
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-62748-836-5 

12th Flexible & Printed Electronics 
Conference & Exhibition 
 
(2013FLEX) 

Phoenix, Arizona, USA 
29 January - 1 February 2013 

Volume 1 of 2 

 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© (2013) by the FlexTech Alliance 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2013) 
  
For permission requests, please contact the FlexTech Alliance 
at the address below. 
  
FlexTech Alliance 
3081 Zanker Road 
San Jose, CA 95134 
 
 
Phone:  (408) 577-1300 
Fax:  (408) 577-1301 
 
info@flextech.org 
 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2634 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



TABLE OF CONTENTS 
 
 
 

SESSION 1: CORPORATE INNOVATION AND MATERIALS 
 
1.1 Learning from Innovation Adventures beyond the Core ............................................................................................. 1

Dave Edwards 
 

1.2 Organic Photovoltaic and Organic Sensor Materials at EMD Chemicals – Making the Future 
Flexible™.............................................................................................................................................................................. 13

Monica Davis 
 

1.3 Polyester Film Substrates for the Flexible Electronics Industry - An Overview and Where Next ......................... 28
Bill Macdonald, Keith Rollins, Bob Rustin, Rob Eveson, John Flett, Thane Gough 

 
SESSION 2: THE OLED JOURNEY 
 
2.1 The Advantages and Challenges of OLED – From Launching the First OLED to Today ...................................... 41

Ted Tohma 
 

2.2 High Quality White OLED for Lighting Application ................................................................................................. 55
Takuya Komoda 

 

2.3 Opportunities for Flexible OLEDs ............................................................................................................................... 70
Mike Hack 

 

2.4 Next Generation Lighting Industry Alliance ............................................................................................................... 81
Keith Cook 

 
SESSION 3: CUTTING EDGE INNOVATION TECHNOLOGY & PRODUCTS 
 
3.1 Creating the Future of Printed Electronics ............................................................................................................... 103

Janos Veres, Tse Nga Ng, David Schwartz, Greg Whiting, Ross Bringans, Tolga Kurtoglu 
 

3.2 A Smarter Everyday Powered by Printed Electronics ............................................................................................. 113
Davor Sutija 

 

3.3 Core Technology .......................................................................................................................................................... 120
Kevin Dowling 

 

3.4 Flexible Choices ........................................................................................................................................................... 128
David Barnes 

 
SESSION 4: THE FUTURE - PRINTING, NANO AND INDUSTRIALIZATION 
 
4.1 Printable Spacecraft: NASA Applications for Flexible Electronics......................................................................... 135

Kendra Short, David Van Buren 
 

4.2 Nano & Bio Manufacturing of Flex Devices for Aerospace...................................................................................... 147
Jeff Stuart, Richard Vaia 

 

4.3 Inkjet Based Roll to Roll Nanoimprint Process and Applications ........................................................................... 160
S. V. Sreenivasan 

 

4.4 Building a Global Network for the Printed Electronics Industry ............................................................................ 177
Andrew Hannah 

 

4.5 Transforming a Science Project into Industrial Reality ........................................................................................... 191
Indro Mukerjee 

 
SESSION 5: PRINTING 1 
 
5.1 The Realities of High Speed R2R Printing................................................................................................................. 198

Chip Tonkin 
 

5.2 Conductive Carbon Nanotube Films for High-Speed Printing Applications.......................................................... 209
Christopher Landorf 

 



5.3 Printed Intelligence from Rolls to Flexible and 3D Systems and Products ............................................................. 219
Harri Kopola, Kari Rönkä, Jukka Hast, Ilkka Kaisto, Terho Kololuoma, Raimo Korhonen, Riku Rikkola, Sanna 
Rousu, Antti Kemppainen 

 

5.4 Printing for Profits: Making Money in Printed, Flexible, and Organic Electronics .............................................. 234
Anthony Vicari 

 

5.5 Screen Printing of an Etchant for Patterning Sputtered ITO Films on PET.......................................................... 252
Dania Alsaid, Margaret Joyce, Erika Rebrosova, Marian Rebros, Massood Atashbar 

 
SESSION 7: NOVEL DISPLAY TECHNOLOGY 
 
7.1 Plastic Logic’s OTFT Technology and New Application Concepts ......................................................................... 263

