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EA L FTa e B 1% 2i(Intelligent/Novel Process Automation System)

Holid kL 42 B R B (Micro Factory Architecture/Sensors)

Natlanal Universty
of Singapaee

% NUS Manufacturing Group - Call

Laboratory for Concurrent Engineering & Logistics
LCEL

DEPARTMENTS
Deputy Heads
(Administration, Research, Academic)

M/:;zlie_d ‘ Control i ‘ Materials
anics
S — 'I ORGANIZATION STRUCTURE

&
Manufacturing COLLABORATING PARTNERSIN

MANUFACTURING RESEARCH
DIVISIONAL GROUPS

Center for Intelligent Products & Manufacturing Systems
CIPMAS

Bl 2-2 NUSIT B P4 % 2 R

& .
,,,qu,é Manufacturing Group = Research Roadmap
i 2000 2001 2002 2003 2004 2005

Manusoft
Research Internet-

Areas: Intelligent Mold & Die
Design
—

Intelligent
Design/Mf
9 Y = Internet-based Design

[ s
| Virtual/E-Mfg

Collaborative
Design &

Manufacturing

Rapid Prototyping/
Rapid
Tooling/Reverse
Engineering
Rapid Product
Development

Advanced o
Materials -
Processing

Startup
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B] 3-3 4 &

chool Statistics

1 Staff
] School ofMechanical & Aerospate Engineering
1 gineering

chnical Staff

BEng(Mech)
BEng(Aero)

MEng (by research)

Bl 3-4 72 kiw

EERT LT

B % d Prof. ChenI-Ming 4 3% s <i7 Robotics# 7 2 485

UAV -~ Biomimetic Systems ~ Medical Robotics ~ Assistive and Rehabilitation
Technology ~ Micro Manipulation Systems - Modular Robots and Parallée
Manipulators 2 Wearable Sensors and Novel Actutors -
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B. # %4 Prof. Lam Yee Cheong 4 % 3% % =1 Advance Manufacturing Centere #=
OER
Laser Machining ~ Microfludics ~ Polymer Composites %2 Injection Molding -

C. 7 M Mechanicsof Micro-System 2z # 7 & 4 Prof. DuHeJun % 4 % - # 31 &
LR P deT ol
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 Materias ~ 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. 7 M Ultra-precison Machining 2. # 3 &_d Prof. David Butler & /i 5 o & 4f
B 2Py ERe 70
Ultra-precision Machining~Simulation of Machining Processes # Electro-kinetic
Abrasive Removal -
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Robotic Research Center
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Centrefor Mechanics of Micro System
> 4o Center of Mechanics and Micro-system > 327 % 3 2 & 448
HZ{ - B BRI LA 0 B 310 LR E KRB F LA o

Bl 3-10 -k FHp| k5

Micromachines(MEMS) Centre

B d B g Spd Prof. Miao Janmin 4 52 o 1A B § 4 R % T Gk 2
FUERED > mdnh Bp a3 Prof. Miao dnh > et R LAp g o 6 o B
3-11 = Micro-Machines Centre ¢ ;"3’\?& 2R
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z -~ %3 Applied Materials, Singapore

@91 2 p F = 42r Applied Materials, Singaporee ¢ # R &, 38 L H 48
% ehIndustrial Director Scott Watson £ 4 ) 6 £ & - 44 * #1422 (Applied
Materials) i i ~ MAS k5t~ K & 2 42 % Ao r 4 1 £ 40 2 3P - Watson
A2 FRHEIFEY  FHEFAELREL R HPE TS T 0 A g S
(PSP SO VS I CORST P [

B* 2 @ (Applied Materials)f§§ 4
Bt P PN E R B o3 2 R I8 BRI RGK 110 BoRE B 1 4
B 14336 4 > 2 EFH ) 920 E 0 T EFEFR ~ S~ ] Jrm K
FHGEINM oo v A B mL %EZ%*”F@ TR BT ER Y B ART R TS
B~ 2 A B Rip MA@ Rd - HBRI N PHEURRE >+ 5 2 K Wi
HFo LB R HF 4T

Silicon Systems

Etch PVD CMP
DESIEE S P

LCD Flat Panel Display Systems

E-Beam Array Testers

AKT-NEW ARISTO™ 2200

Bl 4-2 5 BT BRA

BRES S HCEPE gy 2 RE Y £
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Solutions for Solar Manufacturing

Crystalline Silicon Flexible PV

Architectural Glass and Flexible Electronics

Glass Coating Systems Web Coating Systems

Applied AXL B70™ Gompartment Coater Applied TOPMET™

44 ST R A

4§ 45 #rn e

WEHEA Zp et FME Qg pmEr 2 R R
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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 G .
B

I Driving Fab Productivity =2
s W AE o4
B 45 gy f

MAS (Manufacturing Automation Services) i p # - JR7% % 3t
Pa X R foit ks a8 g ¢ 4E
(1) FHI2E 27 #4] (Dataexplosion requires scalable systems)
(2) % & 1 42 % %2 APC & s i & A& me & (Equipment Engineering
Systems/APC Solutions are now standard)
(3) & * F kit y (Environmental concerns requires continuous reduction of
resource usage)
(4) F# F Ik K4k AF 20k 3t (Data management complexity
requires manageabl e systems)
(5) & > ® f& 4 ¢ & s (Point-to-point solutions failing —need complete
systems)
(6) 2z 1 (Globalization/Consolidation continues)

e Hi P AR ERE 2 RN HE R FRHETN LA B A S fF
Levl 0 2 & % % # (Instrumentation) > Level 1 3 #l 42 g # - (Process
Automation) > Level 2 5 # 42 & if i* (Process Optimization) » Level 3 5 #:$ 34 7 %
% (Manufacturing Execution System) - Level 4 % 4 i& 3 %] (Business
Planning/ERP) - MES Platform ~ Productivity Platform 2 Equipment Platform = 2
ABZBT L B 46977 o

WREA & CEPE Y PEEY 2 R 2
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'The Total Manufacturing IT Solution Ql

Level 4 - Business Planning/ERP

Information
Technology (IT)

