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Support MEPTEC

Membership and sponsorship enable MEPTEC to produce events and publications with the
highest quality technical content relevant to the packaging, test, and design communities.

Membership Sponsorship
* Registration discounts Multiple levels of corporate
» MEPTEC Report subscription sponsorships are available for
. virtual and upcoming in-person
Join/renew at www.meptec.org events.

Questions about joining or sponsoring?
Please contact Bette Cooper bcooper@meptec.org
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proteanTecs Leading a New Category

Global Footprint

Deep data health & performance monitoring

for advanced electronics |
Founded in 2017 by Addressing In use and e R
industry leaders and industry-wide proven in 50+

co-founders of challenges of Design wins Calliia

Mellanox i scale
% Qi@ v

o

Customers in multiple key segments New category with a

including Datacenter, Automotive, multi-disciplinary

Communications, and Mobile @ approach 8‘? O HQs  © Sales & support @ R&D
Backed by worldwide leading investors Avigdor 1¢ A s intel ATREIDES

) y . g l. KDCH Willenz Celesta VVENTURES Cap|ta| @ MUFG A MMMMMMMMMM
with a proven track record in the B
Electronics and SaaS industries sun  REDLINE - = m LEWEY PORSCHE SE  ADVANTEST  [CHAMPION MOTORS)
ap anagement — |/t
© proteanTecs 2022. All rights reserved.
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Responsibility | =~ . ==\ - > ‘ Electronics everywhere

moves to the | ° | TR LR . o BE 24/7 availability
machine : ' 7 e 58 g As-a-service

A siloed industry unprepared for scale

Warranty claim rates

1 2 '1 8 months 2 : 7 0/0 of 50 0/0 of fault 1 car failure

of chip debugging product revenue investigations inconclusive per hour

Mega /f—/—%z\ : : t. g e Advanced technologies
functionality A = ~it I8l = \ \ Quality/ performance tradeoffs

Surging costs
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Challenges in High Performance Computing Resilience

A

Inconclusive Investigations

* HW failures and service disruption

* No in-mission monitoring solution

CETEERETT PRI EITEERTERTPERTIIIY

* Expensive redundancies

* Constant replacements

Advanced

Electronics * Lifetime reliability and safety concerns

| Undetected defects

Market leaders are looking for answers from the industry

facebook. B® Microsoft Google @ CARIAD

“Silent data corruption due to silicon “Frequent unexplained HW “Rare, short-term computational “Current FuSa guidelines do not cover
latent defects and aging. (1,000 failures with “No Issue Found” errors on systems that passed all HW/system reliability during the
DPPM!)” at high rates” manufacturing tests successfully” operational lifetime”

17, . . . . 3. “Circuit Reliability Mitigation Techniques & EDA Requirements”, Georgios Konstadinidis, Google, EDPS 2019
T Silent Data Corruptions at Scale’; Harish Dattatraya Dixit Et. Al., Facebook, 4. “Improving Cloud Scale Hardware Fault Diagnostics”, Neeraj Ladkani, Rama Bhimanadhuni, Microsoft, Mar. 2020 OCP Virtual Summit

4 roteanTeCS arxiv.org/abs/2102.11245, Feb. 2021 B - . e | ! ! ni, Mi '
/ p 2. "Cores that Dom't Count”; Peter H. Hochschild Et. Al., Google Research, Jun. 2021 5. AAul:)t(e)lm(?stlzsaﬁ’iTrfj?inedsuclErP éelé%lzll;ty and its changed importance for complex system engineering, Andreas Aal, Volkswagen, Dr. Oliver


https://arxiv.org/abs/2102.11245

Visibility at Every Stage

Machine Learning &

Advanced Analytics
S & . 7 QP < Yy

Chip Design
Variability Analysis
Production Visibility

Chip Production

Higher Confidence Volume Ramp
Outlier Detection
Performance Yield

System Production

Performance Optimization
Workload Analysis
Environmental Monitoring

Faster Time to Market 10X Lower DPPM Reduced Costs

In-Field

Performance Monitoring
Alert on Faults before Failures
Predictive Maintenance

Failure Prevention
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Multi-Pillar Solution

