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Abstract

Digital printing processes are gaining more and more interest
as an approach to implement electrical functionality (conductive
patterns, sensors etc.) on different types of substrate materials.
Focusing on the inkjet-printing process, the paper presents results
that were gathered with-in the research project “FKIA”, funded
by the Bavarian Research Foundation. In the paper, the
applicability of inkjet printing of silver nanoparticle ink on
technical thermoplastics substrate materials commonly used in
automotive applications such as glass fiber filled PA, but also on
phenolic paper substrates (FR-2) is investigated. In this context,
the influence of the surface roughness of the molding tool on the
printing results was examined. Besides thermal sintering of nano-
particles, photonic sintering as one alternative approach is
discussed. In addition, the long-term behavior of the produced
conductor tracks was investigated. Parts were exposed to thermal
cycling between -20°C and +100° for 1500 cycles. Besides the
stability of the electrical properties also the mechanical stability of
the metallic layers on the different substrates was compared with
the findings prior to any exposure.

Introduction

As an emerging technology, digital printing processes are a
promising approach for the additive metallization of Molded
Interconnect Devices (MID) and other substrate materials. MIDs
are injection molded three-dimensional devices, which integrate
mechanical as well as electrical functions in one thermoplastic part
[1]. Most research investigations focus on the applicability of
expensive substrate materials such as Liquid Crystal Polymer or
polyimide as carriers for printed electronics [2-4]. This material
selection is mainly driven by the sintering temperatures needed to
achieve high and reproducible conductivity. The investigations
presented in this paper were initiated to demonstrate the
capabilities and opportunities of ink-jetting silver ink based
conductors tracks onto cost-effective injection molded thermo-
plastic substrates, which are commonly used in high volume
automotive applications. In parallel, a low invest printing process
with common or only mechanically adapted office ink-jet printing
equipment for fabricating conductor tracks is presented.

Materials, equipment and test conditions

Used substrates and ink

Out of four different thermoplastic substrate materials
commonly used in automotive applications, plate specimen
(dimensions 60mmx60mmx1mm) with three different levels of
surface quality according to molding tool variations were molded.
In parallel, phenolic paper substrates (thermosetting material) with
the same dimensions were used. Glass substrates were selected for
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some basic evaluations as a reference material. Details regarding
the chosen materials can be found in Table 1.

Table 1. Substrate Materials

Abbreviation Material& Heat deflection Water
Filler temperature absorption

A PAG6.6 234°C 5,6%
30% GF

B PA6 186°C 5,4%
40% MF

C PA6 170°C 6,5%

30% GB/GF

D PBT/ASA 160°C <1%
20% GF (VST)

E FR-2 - -

Specially treated steel-inserts in the injection molding tool
gave the opportunity to investigate the influence of the surface
roughness on the inkjet printing behavior and the results. With
these three different inserts, the surface roughness of the tool is
transferred during the molding process to the thermoplastic
specimen, thus resulting in different surface qualities of
thermoplastic specimen. Figure 1 lists the surface qualities,
depending on the insert type and the substrate material.

Polished Ground Machined
Roughness
value i B
(Thermoplastics:
f ;TJSZ‘?:?SZ?,‘“ Material
A 0,37um/ 2,40pum 0,60um / 3,38um 0,68um / 4,25um
B 0,27um / 1,74pm 0,57um/ 3,30pm 0,54pm / 4,46pm
R, /R, c 0,17pm/ 1,11pm 0,56um / 3,14pm 0,64pm /4,01um
D 0,29um / 2,57um 0,61um/ 3,94pm 0,65um / 4,66pum
FR-2 0,44pm / 2,49um

Remark: Measured according to DIN 4228 with optical laser-profilometer (verified by tactile measurement)

Figure 1. Surface roughness of thermoplastic and thermo-setting specimen

As expected, the polished insert results in the lowest
roughness values both for R, and R,, whereas the milled insert
resulted in highest roughness values. Material E shows values
similar to values obtained with polished insert.

For printing, a commercially available ink from ANP (DGP
40TE-20C) was used as received. According to the suppliers
information, it consists of nano-silver particles in a TGME
solution. The supplier recommends “curing temperatures” of
around 180°C...200°C, without giving further information about
the recommended curing time. Therefore it was necessary to
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determine the appropriate sintering process settings in the first step
of the investigation program.

