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O+ Overview : Life Cycle Analytics
O+ for Semi Manufacturing

- ML Apps : Wafer Classification
O+ for Electronics Manufacturing

- ML Apps : Crack Detection
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" Lifecycle analytics — following the product journey

DESIGN & ENGINEERING | MANUFACTURING | CUSTOMER

DESIGN VALIDATION /WAFER/CHIP BOARD MODULE PRODUCT IN USE RETURNS
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Design Spec * Machine « Process ¢ Metrology ¢ Test « Rework jnealogy » Performance ¢ Reliability « Usage * Warranty

PLATFORM
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Visibility « 24x7 Analytics ¢ Alerts « Automated Action
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ni.com

Complete end-to-end solution

r- " N

Collect Detect Act

Data security & encryption Prescriptive analytics Automatic
Accuracy, Completeness and integrity Al / machine learning Distributed
Data harmonization & standardization 24 x 7 analytics engine Controlled

Any data type (Product, machine, process) Real-time

A unique, automated and proactive integrated solution
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Edge (Factory Test Floors & OSATS)

Semiconductor System Architecture

ni.com

o]

Portal+ www Rules+

Data
Data
gata
Action
Rules

O+ Central Analytics

_ = 24X7 rule execution
<—Action/Rules—L—= and orchestration

-
Data O+ Data Platform

Tester Tester Tester . "3
Fab  Assy. A B C OtheArrI]Edqu. R @
Scriptin
pata pata Data Sources Sefverg MES
g g A N
g5 S§ g 85 S8 35
5% 53 & 55 &8 &3
| | |
+ .
Data @ O+ Edge Analytics
Control < Action — 24x7 rule execution and orchestration
Room+
Factory A - O+ Data Pla_ttform
(internal or outsourced) —J Edge repository
Factory B
Factory C

NI CONFIDENTIAL

Central repository

¥Cloud / On-Prem/ Saas—/

Actionable Insights Across All Manufacturing And Test Processes
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Direct
Benefits

End Cust.
Benefits

Capabilities

ni.com

How do we benefit Semi direct and end customers?

I:II:I

Yield Analysis

and Reclamation

Tester to Tester Correlation

Improve overallyields

Minimize site-to-site variations

Optimize re-test policies
Identify equipment
performance issues

Increase up to 10% NPI, 2% HVM

Efficiency

Enable consistent tester
availability and utilization

Avoid excessive index and
pause times

Industry leading testtime
reduction capabilities

Ensure efficienttest & retest
policies.

Up to 25% cost savings

Stability and predictability of supply

Improved yield tracks w ith improved quality

R

Quality, Reliability and
Brand Protection

Minimize excursions.
Minimize RMAS.
Analyzeroot cause.
Protect your brand.
Comply with industry

standards.

50% case avoidance

0

Time To Market

Shorten NPI time.

Optimize balance between time,
cost, and quality .

Facilitate multi-team
collaboration.

Share learnings from NPI to HVM
and back.

From w eeks to days NPI

Accelerating new products
using latest technologies

Supplier Transparency

Benchmark suppliers.

Ensure supplier compliance
w ith flows for every chip.

Real Time Monitoring and
Feedback.

Supply chain consistency

Compliance w ith MIL/Aero
standards

Improved installed quality &
reliability
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|:||:| Yield

T v
* Overall yield

« Site-to-site yield
» Re-testpolicy

« Equipment& H/W
performanceissues

Semiconductor Enterprise Software

Baseline yield & SBL monitoring
Testequipmentperformance
Testand retest policies and execution
Tests limits validation
Cross-operationcorrelation

Targets against any measure/KPI

ni.com
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nl NI Enterprise Software Solutions

Wafer Maps : Single and Stacked

1. 24,97, 0. 83,36, 89,62 .45, 4§, B1

3.6.8 24,27, 30, 79,96, 99, 42, 45, 69,61,

1

ARR2NAZZIRNEESE

Individual Bin Yield Maps

AARLAARANRAAALAAHARNE

Stacked Bin Yield Maps

NI CONFIDENTIAL
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NI

NI Enterprise Software Solutions

Parametric Wafer Maps
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Reconstructed F

FT Parametric Wafer maps
based on product ECID

- Maps

=[

Wafer Map - OriginalDataTable
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Advanced &
Predictive

