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Technical Program for Tuesday March 26, 2013

TuPP Pender Island
Keynote Speech by Dr. Altintas Plenary Session
Chair: Jun, Martin Byung-Guk Univ. of Victoria
TuA1 Pender Island South
Session 01: Micro Cutting Regular Session
Chair: Suzuki, Norikazu Nagoya Univ.
Co-Chair: Li, Kuan-Ming National Taiwan Univ.

10:20-10:45, Paper TuA1.1

Estimation of Transient Cutting Temperature by Remote Thermocouple Sensing
Technique

Wang, Chia National Taiwan Univ.
Chu, Wei-Ying National Taiwan Univ.
Li, Kuan-Ming National Taiwan Univ.

10:45-11:10, Paper TuA1.2

Characterization and Micro End Milling of Graphene Nano Platelet (GNP) and 7
Carbon Nanotube (CNT) Filled Nanocomposites

Mahmoodi, Mehdi Univ. of Calgary
TabkhPaz, Maijid Univ. of Calgary
Park, Simon Univ. of Calgary

11:10-11:35, Paper TuA1.3

Development of Elliptical Vibration System for Vibration Assisted Micro Machining
Park, Chaneel Univ. of Calgary
Oh, Shane Univ. of Calgary
Park, Simon Univ. of Calgary

11:35-12:00, Paper TuA1.4

Surface Finish of Ball-End Milled Microchannels 16
Hung, Wayne Texas A&M Univ.
Berestovskyi, Dmytro Texas A&M Univ.

N/A



TuA2 Pender Island North

Session 02: Injection Molding and Micro Features Regular Session
Chair: Ozdoganlar, Burak Carnegie Mellon Univ.
Co-Chair: Coulter, John Lehigh Univ.

10:20-10:45, Paper TuA2.1
Elastomer Molding of Micro and Nano-Scale Features 24

Onler, Recep Carnegie Mellon Univ.
Gozen, Bulent Arda Carnegie Mellon Univ.
Ozdoganlar, Burak Carnegie Mellon Univ.

10:45-11:10, Paper TuA2.2

The Sandwich Method for Fabrication of Thin-Film Polymers with through 31
Features

Khilwani, Rakesh Carnegie Mellon Univ.
Gilgunn, Peter Carnegie Mellon Univ.
Ozdoganlar, Burak Carnegie Mellon Univ.

11:10-11:35, Paper TuA2.3

Micro Injection Molded Microtopographic Polymer Plates Used to Mechanically 37
Direct Stem Cell Activity

Rodgers, John Lehigh Univ.
Casey, Meghan Lehigh Univ.
Jedlicka, Sabrina Lehigh Univ.
Coulter, John Lehigh Univ.

11:35-12:00, Paper TuA2.4

The Application of Commercial Injection Molding Software to Micro-Component 44
Design and Process Development

Khalilian, Sina Univ. of Calgary
Park, Simon Univ. of Calgary
Freiheit, Theodor Univ. of Calgary
TuA3 Galiano Room 233
Session 03: Micro Grinding Regular Session
Chair: Mayor, J.Rhett Georgia Inst. of Tech.
Co-Chair: Lee, Sang Won Sung Kyun Kwan Univ.

10:20-10:45, Paper TuA3.1



Stochastic Scale Effects in Microgrinding Wheel Static Topography Using Machine 51
Vision
Kunz, Jacob Georgia Inst. of Tech.

Mayor, J.Rhett Georgia Inst. of Tech.

10:45-11:10, Paper TuA3.2

A Study on Micro-Grinding Tool Condition Diagnosis Using Wavelet Packet 58
Decomposition and Back Propagation Neural Network Methods

Li, Chengjun Sungkyunkwan Univ.
Lee, Pil-Ho Sungkyunkwan Univ.
Baek, Dae Seong Sungkyunkwan Univ.
Lee, Sang Won Sung Kyun Kwan Univ.

11:10-11:35, Paper TuA3.3

Material Removal During Abrasive Impregnated Brush Deburring of Micromilled 64
Grooves in NiTi Foils

Mathai, George Georgia Inst. of Tech.
Melkote, Shreyes Georgia Inst. of Tech.
Rosen, David George W. Woodruff School ofMechanical Eng, Georgia

Inst. of

11:35-12:00, Paper TuA3.4
Observation of Tool Life of Micro End Mills N/A

Martin, Blair Univ. of Wisconsin
Morrow, Justin Univ. of Wisconsin - Madison, LAMSML
Pfefferkorn, Frank E. Univ. of Wisconsin-Madison
TuAd Gabriola Room 237
Session 04: Micro EDM Regular Session
Chair: Chuang, Yin Metal Industries Res. & Development Centre
Co-Chair: Maity, Kalipada NATIONAL INSITITUTE OF Tech. ROURKELA, ODISHA

10:20-10:45, Paper TuA4.1
A New Combined Process on Micro-EDM and Surface Polishing 72

Tsai, Yao-Yang National Taiwan Univ.

10:45-11:10, Paper TuA4.2

Optimisation of Micro-EDM Operation for Fabrication of Micro-Holes in Inconel- 78
718 Using GA and PCA Hybrid Approach

Maity, Kalipada NATIONAL INSITITUTE OF Tech. ROURKELA, ODISHA



11:10-11:35, Paper TuA4.3

Optimization of Planetary Movement Parameters for Micro Hole Drilling by Micro 84
EDM

Guo, Xuejie Dalian Univ. of Tech.
Yu, Zuyuan Dalian Univ. of Tech.
Lv, Zhongwei Dalian Univ. of Tech.
Li, Jianzhong Dalian Univ. of Tech.
Natsu, Wataru Tokyo Univ. of Agriculture and Tech.

11:35-12:00, Paper TuA4.4
The Development of Hybrid EDM Apparatus 89

Chuang, Yin Metal Industries Res. & Development Centre
TuB1 Pender Island South
Session 05: Micro Forming Regular Session
Chair: Lee, Deug Woo Pusan National Univ.
Co-Chair: Kim, Dong Sung POSTECH

13:00-13:25, Paper TuB1.1

Fabrication of Spinnerets for Melt-Spun Shaped Microfibers Based on LIGA 95
Process

Park, Sung Jea Pohang Univ. of Science and Tech. (POSTECH)
Na, Moon-Hee Pohang Univ. of Science and Tech. (POSTECH)
Kim, Dong Sung POSTECH

13:25-13:50, Paper TuB1.2

Study on Micro/nano Hierarchical Pattern Applied to Thin Film by Using Micro- 100
Forming Process

Lee, Sang Min Pusan National Univ.
Lee, Deug Woo Pusan National Univ.
Lee, Seung Jun Pusan National Univ.
Choi, Soochang Korea Inst. of Machinery & materials

13:50-14:15, Paper TuB1.3

Meso and Micro-Scaled Progressive Forming of Bulk Parts Via Directly Using of 103
Sheet Metals

Fu, Ming Wang Department of Mechanical Engineering,
TheHongKongPolytechnic Uni

Chan, Wai Lun The Hong KongPolytechnic Univ.

