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On-Chip Octagonal Spiral Inductor

This workshop sets up and analyzes an octagonal spiral
inductors using the ANSYS HFSS 3D Layout environment.

The following topics are covered in this example:
* Concept of equivalent inductance and return path
* Setting up vias
e Defining ports for simulation
* Defining output variables for L and Q-factor

* Analyzing the effect on inductance and quality factor
using several Solver options

(DC Thickness, Solve Inside)

Starting file for this
workshop:

OnChip_OctSpirall0.aedtz

Finished spiral inductor including via
solderballs up to the BRD layer that is not
shown here.

\nsys
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On Chip Spiral Inductor - Workshop Outline

Qutline of steps done in this workshop:

* Open archive file of octagonal spiral missing two vias OnChip_OctSpiralLO.aedtz
* Add two vias including modifying the padstack definition. OnChip_OctSpiralLl.aedt
* Add long vertical ground return current paths with the solderball files

e Add two ports OnChip_OctSpiralL2.aedt
» Adjust HFSS Extents to define the substrate and bounding box. OnChip_OctSpiralL2.aedt
* Add HFSS Solution Setup for finite element method simulation

* Add Output Variables for Inductance and Quality Factor OnChip_OctSpiralL2.aedt
* Simulate and View Results OnChip_OctSpiralL3.aedt
* Copy Data in Reports and then copy design for solve inside OnChip_OctSpirallL3.aedt
» Set HFSS settings to solve inside for design Spiral_Ind_Solvelnside OnChip_OctSpiralL4.aedt
* Compare results from the two different simulations OnChip_OctSpiralL4.aedt
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Launching AEDT - HFSS 3D Layout - Restore Archive

Launch the ANSYS Electronics Desktop (AEDT) to access HFSS 3D

Layout ... L ANSYS Electronics Desktop 20 - Project
. . ) ) File Edit View Project Tools Window Help
= |n Microsoft Windows, click the Microsoft Start button, select : - . =
. . 1 = P 3 l \ uSave Archive
Programs > ANSYS EM Suite 20XXRY > ANSYS Electronics Desktop | A H l‘-‘.,, S et Archive
A new Projectl1 appears under the Project Manager. New Open Exgr?\ep?es Save S;-;\S/e Close
* Inthe Ribbon, in the Desktop tab, select the icon for Restore aiton | View  Smobbon Aitomution

Archive. Project Manager X
# [ Project1

,ﬂ ANSYS Electronics Desktop
File Edit View Project Tools Window Help

5 ~ . | I H ™ U Save Archive
. A . : | # Restore Archive

New Open Open Save Save Close
v Examples As X Delete
Desktop View Simulation Automation

A windows browser will appear ...

Y \NnSyYS
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Restore Archive to OnChip_OctSpirallL0.aedt

* Browse to the training files and restore the file OnChip_OctSpirallL0.aedtz
* Restore the file OnChip_OctSpirallL0.aedt to a working directory.

1 1 Project File Restore Location X
Look in: WS3.1_Octagonal_Spiral ﬂ & c¥ Ev Savein: | WS3.1_Octagonal_Spiral ﬂ cF Ev
;:‘17 Name Type Date modified Zj? Name Type
_ #A OnChip_OctSpiralL0.aedtz ANSYS Electronics ... 11/20/2019 12:( . No items match your search.
Quick access ' Quick access
Desktop Desktop
Libraries Libraries
This PC Thls;C
NeMork Network
< >
<
File name: |h Chip v Save |
File name: |0nChip_OclSpiraILO.aedIz ﬂ Open I : J
Save as type: |ANSYS Electronics Desktop Project File (*.aedf) ﬂ Cancel
Files oftype |ANSYS Electronics Desktop Archive File Types (* ﬂ Cancel
[ Overwrite existing files
View Archive Contents ‘ P Open project after restoring

\nsys



Spiral Inductor Layout

is ini

Th

ial spiral inductor has the dielectric padding and extents specified. The blue line around the

Ion space.

| sets both the dielectric boundary and the airbox simulati

spira

Airbox and Dielectric Padding boundary

Airbox and Dielectric Padding boundary

, which will
extend vertically up to a plane that completes the ground

return current path.

Th

1aS

two vi

IS MISSING

is ini

Th

ial spiral inductor

two ports.

IS MISSING

is ini

This Display Default view
shows the rectangle, on
the BRD level, to which
the Extents conform.
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Concept of Equivalent Inductance

Rgtu rn Path

Ext:a} ductance
N

r/"‘/Return Path
Extra Inductarice

Minimize the length of return path

©2021 ANSYS, Inc.
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Concept of Equivalent Inductance in Our Spiral Inductor

HFSS calculates the equivalent Inductance of a
G | VYT

net:
- Inductive and capacitive effects will be included.
- Loop inductance has more physical meaning than partial

inductance.
- A close current loop must be formed in order to accurately

simulate the loop inductance.

Current circulated in a closed loop

We'll construct very
long(vertically) vias that
create this return path
through the BRD layer.

1.1t is always recommended to include
the real return path in a structure
being simulated.

2.1f it is not possible to add the real

return path, we have to assume
where the return path is going to be.

\nsys
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Spiral Geometry Overview

The plane on the BRD layer is part
of the ground return current path.

Bottom Via

Top Via <— Metal5

t

Port 2
Location

Port 1
Location

Setting up ports and adding additional perfect
conductor leads will be discussed in next slides

Y \NnSyYS

©2021 ANSYS, Inc.




Set Active Layer to AP - OnChip_OctSpirallLO.aedt

There are two ways to set the active drawing layer: [*] - Soical ind -
1. From the toolbar, locate the toolbar for the Active Layer, f ; Ll -
From the pull-down, select the layer AP |
2. In the Layout tab, use the Active Layer pull down Simulation  Results  Automati
Active Layer
— Layers | X
{7
[ Show Dielectrics L‘
Bomwe 0o %
N " BRD (AFErFrFrV P
a4 v
L @ AP b X v vvv|ve
-h""—\—\_
i e N C RV L
T —f  C Metalé A&V
We're preparing (" Viab W Evivivivv
to draw vias. ( Metal5 LIX|vivivivv
* Set Display to ¢ Viad O xviviviv v
Sketch, e " Metak4 WXV
' " PWdummy Ll vivivivv
" Metall IRV vIvivv

-~
-
)
<
n



Drawing a Via - Snap to Center of Circle

* Prepare to draw a Via:
Make sure that Snap object center is enabled. (Layout tab)

& (=) 4
- Shift to Top view
- Set to Display Sketch. Ef D | Snap object
* Draw the via in the center of the circle: B i & comer
- Click on the icon for Draw Via.

