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Abstract 
The first international standards for IEC/TC119 printed 

electronics materials substrates and conductive ink were 
published on Feb. 25th 2016. Printed electronics is one of the 
growing technology fields and expected to have a large market 
in the future. Standardization of materials has been discussed in 
WG2 of IEC/TC119 (Technical committee of printed electronics). 
One of the authors of this paper, Ms. Sekine is the convener of 
WG2 and has been leading the activities in WG2. Thus first of 
all, two new proposals of generic standards including 
measurement methods concerning material substrate and 
conductive ink were proposed to lead standardization in printed 
electronics materials and accelerate developments in printed 
electronics from Japan. I was selected as the project leader of 
standardization of conductive ink. Contents of the both IS will 
be introduced. 

 

Introduction   
Due to the trend towards a globalized, technical and 

connected society, there is a rising demand for a new breed of 
technologies enabling low-priced, flexible and new-concept 
products. Some conventional technologies (including silicon 
based microelectronics) have reached their limits due to their 
high fabrication costs and environmental issues. Armed with 
new printing technologies (including screen, gravure, reverse 
gravure, flexo, offset, ink jet, etc.) and innovative materials, 
printed electronics has recently emerged as a promising 
environmentally friendly alternative route to produce 
electronic/display/energy products at a low cost and with new 
possibilities of such creative technologies as flexible electronics.  

Currently this technology is ready to be applied to the 
manufacture of items such as photovoltaic devices, signage, 
RFID, batteries, lighting devices, etc., where cost, flexibility and 
recycling are very critical issues. Recently printing technologies 
in combination with other technologies form hybrid systems 
which showed promising market potential in areas such as 
flexible and wearable electronics. Standardization is important 
in these growing technical field because researchers or engineers 
must use same vocabularies or same evaluation methods to 
develop the technologies, otherwise development speed become 
slower down by miscommunications among the peoples 
involved. For successful industrialization of this technology, 
reliability and repeatability in equipment and processes should 
be provided under global standardization. Standardization needs 
in printed electronics had been discussed world-widely in 
academic societies and industrial societies since 2008. However, 
a practical movement was initiated by Korean proposal to form a 
new TC under the IEC (International Electrical Commission) in 

June 2011. The SMB in IEC decided to establish a new 
technical committee for the field of printed electronics, TC119, 
and appointed the Republic of Korea as the secretariat country in 
October 2011. The chairperson is Mr. Alan Hodgson from 
England. The scope is to standardize terminology, materials, 
processes, equipment, printed products, quality assurance which 
are related to the printing technology for manufacturing 
electronic and electrical devices. The first plenary conference 
was held in May 2012 and then the plenary conferences have 
been held once a year shown in Figure 1. P-member and  
O-member countries are listed in Figure 2.   

The structure and the history of TC119 are going to be 
introduced and then it is going to present about the first 
international standards for printed electronics of substrate 
materials and conductive ink. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  History of plenary conferences held so far 
 
 
 
13 P-member countries 
China, Finland, Germany, Japan, Korea, Nederland,  
Russian Federation, Spain, Sweden, Switzerland, Cyprus 
United Kingdom, United States of America 
 
 
7 O-member countries 
Brazil, Canada, Czech Republic, France, Italy, Malaysia, 
Poland  
 
Around 100 individual members. 
 
Figure 2.  P-member and O-member countries 
 
 
 

2011.6 IEC New TC “printed electronics” Proposal（Korea） 

2011.10 Start 

2012.5 The 1st Plenary Conference (Seoul Korea) 

2013.2 The 2nd Plenary Conference (San Diego USA) 

2014.3 The 3rd Plenary Conference (Cambridge England) 

2014.11 The 4th Plenary Conference (Tokyo Japan) 

2015.11 The 5th Plenary Conference (Santa Clara USA)  
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Organization of TC119 
Scope of TC119 is “Standardization of terminology, 

materials, processes, equipment, products and 
health/safety/environment in the field of printed electronics.”   
The organization of TC119 is shown in Figure 3. It consist of 7 
groups such as Adv1 (Advisory), WG1 (Terminology),         
WG2 (Materials), WG3 (Equipment), WG4 (Printability),     
WG5 (Quality assessment) and AHG8 (Roadmap).                       
I have been working for WG2 as the project leader of (NP) New 
Proposal of material conductive ink which now became one of 
the first two ISs. A convenor of each WGs has been leading the 
activities in WGs. A convenor country is written in Figure 3 
respectively. WG meetings are held 2 or 3 times a year to discuss 
about proposals from P-member countries. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Organization of TC119 (Printed Electronics) 

