Powder and Film Charging Characteristic Estimation by the
Standard Carrier of Imaging Society Japan

Yasushi Hoshino, Disna Karunanayake, Takashi Watanabe; Nippon Institute of Technology, Miyashiro, Saitama, Japan

Abstract

Two-component developers which consist of toners and
carriers are widely used in modern electrostatic copying
machines and laser printers which utilize electrophotographic
printing  process. Toner  charge is  essential in
electrophotography. The toners are triboelectrically charged by
the carriers when they come in to contact. Although there are
several factors which come to effect in quality in
electrophotography, control of adhesion of triboelectrically
charged toner particles is crucial. As such the estimation of
toner electrostatic properties is very important. ISJ (The Imaging
Society Japan) has proposed the standard carriers with different
charging abilities for estimating toner charging property as a
standard method of measurement. The electrostatic surface
potentials, when the films come in to contact with standard
carriers are discussed. Further, Tungsten is used for film
charging to understand the charging property. The contact is
carried out as carriers and Tungsten beads are rolling on the
film. It is confirmed that the standard carriers proposed by the
committee of ISJ show same tendency in the film charging
estimation as against standard toner. It is proposed that the
standard carriers are useful to estimate the charging properties
of various shape material.

Introduction

As far as the good quality of a print is concerned, it is generally
considered that optimizing the charge amount of toner leads to
the improvement. The toners are triboelectrically charged by the
carriers when they come in to contact in the development system
in electrophotography”. Triboelectric charging? is the most
frequently occurring phenomenon for charging materials and yet
one of the least understood. The triboelectric effect is a type of
contact electrification in which certain materials become
electrically charged when coming in to contact with another
different material, and are then separated. In practice, it is not
casy to classify the contacting process for charge transfer
purposes into groups, such as sliding, rolling, and impact, and
thus the term “triboelectric charging” is used in such a broad
sense. When the theoretical background on triboelectric
generation is considered, it could be understood that there are
several mechanisms that contribute to the resulting charge that is
generated by the triboelectric process. There appear to be four
major factors that have the greatest influence on the triboelectric
charging process and they are; surface contact effects, electronic
properties of surface such as work function, charge back flow
and so on. Surface contact effects include the surface roughness,
contact forces and frictional heating (caused by rubbing), all of
which influence the amount of surface area that is in contact with
the other material during tribocharging. The greater the surface
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contact ratio of surface area, the greater the resulting net change
may be when two surfaces are separated after contact. It is
considered that charge is exchanged between the materials in
proportion to the difference in their work functions. Therefore, in
this present study, powder (which is referred to toner) and film
charging characteristic estimation® by the standard carrier of ISJ
(Imaging Society of Japan) and Tungsten beads is carried out.
The Technical Committee of Toner Technology in the Imaging
Society of Japan has proposed four types of standard carriers
with different charging abilities, where as; highly positive,
medium positive, medium negative and highly negative. These
charging abilities are determined with the help of toner charge
measurements of two types of standard toners by committee
members. The films were used to understand the electron
exchange between the carriers/Tungsten in the tribocharging
process™. Tt would help to confirm that the carriers are aligned
in the correct order in their charging tendency. Also the work
functions of carriers are estimated from the surface voltage by
Tungsten against films.

The specific triboelectric charge on toner particles is measured
with the help of E-SPART (Electrical Single Particle
Aerodynamic Relaxation Time) analyzer. The surface
electrostatic potential was observed with the Digital Electrostatic
Voltmeter (Trek Model 344) which is an electrostatic surface
voltmeter for making non-contacting surface voltage
measurements.

