Realize Your Product Promise®

Design Space Exploration for Signal Integrity

N



Overview

* Introduction to Design Space Exploration
— Cornerstone Technology
— DesignXplorer

e Utilizing Design Space Exploration for Signal Integrity
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— Distributed Solve Option (DSO)
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Introduction to Design Space Exploration

* Design Space Exploration is the ability for a user to explore the design
space of a structure in simulation space so that they can have a design —_—

with optimum performance and manufacturability I

* Design Space Exploration is MORE than an optimization.

destination though the forest... The walker knows nothing about the
surrounding area away from the path other than they ‘seem’ to
arrived at their destination

— A simple optimization is similar to walking a foot path to a desired T /V 5

* Design Space Exploration is the exploration of a design’s performance in L‘ —V
the whole design space. Each variable is explored so that there can be 4
many paths to an optimum with much more insight into the
sensitivities of output quantities with respect to the design variables.

Design for Six Sigma®

Tl ounaang wamns
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Why Using Design Space Exploration in SI?

variable takes different role, those
variables combination also displays
different effect.

* Chip
— On-chip decoupling
o — Die parasitics
* Electronics is hierarchy, different _ %, - Currentsignature
N—" - Bumpmap

« Package

— Plane shapes
— Discretes decoupling
— 1/O routing

. . i . ~ Ball
e Signal Integrity’s goal is searching a amap

balance design---trade off between
performance and cost.

— Channel/SSO Analysis
— Multi-domain

— EMI Due to Current
Sighature

Dr. Howard Johnson:

"Maximize the performance and minimize the cost of interconnection technology used in
high-speed digital designs”

From http://www.sigcon.com
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ANSYS Electronics Desktop: Integrated platform for Si
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Tight integration between
* * circuit and 3D simulation
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What is DesignXplorer?

* DesignXplorer is ANSYS powerful approach to explore, understand and optimize your
engineering challenges for ANSYS Multiphysics analysis solvers, including electromagnetic.
— Determine the key parameters influencing the design
— Explore and understand the performance at other design or operating conditions
— Find the conditions which give the best performance
— Explore the robustness of the design

Response

: : 2
Single Point What If: Surface
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DesignXplorer Features

© 2016 ANSYS, Inc.

What if Study

Manual Search

Sensitivity / Correlation Analysis
Find the relevant parameters

Design of Experiments

Run a smart set of Design Points

Response Surface
Build a Mathematical model

Optimization
With or without a Response Surface

=  Robust Design

Six Sigma Analysis

Optimized and Robust Design

April 24, 2018
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Pre-layout what-if analysis

* Differential stripline study with DesignXplorer

e Optimization goals e Optimization variables
— Characteristic Impedance: Z0 (differential) ~ 90 ohm — DK=8~10

— DF=0.0013~0.0024

— Width=50~80um

— Seperation=1W~3W

— Dielectric Thickness: 50~75um

— Metal Thickness: 7~19um

— Metal Conductivity: 0.67E7~

— Minimize Insertion loss: >-3dB

— Maximize Return Loss: <-10dB

1567 Siemens/m  IARMSRES)




Differential stripline model buildup

* Create a ANSYS Electronics Desktop project with Circuit Design in dynamic linked 2D Extractor
— 2D Extractor design: optimize impedance
— Circuit Design: optimize insertion loss and return loss

iew | Project | Draw Modeler 2D Extractor Too
Insert HF55 Design
Insert HFSS 3D Layout Design 4 ortl or

Insert HFSS-IE Design Tracel In Tracel out
Insert Q3D Extractor Design -

Insert 2D Extractor Design ort2 Tracez— n Tracez_OUt

Insert Circuit Design > Input_ref utput_ref
Insert Circuit Metlist
Insert Filter Design ... _10 _10

B
e
-
&

ort:

FHADHRSE &

Insert Documentation File... — —

V4

Analyze All

Project Variables...
Datasets...
Event Callbacks...
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DesignXplorer Response Surface Optimization setup
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0K Cancel

DesignXplorer Setup N X
W
General lTabIe ] Calculationsl Goals ] Opﬁons]
= - Input Variables:
Sim. Setup | Include I o
LinearFrequency v Design Variable I Includel Dvenide| Value I Units’
$Bottom_Die_Thick  [v [v 50 um
$DF v [V 0.00174240099658937
$DK v v 10
$TOP_Die_Thick = [v v um
$eonductivity v v 6700000
$etch_ratio v v 05
$plane_thickness | [v v 7 um
$spacing v v 10 um
ftrace_thickness [V v 7 um
$trace_width v v um
[ ]
Input Variables
ok | Cancel
i i I esigni L1 2DExtractorDesignt L2
i liotin x
e —
e Trae |Ea|culat\on Hangel Range function: " Mome ' Specfied
Report{otandarg Ei ve—" Range
Type: Calkulation Expression : [dB{S(DifFL,Diff1)) Function... Category! IMath =l
Solution:  |LinearFrequency M
. i | Function: [mea B
. m Category: Quartity: - Function:
Variables 5(Comm?, Comm ) ang_deg " . Return mean of given valuss. —
show: W Outgut Yzriables S(Corm, Diff1) ::vgg_vad tee | j
' Parameter S(Commd, Conmz) cang_deg
7 Paramster S(Commi, DiFFz) cang rad | mame | vae Unit Descriptian |
Volkage 5
Current 5 dB10normalize
Return Loss 5
VSR ! B
DyriLink, Output Vars S(Diff1,DiFfZ) in
Measure 5(Commz, Comm1) mag
Al 5(Comm, Diff1) narmalize
5(Carnme, Canimz) e Civer sweep: |F j |Ranqe{0-5GH211‘5GHz] J
5(Comm, Diff2)
5(0if2, Commt)
S(0iff2,Diff 1)
5(DiFf2,Comm2)
s(Diffz,0fZ) -OK Cancel

