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Manufacturing) ~ P& = 3| B iegd B (Rapld Product Development) MR EE M A
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i# = A & & F B (Rapid Product Realization)
AL 34z p #51v & Si(Intelligent/Novel Process Automation System)

gk g 52 g Rl B (Micro Factory Architecture/Sensors)

% Nﬂlﬁ Manufacturing Group - Collaborators

Laboratory for Concurrent Engineering & Logistics

LCEL BioEngrg Division
Head (ME)

Deputy Heads
(Administration, Research, Academic)

a'r‘ﬂuid ﬁeriah

Applied |
Mechanics Bangol. Mechanics
—— ORGANIZATION STRUCTURE
&
3 Th -
Manufacturing Hasdloat COLLABORATING PARTNERS IN|
MANUFACTURING RESEARCH

DEPARTMENTS

DIVISIONAL GROUPS

Center for Intelligent Products & Manufacturing Systems
CIPMAS

B 2-2 NUS 1 B T % 2 .E’_?%k

National University

|1 [y ——— .
Manufacturing Group = Research Roadmap
e 2000 2001 2002 2004 2005

Manusoft
Research Internnet-

Areas: Intelligent Mold & Die
Design
E Penn State GT
CIPMAS, ligien :-:-
Design/Mf
9 9 p Internet-based Design
jl Virtual/E-Mfg
Rapid Product
— alization

Collaborative
Design &
Manufacturing

Rapid Prototyping/
Rapid

Tooling/Reverse Intelligent/Novel
Engineering
Rapid Product
Development

High-Speed/Micro
Machining
Advanced
Materials
Processing

Micro fabrication

Mikrotools

Key Programs Focused Projects Collaborators. GOALS Startup

B 2-3 Wi ey 2 w2 4% Bl(Road Map)
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= ~ %3* Nanyang Technological University
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Bl 3-3 4~ e [H

MEng (by research)

Bl 3-4 fFApiw

BITFE AT

B £ d Prof. Chen I-Ming 4 % 3% % <f1Robotics 7 7 2 3£}

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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%% d Prof. Lam Yee Cheong /i % 3% % 9 Advance Manufacturing Centere 72
i 2
Laser Machining ~ Microfludics ~ Polymer Composites # Injection Molding °

3 B Mechanics of Micro-System 2 #* 3 #_d Prof. DuHeJun X /i 55 - 2 1 &

FLFIEP 4T 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 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 °

7 M Ultra-precision Machining 2. #* 3 &_d Prof. David Butler & /i 5 o i& i 4f
B 2P FERe 30

Ultra-precision Machining~ Simulation of Machining Processes # Electro-kinetic
Abrasive Removal o

SHEFLFHRE A BT

Robotic Research Center

B 3-5 % Robotics % % — F & a8 i 5 & B F F4 QP IR 4L F il
B Gl S3ad bR R etk BF AL 2 ERA S P
3% o Bl 3-6 PIRZF S E T E * Segway 4 EIEAER kb ¥hiE
FHFTREFBBAGCR 3T REFHBEALZE o T3 Medical Assistance $8 5> B §
YeRl 3-8 TR EE MR R R E RiE G S DA A B

a o Hp BT HIREFRL .
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B39 49T

Centre for Mechanics of Micro System
iE¥Ri» 2 47 Center of Mechanics and Micro-system > 32

HE - LEFRFRE S B 3-10 2 EFRBAIFFHRKA o

B] 3-10 kB &P %

Micromachines (MEMS) Centre

RN @ B 7 4d Prof. Miao Jianmin 4 2 o A B B4 %%
FAUE IR o P w e, BB @ 5 Prof. Miao %5 < Bic v R R

)

3-11 % Micro-Machines Centre ¥% ’\?»K x5 2_ PRk
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= ~  %3* Applied Materials, Singapore
S @39 7 2 p = %3 Applied Materials, Singaporeo d £ B 4438 L g8

2R F® tr1Industrial Director Scott Watson £ 2 ) & 3 o 4554 * 458 2 @ (Applied
Materials) Ps? i ~ MAS % %o~ X 142 % ffu’fr'%f'%i'] Bt E 4P o Watson
LA FHERMAN > TEFABEY R LB BT HBE LSNP =K Frig A
Poker o F TR AT L NP NE o

RB* ##2 & (Applied Materials) #§ 4
Bt MRS PRIV E R S22 R I8 BRRKE 110 B B4
B 14336 4 > 2 EFITH 920 mE 0 T EER ~ o~ 0 A ek
DRI o VAR R ELEME - T B B ET R RS
B~ 2 R R RAPM HERE BRI PREAREE 25 2N
P e L RKA 4o

Silicon Systems

Thermal Inspection 2

Etch PVD CMP

Bl 4-1 2 EHKF

LCD Flat Panel Display Systems

PECVD Systems E-Beam Array Testers

AKT-NEW ARISTO™ 2200

Bl 4-2 oo BT BRA

WHES 2 FFE g PRI L R S
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Solutions for Solar Manufacturing l

Crystalline Silicon Flexible PV

Architectural Glass and Flexible Electronics

Glass Coating Systems Web Coating Systems

Applied AXL B70™ Compariment Coater Applied TOPMET™

4-4 TR A

@?ﬁ%QﬁﬁJ LHEMURAE s BULKA - wAE AT Y
Wb 2IRIES G EHE 2B L EMAAM KRG DLW AP LY

Yo 4-5 25 7

BEE 2P E g T L RN S
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SILICON DISPLAY ENERGY &