Experimental

Materials

Four types of standard carriers (see Figure 1) with different
charging abilities, Tungsten beads and three types of toners were
used in the experiment. Among the toners, two kinds were
standard toners introduced by ISJ* and the other was a kind of
which generally used in commercial printers. The toners and
carriers used in the experiment are shown in Table 1. Films of
Aluminium evaporated 75um thick PET
(polyethyleneterephthalate), PTFE (polytetrafluoroethylene,
90um) and PA (polyamide, 50um) were used. Since the

Table 1: Toners and carriers used in the experiment

Toner/Carrier

Charging Remarks
tendency
against
toner

Toner:
N-O1T )
P-01T (+)
Toner-A

Carrier:
N-01 (-)
N-02 (-)
P-01 (+)
P-02 (+)

According to the

charging ability
N-01 > N-02
P-01 < P-02
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thicknesses of films are slightly different, there may be
discrepancies in observed surface electrostatic potentials.The
Technical Committee of Toner Technology in ISJ has introduced
standard carriers, as it is necessary to position the charging
ability of substances. And also standard toners have introduced
as it is required to examine the charging ability of standard
carriers. By using these standard carriers and toners, it is possible
to compare toner charge of every kind of toners as a standard
gauge on characteristics and also to evaluate the charge
distribution in a standard gauge. As we discuss in this report, it is
possible to evaluate the charging characteristics®” of surfaces of
toner and films.

Figure 1. SEM micrographs of ISJ standard carriers.

Procedure

The experimental procedure is described under two sections
according to the observation method, where as; ESPART
(Electrical Single Particle Aerodynamic Relaxation Time)
analyzing and film charging by a rotating instrument followed by
observing the surface potential by electrostatic voltmeter.

ESPART analyzing

Firstly, specific toner charge (Q/M) was measured by ESPART
analyzer for toner-A against standard carriers. The developer
samples were prepared for the 5wt% of toner concentration by
mixing the particular toners and carriers. Soon after preparing the
samples, they were kept under control conditions where as 20°C
of temperature and relative humidity of 60% for 24 hours
duration for stabilization. Just before analyzing the samples, the
toner was triboelectrically charged by shaking with hand for 200
times at the same speed and turn. This was followed to be same
in the method of tribocharging with The Technical Committee of
Toner Technology in Imaging Society of Japan. Each sample
was analyzed till 3000 count by E-SPART analyzer.

Surface potential measuring

At first, a square shape (100 mm x 100 mm) PET film is rolled
and placed in a cardboard barrel (30 mm dia. and 100 mm long).
Then, end-cap one side and 10 grams of standard carrier was
inserted. Closed the other end and placed on the rotating
instrument. A simple handmade instrument was used to unify the
triboelectrification throughout the experiment and the schematic
illustration of the rotating instrument is shown in Figure 2.
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This proposed method seemed comparatively a good method of
triboelectrical charging. The film was triboelectrically charged
for 10 minutes at the rotating speed of 120 rpm. The speed was
checked with trial an error method by varying the speed of rpm.
It was observed that the optimum speed is 120 rpm. Also the
surface potentials were examined with the increasing time of
rotation up to 20 minutes. However the representative results for
10 minutes of rotating is discussed and representative data for
positive charging carriers up to 10 minutes rotation is shown in
Figure 4. The charged PET film was taken out and measured the
surface potential with the help of Digital Electrostatic Voltmeter.
The surface potentials at several places were measured and
averaged the value. This procedure was repeated for PTFE and
PA films too against standard carriers and Tungsten as well. The
room temperature and Relative Humidity were observed and
were recorded as 24.5  1.8°C, 57.3 & 6.2% respectively. A well
known triboelectric series is fixed to align the dielectric materials
in the order of charging tendency. Therefore, as for the second
step, PET, PTFE and PA films were rubbed each two at a time
and observed the surface potentials to confirm their position in
the triboelectric series. The film samples were prepared as shown
in Figure 3.

Cardboard barrel
Cardboard barrel

Wooden cap \

)X Film (PET/PTFE/PA) |

Sectional view X-X

Carrier/ Tungsten

Figure 2. The schematic illustration of tribocharging method (Not to scale).
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Figure 3. Film samples preparation for rubbing (Not to scale).

Results and Discussions

Figure 4 representatively depicts the surface electrostatic
potentials on rotation time (duration of triboelectrification) for
positive charging standard carriers against PET film. It can be
observed that the surface potential is increased gradually with the
rotation time. Also, according to the charging ability, P-02
carriers give higher values as they have introduced.

©2012 Society for Imaging Science and Technology
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Figure 4. Dependence of surface electrostatic potentials of PET film on
rotation time for positive charging standard carriers.