Test structures

To investigate the behavior of the Ag-filled ink during
printing and sintering as well as the electrical resistance after
sintering and accelerated ageing, a simple test structure was
defined. The layout consists of several parallel tracks with nominal
width of Imm and 0,4mm and an effective length of 44mm. In
addition, squares were printed onto selected substrates in order to
evaluate the mechanical adhesion of the sintered ink to the
substrate using the cross cut test according to ISO 2409 [5].

Used equipment

For printing, commercially available office inkjet printers

from EPSON were used:

e EPSON R200

e EPSON R1800 (modified by Printolux: printing head can be
lifted to enable printing onto three-dimensional parts)

It needs to be mentioned that using common office printers
for printing Ag-nano-inks results in some constraints regarding
process control and tuning. Adaption and optimization of the
printing results using features such as drop space, waveform etc. is
not possible. Therefore, it is crucial, that the chosen ink is
compatible in terms of viscosity etc. with the selected printer.
Additionally, office printers do not provide the position accuracy
which is necessary for multiple printing of overlaying ink layers.

Thermal curing (sintering) of the inks was done in a
preheated batch convection oven in normal air atmosphere.

Accelerated Ageing

To determine the effect of the different factors such as surface
roughness, substrate material and conductor track width on the
long term behavior, accelerated ageing tests were performed. The
selected test conditions were slow thermal cycling between -20°C
and +100°C with dwell times of 30 minutes each for 1000 cycles
in an air system. This thermal cycling condition was chosen as it
corresponds to automotive industry qualification requirements for
electronic/mechatronic parts in passenger compartment. Resistance
values of printed conductor tracks were recorded oftline by four-
point-measurement at room temperature after defined intervals.

Results

Printing Process

Prior to printing, all substrate were dried for 4h/80°C to
achieve a reproducible and low water content and hereafter
cleaned with lint-free clothes soaked with isopropyl alcohol.

After adjusting the printing program using the appropriate
software, test structures were printed onto the dried and cleaned
substrates. For getting sufficient and stable conductivity, multiple-
printing up to 6 times was necessary, interrupted by 10 minute
drying at 70°C. With these settings, conductor thicknesses of 2um-
3um after sintering were achieved.

After printing, the structures were investigated using
microscopy. Here it was found that substrate surfaces produced
with the milled tool insert were not suitable due to un-controlled
“bleeding” of the Ag-ink, following the surface structures induced
by the milling process. For further investigations, this type of
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surface was not considered any longer. On the remaining surface
qualities, relatively accurate lines can be printed. The line widths
of dried conductor tracks independent from the substrate material
were within a tolerance window of +/-20%, which is comparable
to results achievable for conventionally etched traces on PCBs.

Sintering process evaluation

As mentioned above, determination of the appropriate curing
(sintering) process for the ink was the first step of the investigation
program. In order to get further information about the interaction
between sintering conditions (temperature, time) and properties of
the thermally treated Ag-ink-layers such as resistance, test
structures were printed onto glass substrates. Due to the good
thermal stability of this material, even higher curing temperatures
will not influence the dimensional stability of the substrate.

Results showing the effect of the curing temperature (duration
1h) on the measured resistance values and the micro hardness of
the cured Ag-layers can be seen in Figure 2.
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Figure 2. Development of resistance and micro hardness as a result of curing
conditions

As expected, higher curing temperatures result in better
conductivity. In the other hand, best conductivity was achieved
with curing temperatures between 220°C...300°C, which is
significantly higher than recommended by the supplier. In
addition, micro hardness measurement indicates increasing
hardness of the sintered Ag-layer up to curing temperatures of
around 240°C. Taking these results into account, best curing
conditions would be 240°C for 1h.

Unfortunately, the selected thermoplastic substrates are not
able to withstand curing temperatures of 240°C. Therefore, it was
necessary to define curing conditions providing a compromise
between reasonable electrical performance and hardness on the
one and reduced thermal stress for the substrates on the other hand.
Finally, a curing profile of 180°C/1h was used for all further
investigations. However, processing substrate material C and D
with these conditions resulted in significant loss of dimensional
stability with extreme bow and twist, therefore these materials
were not used for further tests.

Initial resistance and adhesion values

After printing and sintering at 180°C/1h initial
characterization of the samples was performed. Results displaying

453



the influence of the seclected substrate material A and B, the
conductor width and the surface roughness can be seen in Figure 3.
As expected, the polished tool surface results in the lowest
resistance values, especially for broader conductor traces of 1mm
width. For track width 0,4mm mean resistance values and
variances are increasing by a factor of 3...4. Significant
differences between the two substrate materials cannot be detected.
In general, good results can be achieved even with ground tools.
On material E (not shown in Figure 3), slightly higher resistance
values of around 5Ohm for conductor width 1mm were measured.
The variance of the values was comparable to the results gained on
polyamide substrates.
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Figure 3. Initial resistance values of conductor tracks

The adhesion of the cured Ag-layer on both thermoplastic as
well as on the thermosetting material is excellent. After cross cut
testing ISO grading GT 0 was observed in the initial stage. No
difference between the surface qualities could be observed.