14:15-14:40, Paper TuB1.4



Electropolymerization Based Micromanufacturing of Three-Dimensional High 111
Surface Area Electrodes

Ho, Vinh Univ. of California Irvine
Perez-Gonzalez, Victor Tecnologico de Monterrey
Kulinsky, Lawrence UCl
Madou, Marc Univ. of California
Martinez-Chapa, Sergio Tecnologico de Monterrey, Mexico
TuB2 Pender Island North
Session 06: Texture and Patterns Regular Session
Chair: Ro, Seung-Kook Korea Inst. of Machinery and Materials
Co-Chair: Kim, Gap-Yong lowa State Univ.

13:00-13:25, Paper TuB2.1

Manufacturing Smart Surface Texture for the Reduction of Friction Using Micro 116
Abrasive Air Jet Machining

Choi, Soochang Korea Inst. of Machinery & materials
Ro, Seung-Kook Korea Inst. of Machinery and Materials
Park, Jong Kweon korea Inst. of machinary & materials

13:25-13:50, Paper TuB2.2

Texture Transfer Method by Using Image Processing for Bio-Inspired Surface 122
Fabrication

Syahputra, Hendra P. Yeungnam Univ.

Ko, Tae Jo Yeungnam Univ.

13:50-14:15, Paper TuB2.3
Novel Machining Technique for Surface Patterning by Diamond Turning 126

Neo, Wee Keong National Univ. of Singapore
Huang, Rui National Univ. of Singapore
Kumar, A. Senthil National Univ. of Singapore
Rahman, Mustafizur National Univ. of Singapore

14:15-14:40, Paper TuB2.4

Generation of Parallel Micro-Channels on Cylindrical Surfaces Using Elliptical 132
Vibration Texturing

Guo, Ping Northwestern Univ.
Ehmann, Kornel NORTHWESTERN Univ.

TuB3 Galiano Room 233



Session 07: Thin Films and Metals Regular Session
Chair: Subbiah, Sathyan Nanyang Tech. Univ.

Co-Chair: Samuel, Johnson Rensselaer Pol. Inst. (RPI)

13:00-13:25, Paper TuB3.1
Sol-Gel Synthesis of ZrO2 Coatings for Micro End Milling 138

Morrow, Justin Univ. of Wisconsin - Madison, LAMSML
Tejedor-Anderson, Isabel Univ. of Wisconsin-Madison
Anderson, Marc Univ. of Wisconsin-Madison
Pfefferkorn, Frank E. Univ. of Wisconsin-Madison

13:25-13:50, Paper TuB3.2

Indentation of Highly Oriented Pyrolitic Graphite Parallel to Basal Plane 145
Buddhika, Jayasena Nanyang Tech. Univ.
Subbiah, Sathyan Nanyang Tech. Univ.

13:50-14:15, Paper TuB3.3
Magnetic Pulse Cutting of Micro Metal Foils 150

Kuhfuss, Bernd Univ. of Bremen, Faculty of Production
Engineering—Germany

Schenck, Christian Univ. of Bremen, Faculty of Production

Engineering
Wilhelmi, Philipp Univ. of Bremen
Langstaedtler, Lasse Univ. of Bremen

14:15-14:40, Paper TuB3.4

Investigation on a Microextrusion Process of Parallel Protrusions from Metal Strip
Stellin, Tommaso Univ. of Erlangen-Nuremberg
Engel, Ulf Univ. of Erlangen-Nuremberg
Merklein, Marion Univ. of Erlangen-Nuremberg
TuB4 Gabriola Room 237
Session 08: Laser Processing Regular Session
Chair; Chen, Jenqg Shyong Micahel National Chung Hsing Univ.
Co-Chair: Bordatchev, Evgueni National Res. Council of Canada

13:00-13:25, Paper TuB4.1

156

Fabrication of Long Period Gratings in Pure Silica Fiber and Their Application in 162

Refractive Index Sensing

Ahmed, Farid Univ. of Victoria, Mechanical Engineering



Jun, Seungwon Univ. of Victoria
Wild, Peter Univ. of Victoria
Jun, Martin Byung-Guk Univ. of Victoria

13:25-13:50, Paper TuB4.2
Design and Fabrication of Stent with Negative Poisson's Ratio 168

Bhullar, Sukhwinder Univ. of Victoria
Choi, Gabriel uviC
Jun, Martin Byung-Guk Univ. of Victoria

13:50-14:15, Paper TuB4.3

Fabrication of Micro-Structures on Stainless Steel Using Femto-Second Laser 174

Direct Writing Technology
Chen, Jeng Shyong Micahel National Chung Hsing Univ.

14:15-14:40, Paper TuB4.4

An Analytical Model for Calculating the Temperature Distribution and Determining 180

the Laser Forming Mechanism

Lok, Morgan Keio Univ.
Aoyama, Hideki Keio Univ.
TuC1 Pender Island South
Session 09: Micro Machines and Systems Regular Session
Chair: Kim, Gap-Yong lowa State Univ.
Co-Chair: Park, Simon Univ. of Calgary

15:00-15:25, Paper TuC1.1

Design of Magnetically Suspended Micro Spindle for 5-DOF Oscillation Micro 186
Milling

Ro, Seung-Kook Korea Inst. of Machinery and Materials
Choi, Soochang Korea Inst. of Machinery & materials
Khim, Gyungho Korea Inst. of Machinery and Materials
Park, Jong Kweon korea Inst. of machinary & materials

15:25-15:50, Paper TuC1.2

Design and Characterization of Flextensional Stage Based on Terfenol-D Actuator
Witthauer, Adam lowa State Univ.
Kim, Gap-Yong lowa State Univ.
Faidley, LeAnn lowa State Univ.

Zou, Qingze Rutgers Univ.

191



Wang, Zhihua Rutgers Univ.

15:50-16:15, Paper TuC1.3

Process Chain for the Manufacture of Polymeric Tubular Micro-Components and 198
“POLYTUBES Micro-Factory” Concept

Qin, Yi Univ. of Strathclyde
Perzon, Erik Swerea IVF, AB
Chronakis, loannis Tech. Univ. of Denmark, Lyngby
Calderon, lvan Sysmelec S.A.
Konrad, Konstantin Fraunhofer Inst. IPA
TuC2 Pender Island North
Session 10: Laser Machining and Polishing Regular Session
Chair: Pfefferkorn, Frank E. Univ. of Wisconsin-Madison
Co-Chair: Bordatchev, Evgueni National Res. Council of Canada

15:00-15:25, Paper TuC2.1
Micro-Polishing of Inconel 718 by Picosecond Laser 206

Hafiz, Abdullah M. Western Univ.
Bordatchev, Evgueni National Res. Council of Canada
Tutunea-Fatan, Remus O. Western Univ.

