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Demo Overview

= Description:

— Signal and power integrity (SI/PI) are essential and interlaced aspects of advanced digital
and hybrid electronic system design

Incident

Transmitter | ™— ~_Atenuation. " ZTTTTT (A Receiver

Reflected Channel ff Noise
e

— Signal Integrity remains to be a challenging task and requires the compliance with a variety of
specifications

— The paradigm of the Artificial Intelligence and its applications helps to improve the quality of
signals at board, package level which have opened wide fields in the research in signal and
power integrity
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Key takeaways
Leverage Machine Learning based workflow on Signal Integrity Analysis for time-to-market

Automatic Al + S

IBIS-AMI without

Model leaving
Generation MATLAB

Reduce

simulation
time
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Basic Knowledge - SerDes and Signal Integrity Design and Verification Workflow

Y | serDes Architect / IBIS-AMI Modeler Signal Integrity Engineer @

« Top-down design of the equalization algorithms kChanneI model Define the specs of the channel |
« Use system/circuit simulation —‘ Verify post-layout performance and standard compliance
« IBIS-AMI model development IBIS-AMI model Use channel simulators, EM and PI tools
Consumes and validates models (HSPICE, Sparams, IBIS-AMI)

PCB Iayout‘
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IC Designers: Digital, AMS : PCB Designer / Layout Engineer
Design the schematic and the layout

* RTL, transistor level design :
’ : . Check design rules (DRC)
* Use tools like Cadence, HSPICE, Simulink Use PCB design tools (Allegro, Expedition, Zuken)

Layout guidance
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Signal Integrity and PCB analysis

= Signal integrity(Sl) is a set of measures of the quality of an electrical signal
= As signal speed increases, signal integrity becomes more important

SerDes Toolbox™ Signal Integrity Toolbox™ SerDes Toolbox™

Data in — Transmitter Channel —» Data out
crosstalk
| n0|se_ \Aeme Abe
1 1| |1 dispersion ]
«—l t-® b2
0 0 0

Transmitted signal Received signal 5
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Automatic IBIS-AMI model generation from SerDes System

Design and analyze SerDes systems

Import measurements and component specifications

Perform statistical analysis: Eye diagram, BER, bathtub, pulse response, COM

Include jitter and cross talk

=/ AMI File
lj serdes_rx.ami
1_] serdes_tx.ami
=/ Autosave Simulink Model or Library
@ untitled.skx.autosave
=/ Application extension
lj serdes_rx_wint4.dll
.j serdes_tx_winb4.dll
I=! Exports Library File
39 Rx.exp
18 Tx.exp
=l IBS File
=I Object File Library
BE8 Rx.lib

5 10 15 20 25 30 35

! B8 Tx.lib

SerDes Designer App Generated IBIS-AMI Model
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Machine Learning Workflow

Deploy
Preprocess Data Develop Predictive Models

MATLAB gxcel
. .NET
, . . C/C++
E Feature Engineering '°’“’J°v{, i
S g®

- = — .
Wavelets }l , :M = 2 - e code gen
"l ’ i
l 18 |
) mUT T - ~T D) L :m 400 s

fitcauto/fitrauto
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What is incremental learning?

= Incremental learning, or online learning, is a branch of machine learning that involves

processing incoming data from a data stream—continuously and in real time

= et sttt (" ) 4 A
‘ Evaluate ‘ .
Detect drift
model
\_ t ) \_ l )
4 o o N 4 N
Prediction
Simulation Data and _ Train model
Diagnostics, N y
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AutoML for Engineering Applications

Preprocess Engineer Build & Integrate &
Data Features Optimize Model Deploy

4 N

@ @ Min objective vs. Number of function evaluations
a - 10.25
F b : 102
® koop | . { .
14} ° { H 5 T
t . ?
L]
.