- Move the cursor to the circle on the spiral.

- Look for another circle to indicate snap to the circle center and click /
when the via is snapped. |

ul How it oppe
\ looks after
TN ". placing via: ]
Indication \
of snap

Default size of via / )

(diameter): Imm o

Y \NnSyYS



Modifying Via: Set Start and Stop Layers

i)
1

Project Manager 1 X
=77 onChip_OctSpiralL0*
--& Spiral_Ind*
E Circuit Elements
E Boundaries
ﬂ Excitations
=& Analysis
-85 Cosim Options (HFSS) v
Properties a X
Name | Value [ L
Type Via
LockPosition [
Name via_2028
Net
Padstack Definition PlanarEMVia ]
Padstack Usage |
StartLayer AP
Stop Layer Metal6
Backdrill Top
Backdrill Bottom -
OverrideHoleDiameter [
HoleDiameter 1 m
Location -0.24462824247845 .. m
Angle 0 de
£ >
Footprint [

Layers

| Show Dielectrics

=

Eome n i
(" BRD BxEviviviviv
® AP BEXviviviviv
" RV BEvvvIviv
(" Metal6 BAxlvvvvv
" Vias BElvvvIvv
(" Metals Oxvivviviy
" Via4 B
(" Metal4 BEvviviviv
" PWdummy OxVvivIiviv
" Metall OxVvIvvv
(" Siwave Regions [l ¥
(" Measures B x
(" Rats B x
(" Emors B &
(" Symbols B =
(" Postprocessing [l K
(" Outline B x

Layers [

* Select the upper
via.

* In Properties on
the Padstack
Definition line
— Set Start Layer:

AP

— Set Stop Layer:
Metal6

Y \NnSyYS
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Modifying a Via: Modifying Padstack - Open Select Definition Window

In the Properties tab for the via ... welect Defnition
— Click on the Value PlanarEMVia, to bring up the iz
Select Def’n'tlon window. Szir;lparamelers Libraries  [v Show Project defin
— In the Select Definition window for the Padstacks | sys) Padstacks
— Scroll down to select Template 1Imm/0.5mm and
click Edit Padstack
— In the Select Definition window click on the Edit - Name | Locaton | Origin | HasHole?
Padstack ... button to bring up the Edit Padstack  [Romzmmimminddes Syslbraty |Padstacks |Yes
. .. . Round 3.176mm SMT SysLibrary  Padstacks
Definition window. | |Round 3.176mmPin0deg SMT SysLibrary  Padstacks
| Round 3.22mmPin0deg SMT SysLibrary  Padstacks
Properties n : Round 3.938mm SMT SysLibrary  Padstacks
Round 3.938mmPin0deg SMT SyslLibrary  Padstacks
MName Value " |Round 5.08mm SMT SysLibrary  Padstacks
Type Via : Round 5.08mmPin0deg SMT SysLibrary  Padstacks
LockPosition r | Round 6.096mm SMT SysLibrary  Padstacks
Name via 2028 _Round 6.096mmPin0deg SMT SyslLibrary  Padstacks
— Round,-’T 1mm/0.8/0.5mm SysLibrary Padstacks Yes
Net Squarej’Round 1Tmm/0.5mm Syshbrary Padstacks Yes
PadstackDefniion [ PlansiEMvia_| B Tervicie immiosmmSystbray_Padstacks [Yes
Padstack Usage | JTemplate{Nmm;’U 5mm Syshbrary Padstacks Yes
StartLayer AP
Stop Layer Metal6 Edit Padstack... | Add Padstack... | Clone Padstack(s) |

Y \NnSyYS
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Edit Padstack Definition Window - OnChip OctSpiralLO.aedt

In the Edit Padstack Definition window
1. General settings:
— Name: Solder_Template
2. Hole settings:
— Shape: Circle
— Diameter: 15um
3. Solderball
— Shape: None
4. In Layers section, click on the
button to highlight the layer
— Pad settings:
» Shape: Circle
» Diameter: 25um
— Anti pad settings:
» Shape: None
Thermal pad settings:
» Shape: None
— Connection point settings:
» Direction: None
5. Click the OK button to close this
window and then to close the
Select Definition window.

Edit Padstack Definition

General

Name: |Solder_Template

[~ Viamaterial

Plating percent |0

Hole Solderball
Shepe:  |Circle ﬂ Shape:  |None -
Diameter: 15um

Range

(" Through all layout layers
(" Beqin at upper pad

(" End atlower pad

(@ From upper to lower pad

Padstack Pad

Anti pad

Thermal pad Connect pt

Click thi

Add layer | Remove\ayer‘

Layer setiings

Pad

Shape: Circle j
Diameter: 25um

OffsetX: Omm

Offset ! Omm

s button to highlight the layer

Anti pad
Shape: MNaone j Shape:

Thermal pad

None v

Connection point

Direction: |[EENINNN ~

Backdrill

Cross section view

Top view

OK Cancel

Y \NnSyYS




Copying the Top Via to the Bottom - OnChip_OctSpiralL1.aedt

In the layout, with the top via selected: Properties
- Select the menu item Edit > Copy (@) Name Valve |
- Select the menu item Edit > Paste - Type Via
- Move the cursor to the lower circle ;"a‘:zc’s'““" — Emr
and click after it snaps to the object. Net .

Padstack Definition Solder_Ternplate|

Padstack Usage ; |

Start Layer AP

Stop Layer [MeIaIS ]
Backdrill Top

Backdrill Bottom

OverrideHoleDiam.. [
HoleDiameter 15

* In the Properties window
for the bottom via change:
1. Start Layer: AP

This is 2. Stop Layer: Metal5
layer —>
Metal5 e . e Save the project as

O «—— Bottom via OnChip_SpirallLl.aedt.