15:25-15:50, Paper TuC2.2
Irregular, Adaptive Scan Trajectories for Pulsed Laser Micro Polishing 213

Vadali, Madhu Univ. of Wisconsin-Madison
Ma, Chao Univ. of Wisconsin-Madison
Li, Xiaochun Univ. of Wisconsin-Madison
Pfefferkorn, Frank E. Univ. of Wisconsin-Madison
Duffie, Neil Univ. of Wisconsin-Madison

15:50-16:15, Paper TuC2.3

Effect of Thermocapillary Flow on the Surface Profile in Pulsed Laser Micro 220
Polishing

Ma, Chao Univ. of Wisconsin-Madison
Vadali, Madhu Univ. of Wisconsin-Madison
Duffie, Neil Univ. of Wisconsin-Madison
Pfefferkorn, Frank E. Univ. of Wisconsin-Madison

Li, Xiaochun Univ. of Wisconsin-Madison



TuC3 Galiano Room 233

Session 11: Laser Forming and Machining Regular Session
Chair: Castagne, Sylvie Nanyang Tech. Univ.
Co-Chair: Jun, Martin Byung-Guk Univ. of Victoria

15:00-15:25, Paper TuC3.1

Influence of Process Parameters on the Deformation of Copper Foils in Flexible- 228
Pad Laser Shock Forming

Nagarajan, Balasubramanian Nanyang Tech. Univ.
Castagne, Sylvie Nanyang Tech. Univ.
Wang, Zhongke Singapore Inst. of Manufacturing Tech.

15:25-15:50, Paper TuC3.2
Numerical Modeling of Excimer Laser Curved Surface Ablation 234

Garg, Vivek [IT Bombay
Marla, Deepak [IT Bombay
Saxena, Ishan Northwestern Univ.
Joshi, Suhas Indian Inst. of Tech. Bombay

15:50-16:15, Paper TuC3.3

Excimer Laser Micromachining on Polymers under Different Atmospheres and at 240
Different Length Scales

Akhtar, Syed Nadeem Indian Inst. of Tech. Kanpur
Ramakrishna, S Anantha Indian Inst. of Tech. Kanpur
Janakarajan, Ramkumar IIT Kanpur
TuC4 Gabriola Room 237
Session 12: Micro Forming Modeling Regular Session
Chair: Fu, Ming Wang Department of Mechanical Engineering,

TheHongKongPolytechnic Univ.
Co-Chair: Gelin, Jean-Claude FEMTO-ST Inst. Univ. of Franche-Comte

15:00-15:25, Paper TuC4.1

Effect of Grain Size on Mechanical Properties and Springback Be-Havior of Thin 245
Metal Sheets with Varying Reduction Ratios

Jiang, Cho-Pei National Formosa Univ.

15:25-15:50, Paper TuC4.2

A Hybrid Fracture Prediction Model of Multiphase Metals in Micro Scaled Forming 251
Processes

Ran, Jiaqi The Hong Kong Pol. Univ.



Fu, Ming Wang Department of Mechanical Engineering,
TheHongKongPolytechnic Uni

15:50-16:15, Paper TuC4.3

Characterization of Rheological Behaviour of 316L Stainless Steel Feedstock and 257
Numerical Results of Mixing Process Using Fluid-Structure Interaction Method

Gelin, Jean-Claude FEMTO-ST Inst. Univ. of Franche-Comte



Technical Program for Wednesday March 27, 2013

WeA1 Pender Island South
Session 13: Micro Forming Regular Session
Chair: Moumi, Eric Univ. of Bremen, Faculty of Production Engineering
Co-Chair: Korkolis, Yannis Univ. of New Hampshire

08:20-08:45, Paper WeA1.1

Study of Residual Stress in Silicon Steel under Rivet Forming Process by Using 263
the Numerical Simulation

Lee, Rong-Shean Department of Mechanical Engineering, National Cheng-
Kung Univ.
Chu, Yu-Yi Department of Mechanical Engineering, National Cheng-
Kung Univ.
Lee, Hwa-Teng Department of Mechanical Engineering, National Cheng-
Kung Univ.
Chen, Hung-Sheng Department of Mechanical Engineering, National Cheng-
Kung Univ.
Tu, Kuo-Yin Metal Industries Res. & Development Centre
Wang, Hsin-Te Metal Industries Res. and Development Centre
Wey, Jiang-Ming Metal Industries Res. & Development Centre
Huang, Kun-Min Metal Industries R&D Center

08:45-09:10, Paper WeA1.2

Influence of the Number of Impacts During Incremental Forming on the Mechanical 269
Properties of Copper Wires

Moumi, Eric Univ. of Bremen, Faculty of Production Engineering
Kuhfuss, Bernd Univ. of Bremen, Faculty of Production Engineering—

Germany
Bomas, Hubert IWT, Stiftung Inst. fuer Werkstofftechnik, Univ. of Brem
Koehler, Bernd IWT, Stiftung Inst. fuer Werkstofftechnik, Univ. of Brem

09:10-09:35, Paper WeA1.3

Investigation of Strain Gradients and Temperatures During Electrically-Assisted 276
Microbending

Kinsey, Brad Univ. of New Hampshire

Jordan, Adam Univ. of New Hampshire



Korkolis, Yannis Univ. of New Hampshire

09:35-10:00, Paper WeA1.4
Surface Texturing in Titanium Alloy by Electrically-Assisted Micro-Rolling 280

Ng, Man Kwan Northwestern Univ.
Magargee, James Northwestern Univ.
Fan, Rong Northwestern Univ.
Gao, Robert X. Univ. of Connecticut
Cao, Jian Northwestern Univ.
WeA2 Pender Island North
Session 14: Injection Molding Regular Session
Chair: Ito, Hiroshi Yamagata Univ.
Co-Chair: Barriere, Thierry femto-st

08:20-08:45, Paper WeA2.1

Replication of Micronic and Submicronic Structured Surfaces Using Micro-Injection
and Micro-Injection Compression Molding

Barriere, Thierry femto-st

08:45-09:10, Paper WeA2.2

Injection Molded Nano Petri Dishes: A New Platform for Studying Cell- 292
Nanoengineered Surface Interaction

Cha, Kyoung Je Pohang Univ. of Science and Tech. (POSTECH)
Na, Moon-Hee Pohang Univ. of Science and Tech. (POSTECH)
Kim, Dong Sung POSTECH

09:10-09:35, Paper WeA2.3
Surface Replication of Microneedle Features in Micro Injection Molding 296

Ito, Hiroshi Yamagata Univ.