Qukput Yariables... Update Caleulation | Add Caleulation Dane
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Design of Experiments variable table generation

* Create Design of Experiments variable table
— Specify design variable range setup

File View Tools Units Extensi

— Preview the Design of Experiments variable table

r 1
2 & Geometry v .
ne of Schematic C2: Design of Experiments S Table of Outiine A2: Design Points of Design of Experiments a_b_l_j_e v q X
=
g setup v A 8 A 8 c D F G H 1 0 fe
4 S solution d Enabled 1 | Name ~ | P10-S$trace_width [um] ~ | P11-$spacing [um] ~ | P12-$TOP_Die_Thick um] ~ | P13 - $Bottom Die_Thick [um] ~ | P14-$trace_thickness [um] ~ | P15 - $plane_thickness [um] ¥ | P16 - $conductivity ¥ | P17-$etch_ratio ~ | P18-$DK
5 [pd Parameters F E 7 Design of Experiments 5] 2 1 21.907 9.5232 71.921 52.781 7.0649 7.1205 6.5225E406 0.51921 93245 |E
) 2 19.152 10.026 80.364 48.609 7.5656 6.3788 7.1615E406 0.47616 10.212
ZDExtractorDesignl B InputParameters 3 ‘
© W& Stripine_Differential_Created_Apri09003550_UTC (81) 4 3 21.43 9.947 80.662 47.417 7.0464 7.6397 6.6911E+06 0.49272 9.8543 —
P10 - $trace_width [um] [F] 5 4 19.735 9.7086 74.901 51.722 7.6861 6.9351 6.8775E406 0.54437 10.901
T P11-gspacng [um] 7] 6 5 19.232 9.1921 75 53.311 7.3152 6.5735 6.1054E+06 0.51258 10.649
(b P12 - $TOP_Die_Thick [um] v 7 6 21695 9.8543 79.669 46.755 7.25% 7.1669 7.3656E-406 0.49669 10.993
b P13 - ¢Bottom_Die_Thick [um] 7] 3 7 19.523 10.185 76.291 51.391 7.4821 6.6848 6.0433E406 0.52715 10.384
G P14- trace_thickness [um] 7] 9 3 20.265 10.013 77.682 49.801 6.5457 6.5272 6.4693E+06 0.45762 9.0728
2 Setup v b P15 - $plane_thickness [um] 10 9 18.517 9.8808 79.768 48.808 6.351 5.6384 6.7799E406 0.46225 9.8675
5 B sol 7 b P16 - sconductivity 7] 1 10 18.331 9.5629 77.185 45,298 6.5364 6.9444 6.89526406 0.46954 10.861
0lution
; b pr-srhrac [raaitd vZAFL & 11 21.642 9.245 71.523 51.788 6.3139 6.5921 7.0372E406 0.50861 10.464
——4 |[F P k  — 3
ped Parameters | b P18-$K L s did ok 7y G2 2 18.305 10.954 77.881 48.013 6.7497 6.7219 7.1082E406 0.48477 9.6291
Circuit1 | b P19-$OF 7] 14 13 18.172 10.702 69.04 48.742 7.5748 6.7868 6.7976E406 0.51722 9.1921
| P20 - diffspacing [um] 7] 15 14 21.325 10.596 80.066 47.815 6.4252 7.4914 7.2058E-+06 0.52848 10.172
| T OUtUt Parameters o YU Y PN T 18.781 9.8013 70.828 52.583 6.8609 7.6954 7.197E+06 0.47682 9.7086
: B B Craiti (AD UPML a_t—" Odl 20,954 9.9868 81755 48.278 7.0834 7.204 6.345E406 0.53974 9.5497
3 P4 - max(dB(S(DIff1,Diff1))) 18 17 19.285 9.6954 72.914 52.45 7 6.4715 6. 11436406 0.54334 9.9073
s
[pd Parameter Set i pd PS - min(dB(S(DIff1,Diff2))) 19 18 20.053 9.2053 69.636 53.179 7.1762 7.6212 6.75326+06 0.50331 2.6159
| © Wl Stripine_Differential_Created_April09003550_UTC (B1) 20 19 18.199 10.212 76.887 53.51 6.7868 7.1576 6.4604E 406 0.54702 10.874
pd P9 - mag(Z0(Pair 1:df Pair 1:df)) 21 20 18.146 10.755 78.477 52,053 7.2318 6.6755 7.3034E406 0.49536 10.702
! B Charts 2 21 20.026 9.7483 78.974 52.318 6.6384 6.8053 7.2946E-406 0.4894 10.821
| A Parameters Parallel 23 2 20.583 10.583 76.788 54.172 6.5179 7.0278 7.0461E406 0.50662 9.457
| /|1, Design Points vs Parameter 24 23 21.722 9.3775 69.238 53.576 7.0185 7.0464 6.3273E406 0.49007 10.5%
"\,g A 10 A1 in con 70 1M 40 N4 € ccr 7 ccc € cAscc i nc N cAvTe 0 anc %
: rllk i »
z Design of Experiments F 4 =
3 [:I Response Surface 7 a
4 (@) Optimization F 4
Response Surface Optimization
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Solve DoE table

* Once the Design of Experiments table is generated, run variable sweeping.

* DSO( Distribution Simulation Option) will distribute variables to multiple nodes to solve
simultaneously.