Y \NnSyYS



View Both Vias with Z-Stretch - OnChip_OctSpiralL1.aedt

In the layout, the vertical
dimension can be stretched
for better viewing using

Bottom via

a_

View > Stretch Z...
Properties q
Name Value Unit

Type Via
LockPosition [
Name via_2029
Net
Padstack Definition = Solder_Template |
Padstack Usage |
Start Layer AP
Stop Layer Metal5
Backdrill Top
Backdrill Bottom -
OverrideHoleDiam.. [
HoleDiameter 15 um
Location 0.2085652068949 .. mm
Angle 0 deg

<]

S5x

Cancel

Set Layer Thickness Scale Factor
|
[v Dynamic
OK
\This is the second & lower via
B L_ <——— This is layer Metal5

©2021 ANSYS, Inc.
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Selecting the Via in the Circle - Display Sketch

Properties 1
Name ‘ Value | Unit

Type circle

Name circle_1666

LockPosition [

PlacementLayer AP

Net

Negative [

Center -0.245434793105...|mm

Radius 0.015 mm

Properties L
Name I Value Unit

Type Via

LockPosition [

Name via_2028

Net

Padstack Definition Solder_Template
Padstack Usage .

Start Layer AP
Stop Layer Metalé
Backdrill Top

Backdrill Bottom

In the top-down view, it is easy to point at
the via and select the circle instead. One can
verify what is selected by referring to the
Properties.

One good way to pick out and select a
particular object, positioned close to other
objects, is to use Display Sketch. |n this
way we can point at and select exactly what
we want. Then in Properties we can verify
that we have selected what we want (the
via in this case).

\nsys



Create Solderball Reference on Top Via 1

With one of the vias selected, in the Properties window:

- In the Padstack Usage line, under Value, click on the button (which
should show ellipses, three periods in a row), to bring up the Padstack
Usage and Definition window.

Solder Ball properties are added to create
the long vertical sections for the return path.

Padstack Usage and Definition

General Hole Fadstack range Solderball
Name: |E older_Template Shape: ‘Circle ﬂ Staut: |AP ﬂ Shape: |MNone
[ Via material Diameter.  |15um Stop:  [Metalt ]

Plating percent |0 Range

(" Through all layout layers

(" Beqgin atupper pad
" End atlower pad

(@ From upper to lower pad

=]

Properties q
Name Value |
Type Via o
LockPosition [
Name via_2028
Net
Padstack Definition | Solder_Template
Padstack Usage ]
Start Layer AP
Stop Layer Metale
]

.. initial view ... continued ..

— \nsys



Padstack Usage and Definition Window - OnChip_OctSpiralL1.aedt

General Hale Padstack range Solderball Backdrill |
Mame: |Solder_Template Shape: |Circle ﬂ Start AP - Shape:  |Cylinder - Top
In the PadstaCk Usage and U viamaterial Diameter: 15um Stop: IMetaIE Z] Diameter 12.5um Depth: [None E '
D j -t' i d | Diameter. |
esinition Winaow .
Flating percent |0 Range solder | Bottom
. | (" Th hoalll | |
* Set Padstack Range: | Troushellleveutisyer S | _
(" Begin atupper pad — Depth: [nane ﬂ
(" End atlower pad Layer.  |BRD ﬂ — I
— Start: AP

Diameter. ]
(@ From upper to lower pad
- End: Metal6 Layers Cross section view |
° SOIderba”: — Leyout _ Padstack |,,_ Pad _ Anti pad _ Thermal pad = Connect pt A . I
° AP Detault circle (25um) none none None |
- Shape: cyllnder :R\/ Detault circle (25um) none none None |
. Metalb Default circle (25um) none none None [
— Diameter: 12.5um " vies - - - - - |
. _MetﬁIS e e e . —
— Connection Layer: BRD | :
. . l Default mapping Padstack definition clata has changed
* Click the OK button, which |
ayer setlings

Top view

1 | Pad Anti pad Thermal pad Connection point I
brln.gs. l:lp the Apply PadStaCk Shape: [u——J Shase: ﬁ Shape " m Direction: [puﬁ
Definition Changes window

... continued ...

| Cancel |

Y \NnSyYS




Finish Solderball Reference for Top Via 1

In the In Apply Padstack definition changes window...

— Select Create new definition
— Select Only this via or pin

- Click the OK button

Properties I X
Name Value Unit
Type Via
LockPosition [
Name via_2028
Net
Padstack Definition Solder_Template1| |
Padstack Usage |
Start Layer AP
Stop Layer Metal6
Solder Ball Layer BERD
Backdrill Top
Backdrill Bottom
OverrideHoleDiamet . [
HoleDiameter 15 um

Location

0.24462824247845 ... mm

©2021 ANSYS, Inc.

Apply Padstack Definition Changes X

Padstack definition 'Solder_Template' used by 'via_2028'

(" Edit current definition
Change all vias and pins that use this
(@ Create new definition
Change

(@ Only this via or pin

(— All vias and pins in the active design that use this definition

oK Cancel

Notice how there is now a
new Padstack Definition

Solder_Templatel.




Create Solderball Reference on Top Via 2

With one of the vias selected, in the Properties window:

- In the Padstack Usage line, under Value, click on the button (which
should show ellipses, three periods in a row), to bring up the Padstack
Usage and Definition window.

Solder Ball properties are added to create
the long vertical sections for the return path.

Properties
Name Value
Type Via
LockPosition [
Name via_2029
MNet
Padstack Definition Solder_Template ||
Padstack Usage |
Start Layer AP
Stop Layer Metals

Padstack Usage and Definition

General

Name: |35 older_Template

[ Wia materal

Plating percent |0

Hole Fadstack range Solderball
Shape: |Circle - Start: ‘AP ﬂ Shape: |None
Diameter: 15um Stop: ‘Melal'ﬁ j

Range

(" Through all layout layers
(" Begin atupper pad
(" End atlower pad

(@ From upperto lower pad

=]

... initial view ... continued ...

\nsys



Padstack Usage and Definition Window - OnChip_OctSpiralL1.aedt

Padstack Usage and Definition

General Hale Padstack range Solderball Backdrill

Name: |Solder_Template Shape: |Circle ﬂ Staut: AP - Shape: m - Top

In the Padstack Usage and

™ Viamaterial Diameter. 15um Stop: [Meta\E 3 Diameter: 0.0125mm Depth: [None E
D H 't H 1 d | Diameter: [j
esjinition Window
Plating percent. |0 Range solder | T
° d . (" Through all layout layers
Set Pa StaCk Range * (" Begin atupper pad Sl — Depth: [Nane E
(" End atlower pad Leyer.  |BRD j
—_— 4 Diameter:
Start' AP (® From upper to lower pad I :
— (]
End' Metal6 Layers Cross section view
Lesyout Padstack | Pad Anti pad Thermal pad Connect pt A ——
* Solderball: BEE = = = = =
. 7AP Default circle (25um) none none Naone
- Shape: cyllnder RY Detault circle (25um) none none None
. : Metal6 Default circle (25um) none none None
—_ Dlameter: 12_5um | |VieS None none none none None
| Metal5 None none none none None v

— Connection Layer: BRD

* Click the OK button, which —

. Pad Anti pad Thermal pad Connection point
brings up the Apply Padstack sroor:. om———=] | | snooe: o | | svaper [ire———=] | | ovecton: [Rons
Definition Changes window

Default mapping Padstack definition data has changed

Top view

... continued ...

