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The Semiconductor Environment

An Industry Comparison (... easy to memorize)

What if ...

...the Automotive
and Aircraft
industries
developed at the
same rates as
Semiconductors
did in the past 30
years ?

=15 mio miles
(570 x across the globe)

Jeffrey Rayport, professor at Harvard Business school



Dec 23rd 1947: The Starting Point of the @
Semiconductor Industry

Because

First Introduction of Moore’s Law
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com ponents per integrated function

Electronics Magazine (35 anniversary), April 19, 1965
ISS Europe
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Moore’s Law - in modern words: Much more @
functions for the same CO, consumption

Focus 1
high switching < Focus 2
frequency and - high current
high density + low resistance

Infineon is a key enabler of sustainable society

More than

1.2 15.8

million million

tons tons
wl x

CO, burden? T_’f; CO,savings?

Infineon enables a net ecological benefit of more than
14.6 million tons of CO, emission reduction per year

1) including manufacturing, transport, material, chemistry, emissions, water, waste and waste water, energy consumption; values are based on
internal figures as well as official data for one year.

2) considering only automotive products, lighting, PC power supply, regenerative energy production (photovoltaic, wind) and drives, calculation
based on average lifetime and Infineon market-share.
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| infineon
Infineon at a Glance

B Revenue FY2014: - Ener Efficienc
4,320 bn EUR 2 - o/
m 34,000 employees |=§;,‘\ Mobility

m > 22,800 patents and
patent applications

| Security

Market-Oriented Busmes Structure

Automotive Industrial Power Power Management Chip Card & Security
Control & Multimarket
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Semiconductors are Levers for Innovation, @
Productivity and Economic Growth

Automotive / Industrial /

ﬁ Medical / ...

WW: ~$ 30,000 bn

x 20 - :
100 Electronics

. WW: $1,600 bn
x5

Semiconductors

WW: $298
[ levers ] bn

B About 45% of the OECD Economic growth since 1985 comes from
increased productivity; electronics is a key driver for this growth.

m Up to 80% of innovation in automotive is enabled by
semiconductors, even more when it comes to Hybrid and EV.

Source: DECISION, ESIA, Future Horizons, IMF, WSTS 2010, AUDI, OECD Factbook 2013
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Semiconductor Industry faces steep Ramps, @
short Life Cycles @ long Cycle Times

Fast changing demands vs. fixed boundaries

Base | ANALOG | DIGITAL |
technolo:
% of semiconductors
1000 m 29 12 % 30 % 35-40 %

in price production
GSM

100 m shownat;IEFZOOS. alta TV color . Steep
Product Ramps

m Short Lifecycle

1990

USER PASSIVE ACTIVE VE
Source: Dataquest, ST
shown at IEF 2005, Malta

> 3 months
Suppliers Semiconductor Customer Customer of [ | Long

Industry our Customer -
| " t v ‘e | Cycle Time
d nfi V.
Infineon NBK.A .

\f

< 4 months

= Early in
Value Chain
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Our Supply Chain processes are designed @
and documented based on the SCOR model

Core Processes Processes

Vision to Plan >

| \
Market to Business) Innovation >

-

. Demand to Cash )

\

Plan /
o~ Make

Source / 7 Deliver /

/

/

Return’ Return




IFX Supply Chain spans From Supplier’s
Supplier to Customer’s Customer

afineon

Plan P
Source , Make - Deliver ,
_Return £ According to SCOR _Return ©
Supply Chain Operations Reference; from Supply Chain Council.
. i
Suppliers O @ @ 8o $ <~ «a@mu | Customers
| Wafer StOCk) FAB >I SORT >| DIE BANK} ASSEMBLY>| TEST >| DC >
AL _ & reLTa
THE LINDE GROUP = | (S ©) BOSCH
Buffer /  Upto500 process Buffer / Buffer /
. I . Stock sepe Stock Stock
siltronic gemalto” : @rc
perfect silicon solutions tD ‘:c?
Foundry Partner Subcontractors @
Bmkgg SIEMENS
mmi% FLE>TRONICS
O Ewww -
KYEC KYEC RROW ELECTRONICS ———:A""Ert

2015-01-27
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Front End and Back End Processes -
Cycle Times of up to 120 days

Front End &

Plan

A

: ce( Make (") Deliver w(

* ustomy

Back End

afineon

Front End (CT 40-100d)

Furnace
Implanting
Deposition
Stepper
P orocess RGN
steps Wetting
2015-01-27
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Stock
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[]
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DIEBANK , ASSEMBLY TEST

il

Sawing

Die Bonding
ire Bonding

Moulding
Trim & Form

<

Chiptest
(Burn In)

Copyright © Infineon Technologies AG 2015. All rights reserved.
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Up to 35 Revolving Lithography Steps per Wafer @
Transform the Design via Masks to the Wafer ...

