From Wafer to Strip to
Reel - Analytics

Across the Lifecycle

Michael Schuldenfrei, NI Fellow
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Customer Challenges Where Genealogy Matters

I:ll:l Yield

Fab process migrations (7, 5 & 3nm) enable increased IP integration

Advanced Packaging (2.5D & 3D) required to enable maximum system performance

gra Quality

Automotive and Data Center product quality demands driving additional system-level testing and burn
In requirements

Efficiency

Increased integration drives increased test times
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Customer Challenges — NI’s Response

I:ll:l Yield

Fab process migrations (7, 5 & 3nm) enable increased IP integration
* Add process information to enable yield analysis (e.g. PCM/eTest, Metrology/Inspection)
Advanced Packaging (2.5D & 3D) required to enable maximum system performance

* Include device genealogy for die traceability (e.g. MCM, Chiplet, CoWoS)

g@ Quality

Automotive and Data Center product quality demands driving additional system-level testing and burn
In requirements

 Virtual Operations for device grading to shorten (or even skip) operations without quality impact
Efficiency
Increased integration drives increased test times

« Adaptive testing based on previous test operations with AI/ML Models
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Example: MCM Assembly and Test Flow

Fab g Incoming Incoming Incoming
Sort % Material Material Material
: Wire : Ball
Wafer Saw Die Attach ) Moldin
Bonding J Attach
i ' ' System : :
Packing and Final Vlgual y =R Marking
Inspection Level Test

shipping

The unified data platform enables Closed Loop Process Control analytics across

the assembly line and the supply chain

“Work”
“Verify”
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ala! / Genealogy
‘w® & Assembly

« Asynchronous loading &
connecting

 Unit traceability across all levels
« Efficient analyses

 Containment

Connects all levels of assembly

Parametric data correlations across any operation
Group or analyze data from any level

Cross operation heat map analyses

Wafer map reconstruction based on any level results
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Global Operations - “GO” - Architecture

Edge (factory floors)

Fab Assy. Tester Tester Tester Other equipment & +0 +0 +
data data A B C data sources o o= P
O+ O+ O+
|
R | 1 n | &
S5 S8 85 g 5 g § S g S F
S 35 S35 S35 S 3 S 3 Sq8 S =
o 2 O 2 O 2 0 2 O 2 s
Vol | | || 5
' <
e —Data— -
(@8] — Action— @ O+ edge analy_tlcs : @ O+ central analytlcs : on(-)rlJJrer?]r.
Control A 24XT7 rule execution & orchestration Data 24x7 rule execution & orchestration
Room+ G O+ data platform BB == 0+ data platform
Factory A —J Edge repository Central repository

(internal or outsourced)

Factory B

Factory C

Actionable insights across all manufacturing and test processes
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Unified Data Model (UDM)

Product

@ - Generalization of events
- Generalization of parts
Parts > Genealogy . Virtual batching
o[

Equipment

Batch events

Genealogy and traceability

Part events Asynchronous loading

Inspection
Parametric results

Simple dimensions @ é Results spec

Generic types
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Analyze Across Product, Process & Equipment

What was the equipment
maintenance done before

l product event #3?

| What is the closest
EQP1 EQP1 equipment temp

Maintenance Temperature measurement event to

0

v

product event #37
é Time What is the equipment temp
average around product

event #37?

o

EQP1 EQP1
Temperature Unit3, Test7

[
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Unified Data Model (UDM) for Any Type of Data

Genealogy/

oM Facilities Products Operations Equipment

NN '
— | KT

Event 1 Event..2 Event..3 Event..4 Event..N

Parametric ‘ I Logical Logical
measurements/ ) | batch batch
conditions
Attribute Attribute (HIETOE
DE[m - DE® = Bl®
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Example: MCM Assembly and Test Flow

Fab § Incoming Incoming Incoming o
Sort < Material Material Material Verify
—® —— Data Flow
: Wire : Ball
Wafer Saw Die Attach ) Moldin
Bonding J Attach

() () ()

NI Data Lifecycle Platform

Marking

Packing and Final Visual System :
: Final Test
Inspection Level Test

shipping

The unified data platform enables Closed Loop Process Control analytics across

the assembly line and the supply chain




Example: MCM Data Files

INLINE Wafer Sort
Memory Memory Assembly PHIST
MCM MCM
PHIST
Memory { \
! Memory11 X,Y
/
PCM ~ - H H H H H
s H H H
/ ‘\‘\‘ X’Y LI

P

Wafer Sort
Logic

Trace 1.
Strip ID
WFR-Strip

Trace 2:
Optical ID

Strip-DMC

DMC — Data Matrix Code

Final Test
MCM

Tray Tray

o ) T&R
Tester Pocket

Reel ID

Strip ID Optical ID Trace 3

Reel ID

DMC-Reel
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Data Sources for Traceability

STDF/ OTDF .
E142 .
Other .