Process of NP becoming IS 
The process of NP becoming IS is shown in Figure 4.  PWI 

(preliminary working item) is usually introduced first in WG for 
collecting opinions from experts in the WG. A NP which reflects 
those opinions is proposed formally through the IEC central 
office. The NP is circulated among the national committees of  
P-member countries for 3 months to get an approval. The NP is 
approved by approval ballot of more than half of voting P-
members and 4 experts participation to the WG in the case of all 
P-member numbers are less than 16 or 5 experts participation to 
the WG in the case that all P member numbers are more than 17. 

 WG meeting is usually held 2 or 3 times for 1 year and the 
expert members discuss about the content of the approved NP in 
the WG meetings and then the working draft (WD) is completed. 
The WD is circulated as a committee draft (CD) among P-
member and O-member countries for 3 months to get comments 
and then the committee draft (CD) is completed. The CD is 
circulated as CDV among the P-member and O-member 
countries for 3 months. CDV is approved by approval ballot of 
more than 2/3 of voting P-members and the opposition ballot 
numbers are less than 1/4 of the total voting numbers. If the 
CDV does not have any against votes, it is approved as IS.  The 
revised final draft for IS (FDIS) is circulated among the P-
member and O-member countries for 2 months.  

 

FDIS is approved by approval ballot of more than 2/3 of 
voting P-members and the opposition ballot numbers are less 
than 1/4 of the total voting numbers. It usually takes 36 months 
from NP step to the approval of IS. 

 
 
 
                        
 

             
 
                                  
                       
                             
    
                                
                     
                   
               
                                      
                                         
                         
 
                                    
 
              
   
                                               
                           
                                           
 
                              
 
                              
 
                     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 4. The process of NP becoming IS 
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Grand Map of WG2 
The grand map of WG2 is shown in Table 1. In early stage 

of PE industry, the common evaluation methods in the generic 
specifications is effective to any kinds of PE materials and 
effective to expand PE technology rapidly.  
In the advanced stage, the sectional standard will be proposed 
according to the demands of users and/or suppliers of PE 
industry. The generic standard is listed on the left side of the 
map. Our ISs are located on the top of the left side. Other 
standards of sectional specifications are going to be proposed 
under those generic specifications. The generic specifications are 
the standards showing items which should be decided for the 
materials and a document format. Once the format is decided, 
other proposals are going to use it and it is easy to propose.    
    
Table1. Grand map of printed electronics materials standardization 

 
 
 

IS IEC 62899-201 Printed electronics-      
Part 201: Materials-Substrate [1] 
 
Scope and Terminology 

First of all, the scope of this IS is defined such as “This part 
of IEC 62899 defines the terms and specifies the evaluation 
method for substrates used in the printing process to form 
electronic components/devices. This international standard is 
also applied to the substrates which make surface treatment in 
order to improve their performance.” The scope defines the area 
where this IS can be applied. If the standard does not define 
some area, this IS can’t be applied to the area. Thus a scope 
better to be wider as much as possible.  

Then the definitions of terminology are listed. Terminology 
is important to communicate with each other among people 

involved. For examples, the word “printed electronics” is used to 
mean “printed products” or “a technology which produce 
products by printing methods” or    “a field where printing 
methods are used to produce electric appliances”. Thus it is 
important to define the vocabulary which is used in IS.       

The main body of this IS is about evaluation methods of 
several properties such as surface properties, mechanical 
properties, chemical properties, thermal properties, optical 
properties and flammability for polymer substrate and glass 
substrate.  Finally, it is defined about storage, packaging and 
transportation.  
 
Materials, structures and dimensions 

Base materials are used in the printing process to form 
electronic components/devices that are polymer, glass and other 
materials such as ceramics, metal, paper, etc. 

The substrate shall have a monolithic structure, a composite 
structure of several of those materials, or a reinforced composite 
structure strengthened with fibres or particles. The surface of the 
substrate may be treated to enhance wettability, adhesive 
property, gas transmission, smoothness, and electric insulation. 

Substrates made of the material(s) shall be supplied in the 
form of (rigid or flexible) sheets or rolls. The recommended 
standard area dimensions (width and length) of a sheet are 
shown and the tolerance of width and length is shown for 
polymer substrates and glass substrates. The recommended 
substrate thickness are shown for polymer substrates and glass 
substrates. The standard dimensions of width, length and 
thickness are defined, otherwise so many kinds of dimensions of 
substrate are supplied and customers are confused. 

