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Abstract

The recent advances in digital fabrication have nearly
become synonymous with the formulation of functional inks and
inkjet printing. Conversely, dry toner systems, despite their high
productivity and maturity in 2D digital printing, have scarcely
been utilized for 3D printing and digital fabrication, despite
significant endeavor.

This paper reviews the advantages that laser printing offers
digital fabrication (over inkjet) and provides insights to overcome
the technical barriers which to date have prevented it from gaining
traction as a 3D printing technique.

Introduction

Electrophotography (EP), the basis for laser printing, was the
first digital printing technology and was predicted in the early 90’s
to be, “the most prevalent printer technology of the 2000s” [1].
Now twenty years on, electrophotography still plays a dominant
role in the office printing sector, however it has not kept pace in
digital fabrication (DF) and 3D printing contexts. Despite its
inherent micro fabrication capability and investigations into its
application for electronics (since the mid-50’s), 3D printing (since
the mid-80’s) and bio-fabrication (more recently), EP has yet to be
established as a definitive digital fabrication means [2-5].

Central to the technical reasons for laser printing being
underutilized for 3D printing is a lack of understanding of how
residual toner charge influences multilayer 3D laser printed
objects. This issue is analogous to the need to manage, and
ultimately dispose of, the carrier liquid in the inkjet process. In the
same way that a carrier liquid is an essential element enabling
inkjet printing, yet after printing is often regarded as a nuisance
which needs to be eliminated (through evaporation, absorption into
the substrate/pumping layer, or cross-linking/freezing into a solid
matrix, etc.); electrostatic charge on toner enables laser printing,
yet after printing, the residual charge on the toner (if left
unmanaged) becomes a nuisance which needs to be eliminated in
order to unlock its potential for multilayer applications.

This paper first elucidates the rationale for re-investigating
laser printing as a fabrication means appropriate for applications
that leverage its natural strengths over incumbent digital
fabrication technologies. Then, the correlation and causation of
defects arising during layer on layer laser printing are considered
with regard to the retention of residual toner charge. Lastly, the
findings offer some insights into overcoming defects by effective
charge management throughout the fabrication process.

Strengths of Laser Printing

Although substantial achievements in digital fabrication and
3D printing have been predicated upon the merits of inkjet

NIP 28 and Digital Fabrication 2012

technology (thermal, piezo, aerosol, etc.), gaps in current
capability provide incentives to investigate the suitability of
alternative digital printing techniques to complement existing
offerings.

Laser printing is a proven means of digitally depositing
material with speed and resolution that rivals inkjet. Laser printing
inherently deposits water-fast layers of dry powder materials
typically from a few microns up to 100 pm in diameter. This
makes its volume scalability superior to inkjet where depositing
solid materials is the priority. In fact, recently at least two research
groups have switched from inkjet technology to laser printing in
order to print larger diameter solids (>5 pm dia.) [6, 7]. Biittner et
al. emphasized this and other strengths compared to inkjet by
saying, “Its main advantages are the possibility of printing larger
particles, its much higher printing speed and the absence of
solvents” [7]. Minimal use of solvents and additives (compared to
inkjet) reduces contamination considerations and provides a more
favorable outlook for recyclability. The fact that toner is normally
a thermoplastic material reinforces its environmental friendliness
and potentially provides better strength to consolidation speed
ratio than thermosets [8, 9]. Furthermore the fact that it is a dry
process avoids surface wetting issues, makes it more amenable to
thermal processing, and enables water soluble materials to be
deposited for use as support structures when fabricating complex
geometries [10]. Also, the contact at transfer and fusing can
improve the integrity of consolidation [8]. In short, for some
materials, laser printing has a lower specific deposition cost with
the potential to deposit nearly 100 wt./vol. % of the target material
without unwanted additives. The long-standing coexistence of
laser printing and inkjet technologies in 2D printing is evidence of
their complementary natures which can also coexist in DF.

Multilayer Transfer Challenges

The fundamental ethos of 3D printing is to build objects by
stacking and laminating multiple printed layers one on top of
another. This requires that each printed layer form a suitable
foundation upon which subsequent layers are deposited.
Maintaining consistent /ayer quality throughout the build stack,
which typically consists of hundreds of layers (depending on part
size and resolution), is essential to ensure the correct shape is
achieved and adequate lamination strength is imparted to the
finished object. Past attempts to use laser printing for 3D objects
have revealed layer quality shortcomings inherent in conventional
transfer, and perhaps to a lesser degree, fusing steps.

