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What is HFSS?

 Premier 3D Electromagnetic
design tool

e Solves
— Any arbitrary 3D structure

e Uses

— Full Wave Finite Element Method
(FEM)

— Transient Finite Element Solver
— Integral Equation Solver
— Physical Optics Solver
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Ivaad What is Slwave?

 ANSYS Slwave evaluates designs from entire package, board, or
package on board

e Slwave includes all effects of coupling between traces, packages,
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and board

— Advanced Signal- and Power-Integrity Analysis

— Easy Layout Extraction (S,Y,Z)
— Automated Decoupling Capacitor Optimization
— Integrated and Automated DC I°R ’

Reporting

— Advanced Broadband SPICE Model

Generation

— Highly Accurate Macro Modeling
— High-Performance Computing
— Comprehensive Multi-physics (Icepak)
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What is Designer?

* Integrates ANSYS HF tools into a seamless system simulation

e Solves

Time / frequency circuits and systems

e Uses

e Applications
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State Space or convolution time domain spice solver
Harmonic Balance frequency domaln solver

13 x|

2D / 3D Method of Moment solver sariinalelom Fainiunmsvan

Time and / or frequency domain

circuit analysis

Signal Integrity
Antenna Arrays

RF IC simulation

0 Specinum
ﬂlﬂ‘;’i =,.\. a1 Hexaim) - B Pattern
“Nexxim 1 i Ansoft LLC
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Introduction: Channel Simulation Flow

Post layout validation I$ Simulate the physical architectures, create electromagnetic-
based models, and apply time domain signaling in conjunction with these models.

ANSYS has streamlined this process for engineers with the use of one product: SIwave

HFSS

Slwave

!

Q3D

DesignerSlI Circuit

A

Source PCI PCI
Adapter Connector Board
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IS Introduction

A pass/fail solution quickly shows engineers if their design is sufficient or not.
e ANSYS Solution|:> Gold Standard Accuracy with Parasitic Extraction
 Each component of the channel can be decomposed, studied, and optimized

* This solution provides the Why

AV'SYBY PCle Specification Test

Table of Contents

Design Summary
SHIMIANON SCBMNE ... oo nsen oo 2
Results

Desigh Summary

Design Details

escrip
Project PCl: Exaugple
Design PCle Specification Test 3000 A=
Design ID 492
Design Type Circuit Design
Location D/ ANSYS/UGMStaft ForBoots 7
0372012 4:17:10 PM -40.00 —|
Product Version Designer 8.0.0 _
UDD Version Design Summary, 1.0 (R145)
: ghames -50.00 —|
-60.00 —|
o
3
-70.00 —|
-80.00 —|
-90.00 —|
! -100.00
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Power and
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Ivaad What is Slwave?

 ANSYS Slwave evaluates designs from entire package, board, or
package on board

e Slwave includes all effects of coupling between traces, packages,
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and board

— Advanced Signal- and Power-Integrity Analysis

— Easy Layout Extraction (S,Y,Z)
— Automated Decoupling Capacitor Optimization
— Integrated and Automated DC I°R ’

Reporting

— Advanced Broadband SPICE Model

Generation

— Highly Accurate Macro Modeling
— High-Performance Computing
— Comprehensive Multi-physics (Icepak)
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Slwave: More Than 2.5D

Export
& &
A #

Simulation | Results Help

Slwave [ - |
Sentinel-P5I
HESS for ECAD...

fo|<- B

PI Advisaor...
PDM Channel Builder...

e Slwave 2.5D Full wave Hybrid solver

= |
Compute SYZ-parameters n ‘ & &J

Sweep | Sensitivity|

Simulation IS5YZ Sweep 1]

v
Frequency Range Setup
Start Freq | Stop Freq |Num. Points / Step Size | Distribution
1 |0Hz |OHz b Linear I |
| 2 |iHz | 1MHz 25 By Decade ‘
2 |1MHz 15GHz 250 Linear
d Below Freview... |
I
Sweep Selection |
|| 5et FWS generation parameters
\__ Discrete Sweep
@ Interpolating Sweep Tlme =
3.33333E11 |
Error Tolerance 0.005
Save Seftings | | OK | | Cancel
-l

e Slwave 2.5D Full wave Hybrid solver + Q3d
e HFSS 3D Full Wave FEM
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Full-Wave Package/Board Positioning

