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Outline - HFSS 3D Layout BGA Package Differential Pairs Workshop

This HFSS 3D Layout workshop WO1 starts with a PCB geometry and goes through |
the simulation workflow steps to simulate two differential pairs. |
1. Starting BGA geometry hfss_layout_bga0.aedt %
2. Edit stack up and verify materials hfss_layout_bgal.aedt | ”
3. Cut out subdesign hfss_layout_bga2.aedt i G - ® @
4. Add solder balls and flip chip bumps hfss_layout_bga2.aedt ‘Q (0]
5. Add ports hfss_layout_bga2.aedt {@, B S o @
6. Define Extents hfss_layout_bga2.aedt = . E‘ ;,52}: BGAF(%SW\;‘
7. Add Solution Setup and Frequency Sweep hfss_layout_bga2.aedt fiE L\ \BeAGIZRONT
8. Simulate hfss_layout_bga3.aedt ,*L 000 < %m..mmm
9. Plot S-parameters hfss_layout_bgad.aedt ® (e @ m‘:“iww

|
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HFSS: Launching ANSYS Electronics Desktop

Open HFSS and Set Options (if not already set)

= A To access HFSS, click the Microsoft Start button, Select:

Programs > ANSYS Electromagnetic Suite > ANSYS Electronics Desktop

A new "Project1" appears under the Project Manager.

= Setting Tool Options (skip this slide and two more if already done.)
Select the menu item Tools > Options > General Options

Option settings suggested here ensure that the
user can consistently follow the steps in the

Workshop.

File Edit View Project
Y = | =
N

New Open Open
Examples

Desktop View Simulation

Project Manager
= Project1

ANSYS Electronics Desktop - Project1
File Edit View Project Window Help

1

Save Paste X Delete

Desktop View Simu

Project Manager
= Project1

Edit Libraries
Library Tools
Project Tools

Run Script...

Pause Script

Record Script To File...
Record Script to Project...

Open Command Window
Password Manager...

Options
Keyboard Shortcuts...
External Tools...

Tools Window Help

| I _'l ™ i Save Archive
1 1 J

@ Restore Archive
Save Close
As

Automation

J;lx‘-

|
=

» | Monitor

> General Options...
1% HPC and Analysis Options..

Export Options Files...
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Setting Tool > Options for HFSS 1 - Boundary and Drawing

Options

General

2D Extractor [v Use Wizards for data input when creating new boundaries
Circuit Design

. . Circuit MetList Design [+ Duplicate boundaries/mesh operations with geometry

= Selected: Tools > Options > General Options B HFSS

General

Solution Type

Materials

[Buundary Assignment]

= Expand HFSS (by clicking on the + sign) and Select Boundary N,
ASSignment || HFSS 3D Layout

[v Visualize boundaries on geometry

[v Auto-assign terminals on ports

. Options
* Check all entries
General ~ Drawing Data Entry Mode
2D Extractor
Circuit Design (@ Point (" Dialog
Circuit NetList Design Use F3/F4 to switch between point and dialog entn
HF55
o . HFS5 3D L t
u Expand 3D MOdeIer and CI|Ck Dranng HF55-IE e Relative Coordinate System Creation Mode
* Automatically cover closed polylines: M Checked e 2 @ uis/Position " Euler angle
° Edit pl‘OpertieS Of new priMitiveS: checked E:,E{pr_t Use F3/F4 to switch between axis/position and Eule
Polyline Creation
= 3D Modeler
[v Automatically cover closed polylines
peration
. . = E?siﬁlay [v Show measure dialog during drawing
Option settings suggested here ensure that the Ceneral = Edit properties of new primitives
user can consistently follow the steps in the Rendering

Workshop.
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Setting Tool > Options for HFSS 2 - Display History and Transparency

=  Expand Display
1. Click Rendering and set Default
Transparency to 0.7

2. Click History Tree and check all entries (not
shown here)

= Click the OK button to close the Options dialog
box

Option settings suggested here ensure that the
user can consistently follow the steps in the
Workshop.

General
2D Extractor
Circuit Design
Circuit MetlList Design
HFSS
HF5S 3D Layout
HFS5-IE
Masawell 2D
Maxwell 3D
Q3D
RMxprt
Simplorer
= 3D Modeler
Drawing
Operation
Snap
= Display
grer-d
History Tree
Group
SpaceClaim Link
Advanced
Layout Editor
Machines
Model Editor

Rendering Defaults

Default color: Select - -l
Default view render mode: SmoothShade

Object Appearance

[ Use material appearance if available

Default color: |

Default transparency:

j 0.7

Opaque Transparent

Object Outline Contrast

) o5

Minimum Maximurm

oK

Cancel
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BGA Package Differential Pair Simulation with HFSS 3D Layout

From a BGA Package CAD geometry, this example shows you how to set up, simulate, and analyze two differential
pairs:

RXDATA3+, RXDATA3- and RXDATA4+,RXDATA4-

L RXDATAS3- ,

RXDATA3+

©2021 ANSYS, Inc.



Import/Restore .aedtz Archive File with HFSS Standalone

= Select the menu item File > Restore Archive
1. File name: hfss_layout_bga.aedtz

2. Click the Open button
3. Project File Restore Location Dialog

* File name: hfss_layout_bga0.aedt
« [ Open project after restoring

[@] Archive to Restore X
Lookin: | = WO01_BGA ~| e®met@Ey
j Name Date modified Type Size
ﬁ& hfss_layout_bga.aedtz 8/18/2017 1210 PM  ANSYS Electronics De... 269 k
Quick access )
Desktop
Libraries
This PC
Neﬁ;fork
< >
File name: |hfss_|ayout_bga.aediz ﬂ Open |
Files oftype: |ANSYS Electronics Desktop Archive File Types (*_ﬂ Cancel
View Archive Contents ‘

Project File Restore Location

& o Ev

Savein: |

Zj7 Mame

Quick access

Vil

Desktop

WO01_BGA |

~

Date modified Type
No items match your search.