 
General descriptions of evaluation tests 

The substrate shall be in its original form, or cut into the 
appropriate size for testing. Care should be taken not to touch 
the test specimens with fingers, etc. The specimens shall not be 
cleaned unless otherwise specified. 

The temperature and humidity conditions for evaluation 
tests shall be at a temperature of 23 °C ± 1 °C and relative 
humidity of (50 ±5) %. Polymer substrates need conditioning. 
The test specimens to be evaluated shall be stored at a 
temperature of 23 °C ±  1 °C and relative humidity of 
(50 ± 5) % for 48 h or more. Since glass substrates have no 
hygroscopicity, conditioning is generally not necessary. 

 
Characteristics and evaluation method of 
polymer substrates 

This section is composed of surface properties, mechanical 
properties, chemical properties, electrical properties, thermal 
properties, optical properties and flammability of polymer 
substrates.  

First of all, the surface of a substrate shall not have the 
following defects such as pinholes, hollows, blisters, pimples, 
fish-eyes, speckles, cracks, fractures, wrinkles, detachment and 
creep. However, since the maximum permissible size of defects 
depends on the purpose, the defect condition shall be agreed 
upon between user and supplier. The permissible bow ratio and 
twist ratio shall be agreed upon between user and supplier as 
required. This agreement should consider the actual use on 
products as well as the manufacturing process. 

Secondly, it is explained about the items of mechanical 
properties such as elongation at break, tensile strength, tensile 
modulus, minimum bending radius, tear strength, tear 
propagation resistance, edge strength and hardness. And then, it 

316 © 2016 Society for Imaging Science and Technology



 

 

is explained about the items of chemical properties such as 
resistance to chemicals, halide contents, volatile content, gas 
transmission and moisture absorption. And then, it is explained 
about the items of electrical properties at ambient temperature 
and high temperature. And then, it is explained about the items 
of thermal properties such as glass transition temperature, 
coefficient of linear thermal expansion, dimensional stability and 
relative temperature index. And then, it is explained about the 
items of optical properties such as colour, refractive index, 
retardation, luminous reflectance and haze. Finally, it is 
explained about the items of flammability.  

 
Characteristics and evaluation method of glass 
substrates 

This section is composed of surface properties, mechanical 
properties, chemical properties, thermal properties and optical 
properties of glass substrates. 

First of all, it is explained about the items of surface 
properties such as surface roughness, chips, cracks, foreign 
inclusions, foreign substances on surface and scratches. 

Secondly, it is explained about the items of mechanical 
properties such as Young’s modulus, Poisson’s ratio, density 
and hardness. And then, it is explained about the items of 
chemical properties such as resistance to chemicals and gas 
transmission. And then, it is explained about the items of 
thermal properties such as the coefficient of linear thermal 
expansion and strain point. Finally, it is explained about the 
items of optical properties such as refractive index and luminous 
transmittance. 

 
Storage 

It is preferable to store substrate materials at a temperature 
of 20 °C to 25 °C and humidity of 30 % to 60 %. Even if it is 
impossible to keep substrate materials at a constant temperature, 
they shall be stored at a temperature of 0 °C to 30 °C and 
humidity of 30 % to 60 %, without dew condensation, before 
use. In addition, substrate materials shall be stored out of direct 
sunlight. The storage conditions for chemically active substances 
and mechanically active substances are specially determined. 

If the specimens are stored unopened in an environment at 
a temperature of 20 °C to 25 °C and at relative humidity of 30 % 
to 60 %, the storage period is 3 months after reaching the client. 
However, if there are special circumstances, the storage period 
may be determined by agreement between user and supplier. 

 
Packaging 

Substrate materials shall be packaged so that no breakage 
or degradation occurs due to climatic and mechanical conditions 
during transportation, and climatic conditions during storage. 

 
Transportation 

It is preferable to transport substance materials in an 
environment at a temperature of 0 °C to 30 °C and relative 
humidity of 30 % to 60 %. Dew concentration shall be prevented 
even during transportation between the inside and outside of a 
building. The transportation conditions for chemically active 
substances and mechanically active substances are specially 
determined. 