Project Schematic

2 & Geometry v

3 Setup e
4 fF soltion 7+

g fpj Parameters

2DExtrackorDesignl

Prograss o x
ZDEstractorDesign Designiplorer Analysis on Local Maching - RUNNING

2 |F@ setn v Analysis pogress; Solved =0 Solving=1 Remaining =0
SEE Edit... Circuit! Desigriplorer Analysis on Local Machine - RUMNING
——4 |G P [ ]
P Duplicate L
Analysis pogress; Solved=1 Soling=2 Remaining = 24
# Update
Update Upstream Components Circuit] on localhost - RUNNING
J Refresh |
[(pd Parameter Set EE Rename
Properties

Circuit] on locathost - RUNNING

Refresh Current Design Paink |

M K KM K X

Cptimetrics 3 Expart DOE to Optimetrics LDading devices ... -
Launch Stand Alone Designer Export Design Points ko Oplimetrics . . p .
Microstrip_Conformal_Coating - 2DE stractoDesign - Setupl: Interpolating S weep *Sweepl’ on Local Machine - RUNNING
Enable Update Expart all Design Painks ko Optimetrics |
Add Mote Run DOE
- Run Design Points Table

Response Surface Optimization

Fuun All Design Paints
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Sensitivity and Response Surface Plots

Creating Sensitivity and Response Surface for the Design of Experiments results
— Sensitivity will display the 2D sensitivity histogram of each input variables vers. output( Zo).

— Response displays 3D interaction between variables vers. output ( Zo).

Trace_width, Trace_thickness vs. Z0

Local Sensitivity (%)

00

—

N
Trace_width, Trace_thickness and Top_die_thickness are top 3

sensitive variable for Z0.

-

P12 - mag(Z0(Pairl:df,Pairl

Output Parameters

df)

© 2016 ANSYS, Inc.
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Optimizing over the Response Surface

* Specify the optimization objectives and constraints
— Differential Characteristic impedance of 90 ohm with lower bound 85 ohm and upper bound 95 ohm
— Maxmimum insertion loss
— Minimum Return Loss

Table of Schematic C4: Optimization . .
A B C l D E ’ = G
1 e S Objective Constraint
2 Type Target Type Lower Bound Upper Bound
3 Seek P9 = 90; 85 <=P9 <=95 | P9 -mag(Z0(Pair 1:df,Pair1:df)) | Seek Target >»| 90 Lower Bound <= Values <= Upper Bound _¥|| 85 95
4 Maximize P4 P4 - max{(dB(S(Diff1,Diff1))) Maximize lJ No Constraint _'J
5 Minimize P5 P5 - min(dB(S(Diff1,Diff2))) inimi ~U No Constraint ~1
5 Select a Parameter o

* The best benefit of the Response Surface approach in DesignXplorer is that the user can change the values of
the cost and re-optimize with no further explicit simulations

v

Table of Schematic C4: Optimization , Candidate Points

A B (& D E F | G H I ] K
1 i 5 o P4 - max(dB(S(Diff1,Diff1))) S PS5 - min(dB(S(Diff1,Diff2))) v P9 - mag(Z0(Pair 1:df,Pair 1:df))
Reference Name v | P10 - $trace_width [um] ¥ ~Sspadng |, bl - ati
2 g i [um] Strace_thickness [um] Parameter Value | Variation from Reference | Parameter Value V:':!af:ron o Parameter Value | Variation from Refel
3 © Candidate Point 1 18.027 85.596 7.1925 oy ©:3503 | 0.00% X -5.4534 0.00 % Pk 90.202 0.00 %
Explore Response Surface at Point .
4 87.379 7.4801 Ao -6.3831 -0.52% X -5.4322 0.39 % (’f-, -0.16 %
Insert as Design Point EREN )
5 Insert as Refinement Point 91.924 7.4799 K -6.472 -1.92 % X -5.4625 0.17 % 0.44%
<«| 1 ]
= Insert as Verification Point
s date o | >
Insert as Custom Candidate Point
30 Is 19 -6.2803 -3.5846 9
[l 1
Verf€y by Design Point Update
L l . 'Lg L - i | Candidate Point 1
Candidate Poj —
g ExportData CSM —|

15 © 2016 ANSYS, Inc. April 24, 2018



Final Optimized results

After you verify the candidate points,
choose the best one for the design
— IL&RL:

Before optimization: Gray dot line
e After optimization: Red solid line

— Differential Character Impedance:

e Before optimization: 49.50hm
e After optimization: 84.3 ohm

Before optimization

Simulation: [Setup1 _'_] ]LastAdaptive

Design Variation: | topdielectricthickness="75um’ toptracewidth="16.5um’ racespaciny

Profile ] Convergence ] Matrix  Tiine Data I Mode Data I Mesh Statistics ]

View Options... [ [101(GH2) ~|
DiffPairMatrix1 | [~ &llFreqs

Z0:Pairl:cm ;
(ohim k) Z0:Pair:df

Freq: 10 [GHz)

Pairl:cm (32.851.-0.95596) (-0.0019657.-0.0010077)
Pairt:df (-0.0019657.-0.0010077) (49.554.-3.5783)

16 © 2016 ANSYS, Inc.

0.00

XY Plot3

Circuit 4

1250 47

-25.00 -

-37.50
0

Gurve Info ]

Before optimization-—

10.00

‘ | After optimization:—
After optimization:
Yiew Options... | |10 (GHz) _v_]
[DiffP i atr1 ~| ™ AllFregs
Z0:Pairl:cm o
(ohm, ohr) Z0:Pairl:df
Freq: 10 [GHz)

Pairl:cm

Pairl:df

(-0.00033257 -0.0019157) [84.38.-2.8461)

(22.497 -0.74386) (-0.00033257 -0.0019157)
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Realize Your Product Promise®

Utilizing Design Space Exploration for Signal Integrity

Post-layout Optimization




Hierarchy PCle Channel Example

System eye diagram analysis

T* Card = Circuit LNA analysis

Package PCB Viase=m Connector PCB Package 2

— Component analysis

Q2D Model HFSS3Dlayout model

HFSS model

18
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PCIE Serial Channel Design Problem Scale