NCA Weights
. Y it

10.15

Min objective

Min observed error
Estimated min error

I } Naive Bayes S e 71 0.05
g1 ? KNMN
100 50 2 % SVM
Signal index Ensemble
. . Tree ) . ) . . . ) ) 10
Feature Engineering Feature B2 e G B ey e
1 - F i luati
Techniques Selection \ e /

Model Selection with
Hyperparameter Optimization 9
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AutoML Workflow in MATLAB

1. Feature generation methods

2. Get from Signal Integrity toolbox features

(Generally, Apply Feature Selection technigques)

2. Select and Optimize Model

3a. Train and optimize various models in Learner App
3b. Or, automatic model selection /fitrauto

4. Generate C-code or Compile to deploy: codegen

10



Problem statement 1:

Signal Integrity engineers typically perform
multimillions of simulations per interface and
design specification to validate their design's

adherence to expected eye height and eye width

Especially if the number of parameters we are
changing is large, then the time to run each

simulation takes large amount of time

MATLA

Transmitter Channel Receiver
1 1 1 ’
1...(- | v
crosstalk
noise «—L - A
0 0 0 dispersion

Transmitted signal

Received signal

4\ Serial Link Designer. SerDesModel.qcd Project: C:\Demos\SerDesToolboxWorkshop\ SerDesModel_QCD = a X
File Edit Libraries Setup SimData Run Logs Reports Tools DOE
Dl=[@] [&[®[e]x[~] | [% + ¢ mlajala] B« BE[E »m s EEENEIEE
Pre_Layout Analysis | Post-Layout Verification |

TX1

sssss

T RX1

= serdes

B2.5p Ry

*_0_diff_strip_1... serd

e
Topology: sheet1

State: default

Solution Space: Sheet Options: [v] Case Mode

Global Options: [ |



https://app.highspot.com/embedded_content/7cee218dbb5d10fdf5ee280727dd50df0b33b673?overlay=true

MATLAE

Data collection through simulation

Access Data

= Signal Integrity Toolbox™ provides functions and apps for designing high-speed links
= Generate experiments covering multiple parameters, extract design metrics, and visualize results

- & X '* B i

4\ Parallel Link Designer: ddr5.edk Project: C:\Users\jahnavid\OneDrive - MathWorks\MATLAB FILES\JAHNAVI_SKO\ddrS

File Edit Libraries Setup SimData Run Logs Reports Tools DOE
Project: ddrs

D=\ % @ma X - SR @ARQ EBEAEDE XS M@ E 4|83 ® hertace: dars
l Pre-Layout Analysis | Post-Layout Verification Reference Schemabc Set: sell
Process Controls:
X1 RX1
ddrs ddr$
T w1 Rx
ddr5_tx *_0_simple_1000hm ddr5_rx Il Parabel | Configure Parallel.,
$W1:Length
ShTiming Simulation Stepe: Simulatics Summang:
pemmmmemcmemeaaay v ol 0 Ervcars; 1 Wamings is Vakdafica
1 - { i — 1 b I 0 Envees; 2576 Wamings is SPICE Gensration
P e : v & SPICE for PIA SKIpad
* + 30 SPICF Simalations Completa: O with Frrorss il witk Wamings
£ i 2051 Channal Analysis Smulsions Complete: O with Frrors; 2053 with Wamings
¥
-~ =
{1 sheet1 | F sheet2 | [ sheet3
Solution Space: Sheet Options: Case Mode [v] STAT Mode Global Options: Select DOE Sheet: - Show On Board Show All Sheets . . .
————————— 2516 Channel Analysrs Smmulsbons Sulnmibied lo Queues
Transfer Variation
Net Variable Type Format: Group Value 1 Value 2 Value 3 Value 4 Value 5 Value 6. Value 7. Value 8 Valu¢
sheet2 TX1:FFE TapWeights 0 Tap JAMi Range |i01Tap 1 I I = SPICE Cuses Manfior:
i
T 1 T | 1 T T T T T T T 2370 Simulab hmitied io ol " PFroc " i Twe Dec #7 #3351 IST 2022
sheet2 ITX1:FFE TapWelghts 1 Tap |AMI Range |i01Tap 0 | | | | [ [ [ o ot Tamos St Pt
sheet2 TX1FFE TapWeights 2 AMIRange |io1 Tap e v
dance jJance - r Niae 0 0 2053 Simulabons Complcicd watlowt Errce; O with Error

sheetz
4 Simulabons Hesmng but Mot Completed; 0 Wairting for License; 319 Wabng in Queoe
Elspzed Tmes U2hr: imin20ssc; Propcied Finshc Wed Uec 20 02080 151 2022