 
 
 
 

IS IEC 62899-201 Printed electronics-       
Part 202: Materials-Conductive ink [2] 
 
Scope and Terminology 

First of all, the scope of this IS is defined such as “This part 
of IEC62899 defines the terms and specifies the evaluation 
method for characterization and evaluation. This international 
standard is applicable to conductive ink and conductive layer 
that are made from conductive inks.” The scope defines the area 
where this IS can be applied. If the standard does not define 
some area, this IS can’t be applied to the area. Thus a scope 
better to be wider as much as possible.  

Then the definitions of terminology are listed as same as in 
the substrate case. The main body of this IS is about the 
evaluation method of physical properties of conductive ink and 
electrical properties and optical properties of conductive layers. 
Finally, it is defined about storage.              
 
Atmospheric conditions for evaluation and 
conditioning 

The standard atmosphere for evaluation (test and 
measurement) and storage of the specimen shall be at a 
temperature of 23 °C  2 °C and relative humidity of 
(50  10) %. In the case that a polymer substrate is used 
for a test piece coated with a conductive layer,  a 
temperature of 23 °C  1 °C and relative humidity of 
(50  5) %.  

 
Evaluation of properties of conductive ink 
Content 

Solid content of conductive materials and non-
conductive materials shall be determined by the theoretical 
mass fraction (expressed as a percentage) of functional 
ingredients to the total ink mass.  Functional ingredients 
include conductive materials, their precursors or binders, 
or any additives. Beside solid content, non-volatile content, 
ash content and foreign matter are determined.    
                                                                                                                                                                                                        
Physical properties 

The measuring method of density shall be the 
pyknometer method or the method using oscillation-type 
density meters or the immersed body (plummet) method.                                                          
The detailed product specifications shall specify the 
measuring method to be used.  

Viscosity shall be measured using a Brookfield type 
rotational viscometer or cone-and-plate viscometer or 
rotational viscometer. The detailed product specifications 
shall specify the measuring method and measuring 
temperature to be used.                                                                              

Surface tension shall be measured using the drawing up 
liquid film (Wilhelm) method.  

The measuring methods of size of conductive materials 
are determined according to the shape. Shape of 
conductive materials includes sphere, rod, wire, tube and 
others.  

Flashpoint shall be measured according to the open 
system. The method of "the open system" is preferable for 
safety, however, "the closed systems" are also widely used. 
The measurement method based on the closed systems may 
be applied if closed system is required.                                                                                           

The evaporation rate is a property which is necessary 
for the PE ink, but the details of the evaluation condition 
and the measuring method are significantly different for 
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the ink. In this standard, a common framework of the 
method is specified as a guideline. The detailed conditions 
and measurements may be determined between trading 
partners depending on the properties of the ink.                                                                   
The evaporation rate of solvent from an ink formulation 
can be determined by measuring the time taken to 
evaporate up to 90 % of the mass of the solvent content of 
the ink formulation. 

 
Evaluation of the properties of a conductive 
layer 
Test piece 

The substrate for the test piece shall be a clean and 
smooth-surface non-alkali glass which will not affect the 
ink. Other substrate materials may be used if agreed 
between the trading partners (supplier and purchaser).                                                                                  
The dimensions of the test piece shall be as specified in 
each test method. If evaluation is possible, a test piece 
with smaller and/or thinner dimensions than specified may 
be used.  

                                                                                                                                       
Electrical properties            

The volume resistivity of a conductive layer made of 
conductive ink is measured using the four-point probe 
method. This method, as shown in Figure 5, arranges four 
electrodes linearly on the test piece, passes current I 
between two electrodes such as probe A and probe D, 
measures the potential difference V between the other two 
electrode, and calculates resistance V/I.                          
The four-point probe head which does not damage the 
conductive layer should be used. 
The test equipment consists of a constant-current source, a 
voltmeter and probes. Test procedure, resistance 
measurement and calculating resistivity are explained.   

 

Figure 5. Example of four-probe measurement equipment 

                                                                                            
The Surface resistivity shall be obtained by dividing 

the volume resistivity measured by the thickness of the 
conductive layer. If thickness is measured at several points, 
the average shall be used.     

Optical properties            
Luminous transmittance shall be measured using beam 

method or the double-beam method. If agreed between the 
trading partners (supplier and purchaser), another method 
which is considered equivalent may be used. 

 The measuring method of chromaticity shall be the 
reflected light method or the transmitted light method, 
depending on the application and the purpose. If the 
reflected light method is used, a reflecting diffuser shall be 
placed on both the surface to be measured and the other 
surface, with the specimen in between. The reflecting 
diffuser shall be a perfect reflecting diffuser or a reference 
diffuser used for calibrating measuring equipment.  