The Figure 5 illustrates the specific toner charge dependence on
the four types of carriers. The Q/M values for standard toners (N-
01T and P-01T) were received from The Technical committee of
Toner Technology in the Imaging Society of Japan under private
communication.

By observing Figure 5, it is understood that the standard carriers
show excellent alignment in charging tendency from negative to
positive as they have introduced by ISJ. Also Q/M for toner-A
depicts the correlation with standard carriers in charging
tendency, even though it doesn’t show parallel translation to
standard toners.

Therefore, it can be admitted that, the introduced standard
carriers can be used in standard method of measurement for any
type of toner.
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Figure 5. Specific toner charge dependence on standard carriers.

The Figure 6 illustrates the dependence of surface electrostatic
potentials on toner specific charge for N-01T standard toner with
standard carriers. The particular data have been extracted from
Figure 5. For an instance; referring to Figure 5, it can be
observed that the Q/M for N-O1T with N-01 carrier is -40.1uC/g.
Likewise, the other data too were extracted and put the base for
x-axis in Figure 6. By concerning the Figure 6, it can be
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observed that the surface electrostatic potentials on films have
shown increments against standard carriers when they are
aligned from highly negative (N-02) to highly positive (P-02).
These results are in correlation with the results shown in Figure 5.
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Figure 6. Dependence of surface electrostatic potentials of films on Q/M for
N-01T standard toner with standard carriers.

Therefore, it can be confirmed that the standard carriers possess
the ability of charging the opposition (toner/film) from negative
to positive in the order of N-01, N-02, P-01 and P-02. When the
zero point surface potentials are considered, it can be observed
that the PA, PET and PTFE films got aligned according to their
positions in triboelectric series. The alignment of films remains
unchanged with positive charging carriers. However, it shows
different results for negative charging carriers. i.e. the surface
potentials on PET films show higher values rather than expected
on PTFE films.

Table 2: Surface voltages on films when rubbed

Surface Potential
value PTFE PET PA
Rubbed film V) ) V)
PTFE 5.0x10! 1.6 x10?
PET -1.0 x102 5.9x10!
PA -4.3 %101 0.9x10!

Table 2 shows the results of surface electrostatic potentials when
films were rubbed each two at a time. It can be understood that
the PTFE films are high negatively charged and PA is high
positively charged. For an instance, when PTFE and PA films are
rubbed, the observed surface voltages were -43x10°V and
1.6x10%V respectively (see Table 2). PET film lies in between
PTFE and PA. In the well-known triboelectric series, where
materials are empirically ordered according to their tendency to
acquire a positive or negative charge upon contact; typically
PTFE is supposed to develop strong negative charges and PA is
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supposed to develop strong positive charges. It could confirm
that the above results too agree with the well-known triboelectric
series. Figure 7 illustrates the empirical order of PTFE, PET and
PA films according to their charged tendency.

TO<TD<CD

Figure 7. Empirical order of PTFE, PET and PA films according to their
charged tendency.
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Tungsten beads too, were used to examine the surface
electrostatic potentials against films as they show comparatively
low variation in work function. According to the results, it could
be noticed that the Tungsten beads possess the charging ability
which is roughly between the charging ability of N-01 and N-02
carriers.

Charging mechanism based on work functions

According to the studies on triboelectric charging, there are
convincing evidences for both electron and ion exchange
mechanisms, and yet least understood. The work function®” and
surface state theory are taken in to consider for understanding the
charging mechanism when electron transfer is accounting.
Therefore, in this report, electron exchange and work function is
considered as the base to this study. When toner charging
mechanism in electrophotography is taken in to consider, it is
said that, toner charge represents equilibrium between the
electric potentials at the contact area between toner and carrier
and reflects the difference in their work functions due to the flow
of electrons. To realize this mechanism, typical dielectric films
(PTFE, PET, PA) were used. According to the previous studies'”
observed values of work function have presented as 4.26eV
(PTFE), 4.25¢V (PET) and 4.08eV (PA). Films were charged by
standard carriers and Tungsten beads which have less variation in
work function as a representative method of understanding the
toner charging mechanism. A quantitative understanding is
required and further studies shall be carried out.

