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Infineon at a glance

Business Segments

| 31%
41%
/4

Revenue FY 2015

Industrial Power
Control (IPC)

Power
Management &
Multimarket (PMM)

Chip Card &
Security (CCS)

Automotive
(ATV)

Infineon

Employees
About 35,400 employees worldwide

(as of Sep. 2015) Europe

14,533 employees

Americas

Asia/Pacific
17,209 employees

34 R&D locations
19 manufacturing locations

Financials
[EUR m] 5795
3904 3843 4320
13.5% 14.4% 15.5%
9.8%
527 377 620 897
FY 12 FY 13 FY 14 FY 15
Revenue Segment Result =—— Margin
2016-08-02

Market Position*
Automotive Power

AL
e~

— 2

Strategy Analytics, IHS Markit, IHS Markit,
April 2016 July 2016 July 2016

Copyright © Infineon Technologies AG 2016. All rights reserved.



Corporate Social Responsibility .,_.
We are excellent in Resources Efficiency (afineon

At Infineon, less is more

-50%

-40%

O

About 21% less water consumed per  About 50% less waste generated

per square centimeter produced
wafer than the global average

About 40% less electricity consumed
per square centimeter produced wafer  square centimeter produced wafer

than the global average than the global average
We use resources much more efficient in our production processes
than the global average of the semiconductor industry.

Basis for the calculations are the square centimeters processed wafer area in the front-end production and consumptions according
to WSC definition.

The information and data given in this document apply to the Infineon Technologies group, except for International Rectifier companies.

February 2016 Copyright © Infineon Technologies AG 2016. All rights reserved.
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Wafer Fabrication Process (infineon
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November 2015 Copyright © Infineon Technologies AG 2015. All rights reserved.
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: infineon
Complicated route for one wafer .. (fineon

IMPLANT Defect Density ETCHING
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Manufacturing steps & path of a lot throug a single FrontEnd Factory!
set date Copyright © Infineon Technologies AG 2015. All rights reserved.



Enormous development of semiconductors -
costs per function decline 30% each year

. “The number of transistors
Transistors on a

Per1Die | chip doubles every 18
10 } months.” G <0

Moore’s Law 512M
10° [Moore’s Law] 256M
128M Itanium " 2 Processor

1n8
If the automotive and aircraft industries developed at the same
rates as semiconductors in the past 30 years:
y_

(infineon

A Boeing 767 would cost $500 and circle A Rolls Royce would cost $2.75
the globe in 20 minutes on 5 gallons of and get 3 million miles a gallon

gas.

set date Copyright © Infineon Technologies AG 2015. All rights reserved.




The outlook for the global semiconductor
market is cautious

Infineon

;

Global semiconductor market
in billion $

348 364
7 %
336 335

298 300 595 306

248 256 249

227 226
204 213

166

137 149 139 141

126

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Market size (revenue) B Forecast revenue range

Source: WSTS for historical data. Forecast: & of WSTS, IHS, Gartner, IC Insights; last update 28 April 2016

May 2016 Copyright © Infineon Technologies AG 2016. All rights reserved.



Semiconductor Industry is challenged by steep Ramps,  (igfineon
short Product Life Cycles and long Cycle Times

Fast changing demands vs. fixed boundaries

Base ANALOG 1 DIGITAL ]

technolog
“% of semiconductors o o, o,
in price production 2 2. 30 % 8540 %

1000 m
GSM

» Steep
Product Ramps

»  Short Lifecycle

USER PASSIVE ACTIVE
Source: Dataquest, ST

shown at IEF 2005, Malta

g
: : » Long
Suppliers Semiconduct Customer Customer of C I T. m
oo BT B0 vn 0 Bt d pietis =
£ Cfineon Consu gsiw, -
=B e el » Early in
- — Value Chain

< 4 months


http://www.sonyericsson.com/
http://www.nokia.com/index
http://www.kcomputing.com/images/freescale.jpg

Performance Gap Caused by Complexity (fineon

> Total 600-900 steps to complete a wafer fabrication process. (average one
wafer stay in factory for 45-60 days , and there are 120K wafers in one FAB
..), to make a good MFG performance, need to :

