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Abstract 
We report on a hybrid manufacturing approach for 

electrochemical transistors (ECTs) based on conventional 

printing, digital printing, laser processing, and post-press 

technologies. A careful selection of the conductive, dielectric and 

semiconductor materials with respect to their optical properties 

allows for a significant reduction of registration problems that 

apply when structuring is done only by additive techniques, 

enabling fabrication of ECTs on large areas. We produced a 

matrix of 50x17 ECTs on format DIN A4 (210 x 297 mm2). The 

prototype components based on this technology operate at gate 

voltages in the range of 1 V and show on-off ratios of 102. 

Introduction 
Manufacturing of printed transistors has to cope with the 

challenge to reliably deliver devices operating at appropriate low 

voltages and high on-off ratios. For organic thin-film transistors, a 

strategy to achieve reasonably operating voltages is to significantly 

decrease the transistor channel lengths. However, at the same time, 

the costs of manufacturing must not significantly exceed the ones 

of usual graphically printed items. The requirement of reduction in 

feature size down to the (sub-)micron scale, however, increases the 

equipment costs as it drives the demand for the involved patterning 

techniques towards and beyond their usual resolution limits. 

Another limiting factor for roll-to-roll manufacturing of complex 

devices such as organic thin-film transistors is the quality of the 

multilayer registration between the individual process steps.  

The field of printed electronics aims for this goal as it relies 

on processing in ambient conditions (without vacuum) and often 

promotes additive patterning from solution such as printing 

However, at the same time, in-depth control of the interface 

properties between the substrate and the individual deposited 

layers (and amongst them) has to be provided. In contrast to 

graphical printing where the quality of a several-micron-sized 

halftone element as smallest unit of a patterned functional layer is 

defined by its bulk absorption properties according to Lambert-

Beers law, for printed electronics components, the level of 

understanding how manufacturing parameters relate to film 

morphology relate to device performance are much more 

demanding. [1] 

Materials and Methods 
Figure 1 shows a schematic illustration of the architecture of 

an electrochemical transistor (ECT) chosen for this study. It 

represents a stack geometry which – in contrast to other studies –

deals with a fabrication of these components based on printing 

techniques. This conquest started with Nilsson et al. on all-printed 

ring oscillators [2], Mannerbro et al. on fully inkjet-printed ring 

oscillators [3], and finally with Kaihovirta et al. who used flexo 

printing for source, drain and gate on pre-patterned substrates [4]. 

All these approaches used a lateral device architecture, motivated 

by the fact that all electrodes and layers can be deposited 

immediately on one substrate by the respective printing techniques. 

However, in a lateral geometry, due to the persistent limits of 

resolution and registration in mass and digital printing, the 

variability of the devices with respect to important parameters  

(e. g. switching time) is limited.  

Our combined approach introduced in this paper merges 

additive and subtractive technologies which makes it possible to 

return to a vertical stack of functional layers. It builds on a self-

alignment in the manufacturing of the channel between the source 

and drain electrodes which is not susceptible to particular 

registration challenges. It also gives rise to smaller feature sizes.  

 

 

Figure 1: Side view and top view of the vertical stack to build an 

individual electrochemical transistor (ECT) by printing and laser 

ablation. 

 

 

In particular, in our approach, the first two layers of the 

devices (conductive layer as conjectural source-drain structure and 

a dielectric layer) were printed at Printed Electronics Arena 

(Norrköping, Sweden) using a semiautomatic screen printer and 

both thermal and UV-based drying systems. A commercial 
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polymer foil (PET, sheets of mm, thickness 125 um) was used as 

substrate. To minimize alignment problems especially during the 

thermal drying steps between the printing passes, the foil 

substrates were preshrunk in a ventilated oven at elevated 

temperatures prior to printing.  

The source-drain structures and the dielectric layer were 

deposited in two individual passes with commercially available ink 

materials. For the conductive layer (source-drain) structure, a 

commercial carbon paste was mixed with a commercial thinning 

liquid. For the dielectric layer, a UV-sensitive and cross-linkable 

commercial material was used. 

