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“We’re confident NI’s enterprise
software strategy unlocks the value
of test data by embracing digital
transformation and bringing it to the
analog world.”

Eric Starkloff
NI CEO AND PRESIDENT




nl

ni.com

It’s A
Changed World

Technological innovation has
transformed our lives.

Products and devices are
more intelligent and connected.

These products rely on
thousands of electronic
components that must be
more reliable than ever before.
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Automotive
Innovation

Reliability
Challenge

Car innovations and
new features are
driven by electronics?

Warranty costs
related to electronics
and semiconductors?

Car recall increase
from 2014-2016 due
to electronics?

Ignition switch failure
Failure to park
Takata airbag recall

15x Drive per day*:
1.5hr traditional car vs.
22 .5hr autonomous car

1 Automotive change drivers for the next Decade, EY, 2016

2 BMW - AEC Automotive electronics reliability workshop, 2017
3 NHTSA Recall Data

4 Audi, DVCon Munich, 2017

AUDI SAYS
v

1 CAR FAILURE

!

EVERY HOUR#

Reliable
electronics
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~230

EMPLOYEES

2005

FOUNDED

Analyzing huge
volumes of data

100bn

DEVICES PER YEAR

ROI track record and
loyal trusted partner

SEMICONDUCTOR

Big data analytics
with expertise in
manufacturing

Ready-made
solutions for
Automotive and
Semiconductor
industries

AUTOMOTIVE

Open innovation
platform for edge
deployment of real-
time analytics and
Al/ML

Lifecycle visibility
across supply chains
and industries

ELECTRONICS

Product-Centric
approach taking
I4.0 and lloT to the
next level

Cloud Or On-Prem
AWS (partner),
Azure, GCP
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1 Growing chip

complexity, including
advanced materials,
processes, and
packages

Quality requirements
get more demanding

3

Efficiently manage
fragmented supply
chains — suppliers,
sites, equipment,
systems

Need to improve time
to market of new
products

5

Challenges We Address In The Semi Industry

Continuous pressure
on profitability

Where and how to
use Al/ML to maintain
competitiveness
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Our Vision
Lifecycle Analytics Through Product-Centric Approach

DESIGN AND ENG. MANUFACTURING CUSTOMER
DESIGN CHIP BOARD MODULE PRODUCT IN USE RETURNS

Design Spec « Machine * Process * Metrology * Test « Rework « Genealogy ¢ Performance ¢ Reliability « Usage ¢« Warranty

\ o+
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+  +

/\ /\/\
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System Architecture
Tester Tester Tester : + +
Fab ASSy' Other i?]lélpment = I = ﬂﬂlgd_ﬂuﬂ .
DEIE] Y (DI Data Sources ~ MES PLM, ERP, CRM Portal+ www Rules+
T |1 | 1 | 1 |
s5 b5 b LS 5 5 } 1 Le'y
S © S5 6 S5 G S5 G S © T © TES
< < < < < o Q 02
A R L 4 l
+ > :
<— Data — / O+ Edge Analytics _ O+ Central Analytics W
Control < Action — 24x7 rule execution and orchestration L2 24x7 rule exeeution CIoud
Room-+ Dat'a —> [3 and orchestration
Factory A g O+ Data Pl?tform <—Action/Rules— on- Prem.
(internal or outsourced) —< Edge repository O+ Data Platform

Factory B
Factory C

Central repository

-
—
\-’

)

Actionable Insights Across All Manufacturing And Test Processes
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Semiconductor Solutions

Quality,

Yield Analysis
and Reclamation

Supplier

Time To Market

Reliability and
Brand Protection

Efficiency

Transparency

Al/ML Deployment For Manufacturing

Data Security

Data Lifecycle

ni.com




Providing Innovative Solutions

( » Collect lots of data
* Use it primarily when there is a problem: Bad Yield, RMA (Returns), Etc.
;yzicjl « Find the problem but frequently not the root cause
ethods
» Process is often manual and reactive, not proactive
» Use of many tools, but not an integrated solution
G
/‘
Collect Detect Act
Lifecycle data Prescriptive analytics « Automatic
harmonization of any type Al / Machine Learning  Distributed
0+ Product, machine _ _
Solution and process data 24x7 analytics engine « Controlled

Data security Real-time

A unique, automated and proactive integrated solution
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The Value We Bring

Quality, Reliability and Minimize Minimize Analyze Protect your 2312%:1‘32“
Brand Protection excursions RMAs root cause brand standards
Yield Analysis Improve Minimize site-to- Optimize |dentify equipment
and Reclamation overall yield site variations re-test policy performance issues