SYSTEMS ENVIRONMENTAL
SOLUTIONS

Changing the
Energy Equation

Advancing Technology Delivering New
Innovating Productivity Technology and Scale

APPLIED GLOBAL SERVICES 3 i . I
I Driving Fab Productivity i ¢

MAS (Manufacturing Automation Services) #® i p #° i* JRF% % 3t
RTINS R RTINS CRUIC I I i = c21 & AREE AP S
(1) FH et < A7 4] (Data explosion requires scalable systems)
Q) % # 1 4 % % E APC % % 3 # & fic # (Equipment Engineering
Systems/APC Solutions are now standard)
(3) # " F kR % (Environmental concerns requires continuous reduction of
resource usage)
(4) TR IR kIS |4 fe o0k s (Data management complexity
requires manageable systems)
(5) % > & f% 4+ e % % (Point-to-point solutions failing —need complete
systems)
(6) =2z it (Globalization/Consolidation continues)

e AP LfEA R 2 N R FHUR T AN RS ff
Level 0 5 ik % % # (Instrumentation) > Level 1 % # 42 p # i (Process
Automation) > Level 2 % % 4% & i i* (Process Optimization) > Level 3 5 %1% #4 {7 %
s (Manufacturing Execution System) > Level 4 5 § i& 2 #| (Business
Planning/ERP) - MES Platform - Productivity Platform %# Equipment Platform 3 H

AEZ RIS hef] 46 ST o

WRES bt P E RS L RRE S
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'The Total Manufacturing IT Solution al

Level 4 - Business Planning/ERP

Automation

Instrumentation

Tevel0- ierie arancme E 9
Q)

RF LA ,f‘ 3

A ARk ME E E3 & #3% % 1 42 (Enterprise Equipment Engineering) -+ 5 % 2
F L & APC (Advanced Process Control) - E3 & 5 d E3 p # it (E3
Automation) > E3 4% 3% 1 /P22 & %5 (E3 Fault Detection and Cla351ﬁcat10n) » E3 R2R
(E3 Run to Run Control) » 12 % E3 X # {4 s¢ i §¥_(E3 Equipment Performance
Tracking) % + BAE S o REDE3 FEKEF AT S4B 4-7 A1 o K PT L
¥ APC s Seehgf 4 B Bl 4-8 2B 4-9 @ Pt - A R # Ay ¢ FEEFTR 0 2
FEM AR 2 REER -

'YMeAPC Solution Descripties

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

Consolidated
Data '—I‘
Warehouse E3 FDCo E-test

Analysis Analy5|s

Control
Equipment Automation Layer A ———

SECS/ EDA SECS/ I EDA
GEm GEM Equipment

E3 RTD X-site
/" AHeaith indications == |
pbotiull s =2k A so M cums 2

E3 Strategy Engine

Bl4-7 E3 gHxa1Ts

BREAS 2B CFME WG PETET 2 R 53
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V' Applied E3 Architecture Ql

Applied E2 Components
P 3rd Party Applications
u Optional R2R Sl (MES, CMMS, SPC, etc.)
| Optional FD
|
Custom Service Required E3
Client Application Discovery I
D Applied E3 Core Blocks sewer il Wi
¥
Equipment Interface | J T l'
Y L
= State Model
Equipment Adapter Engine Data Service Eenera Log
Provider i Bloc! 5 Server
| Data Access Layer [Embedded in each component) |
SECSI/IGEM

oPc = Process data
Sensors = FDC/EPT/RZR data
Oracle Database = Control rules
= Data Collection Plans

*—— Web Services

+———— NET Remoting (XML/SOAP)

—eeep G ot 1 1%

Bl 4-8 2kagi T

L\
nd

e

R2R Control
(Run-to-Run)

B 49 APC T -

#r & 9 % si(Intelligent Manufacturing Systems)

B HPE>TTEANE kR dLied 24 73T L APF (Advanced
Productivity Family Platform) 3 - #h - APF & ¥ APF i@ 4F x *(APF Reporter) ~
WPk S(Real-Time Dispatch) ~ % i ¢ 3 % $i(Activity Manager) ~ B [ £ 42
% %t (Advanced Scheduling) - = & 2 ##FEHME] 4-10 #r7r o T " = MAS = F§ &
AL AR 3 B TR Ao @] 4-11 977 o B PR AR & L5 Gemini i Bk BRI RS
HU F sz el 2o 4oB 4-12 971 o

BHE 2P E T L RN S
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'Throughput Optimization Solution Strategy @)

/\ Benefits

= |mproves cycle time

= Reduces variance
of production

Advanced Scheduling (future)
= Add scheduling capability to dispatch

= Built upon RTD/AM Frame

= Focused arcund short interval scheduling

Activity Manager = 3 :
= Automate response to factory events 2 3 Improves "neanty’
= Standardize operational policies 3 WIP balance. tools
= Extends value of Real Time Dispatch (73] e X '
= 300mm: full automation of material transport 5 utilization
= Extending to 200mm and TAP =1 F ”__" f ut
= Fultiiis warer o
Real-Time Dispatch g it t
= Rule Based Decision Process g commitmen
= Automate matenal dispatch. Standardize operational policies
= Proven value in reducing cycle time = - Improves AMHS
= 70% penetration in 200mm, 90% in 300mm ﬂ performanoe
= Moving into Test/Assembly/Packaging
B pane = Reduces
eporter
= Flexible Temporal Reporting manpowermead
= Manufacturing Intelligence count