Industrial
Automation

@ @ G @ G G
F46 MES ;42435 4

E i

EH ATk AR E E3 & ¥3% & 1 42(Enterprise Equipment Engineering) T 2 % 2
F e L & APC (Advanced Process Control) - E3 <+ 5 d E3 p # it (E3
Automatlon) E3 45 &1 p| ¢ & 5 (E3 Fault Detection and Classification) » E3 R2R
(E3 Run to Run Control) » 14 2 E3 X # s & H&_(E3 Equipment Performance
Tracking) & =+ & $ifE = o R A E3 £ FRE 1 AT S4cR 47 477 o L F g
¥ APC i SuinZf i o B Bl 4-8 2 ] 4-9 ¢ P > 3 & a0 @ HEAEFIR] 0 2
FEE A 2 REER

'YMeAPC Solution Descripti

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

Consolidated
Data
Warehouse

X-site

Bl47 BBEExa1Tl

WRES Bp st FFE W PEY 2 RR T 53
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V' Applied E3 Architecture Ql

Applied E3 Components e
3rd Party Applications
{u_ Opfional R2ZR il [MES, CMMS, SPC, etc )
r—
| Optional FO
|
Cusiom Service Required E3 ]
l:\ = Client Application Discovery 0
Applied E3 Core Blocks sewer Handler Adapt Mo
T
Equipment Interface ‘
v
= : State Model
Equipment Adapter Thgme Log
Server
SECS/IGEM
oPC

= Process data
. = FDCIEPTIRZR data
Oracle Database = Control rules
» Data Collection Plans

4———* Web Services
4 NET Remoting (XML/SOAP)

A~ *= MSMO

nternal (XML

[ 4-8

g

i:“' 1T T

e

L\
g

R2R Control
{Run-to-Run)

B 4-9 APCT -

&4 9 % si(Intdligent Manufacturing Systems)

B HE oA S s 24 0T L APF (Advanced
Productivity Family Platform) 5 2 i - APF ;& 2 APF i@ 38 x *L(APF Reporter) ~
W pEe i bi(Real-Time Dispatch) ~ % & ¢ 72k ti(Activity Manager) ~ & Ff £ 42

& ¥ (Advanced Scheduling) o = % 7 1 Bl 4@l 4-10 #777 » 7 7 & MAS = I} &
BT B %o 4oB] 4110 o B FERAR A LS Gemini kLo ksl fE e

WU SN WL S
7 %,
1:‘! v <+

} g Buzl B enhg Tk o Ao@] 4-12 Hor o

WHRFS 2 st FFE g rEr 2 R S
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'Throughput Optimization Solution Strategy

Advanced Scheduling (future)
= Add scheduling capability spatch

* Built upon RTD/AM Frame

= Focused arcund short interval scheduling

Activity Manager

= Automate response to factory events

« Standardize operational policies

= Extends value of Real Time Dispatch

= 300mm: full automation of material transport
« Extending to 200mm and TAP

Real-Time Dispatch

* Rule Based Decision Process

* Automate material dispatch. Standardize operational policies
* Proven value in reducing cycle time

= 70% penetration in 200mm, 90% in 300mm

= Moving into Test/Assembly/Packaging

APF Reporter
= Flexible Temporal Reporting
« Manufacturing Intelligence

Implemented in phases over time >

/\

sjiyauag buiseaiou|

B 4-10 APF %= 5 7% H 1§

'Manufacturing Systems Application Suite

a.
Benefits

Improves cycle time
Reduces variance
of production
Improves linearity,
WIP balance, tools
utilization

Fulfills wafer out
commitment
Improves AMHS
performance

Reduces
manpower/head
count

a

Level 4 - Business Planning/ERP

Y ORACLE

Leﬁﬂ - Instrumentation -

Bl 4-11 MAS = 1§ & 7% 1M 0% B

WHES Bp Bt F R E T g BTE Y 2 IR S
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PV Gemini Overview

Applied APF
Real Time Dispatch

APF Repository

Scheduling Data

Schedule

Prediction

Bl 4-12 B rygde kit

a

Applied APF
Gemini

Schedule

Prediciion

WAL ZpECFRE R HnE T L R 35
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I ~ %3 Singapore Institute of Manufacturing Technology(SI M Tech)

9" 2p ™ xR AT4e s Bl FE 7 #7(Singapore I nstitute of Manufacturing
Technology, SIMTech) » &= 27 ff H enp A4 518 > Ld B0 A SRP A
BT S A Bl 3T B B A e BRE A BT o
Bl e g #repd g 2 Dr. Lim Ser Yong @ 3% 3 manufacturing processes,
automation % industrial information = B # 3 ¥ > % B Ol FH e 35 Forming
Technology, Machining Technology, Multi-functional Substrate, Surface Technology,
Mechatronics, Precision Measurement, Manufacturing Execution and Control,
Planning and Operations Management - # i 3+ §] 3 B 4 jiv 5 Equipment
Innovation and Development, Microfluidic Devices Manufacturing, Product
Innovation and Development, Life Cycle Engineering.

Bl 5-1 Micro-gears by nano-PIM

® Forming Technology - jtv# 3%

L

Forming Ti & Ti/Al/Sn AlloysArticles
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 Materias

Processing of Biopolymers and BioCeramics
Printing of Metal Powders

10. Micro-moulding of Ceramic Components

11. Liquid Metal Forging

12. Polymer Modifications by Melt Compounding Technique
13. Processing of Polymer Nanocomposites

WA 2R FME G PREY 2 R 2
24
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Bl 5-2 Forming Ti & Ti/Al/Sn AlloysArticles

E]I 5-3 .Adv:';\n::ed Cold Rotary Formi Flg'

Bl 5-4 Micro-moulding of Ceramic Components

® Machining Technology $:jtr# 3%

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

WRES Bp st FFE W PEY 2 RR T 53
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Bl 5-5 Ultra-Precision Cutting of Optical Surface on Steel

B 5-6 Gr WavelengthL aser for Micro-machining

® Multi-functional Substrate s 4%

1. LTCC Technology

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

» N

WHRFS 2 st FFE g rEr 2 R S
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8] 5-7 Micro-Patterning for Flexible Electronics

® Surface Technology # ¢ 1%

Integrated Shadow Mask
Advanced Decorative Coatings
Slip Resistant Coatings

Multilayer Coating for Al Alloy
Flat Heater

UV-Petternable Sol Gel Coatings
Super tough Carbon Coatings
Solar driven self-cleaning Coatings
Thermal Spray Composite Coating
10 Magnesium Duplex Coatings