First, the conductive layer was printed with one screen and 

dried in a conveyor-belt-fed drying system at elevated 

temperatures. Second, the dielectric layer was printed and cured in 

a conveyor-belt UV dryer. The screen printing parameters were set 

and adjusted in detail until a homogeneous deposition was 

reproducibly achieved. Besides a visual homogeneity of the printed 

structures, the criterion for homogeneity was the observation that 

the conductivity of the individual source-drain structures was in 

the range of (10 +/- 5) kOhm, measured with a standard digital 

multimeter. This value was determined for a number of source-

drain structures (components) on the substrate sheet between the 

test prods of distance 1 cm.  

 

Figure 2: A. microSTRUCT 1060 (3d-micromac AG, Chemnitz, 

Germany) for laser micromachining of sheet-based substrate 

materials; B. matrix of 50x17 individual ECTs on a DIN A4 sheet 

of PET. 

 

 

For the laser treatment, an industrial laser patterning setup 

(microSTRUCT 1060, 3d-micromac AG, Chemnitz, Germany) was 

used (see Figure 2). The machine is particularly designed for sheet-

fed laser treatment of large-area substrates for printed and polymer 

electronics devices. It consists of a conveyor belt for the transport 

of the printed sheets and a closet for laser machining with an area 

of operation of (700 x 700) mm2. Alignment of the fed sheets is 

done by an optical inspection system. The plant uses a compact 

and air-cooled pulsed Ytterbium Fiber Laser (IPG Laser GmbH, 

Burbach, Germany) with an average power of 30 Watts at a 

wavelength of 1064 nm, a maximum repetition rate of 200 kHz and 

nominal pulse duration of 100 ns. A bendable, metal-coated fiber 

guides the laser beam into the closet. The positioning of the laser 

beam on the sample is carried out with a mirror-based long-

distance scanner system (focal length 820 mm; SCANLAB AG, 

Puchheim, Germany).  

A PC interface card controls the synchronous and continuous 

operation of the mirrors and the laser in real time via an 

automation code, and this option was used to control the 

movement of the scanner during laser operation (mark speed) and 

hence the distances of the laser pulses incident on the substrate. 

The other relevant laser parameters were kept constant (wavelength 

1064 nm, repetition rate 200 kHz, average power 30 W). 

Disconnection of the source-drain structures was verified by a 

digital multimeter. 

Inkjet printing was performed using a Dimatix DMP-2800 

printer (Fujifilm Dimatix Inc., Santa Clara, USA). The printing 

setup consisted of several piezoelectric inkjet printheads with a 

nozzle diameter of 21.5 µm and a nominal drop volume of 10 pL. 

All samples were printed at ambient conditions (22.5 ± 0.8 °C and 

40 ± 3 % relative humidity). The DMP was applied in multi- 

nozzle mode, with a clear distance between the nozzle and the 

substrate maintained at 1 mm. The PEDOT:PSS ink was prepared 

from commercially available Clevios HC Jet P (Lot No. JOF6903-

6b; H.C. Starck GmbH, Leverkusen) mixed with in deionized 

water (ca 9:1) and treated with ultrasound prior to filling the 

printing cartridges. The printing pattern was designed to overfill 

the particular cross section and to yield efficient reconnection 

(pattern area 2x2 mm, drop space 15 um, nominal film volume 

0.17 uL). After printing, the samples were dried at elevated 

temperatures for a few seconds (see Figure 3).  

A polycationic liquid with mobile anions was chosen as the 

electrolyte, formulated to an aqueous ink and printed with an 

overfill (pattern area 3x3 mm, drop space 20 um, nominal film 

volume 0.23 uL) under similar conditions as the PEDOT:PSS ink. 

Alternatively, manual deposition of microdroplets was applied. A 

commercial PEDOT:PSS-coated plastic foil (Orgacon EL-350, 

AGFA; total thickness 175 um; thickness of the PEDOT:PSS layer 

200 nm) was applied as top electrode before the electrolyte was 

dry after deposition. The pieces were cut on a sheet plotter and 

placed with the conductive side in contact with the printed 

electrolyte. A reasonable mechanical stability of the device was 

given once the electrolyte was dry, but to allow for a robust 

handling during the device characterization, the gate electrode was 

additionally fixed with tape.  

