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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor ———

* The Silicon Spiral Inductor

— This example is intended to show you how to create, simulate, and analyze a 2.5 turn spiral inductor using the Ansoft
HFSS Design Environment.

Nominal Design:
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=11.9,6=10S/m

Passivation
| I M6
Oxide —— M5
Substrate
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

« Ansoft HFSS Design Environment
— The following features of the Ansoft HFSS Design Environment are used to create this passive device model
» 3D Solid Modeling
— Primitives: Box, Rectangles, Cylinders
— Boolean Operations: Subtract, Unite, Duplicate
* Boundary
— Boundary Conditions: Perfect H/Natural
+ Excitations
— Ports: Lumped Gap Source Port
* Analysis
— Sweep: Fast Frequency
* Results
— Cartesian plotting
* Fields
— Fast Frequency Sweep/Field Plots
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor
* Getting Started

Training Manual

* Launching Ansoft HFSS

— To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select the Ansoft, HFSS 12 program
group. Click HFSS 12.

« Setting Tool Options
— To set the tool options:
* Note: In order to follow the steps outlined in this example, verify that the following tool options are set :
+ Select the menu item Tools > Options > HFSS Options
* HFSS Options Window:
— Click the General tab
» Use Wizards for data entry when creating new boundaries: ¥ Checked
* Duplicate boundaries/mesh operations with geometry: ¥ Checked
 Auto-assign terminals on ports:: ¥ Checked
— Click the OK button
+ Select the menu item Tools > Options > Modeler Options.
* Modeler Options Window:
— Click the Operation tab
« Automatically cover closed polylines: M Checked
— Click the Drawing tab
* Operation Data Entry Mode: Point
* Show Measure Dialog : O Unchecked
+ Edit property of new primitives: ¥ Checked
— Click the OK button
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An Introduction to HFSS
Example =Silicon Spiral Indu

ctor

NANSYS

Training Manual

* Opening a New Project

— To open anew project:

* Inan Ansoft HFSS window, click the [ On the Standard toolbar, or select the menu item File > New.
« From the Project menu, select Insert HFSS Design.

| Praject Manager - x|
= [ Projectl ]
= @ HF550eszign] [Driventd odal]
£ Model

EF Boundaries

g Excitations

EF Mesh Operations
JF Analyziz
Optimetrics
Results

[T Part Field Display
rﬂ Field Overlays

'7;:' R adiation M

Project I

« Set Solution Type
— To set the solution type:
» Select the menu item HFSS > Solution Type
* Solution Type Window:
— Choose Driven Terminal
— Click the OK button

ANSYS, Inc. Proprietary

Solution Type

(" Driven bodal
(@ Driven Terminal

(" Eigenmode

o]
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor e
« Creating the 3D Model

x|
¢ Set Model Units

i Select units: L -
— To set the units:
* Select the menu item 3D Modeler > Units B Froscelz o s il

+ Set Model Units: | oK | Cancel |

— Select Units: um
— Click the OK button

H & ||vacuum L|||Model ﬂ

* Set Default Material wacLUm
—  To set the default material: zelech.
+ Using the 3D Modeler Materials toolbar, choose Select =
+ Select Definition Window: feztens
- CliCk the Add Material button i Properties of the Material — Wiew/E dit M aterial for
. . . . . MName |T51pe| Value | Uitz | | % Active Design
— View/Edit Material Window: Relsbve Poritnty S 119 P
. Relative Permeabilty — Simple 1 15 P
° For the Materlal Name type: My_sub Bulk, Conductivity Simple 10 siemens/m Al Products

Dielectric Loss Tangent Simple 0

Magnetic Loss Tangent Simple 0

* For the Value of Relative Permittivity type: 11.9

* For the Value of Bulk Conductivity type: 10

* Click the OK button e =
— Click the OK button e

~ Wiew/E dit W odifier for
I™ Thermal Modifier

Magnetic Saturation  Simple 0 tesla

Lande G Factor Simple 2

DeltaH Simple 0 &_per_meter

- Measured Frequency Simple 9.4e+009 Hz

Set Frequency Dependency ... Calculate Properties for. |~
Reset | 0K I Cancel |
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor

* Create Substrate
— To create the substrate:
+ Select the menu item Draw > Box
« Using the coordinate entry fields, enter the box position
— X:-270.0, Y: -270.0, Z: 0.0, Press the Enter key
« Using the coordinate entry fields, enter the opposite corner of the box:
— dX: 540.0, dY: 540.0, dZ: 300.0, Press the Enter key
— To set the name:
« Select the Attribute tab from the Properties window.
* For the Value of Name type: Sub
* Click the OK button
— To fit the view:

Training Manual

Delta H Simple 0 A_per_meter

- Measured Frequency Simple 9.42+009 Hz

+ Select the menu item View > Fit All > Active View.
e
1~ Praperties of the Material  Yiew/Edit Material far
* Set Default Material e e s
. I Relative Permeability Simple 1 WD FEEYE]
— To set the default material: T P e ¢ o
. . || Dielectric Lozs Tangent Simple 0
* Using the 3D Modeler Materials toolbar, choose Select [t Low T Sirlod | RV
« Select Definition Window: e sraaorpe e

— Click the Add Material button
— View/Edit Material Window:
* For the Material Name type: My_Oxide
* For the Value of Relative Permittivity type: 4.0
* Click the OK button e
— Click the OK button et [0k ] cance

tdass Density Simple 0 kg/m™3

Y alidate Material

Set Frequency Dependency
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor

« Create Oxide
— To create substrate:
» Select the menu item Draw > Box
+ Using the coordinate entry fields, enter the box position
— X:-270.0, Y: -270.0, Z: 300.0, Press the Enter key\
« Using the coordinate entry fields, enter the opposite corner of the box:
— dX: 540.0, dY: 540.0, dZ: 9.8, Press the Enter key
— To set the name:
« Select the Attribute tab from the Properties window.
* For the Value of Name type: Oxide
* Click the OK button
— To fit the view:

Training Manual

* Select the menu item View > Fit All > Active View e o
IMyﬁF’ass
or press the CTRL+D key _ _ _ _
i~ Properties of the Material —Wiew/Edit M aterial for
1< Active Design
M y Simple 1 ® Wbt
® Set Defau It M aterl a-I Bulk Conductivity Simple o siemens/m Al Products
. Dielectric Lazs Tangent  Simple o
— To set the default material: Magnetc Lo Tangenl Siple 0 o Mo
. . agnetic 5 aturation Simple o tesla .
+ Using the 3D Modeler Materials toolbar, choose Select N o { Thema st
elta imple \_per_meter
° Select Deﬁnition WindOW: —MMea;uraliFlequency Simple  |9.4e+008  Hz :
a3z Density Simple o kadm™3
. . Walidate Material
— Click the Add Material button ke |
— View/Edit Material Window:
* For the Material Name type: My _Pass

* For the Value of Relative Permittivity type: 7.9
* Click the OK button
— Click the OK button
ANSYS, Inc. Proprietary January 20, 2010
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

» Create Passivation
— To create substrate:
+ Select the menu item Draw > Box
+ Using the coordinate entry fields, enter the box position
— X:-270.0, Y: -270.0, Z: 309.8, Press the Enter key
« Using the coordinate entry fields, enter the opposite corner of the box:
— dX: 540.0, dY: 540.0, dZ: 0.7, Press the Enter key
— To set the name:
« Select the Attribute tab from the Properties window.
* For the Value of Name type: Pass
* Click the OK button
— To fit the view:
+ Select the menu item View > Fit All > Active View
or press the CTRL+D key

* Set Default Material

— To set the default material: | lvaciom = |[Model -
1. Using the 3D Modeler Materials toolbar, choose vacuum vacLILIm
— 5elect.., [—
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

« Create Air
— To create air box:
» Select the menu item Draw > Box
» Using the coordinate entry fields, enter the box position
— X:-270.0, Y: -270.0, Z: 0.0, Press the Enter key
+ Using the coordinate entry fields, enter the opposite corner of the box:
— dX: 540.0, dY: 540.0, dZ: 600.0, Press the Enter key
— To set the name:
» Select the Attribute tab from the Properties window.
* For the Value of Name type: Air
+ Click the OK button

— To fit the view: x|
+ Select the menu item View > Fit All > Active View e
Oride
. . Pass
« Create Radiation Boundary b

— To select the object Air:
* Select the menu item Edit > Select > By Name

* Select Object Dialog, | _ | %
— Select the objects named: Air [ ok | Cancel | o ——
— Click the OK button S
— To create aradiation boundary £~ InidotFekd

" Enforced Field

* Select the menu item HFSS > Boundaries > Assign > Radiation
+ Radiation Boundary Window

™ Fieference for F55

I¥ | Include fr near/far field ealculation

— Name: R ad 1 R e en s benam e
— Select: Radiating Only
— Click the OK button _ Cancd |
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

* Create Ground
— To create ground:
+ Select the menu item Draw > Rectangle
« Using the coordinate entry fields, enter the box position
— X:-270.0, Y: -270.0, Z: 0.0, Press the Enter key
« Using the coordinate entry fields, enter the opposite corner of the base rectangle:
— dX: 540.0, dY: 540.0, dZ: 0.0, Press the Enter key
— To set the name:
« Select the Attribute tab from the Properties window.
* For the Value of Name type: Ground
* Click the OK button
— To fit the view:
« Select the menu item View > Fit All > Active View.
or press the CTRL+D key
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