M

B 5-8 UV-Patternable Sol Gel Coatings

©WoKoNU MWDNPE

® Mechatronics # & 4%

1. High Precison Mation System

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

Robot Programming using Surface constraints

e

WHRFS 2 st FFE g rEr 2 R S
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M obile 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

© oo NG

B] 5-11 Automated aerofoil restoration

WHRFS 2 st FFE g rEr 2 R S
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® Precision Measurement #jiFe 35

L

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

oOUAWN

] 5-12 Embedded System for Digita Level

SHWS image of focal points
L) -
| E
i E —r
| L
a
-
H H
reference
N " e ei e
I
i H
==% ——
I E
ji==%
4 =
measuremen

gradient
calculation

Vavefront
reconstruction

8] 5-13 Surface Measurement Wavefront Sensing

® Manufacturing Execution and Control Hjtr s 3%

1. Automated Warehouse Control System for Airfreight Terminal
Remote Monitoring & Diagnostic System (MDYS)

High-Value Inventory Tracking & Management System

RFID Tracking of Metal Containers

WHEA R P E i PEE 2 RE S R
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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

©®~No U

B 5-14 HSM Bal N Cutter:'Characterisati on

Planning and Operations Management it s 4%

Virtual Warehouse Simulator For Rotables Management

Gintic Scheduling System

SIM Forecaster — 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

No O~ WDNR

WHRFS 2 st FFE g rEr 2 R S
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~ %3 UMC Singapore Branch

F MO0 3P P E P HMET S 2P ATH
Singapore) © & ZRURE - Bl K 2 B AT IR A

B 12+ & Fl A (UMC Fab 12i,
= R
LA f‘Ta“%fL %ji%]?ﬁ]i;ﬁ%ﬁ:i;;;o

A G B F (4o B 6-1 57 )

B 61l Rflg 2o Bemaired 248 MR E 2mi®e s

N

DPH R S FARL R EE 0T (4B 6-2 977 ) ¢

T\

UMC f #F -
R 6 3 -
ARG

1H LR -

-}

\\

WHRFS 2 st FFE g rEr 2 R S
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PUTAR AN R MR R B ET 3 AT R 12 4 & FIR(UMC Fab 12i,
Singapore) i /i ~FHERT F FAFN FEBH-RFE HEFEP F LT LA F
TR FRBATRE B

B ET F AT B R 12 v & F AL (UMC Fab 12i, Singapore)fi§ 4 :

BETFIUMCO)EE A- il Flft1 o7 AL EAMELTFLL
WA G gL DS - FRMER R P (1980 & 50 A1) XA
- pnmizﬁ;w\ﬂ(l%sg?ﬂ L PP )l AWML ER SR
E - R H AR > T LR SETeahE R P ﬁrﬁﬁifiﬁlﬁ 90 7 oF EWAEH
e~ 65 5 F %iﬁﬁﬁtr 45 % 5F AR ~ o el S R S UELE SPiE A AR
FOoAAB L LF-BEA LR SHFIZHFIAI P TP W 2IRE 2
973 13000 % B s P A~ AT S BME FREE UG FHE LR
P o JE IR 2 24 BRI o

B A EiedeT D AN ERF AL F (2000 £ 3 7)) A E - 3
0.13 #f %42 1C(2000 # 5 7 )~ 2 1 5 - % 90 2 F @42 IC (2003 # 3 * )~ 90
AR > EHRFET I EA(004 5 ) ANERF -3 653 K £~
S (2005 67 )~90 2 K Ll [ £:4 104 (2005 & 8 7 )~ A % - 37 45
2 sk glARp:R 1C(2006 & 11 7 ) -

WA Zpd it FFE Qg 2 R S5
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127 S AP 8rd HFen™ @& * G fFAQES Gt & B HFV Y F
wn ) S FED 25 B (4rB 6-3977 ) PR BTG 3 BAALWULY FFEY D
12vﬁgam%1 Boo— Bt 2 g £ 8 B R (Fab 12A) 2 3+ 1999 & 11 7 & ;N2 g o
2002&{%@*» ¥ A5 L0134k 2 90 3 K ®WAR S % ﬁ;e%ii °
- R E_ AR 2 UMCI(I”""‘"’?ﬁﬂW Ve T ER) AT a Fab 1
] 2000 12 " B4 2004ﬁasuxwﬂmb£w 2004 1
2% Fab 12i - &5 B 12 vﬁm\ﬁé AnEr LR ALl s L s faifz.i
o T A ERY TR AN SRR B KG o

FN»

N
P ;;\ *‘; i

Die size: 20%20 mm?

300rmm GDPW: 148
200mirn G DPW, 57 _2- 6

Bl 6-3 127t S Fl¥es frchfh > @ % G ff > F e szt

Y & PN o ERE ] S i F R k8 & ¥ (SOO)® e 2
B A AEAA AT - B 2ATT Bo KA SR A ke

M \m
iifs

AR IREDDEE RS T LR c B 64T BT B R S E 1
; ”;’i: B?‘mh_.,,a y R P BT E) AR st B

1

haqmp oo e IR BT ST TR AR
SHPIP 2L ﬁb‘?’%’rr‘\:,{‘:‘—‘-,%f i’;ﬂ'}i SEVE SEE ﬂxawgm c BT S HE
BRGSO 5 F -y BRI R S s kR
Bl P TR EE ARD65 3 K2 0T WA 7 /?Jpép oo LR L e
2GRt TR 23 mPE P Ee il %k 7L 2 i ED
PR g AR

ﬂD‘E uuH

&= | e

TN =
A
-3‘\1%

D
E‘J*
J,

RMEAE P ERETRA  HERM HRKREED AEHEARKRER
Bl 64 BMTEEL>Eefiid> %

WA ZadigFE Qg g LK;EW‘* 53
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T E KR BRR e j’é\; a0 B A7 PR S BR,T A oAt B OE R Bl AR B
%ig o hr ] 6-5 #7770 & _1998 & 4= 5 B T AT A% T Internatlo al Technology Roadmap
for Semiconductors (ITRS)er= st m}; T EE s P au*‘%frﬂﬁﬁzﬁf?ﬁnpff %
ot EAY AL X HE o P AR 2003 & 0 BR A% - B 90
ZA RN E AL 2 A B RFEL O @ 2006 F 0 BT L AN RlE
1