Peter Fischer 
 

7.2 Technology and Product Advances in Flexible Electrophoretic Displays ............................................................... 272
Michael McCreary 

 

7.3 Beyond e-Reading: Industrial Applications for Electronic Paper ........................................................................... 287
Heeday Danjo 

 

7.4 Droplet Driven Displays: Bistable e-Wetting Frontplane for Flexible Displays ..................................................... 307
Jürgen Rawert 

 

7.5 P-Ink Displays: Flexible, Low Power, Reflective Color ............................................................................................ 317
Andre Arsenault 

 

7.6 The Future of the Flexible Display Market and Technology.................................................................................... 326
Sweta Dash 

 

7.7 Functional Film for Flexible Display: R2R Coating Process.................................................................................... 333
Nizamidin Jappar 

 
SESSION 9: MEDICAL SENSORS 
 
9.1 Bringing Wearable Body Monitoring to the Masses ................................................................................................. 354

John Stivoric 
 

9.2 Use of Printed Electronics in Flexible Medical Devices ............................................................................................ 383
Ana Arias 

 

9.3 Fabrication of Wearable Sensors for Human Health Monitoring Through Magnetically Directed 
Assembly Techniques ........................................................................................................................................................ 397

Jeffrey Ashe 
 

9.4 Wireless Sensor Integrated Conformal (WiSIC) System for Medical Triage ......................................................... 406
John Bell 

 

9.5 Conductive Textile Ribbons to Replace Traditional Wires and Smart Clothing Electrodes................................. 417
Michael Corbett 

 
SESSION 11: BARRIERS 
 
11.1 Large Area Flexible OLEDs: Solution Processing and R2R Technologies ........................................................... 428

George Götz 
 

11.2 Scaling up ALD Moisture Barrier Technology ....................................................................................................... 440
Brad Aitchison, Mikko Söderlund 

 

11.3 Novel Dispensable Getters: Scavenging Technologies Making Printed Electronics Possible .............................. 446
Stefano Tominetti 

 

11.4 Flexible Transparent Ultra-barrier Films for Flexible Electronics ....................................................................... 461
Ravi Prasad 

 
SESSION 6: OPV & LIGHTING 
 
6.1 OLED, OPV and Other Applications: Materials and Processing Choices Between Vacuum S2S 
and Solution R2R............................................................................................................................................................... 468

Jan Blochwitz-Nimoth, Kay Lederer, Steffen Pfützner, Jan Birnstock 
 

6.2 Air-Stable Electrodes for Organic Photovoltaics: Toward Completely Plastic Solar Cells and 
Modules .............................................................................................................................................................................. 487

Bernard Kippelen 
 



6.3 Flexible Solar Cells ...................................................................................................................................................... 499
Vishal Shrotriya 

 

6.4 Production Methods for Large Area Flexible Electronics and Organic Photovoltaics .......................................... 512
Thomas Kolbusch 

 

6.5 Large-Area OLED with Silver Nanowire Anode ...................................................................................................... 576
Florian Pschenitzka 

 

6.6 Stretchable Transparent Electrodes and Stretchable Polymer OLEDs .................................................................. 587
Lu Li, Zhibin Yu, Jiajie Liang, Qibing Pei 

 
SESSION 8: SYSTEM & CIRCUIT APPLICATIONS 
 
8.1 Flexible Materials and Devices for Advanced Power and Energy Needs ................................................................ 600

Ray Chan 
 

8.2 Technical Developments in Commercializing Printed Memory and Integrated Systems...................................... 612
Christer Karlsson 

 

8.3 From Lab-scale Ink-jet to Mass-produced Printed Circuits .................................................................................... 619
Gregory Whiting 

 

8.4 Printed Organic CMOS and Sensors for Large Area Systems on Flexible Foils.................................................... 629
Romain Gwoziecki 

 

8.5 FleX™ Silicon-on-Polymer™: Flexible ICs from Commercial Foundry Processes ............................................... 645
Doug Hackler, Rich Chaney, Dale Wilson, Brian Meek 

 

8.6 Flexible Hybrid Systems in Conformal Load-Bearing Antenna Structures ........................................................... 650
Richard Chaney, Doug Hackler, Dale Wilson, Brian Meek 