Modern conventional toner transfer techniques are derivatives
of the method invented at Battelle Memorial Institute which used
an electric field propagated through the paper substrate to pull the
toner off of the photoreceptor [11]. Although conventional transfer
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methods have been successfully employed for digital fabrication of
objects made from relatively small non-conductive toner build
stack heights (<Imm) [6, 12], build stacks exceeding 1 mm begin
to suffer from layer defects due to breakdown or insufficient
transfer field strength (due to the difficulty of propagating a field
through the printed layers which act as insulators) [13, 14].

Researchers have attempted a variety of single and double
transfer hardware configurations to overcome the self-limiting
nature of conventional and alternative field-based transfer methods
which have had limited success and are comprehensively reviewed
elsewhere [13].

Progress Overcoming Height Limitations

Recently, progress has been reported by departing from field-
based traditions altogether in favor of transfer by heat and pressure
— similar to the transfer step first employed by Carlson and Kornei
[3, 13]. The first demonstration of image stack height growth
independent of field strength was published last year, where a
sample with a 10mm high stack height had been made using an
electromagnetic brush (EMB) coating technique (based on
developer subsystems from laser printers without photoreceptors
[15]) which transferred and fused each layer exclusively by heat
and pressure followed by offline oven fusing [13]. Building on the
success of the EMB produced sample, the same team multilayer
(over 50 layers) laser printed the ziggurat shaped object shown in
Figure 1 which exceeded Smm build height without significant
layer defects [16]. To the author's knowledge this is the first
sample in the public domain which exceeds the theoretical build
stack height limit as calculated by Kumar and Dutta [14]. The
sample was produced from the same developmental epoxy based
toner used for the EMB sample, which when paired with a suitable
carrier had a charge distribution with a mean q/d value of -2.83
fC/10 pm and between 3.1 and 2.2 % of positively charged
particles (measured using a q/d meter, EPPING GmbH, Germany).
The sample was made by a semi-automated method where five
layers were printed using a dual component non-conductive laser
printer (CTG 900, CTG PrintTEC GmbH, Germany) and then
fused offline for 5 minutes in an oven at 155-160° C; the sample
(and ceramic tile substrate) was remounted on the printer to repeat
the cycle for each subsequent set of five layers [16].

While this sample shows great promise, fully automating the
procedure (and thereby accelerating cycle time by 10x) has
produced parts with inconsistent quality that exhibit a spectrum of
layer defects including pitting, corrugating, etc. (see images
below) which are similar to defects reported by other researchers
[13].

Characterizing Residual Toner Charge

In order to consistently achieve acceptable laser printed part
quality at competitive speeds, it was deemed necessary to
investigate the cause of the layer defects. Although the transfer
method employed for the ziggurat shaped sample (Figure 1) did
not use any induced transfer field, the nature of the defects
manifest during fully automated trials to reproduce it showed
parallels to problems experienced by Kumar Das which he
attributed to “trapped volume charge” in the printed layers [17].
Since experimental evidence to demonstrate the role of
electrostatics in a heat and pressure transfer was lacking, it became
the initial point for characterization. The trials described
subsequently were undertaken on the Selective Laser Printing
(SLP) rig which has been described elsewhere [8, 13, 18]. In order
to eliminate variables, initial trials were undertaken using industry
standard toner which provides a baseline for subsequent testing
with developmental toners.

Trial 1 — Residual Toner Charge with Automated Processing

Typical surface quality degradation is illustrated in Figure 2,
which shows 20 rectangular images (120x80mm) laser printed one
on top of another with a Smm shift (to the right to enabled the
observation of individual layer quality and height measurement).
Each print was made using a two-component printer (CTG-1C17-
600, CTG PrintTEC GmbH, Germany) with a conventional
polyester toner (Poly-JZ, Samsung, Japan); which when paired
with an appropriate carrier had a charge distribution with a mean
g/d value of -3.6 fC/10 um and less than 1% of positively charged
particles (measured using a q/d meter, EPPING GmbH, Germany).
These images were printed onto a rigid ceramic substrate 120 x
120 x Imm (ADS96R, CoorsTek, CO, USA) using a heat and
pressure transfer (without any induced transfer field) in order to
measure and examine the charge and behavior of the toner as it
accumulated layer on layer.

