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Conventions Used in this Guide

Please take a moment to review how instructions and other useful information are presented in this
guide.

* Procedures are presented as numbered lists. A single bullet indicates that the procedure has only
one step.
Bold type is used for the following:
- Keyboard entries that should be typed in their entirety exactly as shown. For example, “copy

file1” means the word copy must be typed, then a space must be typed, and then file1 must
be typed.

- On-screen prompts and messages, names of options and text boxes, and menu commands.
Menu commands are often separated by carats. For example, “click HFSS>Exci-
tations>Assign>Wave Port.”

- Labeled keys on the computer keyboard. For example, “Press Enter’ means to press the key
labeled Enter.
« ltalic type is used for the following:
- Emphasis.
- The titles of publications.
- Keyboard entries when a name or a variable must be typed in place of the words in italics. For

example, “copy file name” the word copy must be typed, then a space must be typed, and
then name of the file must be typed.

» The plus sign (+) is used between keyboard keys to indicate that you should press the keys at the
same time. For example, “Press Shift+F1” means to press the Shift key and the F1 key at the
same time.

» Toolbar buttons serve as shortcuts for executing commands. Toolbar buttons are displayed after
the command they execute. For example,

*  “On the Draw menu, click Line .. ” means that you can click the Draw Line toolbar button to
execute the Line command.

ANSYS Electromagnetics Suite 15.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential information
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Getting Help: ANSYS Technical Support

For information about ANSYS Technical Support, go to the ANSYS corporate Support website,
www.ansys.com/Support. You can also contact your ANSYS account manager in order to obtain this
information.

All ANSYS EM software files are ASCII text and can be sent conveniently by e-mail. When reporting
difficulties, it is extremely helpful to include very specific information about what steps were taken or
what stages the simulation reached, including software files as applicable. This allows more rapid and
effective debugging.

Help Menu

To access online help from the HFSS menu bar, click Help and select from the menu:

Contents - click here to open the contents of the online help.

Search - click here to open the search function of the online help.

Index - click here to open the index of the online help.

Context-Sensitive Help

To access online help from the HFSS user interface, do one of the following:

« To open a help topic about a specific HFSS menu command, press Shift+F1, and then click the

command or toolbar icon.
+ To open a help topic about a specific HFSS dialog box, open the dialog box, and then press F1.

ANSYS Electromagnetics Suite 15.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates.
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Introduction

This document is intended as supplementary material to
HFSS for beginners and advanced users. It includes

instructions to create, simulate, and analyze a silicon spi-
ral inductor model.

Introduction 1-1
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Getting Started with HFSS: Silicon Spiral Inductor

Sample Project - Silicon Spiral Inductor

In this project, we will use HFSS to create, simulate, and
analyze a 2.5 turn spiral inductor.

S —

Figure 1. Spiral Inductor

This nominal design consists of the following components with
their corresponding dimensions:
e Spiral: 2.5T, W=15um, S=1.5um, Rad=60um.

M6, 2um, o= 2.8e7 S/m.
* Underpass: M5, 0.5um, o= 2.8e7 S/m.
» Stackup: Passivation: 0.7um, er=7.9.
* Oxide: 9.8um, er = 4.0.
* Substrate: 300um.

er=11.9, 0= 10 S/m.

1-2 Introduction
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Passmwation
1 M6
Oxide —— Mb
Substrate

Figure 2. Passivation, Oxide and Substrate
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Getting Started with HFSS: Silicon Spiral Inductor

Launch HFSS

Store a shortcut of the HFSS application on your desktop.
1 Double-click the HFSS icon to launch the application.

File Edit View Project Tools Window Help
O = x
K2

&

.-
dualcore hd BE=R O

Praoject Manager - X

E=-E:] Project 1
123 Definitions

Figure 1. HFSS launched

Note If the application does not list the folder, go to File
and click New. If the Project Manager window does not
appear, go to View and enable it.

Set Tool Options

Verify the options under the Tools menu as follows:
1 Click Tools>Options>HFSS Options.

The HFSS Options dialog box appears.

Assignment Options

v Use Wizards for data input when creating new boundaries.
W Duplicate boundaries/mesh operations with geometry.
W Visualize boundaries on geometry.

W Auto-assign terminals on ports.

Figure 2. Assignment Options
2 On the General tab ensure all Assignment Options are
checked and click OK to close the dialog box.
3 Click Tools>Options>Modeler Options.
The Modeler Options dialog box appears.
4 On the Operation tab check Automatically cover closed
polylines.

2-2 Set Up The Project
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Getting Started with HFSS: Silicon Spiral Inductor

Fohdine

[ Automatically cover closed pobdines

Figure 3. The option on the Operation tab

5 On the Drawing tab check Edit properties of new primi-
tives and click OK.

|v Edit properties of new primitives

Figure 4. option on the Drawing tab

Note This option causes a Properties dialog box to
appear automatically whenever you create a new object.

Insert HFSS design

The icon below represents the Insert HFSS design (IHd)
option.
=

Figure 5. I[Hd
1 Expand the project tree.

2 If IHd is present, proceed to rename and save the project
and if it is absent click the IHd icon to include it.

Note Inclusion of IHd modifies the project and hence the
asterisk appears on Project1.

Project Manager - Lﬁ. Coordinate
== - = 4% Planes
£l HFSSDesign1 (DrivenModal) -4 Lists
----- &7 Model

- F Boundaries
2 Excitations
BEF Mesh Operstions
..... ﬁ Analysis
- J[E] Optimetrics
Resulis
..... Port Field Display
Wi Fisld Overays
..... ? Radiation
=123 Defintions

Figure 6. IHd included

Set Up The Project 2-3
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Getting Started with HFSS: Silicon Spiral Inductor

3 Click Project1*, hit F2, rename the project as si_spi-
ral_inductor, and save it.

Set Model Units

Set the units for the geometric model as follows:

1 On the HFSS toolbar, click Modeler> Units.
The Set Model Units dialog box appears.

2 Select the unit as um and click OK.

Select units: um -

I Rescale to news units

ak. | Cancel |

Figure 7. Set Model Units dialog

Set Solution Type

To set the solution type:
1 On the toolbar, click HFSS> Solution Type

The Solution Type dialog box appears.

Diriven
" Modal
_ (" Compasite Excitatian
* Terminal
' Metwork Analsiz
" Transzient
" Eigenmode
] Cancel

Figure 8. Solution Type dialog

2 Select Driven Terminal and click OK.

Note Driven Terminal calculates the terminal-based S-
parameters of multi-conductor transmission line ports. The

2-4 Set Up The Project
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Getting Started with HFSS: Silicon Spiral Inductor

S-matrix solutions will be expressed in terms of terminal
voltages and currents.

Set Up The Project 2-5
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3  Setup Si Spiral Inductor

This chapter describes how to build the 3D spiral inductor
model in HFSS.