09:35-10:00, Paper WeA2.4

286

Mass Production of Single Polymeric Micro Parts Due to Micro Injection Molding 302

and X-Ray LIGA Mold Inserts

Heneka, Jochen Karlsruhe Inst. of Tech. (KIT)
WeA3 Galiano Room 233
Session 15: Micro EDM and ECM Regular Session
Chair: Rajurkar, K.P Univ. of Nebraska-Lincoln

Co-Chair: Park, JeongWoo Chosun Univ.



08:20-08:45, Paper WeA3.1
Micro-EDM Pulse Energy Distribution Ratio Determination 305
Shao, Bai Univ. OF NEBRASKA-LINCOLN

Rajurkar, K.P Univ. of Nebraska-Lincoln

08:45-09:10, Paper WeA3.2

Electrochemical Polishing of Microcomponents 311
Hung, Wayne Texas A&M Univ.
Berestovskyi, Dmytro Texas A&M Univ.

09:10-09:35, Paper WeA3.3
Vibration Electrochemical Polishing for Minimizing Surface Defects 317
Kim, UkSu Chosun Univ.

Park, JeongWoo Chosun Univ.

09:35-10:00, Paper WeA3.4
Effect of Material Microstructure on the Micro-EDM Process 323

Elkaseer, Ahmed Cardiff Univ.
Bigot, Samuel Cardiff Univ.
Surleraux, Anthony Cardiff Univ.
Rosochowski, Andrzej Design, Manufacture and Engineering

Management, Univ. of St

WeB1 Pender Island South
Session 16: Micro Milling Processes Regular Session
Chair: Wiens, Gloria Univ. of Florida
Co-Chair: Gilbin, Alexandre FEMTO-ST Inst. UMR CNRS 6174

10:20-10:45, Paper WeB1.1

Calculation and Simulation of Chip Ploughing Volumes in Micro Ball-End Mill ~ 331
Machining

Luo, Shan Univ. of Victoria
Bayesteh, Abdolreza Univ. of Victoria, Mechanical Engineering
Jun, Martin Byung-Guk Univ. of Victoria
Dong, Zuomin Univ. of victoria

10:45-11:10, Paper WeB1.2

Influence of Feed Rate in Micro-Milling Studied from Experiments and Micro- 338
Cutting Laws Identification



Gilbin, Alexandre FEMTO-ST Inst. UMR CNRS 6174

Fontaine, Michael FEMTO-ST Inst. UMR CNRS 6174, ENSMM

Besancon
Thibaud, Sébastien FEMTO-ST / Franche-Comté Univ.
Michel, Gerard ENSMM
Picart, Philippe FEMTO-ST, UMR CNRS 6174, Univ. of

Franche-Comté, Besangon

11:10-11:35, Paper WeB1.3

Demonstration of Advanced Capabilities of 5-Axis Micromilling: Geometries with 344
High-Aspect Ratio And/or Optical Surface Quality

Bordatchev, Evgueni National Res. Council of Canada
Tauhiduzzaman, Mohammed National Res. Council of Canada
Kugler, Till Kugler GmbH
Katz, Alexander Kugler GmbH
Bohr, Roland Kugler GmbH

11:35-12:00, Paper WeB1.4

Prevention of Self-Excited Vibrations in End-Milling by Actively Tuning Fixture 350
Stiffness Using Fixed-Fixed Beams under Axial Load

Moore, Paul Univ. of Florida
Wiens, Gloria Univ. of Florida
WeB2 Pender Island North
Session 17: Micro Cutting Regular Session
Chair: Kapoor, Shiv G. Univ. of lllinois - Urbana Champaign
Co-Chair: Lu, Ming-Chyuan National Chung Hsing Univ.

10:20-10:45, Paper WeB2.1

Performance Evaluation of Meso-Scale CBN Flexible Cutting Tool When 356
Machining Micro-Grooves in Steel

Raghavendra, Hari Univ. of lllinois at Urbana chamapign

Kapoor, Shiv G. Univ. of lllinois - Urbana Champaign

10:45-11:10, Paper WeB2.2
Fundamental Study on Tool Damage in High-Speed Ceramic Milling of Inconel 364

718

Enmei, Risa Nagoya Univ.
Suzuki, Norikazu Nagoya Univ.
Shamoto, Eiji Department of Mechanical Science and Engineering,

Nagoya Univ.



Yu, Hasegawa Guidance & Propulsion Div. Aerospace Systems, Mitsubishi

Hea
Shibata, Ryota Guidance & Propulsion Div. Aerospace Systems, Mitsubishi
Hea
Hatano, Yuki Cutting Tools Div. NGK Spark Plug Co., Ltd.
Itakura, Kazuhisa Cutting Tools Div. NGK Spark Plug Co., Ltd.

11:10-11:35, Paper WeB2.3

Analysis of Cutting Path Effect on Spindle Vibration Based Tool Wear Monitoring 371
System in Micro Milling

Huang, Ci-Rong National Chung Hsing Univ.
Lu, Ming-Chyuan National Chung Hsing Univ.

11:35-12:00, Paper WeB2.4

Development of a Abnormality Remote Monitoring System for Micro Machining 378

Wang, Shih-Ming CHUNG YUAN CHRISTIAN Univ.
Ho, Chien-Da Ho chung yuan christian Univ.
Yen, Chuntai Innovative DigiTech-Enable Applications & Services Inst. IlI
WeB3 Galiano Room 233
Session 18: Micro-Scale Processes and Systems Regular Session
Chair: Samuel, Johnson Rensselaer Pol. Inst. (RPI)
Co-Chair: Jun, Martin Byung-Guk Univ. of Victoria

10:20-10:45, Paper WeB3.1

Hydrophobic Hierarchical Structure Manufacturing by Femtosecond Laser Ablation N/A

Rukosuyev, Maxym Univ. of Victoria, Mechanical

Engineering
Lee, Jason Univ. of Victoria
Jun, Martin Byung-Guk Univ. of Victoria

10:45-11:10, Paper WeB3.2
Manufacturing Process of Narrow Distribution Micro Alloy Powder 384

Komatsu, Takafumi Komatsuseiki Kosakusho

11:10-11:35, Paper WeB3.3

A Fundamental Study and Modeling of the Micro-Droplet Formation in Near-Field 390
Electro-Hydrodynamic Jet Printing

Carter, William Rensselaer Pol. Inst.
Popell, G. Colin Rensselaer Pol. Inst.

Samuel, Johnson Rensselaer Pol. Inst. (RPI)



Mishra, Sandipan Rensselaer Pol. Inst.

