays

= Radiation
B3-(C3 Definitions
Project
Sroperties ==

[ Neme [value| Unit [ Evaluated Value [ ~

Attribute [Command |

viessage Mana & x

| £ FR4_cpoxy
| B.¢P substance

© CreateBox

| S vacuum
&2 Boxl

© CreateBox

E1-E3 Sheets
i £ Lumped Port
i = Perfect E

Le. Coordinate Systems

4B Planes
&2 Lists

20 (mm)

&% HFS5Design1 (DrivenModal)

A AM Feb 24.

= [ Project! (C:/Users/ECE LAB/Documents/Ansoft/)
=)

Invalid part name: Valid characters ars Istters. numbers, undsrscores. (11:13:01 ‘
2023)

Draw box
double click

box1

rename

radiation boundary

Material —
edit air

Colour

Properties: RAMI - HFSSDesignl - Modeler

=]

Attribute
Name | Value | unit | Evaluated Value | Description | Readorly [ |

Name Box1 [

| Matenal “air” “air” [

| |Sclve Inside v [

|| oriertation Global [}

| [Model Ica (]

|| Display Wirsfra — —

" |color Edit -

: Transparert [1] [

I Show Hidden

OK

Cancel
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edit

Properties: nmspatcha - HF55Designl - Modeler

Command | \
ok | Walue [ unit [ Evaluated Value | Description | ]
Double click (i S g

: Position 4 -2.-5 mm -4mm . -2mm . -...
create box | [xsize = mm___|25mm
| ¥Size 30 mm 30mm
a e ZSize 20 mm 20mm
Position- (-4,-2,-5) —
. §
X size- 25mm
Y size- 30mm
I~ Show Hidden
Z size- 25mm
ok | Cancel
ok
Z
Fy
= S\ =
(I: 15 20 (mm)
Fit all
Click radiation boundary-right click-assign boundary —radiation click name radl ok
W File Edit View Project Drsw Modeler HFSS Tools Window Help : : HEE
Hm— = | =1 ) g BT RN O B s @ |ed e B BB TJTHF I~ DU =R e ey
iz ioB Do oo L e P | = I [vacuum EIER
HE- TN
[Project Manager ~ x| [E & solids
[E] ject 1° = -4 air
Q:SSM@I (DrivenModal)” | | | B Bod
& Model [ @ CresteBox
E-E% Boundaries =4 FR4_epoxy
L PerfEl &7 substance
. gP PerfE2 = £ Shests
P Radl = Lumped Port

B2 Excitations
AR

n

&3] Port Field Display
gy Field Ovedays L
< Radiation

Project

[Properties ==

[ Name [Value| Unit [ Evaluated Value | ~

HFSS

[ PerfectE
i Le, Coordinate Systems

LeR 2 4B Planes
B8 Mesh Operations & Lists
SF Analysis
IF Optimetrics
[ Results

40 (mm)

essage Mana - ||

A P Feb 24

Analysis —right click add solution setup click name setupl solution frequency-2.4GHz

%)

= [E Project1 (C./Users/ECE LAB/Documents/Ansoft
=g HFSSDesign1 (DrvenModal)
4 Invalid part name: Valid characters are letters, numbers, underscores. (11:13:01
AM Feb 24, 2023)

Invalid part name: Valid charactsrs are Istters. numbers, underscores. (12:13:55
2023)

Maximum number of passes -12

Maximum Delta S -

0.02 ok

Orogress
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Analysis right click- setupl right click - add frequency sweep

—

Sweep type : fast Validation Check: Project] - HFSSDesignl E
Type : linear count s _ o Design Settings
I A | HF 55D esign] 7 D Hodel
Start freq:1GHZ « Boundaries and Excitatiors
. Yalidation Check completed. Emors: 1 wamings: 0 ( Mesh Operations
Stop freq:10GHZ @ Analysis Setup
) o Optimetrics
Count:101GHZ o Radition
. . . See M Window for detalls.
Click display-see all frequencies ok e Miessage Tindl o Cetals
Result analysis(error checking) At Clnse
Click double click validity
HFSS Design- design setting
3D model
Boundaries and excitations
Mesh operation
Analysis setup
Optimetrics
Radiation
Next analysis all-any error rectify-ok
Validation Check: Projectl - HFSSDesignl (== ||
) +* Deszign Settings
@7 HFSSDesign o 2D Model
4 Boundaries and E zcitations
Walidation Check completed. o Mesh Operations

2 Analysiz Setup
| ' Optimetrics
¥ Radiation

Abort I Cloze I
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Model Waveforms: 2.4 GHZ ( S Parameter)

EJ File Edit View Project Report2D HFSS Tools Window Help [l=]=
DS & 2RS¥ D E Zr o i ESSB|(SL|Binmmwmw Ay [Har R

Al iMe el @Ap

[Project Manager - x| XY Plot 1 HFSSDesignt 2
AP Sweep - 0.00 — Curve Info
{E Optimetrics - — dB(S(1,1))
- Resuts i Setup1 : Sweep
7 — dB(S(1.2))
=& i":;"s' 1'1 -10.00 —] Setup1 - Sweep
s0.1) = — dB(3(2,1))
- dB(S(1.2) * Setup1 : Sweep
& dBisR.1) = ] — dB(5(2.2)
- dB(S2.2) 2000 —| o
£ B XY Plet 2 —
#4 dBVSWR(1)) ]
#4 dBVSWR(2)) i
= £-30.00 —
Project =
[Properties = b
Name | Vsl A 4000 —
Name XY Plot 1 —
Report Type Modal Solution Data = ]
Display Ty... | Rectangular Plot -50.00 —
dBIS(1.1)) | Freq dBIS(1.1) 7
dBI(S(1.2)) |Freq dBIS(1.2) -
d il C -60.00 T T T T T T T T
N 1.00 2.00 2.00 4.00 5.00 6.00 7.00 2.00 9.00 10.00
_Report | Freq [GHz]
* SV Objects "substance” and "radiation” intersect. (3:26:18 AM Feb 27,2023) | |*
3 & Solution Setup: No solution setups have been created. (9:26:18 AM Feb 27, !
é 2023)
A #VE# Objects "substance” and "radiation” intersect. (3:33:31 AM Feb 27, 2023) "
& i Mol cemeletion of simuition on server Local Machine. (10:50:03AM Feb 2|
= 27,2023 =ik
EJ File Edit View Project Report2D HFSS Tools Window Help [= =]
Ded|+f 2@ & ¥ D 2 =22 |1 @ P R T N R L
@ i maeds eay
Project Manager == XY Plot 2 HFSSDesign1 L&
= Sweep = 0.70 Curve Info
& Optimetrics —— dBvSWRO)
- Resuls Sweep
=B XY Plot 1 0.60 S—Emmdaé‘\:‘segﬁ(z}}
# dB(S(.1)
L dB(S(1.2) I
i dBSE.1) o 050 —|
¥ dB(SR.2) I
=-E3 XY Plot 2 -
#9 dB(VSWR(1)} 0.40
7 dB(VSWR(Z)
R s = 1
Project —
030 —|
Properties <x| .
Name [ Value ||
Name XY Plot 2 020
Report Type Madal Solution Data E
Display Ty... Rectangular Plot —
dB(VSWR... Freq dB(VSWR(1)) 010 —
dB(VSWR... Freq .dB(VSWR(2)} -
000 —}
o 1.00 200 360 abo 500 FroqloH) 600 750 800 960 10.00
_Repor | req [GHz]
S 4% Objects "substance” and “radiation” intersect. (3:26:18 AM Feb 27,2023) | />
P i 523 Solution Setup: No solution setups have been created. (3:26:18 AM Feb 27, N
i H 2023)
= - O3 Objects "substance” and "radiation” intersect. (9:33:31 AM Feb 27. 2023) 5
4 g Nomal completion of simulation on server: Local Machine. (1050.03 AM Feb &
= 27.2023) = &

radiation pattern graphs

®] File Edit View Project Report2D HFSS Tools Window Help

=]

DM fBER(&E X o 2 22 R R Z4LB o B Noan s A A S . B - e
|Project Manager - x| Radiation Pattern 3 HFSSDesign1 L&
= dB(GainTotal) B Curve Info
=4 Radiation Pattem 2 —— dB(GainTotal)
# rETotal Setup1 : LastAdaptive
Freq="5GHz Phi=0deg’
= 3D Rectangular Plot 1 dB(GainTotal)
# rETotal Setup1 : LastAdaptive
=2 3D Folar Flot 1 Freq=5GHz Phi=90deg’
dB(GainTotal)
# dB(GainTotal) Setup1 - Lasthdaptive
=42 3D Polar Plot 2 Freq="5GHz' Phi=180deg’
#+ dB(ETotal) aB(GainTotal)

Setup1 - LastAdaptive
Freq=5GHz’ Phi=270deg"
dB(GainTotal)
Setup1 : LastAdaptive

268 Radiation Pattem 3
i~ dB(GainTotal)

£ B Dost Cimtd Mimima:

Project Freq="5GHz" Phi="360deg’
|Properties x|
Name | Value ]
Show Cir I
Show Angl cal

ion Pattem | General 120

x ¥ Obiects 'substance” and "radiation” intersect. (3:26:18 AM Feb 27,2023) o ||*
2 : ) Solution Setup: Mo solution setups have been created. (3:26:18 AM Feb 27, N
& 2023)