The deposited layers were characterized using optical 

microscopy and scanning electron microscopy. Reconnection of 

the source-drain structures with inkjet-printed PEDOT:PSS was 

verified with a digital multimeter. The current-voltage 

characteristics of the entire components were taken with a 

parameter analyzer equipped with manual probe heads. The 

individual transistor components were cycled in the range VDS = 

{0 … -1.5 V} for the source-drain voltage and VG = {0 … 1.5 V} 

for the gate voltage. The time-dependent current switching 

characteristics were obtained by coupling of two digital 

sourcemeters (Keithley 2400), operating as waveform generator 

and measurement device, respectively. More details on the 

manufacturing workflow will be reported elsewhere.  
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Figure 3: A source-drain structure (black bar, top view) 

which was laser-ablated through a transparent dielectric layer (not 

visible) allows reconnection by inkjet-printed PEDOT:PSS 

through capillaries induced A. Principle sketch (part of the 50x17 

matrix); B. Microscope image of source-drain structure after laser-

ablation, C. … after inkjet-printing of PEDOT:PSS ink; D. … after 

drying of PEDOT:PSS ink.  

Results and Discussion 
During the manufacturing process according to the workflow 

outlined above, the morphological characterization revealed that 

laser ablation indeed is a sufficient technique to reliably disconnect 

the printed absorptive conductive structure through the transparent 

dielectric superlayer, at least provided several conditions with 

respect to the chosen pulse energy and scan velocity were met. We 

further observed that it is possible to reliably reconnect the ablated 

conductive structure through the transparent dielectric layer by 

inkjet printing of a conductive ink (PEDOT:PSS). We ascribe this 

possibility to the fact that the ablation process takes place only in 

the black conductive layer. However, due to the complex 

hydrodynamics of this non-equilibrium process there occur 

capillary cracks even in the dielectric which allow the liquid 

PEDOT:PSS to proceed to the source-drain channel created by the 

ablation process.  

 

Figure 4: Example for the current-voltage characteristics 

(upper graph) and the on-off ratio (lower graph) as a function of 

source-drain voltage of an ECT fabricated according to our hybrid 

manufacturing approach. 

 

 

Figure 4 shows that the ECTs manufactured in our hybrid 

approach reliably switch in the applied ranges VDS = {0 … -1.5 V} 

and VG = {0 … 1.5 V}. The on-off ratios are typically in the range 
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of 100. For the best devices, an on-off ratio of 600 was measured. 

The switching times obtained by transient electric measurements 

were determined to be 200 ms and below are possible. Further 

details on these processes as well as the manufacturing yield are 

currently under investigation.  

Summary  
We have successfully implemented a hybrid manufacturing 

approach for electrochemical transistors (ECTs) using both 

additive and subtractive techniques. With the introduction of laser 

ablation into a traditional printing workflow it was possible to rely 

onto the device geometry of a vertical stack. This solution 

circumvented typical challenges of all-printed devices such as 

limited feature resolution and registration problems. The 

transistors obtained operated at voltages in the 1.5 V range and at 

reasonable on-off ratios and switching times.  

Acknowledgements 
This project is a result of a research collaboration between 

Linköping University, Acreo AB and Chemnitz University of 

Technology within the EU-FP7-Network of Excellence PolyNet 

(2008-2010), funded by the European Community's Seventh 

Framework Programme (FP7, 2007-2013) under grant agreement 

n° 214006. The authors thank Marie Nilsson (Acreo AB) and Leon 

Kämpfe (TU Chemnitz) for experimental support. 

References 
[1] R. R. Baumann, A. Willert, T. Blaudeck;  Advances in Printing and 

Media Technology 37, 327-334 (2010). 

[2] D. Nilsson, M. Cheng, T. Kugler, T. Remonen, M. Amgarth,  

M. Berggren; Adv. Mater. 14 (1), 51-54 (2002). 

[3] R. Mannerbro, M. Ranlöf, N. Robinson, R. Forchheimer,  

Synthetic Metals 158, 556 (2008). 