11:35-12:00, Paper WeB3.4

Conductive Thin Film Assisted Focused lon Beam Fabrication of Nanofeatures on
Insulating Materials

Joe, Hang-Eun Yonsei Univ.
Park, Jaehyeung Yonsei Univ.
Kim, Seonghyun Yonsei Univ.
Lee, Sang Jo Yonsei Univ.
Min, Byung-Kwon Yonsei Univ.
WePP Pender Island
Keynote Speech by Dr. Cho Plenary Session
Chair: Park, Simon Univ. of Calgary
WeC1 Pender Island South
Session 19: Tissue Engineering Regular Session
Chair: Willerth, Stephanie Univ. of Victoria, Mechanical Engineering
Co-Chair: Kim, Jong Young Andong National Univ.

14:20-14:45, Paper WeC1.1

Development of Solid Freeform Fabrication-Based Multi-Head Tissue/organ 404
Building System for Osteochondral Tissue Regeneration

Shim, Jin-Hyung POSTECH
Lee, Jung-Seob POSTECH
Kim, Jong Young Andong National Univ.
Cho, Dong-Woo POSTECH

14:45-15:10, Paper WeC1.2

Fabrication of Complex Shaped Scaffold Using Sacrificial Layer Process for 409
Auricular Regeneration

Lee, Jung-Seob POSTECH
Jung, Jin Woo POSTECH
Hong, Jung Min POSTECH
Shim, Jin-Hyung POSTECH
Oh, Jeong-Hoon The Catholic Univ. of Korea
Cho, Dong-Woo POSTECH

15:10-15:35, Paper WeC1.3

398



Nanofabrication of Electrospun Fibers for Controlled Release of Retinoic Acid 413

Mohtaram, Nima Univ. of Victoria, Mechanical Engineering
Ko, Junghyuk Univ. of Victoria
Carlson, Michael Univ. of Victoria
Jun, Martin Byung-Guk Univ. of Victoria
Willerth, Stephanie Univ. of Victoria, Mechanical Engineering
WeC2 Pender Island North
Session 20: Additive Manufacturing Regular Session
Chair: Chen, Yong Univ. of Southern California
Co-Chair: Baldacchini, Tommaso Newport Corp.

14:20-14:45, Paper WeC2.1

Fast Micro-Stereolithography Process Based on Bottom-Up Projection for 419
Complex Geometry

Chen, Yong Univ. of Southern California

14:45-15:10, Paper WeC2.2
Recent Development in Two-Photon Lithography 427

Baldacchini, Tommaso Newport Corp.

15:10-15:35, Paper WeC2.3

Geometric Qualification of Polymer Micro and Meso-Scale Features Fabricated by 433
UV-Based Additive Manufacturing

Hao, Bohan Carnegie Mellon Univ.
Korkmaz, Emrullah Carnegie Mellon Univ.
Bediz, Bekir Carnegie Mellon Univ.
Ozdoganlar, Burak Carnegie Mellon Univ.
WeC3 Galiano Room 233
Session 21: Microfabrication Regular Session
Chair: Bhiladvala, Rustom Univ. of Victoria
Co-Chair: Park, Simon Univ. of Calgary

14:20-14:45, Paper WeC3.1

Micro-Imprinting Onto DLC and CNT Coatings Via High Density Oxygen Plasma 440
Etching

Aizawa, Tatsuhiko Shibaura Inst. of Tech.
Mizushima, Kento Shibaura Inst. of Tech.

Redationo, Tugur Univ. of Brawijaya


user
Highlight


Yang, Ming Tokyo Metropolitan Uniersity

14:45-15:10, Paper WeC3.2
Manufacturing of Micro-Pyramid Patterns and Verification of Their Optical Effects 448

Jeon, Eun-chae Korea Inst. of Machinery and Materials
Lee, Je-Ryung Korea Univ.
Woo, Sangwon Seoul National Univ. of Science and Tech.
Park, Eun-Sok Korea Inst. of Machinery and Materials
Kim, Hwi Korea Univ.
Je, Tae-Jin Korea Inst. of Machinery and Materials
Yoo, Yeong-Eun KIMM
Whang, Kyung-Hyun Korea Inst. of Machinery and Materials

15:10-15:35, Paper WeC3.3
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ABSTRACT

Carbon-based coatings such as DLC (Diamond-like carbon)
and CNT (Carbon Nano-Tube) films have been noticed as a
structural and functional substrate for micro-forming. First,
DLC-coated and CNT-coated silicon substrates were prepared
to investigate the micro-imprinting behavior via the high
density oxygen plasma etching process. This etching process
was also studied by quantitative plasma diagnosis with respect
to activated oxygen species and electron density. By using the
micro-groove patterning, the etching behavior as well as
etching rates, were discussed toward advancement in homo-
geneous and fast-rate etching. In second, micro-textured
DLC-coating was employed as a mother tool for mi-
cro-embossing to duplicate these micro-textures onto the
aluminum sheets via table-top CNC-stamping system.

INTRODUCTION

Micro-patterning and micro-texturing has grown up as one of
main subjects in the mechanical parts and the die and mold
technology [1]. The plasma etching methods as well as ex-
tremely-short-pulse laser machining provide us a tool to make
micro-patterning and micro-texturing onto die-mold materials
in addition to the conventional micro-/nano-machining [2, 3].
The chemical etching process has grown up in the
semi-conductor technologies; carbon-based materials like
diamond-like carbon (DLC) or carbon nano-tube (CNT) are
still difficult to be precisely etched for micro-patterning.
Originally, DLC coating has been popular as a protective
coating of tools and dies for dry forming and stamping at the
ambient temperature [4-5]. Hence, mother micro-patterns and
micro-textures are once imprinted onto these materials as a
mold-die for subsequent micro-forming; then, devices or parts
are fabricated in mass-production by duplication of mother
patterns and textures via micro-embossing at room tempera-
ture [6]. Furthermore, direct micro-texturing onto CNT
coating becomes an effective tool to fabricate the electric
devices where the patterned CNT plays a role as the electric
circuit or the micro-sensor [7].

In the present paper, the high density oxygen etching system is
further developed to accommodate the on-line plasma diag-
nosis and to make uniform and precise etching for mi-
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cro-patterning onto DLC coating. First, the present system is
introduced with some comments on its characteristic features
different from the conventional plasma generators. Next, the
two dimensional resin-based masks are used to make mi-
cro-line-patterning onto DLC coating. Metallic masking is
also utilized to make micro-patterning onto CNT coating.
Finally, the micro-grid-patterned DLC-coated mold die is
fabricated and used for mold-stamping in duplication of these
patterns onto aluminum sheet by micro-embossing stamping.

EXPERIMENTAL PROCEDURE

A. TOTAL EXPERIMENTAL PROCEDURE

In the present study, the experimental procedure is depicted in
Fig. 1. First, the DLC-coated die material is prepared for
micro-texturing onto DLC coating. DLC-coated die with a
mother micro-texture is further utilized as an original die for
micro-forming. The mother micro-texture is duplicated onto
the work materials via micro-forming.