- Right time for best CT / OEE / CLIP

— Right machine for best CT / OEE / CLIP / Quality
— Right recipes for best Quality / Yield / OEE

— Right lots for best CT / OEE / CLIP

> Without MES in Smart Manufacturing

— Every step is based on paper traveler and human availability
» 40% CT gap + 20% OEE Gap + 8-15% vield difference + 6% CLIP difference

set date Copyright © Infineon Technologies AG 2015. All rights reserved.
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Basic Manufacturing Physics —
(speed of control — deviation) (Infineon

where
ok 2(m+1) (C:S2 -+ C: ) o =Ultilization of the tool group
Queue WIP = 2 ( 1— ) m = Tool number of the tool group
r C, =CV (Dev/ Mean) of effective service time
and cz-lCi—-(A-p*)CZ-1)-1]vm , (Lot Run time + 1)
s 2 - g - -
Pr C_, =CV of inter —arrival (move_ in)time
due that Cs data iS not available in MES Cd =CV of int er _departure ( move_out)time

Cost competency

performarice gap
Hold Lot performance gap (CT)

Productivity performance gap (OEE)

Set date Page 14 Copyright ©



Control Theory (1960) Cinfineon.

> Control theory have been widely applied in semiconductor industry for cycle time, CLIP, productivity, Quality .

Performance
Assessment ?

Comparison
Cycle (Real-
time, Hourly,
DETI\VARIETS VA
Monthly,
Quarterly..)

Performance
Target and
owner ?

Feedback Action &
Owner (none, real-
time, hourly, daily,
weekly, monthly,
quarterly)




Manuracturing competency
- Smart Manufacturing improve MFG performance C@fineon

CT: 1 . 3 D/L (FE) Indicative quantification of value drivers based on McKinsey research
Onetime Delivery (d): 99%, simonares comet imcroass by 3 - 5%
OEE : 78-85% ——

20 - 50% reduction Servical

Line Y%: 99% e o marker

Forecasting
accuracy
increased to 85+%:3

30 - 50% reduction
of total machine
dow ntime?

Costs for quality

reduced by 10 - 20%8 45 - 55% increase of

productivity in technical
Costs for inventory holding professions through auto-

decreased by 20 - 50%:* mation of knowledge work?
1 Ci. McKinsey Gilobal Institute: >gd31 Th a-mnm e for nrmanm mpetition, and productivity 2 McKinsey analysis
SSSSSS sey analysss 4CH nstitute: p( ‘echnologies S See, F ample, ABE case smdy

A e S homas, ten Horapeh Mt ngaLngse} Birgit sg] Indusine 4.0 in Produkiion AutomatiseningLogisik (2014)

Courtesy of Mckinsey

10%-20% cost gap
Faster time to market

CT: 1.8 D/L (FE)
Online delivery (w) : 90%,
OEE : 60-75%

Line Y%: 95%

set date Copyright © Infineon Technologies AG 2015. All rights reserved.
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Industry Path to e-Manufacturing Cinfineon

e-Diagnostics

e-Maintenance

Data Collection

Integrated Metrology
b, Fault Detection & Classification

4PC

abili .
. tiag Wn Control
Real-Time Decision-Making

\

Equipment WIP Spec Scheduling & Factory

Communication Mgmt Mgmt Dispatchin Operations .
¢ o P ¢ P e-Manufacturing

Real-time Mfg Control

P
<

v

Manufacturing Execution System (MES) and Equipment
Integration

Direct

fomee —
a N

Intrabay
AMHS

Interbay
AMHS

O

Carriers

Source : ISMT — TSMC 2003 roadshow



Full-Auto in 300mm.S~~i~~~4uctor Industry Cinfineon

Feed forward Feedback

Polish rate iz
Pre process ||]|:>
variation

AL

ITRS Matrices :

Reduced Cycle Time (0.33 for HSR) NPW reduction (<16%)

Improve Equipment Utilization (90%) Improvement Throughput (5000/w 193 scanner wafer out)
Reduce Losses from High Mix Reduce Average delivery time (8 min)
Ramp up time (4 month)