« Assign a Perfect E boundary to the Ground
— To select the ground:

« Select the menu item Edit > Select > By Name x|
+ Select Object Dialog, M ame:
— Select the objects named: Ground i
— Click the OK button DOxide
Fazs
Sub

— To assign the Perfect E boundary
+ Select the menu item HFSS > Boundaries > Assign > Perfect E
« Perfect E Boundary window
— Name: PerfE_Ground I —'I
— Infinite Ground Plane: OO0 Unchecked oK I Cancel |
— Click the OK button

» Hide Dielectrics
— To hide the dielectrics:
+ Select the menu item Edit > Select All Visible
« Select the menu item View > Hide Selection > All Views
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

» Set Default Material & View/ Edit Materia
— To set the default material: ,“;;M—'F
+ Using the 3D Modeler Materials toolbar, choose Select A i E it Matetia for
» Select Definition Window: Helanveg::;mw I;;n;el1\fa'ue [[unte [ | :Acfweoesign
~ Click the Add Material button T T - e

— View/Edit Material Window: Dielestic Loss Tangent Simple, D

M agnetic Lozs Tangent Simple| 0 —iew/E dit Modifier for

* For the Material Name type: M){_Met HapioSiusin _[Sho) e b i
° For the Value Of BUlk COﬂdUCthlty type. 2.867 Delta H Simple 0 A_per_meter

- Measured Frequency | Simple 9.4e+003 Hz

* Click the OK button

Mazss Density Simple 0 katm™3

~ Click the OK button S
» Create Offset Coordinate System
— To create an offset Coordinate System:
+ Select the menu item Modeler > Coordinate System > Create > EhcEete. | Fiiiabn |
Relative CS > Offset Resst [ ok | cared |

» Using the coordinate entry fields, enter the origin
— X:0.0, Y: 0.0, Z: 304.8, Press the Enter key
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An Introduction to HFSS
Example — Silicon Spiral Inductor

NANSYS

Training Manual

* Create Spiral Path
— To create the path:

Select the menu item Draw > Line
Using the coordinate entry fields, enter the vertex point:
— X:-67.5,Y:7.5, Z: 1.0 Press the Enter key
Using the coordinate entry fields, enter the vertex point:
— X:-67.5,Y:-67.5, Z: 1.0 Press the Enter key
Using the coordinate entry fields, enter the vertex point:
— X:84.0,Y:-67.5,Z: 1.0 Press the Enter key
Using the coordinate entry fields, enter the vertex point:
— X:84.0,Y:84.0, Z: 1.0 Press the Enter key
Using the coordinate entry fields, enter the vertex point:
— X:-84.0,Y:84.0, Z: 1.0 Press the Enter key
Using the coordinate entry fields, enter the vertex point:
— X:-84.0,Y:-84.0,Z: 1.0, Press the Enter key
Using the coordinate entry fields, enter the vertex point:
— X:100.5,Y:-84.0,Z: 1.0, Press the Enter key
Using the coordinate entry fields, enter the vertex point:
— X:100.5,Y:100.5, Z: 1.0, Press the Enter key
Using the coordinate entry fields, enter the vertex point:
— X:-100.5,Y:100.5, Z: 1.0, Press the Enter key
Using the coordinate entry fields, enter the vertex point:
— X:-100.5,Y:-100.5, Z: 1.0, Press the Enter key
Using the coordinate entry fields, enter the vertex point:
— X:117.0,Y:-100.5, Z: 1.0, Press the Enter key
Using the coordinate entry fields, enter the vertex point:
— X:117.0, Y: 0.0, Z: 1.0, Press the Enter key
Using the coordinate entry fields, enter the vertex point:
— X:131.0,Y:0.0,Z:1.0, Pressthe Enter key
Using the mouse, right-click and select Done

ANSYS, Inc. Proprietary
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Select the Attribute tab from the Properties window.
For the Value of Name type: Spiral
Click the OK button when the Properties dialog appears
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

» Create Spiral Path

|_:_|*\+ Lines

E|“\+ Spiral
- To assign trace width and thickness B
— In Modeler Tree expand trace and click on Create Polyline ", Createline
— In Properties window change Type to Rectangle .. "~ Createline
—Width: 15um e " Createline
' . N R " Createline
— Helght S2um ", Createline

----- ~ Createline
----- =~ Createline
----- ~ Createline
----- =~ Createline
----- ~ Createline

----- -~ Createline

|Properties - x|

Name | Value | Uit | Evaluated v
Command | CreatePolydine
Coondinate...| RelativeC51

Number of .. 13 None
Mumber of .. |12 Line
~Cross Se... Cirde
Type Rectangle Rectangle
Crientation | Auto
Width/Dia... |15 um 15um

. . Height 2 um 2um

® TO flt the VIeW Benng‘_.'pe Comer
Select the menu item View > Fit All > Active View.