Arbitrary 3D Hybrid
Arbitrary 3D Electromagnetics Board + Package >SPEED
HFSS-Solver on Demand Slwave

S/ SI/PI
e Golden Accuracy Simulator e FAST Hybrid method for PKG/BRD
* Solves Any 3D geometry * Marked ease of interaction with
e Powerful for Critical Nets Complicated Board geometries
e Layout Front-end for HFSS * Handles many, but not all 3D effects
Any Geometry Fast

Gold Standard Accuracy
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ISl Slwave Includes Alinks for EDA
Qunited-swave TS T W R

| Eile | Edit View Draw Circuit Elements Tools 3D Export Simulation Results Helg

(|0 New Ctri+N B O $piE &P 2 | [viaM1_m4
.| & Open.. cirl+0 |
I il @ AR A 2 show Al -
— [ Save Ctrl+5
= Save As... T
F _ sacitors
. Run Script... 8
Import ANF... r | | sg |
Export Ansoftlinks <= 6.0 Project o
¥ Launch Slwave™ Reporter.. Apache CPM/PLOC File... o8BS e | =
ODB++ design: C:\Altium_Design_File\FGB_odb_v17.tgz Browise...

1 Slwave DC Analysis.siw

2 Slwave _brd_1.2.5iw

2 Ch\Users\,.\FGE_odb v17.siw
4 ChUsers\,.\FGE_odb v17.siw
5 Slwave _brd_1.2.5iw

6 Slwave DC Analysis.siw

7 Chllsers\..\EMLsiw

8 E70555_004 Test.siw

Exit

Component File..,

Component Mapping File || [T]use controsle: | C:/Windows/system32/

Huray Roughness Models..,

| Edit / Create XML Control File

Layer Stackup...
Plane Extents...

Mentor Board Station R

.- Browse... |

Mentor Expedition Desi
Mentor PADS Desiggf.

ODB++ Design... 7

Zuken CRS000 Design...
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Designer for SI

@ Ansoft Designer - AMI_Design_Kit - AMI ;Iﬁiil
Fle Edt Vew Project Nexxim Circut Tools Window Help
NER|fBER | &8 xaa = [

|Project Manager -

INAEC DR G 4B e i

Il HDMI_Cable_Compliance_Tests - Cable Eye Compliance - Sci : N .
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B4 375.00 Y g

-lol x|

=] AMI_Design_Kit

|»
[+

Curve Info |
e WaveAfLerChannekam\prube?ﬂ'

b Data = 4
¢ [&)] Excitations 5() () I— e

Ports
i Analysis HDMI Category 2 Cable Compliance

¥ AMI_Opt <
. AM\;n:IIy‘:: Eye Diagram Tests

i -l AMIAnalysis1 S
gl Design Verification
(\'n SoD Config
& Oplimetrics
=-[F Results

K Eye Diagram

#- B Impulse Response

E & statistical Eye Plot1

=-E3 Bit Error Rate

~# EyeAfterChannel<amipr

s
o &
=1 =]
=] =1

|
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12500 = d
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>
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[ Definiions
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B4 Cable_Eya_Compliance™ 1 New Page v

. [ Data [ 4 Yo

(&) Excitations = o= =
L] Ports —— =Rt . SEES

& U5 VECS Coiversion Ansoft LLC BER_Contour_340MHz Cable_Eye_Compliance ..

LE & Analysis :
gl Design Verification
f}'s SoD Config

H @ Optimetrics

=[] Results = 125.00 -
4| | E ]

Project | Components | Search |

[Properties x|

2500

=]
[ ]
[=]
=]
o]
[=1
=]
[=]

-375.00
1 140.00 160.00 180.00 20d.00

) - Time [ns

e — = i]
Attenuation Cable_Length_Varialion ..

Curve Info
— length="8ft'
—— length="10ft"
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\fterChannel<amij

Name |Va\..| Unit |Evatue -
FileArray_Index a o
nffe A1 3
gffe 6 [
lffe 05 05

o n o ) s | 7 -

e Circuit Simulator- Nexxim Engine (transient, fast convolution, statistical and IBIS-AMI circuit simulation)
* Integrated Schematic capture and layout tool

* Design management front-end linking EM simulation products (HFSS, Q3D, Slwave, ..)