K ] conce
Y \NnSyYS



Create Solderball Reference for Bottom Via 2

In the In Apply Padstack definition cha nges window... Apply Padstack Definition Changes X
— Select Create new definition
— Select All vias and pins in the active design that use this definition

_ CIICk the OK button (" Edit current definition

Change all vias and pins that use this
(@ Create new definition

Padstack definition 'Solder_Template' used by 'via_2029'

Properties a4 x Chanos

Name Value Unit (@ Only this via or pin l
- i vias and pins in the active design that use this definition

Type Via
LockPosition [
Name via_2029 i
Net

Padstack Definition Solder_Template2|

0K Cancel

Padstack Usage |
Start Layer AP

Stop Layer Metal5

Solder Ball Layer BRD

Backdrill Top

Backdrill Bottom

OverrideHoleDiameter [
HoleDiameter 15 um
Location 0.2085652068949 ... mm
Angle

— \nsys

©2021 ANSYS, Inc.

Notice how there is now a
new Padstack Definition

Solder_Template2.




Select Edges for First Gap Port at Top

E > Spiral_Ind - Q ‘f'

* In the Ribbon, with the Layout tab selected, click on Select Edges § Ev M/ ';
. . -R - -

(or just click the E key) R select =

* Select the two edges on either side of the gap. /< to Rl .
. . . . & Select Edges E

This gap port will be horizontally oriented. Select Edges B Select Al e
mode cursor ® Unselect All Ctrl+Shift+A

4 Cycle Selection

Notice that the
entire geometry
< changes color.

— Notice the new

/ color on the edges.

\nsys

Edges not yet selected Both edges selected

©2021 ANSYS, Inc.



Create First Gap Port - OnChip_OctSpiralLl.aedt

* In the Ribbon, with the Layout tab selected, click oryejdge Port

Automation

~|t]o e

L

< [ Unite
® 1 [ Subtract
: o == [ Intersect

lE. Create edge port

Create edge port from
current edge selection

©2021 ANSYS, Inc.

-~

First Port Finished

New Port

If the edge port rectangle does not
appear, check Layout > Draw HFSS Ports.

The new port should also appear in the
Project Manager under Excitations.

J

\nsys



Create Second Gap Port at Bottom

* From the top of the GUI, select Draw > Port > Create.

Primitive
Void
Merge Polygons

Port
Pin

ol 32 7

Via

Via Groups

3D Structure
Coordinate System
Component

g Rotate

< Flip Vertical

Flip Horizonta
Reverse Line

Bh  Align..

Position Relative
Clear Relative Position

Duplicate

Expand

Split Polygon Region
Geometry Healing...
Sanitize Layout...
Convert

B

Stitch Lines

Create/Manage Pin Groups...

Draw Layout HFSS 3D Layout Tools Window Help

>
>
>

>

@) Fit Al BM-23 %
‘ ceced | @~ E0 A | A
1 # @

L Create

Remove

Create Circuit Ports

Assign Reference
Clear Reference

Couple Edge Ports

Decouple Edge Ports

Coax Probe...

©2021 ANSYS, Inc.

N

Second Port Finished

New Port

@

If the edge port rectangle does not
appear, check Layout > Draw HFSS Ports.

The new port should also appear in the
Project Manager under Excitations.

\nsys




Both Ports Complete - OnChip_OctSpirallL2.aedt

Two
ports

Project Manager

=& Spiral_Ind

=[] onChip_o0ctSpirall 2

(2] Circuit Elements
~[&] Boundaries
=) Excitations

& Port2
i E-ﬂ Analysis
i B Cosim Options (HFSS)
Properties
Name | Value

Boundary Type Port
Impedance 50
Magnitude 1
Phase 0
Renormalize [7
Renormalize Imp... 50+ 0i
DeembedGapPor... [
PlanarEM
Type Single Strip Gap 5...
PortSolver [v
HFSS
HFSS Type Gap
Orientation Horizontal
Layer Alignment  Lower

<— First port

<—— Second port

©2021 ANSYS, Inc.

* Save project to
OnChip_OctSpiralL2.aedt

\nsys



Metal 5 and Metal 6 Final Via Stop Layer Check

Second

via

Properties s
Name | Value | Unit | E|
Type Via
LockPosition [
Name via_2029
Net

Padstack Definit.. Solder_TeranaL_|
Padstack Usage |
Start Layer LD

Stop Layer

Solder Ball Layer BRD

Backdrill Top —

Backdrill Bottom -

QverrideHoleDi... [
HoleDiameter 15

um 1.

AAAAAAAAAA

This green conductor is on
layer Metal5.

Stop Layer Metalb

First via

Properties 4 X
Name | Value | Unit | E A
Type Via
LockPosition [
Name via_2028
MNet

Padstack Definit.. Solder_Templat..

Padstack Usage |

Start Layer AP

Stop Layer
Solder Ball Layer BRD
Backdrill Top —
Backdrill Bottom |-

:

%,

by,
S
by

SR

4

1
\K}
%)

This orange conductor is
on layer Metal6.
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DC Continuity Check - Select Physically Connected

HFSS 3D Layout Tools Window Help
B List.. Fit Al B- 2 N

|3 Layers... | S N A Y |
1

Push Dowr Select Physically Connected

LI®O®|Q M@ unie A good way to check or troubleshoot
s | D 1 [ subtrac a design is checking the DC
« | = [ Interse continuity through Layout > Nets >

Pop Up Select Net Connected Select PhySica”y Connected.
Place Design.. Toggle Net Highlight T
o Select All Net Violations I 5 o o
o Select First Violation

Cutout

= - - : Show Selected Nets Only B
Group Into Subdesign L | 4 &

Show All Nets \ . :
Import 3D CAD.. r ———
Export... >
] Cross-Probe Schematic Ctrl+K
B Settings...

| 16 Grid settings..
| ) Draw HFSS Air Box
#Z2 Draw HFSS Ports

ViaStyles... In these pictures we're checking that
E:g:t;’l::es the vias are all connected in a DC
Text Styles:: path from port to port through layer

Export to Slwave with ALinks BRD. The spiral is not part of this.
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View HFSS Extents - OnChip_OctSpiralL2.aedt

* In the Ribbon, with the Layout tab selected, on the far right, click on the
Extents icon and select Show (if the Extents airbox is not already showing).