[4] N. Kaihovirta, T. Mäkelä, X. He, C.-J. Wikman, C.-E. Wilén,  

R. Österbacka, Organic Electronics 11, 1207 (2010).  

 

Author Biography 
Thomas Blaudeck received his Diploma (M. Sc.) (2002) and his PhD 

in Experimental Physics from Chemnitz University of Technology (2007). 

In the following, as a postdoctoral researcher the group of Prof. Reinhard 

R. Baumann (Digital Printing and Imaging, Chemnitz University of 

Technology, Chemnitz, Germany) he was involved in the EU-projects 

PolyNet and PRODI (2008-2010) around the topic “Manufacturing and 

Production Equipment for Large-Area, Organic and Printed Electronics”.  

In February 2011, he joined the Organic Electronics group with 

Prof. Magnus Berggren at Linköping University (Sweden) as a 

postdoctoral researcher in the field of printed electronics. 

 

 

192 ©2011 Society for Imaging Science and Technology


	Technical Programs and Proceedings
	Introductory Materials
	Copyright 2011; IS&T: The Society for Imaging Science and Technology
	Table of Contents
	Conference Committees
	IS&T Board of Directors
	Welcome to NIP27
	Conference Sponsors
	Welcome to Digital Fabrication 2011
	Week At-a-Glance
	Conference Exhibitors
	Special Events
	IS&T Corporate Members
	Corporate Member Conference Sponsors
	Technical Papers Program

	Keynote Talks for All Days
	Kenyon, Managed Print Services: Technology…pg.1
	Cahill, Evaluation of the Effectiveness…pg.2
	Allen, Digital Printing and Workflow Evolution…pg.6
	Shibata, Paper vs. Electronic Media: Work…pg.7
	Baumann, Printed Smart Objects and Their Digital…pg.11

	Electronic Paper and Paper-like Displays
	Wang, Photonic Crystal Display Materials…pg.12
	Pishnyak, New Developments in Full Color…pg.16
	Liu, Full Color Reflective Electronic Media…pg.20

	Color Science/Image Processing
	Shapira, ICC Profile Extension for Device…pg.24
	Lo, Robust Spectral Implementation…pg.29
	Gorji Kandi, The Effect of Paper Texture…pg.34
	Morovic, HANS – Unlocking New Print…pg.38
	Wu, Color Reproduction Capability…pg.41

	Advanced and Novel Imaging Systems
	Kanungo, Direct Electrostatic Toner Marking…pg.45
	Leoni, Small Dot Ion Print-Head…pg.50

	Ink Jet Printing: Processes Day 1
	Massucci, From Ink Bottle to Ink Drop: The Flow…pg.54
	Massucci, Nozzle Plate Observations…pg.59
	Hoath, Dependence of Drop Speed on Nozzle…pg.62
	Hsiao, Jetting, In-Nozzle Meniscus Motion…pg.66
	Tuladhar, Influence of Printhead Geometry…pg.70
	Khalate, Performance Improvement…pg.74
	Alecrim, Flexographic Ink Film's Resistance…pg.79
	Tembely, Towards an Optimization of DOD…pg.86
	Castrejón-Pita, Ultra-High Speed Particle Image…pg.93
	Voit, Evaluation of Crosstalk Effects…pg.97
	Kwon, Development of Inkjet Monitoring System…pg.101

	Toner-Based Printing: Processes
	Hamamoto, Effect of Transfer Roller Surface…pg.105
	Otsuka, A Study of "Deletion" Mechanism…pg.109
	Kawamoto, Pale Defect of Halftone Following…pg.113
	Sasaki, Non-Spherical Toner Behavior Simulation…pg.120
	DiRubio, Toner Adhesion State Control…pg.124

	Printing Services and Solutions
	Kawamoto, Numerical Simulation on Dynamics…pg.117
	Giannetti, OaaS: Optimization as a Service…pg.128
	Kothari, Toward a SLA-based Marketplace…pg.132

