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Note from the President 
               by Michael Ciesinski 

 

Printed electronics and smart packaging are making their way onto store shelves, 
improving the customer experience and driving sales in competitive markets.  
Smart packaging and flexible electronics have many applications in addition to 
product promotion. For example, smart pharmaceutical packaging is improving the 
customer experience for an aging population by helping people adhere to their 
medication regiments. Printed flexible electronics can also improve the quality of 
healthcare by enabling unobtrusive long-term health monitoring systems via 
wearable clothing.   
 

While we are at the verge of realizing the benefits of these technologies, 
challenges remain with bringing these concepts to mass market. The latest 
developments to support a world-class, manufacturing capability for flexible, printed electronics and smart 
packaging were presented at the FlexTech Alliance spring quarterly workshop.  Held at the University of 
North Carolina State University campus, this workshop highlighted unique applications of printed 
electronics for packaging and the associated challenges of moving from R&D to commercialization. Our 
invited speakers covered topics such as using nonwoven fabrics for smart sensors, harvesting power with 
PVs for e-paper displays, and developing media-independent electronics for various package types.  For 
more details, check out the workshop summary on page 9.  
 

The FlexTech Alliance produces workshops, seminars and conferences to advance technology 
development. These events are held in cooperation with other industry and academic organizations in 
order to foster networking and to share practical experience. Our fall workshop, scheduled for September 
16, 2010 focuses on photovoltaic (PV) nanomanufacturing. Meeting the aggressive goals of the Dept. of 
Energy to advance energy independence is not a trivial task and PV technology shows much promise in 
harvesting energy from sources other than fossil fuels. But more than any other disruptive technology, PV 
nanomanufacturing requires close cooperation between industry, academia and government to transition 
from concept to manufacturing. At this workshop, industry experts will come together to convey 
information on lab to fab transfer of nanomaterials and their processes. For registration information, 
please visit http://www.flextech.org.   
 

The FlexTech Alliance also has exciting and informative events planned at SEMICON West 2010 in San 
Francisco. Join us on July 15, 2010 as we host a session on flexible and hybrid electronics during the 
Extreme Electronics presentations. Innovations in making electronics on flexible substrates open up new 
form factors, price points and performance possibilities for wide-area electronics. IDTechEx will discuss 
the market outlook, Applied Materials and Aixtron will update on developments in process technology, 
Kovio will talk about its printed semiconductors, PARC its development of flexible sensors, and the 
Flexible Display Center at ASU its progress in hybrid process technology for displays.  
 

Also at SEMICON West, the FlexTech Alliance will sponsor a short course taking place on July 14 titled 
ñFundamentals of Touch Technologies and Applicationsò. The objective of this four-hour short course is to 
enable attendees to become knowledgeable about all of the 13 transparent touch technologies that are 
used on top of displays, as well as an introduction to the newest ñin cellò touch technologies. 
 

FlexTech is dedicated to fostering the growth, profitability and success of the electronic display and 
flexible, printed electronics supply chain.  Our events are designed with that goal in mind and we invite 
you to join us at one of our events and take advantage of the opportunity to collaborate and network.                                                  
 

http://www.flextech.org/
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Market Update: Fame or Fortune  

The Need for Flexible Thinking 

                                                                                                                                         

                                                                                                                                                                                              by David Barnes 
 

David Barnes brings more than forty years of experience in the capital equipment, 
semiconductor and TFT LCD markets to bear on client concerns. He introduced market-
leading test-repair systems for TFT manufacture (ArrayChecker and ArraySaver lines) 
in the mid 1990ôs. Later that decade, he negotiated joint ventures between Philips 
Electronics and LG Electronics through due diligence, then stayed in Seoul to support 
the board from conception through the IPO in 2004. After the first dual listing on NYSE 
and KSE, he provided similar services to more clients as VP of Strategic Analysis for 
DisplaySearch. Assignments in recent years include IPO, project funding, underwriting, 
due diligence and debt restructuring. He now provides services through BizWitz, LLC. 
He attended the University of California at Santa Cruz. 
 

 
 
After interviewing more than fifty marketing and engineering professionals involved with flexible electronics for 
corporate clients in recent months, my confidence in prospects for the industry has increased. A few things 
continue to worry me, however. 
 

¶ Conventional technologies will dominate the display market 
for years to come and the locus of activity will shift to China. 