Layers

Airbox Positive Padding: 0.2

<

[v Show Dielectrics

{ BRD
epoxy

AP

RV

Metalé
Viab
Metal5
Via4

(" Metald
DIEL1_DIELS
PWdummy
Metall

sub

Airbox Negative Padding: 0.2

©2021 ANSYS, Inc.

“lane L

-~

(&

Half Grid  ~ | :&?'{g:l

Edit..

4

1eg | \

@ Show

~]
B omwmne o
BEviviviviv
X [v|v|vivve
vivivivie
v lviviviv
v ivviviy
v v iviviv
vivlviv|v
X lvlviviviv
B v iviviviv
[ [v|vvivv
(X v viviviv
X [v|v|viv|ve
Bxviviviviv

[
B
[
x
-

Xl X| X| ¥

N
=
=
]
o
o
]
=
H
]
O

HFSS Extents defines the meshed simulation volume of the
finite element method (FEM) 3D simulation. Horizontal
Padding can also define the substrate dielectric size.
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Edit HFSS Extents

Set HFSS Model Extents
* |In the Ribbon, with the HFSS Bounds | Defauts |
Layout tab selected, on Half Grid = 2-8 _
) ] ’ i ] \} 2= |v Open Region
the far right, click on the e % (= Ed':?_l @ Radiation
Extents icon and select r dioe c r
Edit to bring up the Set e \ " ¥ 5!‘9!,- |' |"" —
HFSS Model Extents | |
dialog window. o
Extents
Type: |Bounding Box LJ
= Set ... N l_| =]
1. Dielectric section: oraonaladding. [0
— Horizontal Padding: 0.1 . -
2. AirbOX SeCtIOI’\ [T Honor primitives on dielectric layers
— Horizontal Padding: 0 e
— Vertical Padding: 0.3 a
_ Sync: Horizontal Padding; ‘9
3. Click the OK button to close the Vertical
W|ndOW. Positive Padding: [0-3 [v Sync
&
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View Final Edited HFSS Extents

Airbox Positive Padding: 0.3

Airbox
[

Horizontal Padding: |‘:I
Vertical

Positive Padding: IU-3 [v Sync

The Sync checkbox synchronizes the o—
Airbox Negative Padding with the
Positive Padding.

Airbox Negative Padding: 0.3

-
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Create HFSS Solution Setup

* In the Project Manager, right-click on
Analysis and select Add HFSS Solution Setup
1. Click the General tab:
— Setup Name: HFSS Setupl
— Solution Frequency: 5 GHz
— Maximum Number of Passes: 20
— Maximum Delta S: 0.02
— [ Save fields
2. Click the OK button
The frequency sweep setup dialog will
automatically appear

* In the Edit Frequency Sweep tab dialog box
1. Name: Sweep 1
2. M Use Q3D to solve DC point
3. Sweep Type: Interpolating
4. Specify Frequency Sweeps section
— Distribution: Linear Step
— Start: 0 GHz
— Stop: 5 GHz
— Step: 0.1 GHz
5. Press the OK button

HFSS Setup 1

General l Options | Advanced | Advanced Meshing | Solver | DCR | Defaults

Setup Name: ‘HFSS Setup 1
[v Enabled
Adaptive Solutions
Solution Frequency: ® Single (" Multi-Frequencies ( Broadband
Frequency ‘5 ‘GHZ ﬂ
Maximum Number of Passes: [20
Maximum Delta S: [D 02
Edit Frequency Sweep
Fields Edit Frequency Sweep |Interpo|ation
[ Save fields Sweep Name: [Sweep 1 [v Enabled
I [v Use Q3D to solve DC point
Sweep Type: [Inlerpolating b ]
Frequency Sweeps [51 points defined]
] Distribution ' Start | End
1 |L|near Step 0GHz 5GHz g Z 0.1GHz
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Output Variables for Inductance and Quality Factor Plots

Equations for the inductance of a spiral inductor, often expressed

in terms of Y-parameters, depend upon the configuration of the _ 1
spiral inductor ports. In order to facilitate the ability to plot many tm (Y_n) Q = abs
calculated quantities, like inductance and quality factor Q, we can L= - 2nf
define equations as Output Variables for HFSS to plot in Reports.
* To access the Output Variables definitions, - ' e ——
in the Ribbon, with the Results tab selected, J_Il ) Undo sag ' Delete All Reports
click on the Output Variables icon. L A 1l
(Or ... alternatively ... from the top menu Save et
select item HFSS 3D Layout > Results > .
Output Variables...) Desktop View Layout Simulation Results Automation

1, Output Variables

Output Variables
[T validate output variables for selected context

Name Expression

Name: | Add

Expression:

Expression is the

equation of interest
and Name is what
appears in the Report
window for plotting.

Standard
Report™¥
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Creating an Output Variable for Inductance - Ind_Spiral

* Bring up the Output Variables window and set:
- Name box: Enter Ind_SpiralA

. 1
- Expression box, type 1e9*im((1/ im (_Y )
— Category: Select Y Parameter from the L = 11
drop-down box 2rtf

— Quantity: Y(Portl, Portl)
— Click the Insert into Expression button

: . 1, Output Variabl

- In the Expression box, type: ))/(2*pi*F) HEpHE Tariabies
- Final Expression: Quiput Variables

1e9*im((1/Y(Port1 Port1)))/(2*pi*F) | Validate output variables for selected context

’
- Click the Add button T Expression
Name: |1”d_5plr3| Add
. . ion: *im((1/Y(P LPort1 )/ (2% pi*F)

1e9: Inductance will be reported will be in nH Bxpression:{ 3 Im{L1/\{PortL PortL (=" pt™F)