This chapter contains the following topics:
Create 3D Model for Dielectrics
Create Substrate
Create Oxide
Create Passivation
Create Air Body
Assign Radiation Boundary
Create Ground
Assign Perfect E Boundary to the Ground
Create Spiral Inductor Geometry
Assign Thickness to the Spiral
Create Underpass
Create Via1l
Create Via2
Create Feed
Unite Spiral Objects
Solve Inside Conductors
Seed Mesh Conductors Set for Solve Inside
Create Ground Ring
Create Inner Ring
Complete The Ring
Create Extension1
Create Extension2
Create Source1
Create Source2
Group the Conductors
Assign Excitation for Source1
Assign Excitation for Source2

Setup Si Spiral Inductor 3-1
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Getting Started with HFSS: Silicon Spiral Inductor

Create 3D Model for Dielectrics

To create the 3D model, you must draw a number of objects.
The following sections contain the steps to create the geome-
try.
Create Substrate
To create the substrate, first draw a box freehand as follows:
1 Click Draw>Box.

The cursor is accompanied by a black square box.

2 Click inside the Modeler window to establish the x,y axes
and drag the mouse to draw a rectangle.

3 Click the mouse to establish the z axis and drag the mouse
along the z-axis to draw the height.

4 Click the mouse again, to complete the box.
The Properties dialog box appears.

Name | Value | Unit | Evaluated Value
Command CreateBox
N Coordinate System Global
| | Posttion =270 270 .0 um | -270um , -270um , ...
| |xSize 540 um  |540um
| YSize 540 um | 540um
| |zsize 300 um | 300um

Figure 1. Properties dialog

5 Edit the fields in the Command dialog box as in Figure 1.

6 On the Attribute, enter Sub in the Name field and from
the Materials drop-down menu, select Edit.

The Select Definition dialog box appears.

7 Click Add Material and edit the fields in the dialog box as
shown in Figure 2.

3-2 Setup Si Spiral Inductor
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&) View / Edit Material

Ik atenal Mame
IM v Sub

— Properties aof the Material

M ame |T_I,I|:ue| Walue | [Initg

Relative Permittiity Simple 11.9
Felative Permeability | Simple 1
Bulk. Conductivity Simple 10 glemens/m

Diglectic Lozs Tangent Simple 0

Figure 2. View/Edit Material dialog
8 Click OK to close the View/Edit Material dialog box and
repeat the same on the other dialog boxes to exit.
9 Do Ctrl+D to fit the view.

Figure 3. Substrate created

Setup Si Spiral Inductor 3-3
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Getting Started with HFSS: Silicon Spiral Inductor

Create Oxide

To create the oxide, first draw a box and specify its size and
location as follows:

1 Draw the box freehand.

The Properties dialog box appears.

Name | Value | Unit | Evaluated Value
Command Create Box
| Coordinate System Global
| | Posttion =270 2270 300 jum -2F0um |, -270um , 300um
| |xSize 540 um | 540um
- |YSize 540 um | 540um
| |zsize 9.8 um  |9.8um

Figure 4. Command dialog for Oxide
2 On the Command tab, edit the fields as in Figure 4 and
click Attribute and rename box to: Oxide
3 From the Materials drop-down menu, select Edit.
The Select Definition dialog box appears.
4 Click Add Material and edit the fields as in Figure 5.
Note The View/Edit Material dialog box appears.

kd aterial Mame
ky_Oxide

Froperties of the Matenal

Mame |T_I,I|:ue| " alue | 1

Felative Permittivity Simple 4

Figure 5. View/Edit Material dialog

5 Click OK to close the View/Edit Material dialog box and
repeat the same on the other dialog boxes to exit.

3-4 Setup Si Spiral Inductor
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Figure 6. for the oxide substrate

Create Passivation

To create passivation, draw a box and specify its size and
location as follows:

1 Draw the box freehand.

Mame | Value | Uit | Evaluated Value
Command CreateBox
[ Coordinate System Global
| Pasition =270 -270 ,309.8 um | -270um , -270um , 309.8...
I ¥ 5Size 540 um | 540um
| ' Size 540 um | 540um
I Z5ize 07 um | 0.7um

Figure 7. Command tab for passivation
2 On the Command tab edit the fields as shown in Figure 7
and on the Attribute tab rewrite the Name field to Pass.
3 Select Edit from the Materials drop down menu.
4 C(lick Add Material and edit the fields as in Figure 8.

Setup Si Spiral Inductor 3-5
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&N View / Edit Material

b aterial Mame
IM_I,I_F'ass

Properties of the Material

Hame |Ty|:ue| " alue |

Relative Permittivity Simple 7.9

Figure 8. View/Edit Material dialog

5 Click OK to close the View/Edit Material dialog box and
repeat the same on the other dialog boxes to exit.

[

Figure 9. Passivation applied.

Create Air Body

To create an air body, draw a box and specify its size and loca-
tion as follows:

1 Draw a box freehand.
2 Set the Command dialog box as in Figure 10.

3-6 Setup Si Spiral Inductor
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Getting Started with HFSS: Silicon Spiral Inductor

MName Value | Linit | Evaluated Value |
Command CreateBox
T Coordinate System Global
o Position =270 270 0 um  |-270um , -270um |, Qum
o HSize 540 um | 540um
o f Size 540 um | 540um
: Z5ize 600 um | 600um

Figure 10. Properties dialog for Air

3 On the Attribute tab, rename object to Air.
4 Ensure that the Material selected is vacuum and click OK.

The box gets updated with the new dimensions and prop-
erties that you set.

0 300 600 (um)

Figure 11. Air Enclosure drawn

Assign Radiation Boundary

Now assign the radiation boundary to the air box.

1 Select Air from the History Tree dialog box.
The air body gets highlighted.

2 Right click Air and select Assign Boundary>Radiation from
the short-cut menu.

Setup Si Spiral Inductor 3-7

ANSYS Electromagnetics Suite 15.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with HFSS: Silicon Spiral Inductor

The Radiation Boundary dialog box appears.
3 Edit the fields as shown in Figure 12 and click OK.

M arne: |H adl

* Radiating Only
" Incident Field

" Enfarced Field

Figure 12. Radiation Boundary

Create Ground

To create the ground, draw a rectangle as described below.
1 Click Draw> Rectangle.
2 Draw a rectangle freehand.
The Properties dialog box appears.
3 Click OK to accept the values in the Properties dialog box.
4 Double-click CreateRectangle from the history tree.
The Command dialog box appears.

MName | Value | Linit | Evaluated Value ||
Command CreateRectangle
T Coordinate System Global
 |Postion =270 270 0 um |-270um |, -270um |, Qum
| Ads z
| %Size 540 um | 540um
 |vsize 540 um | 540um

Figure 13. Properties for Rectangle

5 Edit the fields as shown in Figure 13.
The rectangle updates itself with the new settings.
6 Double-click Rectangle1 in the history tree and on the

Attribute dialog box enter Ground in the Name field and
click OK.

3-8 Setup Si Spiral Inductor
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0 350 700 (um})

Figure 14. The structure with rectangle drawn
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Getting Started with HFSS: Silicon Spiral Inductor

Assign Perfect E Boundary to the Ground

1 Click outside the structure to deselect all 2D and 3D
objects.

2 Select Ground from the history tree to highlight it.

3 Right-click Ground and select Assign Boundary>Perfect E
from the short-cut menu.

The Perfect E Boundary dialog box appears.
4 Enter PerfE_Ground in the Name field.