Qv 5 5S¢ / b s\ =
FhF - BAS 65;%7}‘%baﬂa1m?~\?°
S ey S - YRE PrT P S Ty
EHAIEE B R T2 T T N
5umi;
T ™
L ™
Jum |
™
T
2um ——k
T
Lo~
Tum -
_
L
0.8um
"_"'h‘-_
. TR O s Dt B T LA b =
2 0.5um *:%\_ BB METEERFEEESE
e T ;! F T
[ kA |
e L g, W N o o v B bt er
] N B PR o HE [ 2L
0. 95 el B S P Y
........ - R
1™ =
0 4D | L —
. 1uuinn l] 13*"“‘\_ —| ' I
Ty, L
0 oaa | e U T T |
. 1Jaunn 1 L ‘_ ‘ ‘rl
SR e L Pl T e | BAdum |y il
prr— TR pgEE R AR ] ] e AL
= H—EIITERERFER ————T W Wi
= I siam e Y1
B5mm | | | B %,
1982 1984 1986 1988 1990 4992 4994 1995 1998 20000 2002 2004 2006
3B
e

Bl 6-5 =T WARH I 4 & 2R T I HF

BMETT HEP F LR

d ISR 2 A 4 A& Fab 12A o FIet B R 2 AR T d Fab 12A jo @ 1
AR SRS RRARNTERETFEL > P FRPET I W AT e B AL
2 HoiEi 4 (R i P F 4o B) 6-6~H) 6-10) ¢
(1) PM & B #/ if 5 %o (PMQA, PM Quality Assurance System) :

WP G- AWK ERVEPM B BR A PM SRR SR

i’ieﬁ:t/»\ ’}‘r MVA (Multi Variable Analysis)#c s f# 8 PM 4phd 2. B % % aéi”hf.i
2 BHE TR PM 4p BE 4 2% o

WREA & CEPE Y PEEY 2 R 2
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Why we need PMQA (FDC PM index) ?

Serious abnormal case (PM Related) Trend

o

s el

9% of excursions
PM Related
[atme)
=
=
Jan-07 Feb-07 Mar-07 Apr-0T May-07 Jun-07 Jul-a7 Augl7

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

PSS B
s R
C ORI T AL

B 6-6 =% PM Quality Assurance fi 3%

(2) Z 7 5% pe & s (Chamber Matching System) :

WP T AT kLS MVA (Multi Variable Analysis) 2. #£ 4 & 2 i+
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

ST oAt oF T
e T

A

B 6-7 % Chamber Matching Issue f 37

w
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Q) ¥ & p|(Virtua Metrology) :

WP e f1* Partid Least Sguare (PLS) Function 3 E & # € Bl(Virtua
Metrology) #t jtr » I &) 7t = # = 4 * [Inline Data 3 p| & ¥ WAT(Wafer
Acceptance Test) iz » 3% £ 7 A& § 3%-

Virtual Metrology in CUCMP tool

Wt LoadUnisad Stage Before polish P3 polish
i Cleansr RQbot A TransterRObSt | oo cup el Basiier Remaval &
et I l - TaTaN Oxide Correction
T Tz Nl g -
Queue i I
\
W‘“‘“ LINSSR
[, Wegasonics & ,
U Brush 5
3 = P1 polish
( " ij Bru ) p P2 polish
| 1 Service Lt I _
j\__._\: | srD Accese 4 ) E:':DE; Stop on Barrier
— e t?‘-\- st
output
\ | L =0 |
optionalDry  Ory integrated |n-.er;-aten
Metrology  Rebot controlier Isolation & Clea

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

B 6-8 ¢ Virtua Metrology i 3% (1)

Measure V.S. Predicate result of polish rate

3 R =02 M/
£

= /

200 | Error Rate=(Y real — Y pred )/ Y real i ‘Jx\

100% ' 4 f; \ )t\ f\ A\
L WS AWA A=A
i P e ek A v

Related coefficient (R2) can reached 0.9829.
Error rate of Virtual Metrology is about +/-2%

qgssfully can use tool SVID to set up Virtual Metrology

B 6-9 =T Virtua Metrology i 3% (2)

WHRFS 2 st FFE g rEr 2 R S
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(4) Liz®l 4] % % (Advanced APC system) :

12 CUCMPT # & 5 6 > 3P BT 4o » i # £ B Finad WAT Feedback 2. -L i&
APC i kv > 7 3 »xezig WAT ek 2E i £ (Standard Deviation) 2 WAT CPK -

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

Metrology data

Floating Polished
Amount

—

Inline data

Pelish

Ta/TaN CMP APCAVM Time

CMP Folish ?
Rate

FDC paramesters:
down force, slurry flow,
T n speed, toque e

CMP Rate

Polish time=Polish amount / Polish rate

B 6-10 =7 Advanced APC system fj 3

Rt e fFr FER:

Rt ¢ p ot F 42007 & #7232 & ghdadeAi 8 5 = (352 2007 WAL € p
fo b E R T B ARLIFEL) D (DA E A E A (Intelligent Robots) ~ (2)k # T 4

TR P J}iﬁﬁr(Opto M echatronics Systems and Inspection Technology) £ (3) 4 £ 2]
%?i;g & su(Intelligent Manufacturing Systems) & =t f 35 d p - & 7 & 4 3R
BREALHFEANNG LAY BTy AR - B AR S 1R kA
(Equipment Engineering System) -~ & £ 4| 3¢ B % & (Intelligent Predictive
Maintenance) % jw #t £ |(Virtual Metrology) » 4~ S| f B € B w0 iz = B4
2T BRI E A% B WD HRRE RPATER BAE 0 T IR
o i SR E pF TR m R ERIEL & E (R 6-11 2§ 6-12
ﬁ%ﬂ’Hﬂw%iﬁﬁ%ﬁﬁ~@”iwwwg@w@&ﬁéwﬁ;%%ﬁ%
%ax;ljfﬁ o

BRAS Zp I EFECJ g L TR S5
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Real Metrology Data
ar |
o | ®
B N
P P
— i
1 1 1 1
T e AT ' +ar

b
lam]:'ln data dt s,

Virtual Metrology Data y!