Analytics

O+ Open Architecture

Al/Machine Learning Support
Model Development

- Data Extraction
Model Deployment
- Virtual Operation (VOR)

ni.com
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Learn from data
and evaluate
business value

Understand
changes and update
model/process

NI CUSTOMER CONFIDENTIAL

The full machine learning lifecycle

Validate

Deploy and act upon
the model

Monitor dataand
model performance
to identify changes



N No+ supportsend-to-end machine learning |

Vv
I;ga Machine
v/ Verification || esource Monitoring
' Management v
Configuration Data Collection -
Yl Infrastructure
o | Analysis Tools
‘vi
Feature Process
Extraction Management
Tools

Machine Learning applications can scale across products and across the supply chain

NI CUSTOMER CONFIDENTIAL



" Model Development and Training

Q&

Programmatic Large Data Extract -
=08

- Data extract template created from O+ - -

& A 4

* R & Python supported smnR

- B
(x)] = 8

* Enables external extract parameter

modifications

* Invoked using 3" party tools
» Jupyter, Spyder, Pycharm, Cloud9, ( -2
etc. \J Jupyter
4

+ Extraction status reporting:
* In Progress/ Failed / Completed

+ Data exported in Parquet format




Machine Learning : Deployment & Execution

ni.com

z T
Built-in supportfor - -
PythonandR
+ Enables state-of-the-art ML Models =
* Supports third-party libraries : —— o= -
« TensorFlow éj;#
 PyTorch :n
* Python Libraries : ( %zf .
— Pykrig (Smoothing) e R LAY EE— -
— SciPy (Statistics) ? SPtZ%kaged — M# =
+ Containerized for easy deployment K —
« DIY Models deployed in production A - -

at OSAT's or internal test floors
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Model Deployment

Tester Tester Tester ) "l o
Fab  Assy. A B C OtheArrIIEdqu. R @ Lol .
Data Data o) 0 Scripting —H=
Data Sources  ggopyer MES Portal+ www Rules+
g\ g\ A 4\ — ,
s§ =5 ¢ s§ S8 =5 . o c o
T B o= © c B T © c B " = 8 2o
5% 83 ¢ S§ 88 ¢3
| | E I Execution \Z
+ : -
Data O+ Edge Analytics O+ Central Analytics
c | < Action — 24x7 rule execution and orchestration 7 — 24x7 rule execution
Rgggﬂ <—Action/Rules—L—= and orchestration
~— O+ Data Platform -—
Factory A . Data
(internal or outsourced) —= Edge repository = O+ Data Platform
Central repository
Factory B
Factory C

¥Cloud / On-Prem/ Saas—/

Actionable Insights Across All Manufacturing And Test Processes

NI CUSTOMER CONFIDENTIAL
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"W \Wafer Classification Process Example

Patent Application : Filed 11/21/2022 (63/426,952)

A1 N
[ \
\ /
N /

Wafer
data

Scheduled
for all
Wafersin
last shift

Rules+

/
:80 Python-based

NI CUSTOMER CONFIDENTIAL

I summary
report
ML
classifier
model
% Packed step
CDS to enable
downstream
WaferName label analysis
TCPG54-02B7 center
TCPG54-02B7 edge-ring
# TCPG54-0287 edge-ring
TCPG54-02B7 scratch
TCPG54-02B7 none AT AT ATh
[ ) { Vo 1}
W

Tagged Report & -
Wafer Gallery

(N

ﬁ

Alerts for
certain classes

appearing

Trends for
each Product
and feature
class over time

Wafer quality
prediction,
GPAT rule for
inkless map

change

Cross operational
Insights,
Parametric data
relationships



M \Wafer Classification Model Execution V1.0*

Center Edge Local
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Ring Arc / Partial Ring
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*Based on 60K Customer Production Wafers
NI CONFIDENTIAL
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Human-in-the-Loop; improve model while gaining user confidence

Human-in-the -loop

Wafersort Expert
Suggested Classification

App
o0/ []I: @ :"] > AO .
< v
L b Final decision 6 l S Review s some (or all) Al decisions

based on algorithm confidence level
From 100% human control &
feedback - down to sampling only

sdew Jajepn

Al Model e, Q @

: @
0 Evaluate > * Final Ink map > '52
~— o/

— -
MES

Optimal+ DB .
S
o

Al Engine [+
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Semiconductor Enterprise Software

g-& Quality &
Reliability

v
» Minimize excursions - Outlier Detection

* Minimize RMAs - Escape Prevention

 Analyze root cause - Special quality algorithms - WECO, EWMA, SPL,

Scratch Detection

Auto-hold (via MES)