Longterm behavior — resistance and adhesion

As already mentioned, printed test specimen (substrate A, B,
E) were subject to slow thermal cycling between -20°C and
+100°C up to 1500 cycles, 500 cycles more than originally
planned. Despite of the relatively high thermal expansion
coefficients for the thermoplastic materials between 30ppm/k up to
65ppm/k depending on the filler material type and orientation of
the filler, the average values for the resistance of the conductor
tracks for all materials, surface qualities and tracks widths
remained stable or slightly dropped. Additionally, no increase of
the variation could be observed. As the results for track width
Imm on both thermoplastics show (Figure 4), up to 1500 cycles no
degradation of the electrical performance can be detected.

Similar observations were made for the adhesion strength.
After 1000 cycles, no degradation of the adhesion strength can be
detected during cross cut testing for all tested variations. The
grading GT 0 remains unchanged. The edges of the cuts are
completely smooth, none of the squares of the resulting lattice is
detached.
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Figure 4. Effect of thermal cycling on the resistance values of conductor
tracks (width 1mm)

Alternative Sintering Processes

To fabricate conductive tracks on substrates with low thermal
stability, sintering is a crucial step. Due to the low thermal stability
of the selected substrate materials, a process window with reduced
thermal stress for the substrates needed to be identified. As a
drawback of the reduced process temperatures, the achieved
conductivity does not reach the optimum values. Therefore as a
potential alternative among others [6], photonic sintering with
intense pulsed light as a low temperature sintering alternative for
temperature sensitive substrates was investigated to sinter the
silver nanoparticle ink patterns.

Photonic sintering is a low thermal exposure sintering method
using short light pulses (around 1ms) of a wavelength provided by
a xenon flash lamp. The emitted light is absorbed by the
nanoparticles to some extent, which heats them up and results in
sintering to larger particles. To achieve good conductivity of the
printed Ag-layers, the sintering process window defined by energy
density and pulse duration needs to be set properly. For the
experiments described in this paper, a photonic sintering system
(Xenon Sinteron 2000, provided by Polytec, Waldbronn) equipped
with a xenon spiral flash lamp was used. The pulse energy of the
system can be set between 450Joule and 2000Joule, the duration
can be adjusted between 100us and 2000us. The distance between
the lamp and the substrate surface was kept fixed at SOmm.

To assess the potential of photonic sintering for substrates
with lower thermal stability, only experiments on small scale basis
were done so far. Printed substrates were subject to flash-light
sintering with different pulse energies and durations. For the
thermosetting material E, multiple flash sintering (25 respectively
12 repetitions) with pulse energies of 900 respectively 1350 Joule
results in resistance values which are comparable or even lower
than the corresponding values for thermal sintering (Figure 5). The
resulting conductor traces were formed regularly, without
indicating any blistering or surface cracks. Summing up, the
process window for this type of material seems to be very robust
and has room for further reduction of flash light pulse repetitions.

©2012 Society for Imaging Science and Technology
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Figure 5. Initial resistance values of conductor tracks on FR-2 after photonic
sintering with two different energy levels for both track widths (reference
values: thermal curing 180°C/1h)

In contrast, photonic sintering on the remaining thermoplastic
materials did not provide a similar robust and broad process
window. Blistering of the Ag-layer, crack formation and adhesion
loss between the substrate material and the Ag-tracks can be
observed, if too much energy is applied. Other investigations
describe similar observations [7]. As a result, lower single pulse
energy settings and smaller number of pulse repetitions are
necessary in order to avoid destroying of the printed conductors.
However, the conductivity measured with these settings is
remarkably worse than that for thermally sintered conductor
tracks.

The reason for the observed blistering is not yet fully
understood, but could be due to the high sensitivity of polyamide
for water absorption. As there was a delay of 5 days between
printing and photonic sintering, this might have caused water
absorption from the air and therefore inferior performance during
photonic sintering. Another explanation could be the thermal
decomposition of organic coatings, which cover the nano-particles
and prevent agglomeration prior to printing, during photonic
sintering [7]. Further evaluations are on-going to understand the
observed behavior and to improve the sintering results.