Implemented in phases over time >

[ 4-10 APF = % 15 )

'Manufacturing Systems Application Suite @)

Level 4 - Business Planning/ERP

&7 ORACLE
M Level 3 - Manufacturing Executi

Q

Level 2 - Process Optimizati

=

Level 1 - Process Automatio|

=

Leﬁﬂ - Instrumentation

Bl 4-11 MAS = Ff & 2% 458 4 )

WRES 2 FME UG AT R 23
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P Gemini Overview @

Applied APF Applied APF
Real Time Dispatch Gemini

APF Repository Schedule

Scheduling Data Prediciion

Schedule -—
b
s =

LOT ARRiAL TiMES LOT SCHEDULES

H
Lamsssssmmmnnn

B 4-12 B re#de ks

W FS 2p b it FFE R BE Y 2 R S
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I ~ %3* Singapore Institute of Manufacturing Technology(SIMTech)

91 2p 7 = p Rt |ig HFT 7 #7(Singapore Institute of Manufacturing
Technology, SIMTech) » &> 2 FHHEp A A 5108 » Ld I A SHP A
B G e ARG Ed AT B WGP LT BB E AR -
B PR g Arena *g 4_ Dr. Lim Ser Yong > 3% 7 manufacturing processes,
automation % industrial information = A § ¥ - 3 B Obf FH i e 45 Forming
Technology, Machining Technology, Multi-functional Substrate, Surface Technology,
Mechatronics, Precision Measurement, Manufacturing Execution and Control,
Planning and Operations Management - # # 3+ 3|4 B o3 jiF3 Equipment
Innovation and Development, Microfluidic Devices Manufacturing, Product
Innovation and Development, Life Cycle Engineering.

8] 5-1 Micro-gears by nano-PIM

® Forming Technology #jt¥# 3%

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

BRES 2 ) EPE T 2 R S
24
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] 5-2 Forming Ti & Ti/Al/Sn Alloys Articles

Bl 5-4 Micro-moulding of Ceramic Components

® Machining Technology #jtre &

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

WRES 2 FME UG AT R 23
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] 5-6 Green WavelengthLaser for Micro-machining

® Multi-functional Substrate H jir & 35

b=

LTCC Technology

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

BB Zp e EPE i W g 2 R £33
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8] 5-7 Micro-Patterning for Flexible Electronics

® Surface Technology ##+¢ 3%

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

N

Bl 5-8 UV-Patternable Sol Gel Coatings

00 NG R

® Mechatronics H & 4=

High Precision Motion System

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

Robot Programming using Surface constraints

-

WHES 2 FFE g PRI L R 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 0 N oL

B] 5-11 Automated aerofoil restoration

WA 2 FME QG HANE T L R S
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® Precision Measurement 3 jiFe 35

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

8] 5-12 Embedded System for Digital Level

SHWS image of focal points
H H
-
| §
[ —_—
= '
= .
-
(] o . .
b -
- - ‘_-_J
==y :
-
T -
L —
| H
:
measuremen

gradient
calculation

Wavefront
reconstruction

] 5-13  Surface Measurement Wavefront Sensing

® Manufacturing Execution and Control v s 3

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

High-Value Inventory Tracking & Management System

RFID Tracking of Metal Containers

BRES 2 ) EPE T 2 R S
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

Bl 5-14 HSM Ball Nse Cuttef Characterisation

Planning and Operations Management $ v« 3%

NS ReE WD =

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 B2B1 Gateway for SMEs — for Supply Chain Integration
A*FBS

WHES 2 FFE g PRI L R S
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= ~ %3 UMC Singapore Branch

S9N 3P 2 RPBET T O P T4 12+ & FIA(UMC Fab 12i,
Singapore) o R E ~ BIURE 3 B AT E IR AR 6 B FCR 6-1 9T ) o
TAFZPRERAFP B2 I8 o

B 6-1 FALE 2 MaEmT it 2 LT R CniFEesd

A PH AR AL AL RS AT (doF] 62 477)

® UMC f§4F -
® B g M-
® LNt
]

-

WA 2 FME QG HANE T L R S
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B 6-2 %3 ek

AR AN R KR BRI ET AT By 12 +1 & Bl (UMC Fab 12i,
Singapore) if i ~FHET 3 M FEB RS HFEM FER LAHHP F
lfikﬁ-‘#ﬂ‘;‘ B e

BET F A48 R 12 v 5 FA(UMC Fab 12i, Singapore)f§ 4 :

BETIUMO)GE A -t H AL 2F » oL EMERFTFLE
22k SEA ffa oY - FHFI AR (1980 & 5% =) 2 F L%
- RL 2 %%ﬁé\ﬂ(1985& TrRE bR )T Al apenEe I oL
Bk - AR 0 T F LR SRATO R AR BN &riﬂfﬁlﬁﬁﬁr 90 % F WAzH
e~ 65 25K iﬂf&ﬂﬁ’ﬂ‘ 45 % F ®" Az ﬁ'f\ ARV X 1 A %%{,}. AR 2 ] AR
FOoAAR XSS - BEA R2HAFZNHFIAI ST BT P 2IRA D
ﬁ?I&mo%’aéﬁ‘ﬂiA%wwi\ﬁW£%Wr/?ﬁi F42 %2R
FEY S R IIRE P 24 ) PFIRGE o