: UCL

Data X; o e g

Virtual Metmlog_v ® e

System

I
|
i
i
| Real Time & On Line | ST

[ h

i
1

Tl ot
s:.n:'ph Hard we g

Bl 6-11 RfLe p b it FF 2R hmiEE PIILL B

— = = = T T ee—— ]
e > Conjecture Model VM,
:‘,Q__—:_:::%__, Process Data = : _I—"
R Algorithm |
| oo |
I Only for I ! Ri
| Training > RI Module i
& Tuning| | |
| Metrology l Data y | as/
Frepteeading | — | oSiVede >

B 6-12 ¢ p it FPrRB R R R B E R

dNERRE R G RGP R PRGN R e R
BAtAT LB 0 d ‘ug_'g),@?f& PR 5 F) i3 Ry & TI—_I'LCD?iLeH’ﬂ“%
5 o 2 PTG AR o AR H Y o B A ERE RIBEEE 2

.%i’*ﬁiﬁé@’%ﬁﬁ*“’%ﬁﬁ§“%” Bﬁ*ﬁ

1 RERATR
LR PR BT ARG 2P R0 FR LI IRE e Fab
12i & P8 1 B 537 o 4o B 6-13 9757 > BT A0 -

4
.{
2R >Fab 12 SR 2% 3% L B3 5L L

BREY B P E g R 2 R
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b BLE R PRI D lﬁ%®%~w°&®*%dé@ﬂme& Fligz g kg
ﬁ”s‘ﬁ?;‘]" S B lFl e =X pFlen@EH* p b it Pl SR g
Interbay &% ;2 kit {7 > & % i #3514 (Rall Guided Vehicle)ig i7 Intrabay 2.
go Pl % o £ A B % R% 5 0 Fab 120 efhp & 1° HGF % S W) 50 28 3k & $HR %F'“
B e &g > & rl’g;gbx,f TREEY R RlERER T BaER
ORGSR g o ApRONEE 5 8 v & FIAk p #0351 @ (Automatic Gwded
Vehicle, AGV) s %o gt 57 % a7 B 4e 33 4 et » 4 A g5 4 4 hf Ko

N

B 6-13 =R p 6t e 120 & FlA
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~ %3+ Qimonda Dresden GmbH

zk:’zz““»fﬂﬁ]f%ﬁ%ﬁdwfﬂx# 2 53 A 5 AER
Fie B¢ AR RERDAFR TS THFE e ﬁv’@ﬁwﬁ(Dr@den)lz
w1 % [f] i (Qimonda Dresden GmbH ) » 3P 3% 3 & 7 % & L F e, 1™
A H R4

2

b

® 09:00~09:45 + F £ p 304 %

® 09:45~10:45 -S# 4 BG4

® 10:45~10:55 R4 pFR

® 1055~11:40 %32 521 RMHE

® 11:40~12:00 = #343#

+ % & 2 7 (Qimonda, Inc.) % >3k 4 Qﬂﬂme¢@m’Pmmi 5
SPEBANIEMaR B2 M BRI TR R MR R ﬁf

. %
A v
A R? IDRAM A 5> 7 % %0 e 2B A T~ PURE ~ TR A
F% o S F O P F Dresden 12 v & FlR 2 F ¥ %3 > 7 U0 REB

TAHRLAREE R LA TP ERES 2 TEFEY
ikﬂkﬁé%iﬂ L S enp B R SH o

*2}*
\gﬂ

& >4t 1513500 £ f 1 > 3%
‘fi‘ o Fl B > = B 1 & e 3 #H# HEeEEns 3061/~ -

Our Global Footprint: FY 07 Revenues EUR 3.6bn
%

12% % W Europe
North America

33% Asia / Pacific

IT%
Japan

Fl7-1 3520 2084 6

WHEA R P E i PEE 2 RE S R
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ARASRTREADIGE L iFsk s TN D BN AHFER - FH
BTS2 HE RS ER o

Strong Customer Base

3

L (D | D Sun Microson  @upvivia (intel
Dell. EEl sony AMDIL g
M FUiTsu ~nec [
lenowo TOSHIBA /SUS @ saiskz

~ w

B 72 #FFodzutis

« LBAREI AL

B 7-3 512M XDR

512M XDR P #7 & 5 i) § 124 5 /&

¥ > 32 32GHz B :# > basedon 75 % 3t
%ﬂ;}i o

B 7-4 GDDRS5 standard

GDDRS5 standard(¥2 AMD & i7)3 & 4%
BRI (BT AR > i 20GB/s
#F % > basedon 75 7 F L o

% 7-5 DDR3 Products
DDR3 Products- ™ & »cit 4L @ 5 3
L LS ;)J’%;; ML 7 o

WHRFS 2 st FFE g rEr 2 R S
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DRAM if £ 2 & % 3 £ 3
SE3- 2007 & % 2012 & 4

CAGR

10.000.000
1.000.000
100.000
10.000
1.000

100

10

1

0 -+ T T

DRAM Consumption
(Million MB)

50%¢7 =

1980 1985 1990
Source: Gartner, Q1 2008

1995

2007 2012e

2000

B 7-6 DRAMiT#* %2 A k£ £

DRAM & %kt i J& *

>
T

A KFEE¥ R/ 3 Entry Level Server ~ 5 #
LA JUW S ) I S

AL K=

o gL

i’b‘ini(J A

RS S

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

Entry Level Server .

Multifunction A"

Printer 5

Mobile PC [.
-

Mobile Handset

Wl 7-7

A K- PC 7 B

T DRAM & k2t B

53%
62%
63%
64%

Average DRAM Market: 50%

}"@’H’

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

Ensure stability of systems
Server with ultra-dense DRAM packing:
low heat radiation
Networking, ==
i Aria &g’ = j S Low heat radiation, Low power M'- Q ”‘a“’i' "“‘Ie"t @
el g Bl = = atfoanfn,
Industrial ﬁ...;,", self-refresh, system reliability i 5 WEM.,& cisco
Graphics 6 Q k Power efficient high Microsoft <) SONY
’mr performance graphics RAM AMDZ ;.0
Slim cases without ventilation: G S TIVE @ TOSEIEN
Consumer m low heat radiation SONY I—
_— PHILIPS T
Mobile Increase battery lifetime of 9_\ @ ﬁﬂ
mobile devices ~ .« 2
Fhane ) seansior  Sandisk 2

Qimonda Dresden Company Presentation - July 2008 - Page 9

w 7-8

PR 2 f B E ¢ g s
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F AP ITE R L B F B o5 4 L Bena gy (PilotFab)