Enable consistent Avoid excessive
tester availability index and pause

Efficiency
and utilization times

Optimize balance
between time,
cost, and quality

Time To Market Shorten NPI time

Benchmark
suppliers

Supplier Transparency

ni.com

|dentify Ensure efficient
test time variations retest policies and
per tester execution

Facilitate multi- Share learnings
team from NPI to HVM
collaboration and back

Ensure supplier compliance
with flows for every chip
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Proxy+

Real-Time
Data Collection

* Runs on all major semiconductor
test platforms

» Ensures consistent data quality
and high-speed delivery

 Includes a wealth of information
not provided in regular data logs
for accurate OEE analysis and
software/hardware validation

» Agnostic to, and supports all test
programs

Real-Time
Control

* |dentifies issues as soon
as they occur

» Alerts operators
» Pauses the tester

Platform For
Real-Time Action

Automated re-binning
Adaptive test time reduction
Drift detection
Data-feed-forward

and much more...

is an agent running on the tester, enabling real-time data collection, control and action
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Proxy+ — Optimal+ Ambassador On The ATE

o L
e .
g o Data collection
Proxy+ Adaptive testing
ﬁ \ and tester control
I ,1 .............. ;"’
Adaptive Hardware Performance Test
ATE Test Configuration Counters Data
Tester Executive Software




Rules

Library of standard rules
accommodate most the

challenges faced by our
industry

Custom rules available for
unique monitors and actions
including support for R and
Python scripts

Deployed at any level of your
supply chain (central vs edge)

Rules engine running 24x7

Cnline Rules

Adaptive Parametric TTR (2nling)

Bin Maonitor (Online)

CEL (Online)

Freeze (Onling)

Farametric Process Capability (Onling)
Parametric Trend Aggregated (Onling)
Parametric Trend By Test (Onling)

525 Bin Deviation (COnline)

525 Fail Test Deviation (Online)

525 Statistical Deviation {Onling)

525 Yield Deviation {Online)

Tester Settings Validation (Cnling)

TP Chedksum Validation (Online)

¥ield Manitor (Online)

Offline Rules

Cross Rule (Offline)

E-Test Inking (Offling)

Fail Test Limit (Offline)

Fail Test With In Limits Result (Offline)
Freeze (Offline)

zeneric Rule (Offline)

Good Die With Failing Tests (Offline)
Parametric Process Capability (Offling)
Parametric Trend Aggregated (Offline)
Parametric Trend By Test (Offline)

Pass Test With Results Out Of Limits (Offline)

Probe Mark Count (Offline)

PRR. Mumber Of Tests Validation (Offling)

525 Bin Deviation (Offline)

525 Fail Test Deviation (Offline)
525 Statistical Deviation (Offline)
525 Yield Deviation (Offling)
525x% Rule (Offline]

SBL (Offline)

Seqguoia Rule (Offline)

Test Cell Validation (Offline)

Test List Comparison between TP Revs (Offline)
Test Program Checksum Change (Offline)

TTR. Monitor (Offline)

LT Validation (Offline)

Virtual Operation Rule (Offline)

Yield Monitor (Offline)
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Rules Turning Challenges Into Actions

Action Categories

Equipment Actions Pause
Process Actions Put materials
on hold
: : Re-test
Recipe Adjustments Sl
Data Augmentation Feed-forward
Quality
outlier alerts

ni.com

Engineering
tool alert

Re-binning

Adaptive
testing

Feed-backward

Yield alerts

Virtual
operation

Predictive/
Anomaly alerts
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Data Security Solution

End-to-end secure 2
data lifecycle

* Authenticate with tester
OS and test program (TP) 3

» Secure channel between
Tester and Local Server

» Secure data at rest on
tester and local server

» Secure transfer of data logs to 4
HQ

Key exchange
mechanism

Offline mode for
offline data logs and
recovery

Sensitive data filtering
to securely share data
logs with suppliers

Allowing Real-time
and offline rules
without exposing
sensitive data

Compatible with older
TPs not implementing
encryption
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Our Marketecture

( GO+ Action

Adaptive Test Data Feed- Shob Floor
Edge (incl. Smart Re-Binning Auto-Hold Forward and s
R TP AP Control
Real-time amp)
\_ Enablers

