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= ~ %3* National University of Singapore
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= ~ %3* Nanyang Technological University
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earch scientists
Admin staff

chnical Staff

BEng(Mech)
Aero)

19 (by research)

Bl 3-4 pFA kiR

AR R AT

B % d Prof. Chen I-Ming 4 % 3% & 7 Robotics 7 7 3 47 7

UAV -~ Biomimetic Systems » Medical Robotics ~ Assistive and Rehabilitation
Technology ~ Micro Manipulation Systems - Modular Robots and Parallel
Manipulators 2 Wearable Sensors and Novel Actutors °
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B. f d Prof Lam Yee Cheong 4 % 3% % 17 Advance Manufacturing Centere #2

Laser Machining ~» Microfludics ~ Polymer Composites % Injection Molding °

C. 7 B Mechanics of Micro-System 2 #* § #_d Prof. DuHeJun % 4 %5 - 2 1 &

LR 4T

Hard Disk Drive Mechanics ~ Shock Resistance ~ Simulation and Control of
Vibration ~ Sensing and Actuating ~ Servo Control ~ Noise Control and Simulation
of Acoustics ~ Mechanism -~ Air Bearing Sliders Modeling and Design ~
Aero-elasticity ~ Tribology ~ Mechanics of Materials ~ Enabling Technologies for
Design and Manufacturing of Micro/Nano Systems ~ Investigation of Mechanism
of Micro Joining ~ Monitoring of Micro Processing ~ Methods and Software
Packages for Topological Optimization of Compliant Mechanisms ~ Simutaneous
Sensing and Actuating ~ Creak Free Coating SMA and PTZ Thin Films ~ Micro
Fluidics ~ Polymer MEMS -~ Drug Delivery Micro Device % Mechanical
Characterization of Carbon Nano Tubes °

D. 73 B Ultra-precision Machmmg 3 4 d Prof. David Butler % /i % o i& (B 4f
B a2y ERe
Ultra-precision Machmmg »Simulation of Machining Processes # Electro-kinetic
Abrasive Removal o

BTRBLOE R RN S AT

Robotic Research Center

B 3-5 % Robotics F &% % - #F g6 i1 7 FHF Lo WP INB E L F i
E AN r‘ﬂi\‘ p3ad dhm B Se e Gy R 0 EEDIAA T hnip
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FHERTBEAGE 3-7) *FHEAZ o 33 Medical Assistance 3% > B 7
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Centre for Mechanics of Micro System
R A T Center of Mechanics and Micro-system » 32

HE-LLFRRakE 51 B3-10 5 LB RBINFTRELAL -

B 3-10 L F &P«

Micromachines (MEMS) Centre

B P B E SEd Prof. Miao Jianmin 4 & o 1 & ¥4 Bi%F 5%
FAZEIE P o P m s P @ 5 Prof Miao s7ih < et i # L4p
3-11 % Micro-Machines Centre 3% i» 3% 5 2_ g %

ek
KL

o
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> -~  4%3* Applied Materials, Singapore

@9 2 2 p b= 43y Applied Materials Singapore- d % R 44,30 L H 4y
2R F® 1 Industrial Director Scott Watson ,—t 4G o &iﬁ)@ * 4L o 2 (Applied
Materials) f§ /i ~ MAS k%t ~ K & 1 42 4 S ey £ 3 @i & 40 WP - Watson
L4 ¥ RERELY > TERELEL 7‘ ’* 2R oo F e P A Ay A
PR B TR AR A AP L

Arad

o

& # 2 @ (Applied Materials) i 4
B MRS PRI E R A o2 R I8 BRRK E 110 B B4
B 14336 4 0 2EH TN 920 mE A B EER - A E ] R R
I *ﬁﬁﬁﬁiﬁwm‘iﬁﬁﬁﬁﬁ‘*%ﬁ%?&‘ﬁﬁ?4
oo R RS RN R - Bt e sl b 0 % 2 4o fli
P e 3 BK G 4o

Silicon Systems |

B 41 LR i

LCD Flat Panel Display Systems

PECVD Systems E-Beam Array Testers

AKT-NEW ARISTO™ 2200

Bl 4-2 o kom BXA

BHAS 2SR E LS HE Y L A
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Solutions for Solar Manufacturing

Crystalline Silicon Flexible PV

Architectural Glass and Flexible Electronics

Glass Coating Systems

Web Coating Systems

Appled AXL B70™ Compariment Coater

Applied TOPMET™

Bl4-4 HETFEA

&t Ht e F T %W@m£%‘%7$@m£%‘u&%%?@
oo e b XIRIRIE A H 2L EMAPM KA DI - Z P Y
4o @] 4-5 #19 o
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SILICON DISPLAY ENERGY &

SYSTEMS ENVIRONMENTAL
SOLUTIONS
Advancing Technology Delivering New Changing the
Innovating Productivity Technology and Scale

Energy Equation

APPLIED GLOBAL SERVICES ﬁ L2 I
I Driving Fab Productivity

45 G5 Ko

o

MAS (Manufacturing Automation Services) %% p # it PR7% % st
P aXEMagp st 0 g adbg > &350
(1) FHdZE ¢ 47 4] (Data explosion requires scalable systems)
(2) X & 1 42 % %% APC & % %5 A » fie % (Equipment Engineering
Systems/APC Solutions are now standard)
3) B* ?i)%ti‘?i%‘j (Environmental concerns requires continuous reduction of
resource usage)
(4) F4F =k %R 9 [ AF f2p & 2t (Data management complexity
requires manageable systems)
(5) # > % f# & e % s (Point-to-point solutions failing —need complete
systems)
(6) 2 zk it (Globalization/Consolidation continues)

B B AP S faA A 2 R E G T ks X A R
Level 0 % & ® % #% (Instrumentation) > Level 1 5 # 42 p # i* (Process
Automation) > Level 2 % #] #2 & £ i* (Process Optimization) > Level 3 & %] 34 {7 4
st (Manufacturing Execution System) > Level 4 &% % i& 2R 3] (Business
Planning/ERP) - MES Platform - Productivity Platform 2 Equipment Platform 5 H
ABRZBT L AR 4-6 T o

RS

\

BHRAS 2 FCEFE CJ g 2 MR S
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'The Total Manufacturing IT Solution @TP

Level 4 - Business Planning/ERP

l:l Instrumentation I e I - I I I E 5

B4-6 MEST 5 ~4 &4 T 5 %@ h

[

P (AN~
P

KA A
X H AR A ML E E3 £ ¥3% % 1 42 (Enterprise Equipment Engineering) T 5 2 2
F L & APC (Advanced Process Control) - E3 T 5 d E3 p # it (E3
Automation) » E3 4% &1 /P2 & 58 (E3 Fault Detection and Cla351flcat10n) » E3 R2R
(E3 Run to Run Control) > 14 % E3 Kk & |+ s¢ i §¥_(E3 Equipment Performance
Tracking) & &+ & % f?q\ o RN E3 £ EXRF AT S4B 4-7 om0 F e L

2 APC i stenZE o w ] 4-8 21 49 ¢ Mt > LB Ha & R 2
FEROIFF G > 2 RERETP o

'YMeAPC Solution Descripti

E3 FDC data collection and
reduction capability is utilized to
distill specific yield indicators

Consolidated

Data
Warehouse E3 FDCo
Analysis

B 47 E3 &£ ¥%é14T5

BHEL 2 e P E T L RN S
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W Applied E3 Architecture a

Applied E3 Components

= 3rd Party Applications
L_ Optional R2R EIE e (MES, CMMS, SPC, etc.)
T—

| Optional FD

: |
D } Client Application Discovery I
Applied E3 Core Blocks Server Handler Adapter Manager
[ ]
Equipment Interface | -
Model : ‘%4
5 : State
Equipment Adapter (e Data Service " Log -‘
Provider Server
= | |

I Data Access Layer [Embedded in each component) |

SECS/GEM
oPC

Sensors i o
Oracle Database 2 Carial _' i
= Data Collection Plans

A+ Web Services
4y NET Remoting (XML/SOAP)
—

MSMO Internal (XML

B 4-8 T

ray

o 7 &
iz v

1:)‘4

R2R Control
(Run-to-Run)

Bl 4-9 APC T -

£ 44 1% % %(Intelligent Manufacturing Systems)
Er > ERREG ran s g4 FET APF (Advanced

Productivity Family Platform) % & #h o APF ;& ¥ APF i 3F % *.(APF Reporter) .
?'T’Ei“‘i’k & %i(Real-Time Dispatch) ~ % i ¢ 12 % Li(Activity Manager) B IEE AR
% % (Advanced Scheduling) o % % % fﬁ%}&r%} 4-10 #7517 ° U i A MAS = FE K
—H#Z*“’ AR 3 B TR0 4[] 4-11 P71 o B FEEEAR R L 5 Gemini ik Fuo % SLiE e
Hv 3 % sz ek ik ’z’zr'E]412b T e