Full-Auto (Smart MFG) enable advanced MFG management —
— this is called Smart Manufacturing (infineon

o]
] N © z 2
WOD ~TGT _Date | = & = @ E . & s 2 _
N 7 % =TT < & 2 =8 & 4
Remain_CT b £ E 55 & - 1;" |
= oo < E = g
E 8 \ - g o
> 0: Delay £ % S P 0 o o 1§ 0.80
< 0: Ahead o —— 4 ’
-10 oy .64 1.80
1.62 - 1.61 Implement Lot DSA SPC System
§§§§§§§§§ § § 388888585888 ¢8°¢8 0.60 .90 1.38 1.38 1.34 A 1.50
__________________________ 1.20
RE—
0.40 P —_— —————— L]
0.08 ea) o099 o.98 o088 1.02 0.90
0.20 019 0.60
0.20 | e -
L 04z
WOD —~TGT _Dare e S— 0.08 QD
Remain_CT =
0.00 0.00
I % " Ap may June ury Aug sem ot
> : elay
) - e —
<0: Ahead e C/T Dev *— Lower —=— Upper TGT_CIT
e za@oa -~
SESSESEEED
Siox s aiss
§85532833¢
U B R e
FEzgzaziz

SP-1 0.16um Count Raw data (Mean of 4 sets)

I~ (2] N [P (o
% E;ﬁ A7 ) P/~ _|oRAT.wafer
Agent Rules 250 - J [ ranafer :

[ Golden Path finder ] il
o IS 20 A B o | —~ -
300 5

1 I I i R A g  m e oy % 250 P 1/ i w If | .

(:‘:‘) (D) (;r:; € @ ) L;E) S 200 | ¥ + Uit s o

oo i o ) i ——* ~ D 150 | £ h T . A
4 - W A C T D 100 tes o2
S — P B e et

?"' <T> T CTD (T) <T> &j“) (1) <T) CT> 50 a
PSG Contact I-Via I-Via I-line PEB Cu Cu Cu ¢ e SR EE e 8L i8z333¢8z33;:5E2:c3¢ez28¢8
Dep. Etch Photo Etch Coating Seed ECP CMP ééé% Egggﬁ%é%ﬁ%%%ﬁ%%ﬁ%é%ﬁ%égﬁ%g
Days

Defect SPC data integration into dispatching for yield improvement ‘

set ueree CUPYTIYIIt W& i ie U TeL I IUIUYIeS MO £ UL o AT T IY TS TeoTT veus



Agenda Gifineon

Introduction of Infineon
Semiconductor — an ERA and complicated manufacturing
Answer to all MFG performance issue — MFG theory
How does semiconductor manage the complexity
> MES based Smart Manufacturing Implementation

Summary

P2
\///

R eoe .
A T,
Facro va BEAR

INTEGRATIO



Infineon has already implemented various .
Industry4.0 elements in our factories (afineon.

German chancellor
Dr. Angela Merkel
visiting the Infineon
Dresden factory,
hosted by Infineon
CEO Dr. Ploss

2016-02-01 Copyright © Infineon Technologies AG 2016. All rights reserved.



BEAR: Advancing Quality @ BE Cinfineon

BE Manufacturing Excellence

- — - T -

L -
ST v

Paperless Traceability Line Control & Engineering
Manufacturing Capacity Mgt Data Analysis
® Elimination of manual ®m Chip and Module ® Improved OEE & IE ® Advanced Process
data handling m Material and tools Capabilities Control Capabilities
= Automated Data m Closed-loop Industrial || ® Scheduling & m Life span management
Acquisition Engineering Analysis Dispatt_:hi_ng of sockets, tools &
m Automated validation of Capabilities Capabilities fixtures

material & tool set-up

Seamless Product & Material Iden cation and Tracking

Paperless [/ electronic Equipment & Key Process Data Acquisition

Confidential Copyright © Infineon Technologies 2012. All rights reserved.



pc F1 Application LandscCape —
= Camstar and it’s integrated applications L/lnfmeon