GO+

i Scratch
AiTMI Outlier WECO | SPL | EWMA Escape Adaptive Test

Central Advanced Analytics Detection Prevention Simulation
Solution Suite

Aunoss 09

(€]0)
~ Portal+ Bl
4 Core Analytics _
Solution S)L/Jite Data Lifecycle Platform Data Lake
Edge
Lifecycle Level 1-2 Level 3 Level 4
L Data Sources Mfg Machines (Fab, Sort, Assembly, B, FT, AOI, SLT) MES, QMS, YMS ERP, CRM, PLM,..

ni.com
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Quality, Reliability and
Brand Protection
Solutions




ne
Quality and Reliability

L. . Outlier Detection
Minimize excursions

Escape Prevention
Minimize RMAs

Special quality algorithms —
Analyze root cause WECO, EWMA, SPL, Scratch Detection

Auto-hold (via MES)

Protect your brand

. . Re-bin (via MES)
Comply with automotive standards

Data Feed Forward and Test Program API

ni.com




EXAMPLE

Outlier Detection
NNR (Near Neighbor Residual)

W Statistical Widget

afer Map — Original Data Table

20.24.37.90.33. 36,39 &2 45 48 51,64 61,80 x

|||||

————1 NNR Outlier
it - a1 2

Dex T|Der TIECD . |a-n-x:..rr; BnTyp... BnType (1) Bn Type (B2

= R e
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Bivariate Outlier Detection

== 6000 3 6 4 2,0 ,2 4 6 ,8 ,10 12 x
—
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= 7 21 = 1 1 -741.4802 1 1 3118.29|

ni.com

Bivariate outliers
may be related

to pairs of tests
from the same
or different
operations




|1| ni.com
Multivariate Outlier Detection

Several ML

o .
g G-Multivariate Prep with 3 step(s). teCh n Iq u es Ca n
=]
be used to screen
- R 7-Run R Saript i i
multivariate
----------- @ G-Merge Tables Outl lers
N v DPAT Settings = IEH
s | P21 gyirtual Test
'_-:- Bins selection
° Applicable bins:  HE 73 + Good Bins -
..-.O 10-FPP Multivariate : Assign HEin Assign hard bin: 999 . Is Good Bin The meth OdOIOgy
HEin description: | OptimalPAT h ere IS tO use
Asign softbin: 9996 - PCA (Principal
SBin description:  |PCA
_ Component
Tests selection ]
*/%x|Aegd R Analysis) to
PC’ . t I Order 41 Typ: EXEFESSTZ —— fxdprzssion Behavior :Igoriﬂlm Mode zzs EEE 3 defl ne the maln
S aS V“" ua W IH] rCompl_4 Virtual_Test Indude anua W n General — |~ .
. €1 2| |F PrComp2_4 Virtual_Test  Indude Manual Stan| Expression Be Include VI rtual teStS, a nd
te Sts S e | e Ct | O n 3| |& |PrComp3_4_Virtual_Test Indude Manual Stan| Outlier Detection - th e n e rfo rm
4 Fy PrComp4_4_Virtual_Test | Indude Marual Stan| Algorithm Mode Manual p
Conter ___| Median DPAT on such
High Threshold 3
Low Threshold 3 teStS
Qutlier Directio. Both
Site Compensa False
< 3 Spedial Criteria




Specialty Algorithm Example

Scratch Detection

Patent pending
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Escape Prevention Example

Not Enough Tests Performed On Parts

CriginalDataTable

Standard PRR

CER 5 4))

ni.com

Low PRR
(39 tests)

(1) P_ OPTIMALTEST_SYS:NUM_TESTS

Normal Plot - (1) P_ OPTIMALTEST _SYS:MUM_TESTS

99,9

k=)

b

25

0.1
001

g 40 42

44

46
Test Result

43
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PTR:

ERR.