. generating a three dimensional” landscape on the wafer surface

another is exposed

23 -

4 Effect on the open
. places only

Lithography method: one chip after

Resist delete again

Process cycle ’ ‘ 7
6

-y A' e 5
mp

T Photo resist Exposure Develop 3
1 1l

| 2

[ ] |I 1

Next exposure step — up to 35 revolving steps

Other processes as etching,
doping, layering can change
the surface of the wafer
permanently on the places
that were exposed within
lithography.

Lithograph
iy ;' Layering,
Etching

2015-01-27 Copyright © Infineon Technologies AG 2015. All rights reserved. Page 14



Frontend Production: Cinfineon
Up to 500 process steps are essential for Quality

FURNACE - Oxid IMPLANT Defect Density DRY ETCHING PVD - Sputtering

—rlrr’,

>\ 4 .\\u\v.l ¢ 4 3

L | 9y CT ) "‘"
Ll | B CT: Cycle Time
© FF — — 1 RPT: Raw Process

B ENwESY I IENS

YL N _’< =

‘h AV ae———
y o2y

L

METROLOGY* LITHOGRAPHY CVvD

CMP

* test step according to lithography
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In the past it was required to manage

Frontend SC fast, cost efficient, full visibility

Gafineon

FURNACE - Oxid

IMPLANT

.— 41
-/ y o

—
-~

Defect Density

METROLOGY*

DRY ETCHING

PVD - Sputtering

* test step according to lithography



Today we can benefit also from global production
flexibility — “The global SC is our new Fab”

Each new supply chain was a step to win customers via capa increase -
example from the qualification flexible mobile phone business

Fab
Taiwan

Bumping B) Taiwan SORT after PRI Assy SIN
Bump Altis - FR

-
||

()

\J

Fab Germany Ship from SIN

-----

SORT after SORT after

Bumping A)
Fab France Taiwan Bump Germany Bump SIN
] FX Asset [JFab [JTest (SORT&FinalTest) Not shown is
B . A bl Fi_nal_ Test Flex
£ Subcon or SiFo [JBumping  [JAssembly within

"""" Singapore



Infineon “s Supply Chain Network at a glance

Warstein Frankfurt

US Smartrac Deutschland
Semicron, Beijing

Smartrac

infineon
Korea

3xAmkor

Dresden

Morgan Hill

SHELLE]
NFME, Amkor,
ASE

ASE

) - :
*3* I China Weihei

San Francisco

Guangdong

Regensburg Flextronics

e - Philippines
o0 Villach 2xAmkor,
' Cirtek; PSI

Thailand

- Smartrac

Malaysia
STATS ChipPAC
Singapore
Malacca
@
©Customer -Frontend SiFo - Distribution Center
B Backend B subcon Cross dock / Hub

2015-01-27 Copyright © Infineon Technologies AG 2015. All rights reserved. Page 18



Make - Flexibility: a global distributed production @
network comprising SIFOs, FEs, BEs and SUBCONSs

Value flow (>7 Bn€/year)

SIFO SUBCON
. ALTIS . Dresden (DE) . Malacca (MY) . Nantong
SMIC . Regensburg (DE) . Batam (ID) . ASE
TSMC . Kulim (MY) . Wuxi (CN) « AMKOR
PSI . Warstein (Ge) . Singapore (SG) . STATSChipPAC
Zarlink . Villach (AT) . Unisem
Triquint +  Cegléd (HU) +  Carsem
IBM . UTAC
CHRT PSI

UMC



Plan Flexibility: Execution via integrated ‘

Business Planning T R TP
P1.2 Identify, Assess, Prioritize and P1.1 Identify, Assess, Prioritize and
Aggregate Supply Chain Resources Aggregate Supply Chain Requirements

Y s~ o G

P1.3 Balance Supply Chain
Resources and Requirements

Capa & Supply Supply Demand &

Provision Planning c Suppl;; )
onsumption

\ Production Order
— Management Management

P1.4 Establish and Communicate
Supply Chain Plans

2015-01-27 Copyright © Infineon Technologies AG 2015. All rights reserved. Page 20



