Ansoft’s High Frequency Structure Simulator (HFSS)

Beginner’s Tutorial

Part (A), Part (B)






HFSS Beginner’s Tutorial
Part (A) of the HFSS Beginner’s Tutorial will guide you step by step to the completion of your first
HFSS model. In Part (B) you will create a second model that is very similar to the first. The repetition of
these steps will help you learn HFSS more quickly. The tutorial becomes less detailed as you proceed.
After completion of the HFSS Beginner’s Tutorial you will be able to make simple HFSS models. The

more you use the software, the easier it will become to build different models.



Part (A) of the HFSS Beginner’s Tutorial
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1) After opening HFSS, L-click on the Insert HFSS Design button ( Iﬁ‘ ) at the top of the screen.
Your window should look like the picture below:
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2) On the menu bar choose 3D Modeler . . . Units . . . and select “cm”.

set Model Units x|
Select units: 7

[~ Reszcale to new units

] I Cancel |

Click OK.

3) On the menu bar choose Project . . . Project Variables . . . Add . . and enter the first variable as
seen in the window on the next page.



x4
M Ia % Varable € Checkbow €0 hetist  Teut € Humber € Separator
) Yalue ) Menu ) FileMame € YPoint ! Pairt
Walue 124 785 crf
Enter a number with unitz, wanable, or expression into the Yalue field. Referenced project vanables should be preficed with & '$'. Examples: 22 4pF .
$C1, 2*cos$x].
oK I Cancel
Click OK.
4) You should now see one variable in the Project Variables table.
x4
Project W ariables | I ntritzic \-"ariablesl Cnnstantsl
" Value ' Optimization ' Tuning  Sengitivity ' Statistics
M arne I Walle I Lirit I Description I Read-anly I Hidden I
a 24765 om | [l
¥ Show Hidden
Add... Hemove
QK. Cancel
5) Click Add again and enter the second variable.
x
Name |5 % Varable ¢ Checkbow € Metist  Text € Humber € Separatar
= Yalue ) Menu ) FileMame € YPoint = Faint

Walue  |4a/3

Enter a number with unitz, variable, or expression into the Yalue field. Feferenced project vanables should be preficed with & '$'. Examples: 22 4pF.
$C1. 2ocos($x].

aK I Cancel

6) Enter the rest of the variables on your own.




Properties: Projectl x|
Project Variables | Intringic Variablesl Cnnstantsl

* Yalue " Optimization = Tuning = Sensitivity " Statistics

Walue Degcription Read-only Hidden

v Show Hidden
Add... Remove

ak | Cahicel

Click OK.

7) L-click on the Draw Box button ( E ). Now L-click on the graph at 3 different points to make a
box of any size.

8) If this is done correctly, a dialogue window will open. Enter the following dimensions for the box:

Properties: Projectl - HFSSModell - 30 Modeler x|

Attribute - Command |

MHame I Walle I Unit I Dezcription I

Cormmand CreateBox

Coordinate System | Global

Puazition $b/2 |, -3a/2 . 3H
T |%5ize 3
T vsize 3a
T 3c

™ Show Hidden

ak. I Cahicel

Click OK.
Type Ctrl-D. You should see a box like the one on the next page.



8) L-click on your box. It should be highlighted in purple like the picture above. This lets the user
know that an object has been selected. R-click on the box and choose Edit . . . Properties . . . under
the Attribute tab, click on the button with a “0” to change the Transparency of your box. Set the
Transparency to 0.75.

Properties: Projectl - HFS5Maodell - 3D Modeler

Attribute | Cnmmandl

MHame I Walue I Uit I Description I Read-anly I
Mame Boxl ]
| Material wacLum | [
| Solve Insids [+ |
| rientation Global [
| Model [ ]
ol Drizplay YWireframe I_ I_
| colar Edit | ' ]
W npaent | 0 | N |
x
—
Opaque Tranzparent [ Show Hidden

ok I Cancel |

ak | Cancel

Click OK twice.



9) L-click on the Draw Cylinder button ( E ). L-click on the graph at 3 different points to make a
cylinder of any size. Enter the dimensions seen below.

