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Abstract

As the voracious appetite for technology continually
grows, so too does the need for fast turn around times and
efficient techniques for characterization. To improve timeliness of
turns, ANSYS Sl product suite offers new functionality to enhance
the user experience with layout driven assembly. By combining
HFSS for connectors and HFSS 3D Layout for boards, this
methodology allows us to apply currentbest solving techniques to
our problems for optimal turnaround time and accuracy.
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Agenda

B Design Pressures
. Layout Driven Assembly

I Multiphyics Board Analysis

Slwave Workflow Enhancements

M asaa
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WS Customer Pressures

Energy Availability
Time to Market
ProductiLifecycle
Skilled|labors 4

Uhcertainty Margin for Error Comp le xity

Competition
Cost Constraints
Lawsuits/Warranty
Product Innovation

Customer Expectations
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Getting Product Designs Right

5

Frequent Design Changes
Top Business

Pressures Driving
Product Design
Improvement

Compressed Schedules
Improving Quality
Need to Innovate

Additional New Features

Late-Design Problems

Making Design Tradeoffs

Biggest Hurdles
for Product
Design

Frequent Design Changes
Understanding Variation

Skilled Technical Experts

© 2016 ANSYS, Inc. April 25,2016
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ANSYS Electronics Desktop

&} ANSYS Electronics Desktop - ANSYS Electronics Desktop - Helical Antenna - HFSS - 3D Modeler - SOLVED =0 (=N ===
File Edit View Project Draw Modeler HFSS Tools Window Help
D E BB S| X . i[Loal SEE e E288 |0k R -] -
HE AR N T A el R o & v <l = @ ipnoB e Z [[eawun | |[Modal
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5| ANSYS Electronics Desktop - Helical Antenna - HFSS - Modeler | Serial_Channel - Equalized - QuickEye Statistical Eye Plot 5] ANSYS Electronics Desktop - Co-planar Wave Guide GSG - 2D Extractor - Modeler = =] ==
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| ANSYS Electronics Desktop - EMC Analysis using Push Excitations - Schematic
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HFSS 3D Layout

HFSS interface optimized for layout designs
Stackup editor
Trace, pads, vias bond wires, solder bumps and balls

Same 3D accuracy of HFSS in automated design flow

7 © 2016 ANSYS, Inc. April 25,2016
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NWSYSE From Schematic Capture to Layout Driven Assembly

The old way of analyzing a package system plus a board

32 bit DDR3 Board Package
e B B o B2 T
e BHa o B =8 =@ o8 of =F
Bo Bo Bo Bo go =8 o=f of oFE o5
= = Bae o D—@D@D@D@gﬂ
] =
e i
e =
S = :
s =i
i
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Package on Board Example

Last year...

Export
Extract board P
. touchstone or
in Slwave D
dynamic link

Run linear
network

Extract Export

package in touchstone or

HFSS dynamic link analysis

Setup circuit
schematic

Challenge: requires the use of 2-3 software packages
Next step: make a design change
Next step challenges:

* Keep track of touchstone revs
* Making changes to Slwave design (no variables)

10 © 2016 ANSYS, Inc. April 25,2016



Package on Board Example

Present Day...

Extract Run linear
package using

HFSS

Assemble full
3D model

Extract board

network

using Slwave :
analysis

Benefit: requires the use 1 software package (Electronics Desktop)
Next step: make a design change

Benefits:
* No need to keep track of touchstone revs
* Layout interface enables parametric Slwave designs

11 © 2016 ANSYS, Inc. April 25,2016



System Verification

Layout-Driven Assembly in ANSYS Electronics Desktop

Place and connect components in Layout ECAD and MCAD
Simulate components with 3D accuracy HFSS, Slwave, Q3D

Apply automated circuit simulation to capture full system behavior

Ease-of-use drive 3D simulation for design engineers

12 © 2016 ANSYS, Inc. April 25,2016
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To o

iDEE| LR (xa - ffea SOR|[REe® BRI JE. NS B0 0B ikBRELOIVE|IES K 0RO LANTE,
FeR im0 m | omg || jmmor | o] |[odmrioner ]| oones o =]l [k S 5 e ke & IR K0 ER R SROE DDA/ R (08,

BODBRMRHANRNIEY it D~@ I'V:.E"ﬂtv ||| prane =1l
I Gaea ‘Ga7ITa00asY % | Galileo_G87173_20423 - Galileo_GE7173_204 - Layout EE=) s