¶ Materials companies in Europe or North America may 
realize profitable returns on their technologies but 
manufacturers in Asia may dominate product markets. 

 
Companies in Asia tend to favor fame over fortune. A few managers or owners at the top may become rich but 
few Asian manufacturers generate dividends or profits for stakeholders in general. This seems a natural 
consequence of striving for market share (fame) and a plausible cause of low profit margins.  
 

Companies in Europe and North America tend favor fortune over 
fame. In some cases they might see fame as a consequence of 
fortune but the goal is to raise share prices. The success of leading 
materials companies such as 3M, Corning, DuPont, and Merck 
seems a natural consequence of managing margins and a 
plausible cause for more success in materials than in electronics.  
 
Nevertheless, Appleôs introduction of the iPhone 4 is a reminder 
that markets have room for one leader in creative destruction, at least. A generation ago, Sony was the 
company that wowed consumers and redefined market segments with the Walkman and other innovations. 
Today, Apple has redefined market segments and relegated some brands to commodity status. The point is 
that there is room for few such leaders at any point in time. Most companies compete in commodity markets 
most of the time.  
 

The remainder of this article will describe some of the factors affecting commodity markets. We leave detailed 
forecasts to others; we assume that history illuminates the present and indicates the future. 
 
 
 

As a result, I posit a choice for many 

firms in this emerging industry:  

fame or fortune? 

 

 

  

or fortune? 

Companies in Asia tend to favor  

fame over fortune. 

Companies in Europe and North 

America tend to favor 

 fortune over fame.  
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Incumbents:  
Flexible displays have been a dream for 
many decades. Almost all displays were 
built with glass in 1960 and that remains 
true fifty years later. Indeed, the few 
consumer products with displays fabricated 
on plastic are made with glass carriers.  
 
The display area shipped by active-matrix 
LCD (AMLCD) producers has increased at 
an annual rate of 28% since 2005. AMLCD 
makers will ship four times more display 
area in 2010 than they did in 2005. All of 
that will be on glass substrates.  
 

If we take two of leading producers as 
representatives of the AMLCD industry, we 
can see that cash costs (cost of product 
less depreciation and amortization, which 
vary by company policy) fall two percentage 
points slower than panel prices do. This 
means that increasing capacity leads to 
decreasing profit margin. Economists call 
this diminishing return to scale. 
 

One of the few countermeasures for 
companies in such predicament is to reduce 
the cost of capital. That leaves them with one 
less factor to manage and the potential for 
managing their supply chain so that their 
suppliers fund their customers. If producers 
accomplish that, they can sustain operations 
at low profits.  
 

From this, we see why AU Optronics keeps 
pleading for permission (from the Taiwanese 
government) to form joint ventures with 
Chinese companies and reduce their capital 
domestic requirements. LG Display and 
Samsung have already received such 
permission. Chinese companies and 
provinces are eager to invest in high-tech 
infrastructure and in capacity for AMLCD to 
serve rising middle class consumers.  
 

Indeed, classical market evolution theories from 
A.T. Kearney and others predict that AMLCD 
producers would seek alternative means of 
investment and alternative market segments 
about now. DisplaySearch presented data at the 
USFPD Conference this year that indicates 
producer concentration has peaked.  
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Figure 1: Dollars per square meter of display for AU Optronics and LG Display. 
Their native currencies have moved against the U.S. dollar at different rates over 
recent years, so there combined consolidated results represent the AMLCD 
industry as a whole. 
Source: BizWitz analysis of AU Optronics and LG Display disclosures, Apr ó10 
 

Figure 2: AMLCD Producer Concentration, 2000-2011 
Source: Biz Witz analysis of DisplaySearch data, Mar ó10 
 
 

From here on, there will be more rivalry in AMLCD 

markets, not less, according to Kearneyôs CR3 and 

Herfindahlôs indices. 
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Entrants:  
Companies seeking positions in the emerging market for flexible electronics jostle with intrapeneurs inside 
incumbent suppliers and with entrepreneurs in new ventures. All make bold claims in their efforts to gain 
investors, suppliers and customers; most entrants do so in good faith but bad visibility. All entrants must 
manage internal risks and manage through uncontrollable external risks. External developments can be like 
wild cards in play. They can strengthen a weak hand and win the pot, upsetting players who thought they had 
the upper hand. Government decisions to change feed-in tariffs for solar power are a good example of 
uncontrollable factors affecting the fortunes of photovoltaic companies. 
 