Deep Machine Cloud & Edge
DEYF:] Learning Analytics

Universal Chip Telemetry™ Agent fusion and inference  Advanced analytics for
(UCT) with on-chip Agents with ML algorithms actionable insights

Automated :\+ | )))) \

+—
insertion tools —?
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Universal Chip Telemetry™ (UCT)

Interconnect
: . . - Performance
On-chip Agents built for analytics Monitoring
N
: : : Operational
* High coverage & high resolution )) Monitoring
* Minimal PPA penalty S 3 S R
* Operate in mission-mode Performance
. _ Il and Degradation
* Sense the surrounding electronics N/ Monitoring

Classification
and Profiling
N

* Application optimization to HW

7 / proteanTecs © proteanTecs 2022. All rights reserved.



Introducing Proteus ™ Platform

Flexible, easy-to-use and deep lifecycle analytics for advanced electronics

Cloud based,
enterprise grade

Cloud agnostic technologies | Secure and robust | Scalable for big data

Built-in targeted
solutions Machine learning | Actionable insights | Dashboards and alerts

_Open f(,)r SDK enabled | DIY ML Ops development | Customizable data delivery
Innovation

Multiple data sources | Automated feedback deployment | API integration
Open for
integration

Insights on edge devices | Near real time | Minimal footprint

Actionable at
edge
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Proteus Targeted Analytics

1 2

Post to Pre silicon
correlation

Correlation between value
chain stages

s e ——

Performance Tuning

.
.« o
. "
Readout Hou

Degradation monitoring in
qualification

EERRRN AR NN

DPPM Reduction (Fine grain
latent defects screening)

Chip Production

Dynamic Voltage Per Chip (V)

Power reduction

Faster Volume Testing

BKM test range
s e
i Test range
i Protewe:

Rapid Fmax or VDDmin search based on
correlated pre and post-silicon deep data

Test time reduction

=
-
-
-
-
=
-
-
-
-
-
=

Lower RMAs and Fast
Time-to-Resolution
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Proteus Targeted Analytics

Work-Load Agent

One Margin Agent

\ Y ‘\‘\\
- s
= ==
/;s, LN AN
LA NS

Voitage Integrity Agent

Performance Optimization
(HW-SW)

™ - et
LR D

M

5:': System Production Limit
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Quality: Chip as system
monitor

Path Delay Distribution at System Level Test

=+

System T1 System T2

]

Voltage peak-to-peak change

Path Delay [ns] )

System performance
early predictions for TTR

Baseline System T1 System T2

Debug & root cause
analysis

Predictive Maintenance

In-Field

Margin Fluctuations
= (from Day 5)
s
=
°
°
° °
° °
°
Lower limit[ - ============-=-----osommmmmmm s s mm s m s
Day1 Day2 Day3 Day4 Day5 Day n

Continuous performance
monitoring

Voltage
Vdd,ys Over Device Lifetime
= VDDyys
VDDyin ‘ T T
Design l % g ¥
Guard 1
Band 1
1% ! 5% ! 2%
VDDyin -10% ! ]
3yrs Gyrs 10yrs

Real time applications
(Power, Performance & Reliability)

RMA Reduction with Fast
Time-to-Resolution
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Use Cases

17,

11 / proteanTecs © proteanTecs 2022. All rights reserved.




Estimator Based Outlier Detection

Personalized chip
assessment

Multi dimensional outlier
detection

Yield reclamation

Fast RMA with pinpoint
Root Cause Analysis

BKM: Population based

Measured iDDQ only

il

Material
i
X

/ \ W

Undetected Outliers
x within PAT spec

N

proteanTecs: Dynamic limit per chip

Measured iDDQ vs. Estimated iDDQ

T

60000

55000 Detected Outliers
within PAT spec

Returned
50000

e} 45000

40000

35000

easured

N
§

25000

20000

15000

10000

LA L .\;/w.{-\'w'f.w.
88 94 10 PAT Limit Spec Limit
Measured IDDQ

One dimension only identifies outliers outside of PAT spec limits
(circled in red — unidentified outliers)