Common for test processes

For devices with Electronic Chip ID (ECID), contains
relationship between Wafer-X-Y to ECID (typically at WS)
Can also contain Optical IDs read on tester

May require extraction of IDs from parametric tests, text
records, etc.

Common for assembly processes
Contains mapping between Wafer-X-Y to location on strip
or reel

Various text and binary formats generated by non-
standard equipment or processes
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How Genealogy Data is Modeled

Parent Level (-1)

Component Level (0)

Reel

ACME_MCM

Product Unit ID Product Unit ID Location / Socket
ACME_MCM ReelNBC_P4 ACME_MCM AB154537 Reel DMC
ACME_MCM ReelNBC_ P18 ACME_MCM AB15454X Reel DMC
ACME_MCM ReelNBC_P42 ACME_MCM AB16243N Reel DMC
ACME_MCM ReelNBC P94 ACME_MCM AB16244Q Reel DMC

Parent Level (0) Component Level (1)
Product Unit ID Product Unit ID Location / Socket
ACME_MCM AB154537 ACME_MCM STR141 XO0_YO Strip DMC
ACME_MCM AB15454X ACME_MCM STR141 X1 YO Strip DMC
ACME_MCM AB16243N ACME_MCM STR141 X50 Y10 Strip DMC
ACME_MCM AB16244Q ACME_MCM STR141 X50 Y10 Strip DMC

Parent Level (1) Component Level (2)
Product Unit ID Product Unit ID Location / Socket
ACME_MCM STR141 XO0_YO ChipA XY123456-05_x20_y15 Memory Socket O
ACME_MCM STR141 X0 _YO ChipB AB987654-12 x12_y24 Logic Socket 1
ACME_MCM STR141 X50 Y10 ChipA BN132457-04_x19 yl1 Memory Socket 0
ACME_MCM STR141 X50_Y10 | ChipB GS529475-18 x05_y28 Logic Socket 1

&
EMERSON

nl



Batch Level Genealogy

= Build a more complete genealogy tree by loading parts that don’t have unique unit ID’s (“Passives”)
= Parts will get the ID of the batch from which they were taken

= Allows analysis of:
= Module performance across all the components assembled to it
= Batch performance across the different devices it was assembled on

Cross Operation Table for board Type C Board C Yield by Batch ID

Board C Board C
oar oar BoardCYield by BatchiD o x
ardC_Op Chedkin mem16_Op
e
Product (BoardC_Op) |Unique UnitID (BoardC_Op) + | Result (BoardC_Op) | Product (Checkin) | Unique Unit D (Checkin) | Resuit (Checkin) | Froduct {mem 1G_Op) \u ique Unit ID (mem1G_Op) | Result (mem16_Op) ‘e n ﬁ
= e One assembled unit of BO&I@FC o o
oar pvp_u
B bk Theﬁz batch unlts'mare from Batch132 100.00% -
BoardC fra—— Pass R200 Batch12 Pass
BoardC Oczmmizw_lzu Pass mem1G fapdaydo_plu Pass 95.00% -
BoardC 0dgo2fiz_imz Pass R200 Batch132 Pass
BoardC 0dqo2fi2_imz Pass R200 Batch132 Pass
mem1G R200 R200 memlG R200 R200 oaric otz e pes memic P s " 90.00% -
BoardC 0g2gphbb_hb1 Pass R200 Batchi31 Pass
BatCh 129 BatCh 129 BatCh 130 BatCh 130 BoardC 0g2gphbb_hb1 Pass R200 Batch131 Pass % BS.UU“JG 4
BoardC Ogbartkh_skx Pass mem16 xh2zoufu_1k Pass ;_
BoardC Ogbartkh_%x Pass R200 Batch130 Pass [#]
BoardC Ogbartkh_% pass R200 Batch130 pass T 30.00% -
B O ar d C B O ar d C BoardC Ohsyigaj_fov R200 Batchi31 3
BoardC Ohsyigai_fbv o o, ﬁ
ot @ne assem bleaiunlt oﬁBoard C. 75.00%
BoardC 0iSe30t3_jwx
== The-2 batch units are from Bateh129 - 70.00% -
BoardC omvazier_g3q Pass mem1G aninyodi_z2g1 Pass
BoardC Omv2zicr_g3q Pass R200 Batch129 Pass
BoardC omvzzkr_g3q Pass R200 Batch129 pass 65.00% -
BoardC Onmgp2m5_amh Pass R200 Batch130 Pass
BoardC 0Onmgp2m3_amh Pass mem1G cow2sfigl_vg2 Pass
o P—— o o ot Batch12s Batch129 Batch130 Batch131 Batch132
S
mem1G BoardC Onostéeh_tz2 Pass R200 Batch123 Pass
R200 R200 mem1G R200 R200 — e - _ - F et e — poss Sorted by: Batch ID (ASC)
Batch131 Batch131 Batch132 Batch132 % L T [ i