30 different factors are unreasonable considering an entire PCle Channel, for example:

Package

%‘ System level

1

~ Circuit

'evel

— Thickness, Pad breakout, trace length, ball pitch, dielectric material (5) o

Socket
— Thickness, material properties, SG via ratio (3)

Board
— MS and SL trace & space, etch factors, Cu roughness, dielectric materials, via config (8)

Connector
— Various vendor models, often only one or two options. (1)

2" Board
— MS, SL, etch factors, Cu roughness, dielectric materials, via config (8)

2"d Package
— Thickness, Pad breakout, trace length, ball pitch, dielectric material (5)

If each factor has 4 variable value, the total
combination scenario will be 120

© 2016 ANSYS, Inc. April 24, 2018




Different level variables combination affect different level character

Properties: DOE_eye_Hierarchy @
« Sweeping variables P Ve | Ve | Corts |
— $FFE/DFE level on System level (Discrete distribution) e S A
— $PCB_trace_length on Circuit level (Continues distribution) S L Vake [ [eematvie] Do [Trestoy | o | = [
— $anti_pad on Component level (Continues distribution) ::sgk::jv;'m : : E o o
| S\ﬁa_;dodel:Anay_lndex 0 0 O ] 2
|__|sCam trace Jength 001 meter 0 Olmeter [ [l 72
I Nt e
I&_ SPCB_Trace_Length 0.05 meter  0.05meter | = v
L—"|_|sentiPad 770 um  770um Signal via antipad diam.... [ ] v
/ _sGND:\na_;;:pad ;; m':; ;;n’:; ;— I|“ ‘[:‘
/ | |sGND_Via_Diil 12 il 12mi O O v
| |sSig_Via_Pad 2 mi | 20mi O ] 2
Package Socket PCB Package 2 | $Sig_Via_Antipad 10 mil 10mil | B 2
| |sSig_Via_Drl 3 m8mi r [ 2
[ [ssM_Top 09 m0Smi O O 2
| [sLi_THK 07 m|07mi r O ~
| [sD1_THK 4 mi 4mi O 0 Vv
| [st2_THK 07 mi0.7mi O ] Vv
| |sp2_THK 4 mi o dmi O = v
| [sL3_THK 07 mi0.7mi O ] 2
| |sD3_THK 4 mi | 4mi O B 2
| |sta_THk 07 m|07mi r [ 2
| [spa_THK 4 m o dmi O O 2
| [stsTHk 07 m|07mi r O ~
SD5_THK 4 mi | 4mi 0 ] 2
Q2D Model HFSS3Dlayout model - = s - £ -
| |sD6_THK 4 ml o dmi O = I
| [sL7_THK 07 mi0.7mi O ] 2
| |sD7_THK 4 m | 4mi O B 2
| [ste_THK 07 m07mi r I (2
| |ssmB_THK 09 ml0.9mi O O 2
I $Socket_Aray ["$PROJECTDIR\Socket\Socket_1_6_SG... ["SPROJECTDI... ]_ I_ |_
1 SPCB_Amay ['Diff_SL_76_Ohm_20mil_Spacing”, "Diff_S... ['Diff_SL_76_0.. ]_ r' ’_
: $Via_Model_Amray ["$PROJECTDIR\Via_Models\Via_L14_0_... ["SPROJECTDI... ]— I- ]_
H H H . 1T 3 P9 - SoIlg_via_Anupad [mm ]
* Optimization goal: P YRR
. . 12 [ Output Parameters
— BER for statistic analysis
- - stic/cireui ( timi i 13 B 5 QuidEYE B1)
— Eye width/height for statistic/circuit analysis( timing domain)
— Insertion loss/Return loss for circuit analysis( frequency domain) 14 pd P13 - MinEyeWidth(AEYEPROBE(Eye2), 1ns, Ons, Ons, 1, 0mV, 1, Ons)
15 pd P14 -MinEyeHeight(AEYEPROBE(Eye2), ins, Ons, Ons, 1, 0mV, 1, Ons)
16 pd P15 - XWidthAtYVal(AEYEPROBE(Eye2), 1e-012)
17 2 5 N A
18 pd P10 - min(dB(S(Diff1,Diff2)))
20 © 2016 ANSYS, Inc. April 22610 EaChacis —
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PCle Channel DoOE data table