Even intrapeneurs in powerful incumbents such as Dr. 
Kim of Samsung Mobile Display hedge their bets. During 
his keynote address to SID 2010, he described a future in 
which AMOLED were fabricated on metal foil or on glass 
with LTPS or IGZO materials. Few in the display industry 
would bet against Samsung. We expect this incumbent 
will produce novel displays by mid decade but we are 
less certain how they will do so.  
 
 

 

Industry Snapshot: 
At the opening of a new industry, there is room for many technologies and business models.  

-The OELamp (OLED lighting) industry is 
populated by ventures of mature 
companies such as GE or Philips plus 
ventures such as ModisTech or LOMOX.  

-More OELighting companies will form in 
Asia and elsewhere to explore various 
technologies and business models. Not all 
will succeed.  
 

-Hanwang Technology, a Chinese 
company challenges the likes of Amazon 
for leadership in the e-Reader market. The 
firm captured more than 60% of the market 
in China so far this year according to some 
observers.  

-While Asian entrants commoditize the 
monochrome reader market segment, 
Bridgestone, E Ink and Liquavista prepare 
color displays for low-power reader 
applications. We expect a conflagration of 
color competition in 2011ï2012 that will 
lead to another shake-out. 
 

-Inorganic LED producers are well on their way to industrial scale. Indeed, the learning they obtain from 
serving the LCD backlight market may lead to area illumination products that cost less than any OLED 
technology at present.  
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Figure 3: Some Positions on the Merger Endgame Curve 
Source: BizWitz (conceptual) analysis, Apr ó10 

The point is that a new technology market 

cannot achieve economies of scale  

until there has been a shake-out among early 

entrants. 
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After the Shake-out: 
The post shake-out phase of industrial 
development is not without its problems - price is 
a chief issue. When clients ask us what price 
they can get for new products, we answer, ñThat 
depends on how much you want to sell.ò Price is 
natureôs way of balancing supply and demand. 
The faster supply increases, the faster prices 
must decrease to balance demand. The balance 
is seldom perfect but over long periods we can 
see markets seek a balance.  
 

The LCD TV market provides an example of how 
new technologies come into supply-demand 
balance. In Figure 4, we plot the area prices for 
AMLCD modules and for LCD TV sets. Both time 
series decline 21% a year. This illustrates two 
factors at work in many markets: contribution and 
commoditization. The contribution of AMLCD 
module prices to LCD TV prices tends to rise as 
set designs become more standardized and other 
component suppliers achieve economy of scale. 
It seems reasonable that the average price per 
square-foot of TV sets would track the average 
area price of displays.  
 

In addition to commodity price pressures on 
AMLCD modules, there are commodity price 
pressures on TV sets. The more picture real 
estate the industry wants to sell, the more it must 
discount the price per acre. 
 

Such market dynamics should not be ignored in 
the rush to bring new technologies to market. 
Incumbents in the AMLCD industry have 
survived many business cycles and a 21% 
annual rate of area price decline for decades. 
One way to consider that challenge is to realize 
that 21% a year means prices get cut in half every  
three years.  

In addition, the pace of cost reduction depends on scale economies. 
If we use the same data but separate it from time, we see strong 
correlation between price and demand. Economists call this the 
inverse demand function. The classic approach is to plot the natural 
logarithm of price against the natural logarithm of demand. In the 
case of LCD TV sets, this would be the price per square foot versus 
the amount of square feet sold. Classic economics predicts a straight 
line relationship between them, as revealed in figure 5. The 
implication is that competitors in the LCD TV market can predict 
future prices by estimating future supply. The more they want to sell, 
the more they must reduce prices and the faster they increase supply 
the faster they must decrease price. 
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Figure 4: ASP per sq. ft. of AMLCD modules and LCED TV sets 
Source: BizWitz analysis of DisplaySearch data, May ó10 

The implication for entrants 

planning to compete with 

incumbents in such a market is 

that entrants should plan on 

product prices one-half of todayôs 

level if they enter the market in 

2013 and one-quarter of todayôs 

price if they enter in 2016. 