Main Processes in Integrated infineon
Business Planning at IFX (llneon

o Capacity Demand Orders /

= 0

d S : : Forecast

[scsnario . Twerketing | fomes
o > Planni

(é) i, Capacities anning =

m

Aggregation For months 0-6

Bottleneck
Capacities

Planned Stock

Production Program
0-5 months

A 7
APS (Advanced
» Planning S.)
= Orders / EDI
£ Forecast
S E
o Supply Plan
Prod oo Target
R° . . . (ATP) Allocation
WIP equests Commit (AATP) orders /
ST — Process EDI
Visibility Production Forecast

Lot Track |° Starts

Confirmation

| System from SAP | APS = Advanced Planning sytem for (semi) automated Supply Demand Balancing

______________



Best of breed IT tools and well educated @
specialists executing the processes

o Capacity Demand
§ = S 5 Orders /
8 g cenario < S&OP S&OP EDI Forecast
»n E
© -
N A
m

*  (FIVRFC)
Mkg. Planner
Volume Planner

Capacity Planner

Demand

Planner _~

DM

A 4

Production Program
0-5 months

Orders / EDI
Forecast

Prod.
Commit

Target
Allocation
(AATP)

Prod. Requests

]

Workstream |e——»|

Orders /
EDI Forecast

—
Confirmation




Does this really need to be so complicated? Cinfineon
We have found no better way & experts see us leading

leg bringen

Supply Chain
Excellence Awards

European Supply Chain Excellence Award 2014

SupplyChainStandard 'y \‘/ A%

european
suppI)P chain o/ \o o/ \o

exXcelience

awards 2014

Automotive, Aerospace & Industrial
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Complexity management needs metrics for @
decision making

ed
COMplexity

Added
Value

2015-01-27 Copyright © Infineon Technologies AG 2015. All rights reserved. Page 25



The approach to measure complexity and
reduce the non value add complexity

B Goal: To measure complexity for decision
making for reduction of non-value adding
complexity (and foster value add
complexity)

B Challenge: complex problem are usually
twisted by many parts, and a holistic view
is needed

B Approach:

O use the holistic systematic called PROS
(process, role, object, states) to measure
complexity in a delimitated (but still
complex) system to find best fitting
solution (reduced non value add
complexity)

O Use a conceptual model & system
dynamics / Agent based simulation
combined with discrete event simulation
proofs the robustness of the solution

2015-01-27

Project goals

System delimitaton

calculation

Copyright © Infineon Technologies AG 2015. All rights reserved.
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Understanding the complex semiconductor Tafineon
supply chain via PROS

. CQpacity Demand
£ -
H g s&0P
Core Processes 2 5
Vision to Plan : E X
B a Capacity Planner Volume Planner
Market to Business Innovation
SPL Ul
le.
= Capacity Planner Demand Planner
H
Demand to Cash ] Dem:
/ ““—\‘ 8 Planned Stock Planner
£
L —1 -
g8
El
§ E
e w
-
Plan -
= - — e — Prod. Requests
’ ~ Orders
e — EDI Forecast
—_ —_— ] Planne @ b i ]
@ ’@ i Confirmation

]  APS=AdvancedPlanning sytem for (sam) automated Supply Demand Balancing

Processes Roles

Plan Position
PPQOS | Product category
for development.  1:N REP used on
[>) Sales Plan
| planning
l>|<] product for
- agaregated
sont 15 Sales plan
| 1N
DIEBANK
P4
|
o
| Sales
[u] Product
| Customer
ordering code
assy %
A
| N
X
% Einished
/ TEST | Product
> S / Production
\ 7 \ / 4 identifier
~ b
. VKL
l | : Z I Sooy
...... Supply
el e ! ! availability

Fab France Tarean | Bump Germany " | identifier




PROS - Example of a Process

Vision to Plan

Market to
| Business

Core Processes

> Innovation >

afineon

- Demand to
/ Cash
/
) Plan /
Source , o~ Make _~  Deliver ,
Return( Return(
i i i fe =] s e
B Vlsua!lzed in Swie m—ie mi—"
swim lanes o o
2015-01-27 Copyright © Infineon Technologies AG 2015. All rights reserved.
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PROS - Example for Roles e
being a SCP = Supply Chain Planer

i

Capacity Demand

Capacity Planner

o

= - Orders [

= Scenario .

= ‘E . S30P E S&0P fD! Forecact
3 é (FIVRFC)

e ]

B a

L
n @me Planner ﬂthi@?@

=]

ROIeS = Capacity Planner Operatl,_ Demand Planner
=
m
E Planned Stock
o ¥
£ 2
o
g B DM
3 ~
. . . 2 E .
o Supply Planner — |
Visualized in £ Orders / EDI
. = Forecast
swim lanes g E
Ll
=i Target
Prod. Requests Allocation
WIF Orders /
EDI Forecast
Workstream |4 .