115

200000(1|5]-0.543067 B[ || ITH
2000011115]-0.5200311B111I1TH
200002|1|51-0.5203611F|11ILH
200003|1|5|-0.647235| ||| |TH
200004|1|51-0.638282F| |1 |LH
200005|1|5|-0.514767|B| || |TH
:800000001115101B| || ILH
:10000000(115|0.7931711P| || ITH
:10000001111511&(B| || ILH
10000002|11510.798799 1P 1| ILH
20000000(1(5/4.5|B||1|LH
30000000/11510.4083451F1 1| ILH
30000001|115]2.30645|B| |1 |TH
:400000001115|5000001B1111TH
50000000|115]523959(F1111LH
50000001|1|5/2|B|||ILH
50000002 |115(477160(F1 1| ILH
€0000000|1|5|0|F|||ITH
:620000001115|8e-0081E||1ITH
7000000011 1SILIP||ILH
7100000011511 1B |1 ILH
400001(1|5]11.44211e~-005|F|||ILH
50000111/5]0.00185048 1P 1] |1H
£00001(1|510.01368381F||1ILH
800001|1|5|0.738832(F|||I1H
:9000011115(475881 B 11ILH
10000021115/0.9348781F111I1H
1000003|1]5|0.05627211F] || ITH
12000021115/1.32|B||1ILH
1300000(115/4.74391F| || |TH
13000011115/0.840529 1|1 1I1TH
1300002111513.72793(F111ILH
1400000(115/4.41B111ILH
14000011115/4.11F||1ILH
1400002(115/0.3|B|||ILH
16000001115|-1.82428e-0051P] || |LH
16000011115/2.02591e-0051B1 11 |TH
1600002|115/0.0002138991B| || ILH
17000081115/0.147L86IE||1ILH
1700009]115(0.712| B[ || |TH
17000101115/0.726|B||1ILH
17000111115/0.876&| B| || |TH
:17000121115/0.862 B 11ILH

1700013|115|11E|||ILH
20000001115/97.5345(B1111LH
21000001115/22.8233|F1||ILH
2300000(1]5|0.0048847 |B| || |TH
33000001115|-1.46336e-0101F| || |LH
330000111]5|-9.45273=-0091P| | | ILH

:3300002/115|1.28664e-009121 1| ILH
33000031115/1.37701e-007 B[ || ILH
33000041115/2.92561e-0101B| || |TH
3300005/115/4.87588e-01018 || |LH
=105(61531P|111]-1]-11113917

PIR

PTR:
PTR:
PTR:
PTR:
PTR:
PTR:

FT

wm

FIR:
PTR:
PTR:
PTR:

9
5

PTR:
PTR:
PTR:
PTR:

PTR:
PTR:
FIR:
PTR:
PTR:
PTR:
PTR:
PTR:
PTR:
PTR:
PTR:

PTR:
PTR:
FIR:
PTR:
PTR:
PTR:

PTR:
PTR:
PTR:

FRR.

s111
20000011]11-0.5472641P] || |TH

20000111111-0.50735612111ILH
200002/1111-0.5093171F1 || |LH
200003|1|11-0.646587 P || |LH
20000411111-0.6378241P1 1| |LH

200005|1111-0.5125311P] || |TH
:80000000(111I1IBI11ILH

MISSING
TESTS

400001111111.32674€-005|F| || |LH
500001111110.00178691 1B | ILH
60000111110.01384711P]|||LH
80000111110.79973718[|||ITH

:90000111111502445121 11 ILH
1000002111110.9340671F1 1| ILH
1000003|11110.0742091| 8| || ILH
1200002111111.321P] || ILH
1300000/11115.758461P| || |ILH
:1300001111111.020421B||ILH
1300002111113.596911F|11ILH
140000011 1114.41B(11ITH
14000011L11114.118|11I1H
1400002|1(110.31B||||1H
160000011111-1.83854e~005|F| || ILH
1600001111111.95853e-0051F1 1| |LH
1600002111110.000210948121 11 ILH
1700008111110.1460481F1 1| ILH

1700008(11110.71212] || |TH
1700010111110.7261F1 1| ILH
1700011(11110.87&IB| 1| ILH
:1700012111110.86212111ILH

17000L3[111I1IPI1|ILH
200000011111101. 71181 | ILH
21000001111123.61041F(11ILH
2300000111110.004502451B] 11 |1H
3300000/1111-1.5416e-0101F] || |LH
3300001(1111-6.4442e-0101P] | | |TH
$3300002/11111.37676e-0091P| || ILH
3300003|11111.26581e-007|P1 || |ILH
3300004|1|1|6.0502e-0101F] || |TH
3300005/11114.02279e-0101F] || |LH
s101]1139/F11121]-11-1111273%

Chart shows
that the
number of
tests for a
good device is
53 tests

5% of the units
on one lot

have 39
tests

Automated
rule detects
this in
production and
prevents the
parts from

shipping




PAT For Packaged Units (FT PAT)

Skip next testing for units marked as ‘outlier’ bins
* Requires ECID

O+ PAT

Virtually Bin Outliers

PAT Limits

Spec Limits

Pat Limits

Foge




Defectivity Index (I-PAT) Correlation To Sort

Better screening using both test and defectivity data
Applying I-PAT defect outlier recognition