Or press the CTRL+D key «| il

Command I
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

- Set Grid Plane
— To set the grid plane:
+ Select the menu item 3D Modeler > Grid Plane > XY Xy =

« Create Underpass
— To create underpass:
» Select the menu item Draw > Box
+ Using the coordinate entry fields, enter the box position
— X:-60.0, Y: 7.5, Z: -0.8, Press the Enter key
« Using the coordinate entry fields, enter the opposite corner of the box:
— dX:-75.0, dY: -15.0, dZ: -0.5, Press the Enter key
— To set the name:
+ Select the Attribute tab from the Properties window.
* For the Value of Name type: Underpass
* Click the OK button
— To fit the view:
+ Select the menu item View > Fit All > Active View.
Or press the CTRL+D key
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

« Create Vial
— To create via:
» Select the menu item Draw > Box
» Using the coordinate entry fields, enter the box position
— X:-60.0, Y: 7.5, Z: 0.0, Press the Enter key
+ Using the coordinate entry fields, enter the opposite corner of the box: .
— dX:-15.0, dY: -15.0, dZ: -0.8, Press the Enter key
— To set the name:
» Select the Attribute tab from the Properties window.
* For the Value of Name type: Vial i-
+ Click the OK button

* Create Via2
— To create via:
+ Select the menu item Draw > Box
* Using the coordinate entry fields, enter the box position
— X:-120.0, Y: 7.5, Z: 0.0, Press the Enter key
* Using the coordinate entry fields, enter the opposite corner of the box:
— dX:-15.0, dY: -15.0, dZ: -0.8, Press the Enter key
— To set the name:
» Select the Attribute tab from the Properties window. J
* For the Value of Name type: Via2
* Click the OK button
— To fit the view:
* Select the menu item View > Fit All > Active View.
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

* Create Feed
— To create feed:
» Select the menu item Draw > Box
+ Using the coordinate entry fields, enter the box position
— X:-120.0, Y: 7.5, Z: 0.0, Press the Enter key .
« Using the coordinate entry fields, enter the opposite corner of the box:
— dX: -22.0, dY: -15.0, dZ: 2.0, Press the Enter key
— To set the name:
« Select the Attribute tab from the Properties window.
* For the Value of Name type: Feed i
* Click the OK button
— To fit the view:
* Select the menu item View > Fit All > Active View.
Or press the CTRL+D key
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor ———

* Unite Objects

— To select spiral objects
* In the model tree, highlight: Spiral, and Vial, Via2, Feed and Underpass

* Select the menu item Modeler > Boolean > Unite
E-£7 Solids

B

* To fit the view:

Select the menu item View > Fit All > Active View.
Or press the CTRL+D key
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor

* Solve Inside Conductors

Training Manual

|Properties x|
— TO Solve |ns|de: Mame | Value | Lnit IE\raIuated\c’aIuel |
MName
+ Select the menu item Edit > Select by Name Materl “My_Met “My_Met”
- Select Object Dialog, T !
. H oded |7
— Select: Spiral S
« Select the menu item Edit > Properties Coler -
Transparent |
* Properties Dialog Attribute Tab
— Solve Inside: ¥ Checked
— Click the OK button

Atribute | Command |

— Click the OK button for all warning messages (Solving inside a solid with high conductivity may require a large mesh)

 Seed Mesh Conductors set for Solve Inside

L S
— To solve inside:

» Select the menu item Edit > Select All Visible Neme: [lengh! " ¥ Enable
» Select the menu item HFSS > Mesh Operations > [ Lengih of Element
Assign > Inside Selection > Length Based :;:nghff;mmtt :
* Element Length Based Refinement Dialog [7e o <]
— Name: Lengthl —Murnber of Element
— Restrict Length of Elements: OO0 Unchecked Restict the Number of Elements [
— Restrict Number of Elements: M Checked Masimum Number of Elements:

Maximum Number of Elements: 5000 Bl

Click the OK button

(0]:4 I Cancel
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor

- Set Default Material 4
—  To set the default material: Moo | e |

+ Using the 3D Modeler Materials toolbar, choose Select = Fm‘"“e"ai e e —
« Select Definition Window:
— Type pec in the Search by Name field
— Click the OK button

Training Manual

Palyfion Culon gm) SysLibrary Materiaks 21

]
]
Palyfion Copper-Ciad ULTEM gm) SysLibrary Materiaks 205 ]
]
Palyfion Palyguide m) SysLibrary Materiaks 232 ]

* Create Ground Ring e Per| e ] e
— To create outer ring: Lo com | o |
» Select the menu item Draw > Box
+ Using the coordinate entry fields, enter the box position
— X:-225.0, Y: -225.0, Z: 0.0, Press the Enter key
+ Using the coordinate entry fields, enter the opposite corner of the box: j