* 2D quasi-static field solver

* HFSS Solver on Demand

0.00 —

Amplitude [mV]




Nexxim Engine: Simulation Piece of Mind

N-Port Data Source | Link Description  Options | Simulation | Symbol

Network Data at DC is needed for harmonic balance and transient analysis. [fthe data at
DC is not given. selectthe behavior of this NPORT.

@ Nexdm (" Designer System ¢ HSPICE
Interpolation |Linear LJ
Extrapolation |Constantmagnitude‘ linear phase extrapolation ﬂ
DC Behavior |Cunstammagmtude‘ linear phase extrapolation LJ
Method ]State Space Model LJ
Passivity Enforcement |None ﬂ [~ Use reciprocal
Noise Model IFE%:
Convex Optimization

Additional Options Passivity by Perturbation

Metwork Data Explorer | | OK Cancel

N-Port Data Source | Link Description  Qptions | Simulation ‘ Symbol.

MNetwork Data at DC is needed for harmonic balance and fransient analysis. Ifthe data at
DC is not given, selectthe behavior ofthis NPORT

@ Mexam " Designer System  HSPICE
Interpolation ‘Lmear L]
Extrapolation ‘Comstantmagmtude‘ linear phase extrapolation L]
DC Behavior ‘Comstantmagmtude‘ linear phase extrapolation L]
Method JStale Space Model L]
[ :I

Passivity Enforcement Convolution - Piecewise Linear Transform
Convolution - IFFT
Noise Model Convolution - Lingar interpolation of IFFT

Additional Options ‘

Network Data Explorer | | 0K | Cancel

L1-0: 17 © 2014 ANSYS, Inc. November 18, 2014

Models extracted out from our
electromagnetic solvers are
handled correctly.

Nexxim engine can ensure that the
models you run are causal and
passive in the time domain.

Nexxim will enforce these criteria
for outside models as well.

User can just click the option and
go. There is no guess work!
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What is ANSYS UDO?

L1-0: 18

UDO (User Defined Outputs) allows calculations and
post-processing of use raw transient simulation data

— Designer SDF file
— H-Spice TRO file

Key benefits:

— Non-Ideal voltage supply is supported
— Every bit-by-bit falling and rising transition edge is calculated

— Fully customizable through Python scripts.
e UDOs specific to LPDDR, DDR2 and DDR3 standards already exist!

© 2014 ANSYS, Inc. November 18, 2014 Release v2014.0



What is an ANSYS UDO?

L1-0: 19

Project Manager

EI DDR3_demo_UDO*
- 4 wizard1®
------ Data

& Analysis

------ g Design Verification
------ % SoD Config

------ [ Optimetrics

...... B

-] Definitic 2 Paste

Ctrl+V

Create Standard Report
Create Eye Diagram Report
Create User Defined Report

Create Report From File...

Delete All Reports

Froject | Compaon
Report Templates

Properties i ]
User Defined Solutions...

-

| Create User Defined Solution

Userlib

DDR

Qutput Variables...
Update All Reports
Open All Reports

Update Menu

DDR3L_ACTiming
DDR3_ACTiming_4DQ

DDR3_ACTiming_8DQ

DDR3_OutputVoltageTest
LPDDR2Z_ACTiming

© 2014 ANSYS, Inc. November 18, 2014
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What is an ANSYS UDD?

 Example of a potential report created in PDF and HTML
format

Sirtual Compliance Test

DDR3 Measurement ReSUBRS: Virtual Compliance Test AC and DC Input L

Table 2. Data Timing Results - All DQ, All Edges (Sec 13.1) Table 4. AC and DC Input Levels