Confirmation

PLP
[;,:u:_.—_ﬁ-:.:;;': I 17X cowe i o o weiora I AFPS = Advanced Planning sytem for (semi) automated Supphy Demand Balancing

(]
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PROS Example for Objects IR
— being a FP = Finished Product (leon

Plan Position
for development. 1M RFP used on

FAB ’ ] Sales Plan
planning
P4 RFP product for :
o | o oo Object
DIEBANK + T
; =
P ct
T Cust:mer
deri d
sy ‘l‘ ordering code
A . Visualized in class
) 4 ' diagrams
| Finished
TEST T - &
Production
4 identifier
Lw
VKL
@ ® ® DC BNO
TI(TI'T Supply
availability
identifier
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PROS Example of a State - @
being in process in Singapore at wire bond

Ship from SIN

Visualized as

object state
diagram

Fab France

2015-01-27 Copyright © Infineon Technologies AG 2015. All rights reserved. Page 31



How to measure complexity using PROS: infineon
ideas and formula —

B Complexity of elements (Ce)

O # of processes (V) O s L

O # of states (S) ‘ \ Process 1
Cory (o2 (o3 )

O Tuning coefficient of role (R,) oe ce

OCe=[[N_{R,"N-S

B Complexity of relationships (Cr)
O Connection between each process and state (X))
O Tuning coefficient of role (R,)
O # of processes (/V)
O # of objects(M)
O Cr =331 Zm-1RnX;

2015-01-27 Copyright © Infineon Technologies AG 2015. All rights reserved. Page 32



A simple example: customer order system

afineon

P1
: : .

P3
>

<
P2

<

»
P4

«

Customer

8 Retailer

P5
Factory

B Known: 3 roles, 6 processes, 2 objects (3 states for each)

B Results:

O Complexity of elements (Ce): 108

[0 Complexity of relationships (Cr): 15

Legend

%

Object

P3: Send Order)-----....____
P4: Response
to Order

Order 2

[ “=®eneratef
ey "_-"' 1’ ’

-’ .
s
. .
* ’
’ ’
’
’
s
’
”

) .

5: Confirm Orde
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... the real risk comes from the nonaligned (iﬁeon

supply chains - the bullwhip effect

Hlevel 4:
End-To-End SC -
Hlevel 3: Bullwhip
IFX SC
Hlevel 2:

Factory/Single Site

Hlevel 1:
Equipment/Workcenter

2015-01-27 Copyright © Infineon Technologies AG 2015. All rights reserved.
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The bullwhip effect — a non value add
supply chain complexity with big impact

Growth rates y/y: 1997:1Q — 2013:4Qe

World economy, real GDP growth [y,/y%]

5% A

4%

3%

2%

1%

0%

-3%

4%

-5%

2015-01-27

(infineon

-1% -

-2% -

| _
T
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T
\ I 5
] 1wl
I
J | |
I
J | - R
[
S R R B e R R S e BRI e R ER R R B R RS g|H|=;45f|ﬂ|ﬂ|E 2 ﬂFlnlnle
1997 938 1998 | 2000 a)| g2 | z20Mm 2004 | 2005 | =2ms | 2007 10 | 201 203
TDMM I i
I
| -
I
I
J | i
I
- T Fed line: WSTS}
) YN Y N ¢ ¢ N i
Customer OEM Tier 1 Tier 2 coi?:thi:;:or

mﬁ‘ @0 i AN o
7y U/
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Bullwhip simulation

Semiconductor Supply Chain Model

market

|| || ||
‘ omation Flow 1 ‘ Inforrnation Flow 1 ‘ _Elnforrnation Flow 1 ‘ Information Flow
enal Flow| . ) IEh.|'Ia‘t|eriaI Flow E, ( :] = I%I&l‘ial Flow E‘_ ( ) = Wiateral Flow ||

Supplier " semiconductor ) tierOne ) QEM
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Simplified simulation models help to reduce @
complexity, time and cost effort

Reducing complexity via simulation vs. reducing complexity in simulation

Example: Bottleneck representation of front-end

Benefits:

B Time to implement |
C) ® ® _
Non- Bottle- Non- ® Timetorun |

bottlenecks necks bottlenecks B Time to maintain |

Non- ...at comparable level
bottlenecks of accuracy on supply

chain level.
®
Bottlenecks C)
®
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We are now in an era of supply chain to
supply chain competition.”
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Building Supply Chain Collaboration Cinfineon
at the Speed of Trust

" "Nothing is as profitable as the = ?kb@? ?ﬁ'ﬁg
economics of trust” o
=
Simon McGlone, FranklinCovey Europe g
S NO

TRUST DISTRUST

“Building workplace trust is the best
GREAT investment an organisation can make,
Pm% leading to better recruitment, lower turnover,
WORK greater innovation, higher productivity, more

loyal customers and higher profits”.