Uniformity of colour is measured by obtaining colour 
differences on 10 points on the specimen, and their 
average is evaluated by the difference from the standard 
chromaticity and standard deviation.  

Haze shall be measured using the method specified in 
ISO 14782. A similar method may be used as agreed 
between the trading partners (supplier and purchaser). 

The refractive index shall be measured using method 
A (for measuring the refractive index of films using a 
refractometer) or a similar method. A contacting liquid 
with a refractive index higher than that of the measured 
object and with a substrate which does not swell or 
dissolve shall be used. When using a plastic film for the 
substrate, choose the contact liquid in consideration of the 
refractive index, swelling and melting of the substrate.                                                                                                           
 
Storage            

Conductive ink shall be stored in a sealed container, 
at a temperature of 6 °C  4 °C unless otherwise specified.                       
The degradation due to storage is expressed by the change 
in viscosity. The viscosity just before storage and the 
viscosity just after storage for 30 days under the 
conditions shall be measured according to the method 
specified.                                                                                                             

References 
[1] International standard, IEC 62899-201 Edition 1.0 Printed 

electronics-Part 201: Materials-Substrates, published by 
International Electrical Commission at 2016.02. 

[2] International standard, IEC 62899-202 Edition 1.0 Printed 
electronics-Part 202: Materials-Conductive ink, published by 
International Electrical Commission at 2016.02.  

Author Biography 
Masaaki Oda received his BS in applied physics from Nagoya 

University (1971) and his PhD in applied physics from Nagoya 
University (1986). Since then he has worked in the Research and 
Technology Division at Vacuum Metallurgical Co. Ltd. of ULVAC 
group in Japan. His work has focused on the development of 
individually dispersed metal nano-particles by the gas evaporation 
method. He is now working   for JAPERA (Japan Advanced Printed 
Electronics Technology Research Association) as the manager of 
international standardization of printed electronics. 
 

318 © 2016 Society for Imaging Science and Technology


	INTRODUCTORY INFORMATION
	Copyright 2016
	ISBN: 978-0-89208-323-7 (usb stick)
	Table of Contents
	Conference Sponsors
	Exhibitors
	Conference Committees
	Week At-a-Glance
	Technical Papers Program
	IS&T CORPORATE MEMBERS
	CorporateMember Conference Sponsors

	AUTHOR INDEX
	KEYNOTE AND INVITED TALKS
	Novoselov, Materials in the Flatland…pg.1
	Weber, HP’s Jet Fusion 3D Printing Technology - Enabling the Next Industrial Revolution…pg.2
	Sirringhaus, Low-Temperature Organic and Oxide Transistors for Printable Electronics…pg.3
	Kyogoku, The Objectives of a National Project of ‘Manufacturing Innovation through Development of Next Generation 3D Printers’ in Japan…pg.4
	Groll, Materials and Fabrication Methods for Biofabrication…pg.5

	DIGITAL FABRICATION AND 3D PRINTING TRACK
	3D Printing and Additive Manufacturing I
	Baek, Material Jetting 3D Printing Process by Thermal Inkjet Head…pg.6
	Takagishi, Finishing Processes of Fused Deposition Modeling (FDM) 3D Printer…pg.10
	Norikane, Three Dimensional Inkjet Fabrication of Nano-Composite Hydrogel…pg.14
	Tokito, Newly Developed Printing Technologies for 3D Printed Electronics…pg.18
	Simske, Inkjet Printing and the Steady State Macroscopic Mechanical Energy Balance (SSMMEB) Equation…pg.21
	Song, Implementation of the Four-Flux Model for Spectral and Color Prediction of 2.5D Prints…pg.26
	Schuster, Development of Inks Suitable for the Manufacturing of Micro-Scale Polyurethane Foams…pg.31
	Taniguchi, On-Demand-Like FDM 3D Printhead Consideration…pg.37
	LedesmaFernandez, 3D High Viscosity Jetting of Functional Materials…pg.41
	Liniger, Advancements in Inkjet Technology for Materials Deposition and Manufacturing…pg.48
	Hoshino, Depth Feeling Dependence on Array Condition of Objects…pg.52