esign of Experiments (Optimal Space-Filing Design : Max- G v X
A A B c D E F G =
= 1 Name v | P1-SFFETAP v | P12-$Sig_Via_Antipad [mi] ~ | P3-$PCB Trace_Length [meter] v | P7-$PCB Trace_Length [meter] v | P8-$FFE_TAP ~ | P9 - $Sig_Via_Antipad [mil]
2 E ' Design of Experiments |£
3 B InputParameters 2 1 0 13 0.054 0.053 0 12.52
2 2 15.64 0.0536 0.071 13.24
4 = B QuickevE (B1) 3 0 =
[ 4 3 0 12.76 0.0464 0.093 0 11.56
5 P P1-SFFE_TAP
% 5 ’ 5 4 0 13.24 0.0548 0.081 0 11.8
6 p P12-$Sig_Via_Antipad [mil]
6 5 0 10.84 0.0492 0.067 0 15.4
7 fp  P3-$PCB_Trace_Length [meter]
- 7 6 DP1 |0 13.48 0.05 0.051 0 14.92 =
s 2 -g Sl 7. 14.44 0.0532 0.097 14.2
9 p P7-$PCB_Trace_Length [meter] g 9 : 2 & 0 &
9 8 0 15.4 0.0476 0.079 0 11.08
10 (p P8 -$FFE_TAP
B Po-$50 Via Antoad i 10 9 0 15.88 0.0484 0.065 0 14.44
it e 450 Via _Antpad [l 11 10 0 12.04 0.0508 0.099 0 13
12 [E Output Parameters
B cser ol 12 11 0 11.08 0.0496 0.059 0 10.36
a3 8 A 13 12 0 14.2 0.0524 0.073 0 15.88
14 pd P13 - MinEyeWidth(AEYEPROBE(Eye2), 1ns, Ons, Ons, 1, 0mV, 1, Ons) 4 3 S 13.96 0.0472 0.057 o 12.04
15 pd P14 - MinEyeHeight(AEYEPROBE(Eye2), 1ns, Ons, Ons, 1, 0mV, 1, Ons) 15 14 0 15.16 0.043 0.095 0 13.95 [
16 pd P15 - XWidthAtYVal(AEYEPROBE(Eye2), 1e-012) 1% 15 0 11.8 0.0544 0.077 0 15.16
+
7 B A @y 0 10.12 0.0528 0.085 0 12.28
18 pd P10 - min(dB(S(Diff1,Diff2))) . . 0 u | 146 0.0512 o 0.061 o 0 10.6
N @ ces QIm I Y A Eat o cnonmhinmnmatinn 031
2 ez (YL LRI QALICEJIC RFITITIRIITPEAALLIUL ] |- 1.32
21 v \[\_/_ Design Points vs Parameter 0 10.6 0.052 0.063 0 12.76
0 )ﬂ.36 0.0468 Py 0.087 0 13.48
mAarrmec texy>iaf() 0.083 0 10.12
Seellartos t0-ou - s
25 0 .56 0.046 0.055 0 13.72
Properties of Qutiine A7: P3 - $PCB_Trace_Length [r X 25 = D a7z 0052 0.0 Y S
A B 27 26 1 13 0.054 0.053 0 12.52
28 27 1 15.64 0.0536 0.071 0 13.24
! = Nk 2 % 1 12.76 0.0%4 0.093 0 11.56
2 e = - - 30 2 1 13.24 0.0548 0.081 0 11.8
3 Component ID Design of Experiment = 2 7 0,84 0.0292 0.067 - 54
4 Directory Name RSO
: nits 32 31 |DP2 |1 13.48 0.05 0.051 0 14.92
I
32 14.44 0.0532 0.097 14.2
6 Type Design Variable i = " 7 9
7 Classification Contiiois = 34 33 1 15. 0.0476 0.079 0 11.08
3 = = 35 34 1 15.88 0.0484 0.065 0 14.44
9 Notes 36 35 1 12.04 0.0508 0.099 0 13
10 = 5 37 36 1 11.08 X0.0‘WS 0.059 0 10.36
& S
1 Value 0.05 38 37 1 14.2 0.0524 0.07: 0 15.88
12 Lower Bound 0.045 22 =5 L 3% 299 Y 1208
T — - = ) ost ) =
14 Use Manufacturable Values ] Al L S 2 : 0 o
42 41 1 10.12 0.0528 0.085 0 12.28
43 42 1 14.68 0.0512 0.061 0 10.6
44 43 1 14.92 0.0516 0.091 0 10.84
45 4 1 11.32 0.0456 0.069 0 11.32
46 45 1 10.6 0.052 0.063 0 12.76
47 %6 1 10.36 0.0468 0.087 0 13.48
48 47 1 12.28 0.0504 0.083 0 10.12 5
<« ] s E

—
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PCle Channel Example — View the swept output