— dX: 450.0, dY: 450.0, dZ: 2.0, Press the Enter key
— To set the name:
+ Select the Attribute tab from the Properties window.
* For the Value of Name type: Ring
* Click the OK button
— To fit the view:
+ Select the menu item View > Fit All > Active View
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor

« Create Inner Ring
— To create inner ring:
+ Select the menu item Draw > Box
« Using the coordinate entry fields, enter the box position J
— X:-210.0, Y: -210.0, Z: 0.0, Press the Enter key
+ Using the coordinate entry fields, enter the opposite corner of the box:
— dX: 420.0, dY: 420.0, dZ: 2.0, Press the Enter key
— To set the name:
« Select the Attribute tab from the Properties window.
« For the Value of Name type: Inner —
+ Click the OK button
— To fit the view:
+ Select the menu item View > Fit All > Active View

Training Manual

« Complete the Ring
— To select the objects Ring and Inner:
+ Select the menu item Edit > Select > By Name
- Select Object Dialog, —
— Select the objects named: Ring, Inner
— Click the OK button
— To complete the ring:
+ Select the menu item Modeler > Boolean > Subtract
+ Subtract Window ]
— Blank Parts: Ring
— Tool Parts: Inner

— Click the OK button
ANSYS, Inc. Proprietary January 20, 2010
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor

» Create Extension 1
— To create extension:
+ Select the menu item Draw > Box
+ Using the coordinate entry fields, enter the box position
— X:-157.0,Y: 7.5, Z: 0.0, Press the Enter key
» Using the coordinate entry fields, enter the opposite corner of the box:
— dX:-53.0,dY: -15.0, dZ: 2.0, Press the Enter key
— To set the name:
« Select the Attribute tab from the Properties window.
* For the Value of Name type: Ring_Ext1 SR
* Click the OK button

Training Manual

» Create Extension 2
— To create extension:
» Select the menu item Draw > Box
+ Using the coordinate entry fields, enter the box position
— X:146.0,Y: 7.5, Z: 0.0, Press the Enter key
« Using the coordinate entry fields, enter the opposite corner of the box:
— dX: 64.0,dY: -15.0, dZ: 2.0, Press the Enter key
— To set the name:
+ Select the Attribute tab from the Properties window.
* For the Value of Name type: Ring_Ext2 ]
* Click the OK button I
— To fit the view:

* Select the menu item View > Fit All > Active View
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

* Create Source 1
— To create source:
+ Select the menu item Draw > Rectangle
« Using the coordinate entry fields, enter the box position
— X:-142.0,Y: 7.5, Z: 1.0, Press the Enter key
« Using the coordinate entry fields, enter the opposite corner of the base rectangle:
— dX:-15.0, dY: -15.0, dZ: 0.0, Press the Enter key
— To set the name:
« Select the Attribute tab from the Properties window.
« For the Value of Name type: Sourcel
* Click the OK button
— To fit the view: I
« Select the menu item View > Fit All > Active View.

I

* Create Source 2
— To create source:
+ Select the menu item Draw > Rectangle
« Using the coordinate entry fields, enter the box position
— X:131.0,Y:7.5, Z: 1.0, Press the Enter key
« Using the coordinate entry fields, enter the opposite corner of the base rectangle:
— dX: 15.0, dY: -15.0, dZ: 0.0, Press the Enter key I
— To set the name:
« Select the Attribute tab from the Properties window.

* For the Value of Name type: Source2
* Click the OK button

— To fit the view:
* Select the menu item View > Fit All > Active View.
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

* Group the Conductors
— To group the conductors:
+ Select the menu item Edit > Select > By Name
+ Select Object Dialog,
— Select the objects named: Ring, Ring_Ext1, Ring_Ext2
— Click the OK button
+ Select the menu item, Modeler > Boolean > Unite
— To fit the view:
« Select the menu item View > Fit All > Active View.

[N Reference Conductors for Terminz 5[

Part Mame: I'I

« Assign Excitation
— To select the object Source:
+ Select the menu item Edit > Select > By Name
+ Select Object Dialog,
— Select the objects named: Sourcel
— Click the OK button

— Terminal Haming

% |lze conductor name

' Use port object name

MOTE: Multiple reference conductars touching a

* Note: You can also select the object from the Model Tree port must all be connected in the plane of the port,
— To assign lumped port excitation
- Select the menu item HFSS > Excitations > Assign > Lumped Port _ Eaeleier s s Fleference
« Lumped Port : General Ring_Ext1 f :
. Spiral [~
— Port Name: 1,