Figure 5:  Inverse Demand Function for LCD TV Sets: 2007-2009 
Source: BizWitz analysis of DisplaySearch data, May ó10 
 

   Figure 5: Inverse demand function for LCD TV sets, 2007-2009 
   Source: BizWitz analysis of DisplaySearch data, May ó10 
 
 



FlexTech Trends                                                        June 2010 

 

8 
 

 

 

Asian producers tend to accept such conditions more readily than others might because they look more toward 
fame than fortune. That is one reason why we see repeated pile-in behavior. Examples from displays include 
the spoiling of the digital picture frame and portable navigation product categories. Producers rush to supply 
each new product then discover that there is no such thing as a mass market for niche products.  
 
Even more disciplined producers can discover declining profit opportunities when new products create more 
value for others in the market. The rise of e-Reader and Tablet product categories illustrate such risks. Much of 
their value to consumers stems from gesture interfaces, wireless services, on-line storefronts and other 
services not provided by the display hardware itself. As more and more products become thin clients of 
services in the clouds, less and less value will be created by hardware. 
 
 

The seeming contradiction is that building advanced hardware will depend on advanced materials that embody 
a great deal of intellectual property. Here is where companies in Europe and North America shine. The 
problem of course is selecting the right amount of capacity/capability to bring on-line without spoiling prices. It 
is like the chicken and egg problem. Once you have one, you can get the other, but how do you start? Enough 
for nowé the point is that regional industry structures depend on the choices participants make between fame 
and fortune. 
 
 

 
 
 
 

 

 

Mission of the FlexTech Alliance 
 

The FlexTech Alliance is the only organization headquartered in North America exclusively 
devoted to fostering the growth, profitability and success of the electronic display and flexible, 
printed electronics supply chain. Leveraging its rich history in promoting the display industry as the 
U.S. Display Consortium, the FlexTech Alliance offers expanded collaboration between and among 
industry, academia, and research organizations for advancing displays and flexible, printed 
electronics from R&D to commercialization.   

 

1. To advance the growth, profitability and success throughout the flexible, printed 
electronics and displays manufacturing and distribution chain 
 

2. To facilitate collaboration between and among industry, academia, and research 
organizations to share practical experience and develop solutions for advancing flexible, 
printed electronics and displays from R&D to commercialization 
 

3. To foster development of the supply chain required to support a world-class, 
manufacturing capability for flexible, printed electronics and displays  
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Summary of FlexTechôs Quarterly Workshop   
on Flexible, Printed Electronics  

Raleigh, North Carolina 
 

June 2-3, 2010  
 

 

At the FlexTech Alliance 2010 Flex Conference, a presentation by Dave Knox from the Center of Packaging 
Innovation at MeadWestvaco, entitled Printed Electronics and Packaging Opportunities, was very well 
received. The interest generated by this presentation was the motivation to hold a workshop on ñSmart 
Packaging Enhancing the Customer Experienceò. The workshop was jointly hosted by MeadWestvaco and The 
Nonwovens Institute at North Carolina State University. 
 

The objective of this workshop was to identify technical challenges, increasing the functionality of ñsmart 
packagingò without substantially increasing cost by utilizing flexible printed electronics. The morning session 
focused on presentations to identify the major factors impacting smart packaging performance, power 
requirements, and manufacturing costs by: 
 

¶ ñOverview of the Centennial Campus at NCSUò, Behnam Pourdeyhimi, Director of the NCRC 

¶ ñSmart Packaging Market Overviewò, Harry Zervos, Technology Analyst, IDTechEx 

¶ ñCase Study Reviewò, Professor Behnam Pourdeyhimi 

¶ ñThe Nonwovens Institute at NCSUò, Professor Behnam Pourdeyhimi, 

¶ ñPrinted Electronics and Smart Packaging Opportunitiesò, Dave Knox, MeadWestvaco 

¶ ñSmart Adherence Packaging for the Health Care Industryò, John Musaus, MWV Healthcare 

¶ ñFlexible Electronics & Path to Smart Packagingò, Jim Stasiak, Hewlett Packard 

¶ ñNew Solar Inks and Applications: Organic Photovoltaics ï The perfect power solution for e-paper 
Displaysò, Mark Storch, Program Coordinator, Inks at Plextronics 

 

A common issue of the work shop presentations and discussion was targeting the right level of functionality in 
a smart package without prohibitively increasing cost. To the extent that flexible electronics adds expense, how 
does that get assimilated in the supply chain? 
 