*5°6 7 . } ] i

Il 5 mm

Figure 1 — Laser printed ziggurat shaped object exceeding the theoretical
height limit for conventionally transferred laser printing
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Figure 2 — Surface quality degradation shown by successive prints of industry
standard toner transferred one upon another using only heat and pressure
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The surface potential was measured in process immediately
after each print using a field mill device (JCI 140 Static monitor,
Static Direct Limited, England) calibrated for the area of the
ceramic substrate. Each layer was fused using an infrared radiant
heater to 150°C. After printing all layers, the cumulative thickness
of the deposited toner was measured at 20 positions corresponding
to the center of the exposed Smm strip of each layer. The averaged
surface potential and cumulative toner thickness are plotted in
Figure 3 with + error bars equal to o/n"? (n samples).
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Figure 3 — Graph of average post-print surface potential vs. average
cumulative maximum print thickness

The average surface potential of the samples initially
decreased to a minimum of -0.18 kV at layer 2 and then followed
an upward trend to a maximum of 0.39 kV at layer 19. The
average cumulative print thickness correlated with the upward
trend of surface potential with a maximum value of 0.105 mm at
layer 19. The left hand portion of the sample in Figure 2, where
only a few layers were printed, had a surface roughness of less
than 1pm Ra (measured using white light interferometry, WYKO
NT2000, PZ-06-CS-SF, Mikro Precision Instruments, USA), yet it
was so degraded on the far right-hand side of the sample (where up
to 20 layers were printed) that it was impractical to measure. The
defects developed around layers 7-8, which correspond to when
the average surface potential changed from negative to positive.

Trial 2 — Residual Charge after 10 min. Relaxation Delay

The same experimental conditions as above were replicated
for Trial 2 except that after each layer was printed and fused, a 10
minute charge relaxation delay was introduced before the next
cycle began. This delay was intended to replicate the timing used
during the production of the ziggurat sample and allow observation
of any influence from the passage of time on charge
recombination. The surface potential was measured immediately
following each layer printed and also after the 10 min. delay, and
are plotted in Figure 4 along with the cumulative print thickness.

The surface potentials from the Trial 2 sample measured
immediately following the print and after the 10 min. delay
decreased initially and then followed an upward trend peaking at
0.57 kV and 0.1 kV respectively. The surface potential after the 10
min. delay was much less variable and had a significant reduction
in magnitude. The average cumulative print thickness correlated
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with the upward trend of the surface potentials with a maximum
value of 0.11 mm at layer 19. Its appearance and surface roughness
were nearly identical to the sample in Trial 1 (Figure 2) with
surface degradation which first became evident around layers 5-6,
when the surface potential changed from negative to positive, and
then increased with the number of layers deposited.
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Figure 4 — Graph of surface potential immediately after printing and after a 10
min. charge relaxation delay vs. cumulative maximum print thickness

Trial 3 — Counteracting Residual Charge with a Field

Working from the premise that, if surface defects in previous
samples were caused by electrostatics (via an accumulation of like
sign residual charge in the printed object) then in theory they could
be counteracted by using a transfer field to overcome any
repulsion exerted by residual toner charge in the image stack.
Therefore, Trial 3 was undertaken with the same conditions as
Trial 1 except that a conventional electrostatic transfer was
employed by means of a charged conductive aluminum plate
placed directly under the ceramic substrate, which delivered an
initial transfer field strength of 3MV/m. Since the sample was
defect free after 20 layers the process was continued until the end
of the day. The field enabled deposition of 176 defect free layers
measuring a total of 0.865mm in height. After printing, the
aluminum plate was isolated from the high voltage source. The
sample was then allowed to cool to room temperature. When the
sample was reviewed 18 days later, some cracks due to thermal
contraction were evident, but more noteworthy was the fact that
the aluminum plate was pinned to the ceramic substrate
electrostatically as shown in Figure 5, with the plates partially
twisted apart.

Figure 5 — Aluminum plate (120 x 120 x 1 mm) electrostatically pinned to
substrate 18 days after printing 176 layers using a conventional transfer field
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Trial 4 — Residual Toner Charge on Grounded Substrate

Trial 4 was undertaken with the same conditions as Trial 1
with two exceptions. As an alternative to waiting 10 minutes per
layer for charge recombination (as in Trial 2), the ceramic
substrate was replaced with a grounded aluminum substrate in
order to promote charge dissipation through better connection to
ground. This was also done to eliminate the possibility that the
retained charge in Trial 3 was achieved by virtue of the ceramic
substrate rather than the printed toner alone. Secondly, the shift
between printed images was removed because it caused a
reduction of newly deposited toner inside the calibrated measuring
area for the field mill device with each print (which potentially
biased earlier readings). As per Trial 1, the surface potential was
measured immediately following each layer printed. Also, at layer
20 a sheet of paper was placed on top of the stack to test the
efficiency of toner transfer onto the image stack in the nip. It is
shown in Figure 6 with corner folded back.

