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SIEMENS

Specific solutions for your industry

Marine

Water and Minerals Pharmaceuticals
Wastewater
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Oil and Gas Power and Utilities

Batteries

Electronics

Manufacturing

Machine Building
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Robotics
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Mentor is now SIEMENS EDA

SIEMENS

Product Production Production Production Services
Discrete industries design planning engineering execution )

Process industries 4 Process and 7 Engineering and fj Operations Services
F plant design commissioning

Collaboration platform
Suppliers and logistics
Menior

A Siemens Business
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SIEMENS EDA competence areas

3 ®

Electronic Design Automation Systems

High-Level Synthesis Electrical Systems, Networks & Harnesses
RTL Low-Power Opt & Analysis System Modeling & Design Management
Functional Verification PCB & IC Package Design

Tanner AMS IC Design Flow PCB Manufacturing, Assembly & Test

Tanner MEMS Design Flow
Photonic Design

IC Design

IC Manufacturing S

IC Test CAE Simulation & Test

Intellectual Property
CAD-Embedded CFD

FPGA
Electronics Cooling CFD
Low-Frequency Electromagnetics & Motors

Semiconductor Device Thermal Testing

1D CFD

Automotive

Connectivity
Electrification
Autonomous

Architecture

®

Embedded

Products

loT Solutions
Toolchain Services
Runtime Services

Industries

Given the increasing electronic
content on industrial and consumer
products, SIEMENS EDA
complements SIEMENS portfolio to
connect virtual and real production
environments

Performance data

Virtual
world

Realize and optimize
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Approach

Current semiconductor fab environment

Sepreated merlogychstes associated 0 producion tols rovidingmeans of process cotol i  per Production data exists in silos, and it is underutilized
Post MADEin4 vision MADEin4 helps bring relevant data together
Metrology and Inspection ‘ Modeling
‘Without data, there is no model: MADEin4 allows . s
i for this exchange of data. Across multiple partners and applications

SEMICON EuRDFE 2010

SEMICON FuROFE 2510

Data Exchange Logistics: Dissemination of process and
12 information to Data Analysis partners
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Previous Results

Design Incorporation Example Different designs impose their own process response

Including design information improved model quality
Deposition example: Design and history matters

s Feature engineering is necessary to apply machine
= Feat .
: Machine Learning modeling learning
Lt
= Rest = -
o B " Working from Feature to Lot level Feature engineering is
’ m Different processes require a their own level of eXtrer.nely sensitive to
& Bom abstraction to capture specific process behavior domain knowledge
“ |||.|====l|==||| (Kn}:)wmg what to e)xtract,
1 A or how to extract it).
' : - A . .
HENRREREERRRDEEE By ) Machine logs (numerical
sy - INERERERERREERERREE ot \g . .
200 MAE scove UEENEENERERRRNNEREEN or categorical), image
{3 e = ','/ IIII'II'III'IIIIIII !\. f{‘ ‘ processing.
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SEMICON BuRdFE 2610 IIIIII‘ll- = :1‘:!::!:6*&‘5 shawing
Waler level: L similar processng/metrics

Metrmakagy
Fab Process Tool

SEMLCDN EURDFE 2010

T
i
4
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Cross Industries Manufacturing Commonalities

= =
1 ]

Semiconductor

Highly automated
Similar production volumes

Similar amount of data
generated

Similar process lifetime

Similar amount of variability
on the products

Automotive
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Semiconductor Manufacturing

MAAAANAN

Test

Dynamic process adjustments Increased coverage by virtualization

Improve maintenance, tool matching and
productivity
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Virtualizing process / design interactions




Automotive Manufacturing

Manufacture

Dynamic process adjustments Increased coverage by virtualization
. . o . Improve maintenance, tool matching and
Virtualizing process / design interactions P o .
productivity
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Optimizing Manufacturing Process Flow

f-th Some steps are less predlctable
Current (State -of-the-art) - Some steps are more predictable

I , ‘|
| | " l |
- - - B L i ,l _ |

—— Some steps cost more

—— Some steps cost less

Ideal AII steps are fully predictabe oo 2o

e as pos
All steps cost as little as possible

Making steps more predictable j

Post-MADEiIn4

-~ -l--l--l--l.-l.-l.-l-— . i_ o P S S L FR 'l-'l-— T |— T -l.-l.-lnﬂn TR T TR TR T
' i

|

- _|_

Reducmg cost of higher cost steps M ADFEin4
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Semiconductor Process Flow