A clear application for cost-effective, smart packaging is in health care, in which the cost of smart packaging 
can be reasonably incorporated into the price of the product. Value is clearly added and understood by the 
consumer with respect to adherence to treatment, which ultimately lowers overall health care industry costs 
through reliable preventative treatment. Several innovative, smart packaging product concepts, wired to the 
internet for patient monitoring, were discussed. 
 

An interesting discussion and demonstration involving nonwoven substrates to accommodate flexible 
electronics to enable smart fabrics and smart packaging was provided by Professor Behnam Pourdeyhimi. 
 

Panel Discussion: ñDo we need to add more functionality to packaging?ò The afternoon session involved 
a panel discussion addressing the challenges facing smart packaging innovation to increase performance 
without severely impacting cost. 
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Three key issues were addressed between panel members and the attendees: 
 

1. When is performance "good enough" from a packaging perspective? 
2. Graphics (displays) alone may not be sufficient to meet customer/ consumer needs. What increase 

in functionality is required and at what cost? 
3. How can flexible, printed electronics address these issues and further the customer experience? 

What about disposability and environmental hazards? 
 

Mike Londo from MeadWestvaco joined the morning presenters on the panel and brought an informative 
perspective on customer/consumer needs and tradeoffs. Customers include manufacturers of products as well 
as retailers who sell those products; product branding and shelf space differentiation to draw the customer to 
the product. 
 

Other than health care and novelty packaging applications (which have limited volume potential to yield 
reasonable break even time and acceptable ROI business models), the smart packaging industry is just 
emerging and in search of the right technology, such as flexible printed electronics, to increase performance 
and functionality beyond graphics with the required form factors and cost/pricing structure. Another trend for 
smart packaging is providing more ñactiveò functionality; examples include compensating for high temperature 
exposure by active cooling or indicating food spoilage by detecting bacteria leading to packaging color change. 
 

 
 
 
 

 

 

Quarterly Flexible, Printed Electronics Workshop 
"Advanced Materials and Processes Enabling Thin Film PV  

R2R Nanomanufacturing" 
 

September 16, 2010 

 
 
 

FlexTech Alliance is pleased to announce its Fall Quarterly Flexible, Printed Electronics 
Workshop, scheduled for Thursday, September 16th, in Boston, Massachusetts.  

 

Please join leading technologists from producers, materials and tool manufacturers, as well as 
prominent universities and laboratories for a great networking event, a chance to collaborate 

with other experts in your field, and the opportunity to make a significant contribution towards 
moving the emerging printed electronics industry closer to commercialization.  

 

 

To register or for more details and directions, please visit the following link: 
 

http://www.flextech.org/fe-flextech-events.aspx  

http://www.flextech.org/fe-flextech-events.aspx
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Flexible Electronics & Path to Smart Packaging 
                                        

                       adapted from a presentation made by Jim Stasiak from HP 
 

This article is adapted from a presentation made by Jim Stasiak at the recent FlexTech Alliance Quarterly 
Workshop on Flexible, Printed Electronics in Raleigh, North Carolina. Stasiak works in the Emerging 

Technologies Group in HPôs Technology Development Operations Engineering group in Corvallis, Oregon. 
 

Significant innovations, advances and improvements have occurred in last decade with regard to new 
materials and substrates, organic and inorganic devices and circuits, roll-to-roll processing, digital fabrication 
methods including inkjet deposition, and commercialization of the technology. 
 

However, significant challenges remain, particularly in areas related to the building of electronics and MEMS 
on non-rigid media (dealing with distortion and mis-registration of stacked features), low temperature 
fabrication processes and lithography, and device stability, performance, and reproducibility. And, of course, no 
ñkiller appò for flexible circuits has emerged yet to create substantial demand. 
 

A very simple taxonomy of active and smart packaging/label printing technologies 
 

¶ Active packaging for foods and beverages: freshness/expiration labels, oxygen scavengers, 
moisture absorbers, temperature control packaging, and flavor/odor absorbers. 

¶ Active packaging for security and brand protection: RFID (inventory control and tracking), 
authentication, security marking and coding, anti-counterfeiting features, branding and attention-
grabbing features, and anti-tamper features. 