Re-binning (via MES)

Data Feed Forward and Test Program API

* Protectyour brand

« Complywith
automotive standards




ni.com

n' Quality & Reliability

Oultlier recipe using multiple methods & embedded R

+ 1-GDBN : Assign HBin=999,5Bin=0001
@ 2-Cluster : Assign HBin=999,5Bin=9992

3-ZPAT : Assign HBin=999,5Bin=9994

. ®%% 4DPAT : Assign HBin=99,5Bin=9909
S-MNR : Assign HBin=999,5Bin=0096

o P 6-Bivariate : Assign HBin=999,5Bin=9997

: R 7-Run R Script
@ B-Merge Tables

. |%=1 " 9pCs Definttion

NI CUSTOMER CONFIDENTIAL

10-Mulftivariate PAT : Assign HBin=999,5Bin=9998

Geographic

Parametric Univariate

NNR

Parametric Bivariate

Multivariate:
« PCAperformedinR
 PAT performedonthe output

Optimal+ customer best
practices implement multi-step
OD recipes

Each step has appropriate
settings to adjust sensitivity

Embedded R is used here for
orthogonal transformation (PCA)
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nl Geo-Spatial Outlier Detection

Geographic Outlier Detection (Cluster, GDBN, & ZPAT)

Wafer 82VTC0O76SEBO Cluster Outlier Detection

Wafer 23TVC152SEB4 GDBN Outlier Detection

QLA B 8. 22,15.18,21,20,20,20,30,36, 39,42, 45,45 61,64 67, 60,63 x

RABAABABRES

e T |
| Cluster OD |
Cluster

Use historical results and
statistical settings to expand
boundary of bad-die clusters

NI CONFIDENTIAL

RABHESEABBENH

GDBN Outlier

s00d Die Bad Neight

(GDBN)

Calculate the # of bad die
around each die, and
recategorize any with more
than a preset threshold

Lot Yield Map

ZPAT

Use lot results to identify high-
probability bad die locations,
and push through all wafers

Wafer Bin Map

T T T T

Q2. 6.8.92,15,18.21.24.27,90,33,96.99.92,95,48, 51,94, 67,60, 63 x

7‘ ZPAT Outlier =

B - Good Die

M - Bad Die

B - OD Recategorized Die
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nl Parametric Part Average Testing

Univariate, Bivariate & NNR PAT

e Wafer map — Parametric data Raw Parametric Data
300 g
250

8 200 2

g 4, i ; &

31 if \ 4 k f

S 1w ; i 3 " i
50 “"‘; /‘ 3 :, . i \m
0 3 ; o - ‘ % 3

8 t g 2 : ' T . 5’ NNR Residuals
Univariate W L : .

[zan

Studies each parametric
result distribution individually ..

NNR (Near Neighbor Residual)
Only compare die to PAT limits calculated

e using test results from nearby die
é locations (not the entire wafer)

. i 2z E EI S E E ':‘I : -
Bivariate Static PAT: Maintain limits over some period
Studies pairs of parametric results and their Dynamic PAT: Regularly update limits
combined distributions and correlations (e.g. after each wafer)

NI CONFIDENTIAL
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Efficiency
B 4

Inconsistenttester
availability &
utilization

Excessive index &
pause times

Testtime variations
per tester

Inefficientretest
policies & execution

Semiconductor Enterprise Software

Adaptive Testing using Machine Learning
Testequipmentperformance

Testand retest policies and execution
Testeravailability & utilization (OEE analysis)
Classical Test Time Reduction (TTR analysis, ROA)
Adaptive Test Time Reduction (ATTR)
Cross-operationcorrelations

Shop Floor Control
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nl Efficiency

Utilization : Run Time Events Gross Test Time

(Lot/Operation)

A

; . { Start Run to End of Last TD to \
Pre and Post Testing Events ctart Firet TO End of Run
Start Run to 18t TD
Last TD to End of Run Run start Index / excessive index / clean / Run end
pause