H - 4% Objects "substance” and “radiation” intersect. (9:33:31 AM Feb 27. 2023) 5
3 i@ Nlomal completion of simulation on server: Local Machine. (10:50.03 A Feb 5
2 27, 2023) ~| |I€

sl

VEMU INSTITUTE OF TECHNOLOGY, DEPT OF E.C.E Page



RF SYSTEM DESIGN

Il B.Tech Il

3d graphs
7 File Edit View Project Report3D HFSS Tools Window Help
DEE BB S XD [ ~moie24R or| @&
2 iobzcaleea

[-I=]x]

HE- 3
| Project Manager . x|
dB(GainTotal)
i 5. 47406 +088
. -7. 2839000
* -9, @938 +200
- & Radistion Pattem 1 -1.0984e+BE1
L. dB(GainTotal) -1.2714%e+201

&5 Radistion Pattem 2 W -1.4524+881

L ETotal L -1.63335+001

# 3D Rectangular Flot 1 -1. 8148081
L5 ETotal -1.93953e+801

{ -8 3D Polar Plot 1 ~2.1763e+001
-2, 3573e+001

L. dB(GainTotal)

P ) B Bold Mot

Project -2.7193e+881
-2, 900 3e+01

|Properties - x| -3.05813e+001
-3.2623e+001

Name [ Value [ Unt [ Evalusted Value 3. 44 32e+EE

Mame 3DP..
Scale Min. | -24.4..
Scale Max, -5.47..
Spectrum | Rain...

-2.5353e+001

Type Spec...

< i G

Report3D
x * JVE# Obiects "substance” and “radiation” intersect. (:26:18 AM Feb27.2023) & ||*
é @ Solution Setup: No solution sstups have been created. (3:26:18 AM Feb 27, !
g i 2023)
i i JE¥ Objects "substance” and "radiation” intersect. (8:33:31 AM Feb 27, 2023)
& g Normal completion of simulation e server: Local Machine. (10:50:03 AM Feb _
2 27, 2023) -

]
o
a
2

Model wave

’50 : ,q«

Formulas:

Result:

Conclusion:

I S S T o e = )

| W W

e

[ INum
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Viva guestions:

1.What is micro strip patch antenna?

2.What is micro strip antenna used for?

3.What are the 3 types of micro strip antenna?

4.What is the difference between micro strip antenna and patch antenna?

5.What is micro strip antenna and its characteristics?
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Exp.No: 03 Date:

MICROSTRIP TRANSMISSION LINE AND STANDING WAVE PATTERN
Aim: Analyse of a Microstrip Transmission Line and standing wave pattern at various

frequencies
Apparatus Required:

1. Computer
2. Hfss software.

Procedure:

1. Open HFSS software and Insert new HFSS design.
Adjust the co-ordinates.
Create a ground plane(Rectangular ).

Create a dielectric substrate with FR4_Epoxy material with same size of ground
plane with z-height 1.6mm.

Creating the TL the ground plane & substance.
Create two ports (portl&port2).

Now give the perfect E to ground .

Create assign excitation-lampudport.

Then create radiation boundary on the designed ground and assign boundary b. The
radiation should be given to all the faces except at ground.

10. Assign frequency and no. of passes.
11.Now add freq sweep — fast — linear count.
12. Now check validation and analyze all.

13. Then go to results — Create model solution — rectangular plot — new report. Plot both

14. Then click HFSS — click radiation — click far field — infinite sphere and give values
to phi and theta.

15. Then click on results and create far field.

16. Click plot of 3D — gain-dB — new report.

~own

© oo N oo

Tabular Column:

DESIGN CONSIDERATIONS Width Length Height | Position
Parameters

Ground plane

substance

TL

Portl

Port2

radiation boundary
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Design: MICROSTRIP TRANSMISSION LINE USING HFSS (2.4GHZ &3.8GHz)

DEE i Be|(& X (82 N o i@ R|or B NS STa|ee0d 8|88 (88 I~ 20inocod

s« & [er =] [0 AIinmEomE IggeZd I0DO (Baal ik 18 |[vacum -] [Model EREET

£ "2 BEAoCEeS O R
@B A e g BE RO
Sraject Manager x| [E-[, Coordinate 2
=@ Project 1 (4B Planes i
-8 HFSSDesign1 (DrivenModal) @ Lists
-1 Definitions
Project
roperties x|
[ MName [value[ Unt | Evalusted Value [
[l n ] 3
I
Variables P ; 0 8 3 (mm)

Open HFSS project-click project , open - project insert HFSS design.
DESIGN GROUN PLAN: Select click rectangular draw

B File Edit View Project Draw Modeler HFSS Tools Window Help [ =]=]
INEE BB & X oo | 2 e lessn|or lmocssae e e s s ssi~vineloocoad
g iegBoacoe=son la| 2 =t JioeooE fmBa {00 paiSih 1S [feeam | ] 5o

P @ | w il B GR OF

|Project Manager ~ x| [B-0= sheets
-2 Project 1 £-E3 Unassigned
-8 HFSSDesign1 (DrivenModal)™ 3 Rectanglel
L P Model le. Ceordinate Systems.
|- £ Boundaries D Planes
+- /% Excitations B Lists
| ER Wesh Operations
L fP Analysis
+.[F Optimetrics
;[ Resutts
{ [ Port Field Display
+ Mgy Field Overlays
< Radiation
(I Defiritions

Project

[Properties - x|

[ Name [Value[ Unit [ Evalusted Value | ~

Atiibute 0 5 10 (mm)
M= Project1 {C:/Users/ECE LAB/Documents/Ansoft/)
3| =@ HFSSDesign1 (DrivenModal)
L] i Invald part name: Vaid characters ars letrs, numbers, underscorss. 11:13:01
2 AM Feb 24, 2023)
Double click rectanglel
Name : [ground plan] , Colour : edit [as your wish]
1 leecianed . A
Properties: Project! - HFSSDesignl - Modeler %] Properties: mstrip new ok - HFSSDesignl - Modeler @
Hibde | Abte |
Name Value | Urit |Eva|ualed Valuel Descrption | Read-anly | ‘ | Name Velue | Unt |EVE|UElEd Value Desciption | Readanly | |
Name: Rectangle1 r Name gound r
Orertion ~~ Giobal r Orentaion ~ obal r
Hocl ¥ r Hodel v r
Display Wiefa r r Disply Wiefra r r
Color Edt | r Color Edt | r
Transparert 0 | r Transparent 0 | r
I™ Srow Hilden ™ Shon Hidden
ok | cocd oK | Cancd

before name change after name change
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Lol be

gricngocese
B inphaFEE

DOUble CI ICk Properties: Project5 - HFSSDesignl - Modeler |E
. Command |
create rectangle:
. Name [ Value I Unit lEvalumed Value' Description I
POSItIOn : 0,0,0 Command CreateRectangle
. [ |Coordinate Sys...|Global
AX'S Lz i Position ‘O 0.0 mm Omm ., Omm , Omm
| Ads z
. Tl XSize I 30 mm 30mm
X Size : 30 mm —YSize 60 mm 60mm
Y size : 60 mm
Ok I Show Hidden
OK Cancel

Select fit all the contents in the view
CREATE SUBSTANCE
Select draw the BOX and design

; 0 iggkn or (B 95850 9% 0 iB[BY BB vt
10 oo oD it amd igdhin0 gl 8 len o igH

1000

E

1158388 |~v394i00008

ke o Egvia
i Project* E!‘:ﬂiurtw
TRt ||| e
o fondaies - Sheess
8 s {0 bnasgned
- Ve 53 edargid
- fF s nDMﬁf“
giﬁ“ Ekﬁwzi@;
T “oifeiDysy 8 hnes
- et w8 it
Y
|3 Defiicns
o |
s — n 5 -
: — — - b [t bt et s 130 )
e [Comand 0 5 10{mm) i ;
Properties: mstrp new ok - HF55Designl - Madeler
Double click box 1 M =]
(rename
substance) Name Value | Unit | Evaluated Value Description | Read-only | |
Mame substance I_
i i Material "FR4 " "FRA .
Material — edit fr4 - e il _epowy r
Solve Inside |7 I_
(4'4) Oriertation Global I_
Model |7 I_
Select colour T - -
Color Edit
Ok - | r
Transparert 0 | r
I™ Show Hidden
oK | Cancel
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DOUb Ie CI ICk Properties: Project5 - HFSSDesignl - Modeler =
create box Command
. Name Value ] Unit | Evaluated Value Description
POSItlon 010,0 Command CreateBox
. |~ |Coordinate Sys...|Global
X Slze-30mm " |Postion 000 mm Omm . Omm . Omm
: XSize 30 mm 30mm
Y Size_GOmm | |Ysize 60 mm 60mm
| | ZSize 16 mm 1.6mm