¶ Smart packaging for pharma and health: Patient compliance and interaction with providers, wireless 
communication, date and time stamping, alarms and alerts, thin flexible displays, and anti-tamper 
features. 

 

A next generation ñSmart Packageò might be viewed as a digitally fabricated flexible package ñbackplaneòé To 
achieve this vision requires that manufacturers minimize pick-and-place of physical and discrete components. 
The technology must enable the integration of high performance analog and digital circuitry and MEMS on  
packaging media (e.g. blister pack foil) providing: date and time stamping, memory, alarm/alert, 
moisture/temperature monitor, compliance sensor/transducer, on-package diagnostics (bio sensors), ñLab-on-
a-chipò functions, wireless communication, real-time feedback and diagnostics, flexible display, GPS, and 
cloud-based information management. Such ñsmart packagesò combine the package and backplane into a 
ñwireless nodeò that links, for example, the health care team with patients and clients. 
 

Requirements and challenges for next generation smart package technologies: 
 

¶ Merging digital printing and digital fabrication 
o Minimize pick-and-place, bonding and attaching processes. 
o Use ñvariable dataò to customize, personalize and uniquely identify items. 

 

¶ Developing media-independent electronics and MEMS fabrication materials and processes 
o Plastics, cardboard, foils, paper, metal 
o Pre-coating of surfaces  
o Overcoming substrate distortion and imperfections ï a new lithography approach is required 
o Low temperature device fabrication, patterning and post processing 
o Integration of MEMS and sensors onto unconventional surfaces (MEMS-on-plastic and 

Plastic MEMS) 
 

¶ Develop active and passive, analog and digital electronics capable of robust, stable, predictable, 
reproducible, high performance operation and new functions: 

o Low temperature (<175C) device processes 
o High mobility and narrow channels to achieve reasonable fmax and current densities 
o Wireless technologies  
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¶ Develop roll-to-roll fabrication processes to achieve scale, lower costs and integrate into digital and 
analog printing work-streams (plug-and-play?) 

o Embossing and imprinting 
o Plating of metals 
o Solution processing of electronic materials 

¶ Develop functional inks to enable the ñprinting of thingsò 
o Functionalization for chemical and bio-sensors 
o Nanomaterials (CNTS, nanowires, nanoparticles, Qdots) 

¶ Develop new ñprintableò sensing, actuation and transduction functions for packaging and labels 
o Ceramics and piezoelectrics 
o Microfluidic and fluidic functions 

One of the biggest challenges remaining relates to alignment and registration tolerant lithography. Media 
independence will be a key requirement for integrating electronics, MEMS, and microfluidics with Smart 
Packaging applications, including plastics, paper, cardboard, foils, and other substrates. Significant challenges 
arise due to substrate distortion (esp. multi-masking demands for TFTs, etc.), temperature limitations, surface 
quality of media, and thermal mismatches. By ñtradingò lithography and masking operations for etching 
challenges, HP Labsô R2R compatible SAIL lithography process solves layer-to-layer alignment and distortion 
problems for flexible substrates. 

 

HP developed the worldôs first R2R active matrix display. On the left below is an image of an E Ink frontplane 
and backplane each made with HPôs R2R process; on the right is pixel detail of HPôs SAIL backplane on 
flexible substrate. 
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The development of new ñfunctional inksò and drop-on-demand (both thermal and piezo inkjet) 
printing processes ï are enabling the ñprinting of thingsò. 

 

 
Current state of flexible electronics and future 

¶ Smart Packaging and labeling technologies are redefining the packaging business ï especially in 
pharma and beauty product markets. 

 

¶ Advances in flexible electronics, MEMS, and R2R manufacturing will enable ñsmarter packagingò 
and establish new user paradigms especially in healthcare, security, inventory management and 
track-and-trace. 

 

¶ Integrating conventional printing with new foundational capabilities in materials, processes, devices 
and scaling will provide a path to smart, active and intelligent packaging and labeling. 

 

¶ Challenges: media independence, low temperature processing and materials, new devices, circuits 
and MEMS, alignment tolerant patterning, work-stream integration. 

 

¶ HPôs current focus on developing solutions and innovations addressing a broad range of flexible 
electronics and MEMS. 

