Introducing |
TIBC2 Spotfire

Semiconductor Use cases

Ry Frmmeh RGN iR, ,,
.'":'."h";"f;\".‘,“"" .......
LR P L LT PR L L T F

,,,,,,




Advanced Process Control

= Enterprise Tier: Visualize & Manage - Business Apps
TIBCO Spottire, Data Virtualization

Reports & Dashboards

L)- Data Science Tier:
TIBCO Data Science, Data Lake
Models: Build, Evaluate &
Push to Production

=% Platform Tier: Real-time Decisions \
—— TIBCO Streambase

Fault Detection, Virtual Metrology
Run-to-Run control

o
Edge Tier: Pre-process
Edge analytics:
Extract useful features

o TIBCO Flogo
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Virtual Metrology

Virtual Metrology (VM): A Promising Solution to
enhance APC with Real-Time Feedback Data
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When deployed in production, the VM predictive model facilitates:
improved process feedback control with real-time VM estimates
elimination of multi-wafer scraps with timely monitoring capability
reduced measurement frequency to save production time and cost




Wafermap Feature Engineering
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Freedom data discover interface




Anomaly Detection & Correction

Define problem, cluster
similar defects together

. Define:

- Field Return, Life test, Defect Inspection,
Functional or Performance test

- Classify:
- Symptom and Cause codes,
- Defect class, Failing test,
- Cluster similar items together
, - Characterize by Production factors:
O ——— N - What model or sub-assembly
T - When and where produced
| "% = ‘;/j . o - Visualize spatial distributions of problem
s | , S cEER, . . Characterize by Usage factors:
o= : — e - When and where used and failed
- . Visualize geographical distributions
- Where on the product
- What mileage

Unsupervised Machine Learning-Algorithm

« - Zonal / Bin Aggregation: 25 zones x 10 bins =250 features-/ wafer
= .-Variable reduction: Autoencoder to reduce from 250 - 20 features
|.="K-means clustering to group wafers with similar spatial bin patterns
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Pattern Analysis on
WaferMap Spatial Signhatures

Yield Agent™ Portal (@I ©)

Hedlo Steven, you are curentty subscribed to 2
modes in Yiesd Agent™

Wafer iPattern - DEBICI4-Modelva

Parametric iAnomaly - All-BICE4-Modalva

Data Science Q serch

: 1 W yertical Playbook - Wide Data for Time Series - Digital Twin for Yield
+ Subscribe o Addifional Available Modeks ‘ - y g e
! ‘ OVERVIEW DATA SOURCES DATA [ wosx FiLes 1085 ENGINES (’-h-\

Root Cause Analysis with Sensor Data

PREVIOUS NEXT

.canbe Combined to represent pattwns on wdfersgm

£B.0101cos ; , M Reduces data volume & is robust to missing data
Drm i i i
- Pot A ax Machine Learning Model

Yield loss = f (process parameters)

wafer test data, using pass/fail flags, bin components and
other (numeric) test parameters. The case has about 1500
parameters that they analyze currently. L S ...
To do a form of spatial signature analysis that takes into
account all 1500 parameters, not just one parameter at a
time:

Users can subscribe to features of a dashboard (e.g.
frequency of a particular wafer pattern) and be alerted wh
those features pass a threshold.

Data Preparation

Wide Data Analysis ;
variable Dimension Reduction B€SSsel function coefficient vectors can be used to cluster wafers

.. or find all wafers similar to a target wafer
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-Wafermap Pattern Classification At Scale

What

« Automatically clusters wafers with similar spatial patterns

« Engineer refines Al-recommendations to create ML models

« Classify new wafers against a library of pattern-detecting models

Innovation

* Human-driven artificial intelligence
* Accurate models

- Ease of use and interpretability Rardom Foret s
« Fast results for large numbers of wafers

Raw Wafer Data

Wafers Selected from Confusion Matrix

Bessel Coefficients

,‘ Data science techniques for
_ 1000x dimensionality reduction
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Univariate Statistical Process Control

Process Capability Summary with drill-down

Introduction

Process Capability Dashboard *  Set Control Limits

Process Capability Metrics Summary

Control Charts Dashboard

Control Charts with Drill-down

Control Charts by Group (Overall Production Limits - Colo

Histogram - Thickness1 by Equip3
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ol Charts Dashboard * EWMA Control Charts Dashboard (2)

S Summary

Control Charts with Drill-down

WECO Rules
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Num 00C % 00C
16 6.37 %

% 00C -~ Pass / Fail

14 5.53 %
14 5.53 %
12 4.78 %
11 4.42 %

11 4.37 %

Individual

1. Points outside 3 sigma:
ToggleRuleOne | Active

2. Two Sigma Rule:
ToggleRuleTwo | Active

3. One Sigma Rule:
ToggleRuleThree | Inactive
4. Same Side Rule:

ToggleRuleFour | Inactive
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Moving Range