Using G-PAT to detect clusters using combination of test and |-PAT data

Smart I-PAT Map Bin Map Bin Map Post
Standard Outlier Detection

w1
=

|-PAT can identify
individual statistical

(" outlier die, and drill
down to root cause

Bin Map Post
Enhanced Outlier Detection

HB998 - I-PAT Static PAT
HB997 - G-PAT outliers
(test and defectivity)



Image Processing Flow

\ 11 o Target \

— SAM inspection w Image algorithm
=N enerates board image [ vome analyzes each welding
gpg) *° =P e lOCALION (pin) on the

board

X-Offset |

Vv
\ | 18 parameters are

generated for each pin
on the board (instead of
just one parameter
previously collected

— the welding area)

Parameters are loaded
into O+ to allow —
analytics, rules and
correlations to
machine/product data
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Yield

Overall yield
Site-to-site yield
Re-test policy

Equipment and hardware performance
Issues

Baseline yield and SBL monitoring

Test equipment performance

Test and retest policies and execution
Tests limits validation
Cross-operation correlation

Targets against any measure/KPI
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Customer Use Case: Operational Yield

Site Issue

Iteration © . ‘ — e Bl e
——
—er— < +1
@
a | a2
-E 1 -4
D 000% L— 3
KLMHAIZ27H0D KLMHAIZBETO0 KLMHAIZC3500 KLMHATYTIMOD FLMHATYPADD KLMHALZETOQO0 KLMHAL'W20v00 OMHALUNOD -5
KUMHA1ZETROO FLMHALYP300 KMHA1ZZ3100 KIMHAIZE1Z00 KUMHA1ZF¥E00 KLMHALZTW00 ELMHATYTARDD 7
Lot
Iteration 1 ¥ = - N =
T oLy o - . - —k N +1
(1]
o —4-2
£ -3
= 4
c
= 45
KLMHALZZTHOD KLMHAIZSETOD KLMHA12C3600 KIMHALYTOMOD  KIMHS12C3100 KIMHALZFVEOD  KIMHAIZTEWOD  KUMHAIYTAADD 6
KLMHAIZETROD KLMHATYP300 KLFHAIZ28100 KIMHAIZEIZD0 KLMHALYEPADD FIMHAIZETQ00  KLMHAIWZOWDO0 KLMHALTYUNLOO &7

Lot

96,00 %
93,00 %

& 90,00 %
& .

E 67,00 %

R B400%
=
€ B81.00%
=

78,00 %

75.00 % .

~
L
o
=]
&

Unit % Per Site
8
-2

=
L
(=1
=]
=

|
60,00 % |

With no monitoring — Site-Site issue not detected — This case is 16 lots

ni.com

[ Uit % Per Site

Network

Yield loss

[ Uriit %% Per Site

Yield by tester
varies
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Yield Improvement Example

Tight Spec

LimitSimulations

Limits

ni.com

Current test

P . .
Generic Meta Data [ Test Level Meta Data | Test Results Distribution Test Program Limits Statistically-Calculated Limits | I m ItS a re too
| Parameteriame | Test... | .| Te... [Te... |Meas... | Total Units ... [Mean... |Median ... | StDev... Histogram LSL... |USL ... | %00S Total ... Cpk ... [LSL (... |LSL Change Ratio ... |USL (... | USL Change Ratio ... | Recommended ... | %00S Total ...| ti g ht
» 3,164,380 104.91 104.64 2.4958 ™ 100 112 0.65... 88.129 4.7564 121.16 3.6682 Both 0.00 % z
< >
Statistics 24
aQn
Histogram ,"“‘\\ Normal Plot EXIStIng SpeC leltS Proposed test
/ = i
’ \ c = = H H H . . [ . . .
fooN B g Cutting Distribution Tail limits will
[ N . = ’
! - =
N ¥ / EA B g ¥ il
., - 99.9 v
A v
‘ 95 o
350000
75
300000 1 H
Proposed limits are /
§ 250000 iy 25 I
g sensitive to /
200000 5 #
5 . - i
B gross outliers o 8 : v =
O = o' = = ~
= £ A AZ g 5
100000 T g T 0= - g i 1o s &
g @ I 0.01 T 7 f‘g %f‘ g
50000 Bl = Es 5 = = i [ =
Z =1 E] s = = =
0 = ! ES S ) ES
=1 & =4 R = = = = =
=] @ =l w = 85 80 95 100 105 110 115 120
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Efficiency