	(Mathematical) Modeling of Printing and Related Processes
	Whitney, Toner Charge and Environmental…pg.136
	Kemp, Analytical Modeling of Electrostatic…pg.140
	Simske, A Consideration of Real-Time Imaging…pg.144
	Sim, Wavelet Analysis and Modeling…pg.148
	Zhao, Computational and Experimental Study…pg.152
	Schupper, Modeling Hole Transport Mechanism…pg.156
	Tembely, Inkjet Printing of Fuel Cell…pg.160
	Wang, Numerical Simulations of Dielectric…pg.164
	Ito, Prediction Model of Paper Curl Formed…pg.168

	Methods, Tooling, and Processes
	Nielsen, Thermal Inkjet System to Enable…pg.172
	Tada, Application of Electrostatic Inkjet…pg.176
	Jones, Transfer Methods Toward Additive…pg.180
	Walters, Digital Fabrication of "Smart"…pg.185
	Blaudeck, Hybrid Manufacturing…pg.189
	Perelaer, Combined Sintering Approaches…pg.193

	Image Permanence
	Salesin, The Scratch Sensitivity…pg.197
	Eguchi, Abrasion Resistance of Aqueous…pg.201
	Burge, Effects of Nitrogen Dioxide on the…pg.205
	Gordeladze, The Effects of Various Adhesives…pg.209

	Track 1 Interactive Previews
	Hasegawa, Dependence of Rewritable…pg.213
	Inada, Performance Comparison of Readings…pg.217
	Kinjo, High Contrast Image Projection…pg.221
	Mori, Comparison of Eye Fatigue Among Readings…pg.225
	Lee, Edge Enhancement for Good Image Quality…pg.229
	El Asaleh, Customized ICC Output Profile…pg.233
	Shi, Strategy of Map Rapid Guarantee…pg.237
	Zhao, A Monitor Gamut Description Model based…pg.240
	Li, Study on Influence of Filter…pg.244
	Wang, Research on Color Matching of Real…pg.248
	Comstock, Reproducibility between Xenon Test…pg.251
	Comstock, Impact of Light Bleaching on Dark…pg.255
	Pu, A Modified Phenolic Resin…pg.259
	Chen, Digital Watermarking Security…pg.263

	Image Permanence continues
	Fricker, An Evaluation of the Humidity Test…pg.267
	Fowler, Weathering and Light Stability Testing…pg.271
	Mason, Communicating the Results of Image…pg.278

	Ink Jet Printing: Processes Day 2
	Watanabe, New Developments of Shear-Mode Piezo…pg.282
	Zhou, Nozzle Wetting Dynamics…pg.286
	Berson, Experimental Investigation…pg.290
	Lee, Development of Micromachined…pg.294

	Track 2 Interactive Preview
	Zhou, Green Plate Making Technology based…pg.298
	Jia, Research on Ink Droplet Placement…pg.300
	Schein, Two-Layer Multiple Trapping Model…pg.304
	Ahuja, Nano-indentation of Polycarbonate…pg.307
	Tai, Influence of Coating Paper Properties…pg.311
	Sun, Research on the Performance…pg.315
	Sun, Study on the Influence of Primary Ink…pg.319
	Jia, Investigation to the Influence…pg.322
	Gao, Study on Luminescent Properties…pg.324
	Yan, The Study of the Pigment Surface-modified…pg.327
	Zhang, The Effect of Resin on the Property…pg.330
	Pan, Research on Filtering Conditions…pg.332
	Taniguchi, Novel Approach to Thermal Transfer…pg.335
	Zhang, Study on the Soluble Properties…pg.339

	Ink Jet Printing: Processes Day 2 Continues
	Ellinger, Lateral Merging Continuous Inkjet…pg.343
	Seo, A Study on Drying Process of Ink…pg.347
	Etter, Membrane Keypad Printing…pg.351
	Baek, Study on Image Quality of Page Width…pg.356
	Morrison, Inkjet Printing of Non-Newtonian…pg.360

	Toner-Based Printing: Materials
	Kim, Effect of Additive Blending Temperature…pg.365
	Nash, A Model Analysis of the Triboelectric…pg.369
	Tan, Biobased-Chemical Toner Prepared from…pg.374
	Tsunemi, Effect of Negative Externally-Added…pg.378