Libraries
This PC
=

Neﬁ;rork

<

Size

lhfss Tayout_bga0 aedi |

|ANSYS Electronics Desktop Project File (*.aedt) ﬂ

File name:

Save as type:

[ Overwrite existing files
|v Open project after restoring

Save

ik

Cancel

After restoring, click the Close button to
close the Restore Archive pop up box.
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Imported HFSS 3D Layout - hfss_layout_bga0.aedt

W1 File Edit View

o IR

Project Draw Layout

Save

,Paste X Delete R -

Desktop View Layout Simulation

HFSS 3D Layout
E‘ ¥ hfss_layout_bga
Redo  §§  IEEEUNNAMED_000 b

Results

-

Automation

Tools Window Help
$+Pan @ Fit i o— |IL| ¢
l}-Rolate ':'\_:' Selected 1 f L
Zuim ' Orient = @ :‘

OUnite
K suotract W g BF I
[ Intersect - EPD IE‘ ™ &

Project Manager 4 x

E-EE hfss_layout_bga0
B hfss_layout_bga
Circuit Elements

Boundaries
Excitations

# Analysis

g Design Verification
(@ optimetrics
Results

TGy Field Overlays

[l Far Fields

-1 Definitions

Properties 4 x
Name ‘Val...‘ Unit |Eva\uatec
CosimD..
CoSimul... Def
£ >

Param Defaulis

Message Manager

B X Progress

ﬁ'ﬂvul;'@ %ﬁEI 4

Mets

Half Grid ~ ~

XY Plane

90deg

B Uit
ﬁ Pin Groups
B(gﬁ?v % Layout Settings

oA

= Hide 0 Messages I = Hide Progress

L X Llayers o x
Classification [ Show Dielectrics -
b Ground> EoWe 8%
Noivéegfwter;é?ound Mets " ToP HEVFFFF
Power/Ground Nets " vDD_C1 O R [vvv|v
" V85_C1 ORI+
" BOTTOM Q& v
=
Nets " outline ar
Regular Expr: " Measures a&
" Rats (=
<NO-NET> ~ " Enors [m
FCHIP_AT (" Symbols a=
FCHIP_AZ " Region Ox
FCHIP_A3
FCHIP_AS
FCHIP_AT7
FCHIP_A12
FCHIP_A13
FCHIP_A16
FCHIP_A17
FCHIP_AT8
FCHIP_B3
FCHIP_B4
FCHIP_B5
FCHIP_BE
FCHIP_B13
FCHIP_B14
EfdID BAE N
Mets | Diterental Layers
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Appearance

2/27/2018 The blue, on the right hand image, comes from
clicking the first "Top" box which fills in that square solid.

Toggle to change appearance

[ Show Dielecirk:s

" TOP O v Iviviviv
(" VDD_C1 L] B v v [v v |v
(" VSS_C1 = RERCACArArArd

@ BOTTOM Oxivvivv|s
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Start Editing the Stackup

@
B File Edit View Project Draw Layout HFSS 3D Layout Too
= |n the Ribbon, with the Layout tab selected, click of H “ut Indc » [hfss_layout_bga -
the Layers dialog icon to open up the Edit Layers 1 “opy (™ Redc I UNNAMED_000 -
dialog box. Save Paste Delete | [ =

This dialog box is also available from Layout > Layers.

Desktop View Simulation Results Automation

e ﬁLayersdialng ]
g

Open layers dialo

Project Manager

= Near the top of the Edit Layers dialog box, in the box [ nfss_ayout_bgan*
labeled Stackup, set units to microns
* Units: um

B | Edit Layers - hfss_layout_bga
= By clicking on the symbols on the left hand side, rows Stackup Layer
in the stackup can be selected. e o
isplay ackup
(m Stackup layers v Laminate mode
(" MNon-stackup layers 'Units: LIFR -
(" Al layers
| O | & | = | w | e | 8 | % | Neme
| [ v v v v v v UNNAMED_000
-2 v v F ¥ F v TP
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Editing Dielectric Fills in the Stackup

= |n the Edit Layers dialog box....
= Correct the Dielectric Fill
e Select the row Name: TOP X
* In the Dielectric Fill column: | Stackup Layer
from the pull-down, select FR-4 | Disvlay Srtackw
|| (@ Stackup layers v Laminate mode
. .Select. thg row Name: VDD_C1 T————
= Dielectric Fill: select FR-4 | " Allayers
* Select the row Name: VSS_C]. |l "d | ®m [ e | m | e | 8 | = | Name | Type Material |  DielecticFil
- ; i~ il _ v v v v v v vV UNNAMED_00D diglectric AR
Dielectric Fill: select FR-4 e I o B o o o A
e Select the row Name: Bottom r v v v v v v UNNAMED_002 dielectic  FR4
= Dielectric Fill: select AIR 2 2 2 2 A signal  COPPER.
. B 2 2 2 v v v UNNAMED_004 dielectric FF-4
e Click the Apply and Close button - F FFF R cignal R
- v v v v v v UNNAMED_006 dielectic FR-4
- v v v v v v [ BOTTOM signal COPPER AlR
- v v v v v v UNNAMED_008 dielectic AR




Stackup - Dielectric Fill Editing Done - hfss _layout bgal.aedt

Stackup Layer

Display Stackup

@ Stackup layers [v Laminate mode

(" Mon-stackup layers Units ’m

| (" All layers i

| E | E | o | m ‘ = | i | E | Marne Type Material Dielectric Fill Thickness | Etch ‘ Raough | Solver | Transparency |
[v [v v [v [v [v v UMNAMED_000 dielectic AR urmn [ 60
[ [« v [ [« [« [w TORP signal COPPER FR-4 30.48um [ [ [ &0
[ [v [v [v [v [v [v UMMAMED_002 diglactric FR-4 203.2um [ &0
[ [v [v [ [+ [v v WDD_C1 signal COPPER FR-4 30.48um [ [ [ &0
[ [v v [v [v [v v UNMNAMED_004 dielectric FR-4 203.2um [ 60
[ [v [v [v [v [v v WBB_C1 signal COPPER FR-4 30.48um [ [ [ &0
[ [v v [v [ [v v UNMAMED_006 diglactric FR-4 203.2um [ &0
[ [v [v [v [ [v [v BOTTOM signal COPPER AR 30.48um [ [ [ &0
[ [« v [ [« [« v UMNMNAMED_008 dielectric AR Oum [ &0

Layer Editselected

; Mo ’7 Yisibility Adtributes Analysis .
| T e f r4| L Save file as
; Material

W | hfss_layout_bgal.ae

dt

Thickness:
Top bottom

I 5 o 5 S |5
@
-
iz

Taotal height: 731.52um

Apply and close | Apply | Close | |

Total height 731.52
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Start Verifying Material Properties - Air

= To edit/verify the material definitions of the
imported materials...