 
SESSION 10: PRINTING 2 
 
10.1 Improving the Accuracy of Flexo Printing for Flexible Electronics ...................................................................... 658

Tim Claypole 
 

10.2 Advances in Printed Materials that Meet Cost and Performance Needs .............................................................. 669
Jay Dorfman 

 

10.3 Inkjet Deposition Applications ................................................................................................................................. 680
Tim Luong 

 

10.4 Systems for Printing Conductive Traces for General Electronic and Electrical Products .................................. 699
Robert Detig 

 
SESSION 12: MATERIALS 
 
12.1 Organic and Oxide Materials for Unconventional Opto-Electronics .................................................................... 720

Antonio Facchetti 
 

12.2 Morphology Development in Semiconducting Polymer Inks During Solvent Evaporation: 
Watching the Ink Dry........................................................................................................................................................ 742

Christopher Soles 
 

12.3 Orthogonal Processing: A New Strategy for Organic Electronics ......................................................................... 752
Christopher Ober, C. Newby, J.-K. Lee, K. Midthun, G. G. Malliaras, B. A. Baird 

 

12.4 Clear Hard Coat Films via Hybrid Multi-layer (HML) Vacuum Deposition ....................................................... 766
Jim Dibattista 

 

12.5 Embedded ESD Solution for Flexible Printed Circuits .......................................................................................... 776
Robert Fleming, M. Glickman, J. Wu, S. Shang, B. Graydon, F. Razavi, P. Pande 

 

12.6 Copper Nano-Particle Based Screen-Paste Formulations and Use in Consumer Electronic 
Applications........................................................................................................................................................................ 787

Michael Carmody 

 
SESSION 13: SENSORS 
 
13.1 Design of Printed Transistor Circuits for Printed Sensors..................................................................................... 799

David Schwartz, Tse Nga Ng, Greg Whiting, Janos Veres, Brent Krusor, Beverly Russo, Fred Endicott 
 



13.2 Temperature and Moisture Sensors Printed on Flexible Plastic Substrates Using CNT-Based 
Nanomaterials .................................................................................................................................................................... 812

Liyong Diao, James Lamb III, Stephen Gibbons, Wu-Sheng Shih, Vijaya Kayastha, Christopher Landorf, Carissa 
Jones, Marriana Nelson, Dan Janzen, Ryan Giedd 

 

13.3 Touch 2.0 .................................................................................................................................................................... 819
Gerry Siedman 

 

13.4 An Ultra-Thin flexible Monolithic CMOS Imaging Test Structure for Applications in Bendable 
Image Sensors .................................................................................................................................................................... 842

Georgios Dogiamis 
 

13.5 Flexible Sensors with Thin Film Assembly of Functional Nanoparticles .............................................................. 851
Chuan-Jian Zhong 

 
SESSION 15: TRANSPARENT CONDUCTORS 
 
15.1 Transparent Conductor Films for Large-Area Touch Based on Silver Nanowires.............................................. 864

Florian Pschenitzka 
 

15.2 Extremely High Throughput Nanofabrication: Patterned Deposition and Inline Sintering of 
Silver Nanoparticles........................................................................................................................................................... 880

Bruce Kahn 
 

15.3 Conductive Polymer Films and Invisible Patterning Techniques for Transparent Electrode 
Applications........................................................................................................................................................................ 894

Ron Lubianez 
 

15.4 Invisible Metal-Grid Transparent Electrodes by Electrohydrodynamic Printing and Its 
Application to Optoelectronic Devices ............................................................................................................................. 908

Jihoon Kim 
 

15.5 Towards Commercial Viability of Flexible Transparent Conductive Films: New Single Walled 
Carbon Nanotubes Ink ...................................................................................................................................................... 920

Sian Fogden, Ce Ma, Kee-Chan Kim, Kathleen Ligsay, Amélie Catheline, Aminy Ostfeld, Ana Claudia Arias, 
Graham McFarlane 

 

15.6 Conductors for Printed and Organic Electronics: Markets, Trends and Forecasts............................................. 928
Harry Zervos 

 
SESSION 17: FLEXIBLE GLASS 
 
17.1 Flexible Glass Substrates for Thin, Light, and Conformal Electronic Devices..................................................... 945