TSRGEICEE L bR T R LT K
21



'Throughput Optimization Solution Strategy @)

/\ Benefits
. '“duling {future) = Improves cycle time

= Built upon RTD/ ework -
= Focused around r.hnr: interval scheduling ™ REdUCES \fanance
of production

Activity Manager 3 : .
- Automatg response to facto_r],r_ events % - Improves |fneaf|ty,
= Standardize operahonal_ poin:!es WIP ba|ance, tools
= Extends value of Real Time Dispatch w s %
« 300mm: full automation of material transport 5 utilization
= Extending to 200mm and TAP =} F | 1__" f U't
= Fultis warer o
Real-Time Dispatch @ -
* Rule Based Decision Process % commttment
= Automate material dispatch. Standardize operational policies
= Proven value in reducing cycle time == Improves AMHS
= 70% penetration in 200mm, 90% in 300mm “ peﬁormanoe
= Moving into Test/Assembly/Packaging
RER A = Reduces
eporter
= Flexible TEmporaI Reporting manpoweﬂhead
= Manufacturing Intelligence coun[

Implemented in phases over time >

Bl 4-10 APF = 5 7 12 B

'Manufacturing Systems Application Suite @]

Level 4 - Business Planning/ERP

Y ORACLE

3 Level 3 - Manufacturing Executi

Q

Level 2 - Process Optimizati|

=

Level 1 - Process Automation

Ql

G - @“@ - @

Bl 4-11 MAS w Ff & 2 H B % )

BHEL 2 e P E ST L RN S
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'Gemini Overview

Applied APF
Real Time Dispatch

APF Repository

Scheduling Data

Schedule

Prediction

Bl 4-12 B REEAR LS

Applied APF
Gemini

Schedule

Eradicion

BHEL 2 e P E ST L RN S
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7 ~ %3* Singapore Institute of Manufacturing Technology(SIMTech)

97 2p ™ &R A4 s B/ ig BT 7 #7(Singapore Institute of Manufacturing
Technology, SIMTech) » > &7 H g 0 A 51 > Ld WMEREALEHEP A
TS e R A AR P L B RE B AAME T -
B ig HpprT g #repi g & Dr. Lim Ser Yong » 3% 3 manufacturing processes,
automation % industrial information = B#7 3 ¥ - % B OB FH e 4 Forming
Technology, Machining Technology, Multi-functional Substrate, Surface Technology,
Mechatronics, Precision Measurement, Manufacturing Execution and Control,
Planning and Operations Management o # i 3+ | % B ¢4 ¥ 5 Equipment
Innovation and Development, Microfluidic Devices Manufacturing, Product
Innovation and Development, Life Cycle Engineering.

B 5-1 Micro-gears by nano-PIM

® Forming Technology H e &

Forming Ti & Ti/Al/Sn Alloys Articles

Advanced Cold Rotary Forming

Apparatus for Castingof Thin Magnesium Strip

Forming of Magnesium Alloys

Micro-moulding of Plastic Parts

PIM of W-High Weight

Cu Composites Materials

Processing of Biopolymers and BioCeramics

Printing of Metal Powders
. Micro-moulding of Ceramic Components
. Liquid Metal Forging
. Polymer Modifications by Melt Compounding Technique
. Processing of Polymer Nanocomposites

WA Zp &t FPE U HrEr 2 MR 53
24
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®] 5-2 Forming Ti & Ti/Al/Sn Alloys Articles

e R Y] Hire

&l 5-3 Advanced Cold Rotary Formin

®] 5-4 Micro-moulding of Ceramic Components

® Machining Technology # v &

1. Ultra-Precision Cutting of Optical Surface on Steel
2. Dynamic NC Verification and Optimatisation
3. Green WavelengthLaser for Micro-machining

BHEL 25 P E T L RN S
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Bl 5-6 Green WavelengthLaser for Micro-machining

® Multi-functional Substrate & 3%

il .

LTCC Technology

Substrate Integrated Circuits & Devices
Micro-Patterning for Flexible Electronics
Signal Integrity Analysis for Robust Design

WRES 260 EPE L RS ERE Y L RRR Y R
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] 5-7 Micro-Patterning for Flexible Electronics

® Surface Technology Hitrs 4&

Integrated Shadow Mask
Advanced Decorative Coatings

Slip Resistant Coatings

Multilayer Coating for Al Alloy
Flat Heater

UV-Patternable Sol Gel Coatings
Super tough Carbon Coatings

Solar driven self-cleaning Coatings
Thermal Spray Composite Coating
10 Magnesium Duplex Coatings

)

] 5-8 UV-Patternable Sol Gel Coatings

0PN U AL

® Mechatronics #Hré 35

High Precision Motion System
Structural Vibration Measurement and Control for Precision Machines
Visualisation Tools for Microscale Tasks

2w

Robot Programming using Surface constraints

BRAS 2 FCEFE CJ g 2 MR S
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Mobile Manipulator

High-Precision Electromagnetic Actuator
Robotic NDT for aircraft wing inspection
Robotic welding with walk-through teaching
. Automated aerofoil restoration

10. Stereo vision for object detection

11. Motorised caster wheels

© 0 N o

B] 5-11 Automated aerofoil restoration

WRES 2060 E P E RS ERE Y L RRR R
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® Precision Measurement $ & 3%

Embedded System for Digital Level
Interferometry for Nano-Scale 3-D System
Toughened Glass NiS Inspection System
Surface Measurement Wavefront Sensing
2-D & 3-D Wafer Inspection System
In-situ X-ray Internal Defect Inspection

AN i

8] 5-12 Embedded System for Digital Level

SHWS image of focal points
i H
i . —
| -
1]
-
-
] 4
by -
- - =
S - ;
L]
i H
—==% —_—
[I H
=t
measuremen

gradient
calculation

Wavefront
reconstruction

Bl 5-13 Surface Measurement Wavefront Sensing

® Manufacturing Execution and Control jtv & 3

Automated Warehouse Control System for Airfreight Terminal
Remote Monitoring & Diagnostic System (MDS)

High-Value Inventory Tracking & Management System

RFID Tracking of Metal Containers

BREASZpHCETE U HE 2 RRE £
29
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RFID Track & Trace for the Retail Industry

Performance Prediction Engine for Encapsulation Machine

HSM Ball Nose Cutter Characterisation

Multi-sensor Error Prevention for Mould Making

Stamping Machine Production Control and Monitoring

10 Semi Interface Discovery

11. Plug-and-Measure USB-based Multiple-Sensor Sampling Adapter
12. ARM 9 Linux with FPGA board

© 0 N o

B] 5-14 HSM Ball Nse ut£éf Characterisation

Planning and Operations Management # ji¥ & 3%

Virtual Warehouse Simulator For Rotables Management

Gintic Scheduling System

SIMForecaster — predicts demand

Inventory Network Optimisation for Replenishment

Web Services Component Suite — A set of software components
Light-weight B2Bi Gateway for SMEs — for Supply Chain Integration
A*FBS

NNk wh =

WRES 2h 60 E P E RS ERE Y L RRR Y R
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> UMC Singapore Branch

SO0 3P FpmHETS 2P At 12+ 5 FIAR(UMC Fab 12i,
Singapore) > d ZRURE ~ BIE F B AT M LR )
L EALA ST B PR o

N e FECR 6-1 f17) 0

g

Az

Bl o1 RfLg 2 BMemTirien 24 BT/ R LT ESF

GOPH AT LT FRETEZRE AT (0B 6-2 P77) ¢

UMC i 4% -
R € 3
2 v 242

‘L ‘/)l""fx“ pH:U °

1HRR
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B 6-2 %3 iidet

MTEARA N FR-RRE P EET F AT R 12 1 & FIR(UMC Fab 124,
Singapore) fj /i ~FHET T RN F LB FFE HFP F LB IRHH P F
IR FBATLE B53F o

B &7+ AT 4‘:*?»5\ 12 v % [F1 B (UMC Fab 12i, Singapore) f§ 4 :

BHETIUMCO) L L A - B FRA1 27 A LMt ase e
ik 4 "‘f—é/% LY - RSB RIEBRAL P (1980 £ 5 0 A )y {;;‘%ﬁaﬁ
— R R hX gy \“(1985 £ VR L) BT AR BEREMLET T 1 FE
sha - ¥ AR T FCARY SRATORAR N o dodk ZARHEUR ~ 90 2 oF flAat
- 65 *ﬁ‘@lﬁ:}i/{ﬁ ~45 F A AR~ o U RA  UR A UELE SHE AR
FoAAXE TLF-BEA 12 vt Fl e Fl AL 2@ c BE P 23k f 2
HF 13,000 % f o P A~ AR BN E FREF RKG FHE L SR
FEP S o BEXIRE S 24 ) PEIRTE o