4
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Searching for Failing Units

B unit Level Data Wizard

Step 1 of 6 - Population
Select a date range and population

Use Dataset:

Y

Mame: | | | Snapshot: | | | Use Date Range
Date range: Additional settings:
® Last: |11 |"] |"|“ear{s} |'] Retain in Job Manager
Indude current period [ Show tests on rows
O Range: 1/ 6/2014 12:00 AM B [ "] Show units with no test results
|:| Open in new page
to: 5/ 8/2024 5:41 AM - |Prirnary Operation final result vs Secondary Operation final result |']
@ Indude
Main filters: ECID

|Product ~||ws_103754 [ ReclNBC_P13

|Sub Product v|| [Not filtered] [] ReclNBEC_P4

[Project ~ || INot fiitered] [] ReelNBC_P42

|Faciity = || Mot fitered] [ ReelnBC_Po4

|Test Frogram A || [Mot filtered]

|Test Program Revision - || [Mot filtered]

|Area - || [Not filtered]

|Dperation - | | WS

E Perform cross operations

Additional filters:

Add field -
*® |Eco ~ || ReelNBC_P4,ReeNBC_P18,ReelNBC_P42,ReelNBC_PS4
Selected 4 of 4.
Type to filter: ||."||-=-|
[ ] Always show selected values
Save Export Data to Python |~ | < B3
QK | | Cancel