* In the Project Manager, expand the Definitions

. & view / Edit Material X
folder and then the Materials folder = ﬁss_la',rout_h-gal —
. . . . hfSS_lEl',rDul:_bga aterial Mame
. DOl:Ib|e-C|I€:k on the. ma.terlal. Air € vermmions ) [
[ ) VIeW/Edlt Materlal dlalog ElD CUmpUﬂEﬂtS Propetties thr;j Material ‘ . | - - Vlew,"Ed\HTAater\al.fDr
1. Material Name: Air []g S‘_r"ﬂ"lthl'S _Relative Pearmittivity Sirmple  |[1.0006 i:mfve ies_;lgn
. o o o A ey Funtprints _Relﬁhve Permeahility Simple 1.0000004 ciive Project
2. Relative Permittivity: 1.0006 i1 Padstacks ooy snoe o emensim S
3. Relative Permeability: 1.0000004 | - g Mﬂdkels | |vagneicLoss Tengen:  Sime o e
. I Fackages
Notice that the OK button only becomes available (&0 Materials ) :
. . . m
after something is edited. -ETAR
. . {m BO-I_I_OM_FILL Yiew/Edit Modifier for
= Click the OK button (if needed) to close the - COPPER -
View/Edit Material dialog when finished. :g e
Matetial Appearance
{m pec [T Use Material Appearance
. ~[EF solder
...continued on next page 5 ToP_FILL o
@ VDD_C1_FILL etFrequen ependen t i z Validate Material
{m VSS_CI_FILL Set Frequency Dependancy.. | ‘CalculaePrope ies for: J
..... D Scripts | | Cancel ‘

Y \NnSyYS
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Verify Material Properties (Copper and FR-4)

...continue verifying material properties...in the
Project Manager > Definitions folder > Materials

folder

Double-click on the material: COPPER

» View/Edit Material dialog
Material Name: COPPER
Relative Permittivity: 1

Relative Permeability: 0.999991
Conductivity: 59590000
Dielectric Loss Tangent: 0

Press the OK button

OnRWNR

Double-click on the material: FR-4
» View/Edit Material dialog
Material Name: FR-4
Relative Permittivity: 4.5
Relative Permeability: 1
Dielectric Loss Tangent: 0.035
Press the OK button

DRWNR

K view / Edit Material

haterial MName

‘COPPER

Froperties of the Material

Mame

| Type | Yalue Units |

Relative Permittivity
Relative Permeability
Bulk Canductivity

Simple 1
Simple 0.99999
Simple 53530000  siemens/m

DielectricLoss Tangent  Simple |0
Magnetic Loss Tangent  Simple |0
K view / Edit Material
Material Name
|FFv4
Properties of the Material
MName Twpe | Yalue | Lnits

Relative Permittivity Simple 45
Relative Permeahility Simple 1
Bulk Conductivity Simple 1] siemensim
Dielectric Loss Tangent Simple 0.035
Magnetic Loss Tangent Simple 1]

Note: The OK button only becomes available after something is edited.

©2021 ANSYS, Inc.

Y \NnSyYS



Region "User" Layer for Subdesign Cutout

In order to analyze two specific differential signal pairs, we'll cut out a portion of the overall layout
into a subdesign that contains only the two desired differential pairs and the reference net(s). Net

names for the differential pair include RXDATA3+, RXDATA3-, RXDATA4+, RXDATA4-.

B | Edit Layers - hfss_layout.
To facilitate cutting out the subdesign, we'll draw a rectangle on a "user" layer, an extra
Stackup Layer

utility layer not used for geometry in the PCB design. The user layer name in this design | picpisy

iS Region. (" Stackup layers

. . . . . (@ MNon-stackup layers
If there is not yet present in the layers a Region layer, follow the instructions below to T Allayers
create one.

outline

= |f the Region layer is present, skip forward and make Region the active layer.

= To create a Region User Layer...(if the Region layer is NOT yet present)
* Select the menu item Layout > Layers to bring up the Edit Layers dialog box.
1. In the upper left Display area: Non-stackup layers.
2. Click on the (top?) row for the layer with name outline.

3. In the lower left Layer area, click Insert above... to open the Add Layer dialog. Layer
— Name: Region Insert above...
- TyPE: User Inser below...

— Press the OK button
4. Press the Apply and Close button to close the Edit Layers dialog box.

Y \NnSyYS
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Set Active Layer - Region

There are two easy ways to set the active drawing layer in HFSS 3D Layout. ]
Active Layer

= |n the Ribbon, with the Layout tab chosen, click on the down-triangle

. . Project Draw Layout HFSS 3D Lgfout Tools Window
next to layer names to choose a different active layer.

Layers Ynde [%] ~ hiss_layout_bga . e
"]

= |n the Layers window, simply click on the radio button (round space) Dialog $ |[ERegion Sro
next the layer name to make it active. Delete | K7 zoom @ or

m Layout Simulation Results Automation
Active Layer
[ Show Dielectrics ﬂ Set Active Layer
BEome 0 5
" TOP W xvvivive
" vDD_C1 Ol X [vwv|e]v
" VS5_C1 Ox[vwvev
" BOTTOM Ox[vvvev
£
" outline ar
" Measures O x
(" Rats ar
" Errors O x
(" Symbols x
Active Layer =—> |® Region O &

Y \NnSyYS
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Draw Rectangle on Region Layer for Subdesign Cutout

In order to create a rectangle for the cut-out...
= |n the Ribbon, with the Layout tab highlighted, select the Draw rectangle icon.

¥) Undo E] ~ hfss_layout_bga - *-I-rPan @Fit:’-\ll H - €> R |- L B
§ [EEEunNNAMED_000 v SuRotate | @) ¢ - [D:]Ga Tl K
k - Zoim . Orient ™ ﬂ O A @ ;‘ @

Simulation Results Automation

[ Draw rectangle

Draw rectangle primitive

= Another way to access drawing a rectangle primitive is from the top pull downs
Draw > Primitive > Rectangle.

e The first click signifies first vertex of the rectangle. The second click is for the
diagonally opposite vertex.