ILast Upduled: Wed Dec 20 014452 15T 20225

| Stem | Erfars & Warnings (B rutcioan Resurs

-

Reference Set: set1 Unset Current Set: set1 STAT Simulation Counc@i’«‘_éj Base SPICE Simulation Coum:-'

Solution space in the Signal Integrity Toolbox Run multiple simulations
12
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Demo: Incremental Learning using a Custom App (Manual)

AutoML

Manual Semi-Automatic

Input Data

C:\Users\javanash\OneDrive - Math\d| )

Data Preview

R2_Len ADAP_Len |EyeHeight |
0.5000 2.5000 0.0544 =~
0.5000 2.5000 0.0472
0.5000 2.5000 0.0424
0.5000 2.5000 0.0492
0.5000 2.5000 0.0407 ~

4 »

Train the model

Generate Data

[ ICUS:
[ XTx_vptx

[1MR2_Len

EyeHeight -

Train model

Generate Data

= [m] X
File Edit View Insert Tools Desktop Window Help o
Degde @08 & E
Optimization Progress ><1100'5
18
16
)
w
14 S
©
>
- +
12 =
 w— . 3 G
B B =]
10
1-2
. . , o
0 50 100 150
Iteration

13
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Problem Statement 2:

= Does it require manual retraining every time?
- Can it be automated by some techniques?

& Shewes - B X Skew Eye Pad with 1e-12 Contours
Ele Edn Zoom [esplay
 FRERVIDERANYARXQRKXMHIBLF-ZM cAMEe
Wavetorms. | Picts | PCB Lagout |

Pode Wildcard Fiter. Wi 18 Of k | h ”
sEne | -
[Wavetorm Node Sesoction: [ Vedorze ff 35430 Title
| Subtise
| Aod Al Greasp ! 275 .

e | o0 5
511,91 angle - . g
5(1,1).00 = J ik
5{1,1)4m o | | 2000
8{1,11mag N .
5(1,1)re | J8 30007
5(1.2) angle J i Sap—
51,2190 | & E
$11,2)m f +500 0
5(1.2)mag 1 .
5(1.2) 18 | —
5(1,3)angle | 700 0~
8(1.3)d0 llllllilllllll]rlIl
(431 m } 0 50 100 150 b
5(1,3)mag l
S(1,2) 0 sedaions v T T T T T T T T T T
Si1.4) angle = i K > 050 10 1%
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Demo: Incremental Learning using a Custom App (Automatic

AutoML

T

Manual  Seme-Automatc

Irput Data

C Wsers'yavanash'OneDrve - MathWorks work' 2023'sko_:

() Eyetieht

Train

Status | traning_completed

Operationakze

Prediction & Monitor

Test_RMSE 0004359
Test_R2 07917
Accept

R2

RMSE

Incremental Status

Incremental mode! & not updated

New Data Orift Status.

o

rou
o
°
Laal
o
ot

°

2 1 06 03 1

Retran

o

Drit Summary | Stadle 10, Warming 0, Drikt 0

Trigper Status | Gain Update trigger activated

MATLAB EX

15
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Demo:. Code Generation for Deployment

Integrate Analytics and

Deploy

MATLAB gyl

::::::: ras Mronc v, NET
' .
- Java i
— —
N da I DB LTF e J
Optimization Progress [
o Qbzorwd o
v Eatenadedd nu

Fesran

[iem Sieneraary
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Target Application Areas, Industries, and Products

= Application area(s)
— Al in Signal Integrity, Surrogate modeling to accelerate the simulation
— Reduced Order modeling for Semiconductor simulations

= |ndustries

— Semiconductor
— Wireless

= Product(s)
— SerDes Toolbox
— Signal Integrity Toolbox
— Statistics and Machine Learning Toolbox
— Deep Learning Toolbox
— Parallel Computing Toolbox
— MATLAB Compiler
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Thank you
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