— Conductor: Ring _Ext1
— Use as Reference: ¥ Checked
+ Highlight Selected conductors: ¥ Checked

e Click OK 1] I Cancel

ANSYS, Inc. Proprietary January 20, 2010
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor G AR
+ Assign Excitation X
— To select the object Source:
« Select the menu item Edit > Select > By Name PatMame: |2
+ Select Object Dialog, ~ Teminal Naming
— Select the objects named: Sourcel " Use conductor name
— Click the OK button " Use port object name
* Note: You can also select the object from the Model Tree
— To assign lumped port excitation MOTE: Multiple reference conductars touching &
. L . port must all be connected in the plane of the part.
« Select the menu item HFSS > Excitations > Assign > Lumped Port
* Lumped Port : General Conductar | Usze a3 Reference
— Port Name: 2, Ring_Ext1 [v
— Conductor: Ring _Ext1 | |spia -

— Use as Reference: M Checked

+ Highlight Selected conductors: ¥ Checked
* Click OK [v Highlight selected conductars

Ok I Cancel

* Show All
— To show all object
» Select the menu item View > Show All > All Views

ANSYS, Inc. Proprietary January 20, 2010
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

. Assign Excitation x

— To select the object Source:
+ Select the menu item Edit > Select > By Name
+ Select Object Dialog,
— Select the objects named: Sourcel

Part Mame: I1

— Termninal Maming

' Use conductor name

— Click the OK button " Use port ohject name
* Note: You can also select the object from the Model Tree : :
~ To assign lumped port excitation Dot st ol o6 cormaesad o e sl of e oot
+ Select the menu item HFSS > Excitations > Assign > Lumped Port
o Lumped Port : General Conductar | Use az Reference
— Port Name: 1,
— Conductor: Ring _Ext1 Rl Exd
» Use as Reference: M Checked
 Highlight Selected conductors: M Checked ¥ Highlight selected conductors
* Click OK

k. I Cancel

ANSYS, Inc. Proprietary January 20, 2010
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor e
* Assign Excitation x|
— To select the object Source:
+ Select the menu item Edit > Select > By Name Paort Name: |2
+ Select Object Dialog, ~ Terminal Maming
— Select the objects named: Sourcel ' Use conductor name
— Click the OK button e e e
* Note: You can also select the object from the Model Tree
— To assign lumped port excitation NOTE: Multiple reference conductors touching a
- Select the menu item HFSS > Excitations > Assign > Lumped Port st e S eemeetss ot oo ey i pert

¢ Lumped Port : General Conductor |lze az Reference
— Port Name: 2, Ring_Ext2
— Conductor: Ring _Ext2
» Use as Reference: M Checked
+ Highlight Selected conductors: ¥ Checked
* Click OK

[+ Highlight selected conductars

Cancel |

* Show All
— To show all object
» Select the menu item View > Show All > All Views

ANSYS, Inc. Proprietary January 20, 2010
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor

* Boundary Display
— To verify the boundary setup:
« Select the menu item HFSS > Boundary Display (Solver View)
« From the Solver View of Boundaries, toggle the Visibility check box for the boundaries you wish to display.
— Note: The background (Perfect Conductor) is displayed as the outer boundary.
— Note: The Perfect Conductors are displayed as the smetal boundary.

— Note: Select the menu item, View > Visibility to hide all of the geometry objects. This makes it easier to
see the boundary

+ Click the Close button when you are finished

Training Manual

Solver View of Boundaries

Name |  Twpe | S alver Visibility | visibilty | Color |
Fadl Uszer Defined  Wisible to solver. I |
PerfE_Ground Uszer Defined  Wisible to solver. |_ ]
1 Uszer Defined  Wisible to solver. [~ /=
2 Uszer Defined  Wisible to solver. [~
outer Drefault Overridden by ather boundaries.. [ [l
rnetal Default Yizible to zalver. [~ e

Cloze |
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor

Training Manual

_ x
° An a.I yS I S Set u p General |ODt\ons | Advanced | Expression Cachel Denvatwesl Defaults |

Setup Name:

¥ Enabled I Solve Ports Only

« Creating an Analysis Setup Souton Feency [ [o =]
— To create an analysis setup: | Adeive Siers
- Select the menu item HFSS > Analysis Setup > Add Solution Setup T

¥ Maximum Delta 0.02
* Solution Setup Window: : :se Mmuzn;m Sot HogitudearPhose._|
— Click the General tab:
« Solution Frequency: 12.0GHz [anea: |
* Maximum Number of Passes: 20
* Maximum Delta S: 0.02
— Click the Options tab:
* Do Lambda Refinement: M Checked i_ll
* Lambda Target: 0.05 General - Optons | Advancad | Expression Cachs | Dvaives | Defaut |
« Maximum Refinement per pass: 30% e e et
* Minimum Number of Passes: 6 bt % et e
* Minimum Number of Converged Passes: 2  Adapie Optins
, , Vamum Refnamert PorPase. [0 %
* Order of Basis Function: Zero Order T [
— Click the OK button :l”;:t:; l'z:

r— Solution Options

Order of Basis Functions: Zero Order =

I Enatile lterative Solver

Felative Residual: 0.0001

I~ Enable Use of Solver Domains

Use Defaults |

ANSYS, Inc. Proprietary January 20, 2010
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