= i 1
[ SAP TEM ] [ SAP MM ] . E“t!e{lplr'se. ; [ Delivery ]: E SPOT |
KPI Indicator —— ! -
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: spatcnng e, > |
[ I Main &Output UI_J iFAS4Softbin [ > ; Camstar Online | !
| - - 7
1 [} 1
B o | = 2 irkporamge—
! - | | a Reporung « !
' EXECUtion System : = Analysis :
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: [ Archserve J ' ' [ APC J !
1 1 1 - 1
i [ BE EAF / FAST J { ACM DB | | PCM ] | MIMS ] [ oTI J : | | SPaCE J i
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(Infineon
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inaustry 4.V —VDMA, German engineering —
Federation — Assessment of 14.0 readiness nfineon

Toolbox Industrie 4.0
Products
U, P e ALn puaTEE
gt O Lol Ra skl ¢ =, |20 =Bl R Bl &

Toolbox Industrie 4.0

M Industrie 4.0

Thes ekt marman o

D st ez

set date Copyright © Infineon Technologies AG 2015. All rights reserved.



Basic Assessment of BEAR with VDMA

=8 =)

Data
processing
in the

Automatic process
planning / control

RMS / Test Program

7o

5
721 EN

Web services (M2A4
software)

Inter-divisional, fully
networked IT
solutions

i Evaluation for
productlon No processing of Sforage of data for Analyzing data for rocess planning /
data documentation process monitoring P P g
control
Machine-to-
Communica-
tion (M2M ; .
( ) No communication Field bus interfaces Industrial ethernet Machines .h_ave
inferfaces access to internet
Company- E
wide
networking
with the i ata formats
. No networking of Information exchange Uniform data g};{;‘foj;{;;fﬂh format
productlon production with other via mail / formats and rules divisi Iy linked
business units telecommunication for data exchange drws:ona y linke
ata servers
D>< D) =1
. r=rd = O
ICT infra-

structure in
production

Man-
machine
interfaces

T

Information exchange
via mail/
telecommunication

LA
T

=L

Central data servers

in production

Internet-based
portals with data
sharing

Automated
information

exchange (e.g. order

fracking)

tomers are fully
integrated into the
process design

(

MNo information
exchange between
user and machine

=L %12,1“

Use of focal user
interfaces

Centralized /
decentralized
production

Use of mobile user

interfaces

RADAR / MO

Augmented and
assisted reality

Infineon

SPC/APC

BEAR

Back-End Automation Roadmap

Master DB / Due Date

We are in 14.0. Are
we smart ?



Smart Factory (enabled with BEAR toward 14.0)  dnfineon

@inly human decision without information or \
limited information (dispatching, scheduling ...), also
could not see the decision quality.

+ 300-500 human decision (dispatching/ material
validation/ lot searching/ test summary check...)
for all operation steps for one lot.

* 400-800 human-decision for devices level
execution (strip location, device level

traceability..) e
Qjman Execution (move / load) h?qﬁ j
- @

+ Inconsistent Quality gating (product mix)
+ Inconsistent Execution performance (dispatching)
* Huge communication effort by human

Create factory intelligence to replace human

decision .

« Dispatching / Material validation / Material
searching / deviation response / Strip validation
/ auto data collection.

« Image recognition automation.

Human Execution (move / load) -> AGV

Consistent Quality (test summary check)
Consistent Execution performance (dispatching
compliance/ tracking error)

Minimum_human _communication

set date Copyright © Infineon Technologies AG 2015. All rights reserved.



Example: comprehensive real-time quality control —
For next level of Zero Defect (NLoZD) (nfineon

250

Material Validation Erfor

200

[y
[
o

Number of lot

iy
o
o

50

4041 42 43 444546474849505152 1 2 3 4 5 6 7/ 8 9 1011121314151617 18 1920212223242526
Lw

B WorkstreambDDM H|CamstarDDM

100% material going through
CAMSTAR material validation
instead of human guidance

There is guidance for material

validation, but never trigger error
without automation.