‘pi’ is a constant variable which is pre-defined
‘F’ is an intrinsic variable defined for the Frequency
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Finished Output Variable for Inductance - Ind_Spiral

%, Output Variables XK
Ind_Spiral will be a signal available
- - Output Variables
tO the ReSUItS tO p|0t n RepOI‘tS. [ validate output variables for selected context
Llame l Expression
1 |Ind_Spiral 1e9%im((1/Y(Port1,Port1)))/(2*pi*F)
Name: “ Add
Exprassion:
Context Quantities
. 1 Report |Star‘1dard LJ Category: [Y Parameter ﬂ
im Type: Quantity: Function:
Y11 Solution: |HFSS Setup 1 : Sweep 1 LJ Y(Port1,Port1) m
L= Y(Port2,Port1) acos
2 VI A f Domain:  |Sweep | Y(Port1,Port2) acosh
Y(Port2,Port2) ang_deg
ang_deq_val
ang_rad
arg
asin
asinh v
Insert Into Expression ‘
Function
|abs ﬂ Insert into Expression ‘ Import ‘ Export ‘ Done ‘
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Creating an Output Variable for Quality Factor - Q_Spiral

* Bring up the Output Variables window and set:
- Name box: Enter Q_SpiralA

Expression box, type abs(im((1/

— Category: Select Y Parameter from the drop-

Q = abs

down box
— Quantity: Y(Portl, Portl)

1 Output Variables

— Click the Insert into Expression button Output Variables

Expression box, type: ))/re((]_/ [ Validate output variables for selected context

— Category: Select Y Parameter from the drop-

Name

Expression

—

down box
— Quantity: Y(Portl, Portl)

Ind_Spiral

1e9*im((1/Y(Portl,Portl)))/(2*pi*F)

— Click the Insert into Expression button

Expression box, type:))

Final Expression: Expression:

abs(im((1/Y(Port1,Port1)))/re((1/Y(Port1,Port1))))
Click the Add button

Name:

1e9: Inductance will be reported will be in nH
‘pi’ is a constant variable which is pre-defined

|Q_‘Sp|ral

abs(im((1/Y(Port1,Port1)))/re((1/¥(Port1,Port1))))

Add

‘F’ is an intrinsic variable defined for the Frequency
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Finished Output Variable for Q - Q_Spiral - OnChip_OctSpirallL2.aedt

,.7 Output Variables

Q_Spiral will be a signal available to
the Results to plot in Reports.

>< ‘
Output Variables
[ Vvalidate output variables for selected context
Name ‘ Expression
' |Ind_Spiral 1e9%im((1/Y(Port1,Port1)))/(2*pi*F)
| 2 |Q_Spiral abs(im((1/Y(Port1,Port1)))/re((1/Y(Port1,Port1))))
Name: “ Add
Expression:
Context Quantities
Report |Star1dard LJ Category: [Y Parameter ﬂ
Type: Quantity: Function:
Solution: |HFSS Setup 1 : Sweep 1 LJ Y(Port1,Port1) <none> 1}
Y(Port2,Port1) acos
Domain: |SW@9P ﬂ Y(Port1,Port2) acosh
Y(Port2,Port2) ang_deg
ang_deg_val
ang_rad
arg
asin
asinh Vv
Insert Into Expression |
Function
|ahs ﬂ Insert into Expression | Import ‘ Export | Done |
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Modify Solution Setup to Add Output Variable Mesh Convergence

HFSS Setup 1

General ‘Options | Advanced | Advanced Meshing Solver| DCR | Defaults |

Setup Name: IHFSS Setup 1
[v Enabled
Adaptive Solutions
Solution Frequency: (" Single (@ Multi-Frequencies ("~ Broadband

X

Frequency Units Max Delta S ‘ Qutput Var | Add |
25 GHz 0.02 Ad
5 GHz 0.02
10 GHz 0.02 |
L_Maximum Number of Passes: _‘20 _
Fields
[ Save fields
-

Use Defaults

HPC and Analysis Options...

Cancel

o |

* Modify existing HFSS Solution Setup:

- In the Project Manager, under Analysis, double-click on the
HFSS Setup 1 to bring up the Solution Setup tab dialog box.

- Under General tab, check Multi-Frequencies radio button
— On the 5 GHz line, below the Output Var column, click the
Add... button
— Include M for all the Output Variables
— Max. Delta = 0.05 for Inductance and 0.05 for Quality

factor.
- Click the OK button twice in a row to close both windows.

Advanced Mesh Convergence

Criteria at 5.0000GHz

Output Variable | Include | Max Delta
Ind_Spiral (v 0.05
Q_Spiral | |v  0.05
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HPC Setup - OnChip_OctSpirallL3.aedt

* Save Project to OnChip_OctSpiralL3.aedt %] HPC and Analysis Options
 |n the Ribbon, with the Simulation tab selected, click | cerauaion |optons|
on the icon HPC Options to bring up the HPC and Design Type: [ HFSS 3D LayoutDesign =]
Analysis Options tab dialog box. ST | confguraton Detais
- Design Type: HFSS 3D Layout Design e — ol et | eientine
e Auto Local (Auto)
- Select the Active Configuration: Local Add. | [MachineLit
- In the middle of the window, click on the Edit ocalhost(Auo) 750
button to open the Analysis Configuration . lob Distibution
win dOW. 1 | Analysis Configuration
Configuration name: | Local

* In the Analysis Configuration window ...

The local and interactive job configurations

- Check the option for Use Automatic Settings " Use Automatc setngs _
- Click the Machines tab Mmhtop:dT“ =
* Name: localhost Machines for Distributed Analysis
e Cores:4 (or7if8cores are available) Total Enabled Cores: 7
* RAM Limit (%): 90 __Neme | Coes | RAMUmGY | Frapld |
* Click the OK button to close Analysis n
Configuration
— Click the OK button to close HPC and Analysis
Options

Machine Details:

(@ Local machine

Y \NnSyYS



Validate and Simulate OnChip_OctSpirallL3.aedt

* Save the project OnChip_OctSpiralL3.aedt.
* |n the Ribbon, with the Simulation tab selected, click on

the green check mark to validate the simulation. :b’ % Egg P | 5
e Y

* Click on Analyze to start the simulation. == BB Analysis Config

* In the Project Manager, even while the simulation is Optimetrics Validate Analyze OH,pCﬁ
running, under Analysis, right-click on the HFSS Solution M —
Setup and select Profile
- To view the Profile, click the Profile Tab
- To view the Convergence, click the

