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Overview

GOOD BETTER BEST
Al based Spatial Pattern Performing offline reactive Proactive association of
Recognition (SPR) system for root cause analysis for the spatial patterns to WIP
inline wafer monitoring detected spatial patterns process step and equipment
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Motivation

B ToplPattern mTop2Pattern @ Top3Pattern

of wafer starts
Unknown Patterns - O have some form of
O spatial pattern

Known Patterns

\_’ O of wafers exhibit
new UNKNOWN
- [ O <patial pattern

“Analyzing yield loss from both defect and wafer probe data led to the conclusion that
solving systematic spatial pattern challenges in production is the missing link
between inline tool control and yield improvement!”
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Technology — Build Frequent Pattern Database

Yield limiting pattern on a wafer is a sign of a systematic issue due to process

or tool marginalities!

Pattern
Statistics

m Failure Type Wafer Map # of Wafers | Failure Rate | Route/Stage : Step

1 Edge Arc |( | 410 0.32 C-MET1ET : CES1B CELRCO1X

Discover DB 2 SP2 . 350 0.28 C-BCAPCLN: CA085 CAFSI0Z2X

Score High Impacting

Patterns 3 CenterCore | ‘ | 100 0.10 C-YWDEP2: CY311  CY310

Optimizer

Process

Optimization
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Benefits

O Inline Monitoring &
- Lot/Wafer Disposition Strategy

g_T Drive actions in production (OCAP)
12Xl . Lot Hold, Tool Downs, Rework,
@ .
Learning from UNKNOWN Chamber Actions and Test wafer
measurements
- Interacting with SPC

Yield & Productivity Improvement
-1 I - Timely Root Cause
- Dashboards for High Impacting
Route Step & Tools

Quality Improvement

- Proactive Die Binning
- Pattern Search

- Event Scope
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Introduction / Methodology

Six months of AOI & Wafer Probe production data was used.

‘ AUTO DISCOVERY SETUP RECIPE BUILD LIBRARY

REPROCESS PRODUCTION ROLLOUT

UPDATE
LIBRARY

UNKNOWN
DISCOVERY
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Discover Patterns Operational Workflow
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Learning from the “UNKNOWN”

« An UNKNOWN pattern is an identified spatial signature that does not match
an existing pattern in the production database

« Understand top-n high
@ 990 Impacting new patterns that
start to emerge & go unnoticed

@0 . Efficiently maintain
> ) comprehensive Pattern Library
DOJOIOIOIOIOIN .

Auto Discovery

Proactive response to
production issues
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Pattern Pareto based on hundreds of feature vectors
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Results of learning from the “UNKNOWN" Patterns

UNKNOWN Patterns tracked weekly

 Three key patterns were
discovered. System Scratch,
Small Cluster, and Ring Light.

« Analysis shows the potential

|11
for hundreds of wafers to be
classified and correlated to
I I l l I I . \ / yield limiting spatial issues.
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W

Pattern Pareto based on hundreds of feature vectors from
UNKNOWN Patterns over 3 months
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Challenges with Scratch Detection

Additional post processing algorithm is dedicated to running image-based scratch
detection instead of defect-based detection using dynamic threshold determination
(based on density and distribution) to eliminate or reduce false positives.
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Case Study #1: Pattern Search Technigue Improves Quality

« Contributes to proactive
analysis and build the
Frequent Pattern Database

» Defect edge band pattern
was used as reference to
pull top 50 similar wafer
probe patterns

« This powerful tool explicitly
defines inline to EOL
pattern commonalities and
can be used to obtain
accurate Kkill ratios

Defect Pattern Wafer Probe Pattern
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Case Study #2: SPR Identifies Root Cause Tool in CMP Excursion

. . . . Rows: ® Event Report = HEvent Vi wadvwX N Pt = Higox plot . -
Yield excursion linked to a recurring scratch . o weeren O TRw s e
formation in the CMP process. g e 00 1 B f

5 Count .- —_————
. . . . . WP . >0 Scoce
Production limitations & low defect density SEETTICYT) oo com % ... 1 B »
impacts quality & contributes to scrap SRS S . S, W O : *\*
MW W MW Ow ESIET S ) wn ) A : - - 3 F‘_"}" L —
R
g e W e v ¢ — ===
e L e . ¥ ¥ L 13 v --T: ::T-t..—
Chart3 S = Dline Chaet T LAADEGQEEH s Lé+ v X
L -0 L ] T b .‘ - S ““: .’ Sene = = = .
Equipment Data Monitored ) P ', aNAa R\ / ]
— Platen Temp, Rotation Speed, Motor I ¥ ¥ Y s ." WD g v
Amps
— Spindle Head Speed,
Vacuum/Pressure, Down force and
Motor Amps
= SlyIRIEEED - X : :
—  Wafer Chuck Placement/Retry Sont 182 WipjProcess Equip ID * Shape
— Conditioner Sweep Speed, Motor Amps e ]
and Arm Force
— Processing time (by platen) . . . .
CMP SCRATCH EXAMPLE ~ Wetidie Time Integration of this signature into the Frequent
— DI Water Fl . . .
I Pattern Database quickly highlights the root
SEAGATE -

cause tool and event timeline.
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Case Study #3: Killer Pattern Excursions by Process Tool & Date

Rows: 168  Selected:2 Chartl = ESummyy Table i e e A 57 o B Chand = [l Srack Bar Chart - X -
Waler RN=RDFQEE 2o+ Refresh Chart Viewer

* Chemical dispersion o
challenges at a strip step

cause semi-circular ring like oo Sl e
pattern R ———— I i
- ;