	3D Printing and Additive Manufacturing II
	Weber, Fine Particulate and Chemical Emissions from Desktop 3D Printers…pg.121
	Takahashi, Intensive 3D Structure Modeling and Seamless Data Flow to 3D Printers Using Voxel-based Data Format FAV (Fabricatable Voxel)…pg.124
	Johnson, Polymer Spray Deposition: A Novel Aerosol based Electrostatic Digital Deposition System for Additive Manufacturing…pg.129
	Slomowitz, The Impact of 3D Printing on US Copyright and Trademarks…pg.134
	Norazman, Estimation of High Speed Sintered Nylon-12 Tensile Strength Using Visible Reflectance Spectroscopy…pg.137
	Downey, Spinal Bracing for the Future…pg.138
	Sasaki, Coated Powder based Additive Manufacturing Using Inkjet Technique…pg.139

	Printed Electronics I
	Hodgson, Offset Printing of Conductive Features onto Paper Substrates…pg.143
	Hakola, Inkjet Printable Anode Ink for Fuel Cell Applications…pg.149
	Zhou, Analysis on Printed Electronics Circuit Design…pg.153
	Pleaa, Fabrication of Printed Switches…pg.156
	Molaire, A Novel Printable Process for Fabricating Large Size OLED Display…pg.160
	Danesh, Low-Voltage Printable OFETs for Sub-ppm Detection of Ammonia under Humid Conditions…pg.162

	Printed Electronics II
	Bollgruen, Optical Waveguides Fabricated by Combination of Inkjet and Flexographic Printing…pg.294
	Hartwig, Investigation on an Inkjet Printed Passive Sensor for Wireless Ice Detection on Wind Rotor Blades…pg.298
	Nishi, Flexible Pressure Sensor Driven by All-Printed Organic TFT Array Film…pg.305
	Mitra, Intense Pulsed Light Sintering of an Inkjet Printed Silver Nanoparticle Ink Depending on the Spectral Absorption and Reflection of the Background…pg.309
	Oda, The First International Standards for IEC/TC 119 Printed Electronics Materials Substrate and Conductive Ink…pg.314
	Kobayashi, Multicolor Electrochromic Device with LSPR of Silver Electrodeposition Toward Color Reflective Display…pg.319

	Printed Sensors
	Belsey, Switchable Passive Wireless Vapour Sensors from Inkjet Printed Electronic Components on Poly(dimethylsiloxane)…pg.323
	Jakovljevic, Packaging Added Value Solutions by Thermochromic Liquid Crystal-based Printed Labels…pg.325
	Araujo, A Part Complexity Measurement Method Supporting 3D Printing…pg.329
	Guo, Watermarking Embedding Algorithm for Color QR Code based on Image Normalization and Contourlet Transform…pg.335
	Wang, Inkjet Printed Micro Saddle Coil for MR Imaging…pg.339
	Koivunen, Inkjet Printed Polyelectrolytes for Microfluidic Paper-based Analytical Devices…pg.343


	DIGITAL PRINTING TECHNOLOGIES TRACK
	Inkjet-Based Processes I
	Kwon, Evaluation Method of Inkjet First Drop Dissimilarity…pg.56
	Reinhold, Measurement of Inkjet Printhead Reliability by Detecting Every Single Droplet in Flight…pg.60
	Turner, Titanium Oxo-alkoxide Clusters as a New Source Material for High Quality TiO2 Structures by Inkjet Printing…pg.64
	Li, Reproduction of HDR Image on Paper Medium Using Inkjet Printer…pg.68
	Chen, Interaction of Sequential Pulsed Electrohydrodynamic Jets for Drop-on-Demand Printing…pg.71
	Kido, Development of New Aqueous Resin Ink for Sign Graphics…pg.75
	Morita, Breakthroughs Required in Piezo-on-Demand Inkjets for Production Printing: Satellite Drops, Ink Penetration, and Evaporation…pg.79
	Liu, Influence of Z Number and Pulse Voltage on Drop-on-Demand Inkjet Printability…pg.83
	Ishihara, Laser Drying Technology Applied to Improvement of Density Variation on Offset-Coated Paper…pg.85
	Wickström, Application of Antibacterial Coatings on Resin Composite Implant Materials Using Inkjet Printing Technology…pg.89