Z size-1.6mm
Ok

I~ Show Hidden

OK Cancel

DESIGN TRANSMISSION LINE

Select rectangle design center draw

% Zrmiezsn| o imcBlce wkleq i EF SF i~
fa| o 2| =|Bo Sl i@ BB ok i B ifaadih i |[veaum = |[Model

iDESHE| L B@la|x o
R IDODACEe= 0 R

(RS |

i@ 0= @ nom B el
|Project Manager ~ =| [5-2 solids ¥
{5 dmstllambdaby2- - -4 FR4_epc
=t ’—éﬁ mstrip -3 Sheets
£l &8 HFSSDesign (DrvenModal) = Lumpec
: &P Model = =3 Perfect
EF Boundaries =3 grou
/P Excitations = T
BB Mesh Operations = Unassig
5 P Analysis 1. Coordinate
7 Optimetrics 8B Planes
1 Resiits 52 @B Lists
Project
|Properties - x
Jm v 0 10 20 (mm)
= .4 Trass defintion for ETotal'was invaid.  has been deleted s a resut o |
: (2:52:06 PM Feb 24, 2023)
£ The report ‘Radiation Patiem 2 was deleted because its traces were
= A ivalidated due to the edit. (2.52.06 PM Feb 24, 2023) s
& HFSSDesign1: Selutions have been invalidated. Unda to recover. (2:52:.06 g 5 Open Devices and Printers
3 & — ||& pe:
o PM Feb 24, 2023) v‘ iz
Ready
p
rename Properties: RANI - HFSSDesignl - Modeler (=]
TL Atibute |
C | d t Mame Value | Unit I Evalusted Value Description I Read-only | |

Name TL
Orientation Global

Ok | Model

-
i

| v r
Display Wirefra... |_ |_

" |Color Edit | I_
w Transparent 0 | |

[~ Show Hidden

oK Cancel
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Double click create rectangle:

o Properties: Project5 - HFSSDesignl - Modeler [==7]
Position — Lo
Command |
12' O, 16 Name I Value I Unit [Evaluated Value[ Description I
|| Command CreateRectangle
R || Coordinate Sys... Global
AXis -z | |Postion 12.0.16 mm 12mm. Omm . 1.
|| Auxis z
- XSize 6 mm 6mm
X axis - 6mm :YSize 60 mm 60mm
Y size - 60mm
Ok
I~ Show Hidden
OK Cancel

DESIGN PERFECT ELECTRIC BOUNDARY -click TL

Right click — assign boundary-perfect E-CLICK-name: perfE1 - ok

E) File Edit View Project Draw Modeler HFS5 Tools Window Help =
inD=sa R8> o [ Hrlemizesn|o CEcalew|loa iBEsd BF |- Co=™
e ileBmeoe oo ® oo & |k B ] £ [[vecum = |[Model
HE e
[Project Manager < x| [E5& soias
[=] Project 1% | - FR4_epoxy
=1-#f# HFSSDesign1 (DrivenModal)” : &7 substance
Lt Model | @ CreateBox
E-EF Boundaries £)-E3 Sheets
EF PedfEl i = Perfect E
¥ PefE2 L2, Coordinate Systems

| R Excitations & Planes

BB Mesh Operations &2 Lists

L. 4P Analysis

£ F) Optimetrics

:.[[F] Results

: Port Field Display

- Wiy Field Ovedays

i..5g? Radiation

@[22 Definitions

Project

[Properties <=

[ MName [value| uUnt [ Evaluated value [ ~

HFSS o 5 10 (mm}

= Project1 (C/Users/ECE LAB/Documents/Ansoft/)
=g HFSSDesign1 (DrivenModal)
Invalid part name: Valid characters are letters. numbers. underscores. (11:13:01
&AM Feb 24, 2023)

Message Mana « X |

Frogress

Click ground plan - right click-assign boundary-perfect E — click - name: perfE2 ok

E] File Edit View Project Draw Modeler HFSS Tools Window Help

=) ~lre @ i@ B o
[0 [ o S IXY ~| |30 ~| i H
Project Managar x| [Ec soiids
= Project 1* & 4P FR4_eposxy
=-#f% HFSSDesion1 (DrivenModal)* =€ substance
1P Model @ CreateBox
2369 Boundaries £1-E3 Sheets
F PerfEl £ Perfect E
EF PerE2 1z, Coordinate Systems
D Excitations 4 Planes
i EE Wesh Operations @B Lists
P Analyss
+..[[F] Optimetrics
[ Resutts
Part Field Display
Wi Field Overlays
. Radiation
(2 Definitions
Project
Properties =]
[ MName [value| unt [Evaluated Value [~
HFSS 0 5 10 (mm)
[E] Project 1 (C:/Users/ECE LAB/Documents/Ansoft/) =
= g HFSSDesign1 (DrivenModsl) *
[ g Invalid part name: Valid characters are letiers. numbers. underscares. (11:13.01
AWM Feb 24, 2023) =

Design ports : (1&2)

VEMU INSTITUTE OF TECHNOLOGY, DEPT OF E.C.E Page




RF SYSTEM DESIGN Il B.Tech Il

Change

Select draw rectangle design transmission line portl

& File Edit View Project Draw Modeler HFSS Tools Window Help eI
iD= ®| & = (=] [ =Zmw e ieasr o fmoczca|law o s s @xl-vrhelocoo=w
lrwle@Booe N e - | - i i i {2 |[vamm =1 [fiodet = e
HE- N RO ]
Project Manager = [ oo
=1 Project 15 | B B FRA_epoxy
£l 6 HFSSDesign1 (DrivenModal)™ | 1€ substance
[P model | LB CreateBox
| E-EP Boundaries (1B Sheets
| e PedEY | B1-E3 Lumped Port
1 i =¥ PefE2 | @3 Perfect E
| [1/EB Excitations -Lle, Coordinate Systems
L 1 14 Planes
E# Mesh Operations E-dP Lists
| P Ansiy

Project

Properties .=

HESS ° 5

Name [Value| Unit [ Evalusted Vaiue [ ~ |

10 (mm)

* | =1 [FF] Project1 (C:/Users /ECE LAB/Documerts./Anacft/) =
é = g HFSSDesign1 (DrivenModal)
L i Iyl port name. Valid characters are letters. numbers. underacores. (11:13:01 R
i F

Double click rectanglel

Properties: Project5 - HFSSDesignl - Modeler = |
Rename Cormend |
portl ok
Name I Value l Unit | Evaluated Value I Description l

Double click Command CreateRectangle

create : Coordniate Sys... Gioba
Position 12.0.186 mm 12mm , Omm . 1...
rectangle i 5

Position- [ |xsize 5 mm 6mm
(12,0,16 ) ZSize -1.6 mm -1.6mm
AXis-Y
X size-
6mm

Z size-
(-1.6mm) I~ Show Hidden
ok

I

ok | Cancl

Select portl-right click assign excitation-lumped port-click-namel-resistance 50 ohms-next select none new
line —draw a line-defined-next-full port impedance 50 ohms finish

Design port2

Take rectangle - Select draw rectangle design transmission line port2

) File Edit View Project Draw Modeler HFSS Tools Window Help [0
(= =] BB & | = I Clrwoiessen| o i~ > D% ilooco<=wxm
ie O moCeson R e | EC——— . =
B W A I3 BF QR O
ProjeciManager = =| [ & sohds
= T Project 1 =4 FRé_cpoxy
=@ HFSSDesign1 (DrivenModal)” E-&2 substance
&7 Model B CresteBox
=2 Boundaries -3 Sheets
¥ PefEl B3 Lumped Port
¥ PefE2 3 PerfectE
/B2 Excitation:
=]
.. g Mesh Operations
£ Analysis -
@ Optimetrics 1. Coordinate Systems
i [F] Results 4B Planes
Port Field Display &P Lists
T Field Overiays

| L.SP Radiation
(3 Definitions

Project
Properties ==
[ Nems [Velue] Une [ Evelumted vaiue| =
L] a 5 10 (mm)
=[[= B Proisct1 (C./Users/ECE LAB/Documents/Ansoft/) =
g & HFSSDesign1 (DrivenModal) *
Invalid part name: Valid characters are letters. numbers, underscores. (11:13:01
A AM Feb 2. 2023)
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Rename rectangle2 double click port2 ok

Properties: Project5 - HFSSDesignl - Modeler |

Crate rectangle Gommand |
double click

' _ Name Value ] Unit I Evaluated Value ‘ Description
P 0s Itl on Command CreateRectangle
(18,60, 16) | Coordinate Sys... Global
AX'S -Y | |Posttion 18 .60.1.6 mm 18mm , 60mm . ...