C-3200 C-3201 C-3207 Alpha level = 0.05

37 Root MSE = 783...

Use Case Areas S
» Assess Process Capability
. Process Control: Detect changes from baseline

Solutions
Classic::Shewhart charts
Setting & Storing Control Limits: Western Electric or Nelson rules
Advanced: multivariate, Predictive models
Automated Alerting: Periodic or Real-time

ucl=14.41




Multivariate Statistical Process Control

The Power of Multivariate Control Charts

« Suppose we measured 2 parameters y1 and y2 (e.g., person’s height & 1/weight)
* Univariate charts would not detect some obvious outliers

« This happens in many real applications

1 Scores T1

Build & Evaluate Model of
Process (PCA, PLS)

Batches evolution:

Fhase used for modelling: AERAT

Filter by Batch

REAL-TIME MONITORING:

Z
g
o
5

Deploy for Real-time~ ‘
Monitoring




Real-time Performance/Status Monitoring

Problem
* Reduce manufacturing line stoppages

Solution

« Predict equipment failure and product quality

* Factory equipment sensor + line stoppage +
product defect data

* In-Hadoop big data modeling

Results

* Predict future line stoppages
50% reduction in defects
More predictable demand for supplies
Empowered analysts to focus on problem-solving

TIBC® 10T Accelerator
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Intelligent Equipment Real-Time FDC Dashboard

To Monitor the all sensers on each chamber of wafer
equipment , and display real-time statistical values and charts
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System_Counters

Fault Detection and a
Classification
(FDC) Streaming | | | |
Equment > Data aggregation in product/channel/equipment/step/time
node > Golden model comparison
> Alerts to abnormal situation
APACHE . =
STORM =1 o

Sensor data
query el
"(ﬁ‘hadam P '
> KPI charts against ref model Combined Real-time FDC Dashboard
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> Reference model update "V
> KPI calculations GE” HTE > Analytics per process lot




M Digital Twin for Yield Prediction

Digital Twins for Semiconductor Manufacturing Yield: Wide-and-Big Data Analysis
Build Models to relate Product Yield Failure Modes ( Y; ) with Process Parameters ( P, )

: : : Product Test:
rocess rocess M - t -
Step 1 Step i Tstep1 | SR s | Pass / Fail, Failure Modes

Equipment Sensor Data Physical Measurement Data Equipment Names

Run continuously to capture new
relationships as they emerge

Yield Components

Process Optimization
or Clusters

Process Monitoring
Process Control

Digital Twin

Yield Models Y=Y, Y. Ys o Yy)



Conceptial Solution Picture
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Wafer Fabrication

Parametric Testing
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Data Collection
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Real Time Model
Evaluation

5

Prescriptive Analysis
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Machine Learning

&3

Model Building

Model Scoring
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Anomaly Detection
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Stored Data
Amazon S3

Cata

Data Sources
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Apache Spark
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Availability
Performance

Use of sensor data to
understand equipment status

Detect anomalies in real time to
discover their causes and act

Overall high level view of
production efficiency

‘@

Quality

High Tech Manufacturing Accelerator

Overall Equipment Effectiveness (OEE)
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off8H|IEH (Predictive Targets)
s B P2 (Machine outage)

S‘CDF-F—E

EmE= NZF (Defective product)

FZUWERNEIE (Predictors)

Y 1 23 BORIZS (Machine sensor data)

B AIRIBERCHIZS (Environmental data)
”%ﬂ“%JHK AEEATE1Z (Process measurement)
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Digital sensors collect data on
vibration (E#))
lubrication (B2 1)
bearing temperatures (R4MNEE)

Optimal Maintenance Interval
noise (I2E)

pressure (RINEN)

...and a host of other variables
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Overlay/Yield Analysis

LIS (Litholnsights) OEM of Spotfire
$100M Business in 3 years (from $0)

76 Spotfire Templates - Overlay, Yield Analysis
LIS Development Issues

Version Control - exploring EPAM solution, developing
certification process

GUI customization - JS library management, assembly,
reuse // MODS

Automated Testing - issue re unique ID on visuals. Need
ASML to agree to POC

On-hold; ASML exploring internal ASML-built app

Internal Deployment of Spotfire

930 analysts
20K users, all departments
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Analytics Dashboards Gl SxriaL.

»

Company: Largest semiconductor manufacturing A
equipment vendor, $10B annually

Opportunity - Embed TIBCO in

Wafermap

Use Cases - Analytics dashboards with Layer-to-
layer overlay, Defect and Parametric contour

wafermaps to display data collected on their
equipment

Engagements to-date:
Demos, PoC & Customer evaluation

completed successfully for individual product
groups in Israel
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