Virtual Compliance Test

Metric Worst Actual  Worst Margin |&'pe(‘ Value Uit !:\'m AC A DC 'L‘_‘P“"uw'g: o Emg(e-Eud.ed Data S.agmﬁs-[ﬁ '('é‘.ec g1 ij
DS(base) i
| Vref
Dbaze)
Table of Contents ey VIH(d:)
L :Eﬁ{ VILide)
.(i‘cmm:f . i DH(derared) ) 5
Measurement Results 2 VIL(ac) o .
Setup. 2 Differential AC and DC Tnput Level: [V] (Sec 83)
AC 2nd DC Ioput Levels 3 3 — e
Strobe Analysis 3 VIHdiHac) bin 3
Per D} Mamics 3 VILdiffiac) Max | 03
Summary Strobe Analysis
erall fiance T
Cveral! Results for DDR3 Compliance Test Table 5. DQS/DQS# Results
+ AC Data Timing: 4/5 metrics pazzed ’
Metric Value Unit
Table 1. Configuration Details Spsed Bm 1500
o Mean Frequency 1601.538
Spesd DDE3:1500 Std Deviation
Grade .
o [ACTH Per DQ Metrics
Level Setup
Spec e Table 6. Data Line Metrics
. Table 3. User Defined Solution Configuration D ase) ] Y I [ e s, ¥
Test Sum nary rETY (] 11' 370 i n Y. oy |
. S — Deseription ! 2
Prgeat e D) TIN. Toawpls [Solutian Name DDR3 AC-Tamunz 4 D01 1 E
Deseription 2
UDO Verzion 3 438075 | N 3
DH(base) Max(ps] |tworsnlps] | Marginfpd]
VDD 0 8389 |27 |ew3ms
DQS 1 88775
DOsE F] 217446 250528 a2
DQu 3 212312 3575 [s807285  [85352
DQ! V(CPU Buars U118.DQ1) DS (derated) M Max[ps] SeDerfps] |tworstlps]  |Margingps]
7] V(CPU BuFar=17118.DQ2) a 317885 77201 5743681 |
DO3 (CPU Buffers/UT18 DQ3) 1 316.673
Propertie: 2 17672
ACDQLevel ACT50 3 318.075 27316
Speed Bin Ao (fom DQS) tDHiderated} Min[ps] Max(ps] | Meanlps] | StdDevps]
AC Data Timing DQS dalay LT 0 E (18389 [s5648 [25458
Verifieation of Electrical Characteristics and AC Timing for Data (JESO7S-38) 1 [Is51as at2er 07368
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Decouplin
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Power Integrity Investigation

; = = / =

=

Target impedance

0.010 QNN 0
E == ouv r‘lll
0.001 . —————rT . —

0.00 0.00 Y S oo )
Freq [GHz]
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Power Integrity Investigation
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Investigate Available Decoupling Capacitors

s = = ] 5

Impedance

165

1E2
EE

1E1

1EQ

w

|Z11] [ohm]

5

1E41

1E-2

2. Enables viewing multiple capacitor impedances

. Calculates parallel impedance of multiple Caps
. Enables creation of Customer Defined Libraries
. Allows user defined filtering to narrow down

s

S

Capacitor Library Brow

= =] AVIGC0402:04025A0R5CA
6.668e+02MHz, 4.753e+020hm

curves

capacitor selection

1E3
1E-4

Vendor
AV
AWK
AVX
AV

Al

AVX
AVX
AVX

Filters

Vendor
AVK
Johanson
Kemet

b Murata
Panasonic
Samsung
Sanyo
Syfer

1E3 1E-2 1E-1 1E0 1EL 1E2 1E3 1E4
Frequency [MHz]
Series Part Name Value (F}  H Active ElA Size Price L_mnt (H} R_mnt {ohms)  SRF {Hz} S_min {dB) ESR [ohms} ESL (H)
0402 04023CT10TKA 1E-10 1 0402 0 1E-10 0.001 TT76BIE+D8 473357 0.433765 4.19682E-10
0402 04023CT02KA 1E-05 1 D402 0 1E-10 0.001 24457F+08  -55.2541 0.161225 4 23654E-10
0402 04023CT121KA 12E-10 1 0402 0 1E-10 0.001 6.97115E+08 -43.0131 0.401563 4.34361E-10
0402 04023C122KA 12E09 1 0402 0 1E-10 0.001 22114E<08  -56.5665 0.143256 4.31785E-10
0402 04023C151KA 1.5E-10 1 0402 L] 1E-10 0.001 6.36136E=08 -48.8383 0.364272 4173610
0402 04023C152KA 1.5E09 1 0402 ] 1E-10 0.001 2.00243E+08 -57.4002 0.135377 421128610
0402 D4023CT18TKA 1.8E-10 1 D402 o 1E-10 0.001 5.71486E+08 4352 0.33721 4 3083E-10
0402 04023C182KA 1.8E-09 1 0402 o 1E-10 0.001 1.80453E+08 -58.0735 0.125327 4.32155E-10
2-terminal: IN5822 Apply IP‘fiCE x