BT~ FredeT™ D ANER A EARS ¥ (2000 £ 3 0 )~ A E - 3
0.13 #csk # 42 1C(2000 # 5 * )~ & 2 % — 37 90 2 5f @42 IC (2003 & 3 7 )~ 90
2l 2 BREIHE > EAQ04ES ) ANERS R 652K R
S (2005 # 6 7)~90 2 A HF R4 10 F 2(2005 & 8 7 )~ A 4 5 - 3 45
% 5F A7 1IC(2006 # 11 1) -

WHRES Hp e FPE W PATE Y Z R 43
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12 v g ]}ﬂ)ff]%'%l‘\ ¥ g rf;]f"h‘“J & * \iﬁ:{éﬁﬁ B oo &G I}_ﬂ'—' T’E} *
g B e FlE ] 25 B (4R 6-3 #7m) o P BT G 3 BAALEARY FiEY o
1204 S FIRE o — B2 5 e #2428 Bl % (Fab 12A) > 3 1999 & 11 * J_i\‘féffi ’
2002 £ A= iE* E R & LR 013 ek 2 90 3 K '@lﬁip EPARERA ¥
- APl E A= %2 UMCI( 374 D P B %) BT {Fab 12A 2_4f
B> JE 2000 & 12 " B4-EiE 52004 & 3 0 @~ § A FR ﬁx v %2004 E 12 F iz
7% Fab 12i° i2a B 12 vffp2$d @ R et i 224 4
o TR R T A N DAL B KA o

Die size: 20x20 mmE
208 ODPN: 148
mn:nomsr '2 6

B 6-3 1204 & et ot cng = @ % & ff > @i s bkt

¥

EF b ¥t A SN A IR D f R G ¥ (SoC)R +eh 2

Mo G FEAUNARASAZET - B2AT0D Fo R o> KAH & P Ard ReniTPem o
B IR T EPFRES FT RTEER ARl 64 T o BER B E PR O
RS RRE TIRPAEL ’uﬁlP’@*inﬁﬁwﬁﬁiﬁ
DL T IR EIFL RO THED w,»‘ﬁjﬁ R ;}éiﬁ,{;‘%gﬁﬁﬂﬁ}{jﬁﬁi\
%%,%EﬁIP B s ﬁ‘}«"ﬁév’ﬂé{?ﬁ ;w}?“ﬁ‘*'& » M E MR RA BT RS RE

AR AR TG R - B R PR PR EE R E S L As Bk E i o
if*‘,'i 2t \JfﬂAbﬁixEmﬁ ok 2 T g iff‘/? R R LR Qe
12, fBligic s > X E 23 i sl e 3l % VLS LS ED
RN Rl Ja

RMAEAE 1P ERERA  HERN HRAREED AFREAHRER
Bl 6-4 BRRELFofRilsk
BRASEZpHCEME WP mEr 2 R S
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iiiﬁié’%?é2£iﬁiuiﬁﬁ%ﬁﬁ;’%ﬁwwﬂ‘p;,%@&jMﬁwﬁ
%ﬁ-'ﬁ o4 6-5 #1770 jE_1998 & 42 B 7 42 4% 7 International Technology Roadmap
for Semiconductors (ITRS)#73k = en 2>k T35 » P & eiT @ Ae T g &
gﬁ,e:ﬁﬂ%@uuh£%@>;‘s¢ﬁﬁ NMﬁsﬁafii—@Aﬂu9o
?ﬁfﬁlﬁiﬁiﬁié_*gﬁr‘%ﬁﬂﬁﬁ &1 m 2006 & > BT 4 E Rl E

l#?‘%—lﬁfé %f:};'r"aaa1ﬁ74\;°
5 REFHE — RN

PR R AT EF
|

0 0-30um BEELRHET
0.25um i —Eosz=#
0.18urn .
0.13um i

BEEHSEEIRER

90nm T REE R

5nm I I I
1992 1084 1006 1960 1990 1992 1094 1096 1008 2000 2002 2004 2006

¥
Bl 6-5 T WARH G 4 & 2T T I E 0 HKF

BMETFIPRHEPF LR

IR L FE A 4 & Fab 12A e FIR T 2 ff4F 4 d Fab 12A o 1
ﬁﬁﬁ}?éﬁ%%ﬁm%%ﬁg%ﬁr Wﬁi@%?ﬁﬁ&HTW%i%
2 F iR 4 (IR ﬁgﬁﬂi}]\ % 4r @ 6-6~[] 6-10) :
(1) PM &5 7z i % 52 (PMQA, PM Quality Assurance System) :

WP T L IBREBFEPM G M R APM SRR LR f1¥ 5
% ¥ A 7 MVA (Multi Variable Analysis)3 #1427 b PM 4p B 2. aﬁi ¥R ORIV
% B E R PM 4B BE % 2% o

WRES bt P E RS L RRE S
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Why we need PMQA (FDC PM index) ?