Convergence Tab o . . .
. . . B | Solutions: OnChip_OctSpirall3 - Spiral_Ind —
- To view the Matrix Data, click the
. Simulation: [HFSS Setup 1 ~]
Matrix Data Tab
.. Design Variation: | J
* Press the Close button when you are finished.
Profile 'COI’WETQENCE lMatrix Data
MNumber of Passes Pass Number | Solved Elements | Max Mag. Delta S Delta Output Var
Completed B 1 4354 1 N/A
Macdimum 20 2 5636 0.84091 Ind_Spiral=2,342; O_Spiral=0.8785
. . Minimum 1 3 7216 0.264 Ind_Spiral=0.536; Q_Spiral=0.1822
Adaptive passes are performed till both - 4 9229 0069459 Ind_Spiral=0.1554; Q_Spiral=0.07323
Mag. Delta S < 0.02 and Delta for Terget 002 5 11750 0.029702 Ind_Spiral=0.1258; Q_Spiral=0.107
B 14979 0.010834 Ind_Spiral=0.08755: Q_Spiral=0.001337
Inductance < 0.05 and Delta for Q < 0.1 Current 0010834 (L Seie = ]
YView: (@ Tahle ¢ Plot
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OnChip_OctSpirallL3.aedt Simulation Results - Inductance Report

* In the Ribbon, with the Results tab selected, click Standard Report and select 2D.
- Solution: HFSS Setup1: Sweep 1

AR 5
- Domain: Sweep (—f Lﬁ s | R
— Category: Output Variables gj 9% CI
— Quantity: Ind_Spiral £ Sol'jl;tt':n Network | o0,

1 xpl
— Function: <none> Data Explorer

— Click New Report button
- Click the Close button Context

B Report: OnChip_OctSpirall3 - Spiral_Ind - New Report - New Trace(s)

CAAATINN

Trace lFamilies | Families Display |

—— - k‘ ‘!l‘l'n ,il;”x J' ) \\\’\::/
Solution: IHFSS Setup 1 : Sweep 3LI Primary Sweep: IF Zl | Al L S Stacked
Domain: |Sweep Ll x: v Default |F < ; \ \
. = 4 . T |
v:  [indspira Smith Chart 3D 3D Polar

Category: Quantity: hd Function:

Update Report

|¥ Real time

Output Variables... ‘ Options... ‘

Outp Vﬂiﬂlbs Q_5p|ra| abs

S Parameter acos

Y Parameter acosh

Z Parameter ang_deqg

Group Delay ann_dan wal

Return Loss v < >
New Report ‘ ‘ Close

Y \NnSyYS
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S-Parameters Intuitive Trouble Shooting Check

Before looking at the main results for this workshop, the inductance and quality factor, we can do a quick
intuitive check using S-parameters. At low frequencies we expect large transmission and small reflection.

Post

Processing

Project Manager s S Parameter Plot 1 Spiral_Ind ANSYS
=& Spiral_Ind A 0.00 =

[ Circuit Elements
&) Boundaries .

[# ﬁ] Excitations -5.00 -
= Analysis ]
gl Design Verification ]
(& optimetrics -10.00
=¥ Results .
471 Spiral Inductance :
:»;1 1] Spiral Q -15.00 7
= & S Parameter Plot 1 ]
I dB(S(Port1,Port1)) 2000 -] Curve info
.- dB(S(Port2,Port1)) > eEEE — dB(S(Port1,Port1))
B Field Overlays ] HFSS Setup 1: Sweep 1
Radiat -
» deled -25.007 dB(S(Port2,Port1))
Properties X ] i HFSS Setup 1: Sweep 1
Name \ Value I -30.00
Name S Parameter Plot 1 ]
Report.. Standard -5 00 B
Display ... Rectangular Plot i
dB(S(Po... F .dB(S(Port1.Port1)) ]
dB(S(Po... F .dB(S(Port2 Port1)) -40.00 e e T T
0.00 1.00 200 3.00 400 500
Report | F [GHz]

Y \N\S'S
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Viewing OnChip_OctSpiralL3.aedt Simulation Results: Inductance

Post
* In the Project Manager, under Results, right-click on the report and select Rename. Processing
* Change the name of the report to Spiral Inductance.

Desktop View Simulation Results Automation (7] A
RiicELhiangocs o Spiral Inductance Spiral_Ind ANSYS
=" OnChip_0OctSpiralL3 ~ 420

=& Spiral_Ind R

E Circuit Elements
ﬁ Boundaries
- {B3) Excitations _- Curve Info
-k Analysis 4.00 _ — Ind_Spiral
g Design Verification - HFSS Setup 1: Sweep 1
& Optimetrics
= Results )
=& spiral Inductance 3.80 ]
R~ Ind_Spiral v
Properties o x ® |
Name Value 2' 3.60 ]
Name Spiral Inductance £
Report... Standard |
Display ... Rectangular Plot 3.40 —
Ind_Spiral F Ind_Spiral 7
320 -
300 T T T T | T T T T '| T T T T I T T T T [ T T T T
0.00 1.00 2.00 3.00 4.00 5.00
Report | F [GHZ]
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OnChip_OctSpirallL3.aedt Simulation Results - Quality Factor

* In the Ribbon, with the Results tab selected, click Standard Report and select 2D.
Solution: HFSS Setupl1: Sweep 1

Domain: Sweep

— Category: Output Variables

— Quantity: Q_Spiral
— Function: <none>

— Click New Report button

Click the Close button

B Report: OnChip_OctSpirall3 - Spiral_Ind - Output Variables Plot 2 - Q_Spiral

TR >e
"ﬁ %l

Solution

Network =
N I

Data Data Explorer

A A AT W o
\
Context . o , (M)
Trace ‘Fammes | Families D|splaﬂ AT &
Solution: * S - +
‘HFSS Setup 1 : Sweep Ll Primary Sweep: IF z| ‘ Al Stacked Polar
Domain: ‘Sweep L] - v Default |'__ \
. g Iy |
v:  [ospial Smith Chart 3D 3D Polar
Category: Quantity: - | Function:
Variables A Ind_Spiral m
QOutput Variables abs
S Parameter acos
Y Parameter acosh
Update Report Z Parameter ang_deg
Group Delay ann dan wal
¥ Real time Return Loss - < >

Output Variables... ‘ Options... ‘

New Report

Apply Trace ‘ Add Trace ‘

©2021 ANSYS, Inc.
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Viewing OnChip_OctSpiralL3.aedt Quality Factor Report

* In the Project Manager, under Results, right-click on the report and select Rename.