. Axis Y
X Size- " |xSize 6 mm -6mm

(-6mm) : ZSize 16 mm  |-1.6mm
Z size
(-1.6mm)
ok

I~ Show Hidden

]%

ok | cancel

Select port2-right click assign excitation-lumped port-click-name 2-resistance - 50 ohms-next select none
new line —draw a line-defined-next-full port impedance - 50 ohms — finish

1 File Edit View Project Draw Modeler HFSS Tools Window Help =5
H &2 =13 | @ 2 & 3 | o fmTE3c e @l aa D PO OO0 o™
2 w2 | e E= 3 | | H
I T =~ =| [E-&” solids
= Project 1~ | & B FRA_eposxy
1.8 HFSSDesign1 (DrivenModal) 5.6 substance
& Model @ CreateBox
= Doundaries E=1-E3 Shests
EF PedE1 3 Lumped Port
¥ PedE2 3 Perfect E
h D Exctations Lo Coordinste Systems
= 4= Planes
=2 & Lzt
;B8 Mesh Operations
S5 Analysis
@ optimetrics
| T Resuts
Port Field Display
T Field Overiay=
S Radiation
(23 Defintions
Project
[Properties ==
[ Neme [Vaiue| Unt | Evalusted Value | ~
| -
HFSS o 5 10 (mm)
== Froisct1 (G /Users/ECE LAB/Documents/Ansoft/) =
2 = 8 HFSSDesign1 (DrivenModal) *
Invalid part name: Valid characters are letters. numbers. underscores. (11:13:01
A AN Feb 24, 2023) 8
H] File Edit View Project Draw Modeler HFSS Tools Window Help [ =]=]
DEH| BB |&5 X oo i -l E iE2dB| O IiMCTZ@ e 08 IB BE BH i~ ioooc=d
#RivgBo0e & §@| o 2|k o =i ca fooo? ab 82 i | 3 |[vecum =1 [Model

@B P e T R GR O

roject Manager - x| O Solids
£ Project 1 -4 FRA_epoxy
=& HFSSDesign1 (DrivenModal)” | E&P substance
& Model B CresteBox
E-EF Boundaries £ 48 vacuum
£F PedEl &7 Boxd
IF PefEz ) CreateBox
=B Excitations £ Sheets
R B3 Lumped Port
=2 @3 Perfect E
BB Mesh Operations @l-l2, Coordinate Systems
SF Analysis 4B Planes
I Optimetrics € Lists
[ Resuts
Port Field Display
Ty Fild Overays
< Radiation
(2 Definitions
Projsct
2roperties -x |
| MName [Value| Unit [ Evalusted Value [ ~
Command | I
Attribute mmarn ; = Sy
= ) Project 1 (C:/Users/ECE LAB/Documents/Ansoft/) x

=8 HFSSDesign1 (DrivenModal)

A Invalid part name: Valid characters are lstters. numbers. underscores. (11:13:01
AM Feb 24, 2023)

1essage Mana & ¥
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double CI |Ck boxl Properties: RANI - HFSSDesignl - Modeler ==

Attribute |
rename
Name | Value | unit [ Evaluated Value | Description | Readonty [ |

. . Mame Box1 —
radiation boundar | materi —
y | S:\re Inside 2l —
1 1 Ori ion Global —
Material — edit e - L
i | | Display Wirsfra. . — -
air | c:;:ray Edit 1 —
ok || Transparert o | =]

Colour

edit

I~ Show Hidden

ok ok |  Cancel

DOUb Ie CI iCk Properties: Project5 - HFSSDesignl - Modeler IE
create box Command |

POS iti 0 n - Name | Value l Unit l Evaluated Value l Description l

(_7.5,_7.5'_15) __Ccmmand CreateBox

Coordinate Sys... Global

X size- | |Postion 75 .75 -15 mm 7.5mm . -7.5m...
XSize 50 mm 50mm
50m m " |Ysize 80 mm 80mm

Y size- ZSize 50 mm  50mm
80mm
Z size-
50mm
Ok I~ Show Hidden

Fit all

OK Cancel
Click radiation boundary-right click-assign boundary —radiation click name radl ok
®) File Edit View Project Draw Modeler HFSS Tools Window Help _EEE
DS & = | & o = =lroieem|(or B i0Sscaelak ce i s a8 ;3 MV o C oo
e ieoBRoce=9n I 2|k =k Flinemoim ipgePa 103 Thaad i [ @ [fecwm =1 |[moder =l 0 e

P by B EE @R G

Project Manager - =| [5 & seids
[=] Project 1% =% air
- g% HFSSDesign1 (DrivenModal)™ 5P Boxl
..... £ Model L. @ CreateBox
=2 Boundaries =4 FR4_epoxy
P PerfET €7 substance
F PerfE2 £ 3 Sheets
=2 Excitations =B Lumped Port
=1 B0 PORT2
2 [ CreateRectangle
&8 Mesh Operations LB CoverLines
SF Analysis =-E3 Rectanglel
T Optimetrics [ CreateRectangle
3 Resutts & CoverLines
@[ Port Field Display £-E3 Perfect E
TG Field Overays =-E3 groundplan
P Radiation [ CreateRectangle
(2 Definitions [T Coverlines
=20 TL
Project i 3 CreateRectangle
LBl Coverlines
Properbes = =] 4.1~ Coordinate Systems
[ Name [vaiue| unt [ Evaluated value | ~ 488 Planes
= - Lists
Command : —= i

= [ =-EF] Project1 (C:/Users/ECE LAB/Documents/Ansoft/)
2 = HFSSDesign1 (DrivenModsal)
" j 'nvalid part name: Valid characters are letters. numbers. underscores. (11:13:07
AM Feb 24, 2023)

Invalid part name : Valid characters are letters. numbers, underscores. (12:13:55
A PM Feb 24, 2023)

®] File Edit WView Project Draw Modeler HFSS Tools Window Help

D | &tBE8R| & X D 2 2= [ - @

28BS iMCcETae e aa B BB BB I~

riDEEHEDEE 96K o R EF = in e e @@ feaaTa i 8 Peaisd i (2 [eeen =] Mo =T § ey
HC"- 1) s B S 0 BF R &P
[ e —— =
= Project 1% = -4 air
1 # HFSSDesign1 (DrivenModal)™ i B-<P Bod
&7 Model © CreateBox
=-£F Boundaries - FRA_epoxy
L PedE1 &7 substance
P PedE2 -3 Sheets
£F Radl -3 Lumped Port
E-ER Excitations 31 PerfectE
Loeg = L. Coordinate Systerns
2 £ Planes
B8 Mesh Operations P Lists
S Analysis
(@ Optimetrics
-7 Results
- Port Field Display
i Field Overdays
% Radiation il

Project

[Propertes —=]

[ Name [value| unt [ Evaluated value [ -

HFSS 40 (mm)

= Project1 (C:/Users/ECE LAB/Documents/Ansoft./} =
[=-€§# HFSSDesign1 (DrivenModal) N

i Invalid part name: Valid characters are Ietters, numbers, underscores. (11:13:01
AM Feb 24, 2023)

i, [mvalid part nome: Valid charscters are lstters, numbers, underscorss. (121355
PM Feb 24, 2023}
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Analysis —right click add solution setup click name setupl solution frequency-2.4GHz & 3.4GHz

Maximum number of passes -12

Maximum Delta S-0.02 ok

Analysis right click-

setupl right click —

add frequency sweep

Sweep type : fast

Type : linear count

Start freq:1GHZ

Stop freq:10GHZ

Count:101GHZ

Click display-see all frequencies ok

Result analysis(error checking)

Click double click validity

HFSS Design- design setting
3D model

Boundaries and
excitations

Mesh operation
Analysis setup
Optimetrics

Radiation

Edit Sweep |7_%_|
Sweep Name: ]Sweep ¥ Enabled
Sweep Type: fh

Fi Set
(ERIEIEE e Count Frequency I -
Type: ILinealCount VI L} 95 9.46GHz
96 9.55GHz
Start 1 GHz  ~| Display >> ES 9.64GHz
Stop I1U GHz - _93 9.73GHz
99 9.82GHz
Baust 101 100 9.91GHz
101 10GHz ¥
IV Save Fields e ‘j‘
I Generate Fields (4]l Frequencies)
Time Domain Calculation... |
Interpolating Sweep Options DC Extrapolation Options
S50 I Extrapolate to DC
Mot oiad T ency |01 GHz -
IEI.S A
oK | Cancel Set Defaults Use Defaults
| lm'wmﬂ_q

Valceton Chec: Project] - HF5Desin]

5

of Desip Sl
i
o Boundines and Evctaons

Vdeton Check completed. Enors 1 Wangs { of Mesh Dpeis

@ Anabss Sefp

‘ of (et

9t Messane Window fr oetah

ot (e |

f Redal

et

VEMU INSTITUTE OF TECHNOLOGY, DEPT OF E.C.E

Page




RF SYSTEM DESIGN

[l B.Tech I

Next analysis all-any error rectify-ok

Validation Check: Projectl - HF55Designl

J HFSSDesignl

“Walidation Check completed.

o

[==]

«* Design Settings

2 30 Model

" Boundaries and Excitations

¥ Mesh Operations
¥ Analpziz Setup

o« Optimetrics

o« Radiation
Ahbort I Cloze I
Model Waveforms: 2.4 GHZ ( S Parameter)
XY Plot 1 HFSSDesignl &
0.99 - Curve Info J
150 ] Setup : Sweep
-2.50 —_
g
5350 —
4.50 —_
-5.50 | T T T T T
1.00 225 3.50 4.75 7.25 9.75

6.00
Freq [GHZ]

radiation pattern graphs (2.4GHz) & 3.8GHz

Radiation Pattern 3
0

HFSSDesignl &

Curve Info

— rEfotal
Setupl : LastAdaptive
Freq="2.4GHz' Phi=0deg’

—— rETotal
Setupl : LastAdaptive
Freq="2.4GHz' Phi='90deg'

—— rETotal
Setupl : LastAdaptive
Freg='2.4GHz' Phi='180deg'

—— rETotal
Setupl : LastAdaptive
Freq="2.4GHz' Phi=270deg’