Mame: |PerlfE_Ground

[ Infinite Ground Plane

Figure 15. Perfect E boundary dialog

5 Leave the Infinite Ground Plane unchecked and click OK.

The Perfect E boundary is applied and the Message Man-
ager gives the following warning:

* Boundary Rad1 and Boundary PerfE_Ground overlap.
This is because you applied the PerfE boundary on a face
that already has the Radiation boundary. However, Per-
fE_Ground overrides the Radiation boundary on that face
owing to a higher priority.

Note By default priority is assigned according to the
order in which the boundaries are applied. Since
PerfE_Ground was assigned after Rad1, it has a higher
priority. HFSS lets you re-prioritize the boundaries, but it
is not needed for this project.

3-10 Setup Si Spiral Inductor
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Hide Dielectrics

1 Click Edit>Select All Visible

2 Click View>Visibility>Hide Selection>All Views
All the objects are now hidden.

Create Spiral Inductor Geometry

Before you create the spiral inductor, set the default mate-
rial.

1 From the Modeler Materials toolbar, choose Select.
The Select Definition dialog box appears.

2 Click Add Material.
The View/Edit Material dialog box appears.
Edit the fields as shown in Figure 16.

k aterial Mame
|Mj,l_Met

Properties of the katerial

I arme | Type | Walue | Uitz
Relative Permittiity Simple 1
N Relative Permeability Simple 1
Bulk. Conductivity Simple glemens./m

Figure 16. View/Edit Material dialog

3 Click OK to close the View/Edit Material dialog box and
repeat the same on the other dialog box to exit.

Create Offset Coordinate System

1 Click Modeler>Coordinate System>Create>Relative
CS>Offset

2 In the coordinate fields, enter the origin as follows:
X: 0.0, Y: 0.0, Z: 304.8.
Note The co-ordinate fields appear on the status bar at
the bottom and are titled Select the origin.

3 Hit Enter.

Setup Si Spiral Inductor 3-11
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Getting Started with HFSS: Silicon Spiral Inductor

Create Spiral Path

To create the spiral draw a Polyline using one of the following
methods:
* Create Polyline Freehand

* Create Polyline From the Status Bar

Create Polyline Freehand

This section shows how to create the spiral by drawing it free
hand and then, editing its coordinates.

1 Click Draw>Line.

2 Click anywhere in the modeler to establish the first point
and drag the cursor to draw a line and click again, to
establish the second point as shown in the figure below.

1

€.
f)%int 2
point 1 #— -
L :
point 1

Figure 17.
3 Continue to drag and click the mouse to establish 13 such
points as shown in the figure below where we have labeled
all the 13 points.

4 Right click and select Done from the short cut menu.

3-12 Setup Si Spiral Inductor
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10

Line 1

Getting Started with HFSS: Silicon Spiral Inductor

11

9

Figure 18. Polyline with 13 points

5 Double-click CreateLine from the history tree and edit the
coordinates for the vertices in its Segment tab as shown
below.

Mame Value | [nit | Evaluated Value

Segment Type |Line

| Paint1 €75 751 um 67.5um . 7.5um | lum
Point2 675 675 1 um 67 5um . 67 .5um . lum

Figure 19. Coordinates for Linel

6 Edit the fields for each of the 12 CreateLine options on
their corresponding Segment tabs as shown below.

Setup Si Spiral Inductor 3-13
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Getting Started with HFSS: Silicon Spiral Inductor

MName Value | [nit I Evaluated Value
Segment Type | Line
Line2 o
Paint 1 675 6751 um -67.5um . 67 .5um | lum
Point2 84 £75 1 um 84dum , -67.5um , Tum
Mame Value | it | Evaluated Value
. Segment Type  Line
Line3 -
Point1 B4 6751 um Bdum |, -67.5um | Tum
Pairt2 84 84 1 um 84um |, 84um . Tum
Mame Value | it | Evaluated Value
. Segmert Type | Line
Lined o1 84 84 1 um  |S4um , B4um  Tum
Pairt2 -84 B84 1 um -B4um . 84um . Tum
MName Walue I it | Evaluated Value
. Segment Type | Line
Line 5
Pairt1 -84 84 1 um -B4um , 84um , Tum
Point2 -84 -84 1 um -B4um |, -84um | Tum
Mame Value | nit I Evaluated Value
) Segment Type | Line
Line6 +—
Pairt1 -84 -84 1 um -84um . -84um | Tum
Point2 1005 -84 1 um 100.5um . -84um , Tum
MName Value | Unit | Evaluated Value
) Segment Type | Line
Line7 -
Paint1 1005 -84 1 um 100.5um , -84um , Tum
Poirt2 1005 10051 |um 100.50m , 100.50m , Tum

Figure 20. Coordinates for Line 2 through Line 7
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MName Walue I it | Evaluated Value
Line 8 | Segmert Type | Line
Point1 100510051 |um 100.5um . 100.5um , Tum
Paint2 1005 10051 jum -100.5um , 100.50m , Tum
MName Walue I it | Evaluated Value
Line 9 Segmert Type | Line
Pairt1 1005 10051 lum -100.5um , 100.50m |, Tum
Point2 1005 10051 jum -100.5um |, -100.5um | Tum
MName Yalue I it | Evaluated Value
Line 10 ] Segment Type | Line
Paint1 1005 10051 jum -100.5um |, -100.5um | lum
Point2 17 1005 1 um 117um , -100.5um , Tum
Mame Walue | it | Evaluated Value
Segment Type  Line
Line 11 Paint1 117 -100.5 1 um 117um , -100.50m . Tum
Point2 7.0 um 117um , Qum , Tum
MName Yalue I it | Evaluated Value
Line 12 ] Segment Type | Line
Paint1 1701 um 117um |, Qum , Tum
Point2 131 .01 um 131 um , Qum , Tum

Figure 21. Coordinates for Line 8 through Line 12
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Create Polyline From the Status Bar

In this method, enter the coordinates of the points in the sta-
tus bar as described below.

1 Click Draw>Line.

2 Edit the coordinate entry fields as follows:
Enter the vertex field for point 1:
X: -67.5, Y: 7.5, Z: 1.0 Press the Enter key.
Enter the vertex field for point 2:
X: -67.5, Y: -67.5, Z: 1.0 Press the Enter key.
Enter the vertex field for point 3:
X: 84.0, Y: - 67.5, Z: 1.0 Press the Enter key.
Enter the vertex field for point 4:
X: 84.0, Y: 84.0, Z: 1.0 Press the Enter key.
Enter the vertex field for point 5:
X: - 84.0, Y: 84.0, Z: 1.0 Press the Enter key.
Enter the vertex field for point 6:
X: - 84.0, Y: -84.0, Z: 1.0, Press the Enter key.
Enter the vertex field for point 7:
X: 100.5, Y: -84.0, Z: 1.0, Press the Enter key.
Enter the vertex field for point 8:
X: 100.5, Y: 100.5, Z: 1.0, Press the Enter key.
Enter the vertex field for point 9:
X: - 100.5, Y: 100.5, Z: 1.0, Press the Enter key.
Enter the vertex field for point 10:
X:-100.5, Y: - 100.5, Z: 1.0, Press the Enter key.
Enter the vertex field for point 11:
X: 117.0, Y: -100.5, Z: 1.0, Press the Enter key.
Enter the vertex field for point 12:
X: 117.0, Y: 0.0, Z: 1.0, Press the Enter key.
Enter the vertex field for point 13:
X: 131.0, Y: 0.0, Z: 1.0, Press the Enter key.