Properties: Projectl - HFSSModell - 3D Modeler x|

Command | Attribute I

Description

Command
Global
Center Position n0.0.0 cm
Bis Z

Radiuz $r

Height $H

Coordinate Syztem

[” Show Hidden

ak I Cahicel

Click OK.
Type Ctrl-D.

10)  L-click on the new cylinder to select it. R-click on the cylinder and select Edit . . . Properties . . .
under the Attribute tab, change the transparency to 0.75, just like with the box.

11)  When you are finished changing the cylinder’s transparency, L-click on the Draw Cylinder button (

E ). L-click on the graph at 3 different points to make a second cylinder. Enter these dimensions:

Properties: Project1 - HFSSModell - 3D Modeler x|

Command | Attribute I

Drescription

Command
Global
Center Position 0,00 cm
Az d

Radius k4

Height Fhi

Coordinate System

" Show Hidden

ak. I Cancel

Click OK.
Type Ctrl-D.



12)  Select the second smaller cylinder with a L-click. Now, R-click on the cylinder and select Edit . . .
Properties . . . under the Attribute tab, change the transparency to 0.50. Now you should see that
the small cylinder is inside the large cylinder.

13)  Now we will change the name of the smaller cylinder. Select the second, smaller cylinder again. R-
click on the cylinder and select Edit . . . Properties . . . under the Attribute tab, change the name
from “cylinder2” to “Sample”. Click OK.

14)  Now we will change the material inside the smaller cylinder. Select the second, smaller cylinder one
more time. R-click on the cylinder and select Edit . . . Properties . . . under the Attribute tab, click
the “vacuum” button. Choose Add Material . . . in the new window. Enter “load” as the new
material name, and change the “relative permittivity” and the “dielectric loss tangent” to 4 and
0.25, respectively. See picture on the next page.



Select Definition Yiew / Edit Material

Matenials | Material Filters I W aterial Mame
—Search Parameters Iluat|
Search by Name Sl Froperties of the katenals i atenall
I * hyMa
- MName I Type | Walue | Urits
IFEelatwe
ﬂl Fielative Permittivity Simple 4
Relative Permeahility Simple 1
’f Marne Loca Bulk Conductivity Simple 0 Siemens’m
— UG ) S'I'ISL!b[a[' Magnetic Losz Tangent Simple |0
— t?flun_baxed SysL?brar_ b agnetic S aturation Simple 0 Gauss
- tin Syslibrar Lande G Factor Simple |2
titanivim SyzLibrar, = Delta H Simple D e
tungsten SyzLibrar, —
WacuLm Froject
ACLILIM SysLibrar
water_diztiled SyzLibrar,
water_fresh SyzLibrar
water_sea SyzLibrar,
zing SyzLibrar,
|
Wiew/E dit Materialz ... Add katerial ...

Set Frequency Dependency ... |

Fesat | ok I Cancel |

Click OK 3 times.

15)  Now we will join the large cylinder and the box into one object. Select the large cylinder. Now hold
Ctrl and L-click on the box to select both the large cylinder and the box simultaneously. Your model
should look like the one below.




R-click on the box and choose Edit ... Boolean . .. Unite. Now the large cylinder and box are one

16)
object instead of two.
17)  Let us change the name of the united object. Select the united object. R-click on it and select Edit .
.. Properties . . . under the Attribute tab change the name from “cylinder1” to “Chassis”.
18)  Now click on the graph so that nothing is selected and your model looks like the one below.
19)  Now we will assign boundaries to the faces of our model. Choose “Face” instead of “Object” on

the Selection Mode pull down tab as seen below.
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20)  L-click on the Select by Name button ( ]@' ).



21)  In the new window choose Chassis and use Ctrl-L-click to choose all faces shown below. As you
select the faces, they will be highlighted in purple on the graph.

Select Face x|

Object name: Face ID:

Facell
acell

zample ;

| aF. I Caricel

Click OK.

22)  R-click on the highlighted Chassis and choose Assign Boundary . .. Perfect E. Click OK.
23)  Click on the graph so that nothing is selected. L-click on the Select by Name button ( ]@ ).

24)  In the new window choose Chassis and the face shown below.