For internal use only



Back-End Automation Roadmap | CGifineon
BEAR - Camstar as an Enabler of Stable Manufacturing

=PO Mal BE Spills cacc
15 - mm PO Batam Lo
== Test Sin |
=] -=-0OP BE target

===0OP BE Stretched target

m 7 DSO, SS08, CC Roll out

(-]
s POB Roll out —
BE Stability Index
100%
2 -
|||||||||||||||||| s 1516 Oct-15 Nov-15 Dec-15 Jan-16 H
I 75%
50% =
2 = R - T e e e R R T T R - E R T R - B R B
E & 5 % 5 # 2 3 5 5 = £ g & 5 % 5 2 2 3 E: = %3

Copyright © Infineon Technologies AG 2016. All rights reserved.



Example Chip Test: 25% Productivity gain —_
through Automation enabled closed loop control (ffneon

5000000 | | I | | | I | | 1 1 | | I | | | I | | 1 | | | I | | I | | |

5000000

2000000

3000000

TEST OUT

2000000

1000000

o

2013-02-27 Copyighight I8fingrRdShNPIRGISiIAS K8 bB1A!l RighisHeSRI¥E Y ed.



Example in On-time delivery: Improve CLIP to 98% —
through integrated, consistent demand/WIP dispatching Cinfineon

EOL Clip History Detail
Date From: 29/9/2012 07:00:00 Date To: 4/4/2014 07:00:00

[== DSO150/SSOP |
T T T T

100

90 A ]
80 ~ 2 O 0/0 :
70
60 :
50 i
40 ]
30 i
20
10 |

0
201331 201335 201339 201343 201347 201351 201403 201407 201411 2&1415 201419 201423
Week |

set date Copyright © Infineon Technologies AG 2013. All rights reserved. m
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(I4.0) Automation Based Manufacturing
Full coverage of Automation - Function view

KPI L Svystem | MEG Capabilit

o __
(Infineon

)

)

>

)

set date

No human
communication

Fast response

SCM integration market..)

>  End-to-end supply chain (Customer, RD , Time to

No human
communication

Fast response

Performance Deviation detection and response
action assignment (Scheduling / dispatching /
central alarm / mobile phone)

No human decision

Fast response MES (control all 4M to follow cefined
Good quality w/ operation without human decision)
human deviation =

Riq = M\ MAL SEN |-

> Precise operation (do what defined)
- MES / APC / SPC ... with
€ compliance check

e r s s s s PR

\/

No human
operation

deviation

> Automation Operation
with consistent operation
performance

Copyright © Infineon Technologies AG 2015. All rights reserved. m



Human Decision in Manufacturing

- Are we smart manufacturing : operation view.

Continuous improvement control in unknown area (14.0)
(OEE improvement, Yield Improvement, CT improvement,
CLIP improvement, Cost improvement )

Deviation Management

o Rl
Improving cost
Improving quality
CSR

Dispositioning

rrrrrrrrrr

(DDM, ALF, Machine Alarm, Material Alarm,

Man Alarm, SPC alarm..)
d ~100k/m §

Employee data updates
System updating
Reporting

Legal procedures and filing

Standard Operation

(Lot selection, machine selection, PM
planning, data collection, ..)

[ ~4m/m |

set date

Positive value
add
(opportunities)

Negative value
add
(interferences)

Sustaining
(necessities)

Positive value
add
(opportunities)

Negative value
add
(interferences)

Sustaining
(necessities)

Courtesy of Soo Hee

Copyright © Infineon Technologies AG 2015. All rights reserved.

(infineon

Early detection ??

Fast time to Market

= Same or less human
resources

= Job satisfaction

® Less materials cost

m Less capital cost

m  Less risk of quality

= Faster time to market
= More people potential

Auto Inspection

Less quality issue (test
summary check, RMS..)

Less data collection
Less human decision
Standard Practice

Auto Inspection



Success factor for a global MES implementation Clgfineon
» Project Management Setup (professional project manager)
» Clear end in mind (Smart Manufacturing but Automation)
» Competency in MES development (CAMSTAR, SPC, APC, EA, ..)
» Competency in MES Operation (production dependence)

= etory

' L2 %i0
;'0", |nlegra"q£i
R

nseTime & CAMSTAR Transaction volume by Month
a2 3,’ | .
|
= |
54 :
- : : .
g1 : i
g4 : : -
gl ——i : .
- I T S T
€;] . 4 H
I BERe=es !