—— rETotal
Setupl : LastAdaptive
Freq="2.4GHz' Phi='360deg’
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Radiation Pattern 1 HFSSDesignl &
Curve Info
—— rETotal

Setup3 : LastAdaptive
Freq="3.6GHz' Phi='0deg’
—— rETotal

Setup3 : LastAdaptive
Freq="3.6GHz' Phi='90deg’
—— rETotal

Setup3 : LastAdaptive
Freq="3.6GHz' Phi="180deg’'
—— rETotal

Setup3 : LastAdaptive
Freq='3.6GHz' Phi='270deg’

—— rETotal
Setup3 : LastAdaptive
Freq="3.6GHz' Phi="360deg’

-180

3d graphs_(2.4GHz)&3.8GHz

dB{GainTotal)

-9.0563e+000
-1.8822e+001
-1.2558e+001
-1.4294%e+001

-1.6030e+001
-1.7767e+001
-1.9503e+001
‘—2.123Qe+681
-2.2975e+001
-2.4711e+001
. 6447e+001
. 8183e+001
-2.9919%+201
-3.1655e+201
-3.3391e+001
-3.5127e+001
-3.6863e+001

w0

N

~N

rETotallmy]
. 7220e+003 ¥
6236e+003
5251e+0@3
4267e+003
3282e+003
2297e+003
1313e+003
B328e+0@3
3434e+002
3588e+002
3742e+002
3896e+002
4a50e+002
4204e+002
4358e+002
4511e+202
4665e+002

-

e L L R - B e N e
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XY Plot 2 HFSSDesignl ..
Curve Info

dB(VSWR(1))
Setup3 : Sw eep

22.50

20.00

dB(VSWR(1)),

15.00

12.50

10.00

-
=}
s}
N
=}
s}
w
=}
s
»
o
s}
~
=}
s}
©
=}
S
©
=3
s}

0 6.00 10.00
Freq [GHZ]

vswr graph

Result:

Viva questions:

1. What is transmission line?

2. What is the frequency of microstrip transmission line?

3. What is standing wave pattern in transmission line?

4. What are the different types of microstrip transmission lines?

5. What is the formula of microstrip transmission line?
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Exp: 04

Date:

S PARAMETER OF A MICRO STRIP TRANSMISSION LINE

Aim: Measure the S parameter of a Micro strip Transmission Line and plot the hoemalised

impedance on a smith chart.
Apparatus Required:

1. Computer

2. matlab software.

Theory:

Procedure:
1. Open MATLAB

2. Open new M-file

w

. Type the program
4. Save in current directory
5. Compile and Run the program

6. For the output see command window\ Figure window

program:

clear all

close all

clc
I=rfckt.txline('Termination','Open’,'StubMode','Series','’z0',75)
k=analyze(l,logspace(5,10,1000))

figure

subplot(2,2,1)

plot(l,'S11",'dB")

title('Termination Open StubMode Series S11")
subplot(2,2,2)

semilogy(l,'S12','dB")

title("Termination Open StubMode Series S12°)
subplot(2,2,3)
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semilogy(l,'S21','dB")

title('Termination Open StubMode Series S21')
subplot(2,2,4)

plot(l,'S22','dB’)

title('Termination Open StubMode Series S22')
j=rfckt.txline("Termination’,'Open’,'StubMode’,'Shunt','z0',75)
g=analyze(j,logspace(5,10,1000))

figure

subplot(2,2,1)

plot(j,'S11','dB")

title('Termination Open StubMode Shunt S11°)
subplot(2,2,2)

semilogy(j,'S12','dB")

title('Termination Open StubMode Shunt S12")
subplot(2,2,3)

semilogy(j,'S21','dB")

title('Termination Open StubMode Shunt S21°)
subplot(2,2,4)

plot(j,'S22','dB")

title('Termination Open StubMode Shunt S22°)
m=rfckt.txline('Termination’,'Short','StubMode','Series’,'z0',75)
v=analyze(m,logspace(5,10,1000))

figure

subplot(2,2,1)

plot(m,'S11''dB")

title('Termination Short StubMode Series S11')
subplot(2,2,2)

semilogy(m,'S12','dB")

title('Termination Short StubMode Series S12')
subplot(2,2,3)

semilogy(m,'S21','dB")

title('Termination Short StubMode Series S21")
subplot(2,2,4)

plot(m,'S22','dB")

title('Termination Short StubMode Series S22')
n=rfckt.txline('Termination’,'Short','StubMode’,'Shunt’,'z0",75)
b=analyze(n,logspace(5,10,1000))

figure

subplot(2,2,1)

plot(n,'S11''dB")

title('Termination Short StubMode Shunt S11)
subplot(2,2,2)

semilogy(n,'S12','dB")

title('Termination Short StubMode Shunt S12°)
subplot(2,2,3)

semilogy(n,'S21','dB")

title('Termination Short StubMode Shunt S21°)
subplot(2,2,4)

plot(n,'S22','dB")

title("Termination Short StubMode Shunt S22°)
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Model Waveforms:
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Termination Short StubMode Series S11
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| = rfckt.txline with properties:
LineLength: 0.0100
StubMode: 'Series'
Termination: 'Open’
Freq: 1.0000e+09
Z0:75
PV: 299792458
Loss: 0
IntpType: 'Linear’
nPort: 2
AnalyzedResult: []
Name: 'Transmission Line'
k= rfckt.txline with properties:
LineLength: 0.0100
StubMode: 'Series'
Termination: 'Open’
Freq: 1.0000e+09
20:75
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PV: 299792458
Loss: 0
IntpType: 'Linear’
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'Transmission Line'
j= rfckt.txline with properties:
LineLength: 0.0100
StubMode: 'Shunt'
Termination: 'Open’
Freq: 1.0000e+09
20:75
PV: 299792458
Loss: 0
IntpType: 'Linear’
nPort: 2
AnalyzedResult: []
Name: 'Transmission Line'
g = rfckt.txline with properties:
LineLength: 0.0100
StubMode: 'Shunt'
Termination: 'Open’
Freq: 1.0000e+09
20:75
PV: 299792458
Loss: 0
IntpType: 'Linear’
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'Transmission Line'
m = rfckt.txline with properties:
LineLength: 0.0100
StubMode: 'Series’
Termination: 'Short'
Freq: 1.0000e+09
20:75
PV: 299792458
Loss: 0
IntpType: 'Linear’
nPort: 2
AnalyzedResult: []
Name: 'Transmission Line'
v = rfckt.txline with properties:
LineLength: 0.0100
StubMode: 'Series’
Termination: 'Short'
Freq: 1.0000e+09
Z0:75
PV: 299792458
Loss: 0
IntpType: 'Linear’
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
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Name: 'Transmission Line'
n = rfckt.txline with properties:
LineLength: 0.0100
StubMode: 'Shunt'
Termination: 'Short'
Freq: 1.0000e+09
Z0:75
PV: 299792458
Loss: 0
IntpType: 'Linear’
nPort: 2
AnalyzedResult: []
Name: 'Transmission Line'
b = rfckt.txline with properties:
LineLength: 0.0100
StubMode: 'Shunt'
Termination: 'Short'
Freq: 1.0000e+09
Z0:75
PV: 299792458
Loss: 0
IntpType: 'Linear’
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'Transmission Line'

Result:

Conclusion:
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Viva guestions:

1. Write applications of Smith chart?

2. What is the need of S-parameters in transmission line?

3. What is normalized impedance?

4. Write properties of S-parameters?

5. Define losses in S-parameters?
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MICROSTRIP INDUCTOR AND CAPACITOR

Aim: Design of microstrip inductor and capacitor.
Apparatus Required:

1. Computer
2. matlab software.

Theory:

Procedure:
1. Open MATLAB

2. Open new M-file

w

Type the program
4. Save in current directory
5. Compile and Run the program

6. For the output see command window\ Figure window

program:

clc

clear all

close all

h = rfckt.seriesrlc('L', 4e-06, 'C', 5e-7);
y = analyze (h, logspace (4, 10, 500));
g = rfckt.shuntrlc('L', 4.7e-06, 'C', 5e-07);
z = analyze (g, logspace(4, 10, 500));
k = analyze (h, logspace(4, 10, 1000));
figure (1)

subplot (3, 2, 1)

loglog(h, 'S21', 'dB'")
title('SeriesRLC")

subplot (3, 2, 2)

loglog(h, 'S21', 'angle')
title('SeriesRLC Phase')

subplot (3, 2, 3)

loglog (g, 'S21', 'dB'")

title ('ShuntRLC")

subplot (3, 2, 4)

loglog (g, 'S21', 'angle')

title ('ShuntRLC Phase')

subplot (3, 2, 5)

Date:
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loglog(k, 'S21', 'dB'")
title('Txline")
subplot (3, 2, 6)
loglog(k, 'sS21', 'angle')
title('Txline Phase')
Calculation:

h = rfckt.seriesrlc with properties:
R:0
L: 4.0000e-06
C: 5.0000e-07
nPort: 2
AnalyzedResult: []
Name: 'Series RLC'
y = rfckt.seriesrlc with properties:
R:0
L: 4.0000e-06
C: 5.0000e-07
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'Series RLC'
g = rfckt.shuntrlc with properties:
R: Inf
L: 4.7000e-06
C: 5.0000e-07
nPort: 2
AnalyzedResult: []
Name: 'Shunt RLC'
z= rfckt.shuntrlc with properties:
R: Inf
L: 4.7000e-06
C: 5.0000e-07
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'Shunt RLC'
k= rfckt.seriesrlc with properties:
R:0
L: 4.0000e-06
C: 5.0000e-07
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'Series RLC'

Result:
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Model Waveforms:
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Viva questions:

1. Give the physical dimensions of the spiral inductor?

102 107 10° 10°
Freq [GHz]

Angle (degrees) Angle (degrees)

Angle (degrees)

SeriesRLC Phase

Freq [GHz]
ShuntRLC Phase

o ©
S S
T

IS
S

20

Freq [GHz]
Txline Phase

2. Write the inductance equation in microstrip?

3. Write applications of spiral inductor?

4. Write the capacitance equation in microstrip?

5. Write the applications of capacitor microstrip?

Freq [GHz]
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Exp: 06

IMPEDANCE MATCHING NETWORK

Aim: Design of impedance matching network.