R xFredeT D ANE R p i ARS F (2000 £ 3 7 )~ A -
0.13 #cF %42 IC(2000 & 5 2 )~ &2 11 % - 3£ 90 2 3 4% IC (2003 & 3 7 )~ 90
AN RABERT > EHRETEEAQO04 £S5 ) ANERF - 65 FHE
5 (2005 & 6 7)~90 2k BFIN F £ 10§ 2 (2005 & 8 7 )~ A 41 % - 3f 45
7 o BARRIE IC(2006 # 11 # ) -

WAL B FPE QAT 2 R 4
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B 6-3 12+t 8% rfﬂ#’;ﬁ’ﬁ xRt oG 7fsl IR URVE: & F i e W
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B - BRI HoRa o A SE B P AT RRTHOR
#3 7 AR PER R HE ORaEER o e 64 AT o BT B E PR O
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1998 # 4= B T AZ A% 7
for Semiconductors (ITRS)#13%k = e 2>k T 35 &
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£ d
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Internat10na1 Technology Roadmap
’pﬁﬁ%ﬁﬁﬂﬁﬁpﬁi

éi,awﬁﬁﬁf”¢ni%WAfH“#%%°%%if¥% A% - 90
AARAREIIAL S ARDE TR 2P - @ 2006 £ WL LALFE
1ERS @gﬂMﬁé;fgé&%%ﬂ25°

_ TR ROE ST 5 T
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Bl 6-5 T WA 4 & 2k T I0E "
HETFIHENFTER

SR TN ER

i Fab 12A Fy > Tt

§T 2 fi4F %J Fab 12A fF % 1

AR EF

5 15 0B e B AL T S 6 AR 2

N F R BT

2o Fjtrag (%'3 i F;?#‘J;’ PN 4o B 6-6~[F] 6-10) -

(1)PM & 7 i
%iﬂ#ﬁPM

I

B> BT 4

s (PMQA, PM Quality Assurance System) :

PM W'F%FI,—T‘",: -’U‘:l ’f

Pt T A AT

ﬁm;ﬁ—ﬁ%

%8~ 7 MVA (Multi Variable Analysis)$ i1t 7 .+ PM Ap 2. 8 § 2 T & 77

FHETR PM AR £ 5 o

BRAS 2 FCEFE CJ g 2 MR S
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Why we need PMQA (FDC PM index) ?

Serious abnormal case (PM Related) Trend

/F{_YFV
49% of excursions
PM Related
=
==
=
FPM Relsted
Jan-07 Feb-O7 Mar-07 Apr-07 May-07 Jun-07 Jul-07 Aug07

49% Serious abnormal case due to PM issue
So, we can use PMQA system to define this PM quality

- L - i e St
Ber ACColiNT AL B

B 6-6 ¥ % PM Quality Assurance f§ 37

(2) E 7 %e48 7 fe % ¥i(Chamber Matching System) :

R EE A F FEk AT MVA (Multi Variable Analysis) 2. #£ & % f# &
Chamber Matching Issue °

Use MVA concept to solve chamber matching issue

-

From T1/T2 chart , we can easy find chamber matching issue
We detail check top 4 SVID FDC chart

B 6-7 %7 Chamber Matching Issue #§ 3F

BRASEZpFCEFE CJ g 2 MR S
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% % | (Virtual Metrology) :
PP BT 1% Partial Least Square (PLS) Function %% & & #t £ /p|(Virtual

$# 41 * Inline Data fR| & ¥ 9 WAT(Wafer
3% -

3)

I o) o
A F A

Metrology) #t it »
Acceptance Test) &

Virtual Metrology in CUCMP tool

Wel  Loadinload Stage Before polish P3 polish
oS o | Barrier Removal +
T‘,'m Oxide Correction

Cleaner Rqbot
Factory & Transfer Rabot
Interface ] J )
FOUPs/ Input & | |
Queve I iR

4

r Megasonss i)

\ Brush

r ﬁ . Brush P1 polish P2 polish

(A Service Bulk Cu —
JE_,), SRD Accass Removal Stop on Barrier

autput l

: Y | |\
ol
| &= “__gbx
Inter-platen

Integrated
Isolation & Clean

Optional Ory  Dry
controfier

Metroloy  Rebot

llﬁll

Polish time=Polish amount /Polish rate

«Polish rate = f (Pad life time , disk life time , slurry flow
rate , down force ... affect polish rate factor etc)

We can use PLS function to do Virtual Metrology

% e th i)
g ‘M e L TR |
- /M’W ‘ \/ \1’1\ ﬁ’ \\f\ i w\i I
: i
PR STV T e s e s s s
2 | Error Rate=(Y real =Y pred )/ Y real T R
1% * 2 / * J’\ /11
s NSV ATIWETS

s /\_‘ T T T | g
AR VATi (PAV LAY L S ¥
e Y \

\f i

Related coefficient (R2) can reached 0.9829.
Error rate of Virtual Metrology is about +/-2%
ssfly can use tool SVID to set up Virtual Metrology

.

] 6-9

BRAL B

5% Virtual Metrology f& 3% (2)

CE R i BE 2 TR S
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(4) L@ myr4] % $(Advanced APC system) :
7 CUCMPT ﬁﬁ 5 ; B o P EB T 4e ~ 4% ¥ 0P| Final WAT Feedback z & i&
APC k%> ¥ 3 »xezi® WAT 9% % i, £ (Standard Deviation) > WAT CPK -

Cross Module APC and Virtual WAT Using VM in CUCMP concept :

Historical metrology dat;

Metrology data

Floating Polished

Inline data ANTOURE

—

Pelish

TaTaN CMP APC/AM Time

FDC parameters: CMP Rate CMP Polish
down fl][[:E slurly ﬂuw Rate

Polish time=Polish amount / Polish rate

B 6-10 7 Advanced APC system f§ 3

SRR EIN S S

R ¢ p# it B2 42007 # #72RF12 £ B4EH 4R 5 = (GERL 2007 BFL ¢ B
L EPET R EARLEEE) D (DFE A E £ (Intelligent Robots) ~ (2)% 5 T 4
FL7 & P B (Opto-Mechatronics Systems and Inspection Technology)£2 (3) 7 £ 4|
#] 1% % ¥i(Intelligent Manufacturing Systems) e ~ =X {35 d p - £/ 2 & £ R
PREANSTEARNR F? BT R Bak - B AR 01 ARk
(Equipment Engineering System) -~ % £ 4] 3¢ | % & (Intelligent Predictive
Maintenance) % & #t & iE‘J(Virtual Metrology) > 4 S|P B ¢ P o iz = B2 AL
2 F?’ffiﬁai‘l—%ﬁ?é‘% o H P BT i m BB R FAMTRE BAE > Flpt AR Y

Tl G RF g pditF F’“ STARB Pm T RIPEL &2 (4o B] 6-11 2R 6-12
”Lr-r) M E AR FE AR BT R AR R R R R A EE A%

#w]—:t °

BHRAS 2 FCEFE CJ g 2 MR S
37



]

Real Metrology Data ¥;
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Virtual Metrology Data _]!i

: ek
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Data X; . | o® i e g
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[ Real-Time & OnLine |
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» %3 Qimonda Dresden GmbH

*f%’ﬁ*@fﬂi*ﬂil’%w’#k L Riig & 0 AR R
A AP ARMARSPAL R L TAF 3207 | G4 $ 27% (Dresden)12
vt &a [f] B2 (Qimonda Dresden GmbH ) o $%:f pF X | § ;} PR E D T

A RHE A

® 09:00~09:45 & FEp 4%

® (9:45~10:45 -3~ L BG4

® 10:45~10:55 R LR

® 10:55~11:40 %35 E1 i F %

® 11:40~12:00 ~ 13t

+ ¥ i o 7 (Qimonda, Inc.) 3 >3k i & ¢nDRAM EB7 > & 2007 & 4 ¥ i
LI R B SRR B AR TR R R

= o
% e DRAM A & o 7 % 3 ¢ 4B L L% PIRE 78 %&/ﬂ%"’riéi
3 W+ % E 74K Dresden 12 vt fu FIRZ R 53 0 ¥ 00 f2EE B
A

LABRE T FFEFHA O TRBEEROEFS 2 THFEY
i = w RBP P S B R s .