Regularly Aligned
p-Texture in 3D

Micro-Forming

Mother tool
(Die)

Fabrication
of Mother Tool

DLC-Coated
Tool-Steel
Die

Fig. 1: Microforming procedure to fabricate the mi-
cro-textured aluminum sheet in mass-production.

Table 1summarizes the detail design for each processing step
in Fig. 1. High density oxygen plasma etching was first in-
vented and developed to make micro-texturing onto the car-
bon-based materials including DLC coating. Table-top
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CNC-stamping system was further invented for micro-printing
onto aluminum sheet with sufficiently precise accuracy in
geometric dimensions.
Table 1: Design of micro-forming process from mold-die
material selection to fabrication of products.

Step of Micro-Forming Process | Present Processing Design

Regular Alignment of Micro-imprinting of plasmonic
Micro-Textures onto Products Patterns onto aluminum sheet

Micro-Forming Process for
Micro/Nano Imprinting

Table-top CNC micro-
embossing process

Materials Selection of Mother
Tool for Micro-Forming

DLC-coating with mother
micro-textures

Fabrication of Mother Tool High density oxygen plasma

etching

Materials Selection of Raw DLC-coated AlSI420 steel
Mold-Die Material die

B. OXYGEN PLASMA ETCHING

Different from the conventional DC- or RF-plasma genera-
tors, where plasmas are ignited and generated in the frequency
of 13.56 MHz or its multiples, high density oxygen plasma
etching system has no mechanical matching box, as shown in
Fig.2. In the present system, input and out powers are auto-
matically matched by frequency adjustment around 2 MHz [2,
8-9]. This difference in power matching reflects on the re-
sponse time to temporally varying plasma states. The con-
ventional mechanical matching requires for long response
time in the order of 1s to 10 s to adjust the RF-power. While,
in the present system, it is shortened down to 1 ms; i.e. there is
no time delay in power control to drive the etching process. In
addition, the vacuum chamber is electrically neutral so that
RF-voltage and DC-bias should be controlled independently
from each other. RF-voltage is controllable up to 250 V,
while DC bias, 0 V to - 600 V.

Fig. 2: High density oxygen plasma etching system to make
micro-printing the designed micro-texture onto
DLC-coatings. 1: Vacuum chamber, 2: RF-generator, 3:
Control panel, 4: RF- and DC-power supplies, 5: Evacua-
tion units, and,6: Carrier gas supply.
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A dipole electrode was utilized to generate RF-plasma; DC
bias was directly applied to the specimens. Heating unit was
also located under this DC-biased table. In the following
etching experiments, the specimens were located on the
cathode table before evacuation down to the base pressure of
0.1 Pa. Then, a carrier gas was introduced into the chamber to
attain the specified pressure. Both oxygen and argon gases
were available in this system besides the nitrogen gas for bent.
With use of magnetic lens, the ignited RF-DC oxygen plasmas
were focused onto the surface of specimens during etching.
As had been discussed in Refs. [10-11], the present oxygen
plasma etching advanced in the similar manner of RIE (Re-
active Ton Etching) where the carbon in DLC or CNT films
directly reacted with oxygen atoms in the oxygen radical flux.
As illustrated in Fig. 3, un-masked regions were only sub-
jected to this anisotropic etching process, so that the original
two-dimensional micro-pattern by masking should be changed
to fine three-dimensional micro-texture with stepwise depth
profile.

High Ele Density

Activated Oxygen Flux
Oxygen Atom lons

Vid oL .VM
DLC-Coating
Substrate

Fig. 3: Reactive ion etching by using the activated oxygen
radicals and ions via high density oxygen plasmas.

C. QUANTITATIVE PLASMA DIAGNOSIS

Spectroscopic analyzer of emissive light from plasmas was
instrumented in the present etching system. The detector of
emissive light was placed onto a silica window of chamber
and transferred to the analyzer via the optical fibers. In ad-
dition, this spectroscopic analysis was performed to make
on-line monitoring of plasmas. Through this analysis, each
activated species in the plasmas was identified by its corre-
sponding peak at the specified of wave length. As illustrated
in Fig. 4, the Langmuir probe was also equipped to the present
etching system. Both the electron density and temperature
were also on-line monitored during this etching process. With
this information of density and temperature both for electrons,
ions and radicals, the plasma state for etching were precisely
defined and described to investigate the effect of plasma
processing parameters on the etching behavior.
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PMAI1LL

Langmuir-Probe
Controller and
Analyzer

A

Fig. 4: Quantitative plasma diagnosis to measure the elec-
tron density and temperature as well as the spectrum of ac-
tivated species in plasmas.

D. PREPARATION OF SPECIMENS

DLC-coated silicon substrate with resin-base masking was
first prepared to describe the etching behavior of amorphous

carbon films via the present oxygen plasmas. As shown in Fig.

5, micro-grooving pattern was imprinted onto the surface of
DLC coating by photo-lithography; resin-bases mask with
Si0; has sufficient toughness against the irradiation of oxygen
radical flux. Next, CNT film was directly sputtered onto the
silicon substrate with use of catalysis. In this case, metallic
mask for micro-grooving was used and located onto the sur-
face of this CNT coating, as illustrated in Fig. 6.

Resin-based masks

Fig. 5: DLC- coated silicon substrate with the resin-type two
dimensional masking; a) Outlook of specimen, and, b)
Cross-sectional illustration of specimen.

Si

Fig. 6: CNT- coated silicon substrate before metallic
masking.

E. PREPARATION OF DLC-COATED MOLD-DIE

DLC-coated steel die with micro-grid pattern was prepared to
fabricate the mother die for micro-embossing. As shown in
Fig. 7, AISI420 martensitic stainless steel was employed as a
substrate material. DLC film had a multilayered structure;
chromium and amorphous SiC films (or a-SiC) were under-
coat to be free from over-etching. The mask was made of SiO,
and a-SiC thin films.
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Interlayer b)
Masking

/

DLC-Coating

AISI-420 Mold-Die

Fig. 7: DLC-coated AISI420 mold-die with initial,
two-dimensional masking. a) Outlook of mother tool mate-
rials with masking, and, b) Cross-sectional illustration of
mold-dies.

F. TABLE-TOP CNC-STAMPING SYSTEM

Table-top CNC (Computer-Numerical-Control) cold stamp-
ing system with the capacity of 200 kN, was developed in
order to establish the micro-embossing line in mass produc-
tion. This system worked on the table top; temporal variation
of processing parameters was directly controlled besides data
acquisition. Both stroke and load were digitally monitored by
load cell and linear scale, respectively. Figure 8 illustrated the
stamping operation by using the proto-type, CNC cold
stamping system. The stroke range was designed to be wide
for various deformation modes in micro-embossing.

A cassette mold-die unit was placed between upper and lower
bolster plates; actually working mold-die pair was set-up in
this cassette mold-die unit. In parallel with precise position-
ing control, both the loading and displacement rates were also
controllable; then, loading and stroke sequence were both
programmed to be run for optimum sequential control to each
experimental set-up.