Apparatus Required:
1. Computer

2. Mat lab (19b) software.

Theory:

Procedure:
1. Open MATLAB

Open new M-file
. Type the program

2

3

4. Save in current directory

5. Compile and Run the program
6

For the output see command window\ Figure window

program:

close all

clc

z0=50

d=1

c=3*10e8

B=-500:10:500

zin= -(li*(z0*cotd(rad2deg(B*d))));
figure

plot(B,abs(zin))

xlabel('B")

ylabel('Zin")

title('Input impedance of an open circuited Tx line’)

Date:
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Calculation:
z0= 50
d= 1

c= 3.0000e+09
B = Columns 1 through 20

-500 -490 -480 -470 -460 -450 -440 -430 -420 -410 -400 -390 -380 -370 -360 -350 -340 -330 -320
-310

Columns 21 through 40

-300 -290 -280 -270 -260 -250 -240 -230 -220 -210 -200 -190 -180 -170 -160 -150 -140 -130 -120
-110

Columns 41 through 60

-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90
Columns 61 through 80

100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280
290

Columns 81 through 100

300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480
490

Column 101

500
Model Waveforms:

1200 Input impedance of an open circuited Tx line
T T I

1000 [~ _

800 — =

& 600~ .

400

200

-500 -400 -300 -200 -100 0 100 200 300 400 500
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Result:

Viva questions:

1. What is the need for impedance matching?

2. Explain single and double stub tuners?

3. Write all the matching methods?

4. Draw three element matching network?

5. Draw formation of matching network?
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RF BJT AMPLIFIER AND LNA

Aim: Design and characterization of RF BJT Amplifier and LNA

Apparatus Required:
1. Computer

2. Mat lab (19b) software.

Theory:

Procedure:

1. Open MATLAB
2. Open new M-file

w

Type the program

4. Save in current directory

5. Compile and Run the program

6. For the output see command window\ Figure window

program: RfBJT Amplifier

clear all

close all

clc
h=rfckt.amplifier ()
s=sparameters (h) ;
figure(),

subplot (2,2,1)

plot (h, 'S11','dB")
title('Amplifier S11'"),
subplot(2,2,2),

plot (h, 'S12','dBR")
title('Amplifier S127")
subplot (2,2,3),

plot (h, 'S21','dBR")
title('Amplifier S11'")
subplot (2,2,4),

plot (h, 'S22','dBR")
title('Amplifier S127")
figure();

plot (h, 'Gt', 'dB");
title('Amplifier gain')

Iz

Date:
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program: RfBJT LNAmplifier

clear all;

close all;

clc;

TL1=txlineMicrostrip("Width',3.41730e-3,'Height',1.524e-
3,'EpsilonR’,3.48,'LossTangent',0.0037,'LineLength’,8.9e-3, Thickness',0.0035e-
3,'StubMode’,'Shunt’," Termination','Open’);
TL2=txlineMicrostrip("Width',3.41730e-3,'Height',1.524e-
3,'EpsilonR’,3.48,'LossTangent',0.0037,'LineLength’,14.7e3, Thickness',0.0035e-3);
ampl = nport('f551432p.s2p’);

freq=2e9:10e6:3e9;

casamp=circuit([ampl,clone(ampl)],'amplifiers’); % amplifier ciruit without MNW.
S2=sparameters(casamp,freq);
TL3=txlineMicrostrip("Width',3.41730e-3,'Height',1.524e-
3,'EpsilonR’,3.48,'LossTangent',0.0037,'LineLength’,22.47e-3,'Thickness',0.0035e-3);
TL4=txlineMicrostrip("Width',3.41730e-3,'Height’,1.524e-
3,'EpsilonR’,3.48,'LossTangent',0.0037,'LineLength’,5.66e-3, Thickness',0.0035e-
3,'StubMode’,'Shunt’, Termination','Open’);

c=circuit([TL1, TL2,clone(ampl),clone(ampl),TL3, TL4]); % two-stage LNA with MNW
figure

S3=sparameters(c,freq);

rfplot(S2,1,1)

hold on;

rfplot(S3,1,1)

legend('|S11| of Two-Stage LNA Without MNW','|S11| of Two-Stage LNA with MNW";
title('Input Reflection Coefficients of Two-Stage LNA');

grid on;

figure

rfplot(S2,2,2)

hold on;

rfplot(S3,2,2)

legend('|S22| of Without MNW','|S22| of With MNW";

title('Output Reflection Coefficients of Two-Stage LNA");

grid on;
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OUTPUT:

Input Reflection Coefficients of Two-Stage LNA

|S11]| of Two-Stage LNA Without MNW
|S11] of Two-Stage LNA with MNW

-5.16 - .

-5.25 - 4

Magnitude (dB)

-5.35 .

54 L I I I
2 2.2 2.4 2.6 2.8 3

Frequency (GHz)

Output Reflection Coefficients of Two-Stage LNA

|S22] of Without MNW
76k |S22] of With MNW

-7.62 -

-7.64 |

-7.66 -

-7.68 -

Magnitude (dB)

-1.72 -

-7.74 -

_776 | 1 1 Il
2 22 24 2.6 2.8 3

Frequency (GHz)
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Calculation:

RfBJT Amplifier :
h=rfckt.amplifier with properties:
NoiseData: [1x1 rfdata.noise]
NonlinearData: [1x1 rfdata.power]
IntpType: 'Linear'
NetworkData: [1x1 rfdata.network]
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'Amplifier'

Model Waveforms:

o Amplifier S11 o Amplifier $12
S11 -1000 Sz 4
z °f ] @
3 g -2000
(5] (5]
g -10 S -3000
(o] L)
S 45t S -4000 |
= =
2 2 -5000 |
= 50| =
-6000 [
-25 . - t -7000
1 1.5 2 25 3 1 1.5 2 2.5 3
Freq [GHZz] Freq [GHZz]
Amplifier S11 Amplifier S12
25 0
S22
—~ 20 —
3 3
2 2
3 15 3
= =
[} o -10
° °
210 =2
e =
& &
s .t L 15
0 . . \ 20 \ . .
1 1.5 2 2.5 3 1 1.5 2 2.5 3
Freq [GHZz] Freq [GHZz]
2y -
2
8
k=2
= 4
2
& ;
=
2 1 L L 1 1 1 L L 1

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3
Freq [GHZz]
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Result:

Viva guestions:

1. What is low noise amplifier?

2. Give the noise figure formula of LNA?

3. Write LNA matching technique?

4. Write RF BJT amplifier biasing methods?

5. Write RF BJT and LNA applications?
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RF FILTER
Aim: Design of low pass, high pass, band pass and band stop filter at RF.

Apparatus Required:
1. Computer

2. Matlab(19b) software.

Theory:

Procedure:
1. Open MATLAB

2. Open new M-file

w

Type the program
4. Save in current directory
5. Compile and Run the program

6. For the output see command window\ Figure window

Calculation:
(bpf&bsf)

filterl = rfckt.Icbandpasspi with properties:
L: [2x1 double]
C: [2x1 double]
nPort: 2
AnalyzedResult: []
Name: 'LC Bandpass Pi'
ans = rfckt.Icbandpasspi with properties:
L: [2x1 double]
C: [2x1 double]
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'LC Bandpass Pi'
filter2 = rfckt.Icbandstoppi with properties:
L: [2x1 double]
C: [2x1 double]
nPort: 2
AnalyzedResult: []
Name: 'LC Bandstop Pi'
ans = rfckt.Icbandstoppi with properties:

Date:
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L: [2x1 double]
C: [2x1 double]
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'LC Bandstop Pi'
sl = sparameters: S-parameters object
NumPorts: 2
Frequencies: [1000x1 double]
Parameters: [2x2x1000 double]
Impedance: 50.0000 + 0.0000i
rfparam(obij,i,j) returns S-parameter Sij
s2 = sparameters: S-parameters object
NumPorts: 2
Frequencies: [1000x1 double]
Parameters: [2x2x1000 double]
Impedance: 50.0000 + 0.0000i
rfparam(obj,i,j) returns S-parameter Sij

(Ipf&hpf):
h = rfckt.Iclowpasstee with properties:
L: 1.0000e-09
C: 2.0000e-11
nPort: 2