F e rrk$®T 1713500 &~ B 2 Z’)f’:‘&n”{i_‘: A 4 TR
127 & FR > = B A& mﬁﬁf;}ﬁﬁf# 82195 361 RE o

Our Global Footprint: FY 07 Revenues EUR 3.6bn
<
12% % M Europe
MNorth America

33% Asia / Pacific

IT%
Japan

BRASZpHCEPE U HE Y 2 RRE £
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IEARRTBREATIRE LT T P AHEK R
P> A RETEHEB T S BRY o

Strong Customer Base

( =
O 2 ©Sun mermsor  qaviowa (intel
Dell. EEl sonvy AMDO A3
Pl s FUJITSU ~nec R
fenowo TOSHIBA /SUS @ saiskz
h o

B 72 HFEodz i 3

B 7-3 512M XDR

512M XDR P &3 35 ) 7 A & &

* > 3 32GHz 3:# >»basedon75 2 ¥
FLHE o

B] 7-4 GDDRS5 standard

GDDRS5 standard(¥? AMD £ i¥)3 & 4-4¢
S (R AHDRET & 20GB/s
#8 % > based on 75 % 3 fLE o

Bl 7-5 DDR3 Products

DDR3 Products- 17 & »zic F 4> @ & 3l
AED HALBR ) NI ERIRE SV &
FLE JEWE IR ) i SO S LW So

BRAS ZpHCEFE CJ g 2 MR S
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TR E Rk R £

E""‘L 2007 & % 2012 # ré’ﬁ 50%cn= £ Z R o
CAGR 50%
5% m

- 10.000.000 e m

5 1000000 69% /_\

S5 100,000 62%

S5 10000 93%

£E5 1000 m

S5 100

s: 10

= 1

= 0 A ; ; ; ; . ;

1980 1985 1990 1995

Source: Gartner, Q1 2008

2000 2007 2012e

Bl 7-6 DRAM iT# 2 X k£ 4

#T DRAM A %kt B Jg

A KIE¥ B * Y Entry Level Server ~ # # it &7 & 48 ~ £ 5% T "% »
(v}ﬂ'%j: o

i#&ofv’(z!%

SRR ST

Expected Bit Demand CAGR 2007 — 2012E: 50% on average*

Entry Level Server .

Multifunction =
Printer

Mobile PC e |
Mobile Handset ’i\g

® 7-7

A % BB A PC P B

53%

62%

63%

64%

Average DRAM Market: 50%

#T DRAM A %kt B g

o I Selected Key Customers
Applications Low-Power Demand & New Design Wins

Server .

Ensure stability of systems

with ultra-dense DRAM packing:

low heat radiation

U3 ¢ S5un DeLL

Networkmg, —_u.g
Storage & zzr—:n; ;

Low heat radiation, Low power

D&AL 0 Alcatel-Lucent ()

Graphics @q

ndustial self-refresh, system reliability : MEM.,ACM CISCO
Microsoft SONY

Power efficient high
performance graphics RAM

AMDZ 55,

Consumer E

>

Slim cases without ventilation:
low heat radiation

CRE/TIVE' @ TOSHIBA

SONY 1
PHILIPS W THOMSON )

Mobile
Phone

Increase battery lifetime of
mobile devices

Q O (D]
Samisk Z

SPANSION
b

Gimonda Dresden Company Presentation - July 2008 -

® 7-8

WRAS EZpHFRE Qg g

Page 9

Copyright © Qimonda Dresden 2008. All ights reserved.

37 DRAM 4 % #3852 PC + 3
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Office Fab 300 Support & Backend R&D CNT

e \_;3_9 A 54 E’—ﬁ,@ﬁ@i CEE 2 BRI o LR
wr S T F e R £ 5 o

o HFEu w&@umw DTREHATENL ] bl oeg 2 X 2 B

oA FENRPBAE RS PEFEE > L 4‘35 AEHEFE e F

iiﬁﬁ”ﬂﬁﬁphl’ @ﬁﬁ&&%mﬂ“”
"2 B k@ I Senai fyiad) b A s ﬁﬁ
£ £ Pilot Fab 2 R&D Fy 17 1@ 218 3 B 27 FjiFh i

develops ... hew
o / technologies.

Qimonda Dresden: 0

ramps
Fast and successfully ... Jks —/

transfers /

] 7-10 Pilot Fab ¥ R&D B % & 71 & Bl

BRASEZpFCEFE CJ g 2 MR S
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FF EAE TR RO TR

WA L R 8 D AR e AL 800 B
;§ N1 AREF B %ﬁ;#‘r;}i«ﬁ: TR o

Development Scope

Cell Concept Novel Mask
Development Technology

Memory Development Center

Qimonda Dresden is the largest
semiconductor development center in Europe
with 800 Engineers working in R&D.

Equipment
Material Investigation Improvement

Bl 7-11 5 E/APEEFRIFERE

¥ BTE e 4 ?/E‘l
s
v

43000 2B 1 5 Ak A4 GBE80% > o REHA A PG 200
A :14‘_:, o

RBIRTKTAF > AFLE4U%  EBKTH L E T @ 49%
Pl Sok e g enppmss B oo

LA FREE Y EE AR L 27% 0 A AINFERIE 44% > B

AR X 14%  m HepfEpcs LHEIMPA G 15% -

Employees
Number of employees
= from the region
e international employees

Education
University 44%
Technical college 1%
Skilled worker 49%
J
Departments
R & D Technology 27%
/' Production 44%
Technology 14%
‘ Support 15% >

e

Bl 7-12 LB EE A A 4 FRE A
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44



B RTE RUCR & BB ¢ P T3 £ ]
A8 40 '[%W%l bend 4 55 5 EALE

People from over 40 nations are . -

working at Qimonda Dresden | Y B
FP, ! Joint development activities L5 £

with Elpida - onesia
—— - Team ,,Get-more-International® : =M=“

Portugal I!Illaxlco I'I""""""

— AUSTI2 -llurou:o -stuoipnrg -Tﬂﬁﬂn

\

MBI RFES EEZ KT & 7 5 (chip academy)

D0 2 PART 12212 37 % o - EEEE K teh

EEFT A E B B

Training and Education Network for
20 companies in "Silicon Saxony"

Professions

Mechatronics technician

Electronics Technician for Automation
Engineering

Microtechnology Tec}mician

Industrial Clerk

Studies
Dual studies Mechatronics
Dual studies Microtechnology

Advanced Training

Skilled employee Semiconductor Industry
Skilled employee Micro Systems Technology
Skilled employee Solar Technology
Customer Engineer

Bl 7-14 P27 RFEELE FEL K

WRES 2p 60 E P E L RS L RER Y R
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Long experience in leading edge memory technology development

Feature Size Shrink Wafer Size

+ Functions per chip double every 2 years
+ Chip size shrinks every 12-15 months
+ Cost per function: 20-30% reduction/year

Productivity
Improvement

Chips per wafer (%) Cost per chip (%)

B7-15 e 8% R LM H R g

fi e B ATE R N 2 2

H 5 2 E Y LR E ¢ (Elpida) fis 14 2 W%ﬁ o ff W
% 4F2 (F 5 %35 47)) «nDRAM @ % i3 7 B w2 ,; 2 o
B das (TR { B¢ 4F2E < 6 # HDRAM ¥ & % 1 2010 # ¥

)\}'@q‘" o

Partnership with Elpida accelerates introduction of 4F? to 2010
CY2008 2009 2010 2011 2012

75nm Trench

58nm Trench
65nm Burled WL

46nm Buried WL

4Xnm "Joint Tech"
| 3Xnm "Joint Tech"

B 7-16 =h iz 2 2

BRASEZpFCEFE CJ g 2 MR S
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* 65 %k v «ﬁlﬁﬂrm > N deE Al % (Buried Wordline ) ¥ 3% 1.5V 03 R
T i# F T Tﬁ}fﬁ —F‘J-

Power for 60nm generation

=
=
1 S
g
=
5
o
o
£
&
]
13

Competitor A Competitor B Qimonda Qimonda 65nm Buried Wordline
6Xnm 6Xnm 58nm Trench 1.8V 1.5V

B 7-17 65 2 s} HiFenda » AHiEF L RG Behe Bkt

*  SO-DIMM g5y s

5 # s ¢9 Buried Wordline ¥ 3 % & it 4B~ N L e 58 2 K
A ;% DRAM HjiF
Qimonda Trench Qimonda Buried Wordline

Source: Qimonda measurements
- components mounted on 1GB DDR2 SO-DIMM
- equilibrium temperature during IMemPro "Butterfly” test in
infinite loop on Intel "Cantiga" chipset @ DDR2-667
- Intel Montevina CRB without case @ 24°C ambient
temperature

58nm

7

B 7-18 DRAM # # % $ e

Fﬁ“‘: “ﬁiii r B EHFEERET
FARAF R F F E A 90nm -~ 80nm, 75nm

300mm Bm"@lm a:
T Kt‘;ﬁleV‘}BB[ﬁ‘]}"{l

v 65nm % F i

Wy

BRASEZpFCEFE CJ g 2 MR S
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inotera| |-~~~ | - Joint 300mm manufacturing in Taiwan (36% owr‘ua-rs.hip)W
- . Co-development of 58nm DRAM technology