T T U On Cartas T Lt
Sl bbb 2N Cenfer L]

:::::::::::::::
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FI/BEAR have brought below new MFG & Benefit to OP
BE, including MES/EA/SPC/DDM/Reporting..

[ Traditional Operation ] [ New Manufacturing ]

- People Productivity +
3-5m per year.

Production CECLZE DL A LC o sl e SEC D - planning / Dispatching by automation as

Planning R e well compliance check and improvement.

OEE+, People
Productivity+,
Quality+. 4-5m / pa.

Auto material/machine validation. Auto

defined recipe / test program /wafermap download.

process

AUCO data CO ONn O Mmateria ory ithou

TR machinge sensor, quality data which, human MOTI'c LI QEE /

1ad:- M+ (5. AN ITHhO

- DCliidvivl: Quali*v gatina “APC)
U \.J

-~ automation
action assignment and monitoring :
(SPC/APC/CAMSTAR/DDM/RADAR) Quality+. 20-50m/

Manuaity deviation nonitoring /
recovery for Material / Machine /
Human

211011 Tal

Human Visual Operation / Material
Physical transportation / PM activity / Recipe
Operation Tuning

i Auto Inspection, Auto Recipe download, T _ Productivity+,
Auto Machine Tuning, Auto Transportation LS Quality+. 4-5-30m /

) Long and ineffective analysis for : “~"OEE+, People
: Offline . . Standard analysis method based on » PEOP
Analysis performance issue (CLIP/ Quality / OEE) consistent data collection / quality. 2 Productivity+,
based on paper and human. Quality+. 3-5m / pa.

35/ Manufacturing Competency : : ystem Competency
rACTORYe (Scheduling, New MFG design, Ser"("l?%f_’e}g’ﬁ;y g&mgit)ency (CAMSTAR, SPC, APC, EA,
NTEGRATIO MFG performance analysis) ! e Reporting, Oracle.)

set date Copyright © Infineon Technologies AG 2015. All rights reserved. -!u



MFG Capability Cockpit view — review CAMSTAR maturity in factory

Site / Segment

RGB CC

for internal use only

@)

10%
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4%

2%

0%

8.18%

o A— RBG CC

5.79%
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Copyright © Infineon Technologies AG 2016. All rights reserved.
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Takeaway from 2016 China Semiconductor e
Packing/Test annual conference in Nantong (fineon

» Huge investment power (billions) from government funding to
support China semiconductor to acquire global semiconductor
companies (Statschipack. AMD, ..), also build h

s

— — @ixgmﬁﬁ;& e,c
RS Ry —— . = ETEHENRay,

T
X CES Rl T TTeeeRe —iew
gy

2. AR - WRIAMD M b 5 18

f E‘Q e % ERBE: WAERERRLEES
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= i & Rme

. : 10. itk sunEs 3
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Our Opportunity Cinfineon.

High

T

Function

Low Industry
BE Auto

Low < Invest Cost > High

set date Copyright © Infineon Technologies AG 2015. All rights reserved.



Infineon Spearheads “"Made in China 2025” with

Expertise in Industry 4.0

Infineon Powers "Made in China 2025"

Chinese
Manufacturers
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Infineon focus on Chinese market
and localization, contribute to the
development of china

Infineon deeply understood the
Our different reality and challenges of
perception German Industy4.0 and Chinese
strategy “Made in China 2025”
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Automatic 4M Control Leads IFWU to Success
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Wuxi’s Top 10 Internet of Things Demo —
Projects 2015 eon
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Summa ry infineon

f

» Semiconductor is one of most complicated manufacturing. And
semiconductor has demonstrated smart manufacturing in last 2
decades.

» Using smart manufacturing from semiconductor could improve MFG
performance to improve production competency.

»  MES play core of Smart Manufacturing including MFG know-how,
Reliable system and System scalability.

> PLM_MES integration could significantly improve time to market .

» CISMA (China Infineon Smart Manufacturing) build the synergy to
help China Manufacturer toward Industry 4.0 to become smart
manufacturing.
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