= & Galileo_G87173_204" . .
gc.mmm HFSS 3D Layout design of the Intel Galileo Board
&) Boundaries.
(2 Exatations
m ## Analysis
gl Design Verification
(& optmetrics
(3] Resuts
T Feld Overlays
[Fi For Frelds
) b PCle (rivenTermingl)
] ’ /S8 (DriveriTerminal)
) (2 Definitions

HFSS design of a USB

Properties

Reducing hands on engineering time
* Eliminate error prone system wiring

© 2016 ANSYS, Inc. April 25,2016



Virtual System Analysis with HFSS & Slwave

Assemble ECAD & MCAD i 'y T '
— Select appropriate solver S
— HFSS, Slwave or PlanarEM
— Connect TX/RX up within
Schematic circuit analysis
— LNA

— |IBIS & IBIS-AMI

— HSPICE*
PSPICE**

" *HSPICE solver requires Synopsys
license; Nexxim supports HSPICE
syntax

** Uses Nexxim solver with
PSPICE syntax

14 © 2016 ANSYS, Inc. April 25,2016



3D Layout: Key Features

15

« HFSS 3D Dynamic Linkin Layout
« 3D Placement and Positioning
« Improved Capacity and Layout

Rendering

Slwave technology for large PCBs and

packages
e SYZ Solver
 Geometry Checks

© 2016 ANSYS, Inc. April 25,2016

Linear Network Analysis for Co-simulation
* LNA Setup and automated Net listing
« Component Models
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Pin2Pin Utility

* _.Net utility written to highlight layout automation

[ ] [ ] ¥
e Can be run with or without GUI e a———
Import  Output
Nets | Exdents | Componerts Options
Frequency. 10GHz
e Starts from .mcm or .brd -
[} L] -
Maxdmum Nurber of Passes
[\ DARLEPinToPin\1202\PinToPinSetup\L_ NetFilterAndC..|Sulel=) L-L_—| Maxmum Deta S 0
| Import  Qutput | ggj
N DARI6PInTePin\ 1202\ PinToPinSetup\d_NWVAPKG\fgad... [Hnjni=s Srmum Maioref Puiises
Nets  Exerts | Components | Analysis | Options S,
| Import  Output Vinmur Corverged Passes
h.rw_ Import Ports Pwr/Gnd MNets | Extents | C rts | Analyss | O =
| AMILRXD ] v 9 Cutont Solver Options
AMILEXD /| o ) is Function: O -
Tvpe Confomal @ Bounding Box D0 % Bl Fanctiond e Oy
AMIFRAD2 v v _
AMI-RXD3 7 7 Factor/Distance.  0.05 Enable heative Solver
o ; ; Fourd Camers I
Fraquency Swesp
Aitbax/ Dielectrcs Type Range
71 Fadation Boundary None Type: [LmearSep v
N = | (] Corformal @ Bounding Box Dscrete Sat: 0
Import  Output ine . v
rortal Padding: 0
| MNets | Eﬂentsl Components |Ana|ysis| .
- o -
c52 + | Information ot Padding: 0
C53 Part Name: |FPG |_FF784_FBGA Hrical o Trmes - = : g - ]
Al Part Type: |IC 4 stive Paddng: 005 ¥ syne Z s
No. Pins: 718 |
Die Properties Ll
Type: Fip chip -
Oriertation: Chip down -
Height: 0
5 mets selected Bgot... —
g
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WSS Cadence Automation

BED i opPE s :I; nX“ y PO TR St = = =)
pLsELE T - — e
| ANSYS N
e Automation —
Fe——— ::: — Is#[ T =y
: : . — »;; o= ——
Bl B ==
10 PWR2 7476.0000, 5386.0000 @]Q ” m:w‘a
Layout ] =L
Simulation Democratization
® Timeis best spentln design explorationand -
results analysis Simulation

® Unfortunately, a lot of time is spent preparing the
model for simulation

® Automation of pre-processing would free up
more of the engineer’s time for design innovation

18 © 2016 ANSYS, Inc. April 25,2016
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ANSYS Icepak

Solver Validated by Experts

ANSYS Icepak uses ANSYS Fluent as the solver
engine, which is recognized as the market leader
for both speed and accuracy of CFD