Serious abnormal case (PM Related) Trend

499% of excursions
PM Related
[
—
=
PM Related
Jan-07 Feb-07 Mar-07 Apr-07 May-07 Jun-07 Jul-07 Aug-07

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

AT sart o Tt B Ui Tt St
B A Co MTTABRL B

B 6-6 &% PM Quality Assurance f 3F

4

(2) E 7 %et87 pe & ty(Chamber Matching System) :

PP EmE I % #c~ 7 MVA (Multi Variable Analysis) 2 #£ 4 K f# ;-
Chamber Matching Issue °

Use MVA concept to solve chamber matching issue

From T1/T2 chart, we can easy find chamber matching issue

B 6-7 %% Chamber Matching Issue [ 3F

WHES 2 FFE g PRI L R S
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(3) & & P(Virtual Metrology) :

PP B 1% Partial Least Square (PLS) Function 4 E & #t & |(Virtual
Metrology) # ¥ » & &) 5% = # = 4| * Inline Data 3f B & % 7 WAT(Wafer
Acceptance Test) & » 3£ 7 & f 3%

Virtual Metrology in CUCMP tool

Wet  LoadUnioad Stage Before polish P3 polish

qqqqq R DO[ & Transter Robot

Barrier Removal +
Oxide Correction

Brusn P1 polish P2 polish {
| | Bulk Cu

Service A
A
RO . 4 Removal

) ANL -
output = |\
1] 1)
Optiehal Dy Dry Integrated Inter-platen
Metrology  Rebot coniroller Isolation & Clean

Polish time=Polish amount /Polish rate

Lonncup

=TTy T
Queue
s )| ] |§

Factory
Interface

FOUPs/

Measonics I

Brush

Stop on Barrier

*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

AT AT T T e
e A ChLE T A =

B 6-8 B3 Virtual Metrology f§ 37 (1)

Measure V.S. Predicate result of polish rate
E F - 135 / -:.
E ..st""'/ i '!‘:'--. | bt
§ 3/’1‘ [] v’
= /
: Pradicate result ::"'
2o | Error Rate=(Y real - Y pred ) / Y real I~ R
1o [ / \ /\ A
e LN A \/\Vf\f”\/f\
% ’\'/2'/\/’\ ;'\’ '/"\/“’“‘"‘ SR VARV
- VA% Y
Related coefficient (R2) can reached 0.9829.
Error rate of Virtual Metrology is about +/-2%
We successfully can use tool SVID to set up Virtual Metrology

Tesge oast ead T
e P TR T e

B 6-9 3 Virtual Metrology f§ 37 (2)

WA Zp et EFE QUG HpmEr 2 MRR o 533
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(4) L@ 4] % $e(Advanced APC system) :

2 CUCMPT # 5 5 & » 2P B T 4r » b % ] Final WAT Feedback 2. 4 i
APC ki 5t > ¥ 3 »xecit WAT 0% 2% i £ (Standard Deviation) 2 WAT CPK -

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

Metrology data

RS VIV Floating Polished

s ot || o

TafTaN CMP APC/VM Time

Inline data

CMP Polish
Rate

FDC parameters:
down force, slurry flow,
eed

CMP Rate
APC/VIM

Polish time=Polish amount / Polish rate

B 6-10 7 Advanced APC system fi 37

Rt e fFpr 728

FIAL g f B 8 62007 & “r 412 £ Ba B AT 5 = GER 2007 AL € ¢
it EPETEERLEL) D ()FE A S E A (Intelligent Robots) ~ (2) £ T %
S 4% P #(Opto-Mechatronics Systems and Inspection Technology)#? (3)4 £ 4
#] 1% % ¥i(Intelligent Manufacturing Systems) o ~ =X fi g d p # * E ™ 720 & L @85
BRI AP E RS A M R BAEL Z BT PSS
(Equipment Engineering System) ~ % £ 4] 3¢ B % & (Intelligent Predictive
Maintenance) % i %t £ /p|(Virtual Metrology) » 4 %] ZLp ﬂﬁi €0 A pip= B AL
2T FEBRLE A% o B T m s E R HATRER EAR 0 F] AR Y Y
FHoh i E“]ﬁ"‘ g pd i BB an T RIS B2 ‘f?‘_({ir}%] 6-11 22 B 6-12
TR) o B APM 2 FEE A s BT R AR B BB FEAEE O A%

%am]i 0

WRES bt P E RS L RRE S
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Product '.'
’ Real Metrology Data Y,
- Metrology '! :nri rari
Equipment § | | & L *
Transportation Time AT i i %r' i
} e,|+.1f‘ rl, r,a'-.sr

sampls data aty,

Virtual Metrology Data  J7;

1 et
| i
"Er.-" lm ; +* Te o
o®, ! ® @
Virtual Metrology L
System i
i
¥ T

[ Real-Time & On-Line ]

e un_]ﬁa Iaar_ i,

Bl6-11 Rptg pditBEMar R ilanimE pIEL B

_ . | ]
— - Conjecture Mode _I_.,
I Preprocessing . Dual-Phase | VM)
Algorithm |
| ) E— |
| Only for . oy
| Training . RI Madule —?—I—P
& Tuning| | |
—_— -, Jf Metrology I Data ¥ |
—_— Data Preprocessing [— a5l Module s}
—— - 3
\"-———-"’ I