Inconsistent tester availability and Adaptive Testing using Machine Learning

utilization Test equipment performance

Excessive index and pause times

; oy Test and retest policies and execution
Test time variations

per tester Testers availability and utilization

Inefficient retest policies and execution (OEE analysis)

Classical Test Time Reduction
(TTR analysis, ROA)

Adaptive Test Time Reduction (ATTR)

Cross-operation correlations

Shop Floor Control

ni.com




Test Efficiency Opportunities

Better resolution of time during test
Actual test time maximization (vs. index time)
| Retest optimization
Test time consistency
</

Tester utilization — owned, consigned or paid for

ni.com
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Customer Use Case: Efficiency Problem

: : Microcontroller
Increasing Test Time with flash

I T=st [ Test Excessive ndex ndex Excessive le-aniny ause Lat: KMMEA1EQSO0D I Test [ Test Excessive Index [ Index Excessive [l Cleaning [l Pause Lot: KMMEALDMXDOD
wiafer: Wafer:
uuuuuuu Ope n: FR,
240000 Wafer Run Seq 23
Tte 1
EY 0
- 500000 Start Time: 5/11/2013 3:58:22 FM Ca Ital av : Idance
200000 00000 p
.
Issue: Needed 10
700000 .
more test stations
600000
@ 140000 r
£ £
b o somn
@ 1zooooe =T w b b o]l LI o
E E
[ F
100000 400000
uuuuu
300000
80000 .
Tontntliel 1
200000 Foruleno 0 wiisdnol e
40000 - T T IR S—— II o 1o 10 10 00 In e 10 oA i
00 a0 uedn of 00 00 AN §0 Do A0 WO 10 Aoddn I ro ra
o000 100000 p g
0

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmm

Sequence Sequence

Improved O+ rule

Testers had different throughputs ;cilrertz?ietoring ol

Test Time Increasing from 120 Sec to 300 Sec testers/devices

Saved 8 test stations = $12M in CapEx and OpEx Savings
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Overall Equipment Efficiency

Tester Usage Breakdown By Category

O+ collects
detailed data on
s Bl Cleaning tester operation
Index
80.09% BN Index excessive
. o |
Online retest TeSJFer_ usage
— == : statistics allow
~0 2 Online retest excessive
O~ 60.0% _ to perform
Y ' - Online Retest Index in-depth
v, -
P .
-E Qi rae productivity
o :
40.0% Start Run to Start First TD analyses
B et (e.g. OEE) which
20.0% Bl Testexcessive help eliminate
wasted time
0.0%
I




Customer Use Case

Test Time Reduction

e
D

»

-
prem—" [
RN o
I — &

@ Edit Rule - TTR_Skip_Testing p——
Deactivated Rule
-7 TTR_skip_Testing
Popuaton [ Confiuraton
—encil AN
y 4
Name: TR _skip_Testng
Adaptve Parametr SD102:bcm 4325 300 _rvz_modie,
Desapton ot <0_top.S
Remarks:
Selections ~ ~A D ~
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Adaptive Test Time Reduction

Example Run Showing TTR Element
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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

Adaptive test (reduction or augmentation)
and smart ramp

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 and
GR&R Applications

Report generation
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NPI Areas Of Focus and Flow

Minimize time

e Dataset to market
ata atase : '
' n X Analysis Reportin :
Collection Sandbo Management y porting Analyze split lots
Determine
1 T ) production limits
|dentify design
* Proxy <+ OTDF + Data Cleansing  Association Ot PVT Analysis « Static/Scheduled : .y. ) 9
sensitivities
- Drop  * SAF « Mapping « Augmentation “. Correlation App . Flexible
Box — Limits A
» Validation - Attributes =~ HIMIS APD + Intuitive
» Templates » Customized




ni.com

1!

Customer Use Case: Time-To-Market
Limit Simulation App

B
LimitSimulations Box
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Immediate feedback = Faster product launch
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Supplier Transparency