It is noteworthy that the total deposition height of the image
stack was the least so far at 0.075mm. Furthermore, the surface
continued to be plagued with defects even though the defects had a
finer resolution and more uniform distribution (Figure 6).

. Background
transfer (layer 20)

Background transfer

(layers 1-19)

”Page peeled
{ back to show
' defect pattern

| Printed area (layers 1-19)

Intended print area
(layer 20), but no
toner transferred

< ~ 120mm , >
Figure 6 — Sheet of paper as placed on top of the sample during the printing
of layer 20. Note: the background toner transferred around the image stack
(upper right hand corner), but not directly over it; this is evidence that residual
toner charge in the image stack is repelling incoming toner. Also, the paper is
folded back to show the defect pattern on the top surface of the sample.

The dashed rectangular outline in Figure 6 shows the area
where toner was expected to be deposited onto the paper, but was
not. Despite the developed toner image not transferring, toner was
transferred to other areas of the paper as background scatter.

Learning Outcomes: Residual Toner Charge

All of the trials reported indicate that residual toner charge is
not eliminated or reduced to a negligible magnitude simply by
proper fusing alone. This helps clarify the scope and context of
statements such as, “When the powder is heated and reaches its
fusing temperature its conductivity increases and this allows the
charge on the powder to dissipate” [14]. While fusing can help
dissipate charge, that does not mean that the residual charge will
be reduced to a magnitude which will not cause defects in
multilayer laser printing.

Next, surface defects are material composition dependent.
Surface defects developed after only 5-10 prints with commercial
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toners which have an insulative volume resistivity (>1x10'%),
while developmental toners with a dissipative volumetric
resistivity (2.75x10'") were difficult to tribocharge, yet they could
be printed 30-50 layers or more before defects arose [8].

Regardless of the transfer method used (heat + pressure or
electrostatic field), electrostatically favorable conditions are
required for charged toner to transfer well. Trial 3 confirmed this
for conventionally transferred toner. This was also demonstrated in
Trial 4 by the toner transferred onto the background of the sheet of
paper (Figure 6) which is evidence that a) sufficient toner was on
the transfer roller and that it was electrostatically favorable to b)
transfer onto the paper around the image stack, but c) not directly
over it. Since the primary difference between the area where the
toner did transfer and where it did not was the presence of the
image stack, this supports the conclusion that the incoming toner
was repelled due to retention and accumulation of like sign charge
in the consolidated image stack. In spite of the fact that no field
was being used in the transfer step, an electrostatic field was being
exerted by the accumulated toner, which prevented additional
toner transfer from the developed image. It is proposed that surface
defects are another manifestation of this same phenomenon.
Height limitations derive from this problem where surface defects
are perpetuated (and exaggerated) because new layers cannot
properly form on the poor foundations offered by defective layers.

Finally, the trends in Figures 3-4, toward an increasingly
positive  surface potential as toner accumulates, are
counterintuitive since the toner was charged negatively in the
printer. This may be evidence of the original toner charge being
counteracted by contact charging from the positively charged final
transfer roller. Although the results in these cases are not a net
zero toner charge, the fact that the polarity can be swapped means
it represents a possible method for neutralizing the toner charge if
precisely controlled.

Conclusions and Future Work

Retention of residual toner charge is currently a fundamental
impediment to 3D laser printing and DF. For the first time, it has
been demonstrated that multilayer laser printing can realize objects
above a few millimeters high by using heat and pressure transfer
methods, which decouple the image stack height from transfer
field strength dependence. Maintaining the quality of the print is
reliant on managing the residual toner charge throughout the
process, regardless of the transfer method used. Furthermore,
compelling evidence has been presented to demonstrate that
residual toner charge is not eliminated simply by virtue of melting
it (fusing), but depends on the toner material, time and fusing
conditions.

Future work will focus on the need to minimize overall toner
charge for development (by less tribo/contact electrification) and
neutralize toner charge either prior to transfer and consolidation or
via fusing conditions/treatments which will simultaneously
achieve charge recombination to eliminate any repulsive effect for
new toner layers in order to maintain quality. Characterization of
the influence of fusing conditions on the rate of charge
recombination is needed to understand and achieve the conditions
required to consistently produce laser printed objects with a net
zero charge.

Understanding the influence of residual toner charge in 3D
laser printed objects will enable the role of EP to be chiastic
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(definitive despite late entry into digital fabrication) rather than
simply an enabling predecessor to DF.