3 Using the mouse, right-click and from the short-cut menu
select Done.
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4 Select Attribute and enter Spiral in the Name field and
click OK.

(= Cowverlines
=" Lines
=" Spiral
=" CreatePolyline
Createline
Createline T
Createline
Createline
Createline
Createline
Createline
Createline
Createline
Createline
Createline

ekl i

5

5

5

5

a a a a a a a

RREANE SR A AN A SNV A N N N §

5

Figure 22. Spiral drawn.

Assign Thickness to the Spiral

To assign trace width and thickness perform the following:

1 Right-click Create Polyline under Spiral from the History
Tree.

2 Select Properties from the short-cut menu.
The Properties dialog box appears.

™ Lines
=1 Spiral
SR CreateFol e

Create E:xpand Al

s

Sy
T CFEALE Collapse Al z
" Create -
o, Creatf| Eru:upertles...h |
" iZreake I
", Createlineg | =
T (" rEakal ine

Figure 23. History Tree
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Mame | Value | Un'rtI Evaluated Value
Command CreatePolyline
Coordinate System | RelativeC51
Mumber of paints 13

Mumber of curves |12

—Cross Section
o Type Rectangle
[ Oriertation Auto
| Width/Diameter 15 um | 15um
| Top width 0 um  Oum
o Height 2 um | 2um
T Mumber of Segments 0 0
o Bend Type Comer

Figure 24. Command dialog box
3 Edit the fields as shown in Figure 24 and click OK to close
the Properties dialog box.
The spiral is assigned the thickness that you set.

Figure 25. The updated spiral
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Create Underpass

Before creating the underpass ensure the grid plane is XY as
follows:

1 Click Modeler>Grid Plane>XY.

MName | Valus | Lt | Evaluated Value
Command CreateBox
| Coordinate System | RelativeC51
| | Posttion €0 .75038 um | -&0um , 7.5um , -0.8um
[ %Size -75 um |-75um
| |vsize -15 um | -15um
- |ZSize 05 um -0.5um

Figure 26. Properties dialog (underpass)
2 Draw a box freehand and edit the fields on the Command
tab as shown in Figure 26.

3 On the Attribute tab rename object as Underpass and
click OK to close the Properties dialog box.

RelativeCs1l

Figure 27. The Underpass
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Create Vial

To create the Via, first draw a box.
1 Draw a box freehand and on the Command tab edit the

fields as shown in Figure 28.

2 On the Attribute tab enter Via7 in the Name field and

click OK.
Mame | Walue | it | Evaluated Value
Command CreateBox
_Ccucun:linate Systen  RelativeC51
| Posttion 60,750 um -60um,7.5um, Qum
| %5ize 15 um  -15um
|vsize 15 um | -15um
|z5ize 0.8 um  |-0.8um

Figure 28. Properties dialog Vial

RelativeC51

Figure 29. Vial applied

Create Via2

To create another via, again, draw a box.
1 Draw a box freehand and edit the fields on the Command
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tab as shown in Figure 30.

Mame | Walue | Unit | Evaluated Value
Command CreateBox
Coordinate System | RelativelC51
Position 120750 um  -120um |, 7.5um , Jum
*Size -15 um | -15um
f Size -15 um | -15um
Z5ize 0.8 um |-0.8um

Figure 30. Via2 Properties

2 On the Attribute tab enter Via2 in the Name field and
click OK.

RelativelCs1

Figure 31. Via2 applied.

Create Feed
1 Draw a box freehand.

The Properties dialog box appears.
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MName Value | Unit | Evaluated Value
Command CreateBox
-Ccu:un:linate Systen | RelativeC51
|Pasition 120750 um -120um |, 7.5um |, Qum
| %5ize -22 um | -22um
|¥size 15 um | -15um
|Z5ize 2 um | 2um

Figure 32. Feed Properties

2 Edit the fields as shown in Figure 32 and on the Attribute
tab enter Feed in the Name field and click OK to close the
Properties dialog box.

3 Do Ctrl+D to fit the view.

Figure 33. Feed applied.

Unite Spiral Objects

You will now unite the spiral objects.

1 Click Spiral, press the Ctrl key and select Via1, Via2,
Feed, and Underpass.
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—|-£5? Solids

+
el | Inderpass
+

+- 4P My_Oxide
+- 40P My Pass
+- 4P My _sub
+- 4P vacuum

+
rr
0
i
i)
-

L2, Coordinate Systerms

& Global

W, RelativeCS1
= Planes
@ Lists

+

+

Figure 34. The pieces united
Note The order in which you select the objects
determines the name of the united structure. For example
if you select spiral first followed by the rest, the united
structure will be named spiral. If you select Feed first,
then, the united structure will be named as Feed.

2 Click Modeler>Boolean>Unite

-4 My _Met
2-£7 spiral
"\+ CreatePolyline
504 Unite
é? Underpass
&2 Vial
EE’ Feed
€7 Via2
Figure 35. The united object names itself as spiral

3 Do Ctrl+D to fit the view.

4 Double-click spiral from the history tree and make sure
Solve Inside is unchecked on the Attribute tab.
Note The conductive material is represented by a bound-
ary condition that removes the need to solve inside metal.
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Seed Mesh Conductors

In this section you will set HFSS to refine the length of the

tetrahedral elements until they are below the specified
value.

1 Click Edit>Select All Visible

2 Click HFSS> Mesh Operations>Assign>Inside Selec-
tion>Length Based

The Element Length Based Refinement dialog box
appears.

3 Edit the fields as shown in the figure below and click OK.

Element Length Based Refinement 28

Mame:  |Lengthl [v Enable

Length of Elements
Restict Length of Elements [

b asimum Length of Elements:

B4 5 lum |

Mumber of Elements
Restnct the Mumber of Elements [w

b awirmum Mumber of Elements:

5000

Figure 36. Element Length Based Refinement settings

Create Ground Ring

To create a ground ring, first draw a box freehand.
1 Click Draw>Box.

2 Draw a box freehand.
The Properties dialog box appears.
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MName Value I Lt | Evaluated Value
Command Create Box
. Coordinate System | RelativeC51
. Posttion =225 225 0 um |-225um , -225um , Qum
. ¥5ize 450 um | 450um
. f Size 450 um | 450um
. Z5ize 2 um | Zum

Figure 37. Ring Properties

3 On the Command tab edit the fields as shown in Figure 37.

4 On the Attribute tab enter Ring in the Name field and
select Edit from the Materials drop-down menu.

The Select Definition window appears.
5 Type pec in the Search by Name field.
6 Click OK to close the View/Edit Material dialog box and
repeat the same on the other dialog boxes to exit.
Materials | Material Filters |

— Search Parameters

Search by Name Search Criteria
* by Name " by Property

Ipec

Search I IHeIative Permittivity ;I

J.-"' Mame Location Cirigin
palladlum Sys hblﬁr}" Materals
I
perfect conductor S','s |JblT:lr)’ Materals

Figure 38. Select Definition window
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Figure 39. Ring applied

Create Inner Ring
To create the inner ring, again draw a box.
1 Click Draw>Box.
2 Draw a box freehand.
The Properties dialog box appears.
3 On the Command tab, edit the fields as shown in Figure

40.
Mame | Value I Lnit | Evaluated Value |

Command Create Box
Coondinate System | RelativeC51
Posttion =210 -210 .0 um -210um , -210um , Oum
XSize 420 um  |[420um
fSize 420 um | 420um
ZSize 2 um |2um

Figure 40. The Properties dialog box for Inner Ring

4 On the Attribute tab enter Inner in the Name field and
ensure that the Material assigned is pec and click OK.
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Figure 41. Inner ring drawn
Complete the Ring
1 Click Edit>Select>By Name
The Select Object dialog box appears.