	Track 3 Interactive Preview
	Killeen, Optimizing Developer Roll Design…pg.382
	Ahuja, Model of Toner Impaction and Developer…pg.386
	Karunanayake, Toner Charging Characteristics…pg.391
	Wang, The Research of Process…pg.395
	Jia, Study on the Influence of Printing…pg.399
	Ma, The Effect of Initiator on Deep Curing…pg.402
	Luo, The Study of the Influence…pg.405
	Sahagian, Rapid Determination of Cure Rate…pg.409
	Huang, Study on the Influence of Coated…pg.411
	Duan, Improvement of the Quality of Digital…pg.415
	Xu, Line Quality Analysis in Digital Printing…pg.418

	Toner-Based Printing: Materials continues
	Sankaran, Biotoners: Technology, Ecology…pg.422
	Ribes, Preparation of Chemically Prepared…pg.425
	Kamiyoshi, Novel Process for Aqueous-based…pg.429

	Printed Electronics
	Christenson, Direct Printing of Circuit Boards…pg.433
	Schuppert, Ink Jet Printing of Conductive…pg.437
	Wu, Inkjet Printed Silver Electrodes…pg.441
	Reinhold, Inkjet Printing of Electrical…pg.445
	Zipperer, Printed Electronics for Flexible…pg.452
	Feng, Characterization of Inkjet Printed…pg.454

	Printed Materials
	Eiroma, Development of Conductive Carbon…pg.458
	Büttner, Pre-Treatment of Silver Particles…pg.462
	Diel, Digital Printing of Phosphorescent…pg.466
	Carmody, Novel Low Temperature Copper Inkjet…pg.470
	Al Amar, Effects of Size on the Optical…pg.473

	Digtial Fabrication Interactive Papers
	Ha, Low Voltage, Printed, Flexible Circuits…pg.477
	Sato, New Digital Pad Printing Technology…pg.478
	Chen, Study on the Flow Testing Instrument…pg.482
	Natsuki, A Method to Prepare Silver…pg.485
	Sun, Surface Morphology and Conductivity Study…pg.489
	Tang, Preparation of Sliver Nanoparticles…pg.492
	Walters, Digital Fabrication of a Novel…pg.496
	Doubrovski, Exploring the Links between CAD…pg.500
	Schiffer, Industrial Ink Jet Printing…pg.507
	Xu, Manipulation of a Small Conductive Ball…pg.508
	Paulsen, High Resolution Conformal Printing…pg.512
	Wang, A Novel Chemically Amplified Positive…pg.516
	Zichner, 3D RFID Transponder Antennas for Smart…pg.519
	Kipman, Low Cost In-Situ Drop Analysis System…pg.522
	Liang, Preparation and Optical Spectroscopy…pg.528

	Commercial Printing and Digital Packaging
	Sanz, Technical Evolution of Ceramic…pg.532
	Takenaka, New Technologies for Printed…pg.537
	Clippingdale, Meeting the Challenges…pg.540
	Simske, Printed Antennas for Combined RFID…pg.544
	Heilmann, Comparison of Print Durability…pg.548
	Qiao, An Image Processing Method that Enables…pg.552
	Nossent, A Breakthrough High Speed Wide Format…pg.556

	Photoelectronic Imaging Materials and Devices
	Seino, Depletion Charging and Surface…pg.557
	Fukuda, Effect of  &omega;-hydroxyl Group…pg.561
	Uehara, A New Sensor Adjacent Methodology…pg.564

	Ink Jet Printing: Materials
	Vadillo, The Effect of Inkjet Ink Composition…pg.568
	Ilmonen, Eco-friendliness of Inkjet Inks…pg.573
	Shakhnovich, Reactive Heterocyclic Diazonium…pg.576
	Cross, Thermal Inkjet &ndash; Can the Ink…pg.579
	Nauka, "Tweaking" the Pigment Color…pg.583
	Annable, Polymer Stabilized Pigment…pg.586