	Inkjet-Based Processes II
	Best, Key Design Considerations for Measurement of Drops-in-Flight Using Machine Vision…pg.165
	Kazmierski, Inkjet Printing onto Patterned Substrates…pg.170
	Samusjew, Inkjet Printing of Elastomeric Optical Waveguides…pg.175
	Liu, Improved Color Performance of Reactive Dye Inkjet Printing on Cotton Fabrics by Controlling Ink Droplets Spreading…pg.177
	Dijksman, Refilling Characteristics of High Frequency Piezo Driven Inkjet Print Heads…pg.181
	Ding, Textile Inkjet Printing to Support US Manufacture Reshoring…pg.189
	Hoath, Multi Pulse Train Modelling of Piezo-Drop-on-Demand Inkjet Print-Head Response…pg.194
	Chu, The Effect of Paper's Properties on the Dot Reproduction of Image in Inkjet Printing…pg.203
	Crankshaw, Ink Recirculation – Xaar TF Technology™: A Study of the Benefits…pg.207
	Palo, Development of Wound Dressings for Biofilm Inhibition by Means of Inkjet Printing…pg.212

	Workflow
	Kuo, Optimized Image Rendition with White Colorant in a Digital Electrophotographic Printing Process…pg.217
	RojasArciniegas, Development of a Supervision System: Towards Closing the Control Loop in 3D Printing Systems…pg.221
	LeGaludec, Functional Coating Developments for the Digital Manufacturing Age…pg.227

	Printing and Fabrication Principles and Processes
	Ravasio, Meniscus Motion Inside a Drop-on-Demand Inkjet Print-Head Nozzle…pg.348
	Till, Digital UV Printing of 3 Dimensional Objects at High Speeds…pg.353
	Chang, Geometric Element Test Targets (Getts™) for Determination of 3D Printers’ Resolutions…pg.354
	Yang, Inks of Organic Cu-Precursors with Short Carbon Chain…pg.359
	Battat, Elastomer Fatigue in Belt Fusing…pg.360
	Komatsu, Toner Mask Method for Imaging on Niobium…pg.366
	Nakamura, Control of Titania Layer of Dye-Sensitized Solar Cell (DSC)…pg.370
	Huson, 3D Printed Ceramics: Current Challenges and Future Potential…pg.374
	Harlen, Simulations of Drop Formation in Complex Rheological Fluids - Can Rheology Improve Jetting Performance?…pg.378

	Ink Substrate Interactions
	Mielonen, The Effect of Nanoparticle Binders and Modified Precipitated Calcium Carbonate on Ink Absorption Behavior in a Multilayered Coating Layer…pg.457
	Kasperchik, Inkjet Alchemy - Inkjet Printing of Thin Metal Oxide Films with Dichroic and Metallic Appearance…pg.461
	He, Controlling “Coffee Staining” Effect of Inkjet-Printed Droplets from Graphene Oxide Inks…pg.466


	MATERIALS, METHODS AND PERFORMANCE TRACK
	Metrology Tools for Digital Printing Processes
	Martin, Measurement of Inkjet Drop Volume -- The Role of Image Processing…pg.94
	Ebihara, Development of a Small Built-in Spectrophotometric Sensor for Color Printers…pg.103
	Lin, A New Out-of-Gamut Determination Method of Image based on Irregular Segmentation…pg.107
	Fukue, Basic Study on Evaluation Method of Thermal Conduction through Printing Papers Using 1-Dimentional Thermal Conductivity Measurement…pg.112
	Minegishi, Study on Visibility of Density Unevenness in Printed Images Affected by Characteristics in Input Images…pg.116

	Performance of Print Products (Quality, Robustness, Permanence, and Functionality
	Suzuki, The Relationship between Dispersion Stability and Print Qualities on the Coated Paper…pg.229
	Momose, Visualization and Quantitation Technology of Carbon Black Dispersion State in Intermediate Transfer Belt Using Confocal Laser Scanning Microscope…pg.233
	Mizutani, Development of Image Quality and Reliability Enhancing Technology for 29 x 23 Size Digital Inkjet Press ?KM-1?…pg.237
	Otsuki, Motion Illusion Brought by Arrays of Arrowhead Patterns…pg.241
	MicoVicent, Evaluating Gonio-Appearance in Advanced Printing Materials with Quality Control Procedures and Instrumentation Used for Automotive Coatings…pg.245
	Nikitichev, 3D Printing in the Development of an Endoscopic Probe…pg.251
	Kaneko, Quantification of Faithful “Color Appearance” Reproduction, and Application to New Products…pg.255