5000 15000 25000 35000 45000 55000

Wheremest, Estimated iDDQ

Additional dimension to identify outliers within PAT spec limits
(circled in red — identified outliers)

I//
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Correlation Across Stages

Accurate correlation & validation between test stages: setup and test stress

Optimization of test conditions across all test stages (WS, FT, SLT, ST)
— Test limits and guard-bands, test equipment validation, etc.
— Accurate characterization of operational, environmental and stress effects
* ATPG structural test tuning - correlative to real application at system
— Common data ‘language’ between ATE and system test

System Level Test to ATE Miscorrelation

2690 N "0 TestName Test Stage
3 -] FunctionalTestd - mFT
WSLT

High miscorrelation paths Margin Agents

O MA(128 0).
O MA(128 1)
+ MA(128 2)
X MA(32 0)
* MA(32 1)
O MA(32 2)
A MA(32 3)
V MA(32 4)

Margin Map
7 o System Raio

RCA

No local environmental effects Higher workload at SLT
Local Noise Across Local Temperature Across Local Stress Across
< Multiple Dies (NMA) Multiple Dies (LTA) Multiple Dies (WLA)
2
[ o /
<@ . N 2 »
S % 8
o g =
= e -
- =
Q2
(]
Final System Final System Final System
Test Level Test Test Level Test Test Level Test

IC spatial view: Lower margin detected at SLT

Example source of issues: Poor Performance Coverage at ATE

I//
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Operational Savings Vddmin predictor at HVM

Early & accurate binning assessment for Final test or System @Wafer Sort: Cost reduction, operational efficiencies
Test time reduction: Avoid doing Vddmin search in Wafer sort and/or Final Test

VDDmin Prediction

Stage/ Test Stage Test Name Origin Voltage [mV] Temperature [C]
Test [c°L v | [PRINFUL v Operating |750 ARES -]
point
Material Lot Wafer uLT Hard Bin Soft Bin Target Operting Test Stage Test Name Temperature [C] Frequency [mhz]
[terepen:  ~] [cam ~] [cam ~] [can | [(an) -] Point [c2L ~ | [APe_vmin ] [= | [3s00 -

Predicted VDDmin

Overlay Control

Parametric Yield Binsplit [%]

Test Stage / voltage [mV] / temperature [C] .
cp1

| Bin

m:
m:2

Split v |

Test Stage / voltage [mV] / temperature [C] / Material / Lot Name / Wafer Nu..
Pl

Number of
selected ICs:

Bin Split Voltage Limit

1695

Models built in proteanTecs
Platform and deployed at the Test
floor

Multiple Vddmin predictors @Freq

= (or many Freqs) for different tests
T8REDFN1 H UL o T8REDFN1 m:
g e . g o 1111%
Similar application for Fmax
% s prediction @ V (or different Vs)
;% - § 690 7 1‘% = % 0% . . .
Boit e i 5 Fslagi mm Predictions for different tests and
A ] R e test stages
pca @ . g 665 2 S
@ 7A N "‘: g - 4 6 7 8 E - 4 6 7 8
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Characterization and Test for D2D interfaces

© Comerenensie peiEmeit kregeeig [ ew
* 100% lane coverage & & &
: : .. &

* During test and in-mission ”".

. apags Die 2 ‘&J Ig&?‘ ﬁ%“
* Data analytics capabilities B RN

T NPy P
. i ) Pass or Fail for the entire lane A Grade of Marginality per

* Go beyond just Pass/Fail testing D PRI
([

Complementary to proteanTecs comprehensive chip performance and health monitoring
solutions
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proteanTecs at the Edge:

Models deployed for wafer sort or final product

* A subset of the proteanTecs capabilities, called the proteanTecs Library, can be run
at the test floor for low latency, “real time” decisions and insight

* A proteanTecs function library is called from within the test program. This function
library is integrated as a dll as part of the test release

Test program

Test 1 (IDLE test)