Diff_IL LNA A
000 Curve Info &
—— aB(S(DiMM,Diff2))
LinearFrequency
SPCB_Trace_Length=0.05meter SSig_Via_Antipad="10mil'
—— dB(S(Diff,Diff2))
LinearFrequency
-12.50 SPCB_Trace_Length=0.06meter $Sig_Via_Antipad="10mil"
—— dB(S(Diff1,Dif2))
LinearFrequency
SPCB_Trace_Length=0.07meter $Sig_Via_Antipag="10mil"
—— aB(S(DiMf1,Diff2))
LinearFrequency
_25.00 - SPCB_Trace_Length=0.08meter’ $Sig_Via_Antipad="10mil"
—— dB(S(Diff1,Dif2)}
LinearFrequency
$PCB_Trace_Length=1.08meter $Sig_Via_Antipad="1imil"
—— aB(S(DiMf1,Diff2))
LinearFrequency
3750 4 SPCB_Trace_Length="0.07meter SSig_Via_Antipad="11mil"
S —— dB(S(DiMf1,Diff2))
= LinearFrequency
=) $PCB_Trace_Length=1.08meter $Sig_Via_Antipad="11mil"
= —— dB(S(Diff1,Diff2))
F LinearFrequency
2 SPCB_Trace_Length="0.06meter SSig_Via_Antipad="12mil'
©-50.00 —— dB(S(Diff1,Diff2))
LinearFrequency
SPCB_Trace_Length=0.07meter $Sig_Via_Antipad="12mil"
—— dB(S(Diff1,Diff2))
LinearFrequency
SPCB_Trace_Length=0.06meter SSig_Via_Antipad="13mil’
-62.50 dB(S(Dift1,Diff2))
e - - - LinearFrequency
Differential IL with variables =
—— dB(S(Diff1,Dif2))
LinearFrequency
v
-75.00
8750 . — . ———— . — |
0. 5.00 10.00 15.00 20.00 25.00 30.00
F [GHZ)
500.00 Curveinto
—— AEYEPROBE(EYe2) Bathtub QuickEYE
400,00 QuickEy sAnalysis 1.00E+000 Gurve nfo
SFFE_TAP=0' SPCB_Trace_Length=0.05meter ©o0to0n — AEYEPROBE(EYE2)
—— AEYEPROBE(Eye2) 001 QuickEyeAnalysis
200,00 QuickEyeAnalyais SFFE_TAP=0'SPCB_Trace_Length="
SFFE_TAP=U' SPCB_Trace_L ength="0.08meter’ 1.00E-002 5 —— AEVEPROBE(Eye2)
QuickEyeAnalysis
—— AEYEPROBE(Eye2) 1.00E-003 - SFFE_TAP=0'SPCE, Trace_Length=0.06meter”
200.00 QuickEy eAnalysis —— AEYEPROBE(Eye
= SFFE_TAP=0' SPCB_Trace_Length=0.07meter 1.00E-004 -] Sk Y
£ 100.00 —— AEYEPROBE(Eye2) SFFE_TAP=0 SPCB_Trace_Length=0.07meter |
= QuickEy sAnalysis 1.00E-005 — AEYEPROBE(EYE2)
5 B SFFE_TAP=0' SPCB_Trace_Length=0.08meter QuickEyeAnalysis
e — AEYEPROBE(Eye2) 1.00E-006 ] SFFE_TAP=0'SPCB Trace_Length=0.0ameter’
e H QuickEyeAnalysis +o0E007 o EreeoseEe)
- 007 uickEyeanalysis
g S Vit ol Trce Lengincosmetr e ——
-100.00 —— AEYEPROBE(Eye2) k| p—
z QuickEyeAnalysis 1.00E-008 G ElEROBE(Eye2)
@ SFFE_TAP=0' SPCB_Trace_Lengih=0.1meter’ S 100E.000 ] SFFE_TAP=0'SPGB, Trace_Length=0.1meter 1
-200.00 —— AEYEPROBE(Eye2) 2 — AEYEPROBE(EYE2)
QuickEyeAnalysis & 1 00010 4 QuickEyeAnalysis
SFFE_TAP=1' SPCB_Trace_Length=0.05meter g SFFE_TAP=1 SPCB Trace_Length=0.05meter”
-300.00 —— AEYEPROBE(Eye2) &) £ 100E011 3 SmrosEE2)
SFFE TAPZ" SPCB_Trace_L T SFFE_TAP-1$PCB Trace_Length=0 6meter’
EYEPROBE(Eye2) s < —— AEVEPROBE(EYe2)
— A = 4002013 3 QuickEyeAnalysis
QuickEy sAnalysis SFFE_TAP=1 SPCB, Trace_Length=007meter
50000 t T : ! I sFFE,Z::EPRsOPEc;,ETzcje,mgm:v O7meter L00E01e ] T e
120 140 190\ GyickEycAnalysis | 100E015 SFFE_TAP=1 SPCB._Trace_Length=0.06meter'
SFFE_TAP="1' SPCB_Trace_Length="0.08meter’ 3 AAEYEPROBE(Eye2)
w000 —— AEYEPROBE(Eye2) 1.00E-016 S R En Trace_Lengih=0 00meter
s SFFE_TAP=1 SPCB_Trace_Length 1008017 - —— AEVEPROBE(Eye2)
E (M Bly — ~evePrOBEEYE2
= 25000 il (Eved) B 100018
[ [
@ 100E-019
g 000
1.00E-020
: N
8-250.00 | i 1.00E-021 T
] -0.2000 0.0boo 02boo 04boo asoo 0.8000 1.0boo 121
< __Unitinterval

-500.00
0

Time [us]

Eye diagram with variables
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Bathtub with variables
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Response Surfaces

Response Chart for P4 - MinEyeWidth(AEYEPROB(Eye2), 1ns, Ons, Ons, 1, OmV, 1. Ons)

MinEyeMth (AEYESROBE Eye2), 1rs. Oz

Response Chart for P4 - MinEyeWidth(AEYEPROBE(Eye2), 1ns, Ons, Ons, 1, 0mv, 1, ondp(VISHS
P4 - MinEyeWidth{AEYEPROBE(Eye2), 1ns, Ons, Ons, 1, OmV, 1, Ons)
9.875
R " a.87 I
z 9.865
3, 0.85
k]
=
E
=
=

st 78

AP
G (@akaanored Y

9.855
9.85
9.845
9.84
9.835
9.83
9.825
982 & |
(= 10-10)

"tn,
4y 190

* Visualize response surfaces in 3D or 2D plots (continuous, discreet, mixed) variables

* The Measure of fit provides a metric for evaluating the accuracy of the response surface model.

» 3D: Eye Width vs. PCB tracelength& antipad size /[Eye Width vs. FFE& Antipad size

© 2016 ANSYS, Inc.
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Sensitivity Plots
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P3 - $antiPad [Uum] s
—PT$PCE Trace RN {TITEEr]  s—

P4 - MinEyeWidth(AEYEPROBE(Eye2), 1ns, Ons, Ons, 1 PRrNInEyédeight(AEYEPROBE(Eye2), 1ns, Ons, Ons, 1, OmV, 1, Ons)

Output Parameters

PG - min(AEYEPROBE(Eye2))

P7 - XWidthAtYVal(AEYEPROBE(Eye2), 1e-012 )

Sensitivity histogram shows that $Trace_length is the most
sensitive parameter for Eye_width

© 2016 ANSYS, Inc.