ELP ,D A + Joint Technology Development for 4F2 DRAM
technologies with feature sizes of 40nm and below

SONY - Joint Development Center Qreatic Design
SanDisk & + Joint Development of MCP products

- + License of 90nm, 80nm, 75nm and 65nm
winbond DRAM technology in exchange for 12" capacity
[ e + Secure mask technology development
AMDZIT i e + Production of worldwide leading-edge masks

Bl 7-19 ¥ ETF Rz ¥ LR

ENEEE e R T

e

ADVANCED MAGK* TECHNOLOGY CENTER

Leading edge lithographic mask development:

JV of Qimonda, AMD and Toppan Y

| Applied research on new materials, processes, metrology & devices
| together with FhG and AMD at Center Nanoelectronic Technologies
S

nam

JV with TU Dresden fundamental research and technical co-developments
(o1l \(EW  on materials

Dresden ~
Universities and Institutes

Strong national alliances and cooperations with leading universities and
institutes

Supplier
Strong development cooperations with leading international suppliers
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A~ %2+ Erlangen Universsity

9 " 8 p % B v Erlangen = & ¢ Feldmann 4225 ¥ b h® £ - jm< 35
%ﬁiﬂwi%@mﬂ% %ﬂﬂiﬁ@ﬁﬁfﬂhﬂww?9%ﬁﬁﬁﬂéﬂ
#pditFELAE ,uxzﬁ % “7 (Institute for Manufacturing Automation and
Production Systems) e i& > € 2% » >3 d 22 F A A SBE % F T o
B e g Feldmann I AN K ATAR T 7 T2 T PR o

Bgp it TR LN Y45 Brlangen * 1 Bt ko 3%+
B4 11 BHEE 924000 254 5 1743 EL 2 5 E- g i B @
I F e R E ] 1966 &4 X2 0 BT 1982 EF A B4 R o R kg A
Gz BRI CTRIED] 26 EiEnS P o 6 BT B BFALTER- BER
#® o mﬁﬁ§~Fi~?ﬁﬁ$wpiﬁoﬂ5gﬁﬂgigﬁﬁp;%¢
Feldmann #3264 2 JRAFIM K > ¢ S %1 99 =4 L 4 » AT 3 - &
BIREFAT EEE LY RS AoR 81 97T o

B 8-1 Erlangen ~ £ @i p & it T4 & % 58T 7 97 R

EBALTy - B ARHL AT S > Ad - B - B KL F 2
R B k% o 4B 8-1 7 #r7 > LB EFIER %ﬁﬁifﬂ}fﬁi&' * o Feldmann #c#:
Vb B FS €35 8t Erlangen 15 20 2 79 Nordostpark & #2431 £ F % > 21
¥ T A EF 7 P (competent center of mechatronics) o ¥ F X F PR B % At
FLoZY s AHHR-SEF 1RO HRE > PALRAGEIRF oG
24 % (MID, Molded Interconnect Devices)s# & %3 » 4@ 8-1 + #77F o

BBl i HmE W3 p et o AP AGE A frpd ek
red ﬁl’kmﬁihﬁﬁillgﬁvfyl%ﬁﬁ; a%lzx%m}ﬁo l'f"’:}"’ﬁf#zkpiié‘ﬁ °
O BRBELNRG RN Ehp PR g f’fb L’“j’%?mipww | R
R s EA: G ‘F’Kz}\‘l FWEFZLANEF oL - 2 E R BB o EY
L SR gl L I - ;‘Uf‘é)i R R fos spih K
F1oa s KFHSEORS 0 BRERE CE R PG -

HRF 1 £8 3 0 518 F E OF % P4 (thermoplastics) o # 7 e 4 4+ 5
i i 47 (structured metallization) » B £z 7 T B 374 £ ¢ i3 i@ B % (MID,
WAL S EME U EmEY Z RRE S 5
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Molded Interconnect Devices) « MID &_fe &4 ) = 4| e 4 44 B = & 1 5+ fi 48

TR(%7 B 822K 83 ¢ eh3D-MID o #3% ¢2 A {ofz W7 B 2= > & MID
O ert g or LB 0 4F P | http://www.3d-mid.de/english/home/) - MID *4
B EH A G AR S b PR B R T EE o £ RS o MID
AEMNAE T I EHRL AT 0 BRY HE TN HTL‘%’%%{% o FERY
Fr o EEG 20%SE 4 o T RS AR D BE G ARt 3D Al & B
v ER Y 40%s A o HA FApap s o BREE @ s fo-

B sk end A iAo i % Nordostpark & A3 1 EF® P ST E LA P wehi
Y AL -

1D-Substrate ID-MID 10-Circuit diagram

§ 8-2 3D-MID o # % 4 A 4 fofi 48 T 5 2= §

Buchse
/" Socket

Kithlrippen
Cealing fins \\
Battericfach

Battery compartment S

_ Verschraubungselemente
Serew fastenlng elements

Gehausefunktion
Housing

Oberflachenbestiickte THDs
Surface Mounted THDs

Abschirmfliche Schnappverbinder
Shielding Snap fits
Versteifungen — T Schalter
Stiffeners Switches

B 8-3 MID ¥ 12 & =& thrt 5t 7 R B

MID shfkfe 2 % 15 F & flclp Wi ifife 7 L4 BT RS0 ¥ A
P LB B A L o d STAT AR 3D B A AR AL F R L FARITE K

P FEAeH e (T BB IT D r g ph o fr- LV MO ER o A2
AFRFTFTOFEBE D FHAFORTF B REOR K o ok # 2wt P
BAB P Ry G RAM S ETY 0 I EATRE -
B FAT ] AL PR SR 0 R F R B R Y R o
=T R AT o

WIS B H I EME (C AT 2 R
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¥**k@ﬂ’* 4?&&ﬁé%ogﬁﬁﬁi&%éégﬁﬁigoﬁﬁ

s o MID § = % g4

MID ¥ 14 e i¢ * ¥ 2 & 2, B
t“’HLﬁﬁﬁwﬂdi#? A&
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1. ?\;{glﬁﬁf“ :%_;fb» ,&F& ,,ta,}cg y TI/;P‘rg%lL }4 ’ , «m i ,;haét,—,q—;é,;‘ o
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f Feldmann 042 A 528 > AP 2 Wl p st Pz AP BT

PIE T TBE R TR BRI (o R R g
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2 fex * X A R lf“i\ﬁ. Nordostpark & #2151 ¥ F % BT E &
Fi"'\»’#l"*“g—ﬁﬁkl—ﬁl’fé'r MIDm@llEﬁﬁr' ;’['&]F\)’Z—\’#% {_\’:“7’

% MID & & » é@i%ﬁ'm—- T EA 7 Pt B i~ TR & RAIB - X
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1 ~ %3* Simens Erlangen GWE

%3 B> 9 7 8 p 43+ Simens Erlangen GWE > Simens Erlangen 7 + %1%
B (GWE) #_ A&D % %@ ddod] s s (MC)eh—- BIMP o 7 3 A&D MC
A1 e B % o UE ié‘ﬁﬁﬁgi&f#—é B b % BLE PR3 o Erlangen % +
Wi AR 14238 000 4 > f F iz R* kA2 A 07 kW I L5 MW # 5
l§]m CNC Z#lBEREF -IMETRELEAF o8 X P 2%

Rl @?&%H/ﬂw/%m/ﬁ%il%%%ﬁl£%~%$A~%ﬁ%
ﬁ,uaﬁﬁlﬁiolﬁ’ﬁﬁé%#%**ﬁﬁ\@ﬂaliq*ﬁﬁﬁ
- P ER AT 57 e

%3+ Simens Erlangen GWE 5§ = thd H SRR 2 51838 (7 47 - 4cif
Slmens\fgl"'# |B 2 Hpad b8 s ¥ SBAGFRTRRZ p B i3

LA T ﬁmiaiﬁlmo

ERITERZ p it B ks
ImBﬁﬂﬁ@ﬁég:m@($%/§a@ﬁy@mmw LA

@ UV L@ £~ LR -4 ﬁmf% 5% PCB R & ~ T
B RIGE SRR EE R ”FPGB &am¢ﬁ“%%ﬂﬁ@ﬂa
Fad M RANZTIALLANUTE CRBRE S AARE] FHI N
1 Ape