Series Show = ElASize  Show Quantity Mlir. Wax,

020 L E Value {F) 1E-13 0.0027

0306 01005 SAFRange (Hz} 0 2.10375E+10
» 0402 02m S_min Range (dB} -106.511 757224

0508 0306 ESR Range (ohms) 4.95788E05  15.1188

0603 b 0402 ESL Range (H) ] £.887R3E09

0E12 0508 Price 0 ]

0305 0603

1206 - ez L - [Load Filters... J | Save Filters...




Automated Process to Optimize Capacitors

EM extraction Determine _Simulate in Choose capacitor
of |mpe_qance LS| frequencies of > time domain to — or geometric
for critical specification check for change to address
devices violations compliance violations
Alter design
accordingto <&
findings

e Genetic Algorithm Setup
— Optimized for Impedance
— Optimized for Total Number of Capacitors
— Optimized for Capacitor Types
— Optimized for Price

L1-0: 25 © 2014 ANSYS, Inc. November 18, 2014
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Iteration 5: Selecting Capacitors for PI

Board after Iteration 4
Board after Iteration 5

Target impedance

800 mQ e e
| Target impedance specification met
) 1,008, L[ [ 111/l | L [ 1] | ///W
: —
!‘.).‘1()0—E

ui Impeda ce crosses
800 mOhm @ >667 MHz

0.010—- |
|
|
Ehﬂex{racﬁm Simu'atein Choose capacitor T T T T T T T | S |
of impedance | timedomainto | | 'orgeomgmt 0.01 0.10 1.do
for critical check for > change to address Freq [GHz]
devices compliance violations
T Alterdesign
accordingto <&

findings
Release v2014.0
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NLWNYSE Iteration 5

Ansoft Corporation
240

220

200

140

120
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U41 Power

50.00
Time [ns]

I J
1
Transient

80.00

November 18, 2014

Buried

— V(VOC_UL-63)

Transient o

— uvecuas)

PP
|

90.00 100.00

change to address

for critical spemf catlon cryeckfor JETO.
. devices '\ violations | compliance violations
| Alterdesign
accordingfo
I rings ]
80.00
60.00 — — e e
?
— T T S e .
nn_ l 9 % %
40,00 ? A )
3
"’ N
el |
20.00 M, J . | ‘. |J||‘\i| ,
| I ’[n'“w ' " A
0.00_ I
] |r I
: 3Meter FF
-20.00 | .
0.00 0.50 1.00 1.5 2.00
Freq [GHzZ]
XY: 2.062 40.403 H X1=0.40 X2=0.80 X3=1.04 X4=1.28 X5=1.60
Y1=46.38 Y2=36.71 Y3=40.79 Yd4=41.08 Y5=53.75
Release v2014.0




Pl Advisor: Automated Pl Analysis

e Optimizes Decoupling Capacitors
for Power Integrity

* Time =15 min 7 sec

— Frequency Setup
e 1KHz <=f< 1GHz

e Original solution
— Total # Caps: 74

* Optimized Solution
— Total # Caps: 18
— Capacitor Types =5 AL

0,60nH,0 860K
L]

e AVX, Samsung, and Kemet S| e Y "

9,7%nH

0.74nH

074nM

. |
; : . Capacitor Loop -
L1-0: 28 © 2014 ANSYS, Inc. November 18, 2014 = |nd uctua nce PIOt



PCle 8

L1-0: 29 © 2014 ANSYS, Inc. November 18, 2014 Release v2014.0



v =W

Slwave - PCI Exp

ress 8 GT/s channel test case

g

=

| Three diff pairs on the target
Adapter for the edge connector

HE < = LE
g ry
w@?ﬁm ] nwm 6 ) u@ﬁn\. Imm

Connector —

Segment #1 Segment #2

Source Adapter Target Adapter
L1-0: 30 © 2014 ANSYS, Inc. -




DesignerSl — Time Domain Specification

PCle Gen 3 DOE Channel Simulation

Source
Adapter

SEIEEI e
ATSERTer

Gl oo oo

*8 GT/s

*125 ps Ul

© 2014 ANSYS, Inc.