To be noticed, the CNC feeding system of metallic sheets was
attached to the above mold-stamping system, not only to
control the movement of work material in backward and
forward but also to make tension control of thin sheet material
for suppression of wrinkling.
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Fig. 8: Table-top CNC-stamping system for duplication of
micro-textures onto aluminum sheet via micro-embossing
process.

G. OBSERVATION AND MEASUREMENT

SEM (Scanning Electron Microscope), LM (Laser micro-
scope) and LRP (Laser Reflection Profilometer) were utilized
to make observation and measurement of imprinted mi-
cro-structures on the DLC and CNT films and on the alumi-
num sheets.

EXPERIMENTAL RESULTS
A. PLASMA STATE FOR ETCHING

Quantitative plasma diagnosis becomes an effective means to
investigate the optimum processing conditions for the present
plasma etching. Through the spectroscopic analysis of emis-
sive light from oxygen plasmas, the state of activated species
is analyzed to optimize the plasma processing parameters. As
had been reported in the previous studies [12-14], the acti-
vated oxygen species were classified into O,", O* and O (j) for
J =111, 111, and IV (or O, 0%, and O3+). These population
distributions were strongly dependent on the RF/DC condi-
tions and plasma pressure. Activation into oxygen ions and
radicals was accompanied with increase of electron density.

1 +
1200 . O2
@® Oxygen atoms and ions
1000 <
800
= 4
§ 600
=
400 4
200 - .
o 200 400 600 800 1000

wavelength (nm)

Fig. 9: Measured spectrum of activated oxygen species in
the plasmas.
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Figure 9 showed a typical emissive light spectrum of the fully
developing plasma state. Besides a single, significant peak of
O*, almost all the peaks came from the activated oxygen
atoms and ions. This is because of cascading electron de-
tachment reactions in series where O*" + 2¢ = 20*, 0* > 0"
+e,0"> 0™ +e¢,and, 0°" > O™ +e. Hence, huge amount of
electrons is expected to be present with these activated species
of O* and {O", 0*", O*"}.
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Fig. 10: Variation of electron density with increasing the
plasma pressure.

Figure 8 showed the variation of electron density (Ne) with the
plasma pressure for two DC bias conditions. The electron
density monotonically increases with the plasma pressure or
with increasing the oxygen molecule concentration. This
corresponds to monotonic increase of ion density with pres-
sure. It is to be noticed that the above increasing behavior
should be affected by the DC bias; e.g. Ne > 5.0 x 10'® /m’
when the bias voltage (V3) is -600 V while Ne = 1.0 x 10'® /m’
at Vg =-400V. This nonlinear dependency of electron density
on the DC-bias suggests that plasma parameters must be op-
timally selected to control the oxygen etching process.

B. ETCHING BEHAVIOR OF DLC COATING

DLC-coated silicon substrate was used as a test specimen for
oxygen plasma etching. Two dimensional line-patterns were
imprinted onto the surface of DLC coating as a masking pat-
tern for various line widths from 100 pum down to 5 um. The
oxygen plasma processing parameters were fixed in what
follows: RF-voltage was 250 V, DC-bias, -600 V, plasma
pressure, 40 Pa and the processing time, 2000s. Figure 11 a)
depicted the top view of etched specimen by LM. Corre-
sponding to the original line patterns, micro-grooves were
successfully etched into DLC-coating.
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Figure 11 a): micro-grooves etched onto the DLC-coating
on the silicon substrate.
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Fig. 11 b): Depth profile of micro-groove with Wg= 100 pm.

Figure 11 b) showed the depth profile of a single mi-
cro-groove with the width (Wg) of 100 um. The measured
micro-groove width was 99.1 pum and its depth, 4.8 um, re-
spectively. Both were in fairy good agreement with the initial
line width of 100 pm and the DLC film thickness of 5 um. It
was noticed that the depth profile of this micro-groove should
be shaped in stepwise to have steep side walls. This
well-defined micro-grooving in etching was common to the
previous results [7-8] where metallic masks were used as an
original pattern. In those reports, the depth profile of nar-
rower micro-grooves than 3 to 5 um was deteriorated by
over-etching; the top of masks was etched and roughened, and,
both its side walls and bottom surface were also etched away
in part. Let us reconsider this dependency of etching behavior
on the line-width of original masking patterns.

Figure 11 c¢) depicted the SEM micrograph on the
cross-sectional view of narrow micro-grooves with the skew
angle of 30 degrees. Although slightly over-etched regions
were seen on the side walls, narrow micro-grooving patterns
were etched in stepwise to have the same line-width and
line-pitch as the original masks without deterioration of res-
in-base masks. This proves that the present resin-base
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masking technique should be suitable to oxygen plasma
etching with sufficient accuracy even to micro-patterning in
the order of um range. Over-etching behavior seen on the side
walls could be suppressed by controlling the plasma pro-
cessing parameters to be discussed in later.

Silicon substrate

Fig. 11 ¢): SEM micrograph of narrow micro-grooves.

C. ETCHING BEHAVIOR OF CNT COATING

Diamond-like carbon coating has an amorphous structure or
nano-composite of graphitic planar nano-structure (sp2) and
diamond-like tetragonal nano-structure (sp3). Besides DLC
materials, carbon has much capability to form other
nano-structural configurations in practice. Let us employ the
carbon nano-tube specimen in order to consider the effect of
carbon nano-structure on the micro-etching behavior via the
present oxygen plasma etching. In the similar way to the
previous reports [8-9], the metallic mask with the line pattern
was glued onto the CNT-coated silicon substrate. The line
width was constant by 100 pm.

Figure 12 depicted SEM micrograph of etched CNT coated
silicon substrate specimen. The pitch between two mi-
cro-grooves was preserved to have the same distance as the
line-pitch. However, a micro-groove turned to be dull, round
groove. This might be partially because the oxygen flux
diffuses along the interface between metallic mask and CNT
coating; this leakage of oxygen radicals resulted in dullness in
micro-grooving. To be discussed in later, anisotropic etching
capacity via oxygen plasma etching might be different be-
tween DLC and CNT coatings; the etching process could be
more isotropic in case of CNT coating. Furthermore, the
vertically aligned nano-structure of CNT had influence on the
etching behavior. In fact, comparison between Figs. 11 c) for
DLC coating and Fig. 12 for CNT coating revealed that more
thick CNT film should be etched away even after the same
duration time as etching the DLC coating.



8th ICOMM, March 25-28, 2013

500 pym

igh-vac, 10 kV x 50 2012/12/08 000800

SEI PC-low

50 pm

SElI PC-std. 10 kV X 400 2012/12/26 000002

High-vae.