Acknowledgements

Support from Renishaw plc, CTG PrintTEC GmbH and
ZEAC is gratefully acknowledged.

This work draws on research undertaken in projects with
funding from a wvariety of sources which is gratefully
acknowledged including: The UK Technology Strategy Board
funded projects Laser Printed Electronics and SPRINT, the UK
Engineering and Physical Sciences Research Council, and
European Union FP6 funded project Custom-fit.

References

[1] L. B. Schein, Electrophotography and Development Physics. Revised
2nd ed. p. cm. ed(Laplacian Press, Morgan Hill, 1992)

[2] D.S.Rimai, D. S. Weiss, M. C. de Jesus, and D. J. Quesnel,
"Electrophotography as a means of microfabrication: the role of
electrodynamic and electrostatic forces," Comptes Rendus Chimie. 9,
3-12 (20006).

[3] D. Owen, Copies in seconds: how a lone inventor and an unknown
company created the biggest communications breakthrough since
Gutenberg: Chester Carlson and the birth of the Xerox machine,
(Simon & Schuster Paperbacks, New York, 2004)

[4] D.K. Bynum, "Automated manufacturing system using thin sections,"
United States Patent 5,088,047 (1992).

[5] V. Stadler, T. Felgenhauer, M. Beyer, S. Fernandez, K. Leibe, S.
Gittler, M. Groning, K. Konig, G. Torralba, M. Hausmann, V.
Lindenstruth, A. Nesterov, I. Block, R. Pipkorn, A. Poustka, F. R.
Bischoff, and F. Breitling, "Combinatorial Synthesis of Peptide
Arrays with a Laser Printer," Angewandte Chemie International
Edition. 47, 7132-7135 (2008).

[6] C.Ribes, Y. Bautista, V. Sanz, and J. V. Bono, "Preparation of
Chemically Prepared Toners (CPT) by Polymerisation for Ceramic
Decoration," Proc. IS&T's NIP27 and Digital Fabrication 2011
(Society for Imaging Science and Technology, Springfield, VA,
2011) pp. 425-428.

[7]1 D. Biittner, W. Diel, and K. Kriiger, "Digital Printing of Conductive
Silver Lines: Comparison between Inkjet and Laser Printing," Proc.
12th Eur. Ceram. Soc. Conf. (European Ceramic Society, Stockholm,
Sweden, 2011).

[8] J.B.Jones, D. I. Wimpenny, G. J. Gibbons, and C. Sutcliffe,
"Additive Manufacturing by Electrophotography: Challenges and
Successes," Proc. IS&T's NIP26 and Digital Fabrication 2010
(Society for Imaging Science and Technology, Springfield, VA,
2010) pp. p. 549-553.

[9]1 C. Ageorges, L. Ye, and M. Hou, "Advances in fusion bonding
techniques for joining thermoplastic matrix composites: a review,"

NIP 28 and Digital Fabrication 2012

Composites Part A: Applied Science and Manufacturing. 32, 839-857
(2001).

[10] S. Banerjee and D. I. Wimpenny, Laser Printing of Soluble Toner for
Rapid Manufacturing, in Annals of Daaam for 2008: Proceedings of
the 19th International Daaam Symposium - Intelligent Manufacturing
& Automation: Focus on Next Generation of Intelligent Systems and
Solutions, B. Katalinc, Editor 2008, Daaam Int Vienna: Wien. p.
1551-1552.

[11] R.M. Schaffert and C. D. Oughton, "Xerography: A New Principle of
Photography and Graphic Reproduction," Journal of the Optical
Society of America. 38, 991-998 (1948).

[12] S. Giittler, O. Refle, S. Fulga, A. Grzesiak, C. Seifarth, V. Stadler, A.
Weber, and C. Speyerer, "Electro Photography ("Laser Printing") an
Efficient Technology for Biofabrication," Proc. IS&T's NIP26 and
Digital Fabrication 2010 (Society for Imaging Science and
Technology, Springfield, VA, 2010) pp. 567-570.

[13] J. B. Jones, G. J. Gibbons, and D. I. Wimpenny, "Transfer Methods
toward Additive Manufacturing by Electrophotography," Proc.
IS&T's NIP27 and Digital Fabrication 2011 (Society for Imaging
Science and Technology, Springfield, VA, 2011) pp. 180-84.

[14] A.V.Kumar and A. Dutta, "Investigation of an electrophotography
based rapid prototyping technology," Rapid Prototyping Journal. 9,
95-103 (2003).