Benchmark suppliers

Ensure supplier compliance with flows
for every chip

Site to site comparison

Supplier to supplier comparison




l
Customer Use Case

ni.com

Suppliers Benchmark Dashboard For Key KPls

Lot / Operation Data_1 PO ox
Tester Type = , Testing - P - - PROBE - 16 - | Y% | Y2 Select Filters ~
Product Fadlity Tester Total Units + | Total Lots Yield First Pass Yield Offiine Retest Rate % Avg. Good TestTi... | Avg. Index ... |TD_Time GPH Run Rate (UPH) OHT
» | GOADS7P-Z058 10,821,352 63 99.87 % 99.87 % 0.41% 1.733 250 198 23,996 2352559 0.53
GOAQS7P-Z058 8,565,935 49 (99,75 % 99.32 % 215% 1713 284 2.00 22,075 22,129.42 0.63
GDADS7P-Z058 4,362,834 26 99,88 % 99,85 % 0.47 % 1694 390 2.08 23,450 23,4740 0.56
GOADS7P-Z058 1,181,776 7 99.87% 97.57 % [ 1.707 258 1.96 22,880 22,909.54 0.52
GOAQS7P-2058 316,684 2 98.82% 98.82 % o.00 % [ D S 20,386.33 [

Total Records : 5 Selected Count : 14 Sum : 10868697.5808525 AVG : 988053.416441135 Operation query level.
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BRC Y-

Box Plot

TD Time

Supplier #1 Avg.

S———————— touchdown test time
longer than others
2.0 . o~ = .

Sorted by: Tester (ASC), Fadility (ASC)

Provides
consolidated
views of
operations
across all
suppliers mfg.
sites

Enables
objective

benchmarking
of suppliers

Highlights KPls
that require
attention

Enables
drilldown for
root-cause
analysis
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Customer Use Case

) . Provides
Supplier Transparency Into Consigned Test-Fleet Performance consolidated
view of
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Tester a | Total Units Total Lots Yield First Pass Yield Offline Retest Rate % Avg. Good Test Ti... | Avg. Index Time (ms.) TD_Time GPH Run Rate (UPH) 525 Yield Loss (%) 525 Unit Loss rOOt_Cause
b T 233,444 5 99,52% 99.17 % L10% 5.384 2,386 8.27 3,69 3,714.27 0.11% 266 analyS|S
T 1,680,012 43 98,36 % 98.08 % 9 % [ D - - 2,433.74 0.27% 4,983
T 1,104,897 235 97.80% .06 % | 3.02% 3,793 9.65 3072 3,141.44 0.19% 2,076
T 131,100 c 99.45% 9,42 s.3 [ s 2o 2,220.66 0.18% 233
T 674,172 17 97.79 % % 3,702 9.61 3,306 3,380.62 0.12% 791
T 1,349,813 26 199.32% 2,875 8.33 4,965 4,495.70 0.21% 2,778
T 291,359 6 98.32% 97.88 % 2.35% 5.682 2,603 8.28 33% 3.383.10 0.13% 81
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Data Platform Needs

Voice of the Market

Quacomw 57 NE

“How can I combine, and do more with
my siloed data systems?”

“I know we need to do ML, we just
don’t know how to get started.”

“My teams are proficient in
Python or R and I want to leverage this.”

“We already have a corporate license of
Tableau, can we use this to visualize O+?”

< > @ sosch ()  AMDO

NVIDIA. SKYWORKS’

OOOOOO iconductor®

“Our data retention is at least 10 years
for our automotive products.”

“How can we store old data so it doesn’t
take so long to reload and use?”

“Can we have programmatic access to O+ data?”

“I want to leverage fab/assembly data (i.e. defect
and inspection) to improve my quality.”



Consolidated Challenges

CTO/CIOs

el P Berecaeele Concerned about enterprise TCO (Total Cost of Ownership)

Product, Quality and N e i P
Yield Engineering Teams eed a solution providing analytics that scale

Data Scientists and

Need a collaborative ecosystem

Engineering Teams




1!

ni.com

Platform Goals

Support bi-directional
data integration with any
customer data lake

Enable easy
consumption of
OptimalPlus data by 3"
parties and Bl tools

3

Integrating with
machine learning data
science frameworks,
leveraging OptimalPlus
deployed infrastructure

Boost developer's
innovation by leveraging
OptimalPlus rich API’s,
algorithms and
infrastructure

Data security and
encryption
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Industry Focused Open Platform