Non-Testing Events :
Index : <90 Sec /\A
Clean : 90 to 120 sec (WS) ) -&_’-. ™,
Pause : >120 sec during a run

est Test
Start End

Test Te
Start End

Test Test
Start End

Net Test Time

NI CUSTOMER CONFIDENTIAL (LOt/Operation)
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Efficiency

Utilization : Run Time Events in Touchdown Reports

Touchdown Cata

[ st [ Test Exoessiv incien [l indexEnessive [l cieaning [l Fssse

Pause

™

Cleaning
20000

Leoa 1

Time: (ms)

we Test Time

o | ‘ (0 00/ ME O 1 A LR (il T
! | u | | il

o ML LR 11011 11 1A CHL AL IR il A THIRTRLEE S | I | LR WA N AR A |

Camipnre

Index Time

NI CUSTOMER CONFIDENTIAL
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n' Efficiency

Customer use case: Efficiency problem — Understanding Time

Tester usage breakdown by E10 time categories

v an
nnnnnn
120000
110000
uuuuu 0

9000.0
0
‘f{ .
T
E
i | |

nnnnn

\\\\\\\\

[E— I
| | |
|

\—II
[

WW2022-13 WW2022-1%

— N N E— I —— —
Ww2022- w2022 WON2022-08 | WW2022-09 Ww2022-10 Von2022-11 w2022
Sorted by: Work Week (ASC)
B 1dle I ndex B ndexexcessive [l NST M off
[ onlineretestcleaning [l Onlineretest exc Il onlineRetest ndex [l Pause W o
Start Run to Start First TD [Jll TD With Run Time Overlap Data Quality Issue [Jill Test B Testexcessive [l UD

NI CUSTOMER CONFIDENTIAL

O+ collects detailed
data _
on tester operation

Testerusage statistics
allow to performin-
depth productivity
analyses (e.g. OEE)
which help eliminate
wasted time



" Smart-Retest Dashboard

Identifies potential die & yield gain by product & bin
Determine the right wafers for retest
Determine the right Hbins, Sbins to retest

NI

| First Pass Yield “romums |Yild  [Yidd BL |YildGap |RecoverableSBns | PotDiesGan |Operaton |Softéin | Wafer Bin Count | Bin % lOrine_PBwfv_G&l | PotentaiGan v |
75.95% 43,983 7595% 73.78% 217% » wsl % 8,865 20.16 % 36.33% 3,221
66.99 % 43,983 71.61% 73.78% -217% wsl 604 137% 66.53 % 402
77.12% 43,983 77.12% 73.8% 333% ws1 1€ ARFL7INSCH 1,022 2.32% 23.10% 236
89.47% 56,280 89.47% 97.95% -8.48% wsl @ MORE179WEG3 48 0.11% 2.83% 1
9199 % 57,137 91.99% 93.76% -1L76%
97.89 % 57,137 9290% 95.59% -2.69%
93.73% 57,137 93.73% 99.29% -556%
97.24% 81,584 97.24% 98.02% -0.77%
97.28% 81,584 97.28% 98.02% -0.74%
95.23% 57,137 95.23% 99.29% -4.06%
87.9% 17,381 87.99% 98.87% -1138%
95.99 % 57,142 95.30% 95.30 % 0.00 %
96.90 % 57,137 96.90% 96.40 % 0.00 %
67.91% 6,562 67.91% 98.75% -30.84%
MR POCY 1990575 6 96.62 % 57,137 9,6&2'/. 96‘,62‘7- 0.00 %
tal Records : 26266 Selected Count : 1 Sum : 0 AVG : N/A Total Records : 4 Selected Count : 7 Sum : 12104.6589046684 AVG : 2420.93178093368
| PotentialGainSumPerProduct & o x || £rwafer Map - ULDforSB_OriginalDataTable_1 CPBEOOX
| Product [Operation |Num Of Wafers [ Potential die Gain | Total Tested | Potental Yield Gain &
GOADET31020.51 ws 95 56,663
Hella: ws 175 36,017 066532
- R i
ws 326 29,293 = 0.5342
SRl s = 18,54 o
Vo2 ws1 1332 17,811 0.40308
3 0.35938
WPES AN WS 445 17,664 031567
WOURC VALY X0 WS 223 17,373 027197
P 45, 536 01 ws 228 16,416 L
NCYFE0RITSIA LT WS 239 15,566
PRSI WS 13 14,557
WRSCVTi ws 9 12,192
GEDLANN L wsl 4 11,507
wsl 618 11,261
ws. 272 11,203