HPôs Vision: ñTransform every surface into an information surfaceò. 
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Case Study 
Utility of Nonwovens in the Production of Integrated 

Electrical Circuits via Printing Conductive Inks 
 

                                                                                                                     by B. Karaguzel, C. R. Merritt, T. Kang, J.M. Wilson, H. T. Nagle, E. Grant and B. Pourdeyhimi 
North Carolina State University, Raleigh 

 

 
 
INTRODUCTION 
 
Wearable electronics or so-called ñsmart clothesò introduce 
microelectronic circuits and systems into innovative textiles or 
garments, which are not only flexible but also conformable to 
the human body. Applications of wearable electronics vary 
from musical jackets to vital signal monitoring devices. A 
wearable garment can collect, process, store and transmit 
information to any remote location. A garment intended for 
vital sign monitoring should be able to collect, process, store 
and transmit vital signals (heart rate, respiration rate, 
electrocardiogram, body temperature) information about the 
wearer continuously and remotely. 
 

Textiles are flexible, soft, lightweight, breathable, durable and 
washable and with these characteristics they are incompatible 
with conventional electronics. Open issues remain with the 
manufacture of wearable computing. How do we transmit 
signals and create a conductive pathway? How do we provide 
power? How do we deal with the interconnect?  How do we 
handle flex, abrasion, bending, shear, and exposure to water? 
 

Screen printing can be a viable alternative for creating 
structures with electrical properties and nonwovens can offer 
advantages over traditional fabrics. Nonwovens offer 
excellent printability, washability and are lightweight.  
Nonwovens can be produced at much lower cost and at 
higher speed than weaving. Nonwoven fabrics are formed by 
mechanically, thermally or chemically bonding a web of loose 
fibers. Unlike woven fabrics, nonwovens provide the 
opportunity to control surface texture by selecting the fibers 
and the process. Heavy weight fabrics can be produced using 
very fine fibers. 

 

Research was recently conducted which employed polymer 

thick film (PTF) processing technologies to directly deposit 

conductors onto compliant, flexible substrates. This technique 
utilizes screen-printing to deliver the PTF conductive inks 
onto nonwoven substrates.  
 
 

EXPERIMENTAL PROCEDURES 
Materials 
Three nonwoven substrates were 
selected for screen printing. 
 
Nonwoven 1: Freudenbergôs EvolonÈ,  
Freudenbergôs Evolon is a spun-
bonded and hydroentangled substrate 
made of PET/Nylon splittable fibers of 
roughly 1.5 micron in diameter. 
 
Nonwoven 2: DuPontôs TyvekÈ, 
DuPontôs Tyvek is made of high 
density polyethylene fibers produced 
through flash spinning process. Tyvek 
is a highly calendered (and therefore 
dense) substrate providing a smooth 
medium for the conductive ink to bond. 
The Tyvek used was plasma treated, 
making it suitable for printing through 
the ink being able to adhere to the 
substrate. 
 
Nonwoven 3: BBA FiberWebôs 
Resolution Print Media® (RPM).   
BBA FiberWebôs RPM is a 
spunbonded substrate made of trilobal 
polyester fibers which provides 
increased surface area for better print 
definition. The fiber size of RPM, 
which is around 25 to 30 microns, is 
much larger than that of Evolon.  
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RESULTS AND DISCUSSION 
Printability: 
A series of scanning electron microscope (SEM) 
micrographs were obtained to determine the height of the 
printed lines and thickness of the substrates. The results 
showed that the printed conductive inks remained on the 
surface of Nonwoven 2 (Figure 1b), while they penetrated 
Nonwoven 1 (Figure 1a); both in plane and through the 
plane. The low ink height on Nonwoven 3 can be seen 
(Figure 1c).  
 
 
 
 

  Figure 1a  

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1b  

 

 

 

 

 

 

 

 

 

 

 

 

                                                                             Figure 1c 

 
 
 
 
 

 
Figure 1: SEM cross-sectional images of printed substrates  
(a) Evolon (b) Tyvek (c) Resolution Print Media 

 

EXPERIMENTAL PROCEDURES 

Inks 

Two different silver conductive inks 
were chosen. The inks had 
different viscosities and carry 
different percentages of silver 
particles as the conductor.  
 