TR EZ AT R

RO B Ao B] 9-1 Aror

-

Bl 9-1 TAtclez 21
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53



Hopg 2l A2 B AR 2 ol 8 b 2 R g A B RN
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Bo Mor i iE s sl A ﬁDAE%:zﬁwmﬁi Che it KA A B Bodir R 2
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e ¥R KA AR *‘*H‘;ﬁ“ﬁﬁ; ﬁ‘”"“iz‘ R fv TR pig® s
po itz FlARE o ?
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{E%a%’ﬁﬁﬁﬁiéﬁiﬁij?f%JHW&% R ApB 2 p B it
Wi J A AR FER 2 FFE1 07 d 2 THpaE p B i Eopds k4
4o DB ERE S REE AR RERE TR 2D
PEEITE R EPFEARE o v BN T SR REAERE S B
Sl ¥R k2 2R PRAELHRE- I REHDIEAS %
SIMATIC PCS7 ez & it 2K 3+ % B4 1L a2 f# VR I R BRE S A
Ve g ndL IR BT (T B BRIEE LR B AP s
BREE S R B0t B ARG WA F D~ E R DI R E S i
k2 23Rk F L vt EAo

N 7% #E ]
Level 2 :
I
Lewel 1 : Field Control  HU3E B EHEHIFN
PLC / Twwerter / Berver Controllerx
&
B 9-2 pFit FTERE AE LT R B

TR A YUyl % sieh—- B 0 SIEMENS PCS7 2 & ’f#év‘ R EL M2
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e WHZzx>aE AR
e WAl IFZARF NG
SRIAREF A o B LTI RER

Bl R e R % 3
. BB T T E¥RB e BF LR

Ianagement lewvel

| IT

Superasory level

Automation level

Feald laval

(

Peig &2 - Rk
(field bus) %
B Rk

Real-ime access o
. enterprisc and
production data

Intexgration and
— gptimization of
IT dinices, machangs,
peocassas
and plants

Process

B 9-3 SIEMENS PCS7 =
SIMATIC PCS7 & 5u it B b @
I R A 3 1T 0 Rt
AELBE ] TR &k

& C) EHRMA
G FEREAE R ITEL SN
AT R P AL BRI
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7% _CAD/CAE
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SIMATIC PCS7 i * 4p F 7 SIMATIC & # = £ > rﬂ LT S o B
B A e kT L > Hoorig % o0 SIMATIC 424 B A H i % A B B 474
S ERITF ko
SIMATIC PCS7 #4237 4] 4 o » B & 974 4p B 4 sz B g
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TRk EY WL F R L 1 £45 % > 4o Ethernet ~ TCP/IP ~
OPC ~ @aGlance & SAP R3/PP-PI > ¥ & SIMATIC PCS7 %@ #2741 % %
1R S “’A)% J*‘E’Z'Fﬁ v e

SIMATIC PCS7 #& &7 T 2 & ¥ {1 * Sh AT LM 2 B+ & 3o b
e -

e MIS (Management Information System) - IZ 3 3t ,4 k=
MES (Manufacturing Execution System) 4 AT RAR
ERP (Enterprise Resource Planning) & ¥ % 7 'k *ﬁﬁi |

P B A7 3

SAP R3i-PI % &% 2 SAP /6 » 7 % ki % SAP/R3 2 PP-PI #
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@PCS7 Server % # #p B 2. Web@aGlance/IT client ¥ & % 42 1% &
Intranet & Internet Fig:H e 2 IR TR TR o &7 BIF T 45

v i i @aGlane /i @ it 2 3 SIMATIC PCS7- F] ¢ SIMATIC PCS7 ¥ %
it Q%E 13 N BT ITHRE 3BT

LMk AL

SIMATIC PCS7 4% | if & #3038 % o & 7 8l 4247 Fuo 1 P 2 IR
%£%m@a@w£ﬁ%ﬂ£%(%.mmTi@fL)ﬁﬁﬁﬁﬁi
Wi 4 2 RFRA L0 TR L RAAN A ZRINAE T B
HF P & W% JEC 61158 2 PROFIBUS - DP/PA i % % #l42 & 5t o
- H- i (field bus) ™ E & 4 B sc # (Redundant)

PROFIBUS - PA 7 ¥ #-1 B % % (Ex Zone) M 2. E K # & & 3 » &
% - PROFIBUS - DPﬂ%_@w kﬂoﬂxﬁmﬁ%@ﬁnﬁppmﬁ-@
FAN A R RE SN (ExZone) T ¥ BB LB F 2 £ HART

iﬂMJ\ﬁ%£%§€éi

SIMATIC PDM (Process Device Manager) ¥ 3 % (ui% i PROFIBUS -
DP/PA & HART /i & > >t 1 fBfF 1 (Fob A 2 IR B3R % 2 %8R 1
T o W™l 2 &% 4o PROFIBUS %2 HART # & % 32 { B3z > gt b » fi
BH 2z ivd BE R P BV £ iE AS-Interface i %3 PCS7 > F @A p #

fv = i 7 v i% i EIB instabus i# % & PCS7 % st o

VR E Bk
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i 2. SIMATIC % = ¢ o

-

RS- el ?,;ﬁ SIMATIC PCS7 # ) 2
Mg R oo Simens AT L TGS T ARM LG P 0 @ eh 2 v BiEw B

LA TR

SR ARk S g T g K 3 o > SIMATIC PCS7 A 487 & 4
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-+ ~ %32+ Institute for Microstructure Technology/ Karlsruhe

104 p 2@- 715 4w A4 A karlsruhe 7 A3k enF 2T A AL P
(Forschungszentrum Karlsruhe, FZK) sjic#% & # 7 #7(Intitute of Microstructure
Technology, IMT)3* I > d &|#7& Dr. Bacher .3 < F® #1%% > d #7& Prof. Dr. Saile
> A2 F T 3 48 ° Forschungszentrun Karlsruhe (Research Center Karlsruhe)
£ B Nuclear Research Center Karlsruhe (KFZ Karlsruhe) EE N RSN N LA =
?‘L“a‘ﬁ 1 OF MR Pp IR FLEFEPLL - PTEEIG > A EA J‘év
P ﬁii}imﬁﬁ T e BALRB TR T fé’ FIEFY R EFAT S
AT o B Rag B AT F BIEEFF F % (Science and Technology Park
Baden-Wuerttemberg) > @ Karlsruhe +2ic 77 3 ? wB-HF T AR & T B & 378
in:ﬁ: BB BIEHET o P4 B2 4 Hermann von Helmholtz #7 3 A & € » %A &
€ = ?ﬂ?ﬁl,z EHET LG IS BAEY ek 26500 7 F 4 R &R 3 -FZK
- &2 University Karlsruhe %6 év > Karlsruhe Intitute of Technology * # FZK £
University Karlsruhe #3F ;F‘ rfe ATieS BEH - C%”ﬁ FieehE o {5 5B
ﬂﬁ—%ﬂpxaﬁmﬁﬂiﬁ’vuﬁf“ﬁom PEFgERE S L
BA B E gy ¢ w2 - o FZK AT €8 L T A48 AulE L
W 2.8 SRR 3L R 440 R 5.4 sBALHE o FZK 01 R B 5 4] 10-1 0 5
P4 en IMT 2 & ¥ B¢ 0 “Microstructure Technologies” > “Instrumental
Analysis” 2 “ANKA” (5 8t9 )= X 30 o

s Materials Science |
M2 Materials Science Il

. Materials Science IlI
Micro Process

Engineering

Applied

atics

=== Toxicology
Genetics

Micro Structure
Technologies

[ . y w =
Data Prot:essmg and Electrol Nuclear and Energy
Technologies

B 10-1 FZK#=F ¢ & 7% B

The Institule of Microstructure Technology (IMT)Z_FZK £ ™ & & & » & & ¥
LeavwE g H oo ey T @WAeP 0 LIGA Process » (Lithographie Galvanoformung,
Abformung, # # X-ray lithography ,electroforming and molding) 7 §_# 1980 & *
% % pF IMT = £ Institule of Nuclear Process Engineering % Prof. Becker % Prof.
Ehrfeld 48 F B Ff 7 908 B 2 ke o pE4] % X-Ray iF= ok 4 %] s 11 #a

BRAS 2 FCEFE CJ g 2 RRR S S
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FIi#45 & 0.2um iF v & 3] 5000/1 HR) %
AEH 3 HcHs F HoEe R Lidsge o
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- T e 43 LIGA #

7 Helmholtz £ £ g TF - = f“;‘] I #7342 5 "Nano Mirco” » FZK #7
ERAE S p 16 BFF % L S ’é‘"%”;ﬁ-‘;’—t\’ifﬁil\ﬁé:SS()/\’Aﬁ?E;
‘§5000ﬂ%\’°’mIMTE’n“ ;ﬁxgiﬁf—:’:}}l%ﬁ’*ﬂﬂ'?é I SR O SR 1)
Tt 2 FZK 916 B AT § #7e%e 1‘#" = = 7 - i % 5 “Karlsruhe NanoMlcro
Facility” s/ 7 FilRL 5> T ST L L5 =2 B~ 7§ EéEi/a\ L] % 1. Laboratory
for Micro and Nano Structuring , 2. Laboratory for Microscopy and Spectrascopy , !/
% 3. Laboratory for Sychrotron Radiation and Characterization °