...continued...

Y \NnSyYS
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Finished Rectangle for Subdesign Cutout

(0 mm, 5 mm)

This line is not part of
re

. Move your mouse to Project Manager
visualize the rectangle. =1 hfss_layout_bga1*

24 hfss_layout_bga*

it}

-[3F] Circuit Elements
= Draw the rectangle to & soundaries

-[B3] Excitations

encapsulate the right- o B Analyss

- Design Verification

hand half Of the paCkage @ Optimetrics
mOdeI. ----- Results

- T Field Overlays
-[I§ Far Fields
7] Definitions

Red
squares
e W indicate
: drawn

The coordinates are

- /ectangle.
accessible in the Properties 2 |
menu with the rectangle _ S
. . o Name |Va|ue| Unit |E\ra|uated\f... )
highlighted. If the initial Type  rect 2
Mame rect_... [7,)
freehand draw doesn't work, CockPo_| 3
the two points Placon- [Rog. =
e - (Vp]
Pt A: 0’ 5 mm and Negative | [ -E
o 2ptDes.. [v¢
Pt B‘ 5’ -5 mm ) PtpA 05 'mm Omm,5mm
can be entered in PB 55 |mm  Smm. 5mm
. ComerR... 0 mm | Omm (5 mm’ '5
PrOpertles. Angle ] deg (Odeg
. | / mm)

Y \NnSyYS
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Alternative Way to Draw Rectangle

» Select the menu item Draw > Primitive > Rectangle . rectangle _

= Using the coordinate entry at the bottom of the windows, enter
the following:

1. Units: mm
2. X:0 Press the Tab key
3. Y:5 Press the Enter key

0~ - - - -

4. Press Tab key twice

5. Delta X: 5 Press the Tab key
6. DeltaV:-10
b o i oo BN S [ s Jon o
7. Press the Enter key " . : —

Y \NnSyYS
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Cutout Subdesign

In order to cut out the subdesign....
= With the rectangle selected, in the
Ribbon, with the Layout tab selected,

»

B | Cutout Subdesign
@ ﬁ“ Destination Design

ealing Geometry (" Use current

Cutout

. . Check & Create new |<Create new parent HFSS 3D Layout> ﬂ
SeIeCt CUtOUt’ YVhICh brlngs up the [ Create the cutout as a sub-design within the parent design.
Cutout Subdesign dialog box. "
* This cutout function can also be accessed with the " Fiter geometry by nt
menu item Layout > Cutout Subdesign [ mcue | clp at extents | ~

* Check the box for Create new <Create new parent - -
HFSS 3D Layout> fporres: 20

* Place check in the Include column for the following _posraee A1 m
nets: ~ |RxpaTAS+ B r
= RXDATA3+, RXDATA3-, RXDATA4+, RXDATA4-, N E—

VDD, VSS __|posar L N

* Place check in the Clip at extents column for the von.s i
following nets: = 2 R
= VDD, VSS Netnemefiter: |

e Click the OK button to close the Cutout Subdesign Selection Folygon and Clippng Extent
dialog box. Extent poygon:  rect 8768 Auto Generate Extent | Reset

[ Keep the excluded region.

Y \NnSyYS
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Cutout Subdesign

= A new design will be added to the project and should become the active design.

= Below is a picture showing the cutout

= Save file as hfss_layout_bga2.aedt

Project Manager

EI-- hfss_layout_bga*
[+-a hfss_layout_bga®

‘ hf:is_Iiﬂnﬂ.".tut_hagil_«:utl.".tutan

Ctn
'EI Definitions

Cutout design

©2021 ANSYS, Inc.



Add BGA Solder Balls/Flip Chip Bumps to FCHIP on Subdesign

= For the cutout subdesign "hfss_layout_bga cutout", access the Components P x
Components window... LY osaon
The Components window is available from View > Components M
= From the Components dialog window ¢ v
* Expand Other (by clicking on the + sign), expand FCHIP, click on S vED
FCHIP component and Right-click e '
= Click on Model ey
...continued... - et P On Componeet
Remove Ports From Component
Fit Selected
_Componerts |

i

e

Mo s
/,sﬁ S Mo ptle (0 S o R ey 4

To create Flipchip bumps for the component, we define the Solder Ball properties to the FCHIP
component. A reference plane for the Flipchip bumps is automatically added to the geometry.

Y \NnSyYS
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Add BGA Solder Balls/Flip Chip Bumps to FCHIP on Subdesign

B | Component Model *
In the Component Model dialog box... Companentin
=  Solder Ball Properties Part Name: [FeriP
e Shape: Cylinder Part Type: [Oer
« Diameter: 0.075mm Fef Des: B
* Mid Diameter: 0.075mm o, Fioe: e

* Height: 0.075mm
* Material: solder

Solder Ball Froperties

Shape: Cylinder ﬂ
= Click the OK button Diamster 2075

kid Diameter. |D.D?5mm

Height: 0.075mrm J

Material: [ solder ] |

Fort Properties

Feference Offset: |D|

Reference Size: [v Auto
b |D
' |D

k. | Cancel

Y \NnSyYS



Add BGA Solder Balls/Flip Chip Bumps to CSP_BGA

= Adding BGA Solder Balls/Flipchip Bumps...
* From the Components dialog window

 Expand 10, expand CSP_BGA, click on BGA E

component and right-click
= Click on Model ...bringing up Component Model
dialog box
1. Solder Ball Properties
— Shape: Cylinder
— Diameter: 0.33mm
— Height: 0.33mm
— Material: solder
2. Click the OK button

|| Reference Offset: |D

|| Reference Size:

|CSP_EIGA

Component Info

Part Marme:

Part Type: |IO
Ref Des: |E|GA

|| Mo.Pins: |144

Solder Ball Properties

Shape: |Q/Iinder j
Diameter. |D 33rmm

Mid Diameter: |D.33mm

Height: [0.33mm

Material: | solder

Fort Froperties

»
A

[v Auto

S
——

oK |

Components

% Resistors
i Inductors
i-%ff Capacitors
e IC
B¢ 0
{ B¢ CSP_BGA
evE
E-5f Other Type
Enable
Disable
[ Model.. ]
Create Ports On Component ...
Rermove Ports From Component
Fit Selected
Components |

Cancel ‘

Reference plane for the BGA Solder Balls
is automatically added to the geometry.