	Printing Systems Engineering/Optimization
	Kuo, Adaptive Digital Press Optimization…pg.590
	Chaurasia, Roller Surface Morphology and…pg.594
	Lee, Assessment of Resistivity Uniformity…pg.598
	Okano, Liquid Cooling Technology…pg.602
	Kuo, Calibration Color Patch Reduction…pg.606
	Ecer, Simulation of Toner Manufacturing…pg.610
	Matsumoto, Modeling of the Paper-wrinkle…pg.612
	Boley, Direct Binary Search for Print Mask…pg.616
	Martin, Holographic Measurement…pg.620
	Casaldaliga, HP's Optical Media Advance…pg.624

	Novel Applications and Topics
	Natividad, Magnetic Cell Separation by Inkjet…pg.628
	Yanez, Printable Biodegradable Hydrogel…pg.632
	Bollström, Towards Paper Electronics…pg.636

	Energy and Photovoltaics
	Ren, Inkjet Technology for Large-Area OPV…pg.640
	Haenel, R2R-Technologies for the Production…pg.644
	Khatri-Chhetri, Printed Fuel Cell Electrodes…pg.645
	Reinhold, Inkjet Printing of Isolation Layers…pg.651
	Liu, Discovery of a New Catalyst…pg.655
	Umezu, Fundamental Characteristics…pg.659
	Rodriguez, Direct Etching - Targeting…pg.662

	Thermal Printing
	Terao, Study of Performance Improvement…pg.666
	Kato, Development of High Quality True…pg.670
	Yamamoto, Development of Durable and High…pg.674
	Terashima, New D2T2 Photo Printing Material…pg.678

	Security and Forensic Printing
	Simske, Staggered and Dual-Channel Barcodes…pg.682
	Simske, Variable Data Void Pantographs…pg.686
	Aronoff, Automated Optimization of Void…pg.690
	Wood, Why Isn't Digital Printing Secure?…pg.694
	Adams, 2D Barcode Sub-Coding Density Limits…pg.696
	Ulichney, Tracing the Source of Printed…pg.700
	Verkouteren, Ink Jet Metrology: New…pg.705

	Design for Environmental Sustainability
	Bousquin, Life Cycle Analysis in the Printing…pg.709
	Williamson, The Future of Toner: Life-Cycle…pg.716
	Fischer, Recent Developments in the Deinking…pg.719
	Bhattacharyya, Fatty Acid based Alkaline…pg.722
	Sobotka, The Impact of 20 Years Environmental…pg.726
	Etheridge, Carbon Footprint Analysis Comparing…pg.728
	Kariniemi, Communicating Environmental…pg.732
	Hausmann, Sustainability of the CEWE PHOTOBOOK…pg.736
	Gambeta, Exploring Existing Measures…pg.741
	Wingkono, Surface Treatment to Improve Print…pg.747

	Fusing, Curing, and Drying
	Eichhorn, Nanoscale Testing of  Specialized…pg.750
	Kim, 2D Thermal Analysis to Predict…pg.755
	Eichhorn, Fuser Roller Core and Drive Collar…pg.761
	Avrushchenko, Super Soft, Very Low Compression…pg.764
	Battat, Image Fix Model for Belt Fusing System…pg.767
	Kim, Induction Heating Technology for System…pg.772

	Print and Image Quality
	Sender, Automatic Troubleshooting…pg.776
	Whitney, Calibration Technique for Accurate…pg.780
	Nachlieli, Perception Guided Automatic…pg.784
	Chen, Research on Moiré Fringe in Frequency…pg.788
	Gamm, An Analysis of the Factors Influencing…pg.791
	Farnand, Perceived Image Quality of Printed…pg.797

	Special Topics: Digital Fabrication and Smart Packaging
	Simske, Smart Packaging for Security…pg.801
	Stanic, Integration of 2D Codes in Paper…pg.805
	Nelson, Metal Oxide Transistors with Good…pg.808

	3D Printing and Prototyping
	Hammerschmidt, Micro-Three-Dimensional…pg.811
	Huson, 3D Printing of Ceramics for Design…pg.815
	Southerland, Edible 3D Printing…pg.819
	Puukko, Digital Decoration of Consumer…pg.823


	Author Index