April 24, 2018




Realize Your Product Promise®

Utilizing Design Space Exploration for Signal Integrity

Manufacture tolerance study (6c-six sigma)




DesignXplorer for PCB manufacture tolerance study example

* Differential stripline study with DesignXplorer
— 60 analysis will be done based on user defined variable range and distribution

 Manufacture variables
— DK=8~10
— DF=0.0013~0.0024
— Width=50~80um
— Seperation=1W~3W
— Dielectric Thickness: 50~75um
— Metal Thickness: 7~¥19um

— Metal Conductivity: 0.67E7~1.5E7 1=
Siemens/m

mulative Distrstion
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60 Analysis

A T0] . . . [ L) )
B Analysis Sysiems 60 analysis is continuously studying, specifying each
™8 Designer Circut o I . . o
— S variable bounder and distribution.
& HFss
@ HFSS3DLayoutDesign 2 | B Geometry 7
@8 HFSS-IE
2y 3 @ se v
Bl Maxwell 20 i
@ Maxwell 3D 4 | & Solution 7 —
@ Q3D 2D Bxtractor ——>5 | (53 Parameters . o
- o x P eafesponsesufan X @) BuOptmizaton X | G Parameterset X/ [ C2:Design of Spenments (S58) X
& Q3D Extractor Stripline_Differential_Created_April09003550_UTC
Fo RMXDI‘t [ 2: Design of Experments (SSA) A7: P12 - §TOP_Die_Thock fum]
= 5
li simplorer : 7
2 =  Design of Experments (SSA) S0 .26
[H Component Systems 3 B Input Parameters | 51 71316 | 0065668 0.16297
4 = s Stipkne_Differentiadl_Created_Apr#d9003550_UTC (A1) S2 71.467 0.068247 0.17303
- - g = 71474 | 0.068367 0.17351
Bl Design Exploration (G52 Parameter set : Ay pio i) -~ s || s o g
@ Direct Optimization Z WS — 7| i =t i
S HiE 2 dhfp _PL3 - $ottom, Die_Thidc poml ] 57 Svow [bass 20321 F
B Parameters Correlation 2 ::P Pt~ fhoee Podome bl 5 s | men | come omen
[M] Response Surface T Wbl P15~ sconcncnny ] Sl 2
W) Response Surface Optimization 3 ::r e E]I e ‘Z?,.’ZE; e
uih| SixSigma Analysis Bl B e 5: S :?[ e s
f— -~ S % Parame 512 | n.08s3er o.
External ConnectionSys% bl © Response Surface Optimization 7 EF?u;‘sm::numu_auu_ﬁum”so_urcun | 2 :w D.085822 o.z?
: S 1B 59 P3-mag(20(Par 1:df fer 1:40) | 57 72625 | 0.087406 0.263%
2 Design of Experiments v oy SR [ e8| 727es |oossm: 0274
/m Parameters Parabel 69 72.756 0.08894 0.27478
3 (M Response Surface o o T T n | s ooms o
4 @ Optimization G i ==
74 73.182 i 0.094585 0.31388
Response Surface Optimization i = fui ”
0F D Thick fum) + 8 x
i e 30
v C 10
b8 I six Sigma Analysis o |5
2 |2 Design of Experiments (S5A) v/ : E
3 | [M Response Surface (S5A) v/ e | -
Mean Truncated Normal -
4 [ah] Six Sigma Analysis Lo St evanen b
Beta 10
weeibull 601
Six Sigma Analysis Velues : o a
| 20 uwa Bound 95588 i ” "’ P2 ﬂov,t;:ejn-ck Tum] " .




60 Analysis results

* 60 analysis will give statically distribution function and relative sensitivity curve.

28

x [ s x % (G3 Paameterset X [ . c(s5) % /] Cosxsigmadnalysis X
o T
| A A A
t 1| Po-magzopariichpartidf) -
2 |2« sixSgmaAnayss 2 1608
3 S InputParameters 3 $2.118
4 5 W Stripline Differentil_Created_Apri09003550_UTC (A1) b s2.627
N o P10~ strace_width fum] T | ® 5 53.137
6 dhfp P11 - $spacng [um] ) 6 53.647
7 wh$p P12 STOP_Die_Thick [um] v 7 4157
8 hfp P13 - $Bottom_Die_Thick fum] v 8 | sae67
9 | hp P14 Strace_thckmess fum] ] el
0 dhfp P15 - Slane_thckmess [um] [ :: ::Z
1 dhSp P16 - sconductvity { > s 1
2 | WhTp P17 - getch_rato v = Ty ¥
13 dhfp P18-s0K v 14 57.726
1 dhGp P19-OF v 58.236
e AT P20 - affspacng fum] v 8.7%
: 50,25
(5 @8 Strplne Differental_Created_Apri09003550_UTC (A1) 59,766
by B3P - mag(z0(Pai 1:df Pai 1:df) 60.276
| 60.785
2 Zlal sensitvives 61295
61805
62315
62825
63.335
63895
64355 0563 | 36991 -
o os E— P p—
P11- $spacing [um] s
7] o2 - il 04 P12 - $TOP_Die_Thick (um]
L EmpIrcal Cumylative DIStibution FUction wemeee P13 - $Bottom_Die_Thick (um]
rotabiity Densiy s | o 03 1 ! P14- Strace thickness [um]
025 L P15 - $plane_thickness [um] s
P16 - $conductivity s
3 B ] o - P]:—cseh:n_nh: -—
s | Calculated Minimum | 48.795 o5 2t 01 P18 - $DK s
10 | Cakulated Maximum 68.416 2 ° P19 - SDF s
i i / i i, 20 itmcing tum) e
12 | Probabilty Tadle Quantile-Percentie =l g i / -E
B | Mean 56,906 £ 50 £ 01
1 | Standard Deviaton 145 2 "
15 | Skevness 0.22994 o | [& 54 / : 0.2
s s / "
Shennon Enropy (Complexity) | 17852 / 92
Signal-tlose Rato (Smaler s Better) | -35.106 o 20 5%
Signal-iose Rato (Nomnal s Best) | 31.876
Signal-Nose Rato (Larger s Better) | 35.095 12 o5
SgraMnomem | 3810 B "
Sigma Maximum 3.8106 - 06
= R — R ™ (o A
% | Display Parameter Ful Name. v =5 P9 - mag(Z0(Pairl .df Pairl df)) P9 - mag(Z0(Pairl .df. Pairl-df))
Output Parameters
(= Showprogress || A4St 1883 Messages

The mean value was 48.79 ohm, peak
value was 51.31ohm(min) and
68.47ohm( max)

© 2016 ANSYS, Inc.
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Realize Your Product Promise®

Full Hardware Utilization for Design Space Exploration




HPC: High Performance Computing
 HPC enables increased productivity and higher fidelity simulation - including more
geometric detail and larger systems.