Y \NnSyYS
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Create Ports on Diff Pairs at Flip Chip Reference Plane

* From the Components dialog window L Flipchip
* Expand Other, expand FCHIP, click on FCHIP component and Right-click Reference
 Click on Create Ports on Component... plane
1. Select the nets: RXDATA3+, RXDATA3-, RXDATA4+, RXDATA4- i \J
o o P t FCHIP.1
2' Port Con-f lgurat’on B | Create Ports X ey e or FEHIPK j
- Type. Port Excitations FCHIP L1B RADATAL+
) ' Met Filter
3' CIICk OK [ Use Met Classes
Components q =
o Resistors
-9 Inductors
- Capacitors
Bl Other
£l FCHIP
&
Type k
Enable
Disable Fort Configuration
Model ... Twpe: |PDr1 ﬂ
Create Ports On Component ... =3 |
Remove Ports From Component Lo |
Fit Selected o |
Components | =i | el |

Y \NnSyYS
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Create Ports on Diff Pair at BGA Reference Plane

®" From the Components dialog window
* Expand IO, expand CSP_BGA, click on BGA component and right-
click
* Click on Create Ports on Component...

1. Select the nets: RXDATA3+, RXDATA3-, RXDATA4+, RXDATA4-
2. Port Configuration B Create Ports » f Fllpchlpl
. rererence piane
- Type- Port Met Filter ?
3. CIle OK [ Use MetClasses
- ] FCHIP-H1
Components o x FCHIP.JA
FCHIP.KA DATAA-
..... % Resistors FCHIP.L18.RADATAL +
""" ¥ Inductors DD BGA.G12.RXDATAZH Port
----- % Capacitors — . .
..... & IC V3S Excitations
EW? o]
=- ¢ CSP_BGA DATAM
& (5
Eﬂv Cither T.FE 3
Enable
} BGA.J12 RADATAL +
L BGA reference plane -
Model ... Font Configuration
[ Create Ports On Component ... l Type: |PDr‘t ﬂ
Remove Ports From Coemponent E: |
Fit Selected Lo
C: |
Componerts | oK. | Cancel |

Y \NnSyYS
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Define HFSS Extents

Using HFSS Extents, we define the computation region for HFSS. M m b Harcrid - @ = 3@ %
Dielectric Horizontal Padding and the dimensions of Airbox are defined. i o Pl e e e
The values can be entered as absolute values (10mm) or as percentage of o & e Extents ¥ Groups Settings
the maximum of either length or width of the dielectric-polygon. \
= |n the Ribbon, with the Layout tab highlighted, click on the triangle by wrangte
HFSS Extents, and select Edit... S“FSSM"W'E’“] .
Another way to access the Set HFSS Model Extents dialog box is to s i
Select the menu item HFSS 3D Layout > HFSS Extents. J— E|
| =
* Dielectric Draw HFSS Air Box reonapading
1. Horizontal Padding: O o e
e Airbox o
1. Horizontal Padding: 0.025 I Toncste model atgrounayer
2. Vertical Padding: 0.025 \ st 2
3. SynC: Airbox \;E:jr:;|ilePadd\ng' 0025 ]| Sync
* Click the OK button I
= To visualize the HFSS extents:
* Select the menu item Layout > Draw HFSS Air Box o == | e

e Select the menu item View > Rotate
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Solution Setup

= Creating an HFSS Solution Setup
* In the Ribbon, with the Simulation tab highlighted, Sl
'|

HF

Solve Setup

Layout HFSS 3D Layout Tools W

w il

55 |Slwave PlanarEM Sweep  Optimetrics

click on HFSS to bring up the HFSS Setup dialog box.

Another way to access HFSS Solution Setup is e s
select the menu item HFSS 3D Layout > Solution rad s sovensenn B
Setup > Add HFSS Solution Setup inert an HESS solution setup l%&
for dircuit analysis Jos —— .
1. Click the General tab: erepvirs | Avences] svnces e sver o |t
— Setup Name: HFSS Setup1l f
— Solution Frequency: Single
_ Frequency: 2.5 GHz S |st | J
— Maximum Number of Passes: 20 -
— Maximum Delta S: 0.02
— [ Save fields
2. Click the OK button
* The frequency sweep setup dialog will automatically S
appear...continued
HPG and Analysis Optons.. |
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Edit Frequency Sweep

Edit Frequency Sweep X
In the Edit Frequency Sweep dialog box... S——" Solve Setup
Edit Frequency Sweep tab... SweepNams:  [Sweep 1 v Enapled |
[v' Use Q3D to solve DC point
= Name: Sweep 1 Sweep Type:  [inerpolsing ~]
= Use Q3D to solve DC point oS B e
u Sweep Type: InterPOIating | ' |unear Step 0GHz 2.5 GHz Step size 0.01GHz
* Type: Linear Step
* Start: 0 GHz
b End: 2.5 GHZ Preview ...
e Step: 0.01 GHz nstummcocsson. |
= C(Click on the Interpolation tab... ok | comce € it Froquency Sweep (interpolation)
* Relative error: 0.5%
= Click on Advanced Options button to open up the Interpolating Ve Soluons =
Sweep Advanced Options dialog box...continued Error Tolerance:  [05
Advanced Options...
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Frequency Sweep - Interpolating Sweep Advanced Options

. . . Solve Setup
In the Interpolating Sweep Advanced Options dialog box...

= Enforce causality (DC point required)

» M Enforce passivity Interpolating Sweep Advanced Options X
= Press the OK button to close Interpolating Sweep Advance Options Interpolation Convergence

dialog bOX. (@ Use All Entries
= Press the OK button to close Edit Frequency Sweep dialog box. ~ Use Seledtad Entries

Data Types For Convergence:

[v 5 Matrix l¥ Port Impedance

| Propagation Constants

|v Enforce Passivity

Passivity Error Tolerance: 0.0001

lv Enforce Causality (DC point required)

oK Cancel
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HPC Setup

Setting up High Performance Computing (HPC)... Y SR—— x
= Select the menu item Tools > Options > HPC and Analysis Options e e
* Design Type: HFSS 3D Layout Design f— [+ =
* Select the Active Configuration: Local e [oee] e
« Click the Edit button R
* Analysis Configuration Dialog BTSN - j
1. Check the option for Use Automatic Settings j
2. Click the Machines tab P
— Name: localhost S, |
- Cores: 4 femeas
— RAM Limit (%): 90 e
— Click the OK button
3. Click the OK button C o] oo

Note: The ANSYS training computers are typically configured with a single quad
core processor. The configuration shown here will use 4 cores for multi-
threading.
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Save, Validate, and Analyze HFSS Project - hfss layout bga3.aedt

= Click the Validate green check mark in the ribbon (with Simulation chosen)
to validate the project.