Select Face |

Ohbject name: FaceID:

Facell
zample Facell
Faceld
Facedn
Facedb
Faced?

Faced

(] 4 I Cancel

Click OK.

25)  R-click on the highlighted face of the Chassis and choose Assign Excitation . . . Wave Port.
Click Next = Next = Finish to create the wave port.

26)  Click on the Add Solution Set Up button ( 24 ). Change the Solution Frequency to 915 MHz.



Solution Setup

|Advanced | Parts | Defauts|

-

Click OK.
27)  Choose the Add Sweep button ( . ). Click OK in the new window.

28)  Now fill out the Edit Sweep Window as shown:

Edit Sweep

Click OK.



Click the Validate button ( E ). If no mistakes were made, a window will appear, just as the one

29)
below. You must correct your model now, if you have made a mistake.
x
o 3D Model
“ AFSE N o Boundaries and Excitations
¥ Mesh Operations
alidation Check conmpleted. o Analysis Setup
¥ Optimetrics
| % Radiation
Afart I Cloze
Click Close.
30) If you have not saved the HFSS model, you should now. Goto the menu bar and choose File . . .
Save.
31)  Click on the Analyze button ( e ). This analysis will take about 2 minutes. Save your model
again after analysis.
32)  Goto the menu bar and select HFSS . . . Results . . . Create Report. Click OK in the new window.

Another window will open and you should click Add Trace so that the window looks like the one

below.

_lolx
X | T |Y-aHis| Add BlankTrace |
1 |Freg dB[S [ avePaort] wavePortl]) |
Femove Trace |
Remove All Traces |
— Context - | v ¥ |
Design: [HFSShiodell =
Categony: Quantity: Function:
SaliEn ISetup1 : Sweep] j ariables Sl avePart] WavePort] | ahg
Output ' ariables ang_rad
bomar: ISweep j v Parameter im
Z Parameter mag
TIDFR ptions. . | VSWR e
Garmma
Part 2o
- Set Terminations... |
Output ¥ ariables. .. I
I Add Trace I Feplace Trace |
Aol | Done | Cancel |

Click Done and the following graph will appear.
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33) Now we will try to see how the electric field is distributed inside the Chassis. Click on the Draw

Line button ( ‘ ~ ).

34)  When the window below opens, click yes.

ansoftifss x|

:{) & solution exists; do wou want to create a non model object?

Yes Mo | Cancel |

When you create a non-model object, HFSS is able to use the previous solution, because no
materials are assigned to non-model objects.

35)  We will define a line from the origin of the graph to the top of the Chassis congruous with the Z-
axis. L-click on the origin of the graph.



36)

37)

Your line will look like the picture at the top left of this page right now. Move the cursor so that
your line is congruent with the Z-axis. Your line will turn a light blue color like the picture at the
top right of this page. Move the cursor so that the line ends at the top of the Chassis. When your
line is positioned correctly it will look exactly like the picture at the top right of this page. Notice
the circular dot at the endpoint of the line. This indicates that you are centered with the top face of
the top of the Chassis. To complete the line double L-click. An attributes window opens. Click
OK.

Click on the Select by Name button ( J@' ). Choose Polyline 1.

Select Dbject x|

M ame:

chazsiz

zample

k. I Cancel

Click OK.



38)  R-click on the graph and choose Plot Fields . . . Mag_E.

x
I anme: IMaQ£1 Fields Calculatar .. |
[ Specify Mame Categany: IStandard j
Deszign: HFSSMaodel [uartity In Yalume
- o |
Salution: ISEtulﬂ : Lastﬂ.daptlxﬂ tag_H chassiz
b ag_Jwal Sampb
Plat Folder: |E Field | gag_fsuhzlf : All0bjects
omplextdag_|
: Complextdag_H
I Specily Folder Complextdag_Jwal
Intrinzic Yanables—————————— "EIDI'I'::NE:-:EMEIQ_J st
ector_
Wector_H
Freq II:I'E‘-IEEI_IZ j '\-"eu:tur:JvuI
Wector_Jsurf
Phase IDdEEI j Yector_FealPoynting
Local SAR
Awverage_SAR
Sawve Az Default |
Done I Cancel |

Click Done.