Fig. 12: Micro-patterning onto CNT coating. a) SEM mi-
crograph of etched micro-patterns, and, b) Cross-sectional
view of etched micro-patterns.

D. FABRICATION OF MOLD-DIE FOR MICRO-EMBOSSING

DLC-coated AISI420 substrate was employed as a mold-die
for micro-embossing as shown in Fig. 7. A resin-type masking
with a square-dot pattern was photo-etched onto the DLC
coating as the initial mother pattern. Owing to this masking, a
square unit-cell was preserved to be in the masked state, and,
un-masked grid-lines were selectively etched into the depth of
DLC coating. This square unit-cell had around 4 x 3 pm’;
after etching, this two dimensional unit-cell turned to be a
rectangular cylinder and the whole patterned surface of
AISI420 substrate, to have micro-punches with the area of 10
x 50 mm’.

Figure 13 depicted the SEM micrograph on the surface of
etched DLC-coated AISI420 die. Rectangular cylinders with
its top of 4 x 3 pm” and its depth of 5 um were aligned with the
same pitch. In the following micro-stamping, this mother die
worked as the upper die to make micro-embossing.

Fig. 13: Micro-textured, DLC-coated mold-die for mi-
cro-embossing.

DISCUSSION

A. COMPARISON OF ETCHING RATE

The measured depth of micro-grooves in Fig. 11 divided by
the processing time provides us the average etching rate both
for DLC and CNT coatings. Table 2 compared both the
etching rates (or Tpc and Teyr) at the bias voltage of 400 V
and 500 V, respectively. In case of DLC coating, Tpc was
about 1.6 nm/s, or 5.8 um/H; while Tcnr reached about 25
nm/s or 90 um/H in case of CNT coating. This difference
might be attributed to microstructures both in DLC and CNT
coatings.

Table 2: Comparison of the oxygen plasma etching rate

between DLC and CNT films
DC bias Rate of DLC Rate of CNT
400 [V] 1.57 [nm/s] 24.09 [nm/s]
500 [V] 1.642 [nm/s] 25.981 [nm/s]

DLC is an amorphous carbon where tetragonal cluster of
carbon (or sp3 substructure) is mixed with planar carbon
cluster (or sp2 substructure) and hydrogen atoms. Oxygen
atom diffusion path is narrowed by the network of these sp2 —
sp3 substructures. This retardation in oxygen atom diffusion
results in slow etching rate. On the other hand, the vertically
aligned CNT film to the substrate surface has much lower
density than DLC film; oxygen atoms and ions easily diffuse
into the depth of CNT coating along the carbon-network walls.
This smooth diffusion path of oxygen atoms accelerates the
etching rate of CNT coating.

B. MICRO-ETCHING BEHAVIOR

A shown in Fig. 11, the present oxygen plasma etching has
practical feasibility to micro-etching in the order of mi-
cro-meters. Since the geometric accuracy is strongly de-
pendent on the anisotropic etching behavior, the effect of
unit-size in the micro-patterns on the accurate etching must be
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studied by experiments. Micro-grooving etching was em-
ployed here to investigate the effect of micro-groove width on
the reactive ion etching behavior.
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Fig. 14: Time evolution of depth profiles during oxygen
plasma etching,

When the micro-groove width (W) was 70 um, the etching
front profile was uniform so that the etching rate at the
top-front in the anisotropic etching should be nearly equal to
the average etching rate. With decreasing Wg down to 10 pm
or less than, the top etching front was rather insensitive to Wg.
As stated before, however, the average etching rate decreased
with Wg. This difference between macroscopic and micro-
scopic etching behavior might be attributed to local change of
oxygen pressure in the etching process. With decreasing W,
the partial pressure of oxygen flux in the micro-groove
channel could be reduced so that the etching rate at the front
should be constant but the average etching rate should be re-
tarded.

C. MICRO-EMBOSSING BEHAVIOR

CNC-pressing system was utilized to duplicate the mi-
cro-textures on the DLC-coated mold-die onto the aluminum
sheet with the purity of 99.94 %, the average grain size of 8
pm, and the thickness of 80 um. As illustrated in Fig. 8, the
aluminum sheet was transferred and fed to the stamping po-
sition; then, the micro-textured die was upset onto the alu-
minum sheet and loaded for duplication of micro-textures.
With aid of minimum quantity of dry lubricating oils, the
stamped aluminum sheet under tension control was easily
demolded and transferred for next stamping operation. A
typical continuously stamped aluminum sheet was shown in
Fig. 15.
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Fig. 15:Progressive stamping of micro-textured aluminum
sheets by using the table-top CNC-controlled stamping
system.

Figure 15 depicted a micro-embossed aluminum sheet.
Original micro-textures on the DLC-coated mold-die were
successfully imprinted onto the area of 10 x 50 mm? by one
single stamping shot. During the unloading step, the work
sheet was moved by automatic feeding control in Fig. 8; large
area product was fabricated in the progressive manner. No
wrinkling was seen on the surface of micro-textured aluminum
even after ten stamping shots. Rainbow-shining in the mi-
cro-embossed are in Fig. 15 was attributed to surface plasmon,
trapped in the micro-textures.

Laser microscope was utilized to measure each micro-grid
pattern at the center and at the edge of the micro-embossed
aluminum sheet. As shown in Fig. 16, no significant differ-
ence in the geometry and dimension was noticed between two
images; that is, homogeneous imprinting took place by using
this micro-embossing process. In both cases, the concave
micro-grid patterns were homogeneously imprinted onto
aluminum, corresponding to the original convex mi-
cro-textures of rectangular DLC cylinders in Fig. 13.

CONCLUSION

High density oxygen plasma etching provides us an efficient
tool to make precise etching onto both DLC-coated and
CNT-coated substrates. With aid of quantitative plasma di-
agnosis, the plasma state in etching is insitu monitored to
describe the etching behavior. The etched DLC coating has
high loading ratio or aspect ratio of depth to width in mi-
cro-textures. In addition, their sharp edge corner is preferable
to the mother tool to make micro- or nano-imprinting onto
metallic or plastic sheets. Table-top CNC pressing system is
successfully applied to duplicate the original micro-patterns
on the DLC coating onto the pure aluminum sheet with suffi-
cient accuracy. This success proves that micro-patterned
metallic sheets should be fabricated in mass production by
using the present approach.

Micro-patterning onto fragile CNT coating requires for so-
phisticate treatment other than metallic masking to prepare for
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masking before the present oxygen plasma etching. With aid
of new masking technique, micro-texturing of CNT coating
might well be put into practice because of its high etching rate.
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Fig. 16: Micro-textures imprinted onto the aluminum sheet
by CNC-pressing. a) Micro-textures measured at the center
of micro-embossed area by 10 x 50 mm’, and, b) Mi-
cro-textures at the edge of micro-embossed area by 10 x 50
mm’.
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