)
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Wafer Map Reconstruction

= -~
" Unit Level Data %@ o x [V Show in job manager
$°DMC ~ SubProduct ~ Project ~ Facility » Test Program ~ Test Program Revision ~ Area ~ 5" FT_DMC_FT - | W, | T Select Main Filters ~ & sawtwith 0stepls).
Tester Type » Tester + Operation Type ~ ?,‘ T2 Select Additional Filters ~
~
. OriginalDataTable & ox
FT_DMC_FT WS_Memory FT_Strip_FT
|Produc... | Start Ti... |Har... | Orign...| Origin Die ._.| Site... | Soft...| Tou... | ECID (FT_D... | Product (.. | Wafer (W... |ECID (WS... |FabLot (.. | WS Wafer..|Start Tume (. |HardBin (... | SoftBin (... | DieX (WS... | DieY (WS... | Touch Dow... | Product (FT... |ECID (FT_S... | Start Time (. | HardBin (F... |Si
» [DMC 5202 3 21 4 1 3 463 vefavbc ba Memory  €aS25240.. ECID-11f1. eaS25240.. eaS25240.. 5§/2/20244:. 1 1 17 7 102 Strip Ax30smp_4.. 5/4/2024 3: 1A @ust [ [ [wes E
DMC 5/4/202 2 6 28 1 2 661 pybdxsm_kk Memory €a525240... ECID~856... £a525240.. ea525240.. 5/3/2024 10 2 1 17 13 78 Stip kgurmala_a... 5/4/2024 3: 2 _ . E
DMC  5/4/202 2 0 12 1 2 674 icO4zftz_mbl Memory  €a525240.. ECID-b316.. ea525240.. eaS25240.. 5/3/2024 10 2 1 2 12 87 strip vmrfweja_jsh 1 /] Inchixle urrent pesiod
DMC 5/4/202 1 9 16 1 1 266 Sc3hrniw_giz Strip 1jad3gtt_efy 1 -
DMC  5/4/202 1 9 21 1 2 271 bimdogyh_ Strip naj2i3zv_kbv 2 -
DMC 5/4/202 3 2 ') 1 3 833 2ymwop3f_ o gkfdeahm_ 1 . .
DMC 5/3/202 3 FeT Dataz 3 42 ouneolq_.. Memory  ea525240.. ECID-4029 easzsw a*@f 8@{1{ Data 2 12 1 229 Strp Siﬂp 2 Fiiter by selection
DMC 54202 2 16 1 1 2 713 azhqlgeglx Strip ithoded_vd2  5/4/2024 3: 3 | Loy [ =
oMC S/4/202 3 10 2 1 3 289 watxgkx2_ixp | Memory €3525240... ECID-209¢.. €3525240.. €3525240.. 5/2/20243: 1 1 8 12 S8 Strip uyjyts03_tbe  5/4/2024 3: 2 Participatng groups: | [None) -
DMC 5/4/202 2 2 1 1 1 790 te3pwky_m.. Memory  €a525240.. ECID-dcld.. ea525240.. ea525240.. 5/2/20246: 2 2 2 8 259 Strip vmnecsen_... 5/4/20243: 3 J
|omc s/ 3 2 20 1 3 471 gredmf3i_yba Strip tedeptg)_2j5  5/4/2024 3: 2 [TSettngs |
DMC 5/4/202 3 3 6 1 3 537 I2xwffkS_vas Strip Juqruze_qp  5/4/2024 3: 2 .
OMC 5/4/202 3 2% 15 1 3 514 24yOux_ess Memory | ea525240.. ECID-3851.. e3525240.. eaS25240. 5/2/20246: 2 2 12 7 7% Stip obksunlr_u.. 5/4/2024 3; 1,
< o > Groups and Measures
Total Records : 2048 Selected Count : 51 Sum : 2194 AVG : 104.47619047619 4V @ Groups "~
r - v @ Chronological Touch Down Sequence (.
£} Wafer Map - OriginalDataTable .I: H DESoXx V! €@ Chronological Touch Down Sequence (
| FT Wafer Map Reconstruction 7 @ CrvondogealTouch Down Sequenee
€a525240500_01 o || ea525240500_02 o || ea525240500_03 o || ea525240500_04 o || ea525240500_05 S i @ Chronological Touch Down Sequence (...
v @ Chronological Touch Down Sequence (
v € DieX (FT_DMC_FT)
W € DieX (FT_Reel FT) &
] @ DX (FT_strp_FT) v
5 | % | ©F [Type ToFiter a
[] show Annotations
v
=[ o | =0 % || = & || =[ % $| =0 % & i
Jo ¢ b
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Tracing Package Test Failures
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1
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Nt
Cross-Operation Correlation

