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Everything in your factory is getting smarter

Autonomous
Robots
Simulation
Horizontal
Industry 4.0/ Smart and vertical
Manufacturing system
integration
. Industrial
Aidvcll;tlve Internet of
g Things
Cyber
Security
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The World is Adopting Data Analytics and
Artificial Intelligence

Measuring Market Maturity: A Shifting Ratio
[8] AT Adoption Stage
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Can advanced analytics help meet industry
objectives?

Higher
Quality

Higher Lower
Yields Costs

| e St CO nX Smart Manufacturing - Edge Computing Inference Opportunities and Challenges in ATE 4 2 0 2 2

TestConX Workshop www.testconx.org March 6-9, 2022




Session 3 Presentation 2

TeStCO nX 2022 Operations 1

Increasing complexity is an industry wide
challenge

Advanced Materials

New Devices

More Efficient Architectures
Packaging Improvements
New Computation Models

SIERRONIDES

New Materials and Devices

| More Efficient Architectures and Packaging

The next 10 years after exascale
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Scale is not new, but different methods are
needed for different times

" | The Different Ages of Scaling

( Different methods for different times)

1 Geometrical Scaling (1975-2002)
& HAeduction of horizontal and vertical phesical dimansions in conjunction
with improved performance of planar transistors

Aeduction of anly hornzontal dimensions in conjunciion with ing ropduction
of new matenals and new pivsical ellects, New werlical structunes reglace
the planar transistor

3 3D Power Scaling (2025~2040)

# Transiton to complete vertical device structures, Heterogeneaus
integration in conjunction with reduced power consumplion become the
DECRNMOEY drviers

I @ @ <
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(1]

Scale is not new, but different methods are
needed for different times

Improvement Paths
Improvement Algorithmic Memaory Memaory latency Network Fived-function
Paths improvement bandwidth bandwidth acceleration
Application Arca
Big Data Analytics X X X X
.-"L:r!LI_ln:.'m] X X X
Intelligence
DisacFrlr: F.».-!:nl X X
Sumulation
Pl e st
I h'_vsu.tl?l Sy bt!.-[!l] % K X X
Simulation
Optimization X X X X
Craphics VR/AR X X X
Cryptographic codec X X
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Current value chain is improving, but continuous
improvement is required

M a n u al I nte rve ntl o n [7] ated- New-product Wafer Assembly System End
= circuit design, introduction manufacture and functional integration of life
Wlth some deg ree Of process and ramp-up testing and after-sales
. development,
aUtomatlon and factory
setup
. x | |] ®
Improving processes ) - B
: : = = o>
by creating analytical 11 \/
tools B - .
50% increase in About 12-18 80-90% utilization | About 30% of Mo end-to-end Lack of
° time in test months of and 85-95% capital expenditures | traceability feedback
Re p I ace g u eSSWO rk and verification iterative debugging | integrated yield relate to testing at device level loop at end
1 11 over the last that does not of life
and human intuition e that doss

« Fact-based knowledge
« Pattern recognition

[7] Burkacky, O., Patel, M., Sergeant, N., & Thomas, C. (2017). Reimagining fabs: Advanced analytics in semiconductor manufacturing.
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Existing and near-term solutions are a combination of
automation, expert systems and advanced analytics

1. Expedite Test program bring-up Capture Variances with Higher Dimension Datasets
2- Shorten debug cycles Collaboration across all disciplines - Strong Failure Signatures 3]

Enhanced Test Data at all Test Operations

Aggregated Reactive Attributes - Common Test Attributes across Wafer, SOC & Chiplet

3. Accurately associate root cause : ;:’.“ Toot Aibutes of boh Gaod & Bod Dovied
i i i asic ctionality Structural Attributes
failures with design, processor ... \ i el g, oo, st
* In-Line metrology I . * PIF-byfunc. Group = Fault Type
TOCe! = By Test conditions Fault Coverage
Domain Classificat

equipment issues g orieites 2
4. Minimize test time impact = Physical Attributes

- Topology
1 ™\ - Layout
Custom Attributes Reinforced Mapping Attributes

- Aggregated Transformations - Functional Classification
- Application-Specific Algorithms - Performance dictionary Qualcomm
- What worked, didn't work

[3] (2021) MEPTEC: Road to Chiplets: Data & Test
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Today’s Solution and Challenges

| l |
v
Cloud Offline

Intelligence
Tester / \\‘
' f o}
Load Board, DIB, etc. Pod
' o
v
\ 1
\ /
Test cell Online “..”
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Today’s Solution and Challenges

- SOLUTIONS CHALLENGES

Offline » Data collected from multiple
OSATs is analyzed to identify
systematic issues

+ Recommendations to test teams
of potential causes of variance

Online Secure inference compute

connected to tester, e.g., Edge

inference

* Low latency and does not add to
floor space

* Integrates with ATE OS / test
program to minimize test time

overhead

A knowledge network to
augment analytics and provide
optimal, robust & usable
recommendations

Security and latency deploying
intelligence to the test cell

Capture data variance from test
cell equipment

Update intelligence in real time
Scalability at OSATs
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Inference server provides secure parallel compute

Edge Tester ATE
Inference Computer Instrumentation

4 ] ( Q How does it work? (3]
I e Customer APP

DUT

Customer IP Customer Data
\ ) K / Package Level ‘o(nn'lnﬂ-
Host Computer Inference Server CMOfﬂimm @”ﬂ R&Tlr;moevelopnwnMLm tof

Snapdragon is a product of Qualcomm Technologies, Inc. and/or its subsidiaries
[3] (2021) MEPTEC: Road lo Chiplets: Data & Test
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Inference server provides secure parallel compute

1. On-the-fly machine learning
scoring/decision making

2. Zero Trust Environment
Minimum Latencies

4. Easy model integration with test programs
and ATE Control

o
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Test Cell Edge Inference Compute Requirements

BENEFITS Al Has Moved to the Edge

1. (S)escure communication to ATE Edge Devices e Computing
High -© o ' Low Power

2. Low latency Pivecy Y QS Lameney e ¥ wR

3. Does not consume floor space oy G @ W M S 29 5!5 Ko

Advancement

source: Media Tek, 2020 VLSI Symposium
Figure EST3 Data centers moving closer fo the edge
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Test Cell Edge Inference Compute Requirements

Challenges

1. Inference limited test time
2. Adds to test cell infrastructure capital cost
3. Combines knowledge and data analytics for

inference

Table AB-4

ALML Depiovment Plagecgs and Constraings

Deployment Platforms High eal Time Resonrce-
Performance Inference constrained
{Clevieed) {ToT Edge) liference
{ToT Eilge
MCLAOT)
Trairing System { loud { oud Clond
fﬂ_ﬁ’l‘filfﬂ' S_'l.‘.if{“fﬂ {',I'”_u.:.n' TaT F.'.:.I'Is_-;n:- Tal .f'.'n;.".g.-,-'
Compruies Microcontralier
Training Specd High High High
Inference Throughput High Medium |oww
(papes'second)
Inference Latency High Low Low
(milliseconds)
Compute High \ Medium Low
Cost High \ Medium / L
Power High W [aoww

IEEE: 2021 International Roadmap for Devices and Systems
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Conclusion

Advanced analytics coupled with automation and knowledge systems
can facilitate in addressing the upcoming challenges

« Advanced analytics are needed  Data
« Security, infrastructure and — Collaboration, and sharing data and
latency will be balanced between intelligence between design and test

cell equipment vendors is necessary

— Data variances will be used to build
algorithms for inference

offline and online analytics
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