AnalyzedResult: []
Name: 'LC Lowpass Tee'
m = rfckt.Iclowpasstee with properties:
L: 1.0000e-09
C:2.0000e-11
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'LC Lowpass Tee'
| = rfckt.Ichighpasstee with properties:
L: 5.0000e-07
C: 2.0000e-05
nPort: 2
AnalyzedResult: []
Name: 'LC Highpass Tee'
n = rfckt.Ichighpasstee with properties:
L: 5.0000e-07
C: 2.0000e-05
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'LC Highpass Tee'

program: (bpf&bsf)

clear all
close all
clc

filterl = rfckt.lcbandpasspi('C', [le-12 4e-12],'L', [2e-9 2.5e-9]);

analyze (filterl, logspace (5,10,1000)) ;

filter2 = rfckt.lcbandstoppi('C', [le-12 4e-12],'L', [2e-9 2.5e-9]);

analyze (filter2, logspace (5,10,1000)) ;
sl=sparameters (filterl);
s2=sparameters (filter2);

figure ()
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subplot(2,2,1);

plot (filterl, 'S11','dB'");
title ('BANDPASS') ;
subplot(2,2,2);

plot (filterl, 'S12','dB");
title ('BANDPASS') ;
subplot(2,2,3);

plot (filterl, 'sS21','dB'");
title ('"BANDPASS') ;
subplot(2,2,4);

plot (filterl, 'S22','dB");
title ('"BANDPASS') ;
figure ()

subplot(2,2,1);

plot (filter2, 'S11', 'dB");
title ('BANDSTOP') ;
subplot(2,2,2);

plot (filter2, 'S12',"'dB");
title ('BANDSTOP') ;
subplot(2,2,3);

plot (filter2, 'S21', 'dB");
title ('BANDSTOP') ;
subplot (2,2,4);

plot (filter2, 'S22','dB'");
title ('BANDSTOP') ;

program: (Ipf&hpf)

clear all

close all

clc

h = rfckt.Iclowpasstee('C',20e-12,'L",10e-10)
m = analyze(h,logspace(1,9,1000))
s = extract(h,'S-parameters',75);

| = rfckt.Ichighpasstee('C',2e-5,'L',5e-7)
n = analyze(l,logspace(1,9,1000))
figure

subplot(2,2,1)

plot(h,'S11','dB")

title('S11 lowpass')
subplot(2,2,2)
semilogy(h,'S12','dB")

title('S12 lowpass')
subplot(2,2,3)
semilogy(h,'S21','dB")

title('S21 lowpass')
subplot(2,2,4)

plot(h,'S22','dB")

title('S22 lowpass')

figure

subplot(2,2,1)

plot(l,'S11','dB")

title('S11 highpass’)
subplot(2,2,2)
semilogy(l,'S12','dB")

title('S12 highpass’)
subplot(2,2,3)
semilogy(l,'S21','dB")

title("S21 highpass')
subplot(2,2,4)
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plot(l,'S22','dB')
title('S22 highpass'’)

Model Waveforms:
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Result:

Viva questions:

1. Define all pass filters?

2. Define notch filters?

3. Write characteristics of filter at RF filters?

4. Applications of LPF,HPF and BPF?

5. What is the need of RF filters?
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Exp: 09 RF MIXER Date:

Aim: Design and characterization of RF Mixer.

Apparatus Required:

1. Computer
2. Matlab(19b) software.
Theory:
Procedure:
1. Open MATLAB
2. Open new M-file
3. Type the program
4. Save in current directory
5. Compile and Run the program
6. For the output see command window\ Figure window
Program:
clc;
clear all;
close all;

%Create RF and IF bandpass filters

fil = read(rfckt.passive,' RFBudget RF.s2p");

fi2 = read(rfckt.passive, RFBudget_IF.s2p");

%Create RF and IF amplifiers

ail = rfckt.amplifier('NetworkData, ...
rfdata.network('Type','S','Freq’,2.1e9,'Data’,[0,0;3.98,0]), ...
'‘NoiseData',2,'NonlinearData',35);

ai2 = rfckt.amplifier('NetworkData, ...
rfdata.network('Type','S','Freq’,2.1e9,'Data’,[0,0;31.66,0]), ...
'‘NoiseData',8,'NonlinearData',37);

%Create a demodulator and microstrip transmission line

mil = rfckt.mixer('NetworkData, ...
rfdata.network('Type','S','Freq’,2.1€9,'Data’,[0,0;0.501,0]),...
"MixerType",'Downconverter','FL0O",2.03e9,'NoiseData',4,'NonlinearData',50);

tx1 = rfckt.microstrip(‘'Thickness',0.0075e-6);

%Cascade the circuit

¢ = rfckt.cascade('Ckts',{fil ail mil fi2 ai2 tx1});

% Analyze the cascaded circuit

analyze(c,linspace(2.08e9,2.12e9,100));

% Plot the magnitude of the S21 parameter for the cascade

plot(c,'s21','db")

hold on;

plot(c,'s11','db")
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Calculation:

fil = rfckt.passive with properties:
IntpType: 'Linear'
NetworkData: [1x1 rfdata.network]
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'Passive'
fi2 = rfckt.passive with properties:
IntpType: 'Linear'
NetworkData: [1x1 rfdata.network]
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'Passive'
ail = rfckt.amplifier with properties:
NoiseData: 2
NonlinearData: 35
IntpType: 'Linear'
NetworkData: [1x1 rfdata.network]
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'Amplifier'
ai2 = rfckt.amplifier with properties:
NoiseData: 8
NonlinearData: 37
IntpType: 'Linear’
NetworkData: [1x1 rfdata.network]
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'Amplifier'
mil = rfckt.mixer with properties:
MixerSpurData: []
MixerType: 'Downconverter'
FLO: 2.0300e+09
FreqOffset: []
PhaseNoiseLevel: []
NoiseData: 4
NonlinearData: 50
IntpType: 'Linear'
NetworkData: [1x1 rfdata.network]
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: ‘Mixer'
tx1 = rfckt.microstrip with properties:
Width: 6.0000e-04
Height: 6.3500e-04
Thickness: 7.5000e-09
EpsilonR: 9.8000
LossTangent: O
SigmaCond: Inf
LineLength: 0.0100
StubMode: 'NotAStub'
Termination: 'NotApplicable'
nPort: 2
AnalyzedResult: []
Name: '‘Microstrip Transmission Line'
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c = rfckt.cascade with properties:
Ckts: {1x6 cell}
nPort: 2
AnalyzedResult: []
Name: 'Cascaded Network'
ans = rfckt.cascade with properties:
Ckts: {1x6 cell}
nPort: 2
AnalyzedResult: [1x1 rfdata.data]
Name: 'Cascaded Network'

Model Waveforms:
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Result:

Viva questions:

1. What is mixer?

2. What is the need for mixer in communications?

3. Write ports in RF mixer?

4. Define isolation in RF mixer?

5. Define image rejection?
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Exp: 10
SCHOTTKY DIODE AND RF SWITCH

Aim: Design and simulate a Schottky Diode and RF Switch.

Apparatus Required:
1. Computer

2. Matlab(19b) software.
Theory:

Procedure:
Open MATLAB

Open new M-file
. Type the program

1

2

3

4. Save in current directory

5. Compile and Run the program
6

For the output see command window\ Figure window

program:

%%% Create the variables and equations
clc;

clear all;

close all;

clear Degrees Time R Vin Vr Vd Id;
Vvd=0.3;

R=2;

for (j=0:1:9)

for (k=1:1:360)

Vin(k + (j* 360)) = 1.0 *sind(k - 1);
Time(k + (j* 360)) = (k + (j * 360)) / 360;
end

end

for (i=1:1:length(Vin))

if (Vin(i) > 0.3)

Vr(i) = (Vin(i) - Vd);

else

Vr(i) = 0;

end

end

Id=(Vr/R);

%%% Create the subplots

figure(1)

Date:
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subplot(3,1,1);
plot(Time, Vin);

grid;

title ("Time Vs Vin');
xlabel('Time (seconds)');
ylabel('Vin (V)");
subplot(3,1,2);
plot(Time, Vr, 'r");

grid;

title (‘"Time Vs Vr');
xlabel('Time (seconds)');
ylabel('Vr (V));
subplot(3,1,3);
plot(Time, Id, 'm');

grid;

title ('Time Vs Id);
xlabel('Time (seconds)");
ylabel('ld (A)Y);

%% %Test conditions
Rm = 997;
Vin=[00511522533544555566.577588599.510];
%%% Diode in forward bias
% Vr_forward =Vr;

Vr_forward = [0 0.268 0.739 1.223 1.712 2.204 2.697 3.190 3.685 4.180 ...