Lot / Operation Data EUAE « B=lp
Product » Operation ~ Tester Type = Tester = % Testing - i" Y2, Select Filters -
~
Product_W5S1 ¥_Operation Variable_X Product_FT1 ¥ _Operation Variable_Y N R2 Pearson Pearson__Abs_| ..° Q *
» | ChipA ws1 P_159_SYMM ACME_MCM FT1 P_105_|PMTH 30,000 0.18932 -0.43511 0.43511 ~
Chipa Ws1 P_155_W_BEI ACME_MCM FT1 P_105_LPMTH 30,006 0,14215 | 0.37703 0.37703
ChipA W51 P_149_E _BRE ACME_MCM FT1 P_105_LPMTH 30,006 0.13901 | 0,37284 0,37284
Chipa Ws1 P_143_W_BVP ACME_MCM FT1 P_105_LPMTH 30,006 0.14362 0.37897 0.373897
ChipA W51 P_141_W_BBI ACME_MCM FT1 P_105_LPMTH | 30,000  0.12455 0.35291 0.35291 Variable_Y
Chipa Ws1 P_237_C01<06.00 | ACME_MCM FT1 P_105_LPMTH 30,006  0.13125 | -0.36228 |0.36228
ChipA W51 P_231_C01<06.00 | ACME_MCM FT1 P_105_|PMTH | 30,005  0.13115 -0.35215 | 0.36215
Chipa Ws1 P_231_C01<05.50 | ACME_MCM FT1 P_105_LPMTH 30,006 0.13116 | -0.356216 |0.36216
ChipA W51 P_237_C01<06.50 | ACME_MCM FT1 P_105_|PMTH 30,006 0.13088 | -0.35177 0.36177
Chipa Ws1 P_231_C01<06.50 | ACME_MCM FT1 P_105_LPMTH 30,006 0.13083 | -0.356171 |0.36171
ChipA W51 P_237_C01<05.00 | ACME_MCM FT1 P_105_LPMTH | 30,006 0.13112  -0.3521 0,3621
Chipa Ws1 P_237_C01<05.50 | ACME_MCM FT1 P_105_LPMTH 30,006  0.13103 | -0.356205 |0.356205
Chip& W51 P_231_C01<05.00 | ACME_MCM FT1 P_105_|PMTH | 30,006  0.13094 -0.35185 | 0.36185
Chipa Ws1 P_231_C01<04. ACME_MCM FT1 P_105_LPMTH 30,006 0.13091 | -0.35181 |0.36181
ChipA W51 P 237 C01<04.50 | ACME MCM FT1 P 105 LPMTH | 30,006 | 0,13085 | -0.36173 | 0.36173 v
< >
Total Records : 488 Selected Count @ 17 Sum : 51475.31433 AVG : 4679.6649320009 1
P_151_estPu and P_169_SYMM by Work VWeek B & ox
-, [
AW
2
0 -
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_2 - -._-_-ﬂ
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: o
[
- a
5 s . .
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A "
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-12 @
-14
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P_169_SYMM = n | .
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The Full Machine Learning Lifecycle

Train a model with Deploy and act upon

data and evaluate the model
business value
Understand changes Validate . Monitor data and

model performance
to identify changes

and update
model/process

&
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Unleashing Al

Learn

» Getting data
Data is collected and
harmonized all the
time, making it
available at the click
of a button

 Feature extraction
Advanced features
are extracted via out-
of-the-box capabillities
(e.g. geographic and
parametric outliers)

* Freedom of choice
Full support for data
science platforms

Act

« Complex “plumbing”

Plumbing is handled
under the hood by the
Optimal+ infrastructure

» Actionability

Integration with
equipment and
systems is part of the
Optimal+ deployment

Distributed mfqg.
Optimal+ is deployed
across the entire mfg.
ecosystem — internal
and outsourced

Validate

* Ongoing validation
Standard rules
monitor ML models
for excursions

 Ongoing data
collection
Data collection and
harmonization Is
already fully
automatic

* Technical debt
24x7 monitoring frees
data scientists for
their next project

« Stale models
Automated rules
detect when models
are going stale and
can even disable
them if needed

« Human-in-the-loop
Users can browse
results and provide
feedback directly

* Relearning
Model relearning can
be partially or fully
automated

~
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Connect it all Together with O+

Model any type of manufacturing data

Connect all levels of assembly

Group or analyze data from any level

Correlate parametric data across any operation at scale

View and analyze cross operation heat maps

Reconstruct wafer maps based on any level results

s
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Other “Connectivity, Data, and Insight” Activities
May 21

Modernizing Your Lab
Operations

10:15-11:15

Generative Al to
Accelerate Test
Workflows
2:00-3:00

Modern Lab Operations
with SystemLink: Hands-
On

2:00-4:15

Automating the Lab with
SystemLink (Automotive
Track)

Gaining Product Insight
From Your Test Data

11:30-12:30

Maximize Your Lab with
SystemLink Software

3:15-4:15

May 22

Analytics From Wafer To
Reel To Strip
(Semiconductor Track

10:15-11:15

Modern Lab Operations
with SystemLink: Hands-
On

10:15-12:30

Al at the Edge
1:30-2:30

Modernizing Your Lab
Operations

11:30-12:30

From Concept Through
Execution: Analytics in
Action

Analytics From Wafer to
Reel to Strip

SystemLink Ask Me
Anything

2:45-3:45

SystemlLink Learning Courseware
Managing Systems and Assets with SystemLink

ni.com .
Enterprise

O+ User Forum

SystemLink User Group Meeting
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