ANALYSIS

/| “Instead of company to company
competition,

Great Places to Work Institute,
April 2011

We are now in an era of supply chain to
supply chain competition.”
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aSC3 (aligned Supply Chains containing SemiConductors (iﬁineon
via Science Centers) to master external complexity

Prof. Martin Grunow
Prof. Rainer Kolisch
Prof. Jens Brunner
Semiconductor Manufacturing

Technische Universitdt Miinchen (MASM)

DB aiba A

MRS IRELAND
& | Federal Ministry
of Education

and Research W
_ FEOPLE

| Michael Hennessy, Prof. Cathal Heavey

UNIVERSITY of LIMERICK

OLLSCOIL

%> Prof. John Fowler Prof. Lars Monch

Prof. Oliver Rose @ FernUniversitat in Hagen

Joe Francis & C. Hunsche Dr.Rolf Winter

,.’/ -

th ouncil
LS ZVEIl:

Die Elektroindustrie

Verband der AKJ

Automobilindustrie

\y
2
> | VDA
s
)
5
%))

/ iT,’_\‘— Darius Zand Prof. K. Schimdt

Prof. Briggemann-Klein

Technische Universitét Miinchen

Prof.Detlef Urhahne

Prof. Zangl Dr. Gonsch Jens van Scherpenberg
HQC‘HSIC_‘!-[_ULE

®
' Universitat :’;&Y.:.?L IANS-
WISSENSCHAFTEN 1 w k Augsburg LMu UNIVERSITAT
UNCHEN University MUONCHEN
Prof. de-Souza Prof. Kenichi Nakashima Prof. Hoppe

N US MD.H

W National University . MEDIADESIGN  HOCHSCHULE
of Singapore Prof. Takashi Irohara ==
o ~ Fraunhofer

§ —:Prof. Koh ,:fst i %‘ j( ?Prof. Bauernhansl ipa
)oK S MU © ¥ SOPHIA UNIVERSITY

SINGAPORE MANAGEMENT % FraunhOfer
UNIVERSITY J. Lentes 1a0
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UNITECH Prof. Hau Lee
International

\
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DREAM—simulation based application Decision support @
in Real-time for Efficient Agile Manufacturing

» DREAM Consortium %0

Simulation based application Decision suppor:

. . 7 in Real-time for Efficient Agile Manufacturing

2 Fraunhofer Fraunhofer I1AQ Coordinator, Research Provider
wo

ol

£

University of Limerick Research Provider

UNIVERSITY & LIMERICK

7 o Leotech Rapid Prototyping Industrial End-User
! und Werkzeughau GmbH !
Sléf)t?}l({ll]flc Boston Scientific Cork Ltd. Industrial End-User : i
=< nexedi Nexedi SA Software Developer [
DCU Dublin City University Research Provider
BALKAR g::kn:: cT:::;lrev i;‘: Cotton Industrial End-User www.dream-=simulation.eu
& UniversityofSuttaart University of Stuttgart Research Provider

—
(infineon Infineon Technologies AG hidustrial End-User

COORDINATOR CONTACT: jochen.eichert@iao.fraunhofer.de

. PRoJECTDATES | 01/10/2012 - 01/10/2015
www.dream-simulation.eu

‘- o FoF.NMP.2012-4 Collaborative Project ~ Project no. 314364

Project co-funded by the European Commission 1! Project co-funded by the European Commission w {
the Seventh Framework Programme (2007-2018) S the Seventh Framework Programme (2007-2013)

SEVENTH FRAMEWORK

NN o
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Executive Summary

B The semiconductor innovation
race continues; Complexity is
increasing

B Preliminary answers to master
this complexity are based on
PROS - aligned processes

SCOR), superior education
Roles), structured Masterdata
Objects) and visibility (States)

B There is a huge potential when
company to company and
industry to academia goes hand
in hand to manage complexity -
allow value add but eliminate
non value add complexity &
educate to collaborate

“Instead of company to company
competition,

We are now in an era of supply chain to
supply chain competition.”

(infineon
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I will be glad to answer your questions

Thank you very much!

Contact: Hans.Ehm@Infineon.com

Join me in LinkedIn: www.linkedin.com
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Innovative semiconductor solutions for energy efficiency, mobility and security.