Office Fab 300 Support & Backend R&D CNT

B 7-9 ALEHETE BB PR
%?é#ﬁ%gmmaﬁ~rﬁ *ﬁﬁp%~ﬂﬂ‘ﬂﬁﬁ%ﬁﬁ°ﬁﬁ
BMARENEFTELSPA T OB ESRRE R nE R £ d
+F g R ‘*m’f“w FREEATHN ] Rl onF 2§ XA RS
?“E’I:_a:o-%%ué ﬁ’gﬂT f{w*'{'\‘_‘g‘f‘rp);? ﬁ%? - 4E£J‘Iﬂ%%;}-‘;/%
E2R ;;a:g;gui.pu* AEFAT s BisARKEBPI 57 487 RAEK

Mg kd g Senal Byt B (S %551?
% & Pilot Fab 22 R&D A 18 & £-if 5 B &1 $LFEE i o

-~

.. hew

Qimonda Dresden:

technologies.
H@mps
Fast and successfully ... [k /

transfers / r‘
>

B 7-10 Pilot Fab & R&D B & & 7 & B
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& BB TR R TR TR B

BT E R B B L REDE BRI Y o 0§ ACE 800 iR
1L ATER gt (EB AT TR o

Qh
‘a\

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
Improvement

WEETE fLin A 4 TR
4
g

A% 3000 FH 15 i A4 HR#Ec80% . A B A AR5 200

A

o

- A

= v
I3y KLt 4A » = . % 5 0> KT W s (Yom 0
B1RTRIA® A FR2EG4% LHKTH LS 7% 7 49%
Bl GGk gt | oo

AAFRpeR F“Mi#iw £ 2T% > 4 AP P L 44% 0

AR 9 14% 0 m HAeATpE £ ;%g PRl 4 15% o

Employees
Number of employees
= from the region
E international employees

Education
University 44%
Technical college %
Skilled worker 49%
&
Departments
R & D Technology 27%
/ Production 44%
Technology 14%
5 rt 15%
[ ‘ Hpee D J

Bl 7-12 463+ 20% et 4 FORE A0

WREA & CEPE Y PEEY 2 R 2
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L
/‘, E’b;’,

TR RUER p & R en@fp ¢ B iF P’%ﬁ'i%)@;
%3540@@?]3’\1 bent 4 54

People from over 40 nations are -
working at Qimonda Dresden 1} P

F,-{ Joint development activities & I 2
with Elpida e
— Team ,Get-more-International =

WEATE Rt Bk B HT 1 & ¥ 8 r(chip academy)

PIRPE T % o - RE AR ke

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

Professions

Mechatronics technician

Electronics Technician for Automation
Engineering

Microtechnology Tech nician

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 @pard Rkt £e8HT - Y 5K

WHRFS 2 st FFE g rEr 2 R S
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B ETE R H BRI RS IAE A el R B

&p%ﬁ% S 3 R A HnE DR R AT ARLE]

5 Pl B iRl 8+ BB 3 12 v

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 i

Chips per wafer (%)

i B AT R vz 2 fem

+ ¥ 3 irﬁ%; LR ¢ iE (Elpida) & 4}
7 4 (pr’L%E)rﬂDRAMEﬁ%
]

&t s (TR B¢ ARE & G ff 0 DRA

Cost per chip (%)

M+ # 5% 3 2010 # &

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 zh Az 2 R

WRES G e FFE Wi PEr 2 R S
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65 % F i » AR EF sl % (Buried Wordline) ¥ 3t 1.5V g &
TE T fa iRt

150% Power for 60nm generation

140%
130%
120%
110%
100%
90%
80%
70%
60%
50%

ey
&
=
g
3
3
o
o
=
K
<
14

‘Competitor A Competitor B Qimonda Qimonda 65nm Buried Wordline
6Xnm 6Xnm 58nm Trench 18V 15V

%7'17 65,—|— ‘} ;}sl:ﬁtrm IS \‘H'?’}:EE—?‘ 71_.4‘;51@ "‘Lm’a.rﬁé é‘r)l‘—‘l-

SO-DIMM si& 5 s %

65 % < Buried Wordline F]¥ 3 »xc& iy > @ &P~ La 058 3 F
#H 5° DRAM s
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

Bl 7-18 DRAM i H 5% 3t i

IS LRSS L
EER A R R Rk 0 LTI TR E § 2 0kk

B2 IEFRNHRF FL %ﬁ%‘F%ﬁ’ﬁiﬁé &
m & Fl & A @ 2R H R 8% F E 4 # 90nm -~ 80nm, 75nm
fo 65nM 2 St AR B2 P fLen 12 vd 8 Fl R R

WREA & CEPE Y PEEY 2 R 2
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] pNaAa Fa s] and Fa e D Developme andad a % ()

inoteral | ~AngA| Joint 300mm manufacturing in Taiwan (36% ownership)‘
+ _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 2 - Joint Development of MCP products

- » License of 90nm, 80nm, 75nm and 65nm
winbond DRAM technology in exchange for 12" capacity
':3 T RN » Secure mask technology development
AMDZIT  on Moo e - Production of worldwide leading-edge masks

Bl 7-19 B8R R P LR

Gl SRS TS R R R g7 i N

-~

ADVANCED MASK& TECHNOLOGY CENTER

Leading edge lithographic mask development:

JV of Qimonda, AMD and Toppan e

- 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
(e[l LGEM  on materials

Dresden <
Universities and Institutes

Strong national alliances and cooperations with leading universities and
institutes

Supplier
Strong development cooperations with leading international suppliers

Bl 7-20 ¥ ETE RGP ERF = AIFTRH

WREA & CEPE Y PEEY 2 R 2
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A~ %3 Erlangen Universsity

91 8 p % R v Erlangen ~ § 0 Feldmann Rz 2§ £ in® - §n~ 1%
ﬁﬂ gy B e A > A PR R T AT o AT O BRI D] H]
podeit T4 A kA 7 o7 (Indtitute for Manufacturing Automation and
Produ ctlonsystems)o«a» EXRE A LEAANEBE T F T ’fd
g oareni g Feldmann #ode /1 5 i ST Rt T AT T PRI o
g p it TA A LIy A Erlangen < B e e koo ;»;«’
L3 11 BER> 24000 254 > 1743 £ 2 5 - 75 Xeht §
%‘;‘rmem; il 1966 & &2 |7 1982 # 4 BanT Rk o ﬁw,uu‘a #»
Gz BAELATRETI26EE5HL D >3 6B A B TER- K
WoORPEE P S ERENNFER WGBTS A LR H;Za’ﬁre’n
Feldmann KPLKL 2 PRFF L R > 2 E a7 99 48 2 4 » A Aranyds -
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-+~ %3+ Institutefor Microstructure Technology/ Karlsruhe