* Analysis Setup

- Adding a Frequency Sweep
— To add a frequency sweep:

» Select the menu item HFSS > Analysis Setup > Add Sweep x|
— Select Solution Setup: Setupl Sweep Name:  [Swezp W Ensbled
— Click the OK button SweepType:  [miemolatng =
+ Edit Sweep Window: [ Freauency Setup [Enl e
— Sweep Type: Interpolating T [lreasen 7]
— Frequency Setup Type: Linear Step et for ek | o |
- Start: 0.1GHz - Ili:E
« Stop: 20.0GHz
» Step: 0.1GHz

— Interpolating Sweep Options
* Max Solutions: 50
r— Interpolating Sweep Options DT Estrapolation Option:

 Error Tolerance: 0.1% . I Estiapolae to DC
I ax Solutions:
Iimimum Solved Frequency ID.‘I GHz i

Time Damain Calculation... |

E—
Error Tolerance: ID‘I— 4
— Click the OK button

Advanced Optiong... |

oK I Cancel Set Defaults Usze Defaults

ANSYS, Inc. Proprietary January 20, 2010
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Example — Silicon Spiral Inductor NANSYS

Training Manual

« Save Project
— To save the project:
* |In an Ansoft HFSS window, select the menu item File > Save As.

* From the Save As window, type the Filename: hfss_spiral_inductor
* Click the Save button

* Analyze

 Model Validation
— To validate the model:

* Select the menu item HFSS > Validation Check
* Click the Close button

— Note: To view any errors or warning messages, use the Message Manager.

* Analyze
— To start the solution process:
« Select the menu item HFSS > Analyze All

w12 _zpiral - HFSSDeszign - Setupl: Solving Adaphive Paz: #2 on Local M achine - RUNMIMG
| m

Solving matriz part 1 of 2

Prograss «

ANSYS, Inc. Proprietary
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

« Solution Data
— To view the Solution Data:
+ Select the menu item HFSS > Results > Solution Data
— To view the Profile:
* Click the Profile Tab.
— To view the Convergence:
* 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.

— To view the Matrix Data:
* Click the Matrix Data Tab
* Note: To view a real-time update of the Matrix Data, set the Simulation to Setupl, Last Adaptive
* Click the Close button

=1l ol
Simulation: Setupl B Simulation: Setupl |
Design Varation: | | |7 Design Varations | ||
"Profie  Convergence | Matrx Dta | Mesh Statisics | Profils  Convergence | Matrx Data | Mesh Statitics |
- Humber of Fasses - . seasie Mumber of Passes Pass Number | Total Tetichedta | Max Mag. Dela §
Completed 8 - Completed 8 1 10910 WA
Maimum 20 Marimum 20 2 14109 1L0REEZ2
Minimum B == Minimum & 3 16476 0.044419
apei e
- Max Mag. Delta 5 Max Mag. Delta & 4 2317 0.036831
Taiget 0.02 Taget 0.02 5 26935 0.019607
Curent 0.0030531 Current 0.0090531 5 2762 0.024534
View " Table @ Phot H View, @ Table Pt 7 36248 001132
K [Fatiaon =] R g 39086 0.0090531
Fass Number £ T
¥ |MaxMag Delta 5 hd 2
COMVERGED CONVERGED
Conssculive Passes e
Tagel 2 1T Tagel 2
Curent 2 ase. Gt 2
F—
o Close
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

* Create Reports

« Create S-parameter vs. Frequency
— To Create areport:
« Select the menu item HFSS > Results > Create Report
* Create Report Window: Aot LG XY Plot 1 e 55Designt
— Report Type: Terminal S Parameters 7
— Display Type: Rectangular
— Click the OK button

Curve Info

—— dB(St(Sourcel_T1,Sourcel_T1))
Setup1 - Sweep1 i
—— dB(St{Sourcel_T1,Source2_T1))
Setup1 : Sweepi1

T T

-5.00 —

* Traces Window: mué
— Solution: Setupl: Sweepl ]
~ Click the Y tab 800

* Domain: Sweep

» Category: Terminal S-Parameters

* Quantity: St(Sourcel T1, Sourcel T1)
and St(Sourcel T1, Source2_T1)

£-20.00

-25.00 —

* Function: dB ,M_i
* Click the Add Trace button 1
— Click the Done button 500

-40.00 T T T
0.00 250 Sbﬂ 750 10.00 1250 15
Freq [GHz]

T L B
00 1750 20.00
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor E—r——