e 25 ps rise & fall times

*]1 tap DFE
e 15t Order CTLE

Release v2014.0

November 18, 2014



DesignerSl — Time Domain Specification

. . o “
V ax-cH-eH Eye height 25 (min) mVPP Eye height at
BER=1012
T ox-CH-EW Eye width at 0.3 (min) Ul Eye width at
zero crossing BER=10-12
T RX-DS-OFFSET Peak EH offset +/- 0.1 Ui
from Ul center
VRX_DFE_COEFF Range for DFEd; +/- 30 mV Feedback
coefficient coefficient
| 250.00 BEREyeAreas QuickEyeTestStucture 4
= Eye Width ]

_ '
T ::::'::_M-:-:_\
—— H
| " 1
_ !

i Fero

-if- .-

Eye P

" Height [ R
'

1
Median Ul Center

/I Crossin g
[

—— ]

—\___\_\_\_._

---------- = - T

Amplitude [mV]

00000
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DesignerSl — Time Domain Specification

AEYEPROBE(Eye2) [mV]

AEYEPROBE(Eye2) [mV]

g
5

600.00

:
j

g
5

*g‘..;—

Eye

QuickEyeTestStructure -+

0\O/ OO © ¢

g
Oy
P 8

D O\

s 8 3
s 3 &

T
14.4991
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I 14.&000 I I I I14.5b°5 I

—Coordinates

a

|

[z

Time[ps] ‘ Woltage[mi] ] -
1 |108.25 i M
2[11zs -12.25
2|17 -12.28
4[1a37s 0 2
5[1375 1225 1
efizs 1225
_T[1o6.25 0

8

5|

g_

© 2014 ANSYS, Inc.
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Append Rows J

o]

Cancel I

Curve Info MinEyeWidth = MinEyeHeight

—— AEYEPROBE(Eye2)
OumkE#eAnalysm 60.0000 195.7779
FE_d1="-30mV"

SwapX—YDataI Import Dataset J Export Dataset. I

1.25E+001
6.25E+000

0.00E+000

Voltage[mV]

-6.25E+000 —

-1.25E+001

105.00 115.00 A 00 14500

125,00
Tirm)a ps]




DesignerSl — Time Domain Specification

A

250.00 BER Eye Areas QuickEyeTestStructure
BER Eye
— 1.0000e+000
4.6416e-002
2.1544e-003
— 1.0000e-004
4.6416e-006
2.1544e-007
— 1.0000e-008
P 215440071
125.00 — { | 10000e012
E |
==
8
2 0.00 —
a
£ —
D
-125.00 —
= Edit Dataset
— Swap XY Data Import Dataset. Expon Dataset
Coordinates 1.25E+001
_ ﬂ NoUrit Vohage[mv] |+
5325 ?225
2os 12.25
— “loes 0 = 6.25E+000
5|06 1215 1
204 -12.28
-250.00 T T T T T T T T T T T B 0135 L s \
-0.20 0.60 0.20 0.4 _ = -
__Unitinterval B £
EJ v >
| | 25000
onend Rowe, ‘ |
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‘QuickEyeTestStructure Fail «

750.00

250.00

0.00

Eye 2 [mV]

-250.00

[ Curve Info MinEyeWidth |_MinEyeHeight

27.0000

143.7468

50.00 100.00 ) 150,00 200.00 250.00
Time [ps]
o x /(ﬁ w ﬁ ° A //04\ ° \:)// ° W\gﬂ/ /:\ )
" 18fo0 ‘ 18Jo0 ‘ ‘ " 1gdoo ‘ 18400 "184.52
Time [ns]
I T ]
0.00 350.00
Contour BER Eye QuickEyeTestStru[Eyez
750.00 B 5.84580-001
- 8.1081e-003
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ISl Summary

e Slwave merged with Alinks to provide a very cohesive flow from
import to simulation.

e Slwave has multiple solver technology options for the users
needs.

— Power integrity and signal integrity
e Slwave can be used solely as a front end tool or linked with

DesignerSl to handle any type of post validation channel
simulation.

« UDO and UDD within Designer enable users to customize and
easily create validation kits and report generation.

 The ANSYS post validation solution backed with accurate
electromagnetic models allows root cause trouble shooting and
optimization.
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