-n\

gerp B AT E R AR i s AT ’J”f#)@q’ WMALE 4
%5 1 EEART %F { Az oF ﬁﬁ?’iﬁé’f#? ~ i enflid S E e 2T A 2
WY S EEZEA G 2 ERY E G 2 B RS E KR e
N2 hza2B o @Ly By Eta il A#F T -RRII2ER* X212
A 4ot 2;’(/%—‘]5‘ oIMT 4 5 &5 2 k§ 3 & Optics and Photonics > ficii 48 2 & g =
# #¥(Microfluids and Sensor Technology) » i Bl % 4F %l (Replication) % it %] i$
(Microfabrication) = + 7= 3 8 F* 12 2 LIGA 43+ 4 o 3%F7 7 972 “T& 5 Prof.
Volker Saile » &|#7& % Dr. Walter Bacher » #7£ Prof. Saile »* 1976 # > & R 2 =
EpiBmEd s 7 1989 £ 5ot i’—”fi%‘i* FPAEEFZARARES G TR
a f{iﬁ%‘ifﬁ, T3 1989 1 1998 1 F RIER 5 BT RS BT s 0 3t 1998 £ A
v AL = IMT #7& 3 4 o Prof. Saile & R"% + F#H {5 otips » BB L ¥ > - 2
ERERHEHLR §2TREE > HARFHBEHERFLIRE > B ¥
EAR A EFE T w232 R (AR ) e

RR 'll\:"—F]‘ % d Prof. Saile lp:L’ﬁ B FZK 2 IMT mf’:? 3§ 0 FZK ez 4

23 IMT Sl b 0 6B AAE 2 5 KT SR B8 E S o

Microfluid ¥% F* 2 i Dr. Guber ¥ Replication $% F* 2L i Dr. Worgull W AR P R

13%TnE BF % E o T2 d Dr. Borner # Af %ELW%“ FZK mFﬁﬁi&ﬁq“’ e

ANKA(A ngstromguelle Karlsruhe, & 25 + #r 8 f s X A)stik)» 2327 2o pF
DIVSFEEL o H"q*ﬁf‘%?”"’ CEE R X e A T

W?

kB2 kg 3 &3 (Optics and Photonics )
%38 4 & &~ = 1, Photonic systems, 2.Biophotonics, 3.X-Ray lithography,
4.X-Ray optics, 5.Electrochemical process 3% #* 3 4f32 o i+ Photonic systems
S G i BRI A% % LIGA 54 2 itk B2 ehk g =
Eoe g F It o 5T B =, distance sensor, electrostatic
actuator ,array micro-spectrometer ¥ % > 4c§] 10-2 #751 o % X-Ray lithography
o A BT FZK 2 B H 55~ 7 ¢« ANKA 2. FH 55 RE (T3 75
W2 RSl 2 E T R BlAeB] 10-3 #7r o IMT & LIGA @422 404 0 G

WEEA B R P E I T 2 RE £
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5 EEe R 55 % 2. ANKA £ 33% % & £ 4 > X-Ray LIGA @472
Te% 140 xﬁ'—#fiTﬁAEétﬁﬂH = o % X-Ray optics * & > iT# i &
EE 0 E X-Ray * 2 3785 8% X-Ray @ 7 4 % 5 it m L ap

s FPL AR ﬂ’# LIGA @Az % ¥ X-Ray A & i * 2 X-Ray 3 44:;3’ ™
805 MR Tk & B % i‘*’f#'\?‘ M s X-Ray B E 2 * > 4R 104
BTIR oo 14 P 'rs‘ﬁi:}iz‘ 2 %—XRay g B EZ 450nm e & AkY 4P
#EH#-X-Ray B E I % 100nm & /&, H A * 2 5 X-Ray £33 K-Ble &+ IMT
# B L AUF e g eh X-Ray S 80 JsL b 23k v ma B e

Microoptical assembly Joard
for a cistarce eensor.

Resist structure with a height of 500
um (smallest width 5 pm).

Oecrooptizal subsysiem,
CONSISUNG 31 & mMicrocpusal lenras
assemlly board anc an

eacirocptical board

Microogtical filiar switch with Submicrometer structure, height 5 um,
easiuslalic suiuslo structural width 350 + 20 nm. Nosalc lenses, ied DY 427,
B 10-2 prk§ =i B 10-3 LIGA #l4z % v B 10-4 4§ & 25 B 2
2 BIET X-Ray #cis 80
i R R e

Jkciw- %8 (Micro-fluids)# % F*
338 2 & & = 1.Nano/Mico-capillary Systems ° 2.Biosensor Technologies °
3.Lab-on-chip Systems = -] 2 o H ¢ # Nano/Mico-capillary Systems &2
BT A% AF BN wT A2 Mt lab-on-chip &% % %3t 4% Hot
Embossing # micro-injection molding = j# % ¥ uTAS & 5% o H ¥ &+ 2 =
i A HES - BAGFEF 96 BTk sehikipE T * 4 DNA #
Bl R 2 PR 2 5 &g e B S FAcB] 10-5 1 o4 F 4] deep

BRASEZpFCEFE CJ g 2 MR S
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B] 10-6 Nanoscale flow cell

UV-lithography #] 171 4 & Bl & & i * 2. 4 $ feiniE & Side nanoscale
flow cell » 4r®] 10-6 #1757 - 7 Biosensor = m

BRI E DA G L WA T
% (SAW Gas sensor)2. 2 Hr g 4arfy # A RE o T2 AH TR FTT AT &

)

=

Lab-on-chip * & i & & 1 L o § A Guicd 3 B & 2 H A 124K 10-8
ATIR e @ AR R 2

L 4q 7 o5, B L4
HEE R

tofi TR+ # (electroic nose) > ¥ @ FE T L E* g 4B 10-7 -

+ 2 @WiE 3 PDMS , PMMA ,Polyimide
& PEEK & Hfleo F e FREINFEL T HNRFT R L 0T AR T Gito
4B 10-9 -

Systeme und Service fur die Chemische Analytik

nalysis

B (F % sensor)2. F £ R} 4

N

B 10-8 frim* ma AL A RIE

BRASEZpFCEFE CJ g 2 MR S
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B 10-9 ficlm* T A s SRR
Replication % F*

%R 203 & B S micro-hot embossmg r2 % micro thermal molding > iT &
SFT T AR B R A polymers i oAk 8 K BRERAR o H P A T A&
Pend e et~ ek R ISR AR L AR e A A o R A
BREURFL S T#x—— #r!% BRI 4 — 2% Wickert 2 K REKE W
MAEd A ARG rEed X o T 2 f R R H i
v 1 0.IN> aﬁi%@‘rﬁ 17—% FRE K& o 4ol 10-10 - 3287 7“8/ 17 & ik
AL 2 g S A < BRI T AT 2 H B E L i
%4 LIGA flfzp "8 #& > 221 £5mf® > 4of 10-11 7

B 10-10 Wicket ~ 2] fic2 # RE B 10-11 fcd A R WIET AL ¥ 2
* A 4 05 (LIGA WAz d

%)
Mg v

F”'SF"’KA:}*-' IMT 2. #m2 L4 22 &8I > HX G ¢35 Plasma
Process 2. CVD,PVD % RIE ,: # lithography % 4% > E-Beam writer, & 4% ~ 7.
2 B YRE > 4 B BT L4 X-Ray 2 LIGA K # M % %75 &}
2K~ F K HEBIRE E 0 B 10-12 F HIRE G 2R o IMT 2. 7 & 48
WA Bp &t EFE W T 2 R S5
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RS INT LR E R 0 R R R R R R sk~
2 LIGA gz 4 @ oudese 3 A E 4 ArFE > B 10-13 2 B 10-14 7 &
B A 2 LIGA B iv2 iz 10 &2 & Jo2_ 202 < [§]

s

View info the IMT clean reom. 100 kV electron beam system. Quality control.

B 10-12  Acflig 0P 300 %

Watch parts made of hard gold.

Bl 10-13 @l e30 & b 2 jic ) 484k Bl 10-14  Acil4gsk ~ = F
L= 2 HER

ANKA (Angstromquelle Karlsruhe)
+ 218 f 3 o R ANKA 8_FZK P ele 9 45 &+ ¢ > 30 1997 & B 403 -
1998 & B 48232 > 2000 £ B 4% - BF % 02002 &£ % - FFE = P
T ANKA FHigbfieid B & % 207 587 7 45 % © (1)condensed matter >
Micro and Nano technology ° (2)Environmental Research - (3)Sychrotron
technology and instrumentation.