Screen Printing 
Screen printing parameters such 
as screen mesh count, squeegee 
durometer, snap-off distance, and 
print speed were altered in order to 
achieve an even coverage of ink 
over the entire image. The printed 
samples were cured in a 
convection oven where the curing 
temperatures were chosen to 
minimize any adverse effects on 
the nonwovens substrates.  
 
Textile Transmission Line Design: 
Coplanar Waveguides (CPW) 
Screen printed coplanar wave-
guide lines chosen for electrical 
characterization consisted of a 
center conductor that acted as the 
signal while being surrounded by 
two ground planes. 
 
Ink Viscosity and Drop Testing 
The viscosity measurements of 
two different silver conductive inks 
were performed. Dynamic contact 
angle measurements of conductive 
inks on different substrates were 
measured by using a high speed 
camera. 
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Substrate Characteristics: The characteristics of different substrates are given in Table I. 
 

Fabric type Evolon
®
 Tyvek

®
 

Resolution Print 

Media
®
 

Process  
Spunbonded/ 

Hydroentangled 

Flashspun/ 

Calendered 

Spunbonded/ 

Calendered 

Fiber type PET/Nylon PE PET 

Fiber size (µm) 1.5 4 25-30 

Thickness (mm) 0.4 0.3 0.4 

Basis Weight 

(g/m
2
) 

100 150 260 

Pore Size (µm) 

Mean     

(Std)  
Min. Max. 

No pores 

detected 

Mean     

(Std) 
Min. Max. 

18  

(16) 
9 91 

18        

(11.7) 
5.8 47 

Porosity (%) 83%  50% 63% 

Bending 

stiffness (µN.m ) 
1300 4764 Too stiff for testing 

 
 

 
 

Naturally, the structure of the nonwoven dictates how the ink disperses onto and into the substrate. The ink 
must penetrate into the structure in order to prevent the ink from washing off during laundering. This was 
achieved by controlling the geometry of the fabric or the squeegee pressure. 
 

Data summarizing various properties related to ink height and fabric thickness are given in Table II. The 
relatively low ink height for RPM is the result of the penetration of the ink in x-y plane of the structure. Ink 
spreads more in Evolon than Tyvek because of the structural differences that exist between the two. Tyvek has 
very small and very few capillaries available on the surface and consequently, the printing is a surface 
phenomenon. 

 
 

 
 
 
 
 
 
 
 
 

 
Table II. Mean Fabric Thickness and Ink Height extracted from SEM Cross-sectional images 

 

 

Fabric Type 

Evolon Resolution 

Print 

Media 

Tyvek 
80 gsm 100 gsm 130 gsm 

FabricThickness (ɛm) 

(Std Dev) 
320.22 

(17.43) 
391.22 

(16.84) 
416.91 

(25.53) 
398.72 

(13.15) 
241.9 

(9.07) 

Ink Height (ɛm) 

(Std Dev) 
36.27 

(12.05) 
40.48 

(8.13) 
41.17 

(12.01) 
21.02 

(13.02) 
43.51 

(4.94) 

Table I: Characteristics of Different Substrates 
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Ink Viscosity:  
Viscosity measurements were performed using a 
Brookfield Cone/Plate Viscometer. The results are 
summarized in Figure 2. It may be noted that 
Creative Materials ink shows higher viscosity 
value. Both inks however, show non-Newtonian 
and shear thinning behavior. 

                                
Figure 2: Effect of shear rate on ink viscosity 

 

 
 
 
 
Ink Droplet Testing: 
 A high speed camera was used to determine the 
interaction of single droplets with the substrates. 
The results are shown in Figure 3. The higher 
viscosity ink, Creative Materials ink, tends to 
remain on the substrate while the lower viscosity 
ink, Precisia, penetrates through the nonwoven. 
Tyvek behaves almost like a film where the ink 
droplets donôt penetrate into the structure due to 
very few and small capillaries on the surface. 
However, both in plane and through the plane 
penetration of ink droplets is observed on Evolon 
due to its three dimensional structure with very 
fine fibers. RPM absorbs the ink droplets the 
most due to larger capillaries on its surface. 
 

Figure 3 Droplets on Evolon, Tyvek,  
and Resolution Print Media 

 

 
 
 
 
Dynamic contact angle measurement results are 
shown in Figure 4. These indicate that the 
largest contact angle was observed for Tyvek 
and lowest for RPM. 
 

Figure 4: Dynamic contact angle  
with Creative Materials Ink 
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