M arne:
Air
[around
| nner
Dxide
Fazz
Fing
zpiral
Sub

Figure 42. Select Object dialog box

2 Select Ring, press the Ctrl key and click Inner and click
OK.

3 Click Modeler>Boolean>Subtract
The Subtract dialog box appears.

4 Verify Ring is in the Blank Parts and Inner in the Tool
Parts and click OK.

Post subtraction, the structure should resemble the one in
Figure 44.

Setup Si Spiral Inductor 3-27

ANSYS Electromagnetics Suite 15.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with HFSS: Silicon Spiral Inductor

Blank Parts - Tool Parts

Ring lnner

[
r I

[ Clone tool objects before operation

Figure 43. Subtract dialog box

Figure 44. The subtracted ring

Create Extension 1
1 Draw a box freehand.
The Properties dialog box appears.
2 On the Command tab edit the fields as shown in Figure 45.

3 On the Attribute tab enter the Name as Ring_Ext1, ensure
that pec is selected from the Material drop-down and click

OK.
Mame | Value | Urit | Evaluated Value |
Command CreateBox
|Coordinate System | RelativelC51
| Posttion 157750 um |-157um |, 7.5um , Qum
|size 53 um | -53um
|vsize -15 um | -15um
|Z5ize 2 um | Zum

Figure 45. Extensionl properties
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Figure 46. The Ring_Ext1 applied

Create Extension 2
1 Draw a box freehand.

The Properties dialog box appears.
2 Edit the fields as shown in Figure 47.

Mame | Value | Lnit | Evaluated Value
Command CreateBox
_Cl:u-:urdinate System | RelativelC51
| Posttion 146 75 .0 um | 146um , 7.5um , Oum
|%5ize 64 um |Edum
|¥size 15 um | -15um
|z5ize 2 um | 2um

Figure 47. Properties dialog box for Ring Ext2

3 On the Attribute tab enter the Name as Ring_Ext2 and
click OK.
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Figure 48. Ring Ext2 applied

Create Source 1
1 Draw the rectangle freehand.
The Properties dialog box appears.
2 Click OK to accept the current settings.
3 Double click CreateRectangle from the history tree.

4 Edit the fields in the Command dialog box as in Figure 49.
MName | Walue | Init | Evaluated Value |

Command CreateFectangle
|Coordinate System | RelativelC51
| Posttion <142 75 1 um |-142um , 7.5um |, lum
| Ais Z
| %Size -15 um | -15um
| Size 15 um -15um

Figure 49. Command dialog box for Sourcel

5 Click Attribute and enter Name type as Source? and click
OK.

Create Source 2
1 Draw the rectangle freehand.
The Properties dialog box appears.
2 Click OK to close the dialog box.
3 Under Rectangle1, double click CreateRectangle from the
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history tree.
4 Edit the fields as shown in Figure 50.

Mame | Value | it | Evaluated Value
Command CreateRectangle
| Coordinate System | RelativelC51
| Posttion 131 .75 1 um | 131um , 7.5um , Tum
| Aocis i
| XSize 15 um | 15um
|YSize 15 um -15um

Figure 50. Command dialog box for Source2

5 Double-click Rectangle1 and enter Source2 in the Name
field and click OK.

Group the Conductors

1 Click Edit>Select>By Name

2 In the Select Object dialog box, select the Ring,
Ring_Ext1, Ring_Ext2

3 Click OK.

4 C(Click Modeler>Boolean>Unite

5 Do Ctrl+D to fit the view.

Assign Excitation for Source1

We will use wave ports to excite sourcet:
1 Click Source1 from the history tree.

Source1 gets highlighted in the structure.
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Port Mame: |1

Terminal Maming
* Use conductar name
" |ze port ohject name

MOTE: Multiple reference conductors touching a
port ruszt all be connected in the plane of the part.

Conductar Use as Reference
Fing
Spiral B

v Highlight zelected conductors

ak | Cancel |

Figure 51. Reference Conductor Terminal dialog box

2 Right click Source1, and select Assign Exci-
tation>Assign>Lumped Port
Reference Conductor for Terminals dialog box appears.
3 Set the options as shown in Figure 51 and click OK.

Assign Excitation for Source2

To select the object Source2:
1 In the History tree, expand the Unassigned objects tree.

2 Select Source2.

-1~ Sheets
+-J Lumped Port
+-[ Perfect E
-3 Unassigned

[ CreateRectangle
(= Coverlines

Figure 52. History Tree
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To assign lumped port excitation
1 Click HFSS>Excitations>Assign>Lumped Port

2 Enter 2 for the Port Name.
3 Set the rest of the options as in Figure 51 and click OK.

Show All

To show all objects do the following:
1 Click View>Visibility>Show All>All Views

2 Do Ctrl+D to fit the view.
Boundary Display (Optional)

Boundary display/solver view provides a snapshot of all
boundaries in the model including ports and surface residing
on the surrounding background object. It can be very useful
for diagnosing problems with design setups.

1 Click HFSS>Boundary Display (Solver View)

The Solver View of Boundaries dialog box appears.

Note HFSS identifies all the unique boundary conditions
and ports to display where the boundaries are physically
located in the model.

2 Select the boundaries you wish to view from the dialog box
as shown in Figure 53.

The choices made here will show the boundaries in the
Modeler field. See Figure 54.

1
2
auter

zretal

Name | Tupe | Salver Yisibility | isibility | Color |
Rad1 Uszer Defined Wizible to zolver.
PerfE1 Uszer Defined Wizible to zolver.

Uszer Defined Wizible to zolver.
Uszer Defined Wizible to zolver.

Diefault Owerridden by other boundaries. [nvizible to zalver.

SINISISIS]e
ERCONN

Default Wizible to galver,

Figure 53. Solver View of Boundaries dialog box
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Figure 54. Solver Boundaries selected

Note If you double-click the fields under Color, you can
change the color as you want from the palette that
appears. The background is displayed as the outer
boundary and the perfect conductors are displayed as the
smetal boundary.
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Analyze Spiral Conductor

This chapter describes how to run the simulation and gen-
erate reports.

v
v
v
v
v
v
v
v
v
v
v
v
v
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Create Analysis Setup

To create an analysis setup:
1 Click HFSS>Analysis Setup>Add Solution Setup

The Add Solution Set-up dialog box appears.