* Application of real-time alarm yo i pempe N
monitoring will notify the i e S e T
engineer and maintenance - T Lo N

staff of this yield-impacting _ - o
defect pattern, allowing for '
guick reaction times

> ¢ Y |
Event Start e B | 4 * ¢/ o4l 3¢ 4 EventEnd
1 " \ | -

* This known failure mode o LT e Pt g ttranl iy A 1
- = = T e ;d’-“\ ." o 4 s Yor .V.w
requires timely detection so AN T B et st temare smemrr e e atmece et
wafer can be reworked to e e S —

avoid scrap = = 3|

Trend split by Tool & Pattern, helps to find signal which

would have been missed otherwise
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Yield Improvement / Line Control

Yield Optimizer

* Analyze the relationships between in-process data and
End-of-Line test or output results

 Recommend changes to the in-process targets to
optimize the yield/output parameters

Use NN to learn the relationship

In-process tool data

Inline Metrology/output data [l »

Frequent Patterns

SEAGATE

Predicted Metrology /
Performance

Future Work

JJJJJJJJJJ

i Frequency  Sensitivity what if Analysis

ccccc

Recommended Input Targets

Optimizer

A

Current process targets

innovation..

OoN<o



Improve Production Efficiency — React Faster & Reduce Scrap

Monitoring Dashboards Process Event Reports

Tool Box Plot S LRAGSAQEEFA e+ v x| InageCoun 3R Image Gallery = Wimaae Browier MECRTORE + Rows:22  Selected: 9 Daily Process Event Report = [Eevent Report v .. a4 x|
Bexpict Chan of Defict Count v WIRIC-VIAMSKICP Ganere Cruan fatn ResciProcess B0 10 Pattern
? MasterLibrary
g Pinwheel | Litho prtial | Litho Striping |  Nuissnce | SAGDBand | Saratch J:;“EM-REPE‘"J TINS Clusters | UNKNOWN
s Affected Die Count
| wip | >0 i >0 | >0 | >0 >0 i >0 1 >0 { >0 | >0 | Score
Seq RoutelD StepID ProcessEquip!D Count| % Count % Count % Count % Count % Count % Count % Count % Count % Count %
. 3 6 2069 3 1034 3 1034 2 69 9 3103 8 2759 1 345 7 2414 7 244 22 7586
y s 2041 1 588 3 1765 4 2353 3 1765 4 2353 0 0 2 1176 2 1176 12 7059
. | S 2632 0 0 6 3158 4 2105 4 2105 5 2632 0 0 3 1579 3 1579 14 7368
» 4 1538 3 M54 3 1S54 2 769 7 2692 8 3077 1 385 6 2308 6 2308 19 7308
3 H 4 3333 1 833 3 25 4 3333 3 25 1 833 0 ] 1 833 3 25 10 8333
:‘ A i 3 1667 1 5.56 6 3333 5 2778 2 11n 5 27.78 [ 0 1 5.56 3 1667 13 7222
-: R 3 12 4 16 6 24 Si 20 3 12 S 20 0 0 2 8 - 16 17 68
d ——— | 3 12 4 16 6 24 5 2 3 12 s 220 o o 2 8 4 16 17 68
> 3 1579 4 2105 0 0 2 1053 6 3158 4 2105 1 52 4 2105 6 3158 15 7895
L 2 6667 0 ] 0 ) 0 0 2 6667 0 0 0 [ 1 3333 1 3333 3 100
) 2 2222 1 111 3. 3333 4 4444 1 11 1 11 0 [ 0 0 2 222 7 7178
£ 1 1mn 0 0 3 3333 1 1.1 1 11 4 4444 0 [ 1 1.1 1 1.1 6 6667
3 1 10 0 [} 3 30 1 10 1 10 4 40 0 0 1 10 1 10 6 60
I 1 476 3 1429 6 2857 5 2381 2 9.52 5 2381 [ [} 2 9.52 3 1429 15 7143
y 1 556 3 1667 3 1667 2 5 2778 5 2778 1 5S6 4 2222 6 3333 14 7078
- " - I 1 6.25 0 0 6 37.5 5 3125 1 6.25 5 3125 0 0 1 6.25 2 125 11 6875
=== ey | an, | s . o o o o 5 o 2w o © o o o o o o o o 2 w
5 [ 0 0 0 3 60 4 80 ) ) 1 20 0 [ 0 0 1 20 5 100
> 3 0 [ 3 4286 [ 0 0 0 1 1429 0 0 0 0 1 1429 1 1429 4 5714
: f < D 0 0 3 4286 [ 0 0 0 1 1429 0 0 [ 0 1 1429 1 1429 4 574
L . I [ 0 3 4286 0 0 0 [ 1 1429 0 0 [ [ 1 1429 1 1429 4 5714
- 5 0 0 3 2727 3 2727 2 1818 1 9.09 1 9.09 [ 0 1 9.09 2 1818 7 6364
= Daily Pass Down Report to production highlights process

tools that contribute to yield limiting alarm conditions
Engineering productivity improves ~25% by linking
Pattern based Equipment Study with AOI data
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Conclusions & Future Work

Al based Frequent Patterns Implementation

» Good: Key application
— Shutdown faulty tools
— Qutline excursion scope

» Better: Reactive Analysis

— Expedient association of wafer spatial
signatures to process step & tool

» Best: Proactive Yield Management
— Build Frequent Pattern Database

— Avenue for proactive process control,
yield enhancement & fab productivity

Continuous Improvement
 Discover Patterns on Metrology Data

« Whole wafer image-based Pattern
Classification

* Frequent Patterns input to Yield Optimizer
for Process Optimization
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