ANKA & # §§ 54 ik B2 Hpe 4o T o
Circumference:~110 m, Beam current: ~180-200 mA ,
Photon flux @ sc: 5 1012 h/s/0.1%BW/mrad
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Energy: 2.5 GeV, Emittance: 88 nm rad, Brilliance @ ec: 5x10"
ph/s/0.1%BW/mm7mr?

ANKA “4vi B3 = i¥ X-Ray beam lines > 4 %] %8 %47 & 2 X-Ray mask
making , deep X-Ray lithography 4 % ultra deep X-Ray lithography - % &
E-beam ¥ X-Ray & % {7k % v 4 1¥:F 200nm % & 2. k% (K2 % 200um
E )iz #_ laser lithography g uv-lithography & ;* if 3|« IMT # X-Ray
lithography Hoji b 5 H B £] % AF L s >0 ",ﬁ% gt 2 b ANKA 4eig B ¥ 10 3%
Eiadhbmer X-Ray 2 RS 47k R % 2 X-Ray 2 §7648 & ik § o
ANKA z fe ¥ B2 >~ B4e Rl 10-15 & Bl 10-16 #71 ©

ANKA - HALLENPLAN

B 10-15 ANKA #tihpe & B B 10-16 ANKA ik >

BRASEZpFCEFE CJ g 2 MR S
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-+ — + %3 Department of Microsystems Engineering at University of Freiburg

%2 |39 2 10 p %3* University of Freiburg 2. Department of Microsystems
Engineering (IMTEK) » 3% 4 p & 7~ 2000 & B 45538 » £ - BAp§ &4k 97 o
IMTEK iz s 2 iZ % Prof. R. Zengerle » 2 s £ 5 20 =% » & R THEE
R HF Y PENF 435 = L1 E % Group leader © 3% 4 fhié 4 5

B Covering MEMS from its foundations via

* Design and simulation

e Fabrication technologies
* Materials

* Systems development to
* Applications

B Develop microcomponents as well as complete Microsystems

B Educating new kind of engineers with strongly interdisciplinary expertise
IS SOl L

B Interdisciplinarity

* Basic education in electrical engineering, physics, computer sciences,
chemistry, materials science, technology

B Hands-on experiences
* Lab classes in the clean room, electronics and chemistry lab classes, ...
B Systems and application oriented
* Broad, encompassing view
B Fit for business - non-technical education
*  Project management
* Intellectual Property Rights
B Technical specialization areas in the masters program
* Materials and technologies
* Systems engineering
* Life science

B International exchange programs, notebook university, inventors club,
alumni club

BWERES B HCEME QS EE 2 R R Y £
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IMTEK & 5% 3 877 > w4

B Laboratory for Microsystems Materials (Prof. Dr. Oliver Paul)
*  CMOS based MEMS
e  Technology development
e  Thin film characterisation
e  Physical sensors
*  High-temperature MEMS

. Microstructures for life science

B] 11-1 Microstructures for life science

B Laboratory for Process Technology (Prof. Dr. Holger Reinecke)
* Nano imprinting
e Ultra-precision-milling

* Electrochemical micro-processing
* u-wire electro discharge machining

* Injection moulding

* Hot embossing

B] 11-2 Hot embossing

WRES 260 EPE RS ERE Y L RRR R
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B Laboratory for Materials Process Technology (Prof. Dr. Jiirgen HaufB3elt)

*  Microstructured ceramics

*  Polymer-nanoceramic composites

* Suspensions of ceramic nanopowders
* Screen printing of microstructures

*  Ceramics for dental restorations

B] 11-3 Ceramics for dental restorations

B Laboratory for Chemistry and Physics of Interfaces (Prof. Dr. Jiirgen Riihe)

* Polymers for MEMS

* Biomaterials & nanoparticles

*  Surface characterization

* New microstructuring processes
*  Chemical microstructuring

*  Nanochemistry

B] 11-4 Nanochemistry

WRES 260 EPE L RS ERE Y L RRR Y R
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B Laboratory for Assembly and Packaging (Prof. Dr. Jiirgen Wilde)

Design-for-reliability in mechatronics
Packaging influences on sensor functions
Polymer actuators

High temperature sensors

_—— i
: - ;\ ’,-uﬁv & 5w

] 11-5 High temperature sensors

B Laboratory for Electrical Instrumentation (Prof. Dr. Leonhard Reindl)

Wireless passive sensors

Smart wireless autonomous MEMS
Wireless sensor actuator networks
Energy autonomous microsystems
System on chip (FPAAs, FPGAs)
Surface acoustic wave devices (SAW)

Materials for SAW devices

Bl 11-6 Materials for SAW devices

B Laboratory for Microelectronics (Prof. Dr. Yiannos Manoli)

Mixed signal circuits

Low voltage / low power design

WRES 2h 60 EPE L RS ERE Y L RRR Y R
68



* Analog/ digital converters
e Sensor interfaces
e  Wireless sensor networks

* Digital design techniques

Energy & Data
Transmission
Low Power -
Wicrocontroller <

i

i)
[ | SR | T Sensor Read-Out
Analog | Digital Y 7 \
Converter ‘ g o Low Voltage,
/% F - Low Power,
Mixed Signal
Circuits.

B 11-7 Digital design techniques

Laboratory for Microactuators (Prof. Dr. Ulrike Wallrabe)
*  MEMS actuation principles (electrostatics, electromagnetics, fluidics)
e  Optical MEMS (lenses, interferometers, spectrometers)

* Medical MEMS (end effectors, positioning systems)

iy | .
a ¥ ¥
» F T ) <
’ '_',:-""” “'k N (G g.::_ 4 —|
4 :.- /ff | AN
~ -J; ¥ " * ¥ '::‘:

B] 11-8 Medical MEMS (end effectors, positioning systems)

Laboratory for Microsystem Simulation (Prof. Dr. Jan Korvink)
* Advanced simulation technology such as topology optimization

* Low cost affordable MEMS by Inkjetting, wirebonding, flexible
substrates

*  Magnetic resonance microsystems for cell & brain imaging

BRASEZpFCEFE CJ g 2 MR S
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B] 11-9 Magnetic resonance microsystems for cell & brain imaging

B Laboratory for Design of Microsystems (Prof. Dr. Peter Woias)
*  Micro rapid prototyping
*  Micromechanics
e  Microfluidics
e Simulation
e Computer-aided design (CAD)
*  Computer-aided optimization (CAQO)

B] 11-10 Computer-aided optimization (CAO)

B Laboratory for Micro-Optics (Prof. Dr. Hans Zappe)
*  Photonic systems
e  Optical data communication
* OXC (optical cross-connects)
e Biophotonics
e  Optical medical technology
e Silicon MOEMS technology

*  Polymer based micro-optics

BHRAS 2 FCEFE CJR g 2 MR S
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B] 11-11 Polymer based micro-optics

Laboratory for Sensors (Prof. Dr. Gerald Urban)

Bio/chemo-sensorarrays
Microflow sensor
Nanoparticles
Fingerprint sensor

Cell assays

Plasma technology

B] 11-12 Plasma technology

Laboratory for MEMS Applications (Prof. Dr. Roland Zengerle)

Lab-on-a-chip platforms
Nanoliter & picoliter dosage
Tools for research on cells
Fuel cells (biofuel & DMFC)
Drug delivery systems

Flow- & humidity sensors

Microfluidics modelling & simulation

BHEL 25 P E T L RN S
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] 11-13 Microfluidics modelling & simulation

Laboratory for Biomedical Microtechnology (Prof. Dr. Thomas Stieglitz)
* Neural prostheses and neuromodulation

* Electrical stimulation & recording

e Flexible multi-channel electrodes

e Modular micro-implants

* Polymer-based substrates and systems

* Biostable coating and encapsulation

*  Biocompatible assembling and packaging

B] 11-14 Biocompatible assembling and packaging

Laboratory for Optical Measurement Technology (Prof. Dr. Alexander
Rohrbach)

*  Optical trapping

* High-speed interferometry

* Novel microscopies

*  Wave optical simulations Cell
* Dbiological dynamics

e  Fluctuation-dissipation systems

e  Molecular motors

BRAS ZpFCEFE CJ@ g 2 MR S
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Bl 11-15 Molecular motors

Laboratory for Nanotechnology (Prof. Dr. Margit Zacharias)

Size controlled nanocrystals

Ordered arrays of nanowires and nanotubes
Methods of nanolithography

Micro- and nanophotonic structures
Atomic layer deposition

Basics and applications

nanowire array

template

B] 11-16 Atomic layer deposition
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(1) Know-how exchange
(2) Combination of complementary technologies
(3) Synergies by the common use of technologies and equipment
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(1) Annual meetings with workshops
(2) Student exchange programs

(3) Exchange of professors

(4) Common research projects
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