Bl 6-12 R ¢ p it EF TR DI miR T B ’f?—

/oL
&

5
F}.
e
A
|
S
A
&
k2l
-
::Ww
T
%‘3
4@5
3
_ﬁ-
?’5
\.m.
3
—;x
1%
b
i
= B
S
ﬁ;':

B A R R T RIE S E 2
g vik,ﬁg_ﬂﬁigbwﬁéj paeit g
12i & F1 8 3d e o

R TR LI ) SR ¥ U} m@wma TFT LCD @iféfw Fe Fﬁv
jC RIS > 5 - ) ‘\"
a F

1R RRATR

SRGRECICREEY T e e Ry &f*@l%“ﬁ ' T F RAEFIRE &~ Fab
12i & M1 o %3 o 4] 6-13 %77 > 7 S *ﬁ?\lw"ﬁ i AL g en B
& f o Fab 120 H PR 26 Y R AROTEAFRELL - pR P LY

BRES 2B EPE T 2 TR S
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gSLE RS G 4 B By f St e Bl Sd pd it FOUP Sl & kB
FoE LTV R 2 BRI LFMAFERT PR Y o
Interbay i& % ;2 k&7 > & | * fuig ¥ 51 (Rail Guided Vehicle):& 7 Intrabay 2.
oo [fliE 3% o & 4 B g iR%[ 3 > Fab 121 chp &5 1V 808§ SLir B8 A K & Sk o 7
HPNEREE > L igLrg 1 WY DS FEEa s Nprn FOPFR > ok
PR ITE FareE o pEONEE 5 8 v B IR P B H 513 (Automatic Guided
Vehicle, AGV) 5 5t gL 37 5k 57 W 4c 3 1 4 B amed > Xt 44 ;g fo

Bl 6-13 BT p & it e 12 v & [fl R

BRAI P E QG HE Y 2 RIRE S
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» %3+ Qimonda Dresden GmbH

AR ST EEARL O ARG SRRt oL ¢ 50 AX RS
Fhe o B AWM RTAER TS L T HF 0P | g 3 27 % (Dresden)12
vt s [f1 2 (Qimonda Dresden GmbH ) o & FFX F]§ 3+ & 2 B & 2 4 o> U~

g ABH AR

® 09:00~09:45 # F P4 K

® (00:45~10:45 &~ EEG A

® 10:45~10:55 k4 pFRy

® 10:55~11:40 %2 ¥ E1 HF®

® 11:40~12:00 ~ 173t

4 % 1% 2 7 (Qimonda, Inc) i >3 QﬂﬂmAMﬁﬁﬁ’Lj%7ﬁ%
NP HANTEBR B P2 A LRI T T RAE K BB

R 7

s * I DRAM & &0 & % 30 B A T % > RIRE ~ (763 JM W
R zﬁﬁi’%xi 2 746 F Dresden 12 v & FIf 2. F ¥ %3 > ¥ 111 7

%s‘ \TN e

¥ &
b
B

T3$%¢$4@r% TENPEA TP RS 2 TE Y
HRFLEEEER G P 2 A F R e o REP LI FPap F 20 o

H ¥ 2kt 713500 L H 1 0z L7
12+ 5 FlAi > » 2L ﬁmﬁﬁwﬁ Hel gy s 361 g o

Our Global Footprint: FY 07 Revenues EUR 3.6bn
-
12% % M Europe
North America

33% Asia / Pacific

.

371%
Japan

‘\\

B 7-1 #HFE 28 2384 R

BRES 2 EPE T 2 R S
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ABRASBEYBATHE LT VAR B AHER - EF
CN LSRR H B R SR o

Strong Customer Base

- ~
(D | @ Sun  Microsort €4 1VIDIA @
D<LL BEEl sony AMDIl A5
AIlns FufiTsu nec [
Ilenowo TOSHIBA /SUS @ saiskz
i v

B 7-2 &FF 072403 B

B 7-3 512M XDR

512M XDR B #7 35 i} Eﬁf A 5

* 5 3 32GHz B:% »basedon75 2 &
Fik o

] 7-4 GDDRS standard

GDDRS5 standard(¥? AMD £ %) & 44
FR+(FREASLEDR 0 iE 20GB/s
#F % > basedon 75 3 F FLEE o

Bl 7-5 DDR3 Products

DDR3 Products- 14 & »xic FH- @ & 5l
AED AR BN LERIRE V&
FLE T ;}J';La ML T o

WHRAAEpHCEPE WG Hmdr 2 Rt 53
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DRAM T 32 A k= & £
Fp 3 2007 £ 3 2012 &£ ’ﬁ 50% = £ R oo
CAGR 50%
55% m
0y

. 10.000.000 5 m

§  1.000.000 69% m
S5 100000 62%
3 = 10.000 930
s 1.000 m

O E 11118

s

3 1

= 0 A : ; ; ; :

1980 1995

Source: Gartner, Q1 2008

1985 1990

2000

2007 2012e

B 7-6 DRAMiTi 2 A k=& £

#T DRAM & kot B Ji #

A KFE¥ R * > Entry Level Server ~ $ # it 5 & 48 -~ T/ T %~
£ . 3% 4%??5,:;;;K¢,§;4;1~,}J;¢0

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

Entry Level Server .