Conclusion and Outlook

Different manufacturing aspects for low-cost inkjet printing
of Ag nanoparticle ink on thermoplastic and thermosetting
substrate materials were investigated. The main aspects were print
resolution and line width as well as conductivity and mechanical
behavior of sintered structures. In the present case, with low cost
inkjet equipment line widths down to approximately 400pm can be
achieved. Surface roughness of the substrate material influences
the spreading behavior in a significant way therefore very smooth
surfaces are preferable. Due to the limited thermal stability of the
selected substrate materials, sintering temperatures need to be
reduced to 180°C, which results the relatively low conductivity
compared with the results achievable with optimum curing
conditions. Nevertheless, acceptable and stable conductivity can
be achieved on all substrates. The adhesion of the cured layers on
the different substrates is also not affected by thermal cycling
between -20° und +100°C for 1500 cycles. In order to reduce the
thermal load for low-temperature substrates, photonic sintering as
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a potential alternative to thermal sintering was investigated on
small scale basis. The conductivity of conductor tracks on material
E sintered with xenon flash lamp were slightly higher than
corresponding values gained by thermal sintering. Nevertheless,
applying photonic sintering to polyamide materials needs further
investigation in order to define a robust process window and to
determine root-cause and counteractions for the blistering.

In total, ink-jet printing of Ag-nano-inks is a highly
promising approach for the functionalization of thermoplastic and
other materials with lower thermal resistivity.

Acknowledgment

The authors would like to thank the Bavarian Research
Foundation, Germany, for funding within the research project
FKIA (AZ-928-10). The authors would also like to thank RF Plast,
Leoni, Printolux, Polytec, Heracus and ANP for materials and
advice. The authors are deeply grateful for the support and are
responsible for the content of this publication.

References

[11 Goth, C.; Franke, J.; Feldmann, K.; Molded Interconnect Devices —
Progressive Approach for Mechatronic Products and Efficient
Manufacturing Processes, Proceedings of SMTA 2010 Pan Pacific
Microelectronics Symposium & Tabletop Exhibition, Kauai, Hawaii
(2010)

[2] Miettinen, J.; Kaija, K.; Mantysalo, M.; Mansikkamaki, P.; Kuchiki,
M.; Tsubouchi, M.; Ronkka, R.; Hashizume, K.; Kamigori, A.;
Molded Substrates for Inkjet Printed Modules; IEEE Trans. Comp.
Packag. Technol (IEEE Transactions on Components and Packaging
Technologies), 32, pg. 293-301 (2009).

[3] Caglar, U.; Kimmo, K.; Mansikkamaki, P.; Analysis of mechanical
performance of silver inkjet-printed structures; 2nd IEEE
International Nanoelectronics Conference (INEC), pg. 851-856
(2008).

[4] Bonadiman, Renato; Salazar, Marta M. P.; Reliability of Ag ink jet
printed traces on polyimide substrate; 3" Electronic System-
Integration Technology Conference (ESTC), pg.1-5 (2010).

[5] DIN EN ISO 2409:2007; Cross cut test (2007)

[6] Allen, M.J.; Nanoparticle Sintering Methods and Applications for
Printed Electronics; Aalto University publication series, Doctoral
Dissertations 81/2011; pg. 32 (2011).

[7]1 Lee, Dong Jun; Park, Sung Hyeon; Jang, Shin; Kim, Hak Sung; Oh,
Je Hoon; Song, Yong Won; Pulsed light sintering characteristics of
inkjet-printed nanosilver films on a polymer substrate; Journal of
Micromechanics and Microengineering 21, 12; pg. 5023-5030 (2011)

Author Biography

Marcus Reichenberger graduated as a production technology
engineer at Friedrich-Alexander-University (FAU) in Erlangen/Germany
in 1996.In 2001 he completed his doctorate in electronics production at the
same university. From 2001 until 2011 he worked for a globally acting
automotive electronics company in several leading functions. Since
September 2011 he holds a professorship at the Georg-Simon-Ohm
University of Applied Sciences in Nuremberg/Germany.

Oleksandr Kravchuk graduated at Lviv Polytechnic National
University in Lviv/Ukraine in 2009. Qualified as a master of laser and
optoelectronic engineering, he is currently a postgraduate student at the
Department of Photonics at the same university. He is working on a Ph.D.
thesis on the theme "The Formation of electronic components using inkjet
technology with carbon nanotubes".

Andreas Miihlbauer studies Mechatronic Engineering at the Georg-
Simon-Ohm University since 2007.

455



	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