= Select File > Save As and save project renaming file as:
hfss_layout _bga3.aedt

Keep all HFSS workshop simulation files; future workshops may continue
with these files.

= Click on Analyze All in the ribbon to start the HFSS simulation.

The Validation Check and Analyze All operations are also available from the
HFSS pull-down at the top of the graphical user interface (GUI).

= Save hfss_layout_bga3.aedt when the simulation finishes.

Click on Show Messages and Show Progress in the bottom right of the GUI in
order to see the simulation progress.

Break time? This simulation might take a few minutes.

- hfss_layout_bga3 - hfss_layout_bga_cutout - Layout - [hfss_la
Draw Layout HFSS 3D Layout Tools Window Help

LRS- ¥\ VS

HFSS  Slwave PlanarEM Sweep  Optimetrics| Validate JAnalyze

Results Automation

Validation Check: hfss_layout_bga3 - hfss_layout_bga_cutout

Qf hfss_layout_bga_cutout

“alidation Check completed

‘ Close

o Stackup

<« Materials

<« hesh

& Vias

" Circuit Elements
o Cawvities

o Excitations

<« Solve Setups
<« Optimetrics

- hfss_layout_bga3 - hfss_layout_bga_cutout - Layout - [hfss_la
Draw Layout HFSS 3D Layout Tools Window Help

HFS5 Slwave PlanarEM Sweep = Optimetrics Validatd Analyze

Results Automation
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Matrix Data in Solution Data

= |n the Ribbon, with the Results tab highlighted, select
Solution Data, which brings up the Solutions dialog box.

This Solutions dialog box is also available by right-clicking

in the Project Manager, under Analysis, on HFSS Setup 1

and choosing Matrix Data.
And..

...from the top pull down menus
HFSS 3D Layout > Results > Matrix
Data

" One can click on the Convergence
tab, shown in next slide

" Press the Close button when you
are finished.

Y \NnSyYS

=

Draw

Layout HFSS 3D Layout Tools Window Help

3:_33 [8 Delete All Reports
J (880

Output

* Variables

Simulation Automation

MNetwaork

Data Explorer

5 Browse Solutions

%] Clean Up Solutions

f Import Solutions

Simulation: |HFSS Setup 1

Design Yariation: |

| Proﬁ\e] Convergencd Matrix Data

¥ SMatix [ Gamma |25 (GHz)
[ YMatix [ Zo
[ 2 Matrix

Magnitude/Phase(ded) »

Freg | SBGAF1ZRADATAS- | S BGAGIZ RXDATAZ+ | SBGAHIZ RxDATAL |S.EIGA.J12.FRXDATA4+| SFCHIF.H18 R<DATAZ

j |Last Adaptive j
ﬂ Export Matrix Data. |
| Display All Fregs Equivalent Circuit Export... |
Check Passivity |

Passivity Tolerance: |.0001

e

BGAF12.RxDATAZ-  (0.09882,
BGAG12 RXDATAI+ (019305,
BGAH12 FADATAL-  (0.049656,

BGA.J12 BxDATAd+
FCHIP.H18.RADATAS-
FCHIF.J18 RXDATAZ+
FCHIP.K18 RXDATAL-
FCHIP.L18 RXDATAL+

{
{
(
(
{0.95401,
{
{
(

0.035874,

0.095651,
0.049534,
0.035211.

32.2) {0.19305 43E) {0.049656, 18.2) {0.035974, 9.55) (095401, -32.1)
43.6) (010406 309) {0.075669, 32.2) (0049933, 17.8) {0.096124, -138)
18.2) (0075669, 322) (010323 218) (021743 39.4) (0051165, -151)
9.55) (0.049933  17.6) (021743 39.4) (010965 26.2) (0.036014  -158)
-32.1) (0096124, -138) (0051165, -151) (0036014, -158) {0.098638, 57.6)
-138) {0.94302 -31.9) (0.072071, -144) {0.05057, -153) (019582, B12)
-150) (0072932, -144) (094154, -35.7) (010046, -143) (0.049171, 40.3)
-156) (0051451, -151) (0099554, -144) (094501, -36.6) (0034378 35)

>

Close

]



Convergence Plot in Solution Data

= In the Solutions dialog box, click on the Convergence tab.

This Solutions dialog box is also available by right-clicking in the Project Manager, under Analysis, on HFSS Setup 1
and choosing Convergence.

B | Solutions: hfss_layout_bga3 - hfss_layout_bga_cutout — O X
And. : Simulation: |HF55 Setup 1 ﬂ
Design Yariation: | J ’?
...from the top pull down menus HFSS 3D oo [ComergreJuaroaa
Layout > Results > Matrix Data or Profile... ool 3
and then click on the Convergence tab. Ve 20
tax Mag. Delta S
Target  0.02 0.100
. . . Current  0.00BREEY 17} E
* The default view is for convergence is Table. en een | (o] £
Select the Plot radio button to view a - [Pase Number -l #
graphical representations of the Y e bing Dates =l g

CONVERGED 0.010 \
convergence data 5

* Press the Close button when you are S S
. . ane Leraulls ear Defaults 4
f|n|shed. S Default Clear Default:

Pass Number

Default Settings

Close
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Select Differential Pairs

Creating Differential Pairs - Step 1 Differential Pairs Post

Processing

= |n the Project Manager, under Excitations, right-click

.
and select Differential Paits... 7 |

X ||Enter Text To Filter |Enter Text To Filter

= This Differential Pairs dialog box is also available from the bositive —

top pull-down menus: HFSS 3D Layout > Differential Pairs BCAG12 XOATAY:  [BGAET EXGATIE OOy e ...
= Using the left mouse button, click and drag BGA RXDATA3 - BGAH12RXDATA4-  BGA.JI2ZRXDATA4+
signals to match the Positive and Negative headings and / FCHIP HI18 RXDATA3- |FCHIP.J18 RXDATA3~ Add Pairs >>
each other as Shown here on the rlght FCHIP K18 RXDATA4- FCHIP.L18.RXDATAd+
= Using Ctrl-click or even Shift-click for vertical selection, highlight both
BGA RXDATAS3 signals. This makes the Add Pairs >> button active.
= Click on the Add Pairs >> button. ...continued....