CUSTOMER CONFIDENTIAL
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iﬁ Time to Market
I 4

 Shorten NPI time

« Optimize balance
betweentime, cost,
and quality

* Faclilitate multi-team
collaboration

« Share learnings from
NPI to HVM and back

Semiconductor Enterprise Software

Data loading rules

Load and create conditions

Sandbox to edit metadata

Datasets

Virtual “workbench”

Shared analyses and data augmentation
Full chain of custody

Limits, Correlation & GR&R Applications
Reportgeneration

Adaptive test (reduction or augmentation) and smart
ramp

ni.com
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n' Time to Market

Advanced analytics introduction

Components:
« Conditions
* Datasets*
» Saved Analyses
 Attribute mgr.
» Sandbox:
* Cleansing rules
+ Validation rules
» Correlation App.*
* Heat maps*
* Shmoo plots

SLT

PROD

RACK & STAFK OTDF -
|| o
B stoF | asal

4 DATALOGS /

* Layout plots

[:l  Limits App.
— / - GR&R App.
_'l . o
LmiTs*a® CORRELATION GR&R *Also available with OD

Components of Advanced Analytics for NPI available at Central



n' Time to Market

Use cases / Examples

ni.com

Dataset View

Adv. Split Analysis =

WAT Summary ~— ===

PVT Charts Gage R&R App " WAT to Sort e
Correlations c
leltS App Dataset 2 D"‘"'-‘“v - Param etrlc " Raabss Esamples - Pateric Heath
w Gl
Summary .|||.|..|||.| ...... = Health m=—
Correlation App Sub-Die Mapping =i -

g
]

B2 E

NI CUSTOMER CONFIDENTIAL
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nl

Semiconductor Enterprise Software

-

“="%& Genealogy &
g

<3 Assembly

« Asynchronous loading - Connectsall levels
& connectin .
g BOM datasheetinfo

« Unit traceability : : :
Parametri t rrelation r n ration
across all levels arametric data correlations across any operatio

. Group or analyze data fromany level
- Efficientanalyses _
_ Cross operation heat map analyses
« Containment _
Wafer map reconstructionbased on any level results
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N Dynamic unified data model (UDM)

Product

Equipment +
[ Batch events
Virtual batching

Part events )
Inspection ;—) = Generic types
Parametric results - Genealogy and traceability

Simple dimensions @ %

NI CUSTOMER CONFIDENTIAL

=B Parts > Genealogy
oo

Generalization of events

Generalization of parts

Asynchronous loading
Results spec



[ “Work”
Chip Assembly and Test operation covered by O+ Solutions B, oaaron

Incoming Incoming Incoming
®Mate rial Material Material

Sl V|:_~:ual Final Test -
Inspection

process control

NI data Lifecycle Platform

O+ provides unified data platform that enables Closed Loop Process Controls analytics across
the assemblyline and the supply chain



" \\e collect and harmonize data into a consistent data model |

Any data Data
Any data source : ..
granularity harmonization

Field failures
Test Pass/Fail data OptimalPlus parser
Inspection tools e el ¥ | | e

PCBA machines

e ;\f Functions Tes Bin/Error code data DL
Vi 7 r’\;v "‘ Al
g \/M \; Defect Detection ‘ "“ l
poy &?{M_ o Defect Detection .‘"- E
Pre-Reflow " ‘lay‘«a; wwwwww ' Parametric Q :'.

measurements | | e

. MES, WMS, QMS... . .
Time series Consistent
schema
o
0% ¥
- Images

Streaminge* Host PC « PLC * DB » Manual data

Example of data acquisition for an SMT line

@ O+ edge analytics & ..
24x7 rule execution & orchestration - Site DB




ni.com

Power Module — reducing scrap at every step
We tackle industry challenges

=R Complex & highly intertwined processes

} ; R T O BT 4
) i MJ@@ Overall Yield is low with significant scrap
- Process is key to good thermal performance