[15] J. Kress and Sis, "Powder coating using electromagnetic brush
technology," Proc. IS&T's NIP23 and Digital Fabrication 2007
(Society of Imaging Science and Technology, Springfield, VA, USA,
2007) pp. 965-966.

[16] S. Banerjee, Development of a Novel Toner for Electrophotography
based Additive Manufacturing Process, (De Montfort University,
Leicester, UK, 2011).

[17] A.Kumar Das, An Investigation on the Printing of Metal and Polymer
Powders Using Electrophotographic Solid Freeform Fabrication,
(University of Florida, Gainsville, Florida, 2004) pp. 177.

[18] J. B. Jones and D. I. Wimpenny, "Customised Rapid Manufactured
Parts: Technology and case studies from the Custom-Fit project,"”
Proc. 20th International Solid Freeform Fabrication Symposium
(University of Texas, Austin, TX, USA, 2009) pp. 662-672.

Author Biography

Jason Jones, Senior Research Fellow, has undertaken research in the
field of Additive Manufacturing (AM) since 2005 and is currently an
investigator on collaborative R&D for next generation 3D printing
technology at the University of Warwick and De Montfort University, both
in the UK. Jason also serves as an ASTM task group chair for international
standards development.

For five years prior to his research appointment, he was Technical
Manager for Unimatic Engineers Ltd., London, England.

331



	Introductory Materials
	TECHNICAL PROGRAM AND PROCEEDINGS
	Copyright 2012
	ISBN: 978-0-89208-302-2
	Welcome to NIP28 and Digital Fabrication 2012
	Conference Committees
	IS&T Board of Directors
	Table of Contents
	2012Week At-a-Glance
	Quebec City Convention Center
	Conference Exhibitors
	Conference Sponsors
	Corporate Member Conference Sponsors
	IS&T Corporate Members

	Technical Papers Program: Schedule and Contents
	Keynote Talks
	Frey, 21st Century Libraries -- from Print to Bits
	Rolland, Paper Microfluidics as an Enabling…pg.1
	Shinada, Single-pass Inkjet Digital Printing…pg.2
	Tzori, The Nanographic Printing™ Process…pg.6
	Stasiak, Digital Fabrication: Enabling Ambient…pg.7

	NIP 28
	Actionable, Security & Forensic Printing
	Ulichney, Combined Covert Data Embedding…pg.364
	Vans, Progressive Barcodes…pg.368
	Gaubatz, Mobile Capture of High-resolution…pg.371
	Simske, Incremental Information Objects…pg.375

	Advanced & Novel Printing and Applications
	Chatow, Custom Cloud Printing Solutions…pg.266
	Ilmonen, Biofabrication of Cancer Microenvironment…pg.269
	Yanaka, Integral Photography Using 2D Printer…pg.273
	Henry, A Multi-pixel LED Print-head for Novel…pg.277
	Sekizawa, New High-resolution Technique of Image…pg.280
	Pu, An In-situ Formed Cross-linked Coating…pg.284

	Color Science/Image Processing
	Recker, Challenges for 3D High-Fidelity Soft…pg.124
	Zhao, A Printer Point Set Gamut Model based…pg.128
	Koh, Custom Fan Deck for Multi-primary Visual…pg.132
	Kitakubo, Experimental Results on Brain…pg.137
	Liu, Color Difference Evaluation…pg.140
	Yamanouchi, Automatic Color Reproduction Using…pg.144

	Commericial & Industrial Printing
	Ujiie, State of Art of Inkjet Textile Printing:…pg.17
	Ishikura, Design Studies on Ink Jet Printhead…pg.20
	Matsumae, Development of Digital Quasi-embossing…pg.24
	Xu, Preparation of a Novel Dispersant…pg.28

	Digital Print Fulfillment and Finishing
	Moore, Cloud Computing for Graphic Arts…pg.106
	Karni, Seamless Publication Using 3D Proofing…pg.109
	Mizen, Revolutionizing Photo Books through…pg.113
	Hoarau, Intuitive and Scalable Operational…pg.116
	Song, Understanding Post Finishing Performance…pg.120

	Electronic Paper and Paper-Like Displays
	Zhou, Development of Bistable Electronic Inks …pg.32
	Hsieh, Advertising Efficacy Research…pg.36
	Kobayashi, Organic Electrochromic Materials…pg.39
	Shibata, Comparing Paper Books and Electronic…pg.43
	Zhang, Study on the Photo-alignment Performance…pg.47
	Inada, Analysis of General Rashness of Reading …pg.51