Predictive maintenance Dicing
Current (State-of-the-art) Interconnect Iayer
]

| g } ' I
' ! :

1 N P R— .L.

. - Defectivity detection
— Active layer :
Process drift

f

Interconnect layer r Uncertainty :
[Process impact detection]

Predictive maintenance Dicin Original cost
g
[Reduction of false signals]

. defect reducti
Post-MADEind Tool marching | feretredcton

I_ ™ H-—~— ) H-H-H-H-H-H-—.I— TR TR H-q-—rﬂ.ﬁ.qi—ﬂ.ﬁ.q H.H.H.H.—i— —I
' ' ) ' | | |
| a L - L . .' . L ,L i1
Active laver t Improved Defectivity detection Reduce Process drift
ctive laye [detecting metrology abnormalities] [multivariate SPC]

[Design-specific process optimization]

Slide 12 M ADEin4



Automotive Process Flow

Current (State-of-the-art)

= e e mm Em Em e =

Welding

Predictive maintenance —\

—— e —

Engine Test

]

Post-MADEiIn4

\ | 1 i ! | | ‘

.. i i -I —-— — J—H—o' . .L. — —
Engine Test I
[Accurate virtual testing] Welding

.. ) [defect reduction]
Predictive maintenance

[Robot operation modeling]
Yt
[ | |

L
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Optimal cost
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Semiconductor: Design-specific process optimization

Predictive maintenance
[Reduction of false signals]
[Tool matching]

Interconnect layer
[Process impact detection]

Post-MADEiIn4 Dicing
r._ | - — 'I_ 'i—pﬂ.ﬂ.ﬂ.ﬂ.mﬂ.—r“mﬂ.—l—- :—H-H-“'rﬂ-ﬂ-qi H.-u.q.q.—i—.—l [defeCt redUCtion]
I ! | i
| E— ._._L____!. L i IR B I .!

. Improved Defectivity detection '
Active layer L p Y Reduce Process drift

. — —— [detecting metrology abnormalities] [multivariate SPC]
[Design-specific process optimization]

Design content improves
process modeling. 05

|| I l
-0.5
Processes can be optimized

in a per-product basis. 15

o

Different designs respond
differently to process
conditions.

[Optimal - Measured]

P1 P1L P2 P2 P2 P3 P3 P4 P4 P4 P5 P5 P6 P6 P6 P7 P7 P8 P8 P8 P9 P9 P9 P10 P10 P10 P10 P10
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Semiconductor: Process impact detection

Predictive maintenance

Interconnect Iayer [Reduction of false signals]

Post-MADEiIn4 icing
sl B .i_______________'________ ""‘"‘I‘"‘l,'["‘-'-‘l' - [defect reduction]
| l_ |
I————[——L———4| ——————— L————_Eé%_'————L———L—— l—: ﬂl
Active laver L Improved Defectivity detection Reduce Process drift
) y, _ . [detecting metrology abnormalities] [multivariate SPC]
[Design-specific process optimization]
. . . = ireee—— Only a
Earlier than expected process contrlbutlons? 3 minority of
; Strong wafer fingerprint S — processes
Full process modeling g gerp / o orinate
enables finding interactions Product specific contributions 4 outcome
between process steps. _-1-— s
Providing the means to < )
facilitate full process t
optimization. '.:'_
’__
= M ADE:i
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Semiconductor: Detecting metrology abnormalities

Predictive maintenance
[Reduction of false signals]
[Tool matching]

Interconnect layer
[Process impact detection]

Post-MADEin4 Dicing
- .i_,______ ______ el ___.____I____II_EI______F - [defect reduction]
I T
|____[__L____!. _______ L____I:kk_'____L___:!.__ o2
Active layer L Improved Defectivity detection Redgce' Process drift
[detecting metrology abnormalities] [multivariate SPC]

[Design-specific process optimization]

Asymmetry spatial distribution:

Deep understanding of the
physics behind the operation
of equipment enables proper
feature engineering.

Tiit = 4.5mrad

Which improves likelihood of

/Il = 1
predicting operation M r

abnormalities.