Synergetic with any
big data strategy

Connected to existing
infrastructure

Open for all kinds of data
Accelerates innovation

Extensible through both
data and algorithms

4 Optimal+ Platform Customer Platform

Portal+ Desktop and Web Ul

Analytics Engine and API

Data Pipeline §‘g
kafka

Column Store Database

Metadata index +"Hot” cache  \EZRTICA

SQL over Hadoop

Optimized %y Parquet
“Manufacturing” Data

Customer Data Lake #*hadesp

d ©uoic

4+
gt

Tra® ‘.f‘ # et
@Sp%gggre JMp  MicroStrategy  **

+ableau

.+ - \
Jupyter \@; J

) IBM Watson® Spor{(z

§g ’ IBM Streams

kafka

S splunk> s5& ORACLE

cassandra
3 APACHE ,

cloqgﬁrg D R l I_ L. ﬁpBESHEE ilw

MAPR

Customer Data

cloudera

MD NI
HORTONWORKS'

private,  AWS /A Azure ) Google Cloud ¢ 5 IBM Cloud

Cloud  hybrig)
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m LEARN
ACT

VALIDATE
B ADAPT

The Full Machine
Learning Lifecycle

Deploy and act upon the model

Monitor data and model performance
to identify changes

Understand changes and update
model/process
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AI/ML Deployment Challenges

Getting data

Data scientists waste
time getting and
organizing data

Feature extraction

It is difficult to extract
complex features from
the data set

Freedom of choice
Data scientists want to
use their favorite tools
and the latest-and-
greatest algorithms

ni.com

Complex “plumbing”
Data scientists waste time
dealing with the “plumbing”
associated with getting a
model into production

Actionability

Taking action requires
integration with equipment
and systems

Distributed mfg.
Issues compounded in
distributed, outsourced
mfg.

Ongoing validation
Production models need
to be validated all the
time

Ongoing data collection
Data collection becomes
an ongoing concern

Technical debt

Data scientists end up
spending time monitoring
“old” projects instead of
investing in new ones

Stale models
Production changes
inevitably cause models
to go stale

Relearning
Model relearning is often
manual



il
Hidden Complexity

The Google View

Data Machine
Verification Resource

: Management
Configuration Pz ellzeon Serving

Infrastructure
Analysis Tools

Process
Management
Tools

Feature
Extraction

Source: Google article from 2014: Hidden Technical Debt in Machine Learning Systems
https://papers.nips.cc/paper/5656-hidden-technical-debt-in-machine-learning-systems.pdf

ni.com

Monitoring

It's all

about the
infrastructure
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Optimal+ Covers The Entire Lifecycle

—_H ﬂilﬂl-duliu

PLM, ERP, CRM Portal+ www Rules+

%

| T T C' @ @ Data
R B 82 é Verification Resource Monitoring
alal 08 Management
sL | | Configuration Beit) Gl oo ﬁ @r Serving
Infrastructure
O+ Central Analytics ools
[ = 24x7 rule execution C|oud
Data—>% and orchestration 5 P EFte Utre Process
— n-Prem. xtraction

Management
on/Rules—
O+ Data Platform @
—J Central repository

Optimal+ covers the full scope all the way through ML deployment

Source: Google article from 2014: Hidden Technical Debt in Machine Learning Systems
ni.com https://papers.nips.cc/paper/5656-hidden-technical-debt-in-machine-learning-systems.pdf
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Summary

Lifecycle Analytics
Solutions

Product-Centric
Approach

Al/ML

Open Platform

End-To-End Supplier
Transparency

Domain Expertise
ni.com

turning data into actions or immediate ROI

for improved quality and reliability and
operational efficiency

support digital transformation in
manufacturing

industry focused for seamless integration
with any big data strategy

across operations and industries

applying data science to solve industry
challenges




Significant Business Impact

Quality, Reliability and
Brand Protection

Yield Analysis
and Reclamation

Efficiency

Time To Market

Supplier Transparency

50% case avoidance

increase up to 10% NPI 2% HVM

up to 25% test cost savings

from weeks to days NPI, TTM, RCA

Consistency and compliance



Ask Our Customers

“Escape Prevention enables us to identify “Optimal+ gives us real-time visibility of our test

specific manufacturing and test issues that
drive advanced quality screening and
comprehensive product management.”

QLIALCOIWV\“’ Michael Campbell

SENIOR VP OF ENGINEERING

“Global Ops for Electronics enables us to
rapidly identify and respond to the source of
any PCB and systems manufacturing issue,

down to an operation, facility, line or station.”
& XILINX.

Vincent Tong

SENIOR VP OF GLOBAL OPERATIONS AND QUALITY

operations, enabling us to monitor every critical
parameter to ensure that every product is of the
highest quality and performs as expected.”

Keith Katcher

<3

NVIDIA. VP OF OPERATIONS ENGINEERING

“We see Optimal+ as a strategic partner. Their
open architecture enables us to create synergy
across different tools and systems across the
globe and accelerate innovation”

David Reed

EXECUTIVE VP OF TECHNOLOGIES AND OPERATIONS
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