Custom Equations — Output Variables o
—  Select the menu item HFSS > Results > Create Report [7 Nome I = |

. 1 |Qit m(Yt(SMcEl T1,50urce1 ] Tl})ﬁE(Yt(SmxcEl T1,50urce1_T1})
—  Create Report Window: :I_ n{Yt(Source2_T1, Sourc (Source2_T,Source2_T1))

* Report Type: Terminal S Parameters

+ Display Type: Rectangular Neme:  [a22 add | ot | el |
. CI|Ck the OK button Expression: [im(Yt{Source2_T1,50urce2_T1))fre(Yt(Source2_T1,5ource2_T1))
— Traces Window: e
—Context [ Quantities
+ Click the Output Variables button R |o——— 7 | | categery:  [remmnal ¥ Parameter =l
| |
ype: Quantity: Function;
— Output Variables dialog: : j :&:z:;tzi—%:zzﬁizs—% = =l
+ Name: Q11 Domains  [Swe=p =
. TDR Optons...
« Expression: [rosepms.]
— Category: Terminal Y Parameters
— Quantity: Yt(Sourcel T1, Sourcel T1) rmﬂ
. . Insert into Expression ‘
— Function: im
— Click the Insert Quantity into Expression button s XY Plot2 HrSSDesignt
1 Curve Info
~ Type:/ o

abs(Q22)

— Quantity: Yt(Sourcel _T1, Sourcel T1) 7.50—: Im(Y ) St oo |
— Function: re 1 Q N 'nn/
Click the Insert Quantity into Expression button 6.25—: nn

Re(Ynn)

* Click the Add button 1
* Repeat for Q22, by replacing Yt(Sourcel_T1, Sourcel_T1) 500
with Yt(Source2_T1, Source2_T1) -
« Click the Done button 375

— Solution: Setupl: Sweepl

*  Domain: Sweep
— Category: Output Variables
— Quantity: Q11, Q22
— Function: abs
— Click the New report button

» Click Close button ol T et ehen T o o 3 s

ANSYS, Inc. Proprietary January 20, 2010
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor

Training Manual

« Create Reports (Continued)

« Custom Equations — Output Variables
—  Select the menu item HFSS > Results > Create Report

—  Create Report Window: -1
* Report Type: Terminal S Parameters n = -
+ Display Type: Rectangular 27[ . f . Im(Ynn)

* Click the OK button
— Traces Window:
+ Click the Output Variables button
+ Output Variables dialog: Ansoft LLC
- Name Lll 2 50E-007
El Curve Info
— Expression: 1 Seupt | Sweep
* Type: -1/(2*pi*freq* ]
» Category: Terminal Y Parameters 125E-007
* Quantity: Yt(Sourcel T1, Sourcel T1) |

* Function: im 1 J
* Click the Insert Quantity into Expression button |

0.00E+000 —
* Type:) ]
— Click the Add button 5

— Click the Done button
* Solution: Setupl: Sweepl
+ Domain: Sweep ]
+ Click the Y tab 1
— Category: Output Variables 208007
— Quantity: Y11 .
— Function: none |
— Click the New Report button BTSE007

i 0.00 5.00I o I?.gol o ‘IIU.IEJ[JI o :IQ.ISL': o ‘IIS.IOUI o l1'.!'.|50| o ‘20.00
* Click Close button Freq [GHz]

XY Plot 3 HFSSDesignt

-1.25E-007
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Example — Silicon Spiral Inductor

Training Manual

* Appendix — Alternative Lumped Ports
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Example — Silicon Spiral Inductor

NANSYS

Training Manual

* Appendix — Alternative Lumped Ports

=l

gap

Port

)
6

G S G
G S G
o | |
Via Lum [ﬂj Port Via
AN
Ground Bndge
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An Introduction to HFSS I\NSYS

Example — Silicon Spiral Inductor

« Create Spiral Ring
— To create the path:

+ Select the menu item Draw > Line

» Using the coordinate entry fields, enter the vertex point:
— X:-217.5,Y:-217.5, Z: 2.0 Press the Enter key

» Using the coordinate entry fields, enter the vertex point:
— X:-217.5,Y:217.5, Z: 2.0 Press the Enter key

» Using the coordinate entry fields, enter the vertex point:
— X:217.5,Y:217.5, Z: 2.0 Press the Enter key

» Using the coordinate entry fields, enter the vertex point:
— X:217.5,Y:-217.5, Z: 2.0 Press the Enter key

» Using the coordinate entry fields, enter the vertex point:
— X:-217.5,Y:-217.5, Z: 2.0 Press the Enter key

Training Manual

1. Using the mouse, right-click and select Done
— To set the name:
« Select the Attribute tab from the Properties window.
* For the Value of Name type: Ring
1. Click the OK button when the Properties dialog appears
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