Sean Garner, G. Merz, J. Tosch, C. Chang, J. C. Lin, K. T. Kuo, P. L. Tseng, H. F. Chang, S. Lewis, R. Kohler, L. 
Tian, L. Simpson, M. Owens, X. Li, S. Huang, J. Shih, A. Wei, M. C. Lin, C. S. Huang, H. T. Lin, C. L. Lin, S. Y. 
Chang, C. T. Wang, J. Shen, C. H. Hsiao, S. T. Lu, J. Hu, C. T. Liu, J. Switzer, J. Steiner 

 

17.2 High-Temperature, Roll-to-Roll Process on Flexible Glass.................................................................................... 954
Lili Tian, R. Gafsi, T. Ishikawa, H. Menegus, A. H. Chaturvedi, S. Garner, N. Walker, H. Russell, D. Acquard, D. 
Enicks 

 

17.3 Microsystems Enabled PV ........................................................................................................................................ 962
Murat Okandan 

 

17.4 Lightweight Electrowetting Displays on Thin Flexible Glass Substrates .............................................................. 970
Andrew Steckl, H. You 

 

17.5 Growth of Aluminum-Doped Zinc Oxide on Flexible Glass Substrates and Cyclic Bending 
Reliability Study ................................................................................................................................................................ 987

Chien-Yi Peng, S. M. Garner, H. Sudarsanam, M. M. Hamasha, T. P. Dhakal,  S. Lu, C. R. Westgate 

 
SESSION 14: OXIDE TFTS 
 
14.1 Amorphous Oxide Material and Device Technology for FPDs .............................................................................. 999

Tolis Voutsas 
 

14.2 TFT on Flexible Substrates ..................................................................................................................................... 1015
Yoon-Hoon Kim 

 

14.3 II-VI Materials and Devices for Flexible Transparent Electronics ..................................................................... 1028
Israel Mejia, A. Salas-Villasenor, B. E. Gnade, M. A. Quevedo-Lopez 

 

14.4 The New Display Era: Roll-to-Roll Manufacturing of Next Generation Display Devices ................................. 1044
Tobias Stolley 

 



14.5 Flexible Electronics -- What Is It Good For? ........................................................................................................ 1054
David Allee, Eric Forsythe 

 
SESSION 16: OTFT & NOVEL DEVICES 
 
16.1 Flexible Piezoelectric Energy Harvesting and Storage Systems........................................................................... 1068

Keon Jae Lee 
 

16.2 Realization of Double Digit Efficiency Polymer Solar Cells ................................................................................. 1083
Gang Li, Letian Dou, Jingbi You, Weihsuan Chang, Chun-Chao Chen, Rui Zhu, Yang Yang 

 

16.3 Fabricating Novel OTFTs Using a Hybrid Electrodeposition Technique ........................................................... 1100
John Rudin 

 

16.4 Fully Printed CNT Based TFT Electronics............................................................................................................ 1105
Kosmas Galatsis, Yongqiang Tan 

 

16.5 A Monotlithically Integrated Active Matrix Microphone Incorporating Local Sensing, Switching, 
and Amplification ............................................................................................................................................................ 1116

Ioannis Kymissis 

 
SESSION 18: MANUFACTURING PROCESSES 
 
18.1 Convergence of Printing Technology, Self-Assembly and Nanoimprint Lithography for R2R 
Fabrication of Functional Electronic Materials and Devices ....................................................................................... 1134

Jim Watkins 
 

18.2 Design and Process Management For Novel Manufacturing ............................................................................... 1151
Tolga Kurtoglu, Janos Veres 

 

18.3 New Atmospheric Plasma Technologies for Flexible Electronics ........................................................................ 1160
Rory Wolf 

 

18.4 Advances in Roll-to-Roll Process Manufacturing and Challenges to be Aware of............................................. 1178
Mark Wegne 

 

18.5 Laser Lift-Off Processes for Flexible Displays ...................................................................................................... 1192
Qiongying Hu, Brandon Turk, Malene Fricke, Ralph Delmdahl, Jan Brune, Rainer Pätzel 

 

18.6 Photonic Curing: Pulse Shaping and RFID ........................................................................................................... 1202
Stan Farnsworth 

 

18.7 Stexs™ - Short Thermal Exposure Sources for Carrier-Gas Enhanced Vapor Phase Deposition ................... 1212
Juergen Kreis 

 

Author Index 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