4.6755.170 5.666 6.162 6.659 7.155 7.651 8.148 8.645 9.141 9.637];
Vd_forward = (Vin - Vr_forward);

Id_forward = (Vr_forward / Rm);

%%% Diode in reverse bias

% Vr_reverse =zeros(1,length(\Vr));
Vr_reverse=[000000000000...
000000000];

Vd_reverse = -(Vin - Vr_reverse);

Id_reverse = -(Vr_reverse / Rm);

%%% Plot results

figure(2)

subplot(2, 1, 1);

plot(\Vd_forward, Id_forward, 'k-0";

grid

title("Vd Vs Id for measured Schottky Barrier Diode (forward bias)');
xlabel('Vd (V)");

ylabel('ld (A)");

subplot(2, 1, 2);

plot(\Vd_forward, Id_forward, 'k-0";

hold on

grid on

plot(\Vd_reverse, Id_reverse, 'r-0");

title("Vd Vs Id for measured Schottky Barrier Diode");
xlabel('Vd (V)");

ylabel('ld (A)");
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Calculation:

Vd_forward = Columns 1 through 12
0 0.2320 0.2610 0.2770 0.2880 0.2960 0.3030 0.3100 0.3150 0.3200 0.3250
0.3300
Columns 13 through 21
0.3340 0.3380 0.3410 0.3450 0.3490 0.3520 0.3550 0.3590 0.3630
Id_forward = Columns 1 through 12
0 0.0003 0.0007 0.0012 0.0017 0.0022 0.0027 0.0032 0.0037 0.0042 0.0047
0.0052
Columns 13 through 21
0.0057 0.0062 0.0067 0.0072 0.0077 0.0082 0.0087 0.0092 0.0097
Vd_reverse = Columns 1 through 12
0 -0.5000 -1.0000 -1.5000 -2.0000 -2.5000 -3.0000 -3.5000 -4.0000 -4.5000 -5.0000 -
5.5000
Columns 13 through 21
-6.0000 -6.5000 -7.0000 -7.5000 -8.0000 -8.5000 -9.0000 -9.5000 -10.0000
Id_reverse = Columns 1 through 20
o 0o 0o 00OO OO OOOT OOUOUOTOTG OO OTUDO
Column 21

Model Waveforms:
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Result:

Viva questions:

1. What is schottkey diode?

2. Write applications of schottky diode?

3. Define RF switch?

4. Give the differences of switch and relay?

5. Give the range of radio frequency?
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Exp: 11

POWER AMPLIFIER

Date:

Aim: Analyse and measure the gain of a Power Amplifier and equalize its gain using an

Equalizer.

Apparatus Required:

1. Computer
2. Matlab(19b) software.

Theory:

Procedure:

1.

o ¢~ W N

Open MATLAB

Open new M-file

Type the program

Save in current directory
Compile and Run the program

For the output see command window\ Figure window

Applications:

Calculation:
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Program:
clc;

clear all;
close all;
t=0:0.01:10;
%%%input
Yin = sin(2*pi*2*t)+cos(2*pi*3*t);
%%%amplifier output with noise
A=5;
Yout = A*(sin(2*pi*2*t)+cos(2*pi*3*t));
figure(1)
plot(t,Yin,t,Yout)
%%%amplifier output with noise
A=5;
Yout_noise = A*(sin(2*pi*2*t)+cos(2*pi*3*t))+rand(1,length(Yin));
figure(2)
plot(t,Yin,t,Yout_noise)
%%%gain calculation
gain = abs(Yout/Yin);
gain_noise = abs(Yout_noise/Yin);
figure;
TransferPA = abs(Yout./Yin);
TransferPA _noise = abs(Yout_noise./Yin);
plot(abs(Yin),20*logl0(TransferPA),'r-0',abs(Yin),20*log10(TransferPA_noise),'b.");

% plot(20*lo 1_()Sab58Yin)),20*IoglO(Transfe_rPA ,T-
.,20*log10(abs(Yin)),20*log10(TransferPA_noise),’b.";

xlabel('Input Voltage Absolute Value(V)')
ylabel('"Magnitude Power Gain (dB)";
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Model Waveforms:

- Skin Layer
& Skull Layer
- Greymatter Layer

Brain tissue
modeling 1in
HEFSS

PA
vCoO Lrx

Lsen se

Look-up
table

Result:

Conclusion:
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Viva guestions:

1. What is power amplifier?

2. Define low loss RF equalizer?

3. What is gain equalizer?

4. Define lattice and bridged T-equalizers?

5. Write applications of power amplifiers?
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Exp:12 Date:
VCO

Aim: Design and characterization of VCO.

Apparatus Required:
1.Computer

2.Matlab(19b) software.

Theory:
Procedure:
1.0pen MATLAB
2.0pen new M-file
3.Type the program
4.Save in current directory
5.Compile and Run the program
6.For the output see command window\ Figure window
Applications:
Calculation:
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WV OO Freguency (GHLz)

12

= = =
=~ o == —
I

=
[ ]

=]

Program:
clc;

clear all;
close all;
Fs =10000;
t=0:1/Fs:2;
X = sin(2*pi*t);
range=[0.1 0.4]*Fs;
Fc = mean(range);
X_max = max(max(abs(x)));
kf = (Fc/Fs)*2*pi/x_max;
y = cos(2*pi*Fc*t + kf*cumsum(x));
plot(t,y);
figure(2)
spectrogram(y,kaiser(256,5),220,512,Fs,'yaxis");
%%%%Using command VCO
% fs=10000;
% t=0:1/fs:2;
% X =sin(2*pi*t);
% y=vco(x,[0.1 0.4]*fs,fs);
% plot(y);
% figure(2)
% spectrogram(y,kaiser(256,5),220,512,fs,'yaxis")

Model Waveforms:

//

1

1

45 46 47 48 49 5 5.1

=~
I~

Controlvoltage (V)
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Result:

Conclusion:
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Viva guestions:
1. Whatis VCO?

2. Give the differences VCO and oscillator?

3. What is PLL?

4. Write the working principle of VCO?

5. Applications of VCO?

VEMU INSTITUTE OF TECHNOLOGY, DEPT OF E.C.E

Page




RF SYSTEM DESIGN Il B.Tech Il

ADVANCED EXPERIMENTS
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Exp:01 Date:
Patch antenna using MATLAB

Aim: Design and characterization of Micro strip patch antenna.

Apparatus Required:
1.Computer

2.Matlab(19b) software.

Theory:
Procedure:
1.0pen MATLAB
2.0pen new M-file
3.Type the program
4.Save in current directory
5.Compile and Run the program
6.For the output see command window\ Figure window
Applications:
Calculation:
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Program:

clc;
clear all;
close all;

freq = 10.35e9;
patchLength = 12e-3;
patchWidth = 17.73e-3;
patchHeight = 1.56e-3;
lengthgp = 55e-3;
widthgp = 55e-3;
feedoffset = [2.9e-3 0];

ant = patchMicrostrip('Length', patchLength, 'Width', patchWidth,
'Height', patchHeight, 'GroundPlanelength', lengthgp,
'GroundPlaneWidth', widthgp, 'FeedOffset', feedoffset);

show (ant) ;

figure (1),

pattern(ant, freq, 90, 0:1:180, 'CoordinateSystem', 'rectangular',

'Polarization', 'H');
figure (2);

pattern(ant, freq, 90, 0:1:180, 'CoordinateSystem', 'rectangular',

'Polarization', 'V');

figure (3);

pattern(ant, freq, 0, 0:1:180, 'CoordinateSystem', 'rectangular',
'Polarization', 'V');

figure (4);

pattern(ant, freq, 0, 0:1:180, 'CoordinateSystem', 'rectangular',
'Polarization', 'H');
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Model Graph
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Result:

Conclusion:
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Viva guestions:
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Exp:02 Date:

Folded dipole (yagi-uda) antenna using MATLAB

Aim: Design and characterization of folded dipole_(yagi-uda) antenna.

Apparatus Required:
1.Computer

2.Matlab(19b) software.

Theory:
Procedure:
1.0pen MATLAB
2.0pen new M-file
3.Type the program
4.Save in current directory
5.Compile and Run the program
6.For the output see command window\ Figure window
Applications:
Calculation:
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Program:

clc;

clear all;

close all;

freq = 165e6;

wirediameter = 19e-3;

c = physconst ('lightspeed'");

lambda = c/freq;

d = dipoleFolded;

d.Length = lambda/2;

d.Width = cylinder2strip (wirediameter/2);
d.Spacing = d.Length/60;

Numdirs = 4;

reflLength = 0.5;

dirLength = 0.5*ones (1,Numdirs);

refSpacing = 0.3;

dirSpacing = 0.25*ones (1,Numdirs) ;
initialdesign = [dirLength refSpacing dirSpacing].*lambda;
yagidesign = yagiUda;

yagidesign.Exciter = d;
yagidesign.NumDirectors = Numdirs;
vagidesign.ReflectorLength = reflength*lambda;
yagidesign.DirectorLength = dirLength.*lambda;
vagidesign.ReflectorSpacing = refSpacing*lambda;
yvagidesign.DirectorSpacing = dirSpacing*lambda;
show (yagidesign)

figl = figure;

pattern(yagidesign, freq);

fig3 = figure;

pattern(yagidesign, freq,0,0:1:359);

figd = figure;

pattern(yagidesign, freq,90,0:1:359);
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Model Graph
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Result:

Conclusion:
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Viva guestions:

VEMU INSTITUTE OF TECHNOLOGY, DEPT OF E.C.E Page




	III B.Tech ECE II Sem – RF SYSTEM DESIGN  (20A04605P)
	Tabular Column:
	Tabular Column: (1)
	Tabular Column: (2)
	Tabular Column: (3)