'
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Semiconductor: Tool matching

Int fl Predictive maintenance
nterconnect fayer [Reduction of false signals]

[Process impact detection] [Tool matching]
Dicing

Post-MADEiIn4

- .i_ _______ Ty ___"*'_'I'___Il'ﬁl—'—'r - [defect reduction]
Il T
|____[__L____!. _______ }.____I:¥¥_L___L___II!.__ _od .
Active layer L Improved Defectivity detection Redgce' Process drift
[detecting metrology abnormalities] [multivariate SPC]

[Design-specific process optimization]

Wafer 1 Wafer 2
. . 21000 - ] e # Other samples

Incorporating process, design o 1 5000 il
and metrology information it o _—— This sample (Exp)=42764
is possible to determine true g B .

. E 1 8000 ® E 5.30
differences between 8 . 3
equipment. g g ™

. . Lo Oth |

Serving as process monitors, oo Ve S ] 50000 - o |
and reducing failure analysis L3000 N | . T
t| me. T1 T2 T3 T4 T5 T6 T7 T1 T2 T3 T4 T5 T6 T7
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Semiconductor: Multivariate SPC

Interconnect layer
[Process impact detection]

Post-MADEiIn4

__,l_ ———————

[Design-specific process optimization]

Process interactions are
complex, and univariate
statistical process control is
not longer sufficient.

Considering multivariate
process interactions it is
possible to detect actual
process drifts.

Parameter of interest

e R e
l_ i | !
SRRE B BRI BN

Predictive maintenance

[Tool matching]

_L_l

L Improved Defectivity detection

[detecting metrology abnormalities]

[Reduction of false signals]

Dicing

[defect reduction]

11
-2

Reduce Process drift

[multivariate SPC]

Drift detection
Upper Bound
_h'...-'""__"‘ﬂ-f-'-..-u. - -
-r_,__"'""'-"---_.-.--..___—-—._l_ . T T
Lower Bound
Time

M ADEin4
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Semiconductor: Defect reduction

Predictive maintenance

Interco_nnect Iayer [Reduction of false signals]
A . [Process impact detection] [Tool matching] Dic
Post-MADEin icing

i =T || T ---‘---F.'— ST T e [T -:l-"-—r =
' | | | . |
I = [L t— —1 L————— ::- L 'IL—.' ——— & .l— -!

Active laver L Improved Defectivity detection Reduce Process drift

y [detecting metrology abnormalities] [multivariate SPC]

[Design-specific process optimization]

Proper process
characterization is
paramount.

With the potential to use
existing data, and derive
optimal process conditions in
the absence of massive
designs of experiment.

CONDITION
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Automotive: Virtual testing

Engine Test
[Accurate virtual testing]

- e |

| Lol

Post-MADEiIn4

Reduction in the number of
expensive tests by modeling
larger portions of the process
and improving model quality.

Predictive maintenance

[Robot operation modeling]

[ T T TN T T T e N W L T

Host

Welding

[defect reduction]

ke _od ]

VPN

Analytics engine

}——

* cold testing
* hottesting

Testbench

* Historicaldata
* Failurereports
* Incidentreports

Database
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Automotive: Robot operation modeling

Engine Test Predictive maintenance Welding
[Accurate virtual testing] [Robot operation modeling] r [defect reduction]
I_ 7777777 — L-—-— L —-— o — —!- ——————— Y '— — o — L o o — L — - o — l— -!
Post-MADEiIn4

Understanding machine
operation permits modeling

of effects that if not properly =
corrected can be a source of g e # | Test movements  mmmmmp  Signal analysis
=
defects. 2 .. i o001 | l
e A4 5, =0.00086 ad)

r . " " 12
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Automotive: Weld defect detection

Welding

[defect detection]

Engine Test
[Accurate virtual testing]

Predictive maintenance
[Robot operation modeling]

e T T e e T T T T T T e T T T T e T [T 1 - -—
] R A O T
L L o L. I (I L) .

Post-MADEiIn4

-

Identifying locations in the
process where more
information needs to be
collected.

Using image processing
techniques to virtualize
process characterization.

Slide 22 M ADEin4



Conclusions

 Manufacturing of semiconductors and automobiles are highly
automated processes with many opportunities for optimization.

e Analysis methods are applicable across a wide range of problems
— Selecting Hot/Cold engine test, Tool matching, Tool operation, Process
optimization
* Feature engineering is critical in the effective use of industry 4.0
techniques

— Without proper understanding of the interplay between the different data
sources, it is not possible to use “out of the box” analytics tool, making feature
engineering (Transformation of the input) critical for successful modeling.
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