* Change the name of the report to Spiral Q

Desktop View

Project Manager

Simulation Results

=7 onChip_o0ctSpiralL3*

-4 Spiral_Ind*

{3 Circuit Elements

E Boundaries
[ ﬁ] Excitations
(] - ik Analysis

gl Design Verification
@ optimetrics

=l Results

=-EJ Spiral Inductance
™ Ind_spiral

Z*:«] 4 S Parameter Plot 1
=& spiral Q

. - Q_spiral

Automation

L X

~

Post

Processing

oON

Properties

Name

Specify Name
Name

Y Axis

Primary Sweep
Components
¥ Component
X Component
Context

Snlitinn

Q_Spiral
Y1
F

Q_Spiral
F

HFSS Satun 1 Swean 1

v

Trace J

Y ANnSYS

15.00

Spiral Q Spiral_Ind ANSYS

12.50 —

10.00

Q_Spiral
-
[*2]
=
|

5.00

2.50

0.00

Curve Info
— Q_Spiral

HFSS Setup 1: Sweep 1

= Save project
OnChip_OctSpiralL3.aedt.

0.00

T T T T T T T T T T T T T T T T
1.00 2.00 3.00 4.00

F [GHz]
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Solve Options: Solve Inside or DC thickness

The default setup for HFSS assumes current flow only on surface of metals. For on-chip applications, circuit

dimensions are very small (order of um). In many cases, for an accurate answer, the skin effect must be
modeled and simulated.

HFSS 3D Layout offers two ways to capture skin effect:
1. Solve inside

Enables all the objects in the layer to have “Solve Inside” attribute set for HFSS solver
2. DC thickness (By default)

Controls how DC thickness will be calculated for the conductor lumps on the layers.

= Verify that project
OnChip_OctSpiralL3.aedt

got saved after making In HFSS online Help, search on skin effect or solve inside. There is
reports.

one section, titled Bulk Conductivity, that talks about solve inside.
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Copy Design to Spiral_Ind_Solvelnside - Project OnChip_SpirallL4

Make data copies of existing simulation data o E ;5““5 e
= Spiral Inductance
= |n the Project Manager, under Results, under each Report, right- P ; Ind Spiral
click on the data and select Copy Data. e E_Spia _
_ _ . M Ind_Spiral_Data <€—— Static data
= Right-click on the Report name and select Paste. - £ spiral Q
= Right-click on the new trace and rename it adding the word Data. i Q_spiral
This copied data won't change when we change the design and =~
P 5 5 5 M Q. Spiral Data o giatic data

resimulate it.

Before modifying the Solver Options, we'll make a copy of the solved design Spiral_Ind.
* In the Project Manager, right-click on the design name Spiral_Ind and select Copy.
* Right-click on the Project name OnChip_SpiralL3 and select Paste.

A new design Spiral_Ind1 will be inserted in the project. Project Manager

* Right-click on the new design Spiral_Ind1 and select Rename. =[] OnChip_OctSpiralL4

* Rename the new design to Spiral_Ind_Solvelnside i : Sp'ra'l-lndd e

. ) ) ] o Spiral_Ind_Solvelnside (€. new design
Save project to OnChip_SpirallL4.aedt. T8 Definiions
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Set Solver Options to Solve Inside for Most Copper Layers

* Double-click on the new design
Spiral_Ind_Solvelnside

* Open the Layer Stackup window.
1. Select the layers: AP through Metal4
using the Shift key
2. In the Analysis area ...
— Check the box for Solver
— Click the button Solver...
- Click the HFSS tab
- Check the option for Solve inside
- Click the OK button
3. Click the Apply and Close button

Solver Options

HFSS |P|anarEM
Solve Options
[v Solve inside
DC Thickness:

[Eﬁecﬂ've ZI I

| Cancel

B | Edit Layers - Spiral_Ind_Solvelnside
Stackup Layer

Display Stackup

(@ Stackup layers r

(" Nor-stackup layers

 Alllayers Units: |mm v

| | | = | o | i | ] | s | B | Name | Type Material | Thickness | Etch | Fough | Solver ‘
-NE V v v v v |v BRD signal copper Oum [ [ [
[v Vv v v v epoy dielectic  FR4_epoxy 200um

Layer Edit selected
Insert above... | Narne:
Insert below... | Type:
Remove | Material:
ISelect all LI
Thickness:
Top bottom:

| Setting Solve Inside option overrides the DC Thickness option

[v DIEL1_DIELY

|signal -
|c0pper -

|neither v

dielectric

RUIEYIRE VAR BRE VY

DIEL1_DIELY  15um

Aftributes

S—

[™ Negative
2
8

] 0% v Salver
| Sohver . |

Analysis

[ Etch

[~ Rough

— \nsys
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Analyze - Spiral_Ind_Solvelnside

Select the menu item HFSS 3D Layout > Analyze
In the Project Manager, under Results, double-click on a plot name. Simulating Solve Inside can take significantly
* Imported refers to the stored data. The red plots are from Solve Inside. more time than the previous simulation.

Inductance/Quality Factor plots using Solve Inside

F

® | OnChip_OctSpiralL4 - Spiral_Ind_Solvelnside - Spiral Inductance =G |@ # | OnChip_OctSpiralL4 - Spiral_Ind_Solvelnside - Spiral Q = | 18X
Spiral Inductance Spiral_Ind Solvelnside ANSYS Spiral Q Spiral_Ind_Solvelnside ANSYS
4.00 ] 12.50 i Curve Info
Q_Spiral_Data
1 Curve Info ] Imported
3.80 = Ind_Spiral 10.00
. HFSS Setup 1 : Sweep 1 ) 4 — Q_Spiral
HFSS Setup 1: Sweep 1
4 Ind_Spiral_Data i
3.60 Imported 7.50
> =
340 5.00 -
3.20 250
3700 ! ' ! ' I ' ! ' ! [ ' j ' T ‘ T ! T ! | T i T i 0 00 | T T T T '| T T T T [ T T T T [ T T T T '| T T T T
0.00 1.00 290 3.00 4.00 5.00 0.00 1.00 2,00 3.00 4.00 5.00
F [GHZ] F [GHZ]