1 %4 p 28— 7154w A4 R karlsruhe & A3kt 2@ A g ¢ o
(Forschungszentrum Karlsruhe, FZK) crpic i 7 # 7 #7(Intitute of Microstructure
Technology, IMT)f% BFod & #r& Dr.Bacher 3.3 ~ % d #7& Prof. Dr. Saile
> AR F T Bl 4R - Forschungszentrun Karlsruhe (Research Center Karlsruhe) s
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€ - E)jﬁﬁ]/z EFRIFT E 5 I5BFAT P ook 5 265007 F A B ¥R 1 -FZK
I & University Karlsruhe %% & = = Karlsruhe Intitute of Technology » #= FZK &2
University Karlsruhe e12 % 72 3 ”‘TH—" ﬁy},*“ B BHT My FiOT R L GO
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b= Informatics
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Micro Structure
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clear and Energy
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The Ingtitule of Microstructure Technology (IMT) #_FZK §£* & & & » & # ¥
Lty Hoim o ety ? @42 0 LIGA Process > (Lithographie ,Galvanoformung,
Abformung, # ¥ X-ray lithography ,electroforming and molding) =~ #_#_ 1980 & i~
A P IMT 5 £ Institule of Nuclear Process Engineering # Prof. Becker 2 Prof.
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WREA & CEPE Y PEEY 2 R 2
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# it (Microfluids and Sensor Technology) ° # B % 48 @ (Replication) 2 i @ i3
(Microfabrication) = ~ #7382 2 LIGA #4534 o %87 1 972 #t& & Prof.
Volker Saile > & 1& & Dr. Walter Bacher - #r& Prof. Saile = 1976 # > & L 2 +
BBy L5, 3 1989 £ L 30ERO N B2 AR A Y T A
A E2 BRix, ¥t 1089 3 1908 f X BEL A ATX 7R FHEE fodt 0 3 1008 # 4e
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Microfluid $% F* i iz Dr. Guber &2 Replication % * 2L iz Dr. Worgull 7 Af 330 -8
1%L BEEE o T2 i d Dr. Borner # 4 S FZK gl b §g 5
ANKA(Angstromguelle Karlsruhe, & 335 =+ #78 f 558 (A)siR) » 22 T 2w &
DIVEBIEL o LT ﬁ*‘ui LI R R M2 A

k& 2 k{3 I (Opticsand Photonics)

ZIRM A& & = 1 Photonic systems, 2.Biophotonics, 3.X-Ray lithography,
4.X-Ray optics, 5.Electrochemical process % #= 3 43 - & Photonic systems
3G A BT A% FA* LIGA 4 h ﬁii’r,}é{t%éﬁi;n ~E gk A
oo g F et ¢ 32k T B = JF, distance sensor, electrostatic
actuator ,array micro-spectrometer % % > 4 10-2 #r5+ - . X-Ray lithography
o AT FZK 2 R H sy P o ANKA 2 FH g5 RT3 75
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H 5 E2 g8 sA 2 ANKA L#x#8 44 > X-Ray LIGA #l4z2
Tk RS vEFIRAELTE . B X-Rayopticsq‘s B0 T HE BT
 EELE Y H R X-Ray * 2 4TS 8o 8 X-Ray 7 5 8 % § B L p
Lo F]p AT 7 er 4 * LIGA 424 (7 X-Ray /ﬁw£* 2. X-Ray i aﬁ’ R
ﬁié%ﬂ-’iﬁiw:m%n‘ T2 BREHET UG X-Ry RE2Z* > 4of] 104
S ougﬁ—;igq ¥ # X-Ray Joe}\%‘,\, 3 450nm hE jT 0 A kY 4P
H#-X-Ray F £ 3 5 100nmE /=, H B * i¢ 5 X-Ray %3# ko Blw ¥7 IMT
# B hE AR el g oh X-Ray & 40> éiﬁtrdaﬁzw et SRS R

ptcrooptical assembly 2oard
for @ cistance sensor.

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

Dlecrooptizal subsysiem,
CONSISUM 3 & mucrocotizal
azsembly board anc an
e'ecirooptical board

lensas

TR L O TR ALY

Submicrometer structure, height 5 um,
structural width 350 + 20 nm. Nosalc lenses, tried by 457,

Microoptical filhar switch with
eiechuslalic soiu-io.

Bl 10-2 kg = i B 10-3LIGA #laflic M 104 4F & A5 % 2
2 BIREE MR X-Ray Hcis & pic
& 3] B & He

A% (Micro-fluids) 2w

%R A& & = 1L.Nano/Mico-capillary Systems » 2.Biosensor Technologies »
3.Lab-on-chip Systems = »J~ ® o # ¢ 4 Nano/Mico-capillary Systems =i
BT R EBENS mT A2 i lab-on-chip & 5 % st J1* Hot
Embossing 2 micro-injection molding = ;2 @ i uTAS & 5 o H @ &+ 2 =
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UV-lithography % it d1 4 5 & Bl & 5 i * 2 4 F i i & tide nanoscale
flow cel » 4@ 10-6 #771 - # Biosensor = w P|# B 1102 & o & H 5 484 47
®(SAW Gassensor)z_ 4 o P AR B o ¥ A X BTy L EH 5
oML TE S B (electroicnose) ¥ @ HE(FL X * 2 4B 1070 &
Lab-on-chip % 6 i & i% & L @ ik e 3 B 5 102 A A R 324 10-8

b B2 i M43 PDMS, PMMA Polyimide

S oo @ ATE B N2 S Tk b
APEEK SHAlo e BN BT LT ENRBET RS mT AL S Lo

4 B] 10-9 -

Bl 10-5 <& AT & & d 96 B AR MRS S f S

Systeme und Service fur die Chemische Analytik
Systems and Services for Chemical Analysis

@B 10-6 Nanoscale flow cell B 10-7 =+ A (5 Wsensor)2 7 ¥4 4

B 10-8 frim*L mT ARAXNRIE
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Process 2. CVD,PVD % RIE £ lithography % 4% - E—Beam writer, & 48 -
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TP AR TP L B TR X R R S 3l
2. LIGA flfgz+d # mdee 1 L %4 A rEE > B 10-13 & B 10-14 % 7 i&
ll-’,_'i,{d*pf( J"-»l‘l"z( I_I(_;Aﬁll’f:‘7 ’}'3..]__”5%\"77})"3]7%{—\@0

View into the IMT clean room. 100 kV electron beam system. Quality contro!