Multifunction
Printer

Mobile PC

Mobile Handset

" we

® 7-7

4k M4BT PC D B

3 DRAM 4 5% 1 &

53%
62%
63%

64%

Average DRAM Market: 50%

}”5%’#

L Selected Key Customers
Applications Low-Power Demand % Mo Deign Viins

Ensure stability of systems
with ultra-dense DRAM packing:
low heat radiation

Server

ML ° Alcatel-Lucent @

Power efficient high
performance graphics RAM

Graphics ,\Q r]

Networki =1

s:ora(;:; ';9' === Low heat radiation, Low power i
,,_-m_-; : oo alval

Industrial ﬂ;”' self-refresh, system reliability ME’MMEM e

Slim cases without ventilation:
low heat radiation

Consumer m

AMDZ S,
CRE/TIVE

@ TOSHIBA
SONY \
PHILIPS &ZBI® momson )

@ ©

Mobile Increase battery lifetime of e S
Phone mobile devices e 2‘ Sal])isk ;@
Qimonda Dresden Company Presentation - July 2008 - Page 9 Copyright ® Qimonda Dresden 2008. All rights reserved.
Bl 7-8 #T DRAM & k #4122 PC » 3~

WHEAS EpHCEPE i Hd g
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Office Fab 300

Support & Backend R&D CNT

dresden chip academy

Qimonda Dresden West

ERE T Eﬂ‘ﬁ@#ﬁﬁﬁoﬁ&

= j’n/ﬁj |IIF§gEJ‘E{hL3?,m‘é‘Q§;J o
# ﬁﬁﬁ'*%ﬁsbp -z '{}i'ﬁi_‘{ﬁ%gﬁ
i VﬁwﬁﬁF§ EBEI b AmAE . 54
gﬂ‘g?yﬁ@arﬁpﬁw’gwgﬁ&&wmﬁﬁgﬁm%\ﬂW%
M B ka3 Senai Bk di | wﬁxw‘fb%

% & Pilot Fab &2 R&D Bz 17 8 -1 2 B &8 BLjiwR 8 o

-~

develops ... New
o 7/ technologies.

[

Qimonda Dresden:

ramps
Fast and successfully ... —/

transfers /

B 7-10 Pilot Fab ¥ R&D & & 7+ & Bl

WRREA BB EPE ST 2 R £
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3BT R R 5

BB P LD T B B AL AR Y s F AZiE 800 = 1
% 01 AREF Bt f%ﬁ,\q—‘-’r%i;}i FHTZE 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
Improvement

B 7-11 & % Z4 ¥ 27% > R TR TR B

Ras s A4 HAE80% & BRI 4 4 /1% 200

ToREAE A F RN 4% BRIT S % T 49%
Pl S S22 g et B oo
LA ”T;);-zﬁa;%i_v‘ ’p%fiéiw% E27% 0 A AN R 44% 0

R
AR 14% > m BeFr 2 LEIRPAGF 15% o

Employees
Number of employees
5 from the region
: international employees

Education
University 44%
Technical college %
Skilled worker 49%
J
Departments
o R & D Technology 27%
/ Production 44%
Technology 14%
0,

WHRAAEpHCEPE WG Hmdr 2 Rt 53
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TRETE

S RE R p A RERY BB AL RR
A 40 B BRI e d A 3 FEALE AR Rpt

People from over 40 nations are
working at Qimonda Dresden

Joint development activities
with Elpida

Team ,,Get-more-International*

Portugal IQI Mexico

== Poland

—— I llrelaml = Austria -m ., -Tam,,

I IBeluium k Nepal éLIbanon - Russia m:lic E Malaysia

Emanmu ’ Philippines E Spain E Israel I I Romania [P
Bl 7-13 4&¥87E B & Rhd £ 7 B

& 7-14

WHFA st FFE Qi eE

¥ &Y ¢ 7 Ix(chip academy)
I RERT DE K - SREARHE
‘.ﬁ 'g('\'_”.%: t;]fj ,,G ')I‘; o

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
Custemer Engineer

EBRE AL L

3?3: :x—:IEEJTL

* 2 R S
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CR TRl SRRt e %K e

e R AR B Fﬁ’\ﬂ AR RSk Edh P T AR ﬂﬁ
g BRI S R T 12+

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

%%éﬁ%*mﬁpmé@mw) %W% FE O G
$ 4F2 (F 5 3%3-4R1) mDRAMW«% bk s P2 AR o
554

BEE s FR R 4FPE ~ 6 P DRAM ¥ £ % 1 2010 # ¥

Partnership with Elpida accelerates introduction of 4F? to 2010

CY2008 2009 2010 2011 2012

75nm Trench

58nm Trench
65nm Buned WL

46nm Buried WL

4Xnm "Joint Tech"
‘ 3Xnm "Joint Tech"

B 7-16 =B ARz 2 fem

BRES E )R E T 2 R S
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52k Hprenia r AR deF g 2 (Buried Wordline ) ¥ 3t 1.5V e7 &
TE T fp iRt

Power for 60nm generation

oy
&
1
]
E]
5
o
o
2
K
]
('3

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

B 7-17 65 2 F FiFerim » NRFiieF ~ MG S g B

SO-DIMM =& 5t 5T %

5 % 5t ¢ Buried Wordline F]# 3 »x& s » @ #B~ kL m e958 2 5
A1 5% DRAM Hjir

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 Infel "Cantiga” chipset @ DDR2-667
- Intel Montevina CRB without case @ 24°C ambient
temperature