Summary

To characterize toner charging property, four type carriers are
proposed by The Technical Committee of Toner Technology of
Imaging Society of Japan as standard carrier. The carriers have
possibilities of estimating charging properties of various shapes
in addition to toner particle. Typical insulating films of PTFE,
PET and PA are charged by the four type standard carriers of
Imaging Society of Japan. From the surface voltage of the film
dependence on the carriers, the crossing points of the voltage
dependence line is obtained and the charging abilities of the
films are estimated. It is also obtained that the charging
abilities coincide with the surface voltage obtained by contacting
each film with other in order. It is considered that the standard
carriers of Imaging Society of Japan are useful to estimate the
charging properties of insulating film besides toner powder. The
next step is to quantify these relations between carries, powders
and films. These films are charged by Tungsten which has
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relatively little variation of work function and the surface
voltages are measured. The result of the surface voltages is the
voltages between N-01 and N-02. It is proposed that the carrier
N-01 has negative charging property and N-02 has positive
charging property compared with Tungsten.

Acknowledgement

The authors would like to express their sincere thanks to The
Technical Committee of Toner Technology in Imaging Society
of Japan for proving valuable data for putting the base to the
experiment.

References

1. R. M. Schaffert, “Electrophotography”, The focal press, London,
(1975) pp.557-562.

2. S. Matsusaka, H. Murayama, T. Matsuyama and M. Gadhiri,
“Triboelectric charging of powders: A review,” Chemical
Engineering Science, 65(2010) 5781-5807.

3. Yuji Hiraga, Yuta Sato, Yudai Teramoto and Katsuyoshi Hoshino,
“Triboelectric charging behaviors of polymer films in contact with
standard carrier beads,” Imaging Conference Japan, 2011 Fall
Meeting, pp.29-32.

4.  Tetsuya Tada, “New Standard Carrier for Toner Charge
Measurement and Tribo-charge Properties of Standard Carriers”,
Proceedings of Toner Technical Workshop, (Toranomon, Tokyo),
2010, pp 19-34.

5. Hisao Okada and Toshio Uehara, “Review of the Surface State
Theory and Discussion on Contact Electric Field between Toner
and Carrier”, J. Imaging Society of Japan, 49(2010) pp.3-11.

6.  S.Matsusaka, H. Maruyama, T. Matsuyama,M. Ghadiri,
“Triboelectric charging of powders:A review”,Elsevier, Chemical
Engineering Science 65(2010).

7. Gibson H. W.:Linear free energy relationships V, Triboelectric
charging of organic solids, J. Chen. Soc., 97, 3832 (1975).

8.  Disna Jayampathi Karunanayake, Yasushi Hoshino, “Toner
Charging Characteristics Dependence on Different types of
Carriers,” ICIPT 2011, pp.177-180.

9. Tomoya Sato, Shinichi Machida, Yasuo Nakayama and Hisao Ishi,
“Electronic structure of PET film Studied by Photoelectron Yield
Spectroscopy and Kelvin Probe Method,” Imaging Conference
Japan, 2012, pp.139-142.

10. D. K. Davies, “Charge generation on dielectric surfaces,” 1969
J. Phys. D: Appl. Phys. 2 1533.

Author Biography

Yasushi Hoshino (IST Fellow) is Professor at Nippon Institute of
Technology. He gained Bs., Ms. And Dr. degree from the University of
Tokyo, 1970, 1972, and 1984 respectively. After he gained Ms. Degree,
he joined Electrical Communication Laboratories of NTT and joined the
developing of first LED printer, high speed laser printer, color-laser
printer by using ultra elliptical laser beam scanning, photo-induced
toning technology and ion flow printing. He moved to Nippon Institute of
Technology on 1994. His recent interests are toner technology, corona
discharge and image processing. (E-mail: hoshino@nit.ac.jp)

K.P.Disna Jayampathi Karunanayake who has been graduated
from the University of Moratuwa, Sri Lanka in 2002, obtained his MSc,
PhD in Systems Engineering from Nippon Institute of Technology, Japan
in 2009 and 2012 respectively. He is currently attached to Hoshino
Laboratory at Nippon Institute of Technology, Japan as a Postdoctoral
Researcher and his research interest includes Toner- based printing
technology. (E-mail: disnakarunanayake@yahoo.com)

©2012 Society for Imaging Science and Technology



	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