Substrate module Direct material & consumables

influence quality

Field failures are costly & cause
safety liability

Root-cause of process mishaps is difficult
We closetheloop

Data feed forward, Data feed backward

Adaptive manufacturing in Bonding
& Welding

NI CUSTOMER CONFIDENTIAL
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nl Genealogy
Genealogy enabling cross operation with full unit traceability

Capabilities
Cross operations analysis on events from differentlevels
Ability to load N levels of units with full unit traceability
Cross Operations on any retest level (not only shell)

Use case examples:

Correlating parametric - ) Wafer Map reconstruction of
tests from any level STESEa EmESiE Heat Map of cross metadata parametric or metadata
)
Param A Param B In use failures (system)
(Module) (Si) )
)
* * ® Ec1 20 25 24 23 e s %
o —
o~ ]
/’ =€ )
A °2 Eec2 32 30 65 '
) In% > [
..//. o g \U)i 2 E )
(] ,.. (<] 3 =) =EE 4
oo PR = EC3| 34 22 33 \
(A ] i ; I
L ® JR
EC EC EC EC \,../
’—> > W X Y z 2 M- 6 26 S0 20130 26 10612 AGm
Param B EC1 EC 2 EC3 Bin/EC Die X
(Si) Error Code (System) (Module)

NI

CUSTOMER CONFIDENTIAL
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b Inspection solution for Inaccurate defect detection at SAM

Crack detection

Back side

area across copper

Line cracks Star cracks Line+ cracks
' occur under the | | occur under the | | occur outside
i weld joint and weld joint and the weld joint
! are contained in = are contained in | |and propagate
! the ceramic the ceramic through ceramic
:
1
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" Welding — doing it right the first time, every time

Ultrasonic welding Wire bonding

T B

We tackle industry challenges
Irreversible process, scrap is costly
Difficult to assess quality in-line
Tooling “wear” affecting quality

Mating parts & consumables influence
quality

Field failures can cause safety liability

Defects are time consuming to root-cause

We close the loop

Real-time feedback throughout

Adaptive manufacturing

NI CUSTOMER CONFIDENTIAL



n Feature extraction

. . Parametric Test Mame & | Histogram
O+ solution m -\ Attributes
processes images b 1arget M_:Area@2 | .
from SAM to create I area M_:AspectRatio@2 —alllla__
a highly aggregated ) Weld M_ :CentriodY @2 ] | | .
set of parametric ' R. = A/P M_:Centroidx @2 ][ .
insights f area h — / M_:ElipseRatio @2 S || —

I Y-Offset M_ :EqEllipseMajor @2 __.Ill. _—
T M_ :EqElipseMinor @2 _...llll- -
EtXF:.e‘g.tedl - | M_iHelght @2 .
Statistica € a_VIOr - . M_ :HeywoodCircularity @2 .II....____
per pgrameter IS a Angle of Rotation M_ :HolesArea@2 L
baseli ne for ) M_:Hydraulich @2 _—anilllly._
evaluation of new Hydraulic M_:Numberofioles@2 [l m w - _
p arts radius M_ :OrientationDeg @2 I |
X-Offset M_ :Perimeter @2 _ulllEaa__
M_:RectRatio@? | |

> 15-17 welds M_ :WeldCoveragePers@2 __..lllll.__
> ~50 ; Shape i K B4 _wedoheccaez

palrdame ers M_:Width@2 _—=nlll_n._

per we

NI CUSTOMER CONFIDENTIAL
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" ADAS — cameras with the best eyesight

Processor

Lens module assembly

d

Mono cameras

4.0 o

Stereo cameras

NI CUSTOMER CONFIDENTIAL

We tackle industry challenges
High scrap after active alignment of LMAs
Camera performance only @ EOL
Incoming components affect performance

Equipment (AIT) need high degree of
precision

Field failures can cause safety liability
Root causing failures and issuing recall
We close the loop

Real-time feedback from In-line to In-
coming

Adaptive manufacturing in CMAT
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b Supply chain — connect companies & produce win-win
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We tackle industry challenges

Lens modules for ADAS cameras are
not consistent even though they meet
spec.

Seat Belt tensioners fail in the field and
supplier can not readily root cause
failures

Pressure sensors fail in the field making
automobiles inoperable on the roads

Seat belt tensioner

/

We close the loop
Facilitate data flow and centralization

Facilitate data driven conversation
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