39)  Go to the menu bar and select View . . . Coordinate System . . . Hide. Now we can see our line
clearly.
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40)

We will create a graph for the line. (Electric Field vs. Normalized Distance from the bottom of

the Chassis to the top.) Go to the menu bar and select HFSS . . . Results . . . Create Report. In
the new window change Report Type to “Fields”.

Creakte Repork

Target Design: |HFSShodell

Report Tepe: |[=TEEE

Display Type: |Rectangular Plot

o]

Cancel |
Click OK.
41)  Inthe new window click Add Trace. Click Done
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Notice that the wave propagates periodically at the top of the Chassis until it reaches the Sample, where the
energy is dissipated.

42)

To return to our model, go to the menu bar and select Window . . . 1 (the name of your file will be
here).



43)  Change the Selection Mode to Face.
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44)  Click on the Select by Name button ( J@' ). Choose sample and Face 46.

-5 Model
-4 Mot Assic | | E Field[¥/m]
. @-&P Polyl 4, 24T +AE2
- load 3, 9995 +807
-4 vacuum 3, 7341e+@@2 I
]I¢ Coordingte = 3. 4685e+8027
-4 Planes 3. 2B34e+BR2
228 Points 2, 9388e+BR2
- Lists 2, 6726e+002
2. 487 2e+B82
2. 1419=+B882
1, 8765e+882
1. 611lle+802
1, 3457e+882
1. 8883e+882
g, 1496e+881
5. 4958e+881
2, 84 z28e+@A1
1. 8822e+880
Object name: Face IO
chasgiz Facedd

Polyline1 Faceds
(Sample. [ Feceit

K/

[ ) Pl

k. I Cancel |

Click OK.

45)  R-click on the graph and select Plot Fields . . . Mag_E. In the new window click Done.
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This concludes Part (A) of the HFSS Beginner’s Tutorial. Save your file and exit the program.



Part (B) of the HFSS Beginner’sEorial
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1) Open HFSS. L-click on the Insert HFSS Design button ( @ ) at the top of the screen.

2) On the menu bar choose 3D Modeler . . . Units . . . and select “cm”.

set Model Units x|
Select units: 7

[~ Reszcale to new units

] I Cancel |

Click OK.
3) On the menu bar choose Project . . . Project Variables ... Add . . . and follow the directions to add
all variables that are in the table below.
B
Project Wariables |Intrinsic Variablesl Eonstantsl
* Yalue € Optimization = Tuning = Sensitivity " Statistics
Mame Walue Lt Degcription Read-only Hidden
b $a/2 | |
$c 73676 cm I_ I_
$r 15.235 cm I_ I_
$H 121.87 o | |
$ha $H-3b-30.47 cm r -
hi 2031 om - -
¥ Show Hidden
Add... Remowe

ak. | Cancel |

4) L-click on the Draw Box button ( E ). Now L-click on the graph at 3 different points to make a
box. Enter the following dimensions.



Properties: Projectl - HF55Modell - 3D Modeler

Litribute. - Command |

MName

Cormmand
Coordinate System
Poszition

Hhize

Siza

Z5ize

Walue Unit Description

Global

Oem , -$a/2 . $ha
$

$a

b

[~ Show Hidden

Ok, I Cancel

Click OK.

Type Ctrl-D to see your new box.




5) Select the box and change the Transparency to 0.75 as illustrated below.

Properties: Projectl - HFS5Modell - 3D Modeler x|
Attribute | Cgmmandl
MHame I Walue I Uit I Description I Read-anly I
Mame Boxl ]
b aterial wacLum | [
Saolve Inside v ]
Orientation Global [
Model v |
Drizplay YWireframe I_ I_
Color Edit | r
T : [
x
N I
fi 0.7s
Opaque Tranzparent [ Show Hidden
ok I Cancel |
ak | Cancel |

6) L-click on the Draw Cylinder button ( E ). L-click on the graph at 3 different points to make a
cylinder. Enter these dimensions:

Properties: Projectl - HFSSModell - 3D Modeler |

Command | Attribute I

Degcription

Command
Global
Center Position n0.0.0 cm
Bis z

Radius k4

Height $H

Coordinate Syztem

™ Show Hidden

Ok, I Cancel

Click OK.
Type Ctrl-D.