ANSYS

ANSYS HFSS Maxwell

ANSYS Q3D

Customized for Thermal Management

— ¥ § ANSYS Icepak contains a streamlined user interface with
S ANSYS Ice pa k “smart objects” to rapidly create models of electronics
assemblies

ANSYS Mechanical ANSYS Simplorer

Coupling Electromagnetics, Mechanical & Thermal

Simulations

ANSYS Icepak can be connected to ANSYS mechanical or electromagnetic
simulation solutions inside the Workbench environments to simulate the
complete performance of a product




DC Heating

Slwave for DC

ECAD Translators
User Interface
[2R DC Analysis

~101%|
cadence
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Units =

GBS PnGougs  ~

£

[T % Voltage Probes
— =-®& Current Sources
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+ 0|04 Dupay cutpt rom:

Slwave

BRD file
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User Interface

DC Setup
Voltage/Current

Sources
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£
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Two-way coupled Thermal Heating
Gwave DC \ /Icepak Thermal \

a N 4 N
. Materials and . Import

Board Layout File S s Board Layout File Power Loss

\ / \ v
Thermal

p Convergence -

Setup File . Voltages and Setup File . Heat Sources
q (optional) Currents q (optional) and Sinks

Boundary

\ Conditions

Mesh Options Temperature
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ANSYS Solutions for Pkg/PCB

Thermal Management Design Challenges

Thermal impactto IC
Electric / Thermal Co-Analysis for PKG/PCB

Automation of pre-processing would free up more of the engineer’s time for design
innovation

Thermal impact for mechanical stress
Optimization of power, weight, and thermal design requirements

Electrical / Thermal Co-Simulation Thermal / Mechanical Co-Simulation

ATy

Current Density

ANSYS Icepak :
Temperature Contou

! %n ; I Joule Heating (included) I
- SR A
=
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I\NSYS MeChan Ical Rel Iabl I Ity Electronics assembly reliability

ANSYS Mechanical can be used to predict stresses and deformation in the
package during

® Flip Chip Attachment
« Crack Initiation and Crack Growth

® Thermal Cycling
* Solder Joint Reliability

® Shock Analysis

Flip chip
Attachment

Solder Joint

Reliability
I (s s X \ Shock
— | Analysis
" ANSYS -

Crack
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Mechanical: Electronics Assembly

o

B Rests
PCE and PEG

[ 91 EemaiDats | ANSYS e
@ seto < Workbench Solder Bump

Underfill  Solder Balls Thermal Cycles
Added Adde?

141]
o

o b
o oo W

_/

Equivalent Stress (MPa)
= N 8 w [

5

0 i591 182 1773 2364 2055 3546 4137 4728 5319 5010 6501 7002 7693 8274 8865 0456 10047 10638 11229 11820
Time (seconds)

Solder Bumps PCB
Added  aAgged

Package/PCB
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|G

| Eulll-wave,
Slwave PSI Solver E'i‘ml o ﬁ'@ﬁ'ﬁ

Q3D (TPA) Solver Q3D Extractor CPA Solver

Extraction

CircuitSimullation HSPICE
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_
Analog/IP

Weorkbench

I NS S S R NS
r J.. {

v

ECAD Translation

DC ACSYZ Plane Resonance | Near/Far Field
ALinks for EDA: -—— — e— Slgnal Net Analyzer
Loop Inductance Frequency Sweep Z, & X-talk Scans

SI Circuit Analyses:
Pl Advisor: Decoupling Optimization IBIS. IBIS-AMI. Transient
\&SHW@W@G@ ! '
\/
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Slwave SYZ Solver Integration into AEDT 3D Layout

Siwave Solution Setups are now part of ANSYS Electronics Desktop 3D Layout
Enables parametric solves

Enables usage of Electromagnetics RSM

Insert HFSS 3D Layout Design Add Slwave AC SYZ Solution
h AMSYS Electronics Desktop - PCE_Pkg_Merge - board - Layout - [ Project Manager
B File Edit View Draw Layout HFSS3D Layout _E'_.@ PCB_Pkg_ Merge®
0= E g8  Insert HFSS Design 5.4 board*
@ Circuit Elements

+ :
SN - IE & Insert HFSS 3D Layout Design
0 E h‘. - = H D EE" Ui l:lkg‘

@ Boundaries
E]--@ Excitations
) Paste Ctrl+V

-8 (3 Add HFSS Solution Setup ..