	Environmental Sustainability
	Voss, Deinking of Recovered Paper Mixtures…pg.522
	Bhattacharyya, Effects of Paper on LEP Digital…pg.526
	Mittelstadt, Deinking of Thermal Inkjet Newsprint…pg.530
	Simske, Sustainability through Variable Data…pg.533
	Black, Imaging Devices, Sustainable Design…pg.537
	Fischer, New Deinkable Water based Inkjet Inks…pg.541
	Gong, Application of Wet Image Analysis…pg.543
	Sobotka, Explaining the Present Parameters…pg.547

	Fusing, Curing, and Drying
	Maza, HP Designjet L65500 Drying and Curing…pg.463
	Bae, A Numerical Study for Fusing Process…pg.467
	Eguchi, Analysis of Electrostatic Offset…pg.471
	Onishi, Toner Fix Analysis Using Numerical…pg.475

	Image Permanence
	Salesin, The Light Induced Deterioration…pg.378
	Bugner, Factors to Consider in the Design…pg.381
	Gordeladze, Colorant Fade and Page Yellowing…pg.387
	Hodgson, Test Methods for the Water Sensitivity…pg.392

	Ink Jet Printing: Materials
	Wakabayashi, The Study of the Relation Image…pg.54
	Yu, Synthesis of Aqueous Blocked Polyurethan…pg.61
	Zhang, Study on Droplets Formation Process…pg.65
	Bai, Modification of SMA Using Epoxypropyl…pg.66
	Suzuki, Application of Color-changeable Ag Films…pg.70
	Hall, UV Inkjet Inks with Improved Stray Light…pg.74
	Li, Preparation of a Cross-linkable Emulsion…pg.78

	Ink Jet Printing: Processes
	McConville, Waterless Inkjet Process for High…pg.95
	Nishi, Development of Novel Bend-mode Piezo Ink…pg.99
	Jia, Research on Droplet Spreading…pg.103

	Ink Jet Printing: Processes continues
	Tada, Stability Analysis of a Drop Generation…pg.396
	Grace, Jet Fluctuations and Drop Velocity…pg.400
	Mace, Digital Printing of Packaging…pg.404
	Hoath, Regimes of Polymer Behaviour…pg.408
	Hsiao, Aerodynamic Effects in Ink-jet Printing …pg.412
	Snyder, Dot and Line Formation Analysis…pg.416
	Talbot, Drying and Deposition of Picolitre…pg.420

	Mathematical Modeling
	Wang, Plasma Dynamics and Charging…pg.479
	Kitazawa, Heat Transfer Simulation for Thermal…pg.483
	Kemp, Semi-analytical Model of Charge Image…pg.487
	Wang, Charging of Surfaces with a Wire Corona …pg.490
	Takahashi, Simulation Technology to Predict Paper…pg.494

	Media for Digital Printing
	Wu, Color Reproduction Consistency…pg.8
	Le Galudec, Inkjet Wallpaper and Decor on Demand…pg.12
	Chen, Research on the Printability of Coated…pg.14

	Print & Image Quality
	Zhao, Analyzing Print Quality of Large Printed…pg.230
	Simske, Use of Face Detection to Qualify Image…pg.234
	Whitney, Laser Spot Size Measurements…pg.236
	Pykönen, Experimental Comparison of Wettability…pg.239
	Shi, Tone Reproduction Characteristic…pg.242
	Lei, Hybrid Target for Camera-based Document…pg.245
	Kumagai, Observation of Electrostatic Latent…pg.250
	Kasuga, Relationship Between the Readability…pg.253
	Boley, Performace of Print Masks Using Image…pg.256
	Park, Implementation of Halftone Blending…pg.262

	Printing Systems Engineering/Optimization
	Ecer, Simulation of Toner Mixing and Delivery …pg.219
	Beltman, Improved Ink Registration through…pg.222
	Kuo, An Adaptive Model-based Approach…pg.226

	Printing Systems Engineering/Optimization Applications
	Kahatabi, Dielectric Properties Study of Thin…pg.287
	Oohara, Analysis of the Paper Curl Amount…pg.289
	Suhara, Potential Profile Measurement…pg.294
	Nauka, Sensing Volatile Hydrocarbons…pg.298
	Inenaga, Technology of Media Capability for Color…pg.301

	Thermal Printing
	Yasuo, A New UV Curable Inkjet Ink…pg.58
	Fujiwara, Development of the High Durability…pg.81
	Taniguchi, Novel Approach to Plastic Card…pg.84
	Toyosawa, Study of Thick Film Thermal Head…pg.88
	Terao, On-demand Transcript Foil Print…pg.92