7) Change the new cylinder’s transparency to 0.75, just like with the box.

8) Draw another cylinder with the following dimensions:



Properties: Projectl - HFSSModell - 3D Modeler

Command | Attribute I

Mame Yalue Lnit

Cormmand

Coordinate Spstern | Global

Center Position 0,00 cm
Az Z

Radiuz $r

Height Fhi

Drescription

[~ Show Hidden

[ o ]

Cancel

Click OK.
Type Ctrl-D. Your graph should look like the one below.

B




9) Select the second smaller cylinder. R-click on it and select Edit . . . Properties . . . . This time we
will change the transparency, name, and material all at once. Change the transparency to 0.50, the
name from “cylinder2” to “Sample”, and the material according to the window below.

Yiew / Edit Material

bd aterial Marme

Ilu:uau:l

Froperties of the Matenals b atenall

X

Set Frequency Dependency ... |

Mame | Type | " alue I Irit= |

Felative Permittivity Simple |36

m Relative Permeability Simple |1

m Bullk: Conductivity Simple |0 Siemenz/m
Dielectrc Loss Tangent | Simple
k agnetic Losz Tangent Simple |0

m kagnetic S aturation Simple |0 Gauss

m Lande G Factar Simple |2

[ |DetaH Simple |0 Oe

— Filter Froperties by
Anzoft Products

1Al products
HFSS

Rezet | ] I Cancel |

Select Anzoft Product

1Al products
[1HFSS

Walidate Mow |

Click OK 3 times.

10)  Now we will join the large cylinder and the box into one object. Select both the large cylinder and
the box simultaneously. R-click on the box and choose Edit . . . Boolean . . . Unite. Your model
will change from left to right as follows:



11)  Change the name of the united object from “cylinderl” to “Chassis”.

Now we will assign boundaries to the faces of our model. Click on the graph so that nothing is

12)
selected. Choose “Face” instead of “Object” on the Selection Mode pull down tab as seen below.

o I i 11 A B ==
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13)  L-click on the Select by Name button ( @ ).

14)  In the new window choose Chassis and use Ctrl-L-click to choose all faces highlighted in the picture

on the next page.



Select Face x|

Cbject name

Sample

k. I Cancel

Click OK.

15)  R-click on the highlighted Chassis and choose Assign Boundary ... Perfect E. Click OK.

16)  L-click on the Select by Name button ( l@ ).

17)  Inthe new window choose Chassis and Face 12.

Select Face x|

Object name: Face ID:

| Chassis | |Face11
Sample

Faceds
Faceds
Faced?
Face?
Faced
Faced

k. I Cancel

Click OK.

18)  R-click on the highlighted face of the Chassis and choose Assign Excitation . .. Wave Port.
Click Next = Next = Finish to create the wave port.

19)  To visualize the different face assignments, go to the menu bar and choose HFSS . . . Boundary
Display (Solver View). Check the following two visibility boxes in the new window.



Solver ¥iew of Boundaries

Neme [  Twpe | Salver Wisihility [ wisibility | Color |
PerfE? Uszer Defined  Wisible to sobver. .
WhavePortl |User Defined | Wisible to solver, v B
owter Default Overidden by ather boundaries. Invi.. [ [

Cloze |

Now your graph should look like the one below.

Click Close and the colors will disappear.

20)  Click on the Add Solution Set Up button ( g ). Change the Solution Frequency to 915 MHz.



Solution Setup

Click OK.
21)  Choose the Add Sweep button ( . ). Click OK in the new window.

22)  Now fill out the Edit Sweep Window:

Edit Sweep

| |

Errorn Taleratze
[law S nlutions:

Linear Count !

200 MHz |

Click OK.



23)  Click the Validate button ( E ), to check your work.

24)  Save your model. Click on the Analyze button ( & ). Allow the computer to work for 5 minutes
and then save your model again.