Test 2 (Full test)

Run Proteus
Proxy

V.

proteanTecs
Function
Library

=

A

Testn

proteanTecs
Function
Library

Inputs from
test program

d

Parser

Convert & check

Calculate/
Estimate/ Predict

Insight

d

Estimation, prediction,

insight output
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System Performance Monitoring

Agent data recorded throughout

multiple phases of system operation:

* Configure

* Operation Start 1
* Operation End 1
° Idlel

* Idle 2

* Operation Start 2
* Operation End 2
* Idle 3

* |dle 4

 Correlating and merging different
Agent measurements

* Margins of millions of paths

* IR drop

» Workload/stress: V*T*Toggle rate

 Cycle to cycle clock jitter

Workload Agent

One Margin Agent

!

LIS

WL Active Counter

|
| Y
| |
5 | |
2 y Y
y |
| |
e . Time
re) / ‘ n=
(e o /
0 ]
g NI 3 / \ \
g O

0-Contgue

_Time

Voltage Integrity Agent

Operation Start 1 Phase

J Clock Integrity Agent

Bring up & Production EOL software optimization and performance tuning
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Health Monitoring with
Alerts on Faults Before Failure

* UCT-based continuous performance and health monitoring

— In mission-mode Viargin . t1 t2
— High coverage critical path monitoring based on millions of Degradation : _
internal paths and low margin alert  Action taken:!
. . . . : SW update
— Correlated to system environment and application induced stress :
* Workload management for achieving longer product lifetime e 1 ST S—
. o . o . Failure . ......... vl 'r.g.—-__—m
* High reliability through personalized Predictive Maintenance threshold P T ~— e
Da}s
|// A
Workload
Proteus
Platform )= ————— |
I ------------------------ :} ---------------------------
| R,
v : >
( "'OF‘{::;'-::W ) Measured Days

= = = = Predicted *Based on Physics-of-Failure and Time-to-Failure

[ Continuous monitoring ]

e [ Degradation monitoring ]

17,
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Customer Success Stories

FORTUNE 50 NETWORKING COMPANY LEADING FABLESS SEMICONDUCTOR COMPANY
18% power reduction 2% yield improvement due to feed back to the fab of design
in chip sensitivity to process
IR drop recovery at SLT Inferred process parameters per die detected sensitivity

of yield to process

“The average voltage improvement is around 6~7steps and “The proteanTecs analysis helps us to prove the correctness of

this is significant since it’s such a big chip external circuit modification and the chip design quality”

LEADING ASIC VENDOR FORTUNE 50 NETWORKING COMPANY AUTOMOTIVE STARTUP
Detection of silicon-to-simulation 5% system outlier rate detected at Board redesign due to
miscorrelation in 5Snm testchip System Test detection of PDN issue
Post-to-pre parametric correlation Latent defect detection of thermal effects IR drop detection at SLT
“proteanTecs speeds chip and system bring-up, “Solid and leverageable data flows” “They made us look like a 15 year
significantly reducing time-to-market” semi company”

19 / proteanTeCS © proteanTecs 2022. All rights reserved.



Concluding Thoughts

Deep Data Analytics is required for KGD

° New level of silicon and system understanding

Enables shift left for wafer sort

Provides visibility for interaction of chiplets within package

Diagnoses interaction of SW with HW

Methods can be used at every stage from Wafer Sort to in-field

20 / proteanTeCS © proteanTecs 2022. All rights reserved.



Thank you.

marc.hutner@proteanTecs.com

proteaniecs
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This presentation in this publication was presented at the Known Good X (KGx) Workshop (September
7, 2022). The content reflects the opinion of the author(s) and their respective companies. The inclusion
of presentations in this publication does not constitute an endorsement by MEPTEC or the sponsors.

There is no copyright protection claimed by this publication. However, each presentation is the work of
the authors and their respective companies and may contain copyrighted material. As such, it is strongly
encouraged that any use reflect proper acknowledgement to the appropriate source. Any questions
regarding the use of any materials presented should be directed to the author(s) or their companies.
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