Driven Solution Setup

General lOptiu:uns ] Advanced ] Expression Cache ] Dervatives ]

Setup Mame: |Setup'|

[+ Enabled [ Solve Ports Onby

Solution Frequency: |12 |GH2 j

Adaptive Solutions
Maimum Mumber of Passes: 20

' Maximum Delta 5 0.01
Figure 1. Solution Set-up window.

2 In the Solution Setup window: click the General tab.
3 Edit the fields as shown in Figure 1.
4 Click Options, edit the fields as in Figure 2 and click OK.
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General Options l.ﬁduanced] Expression Cache Deﬁ‘uati'ues] Defauhs]

Initial Mesh Options
Iv Do Lambda Refinement
Lambda Targst: |0.6667 [+ Use Default Value

[ Use Free Space Lambda

Adaptive Options
Maimum Refinement Per Pass: 30 i
[~ Mzdmum Refinement: LEEEEY

Minimum Mumber of Passes:

L)

Minimum Converged Passes:

Solution Options

Order of Basis Functions: |I'u1ixeu:| Order j
Figure 2. Options tab

Add a Frequency Sweep
1 Click HFSS>Analysis Setup>Add Sweep

The Edit Frequency Sweep dialog box appears.
2 Enter the following fields as shown in Figure 3.

General | Interpolation ] DC Extrapolation l Defaults l

Swesp Name:  [Sweep

Sweep Type:  |Interpolating |
Frequency Setup
Type: |LinearStep =l
Start 0.1 |GHz =]
Stop 20 |GHz =]
Step Size 0.1 |GHz =]

Time Domain Calculation...

Figure 3. Edit Frequency Sweep
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3 Click the Interpolation tab and edit the fields as in Figure
4 and click OK.

Edit Frequency Sweep

General  Interpolation l Defaults ]

Max Solutions: 250
Ermrar Tolerance: 03 i

Figure 4. Interpolation

Model Validation

Before running the simulation your model must pass the Vali-
dation Check.

To validate the model:

1 Click HFSS>Validation Check

& Design Settings

& HFssDesign? o 3D Modd

¥ Boundaries and Excitations
o Mesh Operations

o Analysiz Setup

o Oplimetrics

o Radiation

Yalidation Check completed.

Cloze

Figure 5. Validation Check

2 Verify whether your dialog box is the same as Figure 5.
3 Click Close.

Note: For this project, ignore warnings as no action is
required.
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Analyze the Model

To start the solution process:
1 Click HFSS>Analyze All

Note Change the design name to No_Solve_Inside(Driven
Terminal) and then, save the project si_spiral_inductor.

Review Solution Data

To view the Solution Data:
1 Click HFSS>Results>Solution Data

2 Click Profile, Convergence, Matrix Data etc to see those
panels and the results they contain.

Review the Profile Panel

The Profile window lets you view a synopsis of the simulation

results ranging from mesh creation and refinement to infor-
mation about the different adaptive passes, the matrix

assembly and solve along with extraction of electromagnetic

field and SYZ parameter data. The more highly refined the
mesh, i.e. higher the number of tetrahedra, more accurate is
HFSS’ solution of the design generating optimum results.
However, there is a trade-off in the number of tetrahedra
used and the computational resources required. Higher the
number of tetrahedra the more accurate the solutions. Keep
in mind that increased accuracy requires more computational
resources and more time.
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t zzh Refinement

tesh [lambda based] | 00:00:00 00:00:00 329M
M eszh Refinement

kdesh [wolume. seed] 00:00:00 00:00:00 342 M
tesh Refinernment

Simulation S etup 0o:a0:00 o0 o0:00 288 M
Fort Adaptation 0o:a0:00 o0 o0:00 40,32 M
i ezh [port bazsed] oo:o0:01 oo0: o0:01 336 M
Adaptive Pass 1

Simulation Setup 00:00:00 00:00:00 208 M
kA atriz Aszembly 00:00:00 00:00:00 441 M
Solver MCS1 00:00:00 00: 00:00 F1F M
Field Recovery 00:00:00 00:00:00 T1.7 M
Adaptive Pazs 2

Messh [wolume, adapti... 00:00:00 o0 o0:00 35 M
Simulation 5 etup 0o:a0:00 o0 o0:00 303 M
b atriz A szembly oo:oo:01 o0:00:01 B35 MM
Salver MCS1 00:00:02 o0: 0002 158 M
Field Recowvery 00:00:00 00:00:00 158 M
Adaptive Pass 3

kdesh [wolume, adapti...| 00:00:00 00:00:00 366 M
Simulation Setup 0o:a0:00 o0 o0:00 322 M
b atriz Azzembly oo o001 o0 oo:01 205 b

Lambda Based

2919 tetrahedra

FMarual Seed Bazed

4441 tetrahedra

Lergth1

Fort Adapt

Drizle = O KEytes

Dzl = 2 KEytes, 4310 tetrahedra
4530 tetrahedra

Frequency: 12 GHz

Dizk = 0 KBytes

Dizk = 67 KButes, 4392 tetrahedra . 1: 16 triangles . 2: 16 trial
Diizk = 0 KEytes. matrix zize 15586 | matrix bandwidth 251
Dizk = 4812 KBytes. 2 excitations | Awerage Order 0. 207878

Frequency: 12 GH=z

5849 tetrahedra

Drizle = O KEytes

Disk = 0 KBytes, 5706 tetrahedra . 1: 1E triangles . 2: 16 tnan:
Disk = 0 KBytes, matnx size 37461 . matrix bandwidth 23.B
Disk = 1574 KBytes. 2 excitations . Average Order 0.50617 34

Frequency: 12 GH=

7564 tetrahedra

Diizk = O KEytes

Dizk = 0 KBytes, 7417 tetrahedra . 1: 16 triangles . 2: 16 triarn

Figure 6. Profile

Review the Convergence Panel

To view the Convergence data click the Convergence tab.

Note: The default view is for convergence is Table. Select the
Plot radio button to view a graphical representations of the

convergence data.

Profile Convergence | Matrix Data | Mesh Statistics |

Mumber of Fasses 7
Completed 7
b axirninn 20
Firirnurm E 6
Max Mag. Delta 5
Target 0.02
Current  0.01 2786 =5
=
View: ¢ Table = Plot E
=
#: [Max Mag. Delta S 1 %4_
o
g |F'ass Murmber j
COMYERGED
Consecutive Passes 3
Target 2
Current 2
2
0.00

0.25 0.38 0.50 0.63 075 0.8¢
Max Mag. Delta S

Figure 7. Convergence dialog box
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Review the Matrix Data Panel

To view matrices computed for the S-parameters, imped-
ances, and propagation constants during each adaptive, non-
adaptive, or sweep solution, click the Matrix Data tab.

v S Matriz [ |E|_1 [GHz] j Export Matrix Data. . |
L Matr!:-c = [ Digplap All Freqe.  Edit Fregs... | E quivalent Circuit Export... |
[ Z Matrix —
|Magnitude;"F’hase[degj Check Passivity |
|Termina| Diata j Fasszivity Tolerance: |.0007

Freqg | S:Sourcel_T1 S:Source? T1
Sourcel_T1 [ 0.024B606, 23] [ 0.97734, -0.9759]

[ source2 T1[0.97734, -0.975] (0.024598, 23

Figure 8. Matrix Data

Note: To view a real-time update of the Matrix Data, set
the Simulation to Setup1, Last Adaptive.