	Physics and Chemistry of Materials I
	Yamada, Dispersion Control of Liquid Toner by Dispersant and Analysis of Adsorption Structure…pg.259
	Jackson, Understanding Dynamic Relaxation of Inks at a Timescale Relevant to High Frequency Drop-on-Demand Printing…pg.264
	Sharma, Inkjet Printed MoS2 Electronics…pg.269
	Wang, Preparation and Application of Polyurethane Polymer Modified by Nano Silica…pg.270
	Nie, Shape Control Synthesis of Silver Hierarchical Microcrystals…pg.274
	Johns, Inkjet Printing with Inks that Phase Separate during Drying…pg.275
	Davies, Semi-Conductive Printing Rolls for Improved Print Quality…pg.281
	Yoo, Predicting Paper Wrinkles in Fusing Process of Laser Printers Using Dynamic FEA…pg.282
	Ataeefard, Preparing Anti-Bacterial Printing Toner via Emulsion Aggregation Method…pg.286
	Li, Synthesis of Guar Gum Derivatives in [BMIM]Cl Ionic Liquids and Their Application on Pulping and Papermaking…pg.291


	Colleague Connections: Overview of the UK Innovation Landscape
	DIGITAL PRINTING APPLICATIONS TRACK
	Security Printing
	Hodgson, Security Print Features based on Additive Manufacturing - Threat or Opportunity?…pg.382
	Ulichney, Effect of Non-Integer Scaling on the Recovery of Data Bearing Marks…pg.386
	Mizen, Comparison of Technologies for Card Printing Applications…pg.392


	BIOPRINTING
	Bioprinting I
	Stier, Dispensing of Hydrogel Ink onto Electrospun Biodegradable Paper for Biomedical Applications…pg.397
	Zhang, Regenerated Silk Fibroin as Inkjet Printable Biomaterials…pg.406
	Robertson, 3D Printed Ultrasound Phantoms for Clinical Training…pg.410
	Zou, A Method for Detecting the Fluorescence-Emission Wavelength and Visualization of Biological Traces…pg.416
	Edney, The Use of Inkjet Printing and Thermal Phase Change Inks to Create Sacrificial Prevascular Networks…pg.419
	Lehmann, Novel Approach for Predicting Coffee-Ring-Effect in Drying Droplets based on Binary Solvent Mixture from Substance Data…pg.424
	Boland, In Vivo Characterization of Bioprinted Capillaries…pg.428

	Bioprinting II
	Dodoo, Effect of Thermal Inkjet Printing on Bacterial Cells…pg.402
	Subramaniyan, Fabrication of ZrO2-SiO2 Binary Oxides Scaffold by Inkjet Printing for Bone Tissue Engineering Applications…pg.429
	Nikitichev, Placenta Vasculature 3D Printed Imaging and Teaching Phantoms…pg.431
	Li, Printed Electronics and 3D Printing as New Manufacturing Technologies - New Opportunities for Bio-based Materials…pg.435
	Tse, Reactive Inkjet Printing Applications for Tissue Engineering…pg.442
	RodriguezDevora, Growth-Inhibitory Effect of Chemotherapeutic Drugs Dispensed by Inkjet Bioprinting on Cancer and Non-Cancer Cells…pg.446
	Gregory, Altering the Bubble Release of Reactive Inkjet Printed Silk Micro-Rockets…pg.452


	TECHNOLOGIES IN DIGITAL PHOTO FULFILLMENT 2016
	Welcome Remarks and Company Introductions
	Tools and Strategies of Print Preservation
	Photo Book Construction and Preservation
	Factors that Influence Permanence and Durability of Photo Books

	MATERIALS, METHODS, AND PERFORMANCE TRACK
	Physics and Chemistry of Materials II
	Walker, Hi Resolution Inkjet Printing of OLEDs at Merck…pg.469
	Shu, Fully Solution Processed Organic Light-Emitting Electrochemical Cells (OLEC) with ZnO Interlayer for Lab-on-Chip Applications…pg.472
	Edler, Application of Vinylcarbonates as Low-Toxic Monomers in Digital Inkjet Inks…pg.475
	Afroj, Inkjet Printing of Graphene Inks for Wearable Electronic Applications…pg.480
	Smith, Multi-Functional Carbon Fibre Composites Obtained Using Inkjet Printed Polyme…pg.482
	Forsberg, Liquid Exfoliation of Layered Materials in Water for Inkjet Prinitng…pg.486

	Laser Imaging and Patterning
	Kishi, Development for Secondary Color Graininess Separation Method for the Electrophotographic Imaging…pg.493
	Nemoto, Laser Color Marking Using Thermo-Sensitive Recording Paper - Study of Condition for Magenta and Cyan Development…pg.498