 HPC helps you make your product development process, more productive and
efficient.

* Faster turnaround and larger models all mean better designs in less time.

Bigger

Higher Fidelity

30 © 2016 ANSYS, Inc. April 24, 2018




How to Enable HPC Pool License ?

* Tools > Options > HPC and Analysis Options

* Design Type: HPC = FaSter

64 Maowell 3D -]

&5 HF5S
& i

HF55 30 Layout Design

HFSS-IE - Analyss Configuratio S
@ G?}D E:dml:-'tl:lr Configuration name: ILocal

The local and interactive job configurations
F 2D Bxtractor [V Use Automatic Settings
% Circuit Design Machines | Options |
=h Circuit Metlist Machines for Distributed Analysis
ﬁ Mﬂxw'dl 3D Total Enabled Cores: 8
|I M [ [ Name [ Cores | RAMLimit (%) [ Enabled | Remove
aowell 20 ]

B HPC and Analysis Options ‘ - X - | [localhost g 20 ~ Move ur

R Meprt [ Movew |

- Confiqurati Options Move dowr |

[ a1 Maowell Circuit guretens 1 Total Enabled Cores: 40
[r 4 S"Tll:lll:ll'E-'r I~ Queue all simulations

Remove

Design type: [ HFSS 30 Layout Design |

i N; Val " i \ Move up
e Specify more than 1 cores e T— E e
MPI Vendor Platform Computing Test Machines

- Remote Spawn Command S5H

. » |

b HPC L I

* Options Tab . ' | g ’

(@ | i
. Pnnl Enable GPUI focd mactine
— HPC License - Pool " IP Address format: 192.168.1.2):
Description: ¢~ DNS Name fformat: www server.com): l—
This setting specifies if HPC license will be used and which type of HPC license to use. - & 3 3 [—'
Batchoption name: "HFSS 3D Layout Design/HPCLicense Type" Type: String, Allowed Values: "Poal”, "Pack”, "Mone™. S/AUNG Name format=\\servex): [Wlgcompute 15
Import Machines from File... l | Add Machine to List i |

|

Apple had 1536 tasks EM HPC workgroup license
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DSO: Distributed Solve Option

Distributed Solve
Option

I

Design Space
| N—

© 2016 ANSYS, Inc.
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Distributed Solve Option

* Enables multiple parametric variations to be solved
simultaneously on local and/or networked cores

® Each variable will utilize same HPC setting, which offers a
near-linear speed-up with the number simultaneous
variations (DSO tasks)

* Key for accelerating robust design (design of experiments, six
sigma, etc.)

Faster




How to Enable DSO License ?

f #_| Analysis Configuration

HFSS, HFSS-IE oo I
-
9 4 ’4 The local and interactive job configurations

) > H > H i ¥ Use Automatic Settings
Tools > Options > HPC and Analysis Options HFSS3Dlayout e

— HFSS, HFSS-IE and HFSS 3Dlayout: Enable DSO Mochines o Dttt i

. . . . l Total Enabled Cores: 8 _
e DSO is enable if check Use automatic settings N NI TN 2

Configuration name: | Local ‘ , v
/ \ Machines. .fob .Distn'butim.‘n Iomionsl
— Q2D/Q3D, Maxwell, Circuit and Simplorer: Q2D/Q3D, e

e InJob Distribution tab, checking Optimetrics Maxwell,
Variations to enable DSO Circuit,

Distribution levels:
: |
S o '1 1 I @ Single level only b
, p orer " Enable two level g a y Level 1
1 5
E n ab I e D S 0 One distribution type will be applied at each stage of the solution process. If multiple types

| are available, the higher level solution will generally be distributed. All machine tasks will be
used by the singledevel distribution.

Preview Job Distribution Setup:

No setups available

Apple had 211 tasks DSO license
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Software and License requirements

* Software Requirements
— ANSYS Electronic Desktop 2016.2 (ANSYS EM Suite 17.2)
— ANSYS Workbench 17.2 with Pre/Post
— Integrated ANSYS Electronic Desktop with Workbench

* License
— ANSYS HFSS with Sl options
— Optimetrics
— HPC
— DSO
— ANSYS DesignXplorer

34 © 2016 ANSYS, Inc. April 24, 2018

e ———————
7-Zip -
Accessories
Agricultural Bank of China Security Suits
Altiris
ANSYS17.2
ANSYS Electromagnetics
ANSYS Electromagnetics Suite 17.0
ANSYS Electromagnetics Suite 17.1
ANSYS Electromagnetics Suite 17.2
"‘ ANSYS Corporate Website =
A ANSYS Electronics Desktop 16 3
% ANSYS EMIT 5.2 %
& ANSYS PEmag 2016.2
8 ANSYS PExprt 2016.2
¥V ANSYS Savant 5.2
#\ ANSYS Simplorer 2016.2

gve 2016 2
FAY Modify Integration with ANSYS 1
WITH RoIVI

A Unregister with RSM
ANSYS Electromagnetics Suite 18.0
, HFSS Antenna Design Kit
. HFSS Via Wizard
ANSYS, Inc. License Manager -

1 Back
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Conclusion

* ANSYS provides unified platform for Signal Integrity Design Space
Exploration, which covers pre-layout, post-layout simulation and
manufacture tolerance study.

* DesignXplorer gives easy way to automatically set up Sl for Design
Space exploration and Optimization

e HPC and DSO will utilize all of the available hardware to accelerate
simulation.
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