Review the Mesh Statistics Panel

As the title indicates this panel shows statistics of the mesh,
more specifically, it gives break-ups of the tetrahedra used to
solve the different components of the model and their size
and data.

Tatal number of mesh elements: 21372

Mum Tetz | bin edge length | Max edge length | RkS edge length bir tet val bdax tet wal
Air 2077 181675 244,229 90,3272 313429 G23282
Oxide 10635 2.50261 210.535 30,6254 0.0577002.. 93225
Pass 2383 T.E14E 155.069 38.9621 1.0351 1268.96
Ring 181 16.8003 210.545 37.70549 33125 1080
Spiral 2903 415068 21.081 10,6134 0.0872529... B8.6951
Sub 3133 8.92106 223.981 73.0084 52.2647 BE4268

Figure 9. Mesh Statistics

Generate Reports

The subsequent sections describe how to create different
reports, customize the equations for the Y axis and create
output variables.

Create S-parameter vs. Frequency Plot
1 Click HFSS>Results>Create Terminal Solution Data
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Report>Rectangular Plot
The Report dialog box appears.

Context Trace ] Families ] Families Display]
Solution: Setund @ Sw
jsetup: Sweep = Primary Sweep: |Freg RAEL
Domain: W
|5MED j X ¥ Default |F|'Eq
g i |dB(St[Snuru:E 1 T1,Sourcel T1)); dB(St{Sourcel_T1,5ource2_T1))
Category: Quanh’ty:l filter-text Func
Update Report Terminal 5 Parameter PRl St(Sourcel_T1,5ourcel_T1) [P =5
) Terminal ¥ Parameter R St(Sourcel T1,5ource2 T1
I Real time Tarminal 7 Baramatar SHErrra? T1 Srnrca1 T1Y AR1
Cutput Variables. .. | Dpﬁuns...‘ Mew Repurt| Apply Trace ‘ Add Trace ‘
Figure 10. Report dialog box
2 Edit the fields as shown in Figure 10.
3 Click New Report and Click Close.
0.00
-5.00
-10.00
-15.00 |
= ]
~20.00 ] Curve Info
] dB(SHSourcel T1. Sourcel T1))
] Setup1 : Sweep
a dBiSt(Sourcel T1.Source2 T111|
-25.00 i Setupi : Sweep
-30.00
-35.00 —————1——r
0.00 250 5.00 7.50 10.00 1250  15.00 1750 20
Freq [GHZz]

Figure 11. The XY Plot
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2 Click Output Variables.

Report>Rectangular Plot

Getting Started with HFSS:Silicon Spiral Inductor

Custom Equations - Output Variables

1 Click HFSS>Results>Create Terminal Solution Data

The New Report dialog box appears.

Mame

Expression

im(Yt{Source1_T1,Source1_T1))/re(ft(Sourcel_T1,So0urcel_T1))
im{Yt{Source2_T1,Sourcel_T1))/re(rt(Source2_T1,5ource2_T1))

Name:

IQll

Add Update

Expression: [im{Yt(Sourcel T1,Sourcel_T1))/re(Yt{Sourcel T1,5ourcel T1))

—Context

Report
Type:
Solution:

Domair:

ITerminaI Solution Data

ISEtL.IDl 1 Sweep

ISweep

TOR. Options ... |

Lo Led Lo

—Quantities
Category: ITerminaI ¥ Parameter
Quantity: Function:
im
Yt(Source1_T1,Source2 |In
Yt(Source2_T1,5ourcel |logld
Yt(Source2_T1,Source2 |mag
normalize
polar
re
rect
4 i p |8
P
Insert Into Expression

W~ U hW

Figure 12. Output Variables dialog box
Enter Q11 in the Name field.
Select Terminal Y Parameters from Category.
Select Yt(Source1_T1, Source1_T1) as Quantity.
Select im from the Function list.
Click Insert Quantity into Expression.

Type the forward slash(/).

Analyze Spiral Conductor 4-9
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Getting Started with HFSS:Silicon Spiral Inductor

Mame: |Q 11

Expression: [im{ft{Sourcel_T1,Sourcel _T1}}/

Figure 13. Expression

Note Notice the expression is in red ink because it is
incomplete. The slash causes HFSS to expect another
function. Red ink indicates inaccuracy or incompleteness.

9 Select Yt(Source1_T1, Source1_T1) in the Quantity field.

10 Select Function: re

11 Click Insert Quantity into Expression.

12 Click Add.
The output variable Q11 is added to the list.

13 Create Q22 with Yt(Source2_T1, Source2_T1) as quan-
tity.

14 Click Add.

[w Validate output variables for selected context

i MName ‘ Expression
11011 im{Yt(Sourcel_T1,Sourcel_T1))/re(Yt{Sourcel T1,Sourcel T1))
2|2z im(Yt{Source2_T1,5ourcel_T1))fre(Yt(Source?_T1,5ource? T1))
Mame: Add

Figure 14. Output Variables set

15 Click Done.

The Output Variables dialog box closes.
16 Edit the fields in the Report dialog box as in Figure 15.
17 Click New Reports and click Close.
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Context Trace ] Families ] Families Display]
Solution: : S
|5Et"”:'1 ¢ Sweep j Primary Sweep: |FFECl j |A”
Domain: |5weep ﬂ v ™ Default |F|'eq
R
v:  [bs@in; abs2d) Fanction...
Category: Quantity:| filter-text  Function:

Variables

Update Report

¥ Real ime

Qutput Variables... | Options... | Mew Report | | Close

Active 5 Parameh =

Figure 15. Report dialog box

auau

2.00
E Curve Info
T abs(211
b Setup1 : Sweep
T abs(Q22

6.00 — Setup1 : Sweep

T ]

4.00

2.00

0.00 N I A . ANl .
o.bo 280 5.bo 750 1000~ 1250 1s5bo0 1750 20

Freqg [GHz]
Figure 16. Y parameters versus Frequency

Use Output Variables for Next Report

To use Output Variables for another report:
1 Click HFSS>Results>Create Terminal Solution Data
Report>Rectangular Plot

2 In the New Report window, Trace Tab click the Output
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Getting Started with HFSS:Silicon Spiral Inductor

Variables button

3 In the Output Variables dialog box enter these values:
* Name: L1711

* Type -1/(2*pi*freq* in the Expression field.

* Select Terminal Y Parameters from Category.

* Select Yt(Sourcel1_T1, Source1_T1) from Quantity.
* Click im from the Function list.

Click Insert into Expression.