E"DE

""@ o Add HFSS Custom Setup ...

-7 Re By AddPlanar EM 5o ution Setup ...
..... €| Add Shwave Solution Setup ... >

[P ] Add LNA Setapo
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30

Siwave Solution Setups are now part of ANSYS Electronics Desktop 3D Layout

Enables parametric solves

Enables usage of Electromagnetics RSM so that jobs can be submitted to a

cluster

Properties
Name Value Unt | Evaluated Value
sd1 3 mi 33mi
SWidh |5 mi 5l
SPad_dia 19 mil 19mil

© 2016 ANSYS, Inc.

April 25,2016

Slwave SYZ Solver Integrationinto AEDT 3D Layout

[PCB_Pkg_Merge - board - Layout]

Window Help
Edit Libraries PR 22 i
1 Library Tools N
Project Tools , =
b XY Plane -
1 Run Script.. .
Pause Script

Record Script To File..

[PCB_Pkg_Merge - board - Layout]

Edit Libraries 'R 22

Project Tools >

Run Script...

Library Tools S |
XV Plane B

Record Script to Project...

Open Command Window

R =2

Password Manager...

Options 3
Keyboard Shertcuts...

Pause 5
Record Script To File...

Record Script to Project...
Open Command Window

Password Manager..

Customize...
External Tools...

[ Show Queued Simulations
J&  Edit Active Analysis Configuration...

Import Array from Table..

‘ . Job Management > Select Scheduler...
Options 3 General Options... Sub
it Job...
= - Calibration Wizard Hemitie
Keyboard Shortcuts... %2 HPC and Analysis Options...
Network Data Explorer Monitor Jobs...
Customize... Ex
port Options Files. PEmag..
] HPC and Analysis Options = ] Analysis Configuration ==

Configurations \amm | Configuration name: [ Local

The local and interactive job configurations
Design Type: S5 3D Layout Design T
Avaiable Corfigurations: Corfiguration Deais

Machines | Job Distibution | Options |
Active Name Total Tasks | | Maks Adtive | [Configuration Name: 7

Local

Machine List:

locahost 12:12:30%

\Job Distribution:

(Optimetrics Variztions

(@ptions:

|AlowOKfCore : True:

Machine for Distributed Anialysis
Total Enabled Tasks: 12 Total Enabled Cores: 12

[ Mame [ Tasks [ Cores [ RAM Limit ()
0

| Jlocabhost 1212

Enabled |
v

il

Wachine Detals:
% Local machine
(" IP Address format: 192.168.1.2)

" DNS Name Format: wiw.server.com):

oK Cancel £ UNC Name forma: \\server)

Import Machines from Fil

I

Add Machine to List

oK Cancel




Slwave Parametric Design within AEDT 3D Layout

£ F SIwave_3D_Layout_PKG_PCB*
(=& SIwave_3D_Layout_PKG_PCB*
{3] Circuit Elements
(&) Boundaries
- {£Y] Excitations
-8 Analysis
i Cosim Options (HFSS)
[2] Slwave S¥Z 1

e Sweep 1
0¥ Design Verification
i=-{@ Optmetrics

" ParametricSetupl

] Resuits
TG Field Overlays
G Far Fields
(-2 Definitions

Project Manager

Setup Sweep Analysis

Sweep Definiions | Table | General | Calcuations | Options |

8 nc#' “ariable |
$pkg_MS_MWidth
$Top_PKG_Etch

Description Add.. |
Lingar Step from 1.75mil ta 2.25mil, step=0.25mil

Single Walue at1.1 Edit...

Single Walue at1.25

nox FPCB_MS_Midth Linear Step fror 4mil ta Bmil. step=Tmil %
H$TOP_PCB_Etch Single Yalue at1.15
Name | Value I Unit | Evaluated Valuel | Single Value at 1.25
Name ParametricSetup1
Enabled 2

Single Walue at1.4

] r

Sync. I UnSync

, ‘ 1
31 © 2016 ANSYS, Inc. April 25,2016



What is Slwave-CPA?

The CPA (Chip-Package-Analysis) solver is a 3D full-wave, FEM based solver for
fast and accurate extraction of RLC parasitics.