58nm

7

® 7-18 DRAM i, 5 3t i

— 27 22
“E;lﬁg 7@7‘ g 'Frﬁé et
LT 5 h ME P E R e ?zﬁli 5 2 3%k

ot
=

, B
=
—F
I

=

™

»h,fijjj;bt:@p,fi B L FEERET
SIRALG P E S B A 90nm ~ 80nm, 75nm
B9 Ao 12 o4 B F i ¥

\%’—;*t ?ﬁﬂr

Fr
Wy

;™M
fr 65nm ?% P L 2

WRES bt P E RS L RRE S
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inoterallc: Ay a « Joint 300mm manufacturing in Taiwan (36% ownershipf
il « Co-development of 58nm DRAM technology
ELPIDA - Joint Technology Development for 4F2 DRAM
technologies with feature sizes of 40nm and below )
=
SONY - Joint Development Center Qreatic Design
Sﬂl])iSk Z - Joint Development of MCP products
> + License of 90nm, 80nm, 75nm and 65nm
winbond DRAM technology in exchange for 12" capacity
l',s R vt « Secure mask technology development 1
LAMDEIN o morosasms i - Production of worldwide leading-edge masks

B 7-19 43208 B2 B LR

BRADEITP LY AL EERLEDP L

ADVANCED MASK& TECHNOLOGY CENTER

Leading edge lithographic mask development:

JV of Qimonda, AMD and Toppan )

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

J

Qimonda

nam

JV with TU Dresden fundamental research and technical co-developments
on materials

Dresden

J
Universities and Institutes
Strong national alliances and cooperations with leading universities and
institutes r

Supplier
Strong development cooperations with leading international suppliers

Bl 7-20 AP ETE RGP T RFE = AIFTRH

WA EpHCERE UG ETEY 2 RR N S5
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A~ %3+ Erlangen Universsity

9 * 8 p % R o Erlangen + % 7 Feldmann 424 b in® - §m~ 5
T3 5 k*%]?ﬁ]mmﬁ;‘: B3N PR L RS A o APt O BLes M pE Tt 4

#p et FT A A kR R A7 (Institute for Manufacturing Automation and
Production Systems) o & » g‘,;‘u_ A d Z EA A SEE OF R FTREE ﬁkd

F 3 #tena f Feldmann 42 4 5 & “TAR b 3 T2 B 3 Jf%‘ﬁ °

WigpdivFTd A kAT AT Erlangen ~ £ 40 ?gl‘m%ﬁﬁﬁ o
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Photon flux @ &c: 5 1012 h/s/0.1%BW/mrad

WA Ep st P E U HETEY L RE S5
63



Energy: 2.5 GeV, Emittance: 88 nm rad, Brilliance @ ec: 5x10"
ph/s/0.1%BW/mm?/mr?
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-+ - ~ %3+ Department of Microsystems Engineering at University of Freiburg

%3 B>t 9 % 10 p 4-3* University of Freiburg 2. Department of Microsystems
Engineering (IMTEK) » 3%k f & =~ 2000 & B 44 & » 8- BAp & & dmchf o7 o
IMTEK iz s 2 = % Prof. R. Zengerle » 2 s £ 3 20 =342 » & R TAR §
R HFYMENT 435 =4 L1 E & Group leader o 3% ke & 5

B Covering MEMS from its foundations via
*  Design and simulation
* Fabrication technologies
e  Materials
* Systems development to
* Applications
B Develop microcomponents as well as complete Microsystems
B Educating new kind of engineers with strongly interdisciplinary expertise
oA T A
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
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IMTEK & @ % 3 087 7 & w407 ¢

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

J Microstructures for life science

B] 11-1 Microstructures for life science

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

* Electrochemical micro-processing

* u-wire electro discharge machining

* Injection moulding

* Hot embossing

] 11-2 Hot embossing
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B [aboratory for Materials Process Technology (Prof. Dr. Jiirgen Hauf3elt)

*  Microstructured ceramics

*  Polymer-nanoceramic composites

* Suspensions of ceramic nanopowders
* Screen printing of microstructures

e  (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
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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

B 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)

e Materials for SAW devices

B] 11-6 Materials for SAW devices

B Laboratory for Microelectronics (Prof. Dr. Yiannos Manoli)
*  Mixed signal circuits

* Low voltage / low power design

WHES 2 FFE g PRI L R S
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* Analog / digital converters
e Sensor interfaces
e  Wireless sensor networks

* Digital design techniques

] 11-7 Digital design techniques

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

*  Medical MEMS (end effectors, positioning systems)

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

B 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

BB Zp e EPE i W g 2 R £33
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] 11-9 Magnetic resonance microsystems for cell & brain imaging

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

] 11-10 Computer-aided optimization (CAO)

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

*  Polymer based micro-optics
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] 11-11 Polymer based micro-optics

Laboratory for Sensors (Prof. Dr. Gerald Urban)
* Bio/chemo-sensorarrays

*  Microflow sensor

* Nanoparticles

*  Fingerprint sensor

* C(Cell assays

* Plasma technology

] 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

WRES 2 FME UG AT R 23
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Bl 11-13  Microfluidics modelling & simulation

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

* Electrical stimulation & recording

*  Flexible multi-channel electrodes

*  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 biological dynamics

*  Fluctuation-dissipation systems

e  Molecular motors

BB Zp e EPE i W g 2 R £33
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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
| l ! f W l

B] 11-16 Atomic layer deposition
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(1) Know-how exchange
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