5 Type a bracket “)” key and click Add.

H

Mame: ||- 11 Add Update

Expression: |-1/(2*pi*freq®im{¥t(Source1_T1,Source 1 _T1)))

Context Quantities

Report |Termina| Solution Data ﬂ Category: |Term|na| ¥ Parameter

Type: Quantity: Function:

Solution: |5E1J_|p1 : Sweep j o
Yt{Sourcel_T1,5ource?_T1)  |ex

Domain: |5weep j Yt{Source2_T1,Sourcel_T1)
Yt{Source? T1,Source? T1)  |In

Figure 17. New Report dialog box

Output Variables
Iv Vvalidate output variables for selected context

K Mame | Expression
T{L11 -1/ (2*pi*freg®im(¥t{Source1_T1,Source 1_T1)))
2 1Q11 im{t(Source1_T1,5ource1_T1))fre(ft(Source1_T1,5ource1_T1]})
i |Q22 im{Yt(Source1_T1,Sourcel_T1))fre(ft(Source?_T1,Source?_T1))
Mame: | Add

Figure 18. Output Variables dialog box

6 Click Done to close the Output Variables dialog box.
7 Edit the fields in Report dialog box as shown in Figure 19.
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—Context

Solution:

Domain:

ISempl : Sweep

=}

ISweep

TDR Cptions ... |

=}

Getting Started with HFSS:Silicon Spiral Inductor

Trace | Families | Families Display |

Primary Sweep: IFreq LI I All
X: ¥ Default I Freq

i
¥ L1t I
Category: Quantity:| filter-text  Function:

Variables + Q11
i 22 abs
i acos
Terminal ¥ Param| = acosh
Terrmim=] T M-

A

Figure 19. Report dialog box
8 Click New Report and click Close.
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1.00E-006

Fuom om awrewm w -

8.00E-007 —
6.00E-007 —
3 4 00E-007 —
2.00E-007 —

0.00E+000 —

Curve Info

—_— 11
Setup1 : Sweep

-2 00E-007

—

250 500 750 1000 1250 1500 1750  20.0
Freq [GHz]

Figure 20. L11 versus Frequency

Simulate with Solve Inside Conductors

In this section, we will select simulate the design with Solve
Inside selected for the spiral. By default Solve Inside gets
unchecked for metals or highly conductive materials. In such
cases, the conductive material is represented by a boundary
condition that removes the need to solve inside the metal.
For most projects, we recommend that you use the default
settings for Solve Inside. When Solve Inside is selected it
includes tetrahedra inside a conductor for simulation which
may require a large mesh. Solve Inside can be useful for low
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Getting Started with HFSS:Silicon Spiral Inductor

frequency analysis of electrically small projects for enhanced
accuracy of sensitivity design parameters such as the Q factor.

1 In the Project Manager window select the design and copy
it.

Project Manager

=13 si_spiral_inductor*

E@ _ e Copy Ctrl+C

Figure 21.
2 Go the project folder and paste the design.

Project Manager

SREHlsi_spiral_inc

|E| Paste

Figure 22.
3 Rename the pasted design.

=& Solve Inside (DrivenTerminal)”
. &P Model
&' Boundaries
-8R Excitations
Figure 23.
4 Double-click spiral from the history tree and select Solve
Inside in the Attribute dialog box.
The Message Manager displays the following message:
Solving inside a solid with high conductivity may require a
large mesh.
Note For this project, ignore this message.
5 Right click the design and select Analyze All from the
short-cut menu.

Analyze Spiral Conductor 4-15

ANSYS Electromagnetics Suite 15.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with HFSS:Silicon Spiral Inductor

{8 Optimetrics
=1-[F] Resutts

than when Solve Inside was unchecked.

Murnber of Passes
Completed 9
Mawimum 20
Minimum 1

bax Mag, Delta S
Taget 001
Current  0.0064568

Wiew: T Table

{* Plat

--&' Boundaries
B9 Excitations

: Rename
(#-BB Mesh Operatior % Delet
- Analysis g ===e
B & Setupl Solution Type...

jﬂ Sweep List...

52 Validation Check...

Ctrl+C

F2
Delete

i Analyze Al

2B XY Plat 1 |
L L dBISHE T

Edit Motes...

Figure 24.
Results With Solve Inside

All the plots get updated real time as the simulation takes
place. For this design it may take more passes to converge

o |Ma:-: Mag. Delta &

Pass Number

Y |Pass Mumber

CONVERGED

Conzecutive Passes
Target 1
Current 1

L«

000 013

025 033 050

Max Mag. Delta 5

Figure 25. Convergence Plot

4-16 Analyze Spiral Conductor

ANSYS Electromagnetics Suite 15.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates.

0.62 0.75 0.38



Getting Started with HFSS:Silicon Spiral Inductor

XY Plot 1 Solve Inside
0.00

Curve Info
— dB(St{Source! T1.Sourcel T13)
Setupi : Sweep

— dB(Si(Sourcel T1 Source? T1i)
Setupi : Sweep

Y1

bo 250 500 750 1000 1250 1500 1750 20
Freq [GHZ]

Figure 26.
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XY Plot 2 Seolve Inside -
12.00
10.00 __ Curve Info
1 abs(@11)
b Setup1 : Sweep
i —— abs(@2?
8.00 ] Setup1 : Sweep
b 6.00 5
4.00 -
2.00
0.00 UL | T | L T T 1 T T 7 T T
0.00 250 5.00 7.50 10.00 1250 15.00 1750 201
Freq [GHZ]
Figure 27.
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XY Plot 3 Solve Inside

0.00E+000 J ﬁ—

2.00E-007

-2 D0E-0O7
: Curve Info
- 1 —_ L11
:-4.UUE—UU? 7 Setup1 : Sweep

-6.00E-007 4
-8.00E-007 -
1. 00E-006. |ttt et
000 250 500 750 1000 1250 1500 4750 20,
Freq [GHz]
Figure 28.

Analyze Spiral Conductor 4-19

ANSYS Electromagnetics Suite 15.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with HFSS:Silicon Spiral Inductor

4-20 Analyze Spiral Conductor

ANSYS Electromagnetics Suite 15.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates.



	Getting Started with HFSS™ : Silicon Spiral Inductor
	Contents
	Introduction
	Sample Project - Silicon Spiral Inductor

	Set Up The Project
	Launch HFSS
	Set Tool Options
	Insert HFSS design
	Set Model Units
	Set Solution Type


	Setup Si Spiral Inductor
	Create 3D Model for Dielectrics
	Create Substrate

	Create Oxide
	Create Passivation
	Create Air Body
	Assign Radiation Boundary
	Create Ground

	Assign Perfect E Boundary to the Ground
	Hide Dielectrics

	Create Spiral Inductor Geometry
	Create Offset Coordinate System
	Create Spiral Path
	Create Polyline Freehand
	Create Polyline From the Status Bar

	Assign Thickness to the Spiral

	Create Underpass
	Create Via1
	Create Via2
	Create Feed
	Unite Spiral Objects
	Seed Mesh Conductors
	Create Ground Ring
	Create Inner Ring
	Complete the Ring
	Create Extension 1
	Create Extension 2
	Create Source 1
	Create Source 2
	Group the Conductors
	Assign Excitation for Source1
	Assign Excitation for Source2
	Show All
	Boundary Display (Optional)


	Analyze Spiral Conductor
	Create Analysis Setup
	Add a Frequency Sweep

	Model Validation
	Analyze the Model
	Review Solution Data
	Review the Profile Panel
	Review the Convergence Panel
	Review the Matrix Data Panel
	Review the Mesh Statistics Panel

	Generate Reports
	Create S-parameter vs. Frequency Plot

	Custom Equations – Output Variables
	Use Output Variables for Next Report
	Simulate with Solve Inside Conductors
	Results With Solve Inside