B 10-12 pcflig v P 2 3K &

Watch parts made of hard gold.

I

B 10-13  # T3t 8% b 2 dcdl 4B gk ® 10-14  jicilsksk ~ & 7 48
AEHIZ2 B ER

ANKA(Angstromquelle Karlsruhe)
+ 2@ i oF SR ANKA Z_FZK p el o f5 57 o 0 30 1997 # B 40213
1998 & B 423 > 2000 & B 4o % — BF 5% 20024% - AT > RHAD
T ANKA e g bf4vid Ba & * 307 587 7 AR ¢ (1)condensed matter »
Micro and Nano technology ° (2)Envi ronmental Research - (3)Sychrotron
technology and instrumentation.

ANKA [ if 8 4cid B2 R F 40T o
Circumference:~110 m, Beam current: ~180-200 mA ,
Photon flux @ ec: 5 1012 h/5/0.1%BW/mrad
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Energy: 2.5 GeV, Emittance: 88 nm rad, Brilliance @ ec: 5x10"
ph/s/0.1%BW/mmz2/mr?2

ANKA 4cif B4 = i5 X-Ray beam lines s 4 %] %% f247 B 2 X-Ray mask
making , deep X-Ray lithography 2 % ultra deep X-Ray lithography - % &
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Covering MEMS from its foundations via

e Design and ssimulation

e Fabrication technologies

e Materids

e Systems development to

* Applications

Develop microcomponents as well as complete Microsystems

Educating new kind of engineers with strongly interdisciplinary expertise

=3 ) e 24 > .
E AN ERE S g G AL I

Interdisciplinarity

e Basic education in electrical engineering, physics, computer sciences,
chemistry, material's science, technology

Hands-on experiences

e Labclassesin the clean room, electronics and chemistry lab classes, ...
Systems and application oriented

e Broad, encompassing view

Fit for business - non-technical education

e  Project management

e Intellectua Property Rights

Technical specialization areas in the masters program
e Materias and technologies

e Systemsengineering

e Lifescience

International exchange programs, notebook university, inventors club,
alumni club
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B [aboratory for Microsystems Materials (Prof. Dr. Oliver Paul)
e CMOSbased MEMS
e  Technology development
e  Thinfilm characterisation
e  Physical sensors
e  High-temperature MEMS

. Microstructures for life science

B 11-1 Microstructuresfor life science

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

e Electrochemical micro-processing
e u-wireelectro discharge machining

e Injection moulding

e Hot embossing

Bl 11-2 Hot embossing
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B Laboratory for Materials Process Technology (Prof. Dr. Jirgen HauBelt)

e Microstructured ceramics

e Polymer-nanoceramic composites

e  Suspensions of ceramic nanopowders
e Screen printing of microstructures

e Ceramics for dental restorations

B 11-3 Ceramicsfor denta restorations

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

 Polymersfor MEMS

e Biomaterials & nanoparticles

*  Surface characterization

*  New microstructuring processes
e Chemical microstructuring

e Nanochemistry

] 11-4 Nanochemistry
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B [aboratory for Assembly and Packaging (Prof. Dr. Jiirgen Wilde)

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

High temperature sensors

Bl 11-5 High temperature sensors

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

Wireless passive sensors
Smart wireless autonomous MEM S

Wirel ess sensor actuator networks

Energy autonomous microsystems
System on chip (FPAAS, FPGAS)
Surface acoustic wave devices (SAW)
Materials for SAW devices

B 11-6 Materiadsfor SAW devices

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

Mixed signal circuits

Low voltage/ low power design

WHRFS 2 st FFE g rEr 2 R S
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 Anaog/ digita converters
e  Sensor interfaces
e Wireless sensor networks

e Digita design techniques

@] 11-7 Digital design techniques

B Laboratory for Microactuators (Prof. Dr. Ulrike Wallrabe)
e  MEMS actuation principles (electrostatics, el ectromagnetics, fluidics)
e Opticad MEMS (lenses, interferometers, spectrometers)
e Medica MEMS (end effectors, positioning systems)

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

B Laboratory for Microsystem Simulation (Prof. Dr. Jan Korvink)
e Advanced smulation technology such as topology optimization

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

* Magnetic resonance microsystems for cell & brain imaging

WREA & CEPE Y PEEY 2 R 2
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B 11-9 Magnetic resonance microsystems for cell & brain imaging

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

B 11-10 Computer-aided optimization (CAQO)

B Laboratory for Micro-Optics (Prof. Dr. Hans Zappe)
e Photonic systems
e Optica datacommunication
e OXC (optical cross-connects)
e Biophotonics
e Optica medical technology
e Silicon MOEMS technology
e  Polymer based micro-optics

WREA & CEPE Y PEEY 2 R 2
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Bl 11-11 Polymer based micro-optics

L aboratory for Sensors (Prof. Dr. Gerald Urban)

Bio/chemo-sensorarrays
Microflow sensor
Nanoparticles
Fingerprint sensor

Cell assays

Plasma technology

Bl 11-12 Plasmatechnology

L aboratory for MEMS Applications (Prof. Dr. Roland Zengerle)

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

Flow- & humidity sensors

Microfluidics modelling & simulation

WEHEA Zp et FME Qg pmEr 2 R R
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] 11-13 Microfluidics modelling & simulation

Laboratory for Biomedical Microtechnology (Prof. Dr. Thomas Stieglitz)
e Neura prostheses and neuromodulation

e Electrical stimulation & recording

*  Flexible multi-channel electrodes

* Modular micro-implants

e Polymer-based substrates and systems

* Biostable coating and encapsulation

* Biocompatible assembling and packaging

B 11-14 Biocompatible assembling and packaging

L aboratory for Optical Measurement Technology (Prof. Dr. Alexander
Rohrbach)

e Optical trapping

e High-speed interferometry

*  Novel microscopies

e Wave optical smulations

e Cedll biologica dynamics

e  Huctuation-dissipation systems
e Molecular motors

WHRFS 2 st FFE g rEr 2 R S
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B 11-15 Molecular motors

L aboratory 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

B 11-16 Atomic layer deposition
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