Differential Pairs

Fatrs I Top row moved with Add Pairs >>
X HEnter Text To Filter ‘Emer Text To Filter Terminals: Pairs: Differential Mode: Common
| | Positive | MNegative Positive | Negative | Enabled | Matched | Diff. Mame Ref. Z {ohm) Comm. Name
BGAHIZRXDATA4- BGAJIZRXDATA4+ BGA.G12 RXDATA3+ BGAF12 RXDATAI- [v [ Diff 1 100.00 Comm!1

FCHIP.H18.RXDATA3- FCHIP.J18.RXDATA3+
FCHIP K18.RXDATA4- FCHIP.L18 RXDATAd+ ‘

Other rows above not yet arranged for adding pairs
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Finish Adding Differential Pairs

Creating Differential Pairs - Step 2

Post
= In the Differential Pairs... dialog box, continue adding differential pairs. Processing
= Click OK when finished.

Differential Pairs x
Pairs \
X |Enter Text To Filter |Enter Text To Filter Terminals: Pairs: Differential Mode: Common Mode:
Positive | MNegative Positive MNegative | Enabled | Matched | Diff. Name | Ref. Z{ohm) | Comm.Mame | Ref. Z(ohm)
BGAG1Z2 RXDATAI: BGA F12 RXDATAL- |7 |_ Diff1 100,00 Comm1 2500
BGA.J12 RXDATAL+ BGA.H12 RXDATA4- |7 |— Diff2 100.00 Comm2 25.00
FCHIF J18 RXDATA3+ |FCHIP.H18 RXDATA3- |7 |_ Diff 3 100,00 Comm3 2500
FCHIP.L18.RXDATA4+ |FCHIP.K18.RXDATA4- |7 |— Diff4 100.00 Comm4 25.00
Display Terminals Pair Definition To File Setlmpedance To Selected Column
Odd And Even Half And Half Load From File Save To File ‘
OK | Cancel |
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Viewing Results - Starting 2D Report for Differential Pairs

Creating Reports...

HFS53DL Tools  Wind Hel
= From the Ribbon, with the Results tab selected, click on the e

. E Delete All Reports N LAl 55 Browse Solution:
down triangle by Standard Report and select 2D. T IR Ciean U St
The Report dialog box can also be accessed from the Project | S lton A Import Solutions
Manager, under Results, by right-clicking on Results and Results | Automation [ 2% L] A
selecting Create Standard Report > Rectangular Plot AN ol &) [EE

Or 2D Stacked Polar Data Table
...from the top pull-down menus...select the menu item HFSS ( J L_%_f g vy %
3D Layout > Results > Create Standard Report> Rectangular /‘ Smith Chart 3D 3D Polar | 2D Contour
Plot

" |n the Report dialog box...

e Solution: HFSS Setupl:Sweep 1 &
* Domain: Sweep | [ Context Trace lFamiIiesl Families Displayl
* Show: Differential pairs | soution: [iFss Setup 1:Sweep: ¥ | | oo o[ <[
1. Category: S Parameter _
] Domain: |Sweep ﬂ x: v Default |F
...continued...
! Show: |Diﬁerential pairs ﬂ v |dB[S[Cnmml,Cnmm1}j
|

Y \NnSyYS



Viewing Results - Transmission Differential Pair S-Parameters

Report: hfss_layout_bga3 - hfss_layout_bga_cutout - New Report - New Trace(s) X
Context Trace lFamiIiesl Families Display]
Solution:  |HESS Setup 1: Sweep ¥ | | g ceen: [F ~[ai [
In the Report dialog we want to pick out the bomain:  [Sweep A o
issSi irs. Shaw: - il pal -
transmission pairs We can refer to our i [oftwrenielpars || s o BE0R0R) Renge
differential pair definitions as needed...
o . . . Category: Quantity:l ﬂ Function:
= Quantity: transmission terms . .
Variables S(Diff1,Comm3) A |<none>
1 1 1 1 Output Variables Diff1,Diff3 ang_deg
S(lef].,lefS), and S(DIffZ,lef4) Diﬂ’l Com4] ang_deg_val
. ¥ Parameter e ang_rad
* Function: dB e S(oifL, Diff) on
Group Delay zggommi'g;n;;n] cang_deg
H Return L omme, LI d [
= Click New Report button and then Close. Return Loss o(Comm2. Comm2) cang.deg e
Gamma S(Comm2,Diff2) EEh
Port Zo S(Comm2,Comm3) dBl0normalize
Passivity 5(Commz, Diff3) dB20normalize
S(Comm2,Comm4) .dBc
S(Comm2, Diff4) :r';]”ag
5(Diff2,Comm1) normalize
S(Diff2,Diff1) re
5(Diff2,Comm2)
. S(Diff2, Diff2)
) ) ) i S(Diff2,Comm3)
Terminals: Pairs: Differential Mode: Common Mode: |- S(Diff2, Diff3)
Postive Negative | Enabled | Matched | Diff. Name | Ref. Z (ohm) | Comm. Name | Ref. Z {ohm) |_ 5(Diff2,Comms4)
spifoif) . [¥
BGAGTZRXDATAZs |BGAF1ZRXDATAI- |7 |_ Diff 1 10000 Comm1 25.00 - :
 |BGAJ12 RXDATAL+ BGA.H12 RXDATA4- v Diff2 100.00 Comm2 25.00
|_ |_ New Report | ‘ | Close
FCHIP J18.RXDATAZ+ |FCHIP H12. RXDATA3- |7 |_ Diff3 100.00 Comm3 25.00
_FCHIF‘.L1 2 R¥DATAL+ FCHIP K18.RXDATAL- |7 |_ Diff4 10000 Comm4 25.00
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Viewing Differential Pair Transmission S-Parameter Plot

Project Manager 4 X |
[» | hfss_layout_bga3 - hfss_layout_bga_cutout - Trans S-Params E@