25)  Goto the menu bar and select HFSS . . . Results . . . Create Report. Click OK in the new window.
Another window will open and you should choose Add Trace so that the window looks like the one

below.
_ioix
3 | L IY-a:-:isl Add BlankTrace |
1 {Freq dB (S awePort] WavePartl]) 1
Femowe Trace |
Remove All Traces |
— Ciontext Sweeps I 5 Y I
Design: IHFSSMudeH j
Cateqory: Gluantity; Functian:
Sl ISetup1  Sweepl ﬂ |'\)'ariables 5 [ il ang
Qutput ' ariables ang rad
pomair ISweep j ' Parameter im
Z Parameter mag
TOR Optiors... | WS re
Gamma
Port Zo
= Set Temminations... |
Output Vanables. . |
Add Trace I Heplace Trace |

Lpply | Dane | Cancel |

Click Done and the following graph will appear.
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46) Now we will try to see how the electric field is distributed inside the Chassis. Click on the Draw
Line button (‘ o ).

47)  When the window below opens, click yes.

ansoftiFss x|

\:.:') & solukion exists; do you wank to create a non model objeck?

Yes Mo | Cancel |

48)  We will define a line from the origin of the graph to the top of the Chassis congruous with the Z-
axis. L-click on the origin of the graph.



49)  Define your line as shown above. Remember to double L-click to create the endpoint for the line.

50)  Click on the Select by Name button ( J@' ). Choose Polyline 1.

Select Dbject x|

M ame:

chazsiz

zample

()% I Cancel

Click OK.
51)  R-click on the graph and choose Plot Fields . . . Mag_E. In the new window click Done.

52)  Go to the menu bar and select View . . . Coordinate System . . . Hide. Now we can see our line
clearly.



53)

54)

E Field[¥/m]
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We will create a graph for the line. (Electric Field vs. Normalized Distance from the bottom of
the Chassis to the top.) Go to the menu bar and select HFSS . . . Results . . . Create Report. In
the new window change Report Type to “Fields”.

Create Report x|

Target Design: [HFS5Modell ~]

Fepart Type: |[FEEE

Display Type: |FRectangular Flot =]

| [k I Cancel |

Click OK.

In the new window click Add Trace. Click Done.
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Compare this graph with the one from Part (A). The waveguide in this model merges into the resonating
chamber from the side.

55)  To return to our model, go to the menu bar and select Window . . . 1 (the name of your file will be
here).

56)  Change the Selection Mode to Face.

1 B @ H60@= 0
|| @ [Jobest  =[|[#:]x

=7 Modg Shject

- |Edge
“BVerkex
o 5

57)  Click on the Select by Name button ( J@' ). Choose sample and Face 46.
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Click OK.

58)  R-click on the graph and select Plot Fields . .. Mag_E. In the new window click Done.
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59)  We will create one more line. Click on the Draw Line button ( ‘ ~ ).



60)  Define a line through the center of the wave-guide starting at the center of the front face of the wave-
guide and ending at the back of the Chassis. See picture below.

61)  Click on the Select by Name button ( J@ ). Choose Polyline 2.

62)  R-click on the graph and choose Plot Fields . .. Mag_E. In the new window click Done.

E Field[¥/ml

G988 e +EE 2

i GET7EE+E02

: : ' : A  5122e+002

. ' . 334Se+BE7
- : . 1567e+B02

] . 9789e+802

L BA1Ze+E02
BZ234e+E02
CHYSEe+EES
267 Be+EE2
CEB98 1 e+EE 2
C1Z231e+E861
345 he+EEL
SEVEe+EE1
L 7E99e+861
VB1Z2Z2e+EE1
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63)  We will create a graph for the line. (Electric Field vs. Normalized Distance) Go to the menu bar
and select HFSS . . . Results . . . Create Report. In the new window change Report Type to

“Fields”.
5
Taiget Design: [HFS5odell ~l
Report Tepe: [0
Display Type: |Rectangular Plot =]
| ] 4 I Cancel |
Click OK.

64)  In the new window make sure you choose Polyline 2, and then click Add Trace. Click Done.
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This concludes the HFSS Beginner’s Tutorial. Save your file and exit the program. Good Luck with
your modeling!
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