® |tis optimized to analyze power and signal nets on packages
- ; ~ T W
L \Q& ' ) YOO®e 5P
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Slwave-CPA

® Automated .html reporting for partial and loop resistance/inductance

® The CPA solver is capable of producing per bump/ball resolution RLC
extracted parasitics

® Visual Bar graph plotting is available for solderball/bump and Pin

Groups
Q3D PDN A 12.3 310.6 24.8 4.51 = 748 =
(TPA)
CPA PDN A 12.9 312.4 25.8 0.4 11x 210 4x
Q3D PDN B 9.1 224.8 24.8 4.51 - 748 -
(TPA)
CPA PDN B 9.2 230.7 25.9 0.4 11x 210 4x
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Slwave-CPA

34

Q3D
(TPA)
CPA

Q3D
(TPA)
CPA

NPE
CPA

NPE
CPA

PDN

PDN

PDN

PDN

Trace

Trace

Trace

Trace

© 2016 ANSYS, Inc.

C 1.58
C 1.61
D 0.16
D 0.16
A 386
A 386
B 386
B 386

April 25,2016

79.

79.

12.

12.

2

9

3.42
3.22

3.44

.30

128.4 48
129.3 0.1
973.4 48
979.3 0.1
1.17
1.17
1.19
1.17

480x

480x

3x

3x

71

13

71

13

450
300

450
300

5x

5x

3x

3x



Slwave-Q3D (TPA) Improvements

Added DC Adaptive Meshing
Added the ability to use Pin Groups with Q3D (TPA) solver
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IS Slwave Conformal Soldermasks

] Layer Stackup Editor (=3
Color | Name T 4+ Thickness mis) % Material Conductivity ($/m) % Dielectic Fil Dieleciric constant | Loss tangent | Translucency | Blevation fmis) | Roughness i)
Top_Conformal_SM CONFORMALCOAT SolderMask ] 3.1 0.035 E45
PO e T 1.1 EDB_copper 5.8E+07 SolderMask 5] 0035 0 634 HI0 . HE:O
Diclectric_1 DIELECTRIC 4 EDE_FR4_epony 0 44 0.2 59.4
O planet METAL 065 EDB_copper 5.8E+07 EDB_FR4_epaxy 44 0.02 0 58.75 Hi: 0, H 0
Diclectric_2 DIELECTRIC 52 EDE_FR4_epoxy ] 44 0.02 675
O penez METAL 065 EDB_copper 5.8E+07 EDB_FR4_epaxy 44 0.02 0 6.1 Hi: 0, H 0
Diclectric_3 DIELECTRIC 4 EDE_FR4_epoxy ] 44 0.02 21
H  bottom METAL 11 EDB_copper 5.8E+07 SelderMask 31 0.035 0 1 Hi: 0, H 0
Bottom_Conformal _SM CONFORMALCOAT 1 SolderMask ] 31 0.035 0
10
Add Above Selected Layer [ fbass Update Dielectric il [ SolderMask v [ Update ]
Add Below Selected Layer R S
_— Name top Update Translucency [} 0% Update
Delete Selected Layers
| toesdecdlomsy | e A T mis [ Update ]
aaaaaa I |08 _copp: v [ Update | Roushness [ b30,Hk0 | mks [ Update |
k ‘ ‘ Edit Material | Properties ‘ ‘ nvert Stackup [¥] Conformal Coat, Units \mlls—'l CCCCC |

Single Ended Zo
Without Trace-Trace Coupling
Without Conformal Soldermask

o

|
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Single Ended Zo
With Trace-Trace Coupling
Without Conformal Soldermask

by

,»(.

S Ay e
‘ . = /

Single Ended Zo
With Trace-Trace Coupling

With Conformal Soldermask
AE) |||||II|”'.—/

N
° - ”. 0)

o

o




Leadframe Editor

ABBSLESH 7
FILE IMPCORT HOME EDIT GEOMETRY CIRCUIT ELEMEMNTS VIEW WISIBILITY TOOLS
C Cadence &llegro/APD/SIP... E Mentor Board 5tation RE/XE Design... UIPCZSSL... ‘ Leadframe Design... :
ﬁ DXF... ﬁ Mentor Expedition Design ~ S ODE~+-...
Bl GDsIL.. [ mentor Pads Design... Ml Zuken CR5000 Design...

Third Party EDA Layouts

Lead Frame Editor Lead Frame Editor
* Creates Slwave & 3D Layout .anf e Slwave QFP Package from Lead
Geometries Frame Editor

* Creates HFSS & Q3D .sat Geometries
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Thank You
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