=W hfss_layout_bga_cutout®™ A
@ Circuit Elements Trans S'Params hfSS_la‘yDUt_bg a_CUtDUt A

-[E Boundaries
=] Excitations

----- ) BGA.F12.RXDATA3- 4 Curve Info

----- &) BGA.G12.RXDATA3+ -0.03 — dBéS(leﬂ Riff3))
..... @ BGCA.H12.RXDAT A4~ j HFSS Btl_,lp 1 Sweep 1

----- &) BGA.J12.RXDATA4+ ] e dBéS(DIffZ Diff4))
etup 1 . Sweep 1

----- ©) FCHIP.H18.RXDATA3- -0.05 — HFSS
----- @) FCHIP.J18.RXDATA3+ ]
----- ) FCHIP.K18.RXDATA4- ]
----- ) FCHIP.L18.RXDATA4+ -0.08
=4 Analysis
- Cosim Options (HFSS) .
B }? HFSS Setup 1 2010 3
------ by Sweep 1
mvl Design Verification ; B
-] Optimetrics 013 4
=-fF Results
£-EJ Trans S-Params |
-3+ dB(S(DIffL,Diff2))
s dB(S(Diff2, Diff4))
- Mg Field Overlays v

Properties . x -0.18 4

Name | Value ~ 4
Show V... [v 020 4
File Ma... Full path
Font Font

Haadar Frnt -0.23 T T T T T T T T T T T T T T T T T T T T
< > 0.00 050 100 150 200 250

Legend | Cartesian | General
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Viewing Results - Reflection Differential Pair S-Parameters

» Create a second Report...

e Solution: HFSS Setupl:Sweep 1
* Domain: Sweep
* Show: Differential pairs
1. Category: S Parameter
2. Quantity: Click the pull-down and select only
self reflection terms S(Diff1,Diff1),
S(Diff2,Diff2), S(Diff3,Diff3), S(Diff4,Diff4)
3. Function: dB
4. Click New Report button and then Close.

E Report: hfss_layout_bga3 - hfss_layout_bga_cutout - Mew Report - New Trace(s)

Context Trace } Families ] Families Displayl
Solution:  [4ess Setup 1 : Sweep v | Primary Sweep: |F | [
Domain: |Sweep ﬂ - v Default ||:
Show: - i [
Differential pairs =] y:  |dB(S(Diff1,Diff1)); dB(S(Dff2,Diff2)); dB(S(Diff3,Diff3)); dB(S(Diff4,Diff4))

m | hfss_layout_bga3 - hfss_layout_bga_cutout - S Parameter Plot 1 E@
S Parameter Plot 1 hfss_layout_bga_cutout 4
-12.50
-25.00
J Curve Info
- — — dB(3(Diff1,Diff1
37.50 1 HFas Bt 1 Siia 1
h —— dB(3(Diff2 Diff2
> HFas Bt 1 2ol 1
-50.00 — dB(S(Diff3,Diff3))
4 HFSS Setup 1: Sweep 1
— dB(S(Diff4,Diff4))
i HFSS Setup 1: Sweep 1
-62.50
-75.00 — . | |
0.00 0.50 1.b0 150 2.bo 250
F [GHz]




View Results in Network Data Explorer

= Explore results using Network Data
Explorer
For terminal data with large port-count,
Network Data Explorer provides an
efficient and dynamic mechanism for
investigating results

* In the Project tree, under Analysis,
expand to show Sweep, then right-
click on the Sweep1 entry and select
Results > Network Data Explorer

e Set Format: dB

* Check Select all or choose signals
individually.

» Save hfss _layout bga4.aedt when
the simulation finishes

& ndExplorer — O x
File Edit Plot
Export Check
Network data file: [HFSS Setup 1 : Sweep 1 ~|  Browse...
SYZ Data | Causality ‘
Compare matrix data Quantity Parameter type Format Broadband
No compare ﬂ ‘Farameter va\uesﬂ ‘S parameter j |dE ﬂ [+ Cores (Broadband/Causality 4
~

Select by: (" Frequencies (& Matrix entries

S(BGA.F12.RXDATA3-, BGA.F12.RXDATA3-) g}
S(BGA.F12.RXDATA3-, BGA.G12.RXDATA3+)
S(BGA.F12.RXDATA3-, BGA.H12.RXDATA4-)
S(BGA.F12.RXDATA3-, BGA.J12.RXDATA4+)
S(BGA.F12.RXDATA3-, FCHIP.H18.RXDATA3-
S(BGA.F12.RXDATA3-, FCHIP.J18.RXDATA3+
S(BGA.F12.RXDATA3-, FCHIP.K18.RXDATA4-
S(BGA.F12.RXDATA3-, FCHIP.L18.RXDATAH
S(BGA.G12.RXDATA3+, BGA.F12.RXDATA3-)
S(BGA.G12.RXDATA3+, BGA.G12.RXDATAI+
S(BGA.G12.RXDATA3+, BGA.H12.RXDATA4-)
S(BGA.G12.RXDATA3+, BGA.J12.RXDATA4+)
S(BGA.G12.RXDATA3+, FCHIP.H18.RXDATA3
S(BGA.G12.RXDATA3+, FCHIP.J18.RXDATA3:
S(BGA.G12.RXDATA3+, FCHIP.K18.RXDATA4
S(BGA.G12.RXDATA3+, FCHIP.L18.RXDATA4
S(BGA.H12.RXDATA4-, BGA.F12.RXDATA3-)
S(BGA.H12.RXDATA4-, BGA.G12.RXDATA3+)
S(BGA.H12.RXDATA4-, BGA.H12.RXDATA4-)
S(BGA.H12.RXDATA4-, BGA.JL2.RXDATA4+) w

[ Select all ]

View: ( Table® Flot

v Select all
< >

dB(S)

-10.00

-20.00 -

-30.00

40.00 ] Curve Info

] —— dB(S(BGA.F12.RXDATA3-, BGA.G12.RXDATA3+))

o FSS Setup 1: Swee
% E —— dB(S(BGA.F12.RXDATA3-, BGA.F12 RXDATA3-)

-50.00 FSS Setup 1: Swee,

-60.00

-70.00

-80.00 ——

0.00 050 100 " 15p 2bo
Frequency [GHz]