	Toner-Based Printing: Materials
	Kakiuchi, Crystalline Polyester for Chemically…pg.171
	Hoshino, Powder and Film Charging Characteristic …pg.175
	Naito, New Submicron Silica Produced…pg.179
	Nelli, The Effects of Fumed Silica Structure…pg.183
	Lai, Latex Optimization for Emulsion…pg.187
	Chun, Materials Compatibility Assessment…pg.190
	Tan, Palm Oil-based Bio-Resin for Toner…pg.194
	Mizuhata, Advanced Process for Polyester…pg.198
	Zhang, The Research on  Recovery…pg.202
	Shi, Effects of Toners on Photothermographic …pg.206
	Kambara, External Additives for Toners: Character…pg.209
	Birecki, Temperature Effects on Liquid…pg.213
	Nozaki, A Method for Measuring Electrical Proper…pg.215

	Toner-Based Printing: Materials continues
	Zhou, Semiconducting Polymer Matrix as Charge …pg.344
	Forgacs, Electro-Rheological Model of HP-Indigo…pg.348
	Kim, Aggregation Behaviors of Colloidal…pg.352
	Nash, The Effect of Carrier Surface Morphology…pg.356
	Veregin, Linking the Chemistry and Physics…pg.360

	Toner-Based Printing: Processes
	Kawamoto, Parametric Investigation on Dynamics…pg.498
	Anthony, ElectroInk Charge Retention in the HP…pg.502
	Leoni, Small Dot Printing with Ion Head…pg.503
	Whitney, Toner/Transfer Member Adhesion Response …pg.507

	Toner-Based Printing: Processes con’t.
	Kadonaga, Three Dimensional Simulation of…pg.510
	Yang, Cartridge Clustering for Improving Tone …pg.514
	Kobayashi, A Model for the Dynamics of Charging…pg.518


	Digital Fabrication 2012
	3D Printing
	Jones, The Influence of Residual Toner Charge…pg.327
	Huson, Solid Free-form Fabrication of Ceramics …pg.332
	Klein, 3D Printing of Transparent Glass…pg.336
	Umezu, Digital Fabrication of 3D Bio Devices…pg.338
	Hoskins, 3D Printing of Self-glazing Ceramics…pg.341

	Devices
	Chen, Direct Etch through SiNx, Selective Dope…pg.148
	Hermans, Inkjet Masking for Industrial Solar Cell…pg.151
	Hakola, Optimizing the Performance of Metal Grid…pg.155
	Shin, Front Side Metallization Issues of a Sol…pg.159
	Platt, Low Cost Metallization Inks…pg.162
	Shen, Intelligent Packaging with Inkjet-Printed…pg.164
	Espig, Central Challenges When Up Scaling…pg.168

	Devices continues
	Zipperer, Touch Sensors based on PolyTC…pg.549
	Ueberfuhr, Inkjet System for Printing Mechanical…pg.550
	Maejima, All-inkjet-printed “lab-on-paper”…pg.554
	Beckert, Inkjet Printing for Applications…pg.557
	Magdassi, Nanomaterials for Printed Electronics…pg.561
	Lorwongtragool, Inkjet Printing of Chemiresistive…pg.564
	Sanchez-Romaguera, Enabling Low Cost UHF RFID…pg.568

	Formulation of Functional Inks
	Deiner, Mechanochemical Approaches to Ceramic…pg.318
	Kanzaki, Method to Synthesize Silver Nano-particles…pg.323

	Metrology, Instrumentation, Design of Print Pattern
	Ellinger, Patterned by Printing—A New Approach…pg.304
	Ramon, Inkjet Geometric Design & Compensation…pg.308
	Reinhold, Measurement of Mass of Single Inkjet…pg.312
	Cahill, Evaluation of Inkjet Technologies…pg.315

	Pre & Post Processing
	Reinhold, Spectrally Enhanced Photonic Sintering…pg.424
	Lim, Inkjet Printing and Sintering of Nano…pg.431
	van Dongen, Digital Printing of µPlasmas…pg.436
	Farnsworth, The Photonic Curing Process…pg.440
	Hammerschmidt, The Influence of Post-Treatment…pg.444
	Wunscher, Inkjet Printing and Low Temperature…pg.448

	Printing of Electrical Connections
	Reichenberger, Low-cost Ink-jet Printing…pg.452
	Rathjen, Feasibility Study: Inkjet Filling…pg.456
	Grouchko, Copper Ink-Jet Inks for Flexible…pg.461


	Author Index



